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TASK 1 

SiF4-Na REACTION: SOLID Na FEEDING 

Introduction 

Optimization studies have been carried out for the SiF -Na reaction 4 
with solid Na feed. The goals of the studies were 

a 

The gathering of relevant information needed to scale-up 
The consistent production of high purity reaction products 

the reactor. 

During the last quarter, the SiF -Sa reaction has consistently yielded 4 
reaction products whose impurity content was always below the detectability 
limits of emission spectrographic analysis. 

the pyrex SiF Na reactor, which was lined with a Ni foil sheath (0.01 inch 
thick) to provide a mechanical support, and an inner Grafoil sheath 
(0.01 inch thick) 

Ni. The reaction products from eleven different runs were analyzed by 

emission spectrography as a routine quality control measure. Calcium was 

the only detectable impurity (20 to 200 ppm by weight). 

Solid Na slices were fed into 

4- 

to avoid contamination of the products by contact with 

Parallel to the prcduction of pure reaction products, an effort has 
been made to obtain information suitable for the scale-up of the process. 

Parameters were studied in order to optimize the process. The goals were: 
0 To decrease percentage of unreacted Na 
0 To decrease percentage of produced Na SiF 

0 To increase overall Si production rate. 
2 6  

During this quarter, efforts have focused primarily on reducing the 
percentage of unreacted Sa remaining on the reaction r -oducts. Several 
parameters that affect the amount of unreacted Sa havl been identified 

and studied. Briefly, they are: 

4 0 Pressure of SiF 
0 Size of Na slice 

1 



0 

0 

0 Temperature of o u t s i d e  w a l l s  of r e a c t o r .  

Geometry of  Sa s l ice  and s u r f a c e  ox ida t ion  s ta te  of Na 

Rate of a d d i t i o n  -- number of sl ices added p e r  time 

From previous  informat ion  obta ined  i n  s i n g l e  ba t ch  experiments ,  w e  

know t h a t  as t h e  p r e s s u r e  of  S i F  i n c r e a s e s ,  t h e  amount of unreacted Na 

decreases .  We have t h e r e f o r e  used SiF4 p res su rzs  arolmd I g t - .  t'1e 1-3::- 

imum s a f e  l i m i t  f o r  t h e  p re sen t  pyrex r e a c t o r .  

p r e s s u r e s  have been s t u d i e d  i n  a s t a i n l e s s  s tee l  r e a c t o r ,  f o r  s i n g l e  ba t ch  

esperiments .  The r e a c t i o n  products  ob ta ined  with S iF  p res su res  up t o  

10 a t m  were similar t o  t h a t  ob ta ined  a t  1 atm. 

p res su res  cn  t h e  c h a r a c t e r i s t i c s  of  t he  r e a c t i o n  products  when Na is 

used, w i l l  be s t u d i e d  i n  a s t a i n l e s s  s tee l  r e a c t o r  presentLy under con- 

s t r u c t i o n .  Each one af t h e  o t h e r  parameters  mentioned above has been 

va r i ed  under c o n t r o l l e d  cond i t ions  i n  o rde r  t o  i s o l a t e  t h e i r  i n d i v i d u a l  

e f fec ts  on t h e  r eac t ion ,  as d i scussed  i n  t h e  fo l lowing  s e c t i o n s .  

4 

The e f f e c t s  of  h ighe r  

4 
The e f f e c t s  of h igh  SiF4 

E f f e c t  of Sur face  t o  Volume - -- Rat io  of Na S l i c e s  on t h e  Extent  of React ion 

The ch ie f  r e s u l t  of  vary ing  t h e  r a t i o  w a s  t h a t  t h e  amount of unreac ted  

Na decreased wi th  i n c r e a s i n g  s u r f a c e  t o  volume r a t i o  of t h e  Na slices. 

