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The TG and DTA profiles of compounds such as calcium oxalate monohydrate and cop- 
per sulfate pentahydrate are well known. A TMA study of these and other compounds is 
presented which, in addition to providing interesting data on the physical nature of phase 
changes and decomposition temperature ranges, confirms the classification of TMA as a 
principal thermal analysis technique. 

O f  the  four  p r inc ipa l  t he rm a l  analysis techniques,  T h e r m o m e c h a n i c a l  
Analys is  ( T M A )  is the  least  well  known and appl ica t ions  are not as 
n u m e r o u s  as for  the m o r e  well known techniques  such as T G  and DTA.  
T M A  is a versa t i le  t echn ique  which essential ly de te rmines  d imensional  

changes  as a funct ion  of  t e m p e r a t u r e  under  appl ied  condit ions of  compres -  
sion, t ens ion  or zero  load.  T M A  can also be  used  as a d i la tometer  to 
m e a s u r e  coeff ic ients  of  expans ion  over  wide t e m p e r a t u r e  ranges.  I t  can also 
be  used  to m e a s u r e  the behav iour  of  f ibres under  tension,  the extent of  
p e n e t r a t i o n  of  ma te r i a l s  unde r  load  as a funct ion of  t e m p e r a t u r e  or t ime 

and  for  a s tudy of  var ious  p h e n o m e n a  such as sof tening points,  glass transi-  
t ion t e m p e r a t u r e s ,  so l id-s ta te  and  solid-l iquid phase  changes,  shrink 
t e m p e r a t u r e s  and  the  t rac ing of the rmal  histories.  

Prev ious  spec i f ic  app l i ca t ions  of  T M A  include the de tec t ion  of  soEd 

s ta te  phase  t ransi t ions  assoc ia ted  with KAsF6, KC2HsSO4 and Co(py)2C12, a 
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study of the deaquation of BaCI2.2H20 and the fusion of acetanilide [1]. 
Simultaneous DTA/EGA/TMA studies of inorganic compounds such as 
Ca(OH)2, NH4NO3 and FeC204.2H20 [2] have also been reported. Miller 
[3] has reported an extensive TMA study of polymers mainly in the context 
of the determination of glass transitions. Other applied applications of TMA 
include studies of the heat-seal characteristics of polyethylene film [4], 
quality control of brake linings [5], characterisation of PVC plastisols [6] 
and the linear expansion coefficients of epoxy-resins [7]. 

A comprehensive review of thermomeehanical methods - the relevant in- 
strumentation and selected applications exists in the form of summaries of 
papers presented at a Symposium organised by the Thermal Methods Group 
(U.K.) in 1980 [8]. This paper further illustrates the diversity of TMA ap- 
plications. 

Experimental 

All measurements were obtained using a Stanton Redcroft Ther- 
momechanical Analysis System (TMA 792) with an effective operative 
temperature range of ambient to 1000 ~ . Where appropriate, samples were 
examined in a dry dynamic nitrogen atmosphere using a flow rate of 50 cm 3 
min -1. Samples were contained in 5.0 x 5.2 mm platinum crucibles and 
covered with a 4.0 mm diameter platinum lid. Usually 50 mg sample masses 
were employed. Applied load, heating rate, TMA sensitivity and chart speed 
varied according to the sample involved but a uniform sample presentation 
method was applied throughout. The sample was evenly packed in the 
crucible, the lid applied and the system pressed at a 1.0 tonne external ap- 
plied pressure. A 5 mm diameter, flat tipped quartz probe was used 
throughout and the platinum lid of the sample crucible effectively prevented 
contamination of probe by sample. 

Temperature calibration of the TMA system over the range ambient - 
1000 ~ was achieved using pure metals. 

Indium and potassium chromate were ICTA-DTA Certified Reference 
Materials [9], the other compounds used were the purest available commer- 
cial samples. The coal sample used was the U.K. National Coal Standard - 
identified 'High'. 
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Result and discussion 

The temperature calibration data for the TMA system used, based on the 
melting transition of the metals indium, tin, zinc, aluminium and silver, are 

