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Optimization and scale-up studies of the SiF4-Na reaction have continued. 

The dependence of the reaction initiation time and of the efficiency of the 

reaction on Na particle size and reactor temperature have been studied. Close 

to 100% utilization of Na has been obtained, and formation of by-product fluo- 

silicate has been decreased to below 10 per cent. 

built to scale up the reaction by a factor of about 4 
A scaled-up melting system has been built and successfully used to separate Si 

from kilogram quantities of Si-NaF mixtures. Support studies of the volatili- 

zation of NaF performed in a smaller melting systea indicated minimal loss of 

NaF as vapor at 141OOC. The wetting of graphite was also investigated to de- 

termine the constituents of the NaF phase which promote good wetting. 

A SiF Na reactor has been 4- 
and is now being tested. 
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TASK I 

SiF4-Na REACTION: SOLID Na FEED 

S o l i d  N e  Feed 

S t u d i e s  of the r e a c t i o n  between gaseous SiF4 and s o l i d  Na are being 

0 t o  increase t h e  r e a c t i o n  rate 

0 

0 t o  j n c r e a s e  t h e  amount of N a  r eac t ed  

0 

continued 

6 t o  dec rease  t h e  y i e l d  of unwanted by-product Na2SiF 

t o  scale up t h e  r e a c t o r ,  u s ing  t h e  b e s t  o p e r a t i n g  parameters.  

The r equ i r ed  information is being obtained by determining t h e  e f f e c t s  

of var ious  o p e r a t i n g  cond i t ions ,  such as s i z e  and shape of t h e  Na metal 

feed, ra te  of Na a d d i t i o n  and r e a c t o r  temperature.  

t o  fol low t h e  r e a c t i o n  rate are t h e  S i F  

r e a c t o r  when N a  is added, and t h e  S iF  flow rate, which i n d i c a t e s  t h e  rate 4 
of the r e a c t i o n  between S i F 4  arld Na. 

The c r i te r ia  e s t a b l i s h e d  

p r e s s u r e  change t h a t  occu r s  i n  t h e  4 

The S iF  p r e s s u r e  i n  t h e  r e a c t o r ,  which is i n i t i a l l y  760 t o r r ,  e x h i b i t s  4 
s e v e r a l  time-dependent c h a r a c t e r i s t i c s ,  a s  shown i n  Figure 1. 

0 An induc t ion  pe r iod  t is r equ i r ed  f o r  t h e  added Na t o  hea t  1 
up t o  r e a c t i o n  temperature.  This  is u s u a l l y  0.1 t o  3 min, 

depending on t h e  mass of the N a  added and on t h e  r e a c t o r  

temperature.  

The primary r e a c t i o n  of most of  t h e  added Na occur s  w i t h  a 

maximum rate  (minimum SiF,, p r e s s u r e  o r  maximum S I F  

r a t e )  a t  t a v a l u e  which a l s o  depends on Na mass and is 

t y p i c a l l y  1 min. 

0 

flow 4 
2’ 

0 A secondary r e a c t i o n  is sometimes observed occur r ing  wi th  a 

maximum rate a t  t a t  about  5 min, shown by t h e  dashed l i n e  

p l o t t e d  i n  F igu re  1. The cause  of t h i :  secondary r e a c t i o n  

is no t  y e t  underseocd, bu t  may be assoc a t e d  w i t h  t h e  release 

of Na p rev ious ly  coated w i t h  r e a c t i o n  p ,oducts.  

3’ 

1 
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FIGURE 1 SCHEMATIC REPRESENTATION OF FOUR REACTION FERIODS ASSOCIATED WITH 
SiF4 - Na REACTION 
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0 Another a l i q u o t  of Na is addc-d a t  t t y p i c a l l y  a t  about 4' 
6 min, when t h e  SiF4  flow rate becomes s u f f i c i e n t l y  low 

t o  i n d i c a t e  t h a t  r e a c t i o n  of t h e  p rev ious ly  added N a  is 

n e g l i g i b l e ,  u s u a l l y  less than  10 

Na/min. 