The s u r f a c e  t o  volume r a t i o  w a s  c o n t r o l l e d  by c u t t i n g  Na s l ices  of d i f -  

f e r e n t  t h i ckness  from a Na c y l i n d e r  (6 cm. d iameter ) .  The slices were 

fed  t o  a G r a f o i l - n i c k e l  l i n e d  7 cm i . d .  g l a s s  r e a c t o r .  All o t h e r  v a r i a b l e s  

except  e x t e r n a l  hea:ing were maintained e s s e n t i a l l y  cons t an t  f o r  t h e s e  

s t u d i e s .  Both t h e  upper and lower va lues  of t h e  amount of unreacted Sa 

are sho-vn i n  Table 1 t o  i n d i c a t e  t h e  he te rogenei ty  of t h e  r e a c t i o n  product .  

2 



Table  1 

EFFECT OF SURFACE TO VOLUME RATIO OF Ka SLICES 

ON AMOUNT OF Na UNREACTED (CYLINDRICAL SLICES) 

S l i c e  
Thickness  Sur face  -1 (cm ) (cm) frolume 

0 . 3  5 .7  

Weight :: Na i n  React ion Products  

2-4, 3-5, 2-8 

0.6  :.5 5-7, 3-5, 2-18, 9-20, 5-11 

1 . 3  1.9 >20 
- - ~  - 

Table 1 shows t h a t  t h e  amount of unreac ted  Sa decreases  when t h e  

t h i c k n e s s  of s l ices  is reduced. A similar tendency can  be  observed f o r  

quadrant  ( p i e  shaped) s l ices ,  Table 2 ,  obta ined  by d i ame t ra l  c u t t i n g  of 

t h e  c y l i n d r i c a l  s l ices .  

Table  2 

EFFECT OF SURFACE TO VOLUME RATIO ON 

AMOUNT OF UNREACTED Na (QUADRANT SLICES) 

S l i c e  
Thickness  Sur face  

(cm) Volume Weight % Na i n  React ion Products  (cm-’) 

0.6 3.9 3-9 

1.3 z .  9 

1.8 2.1 

q.5, 1-10 

20 

I t  was concluded t h a t  f o r  Na s l i c e s  c u t  i n  a i r ,  t h e  s u r f a c e  t o  volume 
-1 r a t i o  must be g r e a t e r  than 3 cm i n  o r d e r  t o  o b t a i n  less than  10 weight 7; 

unreac ted  Na i n  t h e  mixed product  NaF and S i .  Fu r the r  i n t e r p r e t a t i o n  of 

t h e s e  r e s u l t s  will be  p o s s i b l e  when d i f f e r e n t  d iameter  of  s l i c e  t o  d iameter  

of r e a c t o r  r a t i o s  are s t u d i e d .  

3 



E f f e c t  of Na Surface  Oxidation on t h e  Extent  of React ion 

Good conversion w a s  obtained wi th  Na c u t  i n  a i r  w i t h  no s p e c i a l  pre- 

c a u t i o n s  i f  i t  was immediately u s e d  i n  t h e  r e a c t o r .  

The presence of a s u r f a c e  oxide  l a y e r  on Na was of concern,  s i n c e  i t  

was be l ieved  t o  reduce t h e  e f f e c t i v e  s u r f a c e  area a v a i l a b l e  f o r  t h e  SiF4-Na 

r e a c t i o n .  To s tudy  t h e  e f f e c t  of Na o x i d a t i o n  on t h e  e x t e n t  of r e a c t i o n  

w i t h  SiF4, Na slices w i t h  d i f f e r e n t  degrees  of o x i d a t i o n  were fed  t o  t h e  

SiF4-Na r e a c t o r .  

exposed t o  a i r  f o r  approximately 10 and 30 minutes.  A s  a c o n t r o l ,  Na was 

a l s o  s l i c e d  i n  a n  argon atmosphere and r a p i d l y  t r a n s f e r r e d ,  under an  a r g m  

flow, t o  t h e  r e a c t o r .  Table  3 shows t h e  amount of unreacted Na i n  t h ?  re- 

a c t i o n  products  ob ta ined  from each type of ox id ized  Na. 

