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Fig. 1 "H-NMR spectra and peak assignment of VDF/
CTFE copolymer and VDF/TrFE/CTFE terpolymer

P(VDF-co-CTFE-co-TrFE)

LN,

P(VDF-co-CTFE)

1 1 1 1
5.2 5.4 5.6 5.8 6.0
0

Fig. 2 'H-NMR spectra of VDF/CTFE copolymer and
VDF/TrFE/CTFE terpolymer at § =5.1 ~6
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Fig. 3 DSC curves of VDF/CTFE copolymer and
VDF/TrFE/CTFE terpolymer
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Fig. 4 Relationship between 7, and TrFE content of

terpolymers containing 91 mol% VDF
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Table 1 Reaction carried out in acetone as solvent

Central Chain transfer Hydrogenati

un Ligand Solvent .
atom agent on reaction

1 CuCl 2,2'-Bpy  Acetone Acetone No

2 CuCl Py Acetone Acetone No

3 FeCl, 2,2'-Bpy  Acetone Acetone No

4 FeCl, Py Acetone Acetone No

The mole ratio of CuCl and 2,2"-Bpy is 1:2; The mole ratio of CuCl

and Py is 1:4.
The mole of TrFE is obtained from ' H-NMR.
H H H F H
s i e k2 s LI”; /Cz\ /Cz\ /CZ\ /Cz\* /Cz\ -+ MCl ., Ligand
/C\C/C\C/C\C/C\E/C\C/ — g g g g g nriligand,,
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F2 F2 FZ | F2 g 2 2 2 2
Cl
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F, F, F, lll F,

Scheme 1 Synthesis route of VDF/TrFE/CTFE terpolymer via atom transfer radical reaction of VDF/CTFE copolymer
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Table 2 Reaction carried out in NMP as solvent

Central Chain transfer Hydrogenation
Run Ligand  Solvent .
atom agent reaction

5 CuCl  2,2'-Bpy NMP Acetone Yes

6 CuCl Py NMP Acetone No

7 CuCl  2,2'-Bpy  DMF Acetone Yes

8 FeCl, 2,2'-Bpy NMP Acetone No

[¢] FeCl, Py NMP Acetone No

10  CuCl 2,2-Bpy NMP Cumene Yes
2,6-Di-tert-butyl

11 CuCl 2,2-Bpy NMP Yes
-4-methylphenol

12 CuCl 2,2-Bpy NMP — No

The mole ratio of CuCl and 2,2'-Bpy is 1:2; The mole ratio of CuCl
and Py is 1:4.

B T VAR], AT ik X AN [) B4 B e A 50 4n S

2K \2,6-RUT AR IR W DL AN TN 5 A2 5
BEAT T 22, Ik 2 AR 10 11 A 12 FoR. 58
AR AN INBEFE RS TR I B S A S kA
UEH P 3 1) 50 B e A% S I L B R 2R T
PR SR 2,6- 0T R4 ROR B X 3 Fh
HERE RS AR S BTG PSS T VDE/CTFE 4L
Y A AR SR T (B e L e AT Fir A
[, N3k 3 Fros AR R RE WIS BEFE R
FR AR E | IOt B L R 5 A58 2 AP A ) P, 2R
AN R A% 700 o A B A S I 4 SR AN ). SR
SURIEY SRR R AL ) 2, 6- T RUT Ak 4-HT R
Py R S5 P ) B 5 R RICR B, AR AR MR T
R AT %4k VDF/CTFE 254y, SEBR 28 1 iy
5 L SN BE RS BN HEA T AR T R RS
AP BN R B A% 70) , A A, T T 7™
A B R I3 T B o AT e A B B R B, B A T
REAAE T A AR S 28 1k J5LD AT RE 2 DYk P
AR UL, 78 100°C sz 7 I A3 R B0 PR, (A
T80 S B A B e B AR, 53 A, AT v Y
C—H HERHEBE 2 L S R T S N 2 1 iy C—H
DL R 2, 6- AT R4 - R DR ) S 1 Y
O—H HEFEREAR I, DRI HLBE 56 76 7 Rt Bk