-3 moles Na/min o r  0.2 8 

The above r e a c t i o n  Yeriods have been a s c e r t a i n e d  by continuous re- 

cording of t h e  S i F  

using a rotameter .  Data a c q u i s i t i o n  equipment has  been extended (1) t o  

record t h e  S i F  f l J w  rate, us ing  a n  e l e c t r o n i c  flow meter, and (2) t o  

measure t h e  t o t a l  amount of r e a c t e d  S iF  by e l e c t r o n i c a l l y  i n t e g r a t i n g  

the SiF4 flow rate. These improved techniques f o r  measuring S i F  flow 

should p rov ide  a better basis f o r  understanding t h e  k i n e t i c  parameters 

of t h e  S iF  -Na r e a c t i o n .  

p r e s s u r e  and by v i s u a l l y  observing t h e  SiF4  flow rate, 4 

4 

4 

4 

4 
After completing a S iF  Na rim, t h e  r e a c t i o n  product ,  which is i n  4- 

the shape of a c y l i n d e r ,  is divided along i t s  l eng th  i n t o  segments co r re s -  

ponding t o  t h e  d i f f e r e n t  rates of Na a d d i t i o n .  These segments are pul- 

ve r i zed  wi th  a p l a s t i c  hammer, and G r a f o i l  is removed as completely as 

poss ib l e .  

unreacted Na by a n  a c i d  t i t r a t i o n ,  t h e  amount of  S i ,  NaF and N a  SiF by 

x-ray d i f f r a c t i o n ,  and i m p u r i t i e s  by emission spectroscopy.  The x-ray 

technique is c a r r i e d  ou t  by adding t o  the  product sample a known amount 

of KC1 as a r e f e r e n c e  substance.  

f r a c t i o n  of t h e  Na SiF is determined from t h e  r a t i o  of t h e  peak i n t e n s i -  

t ies of Na2SiF and KC1. 

The r e a c t i o n  p roduc t s  are analyzed t o  determine the amount of 

2 6  

Using s tandard mixtures ,  t h e  weight 

2 6  
The method is  r a p i d  and a c c u r a t e  t o  about 25%. 6 

The appa ra tus  f o r  ca r ry ing  o u t  t h e  SiF4-Na r e a c t i o n  has  r e c e n t l y  

been modified,  as shown i n  Figure 2. The v e r t i c a l  Na f eede r  provides  

g r e a t e r  c o n t r o l  of t h e  amount of Na t h a t  can be  added t o  t h e  r e a c t o r  than 

was p o s s i b l e  with t h e  h o r i z o n t a l  feeder used previously ( Q u a r t e r l y  Report 

No. 12 ) .  To s tudy t h e  e f f e c t  of high temperatures,  an Inconel  r e a c t o r  was 

cons t ruc t ed  t o  r e p l a c e  t h e  pyrex r e a c t o r  used i n  previous work. The 

3 
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Inconel  r e a c t o r  is heated along its l e n g t h  wi th  f o u r  s e p a r a t e  h e a t i n g  t a p e s ,  

each w i t h  a thermocouple and a temperature  c o n t r o l l e r .  

are r a t e d  f o r  temperatures  up t o  800 C. 

s h e e t  (7cm i.d.j ,which i n  t u r n  is l i n e d  wi th  G r a f o i l .  

t h a t  t h i s  r e a c t o r  can accommodate is about 400 g Na, corresponding t o  t h e  

product ion of  about 120 g Si. 

The h e a t i n g  t a p e s  

The r e a c t o r  is l i n e d  w i t h  n i c k e l  0 

The g r e a t e s t  Na load 

Many r e a c t i o n  s t u d i e s  were made, w i t h  Na s l ices  of v a r i o u s  t h i c k n e s s  

and shapes,  t o  determine t h e  e f f e c t s  of t h e  amount of s u r f a c e  area of t h e  

Na feed. For one s tudy ,  Na ch ips  were prepared by g r a t i n g  metallic Na w i t h  

a s t a i n l e s s  s teel  k i t c h e n  g r a t e r .  The r e s u l t s  g e n e r a l l y  i n d i c a t e  t h a t  t h e  

S i F  -Na r e a c t i o n  is more complete ( l e s s  unreacted Na) when t h e  feed p a r t i c l e  

s i z e  is small and t h e  a d d i t i o n  rate is low. Th i s  t r e n d  is shown i n  Figure 