To o b t a i n  d i f f e r e n t  ox ide  t h i c k n e s s e s ,  Na s l ices  were 

Table  3 

EFFECT OF Na SURFACE OXIDATION ON 

PERCENTAGE OF UNREACTED Na ( C y l i n d r i c a l  Slices,  0.6 c m  Thick) 

Weight % Na I n  
Oxidation State  Reaction Products  

Light  Oxidat ion (Na c u t  i n  Ar) 5-11 

Normal Oxidat ion (Na exposed t o  
a i r  f o r  ~ 1 0  rnin) 2.3-11,9-20,5-11 

Heavy Oxidat ion (??a exposed t o  
a i r  f o r  20-30 min) > 20 

From t h e  information i n  Table 3 ,  it  was decided t h a t  t h e  N a  s l i ces  

can be c u t  i n  a i r  without  apprec iab ly  changing t h e i r  r e a c t i v i t y  i f  they 

a r e  loaded i n t o  t h e  r e a c t o r  w i t h i n  about  10 minutes.  The use  of an i n e r t  

atmosphere f o r  t h e  cut-l?ad o p e r a t i o n  does not  seem t o  produce any appre- 

c i a b l e  improvement ( i .e .  decrease)  i n  t h e  amount of  Na l e f t  unreacted.  

To g e t  a q u a l i t a t i v e  idea of t h e  n a t u r e  of t h e  s u r f a c e  oxide formeJ 

during t h e  Na c u t t i n g  and loading,  Na s l i c e s  of known s u r f a c e  a r e a  were 
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exposed t o  room a i r ,  and t h e i r  weight change w i t h  time was recorded 

(Figure 1). 

been i n i t i a l l y  exposed t o  a i r  and cont inued f o r  35 minutes.  

time range, t h e  weight i n c r e a s e  v i t h  t i m e  was l i n e a r .  

The weight measurments s t a r t e d  1 minute a f t e r  t h e  Na had 

Within t h i s  

The l inear behavior  shown i n  F i g u r e  1-a, t o g e t h e r  w i t h  t h e  microscopic  

observa t ion  of p o r o s i t y  i n  t h e  oxide ,  i n d i c a t e s  t h a t  t h e  Na oxide  l a y e r  

formed is nonprotect ive.  

The order  of magnitude of t h e  t h i c k n e s s  of t h e  oxide  l a y e r  was esti- 

mated by assuming its p o r o s i t y  t o  b e  approximately 50%, which carresponds 

t o  an  apparent  d e n s i t y a f  approximately 1 gcm . This  va lue ,  t h e  i n i t i a l  
2 s u r f a c e  area of t h e  N a  s l ices  (51 cm ), and t h e  d a t a  from Figure  1-a 

allowed u s  t o  estimate t h e  th ickness  of  t h e  oxide  l a y e r  as a func t ion  of 

t i m e  (Figure 1-b) . 

-3 

S i n c e  t h e  oxide  l a y e r  formed on t h e  Na s u r f a c e  was observed t o  be 

porous and nonprotec t ive ,  one would expect t h a t  t h e  time of t h e  exposure 

t o  a i r  should not  a f f e c t  g r e a t l y  t h e  rate o r  e x t e n t  of t h e  SiF4-Na r e a c t i o n .  

The f a c t  t h a t  i t  d i d  a f f e c t  t h e  e x t e n t  of t h i s  r e a c t i o n  was probably due t o  

t h e p r e s e n c e  of H o i n  t h e  Na oxide  l a y e r .  

o r a t o r y  air ,  not  only Na20, but  NaOH and Na CO a r e  a l s o  formed. Further-  

more, t h e  NaOM w i l l  r e a d i l y  absorb H20. I n  t h e  r e a c t o r ,  when S i F 4  c o n t a c t s  

t h e  "wet" NaOH, i t  produces S i 0  and NaF. The SiO2* formed as a g e l ,  may 

"plug" t h e  porous p a t h  t o  t h e  f r e s h  Na s u r f a c e  and, a s  a consequence, t h e  

i n i t i a l  ra te  of r e a c t i o n  may be decreased and t h e  r e s i d u a l  N a  increased ,  

