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SUMMARY

PUT I
HOMOGENEOUS REACTOR EXPERIMENT

Status of tkt HRE

In March, -iubcntical testing of
the HRE «ith a natural uranium fuel
aolution at 2S0°C and 1000 pai showed
that the reactor system, together with
ita auxi liarycomponents, was perforating
according to expectations except for
minor leaks that developed in a
section of the high-pressure piping
and in the pulsafeeder pump diaphragm.
The causes for the leaks were remedied
by design changes.

After the testa were completed, the
system was dismantled and inspected
with particular attention to corrosion.
No evidence of unusual corrosion was
found, but minor mechanical failures
were discovered. After the failures
were repaired, the system was re-
assembled with the high-pressure
portion isolated (except for an
emergency fuel dump line) so that
critical experiments could be performed
in the simplest possible system.

After a final test of the system
showed no leaks or other failures,
1418 Ib of DjO was added to the
reflector system and enriched uranium
to the fuel system. On April 15,
1952 criticality was reached at 30°C
with the D,0 reflector full, the shim

and safety rods out, the control rod
one-third withdrawn, and with a fuel
concentration of 24.9 g of U*** par
kilogram of HjO. The concentration
(.hat had been calculated for criti-
cality wunder these conditions was
25.1 g of U*** per kilogram of H,O.

During
watta),
experiments

the low-power (< 10 milli-
low-temperature, critical
the following values were
obtained for the effectiveness of
components of the control system at
temperatures between 30 and 10S*C:

1.44 «k at JO#C
(calculated veins 2.i

Contra 1, shin,

and safety plates
Refiactar fr
effectiveness

*eof] im

fall ta empty

Temperature at
coefficient S0°c

5.4 » 10*« 4
100°C

J*c at

The low-temperature experiments
were completed on May 22, 1952, and
the low-pressure system was then
reconnected in preparation for experi-
ments at higher temperatures. A
multiplication experiment performed
on the dump tanks showed no measurable

multiplication with the entire fuel
charge (4.5 kg of U1l**) in the dump
tanks.

At the end of June, low-power,

high-temperature experiments were under



way. It has bean determined that NIC
operation of the fuel pulaafeeder

pump, addition of oxygen, and pressuri- Vith the completion of the design
istion with atean do not influence of apparatus for withdrawing a sample
criticality, individually or col* of fuel solution from the HRE system
lactively. and for handling the radioactive

solution in the chemistry laboratory
during analysis, the final design of
Engineering Stadias of Components the HRE is complete. A design manual
has been written in rough-draft form
Four pulaafeeder pump diaphragm and should be finished during the next
leaks caused by metal chips under the quarter.
diaphragm have led to the design and

fabrication of new pump heads that Vith the exception of the top
incorporate strainers to exclude the shielding plug and a satisfactory
damaging particles. The new pump head isolation wvalve, the fuel sampling
is assembled by a special technique and handling apparatus has been
that gives a stronger mechanical seal fabricated and found to perform satis-
on the edges of the diaphragm by weld factorily. Equipment for handling
shrinkage. The mechanical seal with the samples in the chemistry laboratory
a seal weld 'to back it up appears to is beirg fabricated. Improved high-
be apromising, leak*tight arrangement. pressure valves that will withstand
Additional improvements in pump the 1000-psi pressure drop and the

performance have been obtained by corrosive fuel solution are being
shortening the hydraulic lines in the tested.
pulaafeeder system.

Alternate types of fuel feed pumps Controls sad Instranentatlon
to replace the pulsafeeder in subsequent
reactor systems are being studied. A Several refinements have been made
multistage, centrifugal pump and a in the HRE instrumentation to improve
piston type of pump have been selected the operating characteristics of the
as the moat promising alternatives. controls. A new coaxial valve for

The major problems associated with regulating oxygen flow into the reactor
pumps of these types are leakage and fuel system has been developed and
maintenance, both of which must be tested with satisfactory results.
essentially eliminated if the pumps In the development of a means for
are to be attractive for reactor use. measuring concentration of uranium in
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the fuel solution, emphasis is noe
being placed on a spectrophotonetric

method. The main problem associated
vith this method is that of finding
a material for the cell windows so
that they do not corrode, change
characteristics because of radiation,
or break wunder pressure. To date,
synthetic sapphires and spinels are
promising materials.
Corroaloa

Experimental Corroeion Studies.
An effect of oxygen pressure on the
corrosion of type 34? stainless steel
by uranyl sulfate solution containing
300 g of wuranium per liter has been
observed. Corrosion rates were lower
by a factor of 2 at 50-psi oxygen
pressure than those observed at 100
psi and higher pressures. A study of
the effectiveness of molybdenum as a
corrosion inhibitor indicated that it
did not help appreciably. Corrosion
rates as a function of pH were studied
by using solutions containing uranium
trioxide or sulfuric acid in addition
to the wuranyl sulfate. The data
indicate that corrosion is lowest at
the pH of stoichiometric uranyl
sulfate and suggest that the decrease
in acidity resulting from the addition
of uranium trioxide will not decrease
corrosion as anticipated.

Dynamic Corrosion and Solution
Stability. Emphasis during this
quarter has been placed on finding a

combination of fuel solution, con*
tamer material, and operating condi-
tions suitable for reliable service
over long periods. The addition of
copper (6.4 g of CuS04 per liter),
which might be desirable to give a
homogeneous, hydrogen-oxygen re-

catalyst, apparently
increaaes the rate of attack of typo
347 stainless steel wuranyl aulfate
solution containing 40 g of uranium
per liter at 2S0°C. The addition of
uranium tnoxide to high-concentration
uranyl sulfate solutions as a means
of decreasing hydrogen ion concentration
gave no significant improvement in
corrosion rates and confirmed the
indications in the static tests. In
at least two cases (uranyl sulfate
solutions containing 5 and 40 g of
uranium per liter) a small precipitate
of uranium trioxide was observed after
operation at 250*C even though none
had been added to the loops.

combination

of erosion-assisted
corners and in other
turbulence has been

several loopa in
which the development of leaks or of
badly corroded local areas haa been
experienced. The effects of velocity
and turbulence on this type of attack
are being studied in two loops con-
taining crosses, tees, angles, and
bends of various radii, all in 1/2-,
1-, and 1 1/2-in. pipe sites.

The severity
attack at sharp
regions of high
demonstrated in

testa
steel

Corrosion
of stainless

of various types
have been carried
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out in the 100-gpm loops by using
snail, pin samples. These tests
indicate that at 250*C in ursnyl
sulfate solutions containing from S to
300 g of wuranium per liter, type 321
stainless steel is attacked least,
although types 347 and 316 atainlesa
steel are not appreciably poorer
except in the presence of copper. At
100 and 150aC in the same solution,
type 309 columbium-atabilised stainless
steel is superior to types 347 and 304
stainless steel, ehich are only
slightly more susceptible to attack.

Titaniuai continues to shoe excellent
corrosion resistance under all condi-
tiona to ehich it haa been subjected.
Parts for a complete loop of titanium
are now being assembled; a titanium
impeller for a Vestinghouse Model 100A
pump is being fabricated. A loop con-
taining a section of titanium pipe and

several titanium inserts is being
fabricated.

During this quarter three pump
failures have occurred that have been
attributed to stress corrosion of the
Inconel can around the rotor. Type
347 stainless steel canr will be
substituted for the Inconel cans even
though this eill reduce the electrical
efficiency of the pump. It has been
shown that a wrought, stainless steel

superior, corrosionwise,
stainless steel.

impeller is
to one of cast

Corrosion Studies. In the
effect of oxygen and

Stalir
study of the

Viii

uranyl sulfate concentrations on
corrosion, the final corrosion rates
determined by defilmed weight losses
and dissolved nickel contents in uranyl
sulfate containing 40, 100, and 300 g
of wuranium per liter with 123 to
3700 ppm of dissolved oxygen were
between 0.1S and 0. AS-mpy after 10.S to
11 weeks of exposure in static bombs
at 2S0°C. An increase in corrosion
rate with increased oxygen concentration
was noted in uranyl sulfate solutions
containing 100 g of wuranium per liter
but not in solutions containing 300 g
of uranium per liter.

Preconditioning of atainlesa steel
by exposure to dilute uranyl sulfate
at 2S0*C prior to exposure to more
concentrated solutions has been found

to give aalight reduction in corrosion
rates, but the effect is so minor that
no further investigation is planned. A
study of the effectiveness of pre-
treating stainless steel with dry,
oxygen gas at 250°C gave very en-
couraging results for producing thin,
adherent surface films and for reducing
corrosion rates when samples were
subsequently exposed to uranyl sulfate
at 2S0°C. This study is being con-
tinued.

Radiation Stability

irradiation tests of
solutions contained in
type 347 stainless
twelfth week of

Long-term
uranyl sulfate
chromate-pretreated
steel are now in their



exposure in the LITR at an average
flux of 3.S * 101* without solution
failure. Comparisons of oxygen con*
sumption in and out of radiation

suggest that radiation nay increas
the corrosion rate.

The decomposition of hydrogen
peroxide in various samples of uranyl
sulfate solutions has been studied
from room temperature to 100aC. Large
differences among the observed first*
order reaction rate constants for

decomposition are attributed to email
amounta of catalytically active im-

purities present in the solutions.
The effect of peroxide concentration
upon the formation and precipitation

of uranium peroxide has been examined,
and attempts have been made to determine
the maximum concentration of peroxide
that can be tolerated without precipi-
tation of uranium peroxide. Consider-
ation of the decomposition rate and the
tolerable concentration leads to pre-
dictions of allowable power densities
for reactor operation. For example,
baaed on the characteristics of un-
enriched fuel taken from the HRE after
operation at 250°C, it is conservatively

predicted that the HHE can be run at a
total power of at least 41 kw at a
temperature of 100*C without precipi-

tation of uranium peroxide.

PART 11
ROILING REACTOR AND SLURRY STUDIES
Railing Reactor Research

decrease in
density as a

Calculations of the
boiling reactor fuel

function of power level have been
extended. Steam separators to dis-
courage the recirculation of bubbles
that have reached the top of the
liqguid are being studied, and they
appear promising for boiling reactor

application.

Nuclear calculations of critical
mass, control rod kinetics, stability
of the reactor, and the buildup of
fission products in the proposed
Teapot boiling reactor experiment have
been completed.

Starry Fuel Studies

CAeatcsf and Engineering Studies.
Although the rod, platelet, and bi-
pyramid crystal forms of ursnium
trioxide sppesr to be stable indefi-
nitely upon standing or with mild

250*C,
after

mechanically
digestion at

agitation at
broken particles,

250*C, form platelets. Therefore it
appears likely that the uranium tri-
oxide present in at; aqueous reactor
slurry fuel would be in the platelet
crystal form.

A method of preparing uranium
trioxide from uranyl acetate was
studied and found to have no signifi-
cant advant ages over the uranyl nitrate,

peroxide precipitation met hod now used.

Data on crystal growth indicate
that although initial growth of small
uranium trioxide particles at 2S0°C is

a type of equilibrium is soon
the growth rates become
"stable” particle
and platelets at

rapid,
reached and
much slower. The
sixes for rods

3713 (6



equilibnua are 3.9 and 7.8 p (equi-

valent spherical diameter), re*
apectively,

In-reactor teati of urmiua trioxide
slurry indicate that caking and
corroaion aay be increaaed by radiation

effecta. Soae reduction of uramua(Vl)
and an increaae in uramuai solubility
eere observed during the experiaenta.
Further study of the factors con-
tributing to caking and corrosion is
pianned.

A laboratory test
observing the boi Img,
and heat transfer properties of
slurries has been set up and placed
in operation. The experiaenta 1l slurry
boiler installation has a 4-kw heater
and is designed to operate at 250*C
and 600-pai pressure.

aaseably for
foaming, raking,

Slurry Pumping Studies. A slurry
containing 78 g of uraniua per liter
as UQOj 'HjO has been circulated in a
100-gpa. type 347 stainless steel
loop for 100 hr at 2S0*C. No visible
evidence of corrosion or erosion eas
found after this period. The uraniua
trioxide particles, which were origi-
nally rod shaped, had broken down
into nearly spherical particles,
and although these particles circu-
lated through the puap bearinga, no
evidence of bearing wear was observed.

PAST 111

ICNCRAL HOMOGENEOUS REACTOR STUDIES
ISNR Dealga

Conceptual design of an intermediate-
acale homogeneous reactor ia proceeding
upon the bases that the fuel aiay be
either solution or slurry, the operating
temperature may be 250*C or some lower
temperature, the power level will he
about SO megawatts, the core diameter
will be 6 ft, and the circulation rate
variable will be in the range of 5,000
to possibly 20,000 gpm. A flowsheet

that has been developed for the ISHR
ia similar in many respects to the
HRF. flowsheet, but it differs in that
the decomposition gases are separated
in an external separator rather than
in the core and are recombined at high
pressure. The main circulating system
consists of the reactor vessel, an
external, centrifugal, gas separator,

a shell-and-tube heat exchanger, and
a circulating pump. It is planned to
duplicate, where possible, the equip-
ment that might be used in a full-
scale reactor. Designs for pumps and
heat exchangers are being developed

by manufacturers. The core vessel and
gas separators have been studied, and
a preliminary arrangement for the
high-pressure recombiner has been

worked out.

»
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engineering Studies of Components

Delivery
material
anticipated by November

HUP Main Circulating Pumps.
Allis ChaimersWfg. Co. is nowpreparing
of a 20,000-gpm,
canned-rotor
negotiated with

enclosed,
A contract
the Worthington Corporation
of a 20,000-gpm centrifugal
has a pressure
followed by a

breakdown on
low-pressure
a standard
A tentative proposal
the Byron Jackson Company to design
a high-pressure
used on a conventional
being considered.

mechanical
electric
to be used.

type of pump

Feed Pump Development.
centrifugal
10 gpm against

considered.
requirements
specified,
have been
develop-

use of multistage,

Tentative
criteria
and pump manufacturers
tacted with
and fabrication.

to design,

Isolation Negotiations
a predesign
study of 20-in. isolation
started.
establish fundamental
design concepts and feasibility.

The Lummus

predesign

Large Heat
has completed

Exchangers.

h'eat exchanger to remove 200 megawatts
of heat from 20,000 gpm of reactor

fuel. The design appears feasible
and within the limits of industrial
pr actice.

Core Development Studies. The

study of flow distribution and pressure
drop in various types of core con-
figurations has made use of approxi-
mately 12-in. core models to investi-
gate rotating and straight-through

flow. A larger model with an B-ft
sphere and 50,000-gpm flow rates ia
under construction. Mathematical

relationships for computing velocities
and pressure drops have been developed
and are being tested in the hope of
finding a method of extrapolating data
from the small models to apply to
large-scale reactor cores.

Fundamental Radiation rhenistry Studies

Studies of gas production from
fissioning solutions have been extended
to cover uranyl nitrate and uranium! 1V)
sulfate.

Studies of the recombination of
hydrogen and oxygen have been ex-
tended to include heterogeneous
catalysts of the platinum group. Such
catalysts offer some promise for use
at temperatures of 100 to 150°C.

Active consideration is being given
to the development of small-scale
dynamic corrosion tests that could be
used ultimately in experimental holes
in the LITR and the X-1G graphite

j?7:3 &
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reactor to provide rapid surveys of
the effecta of changing environmental
conditiona.

Solution Chemistry

A atudy of the effecta of radiation
on the valence atate of plutonium haa
shown that the tendency of plu-
toniua(lll) and pluton 1um(VI) to
return to plutoniurn(IlV) in greatly
enhanced by radiation.

Meaaurementa of the conductivity

of uranyl aulfate aolutiona are being
extended to aolutiona at 200 and
250 °C. A atudy of the effec't of
uranium tnoxide on the conductivity
of uranyl aulfate aolutiona indicatea
that, aince a U-lo-Sf>4 ratio of 1.2

gives littledifference inconductivity,
the corroaiveneaa of wuranyl aulfate
aolutiona containing uranium tnoxide
ahould change little.

Vapor preaaurea of aaturated uranyl
aulfate aolutiona have been determined
between 50 and 100*C.

Determination* of the aolubilitiea
of fiaaion products in uranyl aulfate
aolutiona indicate that moat fiaaion
producta are about an order of magnitude
more aoluble in uranyl aulfate than in
water. Data are reported for silver
aulfate and barium aulfate. The
ao lubil 11v of uranium trioxide in

Xii

uranyl aulfate aolutiona at 250°C ha*
also been determined. The effect of
uranium trioxide on the two‘liquid
phase transition temperatures of
uranyl sulfate solutions has been
studied; wuranium tnoxide reduces the
temperature at which the transition
occurs.

Further studies of the use of the

Ag.AgjS04 electrode as a high-tempera-

ture reference electrode for measuring
the potential of the film on stainless
steel in uranyl aulfate solutions at

250°C show the electrode to be satis-
factory and quite sensitive.

Static Corrosion Testa of
Alternate Systems
fitantua in

Corrotion of Uranyl

Sulfate Solutions. The corrosion rates
of titanium samples exposed to uranyl
sulfate solutions containing 40 and
300 g of wuranium per liter in static
bombs at 250 °C are wuniformly low,
that is, considerably leas than 0.05
mpy.

Uranyl Fluoride Corrosion Studies.

Investigat ions on the effecta of oxygen
and wuranium concentrations on the
corrosion of type 347 stsinlesa steel
by wuranyl fluoride at 250°C have shown
that the corrosion rates are strongly
affected by dissolved oxygen concen-
tration and to a lesser degree by
uranium concentration.

CO



metil 1111)

A study of methods and techniques
for the assembly of m titanium pump
impeller led to the conclusion that
either welded or riveted fastenings
would be acceptable, with riveting
being preferred. A program of study
on the properties of titanium has been

established. The major fields of
interest at present are: transition
temperature studies, hydrogen em-

brittlement, effects of reactor

solutions and conditions on impact
specimens, and effects of radiation on
impact specimens. Currently, effort

is being devoted to the preparation
of iodide-titanium impact specimens.

Chemical Processing
Plutonium Chemittry. Partial
pressures of oxygen above about 40 psi
have been shown to stabilise plutonium
in the hexavalent state. At 200 psi
the ratio of plutonium(VIl) to plu-
tonium(I1V) at various plutonium con-
centrations was always about 33:1
after 48 hr of heating. The solubility
of plutonium(IlV) in 1.0 |If uranyl
sulfate at 100*C was found to be about
0.01 mg/ml, compared with 0.003 mg/mi
at 2S0°C. Based upon laboratory

tests, the amount of plutonium that
would be adsorbed on a IS-ft-dia
spherical reactor core vessel of
stainless steel was calculated to be
175 grams.

Solvent Extraction. The behavior
of neptunium in various solvent
extraction processes has been studied.

It appears that
most stable fora,

neptunium(V) ia the

and studies of its
behavior in the Purex process have
been started. Preliminary investi-
gations of the effects of radiation on
the extraction processes have also
been started.

Economic Comportton of UFt Distil-
lation and TBP Extraction for Procetttng

Uranyl Sulfatt Fuel. The results of
an economic study indicate that UF,
distillation compares favorably with

as a method of decon-
from a uranyl

TBP extraction
taminating uranium
sulfate reactor fuel. The saving
indicated for dry fluoride processing
is about one dollar per gram of plu-
tonium produced. However, these
conclusions are based on a com-
paratively wuntested, dry-fluoride
flowsheet and are valid only insofar
as the assumptions made in preparing
the flowsheet are realistic.

3TI3 10
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HR* QUARTERLY PROGRESS REPORT
STATUS OF THE HRE
S. E. Beal 1, Section Chief
W. S. Brown J. A. Raniohof f
J. J. Harriston M. Rich ard aon
J. 1. Hill, Jr. L. V. Thac her
S. |I. Kaplan T. H. Thomas
T. H. Mauney S. Vian er
V. K. Pari R. Van Winkle
P. M. Wood
At the beginning of thia quarter pulaafeeder pump. It was also dis*
(March 15) the HRE was operating con* covered at the end of the run that the
tinuoualy at the designed conditions inner (fuel) pulaafeeder pumping
of 1000-psi pressure at 250°C and with diaphragm had been punctured by very
a fuel solution of 30 g of natural small (about 1/64 in. dia) grains
uraniua sulfate per kilogram of water of metal that may have accumulated
so that engineering testing could be from weld repairs or from the micro*
completed and the nuclear experiments metallic filter in the fuel inlet line.
started. In an effort to prevent similar
diaphragm failures the fuel pulsa-
Two runs of nine days' duration feeder has been modified to include a
that were made to obtain a material filtering screen over the inlet and
balance on the entire fuel system exit ports of the diaphragm.

that water and
be made to an
hydrogen
into the

provided evidence
uranium balances can
accuracy of 12%. Afterwards,
and oxygen gases were fed
the reactor core to simulate normal
power operation in which these gases
appear aa decomposition products.
Cver an 18*hr period of continuous gas
addition at flow rates from 0.1 to
15 c¢fm it was possible tc observe the
satisfactory performrnee of the fuel
off-gas system, including the let*
down heat exchanger and valve, the
flame and catalytic recoabinera, and
the charcoal adsorption beds. How*
ever, a high-pressure piping rupture
occurred bccauae of fatigue failure in
a machined reducing coupling on the

fuel-oxygenation chamber. Examination
showed that a alight imperfection at a
sharp corner of the fitting was
gradually enlarged through the wall

thickness by repeated vibrational
stress caused by the operation of the

completion of the engi-
neering experiments on April 4, the
high-pressure fuel system was dis-
mantled and inspected with particular
attention to corroaion, but no evidence
of excessive corrosion was visible.
The Weatinghouse, Model 100A, fuel-
circulating pump had a cracked rear

Following

bearing and embrittled tantalum
labyrinth rings, so it waa neceaaary
to replace these parts. During thia
shutdown period, several valvea (the
fuel dump valve, the let-down valve,
and the prenuriier bleed valve) that
had indicated leakage past the seat
were replaced by new valvea with
flanges to allow remote lemoval. Other

revisions dictated by the accumulation
of several months of operating ex-

perience included water cooling of the
preaaurixer bleed line, replacement of
the fuel dump tank level indicator,

modification of the 1*gph pulaafeeder
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flow indicator, and reworking of the

fur 1*»ampling arrangement.

The
assembled for
low-temperatare
In the intereat
of variables
the high*preaaure
syatem waa iaolated from the low-
presaure system, except for the fuel
dump line. Reactor inatrumentation
waa alao temporarily reviaed aa
necessary for the experimenta. The
reflector ayatea waa dried to an exit-
gaa dew point of -35"C by uaing a
vacuum pump in conjunction with heat
application to low pointa of the
ayatea. Drying waa followed by the
addition of 1418 Ib of heavy water on
April 10, which completed all prepa-
rationa ao that the firat critical
experiment con 1d be atarted on Apri 1 11.

reactor piping waa then re-
the performance of the
nuclear expenmenta.
of reducing the number

affecting reactivity,
fuel-circu lating

INITIAL CRITICAL EXPERIMENT

The initial critical experiment on
the homogeneous reactor waa completed
on April 1S, 19S2, at which tine the
reactor was critical at 30°C and fully

reflacted with D,0, the shin and safety
roda were out, the control rod waa
one-third withdrawn, and the fuel
concentration waa 24.9 g of U*** per
kilogram of HjO. This concentration
is within IX of the predicted value
of 25.1 grans. Only the high-preasure
system that consisted essentially of
the core, main heat exchanger, and
circulating pump waa used. Subse-
quently, additional experiments were
performed on the same ayaten between
the temperatures of 20 and 105*C at
power levels below 10 megawatts to a-
valuate the various reactivity controls.

CALIRRAT1ON OF RODS

rod curves were
reactor period
in fuel con-

The shin and control
calibrated by means of
data and alao by changes

centration. The theoretical factor
used for converting concentration data
to reactivity is 0.0149 units of kffj
for each gram of t)n ' per kilogram of
HjO. The period data were interpreted
by means of an inhour curve baaed on a
delayed-neutron normaliiation of 0.7S%
with a contribution of photoneutrona
from the D20. As ahovn in Figs. 1 and
2, the agreement between the two types
of data is within the experimental
error. It was demonstrated that the
safety plate has the same effectiveness

as the shim plate. However, the total
value of the control, shim, and safety
plates at room temperature is only 1.4%

in as compared with the calculated
value of 2.6%. The calibration of the
rods at 100*C by changes in concen-
tration is not significantly different

from that at room temperature.

CALIRRATION OF REFLECTOR LEVEL

The effectiveness of the D"O re-
flector at room temperature was
evaluated from 100% full, corresponding
to 12 in. above the top of the core,
to a point 11 in. below the top, or
7 in. from the bottom of the core.
The results are shown in Fig. 3, in

nt howntom
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Fig. 1. RRE Shim Rod Calibration.
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that the ex-
experimental

which it is apparent
trapolation of the

result* to obtain the effectiveness of
the entire reflector is in good agree-
ment with the theoretical value of

6.6)1 in k'ff

PI1188WE COEFFICIENT OF REACTIVITY

AT I»*C
The experimental points in Fig. 4.
obtained with the pressure balanced
r»*c 0,Cc
*xser QKN » a* Vv
Fig. t. HRE Control Bod calibration.
Fig. 3. Calibration of Reflector
Level for RRE.
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FOR PERIOD ENDING JULY 1, 1952

across the core, agree with the pressure
coefficient of reactivity calculated
from theory, that is, 0.16%infc .. for
1000 psi. An additional 0.02X in k
is obtained from stretching the core
by maintaining a pressure differential
of 900 psi.

TEMPERATURE COEFFICIENT OF REACTIVITY

The critical concentrations at
temperatures from 20 to 105*C, with
and without operation of the circu-
lating pump, are plotted in Fig. S.
At 30*C, the temperature coefficient
of reactivity is 4.1 x 10"4 1t~/'C,

MUX”’

asfc
° » !*
e » .o

omcfM’M’o* u**wo»

Fig. 4. Pressure Coefficient of

Renettv tty for HRE
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a

atinate of

INHOUR CURVES AT 25°C

The experimentally determined
reactor perioda are plotted in Fig. A
aa a function of exceaa reactivity for
the atatic reactor and alao for the
full circulation .of 120 gpm. The
calculated curves baaed on a delayed
neutron contribution of 0.75% in
addition to photoneutrona from the DjO
are alao shown for comparison. The
curve for full circulation takes into
6

ea a a

Temperature of Djt-RcriccUi HtC.
account the loss of delayed neutrons
that are emitted outside the reactor
corei'l but is baaed on the approxi-
mations that the production of pre-
cursors ia uniform throughout the core
and that the value of adelayed neutron
is independent of the point of emission
within the core. These approximations
may account for the apparent dis-
crepancy at abort periods.

PRESENT STATUS
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completed
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FOR PERIOD ENDING JULY 1, 1952

Mcati
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r. sesioo Of seactos »e>
rig. Inhour Carves fur tk« ME.

hilh-prciiur« fuel iytl«™ re* Before continuing the nuclear
connected to the low-pressure lyitta, experiments, the high-pressure fuel
which contiim the dump tonka, con- and DjO piping was pressure tested at
centration control aquipatat, and 1200 psi at room temperature; then the
off-gas ayataa, Several teaporary reactor was heated to 2S0*C and
connectiona required in the instru- examined for leaks. After allowing
mentation and control circuitry for the equipment to cool, nuta and bolts
operation with the low-pressure ayatea on all flanges were retightened and
were removed. The few remaining un- the temperature waa raised to 2S0*C
finished portiona of the ahield were once more, No leaka were found,
completed ao that acreaa to the cella either wvisually or with the leak
can nuw be gained only by removing the oetertor system.
top pluga. Also, the front and rear
flanges of the leatinghouse, Mode] 100A With confidence that the reactor

fuel cloned without

damage

pump were welded
to the pump.

During the ahutdown a mullipiication
experiment waa performed in the fuel
dump tanka to enaure that no hatard
would reault from draining the entire
available fuel charge of 4.5 kg of
1J*** into the dump tanka. No multipli-
the error limits of the
equipment was
multiplication
1.2.

cation within
neutron detection
measurable; that s,
waa not greater than about

ee a . a
. . a
aa .

S e e aaa
aa as

waa free of
resuard and the

leaka,
reactor

experimentation waa
waa loaded with

2.8 kg of II>** and about 220 liters of
water. The variables associated with
operation of the low-preaaure fuel
vystem, that ia, fuel pulaafeeder pump

operation, oxygen addition, and finally
preaaunsation with ateam, were intro-
duced one at a time. None of these
factors appear to influence the
criticality of the reactor. Operation
for a short time near 250*C is planned

to obtain the temperature coefficient
v

2o, 2a
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of reactivity and to evaluate the
control mechanisms before increasing
the power level for the reaaindcr of
the experimental program, aa outlined

in the previoua quarterly report.

POSSIBLE OPERATION AT TEMPERATURES

*ELM 1Sf*C
In view of recent corroaion data
fathered in the experimental loops, it
appeara deairable to operate the HRE

for extended perioda at temperatures
below 150*C. Furthermore, the pressur*
iier temperature haa been arbitrarily
limited to a maximum of 250*C, which
would permit a fuel ayatem preaaure of
about S00 pai. Since operation of the
let*down ayatem at one*ha 1f the deaigned
preaaure appeared queationable, it was

ANl Vo oior , V.|, Part, tli P. U. tu»4,
Vtitlir iru/tt» Quarterly Prunti
liftrl fur Nri.t fa4dm| vara* f|, Hlist. OBNL*
11*, p. It.
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teat the fuel off*gae
pressures below 500 pai.
helium and oxygen of
weight equivalent

hydrogen and oxygen

decided to
system at

A mixture of
average molecular
to atoichiometric

was used for the teat. The data
plotted in Fig. 7 are the reaulta of
gas flow measure...ta at several
preaaurea and at several liquid flow
rates at 25aC. Although this tempera*
ture ia perhaps 75*C lower than the
average temperature of the let*down
gas when the core is operated at 1S0*C,
even after correcting the volumes to
the higher temperature, it appears that
there should be no difficulty in
handling decomposition gases at the
lower pressures if the puiaafeeder
flow rate is kept below 1 gpn and the
gas evolution does not exceed the
11.25 cfo expected at 1000 kw. These
reaulta are in fair agreement with the

earlier, leaa accurate waiureaenta at
higher pressures and temperatures
reported in the previoua quarterly
report.

ENGINEERING STUDIES OF COMPONENTS

C. R. Graham,
J. S. Culver

L. F. Goode
PULKAFt EDKR PtIIP DEVELOPMENT

Mechanical Design, pour puiaafeeder
pump heads have failed because of leaks

in the diaphragm. Examination haa
shown all failures to be the result of
metal chips that worked their way into

the diaphragm.
impossible to

the head and punctured
Since it is practically

to eliminate all foreign particles
from a system as complex aa the HRE,
strainers are now being built into the
puiaafeeder pump heads to exclude any
particles large enough to damage the
diaphragm. A section of the new
design incorporating the strainers s

Section Chief

C. W Keller

D. Toomb

shown in Fig. 8. Accumulation of very
small particlea under the diaphragm
could lead to fatigue failure, but
examination of the diaphragms after
periods of operation has indicated that

the particlea are pumped out and do not
accumulate.

Two recently rebuilt heads developed
leaks in the diaphragm seal weld during
the final pressure test. One head
that was cut apart lacked the wusual
evidence of pressure from the flanges
bearing on the diaphragm. The initial
compression of the flanges on the

; 13 23 .
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is normally obtained by
hoop prior to final welding
the hoop contracts

diaphragm
heating the
.50 that on cooling
and compresses the flanges on the
diaphragm and makes a seal to resist
the hydroatatic pressures encountered
during operation. It is essential
that the flanges be compressed to
prevent movement of the edge of the
diaphragm and consequent breaking of
the seal weld during operation.

A Astudy showed that it is impossible
to determine whether tension exists
in the hoop after welding. The welding
sequence employed on the pulsafeeder
pump head that failed left the seal
weld vulnerable to shearing due to
differential expansion between the
flanges. In an attempt to correct the
difficulty, the hoop was redesigned,
as shown in Fig. 8. The center auction
is composed of two half rings that are
welded in after the seal weld is con*
pleted and tested, thus heating of the
flanges during final welding is
minimized and the desired tension in
the hoop ia provided by weld shrinkage.
To demonstrate the effectiveness of
the girth weld in drawing the flanges
together, one of the heads with a
leaking seal weld was sent to the
shop and a 60-deg V groove was cut all
the way through the hoopon its center-
line. The groove was then filled with
weld metal, and the head was pressure
tested and found tight despite the
fact that the seal weld leak had not
been repaired.

Because of the success of this test,
another head was assembled without a
seal weld. The two half hoops were
first welded to the two flanges and
trimmed for girth welding. After in-
serting the diaphragm the girth weld
was made. Pressure testing showed a
possible leak that has not beenconfirmed

but leaven some doubt as to the safety

of omitting the seal weld if radio-

active substances are to be handled.
a m i a ?

FOR PERIOD ENDING JULY 1, 1t52

These two experiawnts demonstrate that
a mechanical seal can bo made by
proper fabrication techniqu*.

The new fuel-pumping head for the
reactor ia being built with a seal
wold, as ahown in Fig. 8, which backs
up the mechanical aeal between the
flanges and the diaphragm. Two other
experimental pumping heads, without
seal welds, are operating satis-
factorily in the nockup.

Effect of Plaid Inertia on tha Pang
mactioa. When the Da0 pulsafeeder
pump on the HRE was started, it
operated poorly in comparison with the
fuel pump. It was noiay, had low and
arratic output, and was very prone to
collect air in the oil system. An
analysis of the effect of inertia of
the fluid in the Ilinea during the

auction stroke provided information on
tha problem and suggested a remedy.

At the start of the suction stroke
the fluid flow in the linea between
the piaton and dump tanks must ac-
celerate. The driving force for thia
acceleration is the difference in
pressure between the dump tank and the
oil in the piston less sny static and
friction head in the line. The oil
pump is provided with a auction valve
that will permit oil to flow into the
system at the piaton end if the
pressure is reduced more than 10 in. Hg
below atmospheric pressure. Because

of the long linea, the high density of
the fluorocarbon oil (1.8), and the
relatively high acceleration require-
ments, the pump takes in large quanti-
ties of oil at each stroke. This
reduces the D20 capacity and requires
oil discharge through the relief wvalve

at the end of each stroke. Because of
the momentary subatmospheric preaaure
at the piston during the suction atroke,

air ia drawn in through the packing
gland. Since the packing on the
piston pump is a Chevron type of seal

n
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intended for pressure use, it fre-
guently lets sir into the oil systes
end materially reduces output, "o"
rings have been instslled to eliminate

sir leakage.

effects the oil
DM"O system* will
alongside
located.
hy -
the

these
fuel and

To reduce
puap* on both
be woved to nee positions
the pits where the heads -re
This change results in shorter
draulic lines. At the same time
D,0 intermediate heads will be in-
stalled in the pit to decrease the
large fluorocarbon head now existing.

a material in-
be achieved due
stroke and
losses.

It is expected that
crease in output will
to a Isrger volume-intake

to decreased compress* bi 1ity

These gains may allows lower operating
speed, which will further decrease
acceleration in both the suction and
discharge lines and result in quieter
operation, longer pump life, and leas

critical adjustment.

POSIT IVI-DISPLACEMENT PUMP DEVELOPMENT

has been expended to gain
additional information on pulasfeeder
pumps because the feed pump (pulse-
feeder) is an essential part of the
IIRF. and because it appears that pumps
of high head and low capacity will be
needed for future reactors. Although
it now appears that the pump being
used for the IIRF will be adequate, the
possibility of additional trouble
remains. Studies have been made of
several pumps but each seems to lack
sosm* of the desirable features of the
pulasfeeder, for example, complete
freedom from leaks and maintenance
requirements in the radioactive
regions.

Effort

A multistage centrifugal pump and
a modified positive-d iaplarrment
(plunger-type) pump of the triplex or

Milton
for further

Roy variety have been selected
study.

centrifugal pump is
Il of this report
"Engineering Studies
A year or longer
for the design,

The multistage
discussed in Part
under the heading
of Components.”
would be required

construction, and teating of a pump of
this type.

A plunger pump is frequently used in
industrial applications of this type.
However, if used for fuel or heavy water
it would be necessary to overcome the
problem of reducing the leakage to al-
most xero without the use of grease and

without frequent adjustment of the seals,
leakage may be diminished by reducing
the pressure drop across the seal to
a minimum by allowing a small amount
of the pumped fluid to leak along the
plunger to a low-pressure region and
then returning it to the pump by
suction. Two seals with low-pressure
water between them would be located
between the low-pressure region and
the atmosphere, The water between the
seals would be maintained at a slightly
higher pressure than that of the pump
suction, and as a result a slight in-
leakage to the pump would be maintained;
any leakage to the atmosphere would be
water. ft would also be necessary for
the materials of construction to be
moderstely resistant to radiation and
fuel.

and designs
the high-

of materials
suggested for
breakdown and seals, and con-
teating will be required
satisfactory or
pump and a
instslled

A number
have
press”® i
siderable
to determine which are
preferable. A triplex
Milton Roy pump have been
for testing.

in maintaining adequate
the high-pressure break-
a close fitting

Difficulty
alignment of
down is anticipated if

37:3 20
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Stellite piston is operated against a
Stellite or Grapkitar cylinder wall,
and it is believed that a Chevron seal

Neoprene-, and Teflon-iopregnatsd
asbestos lubricated with graphite that
are reputed to operate for periods up

aay prove store satisfactory. Graphite* to one year with little leakage and no
asbestos packings are being tested as attention. Several of these seals hsve
a poaaibility for the outer seals. been ordered for testing, and these
The Garlock Packing Coapmy Manu- May prove to be More satisfactory than
factures Chevron seals of Nylon-, the packing.
HRE DESIGN
R. B. Brigga, Section Chief
C. L. Segaser F. C. Zapp
With the completion of the design of sheathed Poral, has been replaced
of an apparatus for withdrawing a by a much wider plate containing
sample of fuel solution from the approximately eight times the area of
reactor system and equipment for the previous plate for more effective
handling the radioactive solution in control.
the chemistry laboratory during the
analysis, the work of the design group
. . FUEL SOLUTION SAMPLING APPARATUS
on the HRE is considered complete. A
design manual has been written in The design of a device for ex-
rough draft form and should be finished tracting approximately 0.5 cc of so-
in the next quarter. A pictorial lution from the reactor system was
assembly drawing of the entire HRE described in the previous report.
facility has been made for inclusion With the exception of the top shielding
in the design manual. The drawing ia plug and a satisfactory isolation
reproduced here as Eig. 9. valve, all the items required for
installation of this device in the
Figure 10 is a revised, pictorial, reactor shield have been fabricated.
assembly drawing of the pressure The isolation chamber, indexing table,
vessel, core tank, top flange, control and manipulator have been assembled
thimblea, presauriter, and piping aa on a wooden framework for testing.
installed in the HRE. It is essentially Mechanical functioning of the device
the same as the drawing shown in has been satisfactory.
Eig. 3 of the quarterly report for the
period ending May 15* 1 9 5 1 How- Difficulty has been experienced in
ever, since that time the internal obtaining satisfactory high-pressure
basket type of catalytic recombiner valves for separating the sampling
in the reflector vessel has been equipment from the reactor circulating
replaced by an external circulating system. No standard commercial
type of high-pressure catalytic re- vslves satisfied all of the design and
combiner. Also, the regulating plate, materials requirements. Kerotest
formerly a comparatively narrow atrip diaphragm vslvea appeared to satisfy
the design requirements but could not

(" Homt 1 #= « I 1dlltr Qmmrltrlf
Pre#r««t ft,port /«r g#rinmd fasSiaf Vv.j fj, ™M1,
OSM.-10S7, p. IS.
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be obtained in the necessary materials.
The major factor in favor of the
Kerotest valve was its use of a

3717 -
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diaphragm to eliminat~ the packing and
the possibility of leakage around the
stem,

Because Kerotest valves could not

be obtained in the necessary materials, .

a similar valve was designed for
fabrication in the ORNL shops.
was substituted for the poppet assembly
used in Kerotest valves to reduce the
machining required. A drawing of the
valve is presented in Fig. 11. Three
valves have been made for tests of
materials and valve operation,

The first valve, made with a Stellite
"ball as the poppet on a Stellite seat,
was tested hydrostatically at 1500 psi
to determine the effectiveness of the
Stellite ball and seat and the diaphragm
seal. This valve leaked at a rate of

one drop every 10 to 15 sec at 1500
pesi, possibly because of slight im-
perfections in the surface finish of
the ball and the valve seat and a
slight eccentricity of the ball.

Fig. 11. MNigh-preasure Isolation

Valve.

16 .

A ball -

A type 303 stainless steel ball was
then substituted for the Stellite ball
and the valve was again tried. This
combination held under a hydrostatic
test at 1500 psi, showing no per-
ceptible leakage after several cycles.
The valve was tested under simulated
service conditions on one of the
corrosion study loops for four days,
during which time it was cycled every
2 bours. After each cycle, the valve
held under 1000 psi at 250°C, but after
the fourth day a perceptible leak was
observed. The valve was then removed
and examined. There was some corrosion
of the seat and there were ring grooves
in the ball where it contacted the
seat, It appeared that the leakage
resulted from a combination of the
corrosion of the seat and the shifting
of the ball in such a way that seating
marks crossed and permitted the so-
lution to leak through the crossed
grooves.

The second valve tested contained
a Stellite ball on a type 347 stain-
less steel seat, and the third valve
had a type 303 stainless steel ball on
a titanium seat. These valves, which
sealed satisfactorily when tested at a
pressure of 1500 psi, were installed
in series in a corrosion loop so that
uranyl sulfate solution containing 40 g
of uranium per liter could be circu-
lated through them continuously at
250°C and 1000-psi pressure., There
was a pressure drop of 40 psi across
the assembly of valves.

When the loop was started, the
valves sealed satisfactorily at 100°C.
However, neither valve would seal
after solution was permitted to flow
through them for § min at 100 to 125°C.
Although they would not seal, the
valves were left in place with so-
lution flowing through them con-
tinuously for 253 kr at 250°C. Visual
examination of the valves after 253 hr
revealed the following facts.
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1. The diaphragm aeala and slain¥*
less alee] bodies were in good condition.

2. The Stellite ball mi badly
corroded at the area of the aeat and
the corroaion products adhered to tha
seat.

3. The titanium seat appeared in
excellent condition with no visible
signs of corroaion. The stainleas
steel ball had contacted thia aeat in
two places, which indicated that the
ball had rotated during operation. One
of the seated depressions in the ball

was not a complete ring. There was no
serious corroaion of the ball.

It ia evident, as was to be ex-
pected, that Stellite cannot be used
in the high-temperature solution. It

that the failure of the
the titanium seat and
ball to seal properly
the valve being mounted
horison to 11y. The seat was not de-
signed to guide the ball back into
place after it dropped slightly out of
alignment when the valve was opened.

is believed
valve containing
stainless steel
resulted from

The valve containing the atainleaa

steel ball and titanium seat ia being
subjected to further testing. Because
the titanium fared so well, a fourth
valve (Fig. 12) is being fabricated
with the cure poppet and aeat both
made of titanium.

FUEL SAMPLER INSTALLATION IN THE

CHEMISTRY LABORATORY

After a sample of solution is
removed from the reactor system, the
problem remaina of safely transporting
it to the analytical laboratory and
withdrawing aliquots for analysis. In

brief, the procedure visualised ia to
transfer the cylindrical shield con-
taining the sample from the top of the

reactor to a dolly on the operating

FOR PERIOD ENDING JULY I, 1932
Fig. 1IS. Conical Poppet laolation
Valve alth Core Poppet and seat of
Ti taninn.
i
floor and into the unloading port

under the lead shield in the hot
laboratory. The shield and auxiliary
equipment are shown in Fig. 13. The
sample ia then withdrawn upward into

a shialded compartment and transferred
to the apparmtms by a manipulator and
turntable similar to that required for
withdrawing the sample from tha

reactor. Detailed working drawings of
this equipment have been prepared and
sent to the shop for fabrication.
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Fig. 1IS.

OPERATION « NMRC AT 18f*C
The following factors were con*
sidered in a study of the saiisus

obtainable power and the operating
pleasure for the HRC if the fuel
tesiperature were liaited to 100*C. ***

i ud4 T. C. i*rr- »e«Keeee eguy
||]!1'lrad Cuta fraaaura fur
S0*C Suup, OBXL CF-Sfx»l*tl*

I1>a. iiau
fawtr Output uu4
Optraliam m | |
(U«r it. test).

MtTHICTIO
MW It’ 1] »

Fuel Stagier.

1. The heat reaoval capacity of
the heat exchanger was estiaated aa a
function of the tesperature of the
steaa produced by assuaing that the
fuel inlet tesperature was 100*C and
that the water was evaporated under
vacuum.

2. Pressure losses in the line
between the heat exchange” ,aad the
turbine condenser were eswietaaed f#at



W

4
various powers and stcts

the heat exchanger.

pressures el

by uaing forced
in the hast ex-

3. Heat removal
convaction of watar
changer was examined.

4, required for

decompo-

The core preasure
the lat-down system to pass
sition gases was estimated.

CONTROLS AND

«. M Breateale.

A. M Billings
D. G. Davis
C. G. Heisig
L. P. Inglis

FOR PERIOD ENDING JULY 1. 1952

It was concluded that minor changes
to provide 4-in. steam piping through
the entire length from the heat ex-
changer to the turbine condenser would
permit the reactor to be operated at a
power near 250 kw. The required core
pressure was estimated to be between

300 and 400 psi. Forced-convection

cooling of the heat exchanger was not
considered feasible because the con-
struction is such that most of the
water would bypass the tube bundle.

