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A new method is presented of measuring porosity and pore
structure of nuclear graphites. Argon content in the pores of
graphite is measured by activation analysis using the nuclear
reaction *°Ar(n, y) “!Ar, while composition of the gas released
from it is revealed by mass-spectrometry. The porosities of
SM1-24 and 7477PT graphites were calculated from the argon
content and the volume ratio of argon to total gas released.

For SM1-24 containing large quantity of argon, the method is
effective for porosity measurement. Argon content in 7477PT is
too small for the measurement.

Tiic effect of heat treatment in a vacuum on argon content
of the graphites was studied in relation of the proportion of
open pore volume to total pore volume. Comparison of the results
by activation analysis with those by mercury porosimetry for
SM1-24 graphite showed about 55% open and 30% closed pores of
the total porosity. The rest 15% is possibly crystalline distor-
tions and defects, for which none of the methods tested are

effective.

Keywords : Nuclear Graphite, Porosity, Pore Structure, Activation
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1. Introduction

It is well-known that most of the properties of poly-graphite are
strongly affected by the porosity and pore size distribution of the
materiall’z). So far, measurements of the porosity and pove size
distribution have been mainly carried out by use of mercury porosimetry,
butanol immersion method etc. Here, the results are reported on
experiments concerning a new approach for acquiring knowledge of porosity
and pore structure of graphite.

The idea adopted here is as follows. First, the content of argon
(Ar) in the pores is measured by means of activation analysis, and
secondly gas mass-spectrometry 1s carried out in order to clarify the
composition of gas in the open pores and to evaluate the ratio of argon
volume to the total gas volume. After that, the results of measurements
of both argon content and the ratio described above are compared with
each other in order to estimate the porosity. The possibility of general
application of activation and mass-spectrometric techniques to the study
of porosity is also discussed in this report. Champlin3) has already
proposed a method for analyzing the void space of a variety of objects by
use of neutron-irradiated argon in air. However, it seems to us that he
rather emphasized the possibility of the application of activation
technique to this field than made his experiments on an actual material
very extensive. The method proposed by Champlin does require that air
should be present in the sample to be investigated, and that the
composition of the air is the same as that of the atmosphere from which
the standards are made. In the present investigation composition and
volume of gas in the pores will be measured by means of gas mass-
spectrometry. Though there have been a several investigations of gas
release at higher temperatures or gas adsorption to graphite“’s), few
studies have been made on the gas released from the pores at room
temperature, probably because of some experimental difficulties. For
example, it is very difficult to excluvde the contribution of atmosphere
around specimen to the results of mass—spectrometry.

In addition to these experiments described above, effect of heat
treatment in a vacuum on the content of argon will also be investrigated
by means of activation analysis for estimating the ratio of volume of

open pores to the total pore volume.



JAERI-M 7223

2. Experimental Procedures

Materials used were three kinds of nuclear graphites, i.e. SM1-24,
7477PT and H327. Some properties of these graphites are shown in Table 1.
Specimens 8 to 11 mm in diameter and 15 to 25 mm ir length were cut from
each graphite block for both the activation analysis and mass-spectrometry.
Longitudinal direction of the specimens was parallel to the axis of mould-
ing or extrusion. Some of the specimens for activation experiments were
washed in acetone or trichloroethylene in order to investigate the effect
of washing treatment on the argon content. Washing treatment was carried
out as follows. First, specimens were washed in acetone or trichloro-
ethylene using ultrascnic wave for akout ten minutes, and after that they
wera dried using a rotary pump for about five hours and stored in the

