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Abstract

Kholodenko A.G., Riadovikov V.N., Moser H.-G. at al. Comparison of the In-plane Thermal and Elec-
trical Conductivities and Transverse Pull Strengths of Various Pyrolytic Graphite Materials: IHEP
Preprint 2001-48. — Protvino, 2001. - p. 8, figs. 7, tables 1, refs.: 3.

Different pyrolytic graphite materials were produced varying the annealing parameters such as tem-
perature, pressure and time. These variations should alter the product properties in a systematic way.
The coefficient of in-plane thermal conductivity, Cxr, the coefficient of electrical conductivity, o and the
pull strength S of these samples were measured. Results for the different materials and correlations are
reported.

Anrporanus

Xomonenko A.T'., Panosukor B.H., Mosep I'.-T". u np. CpaBHeHMe TenIOBLIX, 3JIEKTPUYECKUX U MEXaHU-
YeCKUX XapaKTEPUCTHUK Pa3IMUHbIX 06pa3snoB nuponuTuyeckoro rpadbura: IIpenpuar UPBO 2001-48. -
IIporBuno, 2001. — 8 c., 7 puc., 1 Tabn., 6ubauorp.: 3.

Bruta n3roTosiieHa cepus 06pa3lioB IHPOIUTUYECKOTO I'PadUTa P PA3INYHBIX YCIOBUAX IPOBEJEHNS
npouenypbl BTOPUYHOro oTxura. IIpm oTxkure BapbMpoBainch TeMIlepaTypa, BpeMs U JONOJIHUTEILHOE
BHeIIIHee NaBiieHue. Y MOIIyUYeHHBIX 06pa3loB GLlmK M3MepeHb! K03 dMIMETH IPONOILHON TEIIo- U JIeK-
TponposogHocTy (CxT ¥ 0) ¥ 3HaUEHNE NONEPEUHOro yCUIIUA Ha pa3phiB S. IIpencTabiensl MonyJueHHbIE
B Xolle M3MEDEHUN 3HaUeHUs U UX B3aMMOCB3b.
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Introduction

As already indicated in [1] different samples of Thermal Pyrolytic Graphite (TPG) show a
negative correlation of the thermal conductivity and the mechanical pull strength. Material with
higher thermal conductivity has worse mechanical properties. This correlation can be understood
as follows: Imperfections in the layer structure of TPG increase the bonding of adjacent layers
and improve the mechanical properties of the material. However, such imperfections have an
adverse effect on the thermal conductivity. The quality of the layer structure can be controlled
to some extent using different annealing parameters in preparing the TPG material. In order
to study this correlation in a more systematic way we performed a series of measurements of
differently annealed samples of Pyrolytic Graphite to correlate mechanical, electrical and thermal
properties. These tests should allow to select the optimal annealing procedure for the material

to be used as baseboard of the SCT end cap modules.

Sample Preparation

Pyrolytic graphite is made using deposition of carbon at high temperature (1900-2200 °C)
from natural propane at low pressure. During the deposition the temperature varies resulting in
a rather inhomogeneous material with internal tensions. Hence high temperature annealing and
eventually high pressure annealing is performed afterwards. Annealing under pressure is done
using the setup shown in Fig. 1. The setup is an inductively heated block and a special external
piston. All heated elements of the press are made using pressed graphite. The temperature of
the sample during the annealing process is monitored by sensors through a small window.

All samples were manufactured by Atomgraph (Moscow). The following samples were

prepared*:

!We introduced the following labeling scheme to characterize the different samples: acannmmmk; “zaa”
describes the initial material, either raw pyrolytic graphite as described above (“PG”) or pre-annealed material
like “TPG” or “HOPG?” as explained below. “nn” indicates the temperature of the annealing, “29” stands for 2900
°C. “mmm” is the pressure in kg/cm? and “k” indicates the time in hours the sample is kept at the temperature

indicated.
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Fig. 2. Schematic view of the setups used for the measurement of the thermal conductivity.
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Fig. 3. Schematic view of the setup used for measuring the pull strength.



Fig. 4. Schematic view of the setups used for the measurement of the electrical conductivity.
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Fig. 5. In plane thermal conductivity of TPG and HOPG before and after high temperature annealing
(without pressure). The central lines indicate the average of all samples, the shaded area the
RMS spread.
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Fig. 6. Pull strength as function of the thermal conductivity. Average of all samples of a specific type
of TPG. Solid line: statistical error. Dashed line: total error
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Fig. 7. Thermal and electrical conductivity. Average of all samples of a specific type of TPG from
series 2.



The value of the electrical conductivity o is calculated using:

a=1/p,
where
_ (U+-|-U_)ab
B 2-I-d °
a is the width of the sample, b its thickness, d the distance between potential contacts, I the
current through the sample and U,, U_ the potential difference at the contacts for direct and
reverse current directions. The accuracy of the measurement is about 5%.

The coefficient of the in-plane thermal conductivity, Cxr and the transverse
pull strength, S.

The measured values of the transverse pull strength as function of Cxy for all samples of
Series 1 and Series 2 are shown in Fig. 6. The results of all measurements from the same kind
of the graphite material were averaged.

Thermal and Electrical Conductivity

The values of the thermal conductivity coefficient, specific resistance p and electrical con-
ductivity o for the samples of series 2 are given in Table 1.

Table 1. Properties of pyrolytic graphite samples: Pull strength S, in-plane thermal conductivity Ckr,
and electric conductivity . A sample from Advanced Ceramics was measured for comparison
(AAC).

S Ckr,stat,sys o

Material [N /cm?] [(W/mK] [ m]!

PG290001 56.5 + 14.20 | 1550 & 87 +100 | 1.63 x 10°
TPG290100 | 45.2 + 14.80 | 1646 + 2614100

PG292000 30.0 & 12.35 | 1940 & 2124100
TPG320003 30.2 £+ 15.91 | 1716 £ 15+107 | 2.32 x 108
TPG320000 | 35.0 + 11.33 | 1620 + 20 £95 | 2.17 x 108
HOPG320003 | 34.0 + 14.62 | 1800 + 65+115 | 2.47 x 106
HOPG320000 | 33.8 + 13.87 | 1705 + 37+100 | 2.11 x 108

AAC 114+ 14 1844 + 114

The thermal conductivity coefficient, as function of the electrical conductivity for samples is
plotted in Fig. 7.

Conclusions

e High pressure annealed material has on average the best thermal conductivity. However,
large variations from sample to sample are observed. For practical applications it is im-
portant that the material has constant, reproducible properties. Therefore high pressure
annealed material such as HOPG should not be used. A second high temperature an-
nealing step without pressure reduces this spread with a moderate reduction of thermal
conductivity. Standard TPG, especially after annealing has very low variations and an
almost equally good thermal conductivity.




¢ For TPG material a negative correlation of the transverse pull strength and the in-plane
thermal conductivity is observed, material of higher thermal conductivity delaminates
easier. The correlation coefficient S is in the order of —0.73. Although the pull strength
is reduced by almost a factor of two due to annealing the values of 30 N /cm? can be
considered good enough for our applications.

o Electrical and thermal conductivity are correlated. The correlation coefficient is 0.87.
Since the measurement of the in-plane electrical conductivity is easier than thermal mea-
surements this can be used for quality control of TPG material in the series production of
SCT spines.
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