INSTRUMENTATION

Section Chief
C. A. Mossaan

J. E. Owens
B. H. Powell
D. S. Toomb

9. P. Walker

The major portion of the work this
quarter w”s in observing operations,
temporarily rearranging circuits for
the critical experiments and special
tests, and asking minor instrument
chsnges. The chief changes in in-
strumentation were the following:
(1) A filter network was added to the
period amplifier, which wassusceptible
to power-line surges. (2) The fuel
dump tank leve lesensing device, which
was sensitive to transient temperature
change, was replaced with an element
similar to the prassuriier level
indicator. (3) A float was placed
inside the sight glasa on the turbine-
coi.denser hot well and provisions were
made for phctotube monitoring. If the
water level in the hot well rises too
high a warning will be transmitted to
the operator. On occasion, in the
past, the water in the hot well has
backed up into the vacuum pump.

PROCESS INSTRUMENTATION

last
made

the
was

qguarterly report,
of a new coaxial

In
mention

lee

M 1 J

to flow whan the

is

regulate oxygen
only a few cubic centimeters
per minute. This valve is auown in
Fig. 14. It consists of a cylinder
and a plug made of two materials with
different coefficients of thermal
expansion. The plug ia made of the
low-coafficient material, and at
ambient temperature has a shrink fit
in the cylinder of 0.0005 inch, As
the temperature of the valve is raised
by the heater windings, the clearance
between the plug and cylinder in-
creases, and aa a result there ia an
increase in flow. Thia arrangement
provides a valve which fails (heater
power off) closed. A valve with
opposite operating characteristics
could be provided by exchanging the
materials of the cylinder and the
plug.
A valve similar to that
14 was constructed and a limited
number of tests have been run. The
tests were conducted by welding a
thermocouple to the outside wall of

the cylinder and automatically con-
trolling the temperature. The raaults

valve
flow

shown in
Fig.

I*
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NO IS NICHROME HEATEN
1

UNCLASSHIitO

-TYPE -347 STAINLESS STEEL. SCmEDULC-SO, \ PIPE

[/ 777777 77r7

SHELL }W — -SNAP RINGS <21 f
»/ Z2Z.Z
UNOERCUT (EACH ENOI, OOEO 7 Ir GROOVE (EACH END). 0 020 DEEP
M (MUM <g>
e 11 N
L L4 [T
0 0005 SHRINK FIT WITH PIPE PLUG DIMENSIONS IN INCHES
MI- 14, Thbtrail Valve for Loo Floo Rates.
of thoaa tsats are shown in Fig* 15. to attack by uranyl sulfate solutions
Tha tine required for the vslve to at 2S0*Cand mustsalso remain optically
reduce the floo by 631 was found to be stable at 4180 A when operating for
63 seconds. extended periods of time in high
neutron and gamma-ray fluxes. Of the
materials tested to date, only syn-
CONCENTRATION MEASUREMENT thetic sapphires (Al,0a), spinels
Effort hsa been devoted to develop* (MgO'S.SA0]), an_d tltar_na (Tida)
ing equipment for detersiining concen- érystals hmade by _Llndef Alr ErOdECtE
tration by measuring the absorption omp_any show promise 9 _meetlng ot
of light in the region of a uranyl rEequll_rET*e*ntsh In ;m |n|t|ahl report,
sulfate absorption band. The ab- nglis S_OWS_t at synthetic sap-
sorption spectrum of uranyl sulfate phires and t_lttanlta tcrytsttalks b(rutlle)l
solutions has been deteroined by the arelfvery reI5|s_an 0 280a*CC {]urany
Analytical Chemistry Division.(>> This SY fate solutions at , the cor-
. rosion rates are of the order of 0.2
work shows that the usable absorption ; . . d 0.7 ;
peak for# UOjSO”-HjO solutions occurs fﬁyt_or ““;T”a an ' mpy tor syn-
at 4180 A at room temperature. etic sapphires.
. . As a rough preliminary check on the
Probably the major problem in the S gh Ppre y .
radiation stability of synthetic gems,
development of a spectrophotometer for :
. . . i . pieces of colorless and golden syn-
this application is the selection of . . . .
the material for the two cell windows thetlc_ sap_phlres_, titania. and ruby
. . were irradiated in a fuel channel of
through which the beam of light must .
. - the X-10 graphite reactor for two
pass. The windows must be resistant
L. Fafltak, faititl -l lit Cir*
**Nagalllliil Cltaitlr; eeetales Qsarl«rl.« rtiiM ¢/ Fmitd rilwil ppktrt mm
Pregr««< Ftpar 1 /er ftr1leS faViaf Stpitmktr 1S. Vrmmfl Smifait J.Uiihi at }je*C. OI\/RL CF-51 1-11
1ssi. oast-111s. g. s ss *e 41, (Mwv s. mn.
b
y 3’13 24

Jol A% 4 aMAM R g R td
ek et R LT



Fit* 19* Flow Curves for
week* and examined visually. The
synthetic, colorless sapphire and
titania were not affected sufficiently
to exclude th«s from further con-
sideration. Several 11 by H by 5 on
optically polished slabs of spinel,
white sapphire, and titania have been
received and are being prepared for
iiradiation in the X-10 graphite
reactor to obtain quantitative spectral
data on these ayntheti c*geos before
and after irradiation, with and without
light annealing during irradiation,
and at a temperature comparable to
that expected in the spectrophotometer
cell under development. For these
teats the materials will not be in
contact with uranyl sulfate solutions.
Preliminary irradiation studies of
the synthetic ruby and golden sapphires
appear to exclude these materials

Thermal

FOR PERIOD ENDING JULY I. 1952

u«CLA«tinco
OW6E «e?!le

Valve Shove le Fig. 14.

because of excessive radiation darken-

ing.

The preliminary design of a cell to
withstand 250*C at 2000 paig has been
completed and a plastic model ordered
from the shop. The plastic model is
to be used to determine the arrange-

ment and aise of the inlet and outlet
ports necessary to obtain the shortest
possible response tine for the instru-
ment .

Calculations have been made which

show that gas bubbles in the cell
should not be a problem if the so-
lution is kept between 100 and 150*C.
This temperature range is further
desirable in that it permits the use
of stainless steel parts without
danger of scaling beyond the filter.
2 533 O |1

g g 43
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of the performance
the

Investigation!
of theDensitrol units described in

uranium per liter (that is, a specific
gravity of 1.0330 to 1.0530) were used.

last quarterly report are continuing. )
One lo«-temperature unit has been The plummet tested, designated
installed in the nocltup at Y-12 and is stainless steel No. 1, has about 509
awaiting teats. greater volume than the glass plummet

supplied with the Densitrol and its

A second Densitrol unit haa been tra_vel Is correspondingly gfe‘““-
. . . This led to some trouble, which was
installed in a special laboratory traced to the fact that the micro
loop. Thia system is designed so that . -

. . former was being operated in a non-
studies can be made readily of the i . H . g hti
affect of variations in flow rate, Inear region. cavier weignting

. chains should remedy this situation.
concentration, temperature, gas bubble
content, and position of the micro- Atemperature change from SO to 70*C
former. Teats have been conducted at of the nitrogenepressuriied steel
atmospheric pressure. Sodium sulfate plummet mentioned in the last report
solutions of proper concentration to does not alter the density indication
have the same density as U0JS04 so- by as much as i0.019. This variation
lutions containing 20 to 40 g of is within specified tolerance.

CORROSION

E. G. Bohl*o*A,

EXPERIMENTAL CORROSION STUDIES

J. C. Griess D. J. Sasmor

A mechanism for the corrosion of
type 347 stainless steel was presented
in a previous quarterly report.(1*
In brief, the basis for the mechanise
was the observation that when stain-
less steel dissolves in dilute acid
solutions, nickeloua, ferrous, and
chromic ions are initially formed.
If an oxidising agent is present and
if the acidity of the solution is not

too high, ferric and chromic oxides
are precipitated on the surface of
the steel and they insulate the steel
from the corrosive medium. Con-
sequently, after the initial rapid
attack the corrosion rate is greatly
reduced.

** |, C. Griaa*. meee(#meeee |.atl.r Prtjttl
PiiMfrit Or»artii tep»rt /ir O»r imdimt
«o**en*r IS, [»Sl, OML-IIU, p. 11.
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Section Chief

films develop cracks
stresses and
to have

All
because

protective
of wvarious
strains, so it is necessary
a means for maintaining the films in
a continuous state of repair. In the
aystem under consideration the mecha-
nism of film repair is identical to
that of film formation, that is, the
precipitstion of ferric and chromic
oxides at the points of film failure.
In effect, then, after the oxide
coating has been formed, corrosion
takes place only where there are
cracks or imperfections in the film,
that is, at places where steel ia
exposed to the solution. Therefore a
study of the corrosion rate after a
film has been forswd indirectly shows
the frequeacy and site of imper-
fections, the efficiency of the
healing process, and the solubility
of the surface oxides in the solution
under consideration. Hence a study
of the corrosion process during the
initial stages of film formation

3713 36



combined with a cartful analysis of
tbs aolution aft.r tipoaur. ahould
give the sane type of mforastion as
could be obtained by the nuch longer
process of studying the corrosion
rate after the protective film has
already been foraed. The fact that
the results reported baloe showed
oiaiilar behavior to sons of the
dynanic teats should be sufficient
justification for the use of short*
terai teats.

The experiaents during the past
quarter have shown rnther conclusively
that a protective fila can be danaged

or its effectiveness reduced by re*
moving ckroaiua oxide fron the fila
by a nrchanisa involving the oxidation

of chromium to the hexavalent state or

by dissolving both iron and chroaiun
oxides in their tnvalent states in a
solution of low pH. Fron the results
below it is apparent that if the
corrosion rate of type 347 atainless
ateel is to be kept low, it will be
necessary to suppress the solubility
of both iron and chroaiun oxides.
Studies begun during the last
quartar concerning the effect of

aolybdenua on the corrosion of type 347

stainless steel have been coapleted.
The results presented in the last
quarterly report*** indicated that
aolybdate ions when present in uranyl
sulfate solutions containing 300 g
of uraniua per liter were soaewhat
effective in reducing the corrosion.
The results reported below show thst
in uranyl sulfate solutions con*
teining 40 g of uraniua per liter
aolybdate has only a very slight
inhibitory effect. Although the
corrosion rate was not greatly re*
tarded in either case by the presence
of aolybdate ions, the physical
appearance of the oxide filas foraed

C. Sium id S. J. Sumi, leee(«ecom®
Scatter Qcar ter I; Srcarcit Mtptrl /ar
Sana* laUta« Sara* It. Ittt, OoMI-1IM, p. II.
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in its presence was greatly different
fron that of thoae foraed in its
absence.

The experiaental procedures were

essentially the saae as thoae given

in the previoua quarterly report.***
Soar of the experiaents were carried
out in sealed quarts tubea that con*
tainedSal of solution and a corrosion
apeciaen that had a surface area of
S cm*. Other experiaents were carried
out in Aaerican Instruaent Coapany
boabs, both with and without quarts
linera. In the experiamta in which
the boabs with quarts liners were
need, the corrosion apeciaen had a
surface area of 36 ca* and was con*

pletely covered by 3S al of solution.
Without the linera, the walls of the
boabs served as part of the corrosion
apeciaen. In these cases the surface
area of steel exposed to the solution
was 116 cal and the voluae of solution
was 60 al. When it was desirable to
have a particular oxygen pressure, a
calculated voluae of 30% hydrogen
peroxide was added. The theraal
decomposition of the peroxide produced

the desired oxygen partial pressure.
The pH of a uranyl sulfate solution
containing n fixed wuraniua con*

centration was varied by the addition

of uraniua trioxide and/or aulfuric
acid. All experiaents were run at
2S0*C under static conditions.

Attack of Type 147 Stainless Steel by

Uranyl Sulfate and Sulfuric Acid.
When stain lean steel is exposed to
uranyl sulfate or dilute sulfuric
acid solutions in the absence of an

added oxidising agent the corrosion
damage is very extensive. Ir. uranyl
sulfate solutions ferrous and nichelous
ions are foraed with the siaultaneous
reduction and precipitation ofuraniua,

whereas in aulfuric acid solutions
hydrogen gas and ferrous and nickeloua
ions are foraed. In both cases the
iron reaains as ferrous iron, and
23
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hence there ii no stifling of corrosion The pH of the uranyl sulfate solution
by tho precipitation of ferric oxide. containing 300 g of uraniua per liter
Since in both caaea it is necessary was 1.40 sad that of the 0.039 n
to have an oxidising agent preseat sulfuric acid was 1.54. The oxygen
and since oi)’*" is the one in conaion pressures studied were arbitrarily
usage, it eas desirable to knot what selected. It should be noted, however,
effect the anount of oxygen in the that at an oxygen pressure of 265 pai
solution had on the corrosion rate. at 2S0*C the aolar oxygen concentration
was 0.044, which wss nearly equal to
The effect of oxygen pressure on the aoraality of the sulfuric acid
the initial stages of corrosion eaa solution. The duration of individual
studied at one concentration both in tests was 24 hr and duplicate testa
sulfuric acid and in uranyl sulfate were aade under each set of conditions.
solutions in bonba with quarts liners.
In the wuranyl sulfate systea the The results tabulated in Table 1
uraniua concentration was arbitrarily show that increasing the oxygen
chosen as 300 g per liter of solution; pressure increased the extent of
in aulfuric acid solutions the con- corrosion in the wuranyl sulfate
centration of the aulfuric acid was systea. Table 2 gives the results
chosen as 0.039 N. Both of these in the sulfuric acid solutieas, and
concentrations were such that the these data indicated the reverse
extent of corrosion was appreciable, effect, that is, a slightly decreased
so analysis of the solutions for corrosion rate at the higher oxygen
corrosion products was not difficult. concentrations.
Table |1

EFFECT OF IUWN ON TEE ATTACE OF TfPE 347 STAINLESS STEEL EXPOSES

34 ME AT 39S°C TO URANYL SULFATE SOLUTIONS CONTAINING

38

FSI
300 g OF URANIUM PEE LITEE (pH = 1.40)
SOLUTION ANALYSIS AFTER EXPOSURE
OXYGEN PRESSURE OXYGEN IN SOLUTION <FS->
(pai)
pal (spa) Mi Mr Fa Cr
50 260 57 11 24 u
59 12 20 i
100 480 149 27 64 107
118 23 46 82
265 1400 127 24 22 131
114 21 26 121
500 2600 141 32 88 174
111 26 31 139
. 7
o L ek 0D la

Sgeonﬂ

+"0 . 000

0o0oO0



FOR PERIOD ENDING JULY 1, 1t52

Tabic X

EFFECT PF OXYSEN ON THE ATTACH OF TYPE SOT STAINLESS STEEL EXPOSES
POE SO HE AT SSO*C TO 0.030 N HULFUEIC AC10 SOLUTIONS (pH = 1.34)

OXYGEN PRESSURE

(psi) (ppm)
ino 480
265 1400
500 2600

These experiment* were considered
e very crude test of the protective
vslue of the oxide files, because the

files acre forced during the ex*
perinent. The experieents eere
repented eith pretreated specimens
and the results are given in Tables 3
and 0.

The very loe chromium content in

the sulfuric acid solutions nau of
particular interest (Table 2). Analyses
after subsequent exposure of the
specimens in eranyl sulfate shooed
that much of the chromium oxide that
oas precipitated on the steel during
sulfuric acid treatment dissolved in
the uranyl sulfate solutions (Tabled).
Careful analyses of these solutions
shooed that at least 90% of the

chromiua in solution oas in the
hexavalent state.

tables the manganese
solution has been
included to shoe that the manganese
and nickel of the steel dissolved
in the same ratio as they mere presen¥*
in the steel. The oeight per cent of

In the four
concentration in

OXYGEN IN SOLUTION

SOLUTION ANALYSIS ArTEN EXPOSURE

(ppm)
Ni Ms F* Cr
310 63 8 1
325 64 8 1
298 56 2 1
309 58 3 1
258 54 2 <1
260 54 2 <1
nickel in the steel oas approximately

10 and that of the nanganeae was 2.
The solution analyses indicated
essentially the same ratio of nickel
to manganese.

Effect of HIffereat Acid Solutlonn
on the Attack of Type 347 Htalalasn

Steal. The proposed mechanism of
corrosion implies that the formation
of sn oxide film is necessary to
minimite the corrosion rate. If the
film is formed by the hydrolytic
precipitation of ferric and chromic

oxides, the concentration of acid

will be important in determining the
rate and extent of hydrolysis. | f
the iron initially dissolves in the
ferrous stste, the oxidising con-
ditions will also be important.

A series of experiments was run

in which stainless steel specimens
were exposed to different concen-
trations of either nitric or chronic
acids. A similar series was run in
various concentrations of sulfuric
acid to which oxygen had been added.
The oxygen pressure was varied in
-V o 39 25
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Table 3

ATTACK Of URANYL SULFATE SOLUTIONS CONTAINING 300 g OF URANIUM PEB LITER

mITU 50 pal

OP OXYGEN ON TYPE 347 STAINLES8 STEEL SPECIMENS PRETBEATEO *

IN URANYL SULFATE SOLUTIONS CONTAINING 300 ( OF URANIUM PEB LITER AT
DIFFERENT OXYGEN PRESSURES*

Time of Exposure:

OXYGEN PRESSURE DURING PRETREATMENT
(psi)

50

100

265

500

«Cl.. T.kU 1.

“* Solatioaa act aaalyial far aaafaaaaa.
such a way that at 250°C the molar
oxygen concentration in solution was
equal to the normality of the acid.
In effect, then, the ratio of hydrogen
ions to dissolved oxygen molecules
was kept equal to wunity assuming
complete ionisation of the sulfuric
acid at 250°C. Another series was
run with uranyl sulfate solutions
containing 300 g of wuranium per
liter and 50 psi of oxygen. The pH
of the wuranyl sulfate solutions was
varied by the addition of uranium
trioxide or sulfuric acid. The ad*
dition of oxygen to the uranyl sulfate
and sulfuric acid solutions was
necessary because they did not contain

26 .. las a

24 hr at 250°C

SOLUTION ANALYSIS AFTER SECOND EXPOSURE

(ppm)

Ni Ms Fa Cr

9 o 15 17

4 °e 20 4

15 3 16 30

4 1 13 16

13 2 22 21

8 1 15 13

5 1 20 10

5 1 14 9
oxidising ions such as were present
in the nitric and chromic acid so-
lutions.

All the testa were carried out in
quarts tubes and the corrosion specimen
in each case had a surface area of
B cm*. Duplicate experiments were run
under each aet of conditions and in
every case the duration of the ex-
periment was 24 hours. Previous
experience had indicated that the
initial rapid attack was essentially
complete during this length of time.

All solutions were analysed for

solutions were

3 40

nickel and aome of the
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Tab I* «

ATTACK OF URANYL SULFATE SOLUTIONS CONTAINING 300 g OF CRANIUM PER LITER

m|TS SO gal

OF OXYG6EN ON TYPE 34T STAINLESS STEEL SPECIMENS PRETIEATEO

IN SULFURIC ACID SOLUTIONS AT DIFFERENT OXYGEN PRESSURES*

Tisc of Exposure:

OXYGEN PRESSURE DURING PRETREATMENT
(psi)

100

265

500

oCf.. T«bl« 1.

analysed for ckrositin and iron.
Previous reports<*,,> have shown that
the nickel concentration is a reliable
meaaure of the total <corrosion.
Corrosion rates in ails per year
could have been calculated froa the
nickel analyaea, but thia was not
dona aince the tiae of expoaure aas
short and the corroaion rates were
high.

In chronic and nitric acid solution

the rooa temperature pH values were
the saae before and after exposure,
because the aaounts of nickel, iron,

and chroniua in aolution after a run
were very saall coapared with the
hydrogen ion concentrations. In
sulfuric acid solutions the pH values
after exposure were usually one* to

(,*J. L. Eagliab m4 9. M. Skadar, up. tit.,
OMML* 'l H, p. (1; alaa tbia rapart.

pwoee

24 hr at 250*C

SOLUTION ANALYSIS AFTER SECOND EXPOSURE

<PP«)
Ni Vh F« Cr
69 12 44 200
74 14 47 209
61 13 35 199
66 16 35 203
63 15 35 199
54 12 40 199

three-tenths of a pH unit higher.
This increase in pH could be quanti-
tatively accounted for by the substi-
tution of nickel iona for hydrogen

ions.

The results obtained in chronic
and nitric acid are shown in Fig. 16;
the results obtained in sulfuric acid
are shown in Fig. 17; and the results
obtained in the uranyl sulfate so-
lutions are shown in Fig. 18. Figure
18 also shows the iron and chroniua
analysis of the uranyl sulfate so-
lutions. For cosparative purposes,
the pH of a 0.01% nitric acid solution
was 2.79, that of a 0.10% solution was
1.79, and that of a 1.0% solution was
0.79. The pH of a 0.01% chronic acid
solution was 2.97, that of a 0.10%
solution was 1.98, and that of a 1.0%
solution was 1.06.

......... 4]
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hi. IS. Attack oa Type 347 Stainless Steal

Chroalc aad Nitric Acids.

Figure 19 chows a differential
plot of the sulfuric, chroaiic, and
nitric acid curves. It can be clearly
seen that in sulfuric acid the rapid
increase in corrosion began at a pH
of about 2.5, ehereas in chromic and
nitric acida the rapid increase began
at a pH of approximately 1.

The rapid increase in corrosion ia
nitric and chromic acid mas associated
mith a corresponding increase in the
iron and chromium concentrations in
solution. These data are shomn in
Table 5. In sulfuric acid solutions
this maa not the case, and less than
10 ppm of iron and 2 ppm of chromium
appeared in solution even at the
highest acid concentrations used.

28
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The amounts of iron chromium in
the uranyl sulfate solutions are shown
in Fig. 18. Each of duplicate
samples was analysed nickel, and
one was analysed for chromium, whereas
the other was analysed iron.

All the specimens exposed to
chronic and nitric were then
subjected to a uranyl sulfate treat*
sent. In all cases extent of
corrosion in the sulfate so*

lutiona was
proportional
initial
the specimens
greater

the

in
acid
corrosion

approximately
the corrosion
However

to
treatment.

that
IX chronic
had essentially

than

solution

rates,

inversely

during
all

treatment
or nitric

equal

the nickel

ns
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347
Con-

Pig. 17. Attack on rjrpe
Stainless Steel by ilffersat
centrations of Sulfuric Acl4.

analyses. The general nature of the
corrosion ass such that all speciaens
tended to build up oxide filas of
approxiaately equal ainiaua thick-

It should be pointed out that ehen
ateel uas pretreated in any concen-
tration of chroaiua trioxide greater
than 0.5%, the resulting fila was
black. Subsequent exposure of these
pretreated steel speciaens to uranyl
sulfate solutions (300 g of uraniua
per liter) containing 50 psi of oxygen
for 24 hr resulted in a change in the

aa

a
a
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Pig. IS. Kffact of pi on the
Correalvaaees of Uranyl Sulfate So-
lutioaa (300 g of Uranian per Liter)
to Type 347 Stain less Steel.

of the
Analyaea of

apeciaen froa black to
the uranyl sulfate
after exposure to the
speciaens shooed that the chroaiua
concentrations were high and that at
least 90% of the chroaiua was in the
hexavalent state. The solution
analyses showed low nickel and iron
concentrations and indicated that the
uranyl sulfate preferentially leached
chroaiua froa the oxide fila.

color
tan.
solutions

pretreated in nitric
black after a 24-hr
subsequent
to uranyl

The speciaens
acid were also
treatneat. However,
exposure of these speciaens
sulfate did not change their physical
appearance, and solution analyses
did not reveal high chroaiua concen-
trations. The nickel and iron analyses
were essentially the aaae as those
obtained froa the wuranyl sulfate
solutions to which the speciaens
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Fig. It. Di ffereat lal Plat of
Capraa Ikm la Pisa. IS and 17.
Tabla »

EFFECT ar CHKOSIC AND N1TBIC ACID
CONCENTftATIONS ON TIE AMOUNT OP
irON AND CWOaiUB IN SOLUTION

Tiae of Rum: 24 hr

SOLUTION ANALYSES (ppa)

ACIO HNO. Cr<s,
(wt ) pH Fe Cr pH fm
0.1S 1.40 1 X 17X
0. SO 1. 10 1 X 142 IX
1.0 0.00 1 4 1 o« 26
S.0 0. SO X T 0.79 66
4.0 0. 24 1S It °o 30 10X
8.0 y 0.XX 40°S
10.0 * 0S XS ° *
12.0 ° ° 1260
ea* lull il UiH seMtilriliMi.
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prepared in chroaie acid had been
exposed.

Since the corrosion of type 347
stainless steel by sulfuric acid van

not associated with either iron or
chroaiua in solution, it was thought
that the physical character of the
precipitated iron and chrosiiua oxides
aifht have been such that they did not
adhere veil to the steel. To deteraine
the differences in iron and chroaiua
oxides hydrolytically precipitated in
nitric and sul furic acids :‘he following
experiments were carried out. Into
each of four quarts tubes, S al of
the following solutions were placed:
(1) 0.20 N nitric acid containing
3600 ppn of iron as ferric nitrate,
(2) 0.20 N sulfuric acid containing
3600 ppn of iron as ferric sulfate,
(3) 0.20 N sulfuric acid containing
1800 ppn of iron and 1800 ppa of
chroaiua as sulfates, and (4) 0.20 N
nitric acid containing 1800 ppa of
iron and 1800 ppa of chroaiua as
nitrates. All tubes were then sealed
and heated at 250"C for 18 hr, during
which tiae the iron and chroaiua
were coapletely precipitated froa
solution. An electron micrograph of
a portion of the precipitate froa
each tube was prepared by Villaarth
and the results are shown in Figs. 20,
21, 22, and 23. Both the aixed iron
and chroaiua oxides were black. The
iron oxide precipitated in the presence
of nitric acid waa bright red, whereas
that precipitated in the p'esence of
sulfuric acid was a auch deeper red:
x-ray analyses showed both oxides to
be identical, that is, ferric oxide.

Effectiveness of Selybdeaua Aa aa
Inhibitor. The initial studies of the
inhibitor action of aolybdenun (as
molybdate) in a systea containing
type 347 stainless atee 1were presented
in the last quarterly report.*** The
corrosion specimens discussed in that

awe

»
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Fig. 20. Ferric Oxide Precipi-
tated at >SO*C froa a 9.29 N Sulfuric
Acid. 5000X.

Fig. SI. Ferric Oxide Precipi-
tated at SSO*C froa a O.SO N Nitric
Acid golatloa. 5000X.
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FI*. S3. Hied Chroalc and Ferric Oiidea Precipitated at S9t°C froa a 0.20
N Sulfuric Acid Solution. S000X.

Fig. S3. Iliad Chroalc aad Ferric Oiidea Precipitated at 1503C froa a 0.20

N Nitric Acl14 Solatioa. 5000X.
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report (Table 12) were given to
Villoarth for study. (The results
oil 1bereported elsewhers.*4M Briefly
this study indicated that the filais
formed in the presence of the Molybdenum
appear to fit very tightly and follow
closely the contours of the substrate
metal. The films varied from 0.8 to
1 si.ron in thickness and in general
were thinner and more adherent than
films formed by other treatments.

of experiments was con*
the effectiveness

A series
ducted to determine
of molybdenum in reducing the cor*
rosiveness of dilute wuranyl sulfate
solutions to type 347 stainless steel.
In these experiments bombs without
linsrs ware used and in all cases the
concentration of uranium was 40 g per
liter of uranyl sulfate solution.
All additions of molybdate were made
as molybdic acid and in each case the
molybdenum concentration was 160 ppm.
Ail the test solutions, except two,
contained uranyl sulfate solutions,
and oxygen partial pressures of 100
psi at 250*C were used. The following
four types of treatment and exposure
were studied: (1) no pretreatnent and
exposure to solutions containing only
uranyl sulfate, (2) no pretreatnent
and exposure to solutions containing
uranyl sulfate and molybdenun, (3) pre-
treatment in IX nitric acid containing
molybdenum for first 24 hr and then
exposure to solutions containing uranyl
sulfate and molybdenum, (4) pretreatnent

in IX nitric acid for first 24 hr and
then exposure to solutions containing
only uranyl sulfate. The total time
of exposure was 1250 hours. Figure 24
shows the total corrosion including
the first 24*hr pretreatment. It is
evident that the initial extent of

corrosion was different in each case.

The corrosion ratea appeared to be
essentially the same after the initial
attack.

AT . L. Tilla.rtk <»e W

W e
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If an oxide coating is
precipitation of

Discussion.
formed by hydrolytic
iron and chromium oxides, the acidity
of the solution should be important in
determining the rate and extent of
hydrolysis. The faster the rate of
hydrolysis, the closer the pro*
cipi tation to the sur face and apparent ly
the thinner and more compact the oxide
layer that will be formed. Figure 16
showed that this waa true. Figure 17,
however, indicated that sulfate ions
exerted a deleterious offset on the
corrosion resistance of the steal*
Visual observation of the steel after
treatment in aulfuric acid solutions
showed a loosely adherent oxide, which
is in contrast to the rather compact
oxidea formed in either chronic or
nitric acid solutions. The alactron
micrographs (Figs. 20 through 23)
showed that the oxides of iron and
chromium were of considerably different
shapes when precipitated in nitric and
aulfuric acids. It ia probable that
this difference was related to the
rateg of hydrolysis, and if ao the
electron micrographs indicated that
the rate of hydrolysis waa slower in
the presence of sulfuric acid. Since

ferric ions can be conplcxed by sul*
fate ions, it is probable that the
conplexing action of the sulfate iona
resulted in aslower rate of hydrolysis
in sulfuric acid solutions. It then
seems probable that when the steel
corroded in sulfuric acid solutions at
250*C in the presence of oxygen, the

ferric and chronic ions were conplcxed
to a certain degree and had a chance
to diffuse some distance from the
surface of the steel before pre-
cipitation. That the films were of
little value in reducing corrosion waa
ahown by the fact that when these
specimens were exposed to uranyl
aulfate solutions, the attack waa
nearly the same aa that of untreated
steel.

iron and chromium
surface of the

The oxidea of
precipitated on the

i*43 AT 33
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'% HNO, root FSW 24 Mr NEMAINOEn Of The TIME
?MC BOMS CONTAINED UNANVL SULFATE SOLUTION

all exposure has to usanvl sulfate solution

1% MNO, ¢ « # ¢ No FOB FMST 24 H NCMAINCES

OF The time the boms contained unamvl sulfate

SOLUTION PLUS taO-PS* Me

all tXNoSUHE time mas to urantl sulfate

solution containing 160-PP* M

i 300

F*[. M.

by Dilute Uranyl Sulfate Solutions.

steel during the sulfuric acid treat*
s«»t were in such a form that the
chroaic oxide was aoluble in uranyl
aulfate aolutiona. The high solu*

bility of the chromium «raa unexpected

aince the solubility of chrooic oxide
in dilute acid eas very low. Cheuical
analysis of the solution, however,
showed that at least 90S of the

soluble chromium was in the hexavalent

34 .
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Effect of Molybdenum on the Corrosion of Type 347 Staioloss Steel

which eccounted for its ability

in solution.

state,
to remain

be expected that uranyl
would behave in a
manner similar to dilute sulfuric
acid, but this was not the case.
Films formed in uranyl sulfate so*
lutiona containing 300 g or less of
uranium per liter were compact and

3 48
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sulfate solutions
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effective in reducing corrosion. In
the uranyl sulfate solutions the
sulfate ion concentration was very
low<*> and practically no sulfato ions
were available for eoaplexing the
iron and chroaiua. Thus the iron and
chroaiua oxides were precipitated
rapidly in close contact with the
steel and produced a protective
coating.

The effect of oxygen pressure on
the corrosion of type 347 stainless
steel by uranyl sulfate solutions
containing 300 g of uraniua per liter
was very aarked. When the oxygen
pressure was 50 psi, the extent of
corrosion was low. and correspondingly

the chroaiua concentration in solution
was low. At all the higher oxygen
pressures the corrosion rates agreed
with one another within the liaits of
error, but the rates were at least
twice as high as at the lower pressures.
The chroaiua concentrations in so*
lution at the higher oxygen pressures
were also auch higher, and again at
least 90% of the chroaiua was in the
hexavalent state. The chroaiua
analyses were not sufficient ly accurate
to deteraiae with certainty whether
there was an increase in th'* chroaiua
concentration when the oxygen pressure
was between 100 and 500 psi, but it
appeared that the chroaiua in solution
increased slightly as the oxygen
pressure increased. At all pressures
the iron in solution was approxinuitely
constant. A aiailar difference in

corrosion produced by changes in
oxygen pressure has been observed in
the dynaaic tests.

Since the wuranyl sulfate solutions
containing added uraniua trioxide had
higher pH values than the uranyl aul*
fate solutions without uraniua tri*
oxide, it was expected that the extent

K |ra««, private caamaitetiaa.

(.)J_ comvb «caliee.

Gro»«, private
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of corrosion would be less. This was
not the case; corrosion was greater at
a pH of 2.92 than it was at a pH of
1.40. At least part of the reason for
the increased corrosion rate cc\,uld be
attributed to the high solubility of
chroaiua. A coaplete analysis of the

the chroaiua was not node,
the pH range 2 to 3
revealed that at least 90% of the
soluble chroaiua was in the hexavalent
state; at a pH of 0.75 spproxiaately
30% of the chroaiua was in the hexa*
valent state. Because the iron con*
contention in solution was low until
the pH of the solution approached one,
the high corrosion rate at the high
pH values appeared to be priaarily due
to the solubility of chroaiua(Vl).
On the other hand, the high rates at
low pH values were associated with the
increased solubility of both iron(IIl)
and chroaiua(lll).

valances of
but analyses in

in both the nickel and
chroaiua curves occurred in the pH
range 1.4 to 1.6, which is the saae
range as the pH range of pure uranyl
sulfate solutions containing 300 g of
uraniua per liter. Thus the experi*
aents showed that the addition of
either sulfuric acid or uraniua tri*
oxide to uranyl sulfate solutions in-
creased the extent of corrosion.

The ainiauas

addition of
trioxide to uranyl sulfate
was not beneficial froa a
standpoint was confirswd in
the dynaaic testing prograa.(*> Vhen
a uranyl sulfate solution containing
added uraniua trioxide was circulated
in a loop, the corrosion rate waa
observed to be at least as high as
when uraniua trioxide was not added.
The aaount of chroaiua in solution was
found to be high, as in the static
tests. Insufficient dgta have been
collected to allow detailed conclusions
to be drawn concerning the aechanisa

The fact that the
uraniua
solutions

corrosion

of the foraation of the hexavalent

chroaiua. Its appearance in solution
.M I WM

a P If 4‘%#
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*ii dependent on the pH, the oxygen
concintrition, end the presence of
(irony! enlfate. Hexavslent chromium
wee not found in soletiona that did
not contain uranyl sulfate, except on
a fee occasions nhen nitric acid
(pH <0.5) eaa present. Regardless of
the sMchanisn, the extent of corrosion
was directly proportional to the con*
centrations of iron and chroniem in
solution.

It has been suggested by Kraus that
the addition of excess sulfate ions
any reduce the extent of corrosion.
Future studies are planned that will
include the effects of sulfate ion
addition as well as the effect of

The study of the inhibitor properties
of not ybdenuai in systens containing
type 347 stainlesa ateel has been con*
plated. It has been concluded that the
effectiveness of aolybdenua as an
inhibitor was not sufficiently great
to warrant further experimental study.
While the molybdenum was active in
stifling the initial attack, its
inhibitory effect was not evident in
long>tern static tests. Although the
presence of aolybdenua did not affect
long-tern corrosion, the physical
appearance of these filas was greatly
different froa that of filns foraed in
its absence. The filaa foraed in its
presence were blue-black with a high
luster. The indications were that
these filns nay have had better
aechanical properties than those forned
in the absence of aolybdenun.

DYNAMIC COMVONION AND SOLUTION STAMILITY
J. H. Gross H. C. Savage

Seven dynanic test loops are in
operation to study the corrosive
action and solution stability of
uranyl sulfate solution under various
operating conditions. These loops ere
identified as D, C, E, F, H J, and K

Loops B and C, which have been rebuilt
with new piping containing a large

nuaber of tees, ella,
be used in an effort

corrosion rates at

and bends, will
to evaluate the

points of highly

turbulent flow. Loops R and C had

previously been cut

un for inspection

after approxiaately 5000 and 3000 hr
of operation, respectively. *7*

An effort has been aade during this
quarter to find a coabinstion of fuel,
container, and operating conditions
that will be suitable for reliable
service over long periods. The in-
vestigation of possible structural
aaterials has been confined principally
to the stainless steels because of

liaitations on the
fabricated equipaent

availability of
and specimens of

other aaterials. Experiments in which

the teat conditions
used as the basic

uranyl sulfate s

are varied and

fuel solution have been extended, and

experiments at loser

temperatures have

been run. Of necessity an appreciable
fraction of the work has been devoted
to attempts to estimate the validity

and reproducibility

of data obtained

with the present equipaent.

Solution Variables. The solution
variables studied have been oxygen,
oxygen plus hydrogen, and copper
additions, and concentration and

temperature.

Oxygen. As has

been discussed

previously,*=~) a continuously main-
tained oxygen concentration above 50
ppa appears to protect the uranyl ion

against reduction

in

all cases. An

unsuccessful attempt was made to start

operation of loop

F at 250*C with

about 75 ppa of oxygen in uranyl sul-
fate solution containing 300 g of

uranium per liter.

C, Saras*, C. 6.
D. Stkurti, J. Great,

cat., OWL- 1210. p. IS.

Precipitation took

R. A Ldtii,
mm4 R. 1. Vackar, mf.

0



place after about 40 hr, at which time
the dissolved oxygen concentration was
tero. The question of which phenomenon
was causative, disappearance of oxygen
or the beginning of reduction, remains
unsettled., As previously reported by
H. F. McDuf fie et al., it is signifi-
cant that uwranium that has been reduced
and precipitated can be reoxidized by
the introduction of sufficient oxygen
at 250°C.

Oxygen Plus Hydrogen Addition,
Loop A, which had been operating at
250°C with uranyl sulfate solution
containing 40 g of uranium per liter
plus a gas mixture of hydrogen and
cxygen (hydrogen-to-oxygen ratios
varying from 2:]1 to 6:1), is now
being replaced with a new loop.
Operation of the loop was suspended
after an explosion occurred in the
pressure gage lines. The explosion
occurred at the moment a dry gas sample
was being taken from the gas phase in
the top of the pressurizer. Approxi-
mately 20 similar samples had been
safely taken prior to the explosion.
The only damage to the system was the
shattering of several pressure gages.
A lucite shield in front of the gages
was demolished by the explosion and
flying gage fragments. Fortunately
the protective shielding prevented
injury to personnel. Although the
circulating loop, pressurizer, and
pump were undamaged, the loop was
removed from service for examination
of corrosion and erosion. The signifi-
cant results of this examination are

_presented in a subsequent section of

this report on "Flow Tests."

Be fore the explosion, approximately
400 additional hours of operation with
hydrogen-to-oxygen pressure ratios of
2:]1 had been accumulated. No effect
of the presence of hydrogen on the
stability of the solution was found.

e
: .
-
"
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Copper. The operation of a loop
with ura=yl sulfate solution containing
40 g of uranium per liter and 6.4 g of
copper (as CuSG,) per liter at 250°C
has been extended to a total time of
900 hours. The chemical behavior of
the solution remained as described
previously.(®’ Twice when operation
was shut down, solid material was
found in the specimen holders. This
material has been identified by x-ray
diffraction as 3Cu0+S0,*2H,0, a basic
copper sulfate that is stable at
elevated temperstures.f®’ The hy-
drolysis of copper(Il) probably
sccounts for the low pH of the fuel
solution in this experiment. At the
end of 900 hr of operating time the
equipment failed due to erosive cor-
rosion ac a tee. This failure is
discussed in a following section on
"Flow Tests." Generalized correosion
attack (calculated from nickel con-
centration increase) was significantly
increased by the presence of the
copper sulfate.

Concentration and Temperature.
Operations have been conducted at
250°C with uranyl sulfate solutions
containing 5 g of vranium per liter
for 1000 hr, 100 g of uranium per
liter for 1000 hr, and 300 g of uranium
per liter for 500 hr, in addition to
the standard operation with uranyl
sulfate solution containing 40 g of
uranium per liter. Concentrations of
100 g of uranium per liter have been
investigated at 100 and 150°C, and
concentrations of 300 g of uranium per
liter have been investigated at 100°C.
The oxygen concentration used in all
of this work has ranged upward from
200 ppm. In no case was there evidence
of instability, except for the sepa-
ration of uranium trioxide.

0y, posajoh snd 6. Tessel, de. J. Sei. 18, |
(1929).
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Ratio of Uranium to Sulfate in
Uranyl Sulfate Solution. During the
teat with wuranyl sulfate solution

containing 5 g of uranium per liter,
the equipment was shut down and drained
twice. After rinsing, in both in*

stances, a small amount of yellow,
crystalline material was recovered
from the loop. This material waa
identified by x*ray diffraction as
UOj’xH.O. Material was recovered
initially from the pump volute and on
further inspection was found to be
deposited also on the preiaur iier
walla. Throughout the test there had
been a small decrease in solution pH
and uranium concentration, hut these
effects were too slight to be attri-
buted positively to the separation of
uranium trioxide. An investigation of
the uraniua-to*aulfite ratio at low
uranyl sulfate concentrations ia being

conducted by Marshall, Gill, and Jones
in an effort to clarify these ob-
servations (cf., "Solution Chemistry"”

in Part HI of this report).

At the end of a 130-hr run at 250*C
with uranyl sulfate solution contain-
ing 40 g of uranium per liter in loop J,
a small amount of uranium trioxide waa
found in stagnant regions of the
specimen holder. With it was associated
a small quantity of uranyl silicate
and an appreciable amount of silica
dioxide. A small amount of crystalline
material was also found in the pressur-
iier. The concentration of silicon in
solution during this run was approxi-
mately 40 tJg per milliliter of solution.

Silicon had not been observed
previously in loops operating under
these conditions. In this particular
run a caat impeller had been in-
stalled in the pump and it is possible
that the silica was moulding sand from
the caat. Whether or not the presence
of silica was responsible for the
appearance of uranium trioxide ia
unknown. Precipitation of a silicate
of uranium from DO,S04 solutions

38 ee aw# o s
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Pig. SS. Rapture la Loop L.

illustrated
Initially

liter of lolution, the
rupture occurred at shutdown.
a snail leak opened at the thinnest
portion of the wall, and within 1 nin
the remaining thin wall tore half nay
around. This fitting had been nada by
butt-welding the snail pipe to the
outside of the large pipe and drilling
a 1/4-in. hole through the wall of the
large pipe on the axia of the snail
pipe to nake a clean sharp-cornered
hole. Flow through the snail line was
at a velocity of about 50 ft/sec while

that in the nain line was sbout 20
ft/sec. Sinilar pipe arrangenents in
other loops were exanined, and similar
attack was found in a loop operated
under sinilar flow conditions with
uranyl sulfate containing 300 g of

uranium per liter but without copper.

Following a hydrogen-oxygen ex-
plosion, loop A was withdrawn from
service and a forged tee that had been
part of the nain flow circuit was
sectioned for exanination. The
fitting had been in service for 2500 hr
at 2S0*C in contact with uranyl sul-
fate containing 40 g of uraniun per
liter and usual ly with hydrogen present,
and the bulk solution velocity waa
35 to 45 ft/a-ec. Erosion-assisted
attack had taken place downstreaa fron
the nain flow turn in a nanner sinilar

see s
e See °* e ea
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teas nada by
The attack

to that observed in
welding pipe together.**)
was snoother, comparatively, and had
progressed evenly along the linb of
the tee, across the weld, and along
the nain pipe for a short diataaca.

In order to woke a
of linitations on the use of con-
ventional pips configurations, two
loops have been built that contain
croaaaa, tees, angles, and bands of
various radii, in 1/2-, 1-, and 1 1/2-
in. pipe. The fittings wused are
coanercial forgings and locally pro-
duced welded-pipe asaenbliea. These
loops replaced loops B and C, and they
were put in serwiew at 100*C with
uranyl sulfate solution containing
100 g of uranium par liter. At the
time of this report, there ia indirect
evidence that there may be erosion-
assisted attack in some of the shapes
of 1/2-in. line where the flow rate
ia 20 ft/aec.

rough estimate

Sample Holders. All circulating
loops are now equipped with aanpla
holders designed to test numerous
specimens under various conditions of

flow, teapersturn, and solution con-
position. There has not been suf-
ficient experience with the pin and

coupon sanple holders described in
the last quarterly report**) for a
discussion of flow effects at this
tine. However, some design aodifi-
cations and simplifications have
resulted fron the testa completed thus
far. Also, new holders are being nada
of titanion to prolong their uaeful
life.
"V

Materials Testa. Pin specinens of
various stainlssa steels, titsniun,
and taatalun have been tested in
uranyl sulfate aolutions of various
concentrations.

Stainless Steels. Evaluation of
the various available stainless steels
by aeans of the pin specimens**) has
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continued under a number of condition¥*.
Some of the work has involved repetition
and duplication in an affort to
determine reproducibility of the
Magnitude of attack on a particular
alloy. However it ia poaaible to rank
the alloya aa to auaceptibility to
attack wunder virion* condition* with
the data now available. At 250*C in
uranyl aulfate aolutiona containing
5 to 300 g of uranium per liter, type
321 atainleaa ateel waa uniformly the
leaat attacked of the ateela teated.
Type* 347 and 316 atainleaa ateel are

not appreciably poorer, except in the
preaenre of copper. At 100 and 150*C»

on the other hand, type 309 columbium-
atabiliied atainleaa ateel occupiea
the preferred poaition, and type* 347
and 304 atainleaa ateel are only
alightly wore auaceptible to attack.
Carpenter 20 atainleaa ateel doea not
atand up aa well ax other atainleaa
ateela under any of theae condition*.
Lowering the temperature to 100*C
give* a very appreciable lowering of
the corroaion rate. Initial data ahow
corroaion rate* on atainleaa ateela of
leaa than 0.5 mpy when teated at 100*C

aulfate aolutiona containing
liter.

in uranyl
100 and 300 g of uranium per

been run
from the

experiments have
with pin specimens insulated
system by a layer of Teflon tape. No

significant differences have been
found between these and adjacent un-

Several

insulated Hpecimena. Further experi-
ments along this Iline are being
conducted.