atmosphere for a night.
2.1 Measurement of Ar by means of activation analysis

Specimens were sealed in polyethylene pouches or silica tubes after
measuring their weight and dimensions. Air (0.1 to 0.5 mf) sealed in four
polyethylene tubes was used as a standard for the measurement of Ar
content. After irradiation and carrying out y-spectrometry for each air
sample, volume of air in the tubes, i.e. volume of the tubes was calculat-
ed from the weight of water injected to them by use of an injector. A
value of 0.933 vol.% was chosen for the composition of argom in air®),
These tubes and the specimens were irradiated in the same capsule in the
pneumatic system of the JRR-2 for 5 min or in the T-pipe of the JRR-4 for
10 min. vy-ray spectrometry was carried out using a Ge(Li) detector
(ORTEC WIN 15) connected with 4096 channel PHA (ORTEC 6420). Specimens
irradiated were transferred into new pouches of polyethylene befora
measuring y-activity. For each measurement, specimens and the standards
were placed in the same geometry in relation to the detector. The value
of argon content in a specimen was obtained by comparing the content of
%1Ar produced by irradiation with that in the standards, where the “lAr
content was calculated from the area of *lar peak at 1293 keV with
necessary correction for the half-life. After the argon content was
measured for as-irradiated specimen, it was heat-treated in a vacuum in
order to release Ar present in open pores. Schematic diagram of the
apparatus used for the experiment is shown in Fig. 1. Main parts of the

apparatus was kept in a draft chamber. Heat treatments were done at

-2~
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temperatures about 110, 250 ang 450°C for 30 min. The temperature was
controlled within +10°C. The specimen heat-treated was transferred into
a new pouch after it was cooled ia the atmosphere, and its Ar content was
measured in a manner similar to that described above.

Some specimens of SM1-24 or 7477PT were stored in air of 1 atm for 24
hours after they were kept in a vacuvm of 3-4 x 107° Torr for 7.5 hours,
These specimens, which were believed to receive the same pre-treatment, were
sealed in silica tubes for activation experiments or were used for mass-

spectrometry described below.

2.2 Measurements of composition and volume of released gas by means of

mass-spectrometry
2.2.1 The composition of gas

A Varion Mat CH7 mass-spectrometer was used for analyzing the
composition of gas released from SM1-24 and 7477PT. Specimen was placed in
a glass specimen tube with a tap and connected tc the gas inlet system of
the mass-spectrometer. After cooling the specimen tube in liquid nitrogen
bath the specimen was evacuated by opening the tap to 10~"* Torr. Then,
after the tap was closed and cooling ceased, the gas released from
specimen was diffused to the reservoir of the inlet system and derived to
the ion source. The detailed experimental corditlons for these measurements

will be described in Section 3.

[

2,2.2 The volume of gases

An Atlas CH4 mass-~spectrometer was used in order to measure the volume
of gases released from specimen. Gas presgsure in the reservoir and peak
height of each gas were measured to calculate both the total volume of
the released gas and the volume of each constitvent gas. The detailed

experimental conditions will also be shown in Section 3.

3. Results and Discussion
3.1 Activation analysis

Figure 2 shows an example of the results obtained for the air volume
standards. The linear relationship between activity and air volume

indicates that such standardization is adequate for the present experiments.
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Effect of washing treatment before irradiation on the content of argon in
graphite is shown in Table 2. The data show that decrease in the argon
content is caused by washing treatments. The amount of the decrease is
larger in the case of the specimen washed in trichloroethylene thar in
acetone. Besides, 0.011 wt.% of trichloroethylene still remained even
after 5 hour evacuation. The value was calculated from the 38C1 content
produced by the reaction 37¢1 (n,y) 38¢1, The amount of chlorine in the
specimens which did not receive any treatments with trichlcroethylene was
quite negligible., This indicates that appropriate cares should be taken

of in preparation of the graphite specimens for experiments, especially for
chemical reactions. The specimen shown in the last column of Table 2 was
evacuated to 3-4 x 107> Torr for 7.5 hours and stored in closed air for 24
hours. The evacuation treatment not only made the gas volume at STP
decrease but also changed the composition of gas in the pores. It was also
reported by Huber3) that at most 60% of the original gas content before the
degassing was readsorbed by the graphite which had been evacuated to a
degree higher than 10~3 Torr and stored in open air, and that only about
1/50 of the amount of readsorbed gas in the case of open air was readsorbed
by the specimen which had been stored in closed air for 200 days.

