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STRUCTURE OF GRAPHITES

Interlayer Spacings of Graphitic Carbons

BASED upon the X.ray diffraction studies of
Nelson and Riley* on Ceylon natural graphite,
Franklin® nssignod an interlayer spacing of 3-3538 A.
{(158° C.) to a carbon of 100 per cent graphite structure,
Any carbon having & spacing of greater than this
value is said to contain less than 100 per cent graphite
strusburs——the amount less being given by the
Franklin relationshipt. We have looked o many
graphitized carbons heat trented bebween 2,500 and
3,000° C. which have been produced from pesroleunt
colie and coal-tar piteh coke materials. The lowest {n.
terlayer spacing found is 3-3569 4 0.0004 A, (I5° C.),
indicating, according to the Franlklin correlation,
that the best artificial ‘graphite’ ohtainable under
usual graphitization conditions contains shout 10
Per cent turbostratic strueture?,

In this work, four commercial graphitized corbons
have been further heated in argon in the vieinity of
3,800° C. undoer & pressure of 10 atm. to investigate the
possibility of lowering the interlayer spacing of the
carbon down to or below that of Ceylon naturnl
graphite. Thoe above pressws provented any gignifi-
cant sublimation of the carbon. The X-ray proce-
dures used have besn thovoughly described in a
pravious publications.

Table 1 presents the X-ray diffraction dats and
other pertinent information on the samples. The
interlayer spacing for the Ceylon graphite used is
in elose agreement with the value found by Nelson
end Riley, partioularly considering the probability
that the two samples were nog exposed o precisely
similar geological eonditions. The changs in inter-
layer spacing of the earbons upon heat trestrnent
is seen to be in qualitative agreement with the amount
of impurities evolved. It is of Awther interest to
nete the parallel between the decrsage in interlayer
spacing and the irreversible change in thermal
exponsion above 2,200° C. during the first henting.

Even though inereasing the graphibization tempera.
tures of the carbons to 3,600° (. did produce some
additional decrense in interluyer spacing, the lowest
spacing obtainable still is indicadive of a earbon
sonbeining only 90 per cent graphise structure. Tb is
felt that the higher interlayer spucing values found
for the artificial ‘graphites’ in comparison with that
for Ceylon graphite is a result of the inability of the
erystallites to grow as large in artificial ‘sraphites’,
As Baecon® and Pinniel® have discussed, the inter-



Table 1.

INTERLAYER BPACINGS OF CARNONS

-
Per coné
irreveralble
deerense tn
Relative amount theemad
Sumple d-Spueing {A.) of npurities expansion
(15" 0.y evalved on heat above
trentment® 4,200° €,
during first
heatingt
Ceylon natural
graphite 3-3544 £ 0-C0OOL
'.E‘y;ne3.4,00 C. | 5-3928 £ 00004
< 3,000° €. | 8-3023 £ 0080 005
3000 - |3-3604 1 0-0ogp |  Moderate
T2 Sh00e o | 39584 = 00004
< 3,000% C. 3684 & ¢ 3 03
3.600 . |3-3660 £ o0-go01|  Mederatet
Tyimdll')()l) €. {33586 4 0-000
< 3,000° C. {3 4 0-0001 facltn @-00
3,660 33585 & 0-popg |  Nealiible
Type 2,
< 3,000 C. | 5-3680 4 0-0002 Large 425
3,600 - | 33584 4 0-0003 aTg

* The impurities consisted of lucy, white material appearing in the
cooler reglona of the furnace.

$ The {zreversible offects were only noticed {a the directlon normal
to the extrugion axis or paraliel to the moulding nxis, that is, nlong
the preferred ¢-nxis orientation in boeth cases.