3, which relates t h e  amount of unreacted Na t o  t h e  Na a d d i t i o n  rate. The 

f o u r  s o l i d  l i n e s  show r e s u l t s  bsing N a  s l i ces  (0.4 cm t h i c k  and 6 cm diameter)  

a t  f o u r  r e a c t o r  temperatures.  The r e s u l t s  shown Sy t h e  dashed l i n e  were ob- 

t a i n e d  using Na ch ips  ( t y p i c a l l y  0.05 x 0.5 ?I 2 cm). The ind ica t ed  r e a c t o r  

temperature i s  t h e  lowest temperature of t h e  r e a c t o r  wal ls ,  but t h e  w a l l  

temperature was o f t e n  100°C higher  i n  t h e  v i c i n i t y  of t h e  r e a c t i o n  zone. 

I n  each run the  Na w a s  fed a t  d i f f e r e n t  rates.  Typ ica l ly ,  t h e  d i s k s  were 

added f i r s t  cne a t  a t i m e ,  then two a t  a t i m e ,  and f i n a l l y  t h r e e  a t  a t i m e .  

About equal  amounts of Na were added f o r  each a d d i t i o n  rate. The r e s u l t s  

i n  Figure 3 are i n  gene ra l  agreement with t k e  ear l ier  work on d i s k s  (6 mix 

t h i c k ) ,  based on experiments i n  which t h e  r e a c t o r  bottom was hested,  bu t  

not  t h e  walls.  (Quarter ly  Report No. 12, Figure 2 ) .  

4 

Figure 3 f a d i c a t e s  t h a t  t h e  amount of unrracted Na dec reases  wi th  t h e  

lower Na a d d i t i o n  rate.  A t  a given a d d i t i o n  rate,  less unreacted Na re- 

s u l t e d  from a feed of ch ips  than from a feed of s l i c e s  ( r e a c t o r  temp- v a t u r e  

of 400OC). 

t h e  amount of unreacted Na f o r  a given a d d i t i o n  ra te  passes  through a maxi- 

mum a t  about 45OoC and is least  a t  300OC. 

The f i g u r e  a l s o  i n d i c a t e s  t h e  e f f e c t  of r e a c t o r  temperature:  



15 

P 
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I- o 
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S A 4 8 O - 8 7  
Na ADDITION RATE - g rnin-l 

FIGURE 3 EFFECTS OF Na ADDITION RATE AND REACTOR TEMPERATURE ON AMOUNT 
OF UNREACTED Na 

Na added as slices (6 cm diameter and 0.4 cm thick) or as chips (0.05 cm X 0.5 cm 
X 2 cm). 
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Two da ta  p o i n t s  i n  F igure  3 should b e  noted.  The r e a c t i o n  product  

con ta in ing  zero  unreacted Na (2.7 g Na/min a s  s l ices )  was produced i n  a 

s e p a r a t e  run a t  400 C i n  which t h e  r e a c t i o n  p r o d u c t c o n t i n u e d t o  be exposed 

t o  S i r 4  overn ight ,  dur ing  t h e  cool ing  of t h e  r e a c t o r .  I n  a11 o t h e r  cases, 

t h e  SiF was removed by evacuat ion a t  t h e  end of t h e  run ,  wh i l e  t h e  :*eactor 

was s t i l l  hot .  

f o r  t h e  h ighes t  Ns a d d i t i o n  r a t e  ( 4 . 5  g Nalmin). We b e l i e v e  t h a t  t h e  unex- 

pec ted ly  small amount of unreacted Na i n  t h i s  p a r t  of t h e  r e a c t i o n  product 

( 3  sl ices  pe r  a d d i t i o n )  - 2 s u l t s  from t h e  d i s t i l l a t i o n  of  some Na from t h e  

r e a c t i o n  zone and condelisation i n  t h e  upper p a r t  of t h e  r e a c t o r .  In f a c t ,  

Na d r o p l e t s  were observed on t h e  upper r e a c t o r  w a l l  when t h e  reactor was 

opened. 