The content of argon in three kinds of graphites is shown in Fig. 3,
where one can also observe the change in the content caused by heat treat-
ment in a vacuum. The argon content ranges from about 3.5 x 10~2 to 4.2 x
10-2 % of the specimen volume, while the level-off value at higher heat-
treatment temperatures is 1.2 x 1072 to 1.5 x 1072 vol.%. If it is assumed
that the ratio of volumes of argon to the total gas in the open pores is
almost the same as that in the closed pores, the values obtained above
would indicate that the volume of closed pores is about 35% of the total
pore volume. It is noted that, from the comparison of the release curve
below 150°C for 7477PT with other release curves, argon is released more
easily from 7477PT than from the other twe graphites, Figure 4 shows the
argon content and its change caused by heat-treating the specimens
evacuated and stored in air. As described previously, the treatment
decreases the argon content of both graphites and the amount of decrease is
more pronounced for SM1-24 than for 7477PT. The fact suggests that the

release of argon, and possibly of other kinds of gases, and the 're-filling'
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of gases would take place more easily for 7477PT. The arguments on the
easier gas release will more clearly be made in Section 3.2.3, where the
release rate is estimated directly from the results of mass-spectrometry.
It is also found that the level-coff values range from about 1.3 to 1.5 x
102 vol.%Z, as was the case for the ordinary specimens shown in Fig. 3.
This also suggests that these level-off values correspond to the volume of
cloéed pores. That 1is, the fact that these values are in good agreement
with those in Fig. 3 must indicate that 1.3 to 1.5 x 10"2 vol.% of argon

might be present in the gas in closed pores.
3.2 Gas mass—spectrometry
3.2.1 Composition of released gas

Background was subtracted from the peak height corresponding to each
mass number. Mass-spectrometry was carried out for standard air. Tne
peak height and the value in vol.Z of each gas constituent in air, which
is shown in the literatures), were compared with each other in order to
obtain a relative sensitivity, which we call here 'compensation factor'.
The gas composition was calculated by multiplying the peak Qeight by the
compensation factor for each gas. The compensation factor of water was
assumed to be unity in the present work.

Table 3 shows the compensation factor for each gas in air as well as
the process of calculating it. Composition of the gas released from SM1-24
graphite is shown in Table &4 as a function of duration of measurement. The
specimen in a glass tube was immersed in liquid nitrogen bath for 5 min and
evacuated for 1 min to a degree of 10°% Torr. After that, the tube was kept
at room temperature for 5 min and the mass-spectrogram of the released gas
was measured. The result of this measurement is shown in the column
represented as 0-5 min in Table 4. Mass-spectrometry was carried out for
the gas released from the specimen during next 5 min in the same manner as
for initial 5 min, and so on. After specimen was evacuated for mass-
spectrogram for 20 hours, the glass tube containing the specimen was heated
at 280°C for 30 min with closing the tap connected to the gas inlet system.
Then the tube was kept at room temperature for 24 hours and mass—-spectro-
metry was carried cut for the released gas. Figure 5 shows the chart
obtained by means of mass-spectrometry for gas released during a period of
220 hours. Constituents of the gas released from the heated specimen are

shown in Fig. 6. Varicus hydrocarbons were released by heating the specimen

.‘5_
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at 280°C though the treatment was performed after the specimen was evacuat-
ed at room temperature for 20 hours. The fact indicates that the gas
released from the heated graphite is quite different in composition from
that in the case of the specimen with no heat treatment, and that the
meaning of gas release experiment changes corresponding to particular
experimental conditions, The specimens evacuated to 3.4 x 107> Torr for 7.5
hours and stored in closed air for 24 hours, which were specified in Section
3.1, were connected to the gas inlet system and mass-spectrometry was
carried out for them on the same day when the activation analysis was per-
formed for the specimens prepared in the same way as for mass—spectrometry.
The results are shown for SM1-24 and 7477PT graphites in Tables 5 and 6,