Tttsntua. Pin specimens of titanium
have been tested during thia period at
250*C with wuranyl sulfate solution
containing 300 g of uranium per liter
and with uranyl aulfate solution con-

taining 40 g of uranium and 6.4 g of
copper per liter, and at 150*C with
uranyl aulfate solution containing
100 g of wuranium per liter. No attack
has been found under theae conditiona,

40

metal been
teat. The
loop A

attack on this
observed in any previous
loop being built to replace
will contain a section of titanium
pipe and several inserts of titanium
to test the effect of hydrogen on
corroaion and the metallurgical
properties of the metal. Construction
of a complete loop and the major
portions of a Model 100A pump from
titanium is also planned.

nor has

To test the suaceptibility
of tantalum to hydrogen embrittlement,
two tantalum pins were mounted in a
corner of loop A and exposed at 250*C
for 460 hr to uranyl aulfate solution
containing 40 g of uranium per liter
and dissolved hydrogen and oxygen. The
specimens showed no flow pattern, but

Toutslua.

it lost weight corresponding to a
corrosion rate of approximately 9 spy.
A simple bend test comparison of

exposed and unexposed apeciscns gave
an inconclusive result in regard to
hydrogen embrittlement, although there
is, perhaps, some evidenca of it.

Mestlaghsase Model IMA Puap. The
Westinghouse Model 100A pumps used in

the test loops have ia general given
satisfactory service. The most common
cause of failure has been leakage of
solution through the Inconel diaphragm
separating the rotor chamber and the
oil-cooled stator windings. Three of

the 17 pump diaphragms have either
leaked or corroded to the extent that
continued service would probably have
resulted in leakage. One pump developed
a leak after operating for about
1200 hr with uranyl sulfate containing
40 g of wuranium per liter. A second
pump diaphragm was slightly pitted
after operation for a few hundred
houra with uranyl aulfate containing
100 g of wuranium per liter. This
pump was then switched ton loop circu-

lating uranyl sulfate containing 5gof
uranium per liter and developed a leak
after about 100 hr of additional
>
1 ¢ .
aa at.*.
- ¢ aa



The punp used in loop I
with uranyl sulfate containing 40 g of
uraniuai and 6.4 g of copper per liter
had a badly corroded diaphragm after
approximately 1200 hr of operation.
The Inconel diaphragms of all other
pumps appear to be in good condition
even in uranyl sulfate solutions con-
taining up to 300 g of uranium per
liter.

operation.

corrosion is probably the
the apparent wide variation
of different diaphragms to
resist attack. This is indicated by
the pattern of attack in one instance
in which the attack was very clearly
localised to those portions of the can
that were not backed up by the iron
core of the stator. Microscopic exaai-
nation of a section of one of the cans
that failed also bore thia out.

Stress
reason for
in ability

Three pumps have failed as a result
of open windings in the stator. Two
of these failures were accounted for
by current overloading.

An effort s
these pumps in

being made to repair
laboratory shops. One
punp with a leaking diaphragm ia being
repaired by substituting a sound
diaphragm from another pump with a
faulty atator. After the removal of
the diaphragm, it appeared feasible to
rewind the motor and install a new
diaphragm. Material for new diaphragms,
in which type 321 stainless steel
will be substituted for Inconel, has
been ordered. The small sacrifice in
electrical efficiency brought about by
thia substitution will be compensated
by the better corrosion resistance of
the stainless steel. A type 347

stainless steel diaphragm substituted
for the Inconel diaphragm in a Model
30A pump produced a 10 to 15X loss in
electrical efficiency.

A cast impeller made of type 347
stainless steel was used in one loop.

0" o0

© o
o e
[=]
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384 hr
solutions at
impeller lost 60 g
cessive corrosion was noted on the
circumference of the front and rear
hubs and on the front shroud near the

After
sulfate

of operation in uranyl
2S0*C, the cast

in weight. Ex-

outer edge. A standard, wrought stain-
less steel impeller auataiss very
little ifsny weight loss under similar
conditions, although some corrosion is
usual on the impeller hubs. On this
basis the cast impeller is inferior to
the wrought impeller.

impeller is now being

titanium continues to
exhibit excellent corrosion resistance.
A corrosion resistant inpeller would
virtually eliminate the lose of the
punp hydraulicethrust balance from
corrosion at the inpeller hubs under
the seel rings. Present indications
are that 2000 to 3000 hr of operation
at 250*C in wuranyl sulfate solution
containing 40 g of uranium per liter
is required to lose thrust balance
because of corrosion of the wrought
stainless steel inpeller hubs.

A titanium
fabricated since

The Westinghouae Model 100A pump in
the HRE system was removed and inspected
during the past quarter. All punp
psrts, including bearinga, were in
excellent condition. The gasketed
flanges on this pump were welded after
this inspection to eliminate leakage.
No difficulty was encountered in
welding, and pump operation was found
to be satisfactory afterward.

STATIC CSSSOSION STUDIES

Engli ah H L. Barker

Wheeler R. F. Benson

Al len J. i. Brown, Jr.
L. L. Fairchild

J. L.
s. H.
L. L.

Ui
The following phases
of type 347 stainless

of the corrosion
steel in uranyl
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2S0aC urt
quarter:

sulfate solutions st
examined during the past
(1) the effect of uranius and oxygen
concentrations on corrosion at 250°C
(ns a corollary stuly, the reliability
of the dissolved nickel nethod for
the deternination of corrosion rates
*as established by cosipnrison with
corrosion rates obtained fron aeasure-
nent of actual defilmed weight losses),
(2) the effect of preconditioning
type 347 stainless steel surfaces in,
very dilute solutions of oxygenated
uranyl sulfate at ?50*C prior to their
use in store concentrated solutions at
250°C, and (3) the wuse of oxygen gas
for pretre atsient at 2S0°C to enhance

the corrosion resistance of type 347
stainless steel in contact with urnnyl
sulfate solutions at 250°C.

Effoet of Dissolved Oxygen. The
static corrosion behavior of type 347
stainless steel was investigated ia
uranyl sulfate solutions containing
100 and 300 g of wuraniuai per liter
and with dissolved oxygen ranging
frou approxiante 1y 100 to 2S00 ppm
at 250*C. The initial phase of the
oxygen-uranium concentration studies

solutions containing
liter and dissolved
3700 ppo at 250*C
the lest quarterly

in uranyl sulfate
40 g of wuraniuai per
oxygen of 400 to
was reported in
progress report. (

In the work to be described, newly
machined type 347 stainless autoclaves
were used to contain the solutions
and specimens at 2S0*C. The autoclaves
held 150 ml of the test solution at
room temperature. The corrosion test
specimens were machined fron 3.80-cm-dia
type 347 stainless steel bar; they
were 0.5 cm in thickness and 3.0 cm
in diameter. A 0.5-cm-dia hole was
drilled in each specimen to permit
support by stainless steel hangers
in the test solutions. The average
surface area was approximately 20 cml.
The total surface area of specimen
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and autoclave walls immersed in the
uranyl sulfate solution was nearly
245 cml after solution expansion at
250aC. The submerged surface area to
solution volume ratio at 250aC was
1.6 cml per m of solution. Type 347
stainless steel wire was used to
support the specimens in the solutions.
Previous studies indicated little or
no galvanic or contact corrosion on
test specimens that were coupled
directly to the autoclave mass with
the wire hangers. The corrosion
behavior in these cases was identical
with results obtained by using quarte-
red hangers to electrically insulate
the specimens from the autoclaves.

The desired disaolved-oxygen
concentrations in the test solutions
at 250aC were obtained from the thermal
decomposition of 35% hydrogen peroxide
added in calculated amounts to the
solutions at room temperature. The
oxygen solubility data were taken
fron existing information on the
solubility of oxygen in '.-'tr at
250°C and therefore repre*«..t only
approximations for wuranyl sulfate
solutions. Table 6 presents a summary
of the dissol ved-oxygen data assumed
for the purpose of this investigation.

of the two uranyl
listed in Table
of uranium to
slightly acid-

Chemical analyses
sulfate solutions are
7. The mole ratio
sulfate indicated
deficient solutions in both cases;
the deficiency was more pronounced
in the solution containing 100 g of
uranium per liter.

Duplicate tests mere run at each
oxygen concentration in the two uranyl
sulfate solutions; a total of 16 testa
mas made. Single specimens were
placed in each autoclave. The general
test procedure consisted of exposing
the specimens at 250*C for weekly
periods after which they were scrubbed
in distilled water, examined, and



Tabla

APPROXIMATE DISSOLVED OXYGEN CONTENT
OF UEANIUO FEB LITEI

CONTAINING 100 ANO 300 |

OXYGEN PAHTIAL

PRESSURE In Solatia*
(paia) 100 g of U per
25 125
75 375
150 750
500 2500
Table 7
CHEMICAL ANALYSES OF UEANVL
SULFATE TEST SOLUTIONS
Total U, g/1 «7.7 300.5
sod. g/1 SG. 4 120.6
U-te-S04 ratio 1.026 1.005
u(v), g/1 <0.1 0.1
NH4 . g/1 <0.1 <0.03
NO,, g/1 0.16 0.10
Ni, g/1 <0.001 0.001
Density at 2S*C 1.133 1.405
pH (0.1 V aolntioa) 2.75 2.4*
pH (lab solation aa used) 1.65 1.30
weighed. The initial teat solutions,
except for make-up, were used through-
out the entire test. At the time of
specimen examination, 10-mi aolution
samp lea were removed from the auto-
claves for analytical purposes and
replaced with 10-ml volumes of the
original wuranyl sulfate solution. In
each test solution, the final volume
was adjusted so that with the addition
of the necessary hydrogen peroxide to
generate the deaired diasolved oxygen
content at 250*C the starting volume
for each weekly run was always I1SO ml.

solutions with high dissolved-
2000 to 2S00 ppm, the
addition waa 9.0 mi
the course of

In the
oxygen content,
hydrogen peroxide
weekly. Thus, during

FOR PERIOD ENDING JULY I, 1952

IN UEANYL SULFATE SOLUTIONS
AT EIO*C

DISSOLVED OXYGEN (ppn)

Containing
liter

la Solatiea Containing
300 g of U par liter

100

300

600

2000
the tests, the original uranium content
of 100 or 300 g per liter of aolution
was gradually reduced by dilation
effects to approximately 75 or 230 p
per liter of solution. In all other
tests, in which the hydrogen peroxide

additions were 0.3, 1.0, and 2.2 ml to
produce the desired dissolved-oxygen
content at 2S0aC, the dilution effect

nearly ao pronounced. The tests were
operated for a total of 11 weeka. Nine
of the exposure periods were of weekly
duration; the final exposure period
was of 2 week's duration.

No difficulty was encountered in
the operational behavior of the tests
during the 11 weeka, with one ex-
ception. There were no signs of
solution reduction as determined by
chemical analyses for uranium (cor-
rected for dilution effect). The
exception to satisfactory behavior was
the solution containing 300 g of
uranium per liter and 100 ppm of
dissolved oxygen at 250*C. With these
conditions it was not possible to
naintain a stable system. Uranium was
precipitated from the solutions as
oxide and there was severe corrosion
attack on the test specimens. This
duplicate set of tests was repeated
three times with similar results. It
wss concluded after six failures that
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instability was due to an insufficiant
Miount of dissolved oxygen in solution
or tha rata of diffusion of oxygen to
all parts of the system was too slow.

The
specimens
testa. The color
ranged froa dull,
gray-black. No

physical appearance of the
was auch the saae in all
of the oxide filas
light gray to dark,
indications of lo-
calised corrosion attack were found
even after the oxide filaa were
reaoved electrolytically. No signs of
contact or crevice corrosion were
apparent on the speciaens in areas
contacted by stainless steel hangers.

at 75®C
5 wt %

The speciaens were defilaed
by cathodic treatment in

sulfuric acid solution containing 2 al
per liter of an organic inhibitor,
Rodine 77 - a product of the Aaerican
Chemical Paint Co. The rate of aetal
thickness loss on blank speciaens in
this operation was 0.001 ail in 3 min,
corresponding to a weight loss of

0.02S ag/cal. It was deterained froa

unexpoaed speciaens that approxiaately
100 ca* of aetal surface could be
defilaed in the inhibited sulfuric
acid solution before depletion of the
organic inhibitor resulted in auch
greater weight losses on the speci-
aens. The final corrosion rates,
after defilaing, for the duplicate
type 347 stainless steel samples are
reported in Table 8.

The aeasured weight changes on the
test speciaens after reaoval froa the
solution and scrubbing in distilled
water were uninformative as to the
actual extent of corrosion damage.
Little, if any, agreeaent in as-reswved
weight changes was obtained on dupli-
cate speciaens exposed to a similar
set of test conditions. Frequently,
one specimen of a duplicate set
exhibited a weight increase, whereas
the companion specimen showed a weight

loss. Therefore, since such data were
aeaningless, the as-removed weight
change values are not included in this

report.

Table -«

CORROSION RATES FOR DEFILMED TYPE 347 STAINLESS STEEL EXPOSER TO OXV6ENATED
URANYL SULFATE SOLUTIONS CONTAININS 100 AND 300 ¢
OF URANIUR PER LITER AT X50*C FOR 11 REERS

URANIUM OXYGEN PARTIAL ESTIMATED CORROSION RATE (apy)
CONCENTRATION PRESSURE DISSOLVED OXYGEN ) S . 3
<g/n <psis) (ppw) Specimen 1 peeiaea
97.7 25 125 0.15 0. 17
75 375 0.21 0.20
150 750 0.23 0.31
500 2500 0.23 0.23
300.5 25 100 failed failed
75 300 0.26 0.24
150 600 0.29 0.31
500 2000 0.28 0.30
44 4 a asasa Z ee aia Py sea a
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The lack of uniformity in measured
weight chsnges was attributed to the
bulk oxide films formed on the speci-
mens during expoaure. These films
have been identified by x-ray and
electron diffraction studies as
consisting of a'Fe~O, and/or Cr,0,.

rates showed excel-
between duplicate,

The magnitude of
11 weeks was well
corrosion limits.
The difference between the cor-
rosiveness of the uranyl sulfate
solutions containing 100 and 300 g of
uranium per liter on type 347 stainless
steel.was practically negligible in

The corrosion
lent sgreenent
defilmed specimens.
the rates after
within tolerable

terns of long-time operation. It was
apparent also that the final corrosion
ratea for 11 weeks in the satis-

factorily operated static systems were
independent of the dissolved oxygen
concentration at 250*C.

Table

FOR PERIOD ENDING JULY 1. 1952

For a aore complete evaluation of
the effecta of uranium and oxygen
concentrationa on the corroaion of
type 347 atainleaa ateel at 25CaC, the
data obtained in the preaent investi-
gation were compared with corroaion
data reported previously for uranyl
sulfate solutions containing 40 g of
uranium per liter tested for 10.5 weeks
at 250°C.<*> These data are presented

in Table 9. The average corrosion
rites for defilmed specimens are
reported for the wvarious expoaure
conditions.

long-time effect of
oxygen or uranium concentration on
the corrosion of type 347 stainless
steel was indicated by the data in
Table 9. The slight variations in
reported values could be attributed
to differences in metal homogeneity,
test conditions, etc., rather than
to a direct effect of change in oxygen

No significant

AVERAGE CORROSION RATES FOR DEFILMED TYPE >47 STAINLESS STEEL EXPOSER IN
OXTOENATEO URANYL SULFATE SOLUTIONS FOR 10.STOU SEERS AT 2»0°C

URANIUM CONCENTRATION APPROX.

(g/1>

+0.9

97.7

300.5

DISSOLVED OXYGEN

CORROSION RATE

1Ppm! («py)
400 0. 16
775 0. 16
1275 0. 14
3700 0.22
125 0. 16
375 0.21
750 0.27
2500 0.23
100 failed
300 0.25
600 0.30
2000 0.29

e . . 45
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and uranium content. Under static
conditions at 2S0aC. the corroaion
ratea for defilmed type 347 atainlesa
ateel exposed in uranyl sulfate so-
lutions containing 40, 100, and 300 g
of uranium per liter and dissolved

oxygen ranging from 12S to 3700 ppm the test specimens. The total,
were thus found to lie within 0.2 to cuaulative, dissolved nickel content,
0.3 apy after 11 weeks of exposure. corrected for the amount removed
The exception to this behavior vas weekly in the analytical solution
the case of the solution containing samples and adjustment of starting
300 gof wuranium per liter and slightly solution volumes to ISO ml,
less dissolved oxygen (100 ppm); reported in Table 10. The dissolved
stable systems were not obtained with nickel values are included for
these conditions. duplicate teats to illustrate
Table It
CORRECTED, CIUVLATIVE, DISSOLVED NICREL CONTENT IN
OXYOENATED URANYL SULFATE SOLUTIONS AT XS0°C
DISSOLVED NICKEL <**/m!>
URANIUM DiaaalvaS Oif|ti <M*>
EXPOSURE ) ) )
CONCENTRATION its «e its ist t. its toe u rse teas «e ssso
Sim -
eea | | >

J00.S
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Dissolved nickel

were followed
operation of the teats for
of corrosion rates and

comparison with
defilaed weight*loss

e eeece
a . e

for

concentrations
regularly during
evaluation
final
ratea determined by
measurements on



reproducibility, or leek
identical teet condition*.
the average diaaolved
aa a function of ex*
in Fig. 26.

degree of

thereof, for
A graph of
nickel value*
poaure time ia given

Corroaion
cumulative,

ratea determined by the
corrected, diaaolved

nickel value* after 1 and 11 week* of
expoaure of duplicate apecimena are
preaented in Table 11. In the ealeu-
lation of corrosion rates by the
diaaolved nickel method, it was assumed
that the average nickel content in the
type 347 stainless steel specimens
and autoclaves was 10.5 wt X. The
reported rates represent attack on
approximately 245 cm2 of surface
area, which included the area of the
test specimen and the area of the
autoclave immersed in the lest medium
at 250°C. It was assumed also that
et 79 or unsNioM eta utes or
O 125-ST" ok-gex
* e jrs-pp*" oxtgen — ----------- 3eeee
*  750-pem Oxygen
A 2500-BAT QMK
e*ppsuet time (s***e>
Fig. 11. Corrected, Cumulative,
Uranyl Sulfate at Z50*C.

FOR PERIOD EWING JULY 1. 1952

corrosion attack was uniform over all

aurfseas.

Table 12 shows a comparison between
the average corroaion rates after 11
weeks aa determined by the defilmed
eeight-loss measurements and the
corrected, cumulative, dissolved
nickel content in the uranyl sulfate
solutions containing 100 and 300 g of
uranium per later at 2SO0*C.

between the
corrosion
the
the
More
the two

The over-all agreement
defilmed and di saolved nickel
rates was very good in view of
numerous variables introduced in
two methods of evaluation.
consistent agreement between
sets of ratea was obtained in the
solution containing 100 g of uranium
per liter than ia the solution con-
taining 300 g of uranium per liter.

uacLASSwieo

9005 9 of oaaaMU eta urea of uof

a 900-sa« oxrota
i aco-mee OKVftta----------- —
A 2000-se*> ORTON

4 S . «2

CXWOSUSE TIME (****»)

to

Diaaolved Nickel Content of Oxygenated
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TakU 11

COBBMIDN BATES ON TYPE 347 STAINLESS STEEL OETEBBINED FROM

COBBECTEB. CUMULATIVE.

DISSOLVED NICKEL CONTENT IN

OXVSENATED UBANYL SULFATE SOLUTIONS AT SSO*C

EXPOSURE URANIUM DISSOLVED
(weeks) CONCENTRATION OXYGEN CORROSION RATE (mpy)
(g/D <PPe) Specimen 1 Specimen 2
1 97.7 125 1. 36 1. 52
11 125 0. 19
1 375 1. 57 1. 57
11 375 0.22 0.23
1 750 1.70 2.07
11 750 0. 26 0. 34
1 2500 2.41 2.31
11 2500 0.40 0. 36
1 300. 5 100 failed failed
11 100 failed failed
1 300 2.66 2.96
11 300 0. 41 0. 43
1 600 3. 18 2.96
11 600 0. 45 0.42
1 2000 2.77 2.28
11 2000 0. 43

In (UMition of the results obtained
in this series of tests to determine
the effect of wuranius and oxygon
concentrations on the corrosion of
type 347 stainless steel, it oay be
stated that:

systems, the long-
range effect of oxygen and uranium
concentrations (on the corrosion of
type 347 stainless steel at 250*C),
eithin the limits studied, appears
not too significant. Final corrosion
rates, determined by defilmed weight
losses and dissolved nickel rontent
in solutions containing 40, 100, and
300 g of uranium per liter anc 12S to
3700 ppm of dissolved oxygen, were

1. In static

48

between 0.1S and 0.4S mpy after 10.5

to 11 weeks of exposure.

exposure of
rate was
to 2.36

2. After short-term
one week, the corrosion
increased slightly, from 1.44
mpy (determined by dissolved nickel)
as the dissolved oxygen content in-
creased from 125 to 2500 ppm in
rolutions containing 100 g of uranium
per liter. This effect may not be
realistic, however, and will require
further and sors complete examination.
There was no such tendency exhibited

in the solutions containing 300 g of
uranium per liter and increased oxygen
content. In general theae solutions

were slightly more corrosive during

: 62
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Table 12

COMPARISON BETWEEN AVERAGE CORROSION RATES ON TYPE 347 STAINLESS STEEL
DETERMINED BY DEFILNED WEIGHT-LOSS VALUES AND CORRECTED DISSOLVED
NICKEL CONTENTS IN OXYGENATED URANYL SULFATE SOLUTIONS
AFTER EXPOSURE FOR 11 WEEKS AT 250°C

e ———— T e
"""’:l' '(:.m" CORROSION RATE (wpy)
(g/1) (ppm) By dissolved mickel By defilmed weight loss
97.17 125 0.19 0.16
375 0.23 0.21
750 0.30 0.27
2500 0.38 0.23
300.5 100 failed failed
300 0. 42 0.25
] 600 0.44 0.30
2000 0.43 0.29

the initial week of exposure tuan the
solutions containing 100 g of uranium
per liter.

3. The dissolved nickel method for
the determination of corrosion rates
appears to be reliable when the
corrosion attack is definitely of a
uniform nature. Very good agreement
was obtained by this method in com-
parison with results reported from
defilmed weight- loss measurements.

Preconditioning in Dilute Uranyl
Sulfate Solutions at 250°C. Since
the studies described in the preceding
section showed that the corrosion rate
of type 347 stainless steel in oxygen-
ated uranyl sulfate solutions at 250°C
was quite high initially but decreased
markedly thereafter, an attempt was
made to limit the magnitude of the
initial corrosion attack. The method
involved the use of very dilute,
oxygenated uranyl sulfate solutions
to “condition" the type 347 stainless

steel at 250°C prior to its exposure
in more concentrated solutions. The
dilute uranyl sulfate solution con-
tained 0.5 g of uranium per liter and
135 ppm of dissolved oxygen produced
from the thermal decomposition of
hydrogen peroxide that was added to
the solution at room temperature,

The type 347 stainless steel
test autoclaves were pickled with
10% HNO,-4% HF (by weight) at 60°C,
scrubbed and washed in distilled
water, and then pretreated for 24 hr
with 1 #t % HNO, at 250°C. The pre-
treatment was employed to minimize
effects of the autoclave surfaces on
the corrosion behavior of the test
specimens, The machined test speci-
mens, which were 3.0 em in diameter
and 0.5 ecm thick, were supported in
the test media by means of type 347
stainless steel hangers.

Afrer 48 hr of exposure at 250°C,
the dilute uranyl sul fate solutions

49
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eera rep laced wi *h aclutiona containing
40, 100, and 300 g of uramua per
liter and the teata operated for a
period of aeven weeka with diaaolved
oxygen contenta of 100 to 135 ppa at
250°C. The iptoiatm were weighed
and examined weekly, and aolution
aannlea were withdrawn for wuranium
and nickel analyaea. The oxygen
content waa maintained by addition of
the neceaaary hydrogen peroxide.

containing of
uranium per

Table 13.

40, 100, and 300 g
liter ora reported in
The corroaion ratea are
baaed on the aa-removed weight loaaea,
line* it waa aaaumed from the ap-
pear ance of the apecimena that the
effect of film weight on the over-all
weight loaa waa almoat negligible?*
The weight-losa data for the initial
expoaure period of 216 hr include
weight loaaea incurred during the
48-hr conditioning treatment.

The teat apecimena were in excellent
condition after removal from the A ateady increaae of the diaaolved
dilute uranyl aulf.ite aolutiona. The nickel content in the three aolutiona
surfacea were covered with luatroua waa obaer*ed during the courae of the
interference <colora ranging from teata. The nickel in the aolution
golden yellow to red-purple; no bulk containing 40 g of uranium per liter
oxide film* of appreciable thickneaa increaaed from 8 to 16 ng/mi, from
were obaerved. The corroaion ratea 11 to 30 fig/ml in the aolution con-
for the three apecimena, aa determined taining 100 g of wuranium per liter,
from the aa* removed weight loaaea, and from 25 to 51 Mg/ml in the aolution
ranged from 0.08 to 0.18 mpy for 48 containing 300 g of uranium per liter.
houra. The diaaolved nickel content The total expoaure tine covered by
did tint exceed 1 ng/ml in any of the theae increaaea waa aeven weeka. It
aolutiona, and chemical analyaea waa not poaaible to calculate corroaion
indicated no reduction in uranium. ratea by the diaaolved nickel content
with any degree of accuracy becauae
The corroaion data for aubaequent the amount of nickel contributed to
expoaure in uranyl aulfate aolutiona the aolutiona from the pretreated

Table 13

CORROSION RATER DETERMINED FROM AS-REMOVED mEIOMT LOSSES ON TYRE 347
STAINLESS STEEL CONDITIONED IN L'RANYL SULFATE SOLUTION CONTAININS

0.3 g OF URANIUM PER LITER FOR 4«
OXYOFNATED URANYL SULFATE SOLUTIONS CONTAININS 40.

AND 300 COE URANIUM PER LITER AT 230°C

CUMULATIVE EXPOSURE (hr)

216
384
522
888
1224

50

HR AT 230*C AND EXPOSED IN
10D.
CORROSION RATE (epy)
Uranium Conetatritin (e/1)

40 100 300
0. 19 0. 20 0.51
0. 11 0. 12 0.30
0. 08 0.05 0. 22
0. 04 0.05 0. 13
0.05 0.04 0. 11

G4



aurfacas vaa aot known.

to coaiparo the final cor«
rataa baaed on aa-reaoved
weight lose measurementa with the
actual aetal conauacd in the eorroaion
reaction*, the apeciaiena were electro-
lytically defilaed at 7$*C for 3 ain
in 5 wt X aulfuric acid containing an
organic inhibitor and the weight
loaaea deterained. The aa*rtaoved
weight loaaea and tba waight loaaea
deterained by defilaing are coapared
in Table 14.

autoclave
However,
roaion

The agreeaent in the ratea obtained
by the two aethoda waa raaaonably
good. The difference between each
aet of ratea aay be interpreted aa a
relative aeaaure of the oxide fila
weighta. As the uraniua concentration
waa increaaed froa 40 to 300 g/l1, the
filaa were thicker and heavier,
although in ev«ry case the filas
remained lustrous snd aetallic gray
in color. None of the heavy, dull*
appearing, gray-black oxide filaa
auch as are generally encountered on
unconditioned speciaena exposed to
similar static teat conditions were
obae rved.

A further comparison of the effect
of the conditioning treataent in
uranyl sulfate solution containing

Table

FOR PERIOD ENDING JULY 1, 1952

0.S g of uraniua per liter on the
corrosion behavior of type 347 stain-
less eteel at 2%$0*C waa aade froa
corrosion data obtained froa aiailar
teata not eaploying the preliainary
conditioning treataent. For exaaple,

after exposure ia a solution con-
taining 40 g of uraniua per liter and
400 ppa of dissolved oxygen for 1200
hr at 250*C, the eorroaion rate
(deteraiaed by dissolved nickel) was
0.23 apy aa coapared to the defilaed
weight-loaa rate of 0.08 apy obtained

on a conditioned speciaen after 1224
hr at 2P0*C in a solution containing
40 g of uraniua per liter and 13S ppa
of dissolved oxygen. A corrosion rata
of 0.32 apy (deterained by diaaolved
nickel) waa observed in uranyl sulfate

solution containing 100 g of uraniua
per liter and 125 ppa of dissolved
oxygen after 1176 hr at 2S0*C as

coapared with the defilaed weight-

loaa rate of 0.11 apy on a conditioned
apeciaen after 1224 hr at 250*C ia a
aiailar solution.

Aa reported previously, a stable

systea was not obtained with asolution

containing 300 g of uranium per liter
and 100 ppm of dissolved oxygen in a
nitric scid-pretreated type 347 stain-
less steel autoclave at 250°C. How-
ever, it wfs possible to operate a
14

COMPARISON 0t CORROSION RATES ON CONDITIONED TYPE 347 STAINLEM STEEL
DETERMINED RV AN-REMOVED AND DEFILMED REItUT LOSSES AFTER 1324 NR
IN OXYOENATED URANYL SULFATE SOLUTIONS AT 250*C

URANIUM CORROSION RATE <wpy>
CONCENTRATION
*or* i leooe i i *
<0/1 > A*-r*neved weight ! Defilmwd weight Isa
40 0.05 0.08
100 0.04 0. 11
300 0. 11 0.27

Sl
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stable system under then* conditions
after the type 347 ittiileti steel
eas conditioned in dilute, oxygenated
ursnyl sulfate; the 1224-hr corrosion

rate determined by defilaad eeight

loss was 0.27 apy.

tests were started with
type 347 stainless
steel autoclaves to obtain a further
appraisal of the effect of preliaiasry
conditioning on the corrosion behavior
of stainless steel in oxygenated
ursnyl sulfate solutions of various
uraniua concentrations. The nitric
acid pretreataent used in previous
tests was eliainsted froa this series
to allow for evaluation of corrosion
rates deterained over the entire
systea by dissolved nickel content.
Soae data are reported for the cor*
rosion of conditioned type 347 stain*
less steel in ursnyl sulfate solution
containing 40 g of uraniua per liter

Additional
newly aachined

and an estiaated 135 ppa of dissolved
oxygen at 250*C.

The conditioning treataent in
ursnyl sulfate solution containing
0.5 g of wuraniua per liter and 135
ppa of dissolved oxygen at 250*C was
conducted for 24 hr rather than the
48 hr wmployed previously. The speci*
men exhibited a lustrous, pale*blue
surface after the 24 hr of exposure,
and the walls of the stainless steel
autoclave were somewhat siailar in
appearance. The corrosion rate on
the specimen, as deterained by the
as-reaoved weight loss, was 0.8 spy;
the rate over the entire systea,
245*ea> surface area, was 1.7 mpy, as
calculated froa the 24*hr dissolved
nickel content of 16 ng/al. These
rates, extrapolated to 0.4 and 0.9
mpy, respectively, for a 48*hr period,
were considerably higher than the
maximum as* removed weight-loss rate
of 0.2 mpy reported previously for a
48-hr exposure period. The difference

may be attributed possibly to changes

52

conditions and materials froa

of tests to another.

in teat
one set

the dilute wuranyl
sulfate solution was replaced with a
solution <containing 40 g of wuraniua
per liter and 135 ppa of dissolved
oxygen at 250*C and the test was run
for one week. At the end of the week, a
weight increase of 0.22 mg/ca* was
found for the teat specimen. The
surfaces were lustrous grey in color
as compared to the shiny blue color
present after the conditioning treat-
aent. The corrosion rate over the
entire system during the one week was
calculated froa the dissolved nickel
content of 10 ng/m\ to be 0.13 mpy.
The over-all corrosion rate on the
system, including the attack incurred
during the conditioning treatment, was
0.3 apy in 216 hr, as deterained froa
the total, cumulative, dissolved
nickel content of 26 /ig/ml. This was
an improvement over the rate obtained
froa the dissolved nickel content in a
uranyl sulfate solution containing
40 g of uraniua per liter and 400 ppa
of dissolved oxygen; after one week of
test, the corrosion rate was 0.6 apy
on a specimen that was not initially
conditioned in dilute uranyl sulfate
solution.

Nevertheless,

Based on these preliminary data
from static teats, it appears that the
use of a preliminary conditioning
treatment in very dilute, oxygenated
uranyl sulfate solutions at 250*C
enhances somewhat the corrosion re-
sistance of type 347 stainless steel
when exposed subsequently to more
concentrated solutions of oxygenated
uranyl aulfate at 250°C. Additional
study would be needed to determine
whether this inhibitory effect is as
realistic as the initial results show.
In view of the relatively minor effect
indicated, however, further work is
not contemplated at this time.
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Pretreatment of Type 347 Stminleet
Steal in Oxygen at 250°C. The presence
of dissolved oxygen in ursnyl sulfate
solutions contscting stainless steel
st 2S0aC ess found to be accessary to
msintain a stable systea. It was
found also that the use of aqueous
solutions of dilute nitric end chromic
acids st 2S0*C for a preliminary con*
ditioning of the stainless steel prior
to exposure in ursnyl sulfate so*
lutions reduced considerably the
oxygen requirements necessary for
solution stability in the absence of
the pretreatments. The aqueous pre¥*
trestaent solutions invariably added
to the corrosion problem since they
mildly attacked stainless steel at
temperatures of 250*C and had to be
considered in the over*sll evaluation
of corrosion dosage on a aetal or
alloy exposed subsequently in uranyl
sulfste solutions.

In order to eliainste the corrosion
attack by acidic pretreataent solutions
on stainless steel but still produce
a relatively nonresetive surface on
the stainless alloy, theprscticability
of pretreating at 250*C with oxygen
gas ess considered. Such a pretreat-
ment appeared logical since thv role
of oxygen in maintaining uranyl sulfate
stability is of the utmost importance
in untreated stainless steel systems.

The use of enriched oxygen atmos-
pheres was attempted without success
during the early phases of the homo-
geneous reactor static corrosion
testing program. In these tests,
stainless steel autoclaves and com-
ponent parts were heated in a box
furnace maintained at 250°C. Com-
pressed oxygen gas was introduced
into the furnace to enrich the atmos-
phere. However, autoclaves treated
in this manner failed to contain
uranyl sulfate solutions satisfactorily
at 250°C; solution reduction and

ke - a a
a aa*
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severe corrosion attack were en-

countered.

Recently, a different technique
was employed for the oxygen pretreat-
aent during the operation of small-
scale corrosion studies for the boiling
reactor. Oxygen gas was used to
pressurise a dry, sealed autoclave
to 50 psig at room temperature. The
autoclave was then heated at 2S0*C
for 24 hr before the uranyl sulfate
solution was introduced and the system
reheated to 250*C. The reaulta of
two preliainary tests are suamarited
below.

In the first test, designated as
Teat No. 1-6, a 530-ml total capacity
type 347 stainless steel autoclave was
pickled for 20 min with 10ft HNO,-4* HF
solution at 60*C. The pickled surfaces
were scrubbed thoroughly in distilled
water and dried in an oven at 110*C.
A machined wafer of type 347 stainless
steel was supported in the autoclave
with a stainless steel hanger. The
autoclave was then sealed and evacu-
ated. The systea was pressurised with
SO psig of oxygen gas and heated for
24 hr at 250°C in a tube furnace.
After dismantling it was found that
the specimen was completely unchanged
from its original metallic color and
ahowed no measurable weight change. A
350-ml volume of uranyl sulfate
solution containing 39.5 g of uranium
per liter was then placed into the
autoclave with the test specimen and
heated to 250*C. The ratio of sub-
merged surface area to solution volume
was 2 cm’/ml. During the operation
of the teat, solution samples were
frequently removed for analytical
determination of total wuranium and
nickel content. The results of these
analyses are presented in Table IS.

The estimated oxygen content in the
system based on the amount of oxygen

S3
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Table

CHEMICAL ANALYSES OP UKANYI.

OXYGEN PRETREATMENT TEST AT tS«°C (Teat No.

EXPOSURE SOLUTION
(hr) pH
0 2. 38
24 2. 39 41.7,
66 2. 38 39.5,
138 2. 38 38. 8|
142* 2. 38 39.0,
t.k.. i(ur nit eee¢ »typp«d ..4 e*il*4

normally dissolved in 350 ml of uranyl
sulfate at room temperature and the
quantity contained in 180 cc of free
air snace above the teat solution waa
estimated to be 65 mg. If this amount
of oxygen were assumed to be dissolved
in solution at 250 ®C, the oxygen
concentration was 175 ppm. In order
to check the dissolved gas content,

removed after 24
operation at
obtained

solution samples were
and 138 hr of continuous
250°C. The volume of gas

from the 24-hr sample was too small
for an accurate gaa analysis. The
138-hr sample had a total gaa content
of 9.9 cc of which 7.5 cc was inert
gasea and 2.4 cc was oxygen. The
2.4-cc oxygen gas volume was equiva-
lent to a dissolved oxygen content of
180 ppm, which was in excellent
agreement with the estimated original

dissolved oxygen concentration.

After operation for 142 hr, the
test was dismantled and the specimen
and solution examined. The specimen

showed no signs of corrosion attack
except for alight-brown discoloration.
All surfaces were extremely lustrous
and completely free of bulk oxide
ft Lias. Corrosion attack had occurred,
however, as evidenced by a weight

loss of 0.0R mg/cm*, which was equiva-
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«as a asa *» °*°

TOTAL URANIUM CONCENTRATION

IS

KILE ATE SOLDIIONS TAKEN PROM

1-G)

DISSOLVED NICKEL

(g/1) (Mf/al)
39.5 |
41.8 11
39.7 12
j8. 8 20
39.0 22
lent to a corrosion rate of 0.25 mpy
after 142 hours. The over-all cor-
rosion rate on the system was de-
termined to be0.21mpy by the dissol ved
nickel concentration of 22 /ig/ml. The
corrosion rate determined by dissolved
nickel after 24 hr at 250*C was
0.9 mpy, which was a marked improvement

rates of 5 to
obtained after 24 hr at
oxygenated uranyl aulfate
containing 40 g of uranium per

over the 9 mpy normally
250*C in
solutions

liter.

The rather remarkable behavior of
this test prompted the operation of a
second test, No. 1-9, in which the

system was essentially deoxygen sted.

The same autoclave ras used, and it
was pretreated with oxygen gas in a
manner similar to that described for
the first teat. Prior to introducing
the uranyl aulfate containing 40 g of

uranium per liter, the autoclave was
evacuated. The uranyl sulfate solution
was deaerated by boiling for 20 min
before it was drawn into the evacuated
autoclave. These precautions reduced

the oxygen content in the system to a

fairly insignificant value.

The test system was heated to
250°C, and solution samples were
removed frequently becajse previous
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experience with deaerated solution* luster; no meaaurable weigh

at 250'T. showed

that aolution reduction waa found. The final
occurred shortly after the operating content of S Mc/al

t change
dissolved nickel

equivalent
temperature was reached. The teat corrosion rate of 0.01 mpy after

was operated for 61 hr without any hours. No dissolved oxygen waa found
indication of reduction in total in solution samples removed during
uranium content. The reaulta of operation of the test. The

chemical analyses on the solution detection by the analytical
reported in Table 16. oxygen was 25 ppm,

samples are
Unfortunately

not obtained because there was insuf- at least below this amount.
ficient volume of the sample solutions

remaining after dissolved nickel and Since wuranium analyses were
iron analyses. The final wuranium reported on the aolution samples,

content was 47.6 g/l aa compared to autoclave was cleaned with HNOj-H.Oj
the initial value of 39.5. Since no mixtures to dissolve
occurred during the that might have precipitated
operation of the test, this increase walls of the

solution loss

limit of
method for
so it waa assumed

uranium analysea were that the dissolved oxygen content

in concentration was attributed analyses for

entirely to the loss of water during showed contents of
the boiling operation to deaerate the so complete aolution

initial solution. the test was indicated.

At the end of the test, visual and The test specimen waa submitted
microscopic examination of the cor- the Optical Microscopy section
rosion teat specimen showed no effects examination. The corrosion
of the exposure. The surfaces were stripped from the base metal
unchanged from the original metallic immersion in a bromine-methanol

Table 1C

container.
uranium in these
less than

CHEMICAL ANALYSES OF URANYL SULFATE SOLUTIONS TAKEN FROM

EXPOSURE

(hr)

0

7
24
29
33
37
53
77
81*

VSaeple t.k.n

OXYGEN PRETREATMENT TEST AT 2S0°C (Teat

SOLUTION DISSOLVER NICKEL
PH (Mglal)

1
. 25 5
. 36 3
25 3
. 40 3
40 3
40 3
40 3
36 4

after teat eae stopped and reeled

No.

1-C)
DISSOLVED

<M*/ml)

18
11

g oo ow A~ N~ O

uranium oxides
on the
However,
solutions

1 /xg/ml,
stability during

film waa

IRON
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mixture. .The film thickness etas less as were obt ained in the few preliminary
thsn 300 A - much thinner than films tests, this method of pretreatment
removed from wuntreated specimens may be of much value for conditioning
exposed in oxygenated uranyl aulfate static systems for such purposes as
solutiona at 250®C. Also,the film ess measurement of physical and chemical
more uniform and continuous than the properties of uranyl sulfate solutions
films removed from untrested speci- at elevated temperatures, measurement
mens. The only discontinuities eere of gas solubilities, etc., where the
areas corresponding to a few minute presence of soluble and insoluble
pit sites observed on the specimen corrosion products, or dissolved oxygen,
under high magnification before the are not desirable in the test so-
film was stripped from the metal. lutions. The use of the oxygen treat-
Diffraction patterns indicated the ment may afford also a means of
film to be amorphous in structure; no approach for study of the fundamental
definite oxide patterns were de- corrosion mechanisms involved in the
termined. uranyl sulfate-stainless steel system
at elevated temperatures.
Studies are being continued with

the use of oxygen at 250 *C for pre- Reflector Corrosion Studies. No
treating stainless steel prior to new work was undertaken during the
exposure in uranyl sulfate solutions. past quarter on the corrosion of mild
The use of such a treatment, if proved carbon and type 347 stainless steels
reliable, for a large reactor system in distilled water at 200°C, and no
would be difficult. The foremost further work is contemplated at this
difficulty would be in maintaining a time. Detailed information on this
temperature of 250°C on all component work has appeared in previous issues
parts contacting uranyl sulfate so- of the Homogeneous Reactor Project
lution at this temperature. If further Quarterly Progress Reports. A summary
study produces as optimistic results report will be issued.

RADIATION STABILITY

H. F. McDuffie, Group Leader
W E. Hill G. M Watson
J. F. Manncschmidt W C. Yee
F. H Sweeton
LONG-TERM IRRADIATIONS AT NIOM contained in a type 347 stainless
TEMPERATURE AND MIOH FLUX steel bomb under excess oxygen

presaure ),
A sample of uranyl sulfate so-

lution is now in the twelfth week of 2. to determine the rate at which

a long-term irradiation in the high the excess oxygen is consumed

flux of the LITR at horizontal beam during irradiation (from which

hole HB-5. The objectives of this the rate of corrosion of the

run are: stainless steel may be inferred),

1. to determine the stability of the 3. to determine whether, and how
solution wunder radiation sin-.ilar much of, this oxidation can be
to that expected in the HRE at attributed to the presence of
a temperature of 250°C (solution radiation.
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The type 347 stainless ateel bomb haa
an approximate inside diameter of
3/8 in. and ia about 2 3/4 in. in
height - the outside dimension* are
S/8 in. and 4 inchea. A short thermo-
couple well fitted into the bottom
of the bomb contains two iron-constant an
thermocouples cemented in place with
silver chloride to ensure good thermal
contact. A stainless steel capillary
tube connects the bomb to a Baldwin
pressure cell outside the reactor.
The volume of the bomb is 5.0 m and
its inside surface ia 25.5 cml.

pretreated with 2%
CrO, solution at 270*C for 5 hr and
then charged with wuranyl sulfate,
copper sulfate, and hydrogen peroxide.
The presence of the copper aulfate was
required to bring about recombination
of the hydrogen and oxygen at reason-
able equilibrium pressures; the hy-
drogen peroxide waa decomposed thermally
after the assembly waa sealed to
produce approximately 64 ml (STP) of
oxygen, if excess oxygen pressure was
desired. The volume of the solution
after peroxide decomposition was
2.50 ml, and its composition (per
liter of solution) was as follows:

The bomb waa

yitl 409 g
UlJ* ¢ D11* 43.9 g

CuS04 0.0105 moles

operating con-
16 cmJ of

The solution wunder
ditions at 250°C covers
metal surface.

The temperature of the bomb is
maintained usually at 250"C to attain

a steady equilibrium pressure (gas
plus steam plua excess oxygen) of
about 1500 psi. During the LITH
weekly shutdown, on Tuesdays, the

is maintained
gases to
being

temperature of the bomb
at 250°C to permit all the
recombine (since no gas is

FOR PERIOD ENDING JULY 1, 1952

formed) and thus allow a weekly direct
measurement of the total pressure
exerted by steam and exceaa oxygen.

Once the gaaea have been recombined
the temperature may be shifted to
other levels to establish the total

pressure exerted by ateam and exceaa
oxygen. On Mondays and Wednesdays
kinetic data showing rates of approach
of the system to equilibrium are
obtained by recording pressure changes

at temperatures of 210, 230, and
250*C.

