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ABSTRACT 

The JPL Contract No. 956061 t o  Solarelectronics ,  Inc. 
has  been extended t o  Apri l  of 1983 t o  f u r t h e r  the basic 
experimental study on t h e  hydrochlorination of SiC14 and m.g. 
s i l i c o n  metal t o  produce SiHCl 
development work includes react ion k ine t i c  measurements at  the 
higher temperature range (up t o  6SO.C). These addi t iona l  
k ine t ic  data are needed f o r  t h e  theo re t i ca l  study t c  develop 
a rate equation and t o  determine important thermodynamic 
functions, such as, AH andAE. A react ion mechanism study 
includes experiments on the deuterium k i n e t i c  isotope e f f ec t s .  
A n  experimental study on the e f f e c t  of c a t a l y s t s  and impuri t ies  
on the hydrochlorination react ion i s  also planned. The object ive 
is t o  provide a basic understanding on the  nature of t he  c a t a l y s t  
and t o  search f o r  a s t i l l  more e f f ec t ive  c a t a l y s t  f o r  +he 
hydrochlorination reaction. 

The extended research and 3' 

Reaction k ine t ic  measurements 
of SiC14 and m.g. s i l i c o n  metal were 
temperatures, 550.C and 525'C,and a t  

on t h e  hydrochlorination 
car r ied  out a t  two higher 
two pressure ranges, 200 
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psig and 100 psig. These higher react ion temperature data are 
a l so  used i n  t h e  theoree t ica l  =study f o r  the development of a 
kinetic model and a rate equation f o r  the hydrochlorination 
reaction. Preliminary r e s u l t s  on the theorec t ica l  treatments 
of react ion rate data at 550'C, SOO'C and 450.C show that the 
mte of formation of SiHCl 3 
The rate constants a t  these three temperatures and the ac t iva t ion  
energy, AE, are calculated and reported. 

follows a psuedo-first  order kinetics. 

The design of a quartz  hydrochlorination reactor  f o r  the 
planned experiments on deuterium kinetic isotope effects has 
been completed. This  quartz  reac tor  can a lso  be used t o  measure 
react ion rete and the equilibrium conversion of S i H C l  at the 
higher temperature range where the present stainless steel reac tor  
becomes unusable. More experimental work is in  progress. 
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I, mR@~wczIoN 
A basic research and development program was initiated 

t o  study the hydrochlorination of SiCl , ,  and metal lurgical  m e  
( m . g . )  s i l i c o n  metal t o  produce Sac1  3' 

3 SiCl, ,  + 2 €I2 + S i  = 4 SIHC13 

Experimental work was carried out i n  accordance w i t h  the revised 
Program Plan. The one-year JPL Contract No. 956061 t o  Solar- 
electronics ,  Inc. has been extended f o r  nine months t o  Apri l  of 
1983. The addi t iona l  work plans are summarized in the revised 
Program Plan SC-1 in  the Appendix. The object ive of this research 
and development program is t o  car ry  out an experimental study t o  
c o l l e c t  react ion k i n e t i c  data on t h e  hydrochlorination reac t ion  
and t o  provide a basic understanding on the reac t ion  mechanism. 
This  Quar te r ly  Report is the f i f t h  in  the series. R e s u l t  of the 
experimental work performed during this qua r t e r  is summarized in  
the following discussion. 

I1 . DISCISSION 

A. The Revised Promam Plan 

The Program Plan has been revised t o  include the addi t iona l  
nine months of contractual  work. The extended work plans include 
basic research oriented experimental s tud ie s  on the  hydrochlo- 
r ina t ion  of SiC14 and mag. s i l i c o n  metal t o  produce S i H C 1  3' 
revised Program Plan SC-1 is shown i n  the Appendix. The object ive 
is t o  provide a basic understanding on the reac t ion  mechanism and 
t o  develop a rate equation f o r  the hydrochlorination process. 
Additional experiments w i l l  be ca r r i ed  out t o  measure react ion 
r a t e s  and the equilibrium constant a t  the  higher reac t ion  tem- 
perature range of up t o  650'C. These addi t iona l  data are needed 
t o  determine important thermodynamic functions,  such as, t he  
ac t iva t ion  energy, AE and the heat o f  reaction, AH. Previous 
s tud ie s  l P 2  on the hydrochlorination reac t ion  have shown t h a t  a 

