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A b s t r a c t :  

I t  is a we l l - known  prob lem t h a t  the va lues  of  the  c a l i b r a t i o n  

c o n s t a n t  of  H e a t - f l u x - D S C  equipment  o b t a i n e d  by means o f  hea t  

of  f u s i o n  are d i f f e r e n t  from those by we l l - known  heat  c a p a c i t i e s .  

Vary ing  c o n t a i n e r  geometry in s e v e r a l  runs of  d e t e r m i n a t i o n  o f  

the heat  o f  f u s i o n  o f  i nd ium,  we were ab le  to  show t h a t  t h e r e  

is no i n f l u e n c e  of  the  d i s t u r b a t i o n  o f  s t e a d y - s t a t e  c o n d i t i o n s  

of  h e a t - f l u x  on the c a l c u l a t e d  va lue  o f  the e n t h a l p y  o f  f u s i o n .  

An e r r o r  of  about  20 % in the c a l c u l a t e d  va lues  of  t h i s  e n t h a l p y  

may r e s u l t ,  i f  not  c o r r e c t l y  c losed  c o n t a i n e r s  are used, as is 

shown in t h i s  work.  To get  more i n f o r m a t i o n  about  these  e r r o r s  

and d i s a d v a n t a g e s  and t h e i r  sources ,  a numer i ca l  c a l c u l a t i o n  

of  2 - d i m e n s i o n a l  heat  f l u x  in a commerc ia l  DSC-equipment d u r i n g  

m e l t i n g  o f  ind ium was c a r r i e d  o u t .  Resu l t s  of the model c a l c u -  

l a t i o n  are shown and d iscussed in t h i s  work.  

Aims: 

The c a l i b r a t i o n  o f  a l l  h e a t - f l u x  d i f f e r e n t i a l  c a l o r i m e t e r s  must 

be v a r i f i e d  from t ime  to  t i m e .  This is u s u a l l y  done by means of 

the hea t  o f  f u s i o n  o f  i nd ium.  I t  a l l o w s  the c a l o r i c  s e n s i t i v i t y  

to  be de te rm ined  as i t  is g e n e r a l l y  d e s c r i b e d  in the o p e r a t i n g  
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i n s t r u c t i o n s .  The t e m p e r a t u r e  dependence o f  the s e n s i t i v i t y  can 

f u r t h e r m o r e  be de te rm ined  by measur ing the heat  c a p a c i t y  of  a 

s u i t a b l e  c a l i b r a t i o n  subs tance .  P r a c t i c a l  e x p e r i e n c e  has shown 

t h a t  w i t h  t h i s  p rocedure  d i f f e r e n t  va lues  are o b t a i n e d  f o r  equal  

t e m p e r a t u r e s .  F ig .  I shows, f o r  two i n s t r u m e n t s ,  the c a l o r i c  

s e n s i t i v i t i e s  measured by means of the heat  of f u s i o n  of  indium 

and the s p e c i f i c  heat  c a p a c i t y  of  a l um ina ,  as a f u n c t i o n  of  the 

h e a t i n g  r a t e .  
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F ig .  I :  C a l o r i c  s e n s i t i v i t y  as a f u n c t i o n  o f  the h e a t i n g  r a t e .  

a Heraeus TA 500, b M e t t l e r  TA 2000 

x , o  A lumina c a l i b r a t i o n ;  Indium mean va lue  

In o r d e r  to  e x p l a i n  the  d i f f e r e n t  r e s u l t s  o b t a i n e d  f o r  a c e r t a i n  

i n s t r u m e n t  i t  is c o n c e i v a b l e  t h a t  



due to  the  s h o r t - t i m e  hea t  a b s o r p t i o n  d u r i n g  f u s i o n  the  

t e m p e r a t u r e  f i e l d  is  changed in  such a way t h a t  t h e r e  is  

no l o n g e r  a l i n e a r  c o r r e l a t i o n  between the  t e m p e r a t u r e  

d i f f e r e n c e  A T ( q u a n t i t y  to be measured) and the  heat  f l u x  

towards the  sample;  

the l i n e a r  range o f  the  h e a t - f l u x  d i f f e r e n t i a l  s cann ing  

c a l o r i m e t e r  has been exceeded (dependence of  the  s e n s i t i v i t y  

on the  hea t  f l u x  due to the  r e a c t i o n ) ;  

the  r e p r o d u c i b i l i t y  of  the  base l i n e  is  too poo r .  
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Experimental: 

A theoret ical  study /~/ has confirmed that errors may be caused 

by the disturbance of the steady state. In order to check this 

statement experimentally, the test series described in the 

following were carried out. 
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F i g .  2: 

C o n t a i n e r  geometry ( top 

r e l a t i v e  heat  r e s i s t a n c  

R/R o ( m i d d l e )  and sen- 

s i t i v i t y  (bo t tom)  f o r  

open c o n t a i n e r s .  

