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ARSTRACT
The behaviour of graphite i1atercalatioi compouad C CuCl, com=
positioa has been iavestigated uwader high temperature zazaltio%s.
the mechaaism, kizetics and thermodymamics of its linear pyrolisis

have beean characterized, the thermal expansion coefficieats of the
pressed material samples have been estimated aad the presence of
their depeadence on thermal aid baric compouid prehistory has been
revealed,

INTRODUCTION

Problems of optimization of artificial diamonds syathesis as
well as thermally exfoliated graphite aad carbon fibres iatercalati~-
0a productioas determine the aeccessity of grapnite intercalatioa
compounds (GIC's) behaviour physico-chemical study at high tempera-
tures.

The aim of this paper 1s to contiaue the iavestigation of gra-
phite iatercalatioa compouads with chlorides d-elemeats as iaterca-
latioa components (among them with copper dichloride). Previously
we have studied ia details the properties of the followiag composi-
tions GIC's: C6'350u012, 06.97C°C12’ C16'800012, 07'7Fe013 and
Cyq,g3FeC2 3/1 -6/

MEASURING METHODS

The GIC uader study was synthesized (usi.ag Zavalievsk locato:
graphite) aad i1deatified as previously ia /7/: C7’73Cu012 contained
59,15 weight % CuCl2 and represented GIC {according to X-ray phase
analysis) of the first stage with admixture (8-10%) of the second
stage.

The material study was carried out up to 1300 X using dynamic
thermogravimetry (TG), quantitative differeatial thermal azalysis
(DTA), thermodilatometry and X-ray phase analysis with experimental
features of applicatioa had beea reported previously in (2-6). It
should be noted that the thermodilatometry of the pressed c7'730u012
samples was doae 1a 5~10 miautes after their formatioa.
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RESULTS AND DISCUSSION

As it follows from the TG results obtained, whea GIC-CuCl2 pow-
der-form samples (with dispersion less 0,25 mm) were heated {with
rate of 5 K/min) under vacuum their mass chaage was Fixed at the
temperature greater than 460-480 K. As the temperature rises a decom-—
position degree (o) and the decomposion rate (g%i) increase sharply:
the full removal of CuCl2 Ffrom GIC is reached to 1200 X and g%i at
720-730 K reaches its maximum (0,23%/K). During the experiments a
deposit appearance was observed in the cold part of the reaction con-
tainer, as the experiments progressed this deposit increased ia in-
tensity and its colour chaaged from light gray to yellow and then
to brown. X-ray analysis of the carbon residue showed the preseace
of graphite only aad in sublimation there were copper di- aand mono-
chlorides (their ratio chaaged depeading on a temperature stage of
the pyrolisis process and ambient experimeatal conditions).

c7'73CuCI2 DTA curves correspondiag heating to 1300 K under va-
cuum are characterized by presence of three endothermic effects: aa
endopeak aear T1=590:15 X exteading along the temperature scale aand
also two sharply expressed endopeaks with T2 at 748+1 K and with T3
at 976+2 K. The preseace of the T1 endopeak may be caused apparently
by the removal of chloride boundary molecules as well as water and
HCl (which are present ia the material by virtuous of its synthesis
features /7/). Endoeffect with T, (this value is in agreemeat vith
the temperature at which %? is maxamum) is caused by the basic ther-
modestructioa process aad the T3 endoeffect is coaaected probably
with the solid phase transformation in the pyrolisised graphite re-
sidue (which can be reproduced at the repeated heatiag of the sub-
stance).

A variation of ambient experimental coaditions (a traasfer from
vacuum to inert medium, a change of the heating rate, sample weighed
amount aad its alspersion) does aot lead to chaages in the form of
TG and DTA curves, though their characteristics are chaaged ia the
direction haviag been previously poiated out for GiC's-F‘eCl3 thermo-
destructioa /3/.

