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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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I. IETRODUCTION

L., Carbon in the Primary Sodiunm

During the high temperature test (1000 F), which AIDL conducted
on the primary sodium system of the Inrico Fermi ‘tomic Power rlant,
carbonaceous gases and vapors were evolved from the graphite in the
reactor plug, Although the graphite is canned, it is vented to the
argon cover gas system through small vent holes located in the top of
each can, Some of these gases may have been purged out of the primary
gas system prior to reacting; however, a sufficient amount of them
reacted with the primary sodium to form a crust at the interface be-
tween the sodium and the argon cover gas,

Since the original evolution, considerable effort has been
experded to determine the amounts of carbon evolved, the methods suit-
able for removing the carbon from the sodium, the possible problems
that could be caused by the carbon, and methods of operational control
of carbon, The purpose of this report is to summarize the results of
these efforts.

B. Plug Desipn

The rotating shield plug, shown in Figures 1, 2, and 3,
serves as an integral part of the biological shield and as a part of
the subassembly handling equipment. It consists of a 1-1/32-inch-thick
stainless steel shell containing layers of shield ing materials and in-
sulation, The shielding materials consist of 18 inches of stainless
steel, approximately 6 feet of praphite of which about 20% is borated
to 1.5 w/o boron as boron carbide, and 2 feet of carbon steel. The
plug has a 12-inch-thick carbon steel cover plate that carries the
hold-down assembly and the offset handling equipment.

The 18 inches of stainless steel shielding consists of thin
plates loceted at the bottom of the plug, above which are 7 layers of
graphite blocks, 2-5/8 inches square by 10-7/16 inches high, canned in
carbon steel. The upper layer of cans as well as those adjacent to the
hold-down column penetration contains borated graphite. Iach layer is
supported by a 2-inch~thick carbon steel plate., Spaces between the cans
and the penetrations of the plug are filled with cast boron (1 to 1-1/2%)
steel; other voids are filled with plain carbon steel, the remaining
plug shielding consists of six 2-inch-thick carbon steel plates located
above the cans., A 12-inch-thick layer of canned stainless steel wool
insulation packed to & density of 20 1lb/cu £t is placed between the top
carbon steel plate and the 12-inch-thick plug cover plate,

4 3-inch hole is provided through the center of the plug for
aligrnment purposes, and three 5-inch holes are provided for removing the
lower guide tubes. A1l L holes will be plugged with shielding material
during plant operation.
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C.

Can Desirmn

As mentioned above, the graphite in the plug is canned in
carben steel cans., The dimensions of these cans are 3" x 3" x 11",
made of 16 gauge corbon steel, The graphite block inside each can is
2-5/8" x 2-5/8" x 10-7/16", The difference in dimensions allows 8pace
for any differential expansion between the [raphite and the steel can.

In the top of each can are three holes about 50 mils in
diameter. The purpose of these holes was to prevent pressure build-up
due to temperature changes and, in the case of the borated graphite,
to allow for helium release, It was through these holes the carbonaceous
gases escaped and entered the primery sodium,

IT. SOURCES OF CARBOW IN THE PRIIJRY SODIWI,

L,

B.

Gas Lvolution

The graphite shielding material in the rotating plug actually
is a semigraphitic material (Reference 1). The material in its initial
step of the manufacturing process consisted of graphite particles bound
together by molding powder in the weipght ratio of 3 parts graphite to ore
part molding powder. The molding powder consisted of a phenol formalde-
hyde resin blended with 10 per cent by weight of hexamethylenetetramine
which was employed as a hardener. The raw (or green) mixture was blended
and was then press molded at 265 F into blocks. Next, the meterial was
kiln dried for 10 hours at 1000 F, The end product of this process con-
sisted of the graphite particles bound together by carbon particles anc
incompletely decomposed molding powder,

The gases and vapors which were released from the plug graphite
during the 1000 F test are the products from the thermal decomposition of
the remaining molding powder. These reaction products consist of CO,
Co2, CHy, H2, Ho0, llp, Op, a trace of CpHg, and a complex mixture of
higher beiling organic compounds called pyrolyzates. These reaction
products were released from the plug graphite shielding cans into the
reactor vessel cover gas through which they could diffuse or be trans-
ported to the sodium,

Amount of Carbon Containing Gases Released
by ~lug Graphite During the 1000 F Tests

L series of tests has been run on samples of the plug graphite
to determine the outgassing characteristics of the material (Reference 3).
The samples were obtained from bricks of plug graphite which were being
held in storage and which had not been installed in the plug. The test
specimens included some full size bricks and numerous smaller pieces,
There is considerable variability in the data, but the difference between
full size bricks and the smaller pieces is not statisticelly significant.
Using the results of the full brick tests (Reference l) and the informa-
tion on the temperature history of the plug (Reference 5), a calculation

-1 -
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Ce

has been made of the volume of carbon-containing pases evolved during
the 1000 F isothermal., The results of the calculation are summarized

as follows:
Gas Cubic Feet
Co 25
Oy 78
CH), 197
C2H6 3

The tests showed that the quantity of pyrolyzate released

during outgassing of the graphite was substantial (Reference 3). On
the basis of the test results; it is estimated that the volume of

pyrolyzate vapors released during the 1000 F test was equivalent to 3
liquid gallons.

