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Abstract Adsorption-desorption isotherms of N, and Ar
were measured at 77 K using samples of graphite that were
partially burned off at 600 °C in O, gas saturated with wa-
ter vapor at 25°C. The amounts of adsorbed N; and Ar
dropped drastically as the degree of burn-off increased. The
isotherms all showed a steep rise, or step, in the amounts
of adsorbed N; and Ar at a relative pressure of around 0.4.
Moreover, the hysteresis was much narrower after burn-off
than before. These anomalies can be explained by the pres-
ence of functional groups on the graphite that produce H,O
and CO; upon decomposition and in terms of pores on the
surface of the graphite.

Keywords Natural graphite - Adsorption - Burn-off -
Porosity

1 Introduction

Various oxygen-containing functional groups (carboxyl, lac-
tone, hydroxyl, carbonyl) are present around the periphery
of hexagonal condensed-carbon rings of crystallites (Boehm
and Diehl 1962), and play an important role in gas ad-
sorption phenomena (Griffiths et al. 1964; Walker Jr. and
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Janov 1968; Barton et al. 1973; Mgller and Fort 1975;
Dubinin and Serpinsky 1981; Barton et al. 1984; Miura and
Morimoto 1986; Kwon et al. 2002; Slasli et al. 2004). As
might be expected, the numbers and types of groups af-
fect the adsorptivity of gases on a material, as has been re-
ported in many studies on carbonaceous materials subjected
to various treatments, such as burn-off in O or air (Griffiths
et al. 1964; Walker Jr. and Janov 1968; Miura and Mori-
moto 1986), liquid-phase treatment using various concen-
trations of HNO3 (Barton et al. 1984), and O plasma treat-
ment (Kwon et al. 2002). In those studies, polar adsorbates,
such as water vapor, exhibited a higher adsorptivity after ox-
idation of a surface than before (Walker Jr. and Janov 1968;
Barton et al. 1984); N, and Ar have also been used as ad-
sorbates in place of water (Griffiths et al. 1964; Mgller and
Fort 1975; Kwon et al. 2002).

In this study, adsorption-desorption isotherms of N; and
Ar were measured at 77 K using samples of graphite that
were partially burned off at 600 °C in moist O, gas. The
amount of adsorbed gases was much smaller after oxida-
tion than before. Every isotherm had a steep rise, or step,
in the amount adsorbed at a relative pressure (X) of around
0.4 (Miura and Yanazawa 2003). Moreover, the hysteresis
became narrower as the degree of burn-off increased. This
paper reports on an investigation of these phenomena as
they relate to the numbers of oxygen-containing functional
groups and the width of slit-shaped pores.

2 Experimental

The starting material for the burn-off treatment is Sri Lankan
natural-graphite powder that is sold as Graphite ACP by
Nippon Kokuen Co. We call this starting material G25 (Mo-
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Fig. 1 SEM images of samples of (a) G25, (b) OGA, and (c¢) OGB

rimoto and Miura 1985). It is 99.5% pure and contains 0.5%
ash. The particles are 1-30 um in diameter.

Samples of G25 in a quartz tube were partially burned
off at 600 °C in a flow of O, and H,O gases, as described in
a previous study (Miura and Morimoto 1986). This yielded
two kinds of samples: OGA, for which the weight loss was
18%:; and OGB, for which it was 51%. For reference, a third
type of sample, labeled G500, was prepared by pyrolyzing
G25 at 500 °C in an N, flow.

Adsorption-desorption isotherms were measured at 77 K
with the BEL-SORP automatic adsorption-measuring appa-
ratus made by Bel Japan, Inc. The BET specific surface area
of each sample was calculated from the measured N, ad-
sorption isotherm, assuming a value of 0.162 nm? for the
cross-sectional area of an N, molecule at 77 K.

