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Synthesis and properties of polyimidesderived from
m-xylylenediamine monomer
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(State Key Laboratory of Fine Chemicals, Department of Polymer Science & Materials, School of Chemical Engineering,
Dalian University of Technology, Dalian 116024, Liaoning, China)

Abstract: Five kinds of polyimide (PI) samples were synthesized from m-xylylenediamine (MXDA) with five
aromatic dianhydride monomers, 4,4'-oxydiphthalic anhydride (ODPA), 3,3',4,4'-benzophenone tetracarboxylic
dianhydride (BTDA), 3,3',4,4'-biphenyltetracarboxylic dianhydride (BPDA), 4,4'-(hexafluoroisopropylidene)
diphthalic anhydride (6FDA) and 4,4'-(4,4'-isopropylidene diphenoxy) bis(phthalic anhydride) (BPADA) by
one-step method in m-cresol. The polymers were characterized by FTIR, '"HNMR, DSC, TGA, UV-Vis and
dynamic mechanical analyzer (DMA). The results showed that inherent viscosity numbers of the prepared
PIs were in the range between 0.36 and 1.44 dL/g, and all PIs had good solubility in m-cresol. The glass
transition temperatures tested by DMA and 5% thermal weight loss temperatures of PIs were 184~243 °C
and 485~538 °C, respectively. Furthermore, the transmittances of PI films were 24%~85% at 400 nm and
69%~88% at 500 nm, and the cutoff wavelengths were in the range of 308~367 nm. All these indicated
that these PIs had excellent thermal properties and good optical properties. The tensile strength, Young's
modulus and elongation at break of PIs were 41.1~85.3 MPa, 1.7~2.1 GPa and 2.5%~8.7%, respectively,
demonstrating that the PIs possessed good mechanical properties.
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FHICAT PR e A SR BERC R (PAA) i TAURY, 4R
J5 PR AR 3RS PL Ay, RORBR T N H
IR, © AR 505 % PL R T3 F 45t 4t
B AN LA B 3B PN R 15 1] oy T Jo P i e % 4%
G (CTC), B IH R R 2 08 | Dty i Ik 22
MELLHE R CIR Zr L e R 4Tk i) iy FH R PA
A AR, 78 PLAr P B ARG
INGERE . ARXTRREE R . AR RN B 45 R k3 PI A%
fif e AL T PT RSB AR, B P ST
MBI

W PO A W RE 0 4 S5 R BT R
FEIRTE P AN IR SR W LT Ferk 3t
ZiRANI 18- 47 LN | B e A TEA Y K S TN (90
Bt Aty e 3 R AR 3T 1% HASEGAWA
USRI REERE BT 15,28,4R,5R-FF C e Y H iR —
JiF( H'-PMDA G 5 B it 3578 1 H iR — I PMDA )
5T 4,48 KRk (ODA) Wil T BEES
PSSR T, Y i TG (6 B PSS, JCAE 400 nm
RER)IZ 1 283K 76%, SRS <300 nm, SGAEiEWITE
VEA T i PMDA il ODA %1 PI i, TAO %10
il 28 T WA 2 = 5 RO Y B e BRAR 1,1-
XL [4-(4'- 20 B -2'- = 0 F B R AR )- R R -1-(3 - = 3L
FEL R HE)-2,2,2- =3 & 68 (12FDA ) Fil 1,1-3[4-(4'-
A -2 = R Y R R AR R ) AR ]- 137, 5 XL (= R
FYARIHE)-2,2,2- = L ke (15FDA ), Hffy 15FDA
5 4.4-OSH S ZBKIRET (6FDA ) B il 15 1
Pl AL E AL S Hotsd i, ORI 300
nm, 450 nm AbiE S FIK 97%, B PI i ER)
il S AR KRR B FARORE T8 SR B 55, AR
WA AT T AP G, BECP BRE
Bl WA AR Y, ORFTF TR . 2R
e (MXDA ) 2&—Fili G 5 A WA e, w]
3% B e ek kL il 45 021, MXDA FeH5 &
JHe TN 10 e R e o, G Bk s T AR e 2 e 5 [+
i, MXDA ZMAi45H), BILEIE SRR G 5%
HIXFFRIE 22 HAA AT LD A i BERE iy e, S 80r ik
(ST Nl = I a1 | W N[V L 87 e L1
B H A B RIS 5 D A, I s e 6 RN A 3A 43 B
AR S5 e e S TN i SO s e e RS SR TR S 4
BB FELL, MXDA AT LATE B SE TR SR i el st
PEm AR LA E e . SR, B0 A
BF 2 [l 46 AR, B MXDA 45 PT AR b4 A
M, SRAMESEN “PE” F MXDA 5 EHE S5,
T2 B 70 R TR RO LR, KBTI T B
e B W PAA WS, {HHT MXDA 5% A0 Y