The 
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plausible reaction mechanism involves a slow, rate-deteminhg 
step on the hydrogenation of the Si-C1 bond by hydrogen. Thus, 
hydrogen may be invol-?ed in the activation process. The planned 
reaction mechanism study on deuterium kinetic ibotope effects 
provides a powerhl tool to study the nature of the activated 
complex and on the mechanism of the activation process. The 
effect of the major impurities, iron and aluminum, in the m.g .  
silicon metal on the hydrochlorination reaction will be studied. 
A program to study the effect of catalyst un the reaction rate 
is F.-SO planned. The objective is to provide a basic understanding 
on the nature of the catalytic process and to search for a new, 
more effect catalyst for the hydrochlorination reaction. 

B. Reaction Kinetic Measurements 

Experiments were carried out at reaction temperature above 
jOO'C to collect additional kinetic data on the hrdrochlorination 
of SiC14 and m.g. silicon metal to SiHCl 
measurements were carried out in the two inch-diameter stainless 
steel reactor schematically shown in Figure I. The design and 
operation of the hydrochlorination apparatus were reported in 
detail in the first Quarterly Report (DOWJPL 956061-1). The 
operating temperature of this stainless steel reactor is limited 
to about 550'C by the capacity of the electrical heaters. A ~ F o ,  
the supporting structure for the reactor tube is made of aluminum 
(mop. 660.C) and some stainless parts is silver-soldered (flow 
point 615'C) on the outside of the reactor wall. Thus, the stain- 
less steel reactor 
above 550.C. A quartz hydrochlorination reactor has been designed 
for the planned experiments to stuey the deuterium kinetic isotope 
effect as described in Section C. This quartz reactor can a l s o  be 
used to collect reaction rate data and equilibriw conversion 
data at reaction temperature above 550'C. The reactions of chloro- 
silanes at low temperature (room temperature to ~~oo'c; mostly 
involve a catalytic process3. On the other hand, at the much higher 
temperature range of 800'C to 1400°CD typically for the CVD and 

The reaction rate 3' 

is not usable for reaction temperature much 
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the Siemens process, homogeneous vapor phase reac t ion  and/or 
non-catalyzed surface reac t ion  are operative. Thus, by stutiying 
the hydrochlorination reac t ion  over a wide temperature range 
of 350'C t o  BOO'C, one may be able t o  observe a gradual change 
in the reac t ion  pathway and shed some l ight on the very basic 
reac t ion  kinetic process f o r  t h e  silicon-hydrogen-chlorosilane 
reac t ion  system in general. 

A series of experiments was car r ied  out at 200 psig, 
reac t ion  temperature of H2/S iC14  feed r a t i o  of 2.0 a d  at 

