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ABSTRACT 

The thermal t ransformat ion  of  sodium bicarbonate  t o  

anhydrous sodium carbonate  was s tud ied  i n  an open system 

between 82°C and 9S°C by an x - r ay  powder d i f f r a c t i o n  method, 

The k i n e t i c  behavior  of t h i s  t ransformat ion  €or  f i n e l y  

ground ma te r i a l  can be ascr ibed  t o  the  "diminishing sphere" 

model ( l l f  o rde r ) .  In  t h e  t ransformat ion  process  an i n t e r -  

mediate s t a t e  lack ing  c r y s t a l l i n i t y  was observed. This  

s t a t e  i s  a t t r i b u t e d  t o  t h e  formation of numerous s u r f a c e  

n u c l e i  of anhydrous sodium carbonate .  
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Thermal methods have been employed by a num- 

ber of i nves t iga to r s  (1  and 2)  t o  s tudy the  decom- 

pos i t i on  of c r y s t a l l i n e  sodium bicarbonate.  The 

inves t iga t ions  using thermal gravimetr ic  ana lys i s  

and d i f f e r e n t i a l  thermal ana lys i s  suggest t h a t  the 

dehydration process f o r  sodium bicarbonate can be 

q u i t e  complex k i n e t i c a l l y .  

X-ray d i f f r a c t i o n  methods can be employed i n  

s o l i d  s t a t e  k i n e t i c s  t o  monitor the c r y s t a l l i n e  

q u a n t i t i e s  of the r e a c t a n t s ,  products,  and i n  c e r -  

t a i n  in s t ances ,  intennediates .  Quan t i t a t ive  da t a  

on the physical  s t a t e  of a s o l i d  s t a t e  r eac t ion  can 

be used t o  compliment chemically and thermally de- 

r ived information on the system. A n  x-ray study was 

i n i t i a t e d  on the termally induced decomposition o f  

c r y s t a l l i n e  sodium bicarbonate,  t o  l e a r n  more about 

the complexity of t h i s  react ion.  The prel iminary 

findings of t h i s  study a r e  he re - in  reported.  

EXPERIMENTAL 

Mater ia ls  : Samples of sodium bicarbonate 
1 (Reagent) grade ) were s ieved f o r  these s t u d i e s .  The 

f r a c t i o n  which passed through a number 140 s i eve  and 

r e t a ined  on a number 1 7 0  s i e v e  was used (s ieve openings 

a re  0.105 mm and 0.088 mm, respect ively ' ) .  

'J.T. Baker Chemical Co. ,  Phi l l i p sburg ,  N e w  J e r sey  

*Newark Instruments,  Inc. , Ful l e r ton ,  Ca l i fo rn ia  
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TRANSFORMATION OF SODIUM BICARBONATE 

Procedure: The procedure used i s  s i m i l a r  t o  t h a t  out-  

l i ned  i n  a previous paper (3) .  A sample i s  heated a t  

a p a r t i c u l a r  temperature i n  a s p e c i a l l y  constructed 

x-ray powder holder.  The x-ray d i f f r a c t i o n  p a t t e r n  

i n  c e r t a i n  two t h e t a  (28) and the  appearance of a peak 

a t  38.2 '  (ZQ) due t o  the  presence of anhydrous c rys t a -  

l l i n e  sodium carbonate were measured. These two 

peak were choosen f o r  t he  analysis  as  they do not 

overlap with any peaks i n  the  d i f f r a c t i o n  pa t t e rn  of 

the o the r ,  and they a r e  of s u f f i c i e n t  i n t e n s i t y  f o r  

q u a n t i t a t i v e  an lys i s .  Samples prepared with known 

amounts of  c r y s t a l l i n e  sodium bicarbonate and sodium 

carbonate (both reagent grade) showed t h a t  a l i n e a r  

r e l a t ionsh ip  e x i s t s  between t h e i r  f r a c t i o n a l  amount 

and the i n t e n s i t y  ( the i n t e n s i t y  being taken as h a l f  

the peak height times the peak width a t  the base l i n e )  

of the respect ive d i f f r a c t i o n  maxima. 

A Toshiba ADG-301 Diffpet x-ray diffractometer '  

equipped with a geiger-muller de t ec to r  was used f o r  t he  

measurements. The r ad ia t ion  used was Nickel f i l t e r e d  

Cu Ka. 
Studies were c a r r i e d  out between 82OC and 95OC 

(temperatures on the  bottom surface of  the powder bed).  