Table 1 Calibration of  a Stanton-Rederoft TMA 792 system using pure metals 

Metal  M . P .  (~ M . P .  (~ Correct ion 

(Extrapola ted Onset)  Rossini a (~ 

Indium 159.6 ---0.2 156.63 -3.0 

Tin 236.6---0.1 231.97 -4.6 

Zinc 423.5• 419.58 -3.9 

Aluminium 664.0_+ 1.7 660.37 -3.6 

Silver 980.8• 961.93 -18.9 

a F r o m  R e f e r e n c e  10 

~ " ~ ' ~ ' . ~ -  -- ~59.6 
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Fig. I T M A  Indium metal : sample mass 20.6 mg : atmos. Nz : load 10 g : heating rate 30 rain "1 : 
TMA sensitivity 100/~m FSD : chart speed 20 mm min "1 

recorded in Table 1. Temperature corrections are obtained from the line of 
'best fit' for the 'extrapolated onset' temperature corresponding to the mel t -  
ing transition as determined by TMA (y) and the best available literature 
melting point, [10] (x). For the system employed in the present study the 
temperature calibration data correspond with y = 1.0166 x -1.2491. To il- 
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lust ra te  the p rocedure ,  the T M A  prof i le  for indiom metal  is shown in Fig. 1. 
Melt ing is revea led  as a b road  pene t ra t ion  drift  with a cor responding  ex- 
t r apo la ted  onset  of  159.6 ~ . The  melt ing point  of  indium is 156.63 ~ [10] and 
hence a cor rec t ion  of -3.0 ~ has to be applied.  

Tempera tu res  co r respond ing  to  phase  changes for  the various com- 
pounds  s tudied are quo ted  as ' co r rec ted '  ex t rapola ted  onset  t empera tures .  
The rma l  decompos i t ion  ranges are def ined by the cor responding  ' co r rec ted '  
ex t rapola ted  onset  and offset tempera tures .  

Potassium Chromate 

The  T M A  profi le  for K2CrO4 is shown in Fig. 2. A solid s tate  phase  
change is revea led  as a sharp expansion drift  with a co r re spond ing  extrapo-  
la ted  onset  of 671.0 ~ The  accep ted  ICTA t em p e ra tu r e  for  this phase  change 

is 665 • 7 ~ [].1]. 

671.o~' 

\ 
- ~  A L - - - ~ +  

Fig. 2 TMA Potassium chromate : sample mass 50A mg : atraos. Nz : load 10 g : heating rate 3 ~ 
rain "1 : TMA sensitivity 100/~m FSD : chart speed 20 nun min -1 

Caesium Chromate 

The  T M A  profi le  for  Cs2CrO4 is shown in Fig. 3. A solid state phase  
change is revealed as a sharp pene t ra t ion  drift  with a cor responding  ex- 
t rapo la ted  onset  of 406.5 ~ and a second as 9 sharp  expansion drif t  with an 
ex t rapo la ted  onset  of  766.0 ~ Melt ing is revea led  as a b ro ad  pene t ra t ion  

drif t  with an ext rapola ted  onset  of 923.0 ~ . 
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Fig. 3 T M A  Caesium chromate : sample mass 50.6 mg: atmo6. Nz : load 10 g : heating rate 15 ~ 
rain -1 : T M A  sensitivity 200 ~m FSD : chart speed 5 mm rain -1 

Calcium Oxalate Monohydrate 

T h e  T M A  p r o f i l e  fo r  C a C 2 0 4 . H 2 0  is s h o w n  in Fig .  4. A t h r e e - s t e p  

d e c o m p o s i t i o n  p r o f i l e  is r e v e a l e d  - an  e x p a n s i o n  d r i f t  a n d  two p e n e t r a t i o n  

~,~352 

1~ 20g 

F ~  4 ~ Calcium oxalatc m o n o h ~ t c  : sample mass 50.4 mg: atmos. Nz : load 50 g : 
heating rate 15 ~ min "1 : TMA sensitivity 1000/~m FSD : chart speed 5 mm min "1 
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drifts.  The  co r r e spond ing  t e m p e r a t u r e  ranges  are  105-209 ~ , 352-419 ~ and  
671-849 ~ respect ively.  In  stat ic  air, the t e m p e r a t u r e  ranges,  as der ived  by 
T G / D T A  [12], co r r e spond ing  to the loss of  H 2 0 ,  CO and CO2 are  100-226 ~ 

346-420 ~ and  660-840 ~ respect ively.  