IR K, B 5 PAA FFIYRIL NV IE R, FH
15 15 FH X 43 5T 1 2R 5 0 04 T 1 B 3 B 1 T
RISy T e LR, FTLUCRA C— Ak fE
My S e W A R e e . R B T RS
S, [ s i AT LA R AR A AR e — e R
e T ER IR, AT S AR X S BT R Pl
25 BRI, AR SCILE MXDA 2305115 4,458 304K
K FERIEF ( ODPA ). 3,3',4,4'- 2 i U Y i — J6F
( BTDA ). 3,3',4,4"- B VU ER 2 i ( BPDA ). 6FDA
F4,4'-(4,4'- 57 T4 Fk R 40358 ) WL (4B % — HH iR T5F)
( BPADA ) 7E[RIH By R A “wnil— 200k #1TR
G RNKAA 5 AP PL, g7 3T MXDA H4R1Y PL Y
G, WS R IR AR X AR S5 44 1) MXDA — %
FRXT PL PERERUSZI, BTEG BOGAEREIL = 1Y
PI Wi, ARBFFEAINEET MXDA B PI A1
BHRIT 5 A R HEA 4

1 SEEES

11 RAFENEE

MXDA ( 4350 99% ), #1-E R b 2 B A
FR/\F]; ODPA. BTDA, BPDA. 6FDA. BPADA,
T FF (A 8 R 98% ), SEmsmk (i Uk
97% ), LHRFEFRHEABR AR, ZEFRRME T2
TS R EF E 45 i, JFAE 120 °CF HL%S T4 24 h;
N,N- " H 3 Z Bk e ( DMAc ). N-HT 3 a5 i
(NMP), NN-ZHEHER (DMF), s, K
HTE TR TABRA R, T 400 CHhif
BRI 3A 4 FO Tk 48 hy HIEE . ToKLBE.
LMRCWR . IETEE, DMK . DU5 LS,
SyMral, BEEEA, KETHOEEARE AL T8,

DF-101S SE#GTHEE N i bEas, L))
JRIBVGALESFHE A BR A T 3 NXB-63 4 B 40 15
F &, WIS M FRHE A R Al Varian
DLG400 #% G 4R P 3L, S5 Varian 2\ ] ;
IRAffinity-1S BUE B AR 2T SRR . Solidspec-
3700 AUZESR-F] WL LT ARG, H A Shimadzu 22
Al Q20 B2 R AL . Q850 BB 1% 3 b
1. Q500 HHKHE ST, KE TA XA F];
1.07 mm A5 RFEIT (B4 M4 1.07 mm ),
VLT A Y 48] 5 Instron 5567A BT J7 GEM
AHAE L, € Instron AF]
12 #l&FE
1.2.1 PI#4& &

MXDA 5 5 f Z i@ “miR— 2 &
B PL, SO BEEE S SR G W o F S5 R AT s
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LI PI-6FDA/MXDA & Bk F, E AR
T FEE (20~25 °C) Al N, 5B T, # 16 mL
[a] HF 3 im A %) 50 mL F%2AY Schlenk TN H,
JIMA 5 mmol (0.68 g) MXDA, ik % 5¢ 2,
IRIGHEUM A 5 mmol ( 2.22 g ) 6FDA Fi1 8 Ak
SEugsnk, e S 15%A0 SRR A N
R Ny AEL, BT R ERIHEE 200 °CR
N 14 h JEps R R PR L AT A R IR
Bt 5 K R A IR RIS B 250 mL R Z04E R Y
FErp, £330 [HEALF R UTNE . K PT ™9 FH Y Bk 4
3, RIEMTOK CBEER VIR RIE 24 h /5
B AT (60 °C/12h, 70 °C/1h. 80 °C/1h,
90 °C/1 h., 100 °C/6 h). F*3 93%; 'HNMR (400
MHz, C,D,Cly), 6: 7.92 (d, J=8.2 Hz, 2H), 7.84 (s, 2H),
7.76 (d, J=8.2 Hz, 2H), 7.52 (s, 1H), 7.35 (b, 3H), 4.85
(s, 4H); FTIR (v/em"): 1771 ( C=0 HE A A KR 45
3l ), 1704( C=0 HEHXF PRI 4EHE S ), 1380( C—N
BRI AR 4E RSN ), 725 (C=0 #E RS ).
HA R AW Bl B4 RS IR vk T
AR B A =2 "HNMR & FTIR YGiE 8 i T .
PI-ODPA/MXDA : =% 97%; 'HNMR (400 MHz,
C,D,Cly), 6: 7.89 (d, J=8.2 Hz, 2H), 7.47 (s, 1H), 7.46
(d, 2H),7.40 (m, J=8.2 Hz, 2H), 7.32 (b, 3H), 4.83 (s,
4H); FTIR (v/em™"): 1773 ( C=0 H Ay A XFFR M 45 4%
3l ), 1705 ( C=0 R X AR AAIRZ) ), 1380 (C—N
BRI PRI 4EIR S ), 723 (C=O0 g h iRzl ).
PI-BTDA/MXDA : %% 96%; 'HNMR (400 MHz,
C,D,Cly), d: 8.19 (s, 2H), 8.14 (d, J=8.8 Hz, 2H), 8.00
(d, J=7.48 Hz, 2H), 7.51 (s, 1H), 7.35 (b, 3H), 4.89 (s,
4H); FTIR (viem™'): 1773 ( C=0 [’ A X FR 1 45 Pk
3l ), 1705 ( C=0 #XF PR 4430 ), 1379 (C—N
BERXTFRARAEIE S ), 725 (C=0 g th#Ezh ).
PI-BPDA/MXDA: 773 93%; 'HNMR Aillix;