Samples were heated from room temperature to 1000 °C,
and the gas expelled was analyzed quantitatively by gas
chromatography and also by alternately using two traps, one
at —196 °C and the other at —78 °C (Morimoto and Miura
1985). From among the various gases expelled, we focused
on H>O and CO; for the reasons given below.

SEM observations were made with a JEOL-JSM8&90
electron microscope at an operating voltage of 5 kV.

3 Results and discussion
3.1 SEM observations

The SEM images of OGA, OGB, and G25 in Fig. 1 show
that burn-off eroded the prism plane; that is, its morphology
becomes more clear-cut, or geometric, as the degree of burn-
off increases. In contrast, the stacking layer on G25 is so
jumbled that the orientation of the prism plane appears com-
plicated, which means that the surface is morphologically
heterogeneous. It can thus be inferred that erosion removes
the complication in the orientation of the prism plane. In ad-
dition, semicircular shapes can be seen on the prism planes
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of both OGA and OGB. The same kind of shape was also
observed in a previous study (Miura and Morimoto 1986);
and Kwon et al. reported a similar morphology on the sur-
face of HOPG oxidized with O, plasma (Kwon et al. 2002).

3.2 H>O- or CO;,-producing surface functional groups

Figures 2 and 3 show how the amounts of H,O and CO,,
respectively, expelled from graphite samples depend on py-
rolysis temperature. Functional groups on the surface of
carbonaceous materials thermally decompose into various
gases consisting of carbon, hydrogen, and/or oxygen, which
come mainly from functional groups bonded to the carbon
atoms constituting the skeleton of basal planes (Coltharp and
Hackerman 1968). When carboxyl, lactone, and hydroxyl
groups thermally decompose, they produce H;O and CO;
(Miura and Morimoto 1988). These groups are compara-
tively large and project out from the hexagonal carbon skele-
ton; and they seem to influence the formation of pores in the
graphite (Miura and Yanazawa 2003). This fact made us turn
our attention to the amounts of these gases that are expelled.

In both Fig. 2 and Fig. 3, the curves for OGA and
OGB are completely different from the one for G25 in that
the number of H,O- and CO;-producing groups that de-
compose below 600 °C (burn-off temperature) is markedly
lower, while the number of such groups that decompose
above 600 °C is much greater. This difference appears as a
single peak above 600 °C for CO; and a small but distinct
peak around 700 °C for H,O. This suggests that the envi-
ronment of the CO;- and HyO-producing groups on OGA
and OGB is different from that on G25, owing to the high-
temperature burn-off, and more importantly, that one kind
of CO;,-producing group with almost the same thermal sta-
bility on both burn-off samples is prevalent on the surface
of those samples. This indicates that, from the standpoint of
energy, the surfaces are rather homogeneous.
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3.3 Adsorption-desorption isotherms of N, and Ar

In this investigation, we used Ar as an adsorbate, in addi-
tion to Ny. The reason is due to the fact that Ar is often
used in the investigations (Mgller and Fort 1975; Gregg
and Sing 1982; Bandres-Muroz et al. 1987; Ismail 1992;
Miura and Yanazawa 2003; Do and Do 2005) similar to this
study, which makes us compare easily the present data to
those concerning artificial graphite samples.

The adsorption-desorption isotherms of N, (Fig. 4) and
Ar (Fig. 5) for each sample taken at 77 K show a small but
distinct step at a relative pressure (X) of around 0.4. This
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Fig. 2 Amount of H,O evolved at intervals of 100 °C from samples
subjected to heating: @: G25, l: OGA, A: OGB

step can be seen more clearly in the inset of each figure. The
step found here can be considered to be the same as reported
in the previous work (Miura and Yanazawa 2003).

Figure 6 compares adsorption-desorption isotherms of
N for samples G500 and G25. As mentioned with regard to
Figs. 2 and 3, pyrolysis at 500 °C undoubtedly removes any
functional groups that decompose below this temperature.
So, the surface of G500 was expected to be in a different
condition from that of G25. However, the isotherms of the
two samples have a similar shape.