As pointed out i n  an e a r l i e r  report  ( 3 ) ,  the  surface 

~~~ ~ 

3Beckman Instruments, Inc. ,  Ful ler ton,  Cal i fornia  
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p a r t i c l e s ,  those i n  contact  with the  atmosphere, a r e  

approximately 10°C lower i n  temperature. The amount 

of  moisture and carbon dioxide i n  the  atmosphere 

above the  samples was not con t ro l l ed  i n  these  experi-  

ments (open system a t  room condi t ions) .  

RESULTS AND DISCUSSION 

Anhydrous sodium carbonate appeared t o  be t h e  

only c r y s t a l l i n e  ma te r i a l  formed under the condi t ions 

of the  experiments. There was no ind ica t ion  of  any 

c r y s t a l l i n e  hydrates o r  complex s a l t s  i n  the measured 

x-ray d i f f r a c t i o n  p a t t e r n s .  

The f r a c t i o n a l  amounts o f  bicarbonate  and carbo- 

na t e  i n  a sample maintained a t  9 3 O C  a re  shown i n  

Figure 1. The shapes of  t he  curves have s i m i l a r  

appearances a t  each of t he  temperatures s tud ied ;  only 

gradients  d i f f e r  s i g n i f i c a n t l y .  The t o t a l  quan t i ty  

of c r y s t a l l i n e  ma te r i a l  (es t imated as a sum of  the  

f r a c t i o n a l  amounts of c r y s t a l l i n e  carbonate and b i -  

carbonate) was l e s s  than 100 percent  a f t e r  t h e  r eac t ion  

is i n i t i a t e d .  The d e t e r i o r a t i o n  of  the sample c r y s t a l -  

l i n i t y  reaches a minimum and then continues t o  improve. 

After a l l  t h e  bicarbonate  i s  depleted t h e  c r y s t a l l i n e  

anhydrous sodium carbonate continues t o  appear. 

The sodium bicarbonate d i f f r a c t i o n  m a x i m a  were 

found t o  e x h i b i t  s i g n i f i c a n t  l i n e  broadening. 

extent  of t he  breadening of  t h e  peaks suggests t h a t  

The 
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numerous small c r y s t a l l i t e s  of  carbonate were forming. 

This i n  t u rn  i s  a good ind ica t ion  t h a t  t he  i n t e r -  

mediate nonc rys t a l l i ne  phase (non-d i f f r ac t ing )  is  

a c t u a l l y  small  n u c l e i  of  anhydrous sodium carbonate.  

P a r t i c l e s  which a r e  l e s s  than c m  i n  s i z e  would 

not be expected t o  give r i s e  t o  t y p i c a l  x-ray powder 

p a t t e r n s ,  but t o  a d i f f u s e  continuous background ( 4 ) .  

The r a t e  of  bicarbonate  disappearance seems 

t o  proceed v i a  su r face  con t ro l l ed  k i n e t i c s .  This i s  

seen i n  the adherence of t h e  d a t a  t o  cube root  

k i n e t i c s  (diminishing sphere model) ( 5 1 .  Figure 2 

shows the cube root  of the f r a c t i o n  of bicarbonate 

remaining p l o t t e d  aga ins t  time f o r  two temperatures.  

The biphasic  cha rac t e r  of t hese  p l o t s  was found 

throughout the temperature range s tudied.  The r ea -  

son f o r  two unique slopes i n  these  p l o t s  has not been 

del ineated.  One p o s s i b i l i t y  i s  t h a t  t h e  gaseous pro- 

ducts (COz + H20) may inf luence the  mechanism by s u r -  

face adsorpt ion,  and another p o s s i b i l i t y  i s  t h a t  

thermal d i f fus ion  i n  the  sample due t o  the expe r i -  

mental s e t - u p  c rea t e s  such an e f f e c t .  In any case 

Arrhenius p l o t s  of  t he  i n i t i a i  s lope (kl) and the  

secondary slope (kZ) were l i n e a r  (see Figure 3 ) .  

The a c t i v a t i o n  energies  a s soc ia t ed  with these  k i n e -  

t i c  parameters a re  given i n  t h e  Figure. 
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TMMSFOBMATION OF SODIUM BICARWNATE 

- 0,s - 
0.4 

43- 

v 

- 

0.2 ; b 

0 25 50 7 5  100 125 1SO 
mi nut as 

FIGURE 2 .  

Dehydration of sodium bicarbonate p lot ted  by 

the cube root law. 

these crysta ls  are heated for a short period, such 

that only about 55 i s  converted t o  carbonate, the 

surf ace appearance changes dramatically. Numerous 

very f ine  lath-shaped crysta ls  o f  anhydrous sodium 
~~ 

4JOEL (USA) Inc . ,  Medford, Mass. 
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FIGURE 3.  

Arrhenius p l o t .  

carbonate appear on t h e  surface.  This i n d i c a t e s  

t h a t  the decomposition is  indeed su r face  con t ro l l ed ,  

and t h a t  the non-c rys t a l l i ne  intermediate  is  most 

l i k e l y  nuc le i  o f  anhydrous sodium carbonate.  

Scanning e l e c t r o n  micrographs ( a  JSM-U3 SEM 
4 was used ) of sodium bicarbonate  c r y s t a l s  which 

were heated f o r  a s h o r t  per iod gave f u r t h e r  i n s i g h t  

i n t o  the  mechansim. 

l i z e d  bicarbonate i s  shown i n  t h e  Figure 4a. 

The su r face  o f  f r e sh ly  c r y s t a l -  

When 
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FIGURE 4. 
Scanning electron micrographs of sodium bicarbonate crystals before 
(ay and after (b) heat treatment for a ehort period. Orlglnal  mag- 
nification 1000 X, preeent magnification 900 X. 
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In conclusion, one could make use of such s u r -  

face cont ro l led  phenomena in  dosage from design. 

Anhydrous materials in  t h e  presence of small amounts 

of moisture a r e  i n  many instances e a s i e r  t o  compress 
i n t o  t a b l e t s .  Thus s l i g h t  h e a t  treatment of 

hydrates o r  so lva tes  can cover t h e i r  sur face  with 

a s u f f i c i e n t  number of anhydrous c r y s t a l s  t o  f a c i -  

l i t a t e  t h e i r  compression i n t o  t a b l e t s .  Dissolution 

c h a r a c t e r i s t i c s  of pharmaceuticals could be a l t e r e d  

by varying the sur face  depth of the  anhydrous spec ies .  
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