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GR_PHITE BUR_N-OUT RESULTING FROM CARBON MONQXIDE

FORMATION IN C PILE
O

INTRODUCTION •

• With the introduction of carbon dioxide into the piles as a gas _tmos-

phere, new problems arose which concerned the chemical reactions under-

• gone by the pile graphite with th 8 gas atmosphere, These problems have

been outlined and discussed by Jones and Bupp (I) Wright and Woodiey (2)

and Knott (3). h_ the inte:'est of obtaining a better understanding of the

natuge and extent of these@graphite-gas reactions, mass spectrometer

analyses of the pileg'as from a selected sampling port at C Pile were

• initiated at the time of start-up of that unit and were continued untLl several

steady state conditions had been observed. The results o£ these analys_s

are presented and discussed herein.

• •
SUMMARY

• Mass spectrometric ar_l_lyses of C Pile atmosphere have been made

• during and following the start-up period. The data thus obtained reveal

the gas composition during operation at several different power levels and

graphite temperatures, The results have been correlated with leakage

rates from the pile to ca_lculate the rate of carbon monoxide formation and

the net rate of graphite burn-out. •

• The data indicate that the rate of carbon monoxide formation does

not increase with temperature and/or neutron flux over the temperature

fangel_84°C-345°C and the power level range of 700-1000 MW in the C Pile.

In this rang@the average carbon monoxide cont_ut of the pile atmosphere

is Z. 7%. The rate of loss of graphite from the unit by burn-out a_d escape

of carbon monoxide is only 0.016% per year for the reaction C + CO_ : 2CO

and is double this if the burn-out is due to the react_Ibn of graphite with

• water vapor. The rate of loss is prin_paily a function of the total leakage
A,

0
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rate, which averages 13.4% per day. lt should be recognized that the data

give no information on graphite that may he oxidized and subsequently

redeposited elsewhere in the pile. Graphite weight loss experiments (5)

indicate the graphite burn-out to he greater than this value by a factor of
ten or more.

o •
• C ncluslons to be drawn from the data are: (1) that it may be

possible to operate the pile at graphite temperatures up to 500oc without

incu_-ring greater carbon monoxide loss, (Z) that the low ca_'bon lossI
could be further reduced if gas leakage from the pile were reduced.

DISC USSION •

• • O,_ approach to aid in elucidating some of the problems associated

with pile atmosphere is to observe changes in its composition over an

extended period of time. oHowever, in order to draw worthwhile conclusions

from gas composition data, several other factors must be considered. For

example, the quantity and quality of make-up ga._added to the unit for some @

time prior to the analysis will have a marked influence on the gas compost-

tion, and, in turn, the amount of make-up gas added is dependent upon the

leakage rate from the unit prior to and during the sampling period. The

temperature, radiation flux, time since last shut-down, and gas flow rates

all influence the reactions that nRay take place in the unit or in the gas

circulating system as a whole. Therefore, an occasional gas sample from
a reactor is of little value in itself. •

• •

In a unit with all the complexities of a Hanford pile, it,s only

feasible to obtain reliable information from gas arm/ysis data by taking

numerous samples and correlating the results obtained with all the known

variables that influence the gas composition. The individual quantitative

e_fects of these variables on the gas composition are not known so that in

practice one must seek out periods during which the bulk of these va,'iahtes

v_ma/n at some steady state condition.
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With the start-up of C Pile a program was established to daily

analyze representative samples of the pile atmosphere and to correlate

the data thus obtained with the various parameters already mentioned.

C Pile was chosen because the graphite there would be exposed to the COg

atmospl_re_-om the initialstart-up and because it was believed that the
)

gas leakage rate from a new unit would be small after the shakedown period.
)

Furthermore. the power level at C I=_lewas expected to become higher
@ •

than irlthe older Hanford units so that radiation induced effects would be

• accentuated. Itmus_be emphasized that the quantitativeda_a obtained by

analysis of the C Pile gas samples and reported herein are subject to the

many variables in'posed by the non-homogeneous and complicated proper-

ties of the reactor and must be treated accordingly. However, with the

amount of data at hand it is apparent that the results obtained show certain

unequivocal trends that are in themselves significant and point the way to

furthe_experimentation. The gas composition observed at C Pile over an

extended period of time, and the gas compositions observed at ]3, D, H,

and F Piles we,_e fewer samples were takenD are given in the Appendix to
e--

this report. Q

METHOD OF ANALYSIS

All samples at 100-C were taken at sample port No. 45, which is

located near the bottom center of the back face of the pile and which sup-

plied samples of gas that had passed through a central zone in the pile from

front to rear. This region is between the thermocouples in rows 69 and 73.

