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THE USE OF A FLOW MICROCALORIMETER TO CHARACTERISE 

POWDER SURFACES 

B. BHATT AND M.H. RUBINSTEIN, School of  Pharmacy, 

Liverpool Polytechnic ,  Byrom S t r e e t ,  Liverpool L 3  3AF, U.K.  

INTRODUCTION 

When a mater ia l  is exposed to  a i r  a t  a d e f i n i t e  temperature 

and humidity, it w i l l  ga in  o r  l o se  moisture u n t i l  on equi l ibr ium 

moisture content  i s  a t t a ined .  This value depends on the  chemical 

and physical  p rope r t i e s  of  the mater ia l  and is general ly  lower 

fo r  non-porous s o l i d s  and higher bu t  more var iab le  fo r  f ib rous  
1 or  co l lo ida l  organic  substances . In  pharmaceutical powders the 

sorpt ion of moisture poses many problems f o r  t he  formulator.  

Moisture uptake can have a profound e f f e c t  on both the  physical  

and chemical s t a b i l i t y  of  the powder. The presence of a f i lm of 

moisture can provide a medium where chemical reac t ions  such as 

hydrolysis can take place.  This i n  turn  a f f e c t s  the  powder 

proper t ies  such a s  the potency of  t h e  drug o r  may r e s u l t  i n  the 

fcrmation of  inso luble  products on the  surface thus a f f e c t i n g  

drug a v a i l a b i l i t y .  I t  can a l so  l ead  t o  changes i n  co lora t ion  of 

the drug. From a manufacturing po in t  of view, moisture uptake 

has an added adverse e f f e c t  i n  terms of  the  handling p rope r t i e s  

of the  mater ia l .  This i s  because an increase i n  moisture content  

general ly  causes. a free-flowing powder t o  cohere thus causing 

i n e f f i c i e n t  mixing with o the r  powders, blocking of machinery and 
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216 BHATT AND RUBINSTEIN 

r e s u l t a n t  non-uniformity of the  product.  On the  o the r  hand a 

very f ine  dry powder may become e a s i e r  t o  handle when a l i t t l e  

moisture i s  present  and may a l s o  reduce the  dus t iness  o f  t he  

powder and increase the  powder's capaci ty  t o  consol idate .  

Moisture usual ly  condenses on the  surface of the  substance 

exposed t o  the atmosphere. However i n  porous powders, it may 

penet ra te  the depth of the powder bed. A t  a given temperature 

condensation increases  with an increase  i n  the par t ia l  pressure  

of water vapour i n  the atmosphere. Powder surfaces  i n  general  

a re  very reac t ive  and the amount of moisture adsorbed increases  

as the  surface a rea  of  a powder increases ,  because moisture 

uptake is  e s s e n t i a l l y  a surface phenomenon (Sprowls ) .  For the 
3 

measurement of adsorption a t  l i qu id / so l id  in t e r f aces  , Groszek 

developed the flow microcalorimeter. This instrument has been 

used t o  measure the lub r i ca t ing  ac t ion  of s o l i d  lub r i can t s  such 

a s  graphi te4I5 and more recent ly  fo r  t he  study of denta l  enamel 

surfaces  . I n  addi t ion the  instrument has been used f o r  t he  

measurement of  s p e c i f i c  surface area7'*.  

calorimeter has been modified and adapted fo r  use i n  the present  

work i n  order  to evaluate  heats  of adsorpt ion and desorption of 

moist a i r  a t  various powder sur faces .  

2 

6 

The flow micro- 

EXPERIMENTAL 

The flow microcalorimeter (Microscal Ltd. ,  London) i s  shown 

i n  Fig.1. I t  cons is t s  of  a metal block ( A )  surrounding a 

cy l ind r i ca l  cav i ty  i n  which the calor imeter  c e l l  ( B )  made from 

P.T.F.E. i s  s i tua t ed .  The bottom of  the c e l l  i s  closed by a 

f i n e  s t a i n l e s s  s t e e l  gauze (C)  at tached t o  a mete1 o u t l e t  tube 

(D)  which can support  t he  adsorbent (E). The top end of the  cell  

adheres t i g h t l y  t o  the bottom wal l s  of a cen t r a l  channel i n  the 

metal block forming a continuation of the  c e l l  cav i ty .  The 

i n t e r i o r  of  the  c e l l  i s  thus access ib le  e i t h e r  from the  top  of 
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Fig. 1. The Flow Microcalorimeter 

a. 
b. 

d .  
e. 
f .  
g. 
h. 

