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ABSTRACT 

Reaction kinetic measurements on the hydrochlorination of S i C 1 4  and m.g. s i l icon 

metal were l a s t  reported as a function of reaction temperature, reactor pressure, 

H2/SiC14 r a t i o  and si l icon metal par t ic le  size distribution, 

The effect  of impurities i n  the m.g. s i l icon metal on the rate of th i s  reaction 

has been investigated in  t h i s  quarter. The m.g. s i l icon was replaced with high 

purity, electronic grade silicon metal in  the hydrochlorination reaction. With 

electronic grade S i ,  the reaction ra te  was found t o  be about one order of magni- 

tude slower than those obtained with m.g. s i l icon metal. These metallic impuri- 

t i e s  i n  the m.g. silicon appear t o  have a catalyt ic  effect.  Addition of 5 w t %  

cuprous chloride t o  the electronic grade 31 maso bed increased the reaction ra te  

t o  the same level as those obtained with m.g. s i l icon with 5% CuCl added. 

The effect  of prolonged reaction time on the hydrochlorination reaction 

was studied. The plan i s  t o  run the reaction for long periods of time with 

the ob3ect of studying the l i f e  of the S i  mass bed. No significant change in  the 

reaction ra te  was observed a f te r  about 80 hours of reaction. 



/ 

INTRODUCTION 

Experimental work on t h e  JPL  Government Contrac t  No. 955  382 

began i n  A p r i l  of  1979  t o  s tudy t h e  hydrochlor ina t ion  of S i C 1 4  and 

m.g. s i , l i c o n  meta l  t o  S i H C 1 3 .  This  Q u a r t e r l y  Report  i s  t h e  s i x t h  

i n  t h e  s e r i e s .  A c t i v i t i e s  dur ing  t h i s  q u a r t e r  included t h e  s t u d i e s  

on t h e  e f f e c t  of i m p u r i t i e s  i n  t h e  m.g. s i l i c o n  meta l  on t h e  r e a c t i o n  

r a t e .  The e f f e c t  of prolonged r e a c t i o n  t i m e  on t h e  hydrochlor ina t ion  

r e a c t i o n  a l s o  was i n v e s t i g a t e d .  

DISCUSSION 

The l abora to ry  s c a l e  s t a i n l e s s  s t e e l  r e a c t o r  f o r  t h e  hydro- 

c h l o r i n a t i o n  of S i C 1 4  and m.g. s i l i c o n  meta l  t o  S i H C 1 3  i s  schemati- 

c a l l y  shown i n  Figure  I. The des ign  and f u n c t i o n  of t h e  hydrochlori-  

n a t i o n  appara tus  w e r e  r epor ted  i n  d e t a i l  i n  t h e  f i r s t  Q u a r t e r l y  R e p r t  

(DOE/JPL 955 382 - 79/1) .  Reaction k i n e t i c  measurements i n  t h e  pre- 

sence of a  copper c a t a l y s t  and t h e  e f f e c t  of S i  meta l  p a r t i c l e  s i z e  

d i s t r i b u t i o n  on t h e  hydrochlor ina t ion  r e a c t i o n  were l a s t  repor ted .  

During t h i s  q u a r t e r ,  t h e  e f f e c t  of i m p u r i t i e s  i n  m.g. S i  meta l  on 

the r e a c t i o n  rate w a s  s tud ied .  The e f f e c t  of prolonged r e a c t i o n  

t imes on t h e  hydrochlor ina t ion  r e a c t i o n  w a s  a l s o  i n v e s t i g a t e d .  R e -  

s u l t s  a r e  d iscussed  i n  t h e  fol lowing.  

A. E f f e c t  of Impur i t i e s  i n  t h e  M.G.  S i l i c o n  Metal .on React ion Rate 

A s e r i e s  of experiments was c a r r i e d  o u t  t o  s tudy t h e  e f f e c t  

of i m p u r i t i e s  i n  t h e  m.g. s i l i c o n  on t h e  hydrochlor ina t ion  r e a c t i o n .  