respectively.
3.2.2 Measurements of volume of released gas

Tables 7 and 8 show the volume of 3ases released from SM1-24 and 7477PT
measured using an Atlas CH4 mass-spectrometer, Values in the column 'Gas
total' were calculated from the pressure of total released gas in the
reservoir, and the volumes shown in other columns were calculated from the
peak height of each gas. Release rate was estimated by dividing the value
of 'gas total' by the duration time. Argon content for SM1-24 is 0.29% of
the total gas volume, which agrees well with the value obtained by use of
CH7 mass-spectrometer. In the case of 7477PT, argon content is so small,
i.e. a several hundredths % of the total gas volume, that one cannot use
the data obtained by mass-spectrometric medasurements for assessing the
resuit of activation analysis. However, Ar found shown in Table 8 and that
shown in Table 6 coincide with each other. The volume of other gases,
especially H,0, O, and COp, fairly depends on the condition for preparing
specimens. It is found, however, in all the experiments that the main part
of the released gas 1s water. This agrees well with the observations made
by Hubers). A mass—spectromefric experiment was carried out for the
released gas. The air, which is present in the space between the specimen
and tube wall, was believe to be displaced in advance by helium at a flow
rate of 1 2/min for 3 min. The result of this experiment is shown in
Table 9. Total gas volume is almost the same as that in Tables 7 and 8,
but the amount of water is much smaliler than that found in Tables 7 and 8,
whereas the larger amount of (N,+CO) is detected, which suggests the
existence of residue of air in the glass tube.

Fig. 7 shows a schematic diagram of the technique for an experiment

- § —
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which was carried out in order to trap the released gas using active
charcoal. First, taps C; and C, were cpened and helium was let in at a
rate of 1 2/min for 3 min. After tap C; was closed the system was evacuated
for 5 min using an oil diffusion pump backed by an o?1l rotary pump. The
first run was carried out after specimen tube was kept at room temperature
for 10 min. The second and third runs were carried out afte; heating at
80°C for 10 min and 160°C for 5 min, respectively. The result is not shown
in detail here, because it was very complicated and seemed to have little
relations with the main line of the present discussion. However, it was
found that the volume of the total released gas is one-fifth of that
obtained in the other experiments and that H,0, N, and CO, were about 10%,
50% and 407 of the total gas volume, respectively. It was indicated that
the technique shown in Fig. 7 was irrelevant to the measurement of the
volume and composition of the gas released from the open pore of graphite,
at least in the experimental conditions chosen here. The specimen of SMl-
24 used for the experiment which gave the result shown in Table 7 was re-
evacuated for 10 min in a vacuum of 10~5 Torr. After that, argon was
flowed for 5 min and the specimen was stored in argon of 1 atm for 10 days.
Argon found was 9.2 x 107% m¢, i.e. 0,03 vol % of tbe specimen volume and

the total gas recleased was 0.227 of the specimen. No water was detected.
3.2.3 Rate of gas release

Comparing the release rates shown in Tables 7,8 and 9, the rate for
SM1-24 is about one order smaller than that for 7477PT. This corresponds
to the fact that in the curves for change in argon cortent shown in Fig. 3
argon release due to heat treatment occurs more easily for 7477PT graphite
than for SM1-24. This would result from the fact that pore size distribu-~
tion curve is fairly broad and large amount in volume of pores smaller than
about 1 um are present in the case of SM1-24, whereas for 7477PT the curve
is narrow and the pores are relatively homogeneous (between 1 um and 5 um
in diameter) and rather large. Figures 8 and 9 show the results of mercury
porosiaqetry for SM1-24 and 7477PT, respectively, from which one can also

derive the preceding point of view.

