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Table 1 Main properties of poly(phthalazinone ether sulfone}s and poly{ phthalzinone ether ketone)s

Properties PPES PPESK PPEK PPEKK
T,(T) 305 284 263 246
5% Weight loss

505 508 489 507

temperature{ C )}
Tensile strength( MPa) 77.4 90.7 103.9 100.3
Tensile modulus{ GPa) 1.28 1.41 1.61 0.77
Elongation at break( % ) 11.4 11.3 19.3 13.1
Bending strength( MPa) 135 153.6 172.4 167.6
Impact strength{kJ/m 2} 15.2 27.4 29.0 17.1
Surface resistivity({1) 6.03 x 10" 3.65 x 10° 1.26 x 10 3.54 x 10"
Volume resistivity({1*cm} 1.80 x 10" 2.29 x 10 2.77 x 108 8.00x 10'¢

Specific gravity(g-em ") 1.33

1.35 1.35 1.28

Table 2 Solubilites of PPES, PPEK and PPESK *

Solubilites PPES PPEK PPESK PPEKK
DMAc + + + + ES
CHQ), + + + + + + +
DMF + - + +
DMSO - - - +
Pyridine + + + +
NMP + + + + + 4+ +
NB + + + + +
TCE + + + + + + +
THF - - - E

0-DCB - - -

* Key: + Fully soluble, i Pastically soluble, — Insaluble,
+ + Soluble at room temperature
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Fig. 2 Space strucure model of novel diamine monomer
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Table 3 Property of Polyamides * (7"}

Propertties PAa PAb PAc PAab PAac PAbe
p(dL/g) 1.43 1.26 1.51 L.36 1.47 1.38
T,(C) 29 314 ND 318 325 315
T,(T) 465 467 483 470 480 465
Strength( MPa) 78 69 89 62 74 70
Elongation at break{ % ) 9 4 5 5 7 8
Initial modulus (GPa) 2.8 2.3 2.2 2.6 2.9 2.5
Surface resistance resistivity ({1) 3.26x 10" 8.16x 10¥ 5.55 x 10" 1.14 % 10% 1.22 % 10% 4,90 x 10'®
Solidity resistance resistivity {{3* cm) 2.34x 10" 1.57x 10" 1.49 x 10™ 1.13 x 10" 1.11 x 10" 9,10 x 10"

* Polyamides were synth

ized from the polycondensation of 1, 2-dihydro-2-( 4-aminophenyl }-4-{ 4-( aminophenoxy ) phenyl ]-phthalazin-1-one with

terephthalic acid {a), phthalic acid (b) and 2,6-naphthalenedicarboxylic acid {c}, respectively.

Table 4  Solubility of polyamides in different slovents * 12} Table 7  Inherent viscosities, T, and mechanical property of the co-
Solvent PAs PAb PAc PAsb PAsc Phbe polymers'*!
NMP + + + + + + Sample t 2 3 4 5
DMAe + + + * + * DAPS: ODA{molar ratie} *  10:0  3:1  5:5 1:3 0:10
DMF M vt + * T dL/g) 0.28 0.64 0.76 1.08 1.77
M50 A A A S T(T) 33 309 305 301 293
m-Cresol + + + + + + Stress{ MPa) _ 7 18 83 _
Cone H, 50, L A S Modulus( GPa) - 148 151 154 -
PY + + - +=- - = 4=
Toluence B _ _ _ _ B " DAPS:4,4-Diamino dipheny! sulfone, ODA :4,4’-oxydianiline
Hexane - - - - - -
Table 8 Solubility of the co-polymers %!

Acetone - - - - - -
Ethanol - - - - - - No CHCI, TCE DMF DMSO DMAc NMP m-Cresol THF Pyridine

* + Soluble at room temperature;

temperature; — Insoluble at room temperature

+ — Partically soluble at room

Table 5 Properties of polyamides * (%)

Properties PAa PAb PAc
q(d[.fg) 1.50 1.17 1.29
() 318 296 291
T,(C) 452 445 459
Strength( MPa) 72 86 18
Elongation at hreak (% ) 11.7 1.6 13.2
Initial modulus (GPa) 0.86 1.02 1.00
Surface resistance " " s

ficient (1) 2.1x 10 2.9x10 1.9x 10
Lidi i
Solidity sesistance 2.6x10° 4.8x10" 1.9x% 10"

coefficient({1- cm)

* Polyamides were syn.;hesized from the polycondensation of 1, 2-dihydro-
2-{4-carboxyphenyl }4-[ 4-( carboxyphenoxy ) phenyl ] -phthatazin-1-one
with 1, 2-dihydro-2 { 4-aminophenyt ) -4-[ 4-( aminophenoxy ) phenyl ]-
phthalazin-1-one { a}, 4, 4'-methylenedianilive { b) and 4, 4'.

diaminodiphenylether ()} , respectively .
Table 6 Solubility of Polyamides in different solvents at room

temperature - L)

