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Synthesis of Thermoplastic Copolyimides Derived from Isometric Hydroquinone Diphthalic Dianhydride
, Wang Wei', Chen Guofei'
(1. Ningbo Key Laboratory of Polymer Materials, Ningbo Institute of Material Technology and Engineering, Chinese Academy of Sciences,

Ningbo 315201, China ;

Zhao Huiwen''* , Li Xing®, Zhang Hongfei', Fang Xingzhong'
2. Faculty of Materials Science and Chemical Engineering, Ningbo University, Ningbo 315211, China)
Abstract : A series of polyimides (PI) were prepared from 3,3',4,4~hydroquinone diphthalic dianhydride(4,4-HQDPA), 2,
2',3,3"hydroquinone diphthalic dianhydride (3,3 ~HQDPA) with different ratios of the isomers and 4,4~oxydianiline (4,4’ ~ODA)
by the conventional two-step method. Solubility, thermal properties and melt processability of the copolyimides were investigated
and compared with corresponding homopolyimides. The results show that all the polyimides exhibite excellent thermal stabilities
with the 5% weight loss temperatures (7s,,) of 500 ~ 521 C in air and 507 ~ 538°C. in nitrogen respectively. With the increasing of
3,3'-HQDPA, the polymers exhibite a regular increase in solubility and glass transition temperatures (7,), and 7, increase from 223
to 257°C . The melt processability is found to be dependent on the ratios of dianhydride units, 7, solubility and melt flowability of
copolyimides could be adjusted by the mole ratio of the isomers, so that the copolyimides could satisfy different applications. The
copolyimides show better melt fluidity than the homopolyimides, and the copolyimide exhibite the best melt flowability when the
mole ratio of 3,3-HQDPA and 4,4“HQDPAis 1 :

Keywords : polyimide ; copolymerization ; melt-processing ; isomer / isomerization ; hydroquinone diphthalicdianhydride

1, which could be used as high performance melt—processable polyimides.

SR I IV JHe FLAT G 7 B T R T 4 e )
PERE S ROT R PSS , al iz W TALE AR (T
L T AR 2O 1 L T SR I T B 45 A
WIS, 7014 2 [A) A A TS0, 3 O
SN, N T PRI 0 DR, A R R SR T I e

PR BRI R RE A TR, A 2 m] e o T
E‘Jﬁ?@j& PE SRV 52 1) TR OGTE . —fBeR Bk
AR5 G R R 7 305 R AV R Bt M P AR L, ek

P i A A B R A B Y R A B

R E2A %‘%l GE A FIHF & 1) Ultem, NASA
FEA Y LaRC-T ML iz L Ko H AR = Ak A 1
Aurum 55 HENTFES W RPER 2 ARG R

* [E R S IR H (2014BAE0SB00), |~ 254 7= 2 HF i
(2013B091000003), 7 Mg 15 v I RR 7 b S VRN R R P 51X
FHEEIH A% (2013SYHZ0022)

TR 78 A ESE B, WA 0, 32 2R bk B L R D g

H N TAERE , QUG T AN (—O0—, —S—,
—CH,—, —CO—) RARBUMIEE LA AR xR AR

R b = B 0B S iy SIARE L
Wik H 191 2015-04-10


杨超


> TR

2015 4F, 45 43 4 46 6 11

Z b A v A I P

AR, S ) SRR I e by 1 He v ) B B A e A2
WE (T, LS WA AR S MR ek, 1S 123
TR 48R AR PSR BRI B AN ], 05
BRI AT = Fh A A U L= O T ek R
¥ (HQDPA) M5, & 1 —Fh A {& UL & 1, 43 51
h2,2',3,3— R TR PUH R I (3,3~-HQDPA) .
2,3",3,4~ =R kDY H R & (3,4-HQDPA), 3,
34,4 =R kDU R — & (4,4-HQDPA), =
PR IE SR AT e R 2 0L o 2R R 454 S5k B = [ 1)
KRBT 20 R R B RZ Y T, BUHHE T 5K
JEFEAR: 3,3 fii> 3,4' fii> 4,4 —HQDPA ; /fi#iE
AEN S 3,3 > 3,4"{ii > 4,4"HQDPA, i3
TR, 3, 4% AR B (AR E RN XS PR &5 44
IR T B T B AR A, DR I pl L 1) SR Tt
e BT AR A ARG B, SE RN T8 11, RAFRY#AE
REFN )2 PERE. Ho2, —M 3,4~ i R &
B AR 5 2 H A =

