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Fig. 1 Molecular structures of (a) PN resin and (b) PAA resin
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1.1 BERESH

KREMENE, LRESN, FHLTEY
Q0. \WHERIHBHRETBRHERLAA, Tk
5, FIRTHE M . KOH M IE T By R4 al, b
25 F) M 40 AL B 4N 7). PAA B RE , B b B AL KB
BRI HFRATREE.

Rigw g BEAEESIENELAIESSH
Mettler-Trodo DSC822e B DSC {31 5E , FHR & 10
K/min, N, ## 50 mL/min. # Ag & ¥ & f NDJ-79
ERNEITRE, RAREEEEEORE . W
BRI SRR (A1 7E B A M TR EFLE M SR E bR
Bk 22 52 00 A% BB A 3 5635 280 BT DL 08 ()
F AR KRR TE 30°C (B IE R PR,
3 30°CH F| FHME) . IR ZE Perkin-Elmer IR2000
{7 LT AN e Y BE A LW, R 3R 7 KBr fR
KL, 7E 500 ~ 4000 cm”' Z B33 # . '"H-NMR &
Bruker AV400 ¥ % 3t #5 {X M & , L DMSO A&
A, T™MS N IS #7 . B & 1 FEHBE7E Netzch DMA
FWE, HEEE 5 K/min, RN 1 Hz, N, i
3 50 mL/min. TGA 7E Netzch STA409PC #4453 £ {X
FiE, 7% % 10 K/min, N, Hi# 30 mL/min. &
AL e B 4R B HITACHI SEM300 A&
WE HAYRMBRADHOHUAREHA
HITACHI JEM % 5} e 8% 0022 , W0 22 Bl 56 4% # i il
W AR AT .

1.2 PNHIEH

PNHIEHMAERRNERESRFEN
Williamson L BE 2 R . 1] 3 & Bl 7 % 8 B AR
B = ORE P MmAZ BB R AR (10.4 ¢,0.1
mol) #0112 mL IF T B¥, B Sh B R BT B JRBELEER

PRV ; AL A KOH(5.33 g,0.08 mol), 4k SEPE B
BEAEAGERBE;ARE S0C, BNRAER
(9.52 g,0.08 mol); W55, FHiE = 80°C KL KL
5 h. ¥R ZE KBr VLT 09 X N7 ¥ 08 5 38 W A #4
EETKERIAKRUESTREETHEBER P
KBr; ES R EET N, BIAKLE WK
B NG . ™ 2% 91.7% . FTIR (KBr, cm™' ) 3400, 3288
(=C—H), 3033 (¥ C—H), 2122 (C=C); 'H-
NMR {DMSO0) 83.35 ~3.53 (=C—H),3.70 ~ 3.81
(—$—CH,—$—),4.7 ~4.8(—0CH,C =C—),
6.6 ~7.3(FHER).
i3 iA% KOH MERRNERR, T E
33 0 BT A R B9 PN RS i B AL BE B Bk I (L2
E.
1.3 PN-PAA HRHHE K &%
7E 60CH KB A P M PN 5 PAA B IR %4
EHBREER 1 AASEEFSERORE
B = B, KB I E 70°C, BIZIBEH 0.5 h;
Fi#3 PN-PAA LM IR L S EE WM HHE. PN
5 PAA #EREBEL N 1:2 f12:1 WILIRHIR
3% [} BE 3 I B . 3 R SLIR AR A BUAR I K PN-
PAA(1:1) .PN-PAA(1:2) %1 PN-PAA(2:1).
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. A 3O FI A AR B X R . DSC U E AR B B
SR A (T,) SEM #1 TEM R 2 B 4 7
SEFLWITT PN-PAA LEM AR —H A WHEE
.

% % I, PN-PAA(1:2) . PN-PAA(1:1)
PN-PAA(2:1) 3 FREBRMIENERE 150CHE
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REAGEANHHER HRHXEBEAS>ORE
FABEAR, BAYHEAEHRSESDRE
B4 BOK ™ PN #1 PAA WIS B IT B E R
R ,30°C B, PAA IR IT XEHH »,™ = 1.6375,
T PN #HE n,° = 1.6127,3X 5L T # PN-PAA 3t
WRE Y 5y U R &7 .

BEAERTHRE(TORNEEREZEREY
RAEAFERNZER TR MEAXRMIENEZIE —
T, ERFoMALSWIRN T, 8, BRI
TR R B N SH MR, W B R
RESMEER™ H2 ZWE PN-PAA(1:1),
PN Hl PAAMSHE T, ) DSC BHER . B 2 W28 K9,
PN-PAARIIBEA B — ERATINERLES,
REHREER.