When N a  is exposed t o  t h e  lab-  

2 3  

2 

2 

E f f e c t  of External  Heating on t h e  Extent  of SiF,-Na Reaction 
V 

It was determined t h a t  t h e  temperature  maintained a t  t h e  e x t e r n a l  wall 

of t h e  pyrex r e a c t o r  d id  not  i n f l u e n c e  t h e  c h a r a c t e r i s t i c s  of t h e  r e a c t i o n  

products .  The r e a c t o r  was run i n  two b a s i c  modes, s e l f - s u s t a i n i n g ,  and ex- 

t e r n a l  hea t ing .  I n  t h e  s e l f - s u s t a i n i n g  mode, t h e  temperature  of t h e  o u t s i d e  

wall of  t h e  r e a c t o r  was due s o l e l y  t o  t h e  h e a t  generated by t h e  reaction 
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itself. At the reaction zone, the average temperature reached on the 

outside wall was 30OoC. 

tant feed, the hot region moved upwards with the reaction zone. The 
temperature of the already generated reaction products decayed exponen- 

tially LO room temperature. 

A s  the products built up with continued reac- 

For the external heating mode, the outside walls of the reactor were 
At the reaction zone maintained at approximately 4OO0C by heating tapes. 

level, the temperature rose to 6C?OC, at which level the tapes were turned 

off temporarily. 

glass reactor. 
ture, the reaction products would be kept hotter for a longer time. 
a more complete reaction would be attained. However, the experimental 

results summarized in Table 4 indicate that the external heat does not 
change significantly the amount of unreacted Na present in the reaction 

products for the limited temperature range explored with the glass reactor. 

The upper limit of 6OO0C was imposed by the use of a 

It was expected that, by increasing the outside tempera- 
Thus, 

Table 4 

EFFECT OF EXTERNAL HEATING ON AMOUXT OF Na UNREACTED 

(Cylindrical Slices, 0 . 6  cm Thick) 

Heating Mode 

Self-sustaining 
External Heat ,ng 

Weight % Na In 
Reaction Products 

3-5,5-11 
5-7,2-18,5-11,2.5-11 

In Table 4 ,  the range indicates the variation obtained with at least 

eight randomly selected samples taken from the reaction products of each 

experiment. The total weight of products in each run was usually about 
0.5-1.0 kg. 

Effect of Na Slice Addition Rate on the Extent of Reaction 

It has been found that the content of unreacted Na in the reactioi, 
products is strongly cor re l a t ed  with the number of  s l i c e s  d r o p p e d  into 

7 



* 
t h e  r e a c t o r  during each Na add i t ion .  

S i F  N a  r e a c t o r ,  two or more Na slices could be fed  a t  t h e  same time. 

Figure 2 shows t h e  c o r r e l a t i o n  of albtunt of unraacted Na and average 

number of slices added a t  a t i m e ,  u s ing  slices of 0.4 cm t h i ckness .  

c o r r e l a t i o n  i n d i c a t e s  t h a t  t h e  mass of  Na per  a d d i t i o n  is a key f a c t o r .  

Addi t iona l  s t u d i e s  i n d i c a t e  t h a t  t h e  products  ob ta ined  when s e v e r a l  slices 

are fed  pe r  a d d i t i o n  are similar t o  those obta ined  when a s i n g l e  sl ice of 
equal t o t a l  volume is added. This similar behavior  occurs  because t h e  Sa 

s l i c e s  melt t o  form a common pool  b e f o r e  r eac t ing .  

With t h e  s i d e  ann feed  of t h e  

4- 

The 

S i F  Na Reaction: High P res su re  Experiments 4- 

A new SiF4 feeding  system has been b u i l t  f o r  s i n g l e  ba t ch  s t u d i e s  of 

t h e  SiF  Na r e a c t i o n  a t  p re s su res  g r e a t e r  than 1 a t m .  The SiF is de l ive red  

from a high p res su re  (3000 ?si) t ank  to  t h e  s t a i n l e s s  steel r e a c t o r  through 

an a l l  s t a i n l e s s  steel l i n e  (Figure 3). Included i n  t h e  l i n e  are a f i l t e r ,  

a cons tan t  p re s su re  r egu la to r ,  a secondary s t o r a g e  c y l i n d e r  t o  condense 

excess  S i €  

4- 4 

and necessary va lves  and p r e s s u r e  gauges. 4’ 
I n  t y p i c a l  opera t ion ,  t h e  r e a c t o r  was loaded with a X i  or A 1  0 2 3  

c r u c i b l e  conta in ing  5 grams of Sa. 

