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By

R. C. Brayer, G. Zuromsky and W. P. Chernock

ABSTRACT

Tests of Types 304 and 347 stainless steel in both the solution
annealed and sensitized conditions were initiated in pressurized
water containing 15 ppm disselved oxygen and 25 ppm chloride
ion. The unstressed samples indicated no attack after exposure
to this environment for 180 hours at 190°C. These samples
have been stressed to half the yield point and are in test under
the same environmental conditions. Preparation of internally .
pressurized tubular samples is nearing completion. Refine -
ments to the steam:test apparatus have been completed and
results from initial testing of the system have been satisfactory.




- INTRODUGTION

The United States and the Europeén'Aton-'lic Energy Community (EURATOM),
on May 29 and June 18, 1958, signed an agreement which provides a basis
for cooperation in programs for the advancement of the peaceful applications

of atomic energy. This agreement, in part, provides for the -establishment

«

of a Joint U.S. -Euratom research and development pr.ogita_m-wh_i‘ch is aimed

. at reactors to be constructed in Europe under the Joinf Program.

The ‘\%r:ork'descr'ibed in this report representéthé ‘JOiht‘U;‘S. 4-E1l.1'rai.'tom effort
which is in keeping with the spirit of céoperation in con;fibuting to the common
good by the sharing of scientific a;nd technical inférmation and minimizing the
duplication of effort by the limited pool of technic-.al".taler.it avail._ab‘lve,in Western

Europe-and the United States.
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1.  SUMMARY

Work during thé present reporting period has been concentrated on
.specimen preparation,: initi.'ation of autoclave tests under controlled
Water cherﬁistry condit!:ions, and completion. of modification to.the steam
. test facilit%r:.
High-temperature, pressurized water tests were initiated. These

tests were conducted in.an-autoclave in which the dissolved oxygen.was

introduced-into-the-water-b y-means—of-a—*%to cked-int-air-blanket-—The-level

of oxygen dissolved in the water can be calculated from values of water
volumes in the autoclave and operating temperatures, and can be verified
analytically by a modified Winkler technique.. Chloride ions were intro -
duced into the autoclave water during loading in the form of a concentrated
solution of high purity sodium chloride in water.
-Samp>les of Types 304 and 347 stainless steel were prépared by the
following hellat; treatments: |
A, ‘.Solut‘ion-annea,led at 1066°C for 10 minutes followed by
.. rapid furnace ;ooling.
B. Seﬁsitization at 650°C for 20 hours. followed by élow
4fi1rnace cooling.
C. sensitizaiion-at 872°C for 20 hours folléwed by slow
furnace cooliiu"g. |
Uns,treséed U-bend samples representing both types of steel é.nd~a.11
heat treatments were exposed for 180 hou:.rs' at about 190°C in pressurized
static wa,ter:conta,.inihg app?oxima,tely 15 ppm oxygen.and 25 ppm chloride

-1-




ions. No.evidence of grain boundary attack or change in surface condition
was observed as a resul't of exposure. The samples were then stressed to
-half the yield point in the outer fibers and were re-ipserted.into, the auto-
clave where they are being exposed to water and temperature conditions
similar to.t'hose in the previous exposure.

In order to. supply a continuous flow of steam of known.quality, further
refinements were made in the-basic design of the steam test a.péa_-ratug. An
external heating coil has been attached to the steam supply to p?ovide super -
heated steam. A water injection system, ‘installledlupstream_ tq the superheater,
: transforms"the-superheated steam to saturated steam. To enhance formation
of fine water dispersion dréplets, the velocity of steam flow is increased in
. the system at the point of Water injection by flowing through an 0.32 cm
diameter orifice. The chloride ion clontent of the stea‘m is maintained-by
addition of NaCl to the. injection system water supply. The performance of
this system has been evaluated for various deérees of superheat using a
steam flow.rate of 400 grams per minute.

Preparation of internally pressurized tubular samples -has continued

and these will be placed in test during the next reporting period.