The bomb is held in a snug-fitting
graphite furnace which, because of its
high thermal conductivity, tends to
reduce temperature gradients along the
bomb. At the normal power level of
1500 kw, the flux inside the bomb haa
been found (cobalt monitor activation)
to be 3.8 * 101* neutrom/cml'sec.

from the aide
ia further
fuel

The bomb is about 4)4 in.
of the reactor assembly and
separated from the nearest
elements by 6 in. of beryllium.

One way of
of dissolved

Solution Stability.
estimating the amount
uranium in the bomb ia to determine
the rate of gaa production and,
assuming all the wuranium is in so-
lution, to calculate an apparent G
value (molecules of hydrogen farmed
for each 100 ev of energy absorbed).
If the uranium haa actually started
to precipitate, some of the fission
energy will be expended in the solid
and thus the apparent G value ia
directly related to A, of the equation

dP/dt s i, . ktp ,

which has been discussed frequently
in analyzing previous solution ir-
radiation data. Determinations of the
apparent G value have been made at
various times during the experiment
by plotting dP/dt aa a function of
total pressure and extrapolating to a
pressure corresponding to only steam
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and uciit oxygen. The rctulti,
expressed as par cant of the true C
value (1.5) previously determined,*1*
are given in Fig. 27. No correction
for diffusion effects has been at-
tempted, and therefore the results
can be expected to be aomeehat low.
The spread in observed points is not
surprising since: (1) the temperature

near the bottom of the solution rather
than at the vapor-liquid interface is
being measured (thus some slight

uncertainty is contributed as to the
exact pressure of steam plus inert
gases) and (2) some extrapolation of
the dP/dt vs. P data is required in
order to arrive at the intercept.

The curve shoes a definite trend
doeneard, and, as far as is known,
this is a real effect. Whether it ia
actually due to precipitation, however,
not be known conclusively until

will
the test ia terminated and the so-
lution is examined.

J. V. Bari*. J, A Gkoralay, T. H Xn4lir,
C. J. Ratk*a«4«l. I, t. Ktaffar, A C. ilasart,

asS T. 4- Saaraki, Chratttry Oiaitiaa Quarterly
fni'" 1 laparl far Parimd lad i*| Dreeakar If,

1951. ORW.-m0O, pP. 9L

- —*_ja

kiaat* or o«
Fig. R7. Gas Production In Long-
term Irradiation Experiments at High

Flux.
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method of detecting pre-
is based on the expectation
will increase the
heat liberated

Another
cipitation
that precipitation
fraction of fission
near the bottom of the bomb. Readings
of thermocouples in the top, middle,
and the bottom of the furnace and in
the bomb suggest that the average
source of heat has shifted downward,
but the data are not very self-
consistent snd are not regarded as
being very reliable.

As s result of these considerations

it seems possible at this time to say
that at least 40% of the original
uranium is in solution after 11 weeks

of irrsdiation at an average flux ol
3.5 * 101* (giving a 1% burnup).

In sad Out of Radiation.
With reference to the rate of eorrosior

of stainless steel by ursnyl sulfatt
in the presence of 0.01 J CuS04 anc

excess oxygen, more de finite stat ement*
can be made. By attributing the

Corrosion

change in the residual pressure
observed at the end of the weekly
shutdowns to absorption of oxygen by
the wall of the bomb, it is possible
to calculate the thickness of wall
penetration if it is assumed that the
effect ia uniform over all the surface
covered by the solution. Such calcu-
lations have been made, and the results
are shown in Fig. 28. The over-all
corrosion rate found in this manner
waa 1.3 mpy. The rate after the first
two weeks leveled off at 0.83 mpy.

bomba are being heated
radiation, one
and both arc

Two similar
in the absence of
pretreated and one not,

consuming oxygen corresponding tc
corrosion rates of 0.2 mpy or less.
Thus it appears that most of the

corrosion of stainless steel inferred
from oxygen consumption in the presenc*
of radiation may be directly connected
with the radiation.

12
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KINETICS OF TME DECOMPOSITION OF
mYDIOOEN PEROXIDE IN
imANTL SULFATE SOLUTIONS

Studies of the theraal decoaposition
of hydrogen peroxide in aqueous so*

lutions have been undertaken because
the power level for operating a
hoaogeneous reactor at low temperatures
appears to be largely limited by the
formation of hydrogen peroxide and
consequent precipitation of uraniua
peroxide.
The differential equation
"H,0|
=A- AC
may be used to express the peroxide
concentration at any tiae in en aqueoua
homogeneous reactor, where (1) K is
the rate of formation of peroxide,
which ia assumed to be directly pro-
portional to the power density in the
reactor - it appears to be independent

of teaperature at 250aC or below and
may be calculated from the experimental
G value (molecules of H2 per 100 ev);

FOR PERIOD ENDING JULY 1, 1952

(2) A, is ths specific reaction rate
constant for the docoaposition of
hydrogen peroxide and is strongly
dependent on teaperature; and (3) C is
the concentration of hydrogen peroxide
in the solution at any tiae. The =« fe
facts of different levels of the above
variables should be known for designing
and operating hoaogeneous reactors.
Aa will be shown in the following
sections. K can be approxiaated ex*
periaentally in the laboratory by

controlling the rate of addition of
hydrogen peroxide solutions to a
aystea under atudy; A, can be de-

terained by standard kinetic techniques
using either dynaaic or equilibriua
aethoda; and C way be deterained by
equilibriua aethoda and by observing
the concentrationa associated with
incipient precipitation.

af Dacaapas 111loa
A( obtained in
sulfate so-

Detera Inatlon
Katas. Values for
0.0045 to 0,17 M uranyl
lutions at 78*C have been reported
previously.(** The rata was observed
to be first order with respect to
peroxide concentration in the range
4 * 10"4 to 5 * 10** U and apparently
independent of the uranyl sulfate
concentration from 0.0175 to 0.176 M
The pH of these solutions varied from
2.4 to 3.3. There waa an apparent
slight drop in the rate constant froa
4.8 * 10°4 arc'l to 4.2 m 10*4 sec*1
aa the concentration of the uranyl
sulfate was lowered froa 0.0175 to
0.0045 if. Confirmation of the
4.80 * 10*4 sec'l value of A( has
since been obtained at a much higher
concentration of uranyl sulfate,
0.75 If. Valuea of Af recently obtained
at two other temperatures, 53 and 101*C,

are reported in the fourth column of
Table 17. ft should be noted that
different rate constanta have been
f. B*Dtf fit, i. f. Safla, I. t. C"efe,
t. . Staffer, X 0. IlUirm, I, N. State,
ftatgrttttt ltultr Pr»)ttl Qatrltrfjr Frt8m i
a«r«rt ftr, PtTitd ftditf fart* |[f, |*Jf, OUXL-
me, tss.
59
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Tab!* 17

W CIPIC REACTION SATE CONSTANTS AND ACTIVATION KNERGIE8 POO TOE RECOMPOSITION
OE HYDROGEN PEROXIOE IN CRANVL SULFATE SOLUTIONS

TFIMPENATURK k, » 10*
SOLUTION Af (cal) 4 a 10***
(*C) (see’s)
1* S3 0.334
74 4.40 35.400 4. 49
101 Sl. 4
S3 0. Ifl
Tl 3-40 35,300 1.63
101 347
Seee S3 1.03
74 34.1 33,700 ». S3
101 314
*Ur*avl H IilfN areas'** bp ths T*It ar.Satli.a
Uinjl illu It itllliMm (fitir tb*a &alati*a 1) prepared la Ib* Cbaeistrp Divtaiaa al ORNt bp

Lulika *a4 finaii,

Nataral araaiaa (ail tbat k*4 baaa raa ia tb* Mt I**p far aaa aaah at fStaC.

obtained for three different wuranyl Preliminary values for specific reaction
sulfate aoluliont, The third group of rate conatanta, activation energiea,
aolutiona, which had been run in the and frequency factora. A, are aunaiarited
HRF. loop for one week at 2S0*C, doubt* in Table 17. Date for other teaipere*
leaa poaaeaaed iaipunttea that rould lures nay be calculated froa the
be expected to give a higher rate following rate equations:
conatant for the decoapoaition of
hydrogen peroxide. All rate conatanta Solution 1
in Table 17 were calculated by wuaing
the equation * ¥ 4,49 * 10** g-M.0o0o/RT #
“H.O, Solution 2
* -7 .'Ch.o,t e * x 1.62 * 10
The atraight line plota of log Solution 3
va. 1/T obtained for all three so-
lutions are ahown in Fig. 29. From « x 182 * 10'*
theae data, activation energies for
peroxide decoalpoalt.lon nay be caI_cu- At the present stage of this in -
lated fron the Arrhenius rate equation, vestigation it ia not known whether
the re lative ly anall difference between
k X a e*A*'»r . the activation energiea of the first
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Fig. 20. Specific Reaction Rate
Constants for the Decomposition of
Hydrogen Peroxide im Uranyl Sulfate
Solutions.

two solutions might not be due to
experimental errors., The lower
activation energy for solution 3 is
in line with the larger amounts of
impurities ~ontaimed in this solution.

When definite values for K are
simulated in the laboratory (by the
addition of hydrogen peroxide at known
rates toa solution of urenyl sulfate),
the kinetic equation dC/dt = K - k,C
may be used to obtain values for k.
If the time dependence of C at constant
K is known adequately, a plot of
dC/dt vs. C will furnish a straight
line with slope of -h.. Alternatively,
if the value of K is known and main-
tained constant throughout an experi-
ment, the concentration of peroxide

- T T
J’_? / 9-_‘
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-
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FOR PERIOD ENDING JULY 1, 1952

will approach a steady-state value
(€C,,) av which point dC/dt = 0 and
hence K - k. C__ = 0. From this it is
seen that k, = K/C, . Another method
for finding k, involves plotting the
value, C,, - C, (the distance away from
the steady state), against time on
conventional semilogarithmic paper and
determining the constant as for any
first-order reaction.

Determinations of k, have been made
for a variety of uranyl sulfate so-
lutions at the boiling point by using
the steady-state method. The results
of these tests are presented in Table
18. Large differences in values of i.
are noted. The Y-12 solution was made
up from a relatively impure batch of
uranyl sulfate and showed a fairly
large value of k . By contrast, the
Lietzke-Griess material was charac-
terized by low values of h'. The
deterioration of this solution in
successive runs is seen by comparing
the k, values for runs 8, 9, and 10.
Undoubtedly some impurities were
introduced that assisted in catalyzing
the decomposition of peroxide, If
the behavior of the HRE 5A-6A material,
which was samples of unenriched fuel
that had been run in the HRE loop for
one week at 250°C, can be taken as
characteristic of that expected from
enriched fuel in the reactor, peroxide
decomposition #will be very rapid. The
agreement between the values of k
obtained by the two methods (ordinary
plot of log € vs. t vs. steady-state
method) is apparently excellent,
especially in view of the speed of the
reactions invelved,

Solubility of Uranyl Peroxide,
The maximum allowable hydrogen peroxide
concentration in solution is limited
by the solubility of uranyl peroxide
formed according to the equation

+2m°,
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FOR PERIOD ENDING JULY 1, 1952

The pH of a dilute solution of uranyi total peroxide at the point of in-
sulfate (0.17 wm) is noticeably af- cipient precipitation of uranyi
fected by the addition of hydrogen peroxide were made by titration with
peroxide. In the case of a con- ceric aulfate. Hydrogen ion was
centrated solution (0.85 wm), however, measured using the Beckman high-temper-
very little effect is observed because ature alectioda with the Model G
the solution sets as s buffer. Sosie instrument, with appropriate cor-
equilibrium data, measured at 25SC, rections for the temperature factor.
are available for this reaction;*** The point of precipitation was de-
however, there are no data at higher termined by visual observation. The

temperatures, nor are there data for data obtained at both Ilow and high
the solubility of uranyi peroxide as concentrations of uranium have been
a function of temperature, especially iwsariud in Table 19.

in uranyi sulfate solutions.
The main sources of error in these

Attempts to obtain solubility data experiments were: (1) detection of
at higher temperatures have net with formation of the precipitate since it
some measure of success even though forms very slowly in solution - hence,
changes in peroxide concentration and peroxide concentrations would always
hydrogen ion concentration become be a little high; (2) determination of
quite rapid. Solubility experiments the hydrogen ion concentration by
have been conducted at room temperature means of the high-temperature glass
(30*C), 78, and 101°C. Analyses for electrode. The citrate buffer used for

standardisation is claimed to have a
£ Arlsaev e»* i. t. 4eSes, Jr.. negligible temperature coefficient up
~ PvrvtiM*.  Part Ill.  Sirrsmsa </ iSr to 70*C; it has been assumed to be

Jrlatili(; </ Vrmmimm ParaaiJ* la Salfkalt negligible in these experiments up to

Salaliaai Band aa 111 Uramy |l Salphalt 4,,aria(taa
dfjrff iktt ii, CO0.4SIS (May >t. M«S). I00'C. Furthermore, no data are

Table 19

SOLUBILITY OK URANYL PEROXIDE IN URANYL SULFATE SOLUTIONS

TEMPERATURE | *C) uo,so4 TOTAL PEROXIDE oH
CONCENTRATION <»> CONCENTRATION (AT)
30 0. 16 0.00311 2.32
0.65 0.00791 1.64
78 0. 15 0.00375 2. 14
0.57 0.00685 1.66
0.71 0.00678 1.59
100 0.112 0.00636 2.09
0.60 0.0082 1.58
0.54 0.00914 1.66

63
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performance of this
temperaturea

available on the
type of electrode at the
employed. It la eatiaated that pH
values at 78 and 100*C could very
easily be in error by 0.1 pH unila.

rough experimental
measure of the
peroxide as a
haa been

In apite of the
measurements, some
solubility of uranyl
function of temperature
obtained.

steady-state method
constant, it
a given

By using the
in which K is maintained
is possible to maintain
perowide contentration for periods of
time long enough to permit sensitive
determination of the formation or
absence of precipitated 1104*2H,0.
Preliminary expertamnts wutilising this
technique led to a value of 0.002 to
0.004 molea per liter for the peroxide
concentration at saturation in uranyl
sulfate solution containing 40 g of
uranium per liter at 100"C (based on
experiments 6a and 6b in Table 18).

This is believed to be a conservative
value. The very small amounts of
crystalline wuranium peroxide observed
in experiments 10d and 10e may have
been formed as a result of local
auperaaturaliod when the entering
peroxide was being mixed eith the
boiling wuranyl sulfate aolution.
Longer ateadyxstatr runs eith carefully
controlled concentrations will be
required for riure accurate determi-
nation of the tolerable level of
perox ide.

Peroxide Decoaposltlon. The production
of hydrogen peroxide in a reactor s
considered to be a function of the G
value and the energy input (poser
density) aa expressed by the formula
k * 0.00S2 = C * PD, there the power
density is expressed in kilowatts per
liter. For fuel containing 40 g of
64

uranium per liter, G is approximately
1.5 and the peroxide formation s
K = 0.0078 PD moles per liter per
minute. The tolerable peroxide
concentration and the tolerable power

density are related by the expression:

0.0Cf8 *

value of 1.75 for &k
11) and an allowable steady-
state peroxide concentration of
0.003*4 If, the allowable power density
for the HRF at 100*C is calculated to
be 0.825 kw/l and the total power of
the reactor is 41.25 kw. The ac-
cumulation or addition of catalytic
materials such as corrosion producta
or recombination catalysts, the
effects of radiation in the presence
of dissolved hydrogen, and the con-
servative values for allowable peroxide
will all tend to permit actual reactor
operation at higher power levels.

Hy using
(from run

I*laaa for Future Vorh. Of immediate
practical importance is the question
of allowable power level for loo

temperature operation of the HHE.

To this end, actual determinations of
b, for enriched HRC fuel will be
carried out following the 250*C
critical experiments but prior to
operations at substantial power.
Additional determinations may be
carried out after runs at a low
power level to determine whether
impurities hsve been introduced that
will allow operation at higher power
levels.

Active exploration of remote
instrumental methods for determining
the peroxide level in uranyl sulfate
solutions is already wunder way.
Preliminary work using conductance
methods appears encouraging. It ia
hoped that it will become possible to

-d

e
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conduct studios of peroxide do*
composition without having to toko
samples of solution from the system -

this is almost a necessity for s6-
lutions in which the peroxide is
decomposing st very rapid rates.

00

FOR PERIOD ENDING JULY 1, |f52

Extension of peroxide decomposition
studies to temperatures in the range
100 to 150*C is contemplated. This

mill depend primarily on the development
of rapid instrumental mathoda of
analysis.
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BOILIttG RF.ACTOH RESEARCH

R. N. Lyon,

The current boiling reactor program
ia designed to provide the neceaaary
information for a broad evaluation of

boiling homogeneous reactors in com*
pariaon with other types of reactors.
To accompliah this three types of
studies are under vay: (1) individual
component and theoretical studies
designed to help predict the stability
and power output of boiling reactors,
or to answer other pertinent questions,
(2) experiments with actual boiling
reactors to obtain data for answers
to complex questions that cannot be
answered with assurance or accuracy
by synthesis from data of individual
experimants, (3) studies of several
large-scale, postulated, boiling

reactor installations to provide the
proper balance between the various
theoretical and experimental investi-
gat™* *»ne.

POPES REMOVAL EROS A ROILING REACTOR
P. C. Zmola

The calculation of the decrement

in mean density for a given power
output in a boiling reactor that was
presented in the previous quarterly

report(> 1 and depended upon an idealised
circulation pattern has been extended
to caaea in which 20 and 50% of the
rising vapor is entrained in the down-
coning region (rj m 0,2 and 0.5,
respectively). Thia results in a much

leas favorable, although not in-
possible, operating condition if the
flow resistance of the system can be
kept low. The value of the entrainment
factor that can be achieved depends
upon the nature of steam separation

(i>P. C. leel™. lemecee*ome ter Prsjvitt

Qmmrltrty Pr«gr«,i 9*p»tl f»r lin .l faem( ».rr»
IS. IM». OWL* IISS, p. IS.

Scctiti

Chief

afforded at the
unit. At present
problem ia being
Babcock and Wilcox Company. Steam
generator manufacturers have been
successful in separating steam in
natural-convaction units by utilisation
of centrifugal separators. In large
units, 1S00 kw/ft* of projected drum
surface is attained with final atean
moisture of 1/4 to 1/2% and an associ-
ated pressure drop of about 0.5 pai.
At present it appears that this
relatively aimpledevice can be employed
in boiling reactors.

top aurface of the
the steam separation
reviewed by the

One-group (thermal) nuclear calcu-
lations are being performed for a
bare, cylindrical system to define
roughly the limits of density decrement
permissible as a function of isotopic
enrichmeat. ursnyl sulfate concen-
tration, pressure (temperature), and
flow parameters postulated in the

circulation studies. About a year
ago, in connection with other work,
Noderer calculated the change in flux

distribution due to a density decrease
as a function of radius m the central
region of a cylindrical core and found

that thia change was small for atotal
density decrement of 10%. It is
planned to extend the range of these

calcul ations.

NUCLKATION RV FISSION FRAGMENTS

R. J. Goldstein
It has been reported that 16*F
superheat could be maintained ia a
uranyl sulfate solution while fission

of the
Thia experiment on the
superheated liquid in which

uranium was taking place.*'*
stability of
fission

J. c-Uii.ii, »p. (it., owl*use, p. ss.
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has baaa changed
asra accurate and defiaita
raaulta. The equipment ia to ba uaed
in a region of loo neutron background
rather than in Bui 1ding 3001 toaiaiaita
the possibility of fission during the
nonirradiat ad portion of tha taat.
A poloninm-barylllun nautron aourca
aillbeuaed when fiaaiona ara daairad.

fr«|b*nti
to give

arc present

Another Modification in the tech-
nique conaiata of heating the aolution
under preaeure and than gradually
reducing the praaaura below the
aaturation praaaura. Thia oill provide
nora uniform auparhaating of the

aamp la.

raydics or m: teapot beactor

P. R Kaaten
A number of calculationa have been
completed concerning the atatica of
the propoaed Teapot reactor, a cy-
lindrical, boiling type of reactor,
17 1/2 in. in disaster, which haa been
dticnbed in other reporta.***4e*x*
Critical Sana. The critical aaia
of the reactor under varioua operating

conditiona and with no thimble in the
core ia given m Fig. 30. An H-to-l)***
ratio anata above which net boiling
away of water lowera the critical maaa
requtrementa and raaulta in a super-
critical aoaemblyifthe vapor fraction
remaina conatant. Since it ia adviaable
to avoid the poaaibility of an unstable
aituation in an initial experiment,
an H-to-U*** ratio of 400 was choaen.
In the calculations, uranium of 93.4%
enrichment in U*** was assumed.

Figure 31 gives data concerning

. a. leases, . POfeit< ¢/ fhmpet.
Pen i, oant cr-si-a-ra. jee* s. mi.

**V ». Castes, B.etler pPkfit«i e/ feeesl.
Pnn Il, OWL CP-M-*-11l. Jee# It. ISM.

a. laelee, ftevler M p in ef feepel.
ferl 111, owL CP-tlI-T-M. Jalv l«. ISM.
70
taa - e ms

operation under varioua conditiona
at this concentration, which corresponds
to SC.9 g of It*** par kilogram of
solution (63.1 g of total uranium par
kilogram of aolution), or 6S.3 g of
U*** par kilogram of water.

Thimble and Coatrol Bod.
desirable to *acorporate a
vartical thimble along the canter
axis of the reactor to facilitate
(1) insertion of a source for startup,
(2) iaaertion of a coatrol rod for

Coatrnl
It appears

bringing the reactor up to critical
and also to power, (3) kinetic expert-
manta in which the rod would be
quickly removed from the core region
for abrupt reactivity changes, (4)
measurements of the vertical flux
distribution.

The presence of the thimble and
rod will increase the critical anas
requirements over those presented in
Fig. 30. The site of the rod should

enough to make appreciable
reactivity changes possible. A rod
diameter of 3 cm appears to be a
reaaonable compromise between minimum
rod aite and maximum rod effectiveness.

also be great

The effect on reactivity of this site
rod ia listed in Table 20, and the
effect ii critical height is shown in
Fig. 32.

Fission-Product Poisons. In
addition to the poisoning effect of
the rod and thimble, some of the
fission products have high absorption
cross sections and could thus lead to
higher critical mass requirements.
However, as shown previously,( *

operation of the proposed reactor at

250 kwwill not lead to enough poisoning
to increase the critical mass to any
extent.

Inherent Stability. An opersting
reactor that when disturbed tends by
itself to approach again an effective
multiplication constant of 1 is an
inherently stable reactor, if (1) the

\/*
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too 200

Pig. 38.
Cylindrical, Ktalnleaa Steel

new equilibrium

energy ia not produced.

Critical Baas Required va.
Reactor.

power level
temperature do not exceed safe

and (2) in reaching the nee equilibrium
power level a dangerous amount
In general,

the inherent etability reaulta

a reduction ia effective reactivity
with an increaae in thermal

within the reactor core,

a given amount of energy.

heat in additional wvapor in
will have a much more pronounced
effect than will the aame amount

energy
but
diatribution of thia energy may play
a very important part in determining
the actual reduction in reactivity
Thua
boiling reactor the accumulation
bubblea

level*

FOR PERIOD ENDING JULY 1, 1952

SEC*ET
ows

400 500 600 TGO 800 900 K500

RATIO OT M TO U1~

Ratla of m to tll1>> far a 17%* la. - dia.

heat aa aenaible heat in the liquid
phaae.

To atudy the atability of a boiling
reactor, auch aa the propoaed Teapot,
the vanoua influences can be atudied
separately before being combined to
determine the over-all effect.

Conaider the charmeteriatic two-
group equation

Kt o (1 ¢ , (1)
where

m material multiplication con-
et ant required for criticality,
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Tabic 11

ff OF 3-cc dIl BOP AND TUMBLE

OPERATING CONDITIONS *%111
Te.perot.re CC) /. * Tbioble AU>« Ned Alone
100 0 0.080 0.015 0.065
0.05 0.060 0.015 0.045
0.10 0.050 0.016 0.034
0.20 0.038 0.017 0.021
150 0 0.055 0.015 0.040
0.05 0.048 0.016 0.032
0.10 0.038 0.017 0.021
0.20 0.033 0.017 0.016
185 0.0 0.050 0.016 0.034
0.05 0.042 0.017 0.024
0.10 0.038 0.017 0.021
0.20 0.028 0.018 0.0,

| ¢ *e*gx» (tactile.

THIMBLE ALONE
tumble and noo

0 009 0 to 019 0200 009 0«0 0*9 020 0 009 OK) 019 020
f. ,V*»*0» ENACTION , VACOO FRACTION Irt i/APON FRACTION
Fig. 1I1. Effoet of ThlaPlo aad Bod on Critical Bolght at Varloaa Oporatlag
Coadlttoaj.
V* 85
73

00 g0 o' o
00% » 2 o

00 0o d
000 0 oo o* 00



HRP QUARTERLY PROGRESS REPORT

B2+ geoaetric buckling uf the
reactor («m**),
L1 e square of the sloaing down
length (ca?*),
T o Feral age (ca*).
kt can change with the teaperature

because a teaperature
affect 8*, L*, and t. Teaperature
changes have several effecta on the
reactivity, and thus several teapera-
ture coefficients exist (by teaperature
coefficient is aeant the change in kf
with respect to teaperature). Aa the
teaperature of the reactor increases,
the scattering cross section for water
changes. For the Teapot reactor, L*
is quite aaall, and since v is not
influenced to any degree by the teapera-
ture changes expected, the teaperature
coefficient at constant core density

change will

should be aaall. In fact, for various
operating conditions, Okr/dT)p does
not vary greatly froa 1 * 10*4/*C.

Another teaperature coefficient
exists because of the effect of fluid
density upon k#. Since 81 and La are
both aaall and both are influenced to

the saae degree by density changes,
Eq. 1 can be written as
k, « 1 ¢BI*1, (2)

where

#rel . *e 1 .

and
cy-

Considering only density changes
that the active core region s
lindrically shaped,

74
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where

R ¢ equivalent radius of cylinder,

L » equivalent height of cylinder.

p ¢ average density of core fluid.

p% evaluated under initial condi-

tions.
aass of fuel,

For a given p varies

inversely with the reactor height;
also, kf% - 1 + BJbJ; hence
L, » L evaluated at initial condi*

tions.

Froa the above,

firL-ftvVrMS

where

pep.(l 1) ep.,/t, (6)

and

p, m density of core liquid,

p, = density of core vapor,

/, m vapor fraction in core.

Thus p is a function of both teapera-
ture and vapor fraction. The following
noaenclature will therefore be enployed:

>m>e) B 6
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m change in kf due to
change in tempera-
ture, with the tea*
perature influencing
only />,

FOR PERIOD ENDING JULY 1, 1952

and

since P,/, is comparatively eaall.

and The important variables in Ega. 7 and
8 are plotted in Figa. 33 and 34.
change in 1, due to Another temperature coefficient of
change in vapor frac- reactivity exists becauae of the Xe>J>
tion at constant tem- absorption resonance peak atO.ORG63ev,
perature. but becauae of low teaperature and
power operation its effect is negli-
From Egs. 5 and 6, gible.
TEAPOT REACTOR AUXILIARIES
J. D. Roarty
During the past quarter aajor
(7 effort has been directed toward the
design of a bellows type of transfer
uwciatsweo
00005
00007
0000S
00005
00004
00003
00002
00001
20 60 100 *40 ISO 220 260 300 340 350
rtaecnaTuac 1
1 dpt
Pig. 33. BT vs. Teaperature Under Saturation Cssdltluas (p, *leaslty
of liquid).
75
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punp for the Teapot experiment. The
design of this punp was described
previous 1y.(*) The punp will have a
capacity of approximately O.S gpn, and

oar no* :>a on dc » o0« 0« 0e'‘6>t o» or*

nwr<VN

_ 1 (Jp\ 1
o e

develop a head by the con-
of the active bellows. I't
will be a manually operated metering
pump. Shop drawings are essentially
complete.

it will
pression

A dump tank assembly for the Teapot
experiment hat been designed. (7’ The
dump tanka have been specified for an
“always-safe” condition. This cri-
terion required that the assead»ly con-
sist of 4-in. seamless steel pipe,
6 ft long and spaced 15 in. on centers.
Each pipe must be shielded from the
other pipes by Boral to prevent
interaction or neutron exchange. The
small diameter is dictated by the
possibility of inadvertent flooding
of the reactor pit.

l«lI*>* Tjf

S***I*ry

'), D, 1*1111,
T>*»il«r fmmf f»r I1k*
OIML CT-SJ-S-**. Say 11,

J. 0. Raarly, D
Tmmk liuatl; /ar lit failiar Saaaf*a»as* Softer,
OML CT-51-1-111, March IS.

0F*i|x of o

1*51.
t t o/ »e«-Criii1<e1 Saar

SLURRY FUEL STUDIES

CHEMICAL AND ENGINEERING STUDIES

F. R. Bruce, Section Chief
J. O. Blomeke J. P. McBride
L. E. Morse
The slurrv studies described in
this report have the objective of

developing a suspension containing 250
g of uranium per liter that may be
employed as a reactor fuel at 250*C.

Requirementa of a satisfactory fuel
include the following: pariaitic
neutron losses to the fuel should be
leas than 10%; it should be readily
dispersible after the reactor has
operated for ita maximum time of 19
days; it should have a high pH to
minimise corrosion and a low hardness
to minimise eroaion; the viscoaity
should be low to minimise the power

.al ll:

a @ o °

»

1*51.
required for pumping; it should hsve
good thermal properties to permit
efficient heat removal; it should not

snd finally, it must
recovery and must

foam excessively;
permit easy product

be readily fabricated for reuse.
Previous work in the absence of
radiation has shown thst UO, platelets
represent a stable modification under
the anticipated conditions of reactor
operation and that slurries of this
material possess all the requirementa

for a satisfactory fuel. However, in

preliminary experiments, when 93.4%
enriched slurries of (JO, were heated
for one week at 250*C, in a neutron
flux of 1011, considerable corrosion

of the stainless steel <container
occurred, and the slurry was found to
have caked badly. Work in the next

8*
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quarter will be concentrated on studying
the factora contributing to corroaion

and caking.

UO, Chemistry. A diacuaaion of the
three types of cryatala formed by
digestion of aqueoua UO,*H,0 alurries
at 250°C was presented tn the previous

quarterly report. It was found that
the method uaed to prepare the UO, had
a direct influence on the character of

cryatala obtained after
UQj "Hj O assumed the
rods when prepared

the hydrated
digestion. The
lore of orthorhombic

from uranium peroxide; thin, ortho-
rhombic platelets when prepared from
calcined uranyl nitrate; and large,

triclinic sheaves (bipyramidal in
character) when the roda, platelets,
or calcined ursnyl nitrate were digested
in dilute solutions of uranyl ion. Aa
slurries, the rods were found to have
the deairable characteristica of low

bulk density, easy dispersibility, and
little tendency to cake or pack. The
platelets were slightly less satis-
factory than the rods from the stand-
point of dispersibility, caking, and
packing and were somewhat less at-

tractive in that they possessed higher
settling rates and settled to greater
bulk densities. However, the platelets
are considered to be satisfactory fuel

material. The bipyramids were con-
sidered too large to be of immediate
interest to the present slurry pro-
gram. Each of these crystal habits
appeared to be stable, indefinitely,
upon standing in water or upon being
subjected to mild agitation at 250°C.
However, if they were pulverised or
broken up mechanically, as might be
expected to occur as a result of the
fission process or turbulent circu-
lation through a reactor, further
digestion invariably resulted in the

On the basis
it was concluded
in an aqueous

formation of platelets.
of these observations,
that the UO,*H,0 present

reactor slurry fuel at 250*C would
most likely be in the form of the
small, platelet crystals.

FOR PERIOD ENDING JULY 1. 1952

past quarter, experi-
further clarify the
rods and platelets
observations were
made on the preparation of UO,'SH,0
and its stability in water above
300"C; and the preparation of pure UO,
from uranyl acetate was investigated.

During the
ments designed to
relationship between
were cerried out;

Relationship Between Rods and
Platelets. Experience has shown that
Uo, *H,0 crystallises in the form of
orthorhombic roda at 250*C in water
when this material is prepared aa the
decomposition product of U04*2H,0.
These rod-shaped crystals possess the
most favorable slurry characteristics
of any UO, modification investigated
to date. However, any type of attrition
process that causes fragmentation of the
crystals results in the formation of
platelets. Once formed, these plate lets
have never been successfully converted
back to roda. This would seem to
indicate that there is something
peculiar to the peroxide precipitation
step that predetermines the rod-shaped
crystal habit - possibly the presence
of molecular oxygen produced during
peroxide decomposition. However, the
nondependence of these systems on
external oxygen pressure was indicated
when samples of micronized platelets
were digested in water at 250*C under

20 to 25 atmospheres of 0, and under
mixtures of 0, and N,. In each of
these instances platelets were formed,

as had been observed to happen in all
previous cases when only steam pressure
and air or nitrogen had been present.

been suggested that the
rods might be traced to
the fact that the U04-2H,0 precipitates
in the form of long, hair-like fibers,
which, as a result of their geometry,
could promote the growth of rods as
decomposition to UO, occurred. How-
ever, this conclusion can be sub-
stantiated only indirectly by the lack
of conclusive evidence regarding any
other type of relationship.

83

It han
formation of

77



HRP QUARTERLY PROGRESS REPORT

UOj'HtO <( Elevated
the course of UOj'HjO
studios st elevated
reduction and caking
observed to have
inadvertently
to 3S0°C, Since
this

Stability of
Teuperaturet. In
crystal growth
temperatures , sosw
of the uramu* was
occurred in a slurry
heated for 6 hr at 300
no impurities capable of causing
were believed to have been present in
the slurry, a question arose as to the
stability of UO, in eater at tempera*
turea in excess of 300*C. Vier(,)
reported the formation of the hemihy-
drate when UO, waa heated at 310 to
350*C in water but did not report any
UOj instability at those teeperatures,

The.-.e calculations indicate that
reduction at 3S0eC is quite unlikely.
To explore further the high*temper*

store stability, a carefully purified
UO,*HjO slurry waa prepared and heated

at 350°C for SO hours. The product, a
solid closely reseebling the UO,'VH,0
reported by Vier, was analysed for
reduced uranium and water content. The
results of these analyses, together
with observations on crystal character
of the UO0,*>SH,0 obtained, are presented
in Table 21.

No evidence of reduction or caking
waa obtained. Overdrying of the sample

Using the free energy data available in an oven probably resulted in the
in the literature the standard moisture content being lass than
free energies of the two eost likely theoretical. On the basis of these
reduction reactions at 350aC were data 't_ was concluded that UO, ia
calculated. atable in water at 300 to 350*C for an

indefinite period of time. This fact
3U0 * U,0, ¢ WO, (gas); ia substantiated by lack of reduction
in other experiments carried out in
F* = 17,200 call/eole this temperature range.
UO,— -* ID, ¢ SO, (gas); Preparation of UO, from Uranyl
Acetate. The pinduction of pure UO,
P = 22 900 cal/eole by utilising a peroxide precipitation
step from uranyl aitrate solution ia
unattractive because of the low bulk
ftar, Tkarmal StaSililjr a/ Carlaia 0.iW» : : P
Byar.... .a HO, *1177, May 1+, 144, density 01_‘ the perOX|.de pr.eC|p.|tat_e
ff , S and the difficulty with which it ia
I. Kirakaabaaa, (Militaiiaa #/ f,a>; talar, .
nncs in-4* (1*511. washed and filtered. Uranyl acetate,
Table XI
THERMAL STABILITY OF U«,*H,0
Conditions: UOj 'HjO slurry at 350*C for SO hr in'stainless steel autocl

OBSERVATION

ii*4

1 (ppm)

**ter coateat (aolea ef H,0 par mole al UO,)

Cryatal structure

Crystal habit

Cmler

*«(., ratereeaa t ia Seat.
78
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UO,+H,0 UO,-*H,0 PRODUCT

STARTING MATERIAL

0 0O
0.13 0. 36
Orthorhombic Moaocliaic*
Rods. S by 30 m layerfact reds. IS by 60 m
Tallow Oraage-yol 1ww
° ‘e ""‘e €%
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salt with low theraal
stability, was investigated to da-
termine its utility as a starting
reagent for the preparation of pure
UOj. Table 22 summarises the results
of this investigation.

m water-soluble

Direct calcination in air at 360
and 270*C resulted in the foraiation of
DsOt. Hydrolysis at 100*C in an open
beaker produced a UOMHjO that showed
a tendency for reduction when heated
at 250°C in an autoclave. Precipitation
of U04*2Hj0 fro* UO|(Ac), and subse-
quent conversion to UQj 'HjO yielded a
product identical to that obtained
fro* UO04 *2H}0 precipitated froa
UOjfNO,),.

These experiments indicated that a
coaplete separation of acetate radical
froa the UOJ product would be difficu 1t
to achieve without causing soae re-
duction of the wuraniua. The pre-
cipitation of U04+2H,0 froa UO,(Ac),
solution was soaewhat siapler than the
corresponding precipitation froa
[IOjINOj )j since no pH adjustaent was
required in the former; however, the

Table

PREPARATION OF 10)

EXPERIMENT AND OWDITIOIiS

Calcination in air at 360*C for 16 hr

Calcination ia air at 2?0*C for 4 hr

Hydrolysis at 100*C for IS hr ia opaa
basher
Hydrolysed ia aatoclava at 2S0*C for 16 hr

Hydrolysed ia aatoclava at 2S0*C for 64 hr

Pracipi tatioa of U04-2H]0 fallowed by di-
geatioa at 2S0*C

FOR PERIOD ENDING JULY 1, [1f52

was equally
in both cases.

peroxide precipitate
difficult to process
It was concluded therefore that
UOa(Ac)a has no significant advantages
over UO>(NO])} aa starting aaterial
for pure UO( preparation.

Crystal Growth Measurements. During
the past quarter the rate of growth of
particles in UO,*Ha0 alurriea on being
heated at 250*C was investigated.
Rods and platelets prepared fro* U04
and platelets prepared fro* calcined
uranyl nitrate were used in the study.
The rate of growth in all cases was
rapid during the first 2 hr of heating
but decreased Markedly aa the heating
time was extended to 24 hours. In the
case of rods and plateieta prepared
fro* UO4, the stable particle site was
found to be 3.9and7.8 m. respectively,
expressed aa equivalent spherical
diametere

The starting material for the
crystal growth seasureaent on rods was
U0( *2H20 prepared by calcination of
well-washed uranium peroxide and subse-

quent hydration in hot water. UQj 'HjO
7z
FROM DO, (C,0,),
RESULTS
[1jOg product
Ujo( product
Yellow, irregular UJ'HjO crystals; after

auteclaviag far 16 hr at 200*C, acquired
a freeatah tiat, aaslysed 0.034% U*4

Yellae, bipyramid crystals af UQj'HjO,
aaslysed 0. 13%11*4

OrtfRiik, bipyramd cryitili of UOg NjO,
aaslysed 0. 16% 1)44

UG 'HjO rods, ao I'*4 detected
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forstd frost the dihydrate as
growth stadias procaadad

rods were
the crystal
at 2S0*C.
The starting astarials for platalat
growth stadias wars preparad in ona
eaaa by aicroaiiing a aaapla of rods
sad in tha other by calcination of
UOa(NOa) |t followed by washing and
hydration to UO,*211,0. UO,*H,0
platelets wars fornad fron both of
thasa sanplaa daring hasting at 250*C.

Tha experiaeata wara carriad out by
hasting sanplaa of the slurries at
2S0*C in saalad quarts tubas in a
rocking autoclave for the desired
length of tins.

site analyses wara nada by
gravitational and centrifugal aedisMn-
tation fron glycerine-water suspensions
viscosity containing a
break up aggregates.

Particle

of suitsble
deflocculant to

In this nannar a weight per cent
distribution of particles in tarns of
equivalent spherical disaster was
obtained. The average particle sisa
was calculated fron the weight distri-
bution in tha following aanner:
*
loop
e — (for spherical particles)
o*
6 1 6 - »
P £>.9 100P =« 5
Ifit
\Y
where
5 = surface area of solid
P = density of solid

80

i * weight per cent of solid between

0, and D,

On| s average diaaeter in nicrons.

These calculations sre quite reliable
when D, and 0O, are taken over a suf-
ficiently snail site interval and the
particles are greater than 0.1 aicron.

Although this aethod of analysis
probably does not scasure true particle
siaes, it Hoes yield values that are
closely related to the property of
interest, that 1is, how the particles
behsve on settling frona fluid aediun.
Moreover, since the data were obtained
under consistent conditions, changes
in particle sise are a Measure of the
rate of growth. Tables 23, 24, and
25 suaaarise the results of the in-
vestigation.

As the data of Tables 23, 24, and
25 indicate, saell UO, particles ia-
cresse rapidly in sise on heating at
250*C in water until a relatively
stable particle site is reached after
a few hours of heating. In the case

the observed equilibriua
sise was 3.9 fi; for platelets
froa aicronised rods, 7.8 npt;
platelets prepared froa
appeared to have an equi-
particle sise considerably

that of the other two.

of rods,
particle
prepared
and the
UO,(NO,),
libriua
larger than

The observed growth rates any be
explained by the wvarious factors
governing particle sise increase. It
is well known that growth by coalescence
of snail particles is a very rapid
process, since two saall particles
tend to adhere because the surface
energies of the particles are decreased

by the collision thst results in the
foraation of the larger particle. This
type of process nay explain rapid
J
> S2
a t
e 2 F
eeeeF o " aaa
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Ttklt 11

PARTICLE SIZE GROVIN IN SLURRIES OF tOMH”O BOOS UPON KATINS

Conditions: 250 g of uraniun per litor; heated in sealed quarts tubes;
11 particle aises aa equivalent spherical diaawter

AVERAGE 2.SetS FRACTION 10 at S FRACTION solubj: IRANIIM

HEATING CONDITIONS PARTICLE UNDER STATED ABOVE STATED IN SUPERNATANT
SIZE (/a) SIZE (M> SIZE (M> (m«/m?)
IM nitN slurry 0.S 0.3 1.S

Heated to 160°C asd allowed
to cool 2.6 1.0 3.9 0.194

Heated te 2S0°C and a) lowd

to eeel 2.8 1.6 2.7 0.096
Heated at 2S0°C for 1 hr 1.0 1.6 6.1 0.135
Heated at 2S0°C for 1 hr S.1 1.9 4.9 0.210
Heated at 2S0°C for 4 hr 9.2 1.S S.3 0.240
Heatad at 2S0°C for 24 hr 3.9 1.1 S.S 0.200

Table S4

FARTICLE SIZE GROBTN IN SLURRIES OF 1)0,*8,0 PLATELETS
(PREPARED FROM U®©®4) UPON HEATING

Conditions: 250 g of uraniun per liter; heated in sealed quarts tubes;
all particle sites as equivalent spherical disaster

AVERAGE 2.Set S FRACTION 10 et S FRACTION SOLUBLE URANIUM

HEATING CONDITIONS PARTICLE UNDER STATED ABOVE STATED IN SUPERNATANT
SIZE (/*> SIZE (m> SIZE (m> <ef/-1>
Uaheeted slurry 1.S 0.4

Heated te 160°C aad
a)loved to cool 2.6 0.7 7.4 0.250

Heated to 2S0°C aad

at loved te cool 4.2 1.6 10.3 0.310
Heated at 2S0°£ for 1 hr 4.0 1.3 10.4 0.200
Heated at 2S0°C for 2 hr 6.0 2.5 13.3 0.460
Heated at 250°C for 24 hr T.S S.0 14.6 0.625
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T«bl« IS

PARTICLE SIZE GROWTH IN SLURRIES OF IIl, 1]1S PLATELETS
(PREPARER PROS UR,(NR,),) UPON HEATING

Conditions: 2S0 g of uranium per liter: heated in sealed quarts tubes;
all particle aisea aa equivalent spherical diaarettr

AVERAGE PARTICLE 2. S wt * FRACTION UNDER 10 wt * FRACTION ABOVE
HEATING CONDITIONS

SIZE (ft) STATED SIZE (ft) STATED SIZE (ft)
Hw.t.d !S0*C aid allowed

to cool 2.9 1.1 1.9

Hwatad at 2S0*C Ur 1 kr S.9 s. 1 1.3

Heatad at 2S0*C Ur 2 kr 7.2 3.2 13.3
growth in the early stages of the adsorption aeasureaenta, changes in
experiment when aaall particles pre- stearic acid concentration due to
dominate. However, as particle sise adsorption on the surface of the solid
increases there is less tendency were deterained by conductoattric
toward this type of process, since titration and by the hydrophil balance,
the surface energies of the larger an apparatus that Measures the surface
particles are auch lower. The growth areas of stearic acid filas on water.
is then controlled by other factors Very poor agreeaent was observed be-
such aa solubility, which also de- tween the stearic acid and nitrogen
creases with increasing particle site, adsorption aethods for determining
and rates of diffusion and deposition surface area (Table 26). It is be-
of the soluble uraniua. These fsetors lieved that the stearic acid adsorption
result in slower growth rates. technique, in its present fora, is not

applicable to IK), powder.
In this work soluble wuraniua,

varying froa 130 to 625 ppa, was Viscosity delerainations were aade
Pieaent and any have increased both by aessuring the tiae required for a
the rate of particle site growth and known volume of slurry to flow through
the equilibriua particle siae. a vertical tube of the proper di-
mensions. A Saybolt viscosimeter
Physical Proportiea of VO} Slurrte*. was adapted for this purpose by sealing
Morse spent March 19 to 23 at the labo- the tube to the exit noxile. In this
ratory of Professor J. M Dalis Valle, apparatus, only the temperature and
of Georgia Institute of Technology, concentration could be varied for a
investigating aethods for deteraimng given tube. The pressure was fixed
the surface area of DO, powder and the by the head of the suspension within
viscosity of DO, slurries. Surface the viscosimeter.
area aeasureaenta were aade by the
stearic acid*andni trogen adsorption Measurements of viscosity as a
techniques. In the stearic acid function of concentration and tempera-

ture were aade (Fig. 35). The viscosity
S. Roaaall aas C. M Cackraa, /at. lag. of t.he slurry |ncrea§ed with increasing
Ck»a. 41. 11)2 <I1*14). solids concentration and decreased
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Table 26

SI RFACE ARM DETERMINATIONS OF 10,-HjO

By Stearic

Conductoaictrir
Titratios

UQOj -HjO (platelets) 0.89
UOjmHjO (rods) 2.9
i-at 1
(]TI))Z-))
rc
4’ I tos w« »»5 SO
10
1"°[
°00£r o0'0Om 000W aooii0 000*  otjos? ' 0aoss J
Fig. 38%. Viscosity of 1’0, *H20
Slirrit* as a Function of Traprraturr.
eith increasing teaperature for a
given concentration. The wviscosity
of a slurry containing 250 g of
uraniuai per liter as 1i0O,*H,0 was
greater by 40 to 50% than that of
water at the corresponding tempera*
tares. Further, there was nodifference

in viscosity between the slurries of

rods and platelets containing 250 ¢
of uranium per liter.