Table I lists t h e  common m e t a l l i c  i m p u r i t i e s  p r e s e n t  i n  t h e  me ta l lu rg i -  

c a l  grade s i l i c o n  metal .  The major contaminants a r e  i r o n  and alumi- 

num which, account f o r  8 0 %  t o  9 0 %  of t h e  t o t a l  i m p u r i t i e s  i n  m.g. 

S i  metal .  A convenient  method t o  s tudy the s v e r a l l  e f f e c t s  of t h e s e  

i m p u r i t i e s  on t h e  hydrochlor ina t ion  r e a c t i o n  i s  t o  measure t h e  r e a c t i o n  



rates i n  comparison wi th  those  obta ined  wi th  a high p u r i t y ,  e l e c t r o n i c  

grade  s i l i c o n  m e t a l .  Th i s  e l e c t r o n i c  grade ,  p o l y c r y s t a l l i n e  s i l i c o n  

metal con ta ins  no i m p u r i t i e s  from a chemical r e a c t i o n  p o i n t  of view. 

The common i m p u r i t i e s  l i s t e d  i n  Table I a r e  reduced t o  t h e  l e s s  than  

p a r t s  p e r  b i l l i o n  range i n  e l e c t r o n i c  grade S i  metal .  Sample of an 

e l e c t r o n i c  grade  S i  w a s  ground and s i eved  t o  32 x 400 mesh (500 x 

37 mic romete r s ) .  The experiment w a s  c a r r i e d  o u t  w i t h 1 8 0  g. of t h i s  

h igh  p u r i t y  s i l i c o n  meta l  at. a r e a c t o r  p r e s s u r e  500 p s i g ,  a r e a c t i o n  

tempera ture  500°C and a H2/SiC14 feed  r a t i o  of 2.8.  The r e s u l t s  of  

t h i s  experiment a r e  summarized i n  Table 11. Data i n  Table I1 is 

presen ted  i n  F igure  I1 by p l o t t i n g  the % SiHC13 conversion ve r sus  

r e s i d e n c e  time. Also p l o t t e d  i n  t h e  same graph a r e  r e a c t i o n  k i n e t i c  

d a t a  p rev ious ly  ob ta ined  wi th  m.g. S i  meta l  under t h e  same r e a c t i o n  

c o n d i t i o n s .  The shaded curve  i n  F igure  I1 r e p r e s e n t s  t h e  combined 

r e s u l t s  obta ined  from the same r e a c t i o n  with 32 x 65 mesh, 65  x 150 

mesh and 150 x 400 mesh m.g. S i  metal .  A s  r e ' s u l t s  i n  F igure  I1 show, 

t h e  reaetion rate is ahout  one o r d e r  of mag1iitud.e slowel: with  efee- 

t r o n i c  grade S i  i n  comparison wi th  those  obta ined  from t h e  98.5% m.g. 

s i l i c o n .  Thus, t he  presence of m e t a l l i c  i m p u r i t i e s  i n  m.g. S i  meta l  

appears  t o  g r e a t l y  i n c r e a s e  t h e  r a t e  of t h e  hydroch lo r ina t ion  r e a c t i o n  

wi th  SiC14 and hydrogen. - 
The c a t a l y t i c  e f f e c t  o f  copper a l ~ o  was s tud ied .  The high p u r i t y  

S i  mass bed was taken  o u t  of  t h e  r e a c t o r  and thoroughly mixed w i t h ,  

9 g ( 5  w t % )  of  -400 mesh cuprous c h l o r i d e  powder. The mixture w a s  

c a r e f u l l y  charged back i n t o  the r e a c t o r  tube.  The experiment was re-  

pea ted  under t h e  same r e a c t i o n  cond i t ion .  The r e s u l t s  of t h i s  exper i -  

ment a r e  summarized i n  Table 111. Data i n  Table I11 a l s o  a r e  p l o t t e d  
. . 

i n  F igure  I11 t o g e t h e r  wi th  t h e  experimental  r e s u l t s .  shown i n  Figure  