II, INTRODUCTION
There is a wide ré.nge of ‘viewpdints concerning the possible mechanisms
associated with stress corrosion cracking in austenitic stainiess steels. This |
. topic has been the subject of 'many reviews and symposia in which proposed |
theories concerning failure have included electrochémical, mechanical, and a
combinatipn of electrochemical and mechanical mechanisms. The program,is
aimed at obtaiﬁing a better understanding of the influence of intergranular

attack on susceptibility for transgranular cracking_.E

A.program is in progress with the following objectives:

A. To establish the differénce in transgranular stress corrosion
susceptjbility fqr slensitized and non-sensitized austeniéic
stainless steels.

B. To establish the general spectrum of environmental conditions

for which these differences in susceptibility occur.

C. To assess these environmental conditions to determing

whether they are amenable to simple cont;rol during reactor
operatioh.

Emphaéis during previous reporting periods was directed towafd
correlating, by detailed rqetallo'gfaphic evaluation, heat treatment conditions
to the morphology of the 304 and 347 stainless steel samples, and to the design
afnd assembly of the test equipment. |

The as-received mill annealed Type 304 and 347 samples exhibited typical

single phase austenitic structures with trace amounts of extremely fine discon-.

-3-




tinuous precipitates at the grain boundaries. A 30 -minute solution annealing
heat treatment at 1200°C in é.rgon followed by a water quench did not signi-
.ficantly change the grain boundary appearance of Type 304 stainless, but -
produced Type 347 stainless steel sampies completely free of grain boundary
precipitate. Sensitization heat treatments for grain boundary carbide precipi-
tation were investigated at 650°C and 928°C, to develop extremes in carbide
formation. The samples were heat treated for 24 hours in argon atmosphere

at each temperature. Type 304 stainless heat treated at 650°C exhibited a

continuous carbide layer at the grain boundax.'ies‘while the same steel, heat
treated at 928°C, .exhib'ited a discontinuous massive blocklike structure wit_h
evidence of growth toward the interior of the grains. Thé Type 347 stainless
steel, heat treated at 650°C, exhibited an extremely fine discontinuous.
precipitate at the grain boundaries and random globular precipitates within
the grain., Heat treatment at 928°C for Type 347 stainless steel produced

a coalesced grain boundary precipitate. These heat treé.tfnents were used
asa base for preparation of samples faBricatea in the present quarter.

Recent results from VBWRl and Savannah Riv’ér2

have stressed the

importance of reassessing the stability of stainless steel in water reactor

systems. Intergranula;r cr‘;icking was observed in unsensitized Type 304'
7 ,

stainless steel in VlW}}.. Cr.ack.ing- was believed to be related to cladding

stress level. Savannah RiverZ found intergranular and/or transgranular

1. Pashos, T. J., APED- 4260, (September 1963), '""The Use of Stainless
o Steel as a Fuel Claddlng Material in Water Cooled Power Reactor
. Applications. "
2. FundamentaLNuclear ‘Energy Research - A Special Report of the
- United States Atomic Energy Commission, December 1963, p. 305.

-4 -



cracks. in Type 304 stainless steel U-bend samples tested for 450 hours in 90°C
water with a pH of 4.5 and 2 ppm chlo;'ide ion., The above results reaffirm the
need for additional data. Thus, in addition to the tests in flowing s'tean,1 at
atmospheric pressure, a series of tests in high temperature, pressurized,

static water have been initiated during this reporting period.

O
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1. STEAM TESTS

A. Test Apparatus

A description of the test apparatus was presentéd.in.the last
quarterly report.* In order to. .supply. a continuous flow of steam of known
quality, further refinements were made in.the basic design. Descriptions
of the basic units of the apparafus’aﬁre preserit"ed'_bélo\\av..._'v A‘_r‘év‘ised,schematic
diagram is shown in Figure 1. |

1. Steam Generator .

Oxygenated distilled feedwater is supplieci at a controlled
rate to a boiler which produces steam. The oxygen :in';th'é_;'steam; is regulated
by controlling the mixing ratio of two ox'ygenatea \x;ater sﬁpplies. @ﬁe water
supply contains 5 ppm oxygen Aobt;ain'ed by air s‘aturétifo:nvand‘theA :other contains
30 ppm. oxygen produced by pﬁre oxygen sétufation. ‘This stea.-mv.Ag'enerator
can produce steam at a rate in the r'a.nge ffé)m 100. At_o' 800,. grams per hour,
as determined experimentall}.r. .

