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Abstracts:

Thermal conductivity ef a two-phase (solid-solid) powder svstem
wios measured using o semi-absolute static method. Measurements
were made on disk form samples having fixed porosity. Zinc oxide
(Znf}) and megnesium oxide (MgQ) poweders were chosen to be
the continuous solid phoese. Each was mired with different concentra-
tions of graphite (the discontinuous phase). The experimental results
have been compared with the aveilable theoretical models [for
estimating either an effective thermal conductivily of such a system
ar lower and upper bounds of this property.

Ik foduc e

Tha thetimal conductiviky is A wery important groperty  for spplicotions Lhat
are invplved with heat trongfer. However, 6 i one of the most difficul? bransport
coeflicient  to be measured  with an scceglable degree of Bccuracy. Ino addition,
the Ehermal conduclivity has 4 high degree of difficolty o wundarstand on standacd
physical basls as simply electronic and laltice contributions. This iz especially at
high temperature and for molifphase systems where so mony laclors are affecting
heat conduction mecfanisms,

The aim af this waork is tg repoil abot an esperimentsl study on the Lhermal
camductivity of solid-solid mixtute system dn which particles of one solid material
are emaadded in another continuous solld malsriale Expericnental efforts were concean-
trated on bwo-phase porous materials which consist al a solid phass i the Toom
af amall particles and a saturating floid phese [illing the pore spaces, On the othe
hand, carrparitively wery litthe dsta was reported on salid-solid  mistuce system,
The must recenl sbudyi 1), peifermed in this laboratery, deall with measoring thermsl
canductivity of MgD-graphite mixture  with sodium  silicale as & bonding  matris,

Variowr thearetical caloulations on estimating the elfective Lheemal canduclivity
Kp of two-phese dysiems have heen eparted i Lhe literaburel2-85 A leck ol &
gereral thepretical ewpression ta determine Hp, which  bolds for 2l types of  Llwo-
phase systems, has led to allempls En fired bounds an I{E. The pldest serious atierngst
wis g bo Heshin and Shtrikmani®) Tollewed by w0 many  oworkers(10-16). We &re
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going to limit out comparizon of the experimental cesulls with only Tour thearelical

expressions of K[ and two sets of bunds, These are collected as follows:

1. Maxwell(2), piorwested in the study of the thermal conductivity of two-phase
mixtures, derived an expression to predict conductivity on the basis of potentisl
theory:
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2. Russell (3} obtained the following formulat

2/3 /

-0 "+ K 32 3/"K
d C

/

K, =K ={ ] (2)

-0+ k8
d C

3. Cheng snd Vachor!7), madefying and extending Ts a&o's theotetical techniquelsl,
predicted the thermal conductivity of heterogengous solid mixtures as
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where

8 =y38/2 and  C=ay230.

4. Chaurasis et al {8) considered scparately the perallel and the sa2ries disttibution
te the heat flow direction as the first offers maximum value of Kp while the second
disttibution centributes te the minimum value, Then they used & weighled geo-
metric mean of K¢ {max.) and Kg (min) and expressed KE a5t

Kf Kc 1«n

{CK v sk ) “)
c d

n
KE = (de + ch)
where a, b, ¢ and d sre madel clements:

a+besced=t,c+d=f,b+dz=n

and where n is a weighting factor that gives the fraction of the sample baving
alternate zones of phases perallel to the direction of heat flaw while the (1-n)th
fraction of the sample is criented perpendicusr to the heat flow directions The
clement d cun be evaluated using d = '3 end the element b is obtained thiough
the expresions



Egyptian J. Solids, Vol. 8, No. 1, (1986). 100

b= (/) (o)

whete is the sphericity of the particles which was tuken to be 042,

% Devers and Strieder (18) used a randam sphere madel and applied variational

techniques ta obtain upper (Kiy) and lower (K| ) bounds on Ky for 3 two-phase
salid mixture of conductivities Ky and Ko with  weight  fractiors @ and  (1-@)
respectively:

where
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Recently Panda et al(18) were sble to optimise the weighted gaometric mean
of resistors considered for determining of two-phose systems and cbtoined the
following set of bounds:

1 b b
Kuz = (AK ¢ che-Kd). (7)
(e 1)
and
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A K _ d C
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In the above expressions (1-8), subscript ¢ stands far the continuous phase and d for
the discentinuaus phese, B is the weight fraction of the discontinuous phase and
A represents the difference between the two conductivitios (Kd - Kc).
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Exporimental Procedure:

