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'"H-NMR."” C-NMR #1" F-NMR f{# /H B +
Bruker /A & () AC-80 #% fiff I 4 33 A2 2F 47 90 4k,
DU R (TMS) S R, S A P i Sy 15 574

2L 4k Ot 3% (FTIR ) R ] Nicolet 2% w] By
FTIR670 ZLAM S A A7, I3k 2% 14 - 3 41
YL 4000 ~400 em ™', 45 KL 32 WK, 4 HE K 8
em ™' R A AT ATR il B

BB 7 6,35 (GPC) H 26 [ Waters 23 v 1
1o OB (535 A (515 HPLC Pump) Jll5E , R £
I Ry B MEAE S, Y SR IR R B0 A, i 1 mL/
min, K P #5352 R 30 °C.

R 22 Al & G (DSC) 43 B % A NETZSCH
DSC 204 F1 DSC #4713, 7 5 B FF o 7+ iR 21 3%
BEALHEAS B DL AR 1 min, DL B0 b, B

WV, JF LA 10 K/min 9 3 B N~ 110°C T I 3
300 C.

PE M (TGA) & F Perkin-Elmer TGS-2
AT A AT, MR A N, FHEE ZR 10 K/
min, J 3 75 B2 i [ 25 ~ 800 °C.

RS 1 1 D3RR I OPL B Bl H A7 3 Y
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Fig. 1 Synthesis of siloxy-terminated fluoroelastomers

1.3.1  PFP 3% P T df s 78 44 3 30 M AR 1) 65 1
FH LB R B (PFP) il i Steglich B, 5
Ui JR L R A ) N B RS PRP 3 4 TR ) 9
PR 2. Az b i 35 PR R T DL B AR RN B SRR
JE T SN . BT A S N A AR AN < g R R VA
TGRS B 1 A (8. 06 g, JR T & 3.65 mmol),
PFP(0.81 g, 4.37 mmol), DCC (1.12 g, 5.47
mmol) , DMAP (0.026 g, 0.21 mmol ), TsOH
(0.041 g, 0.21 mmol) ,250 mL &K J5 ¥ THF i

AE] 500 mL DY OB H, T 25 CF i PR N
8 h. kR T &AHAAETEY ™, Sl WikR,
F % 1 [ AR o, 08 T A A T, B
Y. EZR R, YT 60 C R B T4 24 h, 153
B, 7% 88% . FTIR (v, em ™', KBr J&
H) . 2996, 3034 (—CH,—), 1766, 1720 (C =
0), 1600 ~ 1680 (C = C), 1535,1518 ( ZEF 1
C—C), 1396 (—FCH,), 1204 (—CF,—), 886
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(—CF,), 720 (C—C). 'H-NMR (400 MHz, §) :
4.71 (s, 5H, —C(CF,)=CH—), 4.15 ~2.74
(m, —CH,CF,—), 157 (1, —CF = C (CF,)—CHF).

“F-NMR (376 MHz, §): - 61.74 (s),
-63.72 (d), -71.41 (s), -71.26 ~ —74.01
(m), -74.80 ~ =76.14 (m), -75.94 (s),
-75.94 (s), -76.37 (s), -91.79 ~ —92.72
(m), —=93.02 (d), -93.38 ~ -93.64 (m),
-94.12 (d), -95.66~ - 97.57 (m),
-103.84 (s), —104.22 (d), -109.72 (s),
—111.26 (s), -113.27 (s), -114.66 (s),
~115.87 ~ - 117.63 (m), - 118.36 (s),
~118.37 ~ =119.75 (m), -164.07 ~ —164.27
(m), -167.28 (td), —-173.03 (), —185.17
(d).