R o is  the  hea t  r e s i s t a n  

w i t h o u t  f o i l s .  

Hea t ing  r a t e :  

o 2 K /m in  

Ind ium mean va lue  f 

a l l  runs 

- - - r a n g e  of  ± 5 % sca t  

An indium sample (approx. 10 mg) was placed in a small aluminium 

pan which in turn was placed in a larger aluminium pan. In order 

to change the thermal resistance, no tef lon f o i l ,  one f o i l  or 

two f o i l s  respectively (thickness: approx. 0.75 mm) were placed 

between these two pans. This combination of pans was then inserted 

into a heat - f lux  calorimeter (Heraeus TA 500). Owing to the increa 

in thermal resistance due to the tef lon f o i l s ,  peak shape and widt 
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were n o t i c e a b l e  changed, so t h a t  w i th  low the rma l  r e s i s t a n c e  

the d i s t u r b a n c e  o f  the s teady s t a t e  was g r e a t  whereas i t  was 

smal!  in the case o f  h igh the rma l  r e s i s t a n c e .  The c a l o r i c  s e n s i -  

t i v i t i e s  o b t a i n e d  by peak i n t e g r a t i o n ,  the the rma l  r e s i s t a n c e  

between sample and f u rnace  as we l !  as the pan geometry are 

r e p r e s e n t e d  in F ig .  2. 

There is a p p a r e n t l y  a c o r r e l a t i o n  between the the rma l  r e s i s t a n c e  

and the s e n s i t i v i t y ,  as i t  had been staed in / I / .  

C lose r  o b s e r v a t i o n s  r e v e a l e d ,  however ,  t h a t  o b v i o u s l y  the above- 

ment ioned r e s u l t  is due to  a n o t h e r  e f f e c t :  The l i d  o f  the l a r g e  

pan res ted  on l y  l o o s e l y  on the pan so t h a t  as a consequence,  

the rma l  c o u p l i n g  to  the pan was poo r .  When two t e f l o n  f o i l s  were 

p laced  beneath the smal l  pan, the l i d  even res ted  on the smal l  pan 

and not  on the br im of  the l a r g e  pan. Due to  r a d i a t i o n  and con- 

d u c t i o n  by a i r  the l i d  a l so  exchanges heat  between sample and 

s u r r o u n d i n g s  ( f u r n a c e ) .  This p o r t i o n  o f  heat  exchange canno t ,  

however ,  be covered .  The r e s u l t i n g  e r r o r  w i l l  be smal l  when l i d  

and pan have (a lmos t )  the same t e m p e r a t u r e ;  i t  w i l l  i n c r e a s e  when 

a t e m p e r a t u r e  d i f f e r e n c e  e x i s t s  between pan and l i d .  

As long as the l i d  r es ted  on the l a r g e  pan, the measurements 

y i e l d e d  a lways the  same s e n s i t i v i t y .  However, i f  i t  r e s t e d  on the 

smal l  pan, the  va lues  o b t a i n e d  were s m a l l e r  because the t e m p e r a t u r e  

o f  the  smal l  pan d u r i n g  f u s i o n  o f  the  ind ium was lower  than t h a t  
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of the l a rge  pan. The reason is t h a t  in t h i s  case p a r t  of  

the heat  added in o rde r  to  compensate the  f u s i o n  e f f e c t  w i l l  

f l ow  v i a  the pan 's  l i d  towards the  sample and a c o r r e s p o n d i n g l y  

s m a l l e r  p o r t i o n  w i l l  f o l l o w  the heat  path  covered by the ~ T 

sensors .  I t  can thus be conc luded from t h i s  o b s e r v a t i o n  t h a t  i t  

is not  p e r m i s s i b l e  to  t r a n s f e r  the  c a l i b r a t i o n  by means of  he rmet i  

c o n t a i n e r  to  t h a t  c a r r i e d  out  w i t h  n o n - h e r m e t i c  c o n t a i n e r  (no t  to 

ment ion deformed c o n t a i n e r s ) .  

