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Application of Thermal Analysis Techniques to Appraisal and
Quality Control of Electrical and Electronic Materials

Sachio Yasufuku and Takeshi Tanii

Status quo of the application of thermal analysis techniques to the appraisal and quality
control of electrical and electronic materials is reviewed. Such thermal analysis techniques
as TG, DTA, DSC, TMA, EGA, TSC are dealt with, whereas such electrical and electronic
materials as enameled magnet wires, varnishes, epoxide resins, thermoplastic resins including
cross-linked polyethylenes, thermosetting resins, mineral base transformer oils, ZnO varistor,
rotating machinery insulation systems, printed circuit boards, solder glasses, photoresists,
carbon fiber reinforced plastics, electronic ceramics, are investigated by use of the above-
mentioned techniques. By taking advantage of these collected data, it is suggested that one
can provide a data-base for electrical and electronic materials. Furthermore, it is reasonable
to say that when one should develop a new material, one could adopt most suitable thermal
analysis technique for its appraisal, referring to the collected data-base. The authors lay
particular emphasis on applying extensively these thermal analysis techniques for developing

new electronic materials.
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Fig. 1. TG curve vs. theoretical curve based upon
random scission for chlorinated polypro-
pylene. The symbols, ¢, x and T are the
conversion, the fractional bond broken and
the temperature.
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Fig. 2. DTG curves for epoxy resin/dicarboxylic
acid/DMBA system.
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Fig. 3. DSC melting temperature (T ) of cross-
linked polyethylene as a function of
percent extractables (E) (The melting
temperature was taken as the maximum
peak temperature.)
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Fig. 4. Estimation of thermal history imposed on

crosslinked polyethylene by a new method
of subtracting original DSC curve from its
annealed DSC curve. Tp is the peak tem-
perature obtained by the substraction, and
t, and Ty, are the time and temperature
of annealing.
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Fig. 8. Characterization of PTFE wire insulation
by DSC method.
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Fig. 9. Temperature dependence of concentration
of carbon dioxide evolved from alkyd
varnished glass cloth. The ordinate, C. is
the concentration of CO and CO, in
evolved gas.
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Fig. 10. Characterization of polyethylene heat-
shrink wire insulation by TMA. The

ordinate, AL, is the thermal contraction.
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Fig. 11. Relationship between TSC peak tempera-

ture and DSC peak temperature for
electron-irradiated polyethylene film. The
left ordinate, i, is the thermally stimulated
current.
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Fig. 12. TSC curves for oxidized high-density
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Fig. 13. TSC curves for mica/epoxy resin com-
posite insulation system.
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Fig. 14. DTA curves of non-ohmic ZnO ceramics

with five additives sintered at 1350°C, and

pressed discs of mixtures in the systems
ZnO — Bi, O3 and ZnO — Bi, O3 — MnO,

{a)—(f): Non-ohmic ZnO ceramics with
five additives
(g)—(m): Pressed discs of mixtures in the

systems ZnO - Bi, O3 and ZnO—

Bi, O3 —MnO, (mol.%)
Z: ZnO; SP: Zn, Sb, Oy, spinel; 2(Zn,Sb):
£—Bi, O3 containing Zn and Sb;
d(Zn,Sb): J—Bi, 05 containing Zn and
Sb, §(Zn,Sb,Cr): 46— Bi, O, containing
Zn, Sb and Cr: 7: 7—Bi,O3; a: a—
Bi, O3, M: MnO,. The ordinate, AT, is
the temperature difference.
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Fig. 15. Weight loss (W) of an aromatic polyamic acid during

its imidization reaction.
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Fig. 19. Determination of glass transition of poly-
sulfone PCB using derivative DSC.
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