11. A s  t h e  r e s u l t s  i n  F igure  I11 show, t h e  presence o£ a copper 



c a t a l y s t  g r e a t l y  i n c r e a s e s  t h e  hydroch lo r ina t ion  r e a c t i o n  r a t e  to  

a l e v e l  above t h a t  of m-g. s i l i c o n  metal .  Hence,the copper c a t a l y s t  

provides  a convenient  means t o  r e c y c l e  o f f - s p e c i f i c a t i o n  so lar -grade  

s i l i c o n  metal .  I n  F igure  177, t h e  r e a c t i o n  k i n e t i c  d a t a  obta ined  

from t h e  e l e c t r o n i c  grade S i  + 5% CuCl experiment a r e  p l o t t e d  i n  

comparison wi th  those  c o l l e c t e d  from t h e  m.g. S i  + 5% CuCl exper i -  

ment under t h e  same r e a c t i o n  cond i t ions .  I n t e r e s t i n g l y ,  both exper i -  

ments show e s s e n t i a l l y  t h e  same r e a c t i o n  r a t e s .  These experimental  

r e s u l t s  appear t o  show t h a t  t h e  m e t a l l i c  i m p u r i t i e s  i n  m.g. S i  me ta l  

f u n c t i o n  l i k e  a c a t a l y s t .  The presence of these m e t a l l i c  i m p u r i t i e s  

i n  m.g, S i  meta l  does .not  appear  t o  product  harmful e f f e c t s .  I n  

f a c t ,  they  are  b e n e f i c i a l  t o  t h e  hydroch lo r ina t ion  r e a c t i o n .  

The above exper imenta l  r e s u l t s  show t h a t  t h e  m e t a l l i c  impuri- 

t ies  i n  m.g. S i  appear t o  func t ion  e q u a l l y  e f f e c t i v e l y  as the copper 

c a t a l y s t .  With no o t h e r  elements p r e s e n t ,  t h e  high p u r i t y ,  poly- 
' .  

c r y s t a l l i n e  s i l i c o n  m e t a l  produces a much s lower r e a c t i o n  rate. 

Thus, c r y s t a l  defec tscaused  by t h e  presence of copper o r  o t h e r  

m e t a l l i c  elements on t h e  s i l i c o n  m e t a l  s u r f a c e  provide a p l a u s i b l e  

exp lana t ion  f o r  t h e  observed c a t a l y t i c  a c t i v i t i e s .  However, t h e r e  

a r e  some fundamental d i f f e r e n c e s  between copper and t h e  m e t a l l i c  i m -  

p u r i t i e s  i n  m. g. S i  metal .  I r o n  and aluminum which account f o r  80% 

t o  90% of t h e  t o t a ' l  i m p u r i t i e s  i n  m.g. S i  a r e  a c t u a l l y  consumed i n  

t h e  hydroch lo r ina t ion  r e a c i t o n  t o  produce f e r r i c  c h l o r i d e  and alumi- 

num c h l o r i d e .  The v o l a t i l e  FeC13 ( b . p .  315OC) and A I C l j  (b.p. 183OC) 

are r e a d i l y  removed from t h e  r e a c t o r  a long wi th  t h e  r e a c t i o n  product  

stream. I n  t h i s  respect, they a r e  n o t  t r u e  c a t a l y s t s .  



B . Corrosion S t u d i e s  

A f t e r  t h e  experiments on i m p u r i t i e s  s tudy,  t h e  r e a c t o r  w a s  

t aken  a p a r t  and c u t  up f o r  c o r r o s i o n  measurements. During t h e  

course  of t h i s  i n v e s t i g a t i o n ,  ex tens ive  atmospheric co r ros ion  of  

t h e  r e a c t o r  w a l l  w a s  noted.  A dense "coat ing"  w a s '  f i r s t  observed 

on t h e  w a l l  o f  t h e  r e a c t o r  p a r t s  which have been e x p o s e d ' t o  t h e  

hydroch lo r ina t ion  environment. The c o a t i n g  has  a p h y s i c a l  appear- 

ance s imilar  t o  t h e  l a y e r  of s i l i c o n  produced by a  vapor phase de- 

p o s i t i o n  process .  However, on s t a n d i n g  i n  t h e  atmosphere f o r  ex- 