000 09 _0
2,2'3,3HQDPA
(3.3-HQDPA)

o’ O
O%O’@‘O‘Qféo
o
2,3'3,4-HQDPA
(34LHQDPA)

oo

3,3,4,4-HQDPA
(4,4-HQDPA)
1 S = RS TA R

KSR S SRR AT LR IR A T RE Y
Xof R ORI e, T i A5 1) e 3R I IV AN AN AR
TR ST A T B A 4R T M TR s
ik, BEAIR T B4R . Zhou Hongwei %5 M ' SR ] 3,
4"-BPDA #i1 3,3-BPDA It 5 15 5| i 2 ik W fiie 2
ARG (0 e A ARAS E 1 5 i 3,4-BPDA Fil 4,
4"-BPDA U T R MW e g A8, HIEH
T 3,4-BPDA & R M, MrA% 5 5%, R ok S 2
SV R R A2 30 T BRI . e X gHede A U R TE

T L) 3,3-BPDA Fl 4,4-BPDA iR IL IG5 T
— ZR B Vs A AR B R A R P S R I IV
X FEEEH T 3,3-BPDA MRS, AL T
Gy FEEBRHERL, D8N T o34 B Il A AE BLAE
3, N B s LA A AL R T s e . (X T
SR I LR W R R S M R R b . i
AR A TR ZE ) h B T = AP S EFRIR S
(m-TDPA) A & 11 5 it fik I5E W e (PTI) (PR AR T
F5E , & B0 SR i i e IV fee LA P S Tk g 1
YT HETR 5 HQDPA — BF SR (O BIFFE 0 A WL 4
I8, ) A AR B 3,3 -HQDPA #1 4,4 -HQDPA
5 TRl ad oA I BA T — R8T
S AF T (4 SRR B, ST T LR S AR B R A
VIR AAPERR A RPERE A A THEREZ R OC R .
1 SEIGEBSY
1.1 EZRHA

3,3-HQDPA ,4,4-HQDPA( 4lifb /5 i [ ) : K
TR e B R WL e LA BRAA ] 5

4,4 R EETHERE (4,4-0DA) : ILE T x4k
TABRATE;

N— F LRI B (NMP) - 434l b6
TR R A BR A

B — H R (PA) . LRI (ML WE : 43 Hr 2l , [
2R 2 A R AT
1.2 F2&&E5ME

BT RS

AL AR %% (IR) 1% : NICOLET 6700 Y, %%
BROCHR B A F]

22l I (DSC) 73 H71{X : Mettler Toledo Y,
METTLER-TOLEDO /A ] ;

W 7 254 « Physica MCR 301 %, B H )42 4%
A FRA L

F PRI 313 % (MFR) /% : SRZ400E £, K K1l
BRI AR A

T (TG) 43§71 : Mettler Toledo TGA /DSC1
%, METTLER-TOLEDO 2\,
1.3 BB E

R A2 W0 i Ak 125 ) 28 SR B SV B A R, s 1
L& 2, 3,3-HQDPA 4 4,4HQDPA ¥ it
MES M AT 20,3 1,1 1,1 = 3,0 : 1,
JIT 4 45 1Y 5 Bk WV (PT) 43 ) fiw 44 M PI-1, PI-2,
PI-3, P14, PI-5, H It 1 PI-2 ~P1-4 iy £ K ¥y,
PI-1 Il PI-5 ¥R Y).

AEAIAS


杨超


JR RS, A+ BT b = i I R L SR T IV 15 B 3

mnt1

090 090 Q o) 0
— o 0
+ + +
Hooold + o Otp s Qoo
o}
m 0 ., 0 5

NMP, 24h

OO B IO OOl

sfo-offiltio-

a1 1314

P2 SRERBEE N A IR

B E W i A L R TEAERARAT, 4,
4-ODA I NMP LA E| = O H #1883k, 75 4,
4'-ODA 5¢ & % f# )5, Y6 J5 I A 3,3-HQDPA #I
4,4-HQDPA, 7 % Jit T i +¥ 12 h, F A $f i 5
PA,SRJG FRIEFE 12 h, & 5N 10%. 75 R BEIR
I R EF AT ( AR ELEE R 2 ¢ 1),
FRFHFE 24 h RS THEZE 100°C, B 1 h fifi
H b4, BREWHEWA NMP# BG4
FEr i, 28k 8, CEEEYE, TR A5 ENR I A
BB R K
1.4 HEgEm

AT G B () T SR S [GEE T, LA
NMP Wi, e B W e Bk 0.5 g/ dL, il
IR HIE (30 £ D)CLIN;