1 There wna somewhab less lmpurity for sample B than for A,

layer spacing deoresses as crystallite diameter
inervenses. This wvariation in interlayer spacing is

due to the competition between the aligning forces
between planes and the ‘pinning’ forces at their edges,
the competition being a function of crystallite size.
It is thought that the factor resiricting crystallite
growth in the graphitized carbons is the porosity
developed previously during the coking cycle., These
pores within the ecoke porticles act as bounduries
aoross which crystallits growth ocanmnot oceur. In
comparison with this, Ceylon natursl graphiie particles
are denss and non-porous, crystaliite growth not
having been restricted. Coking under s high static
pressure would probably produce a better-ordeved,
lower porosity meterial, which upon subsequent
graphitization would yield a carbon with an interlayer
spacing more closely approaching that of Ceylon
natural graphite.

We thanlk the Atomic Energy Commission, Con-
tract No, AT{30~1)—1710, for support, in port, of
this work, Woe express particular apprecintion to
N. 8. Rasor, of Atomics International, for heat-
treating the samples, supplying the dats on impurity
release and thermal exponsion, and offering many
construetive eriticisms on the manusecript.
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Graphitic Character of Kish

Ki1sgr is o waste product which ferms on the surfnce
of molten iron of high earbon content during the
manufacture of steel. It is carbon which has been
taken into solid selution with the iron and is after-
wards evolved when the iron cools. Kish particles
are shiny ond flaky, resembling large particles of
natural graphite. It is of interest to compare the
graphitic character of kish with Ceylon natural
graphite by interlayer spacing measarements. X-ray
procedures used have beon thoroughly described in o
previous publication?,

Table 1 presents interlayer spacing data for kish
and Ceylon natural graphite before and after various
treatments. It is noted that the raw kish has an
interlayer spacing significantly less than that of the
Ceylonn natural graphite. However, after acid
treatment or graphitization at 2,800° C. the spaeing
ig found to inerease to the same value as Ceylon
natural graphite.

The inerease in interlayer spacing upon purification
suggests that the carbon in the raw kish is subjected
to considerable internal pressure because of the
oonfraction of the molten iron. Assuming a volume
compressibility of 4-4 » 10-? om.fkgm. for carbon®,
an internal pressure of ¢a. 100 kgm. Jem. is calculated
for this particular kish sample, It is significant thet
acid treatment with only hydrochloric acid, which
would remove the iron but not the silicon, increases
the interluyer spacing to the Ceylon natural graphite
value, This suggests that iron alone is subjecting
the carbon to fhe high internnl pressure.

It is suggested® that Ceylon natural graphite
was crystallized from an iron melt in the same manner
os kish. However, in the vase of Ceylon graphite,
it is not clear what happened to the iron which had
to be originally present to produce the high internal
pressure. Thus i% is seen in the present worlk,
gince the interlayer spacing of Ceylon graphite does

Tabie 1, INTERLAYER SPACINGS OF [1sH AND CEYON NATURAL
GRAPUITE BEFORE AND AFTER VARIOUS TREBATMENTS
Ash
Sample Trealmend d-Spacing {A.} content
(i6° C.) {per cent)
Iislh None 3-3598 4 0-0002 184
Elah HA 33544 & ¢-0001 232
Iish HCI + OT 33640 & ¢-0001 -0
Klsh 2,300° C. 33643 4 00008 0-6
Ceylon antural None 38548 4+ 6-0001 -1
graphite
Ceylon natural 2,800° C. 3-3543 4+ 0-0001 [HR)
araphite

= The main canstliuents were tron and silleon,




not change after graphitization, that the carbon, (after
mining) iz not under an internal pressure. In the
formation of Ceylon graphite, it would seem that the
pressure necessary o produce good ordering and
consecuent large growth of the corbon erystallites,
with an sattendant small interlayer spacing, could
be produced by the depth of the deposit. Assuming
o density of 3.0 gm.fe.c. for the Earth, a materinl
at o depth of ce. 330 m. would be under a pressure of
100 kgm.fem.t. ‘

We thank the Atomic Energy Commission, Con-
troet No. AT(30-1)—1710, for support, in part, of
the above worl.
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