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RAERE, BN H —AMEAR K, XRTHGE T REREFIH 5038, MBELEE
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phenylenebenzobisoxazole), PBZO) I & MU Bt /1% L2 R b HE . M B E 0 -9 H R
AR AR TR X R T B ARE R Wolfe %121 [ $0E -3 ¥ (TG-MS)
BT PBZT 1l PBZO A Z 4 FHASHE, SR KW 600T ZEH T & M M RIFEEFF
SR, 7 1000C I SR H £495% 28% , 38 th H,S.HCN.CS,.CO.CO, S k4274,
BRXEFHREHMARURTFHMIMESYNS FENABSRIR. X THEAR
5 B RUR S M 5 3 - 3 (high resolution pyrolysis gas chromatography-mass spectrometry,
HR PyGC-MS)£#& T PBZT fl PBZO M4 B WAR A HRH SR FEHM X
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1.2 HR PyGC-MS SHAMEHNSBETHERAT
1.2.1 #:5 7 JHP-3 Curie Point Pyrolyzer (Japan Anal. Ind. Corp. )L 920 2##, i
R 0.2~0.5mg, TR Ss, HWEHH 52 BN QP-5000 GC-MS(Shimadzu)
AEHEE, G&%Y CBPS HBRA G EEHH(0.25mm i.d. X25m), il K 50T
(5min) ~250C (20min), FHBEE 5C /min; AR K, HFSH Y 13mL/ min, L H
10: 1; %44 N EL E, 70V, 250C ;
1.2.2 BBy B/EE A JHP-3 Curie Point Pyrolyzer ¥ 5 VARIAN 3420 5
AR B BB T AT ; BURB BE Y B0 764.920.,1040°C ; FID K M 3%, 1 SR LI 4
L, HEXRFHERL.
1.3 #ANZE

Pekin-Elmer TGA7 #4440, MM & 60mL/min, ¥ 5 R 1 ~3mg, FHEERF
% 5.10.20.40.50C /min.
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Fig 2 High resolution TIC pyrogram of PBZO at a pyrolysis
temperature of 920°C

(4-MEHE).S-FEEH M (No.9); PBZO BIIFIEM K 2-F ¥ 3k ws (No. 4) #1 2-
(4-WEFE)FFEREmE (No. 6)F0 2-(4- U EEE) S WMEXHFEM(N..8), BN SEHE
HHNRFBRSARIFO LR, REFAERI B SRR NNNEEAX, 5%
T b B it — A

Table I  The pyrolyzates of PBZT and PBZ0) identified by PyGC-MS

No. MW PBZT PBZO No. MW FBZT PBZOY
1 78 + + [ 220 - +
2 103 + + 7 236 + -
3 128 + + 8 245 - +
4 195 - + 9 261 + -
5 211 + -

+ observed; — not observed
The structure of the pymolyzates numbered in Table 1 correspond to the following scheme:;

1)@; 2)@—CN; 3) NC@—CN; 4);
5) @—(Z:E@ ;6 NC - NC ;
8) NCN ) NC~@—<::|@CN

2.2 ABRE KNS

£ 764C LATF, BIE1E 24 SE K RMBETE], X PBZT 1 PRZO, R WD R
RIE=Y, XS5 EMNHRREREE . 7 764 ~ 1040C BB BB B FE iy, LA
MEHARMIFEREE —B, ZWARRNRE X AR/ HHRLEAER. & 2.8 3
%29 PBZT.PBZO M &5 G IE M- Mag M = R (U A T AR = TRl >
FIfE 100% ) BERRB M. WE 2 TUE L, % PRZT MBMEE N 764CH =
20C i, RRA RGP ERR A (2-F LXK HEu (No. 5)f 2-(4-MEFE) %4
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Table 2 The yields of the characteristic pyrolyzates for PBZT at different pyrolysis temperature
(calculated on normalized peak area, % )

Pyrolyzate Pyrolysis temperature
764(C) 920(T ) 1040(C )

No.

3.4 19.0 24,2

Structure
2 @—CN 40.4 39.5 46.2
3 NC@—CN 12.8 2.2 19.9

7 NC 10.9 12.4 8.3

Table 3 The yields of the characteristic pyrolyzates for PBZO at different pyrolysis temperatures
(calculated on normalized peak area, % )

Pyrolyzate Pyrolysis temperature
No. Structure 764(T) 920(C) 1040(C)
1 @ 30.4 27.3 27.3
2 @—CN 41.3 51.8 55.2
3 NC@—CN 19.6 18.1 15.2