Table 1 shows the BET monolayer capacity (Vy,), the
specific surface area, and the C-value obtained by apply-
ing the BET method to the adsorption isotherms (Figs. 4,
5 and 6). These data show that burn-off drastically reduces
the specific surface area of graphite. Besides this, every BET
plot of N> adsorption data was found to have a disconti-
nuity and to consist of two linear portions in the ranges
0<X<0.17 and 0.17 < X < 0.35. We used the line in the
lower pressure region to calculate the specific surface area,
based on a previous study (Miura and Yanazawa 2003) and a
report by Mgller and Fort (1975). It is interesting to note that
the degree of discontinuity (i.e., the difference between the
slopes of the two linear sections) becomes more pronounced
as the degree of burn-off increases, although there is no dis-
continuity in a BET plot of the Ar adsorption data.

Tables 2 and 3 are the tabulated adsorption data for Ny
and Ar, respectively. Here, 6 is the surface coverage of each
gas, being equal to V/Vy,.

Figures 7 and 8 are the normalized adsorption isotherms
of N; and Ar, respectively, where the amount adsorbed is ex-

Fig. 3 Amount of CO; evolved 35
at intervals of 100 °C from
samples subjected to heating:
®: G25, l: OGA, A: OGB 34
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Table 1 Adsorption capacity (Vy,), C-value, and specific surface area

Nitrogen adsorption

Argon adsorption

Vi C-value Surface area Vi C-value Surface area
(em*/g) (m?*/g) (cm*/g) (m*/g)*
G25 2.83 443 12.30 3.16 352 11.70
OGA 1.30 849 5.66 1.42 653 5.27
OGB 0.90 2242 3.94 1.06 443 3.91
G500 3.07 586 13.40 3.40 352 12.60

aThe Ar surface area was estimated assuming the cross-sectional area of an Ar molecule at 77 K to be 0.138 nm?
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Fig. 4 Adsorption-desorption isotherms of Ny on graphite samples at
77 K. Filled marks: adsorption; open marks: desorption. 4, O: G25,
A, A\: OGA, @, O: OGB. The inset is an expanded view of the region
around the JE step

pressed in terms of surface coverage, (= V/Vp,). These fig-
ures demonstrate impressive contrast between the isotherm
for G25 and those for both OGA and OGB, i.e., the 6 value
increases suddenly at the relative pressure corresponding to
appearance of the step in the case of OGA or OGB. And
besides, the two normalized isotherms of N on both sam-
ples almost coincide, which indicates that the N, adsorption
proceeds in the same manner, compared to G25. The same
feature is also found in the case of Ar adsorption.
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Fig. 5 Adsorption-desorption isotherms of Ar on graphite samples at
77 K. Filled marks: adsorption; open marks: desorption. 4, $: G25,
A, A: OGA, @, O: OGB. The inset is an expanded view of the region
around the JE step

Figures 9 and 10 are the N, and Ar adsorption isotherm,
respectively, with both axes drawn in logarithmic scale ac-
cording to the literature (Kruk et al. 1999; Gardner et al.
2001; Do and Do 2005). The adsorbed amounts of both
gases at X &~ 0 have betrayed their real nature, as found in
those figures: they are thus divided into different points on
the abscissa.

Gardner et al. measured adsorption isotherms of Ar on
carbon blacks very precisely before and after graphitiza-
tion (Gardner et al. 2001), and Kruk et al. obtained adsorp-
tion isotherms of N> on graphitized carbon blacks with a
higher precision (Kruk et al. 1999). In both minute investi-
gations, the adsorption energy was also calculated. Actually,
our data are not so precise as theirs. However, the burn-off
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Table 2 N adsorption data for each graphite sample at 77 K

