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Thermal Behavior during Fusion of Linear High Density Polyethylene
Gel Quenched from Moderately Concentrated Solution

Kazuhiro Mi1tsul and Masaru OKABE

Abstract

The fusion process of linear high density polyethylene (LHDPE)-decalin gel prepared by
cooling a hot solution at various rates was investigated detailedly as a function of cooling rate of
the solution by a differential thermal analysis (DTA). A heating DTA curve of a rapidly cooled
gel showed two endothermic peaks, while a single peak was observed for a slowly cooled gel. In
the DTA curves of rapidly cooled gels, the high-temperature peak became larger when the gel was
prepared at higher cooling-rate. Such behavior indicates that both a structurally stable (crystal-
line) component and a quasi-stable one were formed in the gel through rapid cooling. In order
to elucidate the fusion process of rapidly cooled gel, the heating DT A curve observed for the gel
was decomposed into above-mentioned components using a Quasi-Voit function, assuming that
the stable component in the gel melts accompanying a single endothermic peak same as the slowly
cooled gel, while the quasi-stable component at first reorganizes to the stable one accompanying
an exothermic peak and then melts with an endothermic peak. Synthesis of curves estimated for
two components was in good agreement with the DTA curve observed for the gel and thus the
decomposition was well carried out, suggesting that the fusion process of rapidly cooled gel
included three kinds of thermal behaviors, i.e., melting of structurally stable component (crystal-
lites), reorganization of quasi-stable component, and melting of the reorganized component.
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Fig. 1. Comparison of heating DTA curves obser-
ved for rapidly and slowly cooled gels with
the same concentration (6g/100cm?®) :
heating rate, 0.083 Ks™'; sample, LHDPE ;
solvent, decalin ; solid line, rapidly cooled
gel ; dotted line, slowly cooled gel. The
arrows beside the curves indicate gel-melt-
ing temperatures 7,,* for each gel, which
were determined by the falling-ball
method.”
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Fig. 3. Cooling DTA curves observed for crystallization (gelation) of 'LHDPE from solution with a
concentration of 6 g/100 cm?® and heating DTA curve of gel prepared by cooling a hot solution
at 0.017 Ks™!. Thermal hysteresis is clearly observed between the crystallization and fusion.
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Fig.4. Heating DTA curves of LHDPE - decalin
gels (6g/100 cm®) prepared by cooling a
hot solution at various rates (see Fig. 3).
Each DTA curve was measured using the
gel prepared at each cooling rate shown in
Fig.3. Two dotted lines show the shift of
each peak temperature.
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Fig. 5. Effect of heating rate on DTA curve of a

rapidly cooled gel (LHDPE - decalin gel, 5
g/100 cm?®) prepared at a cooling rate of
0.67 Ks'.
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Fig. 6. The first model for heating DTA curves of
stable (crystalline) and quasi-stable
components in a rapidly cooled gel. A, B,
and C indicate the area of each curve. The
arrows show the peak temperature of each
curve. In this model, the peak tempera-
ture of curve A is lower than that of C.
The stable component in the gel melts
accompanying a single endothermic peak
(C), while the quasi-stable component at
first reorganizes to the stable one ac-
companying an exothermic peak (A) and
then melts with an endothermic peak (B).
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Fig.7. Heating DTA curves estimated by the first
model shown in Fig. 6. This model, how-
ever, does not reproduce any observed
curve shown in Fig. 4.

TCEERTE T A AR I TR TEASL L TR S L
T5ERELIEE, TokORR ORI X 5 R
B L RERERR S ORI X 5 RBE L O AIFELE
Hetehtcsd, Ty — 7 HEOH(B/C) &L
rET S 2—2—-L 1Lk, 20T, B/C=0.32
DR Fig. 4 okth&& Lic 7 v o DTA #hig %t
KL <CHERELTVWAHUA, BLI R-TWW5H2E
Dbh b, Bz, Fig. 4 © 0.033Ks™ OFEETHEIL T
By o DTA 3T Y — 7 oERACE BEh
HOIR L, Fig. 7 THEE L7 B/C=0.05 D #ifE Tix
Fr—7oREBACBE A HEA TS, ZOFRRIEEL
L&YY — 27 OMBRERICH D EE 2 bh, By
BT DET NI L THENLETH S,
AREBRTIZ0.083Ks™ 0 FREE CTHOHTEIT-
TWAHD, ZORE TRERE RS OBHEBLIE
h, €= 7B eEMcEHRAANTHAA TS EE 2
bhb, CORBEERBL TE-12FBDEF LM
Fig. 8 TH 5, EEERH S DR — 7 ZREH L —
727X 7e—FT, 20— A3ERANED, &
BRI O -7 8 —KTH L5 LTH S,
Fig.9 (X Fig. 8 iw/RL7c DTA B % 3EEDO £ ¢
HEELB/OTERLICERTH S, Fig. 71k~
B e — 27 DR IE < 5 A Fig 4 © LB 208



Endothermic ==—————= Exothermic

Fig. 8.

ESHEEE R ) =5 v v SERIEER O 2064 7 A~ ORI 5 BB (S - M 267

—— Stable component
—-— Quasi-stable component

1 = 5 1
340 360 380 400
Temperature /K

The second model for heating DTA curves
of stable and quasi-stable components. In
this model, the peak temperatures of A and
C are equal each other.
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Heating DTA curves estimated by the sec-
ond model shown in Fig.8. This model
can reproduce comparatively observed
curves shown in Fig. 4.
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Fig.10. The third model for heating DTA curves
of stable and quasi-stable components.
In this model, the peak temperature of
curve A is higher than that of C and
moreover the area of curve B is slightly
larger than that of A.
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Fig.11. Heating DTA curves estimated by the
third model shown in Fig. 10. This model
can reproduce observed curves shown in
Fig. 4, but the best-fit can not be carried
out.
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Fig. 12. Change in half-width of endothermic peak
by experiments and calculations with
increasing cooling rate. Solid and open
circles are for the experiments and for the
calculations, respectively. The difference
between experiments and calculations is
shown by the open rectangle.
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Fig.13. Heating DTA curves estimated by the

third model shown in Fig. 10, using a Quasi
-Voit function. The estimated curves are
in good agreement with the observed
curves shown in Fig. 4.
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