525'C and 550'C, respectively.  Results are summarized i n  Table 
I (525.C) and Table XI (550'C) .  The reac t ion  rate data i n  these 
two tables are a l s o  presented in Figure I1 by p lo t t i ng  the 
$ S i H C l  
a higher reac t ion  temperature produces both a faster reaction 
rate and a higher equilibrium conversion of SUC1 
series of experiments was carried out a t  the same reac t ion  t e m -  
peratures of 525.C and 550'C w i t h  a H2/S iC14  feed r a t i o  of 2.0 
but a t  a lower pressure of 100 psig. Results of these experiments 
are given i n  Table I11 (525.C) and Table IV (5fiO'C). Data i n  
Table I11 and Table IV are a l s o  p lo t ted  in the same graph i n  
Figure I1 f o r  t he  200 psig experiments. The kinetic curves i n  
Figure 11 show that ,  i n  addi t iona l  t o  the large temperature 
e f f e c t ,  a significant pressure e f f e c t  on the hydrochlorination 
react ion i s  a l s o  evident. The reac t ion  rate, i.e., the rate a t  
which the hydrochlorination reac t ion  reaches its equilibrium 
conversion of S i H C l  is considerablly faster a t  lower pressures. 
For example, equilibrium is  reached i n  about 60 seconds residence 
time at 100 psig, 55O'C. On the  other  hand, about 150 seconds 
residence time is  needed f o r  the  same reac t ion  t o  reach its 
eqJil ibrium conversion of S i H C l  a t  200 psig (Figure 11). As 3 
predicted by thermodynamics, a higher pressure produces a higher 
equilibrium conversion of S i H C l  For example, the  equilibrium 3'' 
conversion a t  200 psig and a t  550 C gives  a 34% SiHC13  while 
24.55 S i H C l  
rate data obtained a t  the  higher temperature of 550.C a r e  a l s o  

conversion versus residence time. As observed previously, 3 

Another 3' 

3' 

is observed a t  equilibrium a t  100 psig. The reac t ion  3 
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used f o r  the determination of the  rate constants and the ac t iva t ion  
energy i n  Section D. 

C. The Desim of a Quartz Reactor f o r  Studyimz the Deuterium 
Kinetic I s o t o m  Effects 

Previous experimental studies" on the hydrochlorination 
of SiC14 and m.g. s i l i c o n  metal showed that a p laus ib le  reac t ion  
mechanism may involve two stepwise react ions,  

SiC14 + H2 . 'low SiHC13 + HC1 

fast 3 HC1 + Si --* SiHC13 + H2 

The hydrogenation of a S i 4 1  bond by hydrogen t o  form S i H C l  and 3 
HC1 i s  postulated as the slow, rate-determining step. The react ion 
of HC1 with s i l i c o n  m e t a l  is a well-known reac t ion  which occurs 
rap id ly  a t  about 350.C. A t  5OO0C, the reac t ion  of the HC1 inter- 
mediate is expected t o  go very fast. Based on this postulated 
mechanism, one may propose an ac t iva t ion  process involving hydrogen 
and S i C 1 4  t o  form an ac t iva ted  complex species  which, through one 
o r  more react ion pathways, produces the product SiHC13. By replacing 
hydrogen w i t h  deuterium isotope i n  the hydrochlorination react ion,  
a pos i t ive  k ine t i c  isotope effect w i l l  no t  only produce t h e  needed 
experimental evidence t o  prove the  reac t ion  mechanism, but a l so ,  
it provides informations on the nature of the ac t iva ted  complex. 
Kinetic isotope e f f e c t  is a powerful t o o l  t o  study reac t ion  
mechanisms. I t  provides usefu l  informations on the  ac t iva t ion  
process and on the  nature  of t he  ac t iva ted  complex a t  the  molecular 
l e v e l  . 

The two inch-diameter s t a i n l e s s  s tee l  reac tor  i s  primarily 
designed t o  study the hydrochlorination react ion under pressure. 
With a la rge  i n t e r n a l  volume and large s i z e  storage tanks, t h i s  
apparatus i s  not su i t ab le  f o r  the  planned experiments t o  study the  
deuterium k ine t i c  isotope e f fec ts .  A small, 0.75 inch-diameter 
quartz reac tor  system has been desi-med with a mininun volume of 
dead space ins ide  the  apparatus i n  order t o  conserve the r e l a t i v e l y  

