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The low temperature carbothermal reduction of colloidal silica has been applled for the 
synthesis of submicrometer B - SIC povvder. The intrmsic klnetics of the overall reaction 
was studied over the temperature range (1473<T< 1673 K) and is of special interest for 
the low temperature, high yield synthesls of submicron B - SiC povvder. 
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Submikronski B-SiC prah smo pridobili z nizkotemperaturno karbotermično redukcijo 
koloidnega Si02. Kinetiko procesa smo proučevali v temperaturnem območju 
(1473<T<1673 K), ki omogoča nizkotemperaturno sintezo submikronskega B-SiC prahu 
z visokim izkoristkom. 

Ključne besede: karbotermična redukcija, submikronski B-SiC prah, postopek brez 
mletja, dvojni Si02-C prekurzor, študij kinetike 

1. Analvsis of the carbothermal reduction by vveight loss 
data 

The conversion of SiO, (Sl into SiO(„, (X). the loss of SiO,,,, 
(Y) and the vield of SiC (Z) can be calculated using the stoi-
chiometrv of the overall reaction: 

SiO(, -C - X S i () - V O . - h 1 -X .Si() -i 1-X)C(SI (1) 

XSiO,„,—>(X-y)SiOIgl+ySiOj,;y -

loss of SiO(?) caused by pumping (2) 

(X-y )SiO!„,+2.3Cl,1—>ZSiO+ZCO,„+ +(X-y-Z)SiO, s l+(2.3-2Z)C„, (3) 

Si02,s)+3.3C(s)—>ZSiC,sl+( 1 -X )Si02, s l+(3.3-X-2Z)C l s l+ 
+(X-y-Z)SiO • SiC) •• \ • / : ( '() (4) 

Note that loss of Si() caused by pumping (y) is not deter-
mined from the stoichiometry of the overall reaction (4). 

In order to determine the fraction of SiO,„, removed by 
pumping it is necessary to measure the conversion of SiO, , into 
SiC,,, |W") at special experimental conditions (see experim'ental 
procedure) when ali Si containing species remain in the system. 
Then y=0 and W'=Z/X. 

The aetual conversion of SiO,,,, into SiC,,, (W) (at y * 0) and 
W (when y=0) are than equal: Z ' /X=Z/(X-y) . Z >Z: Z" is the 
yield of SiC when y=0. 

According to this. the loss of SiO,,,, coused by pumping could 
be expressed as y=X(Z' -Z) /Z ' . 
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2. Experimental procedure 

The svnthesis of submicron B - SiC povvder by the carboth-
ermal reduction of colloidal silica has been investigated in vac-
uum ( = 1-5 Pa) for 0,5 h at temperatures betvveen 1125-1400°C. 
The double precursor mixture (Reaction mixture I) consists of 
SiO, particles (Cab - O - SiC, M5, Cabot) covered vvith carbon 
layer (one - to - one molar ratio) and fine carbon black particles 
(Carbon black, Monarch 1300, Cabot) doped vvith 0,6 vvt Vr of 
amorphous boron (Ventron, 00438 - 325 mesh). Fig. 1. An i n t i -
mately mixed carbon black - colloidal silica precursor (one - to -
one molar ratio) and carbon black particles doped vvith 0,6 vvt % 
of amorphous boron has been used as the comparative reaction 
mixture (Reaction mixture II). In order to analyse the kinetics of 
both steps of carbothermal reduction the vveight of the reaction 
mixture, the vveight of the specimens after carbothermal reduc-
tion and the vveight of the specimens after removal of the free 
carbon vvere determined, respectively. 

The loss of SiO,„, component caused by pumping vvas deter-
mined using the follovving procedure. The mixture of colloidal 
SiO, and phenolic resin (Viaphen, PR 881/60) vvas homogenised 
in acetone. After drying, the thick paste vvas pressed to form a 
solid composite. Samples vvere then heated in argon to 450° for 
4 h. Pyrolysed SiO ; /C specimen (one - to - one molar ratio) vvas 
placed into the crucible. SiO,/C core in the form of pallct vvas 
completely covered vvith carbon black povvder (doped vvith 0.6 
wt% of boron). The crucible vvas than heated to temperatures be-
tvveen 1150°C - 1400°C for 0,5 h in vacuum. After the heattreat-
ment. the pallet vvas very carefully mechanically separated from 
the carbon black povvder. In order to remove free carbon, the pro-
tective povvder vvas heated in air at 750°C for 24 h. The residual 
povvder is pure SiC. Finallv. the vveigh of synthesised SiC mea-
sured by accuracy ± 1 % . 
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F i g u r e 1: Flov. sheet of react ion mix tu re synthes is p rocess 
Slika I : S h e m a pr iprave reakc i j ske m e š a n i c e 