3 
R° 2 

I :  
D 

I= 

F ig .  3: 

C o n t a i n e r  geometry ( t o p ) ,  

r e l a t i v e  heat  r e s i s t a n c e  R/R 

( m i d d l e )  and s e n s i t i v i t y  

(bo t tom)  f o r  he rme t i c  conta i -  

hers .  R is the heat  r e s i s t -  o 

ance w i t h o u t  f o i l s .  
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- - - -  range o f  ~ 5 % s c a t t e r  



The source o f  e r r o r  was e l i m i n a t e d  in the nex t  step by p l a c i n g  

the samples - w i t h o u t  the smal l  pan - d i r e c t l y  on the f o i l s  in 

the  l a rge  pan and by s e a l i n g  pan and l i d  t o g e t h e r .  F ig .  3 shows 

t h a t  a c o n n e c t i o n  between peak shape ( i n f l u e n c e d  by heat  r e s i s t -  

ance and h e a t i n g  r a t e )  and c a l o r i c  s e n s i s i t i v i t y  can no l o n g e r  

be e s t a b l i s h e d .  
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The same samples were i n v e s t i g a t e d  a t  h e a t i n g  ra tes  o f  2 K/min to 

20 K/min w i th  the f o l l o w i n g  i n s t r u m e n t s :  Heraeus TA 500 DCS-Cel I ;  

M e t t l e r  TA 2000; DuPont 990 Thermal A n a l y z e r  and Perk in  Elmer 

DSC 4-C. A s e n s i t i v i t i e s '  dependence on h e a t i n g  r a t e  a n d / o r  heat  

r e s i s t a n c e  cou ld  not  be e s t a b l i s h e d  on any of  the i n s t r u m e n t s  used. 

T h e o r e t i c a !  reasons can be f u r n i s h e d  / 2 /  a c c o r d i n g  to  which the 

same r e s u l t s  would have to  be o b t a i n e d  i f  the c a l i b r a t i o n  was 

c a r r i e d  w i th  heats of  f u s i o n  or  by us ing a substance of  we l l - known  

s p e c i f i c  heat  c a p a c i t y .  This is no t ,  however ,  a lways the case 

( c f .  F ig .  I ) .  

Theory :  

An a t t emp t  was t h e r e f o r e  made to f i n d  p o s s i b l e  reasons f o r  the 

d i f f e r e n t  r e s u l t s  o b t a i n e d  a c c o r d i n g  to  the two c a l i b r a t i o n  methods 

by c a r r y i n g  out  model c a l c u l a t i o n s .  

F o u r i e r ' s  d i f f e r e n t i a l  e q u a t i o n s  f o r  heat  c o n d u c t i o n  and temper-  

a t u r e  d i s t r i b u t i o n  a re :  
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~-~ = -k~ grad T and & T k d i v  grad T 
-~ -c  : 9 • Cp 

(m = k / (  ~ • Cp)) being the thermal  d i f f u s i v i t y ,  k the the rma l  

c o n d u c t i v i t y ,  ~ the d e n s i t y ,  Cp the s p e c i f i c  heat  c a p a c i t y ,  

A the area,  d i v  grad co r respond ing  to the Laplace o p e r a t o r .  

For the phase t r a n s f o r m a t i o n  in a rea l  measur ing system these 

d i f f e r e n t i a l  equa t ions  can no longer  be so lved in c losed form.  

I t  is  t h e r e f o r e  common p r a c t i c e  to pass from d i f f e r e n t i a l  q u o t i e  

to d i f f e r e n c e  q u o t i e n t s  / 3 /  and to so lve  the new equa t ion  system 

in an i t e r a t i v e  way. Rules of  c a l c u l a t i o n  f o r  t h i s  p rocedure  hav 

e .g .  been g iven in / 4 / .  

The c a l c u l a t i o n  is based on the f o l l o w i n g  assumpt ions:  

The c i r c u l a r  d isc  w i th  the tempera tu re  sensors is made 

of a homogeneous m a t e r i a l ;  

the d i sc  res t s  on two suppor ts  (2 mm - 3 mm) whose tempera tu re  

is always i d e n t i c a l  to t h a t  of the f u rnace ;  

both c o n t a i n e r s  (sample and r e f e r e n c e )  have an i n f i n i t e l y  

high thermal  c o n d u c t i v i t y  and can thus be desc r ibed  by a 

un i fo rm t e m p e r a t u r e ;  

sample and c o n t a i n e r  are connected by an ( e x p e r i m e n t a l l y  de te r  

minedlheat resistance; 
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c o n t a i n e r  and pan are connected by a h e a t - c o n d u c t i n g  l a y e r  

w i t h o u t  heat  c a p a c i t y ,  The therma l  c o n d u c t i v i t y  was e s t i m a t e d  

from e x p e r i m e n t a l  v a l u e s .  

For f u r t h e r  e v a l u a t i o n ,  the q u a n t i t i e s  to be measured - t empe ra tu re  

d i f f e r e n c e  between pan s u p p o r t s ,  measured sample t e m p e r a t u r e , i . e .  

t empe ra tu re  o f  the d i s c  beneath the  sample,  and f u r n a c e  tempera-  

t u r e  - were o b t a i n e d  as r e s u l t s .  

