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Thermal Analysis

A group of techniques in which a property of
the sample is monitored against time or
temperature while the temperature of the
sample, in a specified atmosphere is

programmed.

Thermal Analysis

The programme may involve heating or
cooling at a fixed rate of temperature

change, or holding the temperature constant,

or any sequence of these.




Thermal methods

Technique fAbbrev. Property I Uses

A t Decompositions
Thermogr avimetry TG ' Dehydrations
‘(T?;-:rr:lsgravnnemc E(TGA) Mass %Oxidation
anatys i | Kinetics
Differential thermal [ DTA Temperature g;:ifgr:gng%
analysis difference I chtil(:;

‘ ‘Heat capacity” ™

- . . i Phase changes
Differential scanning o Power ! . e
. iDSC .  Reactions
calorimetry differences .
. ; Calorimetry
Kinetics
Thermomechanical ‘Mechanical
. I TMA Deformations  ichanges
analysis .
: Expansions

Thermal methods (cont’d)

i Technique | Abbrev. ; Property } Uscs
| - - R -
t Dynamic mechanical j - Phase changes
lanalysis \DMA I Moduli Polymer cure
i ;
Dlulcc!nc thermal 'DETA | Permittivity Phasc changes
analysis i Polymer changes
{ i I Mass Dccompositions
i Evolved gas analysis 'EGA ! IR absorbance | Catalyst and
l i Absorption i surface rcactions
| Simultaneous thermal ™| !
| analysis . STA { Two or more techniques used on the
{(eg. Simultancous TG-  i(eg. SDT) !same sample at the same time.
|DTA) |
| - Lo ! change of t i
| Controlled-rate therma {CRTA The rate of change of the property is

ranalysis

i held constant.
I ]




Instrumental factors affecting
thermal curves

» Heating rate

+ Atmosphere

« Furnace size and shape

+ Sample holder material and geometry
» Thermocouple location

» Wire and bead size of thermocouple
junction

Sample characteristics
affecting thermal curves

- Sample mass and particle size
» Sample packing

» Thermal conductivity

« Heat of reaction

« Heat capacity

» Effect of diluent

+ Solubility of evolved gases in sample




Effect of atmosphere

- Inert/reactive
« Thermal conductivity
- Flow rate

e Pressure

Optimum operating conditions

> Small amount of sample (eg. few mg)

1]

Thin layer of sample

=]

Shallow inert container (eg. platinum)

©

Inert purge gas (eg. dry N,)

(except for oxidation studies)

¢

Slow heating rate (eg. 5-10 °C min!)




Thermogravimetry
(TG)

Thermogravimetry (TG)

A technique in which the mass of the sample
1S monitored against time or temperature
while the temperature of the sample, in a

specified atmosphere, is programmed.




TG — Schematic diagram

Electrobalance Balance controi unit’

Gas in

Fumace Programmar

Sample

Thermocouple computer -

TG — Measured signals

Mass

Rate of mass change
> Differential thermogravimetry

Temperature

Time




Differential Thermogravimetr
(DTG)

A method of expressing the TG results by
giving the first derivative curve as a

function of temperature, or time.

DTG — Applications

» “Fingerprinting” materials
» Separation of overlapping reactions

» Calculation of mass changes in overlapping
reactions

- Quantitative analysis by peak height
measurement

 Determination of the maximum temperature
at greatest rate of change




Fassimyg

TG results on calcium oxalate

6 0.7
$ =20 °C min

|
|
[ - r 05

03

{dm/dtymg min"

Bl

o} 20 400 800 800 1000

Temperature/°C

Simultaneous TG-DTA (SDT)

A technique which measures both differential
temperature and mass changes in a material
as a function of temperature or time in a

controlled atmosphere.




SDT — Advantages

+ Direct comparison and simplified

interpretation of results

« Cost effectiveness and productivity

 Easier method for temperature

calibration

tass/mg

SDT results on calcium oxalate

p =20 °C min™

200 400 €00 200 1002

Temperature/°C

0.5

a0

-0.5

Temperature Difference/*C




fMass/mg

0.8

0.7 -

0.6

05+

SDT results on KDNBF

N T —r——

100 200 3Q0

Temperature/°C

Temperature Difference/°C

TG — Modes

» Dynamic
 Isothermal

» Step isothermal

« Constant rate (CRTA)

» Dynamic rate




Comparison of constant rate and conventional TG
Example: ethylene-vinyl acetate blends

