
D I F F E R E N T I A L  T H E R M A L  A N A LY S IS  F O R  S E R P E N T I N E  ( C H R Y S O T I L E )  
IN T A L C

L  T h e  D i f f e r e n t i a l  T h e r m a l  A n a l y z e r  (D TA ) p e r m i t s  th e  d e t e c t i o n  of  
c h r y s o t i l e  a n d  o t h e r  s e r p e n t i n e  m i n e r a l s  in  t a l c  f o r  c o s m e t i c  u s e .  
T h e  t a l c  m u s t  not  c o n t a i n  g r e a t e r  t h a n  10% (w/ 'w) c h l o r i t e  f o r  t h i s  
m e t h o d  to be  a p p l i c a b l e  b e c a u s e  of  t h e  p o s s i b l e  i n t e r f e r e n c e  of  
c h l o r i t e  t h e r m a l  t r a n s i t i o n s .  T h e  m i n i m u m  l e v e l  of  d e t e c t i o n  is 
0 . 5  - 1% by  w e ig h t  of  c h r y s o t i l e  a s b e s t o s .

2 .  T h e  i n s t r u m e n t a l  p a r a m e t e r s  m u s t  b e  d e t e r m i n e d  f o r  t h e  p a r t i c u l a r  
d i f f e r e n t i a l  t h e r m a l  a n a l y z e r  w h i c h  is  e m p l o y e d ,  w i t h  r e g a r d  to 
g e o m e t r y  of  th e  s a m p l e  h o l d e r ,  s e n s i t i v i t y  of  t h e  d i f f e r e n t i a l  t h e r m o ­
c o u p l e ,  e t c . ,  s u c h  t h a t  0 . 5  - 1% by  w e i g h t  c h r y s o t i l e  m a y  be  e a s i l y  
d e t e c t e d .

3.  T h e  s u c c e s s f u l  d e v e l o p m e n t  of  t h e  DTA m e t h o d  is  b a s e d  on th e  
p r e p a r a t i o n  of  h o m o g e n e o u s  c h r y s o t i l e - t a l c  s t a n d a r d  s a m p l e s .  
S t a n d a r d s  c o n t a i n i n g  0 . 5 ,  1, 3,  a n d  5% b y  w e i g h t  c h r y s o t i l e  in t a l c  
a r e  p r e p a r e d  a s  f o l l o w s :

a .  F i v e  g m .  of  t h e  s t a n d a r d  t a l c  is  s l u r r i e d  in a b o u t  100 m l .  of
* (R)

e t h a n o l  in a  W a r i n g  B l e n d  o r  .

b.  T h e  a p p r o p r i a t e  w e i g h t  of  c h r y s o t i l e  a s b e s t o s  of  a t  l e a s t  9 5% 
p u r i t y  i s  t h e n  a d d e d  to t h e  t a l c  s l u r r y ,  a n d  t h e  m i x t u r e  is  
b l e n d e d  f o r  5 m i n u t e s  a t  low s p e e d .

c .  T h e  s o l u t i o n  is  w a s h e d  in to  a b e a k e r  w i t h  e t h a n o l ,  a n d  th e  
s o l v e n t  is  e v a p o r a t e d  on  a s t e a m  b a t h .

d .  T h e  r e s u l t i n g  c a k e d  s a m p l e  is  b r o k e n  a n d  m i x e d  in a p l a s t i c  
v ia l^by  s h a k i n g  f o r  5 m i n u t e s  in a  m i x e r  s u c h  a s  t h e  S p e x  M i x e r /  
M i l l ' 3'.

e .  T h e  h o m o g e n e i t y  of  th e  c h r y s o t i l e - t a l c  s t a n d a r d s  s h o u l d  b e  v e r i ­
f i e d  by o p t i c a l  o r  e l e c t r o n  m i c r o s c o p y .