4 
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expensive deuterium isotope (about $2.00 per standard le ter  of gas). 
The apparatus is schematically shown i n  Figure 111. The HZ/SiCl4 
and the DJSiCl, feed system is  designed i n  such a way that either 
hydrogen gas o r  deuterium gas can be fed i n t o  the  h y d r o c h l o r h t i o n  
reac tor  n.t any t i m e  during the experiment. This  i s  accomplished 
by a 3-way b a l l  valve as shown i n  Figure 111. The cyl inder  pressure 
i s  reduced by a regula tor  t o  a few ps ig  above atmospheric pressure. 
The flowrate o f  H2 o r  D2 is  control led by a f ine  llletering needle 
valve and measured by a ca l ibra ted  flowmeter. The gas is  bubbled 
i n t o  a l i q u i d  column o f  SiC14 maintained a t  a constant temperature. 
The H2/SiC14 o r  D,/SiC14 feed r a t i o  can be readi ly  adjusted by 
the  SiC14 l i q u i d  temperature. The gaseous mixture is fed i n t o  the 
quartz hydrochlorination reactor .  The react ion product mixture 
coming out of the r eac to r  i s  analyzed by the in- l ine  gas chromato- 
graph. The small amounts of chlorosilane and hydrogen gas are 
disposed of  by venting i n t o  a scrubber. The reac tor  system a t  the 
right hand s ide o f  the flowmeter as shown i n  Figure I11 i s  made 
of Pyrex glass wi th  the exception o f  the reac tor  tube and the 
heating jacket,  which a re  made o f  qdartz (Vycor). The H2-D2/SiC14 
feed system and the reac tor  assembly can be formed i n t o  a single 
piece of  glassware by standard glass blowing technique. By using 
small diameter connecting tubing and by keeping the  dead space 
ins ide  the apparatus t o  a mininum, the res idua l  gas ins ide  the  
reac tor  can be readi ly  flushed out wi th  a small amount of Aeutericm. 
With t h i s  design feature ,  one can switch deuterium from hydrogen 
and vice versa  f o r  every data point i n  the react ion k i n e t i c  
measurements. Past experience has shown t h a t  one can ge t  a b e t t e r  
reproduciable data point measured within the  span o f  a s ingle  
experiment than t h a t  obtained i n  two separated experiments car r ied  
ou t  undsr " ident ica l"  react ion conditions. In  t h i s  way, one can 
accurately measure the r e l a t i v e  react ion r a t e  between hydrogen and 
deuterium. 

D. Development of  a Rate Eauation, the Rate Constants and the 
Activation Energy 

5 



A theorec t ica l  treatment o f  experimental react ion k i n e t i c  
data is t o  express the react ion rate i n  terms of an equation 
which r e l a t e s  the r a t e  t o  t h e  concentration o f  reac tan ts ,  and 
sometimes of  products o r  other  substance present (e.g. of ca t a lys t ) .  
If the react ion has a simple order, one must determine what the 
order is, and a l s o  t h e  rate constant. The hydrochlorination of 
SiC14 and m.g. s i l i c o n  metal frequently expressed as equation (I), 

is merely a balanced equation t o  show t h e  stoichiometry of  the 

showed t h a t  a plausible  reaction mechanism involves the following 
stepwise react ions,  

overa l l  equilibrium reaction. Previous experimental s tud ie s  1,2 

slow SiClb + H2 7 SiHC13 + H C 1  

fast  3 H C 1  + S i  - SiHC13 + H2 

The hydrogenation o f  a Si-C1 bond wi th  hydrogen,in equation (2) 
is postulated as t h e  slow, rate-determining s tep.  The react ion 
of H C 1  and s i l i c o n  metal is  a known react ion which occurs rapid13 
t o  form S i H C l  
analysis  i s  t o  determine whether equation (2) and (3) a r e  the  
correct react ion mechanism and, i f  not ,  what o ther  react ion 
mechanism is operative. A preliminary study t o  develop a k ine t i c  
model and a r a t e  equation f o r  the hydrochlorination of  SiC14 and 
m.g. s i l i c o n  metal t o  SiHCl was carr ied out .  A number o f  models 
f o r  the treatment of experimental r a t e  data was t e s t ed .  R e s u l t s  
a r e  not conclusive a t  t h i s  point. However, preliminary r e s u l t s  

