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Melting'Behavior and Irradiation Effect in Poly(trioxane}

Yoshiaki NAKASE, Isamu KURIYAMA,
Hiroyoshi NISHIJIMA* and_Akira ODAJIMA*
Pilot Scale Research Station, Takasaki, JAERI.
(Received April 21, 1977)

The fine structure of poly(trioxane) obtained by radiation
~induced polymerization in the solid state has been examined
through the melting behavior. The relationship between melting
behaviorlof the nascent polymer and the polymerization conditions
(temperature and time), and influence of the heating rate
during thermal measurément and of irradiation upon the melting
behévior were studied.

Poly(trioxane) consists of two types of polymer crystal-
lites at low polymer yield, while superheatable crystallites
exist at high yield. The superheatability is reduced greatly
after irradiation below IMR, and also in the thermal measure-
ment at lower heating rate, indicating that the polymer molecules
in a superheatable region retain the strain due to polymerization.
Small-angle X-ray scattering and electron microscopic observa-
tions show periodical 1ayer—1ike voids, indicating the periodical
appearance of regions susceptible to irradiation along the

c—axis of polymer crystals.

Keywords: Poly(trioxane), Meling Behavior, Irradiation Effect,
Heating Rate Effect, Reduction of Superheatability, Periodic

layer-like voids, Fine Structure, Polymerization,

*Department of Applied Physics, Faculty of Engineering,
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3. 2 RERER
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a) Bk 2 2L EOREEOR T IMENFEAET 258

b) BAMEORICHENTIBE

c) FREssEE SR THELLT2EE
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2o b) OBE, BEFIIRANCERTH L 00, EFCHOE 7 sBRACET 5120,
BB IORBOEL LT2EE - 710085, ¢) ODEAEC2Th, BIHEELARRTS U,
b) FEEO T 0T 4 viTE B, 35icd) DBE, B v —HosFERsthoREFETRE
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PTOX (2i3iF 100% D #E&/LE% & DECC (Extended Chain Crystal ) KOMAKETH
5®@PchLd)@%ém%i5n@mo%c%,a)@%%?%éﬂ%ﬁﬁ%wwf,&
L ERE T 5,



----- 0
4120
A
1600
P—
I
< 1802
1% SAMPLE g
= WE IGHT 1.27 mg -100
0
Z HEATING
. RATE 10°C/imin

| f ] | |
150 200 250 300 350
TEMPERATURE (°C) _
Fig. 1 Thermogravimetric (TG), derivative TG(DTG) and heating
(DSC) curves of poly{trioxane) (preirradiated IMR and

polymerized at 55°C for 30h, polymer yield of 80%):
sample weight used, 1.27mg; heating rate, 10°C/min,
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Fig. 2 Heating curves of poly(trioxane) with various heating
rates {(normalized to a horizontal baseline): the same
sample as used in Fig.l; sample weight, lmg; heating
rates and ranges (sensitivity) are indicated in the

figure.
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LD EHET S,

3. 2. 3 EANERKEH

® 53 EAEE G5C) 2 —F L, 55~0MESL TH O NAEOEL Z PTOX DME
iR TH &, ‘

AIRHERE 2 0.5MR TH 308, WHBEAEPTOXDHAER IMRELAEEDTH Do
BEEOES2EC-7TH5H0, REOENEL LT o -~ FEHEH—-E-74058, &6
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Fig. 3 Relationship between heating rate and heat of melting
(calculated from the area surrounded by the baseline
and the peak in Fig.2).

POLYMERIZATION SAMPLE
TEMPERATURE WEIGHT
48°C 1.35mg
(81°)

50°C

(84°%)
118 mg

o _95°C 1.36 mg
= (80°%)
x
L)
I
—
8
Z () YIELD
1]

1 1 | I i

160 180 200

TEMPERATURE (°C)

Fig. & Heating curves of poly(trioxane) obtained at various
temperatures: TpOX was preirradiated with I MR and
postpolymerized; heating rate, 16°C/min; polymeriza-
tion temperature, polymer yields and the sample weight
used are indicated in the figure.
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SAMPLE
DOSE WEIGHT
9x10R 128 mg
0
(ORIG) :
\/\ 134
] l ! | L 1
160 180 200

TEMPERATURE (°C }

Fig. 7 Heating curves of poly(trioxane} (6% yield) as-poly-
merized and irradiated (9x10% R): heating rate,
16°C/min; sample weights used are indicated in the

figure.

Fig. 8

COOLED
EROM
(e)
——_‘N_——-_“—-_
196 °C /f—ﬁ
(d) ﬁ
192
!
(c)
188 ) )
(b)
18M
(a)
o 180
&
E  ORIG
I
=
o
[}
=
V1]

1

I
180 200
TEMPERATURE (°C )

Heating curves of poly(trioxane) heated (16°C/min)
up to a given temperature (a - e) and cooled
(64°C/min) immediately to room temperature: the same
sample used in Fig.l; heating rate, 16°C/min; sample
weight, 1.50£0,05 mg; the given temperatures are
indicated in the figure, i

- g —
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Fig. 11 Heating curves of poly(trioxane) irradiated with a
dose more than 1 MR in air or in nitrogen gas
atmosphere: the same sample as used in Fig.l; heat-
ing rate, 16°C/min; sample weight, 1.00%0.03 mg.
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Fig. 12 Relationship between dose and heat of melting
calculated from the area surrounded by the baseline
and peak in Fig.1l, and the data on the sample
irradiated in oxygen gas atmosphere are not illus-—
trated in the figure: open symbols, as-irradiated
(1st run); filled symbols, melt-crystallized
(2nd run).
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Thermogravimetric curves of poly(trioxane) irradi-
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sample weight, 1.0%0.5 mg; doses are indicated . in
the figure.
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Fig. 15 Electron micrographs of poly(trioxane) as-— )
polymerized and irradiated (10, 50 and 100 MR) in
air.
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Fig. 16 Electron diffraction photographs obtained in the
electron microscope with various exposure times:
half-arrows indicate the diffraction spots due
to the sub-crystal.
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Thermogravimetric (IG) and differential scanning
calorimetric (DSC) curves of poly(trioxane) (with
various sample pan systems (A, open; B, clamped
mesh 1id; and C, clamped Al-plate 1id) illustrated
in Fig. 1.
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Fig. 3 Simultanecus TG and DSC heating curves of poly

(trioxane) with the open pan system A, mesh 1id
B and Al-plate 1id C: heatin rate, 10°C/wmin;
gample weight, 1.4 mg.
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