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KEECAVHERANEFSHTHESZRELYH
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B FRMEERLBEFIILSYNIEE- B
RESEEMHES ML S, HEAN-EH
AR AME ERE 1 NF RAEERNEY
¥EFFHRTFHRFEZRRENRE, CRATH
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FLFET T E B R Sol-Gel B & BB
B/ICEABAXESHRET TABRHNER,
BRETHEHMMRAEAR EEMIRESHEHT
BRI T 2 5 & 48 69 0% . Chen' ™' 01 5 43 5%
FUHNBERSEINERLIAKESHHNE
MEEHSHESFTTREAFHEOR TIE,
MBERNAARENEREE—CRE L&
BEMERAHNEE.

BERRT B (PUD FEM A R AW
MBI AER T ENEES FECARELE
e oh#— AR LN ANE, ARR
BETHFERERIRE(TEOS) MKB—FE& KA
HMPULMMIEME SR AR AR LR/ —Hik
B (PUI/SIO, ) B & #B  J7 32, I % 78 e - e

AERMEMNE UEEXZENHHR¥EMS
FHEAHSEWEINMEXFHTTHSHE
T BRI Sol-Gel FEAHE B AA R HHEERN
BE UAHERBENFEME, LHMMET
Tolb o B TR B R BRI AT LU Ao 3% 5k
EMEAH SRS AEREER.
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1.1 EH

BIFE 2% M (PEG], M, =1031)(PEG2.
M, =2200) N EBEA WE BREAR-
BE(PPG)(M, =2300), rs BB R ) #1;4,4-Z
SR _BEEIE MDD  AERRHEAGBWE;
¥ Y B R EF (PMDA), B XM —T &AM (cp
B MM EASHELB N N-ZFEP K
(DMF) FAT4 0.4 nm 43 F I T8 24 h J5 R HIR
ai; FrtFE 285 (TEOS) , b=k T/ (CP &), HiE
B H .
1.2 PUL Si0O, E4HENBI&E

PUIRI B EHEMPBR AR BREHRR
£ Bt (PEG X, PPG)7E 20 Pa EL%5 [ 105°C T A
S 1.5h, RI5¥HE 70°C, ¥ NCO/OH = 2/1 EE/R
HhIA MDI, 37 70°C T R 1 h f5 il A DMF, 4%
SAMBTRA 2L EHRESTEN 40% 1 NCO #H
WA PR 7k HK % S0% PMDA 9 DMF % &
bR R 40% i) T 3 4K & NCO/PMDA = 2/1 BE
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Scheme 1

Table 1 The recipe of preparation of PEG-PUl/silica composites films

Pre-PUI* H, O TEOS  Silica®

Entry ® (L) (g (g Temeks
PEG1-PUI/Si0,-1 13.5 1.2 4] 0 T
PEGI1-PUL/SIO,-2 13.5 1.2 0.4 9 T
PEG1-PUL/SI0,-3 13.5 1.2 0.8 16 0
PEG1-PUL/SIO, -4 13.5 1.2 2.0 34 0
PEG1-PUL/SIO,-5 13.5 1.2 4.0 50 0
PEG2-PUL/S0, -1 13.5 1.2 0 [¢] T
PEG2-PUI/SI0,-2 13.5 1.2 0.4 T
PEG2-PUL/SI0,-3 13.5 1.2 0.8 16 [$]
PEG2-PUI/Si0, -4 13.5 1.2 2.0 ]
PEG2-PUL/810,-5 13.5 1.2 4.0 50 O

PPG-PUL/SI0, 13.5 1.2 0.4 9 T

* 10 wt% DMF solution;® Caleulated Si0, content in the compesite ftlm;
° T: Transparent, (: Opaque

