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LETTERS TO THE EDITOR

Effect of Pre-exposure to Artificial Pressure on the
Surface Area of Anthracite

RecenTtLY, M. I. POPE and S. J. GREGG! have examuined the effect of pressure
(applied at room temperature using a hydraulic press) on the n-butane surface
arez of powdered vitrains, ranging in VM (d.m.f.) from [6-3 to 43 per cent,
They find that the effect of a 4 kilobar (kb) pressure depends upon the rank
of the vitrains. For vitrains containing 37 per cent VM or greater, pressure
decreases the surface area; for higher rank vitrains, pressure increases the
surface area.

It was of interest to determine whether their conclusions could be extended
to higher rank coals and to higher applied pressures. Consequently, in this
study the effects of pressures of 5 and 40 kb on the N, (78°K) and CO,
(195°K) surface areas of a —200 mesh Pennsyivania anthracite [94-5 per cent
carbon (d.m.f.} and 5-0 per cent VM] were examined.

The pressure treatment consisted of holding for one hour at room tempera-
ture 1-0g samples in a hydraulic press. Application of pressure did not resuit in
any significant particle agglomeration. Adsorption isotherms were deter-
mined volumetrically using a conventional apparatus. Prior to a run, each
sample was outgassed at 125°C for 12 k. One hour was allowed for each
adsorption point. Specific surface areas were calculated using the BET equa-
tion, taking the cross-sectional areas of N, and CO, as 162 and 20-0 A2,
respectively.

Tabie 1. Effect of pre-exposure to artificial
pressure on the surface area of anthracite

Surface area, ni*fg
Pressure, kb
N CQO.
~0 32 210
5 33 204
40 52 222

Table 1 summarizes the surface area results. For the three samples, the
CO, surface areas are very much larger than the N, surface areas. This has
been previously noted for both bituminous and anthracite coals*~%. From
adsorption results on zeclite molecular steves, this difference in N, and CQ,
adsorption can be taken to mean that the samples have a significant surface
area in pores between ca. 4 and 5 A. That is, Ny at 78°K can get into 5 A
openings rapidly but only slowly into 4 A openings®. In contrast, CO, at
195°K can get into both 4 and 5A openings rapidly®.

Compaction at 3 kb produced & negligible change in the N, and CQ, areas.
Compaction at 40 kb produced a negligible change in the CO, area but, by
contrast, produced a significant increase in the N, area. The exposure of a
brittle solid, such as anthracite, to high compacting pressures would be
expected to produce internal cracking {macropores) within the anthracite
particles. It is suggested that these macropores eut across the micropores,
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thereby decreasing the average diffusion length into the micropores. The result
would be an increase in N, adsorption in the 4 to 5 A pores, when the adsorp-
tion time is held constant. The fact that a compaction pressure of 5 kb did not
produce a change in N, area suggests that negligible (additional) internal
cracking was produced under this pressure. This could be a result of the fact
that previous grinding of the anthracite to —200 mesh had already produced a
greater degree of internal cracking than that normally produced by com-
paction at 5 kb. That is, F. DacmiLLE and R. Rov®, who followed the effect of
grinding on phase transitions in minerals, find that grinding can expose a
solid to intermittent point-contact PrEssures as high as 20 kb.

P. L. WALKER, Jr
V., RAMADASS
Fuel Technology Deparitment,
Pennsylvania State University,

University Park, Pennsylvania
{Received May 1963)
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(Reprinted from Nature, Vol. 197, No. 4874, pp. 1291-1293,
March 30, 1963)

Topography of Kish Crystals and the Effect
of Oxidation in Air

DeraiLen studies have been reported recently on the
production of etch pits in purified Ticonderoga natural
graphite crystals as o result of oxidation in oxygen in the
temperature range 700°-870° Ct%, Others have also been
concerned with the effect of oxidation on the topegraphy
of natural graphite?-®. In this communication, the effect
of oxidation on the topography of purified kish crystals is
considered.