Amount of Carbon Introduced into the Sodium

Carbon in Sodium

After the presence of the plug graphite offgases was de-
tected, purging of the cover gas with argon was begun., Some fraction
of the offgases undoubtedly was removed from the system by this
process and did not react with the sodium, The pyrolyzate vapors
have a high boiling range and some fraction may have diffused upward
into the cooler regions of the plug where condensation would have
occyrred.

Lssuming that all of the gases reacted with the sodium and
that only reactions 2, 5, 14 and 15 occurred (see Section II-D), the
quantity of gas given in the preceding tabulation would result in the
introduction into the sodium of 10 pounds of carbon--of which 8
pounds would be elemental form and 2 pounds would be combined as the
carbonate, [lso assuming that all of the pyrolyzate vapors reacted
with the sodium and were decomposed to the elements (Zquation 17,
Section II-D), this would have introduced into the sodium 23 pounds
of carbon in elemental form,

Using the above quantities, the total carbon introduced
into the sodium is 31 pounds as elemental carbon and 2 pounds as
carbonate, Considering that there was probably some effective purg-
ing of the cover gas and some condensation of the pyrolyzate vapors,
the assumption of 100 per cent reaction with the sodium undoubtedly
biases the calculated carbon content on the high side, On the other
hand, the calculations are based on data from outgassing tests run
on only a few samples of the plug graphite and the test results
showed considerable variability from one sample to another. Therefore,

-13 -



the quantities of gases and vapors used in the calculation may not
represent the itrue average for all the plug grzphite, However,
Judging from the available data it is believed that the calculated
gas release values are within a factor of 2 of the actual values
and that the calculated pyrolyzate release vaiues are within a
factor of 3 or L of the actual values.

The computed values for elemental cerbon and carbonate
reported above are equivalent, respectively to 90 ppm and 6 ppm
carbon in the primary sodium, The average elemental carbon content
of the sodium as received was reported by the supplier as 30 ppm.
The supplier did hot report the carbonate content, :~After the plug
graphite outgassing occurred, the sodium in the primary system was
sampled 2L times for purposes of determining the carbon content,
Multiple samples frequently were obtained during a2 single sampling
operation, A4t least one sample from each sampling operation was
utilized for an elemental carbon analysis and a total of 28 samples
were thus analyzed. The average value of the 28 samples was 95 ppm.
The standard deviation of the individual samples was L6 ppm. The
range of values was 15 ppm to 192 ppm. The cause of the wide varia-
tion is not known, but it could be due to the presence of particulates
in the sodium resulting in a nonhomogeneous sample; to sample con-
tamination during handling; or, to analytical scatter. Nevertheless,
the analytical values are not inconsistent with the computed values.
iHlost of the samples also have been anslyzed for carbonate. The
average of all analyses is approximately 70 ppm equivalent carbon
as carbonete. The scatter in the values initially was worse than
for the carbon values, ranging from <10 >1000 ppm equivalent
carbon,

After the primary system was drained, samples of the sodium
were taken directly from the storage tanks. Three samples were
taken soon after the transfer of the sodium to storage, and the
carbon and carbonate analyses which were obtained appeared to be
somewhat higher than the values previously obtained while the sodium
was still in the primary system. Several monihs later four more
samples were taken and the analyses shcwed sucstantially lower values
of elemental carbon and carbonate and greatly reduced scatter., The
average analysis obtained from the four samples was 33 ppm elemental
carbon and 11 ppm equivalent c:rbon as carbonate, Substantially ihe
same values were obtained from analysis of samples taken frcm stor-~
age just prior to return of the sodium to the primary system,

Since the sodium has been back in the primary sysiem eight
samples have been removed from the primery system. The average
elemental carbon content is 19 ppm, and the average carbonate value
is 10 ppm equivalent carbon.

During t.iis time, improved sampling technicques and analyti-

cal techniques were developed and used., Thereore, the initial
values may be very uncertain. The discrepancy between the initial

-1l -



mecsured values could be attributed to this uncertainty and the
improvement in measuring techniques.,

The lower values obtained for the carbon content cannot be
evaluated in terms of known amounts of carbon removal during the
cleanup operations, Little carbon was removed by either filtering ar
hot trapping., However, the amounts removed by settling and by cold
trapping are not known. How?vgs, there is some evidence that cold
trapping will remove carbon. 1

In summary, then, there is a discrepancy between the
analytical results obtained for the carbon content of the sodium
prior to cleanup and subsequent to clesnup. The final measured
values could be attributed to an improvement in measuring techniques,
possible settling out of the carbon while the sodium was in storage,
and removal of carbon in the cold trap.

Solubility of Cerbon in Sodium

The sclubility of elemental carbon in sodium has been
investigated at KAPL and the work is reported in KAPL-1807 (Refer-
ence 10). The data show a strong dependence of solubility on the
oxygen content of the sodium, The data are reproduced on the graph
in Figure 6. The 10 ppm oxygen curve shown on the graph has been
derived by a linear cross-plot of the LO ppm and 240 ppm curves,
both of which were determined experimentally. Based on plugging
temperature measurements, the oxygen content of the Fermi sodium has
been €10 ppm. Taking the KAfL data at face value and assuming the
data cross-plot is valid, the quantity of elemental carbon that could
be maintained in solution has been calculated for the primary system.