This particular section was selected because gases passing through itwould

have been subjected to about tl-.emaximum tempera_re and neutron flux

within the unit. The samples taken from the other reactors were taken in

similar positions in those units.
O

• •
O
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The sampling bulbs were made of Pyrex U-tubes which were fitted

with stopcocks on each leg and had a standard tapered joint for attachment

to the mass spectrometer manifold. When a sample was taken, the pile

ga_ was allowed to fill and flow through these tubes for about fifteen minutes

to insure reasonably representative samples.

Samples of the pile atmosphere were taken from the sampling line

and transported to the mass spectrometer laboratory at 100-B. Each

sample was first analyzed "as is" to determine the CO z content; then the

CO z was removed from a portion of the sample and_he residual gas was

analyzed to effect a precise and sensitive determination of the minor con-

stituents. Carbon dioxide removal was accomplishedDwhile the U tube

remained attached to the spectrometer manifold, by reducing the tempera-

• ture of the gas to -196°C with liquid nitrogen to freeze out the bulk of the

CO 2. The gas phase in the cold tube was then analyzed. In some of the

later experiments the CO) was removed by passing the gas through

"Ascarite absorbent. Analyses of the residual gases were identical for

a#ither method of CO) removal. Typical mass spectra of a pile gas sample

before and after CO_ removal are _own in Figures I and Z. The approxi-

mate relatzve precision (sld. deviallon) for these analyses is as follows:

• CO z + O. 5%

NZ:I: 1.5%
CO+ 1.5%

@
He ±0.5%

• H z ± 0.5%

0 z ± O. 5%
®

Th_detection limit for any _ass is approximately 100 ppm- L.e. 0.01
mole %.
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• Rate of Carbon Monoxide Formation

During the period that these studies we_l_ made, there were two

intervals in which the carbon monoxide concentration increased measur-

ably from a low value t_ a higher steady state condition. These period_
occurred when the unit had been purged with carbon dioxide after a shut-

down. The pertinent data for these two periods are tabulated in Table I.

In the first case, the pile operated at a power level of 500-600 MW and an

average temperature of 282°%in the zone sampled. In the second case,

the power level averaged 727 MW and 285°C. The first period listed is

complicated by the presence of oxygen which gives rise to a high C(_ for-

mation rate. The last five values in the second period are not complicated

to any extent by this effect and show the increase of CO due to the reaction

of the atmosphere with the pile graphite.

TABLE I

CARBON MONOXIDE GROWTH PERIODS

Mole _'o Average _olume loss frOom unit
eDate C___OO _ _ per day during this period

II/Z3/5Z 0.29 12.69 5.10 16T=
24 o. 64 4. l0 o. 60
25 t. 56 3.6l 0.16

@ 26 I. 31 Z. 60 0.0l

Z7 1.63 Z.43 • 0.03

28 1.73 _.37 @ 0.05
29 I.12 I.09 0.02

• 30 I.71 )-.03 0.01

• 12/t6/52 0 92 7.95 1.54 14_o
17 I 09 5 95 0 28
18 t 50 6 53 < 0l
19 I 57 5 91 < 0l
24 3 21 5 _5 0 06 •
26 2.. 64 4 63 0 0l
z9 3 00 3 75 < 0l

• • • •
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If the logarithm of the carbon monoxide values for these five days
O

is plotted vs. time, as in Figure 3, a straight line relationship is observed.
e

This does not establish the order of the rea_ztion for the CO formation, but

o _ • if we make the assumption that the reaction is of the first order, a rate cor.-

stant of 0.0631 day "I is observed. This ind_ates that under the pile oper-

ating conditions at that time, the carbon monoxide concentration was

increasing at the rate of 6.3a/oday to the steady state condition. This is a

reasonably typical value for any such period since the pile variables at the

time were representative of the normal conditiox_s in the unit.

Amount of Carbon MonOxide at Stead), State Conditions
e

Table I_lists the six periods in which a steady state condition

existed in the reactor unit during the period of study; the gas composition,

• power level, and temperature are average values for these respective

periods. These steady state periods represent power levels ranging from
Ill

• 700 to 1000 MW and temperatures from Z84_ tom353°C but show no signi-

. ficant chang_ in CO content. Over this temperature and flux range the CO

content seems to be a function of the COg concentration. This was also

Qobserved during the time that helium was added to thgl#unitto allow increased

power level with decreased temperaturl_; the mole ga CO decreased, but

the ratio CO/COg remained constant and was independent of power level.