1.3.2 i o 3o v A 3G 5FR P R 1 5 B

TR f ik o i VR SRR M A 1 G B R
T :PFP 3% 1 TR 35 o WA 98030 AR (3.39 g),
AMEO(0.32 g, 1.45 mmol) I 150 mL THF fp A
F| 250 mL 4 FBeR T, T 25 C R AFER L 8 h.
R 9y HI A il k4 4, e 28 0], 72 ) T 60 C R
B2 T 24 h, 15 3] A FE AR, 7 % 94% .
FTIR (v,em™', KBr JE B ): 3200 (—NH—),
3034, 2996 (—CH,—), 1766, 1666 (C =0),
1396 (—FCH,—), 1204 (—CF,—), 1064
(—SiO(CH,CH,)—), 886 (—CF,), 720 (C—
C).'H-NMR (400 MHz, §) 4.71 (s, —C(CF,)
=CH—), 4.15~2.74 (m, —CH,CF,—), 3.64
(t, —SiO(CH,CH,)), 3.18 (m, NHCH,CH,CH,-

CH,CH,SiO (CH,CH,)), 1.51 (ddd, —CF =C-
(CF, )—CHF ), 1.40 ~ 1.15 —Si0-
(CH,CH,)). " F-NMR (376 MHz, §): -71.41
(s), -76.15 (d), -76.45 ~ —76.72 (m),
-92.51 (dd), -93.11 (s), -93.23 (s),
-93.83 (s), —-93.84 ~ —94.25 (m), —94.47
(s), =96.15 (s), —-97.29 (s), —104.34 (s),
-109.72 (s), -111.26 (s), -113.27 (s),
~114.66 (s), - 116.32 (s), -116.97 (s),
-118.77 (s), -119.43 (s), -185.01 (s).
1.3.3 i o 3 i VR 300 A A 1) [T £k

i e i YRS SR SR 4 AT LA A AR TR A7 A 1Y
ST AT EE AL, S PR AN« A e o VAR R
SAE A (4. 93 o) WE# T 20 mL THF 1, if A 0.2 g
DBTDL/TEOS (1/4 wt% ) fifbik 2. 53 HE 3
SLBIRGERARTEANR EE A 7F 40 CH
25 WL Ao I R 4 K WU EAE 25 °C,60% RH
AN 24 by, BEAT LAAS #) 0.3 mm J& 9 .
FTIR (v, em™", KBr JE A ): 3200 (—NH—),
3034, 2996 (—CH,—), 1766 ~1670 (C=10),
1396 (—FCH, ), 1204 (—CF,—), 886
(—CF,), 720 (C—C).

2 H#RE5iTR

2.1 REWMHEHRERIE

PFP 5 b AR SRR 2 Gl 3 PRP L5 3 2
TR SRS R 4 3R s AT ) i R R YA g T L
SR F AL g S PFP i R GRSk AR, i 2o 158 S i
B R RS i (3R 1) A2 4l IR 5 W%

(m,

SI0 (CH,CH, )), 1.8 ~ L74 (m,—NHCH,- P55 0] LAFE I A0 R0 4% 00 1 2 Bk R, i FL %
Table 1  Synthesis of fluoroelastomers 2 and 3
No. Fluoroelastomer 1/ M, /M.* Yield (% ) Carboxyl content” (% )
1 1 5200 2.08 — 1. 691
2 6700 2.91 85 0. 001
3 7800 3.26 88 —
2 1 4100 2.03 — 1.740
2 4900 1.98 84 0. 002
3 6600 1.78 85 —
3 1 3300 1.86 — 2. 141
2 4200 1.49 88 0.002
3 5300 1.33 94 —
4 1 2300 1. 80 — 2.302
2 3200 1.48 76 0. 001
3 4400 1.35 88 —

*Estimated by gel permeation chromatograph ( GPC) in THF on the basis of polystyrene calibration;” Carried out by automatic potentiometric

titration
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BPE IR 1A & A R A SR A RN, HUOR g
P 1) 5 A . 45 SR S o B Ak 38 mT L3 e gt o 1k 1
A2 B RS A ([ COOH ], F[ COOH],) AYZZ 4k
T
CZl_[COOH]Z (1)
[COOH],