PI-ODPA/MXDA

PI-BTDA/MXDA

PI-6FDA/MXDA

PI-BPDA/MXDA

FTIR (v/em™"): 1771 ( C==0 A Fri 4642 5h ),
1705 (C=0 HERYXIFRI4EHRS) ), 1381 (C—N Y
SRR AR GEYR Sl ), 723 (C=0 #/)Z iR ).

PI-BPADA/MXDA : 723 92%; 'HNMR (400
MHz, C,D,Cly), 6: 7.79 (d, J=8.5 Hz, 2H), 7.45 (s, 1H),
7.35~7.30 (b, 11H), 7.05 (d, 4H), 4.79 (s, 4H), 1.75 (s,
6H); FTIR (v/em™): 1776 ( C=0 % i AR R 45 4
3l ), 1706 ( C=0 X FR 445 ), 1379 (C—N
SEAORTFR M 4R S) ), 724 (C=0 H5 D) ),
1.2.2 PAA #9414

PAA 1145 LA PAA-6FDA/MXDA 14 8 M1,
EAREFEWTF: 0 °C. No5H T, # 17 mL DMAc
A 50 mL = FfH, A 5 mmol (0.68 g)
MXDA F$ii$k 2B IE &M ; BEEMA 5 mmol
(2.22 g) 6FDA, SR HOSRIG B2 TG
B, dkeiii Pt 24 h A 5| [ & & 15%095 1 PAA
B . MBI R G Y FERAEMTER (H
B, TKOEE. LRROFERSOE T BE ) #ATI00E, %=
IR#E 12 h 5 g, 60 °CELZS T4 8 h, 1514 [H
A . HA PAA W& 5 Lk kiR .
1.2.3 Pl #may#l &

L)L PI-6FDA/MXDA i (1 il &5 R ], ELAAR A 3R
W K010 g RAEWIMAZR] 2 mL [HHEH ([EH
FRPEHITE 5% ), 16 110 °C R P RIS 2095 15 %
AW, B 1.5 mL BRI 21RE 3] 60 mm X 60 mm
MBS I, WO 28 RS AT R IR R T
THRE B (60 °C/12h, 80 °C/1 h, 100 °C/1 h,
120 °C/1h, 150 °C/1 h, 180 °C/1h), BlJ5 HRY
IR GBI 40 °CHRK FFs# B PL s
MAA5 2 PL RS A S AT 20~25 um Z 1],

1.3 e ERIEHZE

R FIAZ R IR S W R A 7)1 '"HNMR %
Kl KA FTIR SrHrke s Lo s, ik 5544«
PBEERE N 4000~400 cm™', My AL R B 5 ik
DGR, FEEAE ot A FH 42 B S ATR BT, SR
FHEEAM-0T W3 2T ARG PT I ) i3
HHEIE R R 300~800 nm, F3#EIBE R 1 nm, R 2
RS (DSC ) MK PR AY T, MHLAUR
KN, LR VSRS 40~400 °C, FHEHRE R
10 °C/min, RN T2 8L (DMA ) i PI
B shA 124 ERe , RN 1 Hz, MRS
il 30~400 °C, FHEHFER 3 °C/min, KK
FAMHHL (TGA) 43#7 PT RY#EREE, TIHAASHN
N,, MERTE VLR 30~900 °C, FHELHEZ A 20 °C/min;
KRG RBEETHE 30 CHEIRKBHIE PT i
R ([n]), W0 H My, 90000 i Mk o
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0.5 g/dL. #2110 mg PR A BA &
I mL R AR, 4300 7 2 i s #A 5 1F T ULER
HE g ol . R oI5 e A RHA g0 LR AR ML E
RE, P H#E M 100 N, PifH#HEE 5 mm/min,

