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Exercise 1- Choose the correct answer(s)

1. In thermogravimetric analysis (TGA), which of the following quantities is plotted directly as a function of
temperature or time?

O 7)

@" ﬁ Sample mass or mass percentage
O Sample enthalpy change
[0 Temperature difference between sample and reference

O Sample dimensional change (length or volume)

2. A polymer shows a clear step change in baseline in a DSC heating curve without any associated peak. What

process is most likely responsible?

O Melting
O Crystallization on heating
s 0 Thermal decomposition with mass loss

@ ¥ Glass transition

\J

3. During a TGA run in air, a carbon-filled polymer sample first shows a mass loss, then a later mass gain at

higher temperatures. What is the most plausible explanation for the mass gain?

)
Al

X Adsorption or formation of oxides with higher molar mass

o
v

00 Evaporation of residual moisture at high temperature
O Oxidation of residual carbon to gaseous CO,
o

Instrumental drift of the balance

4. In differential scanning calorimetry (DSC), which experimental setup best minimizes thermal lag when

measuring a sharp first-order phase transition at high heating rates?

)

\ﬁ_ib/\ X Using a small, shallow crucible with low thermal resistance and moderate sample mass
0O Using a large, deep crucible and maximizing sample mass
0 Increasing purge gas flow rate while keeping a very low sample mass in a large pan

0 Using a hermetically sealed high—pressure pan filled to capacity



5. Which statement best distinguishes DSC from DTA in terms of what is actually measured?

0 DSC measures dimensional change while DTA measures mass change
[0 Both DSC and DTA measure only the sample temperature

0 DSC measures mass change while DTA measures heat flow
/
@f Ef DSC measures heat flow, DTA measures temperature difference

6. In thermogravimetric analysis (TGA), which change in method most directly improves the resolution of

overlapping mass—-loss steps for a complex multi-component material?
¥ ks

7

it

@) [x Reducing the heating rate and using derivative thermogravimetry (DTG) analysis
O Increasing the heating rate from 10 K/min to 40 K/min

0 Loading a larger sample mass to increase signal strength

[0 Switching from nitrogen to air as the purge gas at the same heating rate

7. Which of the following best describes the effect of a higher heating rate on a TGA curve?

\‘ X  Shifts decomposition onset to higher temperature

N

~=~._ [1 Shifts decomposition onset to lower temperature
:rﬂ

.

¢

[0 Eliminates mass-loss steps

0 Doubles all mass losses

8. A small mass loss below about 100 °C is most often related to:

O Melting
[0 Glass transition
/f‘ 0 Decomposition of the main matrix

7
c’{}ﬁ: j& Loss of moisture or residual solvent

Exercise 2 — TGA of a Hydrated Salt

A hydrated salt MX yH,0 is analyzed by TGA from room temperature to 1000 °C in nitrogen at 10 °C/min.

The TG curve shows three mass—loss steps:

e« Step 1: 8.0% between 50-160 °C.

e Step 2: 24.0% between 200-420 °C.

e Step 3: 18.0% between 420-800 °C.

» Final residue at 1000 °C: 50.0% of the initial mass.

Given: M(MX) (anhydrous) = 200 g -mol™. Assume the successive losses correspond to: first water H,O, then

CO,, then CO.



Mass (%)

Temp. (°C)

1. Determine the hydration number y of MXyH,O using the first step and justify your calculation.
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2. Calculate the theoretical mass percentage corresponding to the loss of 1 mole of H,0, 1 mole of CO,,

and 1 mole of CO for this compound, and compare with experimental data.




1. Explain, using the concepts of inert vs oxidizing atmosphere, why the degradation profile is simpler in N;

than in air
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3. Discuss how DTG curves could help distinguish the three steps more clearly and indicate at least one

advantage of DTG representation.
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4. The same polymer is now tested at 5 °C/min in air. Predict qualitatively how the onset temperatures of

the main mass-loss steps will change and explain why, with reference to heating-rate effects.
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Exercise 4 — Dilatometry and Glass Transition

A polymer specimen (initial length Ly = 20.000 mm at 25 °C) is analyzed by push-rod dilatometry from 25 °C to
150 °C. The following data are obtained:

Temperature (°C) Length (mm) AL AL/Ly
25 20.000 0,599 - 00 1 A
50 20.015 0,0 AS 0, 1 No2. 0, 2
75 20.028 0,0 L% A Lo ok M- 3§

90 20.036 9, 05k -’\!.?S'Q & )\g’zi - /

100 20.052 998 | Qg & AT ;

125 20.084 0,03\ Y, 0 x Ao

150 20.106 o) M <. %0y A3
|

From previous DSC measurements, T, is expected near 90 °C.

1. Calculate AL and AL/L, at each temperature and tabulate the values. (In table)

2. Using the numerical data, estimate the average CTE below T, (25-75 °C) and above T, (100-150 °C)

using ¢ = Al
T LoAT

}K\O‘DV&T%K}\@Q"‘A%ﬁ ...... DV AS o»)\&}oggs_g%aoc, ...... @

AKQ& C/TE A a//fjor’ox'w@ c\«%wutc{ a,lp_t_JL/ET%




3. Identify the approximate glass transition temperature from the change of slope in the AL/L, vs T plot and

compare it to the DSC value.
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4. Briefly explain, in terms of polymer microstructure and molecular mobility, why the CTE is different below

and above T,
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