500 F 35 ppm 11 1bs
600 F 39 ppm 12 1bs
700 F 13 ppm 13 ibs
800 F 46 ppm 1L 1bs
900 F L9 ppm 15 1lbs
1000 F 53 ppm 16 1bs

The solubility of sodium carbonate in sodium is reported
in the literature (Reference 11), The data are reproduced on the
graph in Figure 7. The quantity of sodium carbonate that could
be maintained in solution in the primary system is tabulated as
follows:

- 15 -
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3.

300 F 20 ppm 6 1lbs

500 F 100 ppm 30 1bs
600 F 175 ppm 53 1bs
700 F 280 ppm 8l 1bs
800 F LOO ppm 120 los
900 F 550 ppm 165 1bs
1000 F 750 ppm 225 1bs

It is known that some elemental carbon in particulate form
was present in the primary system following outgassing of the plug.
About one pound of carbon particles have been recovered in the
various cleanup operations (see Section V of this report). On the
basis of the estimated carbon release to the sodium and based on
the carbon solubility data, the presence of the particulate carbon
is not surprising.

4lthough carbonate has been found in the filter residues,
it is not certain that the carbonate was filtered from the sodium,
The carbonate could have resulted from exposure of the residue to
the air prior to analysis. On the basis of the estimates of input
of carbonate into the system and based on the solubility of the
carbonate, all of the carbonzte should have been in solution,

Crust Formation

The possibility of crust formation due to plug graphite out-
gassing during operation will depend on the rate of gas release and
the rate of reaction with the sodium., is stated previously, the rate
of release is estimated to yield a maximum of 2 pounds of carbon per
year. These quantities are equivalent to about 7 ppm carbon and
1L ppm carbonate per year in the primary system. Tests conducted
by Atomics International (AI) on the reaction rates of carbon
dioxide and carbon monoxide with sodium show that above 750 F
these gases react almost instantaneously (Reference 16)., Other
observers have reported the reaction of sodium with carbon monoxide
to proceed vigorously at much lower temperatures,

In light of the very small quantities of carbon and carbon-
ate that will be released to the sodium and the very low rate of
release, it seems reasonably certain that there will not be a crust
formed during plant operation.
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Chemistry Involved

The actual reactions into which the gases entered with the
sodium are not known., Based on a review of previous work and thermo-
dynamic considerations, numerous reactions could have occurred, (Refer-
ence 2), [ list of these is shown in the following table:

TABLE I
CHEMICAL FORMULAE

1., 2Na + CO = Nap0 + C

2. 2Ma + 3CO

L}

N8.2003 + 20
3. lLila + 3C0

NapC03 + NapCo
L, 6ia + 6CO

(NaC0)g

5. lia + 3C0, = 2NayC03 + C
6. lla + COp = 2Mas0 + C

7. LNa + 0p = 2Nas0

8. 2Na + 2H,0 = 2NaOH + Hy

9. LNa + NapCO3 = 3Mag0 + C
10, 2Na + NaCH = NapQ + IlaH
11. Nag0 + COp = NapCO3

12, 2ila + Hp = 2NaH

13. KaOH + COp = NaHCO,

1k, CH) =C + 2H

15. CoHg = 2C + 3Ho

16, 2Ma + 2C = NasCo

17. Pyrolyzate + heat = nC + nHjp

There is very little information available on the kinetics of

these reactions, However, it is believed that reactions 2, 5, 7, 6,
10, 12, 1L, 15, and 17 predominated, resulting in the formation of C,
NapCO3, Nap0, and NaH, There is data and some evidence that rsactinns

3 and”l also may have occurred to some extent.

Ain increase in the plugging temperature confirms the formation
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of sodium oxide, Chemical analysis of the sodium and of solids recovered
from the primary system have confirmed the formation of carbon and sodiunm
carbonate, Qualitative tests which were made for NaH, NagCp and (NaCO)6

showed evidence of the hydride and carbide, but there was no positive in-
dication of the carbonyl,

Possible Cutgassing of Plug Graphite Durin: Reactor Operation

To evaluate the problem of rlug graphite outgassing during
reactor operation, a series of tests has been run to determine what
additional quantity of gas will be reieased, Three possible causes of
additional outgassing were recognized and were investigated; viz.,
temperature, thermzl cycling, and radiation,

1, Effect of Temperature and Thermal Cycling

Samples of plug graphite were heated from room temperature
to 1000 F in 100 F increments (Reference 3). The rate of gas evolu-
tion was measured as a function of time at each temnerature level
until gas evolution ceased. Following cessation of outgassing at
1000 F, +the samples were cooled to 500 F and the cycle was repeated
twice, The results of these tests show that no further outgassing
of the plug graphite will occur due to themal effects (Reference
6 and 7)., During the recent heat.-up of the primary system to 750 F,
there was no evidence of plug graphite outgassing,

2. LEffect of Irradiation

In-pile irradiation tests were run in the temperature range
700 F to 1000 F to determine if irradiation would cause gas to be
released from the plug graphite (Reference 8). Based on the results
of these tests, the upper limit for gas release from the plug grarh-
ite is computed to be 188 scf/year at 200 iw Core A operation (Refer-
ence 6), The irradiation effect is directly proportional to the ab-
sorbed dose, so at L30 liw Core A operation the outgassing rate would
be approximately twice as much. These gases are reported to be mostly
hydrogen (Reference 9). However, assuming the composition of the
gases were similar to that in the thermal outgassing tests, the amount
of carbon introduced into the sodium during 200 liw Core A reactor
operation could amount to 2 pounds per year. This estimate of the
carbon is probably very conservative because the composition of ges2s
resulting from radiation exposure of organic substances is reporied
to be mainly hydrogen (Reference 9).