First, the powder of each phase wes purified from all laosaly adhering particles
aredl from any magnelic materlals. In order to achieve an approsimate uriformity of
partick: size, esch powdsr was passed thiough a standard sieve (mesh ne. 1000
Ihar, the powder was dried in an eleciric furnpoe at tempersture of ebout 12000
for four hours. This termperature was chossn tn be much lower than the oxidizing
temperatute of graphile [17h In order to lorm mistures of diffecent concentoations,
the twa powders (Zn0 ar Mgd and graphitel of diffecest welght propocliors were
throughly mised together, Semples were prepared [0 the form of disks of fived porosity
using mn Aresler Universal cupping machine with fised pressure ol 1% tons for all
swnples, The thermal conductivity was then meassed for each sample wsing  an
apprrature whose description and theory can be found elsewhers (18,790,

Reosults and Discussions

The esparimental thermal conductivities of both  systems were oblaised  at
roan terrgerature. The dete s plotted az a function of graphite corcenteeiion and
are presented i Figse (1) snd (23 for Finc oside-graphite misture system and in
Figes (3) mnd (4] Tor magoesium oxide-grphite misture system, Alo are platted, for
compatison, the calculsled effoctive thermal eonductivity K according  to the  four
expressions eqs. (1-8) in Figs. (1) and (30, In Figs. (2] ond (4) ace given the calculated
upper and lowet bounds of the thermel conductivily using eogs. {5-00

A= Fno-Gr. misters sysbems

As can be seen from Fige (13, the esperimental dats of ZnD-Gr. sydiem mgree
reasonably well in terms of behaviour in the whole range of @ with Kp caleulated from
Mavwell's and Russel's expressionss In Lerrs "ol magritude, the masimum  devistion
is about 0% far @ L0.5 and the deviation decreases as B increases. The calculated
Mg using equ (54} deviste from Kgp,o, both in magnitude and behavious. This can be
vndarstaod in terms of tho convergence of Kg calculeted  wusing  expressions  (3,4]
a8 # sproachwes zero and unity. For Cheng and Wachan {7) espression: Kp tends to K.
#s @ approaches zero while it diverges quickely ns @ lends o wnity. This maey he
due qestilcting the dislribution of the discontiruous phase in the misture to a passbolic
ane which is wnirealistic. Looking cerefully to Cheurasia et al (B) theoretical model,
ona finds that Lhe model dements &, b, c, and o, s the weighling factor n ace
comgletely  dependent on the volume Traction B and are entirely  independent  on
the systema This means thet these elemsnts have fived waloes for a ceelain § far
wiy  bwo-phose system  imrespective of particle  distribution and  orlentation, and ol
the canstiluent thermal conduclivities ¥, end Kge There |5 Blso & divergence of K s

H approaches zaro or unity.

One can notice from Fig. (F] thal the experimental data neatly  coincides
wlth the lower bownd K ol the thaoretical madel due to Devers & Strieder (140,
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Fige(1): Experimental thermal conductivity Keaxp,! versus weight fraction of graphite (0}

for ZelD-Gr.
(K ) wsiog eqs, (1-40,

Systom

together

with calculated effective

thermal  conducitivity

bigdzZk Kc“. Ve, B for Zn0-Gr, system as compared to two sets of bounds (K K ) using

e (9=,

Figu(5): Kem vie B for MgU-Gr. systam lagether with Kp calculsted using eqs. {(1-41,

Figda) chp vao B for MgO-Gr, system as compated to twa sots of bounds (Kl K&
u

aqs. (5=,
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It is not sutprising that Kenp. agree well with K| rather than to be in between the
bounds, This is because tha semple is not complotely packed &nd 50 the existence
of even very few alt pockets in the sample woud lower the meawred conductivity,
The other model due ta Pande et al {16) gives B smacth set of bounds similar in
behavipur to Kexp. but its K| is higher than Koxp, At most by 10%. This last madel
nives K, and K, complotely enclosed within the fitst set with & telalively less area
covered by bounds. Pande et al (16) claimed that a theorstical model which gives
the least srea of bounds is the most realistic one.

b MqO-Gr. mixture system:

It is clear feom Fige (3) that Kexp. of this system behaves wilh respect to Lhe
calculsted Kp in a similar way to the ZnD-Gr. system. Il is olso to be noled that
Kg (of Gr) is only about 1.74 Ke (of MgO) so thet one set of bounds (pande ot
al {16) gives nesrly identical K| and K, while the correspenging valuesw of  the
other set ol bounds (Davera and Strieder (14) are close to sach other and consequen-
Ly this set has & very small area of bounds. The experimental data agree quite
well wilh both sets of bounds as can be ssen fram Fig. (4),

Comparing our experimental results to those reported on MgD-Gr. Systeam hy
Ammar and Mahmoud (1), ore finds that the oscillations of Kexp, Obsetved in  their
results, for D30 =P <0.0, mey be due to the effect of the bonding matrix (sodium
silicate) on the conductivity but cut of this range of @, Kexp, i3 nearly  similar in be-
haviour to the presest results, The effect of bonding the particles In the mixture
by s glassy liquid an the effective thermal conductivity still requires further experie
mentation and more theotetical =tudy,
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