Indicated thermostimulated processes leave trace on the GIC-CuCl2
Pressed samples thermal expansioa. The heatiag of C7'73Cu012 up to
523 K briag to increasiang the relative elongatioa 11 the axial direc-—
tioa (fl) by 1,9% aad this eloagation being remaianed at the material
cooliagodown to 300 K, It was noted the diameter of cold samples has
increased by 0,7% and the mass loss has been found to be 0,1-0,2
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weight¥. Noted features an the material thermal expansion character
are fully displayed when the GIC heatiag is continued up to 823 K.
The sample height increases irreversible (by 18,6%) exceeding the
correspoadiag value 11 the radiai directioa (4,6%), in additioa, es-
sentially greater mass loss of the samples than has beea indicated
(2,3 weight¥). It has been noted that experimental %l values for
GIC—CuCl2 are considerably greater thaa that of addifive values cal-
culated from el of Zavalievsk graphite pressed cylindrical samples
as well as copSer dichloride. Noa reversibility of the material
thermal expansioa and its superadditivity ca.i be apparently expla-
1ad by the removal of water, hydrogen chloride aad copper chloride
from the material., Anisotropy 1adicated in %l for C7'73CuC12 was
preseat i1in other GIC's i1avestigated by us anfl was caused appareatly
by a predominanted orientatioan of material crystals at their solid-
phase compactioa during the investigated samples formation process.
So as we had established earlier /4/ the GIC's %5 depend on
thermal and baric prehistory of the material than for 03'73Cuci2
we studicd the i1afluence of these factors oa its %lzf(T).
Repeated dilatometric investigatioas of GIC—CuEl2 which had been
previously thermally treated up to 523 K (to the temperature at
vhich the basic thermodestruction process has beea not 1nitiated

yet) 1n the process of 1ts thermomechaaical azalysis brought to the
al
T; results, which considerably differed from the results for the

first heatiag. The second cycle "heating up to 523 K - cooliig up to
300 K" gives the secoad series of experimeatal data: the heatiag
leads to the further 1acreasiig %l (up to 3%), rcsidues fi rise up
to 2,2% (for the axial direction)®and up to 1,3% (for the®radial di-
rectiol). The third cycle gives data, which differ from data of the
secoad cycle along "heatiag braach" aid coiacide with the data
aloig "cooliig braach" (the furtner size growth of the samples has
10t bezn observed after therr cooling). Subseque it experimeits have
give the same pattera of tempcratur. chaige 1a %£ as 1t 1s 11 case
of the third cycle, 1.e. the hysteresis 1s rcaliz8d 1n %l:f(T). We
have payed atteitioa to tne fact that the thermal expaas?oq of

2
error aaid calculatiois) with the correspoiding values for

7'73Cgraph1te
"acatiag up to 523 K - cooliag up to 300 K ~ compactiig up to 1il-

C7 73CuCl becomes comparable (11 the raige of a mesuremc1t
’
+CucCl, mechanical mixture. Aa applicatiou of the

tial dimeationas" cycle lecads to tac third serics of data 11 %l for
o
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C7’73CuC12: a baric treatmeat of GIC-CuCl, 11 malicr as 11 /4/ gives
higher values of %i 1.1 comparisoa with the first heating za:i1d thaa
greater 1s a cycleonumber, the higher 1s %l values. It should be 10~
ted that by using the electronic scaaning aicroscopy we have 1de.t1~
fied new phases i1 the thermal-paric treated samples. The abovr mra-
tioned phases were the size of 1 mka aad had octahedronzl form.

I1 order to determine the hysterises r=alizatio.a reasous 11
fL:E(T) aad of the substaice baric treatmeat 1.1flucuce on %i 1t 1s
qgcessary to carry out additioial 1ivestigation,in part1cu19r 1t is
required to clear out a mechaiism of the possible mechailochemical
processes, taking place ia the material duriag i1ts cold solidstate
compacting.

The evaluatioa of the appareat activatioan eaergy for maii ther-
modestructio1 process of the C7'73CuCl2 11 mawer as 11 /3/ has bee:
doae usiag TG azalysis data which 1s egual to 30+2 kJ/mol (for the
heating rate of 5K/mia 11 the temperature raige of 500-850 K).

Accordiig to DTA data the values of decompositior heat (Ffor main
thermodestructioa process) have beea estimated which are =qual to
170410, 115410 azd 7547 kJ/mol for vacuum, air asd a sealed steel
ampule.,

Mathematical data processiig of GIC-CuCl2 thermal expaisioa has
show1 that 1in the temperature raige of 300-515 X aid 525-820 K the
liaear expaasioan coefficiert of C CuCl, takes the values of 86
aad 504 (10%™1) respectively.

The 1adicatcd Ffeatures ia the thermal behaviour of C cucl

7473 2
graphite iatercalatio1 compouad allow to draw a coiclusiol, usiig
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obtaiaed by us data for 1-st pure stage GIC-CuCl, of CG,SSCUClZ com—
position that the prese.ice of the secoad stage 1a the graphite mate-
rial 11creases 1a some extead its thermal stability aad chaages coisi-—
derably the character of 1ts thermal expansioa for baric treated GIC.
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