of Cu gaske ts ,  and i t  vas evacuated through V3 and V4. The r e a c t o r  was 

heated under v a c u k  u n t i l  t h e  Na tempereture  reached approximately 25OoC. 

A t  t h i s  po in t ,  vacuum va lve  (V3) w a s  c losed  and S i F  was allowed i n t o  the  

r e a c t c r  by opening the  high-flow ba l l -va lve  (V2). 
va lve  was necessary t o  reach p res su re  equi l ibr ium betveen t h e  cy l inde r  

source and the r e a c t o r  almost i n s t a n t a e o u s l y .  S ince  t h e  volumes of t h e  

r e a c t o r  and the cy l inde r  were almost i d e n t i c a l ,  t h e  i n i t i a l  r e a c t i o n  pres- 

s u r e  was approximately ha l f  of t h e  p re s su re  in t h e  c y l i n d e r  mzasured a t  

PG 1 (Figure 3 ) .  

The r e a c t o r  was made gas t i g h t  by means 

4 
The u s e  of t h i s  high-flow 

The f i rs t  SiF -Na r e a c t i o n ,  operated a t  2 atm of SiF4,  y i e l d e d  r e a c t i o n  4 
products  similar t o  those  obta ined  i n  runs a t  1 atm. B very hard,  porous 

grey c r u s t  was obta ined ,  and less Na than SZ by weight was l e f t  unreacted 

*Quar t e r ly  Report-No. 11. 
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(see Figure  4-a). 

as 8 a t m  (as shown i n  Figure  6-b) are also similar i n  morphology and 

composition to  those  obtained at 1 a t m .  

ments, it seems evident  t h a t  t h e  i n c r e a s e  i n  S iF  

does not  r e s u l t  i n  a change of type of r e a c t i o n  products.  

p ressur ized  reactor s t u d i e s  -ve been c u r t a i l e d .  The r e s u l t s  are 
f o r t u n a t e  i n  t h a t  1 a t m  ope ra t ion  is p r a c t i c a l l y  convenient.  

The r e a c t i o n  products  ob ta ined  at p res su res  as high 

From t h e s e  single batch  exper i -  

p re s su re  above 1 a t m  4 
Accordingly,  
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TASK 2 

HELTING 

An i n v e s t i g a t i o n  has  been made of t h e  p o s s i b l e  r o l e  played by NaF 

as a f lux ing  agent  du r ing  t h e  s e p a r a t i o n  of s i l i c o n  by me l t ing  of t h e  

r e a c t i o n  product ( S i  + NaF) mixture .  In  a f i r s t  series of  experiments ,  

m e t a l l u r g i c a l  g rade  s i l i c o n  w a s  mixed wi th  NaF (S i :  NaF:: 1:4 mol r a t i o ) .  

A t h i n  (0.4 ~ m )  ox ide  l a y e r  w a s  thermal ly  grown on t h e  S i  t o  s imula t e  a 

worst  case of r e a c t i o n  products  exposed t o  a i r .  The mixture  of S i  and 

NaF w a s  loaded i n  a g r a p h i t e  boa t  and hea ted  a t  tempera tures  below and 

above t h e  me l t ing  p o i n t s  of  NaF ( 9 9 8 O C )  and of S i  (1410OC). 

served t h a t  no s u b s t a n t i a l  changes occurred below t h e  mel t ing  pb in t  of 

SaF. Above 1000 C,  molten NaF wet ted t h e  s i l i c o n  g r a i n s  and promoted 

s i n t e r i n g  a t  around 136OOC (Figure  5a ) .  The a n a l y s i s  by x-ray energy 

spectrometry (XES) of t h e  wh i t e  areas (Figure  5-b) showed t h e  presence 

of N a ,  S i  and F. XES of t h e  da rk  areas showed only  Si. 