Temperature (°C)

Fig. 2 DSC profiles to determine T, of PN-PAA (1:1),
PN and PAA
Scanning rate is 5 K/min; N; purging rate is 50 mL/min
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HPN-PAA IR [ 1k # 7E N, 1 900°C B¢ 4k 4t 38 , B
Y R 5T TEM ME(RE 4b) MNEH L&
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RSP, MRS AR RELARH
BFEEKABRAX, HAELSERARFENE X
EFMAE;H4b)TEM B FE&E R X%
BH X —FRIEL T PN-PAA B R IE R
ERHAME, K E byt 394 8 ; PN-PAA 3L
WIBNAEATEHEEEREL S, ZHHL
BRIBERNZBEHARE.

Fig. 3 SEM of fracture surface of cured PN-PAA resin

Fig. 4 TEM of textures of (a) cured
PN-PAA and (b) carbonized PN-PAA

4 DL 4347 PN-PAA LR R M ik 3 B
LY RMERBAER.
2.2 PN-PAAHEBETIEH

MTFAEATRBIPHER, PAARIEER
AT 160 C L5 BB RS . PN-PAA BRI
HEE A B BEZNGS L PN-PAA BRI
ABRET PAAWBBEA T ETES 2.
R UFH T &R IEFE 140°C TR EE BT R] . A 3=
1 BT I PN-PAA IR B8 1Y & 4k 58 8 2
EEHARBBR, MU KB TZIBEGTER
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SRAREF T PAA A AR WIBH BB, R PR B
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Table 1 Gel times for polymers at 140°C

Polymer Gel time
PAA 5 min 18 s
PN-PAA{1:2) 20 min 22 s
PN-PAA(1:1) 50 min 17 s
PN-PAA{2:1) 108 min 47s

Table 2  Viscosity-temperature relationship of PN-PAA({1:1) blend

100
140

80
340

90
150

Temperature ( C)

Viscosity * {mPa-s)

* Before measurements all samples were dwelled at each temperature for

2h

Table 3 Viscosity-time relationship of PN-PAA(1:1) blend

Time(h} 1 2 3 4 5
150 150 150 50 152

Viscosity (mPa-s)}

HEREME TR DSC RN E LERL
SRR, B KEHEERTA PN H PAA K
BRLRYREARA R, R THEYF
T B TRMEEE . R VEENE, PN
0 PAA B B b B BRI A B i L T /DA T
Z BREMNBATRERRIZ.

A (R 3 463 8 (5.,10.,20 .30 K/min ) 8950
A& DSC 44, oI LA BB B 1) 151 4 2 BNl 1k &
REsh % A [E FHR R DSC 2k k&
AL RS o5 R BE 0 R A% Ok IR Ay B X
HHEHTREMG M EEABRERZNTHRY
B145 2105 B i) o B R BE L B £ O R R0 S LR
KRB THENELELSE" He £t
PN-PAA(1:1).PN #1 PAA 3 # Wi fE E L SR Bk
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Fig. 5 DSC profiles of PN-PAA blends together with PN
and PAA
Scanning rate is 5 K/min; N, purging rate is 50 ml/min.
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Fig. 6 Plots for determination of cure paramelers of {a}

PN-PAA (1:1),(b) PAA and (¢) PN
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Table 4 Processing and kinetic parameters of PN-PAA (1:1) ,PN and PAA by DSC analysis

Processing parameters

Kinetic parameters

Polymers Ty (C)  Tee () To (T) E (kI/mol) A(s7H) n r
PN-PAA {1:1) 151 239.7 270 148.4 2.44E14 0.945 -0.998
PAA 149.7 188.5 214.7 4.7 1.2E10 0.922 - 0.996
PN 184.3 246.7 271 167.3 1.56E16 0.950 -0.995

F| Fl Kissinger AR Crane 24", T LA
(L A R TG AL RE CE) SRR T-(A) R g 1
FR B (n) R AF 4.7 5] PN-PAA BHJS PN s loto
05 F PAA A% JR FLAT 4 IR #9 S RE 4 31 ; PN-PAA 3 5
18 BT E L IE LB 1L PAA %5788 , PR I L B 10 g lo.06
ERE(ESRAR 15 2), RIAH L PAA PSR £
B TR ) 0 T G 4 B R BT 5 A TR T 3L 9B 0.2

Bt PAA WIS R AWM LEME. THERITE » B

Bh Jy R A b B b RN AR
PN-PAA (1:1) da/dt= -2.44 x 10"
exp(17854/ T) (1 — )" (1)
PAA da/dt= —1.19x 10" exp(11393/T)
(1- a)o,gzz {(2)

£z P ETIR, PN-PAA WBERI B T X R T, 8
BT PAA SAE MY B T BRES .