G25 OGA 0GB

X V/em? (STP)- g=! 6 X V/em? (STP)- g=! 6 X V/em? (STP)- g=! 6

3.62 x 1074 0.9880 0.3491  3.18 x 10~* 0.5751 04424 150 % 1073 0.7262 0.8069
6.03 x 1074 1.5154 0.5355  8.44 x 1073 1.1729 0.9022  8.09 x 1073 0.8322 0.9247
5.55 x 1073 2.2464 0.7938  1.89 x 1072 1.2575 0.9673  1.84 x 1072 0.9052 1.0058
1.22 x 1072 2.4440 0.8636  3.45 x 1072 1.2970 0.9977  3.39 x 1072 0.9224 1.0249
1.92 x 1072 2.5425 0.8984  4.48 x 1072 1.3195 1.0150  4.40 x 1072 0.9326 1.0362
3.36 x 1072 2.6704 0.9436  6.10 x 1072 1.3534 1.0411 597 x 1072 0.9608 1.0676
4.46 x 1072 2.7505 09719  7.62 x 1072 1.3771 1.0593  7.48 x 1072 0.9713 1.0792
6.11 x 1072 2.8494 1.0069  9.10 x 1072 1.4089 1.0838  8.98 x 1072 0.9919 1.1021
7.65 x 1072 2.9297 1.0352  0.1151 1.4527 1.1175  0.1124 1.0187 1.1319
9.16 x 1072 3.0051 1.0619  0.1401 1.5008 1.1545  0.1373 1.0426 1.1584
0.1166 3.1288 1.1056  0.1552 1.5302 1.1771  0.1525 1.0658 1.1842
0.1416 3.2518 1.1490  0.1703 1.5640 12031  0.1674 1.0824 1.2027
0.1575 3.3304 1.1768  0.1898 1.6327 1.2559  0.1873 1.1253 1.2503
0.1724 3.4102 1.2050  0.2098 1.6927 13021  0.2072 1.1702 1.3002
0.1919 3.5225 1.2447  0.2296 1.7706 13620  0.2273 1.2207 1.3563
0.2117 3.6377 1.2854  0.2589 1.8838 1.4491  0.2569 1.3030 1.4478
0.2317 3.7586 13281  0.2887 2.0254 1.5580  0.2867 1.3975 1.5528
0.2601 3.9457 1.3942  0.3091 2.1184 1.6295  0.3070 1.4626 1.6251
0.2899 4.1469 1.4653  0.3386 2.2538 1.7337  0.3368 1.5556 1.7284
03113 42970 1.5184  0.3593 23391 1.7993  0.3574 1.6165 1.7961
0.3396 4.4892 1.5863  0.3917 2.4621 1.8939  0.3882 1.6930 1.8811
0.3608 4.6239 1.6339 04123 25325 1.9481  0.4088 1.7454 1.9393
0.3937 4.8238 1.7045  0.4373 2.6132 20102 04337 1.7990 1.9989
0.4154 4.9445 1.7472  0.4621 27014 2.0780  0.4589 1.8548 2.0609
0.4398 5.0869 1.7975  0.4873 2.7813 2.1395  0.4838 1.8964 2.1071
0.4650 5.2277 1.8472  0.5121 2.8635 22027  0.5087 1.9584 2.1760
0.4902 5.3756 1.8995  0.5415 2.9631 22793 0.5384 2.0249 2.2499
0.5147 5.5232 1.9517  0.5620 3.0482 23448  0.5588 2.0812 23124
0.5434 5.7119 20183  0.5867 3.1431 24176 0.5836 2.1404 2.3782
0.5645 5.8553 20690  0.6115 3.2592 25071 0.6089 2.2179 2.4643
0.5890 6.0276 21299  0.6413 3.4144 26265  0.6432 2.3344 2.5938
0.6136 6.2164 2.1966  0.6668 3.5601 27385  0.6688 2.4559 2.7288
0.6441 6.4859 22918  0.6913 3.7152 2.8578  0.6943 2.5676 2.8529
0.6706 6.7300 23781  0.7161 3.8901 29924  0.7188 2.6850 2.9833
0.6948 6.9859 24685  0.7408 4.0774 3.1365  0.7435 2.8140 3.1267
0.7195 7.2768 25713 0.7654 4.2899 3.2999  0.7688 2.9692 3.2991
0.7437 7.5814 2.6789  0.7899 45215 34781  0.7935 3.1435 3.4928
0.7674 7.9316 2.8027  0.8143 47913 3.6856  0.8177 3.3297 3.6997
0.7914 8.3288 29430  0.8423 5.1818 3.9860  0.8478 3.6180 4.0200
0.8142 8.7784 3.1019  0.8627 5.5536 42720  0.8666 3.8753 4.3059
0.8408 9.4006 33218  0.9009 6.5602 5.0463  0.9099 47647 5.2941
0.8611 10.003 3.5346  0.9468 9.2519 7.1168  0.9592 7.6331 8.4812
0.9045 12.006 42424 0.9537 10.121 7.7854