1.3 ZHRS oK

BB IL R4 B (NMR) #E Bruker Avance 400 %Y
B I3 % A | #E 4T, PUL B & BUSR AL DMSO %
TR, W 6% ~ 8% (g/mL), BRI S
MDI,PMDA # @ LUK B BN, FHREE
6% ~8% (g/mL) , MR E & 300 K, i A K
B W, HERE N 8 kHe; BRIEAR W H 2048
UL AMREE Y 26 kiz.
1.3.1 £L4Mt i (FTIR) 704 £ WQF-300 )
(E R AL >, T HTEE 4000 ~ 400
em' 32 RHE,HBE 1 em™ ) L HIT OEAERL
¥ R7E KBr k1 b 3 BB 75 300 S 5
1.3.2 B & (SEM) #E JEOL-JSM-6700 F
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{85 LT 48 PUV SO, EE MR RE, AR
ASNGRK. FEmeS BRAMRERELE
EES .

1.3.3 #AKE(TG)# fE LB XFE] WRT-
3P & F 4T, 20 mL/min ER N, R T LL 20
K/min A ERNZTEAET I000CELGERR
EYRBERNRKERFR.

1.3.4 #45r#r (DSC) fE Perkin-Elmer Pyris 1
DSC k4T B & AE 10 mg, B4k He SR ¥, R
JE RS A In A2 IE . SE AR & F 200°C  EIR
3 min 5 P4 100 K/min & 3 % X £ - 100°C . 5 K
P EM ARG T,.

2 #REiIT®
2.1 PEG-PUI &## NMR E1{L
EEERAEEY, RAKTF L&, R\ H-

NMR &Pt ip R b2 B SR FAEL
FHER LR, HE S XTI PULHEH”C-NMR

H

ava

CH,

Chloroform-D

a

N | Loaa
12 10 8 6 4 2 0 -2
8

L 1
16 14

¢ N
oy
16 14 12 10 8 6 4 2 0 -2
)

i) 165.934 BEAY M I A5 S0 B AT BT
BRI — 3, X — S5 R — B #IE T Fr
FHAMEE TR LA T ERERER LIIATR
VRS . Fot X 440 H-NMR i P R
B PMDA FI5E H L ¥ G0 8.34 ~ 8.27 B
Bao5MDIFFE HRLEME 7.47~7.07 8
MELZERAREL(L.OZH, RE2 HE 1,
B2, X— 4Rt S RAKKCERETER
TP JHe &5 #ig AR oK SR B 45 W B9 PUIL, TR] B R B B
AEMEYTRACBEES EAEIAEISH.

Table 2 'H-NMR structure characterizing for PUI samples

Sample PEG1-PUI/Si0, -1 PEG2-PUI/S0, -1
G4 (PUDA of anyl) 8.34~8.28 8.35~8.34
SH (MDL of ol T.47~-7.07 7.47~7.07
I i

H (PUDA of b 1/8.48 1/8.97

T4 (MDI of ury {real)

T4 (PMDA of ey
T4 (HD1 of sy {ideal}

8 : Chemical shift of "H-NMR; 7:Integral of ' H-NMR

1/8 1/8

Chloreform-D

16 14

: A

16 14 12 10 8 6 4 2 0 =2
s

Fig. 1 'H-NMR spectra of MDI (a), PMDA (b}, PEGL-PUI/Si0;-1 {c}, {d) PEG2-PUISIO;-1 and (d)

2.2 PUL/SIO & &#H M FTIR 5387

B 3 2 PPG-PUI/SIO, M Sol-Gel I i it 7 i)
AMGEE . BT LAY, FEE Sol-Gel XM
PUBEFT 1650 cm™ Ak B4 TE JR B L TR Wi e I W I 2K
1724 cm™ ' F8 1774 em™ ' A FE 725 e ™' AE IR EL
TG M B ok AL B, 3 R B K o ) T /B
L EZEW TS BINE 1078 cm ™' 46 A TR dic % 35 1H

