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Mathematical Modeling of Self-propagating High Temperature Synthesis of
Molybdenum- Tungstenb Disilicide
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Abstract The Self-propagating High-temperature Synthesis (SHS) for synthesizing (Mo,-., W.)Si. was conducted
experimentally with the mole fraction of Tungsten(W) from z=0.0 to z=0.5. The temperature profile was measured
according to the reaction time through the thermocouple that was equipped into the center of these samples. When the
reaction front is propagated around the thermocouple, the highest temperature appears and we regard this temperature
as the adiabatic temperature. We found out by experimental results that the reaction velocity is in the range of 2.14~
1.35mm/sec and the adiabatic temperature is in the range of 1883~ 1507K for the six samples. The reaction velocity
and the adiabatic temperature were inclined to decrease with an increasing of the mole fraction of Tungsten (W). The
SHS modeling is presented in order to predict the temperature profiles and these results are compared with the experi-
mental results. It is predicted that in case of increasing the initial temperature of those six samples, the reaction tem-
perature increased and that the sample of z=0.5 needs the preheating up to 800~900K in order to become reaction
temperature 1900K.
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Fig. 1. Schema of SHS.



166 $IAREAA All™ A3 (200D

—

Runge: Ku(a Method0ll 2/8 gi&
(n)yasd

-

Y=pe1 Trldlauonal coemclent mamx

o ~<$— Thomas Method

suzy
Thomas Method 0 T, =31,-17,

Fig. 2. Mathematical analysis algorithm

T,--‘r ,-31 "

A7H BEEE AL A ()3 o] AW o HE W
279 MBS AHEE vehd 4 gl

B ke H(1-9) @
2= eEolt AUES 94, BIAL el 2
Aol 20 WA e o, AR Ak N d&
o) FAIR & k& BF A Fhystol B8 A BRI
o SERI BT ANPEY ©) & TEY + ek

I Qok,(1-7)" &= pc T (8)

z?x2 o

9] Al g AlS) 272 AAZAE e} 2ok

T=T, x=0 t<t; Q)
T=[
T=To X>0 t=0
aT x=0 t>t (10)
|
x=L forallt

2159 AAAe] x=L, A7 1, A8 2I|XE T,
A3 2= T, ZE AAlMe 49 TF& yhsgule] £
AFEE FEdE ] H9 heat flux, g.&

olson ¥) 3} 3t HPPA|o2 WS}, Thomas
method & ©|§3t] A7k} 9]]e] W 2 EEE 78
T Aok, = A (7)ol A HHES A0 25 B
ToleR AR AFE & dok whA A (12)-(13) 9
Runge-Kutta®l& ©]8-8t] 7% WfE& A (7)o Hiy
34},

—=ku(1—0)"exp (-—E— y=F(.0 (12)
i+, 7~=7, ;+ (k1+k2+k3+k4) (13)
k1=f(t,7) B

k2=f(t.',+l/24t,7]i+ 1/2k|Ai‘)
k3=f(t,,+1/2dt,77 ,+1/2kzdt)
k= f (1,485 i+ ks A1)

el 2 28 SAALE NG SAEE ehd Aol

TAHAE 918t 7 Ao A5 YR (E*), uhe-d
@), 431Ex (K), 94%(C) 59 4984 x187) 48
s},

23. 229 (Q)

250} o B AhE whadukgo gl ukg- AME
9] 22 WS} 7|ojste AL Hgd, Q Bo|BE 27]) &
= TolAMe whg g, gH. 9 Zch aje}a] =pA) ub
49 25l =¥ Qe ukg HaeE, & thde
=, T8 HAHEY 44, C( & Al wed(Q =
o2 4] (14) 8} zke] T34 = Urh

Q=- AH, 5= Tj:cq<z> dT (14)
R 13 B 2& 9983 A8 248 F¢ MoSi:2} WSi.9)
=59} d434S Vehiigid.

FjHEe AT (K.) & 249 U4 Mo, W, Si9
AT (K,) ¢ 27]9 dAEE(K) 2832 F3E(p)
& EYiE 4] (15) o) thyi3t &= 800K-1000K ol #Hd
e dAEEE A3

g.=aT/ax] =0 (an L
14+Ke
—=t_(1-¢)
o] Ec}, 1_%
2.2. -’r‘ﬂsﬂﬁ K=k, '—kl——— (15)
LEME F SY8F A0 F 93 (0 9 Yoolnz TR i)
o] HulE “J’éé]ﬂ] Fr& AHEH& 8313 (Crank-Nic- L -2
. J
Table 1. Thermal conductivity of solids
K. K« Kn K (1-Z)Mo+ ZW+ 2Si thermal conductivity
(M) (Si) (W) : e K (Ku) (W/m.K)
Z2=00 105.0 31.2 115 0.0773 0.2 72 172
Z=1.0 105.0 31.2 115 0.0773 0.2 95 9.7
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Table 2. Heat capacity of solids.”

Heat capacity of solid (kcal kmol™' K~')
Compound Cp=A+BT+CT™?
A B C
MoSi. 16.212 2.861x1073 -157x107%
WSi. 16.212 2.639x10"° -145%x107°
Table 3. The adiabatic temperature and the reaction heat of (Moq-», W.)Si.
Z=0.0 Z=0.1 Z=02 Z=0.3 Z=04 Z=05
T.«(K) 1950 1900 1850 1810 1790 1700
Q(kJ/kg) 886 808 734 680 636 567
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Table 5. The reaction velocity of (Moq-., W.)Si;

Time(sec) 1{mm/s)
Z=00 10 2.14
Z=01 12 1.69
Z=02 12 1.65
2=03 13 1.46
Z=04 12 1.53
Z=05 13 1.35
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Fig. 3. The activation energy of six samples
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Fig. 4. The temperature profile at the center of the sample ac-
cording to the reaction time (z=0.0)
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Fig. ‘5, The temperature profile at the center of the sample ac-
cording to the reaction time (z=0.5)
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Fig. 6. The comparison of experimental and numerical result
about six samples (initial temperature To=298K)
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Fig. 7. The adiabatic temperature of six samples according to
the change of the initial temperature
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Fig. 8. The temperature profile considering heat loss after
reaction(z=0)
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Fig. 9. The temperature profile considering heat loss after reac-
tion. (z=0.5)
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Fig. 10. The temperature profile of the time and position (z=0.
0)
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