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V2 1l #& AR X 73 7 5 AE 2300~8000 [ ¥ A 3 B2 2k JRAR G o 2E AR AR 28155 DL 4k 26 R A
246 BUHARIR N IERE, SR — 2D A B AR I ) A% TR A O R AR AR R, O T B i L 2R sk
TV . AR R ERH R, B R ®) & 77 % WA R K L+
NI R E MR Z AL, BB, W S0 R SR 0 ) % 05 3 O B e AN L S
(0 = U & & MDD RPN W B & & Pk =

5 4% G T EAS A 0 A SN B A 3 BN A 8 SO AN A B i AT SR A
CA AT FTR WL, o i B AT KOK R e A SOBE 3B TR BN L G AR 01 2 Ak I
R A, SR TS R L BEARRERE, HF A S TSR N @ R AR OB, W
R R O R, 4 R S I ]

A SCAE 28 A VR A A% G S R VR ) A A i R AR R B R A B SN B Al B
M#TT I, LA R 246 B GAR BN SR RE, R GEHLAT ST T AR S R R AR TR 0 ) % 5 e A
R, JEX AT T RAL, B AR D9 UM BB I A 4R A B e N S 06 1K A

1 ZLBRS
1.1 BER5RHA

246 M [E AR K (Mn=7.9%x104, Mw=1.9x10°5, PDI=2.40): Tk %, T R2ENXHLT
WEFEBE s 30%id S A & (H202) sk dt = W R AL B (CTAB): 4y #bral, KEFRH% KK
AT GRAF s BTEAC: srbrdi, LiglTHr T AR B AR AR s AR R -
af i >99.9%, 3 [ Sigma-Aldrich A% ; W, KOH. WM. LKLEE. THF: ¥HN
.
1.2 HAH&

¥ 246 MEAFEBRIK S AIHE T =0 kT, FHREZKTE2EM, M BTEAC, &
J5 B N KOH ¥R HoO2 W, $6#F 35 J5 #8 N A ¥4 46 o1 U 25 B 10 it fh 2% I T 48
o, fE—E DR A (A R AT RN . RS HR E, W EIEE R, W R A NLUHE
A A WA K M N SRR A E B T K, WEY, I EB KRR 2~3 1K, W
fE 65 CHZ THREMEE, IR aR B4R LCTF,
1.3 WKXE5RIE
1.3.1 4L40 5 #7: % FH £ [H PerkinElmer 2 & Frontier &Y {# B 4% ¥ 27 48 6 3% AL (FT-IR) .
fE 3k 4 At CATR) £ 50F, $F1##i 76 H A 500~4000cm Y, $1## 32 &, 4r ¥ % N 4cm L.
1.3.2 B G 3L 4R o 47 - K I 3 - Bruker 2 7 AC-80 % NMR . ¥ 71 4 /i A% 74 Bl , 5% H TH-NMR
B, AR e AP0 H B (TMS); SR °F-NMR B, Fr#E4)°N CFCls.
1.3.3 X4 7l & A H o mll e . RHEE PL AWK PL-GPC50 MY %K 513 4l AL
(GPC), AR LI AR IEARHEY) , THF N30 #4873 28 1 mL/min, P& B2 4 30 °C.
134 AT B REH 542 %I GB/T 601-2002 5 GB/T 603-2002 i il 5 bx &
KOH/C,HsOH F5 #E ¥ 7 .

¥ 89 KOH ¥ fi#T 5mL & 7Kk, A CoHsOH (95%) #iF % 1000 mL, &% 4]
FE 240 G EZEIERW, 55 0.1 mol/L i) KOH/CaHsOH 5 1 % 52 7 W .
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B 0759 WAL R —HEREM, WM T 50mL EE 7 /Kd, W2 MikER 10
o/L B BR G 7R W, {3 E B AF 9 KOH/CoHsOH A AE 3 58 W EEAT I 8, W24t
B2 K0 € 2% 51, KOH KRRy sl (1D Frow

mx1000 ( 1 )

C(KOH/C,H50H) = 7= ==

Ji &, M=204.22,

1.35 # AL EM=: FH 0.75 g LCTF, M+ 40 mL N+, oA 2 K& 10 g/L
IR B EmEIE R, 87 KOH/CoHsOH st H kT hr @, WM B NG M, &M F
K% . LCTEFMRES R (2) #T1H&E

VXCxXM ( 2)

COOH% = X 100%

m

X V A AE KOH/CoHsOH R 1A F1, L; C A KOH/CHsOH ¥ I 2, mol/L;

M N R IR A X 4 F i &, 45.02; m N LCTF &, g.