Kish is a waste produet which forms on the surface of
molten iron of high earbon content during the manufacture
of steel. It is carbon which has been talken into solid
solution with the iron and is afterwards evolved when the
iron cools. Kish particles are large and flaly, resembling
large paorticles of natursl graphite. Walker and Imperial
have previously shown that purified kish has the same
interlayer spacing as Ceylon natural graphite, indicative
that it has a Iarge crystallite size and essentially complete
three-dimensional ordering.

The kish used in this investigabion was purified by
boiling slternately in hydroehlorie aecid and hydroflucric

Fig, 1. Transmission clectron difftaction patéern of purified loish



Fig. 2. Basal plans (0007) surface of kish purified in hydrochloric acid,
Twin bands run parallei or interseat nb 60°. {x c. 2060)

Flg. 3. DBasnl plane surfaco of purifled kish showing iarge hexagonni
stapped growth features. ¢ x c. 200)
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Flg. 4. Dovelopment of hexagonsl nits upon alr oxidation of purified
kish pé 850° C. (= e. 200)

Figs. S and &, Coalescence of pits durlng a more advanced stage of
alr oxtdabion of kish purified in hydrochlorie acid at 860° G, {x ¢. 1BD)

acid (or in some cases just boiling in hydroehloric acid),
followed by repeated washings in distilled water, and dry-
ing in & vacuum oven. Its structurs has been furbher
studisd by transmission electron diffraction, using 50-kV
olectrons having a beam width of 10. The diffraction
pattern (Fig. 1} is characteristic of o materia]l of large
erystallite size and o high degree of preferred erystallite
orientation (essentially a mosaie single cryatal).

3



o S PN i
IMg. 4. Roughly hexagonal holes produced by rapld attock of nir at
850° C on hexngonal stepped growths of purified kish. (x e 60

Tha basal plone (0000} surfaces of the kish were studied
by lipght mieroscopy. Typical micrographs of the unoxid-
ized lish are shown in Figs. 2 and 3. In Pig. 2, the twin
planes are readily distinguished as the giriations running
parallel to one another or intersecting ab 60° (ref. 8). The
presence of impurities on the basal plane, following treat-
ment with hydrochloris acid only, is clearly in evidence.
On a very significant portion of the surface, large hexag-
onal stepped growsh features nre in evidenee (¥ig. 3). It is
snggested that the growth steps within theso fentures
avise from a piling-up of o large number of clockwiso and
counterclociwise spiral growth steps of molecular dimen-
gions® ! {the spirals being invisible on our photographs).
A substantial concentration of impurity nucleating centres
from which such screw dislocations and spiral growth of
graphite could oceur might well be expected, considering
the origin of kish.

Kish crystals were oxidized in air (1 atm.) at 850° C.
Fig. ¢ shows the development of & large number of
hexagonal pits oriented parailel to each other and paraliel
to the twin lines, as previously discussed’. Tigs. 5o and b
show Ghe results of coalescence of pits during & more
advanced stage of oxidation. The shapes of the holes are
reminiscent of those suggested by Ubbelohde, when con-
sidering defects in graphite'!.

In general, it ia found that the large, hexagonal stapped
growths are attacked at an enhanced rate. Fig. 6 shows
the result of exposure of such growths o air at 850° C for
only sbout 5 min. Large, roughly hexagonal holes are
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produced, in contrast to the relatively minor attack o
other portions of the surface. However, it is not possible
to decide on the basis of this result whether the presence of
dislocations or the possible concentration of impurities at
dislocations is of primary imporsanes in the production of
pits in the basal plane. As discussed proviously®, uncer-
tainty will remain until oxidation studies are carried out
on ultra-high purity grophite of known dislocation
content.

This work was supported by the Atomic Energy Com-
mission, contract No. AT{30-1)-1710. We thank V. Vand
for his eomments on the manuseript.

P. L. WaLzer, sun.
. B. C. Bawvenine
Fuel Technology Department,
The Pennsylvanin State University,
University Park, Pennsylvania.
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