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ABSTRACT 

We characterized heat capacity and thermal expansion of a wide 
variety of new graphite ana graphitized materials depending on 
conditions of their preparation and regimes of their forming into 
compact products. 

INTRODUCTION 

The problem to produce materials fit to withstand rigid conai- 

Mona defines an interest in studying thermophysfcal properties of 

new arttficial graphite and graphitized materials, However such an 

information is practically missing in the literature. 

The aim of this paper is to show a variety of thermophyalcal 

properties of some new types of graphite materials and their dis- 

tinction from those of natural graphites using data on thermal ex- 

pansion and heat capacity (C,) of thermally exfoliated graphites 

(TEG), carbon fibrous materials (CPM) and their composites. 

EXPERIMENTAL, RESULTS AbD DISCUSSION 

We investigated CPU, prepared by heat treatment up to 2500 K 

in the presence of inorganic additions of regenerated cellulose 

(RC) and polyacrylonitrile (PAN) raw materials, their composites, 

as well a8 TEGa, synthesized by means of high-rate heating of a 

number of products prepared when intercalating bromine, sulphuric 

acid, iodine ohlorides, chlorides and bromides of p- and d-ele- 

ments, etc. into graphitelao-called graphite intercalation compo- 

unds - GICs). The materials were formed into compact products by 

pressing, rolling, thermal treatment and electric thermal treat- 

ment. 

The results of determination of some thermophyeical characte- 

ristics /heat capacity, C,(&) = a + b*IO-3T - c.I06TB2, (J/mol.K) 
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linear thsrmal expansion coefficient, d, (+5%),(Ic'), relative e- 
longation (Al/l,) in axial and radial directions/ for different 

graphite materials are given in Table I,2 and in Figure 1, 

Table I. heat capacity of graphite materials. 

Xateria1 a b e T*K 

I 8.14468 14.6916 0.412537 350-620 

2 9*8936I 12.X922 0.497793 350-650 

3 fO.X484 II,9841 0.528764 360-650 

4 9.6159X 12.7370 0*493544 360-600 

5 9,98051 12.7760 0.499000 360-650 

6 II.8088 9.62259 0.552849 350-630 

Table 2. Thermal linear expaneion coefficient of graphite mate- 

nals. 

Xaterial d.106,KWr T,K Material Q$..IO~,K-~ T"K 

I 26 300-1200 IO 88 300-490 

7 22*3 300~I200 4535 490-X200 

e 274 300-1200 If 42.5 300-1200 

9 50.5 300-1200 12 51.4 300-1200 

m L-Zavalievsk, 2- Ceylon, 3-Bladagaecar, 4-electrode, 5-quasi- 

monocrystalline, 7-Tazkazgan, 8-Taiginsk graphites ; 

6,9-X2 -TECa obtained of ciIC8 at corresponding temperatures: 

6- of ~~~-~2~~4(2800 K), 9- of UC-FeC13(2300 K), IO- of 

(%~OC12(2900 K), II- Of gIC-KiC12(2300 K), 1% of GIG-. 

CuC12(2300 K). 

ft was revealed that heat capacities of all investigated ma- 
teriala slightly depended on CFM and TEG preparation conditions 

and within an experimental error they agreed with those for natu- 

ral graphitee. This provea that graphitisation degree of the abo- 

ve materials is sufficfently high, 

For &G-baaed (unlike PAN-based) CPZL we revealed a heat treat- 

ment temperature region, a type and quantity of an inorganic sddi- 

tion, for which samples, obtained in such conditions, were charac- 
terized by considerably anomaloue Cp temperature dependence (wit- 
hin 300-420 K with an extremurn at 370-380 K), which in our OPink- 
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r- composite (d= L.23 +$cm31; Z- composite (d;. 

3- TEC of GIG-CuC12(2273 K 1, radial direction 

4- TEG of GIG-CuC12c1273 K 1, radial direction 

T- 
6- 

TEG of GIG-PeCl3(2273 K 1, axial direction 

TEG of GIG-CuC12(2273 K ), axial direction 

7- TED of GSC-CoC12(2273 K 1, axial direction 
E- TEG of GIGCuC12(1273 K I, axial direction 

Y- TEG of GIC-H2S04(2500 K 1, axial direction 

Figure I. Temperature dependence of some 
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on was due to a high specific surface of such materials. 

We revealed a large anisotropy of CFti-bseed composites thermal 

expansion. It was shown that one could obtain products having eit- 

hex slight values of thermal linear expansion coefficients, or 

even negative one (when materials shrinkage took place vtith the 

temperature rise up to IOOO-~100 K) depending on condittons of 

their forming. 

It was stated that TEG compact products thermal expansion was 

also eeeentially anisotropic and it greatly depended on the nature 

of the initial raw IIl8terial8, conditions of their thermal treet- 

ment, methods of the products forming, a density and a form of 

samples. In a number of cases it was characterized by a residual 

elongation. 

It was shown that CFN and TEG thermal expansion considerably 

differed from that of the natural graphites, which made in neces- 

sary to carry out detailed experimental investigations of them. We 

aleo showed that heat capacity *and thermal expansion coefficients 

data for natural graphites from different deposite differed too, 

but not eo greatly as for artificial graphite materials. 

Thus, on the basis of the prseent paper reeults one can come 

to a conclusion, that in spite of the fact graphite is one of the 

key substances in chemical thermodynamice and its thePmophysica1 

properties can be iound in fundamental reference books as recommen- 

ded ones, however, when making accurate calculations one should use 

thermophysical data for each graphite material concerned (both na- 

tural and artificial). Unfortunately at present such data are known 

not for all similar materials. 