0.9384 15.017 5.3064

0.9551 17.859 6.3106
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Table 3 Ar adsorption data for each graphite sample at 77 K

G25 OGA OGB
X V/em? (STP)-.g~' 6 X V/em? (STP)-.g~' 6 X V/em? (STP)-.g~' 6

298 x 1074 0.5361 0.1697 1.19 x 1073 0.5450 0.3838 2.07 x 1073 0.6526 0.6157
8.94 x 104 1.1452 0.3624 431 x1073 1.1235 0.7912 7.56 x 1073 0.8584 0.8098
1.79 x 1073 1.7237 0.5455 1.50 x 1072 1.2831 0.9036 1.71 x 1072 0.9288 0.8762
463 x 1073 2.2388 0.7085 2.92 x 1072 1.3612 0.9586 2.81 x 1072 0.9708 0.9158
1.53 x 1072 2.6341 0.8336 4.85 % 1072 1.4571 1.0261 4.70 x 1072 1.0471 0.9878
2.49 x 1072 2.7932 0.8839 7.10 x 1072 1.5123 1.0650 6.65 x 102 1.0949 1.0329
3.64 x 1072 2.9302 0.9273 0.1009 1.5752 1.1093 8.21 x 1072 1.1244 1.0608
4.78 x 1072 3.0468 0.9642 0.1369 1.6367 1.1526 9.73 x 1072 1.1532 1.0879
6.68 x 1072 3.1992 1.0124 0.1766 1.7052 1.2008 0.1274 1.1923 1.1248
8.44 x 1072 3.3134 1.0485 0.2117 1.7745 1.2496 0.1522 1.2328 1.1630
0.1291 3.5658 1.1284 0.2511 1.8685 1.3158 0.1821 1.2750 1.2028
0.1711 3.7902 1.1994 0.3053 2.0453 1.4404 02212 1.3369 1.2612
0.2079 3.9899 1.2626 0.3489 23261 1.6381 0.2702 1.4319 1.3508
0.2460 42141 1.3336 0.4008 2.7684 1.9496 0.3010 1.5104 1.4249
0.2776 4.4141 1.3969 0.4565 3.0248 2.1301 0.3456 1.7292 1.6313
0.3064 4.6290 1.4649 0.5097 3.2282 22734 03675 1.8922 1.7851
0.3452 5.0009 1.5826 0.5627 3.4524 24313 0.4029 2.0931 1.9746
0.3699 5.3021 1.6779 0.6059 3.7043 2.6087 0.4495 2.2415 2.1146
0.4076 5.6789 1.7971 0.6624 4.2089 2.9640 0.5004 2.3767 2.2422
0.4532 6.0410 1.9117 0.7159 4.6465 3.2722  0.5538 2.5404 2.3966
0.5023 6.4140 2.0297 0.7651 5.0907 3.5850  0.5990 2.7183 2.5644
0.5540 6.8251 2.1598 0.8100 5.6189 3.9570 0.6554 3.0923 29173
0.5990 7.2312 2.2884 0.8480 6.3881 4.4987 0.7076 3.4078 3.2149
0.6551 7.9057 2.5018 0.8664 7.1563 5.0396 0.7579 3.7164 3.5060
0.7053 8.5676 27113 0.9163 8.9210 6.2824  0.8059 4.0776 3.8468
0.7529 9.2560 2.9291 0.9487 12.151 8.5570 0.8462 47716 4.5015
0.7963 10.032 3.1747 0.8712 5.3473 5.0446
0.8253 10.736 3.3975 0.9075 6.2346 5.8817
0.8487 11.531 3.6491 0.9524 9.5768 9.0347
0.9088 14.603 46212

