(Reprinted from Nature, Vol. 186, No. 4718, pp. 72-74,
April 2, 1960)

Gas Content of Graphites

AnTIrioral graphite for use in graphite-moderated
nuclear reactors, as anodes for mercury vapour
rectifiers, and crucibles for vacuum fusion work should
contain little gas. Otherwise, when the graphite
is heated to0 operating temperntures, the gas is de-
sorbed, resulting in adverse effects. TFor exarmple,
in the grophite-moderated nuclesr reactor, hydrogen
and carbon monoxide released from the graphite can
interact with the fuel-cladding material (usually
ziveonium or stainless steel), resulting in hardening
and embrittlement of the metal. Released enrbon
monoxide ean dispropartionate on cooler metol heat-
exchanger surfoces depositing carbon, resulting in an
adverse effect on the heat-transfer and fow properiies
of the system.

The present communication summarizes briefly
results on the gas relensed from typical nuclear
graphites {and an electrode graphite, for comparison)
when degassed at an upper temperature between
1,500 and 2,000°C. 7n vecuo. For the degassing
studies, & purnping system consisting of o liquid-
nitrogen cold trap and & two-stage Van-Hespen
mereury diffusion pump was used. Power to heat the
graphite samples (1 in. long by % in. diam.) was
supptied by & &-kW. high-frequency induction
generator.

Table 1 presents results for the gas released from a
sample of nuclesr (4) and a sample of electrods
grophite. Both graphites were graphitized i an
Acheson-type furnace, as described by Abbott!. For
the nuelear graphite, the graphitizing was dons in a
chlorine (gas purified) atmosphere® ; and the cooling
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Tnblg I. GAS RELEASED PHOM GRAPHITES WUEN HEATED TO
LLBVATED TEMPERATURES®

Property Nuelear ()t | lectrodet

Total gas evolved (e.c./gn. at 8.10.2,) 012 074
Amnalysis of gas evolved (vol, per cent)

Hydrogen 504 308

Carbon monoxide 23-8 53-2

Curbon dloxide 12-7 180

Waler a.7 N.D.§

Hydroeerbons 1.4 N.D.

* Nuclear graphite degnssed to 1,900° C.; electrode graphlte
degassed to 1,500° . ’
Surt;ace arer, 03 w.2fgm, ; porosity, 25-2 per cenb; ash, <0-004
per centk.
1 Surfaee aren, 04 m.}gm. ; porosity, 31-5 per eent ; ash, &-11 per

cent.
§ Not determined.

was done in helium, For the electrode graphite, the
stmaosphers during heating and cooling eonsisted
primarily of carben monoxide and nitrogen which
diffused in through the coke packing material. There
were also significant presswres of carbon diexide
and oxygen at lower graphitizer temperatures, where
the packing material did not completely convers
oxygen to carbon monoxide.

For the results given in Table 1, runs were mads on
thres different pieces of each graphite, with the
results between each piece agreeing within 10 per
cont. As expected?, o considerably sinaller quantity
of gas is released from the nuclear than from the
electrada graphite. This cannot be accounted for by a
difference in Brunauer-Emmett—Teller surface area
of the two materisls. It is also noted that the per-
centage of carbon oxides in the evolved gas from the
electrode graphite is considerably higher than from
the nuelear graphite, Undoubtedly, this is a result of
chemisorption by the elecivode graphite of carbon
monoxide, carbon dioxide and oxygen in the graphi-
tizer and enhanced cherisorpiion of oexygen {becauge
of the higher impurity content of the electrode
graphite) at amhbient temperatures following unpaclk-
ing of the graphitizer. From other studies!, it is
concluded that the hydregen veleased from a nuclear
graphite is chemisorbed primarily on carhon atoms ot
crystallite edges. '
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Tig. 1. Comparison of the Integral and cHiferentinl degassing

curves for an electrode and a nuelear graphite

Glas-relesse from a thermally piwrified nuclear
graphite (B), as a function of outgassing temperature,
is compared with that from the electrode graphite
(previously discussed) in Fig. 1 and Table 2. Becauso
of the large amounts of earbon dioxide desorbed
from the electrode graphite at low temperatures, a
maximum in the differential degassing curve oceurs
ab approximately 500° (. Another maximum {ond
higher} in the differential degassing curve of electrode
graphite will ccour above 1,300° C. On the other
hand, for the thermally purified nuclear graphite (B),
gus releass below 800° . is small: and only one
maximun in the difforential degassing curve is
indicated at about 1,200° (. Interesting points to
note froni the results in Tahle 2 are -

(1) For the nuclear graphite (B), significant
amounts of hydroearbons are found in the £as up to
1,200° C. These gases consist mainly of C,H,, C,H,,
C.H,, CH,, and is0-C H,, with C,H, predominant at
the lower temperatures and C.H, predominant at the
higher temperatures. Tt is uncertain whot fraction of
the hydrocarbons recovered is a resuli of reaction of
carbon with desorbed hydrogen (ionized in the high.
frequeney induction coilp. Carfer and Greening® also
reporied hydroearbons during the degassing of
nuclear graphite.



