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The thermo-oxidative degradation of polyacetal resins and paraformaldehyde have been
studied with non-isothermal thermogravimetric method. The evolved gases by the thermo-
oxidative degradation of polyacetal resins and paraformaldehyde were identified by
simultaneous thermogravimetry-differential thermal analysis-Fourier transform infrared
spectroscopy (TG-DTA-FTIR). The polyacetal copolymer was more stable than the
homopolymer since the DTG peak temperature of the copolymer was about 28 degrees higher
than the peak of homopolymer. It was found that the activation energy (AE) for the thermal
degradation of homopolymer, the copolymer and paraformaldehyde were 121.8kJ mol-1,133.7kJ mol -,
and 79.8 kJ mol !, respectively. The value for the paraformaldehyde gives an agreement with the
binding energy of OC-H bond. It was found that the thermo-oxidative degradation of polyacetal resin
was accompainied by endothermic reaction and elimination of formaldehyde. In the case of the
homopolymer, the desorption of formaldehyde gases was observed at the melting point.
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Fig.1 IR spectra of polyacetal resins and paraformalde-

hyde. O Paraformaldehyde, @Polyacetal copoly-
mer, ®Polyacetal homopolymer.
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Fig.3 X-ray diffraction profiles of Polyacetal ho-
mopolymer (a) and copolymer (b).
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Fig.4 TG, DTG, DTA curves of paraformaldehyde.
Netsu Sokutei 25 (3) 1998

59

CEEBRILORBEEEERZHEL, 20EEE(R
10% L CBIT 2 HBEEDOWMKE BEEDEX 70
v P LTEEROGEH & SRLEOERIL T AL F— %
Koz,

3. BREER

YT L7 - I ROBBEASRER I OVTIE,
MEELTEELLSFRVATANFE FERY Py —
WBBED R ER) v & 2R = — D5 FHEEN R B 1=
B, NIRVLTVT e FRE, FERYv—BLUaR
Yo — I DWTRERT LT,

3.1 INSHFILTILT b NEROMB LS REEE)

NTENVAT VT N, BADGTFEDLDREAT
EEES ~ 100 DBIROKAAEY = —THH, FLLT I
T FOEFEEIREKD B VIEERESHIET H70
WCEES0 ~95% L ENT 5, E77, Fig.l /8T hILAT
W7 FREDIRANY p VLR, R < —kBokBE
23T (IR ANR Y b V%3440 cm VTR S 5,
3.1.1 TG-DTA Il 388K

INFEVLT VT FREDTG-DTA L L 2SR
Figd4iImd o785 RN A TILFE FOTG HgII =R TE
TUERBEFPBREIND & & B2, 60 THLRSEAMES
DISOCTERITET LTS, F7, ZHIZHEL TDTA
B#R120.5 CURBA Y — s 23d o1, T ORBHEY— 28
BEHDTG B0 Y~ 7 BE1198 CL R —FKL TV,
3.1.2 TG-DTA-FTIR &EIZ & 584 H A7

INTHRIVLT VT FREORAEN A GHEE % Fig.s,
Fig.6 {277 ¢, Fig SR LRV AT VT F (HCHO)
DC-HRERENEDS(RETA T 7740 1) EC=0
HREREN I T BEF AT 77 40 (3) 45, Figd 2
RLIZDTG H#RE DTA BI#IC R C —FK L 720 S 5I2Fig.6
WORUIBETADIR AR PV SRET ADEEHME
RVLT VTR FTHDL LR SN, $72, Figsic
RLZZZBURFEOC =0 MREICE T R4 H R 70
774N Q) PRBLAREROBEICASIIEILL, &
FHRRRI21 min 2 — 27 2R L7, S 5IZFig.6 DIR A2
MV HREEFEI 20 ~ 21 min iC ZBIEREORE LD
EN7z. LLEDKREDS, GBRZEREESAICBITL/35 %
VLTIV FREORELSREIT I D TERD S O
ERLLBEANVLT VT FRIBTH Y, 2058
DTA D GBI TH 2 Z L dvbhhoiz,

3.1.3 FRAIC KD FSEEORSRT

INRTGRNLT VT FRELY S DORBEETTG-DTG
THEL, TOERENORREEEEE L EEE(LER
10% 2 & DIREIZ BT 5 FIBEE O & MxhEEom
BTy N LT R Fig7 1ORT, £70, KREEE



4.5~
4.0-4
> ¢))
3.0
2.5+
2
=
= s
-~
§ 1.0 (3)
B
5
I I C )
[
N (5)
=
K]
Z
< 0.05-1
=
=
L
g .04
(=3
Q
0.03~
.02
0.01-
(G/3)
$.00—
T T 1 U T
o 3 10 15 2 25

t / min
Fig.5 Evolved gas profiles of parafoimaldehyde
calculated from interferograms with TG/DTA/FT-
IR.
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Fig.6 Evolved gas IR spectra of parafolmaldehyde
at each time with TG/DTA/FT-IR.
@ Scan time =0.94 min, 36.2°C, @ Scan time =
4.00 min, 54.4C, ® Scan time=7.10 min,
64.1 C, @ Scan time =10.08 min, 80.1TC, ®
Scan time = 12.00 min, 86.9 C, ® Scan time =
14.04 min, 96.0C, @ Scan time =16.08 min,
104.5C, ® Scan time =18.04 min, 112.2C, @
Scan time = 19.02 min, 116.3C, (0 Scan time =
20.55 min, 120.7C.