3.3 Calculation of porosity by means of activation analysis and mass

spectrometry

As seen in Taile 4 and Fig. 3, in the case of SM1-24, argon content
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is about 0.3 vol % of the total gas volume, and the argon found by means
of activation analysis is about 4 x 10=2 vol % of the specimen volume so

that the total pore volume can be estimated as

4 x 1072 x %9% ~v 13 (vol % of the specimen volume).

Here it is assumed that the argon contents in vol % are the same both in
open peres and closed pores. As the true and apparent density of SM1-24
were measured as 2.227) and 1.76 g/cm3, respectively, the total pore volume
is believed to be about 207 of the specimen volume. There are some reasons
to be considered why the difference between these values is so large.
Firstly, there is a possibility that the assumption made above might pnot

be applicable to the present calculation, 1.e. the gas composition is
different between in open pores and closed pores. Secondly, there is
another possibility that the gas in very large open pores is evacuated at
the earlier stage of the experiment and cannot be detected by the mass-
spectrometer. This is suggested by the result of mercury porisimetry

shown in Fig. 8. The pore with the diameter larger than 10 um (at pressure
less than about 1 atm) may be believed to be evacuated very easily. This
figure indicates that the volume of pores larger than about 10 um is 3 to
4% of the specimen. By adding this value to that estimated from the
results of activation analysis and mass-spectrometry it becomes possible to
deduce the pore volume of SM1-24 graphite as about 17%, which can be
considered to correspond to the level designated as E in Fig. 8. The
difference between the total porosity, i.e. 20%, and the value above, i.e.
17%, would originate in the possibility that the smaller pores, voids,
cracks, crystalline distortions etc. in the atomic scale cannot be detected
by any of the three techniques, i.e. mercury porosimetry, activation
analysis and gas mass-spectrometry, employed here. The last method would
be excluded in principle, if we assume that the smaller pores are closed.
In Fig. 8 the steep increase in the penetration volume, which is found in
the pore diameter range of less than about 3 x 10~2 um would correspond to
the fact that the mercury porosimetry can cause damage to graphite at
higher pressures, as was reported in the lituratures8:9),

These arguments enable us to visualize the structure of pores in
graphite as follows. Firstly, about 3% of the specimen volume 1s cccupied
by very small pores and cracks which are present between the basel planes
or more generally by some kinds of lattice distortions and other deviationms

from the perfect crystal in the atomic scale. The porosity caused by these

_8_
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smaller pores and cracks cannot be detected by either of the three techniques
above. Secondly, about 67% of the volume is occupied by what is called closed
pores. These pores would correspond to the level off values in Figs. 3 and
4, and the cuive DE in Fig. 8. Thirdly, about 11% of the volume is the
porosity which results from the larger pores, which would correspond to the
difference between the initial value and the level off values in Fig. 3,

and to the curve ABCD in Fig. 6. Thus we conclude that about 15% of the
porosity results from the very smal). pores and cracks in the atomic scale,
about 307% of it from what is called closed pores and about 55% of it from

the open pores.

The argument above seems to us reasonable, though it is fairly
difficult to apply the similar consideration to 7477PT graphite because of
the smaller amount of argon in the graphite. However, from the result of
mercury porosimetry shown in Fig. 9, we can deduce that the curve DE would
correspond to the 'closed pores', i.e. about 5% of the specimen volume is
occupied by the closed pores which, in this context, imply hoth the
crystalline defects and lattice distortions in the atomic scale, and the
microfissures accessible by mercury porosimetry at higher pressures.
Remaining 14 or 15% of the volume would result from the open pores. The
estimation on the open and closed pores here is believed to agree well with

the idea and data of Turkdogan et all0),

4. Conclusions

Conclusions derived from the present experiments are as follows.
(1) It is estimated from the results of activation analysis, gas mass-
spectrometry and mercury porosimetry for SM1-24 graphite that the open and
closed pores occupy about 17% of the specimen volume. About 3% of the
specimen volume is considered to originate in the crystalline distortions
and defects of the atomic scale which cannot be detected by either of
activation analysis, mass-spectrometry or mercury porosimetry. An
argument similar to that above can be made in the case of 7477PT graphite.
(2) Activation analysis shows that washing of specimens in a solvent such
as acetone or trichloroethylene not only decreases the argon content but
also changes the composition of gas in graphite, which is also influenced
by 'evacuating and re~filling treatments’.
(3) The release rate of the constituents of gas in the open pores is about
one order larger for 7477PT than for SM1-24, which corresponds to the fact