0.9412 18.041 5.7092

0.9582 20.980 6.6392

treatment clearly gives rise to a few remarkable changes in
the adsorption-desorption isotherms of both gases, as listed
below.

These figures and table reveal that, as the degree of burn-
off increases,

(1) the amount of adsorbed gases drops drastically;

(2) the step becomes more prominent, and it is larger for Ar
than for N»;

(3) the hysteresis becomes less pronounced.

As shown in Figs. 9 and 10, the amount adsorbed in
the very early stage drops. This fact suggests that burn-off
treatment demolishes micropores on OGA and OGB. And,
clearly the amount adsorbed over the whole range of equi-

@ Springer

librium pressure decreases in every case. These are related
to (1) above.

Griffiths et al. examined the effect of burn-off on the het-
erogeneity of the surface of various types of graphitized car-
bon, and found that the Ny specific surface area increased
with increasing degree of burn-off (Griffiths et al. 1964). In-
terestingly, that is the opposite of what we found. The dif-
ference may be attributable either to the difference between
the oxidizing gases used for burn-off (spectroscopically pure
O3 in their case vs. moist O3 in ours) or to the difference be-
tween the kinds of carbonaceous material used (graphitized
carbon black for them vs. natural graphite for us).
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Fig. 6 Adsorption-desorption isotherms of N, on graphite samples at
77 K. Filled marks: adsorption; open marks: desorption. 4, : G25,
W, [J: G500

Regarding (2) above, the step can be thought of as re-
flecting the process by which a second adsorption layer
forms. Here, the procedure in a previous study (Miura and
Yanazawa 2003) is used to estimate the amount adsorbed
at the end of the step for each adsorption isotherm. The re-
sults are shown in Table 4, where the amount adsorbed at
the end of the step is given in terms of Vy,. Assuming that
all the pores are accessible to gas molecules, the amount ad-
sorbed at the end of the step should be approximately 2Vy,.
It can be inferred from this that the surfaces of both OGA
and OGB are completely accessible to N, molecules and Ar
atoms, while there are many pores on the surface of G25 that
are inaccessible to both. This means that OGA and OGB
probably have flatter surfaces than G25 does, because the
moist Oy gas burned off the walls of the pores (hexagonal
condensed-carbon rings) on G25 along with their functional
groups, thus making the pores shallower. The affected func-
tional groups probably have a different alignment with re-
spect to the peripheries of nearby hexagonal carbon rings
than they had prior to burn-off.

As stated above, only (newly created) functional groups
with almost the same heat resistance are prevalent on both

9.0

Surface coverage, 6

0.00 0.20 0.40 0.60 0.80 1.00
Relative pressure, X

Fig. 7 Normalized adsorption isotherms of N on graphite samples at
77 K. 4: G25, A: OGA, ®: OGB
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Fig. 8 Normalized adsorption isotherms of Ar on graphite samples at
77 K. 9: G25, A: OGA, @: OGB

OGA and OGB. Burn-off, therefore, enhances the homo-
geneity of the graphite surface to some extent, thereby mak-
ing the step more pronounced for both samples.