I t  w a s  ob- 

0 

In  o rde r  t o  o b t a i n  a o r e  d e t a i l s  of t h e  e f f e c t  of t h e  NaF on t h e  

s u r f a c e  s i l i c o n  oxide ,  mixtures  of NaF and s i l i c a  gel were s tud ied ,  us ing  

S i 0  g e l  i n  l a r g e  amounts as  compared wi th  t h e  n a t u r a l l y  l i m i t e d  t h i n  2 
l a y e r  of Si0 on Si. The NaF-Si0 g e l  mix tures  were heated f o r  10 n i n u t e s  

t o  temperatures  ranging from 200 t o  1500 C. The products  were quenched 

and x-ray analyzed.  No i n t e r a c t i o n  w a s  observed a t  temperatures below 
0 0 800'C. Above 800 C ,  t h e  presence of c r i s t o b a l i t e  was de tec t ed  a t  865 C ,  

and tr icynite a t  1190 C. A t  1190°C, m a l l a d r i t e ,  a form of sodium f l u o s i l i -  

c a t e ,  w a s  a l s o  de tec ted .  Thernodynamic e s t ima t ions  based on e x t r a p o l a t i o n s  

of t h e  va lue  f o r  t h e  hea t  of formation of Na,SiF p r e d i c t  t h a t ,  indeed, 

Na SiF w i l l  be produced a t  t empera tures  above io00 C .  Furthermore,  t h e  

formation o t  t h i s  f l u o r o s i l i c a t e  according t o  

0 
2 

0 
2 

0 

* 
- 6 o  

2 6  

3Si02(s )  + 6NaF(;) -> 2Na Si0 (:) + Na3SiF6(s) 2 3  - 
is t h e  only poss ib l e  r eac t ion  between Si0,  and NaF wi th  a s u i t a b l e  free 

~~ 

L 
0 0 energy of formation i n  the  temperature  range from 1000 C t o  1400 C; f o r  

o --a Rcallmol.  1400- example, AG 
- 
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The presence  of m a l l a d r i t e  i s ,  t h e r e f o r e ,  c o n s i s t e n t  w i t h  both  

thermodynamic p r e d i c t i o n s  and t h e  informat ion  obta ined  by XES (F igure  5b).  

A mechanism through which NaF a c t s  as a f l u x  agent  can be  p o s t u l a t e d .  

Molten NaF a t t a c k s  t h e  S i02  s t r u c t u r e  by producing f l u o r o s i l i c a t e s  s o l u b l e  

i n  l i q u i d  NaF. As a consequence, t h e  p r o t e c t i v e  S i02  layer on t h e  S i  is 
d i s so lved ,  and t h e  now c l e a n  S i  s u r f a c e s  can i n t e r a c t  d i r e c t l y  on c o n t a c t ,  

forming b r i d g e s  between S i  p a r t i c l e s  ( F i g u r e  5a) .  A t  t empera tures  above 

t h e  mel t ing  poinis of S i ,  t h e s e  b r idges  m u l t i p l y  and grow u n t i l  f i n a l l y  

a l l  t h e  s i l i c o n  g r a i n s  condense i n t o  a s i n g l e  g lobule .  

is i n t e r r u p t e d  by quenching j u s t  b e f o r e  t o t a l  union, t h e  i n t e r p a r t i c l e  

vo ids  can still  be observed (F igure  6a) and whi t e  whiskers  (F igu re  6b) 

of corr.pounds con ta in ing  Si, Na and F (according t o  XES) can be  observed 

wi th in  those  voids .  I t  is probable  t h a t  t h e  whiskers  grew by condensa- 

t i o n  from a vapor phase i n  c a v i t i e s  remaining between incomple te ly  fused  

s i l i c o n  p a r t i c l e s .  The o r i g i n a l  s i z e  of t h e  s i e v e  f r a c t i o n  of crushed 

mg Si p a r t i c l e s  used is a l s o  shown i n  F igure  5a t o  i n d i c a t e  t h e  e x t e n t  

of s i n t e r i n g  and i n t e r p a r t i c l e  b r idge  formation. 