2 ZRE5{TR

21 PIHIERSRIE

PR RS P MRS, WV AR
F4) ek 118 B R g B A A AR P T I3 7 P
N, A TR TR PAA TR, BEIG 2 el
o fb2F W AL K A R A PIPY, H “PIAE”
NEE RS, o BB, [AlET T MXDA & 05
BN )i =y 1 X i e 2 Uy i N O € R
P s 07 o R v g A i T LA 3R A w5 A X A3 o o
) PAA . ZiR N-FIRELE AL 7 15120 iRk 2 g
MR, A TR B S AR T R R A
Yo “—287 B RUNERR, A, TR i
PRI AR B T R, S TE IR AR 1R EE R A i A
PR R Ak 2 2 5 [ N WL e AR 43 Jit i PL. KU
FHI 1.2.1 WERe “—2E" Hil& 5T MXDA
1 PI.

R T AT 2k il & PLRY G AR 1R o8
e, EARIR T W& B AR PAA, XTHAMT T PAA
5 PI /) FTIR 3%, A% PAA/PI ABAT ALY 25 24
LI PAA-6FDA/MXDA Fi1 PI-6FDA/MXDA Jfi, & 1
) FTIR 15

PI-6FDA/MXDA R

PAA-6FDA/MXDA

[ :
| E :

3500~2930 i i
(nl

I
17711704 1380

4000 3500 3000 2500 2000 1500 1000 500
Pe/cm™

K1 PAA-6FDA/MXDA #il PI-6FDA/MXDA [ FTIR €]

Fig. 1 FTIR spectra of PAA-6FDA/MXDA and PI-6FDA/
MXDA

M 1 AT, 7E PAA §%EH, 3500~2930 cm'
b B Wi i —COOH FI—NH B FRAEI , 1548 cm™
A C—NH #E RN I g s PT ARG R34 | C=0
BRI G A FR R4 RS g T 1704 1 1771
em', C—N HE %4 4R 3h7E 1380 em ' {3,

2% FTIR 355 b nl LA 2 F i, PI-6FDA/MXDA
T & v 3500~2930 F11548 em ! ZLHHESIIETA: , 75 1704

1771 1 1380 cm ' A A7 357 A Bt 10 g RS AF I HH B, R A
SR B WA 5E 4, PT &5 R IEH

P CoD,Cly YE A rARIAF, & Tl PL Y
'"HNMR %K. UL PI-6FDA/MXDA Jfi], K 2 hH
"HNMR #£ &,

7.6
9 1 cr 1 0 (4"
s &, O' AN CHCl,
6 2 2.0
H4
H1 Hé

H2H3H5 H7 J l

223 13 7

K2 PI-6FDA/MXDA [ '"HNMR &[5
Fig. 2 'HNMR spectrum of PI-6FDA/MXDA

2 AT LUIE 1, BEY PI-6FDA/MXDA 41
S T ) SR T2 5 R AR R B i — — X Ry FL
S FER PRI BIC R, dE— R H T A5
EAfTE

21 0 R S I BE T E 1Y PT R A W R
FhE

# 1 MXDA R5I PI 19HFEREL
Table 1 Inherent viscosity number of MXDA series polyimides

PI B [#1/(dL/g)
PI-ODPA/MXDA 0.93
PI-BTDA/MXDA 0.36
PI-6FDA/MXDA 0.51
PI-BPDA/MXDA 1.44

PI-BPADA/MXDA 0.50

FEE 1 Ao, ASIA) B I A 2 ) R A 0 B 4%
PEFEBOARTR], 7E 0.36~1.44 dL/g Zu), A
PI-BPDA/MXDA , 1 i% 1.44 dL/g, E% X F BPDA
Vo A S i, HL R T 5 (A v B SR LT ) 2 B O
Bk, mEfedioReE, If BT P1 YA AR
BUBEME, RUIRE YA B AR o i
22 Pl WEMEHE