4 .  T h e  e x p e r i m e n t a l  c o n d i t i o n s  f o r  th e  S to n e  DTA u n i t  ( M o d e l s  L A - X Y H  
an d  R C - 2 0 2 C } ,  f o r  e x a m p l e ,  a r e  a s  f o l l o w s :

H i g h  t e m p e r a t u r e  p o w d e r  s a m p l e  h o l d e r  o f  n i c k e l  o r  s t a i n l e s s  s t e e l  
c o n s t r u c t i o n  ( M o d e l  S H - 8 B E 2 )  w i th  e x p o s e d - l o o p  d i f f e r e n t i a l  t h e r m o ­
c o u p l e  ( P l a t i n e l  I I ) .
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T e m p e r a t u r e  r a n g e :  a m b i e n t  to 1000 °C .
R e f e r e n c e  t h e r m o c o u p l e :  P l a t i n e l  II o r  C h r o m e l / A l u m e l ,

e x p o s e d - l o o p
S a m p l e :  130-140 m g .  t a l c ,  u s i n g  a l o o s e ,  c o n s i s t e n t  

p a c k i n g  t e c h n i q u e .
R e f e r e n c e  m a t e r i a l :  A l u m i n a ,  g r o u n d  to p a s s  a 3 2 5 - m e s h

s i e v e  ( m a x i m u m  p a r t i c l e  s i z e  of  
44 m i c r o n s )

I n e r t  d y n a m i c  a t m o s p h e r e :  h e l i u m  o r  n i t r o g e n  a t  0 . 0 5  S C F H  
H e a t i n g  r a t e :  10 °C.  / m i n u t e  
S e n s i t i v i t y :  40 ^ivolts  f u l l  s c a l e  
F u r n a c e :  L T F ,  w a t e r  c o o l e d  to 1200°C .

T h e  p u r p o s e  of th e  i n e r t  d y n a m i c  a t m o s p h e r e  is  to p r e v e n t  o x i d a t i v e  
r e a c t i o n s  a n d  to  s w e e p  out  g a s e o u s  m i n e r a l  d e c o m p o s i t i o n  p r o d u c t s .  
T h e  S to n e  p o w d e r  s a m p l e  h o l d e r  y i e l d s  m a x i m u m  s e n s i t i v i t y  by  p e r ­
m i t t i n g  d i r e c t  c o n t a c t  of t h e r m o c o u p l e  and  s a m p l e .  T r u e  d y n a m i c  
g a s  f low  t h r o u g h  t h e  s a m p l e  is  a l s o  a t t a i n e d .  I t m a y  be p o s s i b l e  to 
u s e  a m o r e  r a p i d  h e a t i n g  r a t e  w i t h  s o m e  DTA i n s t r u m e n t s ,  if i t  c a n  
be a s c e r t a i n e d  t h a t  c o n s t a n t  t h e r m a l  e q u i l i b r i u m  e x i s t s  b e t w e e n  
s a m p l e  h o l d e r  a n d  f u r n a c e .  R e p r o d u c i b i l i t y  of the  m e t h o d  is  b a s e d  
on s t a n d a r d i z i n g  t h e  e x p e r i m e n t a l  c o n d i t i o n s .

E x p e r i m e n t a l  c o n d i t i o n s  f o r  t h e  d u P o n t  DTA u n i t  ( M o d e l s  900 an d  
990) v /o u ld  be  a s  f o l l o w s :

T e m p e r a t u r e  r a n g e :  a m b i e n t  to 1000 °C .
F u r n a c e :  1200°C.
S a m p l e :  a b o u t  40 m g .  t a l c  
R e f e r e n c e  M a t e r i a l :  a l u m i n a  
A t m o s p h e r e :  s t a t i c  a i r  
H e a t i n g  r a t e :  3 0 ° C . / m i n u t e  
S e n s i t i v i t y :  A T  0 . 0 0 4  m v .  / i n .

T 0 . 8  m v .  / i n .

5. I n i t i a l l y ,  a  t h e r m o g r a m  of th e  b l a n k  s t a n d a r d  s a m p l e  is r u n  in  o r d e r  
to  d e t e r m i n e  t h e  t h e r m a l  p r o f i l e  of t h e  t a l c .

6. A t h e r m o g r a m  is  r u n  on c h r y s o t i l e  a s b e s t o s  by d i lu t in g  the  m a t e r i a l  
a p p r o x i m a t e l y  1:4 in f ine  a l u m i n a .  T h e  t h e r m a l  t r a n s i t i o n s  i n v o l v e  
a d e h y d r o x y l a t i o n  e n d o t h e r m  a t  a b o u t  6 5 0 ° C  and  a r e c r y s t a l l i z a t i o n  
e x o t h e r m  a t  a b o u t  820 °C .  T h e s e  two p e a k s  e s t a b l i s h  the  p r e s e n c e  of  
s e r p e n t i n e  m i n e r a l .