IR P : R IR AL SEHEEAE 25 pm A4
B, FHE B LA 4 000 ~ 400 cm™' 5

DSC 43 #1: 2R H DSC 43+ HH%, " FE T, T+
TR 10°C / min, JEEE LR 25 ~ 400°C;

TG 7381 : KR TG 43l , 7525 Kl /AU
T, FHEE K 10°C / min, I 50 ~ 800°C;

e e 2y B B 10 mg B R BE AL A #)
1.0 mL ¥R A 5

T AR PERE A BT : SR i T AR AN, FHR R
3°C /min, Y3 {5 B 2 25 ~ 420°C, iR 1 Hz, FHt
PRI

MFR 43 #7: 2% F MFR 1%, 3878 B 340°C, £
faf 12.5 kg
2 GR5iTE
2.1 RBRETLAEGHE

T AT AR T R 2 B SR FH A TR

Tl T RBEW R, IHBR R AW TR 2 74
HAERERSZ I, R PA VRt , fiRE  PI-1 ~
PI-5 ff) n,, 76 0.48 dL /g 247, L% 1,

SR A SR Ik SV B A3 Ak 1) ST g AR, SR FH 2T 4h
et AT AR . LL L3 R fhi], LA A U
3,76 1777 e Bl 1712 em™ BT 45 2 00 e 4
C=0 RNXF RS FR AP 45 45 30, 742 em™ hy C=0
(75 IR Bh 06, 1378 om ™" Ab F14) W2 AT g 2 P IV i e
i C—N B 45 98 3, 1500 om™ Ak 4 1% Wi 1 Ry
AR AR IR B , R W RS W IE T e AL AR B 56 42
TR R LT IME E 5 P1-3 (135 EIZEAL.

F1 BEITRRRIAIERE

e 0 s 10 Ted/C T/ C g
4 HQDPA : dE/ g°C P S Y ey %

7 4 4-1QDpA (/9 AR 25 AR ER 7
Pl 1:0 043 257 538 521 550 548 56.0
P2 3:1 048 245 507 500 533 533 522
PI-3 1:1 0.45 235 528 507 549 544 54.0
PI4  1:3 0.51 224 530 501 554 539 543
PIS  0:1 046 223 525 517 545 550 535

?EEZ 1) : DSC Zm“%ﬂ/‘] Tg H 2 ) : Td5% *ﬂ le()% j‘:’ﬁji TG Eﬁu:ﬁ‘x‘ﬁ
FA10°C /min FIUERYE; 3) : 800°C R AYFR B .

742

1376

PL3 17121497 1235

3500 3000 2300 2000 1500 1000 500
W /em
&3 PI-3 L AMER
2.2 REEITREag AR
FH TG >k Ak 5 Wt V. e 79 FAS5E PR BE, Hi %
1A, A 2 ORI AU AR 5% A T EE 20l


杨超


4 TR

2015 4F, 45 43 45 46 6 1]

500 ~ 521°C,507 ~ 538°C. £ &< H 800°C R 1)
BRAY U TE 52.2% A Lo B 4 FE 5 4351 ok S ik
W AE 2 SAAS R TG M2k, dr it I e 3R
P e LA R A IR o T A5 1) SR I e
DSC R RIEH T,, W& 1, PI-1 ~PI-5 [y T, 2y 223
~257°C, H T, Bi%5 3,3-HQDPA & &t iy 34 I i F
(W 6), 1% T 3,3 -HQDPA {55 [a] v BH 4%
KR IF B T i RS e, 586 Wik Bed i
i, &% B iz S 2R A A AR BRI RE &, Lt

T, H .

B REFE /%

100 200 300 400 500 600 700 800
W/ C
B4 FRESEREZ S TG hk

fRE5% / %

I

— .
ﬁg 500 520 540 560 580 600 R

AR

160 260 360 400 560 660 760 860
Wi / C
K5 SREOEMAR TR TG HiZk
Pl-1  7=257C
PI3  T¢&235C

P-4 Te=024<
;0 1(‘)0 1;0 2(‘)0 2;0 3(;0 3;0
W/ C
K6 JEETER DSC ik
2.3 BRIt s MREAE
SR O V. 2 7545 T AT BILS 390 v 0 3 Ml 1k g 9 T