=2 R PLAEH WA N R g, h#k2
FTLAR IR, P IIA ffe  Bif  BRL AR 100 Z32  4 R g 42
=T 2 11 11 751 S R TETR i O = 3 8 G 5 =
PI-BPADA/MXDA it fcdit, BT 77 34 ]k I
12y NS o B W Xy E =B T S o I o (T
B EREHEREEE A CTC AR, AR T/ N T 7
B, MM T REY T, A, Ft
it S REL T 1 P 24 () LB RLN , AT 43— 4 19 I
F43 -4 (8] WO AH ELAE 07, oA Bl 13 A o 10 42
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w70 1 PI-BPDA/MXDA 7E[a] H1 i rh in i A fig i
fift, FTLL, AT il AR L 1 55 A R TR
A B BRLAR T 4 1 A M i EL TR = L B P

#2 PLINEME
Table 2 Solubility of polyimides

PI ¥ i DMAc NMP  C,H,Cl, [&] Hl i
PI-ODPA/MXDA - - + +
PI-BTDA/MXDA ++ ++ ¥ +
PI-6FDA/MXDA -+ r t -
PI-BPDA/MXDA - - _ 5
PI-BPADA/MXDA ++ + + Tt

e R FZIRAMBIIARE M ; 308 110 CmAG R ;
HHRRER T

2.3 Pl EERF R

Pl 3 R W B 1 4% 1) PV RR A I, F A
3ATLAAE H, K 2 %k B B, A PI-BTDA/
MXDA IR # A,

a—PI-ODPA/MXDA ; b—PI-BTDA/MXDA ; c—PI-6FDA/MXDA ;

d—PI-BPDA/MXDA; e—PI-BPADA/MXDA
I 3 PI B Y IR
Fig. 3 Photos of polyimide films
4 Sy PIEIERY UV-Vis if it 35 151, AN AL
Wy T3,

100
80
6ot — PI-ODPA/MXDA
N — PL-BTDA/MXDA
A ol — PL-6FDA/MXDA
PR — PI-BPDA/MXDA
L —— PL-.BPADA/MXDA
20}
0

200 250 300 350 400 450 500 550 600 650 700 750 800
P /Mmm

4 PLWIRERY UV-Vis i 5
Fig. 4 UV-Vis transmittance spectra of polyimide films

F 3 PLUBLY UV-Vis it 35
Table 3 UV-Vis transmittance spectra data of polyimide films

PI B JewonM  Agow/nm Taoo/%  Tsoo/%o JEJEE/um
PI-ODPA/MXDA 348 432 74 85 20
PI-BTDA/MXDA 353 592 24 69 22
PI-6FDA/MXDA 308 375 85 88 24
PI-BPDA/MXDA 367 569 54 77 20
PI-BPADA/MXDA 357 403 79 85 25

I 4 F15% 3 0T A P B9 E DK Aeusore )
T 308~367 nm Z[A], FEiLH 80%AT KK (Asow )
1E 375~592 nm Z ], 7E 400 nm &b, PI JEEAY 35 it
B ((Tyoo ) TE 24%~85%2Z 0], 7£ 500 nm &b, &l R

( Tsoo ) T3k 69%~88%. H:rf1, PI-BTDA/MXDA

JBE 37 o R A XA, X5 Fh CTC M LA ¢,
e A TR B 5 K BT R (L L B ) B B
T B BT T B A 485 ) BT A TR P —F R A, S
e PL A FHIE AL CTC, MI(E PT 5 (4 B (0 ik
W, BwWIVE#2E, % PI-BTDA/MXDA #if, T
TSR THE (C=0), HILHER %
%, PI-ODPA/MXDA #l PI-BPADA/MXDA T Ji5i 7
1) 2 75 B P 5 5 4 B v ik B DT 4
CTC A K. LG AL S5 &% P1#E, W Kapton
WA R DK 443 nm, B AGRE (RIS (O R 5R
BIEC, B REY, Eak, AR BT
ot W] PR AT IS T i, XU ZPYE R
JH B PR % — B SR B8 T 6 DU H iR — 15 ( CBDA ) Hil
TR MR 2,20 (R )4, 4 R S ik
( 6FODA )ifil #% i W] P13, L 1 9% 1 2 309 nm,
500 nm Ak F 5 RN 85%; T Bt HAH T i 6FDA
F12,2- (R ) AR EE (TFDB) #4519
BEH P, Bt R 80%MT KN 410 nm
DI Ko ZBF 6,6'-[ (49~ 1,4-T0 4 ) XL (4R WL (4,5, 7-
SR IR -1,3- i) ( I0FEDA ) Fl i 2,4,5,6-
PUGEZR-1,3-" e (4FMPD ) Hilf5 9490 P1, Hil
K375 1 % 80% (I 580 nm. AHELINF, AL
#il 4519 PI-6FDA/MXDA JG (%1% W 3 A 11 P KAy
308 nm, 7E 500 nm AbAYE IS5 88%, B
80%IF A K Ky 375 nm, X2l FRUR TR
AN HL R, C—F SR ALRARH AR F 420, nI L
FEASILHE, I T CTC MIEML; & LM —CF; A
HRBREIRK, ReA AR HERR 2 B, 38 K 43—+ [H] ]
B, BRSO TR AR, M4 & R AW i 2
BHAPER3, B3 A MXDA SfA o g B R 3k
LA I FEAE DN T o0 FRE R MRS B, BHAS )
TFHEN S o THE N AT RS 48 B AR B, LA
HC % 1) P IR 1)l I PR T 4T
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2.4 Pl ByhiEsE
Pl i PL AYRREEREREAT T I0K, 255 LA
5~7 SR 40 G BE R SRR R A Y IFS e PR Ry