Copper Sulfate PentahydraW 

T h e  T M A  prof i le  for  CuSO4.5H20 is shown in Fig. 5. A four - s tep  decom-  
pos i t ion  prof i le  is r evea led  - four  pene t r a t i on  drifts.  The  co r r e spond ing  

842 

290~Z70 

236 ~L 190 
184%~90 

- ~- bL-"P"=" 

Fig. 5 TMA Copper sulfate pc ntahydrate : sample mass 50.3 mg : atmos, static air : load 20 g : 
heating rate 15 ~ rain "1 : TMA sensitivity 500 pm FSD : chart speed 5 nun min q 

t e m p e r a t u r e  ranges  are  90-184 ~ , 190-236 ~ , 270-290 ~ and  654-842 ~ . 
The  co r respond ing  t e m p e r a t u r e  ranges  as der ived by  T G / D T A  [12] are: 

100-190 ~ ( -2H20) :  190-240 ~ ( -2H20) :  280-340 ~ ( - H 2 0 )  and 660-840 ~ 

(CuSO4 ~ CuO + SO2 + 1/202) .  

Tungsten (powder) 

T h e  T M A  prof i le  for  W is shown in Fig. 6. Tungsten is c o m m o n  com- 
ponen t  of  pyro technic  mixtures  and  the t e m p e r a t u r e  range  co r r e spond ing  to 
the  comple t e  oxidat ion to tungsten  VI  oxide is of  g rea t  s ignif icance in the 
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4 , L ~  iJ. ,,~ 

Fig. 6 T M A  Tungsten (powder) : sample mass 50.3 m g :  atmos, static air : load 1 g : heating 
rate 20 ~ rain "1 : T M A  sensitivity 200 ~um FSD : chart speed 5 mm rain "1 

rationalisation of the energetics of these materials. Oxidation is shown as a 
very sharp expansion drift over the temperature range 580-800 ~ . 

Coal 

TMA profile for Coal (NCB, 'High') is shown in Fig. 7. A series of sof- 
tening and swelling peaks are revealed at 510, 534 and 636 ~ . These peaks, in 

/ 
636~ 534 

- ~- AL - . - *  § 

7 T M A  Coal (NCB High) : sample mass 10.6 mg : atmos. N2 : load 1 g : heating rate 50 ~ 
rain "~ : T M A  sensitivity 500/~m FSD : chart speed 5 mm min "3 
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conjunc t ion  with the overal l  profi le ,  p rov ide  a ' f inge rp r in t '  of  the coal 
sample  and the quant i ta t ive  expans ion  and  con t rac t ion  da ta  give swelling in- 
dices - these  p a r a m e t e r s  are of  g rea t  s ignif icance in unders t and ing  the 
chemical  p rope r t i e s  of  coals. 

Conclusion 

The  diversi ty of  appl ica t ion  of  T M A  has been  very effectively i l lustrated.  
However ,  in most  cases, t ransi t ion t e m p e r a t u r e s  d i f ferent  f rom those iden-  

t if ied by D T A  or DSC for  co r respond ing  c o m p o u n d s  are  indicated.  This  

p h e n o m e n o n  is par t ia l ly  explained by: 

a) in TMA,  the site of  sample  t e m p e r a t u r e  de te rmina t ion  is d i f ferent  f rom 
that  in D T A  and DSC - the sample  t e m p e r a t u r e  t h e r m o c o u p l e  is not  in 
d i rec t  contac t  with the sample  the reby  in t roduc ing  t e m p e r a t u r e - l a g  

p h e n o m e n a .  

b) the sample  ' g e o m e t r y '  in T M A  is different  f rom that  in D T A  and DSC. 
The  fo rm of the T M A  prof i le  for each  of  the c o m p o u n d s  invest igated,  as 
re la t ing  to compress ion  or expansion transi t ions,  is of  intrinsic physical  and  

chemical  significance. 
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Z u s a m m e n f a s s u n g  - D e r  Ver lauf  von TO- und DTA-Kurven yon solchen Verbindungen 
wie Cale iumoxala t -Monohydrat  ode r  Kupfersulfat-Pentahydrat  sind wohlbekannt.  Es wird 
eine T M A - U n t e r s u e h u n g  dieser und anderer  Verb indungen  vorgestellt ,  was auBer der  Ermit-  
t lung in te ressan te r  Angaben  fiber die physikalische Natur  yon Phasenumwandlungen und 
Zerse tzungs tempera tu r in te rva l l en  auch die Einstufung des TMA-Veffahrens  als ein prin- 
zipielles thermoanalyt isches  Ver fahren  bekr~iftigt. 
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