2 #REW®R
2.1 W5
2.L1FT-IR 73 #Hr: 246 R4 5 LCTF 1 FT-IR ¥ & W1 Fig.1 froR .

2920 2849

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

Fig.1 FT-IR spectra of fluororubber 246 (A) and LCTF (B)

H Fig.1 7] WL, 246 B 45K 7E 2920 cm™t 5 2849 cmt b B T C-H Jx 5 B8 5 5 F&
M AE RN %, 246 B H K5 LCTF ¥ 7E 1395 cm™, 1135 cm™ 5 890 cm-t 4b Y ¥L 1 43 5
Xf R F-CFs, -CFo-5-CF-Z B 4iikahig . 5 246 BB A L, LCTF F 1500~2000
em LG A R AT B AR, 7E 1770 em &L LI T -COOH H C=0 X B 1) 1 45 1% 3l 1%
f£ 1630 cm AL B T C=C X 57 ) fift 47 9% 2y g [2.8.140, SR B e D #h ) & 1 LCTF, {H/=4)
AT B A RS A R C=C MEE L5 .
2.1.2 'H-NMR 43 #7: 246 B E K5 LCTF 1 *H-NMR 3% & W1 Fig.2 Aiw o
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T
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T
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Fig.2 'H-NMR spectra of fluororubber 246 (A) and LCTF (B)

M Fig.2 W W, 246 B HIK S5 LCTF # 83.01~352 uEH A B EM T 5
-CH,CF,-CH,CF,- ( VDF k-2 #1 4% ), -CF,CH,-CF,CF(CF3)- fll -CF2CH,-CF(CF3)CF»-
( VDF-HFP AH ) 45 #g XF B i 37 FY B: e 4 0 7E §2.79~2.82 i [ A 30 X B T
-CF2CH2-CF,CF2- (VDF-TFE #H#E) 45 I W H BERRAE g s 7E 82.35~2.62 U W HIL T
L -CF,CH2-CH2CFa- (VDF k-3 #H 32D 45 f 0 87 (1) 0 FY 22 KR A1E 16 1281, §2.05 v i 71 AR
AR (%) AR AIE U AT

5 246 RE A EL, LCTF d7E §2.79~2.82 ¥t [l 9 4 3 T -CF2CH2-CF2CFa- 45 4 1)
BEAE W LAYk, AN, fE §7.53~7.66ppm, 4.70 A 1.56 AbH I XF R T -CF=CH-,
-CH,C(CF3)=CF-5-C(CF3)=CH-45 # [{] FFfiE 0§, HEB] LCTF W A£7E C=C X E &, X5
FT-IR R AE 45 5 — 28121,
2.1.3 F-NMR 2 #r: #— 25 K H 1°F-NMR %} 246 B H A5 5 LCTF 45 M HEAT RI1E, 4
R Fig.3 B, HARKHEIE T JE W, Tab.102:8.131,
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Fig. 3 '°F-NMR spectra of fluororubber 246 (A) and LCTF (B)