C.  

Met a1 b lock  
Calorimeter c e l l  
Gauze 
Ou t l e t  tube 
Ad sorb e n t  
Cen t ra l  channel 
Thermistors 
Ref er en c e the rmis to r s  

t h e  metal block o r  from t h e  bottom o f  t h e  block a f t e r  removal of  

t h e  o u t l e t  tube. Liquids  ( o r  gases )  can p e r c o l a t e  f r e e l y  through 

t h e  ce l l ,  a f te r  flowing along the  w a l l s  of t h e  c e n t r a l  channel 

(F). The temperature  o f  t h e  adsorbent  i s  measured by two 

the rmis to r s  ( G )  pro t rud ing  from the w a l l s  of t h e  ce l l .  The 

the rmis to r s  are connected i n  a Wheatstone b r i d g e  c i r c u i t  and 

are opposed by two re fe rence  t h e r m i s t o r s  (H)  embedded i n  t h e  

m e t a l  b lock.  The f o u r  t h e r m i s t o r s  c o n s t i t u t e  t h e  a r m s  o f  t h e  

b r i d g e ,  i ts o u t p u t  being f e d  t o  a p o t e n t i o m e t r i c  r e c o r d e r .  The 

maximum s e n s i t i v i t y  of  t h e  instrument  i s  5 pJ and temperature  

changes down to OC can be d e t e c t e d .  The calorimeter is 
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218 BHATT AND R U B I N S T E I N  

p r i n c i p a l l y  designed f o r  use wi th  l i q u i d  adso rp t ion  systems. 

Normally, when adso rp t ion  i s  complete,  the temperature  o f  t h e  bed 

r e t u r n s  t o  t h e  o r i g i n a l  value and t h e  r e c o r d e r  pen r e t u r n s  t o  t h e  

base l i n e ;  i n d i c a t i n g  tha t  adso rp t ion  i s  complete and t h e  bed i s  

i n  equ i l ib r ium with t h e  f l u i d .  The a r e a  under t h e  adso rp t ion  

curve can be r e l a t e d  t o  t h e  t o t a l  h e a t  evolved du r ing  t h e  i n t e r -  

a c t i o n .  The appa ra tus  is b a s i c a l l y  designed f o r  use wi th  l i q u i d  

adsorbates .  The ca lo r ime te r  w a s  t h e r e f o r e  modified and adapted 

so t h a t  h e a t s  of  adso rp t ion  and deso rp t ion  o f  moist  a i r  could be 

determined. The mod i f i ca t ions  involved blocking o f f  t h e  two 

l i q u i d  i n l e t  p o r t s  t o  p reven t  any a i r  escaping from the  ce l l .  

Fu r the r  mod i f i ca t ions  were necessary so t h a t  d r y  a i r  o r  a i r  a t  

known humid i t i e s  could be  passed through t h e  ca lo r ime te r  ce l l .  

The flow rate o f  a i r  w a s  maintained cons t an t  using a c a l i b r a t e d  

kerosene f i l l e d  manometer. P r i o r  t o  e n t r y  t o  t h e  c a l o r i m e t e r ,  

a i r  was d r i e d  through a column of  s i l i c a  g e l .  The a i r  was then 

d i v e r t e d  t o  humidifying f l a s k s  con ta in ing  s a t u r a t e d  s a l t  

s o l u t i o n s  o r  through a column of  calcium c h l o r i d e  f o r  f u r t h e r  

d ry ing ,  be fo re  t h e  condi t ioned a i r  was passed through t h e  ce l l .  

I t  was found t h a t  t h e  rate of a i r  flow w a s  very c r i t i c a l ,  s i n c e  

t h e  shape of  t h e  curve depended l a r g e l y  on t h e  rate of a i r  flow; 

a h ighe r  flow r a t e  r e s u l t e d  i n  s h a r p e r  peaks.  The fol lowing 

s a t u r a t e d  s o l u t i o n s ,  maintained a t  30 C ,  were employed: 0 

(a )  Lithium ch lo r ide  11% R.H. 

(b) Potassium a c e t a t e  2 2 %  R.H.  

( c )  Magnesium ch lo r ide  33% R.H.  

( d )  Sodium c h l o r i d e  75% R.H. 