2, R 2V, HET 4,4-HQDPA 1) 5 Bt W %
AR B 2%, 7E m-cresol A1 NMP HBEMS 43005 ik,
{HJE7E DMAc, DMF, DMSO, CHCI, H #8543 % fi .
B % 3,3-HQDPA & #t [ 38 hin, 5 % 0 % (P1-2
~PI-4) s e $E & . 56T 3,3 -HQDPA A9 R ik
VT P S PR B B, BRI A T R o0 WA AR

%57, 4N m-cresol, DMAc, NMP, DMSO, CHCl,.,
X Ll T 3,3-HQDPA Ayl Ht 8 1 Ak 4k
GEAEIR T R AR R R s 1

#2 BETRNERIELE

i {asill

%7  m-cresol DMAc DMF NMP DMSO CHCl, THF
PI-1 ++ ++ + ++ ++ ++ -
PI-2 ++ ++ +— ++ ++ +— -
PI-3 ++ ++ +— ++ ++ +— -
PI-4 ++ ++ +— ++ +— +— -
PI-5 ++ +— +— ++ +— +— -

e BRI, + o A R, — AT
fitt, —  MPUG A, “DMAc : N, N— —H L2 BE, DMF : N, N—
T FIEFEE, NMP : N- LML e, DMSO : —FI LR, THF :
VU , m-cresol : [A] @R, CHCI, : =50 H .

2.4 RELIIey R TR

[&] 7 2 B Pk 7 i TE 250 ~ 420 °C T 4426 i it
TR B b B0 . & 7 T, PI-2 ~PI-5 B4
B BE R TR D TR S T R, MR R T 375°C)R
SRR EERS A T, X ] Bt TR E R, REY
KA TR . PI-S BIMEIRZEEETE 300°C Z i
A FHE AL 300°C 25, R Ie A ZE B %
I, 7E 360 °C B 5 AR Z8h B Gk 2 fe AR, AR I 86 B
FEFHR IS AR P B 2R AR, PT-5 W AEZE TR FE
A RS L THE BER A W A Rl B
pits DX T LR A Rl T XoF IO7 PR s (R 2l P8 Tk g, it X
SEAE L, R PG AAL TR SR A, B LR
(T i AR AR O V28 TR P1-2 ~P1-4 &
SRk S B 0 s A 280 P2 I S I T PI-1 A PL-5 35X
AIRYIPIE IR o 2 3 A RBEW AL B AR PERE

£ 10000 |
~ £
=
i i
W [
£ 00
100 | : w
250 275 300 325 350 375 400 425
i/

7 RERIIELE 250 ~ 420°C N MR EH S BEIRE 197216
x3 BEITRIORIMEE

B MFR"/ JRIRZEEE / (Pa - s) T NEIREhEE /
%% [g- (10 min)'] 320°C  340C 360 (Pa - s)
PL1 8.92 18900 6370 2400  1030(398°C )
PL-2 3.20 2270 824 541 518(367°C )
PL3 4.93 867 285 148 138(366°C )
Pl4 3.42 2580 962 427 288(380°C )
PI-5 28.877 54800 1010 289 289(360°C. )

W 1) M 310°C FIERY MFR ;2) 24 353.5°C FillE Y MFR.,


杨超


JR RS, A+ BT b = i I R L SR T IV 15 B 5

3 Hig
i AN [ B ) i 3,3 -HQDPA 1 4,4 -HQDPA

5 4,4-ODA IR GITF 1T — R 5 RBE N , 18 X%}

HAAEBE AR MRIE AT S PE BRI ST 15 LA 2

w:

(1) B 3,3 -HQDPA 75 & HYSE I, SRME W Iz 1)

T, Fhis LR

(2) LR BB A R SR 2 T W

FEw, >4 3,3-HQDPA #ll 4,4 -HQDPA %) JF it

HIOH 1 1 RBE AT R b R i sh

L ELE 320°CH, PI-3 AYREARZHE (K2 867 Pa

* s, 1E 340 CHHFIKFHE A 285 Pa - 5.

SIS 1 F A DL S G PR RE , B R A AN

TAERERT B T RORHRE iy, l DA 2o J 45 5 4 I

PG R 2 5 5 WD B4 T, Vs b P AR A U Sl 2

AERTBHEAS [T b 25K R & PR RE TR 28

BN S AP RHE AR IR SUR B A IZ BN AT

S % 3k

[1] Ghosh M K, Mittal K L. Polyimides:Fundamentals and
applications[M]. New York: Marcel Dekker, 1996:49-70.

2] THEB . REE—y A S TERERC R M), dLat : Rl
Ji#t:,2006:5-6.

Ding Mengxian. Polyimides-chemistry, relationship between
structure and properties and materials[M]. Beijing: Sciences
Publishing House, 2006:5-6.

