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Preparation and properties of polyimide with a large volume aliphatic ring structure containing norbornene
LI Liangrong',ZHOU Hao', CHEN Yueyu', XU Yingzi', YANG Xinghui', XIONG lei’
(1. Fuzhou Medical College of Nanchang University , Fuzhou 344000, China;
2. School of Pharmacy, Nanchang Medical College,Nanchang 330004, China)

Abstract : A new type of diamine and dianhydride monomer containing a large volume aliphatic ring structural unit of norborn-
ene were designed and synthesized by using norbornene as the raw material for the introduction of aliphatic ring structure, and the
new hemicyclic polyimide materials PIA and PIB were prepared by polycondensation with traditional dianhydride and diamine,
respectively. Fourier transform infrared spectroscopy, nuclear magnetic resonance spectrum were used for structural analysis. The
results show that norbornene large-volume aliphatic ring structural units are successfully introduced into the traditional aromatic
polyimide (PIC) molecular chain. At the same time, the effect of the introduction of large aliphatic ring structural units on the solubil-
ity and hydrophobic properties of aromatic polyimide was tested, and the results show that the introduction of norbornene large-
volume aliphatic ring structure can significantly enhance the solubility of traditional aromatic polyimide powder in common
solvents, and at the same time can overcome the defect of high moisture absorption rate of thin-film material, and PIB is slightly
lower than that of PIA on the moisture absorption rate, which are 0.77% and 0.82%, respectively, and much lower than that of PIC
film (1.54%). The thermal stability test and the mechanical properties test show that the 5% thermal decomposition temperature (7,,)
of PIA and PIB films are lower than that of the traditional PIC (560 °C) with full aromatic structure, and the T, of PIB (381 °C) is
lower than that of PIA (405 °C). In addition, the tensile strength of PIA and PIB films are lower than the PIC film at room tempera-
ture (25 °C), which are 85 MPa and 79 MPa, respectively, but the elongation at break of PIA and PIB films are higher than the PIC
(3.5%), which are 5.9% and 6.4%, respectively. While improving the solubility, processability and hydrophobicity of PI films, the
thermal stability and mechanical properties can still meet the needs of some applications.
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Fig. 1 Design and synthesis ideas for PIA and PIB molecules
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Fig. 2 FTIR spectra of OEC and OBA
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Fig.3 'HNMR spectra of OEC and OBA
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€1 4} OEC,OBA Ky *C NMR 45 #4237 &l
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68.86,9-C y 115.29, 10-C }y 115.93, 1-C 4 135.90,
11-C 24 142.99,8-C 24 150.33, i F-K Ui ] OEC #i i
I s

OBA I 4,5% i CH§ (4-C, 5-C) N 39.66~
40.18,6-C Jy40.49,3-C Jy45.54,7-C $348.92,2-C Hy
65.70, 11-C, 14-C 24 129.28~129.97, 10-C, 12-C
131.69~132.72,9-C,13-C 4 135.90, 1-C }y 138.15, 8-
C 7 164.69, 16-C }y 167.83, 15-C 4 168.73, F- K iit,
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B I IA T) P B Vs AR W SR A T PIC B oK, S A R b
P T PULALRLAIE M T i T PERE , 3X T R = N e
P F | A BEVK R RARBUIR A s 35 n T
Sy FIRIEE RN, TP ) RSP T S5 R0 5 T 4 7
]y Al ) AR (9 50 /N T 45 5 i2F A PL
Ay T4, BETT 4R E5 T PIA, PIB WS R 1Y 14 il 0,
1 Pk AT B PIB By AR 7E TL %5 571 Hh A 5 g P A
T PIA 1, 3X 7] B2 K 35 & 1l PIA K3 K 1) OEC 43
T, & B PIB ¥ K 1] OBA 43 145 ) th & 15 R Ik g 3%
BB, HA B PIB 4 F- [ BE R K, 530 TL % 7 43
TH A5 PEA PIB B AR 4 T4 9,

%1 OEC,OBAX PIA,PIB#1PIC ¥ REAIEE
Tab.1 Solubility tests of OEC,OBA, PIA powder, PIB powder and

811
|

PIC powder
Sample EA Et,0 CP TL CHCI,
OEC +T +T + +T +
OBA + - + + +
PIA powder - - - - -
PIB powder - - - + -
PIC powder - - - - -
Sample EAC THF DMF NMP DMSO
OEC + + + +
OBA + + + + +
PIA powder + + + +
PIB powder - + + + +
PIC powder - - - - -
Notes: “+” is soluble; “—" is insoluble; “+” is slightly soluble;