Tab. 1 Assignments of 1°F-NMR peaks in fluororubber 246 and LCTF

No. d Assignment No. ) Assignment

a -63.6 -CF,CF,COOH n -113.8  -CF2CH2CF2CF,CH>-

b -70.8  -CH2CF;CF(CF3)CF2CH2- o -117.4  -CH2CH2CF,CF,CH.-

c -73.3  -CF,CH=C(CF3)CF»- p -118.7  -CF,CF.CF(CF3)CH>-

d -75.8  -CF,CH2CF(CF3)CF,CF- g -121.2  -CF,CF2CF2CF2CF2-

e -80.6 -CH=CFC(CF3)- r -122.9
-CH2CF,CF,;CF,CF»-

f -81.2 -CF=CHCF(CF3)CF»- S -123.6

g -92.1  -CF2CH2CF2CH2CF>- t -124.6

h -93.5 -CF,CH2CF,CH,CF(CF3)- u -125.0

i -103.1 v -125.2

) -CF2CH2CF,CF(CF3)CF»- -CH2CF;CF,CF,CH.-

j -103.7 w -125.6

k -109.0 -CF(CF3)CH.CF.CF.CF(C X -126.2

F3)-

| -111.0 -CF2CH:CF.CF.CF(CF3)- y -181.0 -CH2CF2CF(CF3)CF.C
H,-

m -111.7 -CF(CF3)CH,CF,CF2CH,- 2 -184.6  -CF,CF,CF(CF3)CH,C
Fo-

B Fig.3 A L, 246 B MEK S LCTF ¥ HBL T X N HFP, TFE 5 VDF 45 ¥ It #7 1iE
g, HAfE 5-70.8(b) 5 §-75.8 (d) AbH BLMIRFAE VXS N T HFP W -CFs # G450 1E
8-117.4~-92.1Cg~0)Vu [l W tHBL T 55 VDF 1 -CFo-45 A4 AH X B 1) 5 1 1§ 5 /£ §-126.2~-121.2
Cp) Ak 30 AR R AIE U6 X6 2T HFP i -CFo-25 4 7E 5-126.2~-121.2 (g~x) JuHE N H M T
5 TFE " -CFo-45 # 6 B [ 45 AE 0%, 76 5-181.0 (y) 5-184.6 (z) Ab H B 45 4F W& 6 v F
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5 HFP F1-CF-45#) . MUk LA H, LCTF M EREL M S 246 B EME KM A, 7K K4
5 246 BE B ECMEL, LCTF £ 5-73.3 (c), -80.6 (e) 5-81.2 (f) AHH T C=C

WOBE 45 MO R LE ¥, 4 B X M F -CF.CH=C(CF3)CF2- , -CH=CFC(CF3)- 5

-CF=CHCF(CF3)CF2-&5 #4; fE 5-63.6 (a) &b I T X B T -CF.CF.COOH 45 14 I Ak U

X5 FT-IR Al 'H-NMR [ RAE 45 A — 30, Wk W1 7 Bdoise Bl B I 34 77 325 B Ty i o) 4% HY

LCTF.

2.1.4 GPC 73 #fr: Xf 246 M %K 5 LCTF 1) GPC #% & 1 Fig.4 i .
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Fig. 4 GPC spectra of fluororubber 246 (A) and LCTF (B)
H Fig.4 o] WL, MLEAARFEEK, LCTF 1Y GPC ki (i B) B & XJ Fx f1 48
B, Mo KR EEREAS, PDIAE/~. PDI A/NKRW], LCTF & RE B, kB ok 4 B &
b B iR 10 2 ) % LCTF WA &7 32 -
2.2 iR EREBERES &R0 E R
221 MR FE EHE, FE T B EN LCTF MM, 4 R4 Fig.5 Prox.
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Fig.5 Effect of microwave power on carboxyl group content and Mn of LCTF
H Fig.5 AT 0., FEEMBE IR, M, 2EBKE LAMEE, mMRESTES
Mn 2 AH [ A B, 3 2 (B B AR B B 6 B G &R . Ui B M 1) A2 AL RE B8 8 0 R A
PR i R AR B S B Ak, AR Wy B, o s B R A Ak Th 2 38 AN R T S AL B AR
B SE ) BEAT o SR PR AR T 2 0 D RN, A% B R N AR RO BE BRGNS HF
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H C=C MMM A M IHEBTHATES, TR M EH, RESERMEK. AWMBEDE
b, A R R BT, B H202 4 T R 2 5 B AL B R R R, M B AR R
RESEBA. MMk Th R N 480 W I, LCTF [ My ik 2242, BRIEFRE S B
N 4.30%-

2.2.2 ok e dur i) s HOR, T R AR a6 LCTF MR AR, 45 B0 Fig.6 A
N o

44

=
- 4500
a0t
{4000
/ |

[

COOH/wt%

R
Fig.6 Effect of microwave time on carboxyl group content and Mn of LCTF

H Fig.6 T WL, 5 ok T 2 5w B A SR ALh, B G OB S ) B SE G, Mg B 2 e PR
K EotrgEass, mMRESES Mo E2HRRAE . K& E 5 H 2, SO X
RN R B, I EES (B A 3 min B, M, B 7.9><10% BB R 28 T % & 3056,
kLB KIS ], My N FEZRNE, FERBOIN A A DY 1imin I, M, 8N 2242, R E &
BB E N 4.30% . AH LG AR Gt SR AL B A DT V0 wR BT /N I s R I TE] 8T, Rl ik Bl B i ik
KRR T R BERE, N Hl & LCTF B & 07 % .
2.2.3 5 B AT THF /2 2 Fhn] ¥ 8 BURR IS B0 H A 1k 9 570 3 570 B0 52 i 25 2R AL Tab. 2.