B3] T bt Al K . SR BT B AR M. JE T« Bh2E i Rk,
1998:187-191.

Ding Mengxian, He Tianbai. New materials of Polyimides[M].
Beijing: Sciences Publishing House, 1998:187-191.

[4] Yoshio I, Rikio Y. Polyimides Fundamental and Application[M].
Tokyo: NTS Inc Press,2002:173-183.

[5] Hsiao SH, Wang HM, Leu C M, et al. Synthesis and properties of
novel triptycene-based polyimides[J]. Journal of Polymer Science
Part A: Polymer Chemistry,2011,49:3 109.

[6] Wang Kai, Fan Lin, Liu Jingang, et al. Preparation and properties of
melt-processable polyimides based on fluorinated aromatic diamines
and aromatic dianhydrides [J]. Journal of Applied Polymer Science,
2008,107(4): 2 126-2 135.

(7] SFEE, ARMI ST, 5KV A5 | T 0 B T SR T A 7 A
A PERERITSE [J]). ZEZ3 bR, 2013(3):51-55.

Han Qingxia, Song lixian, Zhang Ping, et al. Synthesis of fluorinat-

ed diamine and properties study of transparent polyimide film[J].

(8]

(]

[10]

(1]

[12]

[15]

[16]

[17]

[18]

[19]

Insulating Materials,2013(3):51-55.
Chung I S, Kim S Y. Soluble polyimides from unsymmetrical
diamine with trifluoromethyl pendent [J]. Macromolecules, 2000,
33 :3190-3193.
Bryant R G. LaRC(TM)-SI:A soluble aromatic polyimide[J]. High
Performance Polymers, 1996(8):607-615.
Jensen B J, Hou T H, Wilkinson S P. Adhesive and composite
properties of LARCTM-8515 polyimide[J]. High Performance
Polymers, 1995(7):11-21.
Zeng Hongling, Pei Xueliang, Fang Xingzhong, et al. Comparative
studies on melt processable polyimides derived from 2,3,3",
4'-oxydiphthalic anhydride and 2,3,3",4 -thioetherdiphthalic
anhydride[J]. High Performance Polymers,2013(25):454-463.
Li Qingxuan, Fang Xingzhong, Ding Mengxian, et al. Polyimides
from isomeric oxydiphthalicanhydrides[J]. Journal of Polymer
Science Part A: Polymer Chemistry,2003(41):3 249-3 260.
Ding Mengxian. Isomeric polyimides[J].Progress in Polymer
Science,2007(32):623-668.
Zhou Hongwei, Chen Chunhai, Yokota R, et al. Synthesis
and properties of copolyimides derived from isometric
biphenyltetracarboxylic dianhydrides (a-BPDA and i-BPDA)and
oxydiphthalic dianhydride (ODPA)with 4,4 -Oxydianiline (4,
4"-ODA)[J]. High Performance Polymers, 2005, 17:213-224.
Hergenrother P M, Watson K A, Yokota R, et al. Polyimides
from 2,3,3’,4" -biphenyltetracarboxylic dianhydride and aromatic
diamines[J]. Polymer,2002,43:5077-5 093.
Chen Chunhai, Hasegawa M, Yokota R. Isomeric biphenyl
polyimides.(/)chemical structure-property relationships[J]. High
Performance Polymers, 2005, 17:317-333.
Eu, 5K M8, MR, % A L)Y s-BPDA /i-BPDA i 5
BBt 7. e A6 SR 45 4 5 P B G AR (0] 5 SR A M AR 2 22 41, 2010,
31:2289-2292.
Wang Xiang, Zhang Peng, Chen Chunhai, et al. Synthesis and
characterization of copolyimides from s-BPDA / i-BPDA with
different molar ratio[J]. Chemical Journal of Chinese Universities,
2010,31:2289-2292.
RIS AL S, A5 /NI, A L R T S A IR T P A P R
WEHEHERERFSY [J]. TARRSLRINIH L 2012,40(3):9-13.
Liu Yanfeng, Bao Jianwen, Yi Xiaosu, et al. Properties study
of thermoplastic polyimides based on isomeric biphenyl
dianhydrides[J]. Engineering Plastics Application,2012,40(3):9-13.
Han Ying, Fang Xingzhong, Zuo Xiuxia, et al. Synthesis and pro-
perties of novel melt processable isomeric polythioetherimides[J].

High Performance Polymers,2010,22:989—-1 003.

AR T 9] T AE FB T P ———
www.epal973.com


杨超