2. Steam Superheater and Injection System .

~An external heating coil was atta‘.c‘hed to the steam tube to
increase the steam temperature in the range of 120 to 150°C to provide

superheated steam. An orifice, 0.32 cm in diameter, was located on the
~

(!

upstream side of the superheater to.increase‘the velocity of steam flow at
the point of water injection to enhance formation of fine water dispersion
droplets. The temperature of the steam is reduced to a saturated condition

by injection of water into the orifice, as shown in Figure 1. The injected

* Zuromsky, G. and Chernock, W. P., CEND-202 (January 1964),.
Correlations Between Sensitization.and Stress Corrosion Cracking
of 300 Series Stainless Steels, Quarterly Progress Report.

-6=
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water, in addition, supplies chloride ions (as NaCl) to the steam. The

chlorides gre.tr#nsported with thé- steam_Ain' fine droplets of water. A

three-v{/ay stainless steel valve is used to bypass the steam for s;mpling

to determine oxygen énd chloride cdnt_énts. Beyond the valve, the steam

enters the furnace tube containing the test specimens. |
3. Furnace

The steam.enteringi the furnace is heated to temperatures .

ranging from.230 to 650°C. Tube specimens are located in the region within

the furnace where the saturated steam goes.to dryness, corresponding to a
region of maximum.salt deposition.l A movable sheathed thermocouple.

records temperatures at various positions near the test specimens. Steam
flow is continuous toward.the opposite end of ‘theA furnace -tubg which 'is‘ épen

_to the atmosphere. To provide rapid condensation, approximately 30 cm

- ‘of the exit end of the furnace tube is exposed to.the-atmosphere.. I‘he condensed
steam is removed and collected for additioﬁal analyses.

B. Preliminary Tests

' The steam line portion"of the apparatus ;vas operated to evaluate
‘the pe;formance of the water injection system. for various degrees of steam
.supei'heat. 'The steam flow rate was maintained at 400. grams per minute
during"these tests. Fe'éd\;vater to the boiler was air saturated to contain
about 5 ppm oxygen. Chlorides wereAnlot added to the water or steam for
these tests. Ten iron-constantan.,thermocouples,é spot welded to thelwall of
the steam. line at 2.5 cmfintervals‘, measured the steam line temperaturés
between the boiler and by;pasé valve at the furnace entrance. Six ;)f the

7




thermocouples were located within the superheater section and the others

on the upstream side of the orifice. Heat losses were minimized by reducing

‘the total length of the steam line to 30 cm. The temperature of the incoming

. steam was raised to the range from 120 to 150°C by an external electrical

heater. Water was injected at flow rates from 20 to.85 cc per hour to study

~ de:-superheating of the steam. Continuous flow of water into. the orifice was

maintained without serious difficulty by providing a gravitational head of

about 35 cm. During the tests, thermocouple measurements were_made-at

intervals of 15 minutes.
A typical temperature profile of the steam line is shown in

Figure 2. The steam had been superheated to 127°C and then returned to

saturated condition by a continuous water injection of 80 cc per hour.
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IV, AUTOCLAVE TESTS

A, Test Apparatus

High-température, pressurized-water tests were initi‘ated during
this repbrting period. A 304 stainless stéel autoclave (l11.6. liter's) which had
been previously run with halogens is being used for this. series of
tests.. In order to satisfy safety requirements, the autoclave has been moved
to a specially constructed pit (Figure 3) situated about 20 meters from. the
laboratory building. During oper;tion, the pit is covered by a pallet support-
ing two layers of sand bags. This autoclave has been fully instrumented with
recorders land controllers for temperature and pressure control. - The control
panel is situated inside the building and permits continuous monitoring of the
tests. In addition, provisions have been made, at the autoclave site, for
venting and sampling of the autoclave water. Additional inlets are available
for future installation of an injection system.

B. Corrosive Media

‘Use of high purity pressurized water containing up to.50 ppm
chloride ions and 50 ppm dissolved oxygen is anticipate'd in the present series
of tests. The chloride ion content is introduced into the autoclave watér' during
sample'loa.ding in the form of a concentrated solution of high purity sodium -
chloride in water. The chloride ion content of the water can. be veri:‘fied ,
a;na,.lytically b}; titration with a. s.tandard solution of Hg(NO3)é whosé pH has
been adjusted to aboﬁt 3.1. Diphehyl carbazone is used as the indicator.