3.4 Hysteresis

The hysteresis seems to result from the presence of pores
(Miura and Yanazawa 2003). Figure 11 shows the t-plots
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Fig.9 Adsorption isotherms of N on graphite samples at 77 K, drawn
in logarithmic scale. €: G25, A: OGA, ®: OGB
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Fig. 10 Adsorption isotherms of Ar on graphite samples at 77 K,
drawn in logarithmic scale. @: G25, A: OGA, @: OGB

Table 4 Amount of gas adsorbed at end of the step appeared around
X=04

N2 Ar
G25 1.74V 1.84Vpy
OGA 2.03Vp 2.08Vm
OGB 2.03Vp 2.05Vp
G500 1.73V 1.88Vpy

calculated from the adsorption isotherms of N, (Figs. 4
and 6). For the t-method calculations, a master t-curve,
which was proposed by Smith and Kasten (Smith and Kas-
ten 1970), was used. In order to make the calculations
more valid, the recent t-curve in ASTM Method was also
checked (ASTM Method D6556-01 2002). The t-curves cal-
culated from the master t-values in both reports (Smith and
Kasten 1970; ASTM Method D6556-01 2002) coincided.
Calculations of the slopes of the initial dotted lines yielded
surface areas of 4.26, 5.96, 12.61, and 14.04 m2/g for OGB,
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Fig. 11 t-plots of adsorption isotherms of N, for graphite samples:
() G25; (A) OGA; (O) OGB; () G500. Arrows show breaks in
each line

OGA, G25, and G500, respectively. These values are close
to the BET surface areas listed in Table 1, confirming the
accuracy of the master t-values.

Figure 11 also reveals the following facts: (i) relatively
gentle slopes of the initial lines up to t = 0.47 nm for both
OGA and OGB show that these samples are rather flat com-
pared to G25 and G500. This agrees well the fact that the
difference between adsorption and desorption branches for
OGA or OGB sample is not so large as for G25 or G500.
(ii) Every plot can be found to slope upward at t = 0.47 nm,
and downward at t = 0.57 nm: it can be conjectured that
N, molecules are filling the slit-shaped pores with width be-
tween 0.94 nm and 1.14 nm on every sample of graphite.
And moreover, the amount of N, filled, i.e., the difference
in the vertical line between the two breakpoints, becomes
smaller as the degree of burn-off is raised, which reveals that
burn-off made the pores of graphite samples shallower. On
the other hand, the pyrolysis in the N, flow did not signif-
icantly affect the size and the depth of pores, as just stated
above.

Burn-off with O, and H>O molecules probably breaks
down the walls of pores, which are made of hexagonal
condensed-carbon rings, thereby making the prism plane
flatter. This change occurred in the prism plane causes the
decrease in the specific surface area. This fact is consistent
with the calculation results in Table 2.

The H,O- and CO;-producing groups that decompose
at temperatures below 500 °C are purged from the surface
of G500; and based on Figs. 2 and 3, most of the H,O-
producing groups have disappeared, and only the CO»-
producing groups with an evolution peak around 600 °C are
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present. One would naturally expect that pores with differ-
ent sizes from those of G25 prevail on G500. However, the
t-plots for the two samples are quite similar, which strongly
suggests that the functional groups around the periphery
of hexagonal carbon rings, which project outward, do not
greatly affect the depth of mesopores.

4 Conclusion

Sri Lankan graphite was subjected to burn-off in moist O3
gas at a temperature of 600 °C; and N, and Ar adsorption
isotherms as well as of the amount of H,O and CO; expelled
during pyrolysis at temperatures of up to 1000 °C were mea-
sured for treated and untreated samples. It was found that
burn-off breaks down the walls of pores, thereby making the
prism surface flatter. In addition, contrary to expectations, a
surface subjected to burn-off becomes somewhat more ho-
mogeneous for both N, and Ar.
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