100
90 -
. 80F
70+
Eoh
x — PI-ODPA/MXDA
@ 50 — PI-BTDA/MXDA
40l — PI6FDAMXDA
—— PI.BPDA/MXDA
30f — PI-BPADA/MXDA —
20

100 200 300 400 500 600 700 800
1R BEE/C
5 PIM TGA HiZk
Fig. 5 TGA curves of polyimides

%| — PI.BPADA/MXDA —— PI-BTDA/MXDA
¥| _ PL6FDA/MXDA —— PI-ODPA/MXDA
i PI-BPDA/MXDA
eI

) <«-217°C |

g «—224°C

= <«—200 °C

<«—230°C

100 150 200 250 300
TRBEE/C
Kl 6 PIY DSC iz
Fig. 6 DSC curves of polyimides

1.8
1.6 L — PI-ODPA/MXDA
—— PI-BTDA/MXDA
L4F _ PL6FDA/MXDA
1.2} — PI-BPDA/MXDA
< 1.0} — PI-BPADA/MXDA
0.8

0.6
0.4
0.2
0 -I 1 1 1 1
50 100 150 200 250 300
EE/C

K7 PIH) DMA izt
Fig. 7 DMA curves of polyimides

4 PLAIAERE
Table 4 Thermal properties of polyimides

PIAE Tsw/C  Tsp/°C  T,U/°C T,21°C
PI-ODPA/MXDA 525 573 200 204
PI-BTDA/MXDA 485 589 224 243
PI-6FDA/MXDA 526 680 217 235
PI-BPDA/MXDA 538 576 230 231
PI-BPADA/MXDA 515 548 172 184

O DSCMik; @ DMA i,

A& 5 Fige 4 AT, PIS%AUHKREIRE (T, )
1E 485~538 °CZZ[Al, 50%MY#AK EIRIE ( Tse, ) 7E
548~680 °CZIH], UG HLAY PT AR EA BUF iy AR
SENE, X EBHET PLAF I RIES RE5H . T,
FERMERE YT APERER 7 — 35k, & 6 fk 4
AL, DSC MK T, 7E 172~230 °CZ[H], X4 PI
LA HE B W80 MXDA, Hit, T, k3%
PR~ HE R JF 235 440 1 W R R 5 3 - Tl B P
1, HO & 2K )P 8 PI-BPDA/MXDA >
PI-BTDA/MXDA > PI-6FDA/MXDA >
PI-ODPA/MXDA >  PI-BPADA/MXDA .

PI-BPADA/MXDA H T & Ze M mk i ni HA me iy
T,; HINiHL, PI-BPDA/MXDA HIEIE [ Sk 4
¥, SRR, v AR PR VM, T 5o
K7 3k 4 451 Tl PT R DMA R 7, H
T 184~243 °CZ[a], DMA M) T, kb DSC M1
Ty Befm, BOZEN, PRI Ty vk it T 2R i 2%
AT, DMA ZRHEHE, DSC R0,

R PO A I N A L, (HRREY)
AR o R IBCE R AR, REET & I —
i, T fE—E R EWJE A AR BUR AL, DMA
I A 2 PTEE, 1fi DSC MY S PTASAR , 1E PI
BB R, AL B2 A7) AT — 5 ) HLAE
IR AR, A BTN, BTl DMA
T Mo 25 BAmR, PLB AR IEES BA R 4r Ay if
25 Pl WA EE

il g PLRE (Y ) 2 R AN 26 5 BT/ o

®5 PLIRRERIBLMIERE
Table 5 Mechanical properties of polyimide films

PI FIAH5RBE/MPa A3 i /GPa IR 3/%
PI-ODPA/MXDA 67.7 2.1 4.3
PI-BTDA/MXDA 41.1 2.0 25
PI-6FDA/MXDA 73.4 2.0 52
PI-BPDA/MXDA 82.3 2.1 5.2
PI-BPADA/MXDA 85.3 1.7 8.7