ITI. 1ETHODS OF CARBUN RiTHOVAL

To date, three methods have been used to remove the carbon from
sodium. These are mechanical separction, cold trapping, and hot trapping,
Some removal of carbon has been achieved with these, but none has been com-
pletely successful, Other methods of removal such as distillation, using
chemical additives, etc., have been considered but have not been tried.
This section of this report is devoted to a discussion of the methods which
have been attempted to date to remove the carbon,

A, liechanical Removal

1. Filters

Dummy subassemblies containing filter screens were present
in the core section during preoperational testing. The screens were
of two grades, the "coarse" type with approximetely a 10-mil opening
and the "fine" filters with approximately a 2-mil opening. About 50
of each type were installed during most of the test perioc,

Figure 8 shows the arrangement of the component parts of
the filter subassemblies. The shroud around the screen is designed
to prevent the trapped material from falling back into the sodium
system when the pumps are stopped.

then the filters were removed from the reactor, the residue
from some was weighed and analyzed. On the basis of these data, the
amount of carbon removed from the primary system by the filters is
estimated as follows:

llaterial on each of the fine screens - L-5 grams
laterial on each of the coarse screens - 0.2-0.4 grams
Total material on all the screens - 235 grams

These results showed that some of the carbon in the sodium
is filterable. Based upon this premise, the primary sodium in the
storage tarks was filtered through a 6-mil filter and through a
1.5-mil filter. Only gram quantities of residue were collected on
the filters, indicating the solids had settled out in the storage
tanks.

Tests were conducted on a L00-gallon sample of the sodium
to determine the efficacy of S-micron filters to remove carbon from
the sodium. Again, megligible guantities of residue were collected.

When the work on the hold-down mechanism was completed,
clean filter subassemblies and filter trap subassemblies were in-
stalled in the reactor prior to filling with sodium, Since then the
sodium has been circulated through these filters, The fine filter
subassemblies can filter and hold all particles from about 2 mils to
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B.

1/8 inch., The filter trap subassemblies can trap all larger particles
which can enter the nozzles of the subassemblies., These larger
particles could have dropped back into the system from the original
filter subassemblies.

Since the primary system was refilled, two fine screen
filter subsssemblies and two filter trap subassemblies have been
removed specifically for parposes of recovery ard analyses of
residues, Both of the filter trap subassemblies have bzen sub-
stantially clean--that is, one or two flakes of residuc weighing
only a fraction of a gram have been found. The two fine screen
filter subassemblies ccnlained 12 gm and 15 gm of residue of which
23% and 7% respectively was elemental carbon, The fraction of
carbonate is not available. The quantities of residue found cn
these filters are not significantly different from what was re-
covered from filters removed following the plug graphite outgassing.
Apparently, during the draining of the primary system a small amount
of undissolved material remained in the system., Removal and examina-
tion of additional filters is scheduled prior to nuclear operation.
Subsequent to the time the above information was obtained, a clean
fine screen filter subassembly was placed in the core and was left
there for several weeks during which %ime the sodium was being cir-
culated, This filter has been inspected and was found to be com-
pletely free of particulates,

2. Hydroclones

L Dorr hydroclone unit was instelled in the primary scdium
service system and 8,700 gallons of sodium were passed through it.
Under the conditions of operation, the hydroclone should have removed
95 per cent of the carbon particles 5 microns or larger in diameter.
Nevertheless, only one-half gram of solids was collected from the
8,700 gallons, These solids were analyzed for carbon only and were
found to contain 51 per cent carbon.,

Cold Trapping

The cold trap can remcve materials from sodium which have a
temperature-dependent sclubility in sodium, Some reports indicate tha*
both carbon and sodium carbonate have a temperature-dependent solubilitiy
in sodium (see Figures 6 and 7). For this reason, the cold trap was .
extensively in an effort to rzduce the carbon content of the sodium.
However, based upon the results of chemical analysis of the sodium for
carbon and carbonate, it is not known whether this cold trapping had
much effect on the concentration of these meterials in sodium or not,
The cold trap has been removed and its contents are being analyzed to
determine, among other things, whether any carbon or carbonate is con=-
tained in the residue,

The curves of Figure 9 show the data obtained during nlug out-

gassing and also show that the cold trap did reduce the plugginz temper-
ature to acceptable limits subsequent to the outgassing,
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C.

Hot Trapping

L. hot trap utilizing stainless steel foil was installed in the
primary sodium service system, The temperature of thc hot trap and the
sodium flowing through it was maintained at 1200-1300 F,

The amount of stainless steel foil in the trap was 1080 lb
having a surface area of 1830 £t2. This area was divided about equally
between 10-mil corrugated foil and 20-mil flat foil. The foil in the
trap was in the form of oils built up of al ternate layers of flat and
corrugated foil,

ffter about three hundred hours of operation of the hot trap at
1200 F with a system temperature of about 600 F, the trap was cut open
and the foil analyzed for carbon content. The results of these analyses
are showr in Table II.