120 -
100
Conventional TG
=20 °C min”
80 - n in”)
R
g 60
40 Constant rate
20
o] ’L T T =T —
200 250 300 350 400 450 500
Temperature/°C
Comparison of dynamic rate and conventional TG
Example: polymer derivative fuel additive
Q.35
0.30 A
Dynamic rate
025 -
& 020
=
£ s
E. 3 | Conventional TG
= (B=20°CmnT)
= 0.0 A
=
=
0.05
0.00 W

50

100 150 200 250 jchle]

Temperature/°C




TG - Source of error

> Sample container air buoyancy
» Furnace convection currents and turbulence
> Furnace induction effects

> Random fluctuation in the recording
mechanism and balance

> Electrostatic effects on balance mechanism

- Environment of the thermobalance

TG — Source of error (cont’d)

> Condensation on balance suspension

¢ Reaction between sample and container

» Mass measurement and calibration

« Temperature measurement and calibration
> Temperature fluctuations




Mass/mg

Effect of atmosphere on the TG curves
Example: calcium oxalate

23 4

22 4
B =15°C min’
21 4

20 -

19

16 T T T T T "
0 200 400 600 800 1000 1200

Temperature/°C

Mass %

Effect of heating rates on the TG curves
Example: CaCO, in N,

preC min® - TUC
20 685
10 872

5

20 % conversion

80 -

60

600 650 700 750 ale)

Temperature/°C




TG — Temperature calibration

Variables:

* Heating rate

* Pan type

* Purge gas type and flow rate

* Thermocouple position

TG — Temperature calibration

Methods:
* Curie point
* Fusible link (Hang down wire)

* Melting point method (SDT only)




TG temperature calibration with Curie point
Example: nickel

é =10 °C min™
£
g
<
v
300 3;0 3:10 3é0 380
Temperature/°C
Modified pan for fusible link
temperature calibration
QUARTZ ROD OR
/E\PLATINUM WIRE
FUSIBLE ;
METAL i
STANDARD " THERMOCOUPLE
COIL OF
PLATINUM
WIRE (~50 mg)

. COMMERIAL TGA
SPECIMEN BOAT




120

TG temperature calibration with fusible link
Example: zinc

;
)
!
100 |
80 !
. |
S |
bA] 60 -+
& !
|
40
|
27 p=15°Cmin’
|
0 T —r T 1
400 410 420 430 440
Temperature/°C
SDT temperature calibration with melting point method
Example: indium
12.58 0.4
0.2 o
D
(8]
o
r 0.0 o
g S8
‘w1257 8
2 ®
I
= 02 g
23]
Qo
E
P | i
[$ =20 °C min 04
12.56 T T T : -0.6
100 120 140 160 180 200

Temperature/°C




TG — Applications

» Thermal stability
« Compositional analysis

» Reaction studies

Mass %

100 -

90 +

80 1

70

60

TG results on Mg(OH),

ff =10 °C min™

200 400 600 800

Temperature/°C

1¢00




Mg(OH),(s) = MgO(s) + H,0O(g)

Magnesium hydroxide

% Loss =100 x M(H,O)/M(Mg(OH),)

=100 x 18.0/58.3
=30.9 %

fdass %

100 -

90
80 -
70 -
60
50 A

40

30 ~

TG results on calcium oxalate

B =20 °C min”

r 07

= 0.5

0.3

0.1

200 400 600

Temperature/°C

t -0.1
1000

{dm/dtyimg min’'




Calcium oxalate

CaC,0,+H,0(s) = CaC,0,(s) + H,O(g)
% Loss =100 x 18.0/146.1 =12.3 %

CaC,0,(s) = CaCO4(s) + CO(g)
% Loss = 100 x 28.0/146.1 =19.2 %

CaCO,(s) = CaO(s) + CO,(g)
% Loss = 100 x 44.0/146.1 = 30.1 %

TG results for thermal stability of polymers

Polythene Polytetrafluoroethylene

Mass %

B =50 °C min”’