Plots of the fluidity (reciprocal
of viscosity) va. concentration for
fixed temperatures have been aade
(Fig. 36). The resulting isotherai

SURFACE AREA <sq

And Adsorption

Hydrophil By Nitrogen Adsorption*

Ralaacc
0.01 0.45

0.14 0.22

amcCNUMmMM < o>u p» **in

Fig. 36. Fluidity of
(Platelet) Slurries aa a Function
Concentrat lon.

UuoJ'M,0
of

when extrapolated to tero fluidity
converge at a concentration of 890g¢g
of uranium per liter. This result is
of interest since it appears to be
related to the vol uaie occupied by the
solid phase of a settled slurry that
has been heated over 24 hr at 250°C.
It has been found that the settled
solids occupy 20 to 301 of the total
volune, which is equivalent to a
uranium concentration of 1250 to 830 g

3 sk
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liter in the settled-
Although a linear
used to obtain the
fluidity intercept, there is no reason
to suppope that this is a necessarily
true picture. If the isothere eere
to approach zero fluidity asymptoti-
cally, higher values for the con-
centration would beobtained. Moreover,
variation in the particle size distri-
bution could also affect the results,

of uraniuM par
solids volume.
line has been

The study of
radiation on
oxide

ftadintloo Chemistry.
effect of reactor
properties of uranium
slurries haa continued with another
experiment carried out in hole 12 of
the X-10 graphite .reactor- Previous
experiments have shown that caking was
enhanced by radiation.(4} In addition,

the
the

the corrosion of untreated type 347
stainless steel was found to be
sufficient to indicate the advisability
of using a pretreated steel. The
present atudv was carried out in a
-hromie acid pretreated bomb. Caking
wki again pronounced. The pretreatment
film was found to be unsatisfactory in

that considerable scaling was evident
and made difficult any interpretation
of corrosione ffectsdlreclly attribut-
able to chemical attack or radiation
daaiage. Qualitative agreement with
the previous studies was observed in
the reduction of uranium, the increase
in soluble wuranium, gas production,
and fisa ioneproduct distribution
(Table 27).

The experiment was carried out at
three-fourths maximum flux for 144 hr
and at an average temperature of 30QaC.
The sample irradiated was cosiposed of
IS ml of a slurry containing 250 mg of
93.4% enriched uranium per milliliter
as uranium trioxide monohydrate rods.
It was contained in atype 347 stainless

steel bomb equipped with a capillary
<4,F. a. Brae*, J. o. Blaaaka, L. I. Marsa, aaS
J. P. McBride, Homepeneeae iis«I|l*r Pr«/tcl

Quarterly Pragrete fading Perth

Hepart far Ptriad
Is. i»sf. onni.-iim, p.

Imi-taw.

tubing and a stirrer with a soft iron
core. The stirrer was operated by
means of an intermittently activated
solenoid placed so as to move the
stirrer up and down in the slurry at
intervals of 10 seconds. AIll interior
parts of the bomb were pretreated
prior to use with 2% chromic acid for
16 hr at 2S0°C. Temperature was
followed by means of a thermocouple
attached to the bomb exterior. A
control experiment was performed
outside the reactor but at 250°C and
without stirring.

As in the previous radiation ex-
periments, transfer of the slurry from
the radi ation bombto the glass sampling
ppparatua was incomplete, which
indicated that some caking occurred
during the experiment. A sufficient
fraction of the solid was recovered,
however, to demonstrate in aqualitative
manner changes that nay occur in a
slurry during its use as areactor fuel
(Table 27). The caking itself nay
not at present be considered as
directly attributable to radiation
damage, since all the variables as-
sociated with the experiment have not
as yet been thoroughly studied in the
absence of radiation.

Considerable sludge, insoluble in
8 N HNOJ, and probably iror and chromic
oxides from the pictreatMent film were
observed in the final slurry. The
sludge contained about 27% of the
total fission-product activity produced
by the irradiation. Approximately 99%
of the remaining activity appeared in
the slurry solids and the rest in the
supernatant.

Soluble wuranium increased an both
the control and radiation experiments
from 18 mg per liter to 212 and 180 mg

per liter, respectively. The final
supernatants in both cases contained
49 mg per liter of nitrate ion. A
sample of the original solid was found
to contai: 72 mg per gram of nitrogen.
i 96
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Tabic ST

SUMMARY OF BRACTOM RADIATION EXPERIMENT S

(:stpﬂ-l(’h nun.INAI gMN

»o o< m | ¢ «lt

b

Material

Deration of Mpanoaai (Mr)

Average teapareture 1*0

Marrovarod valans Cal 1

M I*

Color mi alnrry

Uaniuo recovered (')
Original treesfor
Dried rake

*.5as

Urnoloo a aupornotoot <«g'ol 1
U™ 1. linn IS)

Ni«ragan in salid (b f/]l i.m
Nitrate in amparnolaot (o«/all S.SSS

*S *T

Fiaaian-pradnrt dlatrihui ion ft)
Slirr,
toin_etc_)otool

Sliqi

Carroe lsti producta to anpernataat <eg/ol)

§;

Carranion products to alnrrv <e« ft)
Bqoi Jibrino got proaaoro (polo)

Sti iillin**

Appeal tools C solo# (loo petre/l144 oa)
Crystal shape iy .
Si# ftp I.d m

total m Sl oao

Aaoroga ana

‘Meal Mi-iilf the NptfiKMI M dialtiled te nind4* cf
‘Arilm h patfcnw# be I, L Staffer.
The increase in soluble uranium may be

presence of this
in pH from 6.7

attributed to the
impurity. The decrease

to 5.3 nay also be indicative of the
increase in wuranyl nitrate concen-
tration. Corrosion would likewise be
enhanced.

substances
by cerate

The concentration of
that could ba oxidised
(UOa, UO4, HaOa) was equal to S mole %
of the total wuranium. If this is U44,
its presence could be explained by the

TS U M nicy T
c 4 mt" oeo«reeo/rea,aee)

oirrm rummer
(flea

It al of original elorrr 11 ol mi orlgteel slurry

1S ig’!
MS MS
1* 11
Mod- broom Dork gray-groan

1S* >*

M
MU els*

1
t.ttt

11

Sk
404 . it
1.SSI t.ttt
I.M* «.MI

Total alodge It aol 1 of aolld

“=

ISM
in a
I0f ov
i o¥
4ft teert oatanal
M

Irregular particles Hade, frapoaoia, aod pfotolets

1m
Total so t ota

nitrate
reduction of
so produced.

by radiation
the

reduction of the
and the subsequent
uranium by the mitrite

The equilibrium gas pressure, in-
cluding steam pressure, at 300*C was
about 2800 pain. The gas sample re-
moved from the bomb at the end of the

irradiation indicated only a alight
increase in the hydrogeneto-oxygen
ratio (65% and 30% 0,) over that
to be expected from the radiation
decomposition of water. By using the
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pressure increase for tka
of irradiation (1200 paia
the estimated gas space of
of 33 ml minus
of the slurry),
recombination of

initial
first hour
st 261*0,
14.8 al (bomb volume
the expanded volume
and by assuming no
kydrogea and oxygen, a G value of 0.4
to 0.5 was calculated. This mould
indicate tkat about 30 to 403 of tke
ionising activity of tka fission
fragments ia expended in tke auper-
natant, which agrees rather closely
with the 28% of tke fission rrtivity
found outside tke slurry solids in tke
sludge and supernatant. It is also
apparent tkat some process was occurring
tkat allowed tke system to reach a
rather low steady-state pressure.
This process may be tke recombiaation
of hydrogen and oxygen proautted by tke

dissolved wuranyl nitrate or by tke
uranium oxide itself, since pure water
alone has only a small affect on tke

recombination. **) It is also possible
tkat the attainment of tke steady.state
pressure ia tke result of a caking
process that prevents tke majority of
tke fission fragments from dissipating
tkemselvaa in the supernatant.

showed the
degradation
to platelets.

The irradiated material
customary particle site
and some trsneformation

Tke control run was unusual in itjp
change of color to red-brown and the
production of irregular particles.
Some of tke irregular particles were

several hundred microns on a dimension
and raaenblad bipyramids. Since a
high concentration of iron and chromium
waa found in tke solid, it appears
likely that the observed changes were
due in part to a degradation of the
pretreatnent film and subsequent ad*
sorption of tke products on tke surface
of tke particles.

A study of possible pretreatnents

for use in tke radiation bonba and a
~7r*V f. UcDvffl*. »t «I., CS.ai.tr/ (miiM

Qmmrltrif fragrtti Itp.rl far ftriad iadiaa

Oataukar J|. fill. OWL- 1140.
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investigation of the
to caking and

more thorough
factors contributing
corrosion are planned. In addition, a
study of the effect of tbe slurry
itself on the recombination of hydrogen
sad oxygen will be initiated.

mtarry Engineering Stadias. Al-
though slurries are generally con-
sidered as possible fuels for either
tke dynamic or boiler type of reactor,
which of these types they are better
suited for remains uncertain. Conse-
quently, it was felt tkat some experi-
mental work on the boiling, foaming,
and caking properties of slurries, as
well aa aoms additional effort on
selected punpiag problems, was a neces-

sary adjunct to the laboratory de-
velopmental program. An sxperimental,
stainless steel boiler, equipped with

s 4-kw resistance heater was con-
structed and a 2-liter-capacity pump-
The first ex-

ing loop was designed.

perimental boiling run was completed,
and some rough calculations were made
of tke temperature gradient across an
idealised slurry particle and its
iausediate environment in a homogeneous
reactor.

Slurry Boiler. A sketch of the

slurry boiler installation is given in
Fig. 37. The boiler is made entirely
of heat-treated types 316 and 347
stainless steel. It was designed to

operate with 1 liter of slurry at250*C
and 600 pai, with a 100% freeboard
allowed above the liquid. It consists
of an 18-in. length of 4-in., schedule-
80 pipe with a cap welded on the
bottom and 4-in.-high pressure flanges
at the top. The heat input is supplied
by two Calrod heaters of 3- and 1-kw

capacity, silver-soldered on the out-
side on the bottom and around the
lower section of tke vertical wall.
The top heater ia wound ao that it
covers only the section of wall below
the liquid level when the boiler is
charged with 1 liter of slurry. Three

loops of 3/8-in. tubing extend through

a 9
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UNCLAsnnco
«0*SA
TAYLOR PRESSURE

RECORDER

V * LESLIE CONTROL
VALVE

BOILER CAPACITY - | LITER OP SLURRY

100% FREEBOARD

MATERIAL - TYPE-5« MEAT-TREATED
ANO TYPE-547 STAINLESS
STEEL
DRAIN MEAT INPUT - } k«, RESISTANCE HEATER
| Aw, RESISTANCE HEATER
Fig. ST. Slurry Seller.
the top flange and aerve aa internal the energy required to Maintain the
condanaara. The coolant inaida the pressure above 1 liter of water at 565
coila ia water, with air added aa a psig with no coolant circulating
vehicle for flow. The preaanrw within through the condenser. This pressure
the boiler ia controlled by regulating correaponda to the vapor pressure of
the rate of water flow within the con* water at 250*C. The heat loss was
denaer coila. The water flow ia found to be 385 w or 1313 Btu/hr; this
automatically controlled by a Lealie goantity muat be deducted from the total
preaaure control valve and pilot energy input of each run when cooputing
regulator. A Taylor recorder ia uaed the net heat added to the slurry.
to obtain a continuous record of the
preaaure within the boiler. The boiler The boiler, together with two smsll

is also equipped with a rupture disk
aa a safety precaution, and a thermo-
couple well extends to within 2 1/2 ia.
of the bottoai. The teapereture ia
SMasured bv an iron-constantaa thermo-
couple and a Broen Pyro-Vane indicator.
The entire boiler ia covered with
2-in.-thick Magnesia insulation.

of the heat losses
was nude by Measuring

A calibration
from the boiler

© WO HO

@

T

corrosion specimens of typea 316 and
347 atainleaa steel, was given a nitric
acid pretreatment prior to the first
slurry run. This consisted of allowing
a mixture of 20% HNO,-3% HF to reaain
in the boiler at room temperature for
30 minutes. After removing the etching
solution, the surfaces were washed and
the procedure repeated. Finally, 1500
m of 1% HNO, was added and heated for
16 hr at 250*C. A prolimiaary UOQ,

eab am
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then introduced, boiled for
reaoved by washing. The
Maintained full of voter

elurry
8 hr, end
boiler *em

until the Material for the firat slurry
run van introduced.

Slurry for the first run pre-
pared froa washed, aicronised, Mallin-

ckrodt UO, containing 2SO g of urnniua
per liter. After boiling for 41 1/2
hr at 2S0*C and a power density of
4.2 kw/liter, the safety diak ruptured
prenaturely and caused the water to
flash evaporate. Analysis of the
residual solids showed the UO(*HaO to
be in the forn of platelets. The
noat notable observation aade at the
conclusion of this short run was that
there was no avidence of foaaing having
occurred. Solids were not found
deposited along the walls any higher
than the liquid level of the slurry at
2S0*C. There was also no change ia

weight or appearance of the corrosion
aanplea. A second run that utiliaaa
siailar oxide and is scheduled to be

boiled for a longer period of tine is

currently under way.

Htmt Trmntftr Cslculs *tons. Con-
sideration has been given to the
thernal environnent of ¢« particle of
UOj'H|0 suspended as part of a alurry
fuel in a hosogeneous reactor. Vary
rough calculations were aade to esti-
nate the tanparsture that the solid
particle would attain if the water of
suspension wna Maintained at 250*C.
This question has direct bearing on
the cheaical forn of the slurry under
reactor operating conditions. The
calculations assuned a reactor power
level of IS kw/liter, a uranius con-
centration of 2SO0 g per liter of fuel
solution, and spherical 110,-HjO
particles 2 in disaster. The heat
flux nadar these conditions would be
38 Btw/hr*ft* or 3.61 * 10*' calories
per second par particle. It waa found
that under such circuastancas es-
sentially no teaperature gradient

88

itself.
acrosa a

the particle
gradient

existed within
The teaperature

eteen filn around such a particle s
dependant oa the theraal t -.istsnce of
the fila. No applicable filn co-
efficient expressing the resistance

across a UOj-atean interface is availa-
ble, but if a value of h s 200
Btu/hr*ft*«*F is assuaed, ateaperature
difference of only 10.5*C would exist
between the solid and an enveloping
stesa fila at 2S0*C. Such a difference
would fall well within the liaits of
UOj 'HjO stability. It is intended that
these calculations be Modified as
better values of heat transfer data
re obtained.

BLURRY PUMP INS STUDIES

R. N. Lyon, Section Chief

A. S. Kitzea R. B. Gallaher
W. Q. Hullings

A 100-hr teat
the corrosion-

Loop Test at 250°C.
has been conpleted of

erosion behavior of a circulating
elurry containing 78 g of urnniua per
liter as rod-type UOa*HjO at 250*C
in a type 347 stainless steel loop

a Vestinghouse Model
The asxiaua pipe line
ft/sec occurred in the

equipped with
100A puap.
velocity of 70

throat of a venturi. There was no
foraal pretreataent of the systea
except cleaning with 3% triaodina
phosphate at 150°C and rinsing until
the pH of the effluent waa below 7.
There was a 24-hr preliainary test
with distilled water at 250®C to
check the instruaents. The systea

was pressurised with steaa only, so
the oxygen in the systea was only
that associated with sir that was
trapped when the systea was filled or
air dissolved in the slurry. During
aost of the test the pH of the cooled
esaples was close to 7, perhaps
because of the presence of residual
triaodina phosphate froa the cleaning.

3714 iqq



For a 2-hr period during the test
the slurry inadvertently ess permitted
to floe through besrings of the puap
eith no epperent deleterious effsct on
the Grephitnr besrings or the titaaiua
csrbide journsls.

of operation, the
aeasureaents on
loop eere still

After 130 hr
chroniua end nickel
ssaples taken froa the
beloe 5 ppa, eheress the iron content
had rissn to aboat 12 ppa. Thsss
results can be considered froa only a
qualitative standpoint, bscsuse the
high pH caused aost of these eleaeata
to occur eith the solids in the slurry,
rsthsr than eith the liquid, and
it could not be deteraiaed hoe rapre-
sentstive a saaple of the solids ess
obtainsd.

Exaaination of the puap iapeller,
orifice, and tsst saaplss in the
systea shoeed no visible signs of
corrosion or abrasion, other then a
shiny fila. Figures 3L through 41 are
photographs of the iapeller and test

speciaen. The orifice readings shoeed
no drift during operation of the
systea, ehich is further evidence that
negligible deaege occurred to the
ori fice.

The particles bccaae quite rounded;

the rods, which originally eere 2 to 3
M in disaster and about IS to 20 p in
length, becaae either spherical or
ellipsoidal eith essentially no change

ia the disaster. The fragaents that
eere abraded froa the rods also becaae
spherical. The abrasion of the
particles without apparent abrasion of
the loop systea lends support to the
observation of the Cheaical Technology
Division that UO( *HaO rods sre auch
softer than stainless steel.

Measurenent of the Graphitar

bearings through ehich slurry floeed
for 2 hr showed that wear, if any,
eaa less than O.000S in. on the
di aaeter.

VIig 101
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Fig. 38. Front Paeo of lopollor
After Fuaping a Starry Containing 78 ¢

of Uraaloa par Lltor for lit hr at
ilI'C> About one-half actual site.
Fig. SI. Back Face ef lapeller
Shoeing (reeves Cat hy Protruding
metal on Back Throat Pads. Groovss

eaery cloth and
containing 78 ¢

acre saoothed out eith
then exposed to slurry

of uraniua per liter for 100 hr at
250*C. There eaa no evidence of
erosion. About one-half actual site.
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at 250aC has baaa
this test a slurry
containing about 1S7 g of uraniua par
liter as UOa H,0 *ill be circulated
for S00 houra. Subsequent tests eill
be aade to deteraine the influence of
fission products, oxygen, and other
coataainaets on the systea.

A nt« test
started. I's

Leap Test at
100 g of ThO,
per liter)

Thorton
slurry coataiaiag
liter (8B g of thoriua

per
is

lab of lepeller
coataiaiag Tt g

Mg. A4t. Intake
After Pooping slurry
af Uraalua per Liter far 11l hr at
*8B aC. There ins no evidence of
erosion. Original aagnification 10X.
Reduced S2*.

Mg. 41. Type 144 Stainless Steel
Breelea Test saaple After Being lipeaed
te Blarry coataiaiag Tt g of Uraalua
par Liter for IN hr at ttt*C. White
area ia not erosion or corrosion
products. Original eagnification
2 . 3X. Reduced 52V

90

o @

Tpo .

oo Yo

®0% o

oo’
T

po o

)

3

oo ®
oo

I» B acC. A

oo

the 110 to
abrasion,
sill be

non being circulated ia
1S0°C loop.*** Heat transfer,
and particle aisa <change
aeasured.

A aixture of l«0,, HF, and Th(NO01)4

eill be uied to reaovo residual thoriua
oxide froa the ayatea after draining.
The aixture of nitric and hydrofluoric
acids is to be used because of the
cheaical inertness of the oxide eith
aost coamon reagents. The Th(NO,)4
foras a coaplex eith the HF, and teats
shoe that this reduces the attack on
the stainless steel ayatea eithout

seriously iapairing the action on ThO,.

Bearing Tests eith US,*BtB Blarry.

The first phase of a test of plain
bearings in UO, slurries has been
coapleted. A Stellite journal,
1.4995 ia. in disaster, eaa roteted
in a 1.502«in.. dia Stellite bearing
for 100 hr at 1750 rpa eith a radial
load of 20 psi. The only lubricaht
between the surfaces was a slurry
containing about BO g of uraniua per
liter aa rod-typo UO,*H,O. The
lubricant was supplied by a saall

puap. The ayatea was atopped frequently
and the surfaces exaained for signs
of wear or abrasion by aeana of a
profiloaeter with a sensitivity on the
order of 1 aicroinch. Neither abrasion
nor wear was found up to the tiae the
aotor of the slurry puap failed and
the bearing was forced to run dry for
a short tiae. A nee bearing ia now
under construction at the University

Meabers o-f the staff of
are cooperating in

of Tennesaee.
the university
these studies.

Breath. The crystal
of UOj*HaO rods did not
the slurry was autoclaved
72 hr at 250*C ia the

Crystal
structure
change when
for less than

A » liliti, 1. B. Pallakar, I, V. iailay,
lalliaga, - C. A. GiffarA, faaafaaaaea
l.r Sra/aat Qsariarly Sragraaa Safari /ar
lag faXiaf Aagaal I1S. HSf. owL-1111, f. 1
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aitrats ions. Some

crystals were found upon
aicroscopic exaainatioa of rods
autoclaved at 250°C for aa ouch as
72 hr in the prsssncs of 500 ppa of
sxcosa nitrate ions as KNO, . Sines
the cheaical analysts anJ aicroscopic
sxaaination are incoapleta, the results
cannot yet be interpreted.

presence of
rhonbohedral

are continuing in ehich the
content is being decreased

Tests
nitrate

ee eee
. e e
ee
. aee
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and varying aaounts of uranyl ion, as
UOJCNOjlj, are added to dateraiae
the effect of these ions on the
crystal structure of both rods and
platelets.

Criticality Kxperlaenta. The
reactor vessel and duap valve for the
criticality deteraination are non
being fabricated in the Y-12 shop.
This equipaent and the inatruaeats
eill be coapleted about August 1.
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ISHR DESIGN

H. B. Briggi,
J. 0. Bradfute

H. H. Chapman
C. E.

The baaia for iclecling a power
level, core aite, solution circulation
rate, and other operating condition*
for the ISHR eaa described in the laat
qguarterly report. |t «aa concluded
that the power level ahould be near 50
aegavatta, that the core diaaieter should
be 6 ft, and that the fuel (uranyl
aulfate in D}0) circulation rate
ahould be variable in the range of
5,000 to possibly 20,000 gpm. Curve*
were presented for the heat production

in the reactor veaael. for the pene-
tration of radiation through various
shielding combinations', and for the

radioactivity induced in the piping by
delayed neutrona emitted in the circu-
lating system. Problems incurred in
handling the deuterium and oxygen
resulting from the radiation decompo-
sition of moderator and the pressures
and stresses in equipment resulting
from the explosive recombination of
the gases were diacusaed. Information
regarding the preliminary flow sheets,
layouts of reactor and circulating
equipment, design of the core tank and
other pieces of equipment, and some of
the criticality and control calcu-
lations ia presented in thia report.

Recent corrosion information makes
it appear doubtful that a reactor con-
structed of atainleaa steel and fueled
with wuranyl aulfate tan be operated at
250*C with the concentrat ion of uranium
required for producing plutonium.
However, the ISHB is intended to serve
as a pilot plant for testing a variety

R. B. Brin*. R. E- A**a, J, 0. BriKiti,

R. H. CS*pa*a, P. N. lultirtick, C. 1. 11*11, ill
T. 1. Pi|for4a, g*a*|*e«em* liarlir Pr*/»»l
Q eri#rlJ Pr*|rill M,|*rt fmr P.rifg I*Sia|

earc* 1S. HS1. OWM-1Jia. p. 111.

Section Chief
P. N. Haubenreich
M. Tobiaa

Klott
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The aain circulating system for the
ISHR conaiata of the reactor vessel,
an external centrifugal gaa separator,
a ahell-and-tube heat exchanger, and a
circulating pump. Separator, ex*
changer, and pump are shown as single
equipment pieces on the flowsheet,
slthough multiple units maybe selected

for the design.

Oxygen is recirculated at high
pressure through the sxial void in the
gss separator. The decomposition gases
are carried by the oxygen from the
void through a cyclone separator to
remove entrained liquid and into the
catalytic recombiner. Hot gasos from
the recombiner pass into a cooler
where the temperature is returned to
250*C and some D}0 is condensed. A
blower is indicated in the flowsheet
for recirculating the cooled gaa.

The pressure in the reactor is
controlled by regulating the pressure
in the gas recirculating system. This
can be accomplished during steady
operation by controlling the tempera*
ture of the gases issuing from the
cooler. Under abnormal conditions it
is possible to reduce the pressure by
bleeding gas into a low-pressure

reservoir or to
by admitting gas
reservoir. Gas
storage is passed
a fisaion-product
compressed and pumped to
pressure storage.

increase the pressure
from s high-pressure
from the low-pressure
through a dryer and
absorber before being
the high-

In the
separator
into which
the core if

present conception the gas
also serves as a reservoir
fluid can be ejected from
the temperature of the
core rises and the fluid expands or
from which fluid can be removed if
the temperature decreases and the
fluid contracts. The changes are
taken up as changes in volume of the
sxial wvoid in the separator. The
minimum void volume is regulated by a

S
arn
S S

a
.
s e
S see a

a eaa
. *

aa* a a
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baffle that permits excess liquid to
overflow into an auxiliery tank. Liquid
is pumped continually fronthe auxiliary

tank into the main circulating systan
so that a contraction in the liquid
volume in the separator only resulta in

s temporary enlargement of the void.

Some liquid
reservoir flows
where 0,0 ia

from the recycle
into an evaporator
obtained to supplement

that produced in the raconbinara for
feeding into the ro'.or cavity of the
canned-rotor pumps. This feed s
necessary to prevent concentrated
uranyl sulfate, or other fuel, from
contacting the bearingsand the Inconel

can. Concentrate from the evaporator
is normally returned to the circulating
system, but it can be stored when the
fuel concentration in the reactor is
to be increased. Although an evaporator
is shown in the flowsheet, the boiling
point of the fuel nay be above the
temperature at which uranyl sulfate,
or another solution, separatas into
two phases. In this case the light
phase would contain so little wuraniua
that it could be withdrawn and used
without evaporation.

The heat
circulation

exchanger in the main
systea is a vertical,
shell-and-tube, forced-circulation
boiler. Fuel solution flows through
the tubes. Steam generated on the
shell side passes into a steam drum
where the liquid ia separated and
returned to the exchanger and the
steam is sent to aturbine or condenser.

At present, the pump is considered
to be a canned-rotor pump similar in

many respects to those used on the
WAFT) submarine reactor but with greater
capacity.

In addition to the high-pressure
system there is some equipment that
normally operates at low pressure.
This includes the dump tanks and the

0o
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Material ia trana*
locprenare feed
syateai and

feed tanka.
fro* the
the high-pressure

fuel
ferred
tanka to

aiuat be let down fro* high to low
pressure for cheaiical prociaaing.
Since neithar of theae operationa ia
rontinuoua, the operation of the
Sifh-preaaure system doea not depend
directly wupon the operation of any
part of the low-pressure ayatem. It
does, however, depend upon the leakage
through the dump valvaa being kept
aaall.

A feed pumpiaahown for tranaferring

liquid from Jlow praaaure to high
preaaure. Thia pump ia not a vital
piece of equipment, aince the tranafer

can be accompliahed by displacement of
the liquid with gaa at high preaaure.

A relatively amall recombiner
ayateai ia provided for handling the
decompoaition gaaea formed in the

dump tanka. Oxygen recirculation may
not be required if the fuel aolutiona
are permitted to boil. Steam would be

the neeeaaary diluent.

EQUIPMENT LAYOUTS

aa a prototype for the
produce ri , it ia
neeeaaary for the equipment in the
ISHR to be aimilar to that visualised
for the large reactors. It is desirable
to duplicate the equipment where
reasonable.

In aerving
large plutonium

An approach to a layout for the
ISHR wan begun by preparing a layout
of a large-scale machine utilising the
20,000-gpm pump, heat exchangers, and
valves described in the following
section on "Engineering Studies of

9B

Components." The result was a circu-
lating system consisting of a reactor
surrounded by a number of similar
equipment cells. One of the cells
attached to the ISHR reactor vessel
is shown in Fig. 43. The layout
illustrates the most desirable one for
the reactor and circulating system,
aince it involves wuse of full-scale
equipment operating with a flow of
20.000 gpm.

shown in Fig. 43 re-
19,000 liters
removing
excess of

The arrangement
quires a hold-up of about
in the system and ia capable of
200 megawatts of heat, far in

that required for 50-megawatt operation.
Figure 44 shows an arrangement in which
only one gas separator and one heat ex-
changer are taken from the typical cell
and the pump capacity ia reduced to
10.000 gpm. This still involves the
use of some full-scale equipment, but
since the pipes are smaller the fluid
hold-up is lesa than 12,000 liters.
The cost of the installation should be

reduced significantly.
Figure 45 shows an alternate arrange-
ment to that shown in Fig. 44. This

reactor and two
Each cell contains a
5000-gpm circulating system. The total
liquid hold-up ia near 12,000
The equipment iaone fourth to
the aise of that which would
in the large reactors and is
same in site
developed for the
Thia installation
pensive than that
should operate more

arrangement shows a

equipment cells.

liters.
one half
be used
about the
equipment
reactor.

aa some of the
submarine
would be
shown in Fig.
reliably.

more ex-
43 but

The
additional
made.

three layouts are receiving
study before a selection ia
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*UIAN OP BEACTOR VESSEL ehere
In the last quarterly report**~ 7(r) = teaperature above dataa at r,
« food approximation for the total
heat production in the vessel wall R * outer radius of core,
surrounding a 6-ft-dia core «ai
reported aa Tj = inner radius of pressure
*hell,
« « W, ¢ Ht (1)
1 outer radius of core ¢ thick-
*here H ia the total heat production ness of thermal shield,
in Mev/ca* *sec; Ht. H,, Ht. a, b, )
and ¢ are conitmti evaluated froa 2 outer radius of pressure
. . shell,
the heat production curves; and x ia
tha distance (in centimeters) into o
the theraal shield. k = theraal conductivity of metal.
With the heat production function From the boundary conditions it is
known, it is possible to calculate the aeen that the temperature is a maximum
teaperature distribution in the reactor at the outer surface of the vessel.
shell. Soae simplification in the This produces a maximum tensile stress
calculations was achieved, with no at the inner surface of the vessel.
important error in teaperature distri- Timoshenko*1* gives the equation for
bution, by neglecting the curvature thermal stress at the inner radius of
of the shell. The temperature of the a hollow sphere as
inner surface was taken as the datum
and a condition of no heat flow 30E
(perfect insulation) was assumed for I 7(r) r* dr (3)
the outer surface. 1 - v) - )
t,
Under these circumstances
T(r) 2 & - t-«(r,-S) o o <r,-*> A
k a* 6* c*
c(r,-gf g (x|
a b c
Ht : "t H.
— v—1 .- » ( -—-
. . of fl«l »<*<«/. UrQr...
[»ex.. p. 1. 114 Hill, N« York, IVJa4. «Irese Q
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FOR PERIOD ENDING JULY 1, 1952

where crf is the tangential thermal atreaa and P ia internal preaaura, both
(pai), a ia the linear coefficient of in pai.

thermal expanaion (in./in.**F), E ia
the modulua of elaaticity at the
operating temperature (pai), v ia
Poiaaon’a ratio for the material, and
T(r) ia defined by Eq. 2.

Neglacting the minor atreaaea due
to aupporta and the Ilike, the atreaa
ia eaaentially the aum of Ega. 4 and
5. Since the thermal atreaa iadirectiy
proportional to wall thickneaa and the
hoop atreaa ia inveraely proportional,

Carrying out the neceaaary inte- their aum muat be a minimum for aome
gration between limita, the thermal particular ahell thickneaa and thermal
atreaa ia given aa ahield thickneaa.

Ili
¢ — i
«* [ p? ’ 3 7 ] 1 * n ? i
el(r,-A) 701 ¢ -Ay k- [r;c
- L7760 [F
H r, 2r. 2 (A og2r* 42
| L . * . * * C*

k(I - u) (rc -

Hrr 1l «a.e” <rt~"" (hlt—{Y n
----------------------- L S 0 | Eo

Ha ht

'g L
C /

In addition to the thermal atreaa The problem ia one of calculating
given by Eq. 4, there ia a hoop afeai the atreaaea for varioua ahell thick-
acting due to the internal preaaure. The neaaea and for varioua thermal ahield
thin-aphere formula for hoop atreaa, thickneaaea to find an acceptable

which uaea the mean diameter, ia given aa combination. Thin haa been done for

apecific powera of 15 and 75 kw/liter

Prl in the core for a carbon ateel veaael.

The reaulta are preaented aa a family

of curveainFig. 46. Thermal atreaaea

would be about four timea aa great in
where of ia tangential preaaure atreaa atainleaa ateel veaaela.
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In order to limit the total itran
to a maximum of 10,000 pai, tharaal
ahirldinn must be added. For a
2-in. theraal shield the ahell thick*
neaa should be 2.75 in., and for a
3*in. theraal shield the shell thick*
ness should be 2.25 in. for 15 kw/liter.

a proposed
vessel aith
and a tall
A pressur*
aystea is
froa the
portion of
type 347
re-

Figure 47 pictures
design for the reactor
a 2.75*in. theraal shield
thickness of 2.50 inches.
lied, noraal*«ater cooling
used to remove the heat
theraal shield. The inner
the theraal shield is made of
stainless steel for
sistance, whereas the

corrosion
reaainder of the

shield is carbon steel. Linings of
materials other than stainless steel
are considered reasonable with this
type of vessel construction.

PUNPS

The problems of pumping solutions
for large-scale reactors are discussed
at some length in the "Engineering
Studies of Components" section of
this report. Rork on the design of a
20,000-gpm, canned-rotor, circulating
pump is in progress at the Allis-
Chalmers Mfg. Company. This pump
probably could be used in both the
20,000 and the 10,000-gpm circulating
systems of Figs. 43 and 44. The
5000 -gpa pumps in Fig. 45 could be
modifications of the pumps designed
for use in the submarine reactor.

The awuxiliary circulating pumps
shown on the flowsheet are expected
to be similar to the 30-gpa and 100

canned-rotor

corrosion
feed pump
development,

or 150-gpm Westinghouse
pumps now being used on the
loops and the HRF.. The
will require considerable
since it will be required to pump
solutions and/or slurries at a rate
of 5 to 10 gpm against a pressure of
1000 pai. Multistage pumps hsve

aaa
a a aa

FOR PERIOD ENDING JULY 1, [*52

application
and Byron*

been suggested for this
by the Al11lis-Cha laers
Jackson Coagianiea.

NEAT EXCHANGER

the aain
shown in Fig. 48.
exchanger depends
upon whether one unit is required to
handle 10,000 gpm or whether two
5000-gpa wunits are uaed aa in the
arrangement of Fig. 45. In principle,
the operation is the saae. Fuel
solution flows through the tubes and
steam is generated on the shell side.
The U-shaped tubes are stainless steel
and are welded into a stainless steel
tube sheet. The tube sheet la welded
to a stainless steel head that con-
tains the outlet pipes and to a carbon
steel shell, thus all-welded
struction is provided. Consideration
is being given to the use of a double
tube sheet with a space between sheets
so that leaks that result from welding
the tubes into the front sheet can be
detected before radioactive fluid
enters the steam system.

A general proposal for
heat exchanger s

The site of the

con-

The sise of the exchangera and the

number of tubes depend upon the
tolerable pressure drop. For a 40-pai
drop through the tubes, the 5000-gpm

removing 50
producing
about 17 ft

capable of
heat when
will be

exchanger,
megawatts of
200-psi ateaa,

long, 45 in. in diameter, and it s
estimated that it will contain 1030
tubes H in. in diameter. An exchanger
19 ft long, 63 in. in diameter, and
containing 2060 tubes is required to
handle the 10,000-gpm flow and to
remove 100 megawatts of heat from
250*C fluid when producing 200-psi
steam. To reduce the pressure drop
to 20 psi with the same tube diameter
requires a 35% increase in the number
of tubes. The over-all lengths of the
exchangers are decreased by 2 ft.
Because of the large site of the
3719 ;j5
105
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rtf. 4S. Exchanger.

bundle and the clone

tab* apacing of

tubea, forced convection in required
to obtain the neceaaary circulation of
eeter through the eheli.

The deacriptionn of the exchangera
preaented here are baaed upon pre*
llaiaary deaign atudiea by the Lummua
Company and any be changed conaiderably

aa more information in developed.

841 .SEPARATOR

The centrifugal aeparator proponed
for the reactor circulating ayatea in
ahomn in Fij|. 49. Ligquid froa the

FOR PERIOD ENDING JULY 1, 1952

FIf. 4». Proponed Gan Separator
far |kmr.
reactor core entera the aeparator

through a volute caatng into Section |I.
The volute caatng iaparta a large
tangential component of velocity to
the atreaa, and the gaa bubblea are
centrifuged toward the void at the
renter of the aeparator. A mixture
of oxygen and D,0 vapor ia brought in

through the central gaa inlet pipe
to dilute the gaa (Df, O,, and D,0)
that ia releaaed at the liquid-gaa
interface of the vortex void. In
thia way the deuterium concentration
ia reduced to 1 or 2 mole %, which ia
far below the exploaive limit.

Exceaa liquid in the ayatem in
apilled over into Section 1l and
returned to the dump tanka or other
receivera. Gaa that hua been aeparated
continuea through Section Il into
Section [Ill and ia releaaed through
the gaa outlet pipe into a cyclone

107
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liquid-pmrticle that ia«

Mediately follow*.

itpiritur

Separationof the pai ia eaaentially
complete iathe first 4 ft of Section I,
but the additional length provides
a safety factor and a larger void
volume for expanding liquid. The
baffle near the liquid discharge has
been provided to define the length of
the vortex void. The pressure drop
of the Iliquid through the separator
haa been coaputed to be about 3 psi
and the preasure drop from the liquid
inlet to the gas outlet 4 to S pai.

HIOM-PRESSURE RECOMBINES SYSTEM

The design of the highepreaaure
recoaibiner system haa not progressed
sufficiently to gives firm description
of the aystem or equipment. Sooe of
the information developed ia presented
here to give an indication of equipoent
sise.

In the will be
circulated

rate

current design gas
through each separator at a
of approximately 350 cfm. Thia
gas mill contain 45 mole % 0} and 55
mole % DjO vapor. Deuterium equivalent
to half of that produced by 50-mega«att
operation results in a Dt concen-
tration of 1 mole % in the gas leaving
the separators, in the arrangements of
Figa. 43 and 45. when both cells are
operating.

The gas passes into a
separator, 12 in. in diameter
long, in which particles 10 /* or
larger are removed. Following the
cyclone ia a catalytic recombiner
packed oith alumiaa pellets containing
0.3R platinum or possibly palladium.
The pel lata are 1/8 in. long by 1/8 in.
in diasmeter and are packed between two
concentric, cylindrical screens to

cyclone
by 42 in.

form a tubular bed 5 in. in inside
diameter, 3 in. thick, and 5 ft long.
The catalyst bed is installed in a
7-ft long, 16-in. pipe through a
108
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flanged opening. Gas flows into the
bed through the axial opening and
leaves the recombiner through the
annulua between the bed and »he pipe
wall.

The temperature of the gas in-
creases 72°C as it flows through the
catalyst. It is cooled to 250°C again

in a tubular heat exchanger similar in

many respecta to the main heat ex-
changer but smaller. Gas flows inside
the tubes, and steam is generated on
the shell side. The exchanger contains
128 U-tubes 3/4 in, wide and about
12 ft long. The over-all length of
the shell i* 6 ft and the diameter ia
42 inches. The exchanger ia mounted
vertically, but the gas is cooled
during about three fourths of it.
travel through the tubes; therefore
condensation occurs only in the down-
ward pass.

Following the cooler is a blower
that returns the gas to the separator.
The blower must be totally enclosed
and nay require a canned rotor similar
to that used on the pumps. The pressure
rise across the blower will be near
6 pai. The power consumed in”each
blower will be about 12 hp.

CRITICALITY CALCULATIONS POM REACTOR

The method used for calculating
critical enrichments and concentrations
in the ISHR is described in 1A-524.t4)
This method, which ia an approximate

solution of the two-group equations,

has been used at l.oa Alamos and in the
HRK criticality calculations with good
results.<*> Comparison with other

methods shows that the LA-524 method

T. A Waltss, Calralafiaat
(/lact </ tic
LA-Si* (Jaa. It.

I. P. Fcyawaa ill
e/ Critical gaatet /acladiag tie
Sitfrikafiea </ Saatraa latrgiat,
[*4T>.

IS,T. A teltea, I. T. Silliaaa, L. H. Tkecker,
aal P. I. laa4. ff*aa|ta«aai Starter Fre/cct
9aart*riy Pregrat* gtparl /at Pcrtwg fadiaf
4a«atl 1S. ISSI. MHL-Ittl. ». e«

I MiO aaia“
“edri
too



ia quite accurate in the case of the
HRE, a >eter -modernted , water-re fleeted ,
low-concentration reactor.*e* The
ISHP is larger, the fuel nay be sort
concentrated, and instead of a water
reflector there ia a thick steel shell
around the core. Despite these dif-
ferences it ia believed that a reason-
able approximation of criticality re-
quirements can be obtained for the
ISHR by this method.

effect to calcu-
"reflector."”
of similar transport
reflector does

diffirult
of the steel

The soil
late ia that
The aasuaiption
properties in core and
not hold true in this case. Accurate
values for diffusion constants for
steel are not known and must be calcu-
lated from cross-section data. In the
present design for the reactor vessel,
water circulates in passages between
the ateel sheila. Presumably this
would reduce the effectiveness the
steel as a reflector, since fast
neutrons will be slowed down in the

water and absorbed in the steel. In
view of the approximate nature of the

method sa applied to this reactor, no
attempt was made to take the water
into account.

of

Table 28 gives the macroscopic two-
group constants used. Values for D.O
are baaed upon information previously
reported.*7* Conatants for type 347
stainless steel were calculated from
cross sections given in Science and
Engineering of Nuclear Power, General
Electric Chart of the Nucltdee, and
from ANP croas-section data.

UQjS04-Dj0 solutions, L* ia
the presence of uranium

For

corrected for
and sulfur!

taeegeeeeaa
far
St.

L. C. Wxkdhari ssA P 1. 1td,
teeatar Pre/eel Quarter If Pragraaa taperl
Pariai iadiag Kaaamkar |J. |#J|, OoMI-10t. P.

<7'*. f. Laaaias aaS L. C. HaSarar, Critical
Caltalaliaaa far Bamagaaaaaa Laa-tari*Saaat
UO1IM t -PJO Spatama. OML CP-S9-11-41 (Nav. |J,

FOR PERIOD ENDING JULY I, 1952

L*(D.0) I (D.0)

(X.Ul) ¢ 1.(8) ¢ S.(D,0\}r*
where F is the volume fraction of D,0
in the solution.

Table 18
TWO-GROUP CONSTANTS AT t»0*C

P, (cm) T (€S%) t* («.7>

Typ» 347 Main-

stssl 0.496 99.4 0.334 1.77

0,0 1.43 196.4 1.26 SS. 430

that follow are baaed
upon a spherical steel shell 6 ft in
inside diameter and 5 1/4 in. thick
(the over-all thickness of the core
tank, thermal shields, and prasaura
vessel). Figure SO shows critical
enrichment as a function of concen-
tration for various temperatures from
100 to 2SO0*C. Figure SI is a plot of

The results

jaccaaawec
oAd harra

aoo soo
coNctumaTiQN <«at u*wine ty»

Pig. M. Critical Karl

Coaceatratloa.
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CONCENTRATION (g of U par g of D,0)

Fig. 81. Critical Temperataure vs.
Concentration for 2.48% Enrichsent.

the critical temperature as a function
of concentration when the enrichment
is that necessary for criticality at
250°C with a concentration of 250 g of
uranium per liter of solution. Large
changes in fuel concentration are
required to achieve small changes in
reactivity (or operating temperature).
This increases the stability of the
reactor but makes control by adjusting
concentration less attractive for
normal operationm.

CRITICALITY CALCULATIONS FOR DUNP TANKS

Critical comcentrations and enrich-
ments were calculated for dump tanks
of various sizes by a method essentially
the same as that used for the core
eriticality calculations.®) For
these calculations the following

assumptions were made: (1) the tanks
0y, A Welten, Sinplified Toee Cales-
. Therae ters,

e .0 = B

- A

0 as &

H.I:

are infinite eylinders in an infinite
water reflector, separated by suf-
ficient distance so that one cylinder
has no effect upon another; (2) the
fuel is U0, slurry in a normal or
heavy water moderator; (3) the atomic
ratio of fuel to moderator is suf-
ficiently small that in the core the
transpert properties, that is, dif-
fusion coefficient and scattering
cross section, are the same as for
pure moderator; (4) the Fermi age is
the same as for mederator only; (5)
the thermal diffusion length is cor-
rected for the uraniumin the tank; and
(6) the temperature of tank and re-
flector is B0°C. The results of the
caleulations are given im Table 29 and
".- “n

Table 29
TRO-GROUP CONSTANTS AT 80°C

Dy (em) |7 (en®) | B, (em) | L7 (en?)
Bo | LITe 34.82 | 0.1741 | B.612
3 1.158 | 126.8 | 0.9550 | 17,915
- = - rm— e ;
NN R f‘i i*L: :
[ 7] - - -+ “ g
- 44444 ' ,'J‘u‘ TJ
l o — .- —4 fT |
| " 1 | \
- ——- 44 11 T
I NI T
i | | |
b — ‘e i.- 334
i v =
. —E
4+ -
s i H L f I
) w0 4 WK 0 40 K0 00

CONCENTRATION (g of U por by of MODERATOR)

Fig. 53. Dump Tank Critieality.