HER 5 AT UL, PIVEBEAYRLARoREE | 4 [CAL i Al
W 244 ZR 43 B AE 41.1~85.3 MPa. 1.7~2.1 GPa #il
2.5%~8.7% i I, FBAFTHIAE A PT HAT RAF L
WAPERE . 7EIXLE PI i, PI-BTDA/MXDA AYAL
MPERER 22, MEE | AL, ZRA YRR R AR
I, FEBA AN 4> F B e G, X AT R H Sy Ak
fei 22154 . PI-6FDA/MXDA #11 PI-BPADA/MXDA
R RFIE BT, SRS 5 e T 2= e e ) R 22
£ R4 F45HK), PI-BPADA/MXDA Tk &4
B, WOoR T FEERIZ SRR, PRI R
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RIFK ;1M PI-6FDA/MXDA H R M 2 38 K 954 e IV
JHE AR 22 1) O 6 (14 B o 0 B KPR TS8R, A ERB i
W, BN, TS B —CFs i 5 1% e B
TR, AFIRERIIEN, MRS, FrLARHGS
BERAK

3 #it

AR L) MXDA S s BLA , SR ] F By — 203k
B A 05 B IR i % — i MXDA R HF Pl
B, A RLT 5 A PLL iEid FTIR . '"HNMR , DSC,
TGA. DMA. UV-Vis £1E T PI &5tg 568, Wl
BT HEME, BFELPL, 5 R PLESEA BRI HE
fif A S AR E L A R TR R AT O
S UM AT X AR g B T A A v SR S
fE D T PIZRBA RN T T 25 42 % K 3 a5 W Pk 22 114 [
B, TR, R R PR A RE S T I TR
Hirr, PEfE () PI-6FDA/MXDA T (198 11 I K
7308 nm, 400 nm AbAYIE K E A 85%, B R
80%F A K R 375 nm. AR SCHHil 5 Y 251 P AT RS
ThnT, et

SE Lk

[1] GOUZMAN I, GROSSMAN E, VERKER R, ef al. Advances in
polyimide-based materials for space applications[J]. Advanced
Materials, 2019, 31(18): 1807738.

[2] HUAQL,SUNIJL,LIUHT, et al. Skin-inspired highly stretchable
and conformable matrix networks for multifunctional sensing[J].
Nature Communications, 2018, 9(1): 244.

[31 TAPASWI P K, HA C S. Recent trends on transparent colorless
polyimides with balanced thermal and optical properties: Design and
synthesis[J]. Macromolecular Chemistry and Physics, 2019, 220(3):
1800313.

[4] DING M X (T #i¥%). Polyimide: The relationship between chemistry,
structure and performance and materials[M]. Beijing: Science Press
(Bl A, 2006.

[5] VOLKSEN W, CHA H J, SANCHEZ M 1, et al. Polyimides derived
from nonaromatic monomers: Synthesis, characterization and
potential applications[J]. Reactive & Functional Polymers, 1996,
30(1/2/3): 61-69.

[6] LIAW D J, HUANG C C, CHEN W H. Optically transparency and
light color of novel highly organosoluble alicyclic polyimides with
4-tert-butylcyclohexyl group[J]. Macromolecular Chemistry & Physics,
2010, 207(4): 434-443.

[77 HASEGAWA M, HIRANO D, FUJII M, et al. Solution-processable
colorless polyimides derived from hydrogenated pyromellitic dianhydride
with controlled steric structure[J]. Journal of Polymer Science Part
A: Polymer Chemistry, 2013, 51(3): 575-592.

[81] FANG X Z, WANG Z, YANG Z H, et al. Novel polyimides derived
from 2,3,3'4',-benzophenonetetracarboxylic dianhydride[J]. Polymer,
2003, 44(9): 2641-2646.

[91 KIM S D, LEE S, HEO J, et al. Soluble polyimides with trifluoromethyl
pendent groups[J]. Polymer, 2013, 54(21): 5648-5654.

[10] TAOLM, YANGH X, LIU J G, et al. Synthesis and characterization of
highly optical transparent and low dielectric constant fluorinated
polyimides[J]. Polymer, 2009, 50(25): 6009-6018.

[11] WANG C Y, LI G, JIANG J M. Synthesis and properties of

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

fluorinated poly(ether ketone imide)s based on a new unsymmetrical and
concoplanar diamine: 3,5-Dimethyl-4-(4-amino-2-trifluoromethylphenoxy)
-4'-aminobenzophenone[J]. Polymer, 2009, 50(7): 1709-1716.
LIAWDJ, CHANGF C, LEUNG M K, et al. High thermal stability
and rigid rod of novel organosoluble polyimides and polyamides
based on bulky and noncoplanar naphthalene-biphenyldiamine[J].
Macromolecules, 2005, 38(9): 4024-4029.