I f  t h i s  p rocess  

15 





TASK 3 

THERMITE 
* 

As repor ted  previous ly  s i l i c o n  can be produced by t h e  the rmi t e  

r e a c t i o n  between Na2SiF6 and N a .  

d iameter  and 1 cm t h i c k ,  were mixed wi th  sodium ' f l u o s i l i c a t e  powder 

( i n d u s t r i a l  grade)  and hea ted  t o  500°C i n  a c losed  r e a c t o r  t o  start t h e  

r eac t ion .  The d i s t r i b u t i o n  of  t h e  r e a c t a n t s  is expected t o  i n f l u e n c e  t h e  

rate of hea t  t r a n s f e r ,  r a te  of r e a c t i o n  propagat ion and completion of t h e  

r eac t ion .  We have i l i i t i s t e d  s t u d i e s  t o  ga the r  in format ion  on parameters  

which c o n t r o l  t h e  e f f i c i e n c y  of t h e  the rmi t e  r eac t ion .  

In t h i s  process ,  s l i c e s  of Na, 6 cm i n  

The purpose of t h e  f i r s t  set of experiments w a s  t o  determine what 

happens t o  t h e  N; when i t  is  hea ted  i n  t h e  presence of Ka S i F  

a t u r e s  below r e a c t i o n  " ign i t ion"  temperature  (4OOOC). Glass tubes  

( 1  cm i . d .  x 15 cm) were loaded wi th  a 2-cm high column of Na S i F  powder, 2 6  
on top  of  which was placed a Na rod (5  cm x 0.1 cm x 0.6 cm) surrounded by 

Na S i F  and, topping t h e  sandwich, another  2-cm high column of  t h e  f l u c r o s i l -  

icate powder. The g l a s s  t ube  w a s  evacuated and heated t o  s e l e c t e d  temper- 

a t u r e s .  

sodium remained i n  p l a c e  even a f t e r  mel t ing ( 9 8 O C ) .  

probably due t o  t h e  s u r f a c e  oxide  l a y e r  formed on t h e  Na metal when c u t  

i n  a i r .  

t he  oxide  l a y e r ,  oozed out  and s o l i d i f i e d  i n  growths t h a t  extended f o r  

approximately 1 t o  2 mm from t h e  o r i g i n a l  s u r f a c e  of t h e  Na (Figure  7a) .  

In  a second set  of t he rmi t e  mechanism experiments ,  a t  temperatures  

a t  temper- 2 6  

2 6  

Below t h e  4OO0C r e a c t i o n  " igni t ion"  temperature ,  most of t h e  

This  e f f e c t  is most 

However, some l i q u i d  N a  migrated along t h e  g l a s s  walls o r  broke 

above 5OO0C, t h e  the rmi t e  r e a c t i o n  takes p l ace  s o  f a s t  t h a t  w e  have not  

y e t  been a b l e  t o  "freeze" z p a r t i a l  r e a c t i o n  f o r  s tudy .  We have observed 

t h a t  t h e  Na migra tes  through t h e  a l r eady  formed r e a c t i o n  products  t o  meet 

t h e  Na2SiF 

segments. 

i n  one major d i r e c t i o n  w i t h i n  t h e  r r a c t z n t  mix. This  behavior  may be d u e  

l eav ing  behind void spaces  i n  t h e  shape of t h e  o r i g i n a l  Na 

We have a l s o  observed t h a t  t h e  the rmi t e  r e a c t i o n  t a k e s  p l a c e  
6' 
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to extreme localization of reaction when the first liquid Na breaks the 
oxide layer at one point. 
"pump" the Na towards the reaction zone, causing it to move in one direc- 

tion only. For example, Figure 7b shows that the reaction propagates 
either upwards or downwards from an identical starting configuration of 
react ants . 

The heat released by the rapid reaction may 
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