Tab.2 Effect of type and amount of solvent on the properties of LCTF

No. Type V/mL w(-COOH)/% M My PDI
1 THF 100 2.77 3208 6258 1.95
2 THF 125 3.17 2948 5597 1.90
3 THF 150 3.23 2920 5424 1.86
4 THF 175 3.52 2735 5237 1.91
5 THF 200 3.07 3163 6291 1.99
6 Acetone 100 3.21 2899 6927 2.39
7 Acetone 125 3.26 2866 5315 1.86
8 Acetone 150 4.30 2254 4264 1.89
9 Acetone 175 3.55 2786 4976 1.79
10 Acetone 200 3.39 2865 5978 2.09
H Tab.2 AT WL, BEEBAMHAEMIGIN, M EEBEMIE ETMESE, MRESES
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Mn EAH R . 24 THE FHE RN 175 mL i, REFEH B & &SN 3.52%, M, &Ik
4 2735; M A &4 150 mL B, BRI & s s o 4.30%, Mg i fiKCh 22540 K,
PR T THE, JREAET: — 77, smARIRENE P EMRE S, A8 T #1784k
B i S B REAT s 9 — 5 T, A A THF 8945 85 %6 4 ) > 2.88D A1 1.75D, P4 M 1 A% 14 &1 s
EWEEMBEERT, Wk aemae ) Eom, R AR SR T RL, R, Ak
P A 9 7

2.2.4 KOH & ik ik & : # %% KOH &k BEXF LCTF i 1

=SP4
5

m, g5 Fig.7 Tas .

4500
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Fig.7 Effect of KOH solution concentration on carboxyl group content and Mn of LCTF

H Fig.7 AT L, BEAE KOH WK BRI K, My BRARE IR &S, mREs

B My B R . £ KOH W5 &E 70 808 45% 0, Mo i Ky 2654, &

SN 3.24%. JRK N JFIABEE KOH WK FE MG n, Bt 2 1 -0H, 15

BB HF ) B2, AR NS 5347, W Mn BRAK, RESZEIRS: B KOH F )

iy BB L 45%I, RMBETRH AR £, S H.02 M, o AR T A

B A 2 2R HE AT

2.2.5 H202/KOH & R b : H 5 T Ho0/KOH M EE/R LL X LCTF 45 i s m, 25 8 i Fig.8

BTz

&=
S

0 4500
40F —
% - 4000
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Fig.8 Effect of molar ratio of H,O2/KOH on carboxyl group content and Mn of LCTF
Hi Fig.8 W ., B4 H.02/KOH K BE/R LI, Mo 2ERIKE BT B, MR
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BEEuEES M, MR 24 H0/KOH [f) BE /R EE A 1.50/1.00 i, M, f 1K A 3354,
BRI E A, N 2.78%. FEFEA: X H202/KOH MEE/REEE L 1.50 B, = 1)
H202 NN, R R AR S &I, AR MR PRI, SRR EM RN A 51T .
2.2.6 KOH fll Ho02 % ik Al & : 4k 22 58 7 KOH ¥ 31 A1 H202 ¥ W1 I FH & % LCTF 14 8 1,
45 B0 Fig.9 s .

44
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Fig.9 Effect of amount of KOH and H20; solution on carboxyl group content and Mn of
LCTF
H Fig.9 A] W, B & KOH & A H20 ¥ W H & 188 K, Ma 256 B IRE BT %,
MRESZES My BB FEAE 5, BE KOH ERS H202 1 B
FH &% % 35.32 g Al 48.18 g I, M, fik v 2254, RER & n e, N 4.30%, JR
BT o
227 MESEAN: KI5, HEET PTCHEMMAEMWEIN, 45840 Tab.3 fix.
Tab.3 Effect of PTC type and content on the properties of LCTF

No. Type of PTC n(PTC) /mol  w(-COOH)/% Mhn Mw PDI
1 — 0 2.62 3661 9873 2.70
2 BTEAC 0.0085 3.70 2531 4934 1.95
3 BTEAC 0.0125 4.01 2352 4618 1.96
4 BTEAC 0.0165 4.30 2254 4264 1.89
5 BTEAC 0.0205 3.17 2928 6535 2.23
6 CTAB 0.0105 3.15 3056 4887 1.60
7 CTAB 0.0145 3.57 2757 4297 1.56
8 CTAB 0.0165 3.19 2969 4385 1.48
9 CTAB 0.0205 3.10 3260 5337 1.63

M Tab.3 AT W, X AU PTC B, BB [AIK, JFH M.k %] 3661, MH/5HEANH
Ak, PDI ¥ 2.70, PDI #% %8« X & BN %M R A A B% Al I B 4B A I RAR &2, A
PTC i}, OH Ml HaOx A A£AE T /K AH T, SRR IR WL HF 1A Ak B A S B R R 72 9 A 57 T A
AT, RBEFEAL. A PTC 5, PTC )M &1L A 0.0085 mol B C(Ffih 2), My 7] FEAK
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% 2531. PDI F#MK % 1.95, WA RPE . XEF KN PTC RAEMWMESEH, HAKM®
FEAEMPHES T AT S OH-MH B AR FHE el T A HLA I & 7 X, R EEE RS OH 1 )k M
JUF, itk N %, Pt PTC ik R EEIEN, Hx NI Fig.10 fis
[15]O