GUO X X, FANG J H, TANAKA K, et al. Synthesis and properties
of novel sulfonated polyimides from 2,2'-bis(4-aminophenoxy)
biphenyl-5,5"-disulfonic acid[J]. Journal of Polymer Science Part A:
Polymer Chemistry, 2004, 42(6): 1432-1440.

YANG C P, SUY Y. Properties of organosoluble aromatic polyimides
from 3'-trifluoromethyl-3,4"-oxydianiline[J]. Polymer, 2003, 44(20):
6311-6322.

MUSHTAQ N, CHEN G F, SIDRA L R, et al. Organosoluble and
high T, polyimides from asymmetric diamines containing N-amino
and N-aminophenyl naphthalimide moieties[J]. RSC Advances, 2016,
6(30): 25302-25310.

ZENG K, ZHOU S H, FAN H J, et al. Synthesis and characterization
of highly organosoluble polyimides based on a new asymmetric
dianhydride[J]. Designed Monomers & Polymers, 2012, 15(1): 53-62.
CHANG C W, YEN H J, HUANG K Y, ef al. Novel organosoluble
aromatic polyimides bearing pendant methoxy-substituted triphenylamine
moieties: Synthesis, electrochromic, and gas separation properties[J].
Journal of Polymer Science Part A: Polymer Chemistry, 2008, (46):
7937-7949.

WU Q, MA X R, ZHENG F, et al. Synthesis of highly transparent
and heat-resistant polyimides containing bulky pendant moieties[J].
Polymer International, 2019, 68(6): 1186-1193.

WANG C Y, ZHAO X Y, LI G, et al. High solubility and optical
transparency of novel polyimides containing 3,3',5,5'-tetramethyl
pendant groups and 4-tert-butyltoluene moiety[J]. Polymer Degradation
& Stability, 2009, 94(9): 1526-1532.

SHEN Y (JLJff), ZHAO J (%), ZHU L W (RiNZE), et al. The
qualitative and quantitative analysis of MXD6/PA66 and MXD6/PA6
blends[J]. Shanghai Chemical Industry (_FifLT), 2015, 40(2):
11-14.

TANG W J (Ef%K), WU F (R1%), LIM Y (ZFXE), ef al. Nylon
nanocomposite material and its application in packaging[J]. Plastics
Packaging (Y kM%), 2008, (2): 75-81, 87.

KOHEI G, AKIIKE T, INOUE Y, ef al. Polymer design for thermally
stable polyimides with low dielectric constant[J]. Macromolecular
Symposia, 2003, 199(1): 321-332.

YU H C, KUMAR S V, SONG Y K, et al. Nanoporous thin films of
fully alicyclic polyimides[J]. Macromolecular Research, 2011, 19(12):
1272-1277.

LIU J G (XI4:H), HE M H (filR#%), WANG F S (EMH#R), ef al.
Alicyclic polyimides and the application in liquid crystal alignment
films[J]. Polymer Bulletin (7543 Fid@ %), 2001, (3): 1-8.
WATANABE Y, SAKAI Y, SHIBASAKI Y, et al. Synthesis of
wholly alicyclic polyimides from n-silylated alicyclic diamines and
alicyclic dianhydrides[J]. Macromolecules, 2002, 35(6): 2277-2281.
OGURA T, UEDA M. Facile synthesis of semiaromatic poly(amic
acid)s from trans-1,4-cyclohexanediamine and aromatic tetracarboxylic
dianhydrides[J]. Macromolecules, 2007, 40(10): 3527-3529.

YAO D H, YANG Y, DENG Y H, et al. Flexible polyimides through
one-pot synthesis as water-soluble binders for silicon anodes in
lithium ion batteries[J]. Journal of Power Sources, 201, 8(379): 26-32.

XU W H, MA X R, SU Y H, et al. Synthesis of highly transparent
and thermally stable copolyimide with fluorine-containing dianhydride
and alicyclic dianhydride[J]. Journal of Applied Polymer Science,
2020, 137(17): 48603.

WU A X, DRAYTON J A, RODRIGUEZ K M, et al. Influence of
aliphatic and aromatic fluorine groups on gas permeability and
morphology of fluorinated polyimide films[J]. Macromolecules,
2020, 53(13): 5085-5095.

WANG Z Q, ZHANG M Y, HAN E L, et al. Structure-property
relationship of low dielectric constant polyimide fibers containing
fluorine groups[J]. Polymer, 2020, (206): 122884.