Since no statistically significant carbon increase wes found
in the foil, considerable experimental work is being conducted to account
for this and to develop means of removing carbon from sodium. These
experiments are discussed elsewhere in this report,

It is pointed out that during operation of the primary system
at 1000 F, the stainless steel components were carburized to varying
degrees, For the most part, the depth of carburization was about 0,00L"
or less and represented a carbon increase in this case of about 0.10%.
Since this slight degree of carburization did occur, we know that at
least some of the carbon in the system at that time was in a form capable
of carburizing stainless steel, On this basis, it is assumed that the
form of the carbon in the sodiuwn was changed on lowering the sodium
temperature to 500 F or, more likely, that on reheating the sodium to
650 F for the hot trap operation, an insufficient amount of carbon was
redissolved to cause carburization of the hot trap materials or that the
carbon was reduced by the cold trapping which preceded hot trapping,
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T..BLE II

HOT TRAP CARBON rICK-UP SUILRY

Original. carbon content of foil

By mill report
By lab

.07 (10 & 20 mil foil)
.08 (20 mil foil)

.10 (10 mil foil)

Final carbon content of foil

A.

10 mil samples from top section
Tag Carbon
Ol—TO"A '12
01-TO-B .08
01-T0-C 09
20 mil samples from top section
Tag Carpon
02-TO~A .09
02-T0-B .09
02-T0-~C .C9
02-T1 .10
20 mil samples from center section
Tag Carbon
02-C0-A .11
02-C0-B A1
02-C0-C .09
02-CI 0
20 mil sample from bottom section
Tag Carbon
02-BO-A .10
02-B0=-B .10
02~BO-C 009
02-BL .09

- 26 o

At

1

At

f

st

fs 't

f

Lt

Location

circumference
fn

Location

Circumference
1

core

Location

circumference
i

n

Core

Location

circumference
n

core



1v.

DISCUSSICN OF +OSSIBLE ROBLE.S

A,

B.

rossible rroblems Caused by PFlug Graphite Off-Gases

The off-gases from the plug graphite possibly could cause
several problems; namely,

1, Formation of a crust on the sodium surface that could interfere with
operation of mechanical components,

2, Carburization of steinless steel and other structural materials
exposed to carbon in the sodium,

3. Formation of particulzte material in the sodium,

Crust Formction

During and/or immediately following the high temperature test
conducted by 41DA, a crust formed on the surface of the primary sodium
in the reactor, This crust, upon cooling, was such thet it "froze" the
rotating plug in position so thet it could not be turned, This was freed
later by "washing" the crust out of the amnulus around the plug with
sodium,

Several questions arose concerning the crust material, Same
of the most important questions were:

1, What is the crust?
2. What is its shear strength?
3. Will it disperse or dissolve in sodium?
To answer these questions, several analyses and tests were

conducted, An analysis of same of the crust meterial showed the composie-
tion to be:

Sodium (Na) 13,1%
Sodium Oxide (Nap0) 13.7%

Sodium Carbonate (NapCO3) 66,2%
Carbon (C) 2.9%
Residue 0.1%

In tests at various temperatures, the shear strength was found
to be:

100 psi at ‘70.7
2L psi at 190 F
0 psi at 500 F
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in experiment was conducted to determine qualitatively whether
the crust material would disperse or dissolve in liquid sodium, It was
found that at 500 F the material did not disperse st all, £t 600 F, it
dispersed in about a week; while at 750 F, it dispersed in about one day.

Ls indicated in Section IT of this report, something less than
200 cubic feet of gases per year may be evolved from the plug graphite
during overation, Assuming unitorm evolution, this is only about 0.55
cubic feet per day, This quantity is low enough that it can be handled
by dissclution in the sodium followed by subsequent removal in the puri-
fication system, In other words, no crust should form. However, should
a crust tend to form, it would present no safety problem since it would
be dispersed and/or dissolved when the reactor sodium surface is above
750 F during operation, Also, there would be no shear strength to
restrict operation of mechanical components at this temperature. The
control and safety rod latches are below the sodium level so they are
unaffected,

Carburization

1, Carburization of Stainless Steel in Sodium

Carburization of stainless steel in sodium is a two-step
phenomena, First, there is a reaction between the carbon in the
sodium and the steel which results in the formation of a carbide on
or at the steel surface, undoubtedly in the form of a chromium
carbide., Secondly, the carbon diffuses into the base metal to form
the carburized case consisting of carbon in solid solution and
precipitated carbides, The rate at which carburization proceeds
depends on the following factors:

a, Carbon Content in Sodium

The single most important factor in carburization is
the carbon content of the sodium, The carbon content will vary
with temperature, and at each temperature there is undoubtedly
an equilibrium concentration which will not result in carburiza-
tion. Reference 12 suggests that this is about 20 pom at 1000 F,
At increasingly higher levels, carburization will proceed at in-
creasingly faster rates due to the formation of higher steel
surface carbon content, At lower levels, carburization will not
occur,

be System Temperature

The system temperature is important since it affects
carbon concentration in the sodium, the rate of surface carbide
formation ond the rete of carbon diffusion into the steel, '
When sodium is saturated with a contaminont and the temperature
of the sodium is lowered, the contaminant crystallizes out of
solution quite readily, This is shown by the plugging indicator
and cold trap operation, In fact, this is the principle upon
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which the plugging indicator works, However, once the contam-
inant has precipiteted out of solution, raising the temperature
of the system does not immediately redissolve the contaminant,
Dissolution is a very slow process and is quite temperature
dependent, This appears to be true for carbonaceous materials
as it is for other contaminants. Once the carbon has pre-
cipitated out of solution, it will require some time to re-
dissolve it, Reference 12 indicates that at temperatures less
than about 850 F, the diffusion coefficient is so small that
even if all other conditions are right for carburization, there
would be no concern, since the carburized case would be extremely
thin, even after many years of operation,

