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ARST?AfT 

The behaviour of graphite lntercalatiol compound C CuCl co")- 
posltioit has been investigated u_?der high temperature &%tio&, 
the mechanism, kinetics and ther~d~amics of its linear pyrolisls 

have be&i characterized, the thermal expansio.? coefficients of the 
pressed material samples have been estimated a.ld the presence of 
their dependence on thermal a.ld baric cOmpOU1d prehrstory has bee:1 
revealed. 

Problems of optimization 

well as thermally exfoliated 

0;1 productio.ls determine the 

compounds (GICls) behaviour 

tures. 
The aim of this paper is 

of artrficral diamoads syvlthesis as 

graphite and carbon fibres iatercalati- 

necessity of graphite intercalatiofl 

physico-chemical study at high tempera- 

to conti.lue the il?vestlgatlon of gra- 

phite intercalatio? compourids with chlorides d.-eleme_?ts as ilzterca- 

lation components (among them with copper dichloride). Previously 

we have studied in. details the properties of the followL.ig composi- 

tions GIG's: C6,35CuC12, C6,97CoC12, C16,8CoC12, CTt7FeC13 and 

C,,,S3PeCl3/~-6/* 

MEASURING METHODS 

The GIC under study was synthesized (usi.lg Zavalievsk locatol 

graphite) a.?d ide.stifled as previously 1~ /7/: C7,73CuC12 contained 

59,15 weight % CuCl2 and represented GIC (according to X-ray phase 

aaalysis) of the first stage unth admixture (8-10%) of the second 

stage. 

The material study was carried out up to 1300 K using dynarmc 

thermogravimetry (n;), quantitative differential thermal a.lalys1.s 

(DTA), thermodilatometry and X-ray phase analysis with experimental 

features of applicatzoh had been reported previously in (2-6). It 

should be noted that the thermodilatometry of the pressed C 
7,73cuc12 

samples was do.?e in 5-10 ntinutes after their formatio.1, 

Prncecdings uf ICTA 85, Bratislava 



- 358 - 

RESULTS AND DISCUSSION 

As it follows from the TG results obtained, when GIC-CuC12 pow- 

der-form samples (with dispersion less 0,25 mm) were heated (with 

rate of 5 K/min) under vacuum their mass change was fixed at the 

temperature greater than 460-480 K. As the temperature rises a decom- 

position degree (d) and the decomposion rate ($$) increase sharply: 

the full removal of CuC12 from GIC is reached to 1200 K and $ 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 in in- 

tensity and its colour changed from light gray to yellow and then 

to brown. X-ray analysis of the carbon residue showed the preseilce 

of graphite only and in sublimation there were copper di- and mono- 

chlorides (their ratio changed depending on a temperature stage of 

the pyrolisis process and ambient experimental conditions). 

C7 73CuC12 DTA curves corresponding heating to 1300 K under va- 

cuum &e characterized by presence of three endothermic effects: an 

endopeak near T,=590~15 K extending along the temperature scale and 

also two sharply expressed endopeaks with T2 at 74821 K and with T3 

at 97622 K. The presence of the T, endopeak may be caused apparently 

by the removal of chloride boundary molecules as well as water and 

HCl (which are present in the material by virtuous of its synthesis 

features /7/). Endoeffect unth T2 (this value is in agreement with 

the temperature at which $$is maximum) is caused by the basic ther- 

modestruction process and the T3 endocffect is co.?aected probably 

with the solid phase transformation in the pyrolisised graphite re- 

sidue (which can be reproduced at the repeated heating of the sub- 

stance). 

A variation of ambient experimental conditions (a transfer from 

vacuum to inert medium, a change of the heati-ng rate, sample weighed 1 
amount a.?d its dispersion) does not lead to changes in the form of 

TG and DTA curves, though their characteristics are changed i.l the 

direction having been previously pointed out for GiC*s-FeC13 thermo- 

destruction /3/. 

Indicated thermostimulated processes leave trace on the GIC-CuC12 

pressed samples thermal expansion. The hcati.lg of C7 73CuC12 up to 

523 K bring to increasing the relative elongatio.1 il'the axial direc- 

tion (9') by 1,9x and this elongation being remained at the material 

cooling'down 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 O,l-0,2 
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weight%. Noted features zn the material thermal expansion character 

are fully displayed when the GIC heating is continued up to 823 K. 