This constancy of CO content with temperature and flux is in disagreement

with the common belief that the CO will increase rapidly with an increase

of temperature. The data presented herein indicate thai it may be possible

to go to the temperature whica_ thermodynamically would predict a rapid •

• CO increase before an excessive burn-out rate is encountered. Below 700

MW the CO content decreases with decreasing temperature or flux. This

• is shown in Figures 4 and 5 where the CO content is plotted vs. power
O

level and temperature, respectlvely.
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TABLF--I_I

• STEADY STATE PERIODS OBSERVED AT C PILE

Avg
Power Avg Avg • •
Level, T_mp.0 Leakage Rate, Mole %

Dates MW "C % Added/Day COz CO Nz He HZ CC_Oz
_z/zg/_z ....

e
to 709 Z84 12.7 93. 33 Z.78 1.46 none 0.01 0.0Z9_z3_5_ •

z_3/53
o to 759 300 I0.0 94.92. Z.50 Z.50 none 0.04 O.OZ6Z/ZT/S3

• 3,_8/53
to 79_lI 31Z LI. 9 94.93 Z.78 L_.Z6 none <.01 0.0Z9

3/30/53

5/z_3 • •
to 941 353 14.1 94.61 Z.70 1.45 none 0.14 0.0Z96/5/53

7/z7,_3
to 897 3Z7 16.9 85.10 Z.51 0.57 11.66 0.10 0.0Z9

8/3/53 • •

8/13/53 •

to 994 308 15.9 • 69.30 [.93 (#0.58 Z5 58 0.09 0.0Z88/31/53

Graphite Burn-Out Rate

The most probable reactions that may take piace La,a Hanford type
reactor to form CO are as fo12cws:

K at 350° C
-6

(1) C + CO z 7------> ZCO 6. Z x _k°.4
• (Z) C + HzO _------> CO +H Z 1 3 x 10

(3) CO z + HZ<,----- > CO + HzO 4.8 x I0 "z

(4) c + t/z Oz_CO ....

o
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During periods of steady state the oxygen content is nil so that reaction (4)
O

need not be considered as one of the primary sources of CO except in the
o

case when oxygen may be present due to leakage, or as a reaction inter-
00

mediate. O0 O

Reactions (i)and Z represent a direct loss of graphite due to carbon

monoxide formation. ¢.These reactions would not be expected to proceed o

:) significantly to the right at these _emperatures as indicated by their respec-
tive thermodynamic equilibrium constants. T_us, if one or both Of theseO

reactions is the primary source of_arbon monoxide, the thermodynamic

equilibrium constants for these reactions are not valid under the complex

O conditions in t_e reactor. I.ncAhe past this has been considered the case.

Although reaction (3) does not represent a direct loss of graphite, it may,
O

O depending upon the source of hydrogen, indirectly be a step in a sequence

O of reactions that does result in graphite burn-out. The hydrogen may

result from the decomposition of water by the radiation in the pile. If

such is the case, each mole of water decomposed yields _ne-half mole of

ox'_-gen to react with graphite by reaction (4), so that for each mole of CO_

reacting with hydrogen one mole of graphite may react with the oxygen to

form carbon monoxide. Hydrogen may also result from a breakdown of

the organic materials and moisture in the biological shield. This may or

may not yield oxygen, and consequently, graphite burn-out. This is

expected to be a rather minor source of hydrogen, however. IIydroge_

could also arise as a r_sult of _)eaction (Z), but if the equilibrium constants
are correct, this reaction would not take piace to any appreciable extent.

o Another possibility of CO formation not listed is the direct rupture of CO z

to CO and 0 z by pile radiation. This would also lead to graphite burn-out

because of the oxygen released. Of the mechanisms suggested here, all C

except possibly the breakdown of the biological shield represent a graphite

0 damage problem, involving one mole of carbon for e_ther oneOor two moles0
of carben monoxide produced, depending upon which mechanism is

apcplicable,
0
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The steady state hydrogen content of the C Pile gas ranged from

0.01 to 0.14% by volume, as shown in Table II, and the steady state water

content is known to be approximately 0.1% by volume, based on dew point

measurements. Taking average values for these constituents and calculating

the equilibrium value for CO by reaction (3) at 350°C, the folJ.owin_ results
are obtained:

It, COz. ,, 95% Q (:!) O°

l-Iz - 0.07%

HzO ffi0. I% ®
-Z

K350o C = 4.8 x 10 O (9

Then. _ G o

CO : 3".z% o

This result is a rather good check of the experimental data.
o

Assuming that _ny of _he mechanisms discussed above may apply to

the data collected, th _ :"_te of burn-out of graphite by each mechanism has

been calculated. The burn-out rate calcDated on the basis of the five

steady state periods shown in Table II is 0. 016_a/yr for either reaction (I),

or reactions (3) plus (4,)°and 0.03Z_/o/Yorfor reaction (Z). These values

for the burn-out rate of graphite compare favorably with the values reported

earlier (4) but will be low ifCO polymerizes to lower oxides of carbon and

deposits in the pile. Experimental results by Woodley (z'5) show that the

polymerization of carbon monoxide does take place under certain conditions;
to

however, there are no data available as to the extent of the polymerization

of CO in the process pile gas. The presently reported data thus give a

measure of the graphite burn-out due to CO formation and should be cor-

rected for any polymer[zatlon reactions when such data are available.

O
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MISC ELLA NEOUS OBSERVATIONS

Abnormal Masse_

The only abnormal masses or abnormally high peaks observed are

those of m/e = 2, 15, and 30. Constituents of masses greater than m/e 46

have not been observed on any sample. The occasional peak at m/e 15,

and the associated increase in m/e Z peak, is probably due to methane or

other hydrocarbons. These have appeared in only trace amounts. The

peak at m/e = 30 has increased with time; it may be due to a growth of NO

but the quantity of the constituent has not been sufficient to make positive

identification.A more pronounced effectof minor constituents would

vndoubtedly be observed ifthe leakage rate of the unit were decreased so

that true equilibrium conditionswould be attainedrather than conditions of

steady state.

Data from Other Units

At D Pile a considerable number of samples were taken over a short

period of time, and at B, DR, H, and F only a few analyticalresults are

available. These data from the older units are difficultto interpretbecause

operating conditions there are so varied that steady state conditions were

not observed except for three periods at D Pile. The CO content is appar-

ently less in these units than at C Pile. F Pile, which has not had helium

additions during the periods reported, shows the same range of CO content

that D Pile had prior to the helium addition. H Pile CO content is similar

to that at DR on the basis of these data. The CO concentration at D Pile

after helium was added is in the same range as thatat H and DR. In

general, the CO values in these piles (allbut C Pile) range from i to Z%.

The detailed data from these units are given in the Appendix.

DECLASSIF EE)
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Gas Leaka___e Rate

An inspection of the data reveals that the leakage rate of a new unit

such as C Pile is excessive. A lower leakage rate would result in the

following advantages.

l) Reduce graphite burn-out rate inasmuch as at steady state condi-

tions the rate is only a function of the gas lost per unit time.

Z) Decrease the nitrogen content of the atmosphere and thus yield a

decrease in the In-hour Ions.

3) Reduce the amount of CO Z necessary to maintain constant pressure.

4) Allow more accurate evaluation of pi/e gas composition.

One factor of possible concern is that if the leakage occurs into a

small or poorly ventilated space, the CO content of the air in that space

may constitute a health hazard to personnel. Fifteen hundred to Z000 ppm

of CO in air is dangerous if inhaled for a period of one hour, and 4000 ppm

is fatal in less than one hour. This means that ifthe pile atmosphere

leaked out and was diluted by no more than a factor of i0, itwould con-

stitute a serious health hazard.

CONCLUSIONS

The results of this study indicate that a temperature greater than

that used previously may be used without an additional increase in the

app_ snt burn-out rate being observed. The upper limit of temperature

at which the CO may start to increase rapidly will probably be at a tem-

perature of approximately 500oc as predicted by the thermodynamic

equilibrium constant for the reaction C + CO z _ )CO. These data

further show the desirability of decreasing the leakage rate from a pile.

Further experiments are needed to ascertain the temperature and/or

flux at which the burn-out rate increases excessively.

• .:., Ļ . .
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APPENDIX

The data shown in this appendix include the date the sample was

taken, the average power level of the unit for that day (previous Z4 hours),

the observed gas composition, and the per cent of the volume of the unit
..

replaced that day. There are many days for which data are lacking. This

is due to either poor sampling, a reactor shutdown, or other off-standard

condition for that day.

An analysis of these raw data, coupled with the record of the oper-

ating conditions of the unit, enables one to pick out the stead), state con-

ditions listed in the text. The wide variation in the results shown, again

emphasizes the complexity of the problem and strdsses the need for a

large amount of data.
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