Pable 2. ANALYSES 0F GAS BVOLVED FROM GRAPHITES OVER
DIFFEREST TEMPERATURE [NCREMENTS

Temperzture Volume perecentage of & Hydro-
inerements (° C.) H, 3] CO, H.0 earbonsg
Nuclear (B)*

20600 REEES 208 168 T o202
600-800 FHE 10-8 1040 4-0 307
800-1,000 G40 72 31 24 322

1,000-1,200 g3-9 73 T nil 374

1,200-1,400 353 11+1 18 il 18

1,400-1,800 708 2444 2§ nil a4
Elecirpde

20-200 87 14-1 238 136 10-9
200-£00 48 O1-4 585 110 RARY
400860 £5-0 302 33 3-8 125
G00~800 510 384 nll nil {8
800~1,000 3G+4 438 nfl nil nil

1,000-1,300 245 750 nil nil nil

* Surface aren, 0-4 m.ajgm. ; porosity, 252 per eeab; ash contend,
<0-07 per cent.

(2) Considerably more water is recovered upen the
low-temperatute outgassing of electrode graphite
than nuelesr graphite (B). Since water adsorption
on carbon occurs primarvily ot sites containing
oxygen®, this result is consistent with the fact that the
electrode graphite originally contains more oxygen
{ultimately desorbed as carbon dioxide and earbon
monoxide).

{3) An inerease in the carben menoxide : hydrogen
rofio of the desorbed gas at outgassing temperatures
ghove 1,000°C. for the nuclear graphite (B) and
ahove 600°C. for the electrode graphite - indientes

Table 3, LEFFECT OF GRAPHITIZATION TEMPERATURE AKD ATMO-
SPHELRE OX SUASEQUENT GAS RELEASE UPON DEGASSING AT 2,000° C.

Property Graphitte®
I IEI
Ash content (per cent) 0-87 0-044 0-0004
Total gns evolved (c.c./gm, at
S.L.2) 0-03 0-36 0-20

Annlyais of gas evoived {vol.
per cent):

Hydrogen 1245 2745 320
Carbon monoxide B0 53-6 135
Carbon dioxide 105 150 115
Water 135 30 70
Hydreearbons a-b 1-0 10
Sample welght loss {per cent} 0-19 0-12 005

* Tha maximum graphiblzation temperaiuses for I, II and IIT are
2,600, 3,000 and Z,700° C., respectively,
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that an important [raction of the earbon-oxygen
complex leading to carbon monoxide has a higher
thermal stability than has the chemisorbed hydrogen.

Table 8 presents results for the gas released from
three samples of graphite following heat trentment
under different conditions. Al samples were out-
gassed ab & rmaximum temnperature of 2,000° Q.
Graphites I and TT wers heated and cooled under an
atmosphere similar to that used for the electrode
grophite.  Graphite IIT was treated in a halogen
atmosphere and cooled {flushed} in an inert gas
atmaosphere to about 1,500° Q. Tt is seen again that
the use of a halogen atmosphere during graphitization
{and perhaps cooling, in part, in an iners atmosphere)
is particularly effective in reducing the subsequent
amount of gas released from the graphite. As pre-
viously discussed?, this is related probably to enhanced
removal of metallic impurities. These impurities can
be oxidized andjor catalyse the chemisorption of
gases on carbon. In the former case, the reduction of
these metal oxides by ecarbon at high degnssing
temperatures leads to gaseous carbon oxides,

The sample weight losses, given in Table 3, are a
result of both gas desorption sad metal volatilization.
For example, for graphite I, sach process accounts
for about 50 per cent of the loss of weight. Con-
siderable material was collected on the cosl walls of
the desorption chamber during the degassing of
sample I. Anemission spectroscopie anelysis indicated
that the main constituents of ths deposit were
silicon, iron and magnesium,

The kinetics of the adsorption and desovption of
hydrogen on nuclear graphite will be reported on in
more detail slsewhere.

Wo thank the Atomic Bnergy Commission, Con-
tract No, 4T (30-1)-1710, for support of the above
work,
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