An initial evaluation of the safety
of the reactor can be obtained by
estimating maximum power and pressure

37ATIe 120
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increases that occur as a result of oinisiuai distance. Calculations wars
instantaneous increases in reactivity. baaed upon the change in reactivity
The equations used and aethods of thiK occurs aa a result of a 2.5%
solving the equations have been re* change in the denaity of the fuel
ported in previous HRP quarterly aolution in the core. Such a change
reports and by Sangrea.*9* These in denaity oight occur aa a result of
calculations have bean aade for the substituting fuel solution for the
ISHR operating at a specific power voida in the core or an instantaneous
of IS hw/liter at 100 and 250*C with change in tenperature of 11*C at 250*C
various concentrations of uraniuo of or 18*C ot 100*C.
critical earichuMst. In addition, too
locations of gas separator (void into Results of the calculations nade
which the liquid expands) were con* with tho short*foraul a solutions of
aidered. One was 40 ft froa the core, the equations are presented in Table 30.
the distance shown in Figs. 43, 44, The pressure rise is considered to be
and 45, and the second location was Within a factor of 2 of that calculated
8 ft froa the core, a convenient by nore exact nethods. Indications
are that the pressure riaea nay not
C. S«glrei, jmiiif Ctlftif fifti be serious oven with the gas separator
Geeowwoooo® ffttfUrt," OHWt-IffS (April |, IfSSI. sO ft Iron the core.
Table gg
FOtBB AND PRESSURE RISES RESULTING FROG |. It INSTANTANEOUS
CHANGE IN RRNRITT OF CORE
URANIUM AT ioo0*c AT 250*C~*
OQNGEHTIMTICN Arc  Ap»» An* AP»»
AA * * ) 0fy * *
(«/») FIFO® /T, (pai)  (pai) )% (pat) (pai)
1.4 G.02GS It 10 19 1
SO 0.0199 S0 21 1 2 G.0221 Sl S2 21 4
100 0.0uUs >9 21 1 2 9.9147 14 12 22 4
ISO 4.0111 rt 24 I t 9.0124 44 24 29 1
S00 0.0085 27 24 9 2 9.9100 44 49 S2 T
*S*p*rat«r 44 (< lim i.m.
Saparatar | It fr,« aara.
r 111
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ENGINEERING STUDIES OF COMPONENTS

C. B. Graham, Section Chief

J. S. Culver J. 1. Lang P. N. Stevena
J. A Hafford L. B.Leaem D. Taylor
C. «. Keller V. L.Roaa R. H. Vilaon
B. J. Kedl I. Spiewak C. D. Zerby
4«en-can roar test loop data of the comparison demonstrated
that a 1200-rpa synchronous-speed
The 4000-gpn Byron Jackaon pump machine hsd reasonable relative fluid
and approinnately 10% of the major velocities and the beat over-all (pump
component! of the teat loop and and motor) efficiency of the four
auitliary equipment have been received, speeds that were compared. The 1loe

and all major tteaia of equipment are
on order. Completion of delivery of
all material for the loop is amtici-

pated by November 1952,

mBP MAIN CIRCULATING PUMPS

Three pump manufacturing companies
have shown an active interest in the
program to develop pumps for large-
scale homogeneous reactors. The Allis-
Chalmers Mfg. Co. is under contract
to design and possibly fabricate
20,000-gpm, totally enclosed, canned-
rotor pump. A similar contract is in
the final stages of negotiation with
the Worthington Corporation. Proposals
for aprogram to develop a satisfactory
shaft seal applicable to a standard
type of high-suction-pressure pump are
being discussed with the Byron Jackson
Company.

Al 11s-Cbalaers Pomp Development.
The Allia-Chaleers Mfg. Co. has com-
pleted the preliminary design and
engineering studies (phase 1) of the
totally enclosed, centrifugal pump.
Work on the final design (phase 1I1)
of the pump ie well under way.

A comparison of pumps of several
synchronous speeds for 20,000 gpm
capacity haa been made in the last
quarterly report.<l) The pertinent

*1*C. B. Gral., «t el,, ff * R e a d e r
P'tjttt Qmaritrif fnirrn ftrpert far ht\la4
ladimg Hmrth 1S. 1Sit, OIPL- »*»e. ». Hi.
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relative fluid velocities would be

desirable from the standpoint of
corrosion-erosion or mechanical erosion
if sn aqueous slurry is used.
Allis-Cha 1ners is designing a
1200-rpn synchronous pump with a
capacity of 20,000 gpm to develop a
head of 160 ft of 1.5 (and lower)
specific-gravity fluid. The pump is

a canned-rotor, totally enclosed type
that has a metallic diaphragm to seal
the motor stator from high-pressure
fluid. The canned rotor, which in-
cludes ametal-seal ed armature, rotates
submerged in the high-pressure fluid.
The fluid fills what would normally
be the air gap in s standard motor.
Pump bearings to support and align the
rotating parts are of the hydraulic-
presauriaed, fluid-piston type that
have either an auxiliary impeller
attached to the rotating shaft or an
external source to supply pressurised
water to the bearings. There are two
radial bearings and one thrust bearing.
The thrust bearing will take loads in
two directions. One radial bearing is
located nesr the top of the rotsting
shaft and the other one is located
between the armature and pump impeller.

be positioned so that
be vertical, with the
pump impeller at the bottom and the
motor at the top. The fluid-filled
motor and bearings chamber of the
pump will be isolated from the impeller

The pump will
the shaft will

3713 122
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and volute by a cloaa-claaranca
labyrinth. By injecting uncont animated
eatar into tha motor and bearings
chamber and continuoualy flushing
through the labyrinth into the pump
volute, the corroaion on tha motor
and bearing part* should be reduced
considerably. The flush volume would
be small enough to mahe dilution of
the pumped fluid inaignifleant (in the
order of 1 gpm through the labyrinth
to 20,000 gpm through the pump).

Vhe preaent design for the Allia-

Chalmers pump provides a built-in
cooler to keep the bearing and motor
chamber eater at about 13%0*F. The

upper radial-bearing eater supply and
drain will be cooled in tubing conduits
to the upper bearing. Tha tubing will
lie in an annular channel in tha pump
casing or outaide the casing within a
lot- pressure cooling jacket. Low-
pressure cooling water will be circu-
lated in the casing annular channels
or in tha j acket.

The pump power will be supplied by
a 440-v, 6-pole (1200-rpa synchronous
speed) induction motor. The stator,
which ia sealed from the high-pressure
fluid by the metal diaphragm, has

hollow conductors. Motor cooling
water will flow through the hollow
channels in the conductors and remove

the heat developed ia the conductor.
This method of removing the heat ia
similar to an induction heating coil
in which the source of power ia often
a copper tube coil with water flowing
through the tubing. In the atater
the conductors are the major source
of heat and the motor cooling water
will remove the heat close to its
source. The conductor insulation will
not be subjected to high temperatures.
At prasent, Allia-Chalmera plans to
use Formica,, grade FF-55, and mica with

silicone varnish binder for the slot
insulation of the stator conductors.
Mica and glass-fiber tape with a

FOR PERIOD ENDING JULY 1, 1952

silicons binder will be used for
insulation of the conductor end turna.

tha pump casing
impeller of

Construction of
enclosing the volute and
the pump will not be assy. The major
diameter of the casing will be approxi-
mately S ft. The casing and volute
are irregular and asymmetrical in all
planes. No two vertical aaetiena
through the casing will be identical.
The suction pressure will be approxi-
mately 1000 pai, aad tharafora heavy
wall aectiona will be required.
However, several equipment fabricating
companies have inveatigated tha con-
struction of the pump casing. Each of
three companies has studied adifforent
method of fabrication, and each reports
that the construction is feasible and
can be accomplished by present shop
techniques aad equipment. Lebanon
Steel Foundry has atudied tha casing
construction by casting with typo 347
stainless steal. The Midvale Company
investigated construction by machining
and welding heavy plate sections. The
Lukenweld Division of Lukens Steel

Company inveatigated construction by
forged, formed, and welded fabrication
of type 34? stainless steal. The last
two methods will produce a walded,
wrought stainless stee 1casing, whereas
the first method results in a cast
structure. The present limited
information on the corroaion of ma-
terials by HR> fuel solution indicates

staminas steels ara
superior to cast staialaaa atoals.
Hence, the wrought construction will
probably be the preferred method of
fabrication.

that wrought

lortklagtoa Corporation Pomp
sevelopnent. Tho Worthington Corpo-
ration has done some preliminary work
on the design of a 20,000-gpm cen-
trifugal pump, although completa
agreement has not been reached on the
contract to design, develop, and
fabricate the special pump. Negoti-
ations to complete the agreement are

113
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ia the final and the contract
ahould be negotiated before July 1952.

Unlike the Allis-Chalmers design,
the Worthington Corporation's pump
design incorporates aaore conventional
high-suetion*pressure pump driven by
a standard electric awtor. Worthing-
ton* a preliminary design sad engineering
studies have produced a bearing-
pressure breakdown design that utilitea
an injection pump to introduce a small
volume of uncontaminated water into an
annulus formed by the drive shaft and
a aleeve bearing. The layout of the
pump unit would show the pump casing
containing the impeller followed by a
bearing-pressure breakdown around the
drive shaft that is. ia turn, followed
by an atsiospheric-preaaure shaft seal.
External to the shaft seal ia a heavy
thrust bearing and the standard motor.
The unique, wuncertain, and highly
specialised element of the Worthington
design ia the method of breaking the
pressure down along the power drive
shaft between the pump and suitor. This
pressure breakdown muat ope rate against
a working pressure of approximately
1000 psi, and it must prevent external
leakage of the pumped fluid. Also,
the breakdown unit should provide a
bearing surface so that the radial
load that the pumping impeller puts
on the drive shaft will be balanced
and the shaft aligned to aaintaia
alignment of the impeller to the casing.
Hence, the high-pre a*ure breakdown
becomes a combination aleeve-type
bearing-pressure breakdown. Further,
the bearing breakdown must provide
trouble-free, continuous operation,
since it is desirable to hold mainte-
nance and outage time to the very
minimum on the HRP equipment.

The uncontaminated water
into the bearing breakdown will be at
a pressure substantially higher than
the pressure in the pump casing.
Consequently, aportion of the injected
water will flow along the bearing

injected
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toward the iapeller and prevent
leakage of the reactor fluid into the
bearing. The remainder of the injected
water will flow along the close-
clearance bearing annulua away from
the pump. The pressure of the injected

water will be reduced to atmospheric
pressure by the fluid frictional
resistance of the clo ae-c learsace
annulus. The atmospheric-pressure
water will be retained by a rotating,
mechanical shaft seal and flow back
to the sump of the injection pump.
The shaft seal will be about S ft from
the pumped reactor fuel fluid, and
there will be stainless steel, heavy
water (most likely), and reactor
shielding to shield the organic
plastic or rubber materials that
conventional mechanical shaft seals
utilise to function properly.

To determine whether the selection
of bearing materials and seal design
is adequate and whether the system will
function properly, two bearing break-
down tests wunits will be built and
tested by Worthington. The Worthington
contract requires that they prove the
feasibility of the bearing breakdown
unit before work on the final design
and fabrication of the pump unit is
started.

eproa Jackson Company Shaft Seal
Wevelopnent. The Byron Jackson Company
has made proposals to initiate a re-
search and developmental program
for a satisfactory high-pressure
mechanicsl shsft seal that can be
installed on a conventional pump. This
development ia expected to be long-
range, but if it ia successful it will
result in a pump that utilises con-
ventional bearings and motor and
operates at higher efficiency.

This program would consist of
ascertaining the best mechanical shaft
seal design and the suitable con-
struction materials for the service

requirements ofspump in a homogeneous
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reactor. The work trill involve con-
siderable designing and experimental
taating to attain the objectives. In
contrast to the Worthington pump unit
that utilises a mechanical abaft seal
at atmospheric pressure, located about
5 ft from the pumped fuel fluid, the
Byron Jackson mechanical shaft seal
will be required to establish and
maintain a high pressure (ia the order

close to the
radiation 1is

of 1000 psi)
puaqgred fuel

relatively
fluid where

high. Consequently, the mechanical
shaft seal cannot be of a conventional
type with standard materials of con-
struction such aa organic plastica or

elastomers.

The following design criteria and
service requirements were specified
for the mechanical shaft seal, to aid
Byron Jackson in making the proposals
for a developmental program.

1. The seal should be suitable for
use on a 20,000-gpm pump with external
bearings that pumps a corrosive ester
solution with properties similar to
water:

a. normal suction pressure, 1000
P*».
6. auction pressure capable of

pressure increase of 500 psi for
a short duration,
c. ahaft speed, 1200 or 1800 rpm.
2. The seal should be backed by a
second seal or other means for pre-
venting losa of fluid in case the main
seal fails.

3. Clean heavy water nay be supplied

to the seal to prevent corrosive
solution from coning in contact with
seal parts:

a. small inleakage (say about 1gpn)

to the pump ia permissible.

FOR PEIt100 ENDING JULY !. 1952

b. leakage to the atmosphere must
be very low (a few drops per

day).

4. No adjustment or replacement uf
the seal after operation should be
required, since this would be difficult
if not impossible.

5. Seal parts should ba made of
corrosion and radiation resistant
materials and should be cooled to
less than 100*F to minimise corrosion.
The following materials are corrosion

resistant and suitable for operation
in dilute water solution: austenitic
atainleas steels, tantalum, titanium,
Stellite No. 98M2, Stellite No. 1,
Stellite No. 6, StarJ metal, graphite,

Graphitar No. 14, ailverefilled

graphite. Inconel, Worthite, and
Elgilloy. Unsatisfactory materials
include: rubber, synthetic rubbers,
organic plastics, leather, asbestos,
and, in general, the netala and alloys

not listed above.

FUEL FCRI NIP ICVKLOPICNT
Large-scale

will require

homogeneous reactors
fuel feed pumps. The
pulsafeeder pumps used in the HBE
probably will not be auitable because
of capacity and other limitations. A
multistage centrifugal pump will
probably be the preferred type, since
it is anticipated that future homo-
geneous reactors will operate at around
1000-psi pressure. The centrifugal
pump must be a multistage unit to
develop the required high heads
(slightly higher than 1000 psi) in
order to inject fuel fluid into a
pressurised reactor or a high-pressure
dump tank. The head requirement is
similar to that of the HBE;, hence, if
a high-head centrifugal pump could be
developed in a reasonably short time
it might provide an alternate pump to
replace the pulsafeeder pumps in the
HBE. Discussions with pump manufacturing
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regarding a feed puap have
application
requirement.

companies
been conducted with dual
of the puap aa a service

service requirements
specified for the

The tentative
and design criteria

fuel feed pump are as follows:

1. capacity, 10 gpa, oust be able
to throttle to approximately 1 to
2 gpa and maintain stable flow,

2. head, 1050 to 1100 pai at dis-
charge, with fluid of specific
gravity 1.0,

3. fluid temperature, approximately
170*F,

4. fluid specific gravity, aay vary

from 1.0 to 1.5,

5. approximately 3 ft of positive
suction head above atmosphere
available for 2-gpa application,

with more available for 10-gpm
operation,
6. fluid saturated with H, and Oa

or slightly supersaturated at
at pump suction,

7. fluid capable of generating a
small amount of and during
the time it flows to and through
the pump,

8. fluid, a corrosive aqueous soO-
lution or an aqueous slurry,

9. no external leakage permissible.
Three pump manufacturing companies
have been contacted regarding the
design, development and fabrication of
the feed pump. A preliminary proposal
to design and fabricate a totally

enclo'ed, canned-rotor (motor arrange-
ment similar to the one described
under "Main Circulating rump") feed
116
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pump has been received from the Allia-
Chalmers Mfg. Co. Their preliminary
design of the centrifugal pump features
30 stages and preaaunied, fluid-
piatom-type bearmga.

The Byron Jocks on Company hns built

a 22-stage, 10-gpm centrifugal pump
for boiler feed water service. Am
alteration of this pump to replace
some materials and provide a leak-
proof driving design aay render it
suitable for homogeneous reactor feed
puap service. A proposal to design

and fabricate a feed pump is expected
from Byron Jackson by July 19S2. Alao,
the Ingerso 1i - Band Company aay be
interested in designing and fabricating
a feed pump suitable for homogeneous
reactor service.

IMLATIBN VALVES

Hecently negotiations were started
with the Crane Company of Chicago to
obtain an agreement whereby they would
make a predesign study of the 20-in.
isolation valves required in the
external circulating systems of a
large homogeneous reactor.

The purpose of the study is to
establish fundamental design concepts
and feasibility of one or sore special
valves for use in a system containing

an aqueous solution and in a system
containing a slurry.
It is essential that these large

trouble-free as possible
operation of a

valves be as
since the continuous
large homogeneous reactor is dependent
on them for isolation of units if
failure occurs in any equipawnt m the
external circulating system.

For purposes of guiding the pre-
design study, the following tentative
specifications were submitted to the
Crane Company.



General Valve Requirtatnli

1. The valves ahall ba of a alia
suitable for installation in a 20-in.,
schedule-100, pipe line.

2. The valvea shall be operated
by renote means.

3. The valves shall be of the
shut*off type operated to a fully open

or closed position.

4. The valves shall be capable of
beinf operated freely from either a
normally closed or normally open

position after extended Ilengths of
time in the normal position.

5. All parts subject to failure
shall be replaceable by remote means
with relative ease and without the
necessity of removing the valve housing
from the pipe line.

6. The valves shall be capable of
operating in the pipe line system
where the contained fluid haa the
following characteristics:

e. 482°F temperature,

6. 1,000 psi pressure,

c. 25 ft/aec velocity,

d. contain up to 3.5% by volume
explosive gas and steam.

7. The maximum design stress for
wet surfaces of the valvea shall be
10,000 psi under all operating condi-

tions.

8. When the valves are closed,
there shall be no leakage of the
system fluid across the valvea with a
1,000-psi differential pressure imposed
across the valves. Very small inleakage
of uncoatamiaated, injected water
through the valve seat is permissible.
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9. There shall be no external
leakage of the system fluid throughout
its life expectsncy. The life ex-
pectancy is estimated to be 500 cycles
of trouble-free operation over a ten-

year period, without maintenance.

10. The valves shall be capable of
operation with approximately 25- to
50-pai pressure drop at the closed and
partially open positions unless large
check valves are used.

11. Means shall be provided by
which any gas or steam trapped in the
valves from the system fluid can be

removed during operation. Means shall

alao be provided for flushing system
fluid from the mechanism prior to
reaioval.
Additional Requirements for Valve to
Operate in Aqueous Solution

1. The following fluid charac-
teristics will be considered part of

item 8 above when the valves are for
use with aqueous solution:

a. pH of 1.35,

b. specific gravity of 1.2,

C. highly corrosive.

2. The materials of construction
that will be in contact with the
solution and can be tentatively con-
sidered are given below in the relative
order in which they resist the corrosive
action of the solution - the first
material has the best resistance:

a. titanium,

b. 3 to 5% tin-zirconium alloy,

c. tantalum (hydrogen embrittle -
ment may rule this out),

d. austenitic stainless steel.
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Additional Requirament» for Valve to
Operate in Aqueous Slurry

1. The following fluid chtric*
taristies will be conaidered part of

item 8 of the general
the valves are for
alurry:

requireaienta when
uae with aqueoua

0. pHof 6 to 7,

b. particle me, 1 to 15 aicrona,
e. approximately 2.7* 10s particlea
per cubic centimeter,

d. particle kirdneaa, 2.5 Mohs,
e. general abrasive action of alurry

negligible,
f. apecific gravity of 1.2,

g. slurry will r.ot aettle appreciably
if mildly agitated.

2. Means ahall be provided for re-
moval of any trapped particlea of
alurry from the valve.

3. The materiala of conatruction
that will be in contact with the alurry
and can be tentatively conaidered are
given below:

a. austenitic atainleaa steel,
b. the Stel lites,
c. titanium,

d. zirconium,

suitable for uae
in 482°F water are likely to be
satisfactory but they must be
checked individually.

e. other metals

LARGE NEAT EXCHANGERS

As mentioned in previous reports,
the heat removal system of a 2000-
megawatt reactor might consist of ten
118
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heat exchangers. The
Lummus Co. has predesigned an ex-
changer to remove this amount of heat
from 20,000 gpai of fuel solution.
Their design appears feasible and
within the scope of industrial practice.

200-megawatt

The Lummus Co.
alternates have been
with the result that
several variations of
design appear attractive for

design and several
studied at ORNL,
one alternate and
the Lummus Co.
further

study. The suggestion has been made
that the Lummus Co. and the Combustion
Engineering Superheater, Inc., jointly
make a study of the several designs
for ORNL, and a proposal covering this
work is expected in the near future.

CORE DEVELOPMENT STUDIES

The HRE core flow pattern and
dimensions cannot be scaled up to

larger reactor sixes directly because
of the excessive liquid velocities
and pressure drop that would result.
Further development is in progress
to determine new parameters for the
design of reactor cores for inter-
mediate- and industrial-scale homo-
geneous reactors.

The most favorable geometry from
the nuclear standpoint is that of a
sphere, which also has the engineering
advantage of minimum thickness for

the walla of the vessel. There must

be adequate heat removal from all
pointa to prevent local overheating
and nuclear instability. The gas
produced from water decomposition
must be removed in a reasonable time
so that it does not have an excessive
effect on reactivity. In addition,

there are the normal problems of
pressure drop, corrosion, and economy
in construction that must be met.

The investigation is
out by examining small
possible reactors; the

3719
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obtained in this sinner will then be
used to design and build the 8-ft
aphere, which will approximately
represent an in'.ersiedi ate-scale core
vessel, and its associated equipsient.
The 8*ft sphere tests will provide
data, soae of which cannot be obtained
on a snail scale, for the final design
of large-scale reactor vessels.

Two general types of configuration

are being considered. The first is
a core with tangential inlets and with
outlets at the poles. In this con-
figuration, the fluid has a rotating
notion, which is an aid to gas renoval
fron the core. The second geonetry
gives straight*through flow and in-
cludes designs in which the liquid
has little or no rotation.

In conparing the two types of vessels
conienplated, the rotating-flov type
appears advantageous for gas renoval,
but straight-through flow can be
acconplished with a lower pressure

drop. The latter can probably be nade
to produce a definite, favorable
tenperature pattern nore easily,

whereas the tenperature distribution
in the forner is relatively fixed and
has not yet been proved satisfactory.

Snail-Scale Models.
An investigation

Rotatlag-Floe
of pressure drop
through a 12-in. sphere with four
2-in. tangential inlets and two 2-in.
polar outlets was described previ-
ously.(1> The data obtained with this
nodel are substantially in agreement
with the results obtained with other
nodels at the University of Tennessee.
The university work covers spheres
with one snd two inlets.

The data for cases of three and
four inlet**1* indicate that the
pressure drop fron inlet to outlet,
with ail inlets of the sane dianeter

and inlet velocity constant, s

f. 1%,

FOR PERIOD ENDING JILY 1, 1952

approxinately proportional to the

nunber of inlets.

Further insight into the pressure
drop problen has been provided by a
velocity study nade with pitot tubes

in the 12-in. sphere. Figure 53 shows
the tangential velocity distribution
near the outer wall of the sphere for
various operating conditions. The
abscissa is radial poaitidn divided
by the sphere rsdiua and the ordinate
is tangential velocity divided by
average inlet velocity. The pitot
tube is assumed to have a coefficient
of wunity, which is a reasonable
assumption for the type of tube
employed. The accuracy of the data is

believed to be within 10%.

The center line of the inlet pipe
corresponds to an r/R of 0.838. For
one inlet, the tangential velocity
of liquid in the sphere at this radius
is seen to be greater than that of
liquid in the pipe near the inlet, and
it fails off rapidly as the inlet jet
dissipates to a value considerably
below the inlet velocity. At an
r/lR of 0.6, the tangential velocity
appears to be reasonably constant
around the sphere. For the curves
that represent multiple inlets, there
is a gradual increase of tangential
velocity as the nunber of inlets s
increased.

Table 31 illustrates how the in-
creased velocity affects the pressure
drop. If the flow pattern in the
sphere were independent of the nunber
of inlets used, the over-all pressure
drop would be dependent only on the
square of the tangential velocity
taken at a point near the inlet.
Columns 4 sad S of Table 31 offer a
comparison of the square of the
observed velocity at r/R « 0.6 and the
over-all observed pressure drop;
column 6 shows that there is fairly

good agreenent. The deviations are
caused by snail differences in flow
119
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pattern that become more Barked aa the
nuaiber of inlets increases. It is
believed that a reasonable explanation
for this deviation is that the tan*

gential velocity distribution coses
closer to a free vortex by a small
amount aa the number of inlets s
increased.

Figure 54 is a tangential velocity
traverse at the equator. In this

case, one inlet was used with an
average pipe velocity of 6.3 ft/sec

and a flow rate of 58 gpm. It is
believed that the curvature of the
flow lines near the center of the

considerable error
reading of the
the disturbance

sphere can cause
in the static pressure
pitot. Furthermore,
of flow by the pitot is estimated to
be 17% near the center of the sphere
and 8% at the outlet radius.

The confidence that can be placed
on the data of Fig. 54 is much less
than in the ease of Fig. S3. However,
there ia the characteristic alnost-
free vortex found in HRE models**) and
the almost* forced vortex at the center.
The dividing line |a near the radius
of the outlet pipe.

FOR PERIOD ENDING JULY I, 1952

The equation describing the "free"
portion of the vortex is:

» « 4,16 ~ —0.813
n

where v ia tangential velocity in

ft/sec, r is radius to the point
under consideration, and R ia radius
of the sphere, with r and R in con¥*
sistent wunits. The pressure drop
predicted from inlet to outlet by
using this equation is 73 in. H,O.
The observed pressure drop is 105 in.
HjO. Extrapolating the observed
points to the outer wall of the sphere
and assuming a true free vortex in the
sphere gives a theoretical pressure

drop of 120 in. H,O0. Inasmuch as the
latter value is closer to the experi-
mental evidence, and also since the
errors in pitot readings are such that
velocity readings are abnormally

reduced near the center, it is reason-

able to infer that the true velocity
distribution is between m free vortex
and that described in the above
equation.

Pressure drops were recorded for

various types of outlet pipes. A
*x)(eeecomeem« |fitur fip*rn«at hftrt far l"n"ID_ Insert was mo_unf[ed Inan
oft* 9>irlir IWi»| ftkrmary It, 11JO, ORNL-ftlt. outlet pipe. Three variations were
Table 31
EFFECT OF VELOCITY NEAR TOE HALL ON TOE PRESSURE OOOF IN A SPHERE
NUMBER OF r/ir# at RELATIVE RELATIVE RELATIVE OVER-ALL DEVIATION
INLETS riM 0.*%« r/r. (rl r#)* PRESSURE DROP (0)
1 0.965 1.00 1.00 1.00 0
2 1.355 1.404 1.97 2.07 4.8
3 1.574 1.631 2.66 2.93 9.2
4 1.764 1.828 3.34 4.07 17.9
0
v tasgeetia l velocity at r *
vQ average velocity in ielet pipe A ephere radios
me see a e 3713 231 121
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Pig. b54. Tangential Velocity Ila
If-ln. Sphere with One lalet. Floe
conditions: S8 gps; inlet velocity,
6.3 ft/sec.
tried, including a sharp outlet, a
rounded outlet, and an outlet that was
sharp but extended 1 in. into the
sphere. These spheres are shoen in
Fig. SS. Pressure drops for the
sharp and rounded outlets were very
nearly the sane, but the pressure drop

for the inserted outlet was 20% higher.

The conclusion is that from apressure-
drop standpoint, either rounded or
sharp corners are satisfactory. The
rounded corner is aoaewhat preferable

froa the standpoint of corrosion.
Further work planned with the
12*in. sphere includes sdditionsl

checks of the University of Tennessee

pressure-drop correlation for varying
inlet aise; further pitot tube work,
if it continues to be fruitful; and
the testing of an outlet insert thst
would extend far into the sphere and
have a radical effect on the flow
distribution.

122 wogrgen
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Fig. 55. Sphere Outlets.

Intermediate-Scale Rotating-Flow

mode la. A 50,000-gpm loop is being
constructed for studying the flow
characteristics of an 8-ft sphere.
The first sphere will have two tan-
gential inlets of 24-in. pipe and two
30-in. polar outlets. A detailed

experiaental
and preliminary preparations
tests are being siade.

progran has been outlined,
for the

The siain coaponents of the system
are eight centrifugal pumps in parallel,

the sphere, and two 10,000-gal holdup
tanks in parallel. Valves are provided
at the pumps snd between the sphere
and the holdup tanks.

According to current shop estimates,
the system should be ready for operation

in September 1952. An initial testing
period of roughly one month will
provide preliminary information for
ISHR design work. A more detailed
examination will then be carried out
that will include work on pressure
drop, velocity distribution and
direction, residence time of liquid,

and gas and liguid mixing.
Considerable preliminary refinement
of techniques is required to fscilitate
later work on the sphere itself. This
type of work is slready well under way.
A simple procedure for estimatiag
liguid residence time, which involves
an acid-base reaction in the sphere,
has been demonstrated ia an 18-ia.
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model. Salt injection to study nixing
and flow pattern has been investigated,
and preliainary indications show
promise. Also, studies are being aiade
of lighting and other difficulties
that arise in the use of photographic
analysis in s large tank. Pitot tubes
and other possible flov meters are
being purchased or constructed for
trial runs on small equipment.

Smal 1-seal e Straight* through Models.

A preliminary model study carried
out in a 12-in. cylindrical section
was described previously. (4* Further

study is planned of a number of designs
that are scaled to the best current
visualisation ofalS*ft core operating
at 1000 to 2000 megawatts. The factors
to be examined in these models are
flow pattern and gas removal, and, if
those factors are promising, pressure
drop.

Figures 56, 57, 58, and 59 are
schematic sketches of models of the
mixing-type reactor core arrangements.
The entrance* are all in the form of
aisable jets that produce quite
turbulent conditions throughout the
sphere and lead to a fairly uniform
temperature distribution in a reactor.

Figure 56 is a model with 19 entrance
jets distributed in the southern
hemisphere, and one large outlet at

the opposite end. Figure 57 is a
model with six jets at the equator and
outlets at the poles. Figure 58 is a
model with the same entrance jets as
in Fig. 56, but the exits are annuli
surrounding the inlets. The model
shown in Fig. 59 has a single entrance
and four exits located in the sane
hemi sphere.

A second type of straight-through
reactor utilises "slug" flow. In
this case, the fluid is injected in
such a manner that turbulence is
minimised, and the flow from inlet

M NCrakaa « <!., a*, til., OWL* 1SSS, *. 149.

e n e N
eee a ana a

FOR PERIOD ENDING JULY 1, 1952
UNCL*s$ineo
DWG 1974«

Fig. »g. Suit ljet Sphere Medal

with Mae Northern Oatlet.

to outlet is smooth. The teagqgierature
distribution consists of a gradient
from inlet to outlet. In the ideal
case, more liquid flows through the
high-power-density regions than flows
through the low-power-density regions,
and as a result there is a uniform
temperature over any given horisontal
plane. The advantage of this type
of core is that there is a lower
pressure drop than in the mixing type
of core and s lower concentration of
uranium because of the lower average
temperature. The difficulty may be in

| 33 123
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Pit* >1* Sphere Model eith Six
medial Equatorial leleta and Tao Axial
catleta.

UNCLASSIFIED
DWG (5748
Pit* >e* Multijet Sphere Model

«1th Aaaalar Oatleta.

m

UNCLASSIFIED

DWG (S74S
Pig. 59. Sphere Model oith tao
Axial lalet aad Pear Axial Satiate.

the foraation of atagaant tonea.
Figure 60 io a slug-floe model with
aaall entrance jeta provided by a
perforated plate at the bottoa of the

aphere and a aingle outlet at the top.
Figure 61 io a model with vanea in the
entrance aection to create rotation
that will stabilise the slug floe.

This type of construction should aid

in gas reaioval because of the cen-
trifugal force created by rotation.
Figure 62 is a hybrid of straight-

through sad rotating—floe cores. The
uaiount of fluid entering in the teo
tangential inleta is of the same
order of magnitude as that in the teo
inleta directed at the center of the
sphere. It is hoped that this model
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Fig. 60. Sphere Nodel with Axial
Inlet and Outlet and Perforated Plate
for Distributing Flow.

will have the gas removal advantages
of the rotating-flow core with a con-
siderable reduction in pressure drop.

Further study of these spherical
models is required before a good
evaluation of straight-through flow
can be made.

Internediate- Scale Straight-through
Nodels. If a straight-through geometry
appears promising on the basis of
smal l-scale tests, an B-ft core model
will be constructed for operation im
the 50,000-gpm loop. Two steel
hemispheres have been ordered for this

purpose.
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UNCLASSIFIED
DWG. 15754

VANES

Fig. 61. Sphere NModel with Axial
Inlet and Outlet and a Vane System for
Creating Rotation of the Fluid.

If a rotational flow pattern is
used in the intermediate-scale reactor,
gas will probably be removed from a
vortex at the core outlets, or in the
outlet pipes close to the core. This
will be tested im the 50,000-gpm
rotating-flov model described previ-
ously. :

If the gas removal is shown to be
incomplete, or if a straight-through
core is selected for the ISHR, gas
must be removed in the external
system. According to the available
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HTtIMHUM
0*0 18792

Fig. «t. Sphere Bedel with Tw
TMiHtUIl UIltti, Two M ill Islets,
i«4d Two Atial Outlets.

INLET SECTION

Pig. IS. Test Bedel

126

VINE SECTION

information, th# bast way to accomplish
the axtaraal gas removal ia in a pipe
gas separator, where the liquid ia
made to spin and the gas is removed
from a central gas void. The model
shown in Fig. 63 is being assembled.
This unit is capable of handling 500
gpm, which ia five times the HRE flow
rate. The rotation ia produced in the
vane section, after which a vortex
forma. The rotational energy ia re-
covered in the volute, and thus the
pressure drop across the separator ia
reduced. Gas ia removed from a small
tube at the volute end of the separator.
Provision is made for the measurement
of separating efficiency, pressure
drop, and rotational velocity.

The unit can be reversed so that
the volute produces the rotation and
the vanes effect the energy recovery.
This will allow comparison of the two
tachniquea for obtaining rotation.

UMCIHI8k*ItU
0W6 19751

VOLUTE

UOUID OUTLET
VOSTEX SECTION

c:: *>*- = CIS OUTLET

ef Pipe flsa Separster.
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FUNDAMENTAL RADIATION CHEMISTRY STUDIES

H. F. McDuffie, Group Lauder

J. 1. Boyle V. F. Kieffer
E. L. Coupere H. H. Stone
fiAS PRODUCTION PtM URANIUM SOLUTIONS irradiated solutions of high concen*

tration UOj(NOj) suggests that the

Urnnyl Nitrate. G values for gas nitrate may be decomposed by pile
production fron uranyl nitrate so- radiations (Table 33). The gas
lutiona have been determined under analysis data for the mere dilute
conditions similar to those used for solutions of UO| (NOJ)| ere similar to
tbe studies of uranyl sulfate(>> and those found in all analyses of irradi-
uranyl fluoride.The data indicate ated uranyl sulfate and fluoride so-
that at low uranium concentrations G lutions. The small amount of N,
for H. gas production is the same as (appearing as inert gas by the com-
that lor comparable sulfate or fluoride bustion technique used for gas analysis)

solutions. At higher uranium concen- is undoubtedly due to residual air,
trationa, nitrate solutions have lover vhich is very difficult to outras from
G(H,) than either of the other uranyl ampoules and solutions before irradi-
solutions. The results are compared ation. The data for the more con-
in Table 32. centrated nitrate solutions show

narhed contrast to the results for

The ratio of hydrogen to oxygen solutions of comparable concentration
present in the ampoules containing containing other anions. The oxygen
present is far in excess of the 0 :Hj

(UJ. ». bayla. J. A Ckaralay. T. |. meeStar. ratio of 1:2 to be expected _If O.nly
C J. s.rkaatS.l, I, f. liaff.r, A C. Staaart. water were deconpoaed. The identity
*«A T. 4. Saarakt, Ckaaiifry (iimaa Qmmritrly of the large amounts of N, was con-

Prafraaa S.part fmr Parial tmdlaf O.rrakrr ||, . . . .
ftSi. ORNL-ISAt, f. If. firmed by spectroscopic examination.

'"l,a. f- UcDaffia, 4. S. Bayla. aal t. 1.

Kiaffa{r, Ckiaulr; Siaiaiaa Qaari,r i; Prmgrmii Uranoum Sulfate. A solution of

**MM /e' Pariarf farfiaf lard J|. |fS». OSNL-Ililt ..

(is yraaa). uranous sulfate containing 40 mg of
Table IS

G VALUES FOR M, PRODUCTION PROM AQUEOUS URANYL SOLUTIONS
IRRADIATED IN THE K-10 SRAPMITE REACTOR AT 120*C

TOTAL U u**> RATIO OF FISSION ENERGY C (soles H2/ 100 a»)
(wR/ml) (a«/a)) TO TOTAL ENERGY 00,(00,), U0,504 00.F,
4.24 » .« 0. 959 1.43 1.63 1.66
42.3 39.4 0.99S 1.50 1.51 1.50
110. 1 2.39 0.932 0.4* 0.0** 1.0”
420. 1 36.9 0.994 0.55 0.70 1.00
Vsle* frae ml mm aaplaratary itaAv k? 4. t. bayla aaS T. |I. RaaSlay, Jaaa t*SlI.

Yalaaa aatiaataS sraykiaally Irmm 4ata far atkar c.acaatrataaaa aaS aariakwaala.
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Table is

OASES PRODUCED ON PILE IRRADIATION OP URANYL NITRATE

concentration or UO01(RO|)1 SOLUTION coarosinoe or GASES MOff'rrD »Y MU IRRADIATION

Total U s H, (*) 0, (ft) N, (ft)

(+C/m1) (+.C/m1) ’ ’ ’

4.2 S.9S 71 25 4

42.3 39.4 frt 30 2

311.1 2.3 25 27 44

420 34.9 3C 34 21
uranium (93% enrichment) per milliliter uramum(VIl) during irradiation could
eii prepared from the corresponding be calculated. The data are presented
solution of wuranyl aulfate. The in Fig. 64. It can be seen that the
calculated amount of concentrated oxygen gas yields are very low but
sulfuric acid to supply the additional that the amount of uranium(lV) con-
sulfate ions needed mas added to the verted to uranium(VI) accounts very
uranyl aulfate solution and the mixture satisfactorily for these low yields.
treated mith sine amalgam. Air mas
bubbled through the decanted solution The G for hydrogen gas production
for S min co ensure the oxidation of in this system is 1.50. This is in
any uranium(Ill) formed by the re* excellent agreement with the value for
duction process. The resulting so- uranyl sulfate and indicates that the
lution showed almost no precipitation process by which H} molecules are
of uranium(lV) as the hydroxide at formed in a fissioning solution is not
room temperature, and it oxidised affected by the presence of the easily
slowly. Most of the samples were oxidised uranium(IV) ions. The low
irradiated when the uranium(IV)-to- oxygen yield suggests that either the
uranium(VI) ratio was about 4.0. No dissolved oxygen or some substance

attempt was made to remove the sine

sulfate present in the solutions as a

product of the wuranyl reduction.

Silica ampoules were prepared and - oot U

degassed by the sane method as that caun MunttttHT to mm oumthm

+ TOTAL OKVMM ACCOUWTtV TQM

used for theuranyl solution studies. ***
A temperature not exceeding 30*C was
maintained during irradiation by
placing the ampoules in water-filled
plastic tubes sad by holding the
temperature of the Hole 12 cooling
water to 30*C. After the ampoules
were opened and the gas analysed in
the usual manner, samples of the so-
lution were submitted for wuranium

analysis. From the resulting wu- Fig. 64. 6aa Production la 11(60,),
raniun(lV)eto-uraniun(Vl) ratio, the Eolations Irradiated la the 1*10
amount of oxidation of uraniua(lV)to Graphite Reactor at 30*C.

*'13 238
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formation reacts
uraniun(lV) ia
that aone oxygen
the presence of
to completely
be explained
of the oxygen
before it hsa
This hypothesis
two ampoules
leave no gas
that when
leave the
approxi-

intermediate in its
with the available
solution. The fact
gas ia forned, even in
sufficient uraniuai(lV)
remove it, probably can
by the escape of some
into the gas phase

opportunity to react.

was tested by irradiating
filled with solution to
apace. The data indicate
the ampoules were filled to
gas*to-liquid volume ratio

mately 1.0, the gaseous oxygen found
in the products was 17.2% of the
stoichiometric amount. In ampoules

where the gas-to-liquid volume ratio
waa nearly tero, the oxygen gas found
was only 2.2% of the calculated total
amount. Analysis of the resulting
solutions indicated that uranium(lV)
oxidation had occurred to account for
the remaining 97.8% of the oxygen.

Investigations of the effect of

increased uranium concentrations on
the gas vyields for wuranoua sulfate
solutions are under way. Preliminary
results indicate that a lowering of
G(H}) occurs as haa been reported for
uranyl solutions.

CATALYTIC SOLUTION RECORRINAT ION OF
HYDROGEN AND OXYOEN AT 100*C

Efforts during the current period
have largely been concerned with ex-
ploratory work seeding a suitable
catalyst for the solution recombi-
nation of hydrogen and oxygen at 100*C.
Such a catalyst is desirable because
of the interest in operating the HRE
in this temperature range. Copper
sulfate, which has been shown to be
effective as a recombination catalyst

at 250*C, is not significantly active
at 100*C because of the high tempera-
ture coefficient of the catalytic
reaction.

aa aaa
o« o e
e eaw
« e+ a

o« o o
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No dissolved catalyst has been
found that is effective at 100*C, but
the platinum group metals appear to
be promising catalysts in suspended
and, possibly, in colloidal form.

Experiments were carried out in 30-
ml bomba of type 347 stainless steel

attached for
Baldwin strain

pressure measurement to a
gage equipped with a
Brown recorder. The bombs were placed
in an sluminun-block-heater thermostat
that could be rocked 58 times a minute.
When heating to a new temperature the
bombs were not rocked to avoid forcing
liquid from the bombs into the dead
apace of the lines and strain gage.
Except aa noted, all experiments were
carried out using uranyl sulfate so-
lutions containing 40 g of uranium per
liter. Ordinarily 600 pai of hydrogen
and 300 pai of oxygen were charged to
the bombs.

A uranyl sulfate solution was pre-
pared to contain the major fission
products in concentrations expected
after one month's operation of a

reactor at a power density of 50
kw/liter and with no gas removal.
The following elements were included:

Ce, Nd, Zr, Cs, Mo, Ru, Be, Sr, La,
Pr, Nb, Rb, and Rh. The rhodium was
inadvertently present at ten times the
calculated reactor concentration.
While four of these bombs were being
heated without shaking, an explosion
occurred in one at about 200*C, and
the other bombs also showed very rapid
pressure drops due to recombination.
On recharging with gas, high catalytic
activity was found at 100*C. A fine,
black precipitate waa centrifuged from
the solution taken from the bombs, and
the supernatant liquid showed much
lower catalysis. Rhodium and ruthenium
were shown to be the cata lytica 1ly

i t. L. Harakall, |.a<|«a«aai
Qpmrlprlp grtffaii fitport for
IS. 1fSt. OfIHL-ilM. p. Iff.

5,J- S. Gill
*»a»lar gra/*rt
M ia| fare*
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active substance* by separate tests on
the various fission-product elements.
The bombs proper retained s con-

siderable degree of catalytic activity.
This was not removed by a 30-min treat-
ment with 31 HF-2051 WOa solution, nor
by a 3*min treatment with concentrated

HC1, but it was slowly removed by
repeated runs with wuranyl sulfate
solution at 250*C and with regular

pas pressures.

All observations of explosions in
these experiments are consistent with
the view that a catalyst particle on
the wall in contact with the pas is
heated and dried by the accelerating

recombination reaction and then
ignites the mixture.

Catalysis by Rhodium. A rhodium
sulfate-uranyl sulfate solution con-

taining 600 ppm Rh pave a first-order
solution rate constant at 100*C of
130 hr*1 at 1000 psi of 2H,:01. The
order of the reaction has not yet been
established with respect to rhodium,
hydrogen, or oxygen. After the run
the washed bombs catalysed recombination
strongly, which indicated a wall
deposit. This has been the general
experience with rhodium solutions, and,
because such a deposit renders a bomb
useless until cleaned, it has hampered
operat ions.

by Rmtheaiua. A uranyl
containing 600 ppm Ru
pave a first-order solution rate con-
stant of 3.4 hr*1 at 100*C and 1000
psi of 2H]:0} gas. The bomb did not
retains significant degree of catalytic
activity. *

Catalysis
sulfate solution

Catalysis by Palladium. Acolloidal

hydrosol of palladium stabilised by
sodium protalbinate was available.
This was tested at SO ppm Pd in the
absence of uranyl sulfate. The first-
order solution rate constant at 100*C
no

:ab a%sa aaasa a a .a.

and 900 psi of 2Ha:0a gas was 80 hr*1.
Suspensions of reduced palladium in
uranyl sulfate solutions are being

prepared for testing.