T h e  5, 3, 1, a n d  0 , 5 %  c h r y s o t i l e  in  t a l c  s t a n d a r d s  a r e  th e n  a n a l y z e d .  
B o t h  t h e r m a l  t r a n s i t i o n s  of t h e  c h r y s o t i l e  in the  1% s t a n d a r d  s h o u ld  
be e a s i l y  d e t e c t a b l e .  If  no t ,  t h e  e x p e r i m e n t a l  c o n d i t i o n s  m u s t  be 
a l t e r e d  to  i m p r o v e  d e t e c t a b i l i t y .

7 .
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8. N o r m a l l y ,  t a l c s  f o r  c o s m e t i c  p u r p o s e s  w i l l  n o t  r e q u i r e  a d d i t i o n a l  
g r i n d i n g  f o r  DTA . T h e  a n a l y s i s  of  t a l c  r o c k  o r  the  p r e s e n c e  of  
l u m p s  o r  g r i t t y  m a t e r i a l  w i l l ,  h o w e v e r ,  n e c e s s i t a t e  g r i n d i n g  t h e  
s a m p l e  to p a s s  a 3 2 5 - m e s h  s i e v e .

9. T h e  p r e s e n c e  of l a r g e  a m o u n t s  of  c a r b o n a t e s  o r  b i c a r b o n a t e s  
(10% w / w  o r  g r e a t e r )  in t a l c  w i l l  o b s c u r e  t h e  s e r p e n t i n e  e x o t h e r m  
a t  a p p r o x i m a t e l y  820 ° C .  A m i l d  a c i d  l e a c h i n g  is  u s e d  to r e m o v e  
t h e s e  c a r b o n a t e s  w h i l e  l e a v in g  a n y  c h r y s o t i l e  p r e s e n t  i n t a c t :

a .  V /e igh  ou t  2 g .  of  t h e  t a l c  in to  a 100 m l .  b e a k e r .  A d d  25 
m l .  of  10% HC1 ( v / v )  s l o w l y  ( to  p r e v e n t  e x c e s s i v e  e v o l u t i o n  
of g a s  i f  c a r b o n a t e s  a r e  p r e s e n t )  an d  h e a t ,  w i th  o c c a s i o n a l  
s t i r r i n g ,  on a s t e a m  b a t h  f o r  5 m i n u t e s  .

b. F i l t e r  on  a v a c u u m  f i l t e r ,  in e i t h e r  a  p o r c e l a i n  c o n e  w i th  
g l a s s  f i b e r  f i l t e r  m a t  o r  a p o r o u s  g l a s s  b o t t o m  c u p ,  a n d  w a s h  
s e v e r a l  t i m e s  w i th  h o t  w a t e r .  D r y  th e  t a l c .

10. W h e n  t h e r e  is  i n s u f f i c i e n t  t a l c  a v a i l a b l e  to f i l l  th e  e n t i r e  s a m p l e  
c a v i t y  o r  c u p ,  a l e s s e r  a m o u n t  o f  t h e  t a l c  m a y  be p l a c e d  in th e  
b o t t o m  of t h e  c u p  an d  c o v e r e d  w i t h  f in e  a l u m i n a ,  o r  p a c k e d  as  a 
" s a n d w i c h "  s u r r o u n d i n g  th e  t h e r m o c o u p l e ,  b e t w e e n  l a y e r s  of  f i n e  
a l u m i n a .  In t h i s  c a s e ,  th e  s t a n d a r d  s a m p l e s  s h o u ld  be p a c k e d  a n d  
r u n  by th e  s a m e  t e c h n i q u e  to d e t e r m i n e  t h e  c o r r e s p o n d i n g  d e c r e a s e  
in p e a k  i n t e n s i t i e s .

11. If serpentine mineral is indicated in a talc sample
by the presence of the two characteristic thermal transi­
tions, the thermogram should be rerun on another sample 
of the powder to verify these peaks. Because of the 
sensitivity of the powder sample holder with exposed- 
loop thermocouple, spurious heat effects caused, for 
example, by slight shifting of the sample during the 
run, can occasionally produce minor baseline fluctuations. 
Therefore,,- very weak thermal peaks should be checked for 
reproducibility.