Condition of Metal

The condition of the metal subjected to carbon con-
taminated sodium also appears to be a significant factor in
corburization, The main effect here is associated with the
diffusion coefficient.of the carbon in the metellic lattice,
As in most diffusion processes, diffusion is enhanced by stress
conditions or by cold working, This effect has been shown in
Reference 13,

Other Impurities in Sodium

At the present time, there is very limited data on the
effect of other impurities in the sodium, The fact that car-
burization of stainless steel components in the system during
the 1000 F isothermal test proceeded at a slower rate than pre=-
dicted in Reference 12, suggests that the carbon was tied up in
somne form such that it would not react w ith the s teel or the
carbon content was not as hith as predicted, In Figure 6 it
was shown that the oxygen content had a gross effect on the
carbon solubility., It would appesr that a carbonate complex
is formed thet is stable in the presence of stainless stenl,

It is also proposed that the presence of impurities
such as oxygen, hydrogen or nitrogen may form a protective
film on the metallic surfaces w hich is impervious to carbon.

What llaterials Are Affected

The discussion thus far has been devoted to stainless steel,

For the most part, the other metals in the system are not signifi-
cantly affected by carbon,

The nickel and cobalt base alloys, such as Colmonoy,

Inconel, and Stellite do not have any carbon solubility and, there-
fore, are not carburized, The active metals such as tantalum and
zirconimm apparently form a tight adherent carbide layer which

prevents further carburization,
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3. Effect of Carburization on Stainless Steel,

The effect of carburization on some mechanical properties
of stainless steel is reported in Reference 1lli, In general, carbon
tends to strengthen stainless steel ond reduce ductility, However,
the reduction in ductility is small for carbon contents up to 0.5%.
For 1.3 w/o carbon, elongation of 12% is observed.

A carburized case tends to increase the fatigue strength
for strains up to about 1%, From the standpoint of reactor vessel
integrity, this effect would appear to be beneficial,

Ylugging of Core and Blanket Subassemblies by Carbon Yarticles

The effect of approximately spherical particles of various sizes
on the operation of the subassemblies is considered here for each type of
subassembly,

The stated particle sizes are based upon geometry only. It
should be reiterated that the sodium 1ill have been filtered thoroughly
prior to instelling the core, Also, the clear space for flow of primary
sodium in the IHX between the tubes is 0,1875 inch (3/16"). Therefore,
the likelihood of plugging a subessembly is very remote,

1., Core Subassenbly

Considerable effort has been expernded to remove all par-
ticulate motter from the primary sodium system prior to lozding
fuel subassemblies, As mentioned in Section III, the sodium has
been thoroughly filtered during the preoperational testing period,
Also, filter trap subsssemblies were used during this period to re-
move lerge particles which could possibly be entrained by the sodium,

It is now inconceivable that particles s re remaining in the
systen large enough to completely plug the subassembly, This would
require a particle 1,408 inches, the ID of the lower end of the sub-
assembly, ach subsssembly has a strainer in the lower vortion,

The ID of this strainer is 1.2 inches, #ALlthough it is unlikely,
should a particle of this size enter a subassembly, it would greatly
reduce the flow through the subassembly. However, there would still
be a flow path through the conical portion of the strainer,

Particles of about 0,040 inches or larzer will be retained
by the strainer in the subassemblies, These strainers have holes of
0,0L40" + 0,002" in diameter, It would require a large number of
particles to reduce flow in this area appreciably,

A cell of the birdcage assembly holding a fuel pin is
shown in Figure 10, The maximum allowable diameter of a fresh fuel
pin is 0,159 inches, Under irradirtion the pin is expected to in-
crease in dismeter to 0,172 inches at 0,8 per cent burnup., The mini-
mun internal dimension of the cell is 0,182 inches,
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3.

Ls shown in the upper portion cf the sketch, Figvre 10,
particles smaller than 0.0lL inches would pass through the birdcages
of a fresh subassembly, Frarticles of this size and larger should be
stopped by the strainers. Rven after irradiation of the fuel to 0,8
per cent burnup, particles 0.035 inches and smaller would still pass
through the subassembly,

Imner Radial Blanket Subassembly

The inner radial blanket (IRB) subassemblies have orifices
in the entrances of 0.5 inches. Based upon the filtering which pre-
ceded loading these and the improbability of entreining perticles of
this size or larger in the scdium it is unlikely that flow restric-
tions will occur here, Psrticles of 0.2 inches or smaller can pass
completely through the inner radial blankets, .