M1 PR E AT L H C {EikF) 99.90% |, i,
B PFP 55 i 2 56 A S0 1k A4 LT 52 4 I

B2 JE R UM R 1,2 R 3 I 450 .
H AT LR H, 7E 400 ~ 1400 cm ™' &b PFP 3 35
A L A R e YRS TR P AR LA S e R
R S M R 2 RL I R AE U, B 1396, 1204 il
886 cm ' 43 W Xf B —FCH,— ,—CF,—f1—CF [
44 2l . PFP 35 o W 0 531 1A 2 76 1720
em ™4 2 A B AR AR S F T 9R0 AY E
B T HL PFP S o W AR 5803 M AR 2 AE 1518 FI
1535 cm ™' AL T PFP PR IR B RRAE I, 5 E 4
I U 7 A e Jt o Y AR R B0 P A 1 21 A 3% IRl v 7
2, AT LAUEWZE IR S 1 v PRP 3 M 1R B 52 42 L
AR TRVESE, f o 5 0 0 1R R 3L 4 3 7 1666 cm ™'
b BT 5 A R B RR AE 0%, 7F 3290 em '
Ab LT N—H 9 i 45 i 20 06 . Rk o 3 o VAR 9
PPEK 3 7F 2986 1 2888 cm ' Ab I T C—H 1Y
WS, AR T REBE B B R A PR Y
4 4R 3 Wty 1766 cm ™' F B 1720 cm ' I
1666 cm ™", A LA W6 I I ot 326 B 6 A1 P R 5 21 i
S e i e A% . LA B AT DUt B 3 392 B R A R
T A R Ao i YA A S A

B3 9k A R B P A 1,2 3 A9'H-NMR
T 6 Hb PEP df sty Y8 A S50 M R 5 i 4R R VR A GG
BibE R G H-NMR 3%, nf LLE ), R 5 8 =7. 66
Qb (R B v B SRR AR DA %, JHL b ARRAE D A DL, 35
A i R e A0 L ROR B P . FLROR B R S y-
SNk = O SR R ot iE— 25 RO, AR LR ot 5 i
P YR A 6L BF P AL Hh T BT A BT RE B B A, TH-
NMR 33 th 30 7 39704 ,8 =7. 70 Sy NH Hy 5t 1
8=3.64 Fl 1.32 Jg kb i) o7 ¥ W, Uhd BH W A4 960
PEAR R BIAT REBERY 2549, 5 =3.18,3.01 F1 1. 81
A3 5 TN B 45 0 v o S A R R e, T — 2 1 A

4000 3000 2000 1600 1200 800 400
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Fig. 2 FTIR spectra of ( a ) carboxyl-terminated
fluoroelastomer 1 ( sample from Table 1, No. 3), (b)
pentafluorophenyl ester-terminated fluoroelastomer 2 ( sample
from Table 1, No. 3 ), and ( ¢ ) siloxy-terminated

fluoroelastomer 3 ('sample from Table 1, No. 3)

O\>__<OHa
R
aHG O
I
v I
A a 1 A
*
FE F
E 0 O F
\HHQ
F%}o Y F ¥
F ¥
B Il JJA_A_H‘_J
(<
N\ 0 (N f
O(I)d b J\ ﬁ c OI,O *
¢ ST TN T RONOASIL 7
d 1 A SR o
< S
b.d f
c a i
9 8§ 7 6 5 4 3 2 1 0

Fig. 3 'H-NMR spectra of ( A) carboxyl-terminated
fluoroelastomer 1 ( sample from Table 1, No. 3), (B) PFP
ester-terminated fluoroelastomer 2 ( sample from Table 1,
No. 3) and ( C) siloxy-terminated fluoroelastomer 3

('sample from Table 1, No. 3) in actone-dg

The solvent peaks are marked with asterisks.
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— .

2.2 EFHtee

Vi F 5 11 1A SR e A T A TR S AR
W 48 A A 55 AR & AR 1Ak B R, — s
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M2 ATLUE W, BTG = T, k625 4
T Ak ot i ity VAL A S L e A R 6T 4 I 1 4 o v
REEALG. 3 2 PR Sk B 5 43 o 300, R X 28 6 2% ik
REEALR, B 388 Ak 5 70 U 3 o A1 DAL Obt 3 o o o Y 1
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Fig. 4
fluoroelastomer 1 (' sample from Table 1, No. 3), (B) PFP

YF-NMR spectra of ( A) carboxyl-terminated

ester-terminated fluoroelastomer 2 ( sample from Table 1, no.
3) and (C) siloxy-terminated fluoroelastomer 3 ( sample from
Table 1, No. 3) in actone-dg

The solvent peaks are marked with asterisks.