Solvent NMP DMAc DMF DMS( m-Cresal (ome. Pyridine Toluence
H,; 50,
PAa + + + + + + + -
PAb + + + + + + + -
PAc + + + + + + + -

" + Soluble; + — Partically Soluble; - Insoluble

[ N
H K W O+
+ o+ o+ o+ o+
H K K R+

H H K+
+ O+ o+ o+ o+
+ 4+ 4+ o+ o+
+ + + + o+

o
+ o+ 4+ o+

i
+

* + Soluble; + - Partically soluble; - Insoluble
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HER ERIEES T FAFRHERAFEE BUAEBSERS Y S ERAFHERS.
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PPEK. PPES,PPESK .PPEKK.PPEA . PPEI 1 PPEAl  TRZ4H+H FRT I HAS AL 5%
FORERER XATHE LATRURHER  BERANREOHEESHERSYRE.

FUE SRR W RBOR R SR

REFERENCES

I Jian X G{¥E$B# ), Hay A S,Zheng H B{XE ¥ ) . China patent, CN93109179.9. 19930726

2 Jian X G(EE4E ) . Hay A S, Zheng H B{X# K ) . China patem, CND3109130. 2. 1993-07-26

3 Meng Y Z,Hay A S,Jian X G.] Appl Polym Sci, 1997,66(8) : 1425 ~ 1432

4 Meng Y Z(ZEKF ), Jian X G(FESRE ), Zheng H B M I ) . Polymer Material Science and Technology( % 5+ F M B H 22 5 T &), 1994,
10(4):22 ~ 25

5 Meng Y Z,Hay A S, Jian X G.J Appl Polym Sci,1998,68(1) : 137 - 143

6 Jian X GOIEB M), Zhu X L{KEFH ), Chen L Z(BEE A ) .J Dalian University of Technology ( X2 B T X F 518 )1999,39(5):629 ~ 634

T LiXH(ZFEE) Meng Y Z(EBKF ). Jian X G(IESBH) . Polymer Material Science and Technalogy( # 4+ T 5 B H 2 5 T8 ), 1998, 14(4) . 37
-39

8  Liu Y J,Jian X G.Chin Chem Lett, 1998,9(3) : 255 ~ 256

9 LivY J(XEF), Jian X G(EEH ), Wang Z Y. Acta Polymerica Sinical B4 72248 ), 1999, ¢1):37 - 41

10 LiuY J.Jian X G,Liu $ J.J Appl Polym Sci, 2001,82(4) :823 ~ 826

1 LiuY J,Jian X G.Chin Chem Lett, 1998,9(3) :257 ~ 258

12 Liu Y JEF),Chen L Z(BKE ), Jian X G(FESH) . Chin J Appl Chem( 5 FITE2),1999,15(6) :96 ~ 97

13 LinY JOOEZE),Jian X G{ZE# B ). Chin J Mater Rese( # HBFFT %) ,2000,14(1) : 100 ~ 103

14 Xuan Y N, Jian X G, Chin Chem Lett,1999,10(12) : 1013 ~ 1014

15 Chen L Z(BR# ), Jian X G( IR ® ). Zhang S H(I<F 3 ). Chin ] Appl Chem( 57 FA4L%),1999,16(3) : 106 ~ 108

16 Chen L Z,Jian X G.Chin J Polym Sci,1999,17(5}:491 ~ 493

17 Chen L Z,Jian X G.Chin J Polym Sci, 1999,17(5) : 495 ~ 497

18 Chen L Z,Jian X ¢,Zhu X L.Polym J,1999,31(4) :393 ~ 395

19 Chen LZ(B¥ ), Jian X G(EBH ), Zhang 5 H(3K<F ¥ ) . Polymer Material Science and Technology( B 5+ T H B 2 5 T &) ,2000, 16(3) ;
158 ~ 15¢

20 Ge Y(HEE).Jian X G(E@H ), Chen P(BEF ) . Thermosetting Resin( £ B W A5 ) . 2001,16(6):37 ~ 30

21 Xuwan Y N(CEX2),Jian X G{ X8 ),Tian § Z(A 7). Acta Polymerica Sinical B 7+ F 231 ), 2000, (4) : 407 - 410

22 Jian X G(¥ESBH) ,Chen L Z(BFHE &), Zhu X LOK %) . Chem J Chin Univer( B 2B b3 238 ),2001,22(11) : 1932 — 1935

23 Jian X G(EMF), Zhu X LUREH ), Chen L Z(BKT A ) . Chin J Mater Rese{ #8921 ), 2001 , 15(5) : 500 ~ 504

24 Liao G X(/BTHHE)  Jian X G(HESF) . Acta Polymerica Sinical B4+ F 438 ) ,2002, {3) : 104 ~ 397

25 Liso G X, Jian X G, Chin Chem Lett, 2002,13(7) : 607 ~ 608

26 Jian X G.Cheng L.J Polym Sci, PartA, 1999,37:1565 ~ 1567

27 Jian X G{EBH) Wang R L(EWH), Zhu X LIKFH),5 HOET M) . Acta Polymerica Sinice( 8 5> 28 ) ,2001,(5) :576 ~ 579

28 Wang R LOCEERZ) Jian X G(ESH) . Zhu X LR E ), Zhang S H(FEF ) . Acta Polymerica Sinical 554+ 72238 ), 2002, (2) : 163 ~ 166