Table 1 Heating rate dependence of the DTG peak

temperature of polyacetal resins and

paraformaldehyde.

Heating rate

T min~! homopolymer copolymer paraformaldehyde

244.0 271.7 112.2
249.3 275.2 116.0
10 252.8 282.3 122.3
15 261.6 289.6 129.0
20 266.5 297.7 131.3
Average 254.84 283.30 122.16
Standard 9.138 10.586 8.176
deviation
Coefficient 3¢ 3.7 6.7

of variation
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Fig.7 TG, DTG curves of paraformaldehyde (A) and

the plots of log ¢ vz. T-1 of the paraformalde-
hyde from TG-curves (B). Heating rate; 1, 20C
min=1; 2, 15C min-%; 3, 10C min-!; 4, 7C
min 1; 5, 5°C min-!. Fractional weight; a, 10
%, b, 20 %; c, 30 %; d, 40 %; e, 50 %: f, 60
%; g, 70 %; h, 80 %; i, 90 %.

Table 2 Activation energy (AE) of thermo-oxidation

polyacetal resins and paraformaldehyde by non-

isothermal thermogravimetric method.

Weight homopolymer copolymer paraformaldehyde
loss % kJ mol-! kJ mol ! kJ mol 1
10 138.686 158.753 79.335
20 144.475 155.665 79.071
30 146.551 143.105 79.106
40 138.535 137.246 82.059
50 127.687 132.586 81.126
60 122.032 126.803 81.994
70 110.570 121.325 79.806
80 100.016 117.131 79.659
90 67.886 110.788 76.097
Ave. 121.826 133.711 79.806
Standard 25.578 16.631 1.825
deviation
Coefficient 21.0 12.5 23

of variation
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Fig.8 TG, DTG, DTA curves of polyacetal ho-
mopolymer. (A) at the melting process, (B) in
the total stage of thermo-oxidative degradation.
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Fig.9 Evolved gas profiles of polyacetal homopoly-
mer calculated from with
TG/DTA/FT-IR.
(1) FG: 3000 ~2800 cm ! (C-H), (2) FG:
2400 ~2300 cm ! (CO,), (3) FG: 1800 ~ 1680
em -t {C=0), 4) FG: 1300 ~1000 cm-! (C-
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Fig.10 Evolved gas IR spectra of polyacetal ho-
mopolymer at each time with TG/DTA/FT-IR.
@ Scan time =29.08 min, 176.4C, @ Scan
time =29.51 min, 178.9°C, ® Scan time =30.02
min, 181.4C , @ Scan time = 33.04 min,
197.5C, ® Scan time =37.00 min, 217.4C, ®
Scan time =38.81 min, 226.2 C, @ Scan time =
41.24 min, 237.4C, ® Scan time =42.06 min,
240.6 C, @ Scan time =43.79 min, 248.9°C, @
Scan time =44.49 min, 254.3C.
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Fig.11 TG, DTG curves of polyacetal homopolymer (A)
and the plots of log ¢ vz. T—! of the para-
formaldehyde from TG-curves (B). Heating rate;
1,20C min-%; 2, 15C min-%; 3, 10C min-{;
4, 7TC min-1; 5, 5C min - '. Fractional weight;
a, 10 %; b, 20 %; ¢, 30 %; d, 40 %, e, 50 %;
f, 60 %; g, 70 % h, 80 %; i, 90 %.
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Fig.12 TG, DTG, DTA curves of polyacetal copolymer.
(A) at the melting process, (B) in the total stage
of thermo-oxidative degradation.
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Fig.13 Evolved gas profiles of polyacetal copolymer
calculated from interferograms with TG/DTA/FT-
IR.
(1) FG: 3000 ~2800 e¢m-! (C-H), (2) FG:
2400 ~2300 cm -! (CO,), (3) FG: 1800 ~ 1680
ecm-t (C=0), 4) FG: 1300 ~1000 cm = (C-
0-C), (5) FG: 1000 ~ 900 ecm-! (CH=CH,)
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Fig.14 Evolved gas IR spectra of polyacetal copolymer
at each time with TG/DTA/FT-IR.
@ Scan time =35.04 min, 205.0C, @ Scan
time =39.08 min, 225.4C, ® Scan time =41.08
min, 235.7C, @ Scan time = 45.00 min,
254.7°C, ® Scan time =46.02 min,260.1C, ®
Scan time =47.01 min, 265.1 C, @ Scan time =
48.03 min, 269.2C, ® Scan time =49.20 min,
273.8C, @ Scan time =49.40 min, 274.0C, @
Scan time =49.87 min, 278.8 C.
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Fig.15 IR subtract spectrum of evolved gas of polyac-
etal copolymer. Sample; Scan time =49.40 min,
Reference; Scan time =39.08 min.
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Fig.11 TG, DTG curves of polyacetal copolymer (A)

and the plots of log ¢ vz. T~! of the polyac-
etal copolymer from TG-curves (B).
rate; 1, 20C min-1; 2, 15C min-1; 3, 10C
min-'; 4, 7C min-1; 5, 5C min -!. Fractional
weight; a, 10 %; b, 20 %; ¢, 30 %; d, 40 %;
e, 50 %; f, 60 %; g, 70 %; h, 80 %; i, 90 %.
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