2.3 PN-PAA HEHEMNT R

PAA BHIE B AN 2 — B RE MBS
BPER E &6 B B EES B4 PN g
B 1R A XoF L B 4k T A it P A B B R, B PN-PAA
IR # A Bk T 58 R B A% A 82 AR BE B T R T
F#AS B AL b B LB AR B (T,) AR E
H A 1R B (onset) 23 4% 18 FE (inflection ) FI & 1R 7R
(residue) Je i 5 . 3L 1B B HE B 1L 4 00 B B AL 5 8
A EAT R 2 B0k B DMA R TGA K E&B#fTT
A

PN-PAA FIBM g3 T 5] T2 70 o #A& MUit
g E L, 120C1 h + 140C1 h+ 160°C 1 h 180C
1h+210C 1 h+250C 4 h. & 7 & PN-PAA(1:1)
HBEMIE B F A PAA WAB B i DMA H
28 T B Y B BE B B onset 1R E A tand TR
TR Sk R IE H 3 38 b8 R IR B, ) PN-PAA ¥ Jig
BAHEE PAA WA it (H T, 29 380 ~
390°C) , 3T 3% = T 3 FR T At M I8 M ARE Mg 1 T R
(3 T, £ 250 ~ 280C) .

ME 8 7] LAF H L F JLs, (1) PN-PAA iR
WISEY EE I PAA B ERWEL S #
EE (HD TGA B ZE EAY onset 1B ), XFIREAET
PN-PAA i A4 18 [ 1L 2 = A F) T B BLUE 58 35 19

0 100 200 300 400
Temperature (°C)

Fig. 7 DMA curves of cured PN-PAA (1:1) blend and PAA
Scanning rate is 5 K/min; N, purging rate is 50 mL/min.
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Fig. 8 TGA curves of cured PN-PAA blends together with
cured PN and PAA

a) PAA (onset 392, inflection 388 + 578, end 630, residue
76.63% )3 b) PN-PAA(1:2}(422,517,603,71.2% ); c) PN-
PAA (1:1)(420.3,515,589,66% ); d) PN-PAA{2:1)(418,
488,580,62.7% ) ; e) PN(420,499,556,55.3% )

Scanning rate is 5 K/min; N, purging rate is 30 mL/min.

SRR W) 4% 5 (2) PN-PAA LR BE B AL ¥ 00 2 2 IR
BE (BN TGA Hi 2R L A9 45 A % BL IR TE ) B AL IR Y
PN ARMEAMEL,BEPNBEARSKT
50%H BN TREFR AN XTEREERRERE
TR BE B B AT T T A A A E B ELRY; (3)
900°C I BE 72 ik B B AL IR 0 PN 8 i 3 X i i
1, Bt PN 5 1 A B W B HITE 50% LT ;5 (4)
HEMIES PN WIEH . MRS BEFHA RN
5 ,900°CPNPAA(1: 1) IR PG He % & 66 % , T
PN Hi ) & 55% . o] )L, PN-PAA IR IR R B
B3 B P '
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ZFFiR,PN 5 PAA MBI R B tE3L A Fa R E . B I 5] PN-PAA SLRW IR 09 B8l 41
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" CURE AND THERMAL STABILITY OF AN ADDITION-CURE-TYPE
THERMOSET PN-PAA

WANG Mingeun'?, WEI Liuhe', ZHAO Tong', YU Ruilias’, FENG Zhibai’
(' Laboratory of High-tech Materials , Institute of Chemistry , the Chinese Academy of Science , Beijing 100080)
(* Craduate School of the Chinese Academy of Science , Bejfing 100039}
{* Aerospace Research Institute of Materials and Processing Technology , Beijing 100076}

Abstract The miscibility of reactive blends of PN ( Propargyl novolac) resin and PAA ( Polyarylcetylene} resin was
studied . Evaluation on the storage stability , processability of the blends and thermal stability of the cured blends were
also presented . As evidenced from phase observation, DSC apalysis, SEM and TEM investigation , PN-PAA reactive
blends were completely homogeneous . Compared with PAA, the blends exhibited improved storage stability at room
tempesature . The blends could be cured in a controllable way, thus the processability of the blends was marginally
improved compared with that of PAA resin. DMA and TGA analyses indicated that the blends possessed high thermal
stability (glass transition temperature as high as 380°C ) . Owing to the low viscosity of the blends and a proper gel
time,as well as the eliminatipn of volatiles during the curing process, the reactive blends are suitable for many
processes including RTM ( Resin transfer mold) . The reactive blends of PN resin and PAA resin are amongst novel
matrices of advanced materials for high temperature ablative and thermo-structural applications .

Key words PN resin, PAA resin, Reactive blends, Miscibility, Cure, Thermal stability