29 Gao Y,Jian X G.Chin Chem Lett,2000,11(9) :777 ~ 778

30 Wang J Y(E&H),JYian X G(HB® ). Acta Polymerica Sinical B4+ F 238 ),2001, (2) : 277 ~ 280

31 Cheng L, Jian X G.Chin Chem Len,2000,11(4):307 ~ 310

32 Jian X G,Dai Y.J Appl Polym Sci, 1999,71{10):2385 ~ 2390

33 Jian X G,Dai Y.J Member Sci, 1999,161: 185 ~ 191

34 Zhang S H(KF i), Jian X G{ER B}, Zhu X LOKFH) . Chin J Appl Chem( ¥ FI{E4),2001,18(12) ; 1012 ~ 1016

35 WangJ YCEBH), Jian X G(I58 8 ). Chin J Appl Chem( i F{E2) ,2001,18(10) : 849 — 853

36 DaiY,Jian X G,Zhang S H.J Member Sei, 2001, 188195 ~ 203

37 DaiY,Jian X G,Liu X M.J Appl Polym Sci,2001,79: 1685 ~ 1692

38 Dai Y,Jian X G,Zhang S H.J] Member Sei,2002,207+185 ~ 189



44 EERE. A _ARAFRSHAFARTRATIRUEERS NS R SHERE 475

SYNTHESES AND PROPERTIES OF NOVEL HIGH PERFORMANCE
SERIES POLY(AROMATIC ETHERS) POLYMERS
CONTAINING PHTHALAZINONE MOIETIES

JIAN Xigao, CHEN Ping, LIAQ Gongxiong, ZHU Xuling, ZHANG Shouhai, WANG Jinyan
{ Department of Polymer Materials, Dalian University of Technology, Dalian 116012)

Abstract Based on molecular design, a novel biphenont-like monomer 4-(4’-hydroxyphenyl }-2, 3-phthalazin-1-
one ( DHPZ) was originally synthesized through simple reactions from phenol and phthalic anhydride which are
common and easily available chemicals. The synthesizing processes, reaction dynamics and mechanism were studied
in detail . According t¢ a lot of experiments and computer-aided molecular simulation, it has been confirmed that this
new compound has non-coplanar and twisted structure and the hydrogen atoms in N—H and O—H bonds show
similar polycondensation reactivity, so it is proved to be a biphenol-like monomer. By solvent nucleophilic
substitution polycondensation ,a series of polymers such as poly( ether ketone) (PPEK) , poly{ ether sulfone) ( PPES),
poly( ether ketone ketone} ( PPEKK) , poly (ether sulfone ketone) ( PPESK ), poly ( ether sulfone ketone ketone)
( PPESKK) , poly{ ether nitrile ketone) ( PPENK} , poly(ether nitrile sulfone) ( PPENS) and poly{ ether nitrile sulfone
ketone) { PPENSK ), were successfully prepared from DHPZ, and commercial bihalogen monomers such as
difluorodiphenylketone { DFK ), dichlorodiphenylsulfone ( DCS ), [ 4-( chlorobenzoyl ) phenyl ]-( 4-chlorophenyl )
methanone { DCKK } and 2, 6-dichlorobenzonitrile ( DCBN ). The structures of these resuliant polymers were
characterized by spectroscopy, and the properties of these polymers were measured. Also the relationships between
structures and properties were thoroughly studied . Spectroscopic data show that all these polymers are amorphous.
The glass transition temperatures of all these polymers are in the range of 250°C to 370°C , which can be controlled
by the substituted groups or the proportion of the ketone and sulfone groups in the backbones of the polymers. Based
on these results, a new molecular designing theory was put forward that introducing the non-coplanar twisted aramatic
structure into polymers’ backbones contributes to improving polymers’ solubility and outstanding thermal resistance
at the same time. Directed by this theory, a series of novel diamine, diacid and dianhydride monomers containing
phthalazinone moities were successfully synthesized from DHPZ. And the corresponding polymers which have good
solubility and ouistanding themmal properties such as PPEA, PPEI, PPEAI were prepared. These polymers exhibit
excellent comprehensive properties such as good selubility and outstanding thermal properties, forming a polymer
system of new structure and high performance.

Key words  4-( 4-Hydroxyphenyl )-2, 3-pthalazin-1-one, Poly { aryl ether}s, Structure, Property, Molecular
designing theory