Polypropylene

olyvinyichionde

—

T T al
200 400 600 800

Temperature/°C




Mass %

TG results for compositional analysis
Example: mixture of polyolefin + CaCO,

100 4

80

60 A

40 -

20

0 200 460 600 800 1000

Temperature/°C

Mixture of polyolefin + CaCO;,

Decomposition of polyolefin
% Loss =100 x8.7/10.5 =83 %

CaCO4(s) = Cal(s) + CO,(g)
% Loss =100 x0.8/10.5=74 %




135

TG results for reaction studies
Example: Al nanopowder in air

r 0.05
130
r 0.00
125 4
r-0Q0s =
120 =
o £
S~ o
@ 15 - . oo £
% B=5°Cmin" 910 =
= g
110 - [
r01s 2
105 -
r-0.20
100
95 - ; . - -0.25
300 400 500 600 700
Temperature/°C
TG results for kinetic studies
Example: CaCO, in N,
100 -
prCmin®  T/C
80
20 % conversion 20 685
10 672
- 80 o 657
®
w
w
3}
= 40 -
!
! §=20°C min”
20 -
i
1
|
0+ : :
600 650 700 750

Temperature/°C

800




Differential Scanning
Calorimetry (DSC)
&
Differential Thermal
Analysis (DTA)

Differential Scanning
Calorimetry (DSC)

A technique in which the difference in heat
flow to a sample and to a reference is
monitored against time or temperature while
the temperature of the sample, in a specified
atmosphere, is programmed.




Differential Thermal Analysis
(DTA)

A technique in which the difference in
temperature between the sample and a
reference material is monitored against time -
or temperature while the temperature of the
sample, in a specified atmosphere, is

programmed.

DSC and DTA

The programme may involve heating or
cooling at a fixed rate of temperature
change, or holding the temperature constant,

or any sequence of these.




DSC/DTA — Schematic diagram

Guf out
1 L

S R
Fumace bl [ — compiter
—
{
A
Programmer Sensor amplifier

DSC/DTA — Measured signals

Differential heat flow

» Temperature difference

Temperature

« Time




Power-compensated DSC

where the sample and reference are heated by
separate, individual heaters, and the
temperature difference is kept close to zero,
while the difference in electrical power
needed to maintain equal temperature (AP =

d(AQ)/dt) is measured.

Power-compensated DSC

Pt
sensors

Vi

Individuai
heaters




Heat flux DSC

where the sample and reference are heated

from the same source and the temperature

difference AT is measured. This signal is

converted to a power difference AP using
the calorimetric sensitivity.

Heat flux DSC

Lid
Gas purge inlet Sample

Silver ring. [TZT7 77 IR 7R TR TR T T T PN

Reference
pan

———

Thermocouple
junction

Heating block




Single heat source

Comparison of DSC and DTA4

- DTA sample holders are capable of much
higher temperature, while DSC holders are
limited to about 700 °C.

* DSC is easier to use for quantitative
measurements of AH, because the
calibration coefficient is independent of
temperature.




DSC — Temperature calibration

* ASTM E967

* Transition temperature of standards
(eg. indium, lead etc)

* 2 -5 calibration points

DSC — Heat Flow calibration

© A=+ AHem*K

« ASTM E968

> Enthalpy of fusion standards (e.g indium)
> DSC: single point

+ DTA: calibration over the entire
temperature range of interest. AT recorded
as function of time and T, hence K is a
function of temperature.




DSC — Heat Flow calibration

A =+ AHem*K

ASTM E968

Enthalpy of fusion standards (e.g indium)
DSC: single point |

DTA: calibration over the entire
temperature range of interest. AT recorded
as function of time and T, hence K is a
function of temperature.

endo AT/°C

-

Effect of atmosphere on the DTA curve
Example: calcium oxalate

nair

B =10°C min”

T T T y
200 400 600 800 1000

Temperature/°C




arei g

endo

Effect of heating rates on the peak temperature
Example: GAP

_ o -1
prCmin® T, rC B=107Crmin

10 253
8 250
6 246
4 241
2 231

/

p=2"Cmn'

150 200 250 300

Temperature/°C

Optimization of conditions

, Parameter Maximum Maximum

g ; Resolution Sensitivity

’ Sample size Small Large
Heating rate ! Slow _ Fast

+  Sample holder ! Block Isolated container

| g o

i Surface/volume of : Large Small

: sample

f High heat Low heat
Atmosphere j conductivity conductivity

(He, Hy) (vacuum)




DSC — Applications

Glass transitions

Crystalline phase transitions

Phase diagram

Purity measurement
Evaluation of AH

Specific heat capacity
Vapour pressure
Oxidative/Thermal stability
Reaction kinetics

aw g

endo

DSC results for glass transitions of polymers

/
I

B =10°C min™

wa[e

Urene

Poly(viny! chlonde)

50

T ;
100 150

Temperature/°C

Cured epoxy resim




DSC results for phase transitions of DMNB

T, =48°C TZ=114°C

'TCJ‘.I Y j

£

3 1 ‘

AH'=77Jg

[w]
=

D AH =1411Jg"

!