Table 2 Glass transition temperature and tensile property of cured fluoroelastomer 3 with different molecular weight

No. M, T, ) Tensile strength" (MPa) Elongation at break” (% )
1 7800 -20.6 4.45 300
2 6600 -19.6 2.41 120
3 5300 -11.2 2.47 50
4 4400 -7.8 1.44 80

* Tested by differential scanning calorimetry (DSC) ;" Prepared and tested samples according to ASTM D-882, 500 mm/min

J5 B 2 I ) B AT B R SR B 4. 45 MPa il
W 24 1< 4 300%

[ 46 i 7 ) B £ A1 6 3 DL IR S Xk L [ Ak i
4k e e s 0 A R S A A 9 20 A1 Ol 3 I (1R 2
(¢)),1064 cm ' 4b—SiO ( CH,CH, ), " fitk 48 4
Wl 58 427 %, X T I AR R 2 25 A e AR
Si—O—Si 4514, L LA I L0 SN R R i 5 CF,
i 246 I 2 R i A T e, AN 23 73 12 v o B

SRR R B 2 U0 5 1 T A 27 06 ok P RE
XEVF 22 ML W AN (5] 7o 28 A9 JR08E dih R T 3l
AR E YR B N T 45K TR T I

AP SRR R (F:0.72A5;H:0.37A) 5
Jir 0 [ ik B, LG AL 2 S AR, TR T
ATEHER AR AN R AR R A kB N
B b Bk RS W B A W Ak 2 2
LG = N o N O R ol 7
ASTM D471-02 F 25 CHERF AR PR 72 h
A JO 3 I D0 3. ik BEAE IR ML 72 h JE Y BT
BRI /N T 5% , ik B RE Jor BT sty A R 1 R
(] Ak S5 10 U A 5 — i Y U PR AR — R B
ARG 1 T 1R, AT 2 O il Al B T R S A A 2
P L 520w 0 B o b ot TR A GG B R [ 1k
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Fig. 5 FTIR spectrum of cured fluoroelastomer ( sample

from No. 3, Table 2)

Jei B 7 W B T A 2 B0 e, $h R PERE AL TR
1A B4 R o i YR SRR R I A ) 7
AE. 55— MBI A S IR i 4 JEE 3, T 35 50 P B A
P R A5 A TR TS TG A A AT I S5 T A 2 o A
AEJE R T Fa5 T FIRT AFAE, w3 T i
AR S S AR 1] £ ) 7 0 ) S IR 445 4 B A7 v IR
oA, G IS IR R R R [ R 7 TR A T
P RE Y B R T AR SR A

SRS A B AT IR Y 2 AT R, 3 o 2 ik A
AT DARAF H R PR RE. % 4 WoR TRk e 3G
A SR T P 5 A P Y A 7K R S A P AR A P = I
A2 fil Ay 8T S5 B 6 i £ O 91° ~ 1149,
5N =BER R Ml A 89° ~ 111° [a] IR T 90°,

Table 3 Weight change of cured fluoroelastomers 3*

Weight (:hange]' (% )

i " Jet fuel No.3 Cyclohexane HC1 (37 wt% ) H,S0, (50 wt% )
1 7800 0.16 0.48 1.45 0.50
2 6600 0.34 1.48 3.46 0.30
3 5300 1.41 1.87 3.90 0.79
4 4400 1.61 2.30 4.80 0.09

*Tested according to ASTM D471-02, specimens were immersed in the media at 25 C for 72 h; " Calculated by the following formula: weight

change (% ) =[ (M, -M,)/M,] x100, where M, is initial weight of specimen (g), M, is the weight of specimen after immersion (g).

U0 P A o i TS S S A [ R R A R 4
KB . B A ik de s Y8 A S 1 20 1 B Y
B, G K S TR ik A e 55 T T ) R T 4
fih FF JEAIT. 0 ER T R 23 A YA SR A T
P 77 49y 110 S 1k 2 A v G R ok L UK B i
PESE N, 510 Al 2 v R R — B

Table 4 Surface contact angles of cured fluoroelastomers®

No. M, 0,0 ) Oc,hg04 )
1 7800 114 +3 111 +5
2 6600 105 +3 104 +2
3 5300 96 +4 90 +2
4 4400 94 +2 89 £3

* Tested by using water as polar fluid and glycerol as apolar fluid at

23 °C, the data were recorded at 60 s after liquid drip.

AN [R] 3~ Sk B Ak o 3 it A4S R AR K A K (]
AU B A P B 3E ok PR e AT AT TR AR S5 SR L
Kl 6. [E Ak = Py i) 5% G H T R AE 215 |
280 °C ,800 C Y%L KKKy 23.44% ~38.69% .