The advantage of this approach is that no precipitates are pr.eser;t during

analysis. Slightly ionized mercuric chloride is formed and, at the end point,

-9-
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the addition of a slight excess of rriexl‘cﬁri'c ion results in the formation of an
.intense 'viole.t mercuric-diphenyl cafl:Sazone complex. Oxygen is currently
'beihg introduced into the water iﬁside the autoclave by means of a lo;ked-in
blanket. The operating temperature and the ratio of water volume to air
blanket volume .in the autoclave are the determining parameters in fixing
the level of dissolved oxygen.in 'the water at operating temperature. Nitrogen
is simultaneously introduced into the autoclave water by the use of this
technid_ue. Nitrogen is not expected to influence the test results. Calcula-
tions to evaluate the okygen dissolved in the water at operating temperature
are shown in Appendix I. The calculated oxygen. content can be verified
through the use of a modified Winkler me;thod of analysis. In this method,
the d‘gtérmination of dissolved oxygen in water is based on the 6xidaj;ion of
manganous hydroxide in a highly alkaline solution,. Thé. amount of manganous
hydroxide oxidized to manganic hyciroxide is.proportional'vto‘ the amount of
dissolved oxygen présent. Upon acidificatiqn with sulfuric acid in the
presence of iodide ions;‘ the manganic hydroxide reacts with the iodide to
liberate a quantity of iodine equivalent to. the oxygen originally present in
the sample. The free iodine is then titrated with.gtand#rdized sodium thio -
sulfate using starch as the indicator.

The above method for iptroducing 'dissolve"d_ oxygen in water is
limited for eagh operating temperature by th.e- minimum water level which
is néc.essary, to completejly.cover the sar‘nples'. If excess oxygen must be
"added in the system; oxygen blanketing or injection of 30% hydrogen peroxide

. can be used. Provisions have been made to add an ihjection”system, to the

autoclave head. - ' _10-




C. Specimen Preparation

The stainless steel sémples used in the initial high temperature
static tests are of the conventional U-bend type. This type of sample was
selected on.-the basis that autoclave head fnodifica:tions were not required.

Use of the preferred .tubular.samples would have required head pen'etra.tions
to provide pressurization.lines to the»sampies‘. U-b‘e;_nd sample configurations
'4Wi11 be used for screening tests; tubular sarﬁples'Will be used for long-term
‘tests under controlled stress conditions.

'The conventional U-bend specimens, utilized in.the pressurized
static water tests, were prepared from 0.76 mm thick sheet;s of Types 304 and
. 347 stainless steels. The sheets were purchased in:.fcﬁé mili a.nnealed, pickled
and finish. cold rolled conditiqn. Microscopic eXaminati'ons at 10X disclosed
.numerous pits in the direction of hot working. These pits appeared to be the

result of npn-metallic inclusions and/or carbides reﬁwéd'from the metal
surfaces during pickling operations. The pfésepce of these pits was considered
detrimental to.the tests since they may éct both.as stre;s raisers and vas; collec -
-tors of impurities. To remove them, one side of the stg.inless steel sheets was
ground and poli shed* free of ‘major scratche s,‘in the di-rec.tion of hbf working
prior to specimen fabrication.

The specimens were fabricated from rectangular strips, 2.5 x 7. 6
cm, sheared from the pblished stainless steel sheets. Two 0. 64 cm diameter

holes were drilled at both ends and the strips were cold bent around a.1.27 cm

* ‘Stainless steel sheets were rough polished using a. series of 240, 320,
400, 500 and 600 mesh size abrasive paper followed by a final polishing
with a heavy slurry of levigated alumina. -
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diameter stainless steel mandrel to an angular separation of 50 i2°. The
edges of the strips were slightly deformed by the shearing operation causing
outward flaring during bending. The presence of the flared edges produce.d
non-uniform. stress distributions in the bent portion of the specimen. About
-1/3 cm on both sides of all specimens was removed by wet grinding. the flared
.edges. The resulting specimens were 1.9 cm in width and uniformly smooth
over the bent portion. Their entire outer surface received a final polishing*
using a 0,05 micron alumina and water pasteAprior to.heat treatment.