Various c r y s t a l l i n e  and amorphous powders w e r e  i n v e s t i g a t e d  wi th  

t h e  modified apparatus  t o g e t h e r  w i th  g ranu la r  materials and pure 

m a t e r i a l s  a r t i f i c i a l l y  contaminated with a s m a l l  amount o f  an 

a n t i b i o t i c ,  
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CHARACTERIZATION OF POWDER SURFACES 2 19 

time - 
Fig. 2. Adsorption curve €or calcium hydrogen orthophosphate 

crystals 

time 

Fig. 3. Adsorption profile for amorphous calcium hydrogen 
3rthophosphate 

time 

Fig. 4 .  Curve for calcium hydrogen orthophosphate granules 
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RESULTS AND DISCUSSION 

BHATT AND RUBINSTEIN 

I t  w a s  g e n e r a l l y  found t h a t  the shape o f  t h e  adso rp t ion /  

deso rp t ion  p r o f i l e s  appeared t o  c h a r a c t e r i s e  t h e  s u r f a c e  n a t u r e  

of t h e  material  under t e s t .  C r y s t a l s  such as calcium hydrogen 

phosphate (CaHPO ) w e r e  found t o  e x h i b i t  a s h a r p  smooth peak 

wi th  t h e  c h a r t  pen r e t u r n i n g  r a p i d l y  t o  t h e  base l i n e  ( F i g . 2 ) .  

The p r o f i l e s  w e r e  found t o  be very r ep roduc ib le .  C r y s t a l s  such 

a s  CaHPO a r e  normally smooth with very few i n d e n t a t i o n s  and 

t h e r e f o r e  b u i l d  up of  t h e  moisture monolayer is r a p i d  and a sharp 

adsorpt ion peak i s  ob ta ined .  

su r f aces  and no i n d e n t a t i o n s ,  e.g.  amorphous CaHPO (Fig.3)  , a 

smooth bu t  broad peak i s  produced f o r  t h e  build-up of t h e  mono- 

l a y e r .  The broadness i s  due t o  t h e  cont inuing r e l e a s e  o f  h e a t  as 

t h e  humid a i r  slowly p e n e t r a t e s  t h e  amorphous m a s s .  For 

amorphous p a r t i c l e s  having i n d e n t a t i o n s ,  a peak i s  ob ta ined  which 

4 

4 

For amorphous powders wi th  smooth 

4 

I 
E" 
a, 
CI 

time - 
Fig. 5. Spray d r i e d  lactose 
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CHARACTERIZATION OF POWDER SURFACES 221 

time - 
Fig.  6. Calcium hydrogen orthophosphate c r y s t a l s  w i th  contaminant.  

i s  broad and s e r r a t e d .  This i s  because p e n e t r a t i o n  of  t h e  humid 

a i r  i s  slow and as it reaches i n t o  t h e  c r e v i c e s  it gene ra t e s  

t r a n s i e n t  h e a t  which l e a d s  t o  a t r a n s i e n t  r i s e  i n  temperature t o  

produce a s e r r a t e d  p r o f i l e .  Granules such as  CaHPO g r a n u l e s ,  

produce s i m i l a r  curves f o r  s imi la r  reasons ( F i g . 4 ) .  However 

curves f o r  hollow g ranu les ,  such as spray d r i e d  l a c t o s e  (F ig .5 )  , 
are much broader  compared t o  s o l i d  g ranu le s ,  as it t a k e s  much 

longer f o r  the water vapour t o  p e n e t r a t e  t h e  i n n e r  o r i f i c e s .  For 

a given powder, t h e  gene ra l  shape of t h e  curve i s  always t h e  same, 

provided t h a t  t h e  s u r f a c e  i s  n o t  contaminated. I f  a contaminant 

i s  in t roduced ,  e .g .  CaHP04 wi th  a small q u a n t i t y  (0.01% w/w) o f  

an a n t i b i o t i c  (Fig.6)  , then t h e  adso rp t ion  p r o f i l e  e x h i b i t s  more 

than one broad peak; being t h e  combined p r o f i l e s  of  t h e  CaHPO 

and t h e  a n t i b i o t i c .  Thus t h e  c a l o r i m e t r i c  technique desc r ibed  

i s  a simple and powerful method f o r  examining t h e  s u r f a c e  

s t r u c t u r e  and s u r f a c e  poisoning of drug and powder samples. 

4 

4 
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