4 5.2 1.4 0.6
0

6 NC 3.6 1.5 1.0

o

BEM (No. 7)) AT SE 7= 38 48 b, 3¢ — W R A AE R =R o 1 b, T 14 7= () 9 M
MERTR XUMERBEEAR, ENEATRATERAINSE  YRELR
(1040°C )b, 2> FRSWHEDL L E W MM =Rk, XoF R Q-FEEHFR
W5 (No. 5)F1 2-(4-BAEFE ) HF Mk (No. 7)) A =R B, X R TR, BIA
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BT R R F B TR & FEUNGTE . ik 2 f152 3 WA 1 PBZO 5 PBZT
B RE YR R FREA A, XRATHEEFSNERAR. fm, B4 8 —4
ME_HHS T, PBZT, B RBIW A CNAFH D C-S BYWR, M PBZO B EIH
T CNHFN CORMBR:M CORNBRAT CS &, FH4ERX %= F ¥ PBZO
i bt K F PBZT. B 42 %5 15 BE (UMBIEI B 764°C 7+ 920C ), PBZO (34— W
i B AR X = AR B AL R B B SRR, PBZT 90 % — B A0 A P S 7R W L
71 FB1 J0) X W B 44 A . 7 24 38 BE el 920°C FHE 1040°C Y, PBZT M1 PBZO I RS B &
A W R W R, ST 3 T R A RIS PR SR T T R A Y AR X 7 R
Hehn. FBE, 7E 764~ 1040C HEN BN, PBZOBR AL FRENAM/T W (- F R FFEm
(No.4)F1 2-(4-WEXE) R IFrEMk (No. 6) )W = E H. PBZT IH NV BMAZ Y Q- X%
BEME (No. 5)F 2-(4- M3 H ) K 3 M (No. 7) EK (764 T B, No. 4 il No. 5 & 4M).
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VL PBZO A8t Bk o i 3h 2 2 B0 G H 2 iR M 3 B PBZO A EE X
5312 10.20.40.50 #1 100 /min AR EM L. W\E 3 TLIE & PBZO WARMBRSE
Y, FLE 05 A IR B R FH IR R R TR B, Ab7E 700~ 770CIRBERE B Y
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Fig.3 Dynamic thermogravimetry curves for PBZO under  Fig.4 Ozawa's plots of logB vs. 1/ T at constant vahies of
nitrogen at various heating rates conversion for degradation of PBZO

B N30 412 A B Arthenius 7R, /82
da

1 = #(a) = A Tf(a) (1)
HAF BR8], de/dt [E R,
da da \dT da
a: = (a7 )(ar )= #(a7) @
EFRQRAFTERQ),REITHER, HLBSER
F(a) = J.ada/f(a) = Aﬁ'lJTe'E/RTdT (3)
0 0
B8 Doyle i f2), L™
IgF(a) = 1g(AE/RB) - 2.315 - 0.457(E/RT) (4)

ik PBZO A BT A XHTIRBA, LR KB M REREAER 2, RN BERE
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LA R4,

42 = 2k(a"2 - o) ()
R LGN EINEIT L P
fla) = 2(a'? ~ a) (6)
F(a) = In(1 - &%)} (7
BHB(DHAATR), BHED
lgllg(1 - «¥2)'] = Ig( AE/2.3RB) — 2.315 — 0.457( E/RT) (8)
AF o FHE; B HREREA-HMEERFE- RS BIGHLE; R-SENE; T-BYEE.
FARFAMN o . WL 1g8 X 1/ T 1EE, A A A ZREIEBE Ozawa AP, BRABEFTH
H&XE, ME 4 iR, RA PRIOERFA R BE B (HAX)RNIEBAE, HFSE
HEERSWRERA MBS EAREH RS PRZOMELENMEEF HEV E=
190.5kJ/mol, A =1.90 % 10°min " '.
MR PBZO MR WA SR TESM TG R REBR, A TF— RN, HE®
wE ML H FRAHRY.
-In{1~-a) = (AE/BR)P(E/RT) (9)
A P(E/RT)N(E/RT)MEH, HELETEE GBI PRZOZE g % 40 A
50C /min RS AELHE M E MR N LI RESHEE S FHE 6 hird. BAPEFHNBEIHRS
LB W SRR RE R M &, F O PBZO M B RIR B AL, B PBZO M IREF & &
FFERMTHIIRAREY ARTF—RERN.
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Fig.5 Plots of (1 — &) versus 1/ T for degradation of Fig.6 Plois of (1 - @) versus 1/ T for degradation of
PBZO (#=40T /min) PBZO (= 50'C /min)

2.4 PBZIT M1 PBZO AL RREHE

3 PBZT f1 PBZO ZH S| R SR E{ SR HR 4G T LIBHE
W, FESEYLEARL, YL TN Y PBZT M PBZO B AR B EBMFTAE
W CCRNN, BTHNRYETERKE X WU REEFRFNEEHE, &F
RAMKER, AESH L CHNEREE, Sl ML FBRF RSEHRIFLXNFER
R
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Fig.7 Thermal degradation mechanism of PBZT
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Fig.8 Thermal degradation mechanism of PBZO
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¥, €5 PBZT.PBZO M4+ FHWERFHXEXE.
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THERMAL DEGRADATION OF POLY( p-PHENYLENEBENZOBISTHIAZOLE)
AND POLY( p-PHENYLENEBENZOBISOXAZOLE)

HUANG Liyan, SHI Yi, JIN Xigao
(Instizute of Chemistry, Chinese Academy of Science, Beijing  100080)
WU Zhongquan, LI Fuming, CHENG Stephen Z.D.
( Maurice Morton Institute and Department of Polymer Science, The University of Akron.
Akron, OH 44325-3909, USA)

Abstract The thermal degradation of poly( p-phenylenebenzobisthiazole) (PBZT)} and poly-
( p-phenylenebenzobisoxazole ) ( PBZO) was studied by high resolution pyrolysis-gas
chromatography/mass spectrometry (HR Py-GC/MS) and thermogravimetry (TG). The
pyrorgams of PBZT and PBZO were obtained at the pyrolysis temperatures between 764
and 1040°C , and the pyrolyzates were identified by on-line MS. The influence of pyrolysis
temperature on pyrolyzate yields is discussed. The thermal degradation mechanisms of PBZT
and PBZO are described based on the results of HR Py-GC/MS and dynamic parameters.
Key words Poly( p-phenylenebenzobisthiazole), Poly( p-phenylenebenzoboisoxazole),
Thermal degradation, High resolution pyrolysis-gas chromatography/mass spectrometry,
Thermogravimetry '



