mr M EREE S TR

4055 11 1 Vol.40, No.11
20244F 11 H POLYMER MATERIALS SCIENCE AND ENGINEERING Nov. 2024

http://pmse.scu.edu.cn

PE_HEMIEERULRSTIER RN RHR

/ S Y1 b N IA e
BN, B&ES, AU, X R, iR, RN
LT PR MPRRLE S TR, WL T2 31521152, W E R} 2R T A B AR 5 LR 70T WA pLas A
558 R 2 A HOR L RUSR G = WL T 315201

VO ARE PR RS B A 00 A A AR RS AR 8 TSR B AT e T 3 AT
B BRGHAEZPHERAEBLEBES WIFOF AREAREEHE, P TR T LR, FHT AR
AR TR AR AL 3 69 1 A AL BB A R A ATE P R RS A PR . P 2B T AL TR
BB A B GRS AR P ARG T AU AR AR RS b AL B9 0 A T AR = T MRS 2

AT ARG, — Y RET AREAY.

RBIR) : AR IS s HEALTH s SR G HLEE ; P RE
FETHRS: SCERFRIRAD : A

R0 AR I A Rl e T R A PR R S L
AL 72 VR RE T e BELEA AR K 28 S5
J7Z BT LA AR il AL T R T B AR A
SR IR R B B 45 A S R ST F o A
AE APERE L 0 S PERE S A BOR I RE N, 12 5 fE 1]
HOE T 73 9 E REBI AR N 2 RERT A . UE RE

RWE I AR o T AR R S TR
RS B RE ], AN RETE S IR K 23 TR 45 4, BRI
AR RE 1 AR AT R R BRAE T R A R A
Y e HATAEN) N A% SRR MR S 4. 2
B RE AR 2K I B A > T A M R S A 2 B2
AL AR SR S B RE ], A6 A RO e B
P IR E T, BEE B RERIRCR 3 2, W TR S Ik
BRI, W IR ) 0 22 P e AN A RE R — P 4R
e EARAT IR TR A L e T A DR AR T
A B A AR R v 0 T 1 < [ A FE 18
TR BOR R A R, BR ) 7 HN . T FEARAR
2 R AT A IR, ORI T L B UK

doi: 10.16865/j.cnki.1000-7555.2024.0218
ek H 41:2023-11-01

T EHRS:1000-7555(2024) 11-000

BPLRE FH AR A ) T A K s P2 ARG ] i 52 4 6 T £
I 1, 52 v [T A S N BT o P R A7) T 2L
AU KA S0 e BAL S5 AR ALY
PEFITR U FT DU A 9 R« = 1R B4 A0 S5 g e g
SEAN R Z5 A, AT RESR = B I (4 70 2 1k e PR R
REANT A BE -

B A 2R = RS SR AL TC AL SRR L A
A ATk v o0 T 7 R A A i) R,
FENGUITRE T REIIBETE LA . ASCLRIR T 23
V. i i o F /3 1 P A A 4 K i
PR HR) B 5 LB DA B Q82K — H g Jlig 428 B I T 7, 20
BT 1 QR I IR Al 4 Rt FL A RE RS BE 0P
JEE T R kY.

1 [EELBER_EFRE
FIREMEAAT R I /E LR R & 5 AR

T B — AN R e S AN R I A RS PR 2

P i 25 A 1 D ] DL AR AR R 2 i Bk i

FETH - B K E AR RI(2023YFB3709804) s WivL 44 “AIUE "W K B TR0 H (2024C01156) 5 “FHA1 f V120357 K HH AR

SR (2024Z131)

RN U, 12 NG IR 3L 2 SRR 4 K PERERA 9T, E-mail: yanchun@nimte.ac.cn;
LRI, E BN E A AR ] 1E AR 2 B SR IL R AT 78 5 R BT 7, E-mail: y.zhu@nimte.ac.cn



X
s SN

<
) &ArHN )\ (H
AD

A

N ArHN NH

NH

Amidine\\ ;NHAr

N

N
J =

-ArNH, NJ\N

Rl e i
AR
Triazine

bl
|
4 el
I N\
N ©:$NHNH§J:>
(N
NH NgN

Isoindoline Phthalocyanine

Fig. 1 Reaction mechanism of primary amine-catalyzed phthalonitrile monomer""
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Fig. 2 Mechanism of VTPN catalysis of phthalonitrile monomer"”"
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Fig. 3 Reaction mechanism of phenolic hydroxyl catalyzed phthalonitrile monomer'""
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Fig. 4 Reaction mechanism of sulfhydryl catalyzed phthalonitrile
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Fig. 7 Reaction mechanism of propynyl catalyzed phthalonitrile monomer*"
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Progress on Research of Catalytic Polymerization Mechanism and
Properties of Phthalonitrile Resin

Shuangying Lii"?, Chun Yan’, Yingdan Zhu’, Dong Liu’, Haibing Xu’, Gang Chen’
(1. School of Materials Science and Chemical Engineering, Ningbo University, Ningbo 315211, China;2. Zhejiang
Provincial Key Laboratory of Robotics and Intelligent Manufacturing Equipment Technology, Ningbo Institute of
Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China)

ABSTRACT: Phthalonitrile resin exhibits excellent mechanical properties, high temperature resistance, and flame
retardancy, and is widely used in various fields, such as aerospace, petrochemical, electronic packaging, etc.
However, traditional phthalonitrile monomers have some disadvantages, such as high curing temperature, narrow
processing window and slow curing speed, which seriously limit their application. Catalysts can make up for the
above shortcomings, but the catalytic mechanism and properties of the generated phthalonitrile resin are different.
This article mainly reviewed the polymerization mechanism of phthalonitrile monomers catalyzed with amino,
imino, hydroxyl/thiol, and free radicals, as well as the research on the performance of phthalonitrile resin.
Moreover, the influence of the structure of phthalonitrile resin on its performance was analyzed. Finally, the
development trend of phthalonitrile resin was further prospected.

Keywords: phthalonitrile resin; catalyst; polymerization mechanism; properties