shown in the argon content - heat treatment temperature curves that argon

-9 -
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is most easily released in case of 7477PT comparing with Sil-24 and H327

graphites. These phenomena can be attributable to the difference in the

pore structure between the graphites, which is discerrible by means of

mercury porosimetry.

(4) Chauge in the composition of released gas is caused by heat~treatment
~at lower temperature even if the specimen is evacuated for a long time

before heat-treated.

(5) Though some experiments were carried out in order to determine an

absolute value of volume of gas released irom poly-graphite, no reasonable

result was obtained at the present stage. New techniques should be con-

ceived in future.

Acknowledgements

The authors wish to thank Mr. Y. Fukuda for his experimental work on
mercury porosimetry. Thanks are also due to the members of the Graphite
Research Laboratory, JAERI for their informative advice and discussions,
and to Drs. K. Motojima and T. Komori for their interests and encouragements

for this investigation.

References

1) P. Wagner, J.A. 0'Rourke and P.E. Armsirong, J. Am. Cer. Soc. 55 (1972)
214,

2) S.K. Rhee, ibid, 580.

3) J.B.F. Champlin, Nucl. Sei. Tech. 8 (1970) 283.

4) B.W. Ashton, V.Y. Labaton and A. Smith, Proc. 3rd Conf. on Industrial
Carbons and Graphite, Soc. Chem. Industry, London (1971) p.329.

5) W. Huber, Carbon 11 (1973) 655.

6) Rikagaku-jiten, 3rd edition, ed. by B. Tamamushi, Iwanami, Tokyo (1970).

7) K. Fujii, private communication.

8) J.M. Dickinson and J.W. Shore, larbon 6 (1968) 937.

9) D.J. Baker and J.B. Morris, Carbon 9 (1971) 687.

10) E.T. Turkdogan, R.G. Olsson and J.V. Vinters, Carbon 8 (1970) 545.



JAEBRI-M 7223

Table 1 List of the graphites used in the experiments

Method of | Density | Young's modulus

Brand Coke production | (g/cm®) (103kg/mm?) Manufacturer

SM1-24 | DPetroleum | Mould 1.76 0.90 Anglo Great
Lakes Corp.

7477/pr | Petrolewm | 14 1.74 0.98 Le Carbone

fine~-grained TLorraine
1327 Petroleun g trusion | 1.78 1.51 Great Lakes
needle Corp.

The values are for the specimens parallel to the axis of press
or extrusion.

Table 2 Effect of pre-irradiation treatmen* on the content of argon in
SM1-24 graphite

~Ireatment Yo t e.t ent|Washed by|Washed by Retained in air
0 treatment) ,.etone trichloroethylene jafter vacuumized

Specimen
1 4.03 3.63 2.70 2,20
2 3.64 3.23 2,49 -
3 4.23 - - -

4 4.20 - - -
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Table .© Compensation factors for gases in air
Gas Vol. % |Peak height Peak height | Compensation
(Mass in (gas mass- percent factor
number) | Air spectrometry)
) (g) (G) (v/6)
173.7 80.63 0.9686
Nitrogen 78.10 166.3 80.52 0.9699
(28) e 170.4 80.52 ay,0+9699
V+0.9694
37.8 17.55 1.193
Oxygen 20.93 36.0 17.43 1.201
(32) : 37.3 17.62 oy 1-188
Ve1.194
‘ 3.40 1.57 0.594
Argon 3.48 1.68 0.555
(40) 0.9325 3.35 1.58 1y 0.591
V+0.580
Carbon 0.454 0.211 0.142
dioxide 0.03 0.469 0.227 0.132
(44) - 0.462 0.218 av 0.138
‘0.137
Water 0.06 0.027
a(‘is) - 0.26 0.125 (1.000)
0.10 0.047