0 

4 
The o the r  d a t a  po in t  of i n t e r e s t  r e p r e s e n t s  t h e  run a t  600°C 

We w i l l  conti.nue t o  s tudy t h e  e f f e c t s  of r e a c t o r  temperature .  inc luding  

t h e  fol lowing cons ide ra t ions :  

A c r u s t  of r e a c t i o n  products  forms around some of t h e  uiireacted 

Na and produces a b a r r i e r  f o r  d i f f u s i o n  of S i F  and Na. Higher 

r e a c t i o n  temperatures  would be expected t o  i n c r e a s e  t h e  d i f -  

fu s ion  ra te  through t h e  c r u s t  and t o  i n c r e a s e  t h e  vapor p re s su re  

of Na. However, h igher  tempera tures  a l s o  produce a more dense,  

g l a s sy  appearing r e a c t i o n  product ,  which might dec rease  t h e  

o v e r a l l  d i f f u s i o n  r a t e  a c r o s s  t h e  c r u s t .  I t  is noted t h a t  

pure NaF m e l c s  a t  995 C ,  and even h igher  temperatures  may be 

a t t a i n e d  loca!ly. 

Higher temperatures  (> 60OoC) favor  deccmposition of Na2SiF 

which is an undes i rab le  by-product because i t  consumes SiF  

The y i e l d s  of S i  should be g r e a t e r  a t  h igher  r e a c t o r  tempera- 

t u : e s  because less  SiF is thus  consumed. 

A t  t h e  h ighes t  r e a c t o r  temperature  s tud ied  (6OO0C), some Na 

vapor condensed on t h e  coo le r  walls of t h e  r e a c t o r .  I t  con- 

densed as d r o p l e t s  which appa ren t ly  d id  not  r e a c t  ccjmpletely 

wi th  SiF4,  because they were a t  a low temperature  (2200 C ) ,  

and probably because R p r o t e c t i v e  c r u s t  formed. 

4 

0 

6' 

4 '  

4 
0 

0 
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0 The r e a c t o r  w a l l s  must be s u f f i c i e n t l y  ho t  (at least lSO°C) 

to  induce t h e  r e a c t i o n  of t h e  added Na. 

heated only  t h e  bottom of t h e  r e a c t o r  t o  i n i t i a t e  t h e  SfF4-Na 

r e a c t i o n  and depended on t h e  h e a t  o f  t h e  r e a c t i o n  to  s u s t a i n  

t h e  temperature.  I n  some cases, added Na would no t  react i f  

t h e  temperature  of t h e  r e a c t i o n  products  cooled,  e.g., because 

N a  w a s  added t o o  slowly o r  too f a s t .  Curren t ly ,  t h e  reactor 

is heated a long  its length ,  so t h a t  coo l ing  below a s e l e c t e d  

temperature  w i l l  no t  occur .  

I n  e a r l y  runs ,  we 

As p a r t  of t h e  opt imiza t ion  s t u d i e s ,  t h e  amount of by-product N a  S iF  2 6  
is being s tudied  by an  x-ray method. 

formed is inf luenced by the o u t s i d e  w a l l  temperature  of t h e  reactor tube.  

With e x t e r n a l  hea t  provided t o  t h e  7 c m  i .d .  g l a s s  r e a c t o r ,  t h e  temperature  

a t  t h e  r e a c t i o n  zone l e v e l  ranged from 4OO0C t o  6OO0C, and t h e  Na2SiF6 w a s  

less than 10 w t  pet .  Without e x t e r n a l  h e a t ,  t h e  wa l l  temperature  ranged 

between 2OO0C and 25OoC and N a  S iF  

r eac to r  w a l l  was a i r  cooled,  t h e  w a l l  temperature  was less than  100 C, and 

t h e  Na2SiF 

a l s o  determined t h a t  t h e  amount of Na2SiF 

of t i m e  between Na a d d i t i o n s .  

t h e  formation of 1 5  w t  p c t  (o r  g r e a t e r )  Na2SiF 

produced less than 10  w t  pc t .  

formation w i l l  be s tud ied  wi th  t h e  new 7 c m  i . d .  Inconel  r e a c t o r .  