OQuter Radial Blanket Subassembly

For flow control, the lower support plate for the outer
radial blanket is orificed. These orifices vary in size between
0,250 inches and 1.2 inches, The sodiun flow rete in the outer
radial blanket area is very low and follows a very tortuous path
prior to entering the plenum below the support plcte, This pre-
cludes carrying particles large enough to plug these orifices, As
in the inner radial blanket subcssemblies, parwicles of 0,2 inches
or smaller can pass through the outer radial blenket subsssemblies,

V. OPERATIONAL COHTRQL OF C.LRBCN

A, Ixperimental Program

1,

Short lange Tests

(D4 is conducting carburization tests on the primary
sodium, These tests will establish some of the parameters of carbur-
ization such as:

a, Is the carbon now in the primary sodium in a form capable of
carburizing stainless steel 20!2 Besed on preliminary results,
it appears that there is a carburizing potsntial in the Fermi
sodium,

b. What effect does the bulk sodium temperature have on the carbur-
ization of stainless steel? This is still being studied,

c, Does the oxygen concentraticn in the carbon-contamineted sodium
have an effect on the compesition of carbon and as a result on
carburization cf the stainless steel? Based on preliminary re-
sults, it does not appear that the oxrgen content of the sodium
exerts much influence on carburization,
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Final answers to these questions will indicate whether it is feasible
to clean carbon from the sodium with a hot trap and will define the
operating parameters to be followed for efficient hot trapping and to
prevent carburization of the primary system.

In conducting the tests, sodium from the storage tanks at
Fermi (primary sodium) was put into two pots. One of these pots
had a known amount of oxygen (about 50 ppm Na20) added. The bulk
sodium temperature was held constant at three different temperature
levels: about 500, 800, and 1000 F. At each temperature level, a
tab of 30 stainless steel was maintained at about 1200 F while
immersed in the sodium for about 100 hours. After each run, the tabs
were removed, new tabs were inserted, and the bulk temperature adjusted
to the next level. The stainless steel tabs were analyzed metallur-
gically for carbon content. The corrected results are shown in
Table III.

Refinements have been made both to the equipment and the
operating procedures. New hot finger tests will be conducted using
only two temperature parameters -- 500 F and 800 F. These tests
should provide more meaningful data than the first tests.

2. Longer Range Carbon-in-Sodium Program

The tests described above are directed toward the immediate
problem at hand; that is, removal of the carbon contaminants that
were introduced into the sodium during the 1000 F preoperational
testing. In addition to these tests, APDA is undertaking another
testing program to study the carbon-in-sodium problem in relation
to nuclear operation of the Fermi plant. The objective of this
program is to provide an understanding of the problem that is suffi-
cient for establishing adequate operating procedures of monitoring
and corrective actions with respect to carbon contamination.

B. Hot Trap

A permanent hot trap has been installed in the cold trap room.
After some of the experimental work now going on is completed, decisions
will be made concerning the optimum operating conditions for this hot
trap.

The first temporary hot trap was cut apart and analyzed for
carbon content after about 300 hours of operation, on the assumption
that some carbon had been absorbed in the stainless steel foil. To im~
prove the permanent hot trap, surveillance tabs have been installed which
will show the carbon countent of the trap without the need for cutting up
the trap.

C. Plugging Indicator

The plugging indicator originally installed in the primary
sodium service system had orifices 0.052 inch in diameter. As indicated
in Section IV-D, this is larger than the flow channels of the fuel, which
are 0.040 inch in diameter. Therefore, to preclude any possibility of a
particle passing the pluggirg indicator and later lodging in the flow
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® TABLE I @ -

SUMMARY OF EXPERIMENTAL RESULTS OF HOT FINGER TESTS

(Corrected Values)(h)
" HOT
SODIUM ! FINGER 304 STAINLESS FOIL
Bulk . Carbon Content (w/o) Carbon Pickup (w/o change)
Run(l) Relative Te Temp Exposure
No o Oxide (F (F) (hrs) Original Top Middle Bottom Top Middle Bottonm
|1 0.019¢2) | 0.055 [ 0.066 0.070 12 35 13
6 L 600 | 1100 98 0.050(2) | o0.048 | 0.045 0.029 -8 -8 k2
0.073E§§ 0.109 - 0.104 L9 -- L2
3 L 800 1200 97 0.077 0.152 0.133 0.155 110 73 103
0.052 0.050 0.052 0.052 =l 0 0
8 L 800 1130 100.3 0.053 0.058 0.055 0.064 8 =13 1l
: o.o73§gg 0.073 | 0.094 0.088 0 29 20
N L 1000 1200 99.8 0.077 0.098 0.073 0.109 27 -5 42
’ 0.0h9 0.061 | 0.058 0.052 24 18 6
[ H 678 i 1124 95 0.050 0.052 0.046 0.058 L -8 15
0.073 0.097 | 0.091 0.085 33 25 15
1 H 815 1200 92 0.077 0.127 0.104 0.075 55 35 -3
0.052 0.054 | 0.049 0.055 L -5 6
7 H 800 1200 100.3 0.053 0.045 0.054 0.08, =29 =14 2
0.073 0.1156 - 0.103 59 - 4l
2 H 1000 111 139.5 0.077 0.127 0.100 0.109 55 30 42
(1) Tests were run in this order: Pot No. 1l -1, 2, 5, 73 Pot No. 2 - 3, k, 6, 8.
523 Top values are Detroit Edison's results, bottom values are Detroit Testing Laboratory's results.
3) Assumed.
(4) Raw data correction: DE's results divided by 1.545; DTL's results multiplied by 1.155.
HVC:bas




chamnels of the fuel, the orifice plate of the plugging indicztor has
been redesizned., The orifices in the new plate -re 0.030 inch in
diameter, instead of 0,052 inch. #tlso, some consideration is being
given to the possible instellation of & variable orifice plugzing in-
dicator now undergoing tests at the Quarry.