“+T” is high temperature soluble
2.3 FARMM K

WA B, 5 B VK R s RAR B R 2R 45
F4 BTG 1 PIA, PIB 6 B5% 14 2 92 .43 551 o4 0.82% Fil
0.77%, Wi 45 L AR T 1% 4t 77 7 45 #4 PIC # B 1Y
1.54%, H PIB #i 0% {It T PIA. [&5 % PIA, PIB #il

PIC = FhiHi B 452 ik £ , PLA F1 PIB (142 ik £71 43 51K
93.7°F194.6° , #4755 T PIC 114 79.8° , W I F F14% finh £
M 15 B PIB S () B K M B o BTl B VK
FoM KRR SR S50 BT 25 B 23500, b B3 K
T P EAEP B A N R TR T =%, ik
T ARG TR EE e P 1) SEAZ I, AT 5 1 PLYE
B , H OBA 23 T-45 40 BLAF7E ZE PR R 5 , 3L
25 L TE S iR T OEC Y, il H A WA PIB LAY i
IKPEDETF PIC HERRE, 33 Jhy ik — 25 HE i PTRER AL S
T A SR A N R PR T R B R T R
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Fig. 5 Contact angles of PIA,PIB and PIC films
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2.4 RAZE ST

&1 6 4 PIC K 75 B UK b s AR > g PR 254 .
JCH PIA, PIB i I 1) TG i £k , & 2 4 PIA, PIB il
PIC = FPi AR e . 43 & B, 100 °CLL BT,
= PR A T R AT FAEAIG , X N2 IR K 43 78 Kk
B, 340 °CZ T —Fh RN it i B AR AE , TG th 4k
FEASE- 2%, i 1 HH PTBE HHOIE fe Ak 56 42 PIA , PIB 1Y
TG 43 5I7E 351 °CH1 344 CCIEE— I H IR BRIA
X2 R A s 53— 25 4 v B R PR A A S A A 5 —
USR5 =R TG 28 7F 600 °C 42 A7 s H BR
T TR BRI 30 12 I R FR AR AR 1Y) A3 T

100
90+
A
S 80r
£ PIC
= 70
=
S
Z 60f
-
v
Z 50t
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Fig. 6 TG curves of PIA,PIB and PIC films

%2 PIA,PIBFIPIC EERAEE M
Tab.2 Thermal stability of PIA, PIB and PIC films

Initial decomposition ~ Mass residual

Sample Ty,/C temperature/’C rate at 800°C/%
PIA 405 351 44.24
PIB 381 344 36.22
PIC 560 500 70.68
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Pl PIA 1 PIB 1) TG 4k th B8 1 2 k&% 41 ; HOk
PIA, PIB {8 IR 11 5% A0 R 32 (T, ) R TR Gi 4
I5 7 4544 PIC 19 560 °C, H. PIB (381 °C)fik T PIA
(405 °C), {H #4755 F 380 °C;; 1fij 800 °C 2 Ji = Ff B[y
okt T RER AR H /N, TG -h4i 4 T 22, Iy it r
i 38 3 AR 43 fif 5¢ 4, I B PIA (44.24%) Fil PIB
(36.22%) 5% A HEH/INVT PIC (70.68%)-

Zx LA, 51AREDK R 98 RARFRE IR 8 B
A LV 1 45 44 2 REAIR P () ARG 7 , 31X 1T BB
A1 T 5 AR UK R0 AR B g BRI B = E S F T
SR S REAIR PLAE 1) PR IE 5 18 22 105 75 8 22 ] 1) 4t
PR B T FRE L g, RBPL T
YER 1R RIE T [, 5200 T PLAY T[] L4, i 15 7
R K s KARFRE HE A Z5 44 B TT 1Y PIA , PIB T AR
e VA i FAR , H PIB 43 1 B A7 AE ZE VR MR 3 ,
PIB AR MBS AIK T PIA. 4K PIB Ml PIA £
58 PLAYF R 51 AT B UK R s KRB S 1 A
INGERE AR B OR B T 53 07 A W 254, 7 Bk
F M PUADRHA AT in TR gk v i R, R
kAL 8 PLA RS E R AR B R FIl 52
i), BEH T PLATRHE 20 X P RO oy 45U
4 R Y L
2.5 HFHEESHT

[ 7 4 PIA, PIB Fl PIC 7£ 25, 150 °CH1250 °CF)
P B AT AP R A A R B 7 T B
BIRE L TE, 4y F 3Gz s e, = PLEE B as
FEXTR R, MW 2 R 8 ot ZE = 25 °C
IR R KRR R ERSE F BAOT Y PIA , PIB
R A e 15 A A% 45 4 5 A 45 A4 1) PIC RS 1 135
MPa A fif A, 4351 &y 85 MPa F1 79 MPa; {H Fi (1)
DT 2L K R ENE PIC 19 3.5% A5 BT FH i, 235014 5.9%
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