'ine r e s u l t s  show t h a t  t h e  amount 

ranged from 10 to  20 w t .  p c t .  When t h e  
0 

2 6  

content  of t h e  products  ranged from 20 to 30 w t  p c t .  i t  w a s  6 
formed increased  wi th  t h e  ieug:h 

I n t e r v a l s  g r e a t e r  than  6 minutes  r e s u l t e d  i n  
6 

Shor t e r  i n t e r v a l s  (2-3 min) 

The e f f e c t s  of higher  temperature  on Na SiF  
6' 

2 6  

A r e a c t o r  has  been cons t ruc ted  t o  scale up t h e  SiF -Na r e a c t i o n  by a 

fac tor  of about 4, t o  produce about 0.5 Kg S i  per  run. The o u t e r  r e a c t o r  

wal l  is  a Pyrex tube (15 c m  0 .d . ) .  

l i n e r  (15 cm 0.d. and 60 c m  h igh ) ,  wi th  a G r a f o i l  shee t  l i n e r  placed i n s i d e  

the  N i .  

and t o  inc rease  t h e  y i e l d  of r e a c t i o n  products  needed f o r  melt-recovery of 

S i .  

due  t o  adherence of r e a c t i o n  3roducts  t o  Gra fo i l .  I n  t h e  7 cm i . d .  r e a c t o r ,  

r eac t ion  products  adher ing  t o  t h e  G r a f o i l  V,ave t y p i c a l l y  amounted t o  20 w t .  

pc t .  of t he  t o t a l .  

4 

On t h e  i n s i d e  wa l l  is  a s h e e t  n i c k e l  

This l a r g e r  s c a l e  r e a c t o r  w i l l  b e  used t o  s tudy  scale-up des ign  

Also, t h e  l a r g e r  r e a c t o r  may decrease  t h e  problem of lowered y i e l d s  

8 



TASK 2 

MELT SEPARATION 

As mentioned in previous  r e p o r t s ,  w e  have demonstrated that t h e  Si 

and NaF produced by the  S iF  -Na r e a c t i o n  can be  sepa ra t ed  by hea t ing  t h e  

mixture  a t  temperatures  above t h e  mel t ing  p o i n t  of s i l i c o n .  During t h i s  

qua r t e r ,  w e s c a l e d u p  our mel t ing  system so t h a t  it can handle  s e v e r a l  k i l o -  

grams of r e a c t i o n  products .  

4 

A small induct ion  furnace  was used t o  check new des igns  and improve- 

ments be fo re  they  were implemented i n  our  large r e s i s t a n c e  furnace.  

furnace  can accommodate a s m a l l  g r a p h i t e  susceptor  c r u c i b l e  (2.5 cm o.d., 

10 cm long) and can be heated t o  150OoC i n  an Ar atmosphere i n  1 0  t o  15 

minutes. To understand t h e  behavior  of NaF dur ing  melt ing,  a serie- of  

experiments was performed i n  t h e  small furnace.  NaF v o l a t i l i z a t i o n  w a s  

s tud ied  because i t  is r e l evan t  t o  t h e  melt  s epa ra t ion  of t he  Si-NaF mixture.  

For example, i n  t h e  l a r g e  s c a l e  furnace,  l a r g e  amounts o f  NaF vapors  might 

depos i t  on t h e  coo le r  w a l l s  of  t h e  g raph i t e  p i p e  through which t h e  mixture  

of r e a c t i o n  products  if f ed ,  causing plugging. 

t i o n  furnace  i n d i c a t e  that t h e  r a t e  of evaporat ion w a s  2.8 mg 
measured by weight loss for NaF heated t o  t h e  mel t ing  temperature of s i l i c o n  

(141OoC) f o r  1 hour. 

pc t .  of t h e  i n i t i a l  weight of NaF. Thus, t h e  evaporat ion of NaF should not  

present a major problem a t  temperatures up t o  1410 C. 

The 

Tests with t h e  small induc- 

hr-' as 

This  r a t e  is equiva len t  t o  a loss of less than 2 w t .  

0 

When WaF w a s  melted i n  t h e  small g r a p h i t e  c r u c i b l e  and subsequent ly  

The con tac t  a r g l e  of NaF on g r a p h i t e  a t  14OO0C 

cooled, i t  shrank 5% with  r e spec t  t o  t h ?  melt  diaineter and w a s  e a s i l y  re- 

moved from the  c ruc ib l e .  

was determined by observing a s e s s i l e  drop of molten NaF en a g r a p h i t e  

platform.  The con tac t  ang le  w a s  approximately 60 , i n d i c a t i n g  t h a t  t h e  

NaF does not  r e a d i l y  wet t h e  g r a p h i t e  su r face .  