The hea t  f l u x  towards the  sample (no t  towards the pan w i t h  the  

sample! was c a l c u l a t e d  and g i ven  in  a d d i t i o n .  

The f u s : o n  of  10 mg ind ium ( ~ H f  = 0.2833 J; Cp = 0.0028 J /K)  

was taken as the  data f o r  phase t r a n s f o r m a t i o n .  

The c o m p u t a t i o n a l  r e s u l t s  of  t h i s  s imp le  model have been compi led  

in  F i gs .  4a -d .  F i gs .  4a and 4b r e p r e s e n t  the  DSC curve  in  the  

usual  way, i . e .  t e m p e r a t u r e  and t empe ra tu re  d i f f e r e n c e  as a 

f u n c t i o n  of  t ime .  F ig .  4c shows the heat  f l u x  towards the sample,  

F ig .  4d the hea t  f l u x  towards the  sample r e f e r r e d  to the r e s p e c t i v e  

t empe ra tu re  d i f f e r e n c e  ( r e c i p r o c a l  s e n s i t i v i t y ) .  
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A compar ison of  F i gs .  4b and 4c shows t h a t  f o r  k i n e t i c  i n v e s -  

t i g a t i o n s  c o n s i d e r a b l e  c o r r e c t i o n s  of  the  DSC s i g n a l  must be 

made in  o r d e r  to o b t a i n  the  ac tua !  heat  f l u x  towards the  sample 

as a f u n c t i o n  o f  t ime or  even of  t e m p e r a t u r e .  Th is  a p p l i e s  to  

power-compensated i n s t r u m e n t s ,  too !  

F i g .  4d shows a c r u c i a l  p o i n t  which becomes obv ious  when c a l i -  

b r a t i n g  by means of  hea t  c a p a c i t i e s :  Only a f t e r  app rox .  10 min 

is the  process  of  r e a c h i n g  a s teady  s t a t e  t e r m i n a t e d  to  such an 

e x t e n t  t h a t  the  " t r u e "  s e n s i t i v i t y ,  wh ich can e . g .  be de te rm ined  

by c a l i b r a t i o n  us ing  heats  o f  f u s i o n ,  is  o b t a i n e d  w i t h  s u f f i c i e n t  

a c c u r a c y .  F igs .  4a and 4b p u r p o r t  s t e a d y - s t a t e  c o n d i t i o n s  a l r e a d y  

a f t e r  3 to  5 min .  In t h i s  case the  r e s u l t i n g  e r r o r  is  o f  the  

o r d e r  o f  magn i tude  of  10 - 15 % o f  the  f i n a l  v a l u e .  I f  heat  capa- 

c i t y  a n d / o r  modes of  hea t  t r a n s f e r  are t e m p e r a t u r e - d e p e n d e n t ,  t h i s  

p rocess  w i l l  even take  a l o n g e r  t ime or  a " s teady  s t a t e "  w i l l  

never  be reached.  The " a p p a r e n t "  s e n s i t i v i t y  may then be a f u n c t i o n  

of  the  mass of  the  sample,  o f  the  hea t  c a p a c i t y  and of  the  h e a t i n g  

r a t e .  Th is  seems to be the  main reason f o r  the a b o v e - d e s c r i b e d  

d i s c r e p a n c i e s  between the  c a l i b r a t i o n  us ing  heats  o f  f u s i o n  and 

t h a t  v i a  hea t  c a p a c i t i e s .  

C o n c l u s i o n s :  

In o rde r  to  s u b s t a n t i a t e  t h i s  assumpt ion ,  a d d i t i o n a l  n u m e r i c a l  

s i m u l a t i o n s  are be ing  made which do not  o n l y  take  i n t o  accoun t  

the  c o n d u c t i o n  of  hea t  in  the  d i s c  and i t s  t e m p e r a t u r e  dependence,  
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but  a l s o "  

- the  t empe ra tu re  dependence of hea t  c a p a c i t y  of  the  sample 

and the  c o n t a i n e r s ,  

- the  c o n d u c t i o n  of  heat  t h rough  the  gas i n s i d e  the  c a l o r i m e t e r  

- the  heat  r a d i a t i o n  towards the  c o n t a i n t e r ,  

- the  c o n d u c t i o n  of  heat  t h rough  the c o n n e c t i n g  w i r es  of  the  

senso rs .  

I t  shou ld  thus  be p o s s i b l e  to c a l c u l a t e  the  s e n s i t i v i t y  of a 

h e a t - f l u x  d i f f e r e n t i a l  scann ing  c a l o r i m e t e r  and i t s  dependence 

on v a r i o u s  parameters  in  o rde r  to a l l o w  s p e c i f i c  e x p e r i m e n t a l  

c o n t r o l s  to be made a f t e r w a r d s .  
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