3. Kinetic studies 

3.1. SiO, .. formation 

Assuming that the solid state reaction (2) is of zero order and 
its rate constantis defined as: k=dX/dt=k„exp(-Ea/RT). The aeti-
vation energy, Ea, for Reaction 2 is determined by the slope of ln 
k against l/T, Fig. 2-3. The experimental values for both types 
of reaction mixtures are almost the same: = 300 ± 30 KJ/mol 
vvhich is in good agreement vvith literature data : : = 377 KJ/mol. 
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Figure 2: The conver s ion of S i O , into SiO.,., at d i f fe ren t t empera tu re s 
af te r the s ame ho ld ing tirne - 0 ,5 h 

Slika 2: K o n v e r z i j a S iO , v SiO(E1 pri razl ičnih t empera tu rah . Čas 
s in teze - 0,5 h 

3.2. SiClu formation 

Using vveight loss data, the conversion of SiO,„, into SiC,„, 
(W) defined as: W=Z/ ( l -Y+y) is calculated and plotted in 
Fig. 4. On the basis of a shrinking core model, the rate constant, 
k, is:k = 1 - (1 -W)" i = k„ exp(- Ea/RT) if the chemical reaction 
is the rate-liming step or: k = 1 - 3 ( 1 - W Č ! + 2 (1 - W) = k„ exp 
(- Ea/RT) if the diffusion through SiC layer is rate-controlling. 
The aetivation energies for both scenarios are determined from 
the slope of the plots Ink against l/T. The values obtained by the 
assumption that the chemical reaction is the rate-controlling step. 
are 391 KJ/mol (for the reaction mixture I) and 220 KJ/mol (for 
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Figure 3: T h e aet ivat ion energy for react ion 2 (Curve I -S iO, par t ic les 
cove r with ca rbon laver: Curve 2 - S i O . par t ic les in contac t vvith carbon 

black part icles) . Ho ld ing t ime 0 ,5 h 
Slika 3: Ak t ivac i j ska ene rg i j a za reakc i jo 2 (Kr ivu l j a l - S i O , delci 

prevlečeni s s lo j em og l j ika : Kr ivu l ja 2 - S i O , delci v stiku z delci 
og l j ikov ih sa j l. Čas s inteze - 0.5 h 

the reaction mixture II), Fig. 5. Hovvever. the values of the rate 
constant calculated for a diffusion controlled process can be also 
fitted well by linear plots. Fig. 6. The aetivation energies calcu-
lated on this way are much higher: 577 KJ/mol for the reaction 
mixture I and 483 KJ/mol for the reaction mixture II. 

4. Conclusions 

The transformation of carbon black particles into SiC is 
modelled by a shrinking core model. On the basis of a detailed 
investigation of the reaction kinetics at different temperatures. it 
is postulated that the chemical reaction is the rate - controlling 
step at lower temperatures (T<1473 K ) vvhile diffusion of carbon 
through SiC ,, layer being rate controlling at T > 1673 K. 
Hovvever, over the temperature range of special interest (1473 < 
T < 1673 K) in the lovv temperature, high yield svnthesis of sub-
micron 6 - SiC povvder, it seems, that both rate steps proceed by 
almost the same rate masking on this way each other as the real 
rate limiting step. For the overall carbothermal reduction, col-
lected experimental data strongly suggest that the SiO ( i genera-
tion is the rate controlling step. 
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Figure 4: The conver s ion of SiO l a l into SiC 
Slika 4: Konve rz i j a S iO v SiC . 
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Figure 5: The ac t ivat ion energy for Reac t ion (3) based on the a s s u m p -
tion that the chemica l react ion is the rate - con t ro l l ing s tep 

Slika 5: Akt ivac i j ska ene rg i j a za R e a k c i j o (3) ob p redpos tavk i , da 
k e m i j s k a reakc i ja do loča hitrost k a r b o t e r m i č n e s inteze 
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