W p=5°Cmin"

40 60 80 100 120 140

Temperature/°C

Temperalure

Eutectic phase diagram with superimposed DTA curves

QA

oB

Composition Pure B




DSC results for purity measurement (ASTM E928)
Example: pharmaceutical compounds

f‘m
5
o
=
o
3]
99.099 Purity
v B =1°Cmin”
99.838 Purity

time =

QW gt

endo

-

DSC measurement of specific heat capacity (ASTM E1269)
Example: polyethylene

B =20°C min”
Baseline

Polyethylene

Sapphire

|
|
!
| i , ,
20 140 160 130 200 220 240

Temperature/*C




Specific heat capacity of PE

o K- Ay for sapphire at 445 K

C,(S) = 0.997 J-K1-g

‘- (0.997J-K™.g7)(133.6x103g)(20K - min™")
75.0mm

K =3.552x10"2J-min™"-mm™"

Specific heat capacity of PE (cont’d)

For polyethylene
Ay(PE) = 34.0 mm

C.(PE) = (3.552x1 072J .min~Tt. mm™! )(34.0mm)
i (20K -min~1)(23.14x102q)

Cp(PE)=2.61J-K-g




DSC results for oxidative stability studies
Example: polyethylene with different antioxidants

Isothermal at 200 °C in oxygen

'TU)
2
(o]
[o]
R=)
c
[/}]
OIT =31 min oxidative induction time = 136 min
20 80 80 103
time/min
DSC results for vapour pressure measurement (ASTM E1732)
Example: Isopropyinitrate
1 790 kPa
A,
TU!
2 1
g
3 plkPa  T/°C
& 13.9 50
103 107
273 141
| 13.9 kPa 790 185
/ f=5°Cmin"
0 50 100 150 200 280

Temperature/°C




'

Clausius-Clapeyron plot for DSC vapour pressure results

Example: Isopropylnitrate

6 - AH =35.32 + 0.62 kJ mol™
—
2 .
0 . : -
2.0 25 3.0 3.5
10°KIT
DSC results for decomposition studies
Example: GAP
T,=253°C
- =10 °C min”
poi3)
Q ;
2 AH=? :
g AH=25kJg
L
e qom e T =208 °C
T, M =193°C o
150 175 200 225 250 275 300

Temperature/°C




DSC results for reaction studies
Example: KDNBF

Tp=221 Cc B =10 °C min”

ow g’

endo

MH=37klg"

T, =170°C {

TS =214°C

-

— T

160 200 240 280 320 360

Temperature/°C

KINETICS

Rate Law for Chemical Reactions

The rate law can be expressed as

da

i K(T)f(a)

where . is the fraction of sample reacted (converted)
and dov/dt is the rate of reaction.




Rate Law for Chemical Reactions (cont’d)

For a n-th order process

fle)=(1-a)"

The order, n is determined by experiments and
generally has no relationship to the stoichiometry of
the chemical reaction.

Kinetic Equations for Various Models

Type f(at)

P1 power law (m=1/2) om

E1 expone;l;ltiél law T e T
B1 Prout-Tompkins fo(1-a)

F1 first order 11_a

R3 contracting volurme 13(1-a)?B

FIX constant rate 1

A033 Avrami-Erofeev (n=1/3) - (1-®)[-In(1-0]""°
D1 one-dimensional diffusion 1/

D2 one-dimensional diffusion ln (1-e0]"




Temperature Dependence of k

Arrhenius Equation (empirical)
E
KT )=Zexp ——

(7) p( RT]

In[k(T)]=Inz _EEY—‘

NON ISOTHERMAL METHODS

Thermogravimetry
Direct measure of o and dov/dt

_m; —m(t)
’ni "'"lf

04

where m;, m; and m(t) are the masses initially, finaily
and at time t and Am =m, - m,

dece _—'l‘“df t')
dt Am dt




Mass/mg

Dynamic TG results

10 4 - 0.3
8 -
- 0.2
6 =10 °C min”
4 - 0.1
5
e ~ 0.0
0 T T T T
100 150 200 250 300 ° 350

Temperature/°C

(dm/dty(mg min’)