3 i

D i 52 6 YR A S L P A D R 1 S R
i Steglich Sz il 4% 1) S o 984K i 16 1R 9

100
80
g
5 60
(5]
=
=
S5 40
3
[
20 +
0 TR I 1
0 200 400 600 800

Temperature (°C)

Fig. 6 TGA thermograms of cured fluoroelastomer
films (a; represent the cured films of No. 1, 2, 3,

4, respectively, in Table 2. )

BV AL R B K 99. 9% . K H 5 -5 16 3
= LRI K BUR R B, FTIR, ' H-NMR,, " F-
NMR , GPC % F 2 1iF 4% 5 32 W1 3 3 3% 7 v T LA
5 3 e s R VAR S A 5 R K 85% ~ 94% .
S i R YR A 9 T A T LA R R R e A —
BELTE IR T BEAT 30 [ 4, B AL G 7 i T, bl
5 (AT F e 0 A A 90 0L A T 43 7 5 ik
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38410 AT AR AV i A i i R A S SRR A T R Y SR
SR A — A SR AR — B BT AR A RO TR R
FOL 23 JRE, AR A R S AR S 25 W PR T EL, R
A ek e i AR SR L A I A i 4 0 B T
JL 2 L B ke, SRR R RE AL TR 70 1 i A0 Rk e
i A S L A T A S 7 W P B AL

IK B HE S 5 Sl O1° ~ 114°, 5y = 9 4 fih 75
89° ~ 111°, 15 WY i Aot JoF o VAL A 30 5P 44 [ A i 5L
AT B B K B . B R 5% PR E T
VEL B 7E 215 F] 280 °C ,800 °C (5% 5 %k 23. 44%
~38.69% , LI [ b 5 Y 0 ot Pk K LA B4 1Y) T
Pt he.
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SYNTHESIS ,CURE AND PROPERTIES OF SILOXY-TERMINATED
LIQUID FLUOROELASTOMERS

Juan Li, Ya-fei Lv, Wei-tao You, Lin-lin Guo, Chen Liu, Xiao-a Zhang, Shi-cheng Qi

(Key Laboratory of Carbon Fiber and Functional Polymers of Ministry of Education ,

Beijing University of Chemical Technology, Beijing 100029)

Abstract Siloxy-terminated fluoroelastomers were prepared through two-step reactions: (1) pentafluorophenol
ester-terminated fluoroelastomer was synthesized by Steglich reaction using liquid carboxyl-terminated
fluoroelastomer and pentafluorophenol as raw material; (2) the siloxy-terminated fluoroelastomer was prepared
by substitution reaction with y-aminopropyl triethoxysilane. The chemical structure of liquid carboxyl-
terminated fluoroelastomer, pentafluorophenol ester-terminated fluoroelastomer and siloxy-terminated
fluoroelastomers was characterized by FTIR,'H-NMR,"” F-NMR and GPC. The carboxyl content measurement
of pentafluorophenol ester-terminated fluoroelastomer was carried out by automatic potentiometric titration, and
the conversion reaction is above 99.9% , which indicates that the reaction was completely conducted. The
Siloxy-terminated fluoroelastomer can be cured at room temperature according to the mechanism of moisture-
cure. Cured siloxy-terminated fluoroelastomer films with low T, is usually obtained from higher molecular weight
of fluoroelastomer. The cross-linked films obtained from higher molecular weight of fluoroelastomer have better
tensile strength and elongation at break. The cured films have excellent chemical resistance, such as acid
resistance, jet fuel oil resistance and cyclohexane resistance. And the cured films with higher molecular weight
have better chemical resistance than those of the lower molecular weight. The observed contact angles were 91°
~114° for water and 89° ~111° for glycerol,which indicates that the cured films have good hydrophobic and
hydrophilic properties. It is seen that the initial temperature ( 7) of cured films appears in the range of 215 to
280 °C and the char yield at elevated temperature of 800 °C remains at 23.44% ~38.69% .

Keywords Siloxy-terminated fluoroelastomers, Pentafluorophenol ester-terminated fluoroelastomers,

Carboxyl-terminated fluoroelastomers, Cure, Physical and chemical properties