Catalysis by eamlum. A solution of
1 g of osmium tetroxide in 1 liter of
water was prepared. On heating with
900 psi of 2H,:0a gas, the gas mixture
exploded. The bomb was catalytical 1y
active after removal of the solution.

Catalysis by Platinum. An Adams
platinum dioxide catalyst(4> wsa
prepared by fusion of ammonium chloro-
platinate with sodium nitrate. This
cstalyst (approximately 800 ppm Pt in

U0jS04) gave a first-order solution
rate constant of 100 hr*1 at 100°C
and 600 psi of 2Ha:0a gas. Reduction

was expected to be effected by the
hydrogen gas. Because an active wall
deposit was obtained, which possibly
indicated some dissolving of the
platinum dioxide before reduction,
it is believed more desirable to
reduce the platinum before combining
with the uranyl sulfate. Experiments
of this type are under way.

Auric chloride showed no catalytic

activity. Iridium metal has been
obtained and will be converted to a
form suitable for testing.

The order of the catalysed re-
action with respect to the gases has
not been determined. Although the
rate is expressed above as firat
order, this has been done because of

easeof visualisation and comparability

of results and does not imply any
particular order for the reaction.
Recombination rates required for

use of a solution catalyst
100*C are '-stiaated to
Thus it appears

practical
in the HRE at
be 100 to 2000 hr*'.

that practical recombir. ation rates
- Ifalltift, cCall. \V,t |, f. (41.
- L}
r. i .40
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at a a a
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miy be achieved eith
colloidal catalysts of
group metals.

suspended or
the platinua

Experiments on stabilitstion of

noble aietal colloidal solutions by
various inorganic colloids (hydrous
titanium dioxide, silicon dioxide,
ferric oxide, and others) have been
initiated. Although temperature,
radiation, and the presence of sslts
such as uranyl sulfate do not promote

stability, the possibility of using s
colloidal catalyst will be explored
because of the relatively greater
efficiency of this form.

EFFECTS OF RADIATION ON CORROSION

The work of the HRP radiation
chemistry group has been brought to
the point where solution stability
is no longer the overriding problem
and where it is now possible to begin
studies of corrosion in the presence

of radiation. As seen in
section, one approach to
involves the measurement of oxygen
consumption in and out of radiation.
Static bombs ere used to contain the
solution.

the preceding
this problem

Severe dynamic corrosion in some
systems has been disclosed by the
operation of test loops at tempera*
tures of 150 to 2509C in the absence
of radiation. Testing in the presence
of radiation laposes certain constraints
as to apparatus sice, duration of
experiments, safety, and amounts of
fissionable material that may reason*

ably be wutilised. From a chemical
point of view it is more important
to determine the effects of changes
in controllable wvariables over as

great ranges
to put together
how long it will
it has become of
an accelerated dynamic
useful both in and out of

as possible than it is
some system and sea
run. Consequently,
interest to develop
test that is
radiation.

-vir 1

o O S

FOR PERIOD ENDING JULY 1, 1952

A review of the literature has led
to the conclusion that the dynamic
corrosion in the loops was caused by
the impingement of turbulent solution
upon the protective film and ultimata
removal or destruction of the film.
The subsequent rapid attempt of the
solution to reform a protective film
oxidises the next layer of metal
which is immediately removed by the
impingement of the solution. Thus,
in the dynamic system, the rate of
pitting may be a function of the
ability of the solution to oxidise
fresh stainless steel surfaces. It is
believed that any method of testing
that leads to impingement of metal
upon solution will give similar
results. Several possible small*
scale dynamic tests have been evolved
that may prove useful either in or
out of radiation. These tests are
described is the following, and the
ultimate choice as to wuse by the
radiation chemistry group of the HRP
will be governed by two factors:

test can ba scaled
inpile fa*

1. whether the
down in site to fit
cilities, and

be carried
period of
surveys of a
con*
use of

2. whether the test can
out in s very short
time and thus permit
variety of environmental
ditions and the possible

materials (in the tost apparatus)
that are not very resistant to

radiation.
mhirliglg Test. If a shaft is
caused to generate a conical surface
(by use of a motor, face plate, off*
center bearing, and two universal
joints) but is kept from turning by
clamping the universal joint furthest
from the face plate, a container
attached to the shaft will describe
a circle. « If that container s
partially filled with liquid, the
notion of the liquid will be similar
to that obtained by swirling a glass
131
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partially fillad with water. Such an
apparataa kaa bean constructed and
equipped with a thick-walled, cy-

lindrical, glass container. Operation
with approximately 1-in. offset
speed of 600 rpn has been observed by
using a stroboscope. The inside
liguid ess observed to forn a clean
wave front that traveled around the
inside of the container at the sane
angular velocity as that given to the
supporting shaft.

container aounted on the
can be any of several
interesting are

The
supporting shaft
types. The two noat
the cylinder and the torua. A torus
can be constructed of tubing or
standard pipe joints and thus ainulates
expected nechaaical conditions.

the
is

Connecting Bed. | f
shaft for the container
wove as a connecting rod in a piston-
type engine, a point on the rod will
describe an ellipse. The approach to
unifora circular notion is probably
good enough to be useful in driving
liguid around a torus or around the
inside wall of a cylinder auch as in
the whirligig teat.

supporting
caused to

Tent.
carried
with
the

Corrosion
out at
aetal
test

magnetostricter
studies have been
other laboratorie*(**
apeciaena in contact with
liguid and attached
nickel tube that vibrated by
aague toatriction The vibration
iag>arted to the apeciaen was sufficient

to
is

to cause rapid erosion-corrosion.
Tant Using Audio Speaker Brlve.
If vibration in the audio range
A*1. L. Itrt, Trsat. 4a. Sac. gcltl, },
iti tiaiT).
S*s ¢ sea a a# S#
as a a a a
see aa a . a
as a a -* .
is ass S a
»* a S s Ss S Ss s

and a

the end of a

($,000 to 10,000 epa) ia sufficient
to cause dynaaic corrosion, it should
be possible to attach the specimen to
a drive such as is used to aove a
speaker cone. Two cospaniei that
aanufacture vibration testing equipaent
(Calidyne Co. and M B Manufacturing
Co.) have been contacted to see
whether components of their equipaent
aight possibly be of wuse in our
testing prograa. At present it
seeas likely that this approach will
be very promising.

Jet
successful

A very
teat has

laplngsaent Teat.
jet iapingeaent

been described in the literature(**7'
but this test appears to have little
chance of being scaled down to the
site required. Consideration has
been given to the possibility of
forming a jet of high-pressure liquid
and causing it to iapinge upon a
fixed plate by using gas pressure in
excess of steaa pressure to force the
liguid to aove. The extent of cor-
rosion would be determined by ex-
amination of the plate.

In the near future a decision will
be aade as to which of the tests, if
any, should be investigated in-
tensively. Following the decision,
it is expected that evaluation of
uranyl sulfate and uranyl fluoride
under various conditions of tempera-
ture, concentration, and excess
oxygen or hydrogen-oxygen pressure
would be attempted.

s**.]. |. Haaciaa. Treat. 4a. Sac. Ittali M,
£t @*J).

<T>C. I. Sadarbarf, Seek. faf. ST, p. 14%
<1tls).
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FOR PERIOD ENDING JULY 1, 1f52
SOLUTION CHEMISTRY
V. L. Marshall, Group Leader
R.  D.Brown E. V.Jones
H. 0. Day, 1Jr. M H.Lietske
J. S.Gill K S. Warren
H. W Wright
PLUTONIUM SOLUBILITY IN Ut,-BfPW4>1,0 25°C for several days. Similar
SOLUTIONS results were obtained with experiments
i at 17S*C.
H. W Wright
. Enough phosphate csa be added te
_The _ratlo of P04 to U_necaasary to  stabilise plutonium in a uranyl
aaintain a Stablf solution of UO,-  yhosphate solution. However, this
H. PO.-H.O at _250C is aboat 5.2_ fO/I: 611 amount of phosphate will, in all
. 26 Mur.niu. concentration™1” . ohapility, be more with respect to
The solubility ratio, P04:U, increases cross section to achieve the name
both as a function of tesperature objective than is necessary for a

between 100 and 300*C and as an inverse
function of uraniua concentration.**e*’
The purpose of this work was to
determine the effect of excess H,P04
on the stabilisation of plutonium in
solution. Plutoaiua(lV) baa been
shown to undergo hydrolysis precipi*

tation above 100°C in both U0,S04-H,0
and UQji'j-HjO systems. *4¢*” The first
experiment in a silica tube was
carried out at 140*C for 140 hr with

s 1.05 It U-12.1 M H,P04 solution
containing 2 g of plutoniurn(1V) per

liter. No precipitation of plutonium
occurred. The next experiment was
aade with a 0.454 MU-3.1 H Hj PO4

solution containing 2 gof plutoni um(1V)
per liter. After 7 hr at 200*C the
entire solution formed a gel that
reliqguified only after remaining at

(,,J3J. S. Mill. «. L. Marshall, M. *.
erigkt, ffaaaf#a«aa( Saarlsr Prs/art 9,,rnr I;

Praartta Saasr» f»r Par 4aga»t 1S,
Iffl, OMRL. 1111, g. IIS.

S. Mill ail I. * Wright, feasgasasaa
Naariar Pra/x | Qasrtarl) Pragraii (agar « /ar

IS, 1*51. OML-10ST, p. Ilit.

Tka Salakllllg a/ Ormmimm la
Fagar

Parish (aging Sag

J. Thaaar,
Paaaihla Paala /ar (aaagaaaaaa laaalara,

iraaaatal at SasaaS flail Paala Datalagoast
Caafaraasa, Oak lilga, 1*11.

S. Varraa ial I. f. Srigkt, (aaagaaaaaa
Saaatar Pra/ad Qianarly Pragraaa Pagari /ar
Panag (agiag (arak f* [Ifft, OIWL-1JI#. g. IT*.
(S>*. Taella, ag. all., NNL-IItl, g. ITS.
%A gOm geg

e e FEl
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ewe e

UO,S04-H.0 ayaten containing a slight
excess of H,S04.**’

INFLUENCE OF BABIATION ON THE
VALENCE OF FLUTONIUO

K. S. Warren

An investigation has been started
on the effect of Co**«eaitted gasuaa

radiation and inpile radiation on the
stability of the I1Il and VI valence
states of plutoniun as sulfate. In

sulfate was also
present to the extent of 88.5 g per
liter of solution. It was found that
the tendency of plutoniua!l1l11l ) and
plutoniun(VI1) to return to plutonium! 1V)
was greatly enhanced by the presence
of the two types of radiation.

one experiment uranyl

Sannn«Bny Bombardment of PIntmnlinn
Solutions. Samples of plntoniumflll)
and plutonium (V1) were prepared by
electrolysing plutoniun! IV) sulfate
in a glass cell by using platinum
electrodes, without stirring, and a
current density of 0.55 ns per square
centiaeter of electrode surface.
Portions of the electrolyte were
renoved from the anode and cathode
coapartments and sealed in 5«aa pyres

1 133
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glaaa tubes. A Co*0 (mmmeersy source

Implle irradiation ef Plutonium

was provided in the canal of Building Solutlonn. A sample of plutonium
3001. Thia source emitted about solution was removed from the desired
720,000 r/hr at the particular lo- compartment of the electrolysis cell
cation. After perioda of exposure, and suitably diluted, and 3.0 ml of
vhich varied fros 67 to 127 hr, the diluted solution eas transferred
evitable dilution of the sasplea to a silica tube. The tube «aa
eas siada, and plutonium determi- evacuated after freexing the solution
nationa »ere carried out by teo and then sealed. The system was
methods that permitted a comparison surrounded by a protective aluminum
of the oxidised and reduced statea of jncket and placed in water-cooled
plutonium. Similar determinationa Hole 12 in the X-10 graphite reactor
eare also made aimu llaneoualy on for overnight exposure. Thbe tube
control samples, that is, portions of *as then removed from the reactor and
the originel solution that had not allowed to decay to n safe level before
been irradiated. The results are opening and analysing the contents.
given in Table 34. These data indicate The use of the Beckman, or other,
that Co**-emitted radiation (roughly spectrophotometer was not feasible
1.2 Mev) speeds up considerably the because of tbe lo« plutonium con-
reactions in neutral solutions that centrations (0.1 mg per milliliter
result in bringing the VI or 111 of solution, or leas) necessary because
valence states of plutonium back to of gas-pressure hasards in a closed
the more stable IV atate (on standing system. It «as necessary therefore
and without other added reagent). to use chemical swthods in ascertaining
This is also true in the presence of valence states. Besides the lanthanum
uranyl ion. fluoride coprecipitation method which
Table 34
VALENCE CMANSES IN 8AIIA-IRRADIATED SOLUTIONS
TIME OF
HVUIATICH ORIGINAL METHOO OF ANALYSIS VALENCE CHANGE AFTER IRRADIATION
(hr) STATE OF PLUTONIUM Control Sample* Irradiated Saaple
67 Oxidised (V1) Reckama spectrophotometer  Considerable Pu(VI1) Pm(VI) co-ipl.t.ly
retained rM»T«d
ItT Oxidised (V1) Reckaan spectrophotometer Considerable Pu(VI1) Pu(VI) eocapWtcly
retained rtaovred
«e Oxidised** (VI) LaF| coprecipitatioa SOS Pu(VI) preseat OS Pe(VI) present
114 Oxidised* « (V1) LaFj coprecipitatioa 35S Pu(VI) preeeat OS Pn(VI) present
67 Reduced (I111) Berkaan apactraphetometer Pn(Ill) retained Px(I11) removed
in Reduced (H 1) Beckeaa spectraphotoamtar Pe(lll) retained Px(I11) removed

<e*ecle< after it reee eeaditieee

tea af tha taat aaapla.

IM a af eraaiea (aa tba aelfate) preseat par
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is standard for distinguishing quanti-
tatively between plutoniun(VIl) and
the lower valence states, an anion-
exchange resin (Downs A-1) was tried.
The latter would retain valences higher
than 111, and this nethod was used
satisfactorily for separating plu-
toniun(lll) and plutoaium(lV). The
results are given in Table 35. The
data indicate that plutoniun in the VI
state is rapidly reduced to the tetra-
valent condition by inpile radiation,
whether in the presence of uranyl ion
or not. Conversely, data obtained in
connection with neutron-irradiated
plutoniun(lll) have shown that it is
rapidly oxidised to the IV atate by
the conditions prevailing during in-
pile irradiation of aqueous aolutiona.

CONDUCTIVITY Of URANYL SULFATE IN
AQUEOUS SOLUTION

R. D. Brown

The previous report*** contained
data on the conductivity of uranyl
sulfate and uranyl fluoride in aqueous
solution over wide concentration
ranges and at various specific tempera-
tures in the range 0 to 90aC. Ad-
ditional data obtained at 125*C for

»S. D. Bros, ap. aft., OSHL-11M, p. IBS.

FOR PERIOD ENDING JULY 1, 1952

uranyl sulfate are preaented in
Table 36.

encountered

Recent efforts ha
towards the neasurenent of the con-
ductivity of uranyl s
solutions at 200 and 250*C. This
work has been hampered by difficulties

ductivity cell that

the

high pressures

these temperatures

tha

t

uranyl sulfate

ve been directed

ulfate in aqueous

in constructing a con-

will withstand
encountered at
and by the fact
solution shows a

corrosive action on the aiaterials

. Some of the
constructed are

used for the cells

cella designed and

described in the following.
0]

pyrex cover

ne bomb type of cell, made of
type 347 stainless steel, contained a
silica conductivity

leads were passed.
electrodes were

entry

into the bomb

chamber with a

through which the electrode

The leads and
of platinum,and
was made through

pressure fittings with soapstone
glands. This cell
results because of leakage across the

lead wires,

water

vapor insidethe

A second bombwas
hold a small pressu

heavy-wall

Table 3S

VALENCE CHANGES IN INFILE-HEAD | ATED SOLUTIONS

TIME OF
ORIGINAL STATE IRRADIATION

gave erratic

which were in contact with

cell.

constructed to
re cell made of

pyrex tubing. The solution

VALENCE CHANCE AFTER IRRADIATION

OF PLUTONIUM (hr) METHOD OF ANALYSIS Control Solution
Oxidised 16 LeF~ enprecipltation Pe(VI)j 0.05 eg/el
Oxidised™* . LeF, roprecipitation Pn(VI): 0.10 eg/el
Redeced 1 Doves A-1 ion Pu(lll): 0.018 eg/el

exchange
'M S ef eraaiaa tke lelfate) prai.it par litar ef aalatiaa.
.*. .**

NIVE] =%

Irradiated Solution

0.009 mgl/el
0.000 ng/el
9.000065 eg/el
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Table 3«

CONDUCTIVITY Of UKANYL SULFATE
SOLUTIONS AT 149 ANS SOO*C

EQUIVALENT CONDUCTANCE

CONCENTRATION (oka*lean*)
(-w n At 125'C At 200%C
4.46 10.07
S. 52 14.00 20.60
1.00 26.74 55.54
0.50 59.42
0. 10 42.04 55.0
0.05 44.6 64.09
0.01 41.4 105.4
0.405 1104 124.4
0.001 256
0.000s 320
0.0001 600
was sealed inside the cell aad the
cell pieced inside the bomb. A
nitrogen pressure approximating the
vapor pressure of eater at the operating
temperature ess then adeitted to the
boab. Electrical connection to
the outside was aade through con*
ventional preasure fittings eith
soapstone glands. This cell gave
fairly reliable results at 200aC in
the sore concentrated (>0.001 N)
solutions. The data in Table 36 were
obtained with this cell. The data
at 200*C are considered reliable
to +5*.

It via shown, however, that con-
siderable solution of the pyrex glass
took place at this teaperature. This

the conductivity
at rooa

was done in two ways -
of a solution was aeasured
teaperature before and after wuse in
the conductivity cell. A sample so
used (C s 0.001 N) had an equivalent

conductivity of approxiuately 11C
ahaa'l*anl at 2S*C. After being held
in the cell for 2 hr at 200*C it
was reuoved, cooled to 25*C, and the
136

aa a*a a M I

® ® aa a aa

4008

J4a Ai»

LoCee.. ..
»*JA

The
be

measured.
found

conductivity
conductivity was

again

then to

approxiaata 1y 130 ohas'l*cn*. A

of 0.1 N UO0,S04 was held in
for a period of 16 to 18 hr
removed, and a spectrographic
determination of boron was obtained.
The solution was found to contain
8.2 fig of boron par ailliliter,
which ahowed considerable aolution

of the pyrex glass.

saaple
the bath
and then

was then
leads were
baked on at

The first boab cell
aodified. The platinum
painted with Teflon paint
250*C. This boab call could be
fitted with either a silica or pyrex
lining and tests were made with each.

These cells also gave erratic results
either because of vapor contact with
the type 347 stainless steel or
because of the solution of the silics
or pyrex in the ursnyl sulfate so-
lution. Again this boab was modified.
A Teflon rod (4 cm in diameter) was
hollowed out to form a cell with a

tight-fitting Teflon cap through which

the electrode leads were psased.
These leads were coated with Teflon
paint and access from the exterior

was nsde through conventional fittings.
This cell gave reasonably good data
with concentrations above 0.1 N, but
the conductivity of dilute solutions
increased rapidly when held in this
cell for an appreciable length of
time. This cell was also tested with
pure water. It was filled at 25°C,
where kR 0 was known to be 5 * 10 *
2 hr in the bath at 250*C
removed and allowed to
teaperature. The value
then found be about

and after
the bomb waa
cool to room

of kg G was to

8 x 10*'.
Condactoaetrlc Titration. In -
formation was desired concerning the
variation in conductivity of wuranyl
sulfate solutions containing an
excess of wuraniua aa 110,. Solid UO,
waa added to a stock solution of

1.25 M UO,S04 to give a aolution with

aa|~

«JI ate A~~~ ”7o *



m U:S04” ratio of 1.2:1. The solution

thus prepared *as 1.5 M ia U and
1.25 Min S04a, neglecting the slight
volume increase due to the addition
of UOj. From this solution, others

of the concentrations givaninTable 37
were prepared. The conductivities of

these solutions ears measured at
25°C, and standard sulfuric acid was
added in nessured anounts until tha

sulfate concentration uas greater than
that of the uranium. Clearly defined
end points were obtained in all casea
by plotting the conductivity (recipro-
cal of tha bridge reading, 1/R) va.
milliliters of standard acid added.
Thaaa plots ara ahoen in Figs. 65 and
66.

A tabulation
in Table 38.
ductivity in
agreeaeat eith
previous eork.

of the data is given
The equivalent con-
each case is in good
that obtained in

It is concluded that uranyl oxide
(UO,) behaves as a weak base in aqueous
solution and ahows a strong buffering
action, aa indicated by the small

change in conductivity upon addition
of sulfuric acid until the stoichio-
metric end point is reached. This is
Table 37
SOLUTIONS PREPARED FOR CONDUCTIVITY
NEASURENENTS
SOLUTION URANIUM SULFATE
NO. CONCENTRATION CXNCINTRATION
(«) <*F>
I(stoch) .S 1.25
2 0.7 0.625
t 0.30 0.ts
4 0.1s 0.128
S 0.075S 0.0625
. 0.0075S 0.00625

FOR PERIOD ENDING JULY 1, 1952

cf interest in consideration of
corrosion. It appears probable that
since there is little difference in
conductivity between the 1.2:1 and the
1:1 U to S04 solutions the corrosion
effect of the two should be approxi-
oately the saae.

JOKix
I «item u m wm aqg; svrmu.T. iw w«r N0 powt
e Orte mw,0SN e m to; mm*u.v.o«<m € «t NO*OW*
0,0. ¢« 0*e mu.on mmtqgf mirisu* om e »no nonr

1 00*

J*O0T.

00*

«Ci0O OKO (MI
Pig. SS. Conductometric Tttrattoa
of UO, la US,S«4 Solutioa alth 1.SS1 H

NjS04. Cell constant, 0.501.

«mown, mmim ¢ lamtuiMM?*

Pig. SS. Coatfactoaatrlc Tltratiea

of U0, In Ut,S04 Salutloa with S.ISS H
mjSS4. Cell constant, 0.501.
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Table )

CONRUCTOHETRIC TITRATION OF UIl,M 4 SOLUTION CONTAININS EXCESS UO,

sournw URANIUM URANIUM AT END
NO. (sq-/1) POINT (sq./l)
1 1.0 2.02
| i.S 1.26
1 0.0 0.554
4 o.l 0. 236
S 0. 1S 0.132
6 0.01S 0.0110
*Csll m iliii « 0. M.

VAPOR PRESSURES OP ARUROUS URANTL
SULFATE SOLUTIONS

H. 0. Day, Jr.

The vapor pressures of saturated
araayl sslfste solution, ears de-
termined by using a compound Manometer
apparatus. The temperature range
covered ess SO to 100*C. About 15
readings were taken at each tempera-
ture and the results mere averaged.

The solid phaaa of uranyl slufate
frote the stirrer in the pressure
vessel shortly after the determinations
were started, and as a result equi-
librium was attained very alovly.
Any errors ia the measurements can
most likely be attributed to this
factor. Table 39 presents the ex-
perimental data. The values at SO
and 60*C are apparently in error,
probably because of not attaining
equilibrium. It ia planned to repeat
the measurements at some future date.

In order to obtain more accurate
data at temperatures below 100*C, a
differantial vapor pressure apparatus
mas been built. It ia hoped that the
data will prove accurate enough to
enable precise activity coefficients
to be calculated.

138

EQUIVALENT GCNUUCTANCE

1r* f <.bm-*.«m»)
0.0345 00173 0.5
0.0247 0.0134 10.6
0.01SS 0.00775 13.0
0.0004 0.0042 17.1
0 0054 0.002? 20.4
0.0012 0.0006 54.0

This apparatus consists of two
glass veassla of about SO-ml capacity
connected by aeparate glass tubing to
a glaaa U-tube. The glass vessels
connect to the tubing by neaas of
standard-taper ground-glass joints.
The glass U-tube was filled eith
dibutylphthalate as a manometer fluid,
and the entire U-tube was thermosrated
at 103.38 1 0.09*C. Dibutylphthalate
has a vapor pressure of about 0.061 an
Hg at this temperature and an ex-
perimentally determined density of
0.9792 g/cw*. The sensitivity of the
vapor pressure measurements ia there-
fore increased by a factor of over
13.S as compared with mercury manometer
measurements. The dibutylphthalate
was loaded into the nanometer under
vacuum to remove air. Stopcocks ara
provided in the glass lines to close
off the manometer from the rest of the
system. The too glass lines leading
from the pressure vessela to the
manometer have stopcock connections
leading to a high vacuum Iline and
also a reservoir of water that has
been freed fron air by sublimation of
ice at loo temperature under a vacuum.
The sublimation was repeated about a
doxen times. The reservoir alao has
a stopcock for iaolatiag it fron the
high-vacuum line.
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Table )|

VAPOR PRESSURES OF SATURATES URANYL SULFATE SOLUTIONS

VAPOR PRESSURE

TEMPERATURE MOLALITY OF U 0,904

RELATIVE MOLAL VAPOR PRESSURE

DEPRESSION

<*C > AT SATURATIONY™

. AOS

. TOO

C S. S«c*f, J, Am Ckim. Smt. 70.

The
proa.or.
wound with

connecting tubing froa the

to tho a.noaot.r i.
nichrome wire to allow
heating to preveat condensation of
water in the tubing when the pressure
vessels are above rooa tenperature.
The pressure vessels were theraostated
in a vigorously stirred bath of
glycerol'water. The teaperature of
this bath was aeasured with a platinun
resistance theraoaeter aad controlled
by aeaas of anickel resistance elearat
in conjunction with a Laeda aad
Northrop duration-adjustaent type of
control. This control was excellent
except at 90 and 100°C, at which
taaperaturas the theraoaeter showed
variations of +0.02*C. (Teaperatures
of 25 to 30*C were attaiaed by use of
a water-cooled copper cooling coil.)

contained a
iron aagnet.

Each pressure vessel
snail, glass-enclosed,
By aoviag another aegnet nearby, the
contents of the vessels were aaply
stirred to allow equilibriua to be
sore quickly attained.

in a deterai-
to weigh
uranyl

The technique used
nation of vapor pressure was
accurately finely powdered

(ea

14.10

34.AS *
SI.A O
7S5 .09

10A .S0

1454 (IMS).

LOWERING <P# . PIl/P ~g

H«)

* 0.10 0O .0 SSly

i 0.05 0 .1S Sy

0.05 0.0311

0 IS 0.030%8%!

* 0.SS 00200q

t 0.1S8 o.osa*4
sulfate into one of the pressure
vassals. The vessel was attached to
the systea aad evacuated. Air-free
water was distilled onto the solid
uranyl sulfate and the uranyl sulfate
dissolved. The solution wan then
froien aad the vessel again evacuated.
The contents of the vassal ware then
allowed to thew under a vacuua. This
process of alteraately freesing aad
aelting wunder vacuua was repented
several tiaes to ensure coaplete
reaoval of air. Pure air-free water
was distilled into the second vessel.
The vasaala ware then ianersed in

the theraostat by raising the theraostat
bath. The theraostat was then heated
to the desired teaperature and the
difference 1in vapor pressure of the
solution and the pure water was
observed on the asnoaetar.

After pressure

coaplation of the
naasuraaenta the theraostat bath was
lowered aad the wuraayl sulfate so-
lution frosen by aeaas of a dry
ice-acetone bath. The presaure
vessel was then reaoved froa the line
snd quickly capped. The contents were
then allowed to thaw. After reaching

rooa teaperature the vessel and its
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cotttnti ware accurately weighed.

Since thia weighing allowed the total
maaa of water to be known, the con-
contention of the nranyl aulfate

then be calculated at
Correction for the
aaea of water preaent as vapor in the
connecting liaea and aanoneter was
mado. So far meaawreoents hare been
node froe 25to 100*C for conc?ntrations
of about 0.6 and 2.1 a UO|SO04.

eolation coaid
each ttaperature.

After the vapor pressures of the
2.1 a U0jS04 solution were neanured it
was noticed that the nranyl aulfate
appeared diacolored and had an odor
aiaiiar to butyl alcohol (the odor was
probably due to thia aubatanca).
The coacluaioa reached was that the
dibutylphtha late had very alowly
hydrolysed. Whether the aechanisa of
thia hydrolysis a vapor-phase
hydrolysis in the nanometer or whether
a aaall aaount of the eater distilled
into the pressure vessel and there
hydrolysed is not known. This hy-
drolyaia would be bound to affect
both the pressure aeaaureaenta and
the concentration aeaaureaenta. The
esact aslant of thia effect is unknown.
The hydrolysis process could be
aiaiaited by asking aeaaureaenta aore
quickly and by keeping the stopcocks
in the line closed escept during
aeas nreaenta. However, it waa felt
that finding a aore suitable aanoaeter
fluid would be the beat, aolution.

wjs

Two possible aanoaeter fluids are
a-diphenylbensene and tri-p-creayl
phosphate. Esperiaental deteraination
of their deaaitiea at 103.38 t 0.09°C
gave 1.03157 i 0.00010 g/ca4d4 for
a-diphenylbensene and 1.1087 1 0.000 05
g/cad4 for tri-p-creayl phosphate.
The <lpheny lbenzene would therefore

aake a slightly aore sensitive as -
noaatar fluid. However, the vapor
140 e+ aaa a aa a «a

a a a a

a a aa a sea a

a a a a a

a a a a aaa

sa aaa 6 aa

pressure of this substance is roughly

four tiaes that of dibutylphtha late,
whereas the vapor pressure of tri-p-
craayl phosphate is 0.3 of a aicroa
at 103.38acC. Froa thia aspect the
tri-p-cresyl phosphate would be
better. The tri-p-cresyl phosphate
is, however, an ester and eight

possibly hydrolyse as did the di-
butyl phthalata. This possibility
would not esist if a-dipheaylbensene
were used as the fluid. Therefore
a-diphenylbensene was chosen as the
aanoaeter fluid for the present.
Measurements of the vapor pressure of
uranyl sulfate solutions will determine
whether this substance is satisfactory.

Results of the measurements already

made with dibutylphtha late aa the
nanometer fluid are given in Tables
40 and 41. The solid uranyl aulfate
that was used to aake up the solution
had been analysed for uranyl aulfate
content (difference is water of hy-
dration). The value taken was the
aean of the analyses. Thia aram that

there is a definite uncertainty in
the concentrations of uranyl sulfate
aa reported. The concentrations of
the solutions vary from temperature to
temperature because of the loss of
varying amounts of water to the vapor
phase. To show this variation in
concentration the actual concentrations
recorded are carried to aore signifi-
cant figures than the accuracy of the
analyaia warrants. In Table 40 the
uncertainty due to analysis errors is
i0.0002 in aolslity and iO0.000003% in
aole fraction. In Table 41 the un-
certainty due to analysis arrors is
i0.0010 in molality and iO.000Oly in
aole fraction. This refers to errors
of analysis of the original uranyl
sulfate and does not take into account
errors due to hydrolysis of dibutyl-
phthslate.
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Table 4*

>APO* PRESSURES OF 0.592 a UO02S04-H,0 SOLUTIONS

TDM>ERATURE (*C) MOLALITY OF U0,904 MOLE FRACTION OF U0,S04 AP (aa Hg)
IS 0.5*171 0.010S4«0 0.233
SO 0.591736 0.01054*3 0.300
SS 0.S917S 0.010S4*S 0.392
40 0.5917*4 0.01054*| 0. 511
4% 0.59170 0.010S490 0.675
SO 0. 591001 0.0 105494 0.**4
60 0.S91M4 0.010550,, 1.443
70 0.S9190, 0.010%S16 2. 164
0 0. 59211~ 0.010SSS 3.107
90 0.591J0 0.01055*2 4. 166
100 0.59253j 0.010561, 5.699

Table 41

VAPALR PRESSURES OP S.0S a M ,M 4«RtO SOLUTIONS

rarmAiuRE <*0 MOLALITY OF UO0,S04 MOLE FRACTION OF UO,*)4 Ap (aa Hg)
IS 1.0*947 0.0361*16 ' 0.749
30 1.0*%971 0.0362*14 1.051
3S 1.0*977 0.0362*33 1.377
40 1.0*%9*4 0.0362*44 1.*30
4S 1.0*993 0.0362859 2. 3*4
0 1.09003 0.0362*76 3.06*
60 1.09031 0.0362925 4.916
70 1.0907 1 0.0362990 7.591
0 1.09111 0.0363075 11.909
*0 1.091*9 0.0 3631*7 16.900
oo 1.09173 0.036332* 23. 587
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SOLUBILITY OP SILVER SULPATE IN 1.S0 M
AND 0.1 BO A URANYL SULFATE

E. V. Jones
The solubility of silver sulfate in
1.26 If and in 0.126 If U0,5S04 has been
studied by the silica tube method

previously descri bed; (1) the tempera*
ture coefficient of solubility s
positive. The study in 0.126 If UO,S04
ess linited to temperatures below 140*C
because a reversible reection occurred
at about that temperature and yielded
a reddish solid phase that is being
investigated.

The data are given in Table 42 and

are plotted in Fig. 67 along with the
data of Seidell and Zcmel(<> for the
solubility of silver sulfate in water.
If the logarithm of solubility is
plotted against 1/T (*A) the resultant
slopes above 100*C give Aff8#|(] for the
solid phases of +1.1, +2.3, and +3.7
kral/mole in water, 0.126 If, and 1.26
If UOjS04, respectively.
Table 41
SOLUBILITY OP SILVER BULPATE IN URANYL
SULPATE SOLUTIONS
IN 1.26 9 10,504 IN 0. 126 M U0,504
Teaiparatara Taaparatura Aga904
* <) (wt ) (*C) (wt S)
65. S 1. 54 36.0 1.04
52.0 2.36 54.0 1. 46
84.6 3.63 83.3 2. 18
106. S 5.34 107.8 2.72
131.4 7.43 127.4 3.01
161.6 9.B9 140.0 Arad prad-
aat faraaS
174.3 11.01
197. 1 12.12
214.9 14. 14
237.5 1S.75
259. 1 17. t1
m. Saaay. J. 4a. CA#a. lit. 7S. S14l

(1.
* % *0‘

taeal, ap. nl., OWL-IilT, p. 117
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« eaa e Oea o0 ae aa
* ok P a
e0a a+ a a a

sTaisl'
»*), tartl

<t *1

Pig. BT.
1. SB and B. IBB

Solubility
If US.8S.

of Ag,SS4 la
and la eater.

SOLUBILITY OP RADIUS SULPATE IN URANYL
SULPATE SOLUTIONS AT S50*C

E. V. Jonea J. S. Gill

Solubility data have been de-
le rmined for barium sulfate in HjO and
in (JOjSO04-H|0O solutions at 2S0*C by
the filter-bomb method described in a
previous report.Zemel has obtained
similar data for barium sulfate solu-
bility in water as a function of
temperature. (1** The two seta of data
in water at 2S0*C disagree by a factor
of approximately 10. No explanation
of this difference is available at
present.

The experimental data are given in
Table 43. If these data are plotted

- Ul -1 [

C. |I. Saaay. gaaagaaaaa* Qaaalar liytnaial
Qmmrltrlf Prtgrtii Arpart fur Part«4 4afa*t

1. /MO, O*KIL-lit. p. 19.

1 Zaaal, Vaaaaaaaaat l«il«r liyinatal
Qaarlarlj Irijr«n fapart /yr Itrftl tntimg
PaSraarp It, 1tSl. OMNI.-**t, p. ,14L

at*



logarithmically against the square
root of the molarity of the uranyl
sulfate solution a straight line
results, as shown by Fig. 68. This
type of plot is similar to the Debye-
Hiickel characteristics im very dilute
solution, namely, plots of the square
root of the ionic stremgth vs. the log
of the solubility, This increase in
barium sulfate solubility is rather
striking., For example, barium sulfate
is 42 times more soluble in a 1.0 ¥
U0,S0, solution than in water., The
large solubility increase of most of
the fission products in uranyl sulfate
solution has been pointed out in
previous quarterly reports,(!1)

SOLUBILITY OF URANIUN TRIOXIDE IN
URANYL SULFATE SOLUTIONS AT 250°C

J. .o m'l lo 'c Jones
W, L. Marshall

Experimental data on the solubility
of uranium trioxide above 100°C in
uranyl sulfate solutions containing

20, 30, and 40 g of uranium per liter
have been 'ivol in previous re-
ports, (1712

These data were obtained in silica
tubes by the synthetic method and
indicated a solubility ratie for U te
SO, at 250°C of about 1.04, The data
were erratic; therefore a more com-
plete investigation was started be-
ginning first at 25 and 100°C. The
solubility of a uranium trioxide
hydrate, which appears by asnalysis to
be U0, %H,0, in uranyl sulfate was

““l V. Jones, Honsgencons Reactor Bxperiment
r.""', Progress Report for Period Ending
evenber 15, 1084, d‘ 1221, p. 99,
2y, Marshall, J. 8, Gill, snd C, N, Secoy,
Gluutn ivinion Querterly Pr nu lu-n fer
Period Ending Warch 31, (950, d n.
( "' L. Marshall ond J. S, lill. “catnu
Pivinion Quarterly Progress lo“nt fn Period
Ending December 1i, 1950, ORNL-10 3

- o
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SOLUBILITY OF BARIUN SULFATE IN URANYL
SULFATE SOLUTION AT 250°C

U9, 50, BaSO,
0.000 0.853
0.125 1.46
0.313 i.n
0.625 8.95
0.775 10.34
1.00 17.40
1.15 2.4
1.25 37.38

MOLARITY OF BeSO, « 10°

SOUARE ROOT OF MOLARITY OF 00,80,

Fig. 68, Solubility of BaSO, in
ve,s0,-u,0.
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determined from low concentrations to
above 50 vt X uranium in the wuranyl
snilfate solution, and solubility
ratios of 1.40 and 1.36 at 25 and
100*C, respectively, were obtained. (14*
This investigation was discontinued

aince, at that tine, information about

the low concentration solution re*
quired for the HRE was moat urgent.

The consideration of different
uranium concentrations for fuel media
for production reactors and the de-
velopment of a filter-bomb apparatus
for filtering a solution from the
solid phase at the equilibration

temperature have supplied a motive for
a further study of this ayatea.

The apparatus in its present fora
has evolved from apparatus devised by

Zemel and Stoughton of the Chemistry
Division. Briefly, the titanius
apparatus consists of teo sections

containing a sintered -platinum filter
disk in the aiddle. The solution is
equilibrated in the lower end of the
unit either by rocking or by a magnetic
mixer, depending on which of two types
of apparatus is wused. Thermostating
is accomplished either by aluainua
heating blocks or by a liquid salt
bath. The solution is filtered from
the solid phase by inverting the
filter-bomb unit and cooling the Ilower
end. Analyses are made for sulfate
and uranium.

The solubility data given in Figs.
69 and 70 end in Table 44 show excess

solubility of wurar.ium trioxide in
uranyl sulfate solutions at 250*C. The
scatter of the data in Fig. 70 was

probably the result of analytical
difficu 1ty at these low concentrations.
The solid phase has been identified as
a uranium trioxide hydrate. Analytical

data indicated UO,*HH,0 rather than
L. Harekall sad J. S. GUI, ,p. «ii,
own,*wo, f. us.
S. Bract, J, 0. Blosaka, L. E. Horae,
ead J. f. HcBrido, tp. tit., OWIL-tlll, p 111.
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UOj 'IHjO or UOj~H jO. The structure
is the platelet type observed by
Blomeke in hia study of UO,-H,0 slurries

at 2S0*C.(ii) Some of the wuranium
trioxide crystals in equilibration

with UOj-UO|S04 solutions are aa much

-~ OS_
wolaaitt O UO,SOa
rig. e ». Solubility af 09, la
U02S04-N,0 at Z5S°C. Molarity based
on room temperature densities.
00« -
00S-
« O0* -
004 -
I
MotASirv or uo.so,
ng. 74. Solubility of WO, la

W0,S04-S,0 Solutions la Dilate Con-

centrations at S90°C.
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SDLUDILITT AND OTHER CHARACTERISTICS OF (JRANUJR TRIOXIDE IN UDSB«4>M,D SOLUTIONS AT S9D*C

Molarity baaed on room temperature denaities

SAVPLE MA)_I(_II\G TIME TOTAL URANILUM TRIOXIDE TOTAL MOLE oH TDS'ERATURE OF
NO 2S0*C URANILM so4 (S) EXCESS SOLUBILITY RATIO UO,: S04 (at 25%0 APPEARANCE OF 110
ur) (If) (If) LIQUID PHASES (*C)
e
ast 1 72 0.0134 0.0127 0.0004 1.06 3.80
S 41 0.0221 0.0220 0.0008 1.04 3.40
X UR 0.0323 0.0298 0.002S 1.08 3.50
*é 4 75 0.052S 0.0518 0.0007 1.01 3.31
A:a s 78 0.0869 0.079 0.0079 1.10 3.52
oo « 7R 0.14SR 0. 1251 0.0207 1.17 3.32
v kﬁ 7 41 0.2472 0.2059 0.0413 1.20 3.41 292.8 (7)
a_ f tn . 17 0.6S29 0.5317 0.1212 1.23 3.20 2715
9 71 1.311 1.106 0.275 1.25 2.90 265.7
10 71 1.506 1. 185 0.321 1.27 2.91
11 72 1.657 1.308 0.349 1.27 2.84
12 17 2.352 1.812 0.540 1.30 2.66 267.5
13 36 2. 542 1.970 0.572 1.29 2.65
14 4R 3.002 2.341 0.461 1.28 2.52 270.0
IS 7R 3.505 3.096 0.709 1.23 1.91
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ti 3 Mn on an edge, even though the
original wuranium trioxide ia finely
powdered.

In Fig. 71, the ratio UO, to S04 ia

plotted aa a function of total uranium
concentration. The solubility ratio
decrease in dilute solution is apparent.
For a tine, it was thought that the
ratio would decrease below 1.0 at con-
centrations below 10 g of uranium per
liter, but julJging from an inspection
of Fig. 70, this does not appear to
occur.

Synthetic solutions with the solu-
bility ratios mentioned previously
were rocked at 250*“C for 72 hr in
silica tubes. A slight, orange-ye llow
precipitate appeared after 24 hr and
increased slowly during the remaining
48 hours. Upon cooling the tubes a
rather abundant amount of the same
orange-yellow precipitate appeared.
The precipitate has been identified as
uranyl silicate, which was observed
previously in the study of UQjFj-HjO
in silica tubes. It is believed
now that the erratic nature of the
data reported for wuranyl sulfate
solutions containing 20, 30, and 40 ¢
of uranium per liter was caused by the
silicate, which previously was not
suspected to occur in the uranyl
sulfate system in silica tubes.

The acidity data for the saturated
solutions sre given in Fig. 72 and
compared with uranyl sulfate solutions
containing a stoichiometric amount of
sulfate. AIl acidities were determined
at 2S*C. The higher pH of the uranium
trioxide saturated solution may account
for the increased diasolution of si lica
into the solution, since silicon
dioxide 1is known to be more soluble

in alkaline media.
<U,t. L. Marshall aa4 J. 8. Gill,
Civilian Qmtrtrrly Prigriil Ktptri1 f»r hr is4
fatfias Siplrmirr JO, fSJC, OANL-ITO, p. 1%,

Cfciaurr,
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A similar solubility atudy at 175*C
is in progress on the sulfate system.
Future plans are first to make a
similar study on the system UO,-UO,F, -
H,0 at 250 and 17S*C, and then to
attempt to define completely both the
U0,-U0-S0,-H,0 and fluoride systems

at 250 C and lower temperatures.

maocamiT of rerai. uaiwiua

Fig. 71. Solubility Batlo of V to
S04 la DO, *m,SO4-H,0 Solutions ut
89S°C.

MTuaim aiTn uo,
iTOiICHKWtme uo,»q,
molamit. Ol tot*, usmumi

rig. 78. Acidity of UO0,S04 Solu-

tions Satursted with 00, at 858®C.

Acidities measured at 25"C.

t, n>e



FURTHER STUDIES OF TSO-LIQUIR PHASE
TEMPERATURES FOR UO,-UO,S04-1,0
STSTERS

E. V. Jones

The two-liquid phase transition

tenperatures were detersined for
of various

ursnyl sulfate solutions
concentrations by use of the method
previously described.<T* The U-1lo-

S04 ratios were made 1.20 and 1,10 by

adding UO;j.

One system with a U-to-S04 ratio of
1.20, including constant 0.02 J uranyl
nitrate, was studied. The data are
given in Tables 45, 46, and 47 and are
plotted in Fig. 73 together with the
curve for the l.ietike-Griess stoichio-
metric solution. As was previously
observed, adding uranium trioxide
lowered the two-liquid phase tempera-
tures. It is interesting to note that
the curves for U/S04 r 1.10 and for
Uu/so4 ~ 1.20, including 0.02 ™
UO1(NOQOJ)|, are almost identical.

Table 45

TWO-LIQUID PHASE TEMPERATURES FOR
UOa-UOjS04-Ra0 SOLUTIONS

u/so4 = 1.10

THIS*HUTURE TOTAL URANIUM
(*C) %)

291 7.1*
2B2 9.23
281 11. 19
279 1S. 63
279 19. SI
279 25.93
279 31.04
279 3S.20
283 38.65
290 40.69

FOR PERIOD ENDING JULY 1, 1952

EXPERIMENTS IITR HI OR-TEMPERATURE
ELECTRODES

M H. Lietske

previously described, *11 *
to develop a high-temperature reference
electrode is being continued. Con-
aiderable difficulty has been ex-
perienced in setting up a Pb,PbS04
electrode that, in combination with a
Ag,Ag(S04 or Hg,Hg,S04 electrode,
mill give a potential that agrees with
the value calculated from thermodynamic

The work,

data. Although amalgams and sulfuric
acid of different concentrations have
been tried, the cell potentials that

were measured with the lead electrodes
combined with a Ag,AgaS04 electrode
have been at least IS mv low. Both
the Ag, Ag,S04 and Hg,Hg,S04 electrodes,

however, seen to function properly and
can be used as highetemperatura
reference electrodes in dilute H,S04

<nV =u UttlU, »p. «m»., OMt-tIM. p. It*.