Table 3 Effect of chain transfer agent on the hydrogenation reactions

R CuCl-2,2"-Bpy NMP P(VDF-co-CTFE) Chain transfer agent VDF/CTFE/TrFE
un

('mmol) (mL) (g) ('mmol) terpolymer ( mol% )
R-1 7.6 60 5 Acetone (68) 91/1.3/7.7
R-2 7.6 60 5 2 ,6-Di-tert-butyl-4-methylphenol (25.7) 91/0.6/8.4
R-3 7.6 60 5 Cumene (35.9) 91/0.4/8.6
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WA v g 3 7S 3 4 WA v S W AR, RO R T
TFE B5IARBCT RIS R L2, RS
Wra Gl o i AR A A TR AL, R ARBPERY o A
BEAS R AER y BB AR, TR b A B o it J3E
SRR A ]S i) L S RS A T,
R, e g B e it e L 7 PR, U] ThFE BT Y
PO E S, ST S o 3 R et B i g e ol

JREIAS k= Ae® ALt TIEALAE M TE
(1, 5% V7B 8 e L E 47 5 1T S M .
ok For R 1A A S 3 B — 2 I
T 530 587 3 T e 22 T R I K
SR 61 SR TR B, A ke, R A R
CBERERS N ) TR 8, 11 T35 25 o S A
T 3 57 PRt ke 3 e T R I ko
R k.

S A 527 B 80 S P 7 o
BRI , 30 L A 3 25 I o7 I e G B B 9 i
7L A4 T 100°C F 114°C J2 o7 B s 1
T 338 1 0 3 7 P L. 2 7 B I A
SRR R 8 h JE , %L T A A R AR
s 2042 B, A A M S T 145
s AR, 5 DSC FFR4E A,
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Fig. 5 DSC curves of VDF/CTFE copolymer hydrogenated

at 80°C
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ig. 6 DSC  curves of VDF/CTFE copolymer
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Fig. 7 DSC curves of VDF/CTFE copolymer hydrogenated
at 114°C
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Fig. 8 DSC curves of VDF/CTFE copolymer
hydrogenated at 140°C
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Fig. 9 CTFE conversion against reaction time

The mole of TrFE is obtained from ' H-NMR
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Fig. 10 Relationship of TrFE content and the molar content
of CuCl utilized
The mole of TrFE is obtained from 'H-NMR
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Fig. 11  Viscosity of resultant polymer with different amount of

catalyst added
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6- KU T F-4-H KL Wy Sk 4 5 RS ), mT LA S B
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ATOM TRANSFER RADICAL REACTION METHOD
PREPARING VDF/TrFE/CTFE TERPOLYMER BY
REDUCTIVE DECHLORINATION OF VDF/CTFE COPOLYMER

LIU Ergiang, ZHANG Zhicheng
( Department of Applied Chemistry, School of Science, Xi’ an Jiaotong University, Xi’ an 710049)

Abstract A novel catalytic hydrogenation method of dechlorination for P( VDF-co-CTFE) s to convert CTFE
units into TrFE units through CuCl/2,2’-bipyridine catalyzed atom transfer radical reaction and chain transfer
reaction was reported in this work. In this method ,the Cl atom in VDF/CTFE copolymer has been first removed
by CuCl/2,2'-bipyridine complex via reductive reaction,and P( VDF-co-CTFE) macromolecule free radicals
has been generated. In the presence of chain transfer agent,the free radicals would grab an H atom and the
polymer radical is terminated. As a result,Cl atom has been exchanged with H atom,and P( VDF-co-CTFE) is
transferred into P ( VDF-co-TrFE-co-CTFE) or P ( VDF-co-TrFE ) as desired. The effect of solvent, reaction
temperature , reaction time and catalyst dosage on the hydrogenation of P ( VDF-co-CTFE) has been well
discussed. It has shown that a certain reaction temperature is required to activate the reaction, and high
temperature favors the reaction rate. As reaction time prolongs,the hydrogenation ratio of CTFE units increases
until they are fully converted or either the catalysts or the chain transfer agents run out. The amount of TrFE
units could be exactly controlled by introducing the catalyst in desired dosage since one initiator molecule is
only able to hydrogenate one CTFE molecule. The rather close limiting viscosity number of P( VDF-co-CTFE)
and the resultant P( VDF-co-TrFE-co-CTFE) means that no decomposition or coupling reaction happens in the
process. Generally ,the new method possesses advantages such as lower cost, lower toxic, higher convenience
and higher controllability compared with the previous method.

Keywords VDF/CTFE copolymer, VDEF/TrFE/CTFE terpolymer, Chain transfer reaction, Hydrogenation,

Atom transfer