The specimens were heat treated in vacuum in the following manﬁer:

1. All specimens were solution annealed at 1066°C (1950°F) fox;
10 minutes and rapidly furnace cooled to. room tenﬁperature. Faint indications
of trace amounts of very fine dis:continuous' c;arbides were observed in the
grain boundaries of the Type 304 stainless steel, while Type 347 presented a
random carbide distribution within the grains.

2. Groups of solution annealed. specimens were sensitized for
20 hours at.872°C (1600°F) and at 650°C (1200°F), respectively, then slowly
furnace cooled. Carbide formétion in both types of stéels was; eséentially
identicé.l to 'thé,i:. reported in CEND-202. AL specimen surfaces éxhibited
a bright metallic appearance, follow;'in_g annealing and se_n.sitizin_g heat
treatments.

Each specimen was examined at 10X and the identity and location

* All-samples were prepared in this manner. Therefore, surface effects
will not be a factor in this study. Tubular samples will be tested with
as-received surface finishes for reactor grade tubing.

ek Zuromsky, G. and Chernock, W. P., CEND-202 (January 1964),
Correlations Between Sensitization and Stress Corrosion Cracking
of 300 Series Stainless Steels, Quarterly Progress Report.
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of significar}t surface. imperfections weré recorded. -:Thé specimens will be
;imilarly examined-at regular i‘ntell'vals-following’_autoé.iave _e_#pos'ure to deter -
mine whether the presence of imperfections is rélatéd to crack initiation and
to pitting or corrosion attack." Prior to testing, the specvimens were cleaned,
rinsed.in pure acetone and stored. in covered containers to avoid contamination.
One of the 2.5 c¢cm wide U-bend specimens was instruméntéd with five, 1 mm
.long strain gages. Figure 4 shows the position of the various gages. The
direction of strain pickup in each case was ;;arallel to the specimen length

and circumferential to its bent portion. Stress was applied by tig‘htening a
screw centrally positioned through the 0.64 cm holes drilled at each extremity
of the sample arms. An analy.\s‘;is of the straiﬁ producéd-by éucceésive deflec -
tion of the samples shows good uniformity in’'the str.esls~1evel_present across
the width of the specimen for each applied load. Similarly-instrumented
samples will be used to determine the yield st-revﬁgth aSsocia,fed with typical
heat tlfeatment: and typical exposure history.

D. Test Results

Unstressed U-bend samples were exposed fdr 180 hours at about
190°C and ZO.hc')urs at 40°C in prevssuxjized static water contéining approxi-
- mately 15 ppm dissolved oxyg;en at 190°C and 25 ppm chlo;ide ions, After
exposure-all samples had developed a uniform straw .c':‘olo‘r'éd oxid‘e discoloration.
Se‘veral of them exhibited a deposit of gray colored fine partliclle,si.'. "No.
evidence of grain boundary attack or ‘change.inAsurfac.e condition.was opsefved
‘as a result of exposure. The samples were.then stlressed to hé.lf the yield

: point in the outer fibers and were re-inserted into the autoclave where they -
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are-being exposed to water and temperature conditions similar to those in the
previous exposure. Additional samples have .been,prepa,fed and will be inserted

during the next schedul.ed shutdown period.

V. PLANNED EFFORT DURING THE NEXT REPORTING PERIOD

A set of samples repi‘esenting both Types'-304'ar.1d.347 stainless steel
in the form of as-solution annealed, solution annealed and sensitized at 650°C,
and solution annealed and sensitized at 870°C will be tesj:ed 1n saturated steam
.and pressurized water environments with contrc:>11ed oxygen and chloride
additions. Samples .will be exiaosed fo the‘" ériviron‘m'entv ii'q‘thé.ur.l.sfressefi

condition and then stressed up. to.the yield point and re-exposed to.the test

environment.




