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NUMERICAL CALCULATION OF THE THERMAL CONDUCTIVITY
COEFFICIENT IN DIAMOND-COPPER COMPOSITE

Metal-ceramic composites are becoming widely used Eelectronic and power generation industries. Apptations of these
composites are driven by their mechanical and physal property combined with economic price. One oftte key properties in
this context is their capacity for heat transfer. Damond-copper composite was chosen for calculatiopecause of very high
coefficient of thermal conductivity and small decrase of mechanical properties under high temperatureAnalytical results
give solution of the thermal conductivity for casewith only one particle in composite. Numerical analsis was appropriate to
have results for more complex cases. Three model @fpresentative unit volume with one isotropic paricle was prepared to
calculate cases with standard and high density ohé particles. One model with real distribution of frticles, which was gen-
erated by Micrometer program was used to compare ®ullts. In this work analysis of structure and featues of phases com-
posite was considered in order to study heat transf phenomena. Models of three phases composite miairfiller and inter-
face with discontinuities were analysed. Distanceeween particles was also considered. Additionallyinfluence of the in-
creased ambient temperature on thermal conductivitywas presented. Analysis of the results indicate t@olume fraction
of the diamond phase, volume fraction of the discdamuity in interface layer and distance between dienond particles as the
most important variable for conductivity. Obtained results for high thermal conductivity composites pocessing could be
used to determine optimal phases characteristic andistance between particles.
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OBLICZENIA PRZEWODNOSCI CIEPLNEJ KOMPOZYTU Cu-DIAMENT

Kompozyty metal-ceramika @ coraz szerzej stosowanym materiatem w przenle elektronicznym i energetycznym. Ich
popularnosé wynika z mazliwosci uzyskania unikatowych cechgczacych wiasciwosci mechaniczne i fizyczne przy zachowa-
niu akceptowalnej ceny. W pracy skupiono uwag na wiaciwosciach termicznych kompozytu, a szczegélnie materiav
o wysokich wartdciach przewodnictwa cieplnego. Do obliczemodelowych wybrano kompozyt mied-diament charaktery-
zujacy sie wysokim wspofczynnikiem przewodzenia ciepta, ktorgo wiasciwosci mechaniczne nie ulegaj znaczcej degradaciji
w wysokich temperaturach. Dosgpne rozwigzania analityczne pozwalag na wyznaczenie wspotczynnika przewodzenia cie-
pta kompozytu dla przypadku z pojedynca czastka, w ktérym nie dochodzi do oddzialywania mgdzy czstkami. Do wyzna-
czenia przewodndci cieplnej w bardziej ztazonych przypadkach uyteczna jest analiza numeryczna, ktég postuzono sg
W niniejszej pracy. Zastosowano metoglelementéw skaczonych, wykorzystupc komercyjny pakiet Ansys. Do obliczé uzyto
modelu komorki elementarnej z castka izotropowa. Zastosowano dwa modele o @ym stopniu gestosci utozenia czstek
oraz jeden model ze struktug wygenerowary w programie Micrometer o parametrach struktury odpowiadajacej rzeczywi-
stym kompozytom. Kluczowym parametrem w tego typu &mpozytach jest dob6r odpowiedniego udziatu okfosciowego po-
szczegolnych faz. W pracy przedstawiono anakizavptywu struktury, wia sciwosci poszczegdlnych faz oraz odlegdoi migdzy
czastkami na przewodnd¢ cieplng kompozytu przy uwzgkdnieniu wtasciwosci fazy paosredniej oraz wplyw nieciagtosci pota-
czenia castka-osnowa. Dodatkowo przedstawiono wyniki analizyvptywu podwyzszonej temperatury otoczenia na przewod-
nosé kompozytu. Otrzymane wyniki mog postuzy¢ do optymalnego doboru sktadnikéw i struktury, co pzwoli uzyska zato-
zone wymagane wtéciwosci kompozytu.

Stowa kluczowe: kompozyt izotropowy, metoda elementéw skiczonych, przewodnéé¢ cieplna

ABBREVIATIONS

Kcu - thermal conductivity of Cu matrix

Ker - thermal conductivity of composite

Kep - thermal conductivity of interface layer
Lp - diameter

Lrp - thickness of interface layer

Lsw - distance between particles edge
Vep - volume fraction of interface layer
V\p - volume fraction of particles

V,p - volume fraction of pores
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INTRODUCTION e volume fraction of particles,

changes of interface layer properties,

volume fraction of discontinuity in interface layer
changes of composite conductivity with temperature,
distance between particles.

Comparison of results for each model is presented
in Figure 2. Models (A), (B) and (C) give quite gbo
agreement and results are compatible with theatetic
solution for rare volume fraction of particles irork

Metal-ceramic composites are becoming widely use:d
in electronic and power generation industries. Agapl
tions of these composites are driven by their meichh .
and physical property combined with economic price.
One of the key properties in this context is tlogipac-
ity for heat transfer. Metal-matrix composites dam
obtained by variety of fabrication routes with detame

flnatl (;n]icrostruc_tfgre. TT.eSf. mlcros.tructt#res Ica_\rﬁgje [1]. Only model (D) is characterized by better coad
Justed for Specific applications using the rulesi tivity. This kind of effect is related to the congie

from modeling. Finite Element Method, FEM, is fre-

. . . ~ structure, it tight packing of particles is decesivihe
quently used to Qevelop pertinent r_elathnshlp,dwhl composite coefficient of thermal conductivity isatgr
in particular take into account quantity, size shdpe