# Si—0—Si B4 . B 4 & PEGI-PULSIO, A [
Si0, & &/ FTIR Y6i& , ¥ 100C F 100h HE
SERLT Si0, % B P 4 0 T2 R R Bt X B 4L Rl B+ 52
BANRSYHESTHHENESKRCER.
2.3 PUI/SIO, M & iR Si0, AR

HT R S0, & /X PUVSIO, b4
WMMEREERAENER, B & T —HAR
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Fig. 2 "C-NMR spectra of PEGI-PUY/SIO,-1

100°CX1h

100°Cx6h I“650

100°CX 17 h :
100°C X50 h 1774 Tgs
PPG-PUISSIO, y
T gy

1 I 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber {cm™)

Transmittance (%)

Fig. 3 The FTIR spectra of PPG-PUI/Si0; composites systems

Si0, & @ # PEG-PUVSIO, E S MR & B 5
TFEIF,EFEREREC TEOS REZLHE
4 Si0, HERHE.So, NERSEST 10%HH
BRRAZN, RHAAARERLE T HLER SO,
HEREERR TATIRAEKMEER, PUL
580, EERALE, SONEEXR/IT

— PEGI1-PUI-5i0.-1
— PEGI1-PUI-5i0,-3
— PEGI1-PUI-5i0,-5

Transmittance (%)
=
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Fig. 4 The FTIR spectra of PEGI1-PUL-Si0,-1 series composites

systems

10 EHERZTUBHZE T S0, TR
SHAAFR AR K.

5 & PEG1-PULSIO, G MEAHMBHER N,
FERRM S0, AESEON 9% BRI KR
0.2~ 1pm, H Si0, BES 2108 ik Bk a
WEHY, AERE XESREARBER/ — 8
HESAHHE SO, SEEARTAZRF 2N
PR . S, (PUL/SIO,) 2 fE# B P
Sio, B B E R A, L A GRRYE S HH
Si0, B T PUL B P RIEER, KK sio, B
AHHEER S0, MEHANRFHEHY -
EARAE xR RE B NE ST, &
PR EHEmEIFHE L TR WA UAF
EREANAENYYS TEOS KK, X Si0, HRE
BT, BT iR, SRR R E
ERKE-EARMMYLEMER, Ak Bl EH
Si0, BB Hy A A /D E B

Fig. 5 SEM patterm of PEG]-PUL/SI0, composites system
a) PEG1-PUI-Si0,-2:b) PEG1-PUI-5i0;-3; ¢ )PEG1-PUI-5i0, 4 ; d ) PEG1-PUL-S5i05-5