0 
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Scanning e l e c t r o n  microscopy was used to examine t h e  s u r f a c e  of gra-  

p h i t e  that had been i n  con tac t  w i t h  l i q u i d  NaF. C r y s t a l s  and also frozer,  

s p h e r i c a l  d r o p l e t s  of NaF were observed (F igure  4a) and t h e s e  tended t o  

concent ra te  a long  rough areas produced du r ing  machining of  t h e  g r a p h i t e  

c r u c i b l e  (Figure 4b). 

Also, NaF which had condensed and s o l i d i f i e d  from vapor onto  a smooth, 

cool  G r a f c i l  s u r f a c e  formed d r o p l e t s  whose con tac t  ang le  wi th  t h e  g r a p h i t e  

w a s  aiways less than  90 (F igure  S), again  i n d i c a t i n g  very  poor we t t ing  of 

t h e  G r s f o i l  by  NaF. 

0 

On t h e  b a s i s  of t h e s e  pre l iminary  s t u d i e s ,  i t  w a s  concluded t h a t  NaF, 

by i t s e l f ,  w i l l  not  s i g n i f i c a n t l y  a t t a c k  g r a p h i t e  c o n t a i n e r s  a t  temperatures  

near  t h e  mel t ing  po in t  of Si. 

A s  p a r t  of our  scale-up work, a 2 i n .  diameter  F a i r c h i l d  s i l i c o n - c r y s t a l  

growing furnace  has  been modified :o m e l t  t h e  S iF  -Na r educ t ion  products  

(Figure 6). The fu rnace  c o n s i s t s  b a s i c a l l y  of a water-cooled c y l i n d r i c a l  

hea t ing  chamber (A),  a water-cooled cover (B), and a gas  s o l i d  f eede r  (C) 

connected t o  t h e  hea t ing  chamber through a p o r t  on t h e  upper s e c t i o n  of t h e  

cover. A 40 kw power supply (D), a gas  supply system and a vacuum syscem 

c o n s t i t u t e  t h e  rest of t he  appara tus .  

4 

The c y l i n d r i c a l  hea t ing  chamber of  t h e  furnace ,  shown i n  F igure  7,  

conta ins  a g r a p h i t e  r e s i s t a n c e  h e a t e r  (A) (8 i n .  i . d . ,  8 i n .  l eng th ) ,  f i r e  

concent r ic  Mo hea t  s h i e l d s  (B) enclosed i n  a gas- t igh t ,  water-cooled, 

s t a i n l e s s  steel chamber (C), and a g r a p h i t e  c r u c i b l e  (D) placed i n s i d e  t h e  

hea te r  and jo ined  by a gcaphi te  l i d  t o  t h e  g r a p h i t e  p ipe  (E) .  

is enclosed by t h e  cover (F),  which s l i d e s  down and makes t h e  chamber gas  

t i g h t  by means of an  O-ring (G).  

The ensemble 

F igure  8 shows t h e  cover of t h e  hea t ing  chamber and t h e  f eede r .  The 

tipper p a r t  of t h e  c o r e r  has two c i r c u l a r  p o r t s  (4 i n .  diam). One of t h e  

p o r t s  (A) is connected t o  a v e r t i c a l  tube  down which t h e  r e a c t i o n  products  

a r e  fed ,  and t h e  o the r  has  a g l a s s  window t o  observe t h e  i n s i d e  of t h e  
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chamber (B).  The v e r t i c a l  feed tube (C) c o n s i s t s  of  a 4 i n .  water-cool& 

s t a i n l e s s  s teel  p ipe  a t t a c h e d  on top  t o  a 5-way, 4 i n .  c r o s s  ( D ) .  The top 

of t h i s  c r o s s  has  a g l a s s  window (E) t h a t  a l lows  d i r e c t  o p t i c a l  temperature 

reading. 

a c t i o n  product f eede r  (F) ( t h i s  is similar t o  t h e  one desc r ibed  i n  Quarts-ly 

Report No. l l ) ,  and another  is a t t ached  t o  t h e  S iF  gas  i n l e t .  The f r o n t  

p o r t  ( G )  has a window t o  observe the r e a c t i o n  products  as they are fed 

through t h e  lateral  p o r t s .  

of t h e  g r a p h i t e  p ipe  provide a gas seal a g a i n s t  t h e  inne r  wal l s  of t h e  

v e r t i c a l  feed tube.  During ope ra t ion ,  r e a c t i o n  p roduc t s  (RP) are fed  from 

4 (F) through (C) i n t o  t h e  g r a p h i t e  c r u c i b l e .  The RP are kep t  under an SiF 

atmosphere t o  consume unreacted Na t h a t  may be  p r e s e n t .  The h e a t e r  chamber 

is kept under an A r  flow. Gas p res su res  f o r  S iF  and A r  are kep t  a t  n e a r l y  

1 atm, and A r  is leaked continuously through t h e  vacuum pump (H) .  

a re  measured and c o n t r o l l e d  by a va lve  flow meter arrangement (I) .  