tended pe r iods  of  t ime,  t h i s  dense c o a t i n g  produces c reeps ,  

c r a c k s  and it e v e n t u a l l y  f l a k e s  o f f .  Slowly, some g reen i sh  mater- 

i a l  appears  and t h e  s u r f a c e  becomes w e t .  The green c o l o r  is  most 

l i k e l y  due t o  sa l t s  of n i c k e l  and chromium. F e r r i c  c h l o r i d e ,  chro- 

m i u m  c h l o r i d e  and n i c k e l  c h l o r i d e  are d e l i q u e s c e n t  s .o l ids  which ab- 

s o r b  moisture  from t h e  atmosphere t o  cause  we t t ing  of  t h e  exposed 

r e a c t o r  s u r f a c e .  These obse rva t ions  p o i n t  t o  t h e  e f f e c t  of atmos- 

p h e r i c  co r ros ion .  The i f f  ec,t of  atmospheric co r ros ion  complicates  

t h e  previous  s tudy  on t h e  m a t e r i a l  of  con8 t ruc t ion  f o r  the ,  hydro- 

c h l o r i n a t i o n  r e a c t o r .  The c o r r o s i o n  measurements made i n  t h e  p a s t  

are combined r e s u l t s  of  atmospheric co r ros ion  and t h e  co r ros ion  due 

t o  t h e  hydroch io r ina t ion  r e a c t i o n  i t s e l f .  S ince  atmospheric corro-  

sion i s  normally n o t  a  problem f o r  a  product ion hydroch lo r ina t ion '  

r e a c t o r  i n  an i n t e g r a t e d  p l a n t  (except  f o r  s e r v i c e  o r  r e p a i r ) ,  one 

needs t o  separa te .  t h e  e f f e c t  of atmospheric co r ros ion  from t h e  corro-  

s o i n  due t o  t h e  hydroch lo r ina t ion  r e a c t i o n  environment. P r e s e n t l y ,  

c o r r o s i o n  s t u d i e s  a r e  i n  p rogress  f o r  type 3 0 4 ' s t a i n l e s s  s t e e l  and 

I n c o l l o y  800. . . . 



C. Mass L i f e  S t u d i e s  

A new hydroch lo r ina t ion  r e a c t o r  w a s  b u i l t  t o  r e p l a c e  t h e  

o l d  r e a c t o r .  The new r e a c t o r  i s  a l s o  made of  type.  304 s t a i n l e s s  

steel and it has  the same p h y s i c a l  dimension as the o l d  r e a c t o r  tube.  

Modif ica t ions  were made on t h e  e l e c t r i c a l  h e a t e r s  t o  provide  a better 

temperature c o n t r o l  on t h e  S i  mass bed. A s t r i p  of I n c o l l o y  800 

sample i s  a f i x e d  t o  t h e  s i d e  w a l l  of  t h e  r e a c t o r  tube f o r  c o r r o s i o n  

s t u d i e s .  A charging p o r t  is  provided a t  t h e  t o p  of  t h e  r e a c t o r  s o  

t h a t  f r e s h  S i  metal can be charged i n t o  t h e  r e a c t o r .  A series of 

experiments w a s  c a r r i e d  o u t  wi th  t h e  o b j e c t  of s tudying  t h e  l i f e  of 

t h e  S i  mass bed. I n  p r a c t i c e ,  t h e  hydroch lo r ina t ion  r e a c t o r  must be 

a b l e  t o  s u s t a i n  s u f f i c i a n t l y  long pe r iods  of  o p e r a t i o n  b e f o r e  it has  

t o  be s h u t  down f o r .  s e r v i c e .  Thus, t h e  longevi ty  of t h e  s i l i c o n  mass 

bed i s  an impor tant  f a c t o r . i n  o p e r a t i n g  t h e  hydroch lo r ina t ion  process  

e f f i c i e n t l y  and economically. The o b j e c t  of t h i s  experiment is  t o  

s tudy t h e  o f f  e c t  of prolonged r e a c t i o n  t i m e  on t h e  hydroch lo r ina t ion  

r e a c t i o n .  The r a t e  of t h e  hydroch lo r ina t ion  r e a c t i o n  i s  measured a s  

a  func t ion  of t o t a l .  r e a c t i o n  t i m e .  The experiment i s  c a r r i e d  o u t  a t  

a  r e a c t o r  p r e s s u r e  300 p s i g ,  a r e a c t i o n  temperature 500°C and a HZ/- 