3 show t h a t  t h e  react ion k ine t ics  on the ra te  o f  formation of S i H C l  
f i t s  reasonably well i n  the psuedo-f i r s t  order r a t e  equation. 
Results obtained from t h i s  theorec t ica l  treatment a r e  presented i n  
the following. As more theorec t ica l  ca lcu la t ions  are madc :md as 

and He. The objective of  the planned theorec t ica l  3 

3 

6 



more experimental rate data are collected, a better rate equation 
may be developed to also include other reaction parameters, such 
: 3, pressure and catalyst. 

To start with the simplest situation in which both the 
forward and reverse reactions are of first order, 

If the reaction is started using pure A, of concentration a, and 
if after time t the concentration of B is x, that of A is a-x, 
the rate from left to right is then kl(a-x), and that from right 
to left is k .- lx: the net rate of production of B is thus 

dx 
- =  kl(a - x) - k,lx 
dt 

At equilibrium,the net rate of production of B is zero, and if 
the concentration of x is then xes 

kl(a - xe) = k- ixe 

Elimination of k-l between these two equations give rise to 

dx k. a 

The solution to this differential rate equation is 

kla 
xe 

r -  xe 
xe - x In 

This simple rate equation can sometimes be applied to a more 
complex reaction involvirig more than one reactant and more than 
one product. It is then called psuedo-first order kinetics. For 
the rate of conversion of SiCILc to SiHC13, x is the concentration 
of SiHCl at time t, xe is the equilibrium concentration of 3 
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o f  SiHCl and a is the i n i t i a l  concentration of SiC14. 3 

One s e t  of experimental data col lected a t  100 ps i& Hr/SiC14 
feed r a t i o  o f  2.0 and a t  various react ion temperatures of 55OoC, 
5OO'C and 450°C was applied t o  the  psuedo-first order r a t e  equation. 
T h i s  s e t  o f  reaction rate data i s  summarized in Figure IV by 
p lo t t i ng  the S i H C l  conversion versus residence time, t. The 550' 
experiment was obtained from Section B above. The 500°C and 
4500 C experiments were obtained from a separated study (see Figure 
IV, fourth Quar te r ly  Report, J u l s  12, 1982). The $ SiHC13 conver- 
s ion a t  10, 20, 30, 40 and 60 seconds residence time were taken 
from the  smooth k ine t ic  curves a t  550°C, 500'C and 450°C, respec- 
t i v e l y  i n  Figure I V .  The equilibrium ioncentration o f  SiHCl was 
measured a t  the  poin' where the k ine t i c  curves leveled o f f  a t  
long residence times. The p a r t i a l  pressures o f t h e  reactant  and the 
product were calculated from the expemimentally determined moles 
concentrations. These experimental r a t e  data were then applied t o  
t h e  .grated r a t e  equation on page 7. R e m l t s  of t h i s  analysis  
ar- .)resented i n  Figure V by p lo t t i ng  the I n  xe/xe- x vers?as the 
reaction time t. A straight l i n e  is obtained from these p lo ts .  
Thus,  the  r e s u l t s  i n  Figure V show t h a t  the r a t e  of formation of 
S i H C l  
The r a t e  constants, kit a t  550°C, 500'C a d  450.C were then 
determined from the slope of  the  s t r a i g h t  l i n e s ,  which equal t o  
kla/xe. Subst i tut ion of the known value of a and xe, the r a t e  
constant kl were calculated t o  give 19.2 x sec-', 12.7 x 
sec" and 6.50 x 
500 C and 45OoC, reopectively. The ac t iva t ion  energy, AE, was 
determined by p lo t t i ng  the l o g  of ki versud the inverse temperature, 
1/T, i n  the Arrhenius equation, 

3 
the  

3 

f i t s  reasonably well i n  the psuedo-first order rate equation. 3 

sec-' a t  the react ion temperatures o f  550°C, 
e 

R kl = C or  I n  kl = In T - 
where R i s  the gas constant (1.987 cal/mole/'K) and C is a constant. 
Results a r e  presented i n  Fsgure VI A straight l i n e  is drawn. The 
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ac t iva t ion  energy is  then calculated f r o m  the slope of the  
s t r a i g h t  l i ne ,  which equals t o  -AE/R. Result  of t h e  calculat ion 
gives a value o f  13.2 Kcal/mole f o r  t he  ac t iva t ion  energy. 