The sample height increases irreversible (by 18,6%) exceeding the 

corresponding value 1~ the radial directioa (4,6%), In addition, es- 

sentially greater mass loss of the samples than has beea indicated 

(2,3 weight%). It has been noted that experlmental f' values for 

GIC-CuC12 are considerably greater than that OP addiqlve values cal- 

culated from 1' of Zavalievsk graphite pressed cylrndrical samples 

as well as copper dichloride. Non reversibility of the material 

therm&l expansio.1 a:ld its superadditlvity ca.1 be apparently expla- 

lfid by the removal of water, hydrogen chloride and copper chloride 

from the materral. Aalsotropy l.?drcated M I' for C7 73CuC12 was 

present L? other GIC*s lnvestlgated by us anti was ca&ed apparefltly 

by a predominanted orlentatlon of material crystals at their solid- 

phase compactlofl during the lnvestlgated samples formation process. . 

So as we had established earlier /4/ the GIC*s $' depend on 

thermal and barlc prehlstory of the material than for Cy,73CuC12 

we studled the 13fluence of these factors on its $i=f(T). 

Repeated dllatometrlc l;lvestigatiofis of GIC-Cue12 which had been 

previously thermally treated up to 523 K (to the temperature at 

which the basic thermodestructlon process has been not Initrated 

yet) ~1 the process of Its thermomechaflrcal aialysls brought to the 
Al 

7; results, which considerably &fPered from the results for the 

first heatl~~g. The second cycle "heating up to 523 K - coolllg up to 

300 K" gives the second series of experimeAta1 data: the heatl.ig 

leads to the further lficreasllg $' (up to 3%), residues e rise up 

to 2,2% (for the axial directlon)'a,?d up to 1,3% (for theoradIal dl- 

rectio 1). The third cycle gives data, which differ from data of the 

seco,ld cycl" alo'zg *'heati.ig braLlch" ald coincide with the data 

along "coo111g bra.lchP1 (the furtner size growth of the samples has 

lot bezrl observtd after their coo112g). Subsequent rxperlmelts have 
Al grvE.1 thr same patter? of tempcratur. cha.igr- 1-1 i- as It is 1f-1 case 

of the third cycle, i.e. the hyster\=szs 1s rcallz?d 1:~ ti=f(T). '& 

have payed attc Itlo? to tne fact that the thermal expa.&?ol of 

c7,73CuC12 
becomes comparable (11 the range of a mesurr-ac_lt 

error a.ld calculatlols) with the corrcspo idlng values for 

7,73C graphlte'CuC12 mechaillcdl mixture. .;.I appllcatio.1 of the 

"ilcatlig up to 523 K - cooli,lg up to 300 K - compactlig up to ~IU- 

tial dime_ltlo,1s" cycle leads to tnt third serlcs of data 1_1 $' for 
0 
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C7,73mC12: 
a baric treatmerit of XC-CuC12 1% mailer as 1: /4/ givr-s 

higher values of 4' 1.1 compariso;l with the first heati.?g aid thaq 

greater 1s a cycle',lumber, the higher is 4' values. It should be lo- 

ted that by using the electrozzc scanning fhicroscopy we have lde.:ti- 

fied r.ew phases ii the thermal-baric treated samples. The abovr rnrrl- 

tio.ned phases were the size of 1 I-I&J a;ld had octahedrollal form. 

I? order to determine the hysterises rcalizatloLl reasons 11 

fl=f(T) aid of the substance baric treatmelt i_lflueLce 0'1 4" 1t 1s 

'l?cessary to carry out additional i~estigatio~,i.~ partlculgr It is 

required to clear out a mecha.lism of the possible mechalochemical 

processes, taking place i-1 the material during its cold solidstdte 

compactitlg. 

The evaluatio_% of the appare.lt activation e:crgy for mall thcr- 

modestructioi process of the C7 73CuC12 11 ma:ner as 11 /3/ has bee1 

do_le using TG analysis data whi:h is egual to 3022 kJ/mol (for the 

heating rate of 5K/mr.i 11 the temperature ra_lge of 500-850 K). 

According to DT*4 data the values of decoapositio? heat (for mail 

thermodestructios process) have bee.2 estimated which are equal to 

170210, 115210 a?d 75~7 kJ/mol for vacuum, air a:!d a sealed steel 

ampule. 

Mathematical data processzlg of GIC-CuC12 thermal expalsioll has 

shove that in the temperature ra_ige of 300-515 K ald 525-820 K the 

lizlear expa.isio;l coefflcieit of C7 73CuC12 takes the values of 86 

a,ld 504 (10%") respectively. 
, 

The i.?dicatcd features iLz the thermal behaviour of C7 73CuC12 

graphite intercalatio? compound alloTw to draw a co.~lusio~, usi 

obtai.ied by us data for 1-st pure stage 'SIC-CuCl, of C6 35CuC12 com- 

position that the prese:ice of the secoLid stage 1: the giaphite mate- 

rial i?creascs iii some extend its thermal stability a,ld chasges colsi- 

derably the character of its thermal expansiofl for baric treated GIC. 
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