Table 46

TRO-LIQUID PRASE TEMPERATURES FOR

uoi-uoiso4-hjo SOLUTIONS
U/S04 =1.20
wmmmmmmmsamamaaasmmcakmsssmmam
TEAS*FRATURK TOTAL URANIUM
(*C> (st *>
Abo*. 338 1.40
Abo*. 322 2.76
290 6. SS
281 12.07
277 16.78
278 24.39
277 30.28
277 34.97
279 38.80
286 41.98
290 44.03
17.1 147
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Table 47

TVB-LIQUIB PBUI TtIFCBATUBKB FOB DO,-
M |M <*|,0 SOLUTIONS CONTAININS
0.01 M UOjfNO,),

u/so4 * 1.20

TOTAL URANIUM
(m* %

u.24

— N eto0

TOTAL uttAMIMM {ee XI

Fig. 73. Twe-Li«ul4 Phase tempera-
atare Curves far the UOte«USfS04 |0
System.
solutions. Also, the Ag,Ag,S04 sloe*
trod# can bs uasd as a reference
alactrode in UO0tS04 solution.

Exparianints at teaperaturas fro* 25
to 70*C indicated that the Ag,Ag2S04
and Hg,HgjS04 electrodes in H,S04 must
be alloved to stand several days be-
fore equilibrium potentials are ob-

148 b3 |
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tained. Over the temperature range
indicated, the slope of the potential
va. temperature plot is -0.345 mv/deg.
Since dt/dT E AS/nf, the value of AS
for the call reaction can be calcu-

lated. From the slope,

r 2(96,500)1-0.345)
-16.2 e.u.

(4.1833)(1000)

This corresponds to the average value
of AS for the reaction

2Hg(l) & Ag,S04(s) =Hg,S04(e) & 2Ag(.)

over the temperature
The value for AS computed
dividual entropies given in Latimer’s
tables* 1** is -16.4 e.u. Therefore
the two values are in very good agree-
ment, and the electrodes seem to be
functioning properly. In future work
the high-temperature behavior of these
electrodes will be studied, and the
value of AS for the cell reaction will
be obtained as a function of tempera-
ture.

range 25 to 70*C.
from in-

A series of experiments has been
performed in which the potential of
the passive film produced on stainless
steel by 1* HNO, was measured against

the Ag,Ag]S04 electrode in 0.13 /
U0,S04 solution. As long as the film
was intact and the ursnyl sulfate so-
lution was unreduced, the potential of
the film was positive or, at moat, 50
to 100 mv negative with respect to the
Ag.AgjSC™ electrode. However, when the
film went bad and the ursnyl sulfate
solution was reduced, the potential of
the steel vs. the Ag,Aqg,S04 electrode
was -200 to -400 millivolts. Thus it
was easy to discern when the change
occurred, since the latter shift in
potential was rather abrupt. These
experiments demonstrated the wuse of
the Ag,AgsS04 electrode as a reference
electrode in UO0,S04 solution at high
temperature.

C"e't. a. Lstiear, O0*tdtti*a P»« le«le (eoe

iti.a « b. pablik.S mhl.
e - - "8 %
SR



FOR PERIOD ENDING JULY 1, 1952

STATIC CORROSION TESTS OF ALTERNATE SYSTEMS

E. G. Bohlaann,

J. L. English

COBBOSIWN or TITANIUi IN
UBANTL SULFATE SOLUTIONS

tests are an
long-time

corrosion
operation to determine the
effect of exposure in uranyl sulfate
solutions at 250°C on the tensile
properties of commercial titaniua aetalL

Stetic

The tensile test speciaena were
machined froa 1.270-cm-dia, hot-rolled
and annealed, titanium bar supplied
by the Allegheny Ludlum Steel Co.

Duplicate specimens have been exposed

in uranyl sulfate solutions containing
40 and 300 g of wuranium per liter for
20 seeks at 2S0*C. The sulfate

solutions were pressurised with approxi-
mately ISO psia of oxygen obtained
from the thermal decomposition of
calculated quantities of hydrogen
peroxide added at room temperature.

The tests were run in type 347
stainless steel autoclaves that were
pickled in 10H HNO,-4% HF solution at
60°C before the start of the experi-
ments. The volume of uranyl sulfate
solution used in each autoclave was
ISO ml. No attempt was made to
insulate the titanium test bars from
the containers. The bars and solutions
were examined every two weeks, at
which time 10 ml of solution was
removed from each test for analytical
purposes and the hydrogen peroxide
content necessary to generate the
desired oxygen partial pressure was

renewed. The teats will operate for
a period of 24 weeks, after which
time they will be subjected to a

tensile test. The values obtained on
the specimens will be compared with
tensi le-strength properties of un-
exposed titanium teat bars.

Corrosion data were collected on
the specimens during the course of the

Section Chief
S. H Wheeler

tests. The bars exposed to uranyl
sulfate containing 40 g of uranium per
liter exhibited an extremely lustrous,
pale-blue color. One specimen showed
a cumulative weight increase after
20 weeks of 0.017 ag/cn*; the duplicate
sample lost 0.006 mg/cml during thia
time. No other visible signs of
corrosion damage ware evident. An
estimate of the extent of corrosion
attack on the type 347 etsinleaa eteal
autoclave was made froa the cumulative
dissolved nickel content (31 ppm) ia
the sulfate solution. Asauaing the
stainleaa steel to contain an average
of 10.5* nickel, the corrosion rate on
the autoclave was 0.03 npy at the end
of 20 weeks. Thia rate, of course,
asaumes that corrosion attack was
unifora on all surfaces.

The tensile
uranyl sulfate

bars exposed ia the
solution containing
300 g of wuranium per liter were a
shiny, pale-violet color. No other
indications of the effect of exposure
were apparent. The cumulative weight
loaaes on the specimens after 20 weeks
were identical, that is, 0.0S4 mg/cm*
which corresponds to a rather insigni-
ficant corrosion rate of 0.01 apy.
The corrosion rate on the walla of the
stainless steel container after 20
weeks was calcul ated froa the dissolved
nickel content of 170 ppm to ba
0.2 mpy.

UBANYL FLOOBIOK COBBOKION BTUBIBS

Work continued during the past
quarter on the study of ursnyl fluoride
systems at temperatures of 100 and
250*C. The solutions contained 40,
100, and 300 g of wuranium per liter.
The results of various investigations
appear in the following paragraphs.
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The effect of uranium end oxygen
concentration on the corrosion of
type 347 eteinleee eteel et 2S0*C wee
examined. These teste were duplicates
of the uranyl sulfate tests described

in a previous section of this report.

Uranyl fluoride solutions containing
100 and 300 g of ureniuo per liter were
contained in neviy machined, type 347
stainless steel autoclaves. The oxygen
partial pressures included in the
tests were 25, 75, 150, and 500 psia
at 2S0*C. These partial pressures

rasulted from the addition of hydrogen
peroxide to the solutions at roosi
temperature in aeiounts estimated to
produce the desired oxygen pressures
at 250*C by decomposition of the
peroxide. The hydrogen peroxide
supply uas renamed meekly.

A solution volusie of 150 ail of the
fluoride eaa used for each teat.
Duplicate tests mere operated for each
sat of teat conditions. The total
exposure period was 11 weeks.

The estisiated dissolved oxygen
content at 250°C with the wvarious

solutions. The uraaiuai concentrations
ia grans per liter of solution and the
pH of the solutions at the start of
the tests are also given ia Table 48.

Asinthe case of the uranyl sulfate
corrosion testa, the type 347 atainlesa
steel test speciniena were characterised
by the formation of bulk oxide films
that ranged from light gray to dull
black in color after 11 weeks of
exposure. The aa-removed weights of
these specimens were of little value
for determining the real extent of
corroeioa damage. It was observed
also at the completion of the testa
that the cumulative dissolved nickel
content in the fluoride solutions was
not a reliable criterion for evaluation
of corrosion attack. There wee no
consistent agreement between corrosion
rates obtained from the defilmed weight
losses and the rates determined by the
dissolved nickel method. The latter
rates were considerably lower in nagni*
tude, in moat cases, than the rates
calculated from the defilmed weight
losses. The defilming technique used
on the specimens consisted of cathodic

oxygen partial pressures are reported cleaning in 5 wt H sulfuric acid con*
in Table 48 for the two ursnyi fluoride taming an organic inhibitor at 7S*C.
Table 48

UTIIITU DISSOLVED OXYOEN CONTENT PRODUCED DV THE DECOMPOSITION OP

HYDROGEN PEROXIDE AT >S0*C

Initial pH
Actual uranium (g/l)
Dissolved oxygen (ppm)

at 25 psia
at 75 paia
at 150 psia
at 500 peia

150

mSolattes 1

IN URANYL PLUORIDE SOLUTIONS

URANYL PLUORIDE SOLUTION

Salatiea 1

2.76 2.21
98.3 307.5
125 100
400 330
800 660
2700 2200
l**



defilming «u
A comparison

The time required for
usually 3 ainutes.
between the corrosion rates calculated
by defilsied weight losaes and final
dissolved nickel concentrations appears
in Table 49.

cases, 99.3 t of
with 400 and 80) ppm
was there any

In only two
uranium per liter
of dissolved oxygen,
samblance of agreement in the values
obtained by the two Methods, that is,
the solutions containing 400 and 800
ppm of dissolved oxygen and 98.3 g of ,
uranism per liter. Correlation was

extremely poor in the majority of
tests. This could be attributed to
the nickel solubility behavior.
Several facts were apparent from
the corrosion rates determined by the
defilmed weight loaaaa. In the

solutiona containing 98.3 g of uranium
per liter, the minimum corrosion rates
were obtained in the presence of
dissolved oxygen concentrations between
400 and 800 ppm. Bates were higher

FOR PFRIOI) ENDING JULY 1, 1952

by a factor of 2 in the solutions
with 12S ppa of dissolved oxygeft and
higher by a factor of nearly 9 in the
solutions with 2700 ppm of dissolved

oxygen. The intensity of corrosion
attack by the solutions containing
307.5 g of uranium per liter was

noticeably suppressed as the dissolved
oxygen content was increased from 100

to 2200 ppm. The reduction in the
11-week corrosion rate was from an
average value of 16.6 mpy in the lower

oxygen range to an average of 0.7 mpy
with approximately 2200 ppm of oxygen
present in the solutiona.

The comparative corrosiveness of
uranyl sulfate and uranyl fluoride
solutions containing 100 and 300 g
of uranium per liter at 250°C with
various dissolved oxygen concentrations
is shown in Table 50. The test condi-
tions were identical for each medium
and corrosion ratea were determined
from the average defilmed weight
losaes on type 347 stainless steel
specimens after 11 weeks.

Table 48

A comparison M trees

defilmed and cumulati ve dissolved nickel

corrosion

RATER ON TYPE 341 RTAINLERR STEEL EXPOSED IN OXYGENATED

URANYL FLUORIDE SOLUTIONS AT SSD°C FOR |1

URANIUM DISSOLVED

REEKS

CORPUS ION SATE (spy)

By eeight leas By dteeelved aichel
(f/n OXYGEN (ppm) ) i
Speei.es 1 Spec,me. 3 Spetisen 1 Speeimee 2
98.3 125 0.48 0.62 0. 10 0.09
400 0.21 0.42 0.22 0. 12
800 0. 12 0.32 0.37 0.33
2700 1.76 2.70 0.49 0.46
307.5 100 15.33 17.87 3.0H 3.00
330 6.70 7.32 0.57 - 0.81
660 2.13 2.27 0.62 0 68
2200 0.66 0. 77 1. 16 0.90
1B1 151
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AVERAGE CORROSION RATES DETERNINED BY DEFILNED WEIGNT LOSSES ON TYPE 347
STAINLESS STEEL EXPOSED 11 WEEKS IN OXYGENATED URANYL SULFATE
AND FLUORIDE SOLUTIONS AT 250°C

= =

APPROX IMATE URAN I UM DISSOLVED OXYGEN CORROS 10N RATE (mpy)
conTENT (o/1) Copm) s V0,50, In UO,F,

100 125 0.16 0.55

375 e 400 0.21 0.32

750 to 800 0.28 0.22

2500 vo 2700 0.23 2.23

300 100 16. 60

300 to 330 0.25 7.01

600 to 660 0.30 2.20

2000 e 2200 0.29 0.72

With the exception of the solutions
containing 100 g of uranium per liter
with 375 te 800 ppm of dissolved
oxygen, the uranyl fluoride solutions
appeared more corrosive than the
sulfate solutious by a factor of 3 to
30, depending upon the specific static
test conditions. This comparison does
not include the solutions containing
300 g of uranium per liter with low
oxygen content, since a stable system
could not be maintained in the sulfate
solutions with these conditions.

Welded specimens of type 347 stain-
less steel to types 304, 309 niobium-
stablized, and 316 stainless steels
were prepared for exposure in uranyl
fluoride solution containing 40 g of
uranium per liter with an estimated
dissolved oxygen content of 800 ppm
at 250°C. Mydrogen peroxide additions
to the test solutions were used to
generate the desired oxygen concen-
‘ration. The welds were made by a
heliarc process with niobium- stabi-
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lized, type 347 stainless steel, weld
rod for joining the dissimilar alloys.
Close examination of the weld and
adjacent areas was made weekly. After
12 weeks, there were no signs of
preferential or intergranular corrosion
attack on any of the stainless steels.

A study was made with similar types
of welded specimens to determine the
degree of nobility of the individual
stainless alloys under conditions in
which reduction of the uranyl fluoride
solutions took place. Uranyl fluoride
solutions containing 300 g of uranium
per liter and no source of excess
oxygen were used in the tests. After
one week at 250°C, during which time
solution reduction occurred, it was
found that types 304 and 316 stainless
steels welded to type 347 stainless
steel underwent severe preferential
attack, whereas type 347 stainless
steel war preferentially attacked when
welded to type 309 nicbium-stabil ized
stainless steel.
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studies
solutions arc
following:

Miscellineous corrosion
with ursnyl fluoride
summarised in the

1.  Wrought and sand-cast specimens

of type 34? stainless steel were
exposed in uranyl fluoride solutions
containing 40 g of wuranium per liter

at boiling temperature for a period of
11 weeks. The corrosion resistance
of the wrought specimen was slightly
superior to that of cast type 34?
stainless steel. The final corrosion
rste on the wrought specimen was
0.03 mpy as compared with a rate of
0.13 mpy for the sand-cast material.

2. The corrosion rate for Stellite
98M2 bearing materia lwasslightly less
than 1 mpy after 12 weeks in ursnyl
fluoride solution containing 40 g of
uranium per liter at 100°C. The
corrosion resistance of this material
was determined also in uranyl fluoride
solutions containing 300 g of uranium
per liter at 100°C with and without
aeration. Deaeration did not material ly
affect the corrosion resistance; the

FOR PERIOD ENDING JULY 1, 1952
as compsred with a rate of 21.8 mpy
for the same period of time in an

aerated solution.

3. An effect of aeration was found
in the case of Inconel exposed in
uranyl fluoride solutions containing
300 gof wuranium per liter at boiling
temperature. Without aeration, the
corrosion rate was 25.6 mpy for eight
weeks as compared with 82.5 mpy in
air-aerated solutions for a similar
period. In uranyl sulfate solutions
containing 300 g of wuranium per liter
at boiling temperature, the effect of
aeration was not very pronounced on
the corrosion of Inconel. With
aeration, a corrosion rate of 0.5 mpy
was observed after eight weeks; in the
absence of aeration, the corrosion
rate was 1.2 mpy in eight weeka.

4. Nickel, 0 nickel and Monel were
found completely unsatisfactory for
use in uranyl fluoride solutions 'eon-
taining 300 g of wuranium per liter

with approximately 2200 ppm of dis-
solved oxygen (by hydrogen peroxide
decomposition) at 250*C. The specimens

corrosion rate in the oxygen-deficient exhibited heavy weight gains and severe
system was 26 4 mpy after 7.7 weeka pitting attack after one week of test.
METALLURGY
E. C. Miller, Group Leader
W J. Leonard A R. Olsen
W J. Fretague F. J. Lambert

R. G. Berggren

In the preceding quarterly
the metallurgical problems of the
project were reviewed and the proposed
program was outlined. Progress since
then on some phases of the work haa
been limited because of lack of man-

reportf,)

power, but additional technical
personnel have been assigned to the
*1*. c. Miller ema-A. n. Ole**, ffnaef>W*em«

lridtr frijttlpiiM trlf
feWiai Sarrk 15. 1fJ?,

Pramrrtt Ptptrt ftrPrr i*4
OHNL-I11O, p. iOl-10S.

project and the work is

accelerated.

now being

CORROSION NtTALI.IRGY

A R. Olsen, RFFD

Metallurgical
vided for the
Details of

V \J

assistance was pro-
corrosion studies.
sample preparation are

1£3
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described in the report of the corrosion
group (cf., "Dynamic Corrosion and
Solution Stability," this report).

SPECIFICATIONS AND FABRICATION

W. J. Leonard A. R. Olaen
Because of the encouraging welding
data, reported in the Jlast quarterly
report, and the progress on titanium
riveting, a program was established to
develop techniques for assembly of a
titanium impeller for a Westinghouse

Model 100A pump.

test assemblies shown in
?¢ were designed to compare riveting
and welding that might be used on the
impeller. Riveting was first attempted
by Bnmar of the Metallurgy Division by
furnace heating the parts and at-
tempting to transfer them to the
hydraulic preas quickly enough to
perform the upsetting before the
material cooled below the minimum
forging temperature of 1JOO*F, Diffi-
culties were encountered because of
the rapid cooling of the rivet end
to be wupaet when it came in contact
with the cold preaa head. It was then
dectded toheat the riveta by resiatance
heating while in the preaa. Four

The Fig.

UNO IS itfitp
nWo <**e«*

wtcDCD tt st assemehv aivcrEO test issewky

Fig. 74. Sectional Fleas of Atveted
ard gelded Tltaniua Teat Assemblies.

riveted assemblies were made bv using
asmall, portable, spot welder attached
to the heads of the hydraulic preaa.
The resulting assemblies provided the
mechanical teat data reported in
Table 51. More controlled vests
using the recently installed spot-

welding machine for

pressing are planned.

both heating and

The welding test assemblies were
fabricated in the dry boa under the
direction of Patnareaof the Metallurgy
Division. All welds were made in a
highly pure helium atmosphere (99.99%)

with a current of 48 i 2 amp at 12
volts. The initial pass was a fusion
pass of the RC-70 base material,
whereas the remaining passes were made
with the addition of Ti-?5A welding
rod (the only kind available). In
both the riveting and the welding
tests, the assemblies were machined
from a 1-in.-thick plate of titanium,
type RC-70, with a reported carbon
content of 0.23%.

The data reported in Table 51 are
encouraging. It. appears that a
titanium impeller can be fabricated

with either welded or rivet ed fastenings

provided the imposed load in operation
is purely tensile. Certain reservations
must be made with reference to the
specific application, however, since
a straight tensile test do<a not
simulate the dynamic stressing of a
pump impeller. In the impeller, the

fastenings will
to shearing

probably be subjected
stresses, repetitive

stress reversals, and some shock
loading. In addition, the available
materials for impeller fabrication,

although of type RC-70 titanium, have
carbon analyses of 0.32 and 0.3%.
Experience reported in the literature
indicates that welds in material con-
taining more than 0.25% carbon will
probably be brittle.

It thus appears that the most
satisfactory assembly procedure for

T**
aa asa aea aaa as a a a aaa aa
. a a a a a e ases
a a see a a see
aa as a a aa aa e a aaa a a*s .o
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Table 31
TENSILE TESTS ON BOTH RIVETED AND RELDKO ASSEMBLIES
SIMULATING PtlIP IMPELLER FABRICATION
MAXIMUM LOAD ELONGATION
EST - TEST LOCATION CF FRACTURE
NO. TYPE (Ib) <«>
1 Rivet 2450 18 Approximately in the center of
the rivet
2 Rivet 2700 18 Approximately in the center of
the rivet
3 Ri vet 2600 18 Approximately in the center of
the rivet
4 Ri vet 2400 18 Approximately in the center of
the rivet
5 Weld 3500 Immediately below the end plate
6* Weld 6260 Immediately below the end plate
7 Weld 8260 Immediately below the end plate
8 Weld 7600 Immediately below the end plate
9 Weld 8300 Immediately below the end plate
*Uslnk« til* »lktr eel4*4 t«a tkia eeeeably kad tka 1/JJ-+a.<kigk V/JJ-i*.-dia fiataaa taaatad
kafara nildia]|.
use with the available Material ia 2. studies of the effect of hydrogen
riveting. However, the weld atrengtha on the impact properties of the
are such that, at an admittedly greater material,
riak (considering the material avail*
able), an all*welded impeller of 3. exposure of impact specimens to
reduced coat ia adefinite possibility. conditions encountered in dynamic
corrosion test loops prior to
impact tenting,
PROPERTIES OF TITANIUM
4. exposure of impact specimens in
1. J. Fretague static corrosion teat apparatus
with and without radiation prior
The program for determining the to impact testing.
propertiea of titanium includes:
Tranaltton Teaperature Invest!*
1. transition-tmprraturr atudies gallons. In investigating the tran-
of arc-acltcd iodide titanium sition temperature of titanium, impact
and commercially pure titanium spec imens, 0.204 in. india by 10 3/4 in.
type 75A, long, notched every inch of their
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to a depth of 0.020 in. will be
This type of ipeeiaen permits
ten individual or impact breaks on
each ipeciaen and, from the standpoint
of economy of specimen material,
represents the optimum specimen site
employed to date. It is identical
with the specimen wused by the Solid
State group for irradiated materials.
This permits the uae of the impact
testing equipment developed by the
Solid State Division.

length
used.

the
the

In the
specimen is
specimen vise
specimen notch
surface of the

impact testing equipment
clamped vertically in
with the center of the
even with the top
vise. A suitable
liguid medium 1is wused to cool the
iprcimen while in the vise. The
liguid level is maintained so the
specimen notch is immersed at all
times. A Leeds A Northrop, Mirrosai,
Model C, indicator and controller,
used in conjunction with a bank of
infrared lamps, permits accurate control
and measurement of the testing tempera-
ture in the range from approaimate ly
« 200"C to ¢ 200"C. bhen the transzi110n
temperatures of the arc-melted swaged
and annealed iodide titanium and
the swaged and annealed titanium

type 7SA have been determined, impact
specimens of both varieties of titanium
will be heated in a hydrogen atmosphere
and the amount of hydrogen absorbed
measured. These specimens will be
impact tested to determine the effect
of hydrogen on the transition tempera-
ture. In conjunction with this portion
of the program, specimens of arc-
melted iodide titanium and titanium
type 75A (swaged and annealed) will
be vacuum annealed to remove hydrogen
prior to impact testing. The effect
of hydrogen removal on the transition

temperature will be investigated.
Specimens to which hydrogen will be
added by making the specimen the
cathode in an electrolytic cell will
also be tested. Various electrolytes
156

the effect of
the wvarious
temperature

employed and
addition by
transition

will be
hydrogen
methoda on the
will be noted.

impact specimens (prmci-
pslly type 7SA) will be exposed in
dynamic corrosion test loops prior to
impact testing. It is hoped that
valuable information on the effects
of temperature, solution concen-
trations, solution velocity, oxygen
and hydrogen gas content of solution,
etc., on the impact properties of
titanium will be obtained.

Titanium

Static corrosion tests in various
media will be made on impact specimens
of titanium prior to impact testing.
F.ventual ly inpile corrosion tests are
planned, but the initial specimens
will not be subjected to rsdiatton.

Preparation of Materials for Impact

A S0-g melt of iodide
been prepared and swaged

Specimens.
titanium has

to 0.243-in. dia rod. There is suffi-
cient material for one 0.204-in.-dia
by 10 3/4-in.-long impact specimen.
Two 1 S/8-in. pieces of this material
have been submitted to the x-ray
laboratory for determination of the
textures obtained by,swaging, and by

swaging and annealing (vacuum annealed

at 500®C for 1 hr and furnace cooled).

Approximate ly 2 ft of Il-in.-dia
titanium type 75A bar (ltem No. 24,
heat No. 1.782, annealed and pickled)
was cold swaged to 0,238-in.-dia rod.
A S-in.-long piece of this same
material was cut off the original bar
prior to swaging to be used for rolling
tests. Sufficient swaged material for
thirty-six 10 3/4-in.-long impact
specimens was obtained. These rods
will be sand blasted, to remove any
scale picked wup during awaging,
pickled, and vacuum annealed at approxi -
mately r00°C for 1 hr and furnace
cooled. A similar annealing treatment

“ 06
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will be performed on tbe swaged iodide*
titanium rod. After annealing, the
roda *ill be submitted to the Research
Shops for machining in 0.204-in.-dt*
by 10 3/4-in. long impact specimens.
These specimens *.11 be available for

the experiments outlined.

NONWATIICTIVt TESTINC

F. J, Lambert, Y-12

The nondestructive testing group
of the Y-12 Research Engineering
Department received a reflectoscope
during this quarter and is training
personnel in its use and application.

Two Audigages have been purchased,
and delivery will be made in the
latter part of June. One instrument
operates in a high-fcequency range
andwill be used on heavy gage materials

determine the progress
instrument,
fre-

in an effort to
of corrosion. The other
which will operate at a lower
quency range, will be better suited
for lighter gage material.

unit has been
expected in

installed

A Zyglo testing
purchased and delivery s
July. The Zyglo unit will be
in the Y-12 Machine Shop and operated
by the nondestructive testing group
to reveal defects on heat-
treated forgings, and
castings.

surface

parts, welds,

visits
Mines
Texas, and
obtain

month of May,
Bureau of

During the
made to the
Amarillo,
Maryland, to

were
Stations at
College Park,

ae *
a a
* as
o »
. .
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welding of titanium.
visits, specially
being fabri-

in formation onthe
As a result of these
constructed dry boxes are
cated for titanium welding.

services have continued
quarter.

Radiographic

aa usual during this

RAD. ATSoN I1HAMACt STIUIt-S

J. C. Wilson R. G. Rerggren, SSD

Work has progressed in the study of
the effect of irradiation on the
impact strength of materials of
interest in the HRP.

A sample of normalised SAE 1040
been irradiated in a donut
hole of the X-10 graphite reactor for
a period of four
normalised
irradiated
position for a period of nine
normalised SAFI 1040

steel has

weeks, and a second
SAE 1040 steel
in the

sample of
is now being same
weeka.

Samples of steel

and type .104 F.LC stainless steel are
being prepared for irradiation in
the 1ITR. These will probably be
exposed in a vertical beryllium piece
in the LITH.

steel
awaiting completion
remotely controlled
Revisions to the
improved specimen
clamp and facilities for conducting
the tests at temperatures ranging from
approximately -200*0 to *200*0. These
about three-faurt ha
runa are expected

Impact testing of the samples
now available s
of reviaions to the
impact machine.

machine include an

revisions are
trial
three

completed and

to be started in weeks.
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CHEMICAL

F. R. Rruce,
D. E. Ferguson
G. |. Cethere

The development of chemical proc-
essing for a pluton iua-producing
reactor using uranyl sulfate as the
fuel solution has progressed to the
point of obtaining a reliable tributyl
phosphate estrsction flowsheet. The
effort this past quarter has been
directed toward improving this flow-
sheet, avaluating fluoride distillation
as an alternate method of uranium
decontamination, and further studying
the chemical behavior of plutonium in
a uranyl sulfate solution in areactor.

fLVTMIUI CBEBI8TBV

In order to establish the optimum
method of chemical processing for an
aqueous -solution , homogeneous, plu-
tonium producing reactor, it is neces-
sary to know the chemiral behcvior of
plutonium in such a reactor. The
present data indicate that in areactor
using wuranyl sulfate solution as the
fuel and operating at either 2SO0 or
100*C there will be precipitation of
plutonium. It is the purpose of this
study to establish the amount of plu-
tonium that will remain in solution
in the reactor under operating con-
ditions, to determine what will happen
to the plutonium that does not remain
in solution, and to aeek methods of
controlling the chemical behavior of
plutonium in the reactor.

It has been previously reported
that the solubility of tetravalent
plutonium in 1 If UO|S04 is only 0.003
mg/ml at 2S0*C. When a solution of
uranyl sulfate containing more than
this concentration of tetravalent
plutonium is heated to 250*C, the
plutonium precipitates as PuOj. This
precipitation is essentially complete

158
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R. G. Minefield
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in 12 hours. It has also been re-
ported that a partial pressure of
oxygen of 200 pai will atabiliie the
soluble hexsvalent plutonium in uranyl
aulfate solution at 250*C but that
in the absence of oxygen,hexavalent
plutonium is rapidly reduced to the
insoluble tetravalent state. It was
also found that a partial pressure of
oxygen would not reverse the pre-
cipitation of tetravalent plutonium.

Effect of Varying Oxygen Pressure
mm the Behavior of Besmvalent Plu-
tonium at tSI*C. The results of
experiawnts conducted at 2S0*C indicate
that hexsvalent plutonium in 1 If uranyl
sulfate solution is stabilised by
partial pressures of oxygen as low as
40 psi . At 20 psi, the results are
contradictory. In one experiment at
20 pai, hexsvalent plutonium was
alaMist completely reduced, whereas in
a duplicate experiment the amount of
hexavnlent plutonium reduced was not
different from that observed at higher
oxygen pressures (Table 52). These
results were obtained by heating S-ml
portions of a 1 If uranyl sulfate
solution in pyrex tubes with acapillary
opening for 48 hr in an autoclave
under various oxygen pressures.

Effect of Platoaimm Concentration
oa the Behavior of Plutmmloa la | M
Uranyl Sulfate Solutions. The results
of experiments conducted at various
plutonium concentrations indicate that
an equilibrium exists between hexa-
valent plutonium and tetravalent plu-
tonium in solution. When 1 H uranyl
sulfate solutions containing more than
0.1 mg of plutonium!VI) per milliliter
were heated for 48 hr under 200 psi of
oxygen, the hexsvalent plutonium was

1%
=y e | "€
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mu Ss

EFFECT OF OXYSEN PRESSURE Ot THE BEHAVIOR OF FLUTONIUO AT SBO*C

Starting solution: 11f UO,S04
Solutions kept at 2S0*C for 48 hr under indicated oxygen pressur
OXYGEN PRESSURE ] WEIGHT OF Pa(VI) IN
(pai) OOtniTICNS Pa(Vl) (S) Pa(lVv) (S) AOUMOI (ag)
300 Before heating TO 21 0.904
After hasting or S * .TOO
100 Bafsra heating 93 7 1.133
After hasting 97 2 0.790
40 Hr (ora heating M 12 1.04T
After heating 92 . 0 40
20 Before heating o4 14 1.041
After heating >k 0.S41
20 Bafsra heating o1 39 0.TI19
After heating T 23 0.000
observed to be partly reduced. Under found to be about 0.010 ag/al, compared
the aaae conditions, but eith an eith 0.003 ag/al at 250*C. The rale
initial piutoniua(VIl) concentration of of hydrolyaia and precipitati«n of
0.05 ag/ail, significant oxidation of plutoniua(lVv) la slower at 100*( than
plutonie* (IV) to plutoniua(VIl) eaa at 250*C. The reaction ia essentially
observed. In all casea the final coaplete in 12 hr at 250*C and was
ratio of hexavslent to tetravalent observed to be only 90S coaplete at
plutoniua (Table S3) eas about 33:1. the end of 48 hr st 100*C;

Expe riaent a with longer heating Adsorption of Plutoniua on Stain-
periods will be required to establish leas Steel. It was found that as aurh
the exact equilibriua concentrations; as 1.7 eg of plutoniua per square inch
however, based on present data the of type 347 stainless steel will be
final concentrations under the sbove adsorbed at 250*C froa 1 If uranyl
conditions will be 0.003 ag of plu- sulfate solution containing approxi*
toniua(lVv) and about 0.10 ag of plu- aately 0.24 ag of plutoniua per ailli-
toniua(Vl) per ailliliter. liter. The following procedure was

used to deteraine plutoniua adsorption

Salability of Tetravalent Plateaiua in a reactor.

la 1 m Uranyl Sulfate Solution at 1PS*C.

The solubility of tetravalent plutoniua
in 1 If uranyl sulfate at 100*C was

containing 0.24 ag of
ailliliter in 1 If U0OJSO04

A solution
plutoniua per
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Table S3
KFFfCT »f PLITMIII 11HIM f NTKATIOh Oh PM TOM 10 MfNAVIOR |Ib
I v (KAMI. NIT.f ATf SOM TI Oh
Temper.tar.: 250*C
lint inn time: 48 hr
Onvfen pre., are: 200 p«i
fXM(TNTRATICH Of
CBRRITMM (XRCIWNATITH - Of ( Pal VIl (%) Pe(1VJ («>
Pa(Vvl) (ag/nll Pal IV, lag al
(tofore beatesg ft. ATS 0.S14 Aft B
After Keel in* ft.SIS 0.ftlIo 07 S
Hefore heating . m 0.S11 47 3
After heating ft. 1ST 0.005 # S
Hefore heatiag ft. ITS 0. 10ft 47 53
After heatiag e i 0.004 07 S
before heatiag . ft. OK? 0. 101 44 54
After heatiag 0 OA7 0.002 07 S
before heatiag 0.040 0.05ft 50
Aftar heatiag 0.041 0.001 Oft 1
prepared. The plutonium 9041 An adsorption value of m f
fu(VI)-low Pu(|V). Fit. milliliter, plutonium per square inch of atee
of the solution pi.red in aerie, obtained from the amount of plutonium
oftubea, e.rh of mhich contained contained in these solutions and
pier, nf pretre.ted type 347 at.inlea. area of the ateel. This amount
ateel. The steel pietre.ted by adsorption mould result in
heat inf for 24 hr at 2S0*C in a 1 u plutonium being held up on the
1*0 S04 solution wunder a pressure of of a 15-ft-dia spherical core
200 p*i of osyfen. The tubes .ere #
plared in an autoclave wutder an osyfen MLVINT fATRACT IOh
pressure of ?200 pai and heated to 2%$0*C
for 48 hours. At the end of the Solvent estraction studies
heatinp period the steel «aa removed qguarter have been Ilimited
and rinsed with distilled aster. The of the estraction of neptunium
steel ass then dissolved in aqua tnbutyl phosphate under Pures
rents, and after centrifufinp the conditions, scouting experiments
reifdue vai treated taire aith ammonium evaluate alternate solvents,
heaanitrate rerate in 6 A nitric and. study of radiation derompoaition
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th» solvent mature proposed for
homogeneous chemical processinf by
tributyl phosphate extraction.

Extraction of Neptaminm by Tributyi

Phosphate. It haa been reported that
a coolinf period of at least 45 days
eas necessary to obtain adequate de-

contamination of uranium and plutonium
by TBP extraction from NpJJ* activity.
Baaed on more recent distribution data,

adequate separation from neptunium may
be obtained after only 35 days of
cool IDR.

In making this study of neptunium
extraction, the behavior of the various
stable oxidation statea of neptunium
in the Purex process has been in-
vestigated. Countercurrent batch
extractions simulating Purex 1A column
conditions were carried out first with

feed solutions containing Np,J* tracer
prepared by neutron irradiation of
normal wuranium trioxide. A thenoyl
trifluoracetone extraction method vas
used to isolate neptunium. Since
results of extraction experiments
carried nut «ith this tracer material
eere somewhat erratic, it «ai thought
that a trace of TTA might be carried
along with the tracer. To eliminate
the possibility of such impurities,
Ap*** tracer *ai prepared by irradiat-
ing uranium that contained only 0.03V
[f***  This material «aa used without
chemical separation in the following
studies.

Behaeior of Srp tuniua(k/) and

%>p runiuaf /V) in the Purex Process.

Feed solutions containing neptunium
tracer at an activity level of about
10T beta (ounis/sin/sl acre prepared.
In one solution thr neptunium >ai
reduced to the IV state by addition of
ferrous aulfamate to a final concen-
tration of 0.05 If; in the other the WV
state vas produced by addition of
potasaium dichromate in slight excess.

Results of the extraction experiments

FOR PER100 FMIIMi JULY 1. 1752
showed that the neptunium was com-
pletely extracted by TRP-Amsco when
present in these oxidation states.
Since it vas desired to put the
neptunium in a nonextractable form, no
further work was done on the IV or Vi
valence forms.

hep »uniumfV). Neptumum(V) is the
most stable form of the element in
agqueous nitric acid solution. The
pentavalent state is produced in-
stantaneously by reduction of the
the hexavalent state with nitrite. It

is also possihie to prepare neptunium(V)

by oxidizing the tetravalent state
with nitrite in nitrate solutions, but
this may not be effective in a sulfate
system.

It was found that under flowsheet
conditions a decontamination factor of
100 for neptunium could be obtained
from neptunium(V) in the Purex 1A
column. hhen uranium was omitted from
the feed, which would simulate second
plutonium <cycle conditions, the
neptunium(V) decontamination factor
dropped to 13. The addition of nitrite
to the 1A Scrub solution also lowered
the neptunium(V) decontamination
factor from 100 to 25. This is in
agreement with previously reported
data in that a definite torrelation

existed between the presplice of nitrite
and the extraction by TBP of pentavalent
neptunium from nitric and solutions.

To investigate the behavior of
neptunium(V) in the Purex process,
feed solutions that contained neptunium
tracer in the pentavalent state were
prepared. The tracer solution was
treated separately from the bulk of
the feed, the neptunium being oxidized
by addition of a slight excess of
potassium permsnganate (measured by
persistence of a faint pink color for
15 min after heating the oxidant with
tracer aolution to 70 to BO*C for 1/2
hr). Addition of sodium nitrite to
the tracer to a final coneentrat inn of
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0.1 M reduced the
pentavalent atate. Feed aolutiona
were then spiked with thia tracer and
put throufh 100 equilibrationa in
batch countercurrent runa simulating
Purex 1A column conditions, with the
difference that in aoaie runs no uranium
was present, and in others sodium
nitrite was praaent in the scrub
a concentration of 0.05 H.

neptunium to the

solution at

The results tabulated in Table 54
show that only a small fraction of the
neptunium ia extracted by TBP when the
element is present in the pentavalent
state. The presence of uraniun in the
feed appeared to decrease the extracts'

bility of neptuniurn(V).
The feed solution had a final
activity level of 10* to 10T gross

beta counts/min/nl, and the neptunium
distribution throughout the system was
determined by gross beta activities,
since the tracer was prepared from
nearly pure U2>%*, Neptunium beta
activity, however, was also determined
on the AP, AF, and AW solutions, since
the uranium interfered in the AP so-
lution, and the accumulated fission
products interfered in the AN solution.

Table M

DECONTAMINATION FACTOR FOR
NEPTUNIUN(V) IN TME PUREX 1A COLUMN

Standard Purax I|A flowsheet axcapt where
indicated

Batch rountercurrent run for 100 equili-
brations

DFCONTAMINATICN
FACTORS FOR

NEPTUNIUM V)

RUN CONDITUNS

Standard Purea flowsheet 95
Standard Purea flowsheet 95
0.0S M NaNQj in scrub solution 2S
No uranium in feed solution 13
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Dibutyl Butyl phoaphonate aa am Ex-
tractant for Iranian from Uraayl Sul-
fate Solutions. The results of a
single equal-volume extraction of
irradiated wuranyl aulfate solution
with dibutyl buty 1phosphonate (0.5 Jf
in Amsco) are shown in Table
55. The wuranium distribution <co-
efficient under these conditions is
about a factor of 3 higher than that
for the TBP-Amsco extractior in which
the uranyl sulfate is 3 if in HNO,.

solution

Radiation Damage on Solveat EXx-
traction. A series of experiments has
been started tostudy thesusceptibility
of TBP mixtures to radiation damage.
Although certain impurities are known
to affect solvent extraction processes
employing TBP, there is very little
evidence that shows the relation
between radiation damage and formation
of impurities that might affect process
performance. Some experiments carried
out with an electron beam in a Van de
Graaff machine tended to show some
effect on plutonium extraction and
the stripping of fission products, but

Table SB

EXTRACTION OF URANIUM FROM IRRADIATED
URANYL SULFATE SOLUTION BY D!BUTYL
BUTYLPHOSPHONATE

Conditions: Oae equal-volume equili-

bration

0.SH dibutyl
ia Aaaco

Solveat: butylphosphonate

1.0 A HNOj. 1? of of ir-
radiated uraaiwa per
milliliter

Aqueous feed:

DISTRIBUTION COF.FTICIWT.

EI.WENT OR ACTIVITY OIA
U AO

Gross 0 0.03
Ru a 0.04
Np O 0.1
Total rare earth 0 0.0t



further work is necessary before s
definite conclusion can be reached
about the Ilimitation imposed by

rsdiation demage on solvent extraction

processing.

Preliminary tests of solvent damage
arc being carried out in 6000 r/min/ml
gamma radiation from a Co*0 source.
These results will be correlated on an
energy basis (assuming approximately
100 ergs of absorption per roentgen)

with those already secured with the
Van de Graaff and with chemical tests
now being developed. If justified by
the results, further experiments will
be carried out with the Chemistry
Division’s Van de Graaff, since much

higher rates of energy dissipation can
be secured in this type of irradiation.
Consideration is also being given to

the use of short*cooled dissolver so*
duplicate the conditions
reached in actual chemical processing.
The high activity ji fianion*product
material, staying predominantly in the
aqueous phase, aay require soae in*
veatigation of the iaterfacial surface
conditions in actual chemical ex*
traction. Tests with the Co*0 source
de Graaff will be basic in
solvent change will be
energy absorption
phase.

lution to

or a Van
that any
related to actual
within the organic

test for irradiated
developed for the
check on whether
stripping of plu*
affected.

A tracer chemical
samples has been
preliminary work to
the extraction or

toniua or fission products is
By comparison of irred iated and control

samples it will be possible to detect

changet in the solvent that are capable
of affecting tracer amounts of plu*
tonium or fission product. Higher
burnup irradiations may be made later
if findings indicate that certain
impurities build up in the solvent

despite a cyclic washing process.
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ECONOMIC COMPARISON OF LF, DISTILLATION
AND TDP EXTRACTION FDD PROCESSING

URANTL RCLFATE FUEL

The results of an economic study
indicate that uranium hexafluoride
distillation compares favorably with
tributyl phosphate extraction as a
method of decontaainatiag wuranium from
a uronyl sulfate solution reactor. The
saving indicated for dry fluoride
proceasing is about one dollar per

of plutonium produced. This con-
based on a comparatively
fluoride flowsheet and
insofar aa the assumptions
flowsheet are
dry fluoride
uranium from

gran
clusion is
untested dry
ia valid only
made in drawing up the

realistic. However, the
method of decontaainatlag
a homogeneous plutonium producer
appears attractive enough to warrant
a comprehensive study to establish its
desirability compared with the solvent
extraction method. The basis of this
economic comparison was 0.6 ton of
uranium per day os 1.0 M UO0,S04 in
heavy water containing no plutonium.

It woe assumed that the plutonium
would be removed continuously from the
reactor and that the method of plu*

tonium decontamination would be the

same for either process.

The TBP extraction process was
described in »he last quarterly report.
The fluoride distillotion process con-

sists of drying the uranyl sulfate to
remove D,0, roasting to 11,0,, fluo-
rinating to UF# with in RtF,, and

fractionating in two columns to produce
decontaminated UF,.

Table 56 summarises the operating
costa for these two processes. labor
coats were estimated to be the same
for both processes, but chemical costa
for fluoride distillation are more
than twice thoie for TBP extraction
because of the cost of fluorine, which

ST 13
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SUMMARY OF OPERATING COSTS FOR PROCESSING URANYL SULFATE SOLUTIONS

Basis: 0.6 tss sf uranism par Asp ss 1.0 M UOjS04 is DjO,

2000 § of plu-

tonium psr Asp rssstsi before D,0 rscortrp. Casts for plttssiw
processing sits development, plsat p{otsctiss, sad similar items

sat included

ITEM

YEARLY GOST

METHOD OF EVALUATION Fluoride

D istill atioa

TBP
E xtraction

Uhwr S Il, 000/aaalpear $M 0.000 $660,000
Qmbim | cents Estimated from market prices 200.000 95,000
Gtdliaiaa Estimated from plant regairamamts 25.000 75,000
Maintenance 20* of equipment cast 70,000 117,000
Analytical service $5.00 per anal pais M 0.000 400,000
Amortnation IS* ef plant ceat per pear 670,000 860,000
Conversion ef UW Is UK $0.$0/1b ef uranium 320,000
Teta) cast per pear $1,930,000 $2,510,000
Coat per gran ef Pa $3.20 $4.20

ee< taken as S0O.80/Ib. The analytical this process to uranium heaafluoride

costs for fluoride distillation eere for recycling to an isotopic enrich*

estioated to be less than for TRP ment plant.

eatraction because tke nuoeroua

feed anelyaea required for the ex- The total costs of uranium decon*

traction process. Utilities, maints* lamination were S3.20 per gram of

nance, and aoortiiation were estimated plutonium for fluoride distillation

to be leas for fluoride distillation, sad S4.20/g for solvent extrTrtion.

aince this process requiraa smaller It should be emphasised that these

equipment. In addition,

processes equivalent,
to add |0.80/Ib of

solvent eatraction

the conversion of uranyl

to make tke costs do not include

ia necessary contamination or such
uranium to the development and plant
procosa cost for for this reason they do not represent

plutonium da*
items as site
protection, and

nitrate from the total cost of chemical processing.
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