E. Summary o f  ijrogress 

Bperimental  work on the JPL Contract No. 956061 has  
progressed on schedule i n  accordance wi th  the revised Program 
Plan. Reaction k ine t i c  measurements were car r ied  out t o  c o l l e c t  
addi t ional  r a t e  data  at 525.C and 550'C. A theorec t ica l  study 
was carr ied out t o  provide a k ine t i c  model and a rate equation 
f o r  the hydrochlorination reaction. Results o f  t h i s  preliminary 
study show t h a t  the r a t e  of  formation of SiHCl follows a 
psuedo-first order kinet ics .  The r a t e  constants were measured at  
tnree  temperatures, 550' C, 500'C and 45O'C, respectively.  The 
ac t iva t ion  energy was determined from the Arrhenius p l o t  t o  
give a value of 13.2 Kcal/mole. The design D f  a quartz reac tor  
f o r  t h e  planned experiments t o  study the deuterium k ine t i c  
isotope e f f ec t s  has been completed. Equipment and mater ia l  f o r  
t h i s  new reac tor  design have been ordered. T h i s  quartz reac tor  
can a l s o  be used t o  measure react ion rates and equilibrium con- 
version of  S i H C l  
i s  i n  progress. 

3 

a t  react ion temperature up t a  650.C. More work 3 

111. PROJYCPED SIXTH QUARTER ACTIVITIES 

Planned a c t i v i t i e s  f o r  the s i x t h  quar te r  (October - 
December) include, 

Continue the theorec t ica l  study f o r  the dLvelopment o f  
a r a t e  equation f o r  the hydrochlorination react ion,  

0 Construct and s ta r t -up  the quartz hydrochlorination 
reactor ,  

9 Carry o u t  experiments t o  study the deuterium k ine t i c  
isotope e f f ec t s ,  

9 



0 Carry out experiments on t h e  reac t ion  k ine t i c  and 
equilibrium constant measurements a t  the h igher  
react ion temperature range, 

0 Determine thermodynamic functions f o r  the  hydrochlo- 
r ina t ion  reaction. 
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TAB'& I 