One la te ra l  p o r t  of the c r o s s  is connected t o  t h e  h o r i z o n t a l  re- 

4 

Two O-rings placed on t h e  upper e x t e r i o r  f a c e  

4 
Gas flows 

The melt ing sx ’ s t em h a s  a capac i ty  t o  melt up t o  about 5 kg of r e a c t i o n  

product pe r  batch,  t o  produce about 0.5 kg of s i l i c o n .  

The f i r s t  experimental  run i n  t h i s  l a r g e  furnace was a sca l ed  up ver- 

s i o n  of  t h e  NaF v o l a t i l i z a t i o n  and NaF-graphite con tac t  a n g l e  experiments 

previously run i n  the small  RF induc t ion  furnace.  I n  t h e  l a r g e  s c a l e  ex- 

periment, 0.5 kg of NaF was loaded i n  t h e  g r a p h i t e  cup and heated t o  1200°C 

to  melt t h e  sa l t .  The m e l t  temperature was then r a i s e d  t o  and maintained 

a t  14OO0C f o r  30 min. 

and i n t e r f e r e d  wich pyrometric temperature measurements, t hey  d i d  not pro- 

duce any a p p r e c i a b l e  build-up or  c r u s t  on t h e  wal ls  of t h e  feeding pipe.  

The s o l i d  c y l i n d e r  of NaF obtained a f t e r  cool ing had 5% smaller diameter 

than t h e  c r u c i b l e  i . d . ,  and could be e a s i l y  s l i p p e d  o u t  of t h e  c r u c i b l e ,  

confirming t h e  nonst icking c h a r a c t e r i s t i c s  of NaF on g r a p h i t e .  

Although NaF vapors (condensed fume) were v i s i b l e  

A ba t ch  (0.85 kg) of Si-NaF mixture  (1:4 mol r a t i o )  was prepared from 

components (not  r e a c t i o n  product) and was a l s o  melted i n  t h e  l a r g e  furnace.  

The mixture  was fed from t h e  r e a c t o r  f eede r  i n t o  the  c r u c i b l e ,  which 
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contained a s t a r t i n g  bed of 0.5 kg of  NaF a t  llOO°C. 

was fed  cont inuously i n  small amounts (approximately 50 gram) over a per iod 

of 10 min. 

w a s  then increased t o  147OOC (+2OoC) - and held f o r  5 min. Af t e r  coo l ing ,  

t h e  s o l i d  was e a s i l y  s l i p p e d  out  of t h e  g r a p h i t e  c r u c i b l e ,  which had been 

l i n e d  wi th  an inne r  G r a f o i l  sheath.  

with a l l  t h e  S i  agglomerated a t  t h e  bottom of t h e  c r u c i b l e  and t h e  NaF i n  

an upper layer (Figure 9a) .  

The Si-NaF mixture  

The melt was maintained a t  l l O O ° C  f o r  30 min. The temperature 

A c l e a n  phase s e p a r a t i o n  was observed, 

Scanning e l e c t r o n  microscopy wi th  XES Scan (20X, Figure 9b) shows t h e  

Si-NaF i n t e r p h a s e  wi!-h some S i  which has  not  y e t  coalesced i n t o  t h e  b i g  

pool.  This information i s  c o n s i s t e n t  with t h e  mechanism p rev ious ly  r e p o r t e d ,  

by which i n d i v i d u a l  g r a i n s  start t o  f u s e  with each o t h e r  through b r i d g e  

formation (Quarter ly  Report 1 2 ) .  The amount of i s o l a t e d  S i  w a s  es t imated 

t o  be  less than 1% of t h e  t o t a l  amount of S i ,  even f o r  b r i e f  me l t ing  t imes 

(15 min). 
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