[ B B Tab.3 AT WL, K& PTC HEMIM N, Mo 2 BICE BT, mRES
5 My EM R BTEAC M1 CTAB H &4 %)~ 0.0165 mol 1 0.0145 mol i,
Mn 5K 75 5l 4 2254 F1 2757, FRIE & 5 HN 4.30%, e ar il 4.30% A1 3.57%. 1X
A PTCHHEL 20, 5 FHEIRMKE, M FEEEL KR R, 7 LE 3
BTEAC X My #1 PDI ¥ § Wi R 2R 43 7] 5 T A155 T CTAB, (HEAK%E, BTEAC #1 CTAB
B B PTC.

CH, + CH, ¥

CeHs—CH,—N—CH; | oH™ + ¢~

lcsHs_CHz_N_CHs Cl + OH —»

CH,4 CH,
Inorganic phase | | T
Oganic phase l |
CH; + Microwave Power CH; +
lcsHs_CHz_N_CHS Ccl + O <*— C¢Hs—CH,—N—CH;| OH
CH, CH,
+ + H,0,
0 OH CF;
== o o=
R * CF,CH,—CF,CH,—CCF CF,—C *
/ \\ 7 = ? 79 TOF Ll
HO (0]
F
R is composed of the following units: '\MN‘}(:I=C—CN\N‘ 'V\NV‘CZ—C—EI _EZJW
| |
CF; CF;
Fy Hp F, F F H
YW (C —=C vwwy e (C —C v AN C=C v
I

Fig. 10 Mechanism of phase transfer catalysis

3 4ig

1)FT-IR, *H-NMR Al °*F-NMR 75 #7 &5 S 3E 8, K Bt 4 B in #4077 356 A 2 Hb 1) £
LCTF.

2)GPC Fltk 2 M4 R B, LCTF (A% 4> 7 R & K lE B BEACR PDI A8/, sE ol
T LCTF FAH XF 43 7 Joit o 0 gk 5 o mf 92 B A o 4%

3) 4 I Th %y 480 W fl 3 in #A R 18] 4 11 min. THF 24 175 mL 2¢ 4 i v 150 mL.
KOH ¥ il & 7 $1 N 45%. H.0, / KOH /K Lk 1.50/1.00. H,0, fl KOH ¥ i FH & 7
%N 35.32 g f1 48.18 g. BTEAC [ & & 0.0165 mol i, % 1 LCTF ] Mn (% . &3
R . IO A BN B B 0% O R R A0 S N I R) e R b ) 4% tH LCTF.

S E M-
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Preparation and Characterization of Liquid Carboxyl-Terminated
Fluororubber by Microwave Assisted Oxidation Degradation Method
Mingyi Liao*, Yanyan Qi, Yang Huo, Yunfei Chang
(Department of Materials Science and Engineering, College of ITransportation
Fngineering, Dalian Maritime University, Dalian 116026, China)
ABSTRACT: The liquid carboxyl-terminated fluororubber (LCTF) was prepared using 246
type solid fluororubber as reaction raw material and peroxide (H.02)/KOH as oxidative
degradation system by microwave assisted one-step oxidation degradation method. The
structure, molecular weight and its distribution, carboxyl content of LCTF were
characterized by FT-IR, 'H-NMR, °F-NMR, GPC and chemical analysis method. The results
prove that 246 solid fluororubber was efficiently oxidized and degraded into LCTF, the
controlled degradation of molecular weight (Mn) and carboxyl content of LCTF was
achieved. The effects of microwave power and heating time, type and amount of solvent,
KOH concentration, H20, / KOH molar ratio, amount of H2,0, and KOH solution, type and
amount of phase transfer catalyst (PTC) on molecular weight and carboxyl content of LCTF
were systematically studied. Results show that with the change of affecting factors, the
content of Mn and carboxyl group show the same change rule. When the microwave power is
480 W, microwave heating time is 11 min, volume of THF or acetone is 175 mL or 150 mL,
KOH solution concentration is 45%, molar ratio of H2O> / KOH is 1.50/1.00, mass of H20>
solution and KOH solution is 35.32 g and 48.18 g, and amount of PTC (BTEAC) is 0.0165
mol, the content of Mn and carboxyl is the lowest and content of carboxyl is the highest.
Microwave assisted heating can greatly accelerate the process of oxidative degradation and

shortened reaction time.
Keywords:microwave heating; oxidative degradation; liquid carboxyl-terminated

fluororubber; structure; molecular weight