Thermogravimetry (cont’d)
For a linear heating rate, = dT/dt = constant

da_do
dt dT

Note: 1f substantial heat given off during course of

reaction, B = (1), ie B is no longer linear.




or

Thermogravimetry (cont’d)

do_Z, [~
T 8 CXP[Rij(Oi)

In(%} -Inf(a)= In[%} - %

? plot L.H.S. against 1/T

? must decide which f(a) to use

In (de/dT) - In f (o)

CaCO, decomposition

S B

o

3
0.90 0.95 1.00 1.08

10° KT




Thermogravimetry (cont’d)

For a linear heating rate, {3

InB =InZ +In[f(oc)]—ln(%]—;%

At constant conversion ie o = constant first 3 terms
on R.H.S. are constant

> plot In B against 1/T

Also, applies to processes involving mass gain eg.
oxidation.

tAans %

TG results for kinetic studies
Example: CaCO,in N,

100
\ brCmint  TJC
80
20 % conversion 20 685
10 672
60 - 5 657
40 4
j3=20°C min”
20 4
0 +— ; . . X
600 650 700 750 800

Temperature/°C




In(B/K min™")

TG kinetic studies (ASTM E1641)
Example: CaCO, decomposition

3.3 q
20 % 15 % 10 %

a0 4 E =374+ 30 kJ mo!"
IN(Z/min’"y = 45 & 4

25

2.0

1.5 T T 4 T T —

1.04 1.05 1.06 1.07 1.08 1.09 .10

10° K/T

Analysis of n-th Order Reactions

da n
& k(1—
— =k(1-0)

_E ¥/
=Zexp| — |(1-
e\p(RTj( a)

Assume that maximum rate occurs when

d(da'/-dt—) _0
dt




Analysis of n-th Order Reactions

This corresponds with the maximum deflection in
the thermal curve at a peak temperature, T,

P2 (dm/dt), for TG curve
and (dQ/dt),, for DSC curve

(assuming that there is a mass change)

Analysis of n-th Order Reaction (cont’d)

15 dT/dt = 3, a constant

B R - E
ln(;_z] = lnI:EZ”(l 3 1} —;{T;

r

First term on R.H.S. is independent of T

> plot In(f/T?) against 1/T, gives E for nth order
reaction




Analysis of n-th Order Reaction (cont’d)

ifn=1

Z = bE exp £
RT,}? "\ RT

P P

> ASTM E698

> Application to DSC results for GAP

DSC results for kinetic studies

Example: GAP
— @ -1
preC min™ Tpead"C B =10°C min

= 10 253

g’ 8 250

s} 8 246

° 4

2 2

(4]

@]

mun

150 200 250

Temperature/°C




DSC kinetics studies (ASTM E 698)
Example: GAP decomposition

10 4

E =138 + 4 kJ mol™?
In(Z/min’") = 30.74 + 0.05

11 4

I T min

T T
1.88 * 1.92 1.96

Temperature/°C

2.00

ISOTHERMAL METHODS
Direct method — TG

A multiple linear regression is carried out
with In(dci/dt) as the dependant variable and
1/T, Ina and In(1- o) as independent
variables.




TG isothermal kinetics studies
Example: GAP decomposition

4 —_
E =134 + 4 kJ mol”
In(Z/min"y = 28 + 1

-In(k/min™)

2.02 2.06
10° K/T

Thermomechanical
Analysis (TMA)




| Thermomechanical Analysis
(TMA)

A technique in which the dimension of a
sample is monitored against time,
temperature and applied force, while the
temperature of the sample, in a specified

atmosphere, is programmed.

TMA — Schematic diagram

AT




TMA — Measured signals

Length (probe position) relative to set position

Rate of length change
> dL/dt = Creep (flow)
> dL/dT = Coefficient thermal expansion (CTE)

Stress (applied force)
Temperature

Time

TMA probe configurations

N T - Y,

Expansion Penctration Compression Flexure




Standard expansion probe
configuration

Al
(¥

Flexure probe and stage

LQAD

Knife-Edged
Loading Nose

————— Sample
Knife-Edged
Supports
Sample Length =
5.08 mm (0.2 in.)