2.4 PUUSIO, ZUHEBBESHK
6 & PEGI-PUY/SIO, Z:tb B BAE N, K
Sk EME,S0, SENTEANRSRE

EMEmHARMR, BRAR5E LB HWAAH,
BEATAERSHERSEEEH, LRI PR,

#5142 PEGI-PUI/SIO,-2 £ fh & B0 1 5 51 1 it #4
HEVERSBREREBEAMEIEALHAD
PEGI-PUV/SIO,-1 ¥ 742 & S0C ,{HEEF Sio, BWY

MMEMBLBBEER M M. XR-ETHE
Sio, & B HIH MEfE Sio, THIHP ABREE.F
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PLAMEN R MERZBINE, 9855, 5 EGLPUISO
fHa bR # % % 3 F PEG2-PUL/SIO, - 3 B -
Te =-40
HERHBLMHAR. X TRAR SR BN L ; FEGI-PUI-SI0,4
AREERB TR SO, SEFSIROERHYY 3 Ty =-38.6
W ERITRE A AR OSSR =
iR
Table 3 The TG data of polyurethane-imide/silica composites films 1 éo _Igo _;m 6 4|0
Entry Tioe (T) Residual weight" (% ) Temperature ('C)
PEG1-PUL/Si0; -1 3966 l.4 Fig. 7 The DSC curves of PEG1-PUI-Si0, composites systems
PEG1-PUL/Si0, -2 453.9 28.4
PEG1-PUL/SI0, -3 409.0 16.8 PULA BB EEARTEENNER, I E
PEG1-PUL/SiO,4 396.1 27.1 ﬂﬂ' - 40C , E%ﬁ - 38.6C , (m PEG-PUI-Si02-1
PEG1-PUL/SI0, -5 382.9 44.4
_ B T, = —40°C), X &M Si0, THLHEAF AN PUI
PEG2-PUL/Si0,-1 427 .4 1.1
PEG2-PUI/Si0,-2 444 5 14.5 M B AR B, B AT LR Sio, XL M
PEG2-PUI/Si0,-3 453.9 24.6 AR PUL AN ENER T EEFERLY
PEG2-PUI/SIO, -4 386.6 30.6 o s
PEG2 PUUSIO..S o 205 PUI EE B YW L . FTIR Ef?nl.?ﬂ?r_’{'l 080 cm' ff 3
* The residual weight at 1000 AR R AR, X £ Si-0-Si B BRI,
H—FHEX S0, THHEA AR S0, KHHEE
0 81 PEGL-PUL-SIO, L& R, AT ZHBRTHE
g ggg::gﬂ{:gigﬁ 1509cm™ &b 47 H IR B R YL S, H 5 4 B i TR g g
5% PEGI-PUI-SIOyS 4 REAHZERARELFROES BT
Z ool Si0, REAH KB Si-OH # 4, L B 1) PUL 1 5E
§40' Bk B 0] LA SR E S0, MER. TR
% ; PUL/SIO, BEAME - HHL. GHLERB MR BEE
100 300 0 :too (oc)smo 1100 YA & & £ Si0, Rl Si-OH 5 PUI RFEE - A%k
emperature
6 The TG PEGI-PULSIO _ HEAF a2 WL RESE R EBEER
1g. € curves o - -l;composlssysems ﬁ'ﬁjtiﬁg.mq:si02 EEEEPUI]EHQWEN
2.5 PUL/SIO, #{L# B DSC 17 JEAE (in-situ) A= B 084, & X BF S BE B 0 R A1) 45 A 00
B 7 % PEGI-PUL-Si0,-2 1 PEGI-PUL-Si0,-4  AREFARKHER. HXWHEEFHMHE
FIDSCHI 2% , MDSCS BT 45 8 ] 18, Sio, i A, SR B R —HHBR.
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STUDY ON THE SYNTHESIS AND PROPERTIES OF POLYETHER-URETHANE
-IMIDE/SILICA HYBRID MATERIALS

LIU Jin', LI Zhen', MA Dezhu’
(" Department of Material Science and Engineering, Anhui Institiae Architectural & Industry . Hefei  230022)
{* Department of Polymer Science and Engineering, University of Science and Technology of China, Hefei  230026)

Abstract A series of polyether-urethane-imide ( PUL) /silica($i0, ) hybrid composite materials with different silica

content were successfully prepared by the Sol-Gel process. The properties of in-sitn synthesized PUI/Si0, hybrid

materials were characterized by NMR,FTIR,SEM,DSC and TG measurements. The FTIR analysis revealed that the

reaction of imidization of PUI in the organic phase and the reaction of Si0, sol-gel transformation in the inorganic

phase are simultaneously completed in this system at 100°C .The TG and the SEM results indicated that PUI/Si0,

composite materials with appropriate silica contents ( approximately 9 wt% ) possessed outstanding thermal stability,

in these cases silica particles with diameters around 0.2 ~ 1.0 pum were observed. The result showed that with

increasing silica content the silica particles grew larger, resulting in obvious separation of the organic and inorganic

phases . The DSC results suggest that T, of the soft segment rich phase of PUI/Si0, hybrid materials is not

influenced obviously by introducing Si0, to PUI systems.

Key words Polyether-urethane-imide, Silica, In-site synthesis, Hybrid materials