. . than coefficient of thermal conductivity for thepper.
of second phase patrticles. In this paper, the tesué ; . -
; S S Maximum value of the composite thermal conductivit
described of FEM application to optimize the stuet ximurm vaiu Pos! uctvity

. X in good agreement with those measured in experi-
of Cu-diamond composite for heat management app]i- g g P

cations. ent [8].
METHOD AND MODEL 5
The FEM analyses have been carried out usiy D/’ X
commercial software Ansys 10. The Solid 45 elemen /,‘
i

have been employed. The model structure used in cg
putations, with more than 5000 nodes, is showniga F
ure 1. Figure 1la illustrates the "global” microsture
representative of a composite characterized byomand 5
ness in geometry of particles and their arrangeme

and Figure 1b shows so-called Representative U 1% 10% 100%
Volume RUV. Figure 1c shows a volume representati Volumetric contribution of particles - Veo

of the composite with 12 RUV. Figure 1d presents
model with thick particles packing which consist ofig. 2. Results of different models
10 RUV. Rys. 2. Wyniki dla rénych modeli
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The influence of the interace layer propertiesres p
sented in Figures 3 and 4. The results in Figuege3
presented as a function of the interface thickmess
malized by the particles diameter. It can be naked
the interface thickness has relatively weak effect
the heat conductivity. Much more strong dependence
is observed in the case of the heat conductivityhef
interface layer (Fig. 4).
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RESULTS Fig. 3. Results of influence interface layer thieks to thermal conduc-

. . . . tivity of composite
Analysis considers relationship to thermal conducR-y& 3. Wyniki wplywu grubici warstwy péredniej na przewodrsé
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Fig. 4. Results of influence interface layer cortolity to thermal con-  Fig. 6. Dependency of thermal conductivity via aembitemperature

ductivity of composite Rys. 6. Zalenos¢ przewodnictwa cieplnego w funkcji temperaturtyp-

Rys. 4. Wyniki wptywu przewodrigi warstwy péredniej na przewod- czenia
nos¢ kompozytu

As show in Figure 6 the heat conductivity steadily

Results in Figures 3 and 4 could be divided in twgecrease with the temperature and at 1000 K itsdrop
region. First with conductivity of the interfaceya to 80% of the values for room temperature.
below conductivity of the matrix and second onehwit  The results obtained in the present work clearly
conductivity of interface layer higher than matdan- indicated the influence of the distance betweetiges
ductivity. In Figure 3 the limits between these tvéd for optimizing the thermal properties of composites
gion is for conductivity of interface layer normmdd As shown in Figure 7 the effect of inter-particlis-d
by matrix conductivityKep/Kc, equal about 1. In the tance is especially strong for the densely packed-s
second figures the limit is a little below conduitli tures, in which then distance is smaller than plerti
of matrix. For small values of the interface cortility, diameter.
the composite conductivity increase rapidly with iit-
crease. On the other hand with the interface canduc
ity approaching conductivity of the copper matrix,
the changes are rather small.

The effect of interface layer is further elaborated
in Figure 5 which shows the changes in the comgosit]
conductivity due to the presence of pores at thiéca
matrix interface.
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Fig. 7. Influence of distance between particlescmposite conductivity
Rys. 7. Wplyw odlegtoici pomigdzy czastkami na przewodré kom-
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-2,5 FP/Kcu=Y,
N S viosas, The results of modeling carried out in this study
A Kep/Ke,=5,4 show influence of particle size, shape and distidgiou

on thermal properties of Cu-diamond composites. The
Fig. 5. .Results of inﬂuence pores in interfaceetay thermal conductiv-  resylts clearly show that heat conductivity anqh@ros-

ity of composite ity of the interface layers have a strong effecttioa
conductivity of the composite. In view of the rasul
obtained here it is recommended that the interface
porosity does not exceed 20%. For the interfacerlay

It can be noted that the presence of pores has esgp effect is becoming negligible.

cially strong impact on the properties of compousiit
high conductivity interface layers. In view of higgm-
perature application of the composites modelechisi t REFERENCES
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account the effect of ambient temperature. Thelt®su  conductivity of composites with interfacial thermiadrrier
of this analysis are shown in Figure 6. resistance, Journal of Composite Materials 1987508,

Rys. 5. Wyniki wplywu poréw w warstwie pedniej na przewodr§é
kompozytu

Kompozyty 8:3(2008) All rights reserved



Numerical calculation of the thermal conductiviteéficient in diamond-copper composite 235

[2] Gray K.J., Effective thermal conductivity of a diantd coa- [5] Wisniewski S., WEniewski T., Wymiana ciepta, WNT, War-
ted heat spreader, Diamond and Related Material§,2®0 szawa 2000.

201-204. [6] Boczkowska A., Kapicinski J., Lindemann Z., Witemberg-
[3] Gogét W., Furmaski P., Some investigations of effective  Perzyk D., Wojciechowski S., Kompozyty, Oficyna Véyd

thermal conductivity of undirectional fiber-reinfmd com- nicza Politechniki Warszawskiej, Warszawa 2003.

posites, Journal of Composite Materials Supplem@801 [7] Wikipedia: http://pl.wikipedia.org/wiki/Mied%C5%BA.

14, 167. [8] Katsuhito Yoshida, Hideaki Morigami, Thermal projes
[4] Jaworska L., Diament - otrzymywanie i zastosowanigbrob- of diamond/copper composite material, MicroeledtsrRe-

ce skrawaniem, WNT, Warszawa 2007. liability 2004, 44, 303-308.

Kompozyty 8:3(2008) All rights reserved