Tension mounted sample

Probe Probe
Sample ___ | m Chuck
Holder /
(C; S |
Sample % ample
=l ]
o 7 o

Chuck

TMA — Calibration

+ Sample length and stress

» Linear variable differential transformer
(change in sample length)

* Temperature




TMA — Sample length and stress
calibration

» usually done electronically as part of
module calibration

> the procedures varies from one instrument
design to another

TMA — Length change calibration

» ASTM E831
> using Al, Pt, Cu standards

> often called “cell constant” or “expansion
calibration factor”

> check baseline (no sample) to determine
effect on CTE measurements




Length change calibration with Al slug expansion

40

Calibration constant = 1.0167
a (ref) = 24.9 pm/(m °C)

30 =

20 =

Al fm

0 - —

Q 50 100 150 200 250

Temperature/°C

TMA — Temperature calibration

» typically done with melting point standards
in form of foil and expansion probe with 5-
10 g load

» standards in form of wire can be used for
fiber and film probes (tension mode)

« calibration procedures often lead to
significant errors in glass transition
temperature compared to DSC




AUpm

-1000

TMA temperature calibration with melting point standards

0

-200

-400

-600

-800 4

Indium

100

1
200 300 400 500

Temperature/°C

TMA — Applications

Coefficients of thermal expansion
Glass transition temperature
Softening temperature

Phase transitions

Thermal stability

Chemical reactions

Liquid-solid interactions




Coefficient of thermal expansicn

» quantitative measurement of AL with AT

 important in many applications but especially
in composite structures

« results can vary significantly with samples
having orientated structure due to processing
(tension, pressure, cooling rate etc.)

» high accuracy/reproducibility usually obtained
with samples > 5 mm thick

TMA measurement of coefficients of thermal expansion
Example: epoxy printed circuit board

1.55 -

\ 1st heat

154
-1\ 2nd heat
g 153 J
£ \
5 i
Z 182 {
Q |
Q
2 | |
s ety CTE = 270.7 mm/{m °C)
a —
- °
150 2 Tg122°C
‘ Coefficient of thermal expansion = 50.5 mm/(m °C)
1.49 . —_— . _
0 50 100 150 200

Temperature/°C




TMA penetration results on electrical coil wire

Tg for outer coating = 128 °C

=
£
§ Tg for inner coating = 176 °C
=5
A
&}
[
&
b5
©
c
& Decomposition of resin
\
e e D B R |
50 100 150 200 250 300
Temperature/°C
TMA penetration results on polyethylene
k=
[+F)
1=
@
Q
O
a
@
= Crosslinked PE
C
£
©
T
c
¥}
.

Non-crosslinked PE

40 60 80 100 120 140 160

Temperature/°C




Expansion ——=

TMA extension results on polyester partially oriented fibers

Drisplacement

/ Cold crystaliization

r 0 T T 1

50 100 150 200 250

Temperature/°C

Displacement

TMA measurement of glass transitions and softening points

f=5°C min”

Tg -44 °C

Penetration
Loading: 5¢g

Expanston
Loading: nane

" Tg-43°C

=100 -80 -60 -40 -20 0 20 40 60

Temperature/°C




Softening of acrylic coating

28°C 7
d d
Undercure Indentation

._. 10 pm

o

[1¢]

=

bl

9

_LE

Q.

(_/‘)

3

41°C
We“_cu,-e;—_\ij Indentation
3 um
-20 Q 20 40 60 80
Temperature/°C
TMA penetration results for solid-solid transitions
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30 _&

TMA results for creep of carbon composite

50 °C

a0 °C

£
5
=]
time/min
Effect of load on cellulose acetate film expansion
18 4
414 kPa
181 690 kPa
14 1 346 kPa >
=
w12
c 276 kPa
2 10- ,./
[&)
o
S g
wv
j oy
g -
a 173 kPa

150 200 250 300
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Summary

 Thermal analysis defined and a number of
instrumental and sample parameters which
affect results described.

« General features of TG, DTA/DSC and TMA
outlined.

« In the discussion of TG, the different modes of
operation, errors that may occur, calibration
and various applications presented.

Summary (cont’d)

« Types of DSC discussed and DSC and DTA
compared. Calibration of DSC, optimization of
parameters and various applications presented.

< Application of TG and DSC to determination
of kinetic parameters outlined and illustrated.

« Description of TMA includes measured
signals, different types of probes, calibration
and various applications.




Conclusions

* The thermal techniques, TG, DTA/DSC and
TMA are very useful for characterization of a
variety of materials.

* The apparatus must be carefully calibrated and
the operating conditions optimized to get the
best information from the techniques.

« Often, combining these techniques with other
characterization tools maximizes the
information obtained.