SiCIO feed  r a t i o  of 2.0.  Fresh S i  meta l  i s  i n t e r m i t t e n t l y  added t o  

r e p l e n i s h  t h e  s i l i c o n  metalconsumed i n  t h e  r e a c t i o n .  The r e a c t i o n  

r a t e  i s  cont inuous ly  monitored by analyz ing  t h e  composition of t h e  

r e a c t i o n  product  mixtures .  About 80 hours of r e a c t i o n  time have 

been accumulated . s o  f a t .  NO s i g n i f i c a n t  changes i n  t h e  hydrocholori-  

na t ion  r e a c t i o n  r a t e  were observed. More work i s  i n  progress .  



D. Summary of Progress 

Experimental work on t h e  JPL Government Contract  No. 955 382. has 

progressed on schedule a s  ou t l ined  i n  the a t t a c h e d ~ r o g r a m  Plan. The 

e f f e c t  of impur i t i es  i n  t h e  m,g. S i  m e t a l  on t h e  hydrochlorinat ion 

r eac t ion  w a s  s tudied.  The m e t a l l i c  . impuri t ies  i n  the m.g. S i a c t  

l i k e  a c a t a l y s t  t o  g r e a t l y  increase  the reac t ion  r a t e .  These measure- 

ments provide some .evidence on the mechanism of t he  hydrochlorinat ion 

reac t ion .  Cor ros ion . s tud ies  are i n  progress on se l ec t ed  material 

of cons t ruc t ion  f o r  t h e  hydrochlorinat ion reac tor .  Extensive atmos- 

phe r i c  corros ion was noted when r eac to r  p a r t s  were exposed t o  a i r  and 

moisture. This p o i ~ i t s  t o  t h e  need of re-examining some corrosion 

measurements previously made on c e r t a i n  se l ec t ed  materials of con- 

s t r u c t i o n  f o r  t h e  hydrochlorinat ion r e a c t o r . ,  Experiments on the 

e f f e c t  of prolonged reac t ion  t i m e  on the  hydrochlorinat ion reac t ion  

were carried out.  The plan is t o  run the  reac t ion  f o r  long ,per iods  

of time f o r  one o r  two mass turn-over of t h e  S i  mass bed. 

PROJECTED SEVENTH QUARTER ACTIVITIES 

Planned a c t i v i t i e s  f o r  t h e  seventh qua r t e r  (October - December) 

include,  

Corrosion s tud ie s  

Mass l i f e  s tud ie s  

Mass l i f e  s tud ie s  with copper c a t a l y s t  added 



LSA PROJECT 
SILICON MATERIAL 

PROBLEMS - CONCERNS 

TABLE I METALLIC IWPURITIES I N  METALLURGICAL GRADE S I L I C O N  



TABLE I1 Hydrochlorination of SiC14 and Electronic  Grade S i  to 

SiHC13 a t  500 PSIG, SO03C andH2/SiC14 Ratio of 2 . 8  

Hydrogen 

NO. S C C M ( ~ )  

Residence Reaction Product .Composition 

Time mole% 
Second SiH2C12 SiHC13 SiC14 

(1) SCCM, ' Standard c .  c . per .minute 



TABLE I11 Hydrochlorination of SiC14 and Elec tron ic  Grade S i  

metal with 5% CiiCl adde,d a t  500 PSIG, 500°C and 

Hydrogen Residence Reaction Product Composition 

Feedrate Time mole% 

N o .  S C C M ' ~ ) ,  . Second SiH2ClZ SiHC13 SiC14 

(1) SCCM, Standard C . C .  per minute 



FIGURE:  1 Apporotus For The Hydrogenation Of S i c 6  To S iMCI3  . 
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