THE HYDROCHLORINATION OF S i C 1 4  AND M.G. SILICON METAL 
AT 525.C, 200 PSIC AND HZ/S iC14  FEED RATIO OF 2.0 

Hydrogen Residence Product Composition, Mole 1% 
Sample Feedrate T ime  

No. SLM Second SiH2C12  S i H C  1 5ic14 

0.80 
0.80 
0.80 

184 
184 
184 

0 9639 
0.7884 
1.098 

4 - 
2 
3 

33-09 
32.06 
32.94 

65.95 
66.35 
65 96 

4 
5 

1.05 
1.05 

140 
140 

0.9986 
0 . 7667 

32-63 
32.25 

66 37 
66.98 

6 
7 

1.40 
1.40 

0.7814 
0.8403 

30.51 
30 94 

68.71 
60.22 

8 
9 

2.40 
2.40 

61.3 
61.3 

0.6544 
0.5852 

27 38 
26.91 

71.97 
72-50 

0.4765 
0 0 4557 

76.30 
76.48 

10 
11 

3.50 
3.50 

42.1 
42.1 

23.23 
23.06 

( 1 )  SLM, Star%rd L i t e r  per Minute 



TABLE I1 

THE HYDROCHLORINATION IF SiC14 AND M.G. SILICON METAL 
AT 55dC, 200 PSIG :.ND H 2 / S i C 1 4  FEED RATIO OF 2.0 

Hydrogen Resi dew e 
Sample Feedmte Time 

No. SLM Socond 

. 
A 0.80 1?2 
2 0.80 17'2 

3 1.00 133 
4 1.00 138 

5 1.60 86,. 3 
6 1.60 86.3 

7 2.35 58.7 
8 2.35 58.7 

9 3.50 39.4 
10 3.50 39.4 

Product Composition, Mole $ 

S i H 2 C 1 2  SiHC13 5ic14 

0.8925 34.02 45-09 
1.125 34.31 44.56 

1.013 33.83 45.15 
1. 007 33.43 45.34 

0 9775 31.43 47.59 
0.8721 31.49 67.64 

0.6r >9 28 39 70.93 
3.6463 28.05 71-30 

0.61 10 25.86 73.53 
0.5613 25 . 68 73.76 



TABLE I11 

THE HYDROCHLORINATION OF S i C 1 4  AND M.G. SILICON METAL 
AT 525'C, 100 B I G  AND HZ/SiCl1, PEED RATIO OF 2.0 

Hydrogen Residence 
Sample Feedrate T ime  
No . SLM Second 

1 0.65 111 
2 0.65 I l l  

3 1.00 72.2 
4 1.00 72.2 

5 1.60 45.1 
6 1.60 45.1 

7 2.40 30.1 
8 2.40 30.1 

9 3.40 21.2 
10 3.40 21.2 

11 5.10 14.1 
12 5.10 14.1 

Product Composition, Mole $ 

SiH2C12 SiHC13 Sic l4 

0.5072 
0.5119 

0.5519 
0 . 5008 

0.4871 
0.5186 

0 . 4864 
0.4283 

0.3766 
0 . 4.096 
0 3733 
0.3618 

23.52 
23.18 

22.90 
23.25 

22.58 
22.17 

21.63 
21.45 

20.52 
23.04 

18.34 
18.09 

75.89 
76.31 

76 47 
76 25 

76.94 
77.31 

77 88 
78.12 

79.10 
78.75 

81.28 
81.55 

(1) SLM, Standard L i t e r  per Minute 



TABLE I V  

THE HYDROCHLORINATION OF SiZ14 AND M.G. S I L I C O N  METAL 
AT 550 C,  100 PSIC AND H 2 / S i C 1 4  FEED RATIO OF 2.0 

Hydrogen Residence Product Composition, Mole % 
Sample Feedrate Time 

No . SLM Second S i H Z C  l2 SiHC13 5ic14 

0.65 
0.65 

0.6471 
0.6821 

24.72 
24.46 

74.64 
74.86 

1 
2 

109 
109 

0.6317 
0.6733 

24.36 
24.25 

3 
4 

1.00 
1.00 

70.9 
70.9 

75.00 
75.08 

1.60 
1.60 

44.3 
44.3 

5 
6 

0 . 6532 
0 5337 

23.61 
24.31 

75 74 
75.15 

2.40 
2.40 

29.5 
29.5 

0.5069 
0.5456 

76.21 
76.11 

7 
8 

23.29 
23.34 

3.40 
3.40 

20.8 
20.8 

0.4188 
0.4848 

22.08 
21.83 

9 
10 

77 50 
77.68 

11 
12 

5.10 
5.10 

13.9 
13.9 

0.3894 
0.4431 

20.16 
20.57 

79.45 
78 99 
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6. 

4. 

3. 

1. 

FIGURE V PL@T OF PSUEDO-FIRST ORDER RATE EQUATION 

SLOPE 
S f i O ' C  = 0.0714 
5OO'C = 0.0519 
450'C = 0.0303 

REACTION T I M E j  t j SECONDS 



FIGURE V I  PLOT OF THE ARRHENIUS EQUATION 

k l =  C e  ~ / R T  or In ki = In C + -(+) 