Table 4 Composition of the gas released from SM1-24 graphite

Duration
o o [T e e Tom b
height| "% *|height|V°! % jheight |'°F % lneight| "% *|hetgne| VoL *

18 | Ha0 | 0.70 | 7.02/64.8 |88.0 |47.5 [87.6 |46.2 [84.6 (2.2 |76.9 |180.4 |82.0
28 | COMV, | 6.38 |62.0 | 5.78 | 7.60| 4.58|8.19| 5.97 110.6 | 4.89 {17.2 | 27.60|12.2
32 0, | 2.08 |24.9 | 172 | 2.78) 1.262.77|1.50 | 3.27| 0.985| 4.28 | 7.55| 4.09
40 Ar | 0.264] 1.53| 0.264] 0.208 0.219 0.404 0.249] 0.263 0.199| 0.417| 1.20| 0.316
44 | Cop | 3.36 | 4.61] 7.68 | 1.43| 4.88 |1.23]5.23 | 1.31} 2.50 | 1.25 | 23.65| 1.47
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Table 5 Gas composition of the pre-evacuated specimen of
SM1-24 graphite

Duration (hr)
o Peak
Mass Gas 022 220:47.5 height | Vol %
number
Peak Vol % Peak Vol % total
height ° | height )
18 H20 - 65.3 89.7 165.3 72.6
28 COHN, | 10.3 |58.1 5.70 7.60 |16.0 17.2
32 07 2.70 | 18.7 1.17 1.92 | 3.87 5.07
40 Ar 0.24 | 0.81} 0.11 0.089| 0.35 0.226
44 Co, 28.0 |22.4 3.77 0.722(31.8 4.85
Table 6 Composition of the gas released from the pre-evacuated

specimen of 7477PT graphite
Hass Duration (hr) Peak
number Gas 024 24743 :stggt Vol 2
Peak height| Vol % | Peak height | Vol %
18 | Hy0 13 58.5 58.7 96.2 |71.7 | 86.2
;' 128 {com, 6.83 | 29.8 1.41 2.25 | 8.24 | 9.60
é 32 0, 2.14 11.5 0.50 0.989| 2.64 3.79
g 40 | Ar 0.070 { 0.19 €.010 0.01 | 0.080| 0.06
“ s CO, - 2,28 0.51 | 2.28 { 0.38
0~ 25 25 ~ 44
18 | Hy0 6 54,2 75.0 93.4 [81.0 | 88.6
E 28 |CO+N, 2.48 | 21.7 4.57 5.52 | 7.05 | 7.49 |
g 32 { o, 2.19 | 23.6 0.325 0.48 | 2,52 | 3.29
&; 40 | Ar 0.096 | 0.51 0.016 0.01 { 0.112] 0.07
? e €0, - 3.76 0.64 | 3.76 | 0.56
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Table 7 Volume of gases released from SM1-24 graphite by menas of an Atlas CH4
mass--spectrometer
Duration Gas (m%) Gas Release
total#* rate
(min) Hy0 No+CO 0, Ar CO, (mg) (mf/min)

1.07x1073

0-5 1.5x107% | 1.3x1073 - - 3.9x10-3 | 5.35%1073
2.4 x10-3

5-22 4,9x1072 | 3.7x10~3 - 8.6x10"5 | 5.1x1073 | 4.2 x1072
3,7 x10~*

22-57 1.3%1072 | 3,0%x10™% - 4,7x1075 } 2,9x10"3 ] 1.3 x10~2
i 3.3 x10™°

57-127 | 3.3x10™% | 2,2x10™" - - 1.8x10-3 ; 2,3 x10-3
2.8 x107°

127-206 | 8.5x10~° | 1.0x10~% - - 1.2x10-3 | 2.5 %1073
5.9 x10~6

206-527 - 1.1x10~% - - - 1.9 x10™3
1,7 %1076

527-1307 | 1.0x1073 | 9.9x10~" - 5,2x1075 | 7.3x107™% | 2.9 x10™3

3 5.0x10"2 | 5,7x10~3 - 1.9x107% | 1.6x10~2 | 6.46x10 2

* Values calculated from the pressure

*% Specimen :

SM1-24, 2.99 mi.

ol gases in the reservoir.

