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DSC and TMA of High Polymers

Minoru Todoki

(Received September 27, 2004; Accepted November 9, 2004)

Fundamentals of apparatuses and analyses of DSC and TMA were described for polymeric

materials.

In apparatuses, measuring principles were explained firstly and secondly the two confusing
problems of DSC, i.e., why two types of DSC, heat-flux DSC and power-compensation DSC,
do still exist, and why their charts adopt opposite direction for Y-axis were elucidated from

their historical and measuring aspects.

In analyses, enthalpy and volume-temperature relationships of low molecular weight substance
were reviewed and apparently unusual behaviors of polymers were pointed out. Finally nanosize
behavior of polymer crystals was emphasized as the most important topic among them and their
zero-entropy-production melting was exemplified for nylon 6 fibers, comparing with their

conventional melting.
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Fig.1 Schematic diagram of working principle of DTA
and DSCs.D
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Fig.2 Temperatures and AT as a function of time in
DTA. Ty,: block temperature, T.: reference
temperature, Ts: sample temperature.
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Fig.3 DSC melting curve of ethylene-butene (6 %)
copolymer annealed stepwise at 5° intervals (a)
and at 2° intervals (b) in the cooling process.9
Heating rate was 18 K min®! and sample size
was 6.65 mg. Endothermic is upper direction
for the reason described in the text.

goooooooboooooboboooooooooooo
goobooOoooOoooobscoooooooooooono
gooboooooboobpscoboboolooooooooono
ooooooooooboobooooooooooo 20
gpscOOoOoOoooooboooobooooooooDoonoo
DTAODOOOOOOODOOOODOOODOOObODOOoOooOO
ooooooO0oooooboooOOO0DTAOTG-DTAOO
gooboooooooooobpscoboooobonooooo
goooobooooooboobboooooooobooo
gboooooooooboooobpTAODSCOOOOOO0O
goooooooooooooooooossooooog
gooooooooooooboboooooooboboobooa
gooDTAODSCOOOOOO0OO00O000oooooon
gobooooooooooobooood
gobooooopscobooooooooooboooo
0000oooooooooooonoonono1ee3dn bscO
goboooooobpscoogoooooooooboooon
goooooopscoooOoOoOooobrleesnmon
Fig30O00O0O0O000OO000O0O00O0DOOOO0OBO0OO
goooooooboos000oooooooooooooo

2 00000Figl(c)bO000O0O020000000000C00O0O0ATDOOOODOOOOOODOOODOODOOOOOOO
gooobOoooOoboobooooDoOoobOobboooobpscooobObobotee3bpooooboobscooonooon
oooooooboboooooboOoboobo0ooboobooooobobooOo0ooboOobooooobooboATooOOOOOOOOO
oooooboOooO00o@moooboooooooooooobscodoooboooboooooboooooooboono
gbobooboooboooooooobpscooooobooobooobpTAlOobOOoooooooooobobobooboo

Netsu Sokutei 31050 2004 243



gooo

gooooooooUooooopooooooooobscd
O0O0bTAOOOOO0OOOOOOO0O0ODOO0O0O0O0OO0
O00oo0oOoooooooooooooobscooonO
O0DTAOOOOOOOOOOOOOOOOOOoooDoOO
00oo00oo0oo0ooooUoooOooOooooooo
0000000000000o0oo00ooUOooooooo
0oo00oo0oo0oo0oo0oo0oooooUooooo
ooooooO0ooooo0oo0ooooboOoooooooo
ooooooOoo0oooOoooooooOoooooooo
00ooo0oo0oo0oOooOooOooooooooooooo
000000o000o0OoO00oooo0OooooUODTAO
0000000000o0o0oo0oo0ooooooooooo
00oo000oo0oo0oo0oo0ooooooooooooo
ooo0oooooooo0ooooboooooooooo
ooo00ooOoooooOooOoooOooOoooooooo
0ooo0oo0oo0oOoo0oo0oooooUoooooOooo
O0000O0000o000oo00o0omooooooooo
gpscooooooooooobooooooooooo
go00oooo0oooO0o0ooO0o0oUoOoOOooUoDOo
pDsCOO0O0O0O0OO000OOOO0OO0O0OOoOooOoOoo
DSsCOO0OOOO0OO0O0OOOOOOOOooOOoOooooo
00ooo0ooOooooo0oooooOooOoooooooo
oo

19920 0000000000 DSCO Temperature
Modulated DSCOOOOOO0OOOOOOOOOOOOO
ooooooooooooooooOo

2.2 TMA
310000000obpscoooooooronooon
gooobooooooooooTMAODOODOODOVO
gooooooooobodHOvOOOODDObOOoOoOooo
gooooooooooTMAOOODOOODOOODOOOO
gpsCOduoooooooooboooonoooddT™MA
ovoooooooooooooooooooooooo
gooooobooooooooooboooooooooooo
gooooooobobobpscobooooooooboooon
gooobooooooooooboooboooTMACDODO
gooooooobooooooobooooooooooo
goobooboooooooboooboboooooooooooo
gooomx» 000000000000000O00000
ooooooooooooboooooooooooboooo
gooooboooooooDbbOOoooooooooo
goooogogooooooTMAOOOOOO0oooo
gooooooooboooooOooooboooboooom®
goooooboooboooooooboboooooooboooo
pscobgoonoooooooood

(a) compression (b) penetration
(expansion) | ex) polystyrene ¢
€X) epoxy resin (crystalline)
DTMA ..
—/— TMA
1 S|
1g weight l
T,=92°C /T“
040 80 120 160 200 9 o0 200
T/O T/D
(c) tension } (d) bending }
ex) Nylonn 66 fiber &) B I%CPE
0 HDPE
O polycarbonate
} 3
< 1g weight ‘
/T“ ol \o o o
R : h Y
0 50 100 150 200 250 0 40 80 120 160
T/O T/O

Fig.4 TMA measuring modes and their typical TMA
curves.® DTMA means derivative TMA curve.
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Fig.5 (a) Enthalpy H or volume V against temperature
T of a crystalline organic compound of low
molecular weight under constant pressure P, and
(b) the differentiation of H-T relationship with
respect to T.1) This differentiation was conducted
physically (not mathematically) in order to relate
to DSC curves.
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Fig.6 Observed DSC heating curve of melt-quenched
PET. See the text about base lines and heats of
transition indicated. Heating rate and sample size
were 10 K mint! and ca.8mg, respectively.
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Fig.7 DSC melting curves of variously drawn nylon
6 fibers.11.14 Groups A and B show z-e-p melting
and conventional melting curves, respectively.
Heating rate was 10 K min®1, and sample size
was 4 mg for all the curves. Drawing temperature
was 550. a undrawn, b: x 2.5 (2.4), ¢: x 3.0
(2.6), d: x 4.0 (2.9), e x 5.0 (3.1). Each crystal
size is indicated in nm in parenthesis.
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