1lonitoring Technigues

1, Analzsis

The Fermi plant has a perman nt sampling strtion located on the
primary sodium service system, Samples of radiocactive sodium can be
teken from the service system into a hold-up tank and be isclated
from the system to permit decay of the radioactive sodium. The
sodium sample can then be transferred to a sampler located in an
area that is accessible to operating personnel. The sampler can be
removed and transferred to an analytical laboratory.

The metiiods that are currently available for determining the
quantity of carbon in sodium of the purity required for recctor
applic:tions give the total cerbon, elementesl carbon, and cerbonete
content, The available cerbon endlysis methods are all chemicel in
ncture. There are no physical methods developed such as emission or
X-ray spectroscopy. The chemical methods require stringent sample
handling techniques, ultrapure reagents, high-purity inert cover gas,
ultraclezn apparatus, and extra careful procedure.

It is axiometic that an analysis cen be no better than the
sample, The chemical analyses of carbon in sodium are carried out on
samples of sodium that have been extracted from the sodium system.
Due to inherent factors in the enslyticsl methods, the quantity of
sodium sauple actually analyzed is limited to several grams or less,
Samples of tiuis size can be biscsed to significant groportions by
microgram quantities of ccrbon contaminants introduced by the sample
container, 5y the cover ges, or by aendling., If large samples are
taken to reduce the effect of trace conteminants, there is the prob-
lem of nonhomogeniety due to segregation. Finally, the presence of
a solid carbon phase in the sodium being sampled can cause random
variation in the actual cerbon content in the sample, During the
recent high temperature clean-up operation at the Fermi plent, 29
samples of sodium vere extracted from the primery system and were
analyzed, The elemental carbon vzlues ranged from 10 to 750 ppm,
The experience at SRE has been similar, Atomics International (AI)
reports that in 20 samples of sodium taken from the SRE for elemental
carban determin: tion, the analyticcl values ranged from 5 to 236 ppm.
In a recent round-robin progrem sponsored by the LEC on analysis of
carbon in sodium, the carbon vslues reported by the six participating
laborztories ranged from 3 to 91 ppm at the 15-20 pom level; from
7 to 60 jpm at the 60-70 pom level; and from 16 to 1LO ppm et the
90 ppm level, The participating lrboratories included GE-AYED, AL,
‘NL, du’ont, NDA, and Ethyl,
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vI.

ADA will perform tests to establish operating procedures
for sample preparation, somple handling and transfer, and sample
analysis--keeping in mind that there is a permanent plent sampling
stetion already installed, The tests will be directed toward a
procedure thst is adaptable to sampling and analysis when the system
is radiogetive, In this regard, tecsts will be run to evaluate the
feasibility of distilling the sodium out of the sample container
before the container is removed from the sampling station so as W
greatly reduce sodium activity and permit early handling of the
sample,

2, Stainless Steel Tabs

At the present time, it is planned to have at least one amd
possibly two surveillance subassenblies in the reactor core, The
prime purpose for these subessemblies will be to monitor the effect
of fast neutron irradistion on various structural materials used in
the reactor. They will 2lso be used to obtain information on the
effect of sodium impurities on these materials, It is planned that
after a given exposure period, specimens will be removed from the
reactor and tested for the effects of irradiation on mechanical
properties of the materials, The materials will indlude all the
grades of stainless steel now incorporzted in the reactor as well as
the nonferritic materials that have been used, These specimens will
also be examined to determine the effect of sodium impurities on the
material, This could include such things as metzllographic examina-
tion for csrburization, hydriding, et cetera, These specimens will
be 2t about the same temper-ture as reactor components and would in-
diccte whether any carburization of these materials is occurring,

CONCLUSIONS

Some of the important conclusions of this report are that:

1.

3.

L.

There should be no further outgassing from the plug due to temperature,
However, some gas (up to a maximum of 200 cu ft) may be evolved each
year due to radiction while operating at 200 mecawstts. These gases
are expected to be lerzely hydrogen with le sser amounts of CO and COj.

The primary sodium can dissolve about 20 pounds of carbon. Since the
expected maximum gas evolution rcte will »roduce only 2 pounds of
carbon per yesr, there should be no crust formed on the sodium,

The experiments on methods of removing carbon from sodium are not
complete,

None of the possible problems tiet could be postulsted as being caused
by the offgases appezr to be serious,
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5. BExperiments are under way to provide information needed to establish
high~-temperature, long-term operating criteria for Fermi.

6. The plugging indicator orifice plate has been redesigned to provide
orifices of 0,030 inch in diameter instesd of the present 0.052 inch.
The 0.030-inch hole is smaller than the 0.0L4O-inch openings in the
fuel subassembly strainer.
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10.

11.

12.

13.

1h.

15.
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