APPENDIX I

_ Phase‘,_Equilibrié for ‘Air-Water In Closed Syst_erhs "

Derivation of Solubility Formula

‘The‘ solubility of a g:as in a pure liquid or solutions of inorganic salts

is generally”given‘by, Henry's ‘_Lav.v. "This law is mathematically expressed as:

o _ _P{l)

XA = Mole fraction 6f compbnent A in liquid phase

P(l) = Paftial pressure-of gas over liquid

H = Henry's constant
1.11 e
, H XA
: na(l)
1.12 XA = ._A(__)_
‘ ~nr()
np(l) = Number of moles of gas A in 11qu1d phase
nT(l) = _Sum of number of moles of all components present
- in liquid phase ‘ - '

ny = 'Number of moles of constltuents other than oxygen
and n1trogen present in 11qu1d phase :

Since'Oiz‘, N, and othe‘; dis$olyed substances c.on’sti.tute. ohl’y a small
' propor?ion' of th:e nufhber'of moles pre‘s'en‘ti" ;in Water.(thO >> r.lOZ +
DN, + é)(');l‘we‘m\ay appro‘xifhate n() ; :nI-;I'ZQ(‘]’)’ a'ndi |

: - npa(l) .

L4 Xy == AL
: ~ H>20(1)

‘ ) o 1-1



Since the departure from ideality is small at the temperatures and

pressures encountered, (see Section 1I), "P", the paftial pressure of gas A,

is given by:

1.15 P = ﬂ‘.g_)R__E
vig)
na(g) = Number of moles of gas A present in gas phase
V(g) = Total ;Qoiume of gas'Phase | |
T = Temperature of ‘systemlexpressed in a‘r.?solute d_egrees
R = Gas constant. :

Substituting 1.14 and 1.15 into 1.11:

na(g)R-T nmpoll)

1.16 ’ H = —|—}—
| V(e) Thal)
Rearranging l.16: S
1.17 na(g) _ __H-V(g)
- na(T) R- T'nHzo(l)
Since ' '
| : W
| 1.18 n, = M?\
W, = Weight of gas A
M = Molecular weight of gas A
Then: :
119 nale) _  Wale) _  H V()
' na(l) “Wa(l) R Trag,oll)

In a closed system the total number of moles of each component must
be constant:
Let WA (T) = Total weight of gas A present in the system.

1.20 WA(T) - Wa(l) = Wale)
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WA(T) - Wp(l) ‘ H- V(g)
C wal) . R Trap,ofl)

1.21

. Solving for Wp(1):

WA(T
1.22 Wa(l) = Wall)
4 CH-V(g) b1
II. Autoclave Conditions and Assumptions

Total volume of the autoclave = Vo = 11.60 liters.
‘Volume of water in the autoclave at 68°F (20°C) = Vi,o = 7.60 liters.
Expansion. coefficients for water from initial temperature to operating

temperature ( @ ) are given below:

. Operating Temperature ’
t (°C) . t (OF) - 8
38 ‘ 100 -1.004
93 200 1.033
-149 . 300 1.09
204 400 1.17

260 500 1.27

The number of moles of water present in the ..1iquid state at operating
_temperatures.is eéua,l to the initial number of moles at room terﬁperatﬁre’
minus the'num:b'er of moles converted to. vapor. When fhé autoclave is loaded
with 7.6.liters of water and is opératiﬂg at temperatures below 500°F ‘(260°C),
the amount of water converted to vapor is less than 0.5% c;f the‘tptal water

initially present, therefore no correction is necessary.

~*  Hodgman, C..D. (Ed.), "Handbook of Chemistry and ‘Physics, " ~
37th ed., p. 1972, Chemical Rubber Publishing Company, Cleveland,
Ohio, 1955.
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A relationship between fugacity and pressure is shown™ in Figure A-1
- where, T, and P, are the critical tefnperature and pressure, fis the fugacity,

and T and P the operating temperature and pressure.

The critical values are:™*
. Component -. Pc(atm.) Tc(°K)
H>O 217.7 647
o)) 49.7 155
N, 33.5 126

For an operating temperature of 375°F (191°C) (464°K) and a total

pressure of 12.6 atm:

Component P1/Pc P/Pc T/T¢
H>O . 0.06 <0.06 0.72
0, 0.25 << 0.25 2.99
N, 0. 38 <<0.38 3,69

In all cases /P is approaching. 1l (Figure A-1) and pressure can be

substituted for fugacity.