Table 8 Volume of gases released from 7477 PT graphite by menas of an Atlas CH4
mass-spectrometer

Duration Gas (m%) Gas* Release
total rate

(min) H,0 N»+CO (029 Ar €O, (me) (mf /min)
2.0x10"2

0-5 6.9 x1072 | 1,8 x10™3 - - 7.7 x1073 | 1,0x10"1
9,3x1072

5-35 2.8 x1071{ 1.5 x10~3 - 1.7 x10™% | 5.7 x107% | 2,8x1071
2.8x107°

35-200 | 3.5 x1073 | 9,8 x10~% | 3.2x10"5] 5.0 x1075 [ 1.3 x10™"% | 4.7x1073
4.8x1077

200-1434 - 5.9 x10™% - - - 5.9x10™4

T 3.53x1071 | 4,87x1071 | 3.2x1075 | 1,75x10™% | 8.40x1073 | 3.8x10"1

* Values calculated from the pressure of gases in the reservoir.

*% Specimen :

7477 PT

4.75 mf.




Table 9 Gases released from a specimen of SM1-24 graphite after air in the
specimen tube was displaced by helium with a flow rate of 1 2/min for 3

minutes
Duration Gas (mR) Gas* Release
total rate
(min) H,0 N,+C0 0, Ar C0, (me) (mf /min)
0-5 1.6 x107% | 5,8 x1073 - 2.4 x107% | 1.7 x107" -

9.3x107Y

5-22 8.2 x10~3 | 7.3 x10~3 - 2.3 x107% | 1.8 »1073 | 1.6 x10™2
2.5x1074

22-57 5.6 x1073 | 5.9 x1073 - 1.2 x107% | 1.3 x1073 | 8.9 x1073
9.8x40~5

57-127 | 2.1 x10~3 | 4.4 x1073 - 9.5 x10"5 | 1.2 x10~% | 6.9 x1073
9.6x107°

127-206 | 9.1 x10™“ | 5,1 x1073 - 8.6 x1075{ 1.0 x10~3 | 8.5 x10~3
1.0x10-5

206-527 | 3.2 x10~% | 1.5 x10~3 - - - 3.2 x10~3
3.5x1076

527-1307 | 6.7 x10™% | 1.3 =x107% - - 5.3 x10=3 | 2,7 x10-3

b 2.44x1072 | 3.01x10 2 - 7.71x107% | 4.92x1073 | 7.05%10~2

* Values calculated from the pressure of gas in the reservoir.

*% Specimen SM1-24, 2.94 mR.

€22 W-1YdVvr
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Fig. 1 Schematic diagram of the apparatus for activation analysis
experiments.
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Fig. 2 An example of the calibration curve for Ar determination.
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Fig. 3 Content of Ar in three kinds of graphites as a functicn of heat~-
treatment temperature.
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Fig. 4 Argon content and its change due to heat treatment for the -
specimens stored in air after evacuated.
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Fig. 5 Mass-spectrogram of the gas released from SM1-24 graphite during
a period 2-20 hours.
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Fig. 6 Mass~spectrogram of the gas released from a SM1-24 specimen which
was heated at 280°C for 30 min.
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Fig. 7 Schematic diagram of the technique for an experiment carried out
in order to trap the released gas with active charcoal.
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Fig. 8 Mercury porosimetry of SM1-24 graphite.
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Fig. 9 Mercury porosimetry of 7477PT graphite.
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