III. Total Weight of Oz in System at 68°F (20°C)

a. Weight of O in Gas Phase at 68°F (20°C)

From ideal gas law:

\ M
2.10 w = X . PV(g)
Alg) T (g‘

T = 2930K

M = 32 gms/mole |
~V(g) = 4.0 liters |
|

* Perry, J. H., Chemical Engineering Handbook, Fourth Edition,
A Sec. 14, pg. 3. ' ‘
%% . Hodgman, C. Di;(Ed.), "Handbook of Chemistry and Physics, "
37th ed., p. 2121, Chemical Rubber Publishing Company, Cleveland,

e 1 °
Ohio, 1955 1.4
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0.082 liter~atm7mole/degK .

R =
P = partial pressure of O;

Since the total pressure at 68°F (ZO?C)‘ is 1.0 atmosphere and

the vapor pressure of Hp0O is 0.023 atmospheres, then:

Po2 +'PN2 = 0.977 g_tmospheres
wo, R. T
_ 2
2.12 POZ = v
Oz \4
P _ WNZ : R'T
Py, = < .
. MNZ Vv

Since air composition is 76.8% N and 23.2% Oy by weight:

WN, = 3.31 Wp, , and
. v Wo 3.31 Wo, .
2.13 (Po, + Pp.) - 2+ Oz
: ©z2 , "N R.T - Mo, MN,

0.977 - 4.0 . a -
[0.082 - 293] (28 32) = 133.9- Woz(g)

Then Wg,(g) = 1.0887 gms @ 68°F (2099) and 1 atm., -

1

and Pp, = 0.204 atm. @ 68°F (20°C) and 1 atm.

b.  Weight of Op in Liquid Phase at 68°F (20°C) ~

" Mole fractibn of oxygen in the liquid phase:

POg(g)

2,14 Xo, (1) = o

Since H = 4.05 x 10% atm. (Figure A-2)
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0.204
4.05 x 104

on(l) =

5.037 - 10-6

Weight of oxygen in liquid phase:

Xo, (1) - M
2.15 O\ . 02
1 - Xo,(l) MH20
_ _5.037 - 10-6 = 32

1-5.037. 10-6 18

= 0.00895 gms Oz/kg H,0

c. ‘Total Weight of O3 in System

fl

1.0887 + 0.0680

1. 1567 gms. '

IV, Sample:Calculation for t = 100°F (38°C)(311°K)

Inserting following numerical values in’l. 22; :

WOZ(T) =1.1567 gms (From _Se-ction. 1II-c) |

H = 5.2 x 10% atm.. (From Figure A-2)

Vig)= Vp-Vvy* @

1000 = gms Oy/kg H20

«+- 1000

1.0887(g) + (0.00895 + 7.6)

Since: | : , ‘
'V'I: = Total volume of autoclave = 11.6102'1it<?:rs
- Vw = IInitial water volume = 7. 60 l.i,te:‘rs. ‘
6 = 'Elixpansibr:it‘cégfficient = 1,004
:then o Vg ='11.60 -?(7:.160"-'1.pq4) = 3.‘9';7 : )
nyoll) = 16000

422.2 moles
1-6
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1.1567

<5‘.2' x 104 - 3,97

0.082 - 311 -422.2

= 0.0573'gms

Then oxygen concentration in water =

~7.53 ppm O3

V. Results

7.6

0.00753 gms O/kg H,O

)

0.0573

Calculated values of oxygen solubility in the water phase in a closed

system are shown in Figure A-3 as a function of temperature.
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LEGAL NOTICE

This document was prepared under the sponsorship of the Euratom Com-
mission pursuant to the Joint Research and Development Program estab-
lished by the Agreement for Cooperation signed November 8, 1958 between
the Government of the United States of America and the European Atomic
.Energy Community (Euratom). Neither the United States, the U.S. Atomic
Energy Commission, the European Atomic Energy Community, the Euratom
Commission, nor any person acting on behalf of either Commission:

A. Makes any warranty or representation, expréss or implied, with
respect. to the accuracy, completeness, or usefulness of the information
contained in this document, or that the use of any information, appara-
tus, method, or process disclosed in this document may not infringe
privately owned rights; or S

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method or process
disclosed in this document.

As used in the above, “person acting on behalf of either Commission” includes-

any employee or contractor of either Commission or employee of such' con-
tractor to the extent that such employee or contractor or employee of such
contractor prepares, handles, disseminates, or provides access to, any in-
formation pursuant to this employment or contract with either Commission
or his employment with such contractor. '




