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BN BAT BRI, AR SC LA Pk B | T P
i JE AR A HPW S 51, BN I P A Y
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Scheme 1 Plausible mechanism of cationic ring-opening polymerization of THF
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WER T, RAER SRR HT 0] L4k 22 /E
ECH JF AL i 9885+ ( 1), 5l % THF JF
WERE.
2.2 REUSHKMBEMRILE

PTHF &) FTIR @& 1 frx, 3450 em ™' 245K
FRHEIE , 2700 ~2950 em "' ZE A7 g F KLV H
4R IR 06, 1400 em ™ 72 47 Jhy H L0 3 14 25
PN, 1100 em ' 2245 J—CH,—O—CH,— ik 4
FRAE W, 750 em ™' /5 47 —CH,—Cl B 45 3% 3
W, 355 SCRR [ 18 ] e 18 3k BRI — 2K

PTHF (' H-NMR F£AE 40 [& 2 frox, Hod g
Kl B 5 SClk [ 18 ] 4z 18 9 3% 8RR 1E — B i 2
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Fig. 1 FTIR spectrum of PTHF
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Fig. 2 'H-NMR spectra of PTHF
(A) and (a) (with EG); (B) and (b) (without EG)
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ECH 1 A fi 1 75 (1) 45 5 1F 4 A0 I
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M
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Uy 2 K T 0 45 K FNgE #g 7k . HPW £54
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Fig. 4 Effect of HPW activation temperature on PTHF’ s M
and yield
Parameters; 2 °C, 20 mL THF, 1 mL ECH, 0.15 ¢ HPW, 3 h
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Fig. 3 TG and DTG curves of HPW from 25 C to 400 C
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Effect of polymerization time on PTHF’s M and yield

Parameters; 2 °C, 20 mL THF, 1 mL ECH, 0. 15 g HPW
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Fig. 6 Effect of ECH to THF mass ratio on PTHF’ s M and

yield

Parameters; 2 °C, 20 mL. THF, 0.2 ¢ HPW, 3 h
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HIIE 6 AL, B mpey/moy, 38 K, PTHF 725
UM Y53 KGN, SRR mye/my, =
1.7 x 10 "B} PTHF j=Zf1 M, ik 8] 5, 4050k
45% F112800. X =K A7E HPW [t ft i a8 g 1
AT, MR F s o R B i A ECH
SRR TR, BE RGO WO R R, il AR
PTHF =3 H M A3 K5 HAK & b HPW Jir G 42
B o BOR A RO, A R ECH
Joik 5 HPW fE B BUE MR 51 & THF JF 3, H
MRS EEN K, PTHF (9 M M, 3T
W, S5OCER[26 ] 45 /A&

KT RGEHEEL X R R R, S
Bk ISR A W BE LR G B ] m/ Mg Mgy /
Moy B Mo /moy 555 ANRE, @7 TR 1 iR
L (47) IER R 36, scu gl Rangk 2 fF
IN. 32 AR ZE TR, AR S5 T ik Y % 1
W, X PTHF 7= 22 52w J5: K i [ % /2 ECH,
ORI Ry ECH ¥k B 4 e o A I & b i kv
O E, HILTF A R A # % H ECH &
75 % PTHE #9 M, 50 5 K i B & 2 EG,
FERARZTINAGE R EG, f8A ¥4 PTHF
oy Fim. R R IR R G B R g/ Mgy
My Mopne s W/ myo/moy Y38 A F 2 5 PTHF
FER ., e ABIAE] 80% A4y HE S (6 SR
(13 ~16 ]85 R th i, PTHF =SB B 4 & ; JF A
R R B AR EG 5 THF JB R4 &
TEGHRN, fff PTHF () M 6176 1100 ~ 1700 Z
], 53CHR[13 ~ 15, 17 ] 45 B L, A SCG i
PTHF /3 F w4 5 # i, MWD 4%

Table 1 Level and factor

Level
Factor Parameters
1 2 3 4
A Polymerization temperature (°C) 10 15 20 25
B Polymerization time (h) 2 2.5 3 3.5
c Migey/ Mg (10 71)° 1.7 2.0 2.3 2.7
D Mg/ Moy (10 72) ¢ 1.7 2.3 2.8 3.4
E Mg/ mpy (1072)° 3.8 5.0 6.3 7.5

* Mopyr = Ve Xppur =20 mL x0. 884 ¢/mL =17.74 g

K2R ES IR R W], PTHF 7 R R4
fkZh ECH il HPW ¥ B Th i it o, 2 h
fhkZ v ECH 5 HPW 7776 UpIRIAE T, B9 1 b 4k
Btk Z s i A ECH I HPW 538 T 8, 4 44
K% B2 e ; HPW [ %6 %7 45 ffy 2 THF %
A ROBEE 3 B 0, B P R HPW 5 ECH

VERITE B, 58 A B 3 I 0 T 42 Ao ok 35 349 B 58
TR Z o HPW i JI 38 i 38 kK, HR & hoin A
THF &R ¥71E %, # PTHF /9 M KE HPW il A &
SUPNTE S Wb v N =R s RN IOF <E

2.5 EHEBFNIERDHT

R 2 WMES R, MRE RN 2.5
h B5F PTHF 9 M 3K 3] e KA. H g RUE B R bl
RGN AT R A R R v THE B4 v JF T [
fi%, PR /N THE R, (1SRG
BEAR, M B2 T (HIE i R B 5%
FEG B, B A i i 3 K B B A e 2k B
PET 3 T B SR EAT R (L S) . & 2
RIS AT, PTHF 7= 26 1 5 4 S B iod BR300 47 1T
WAK, 3k DR O e A e B B B I I A T T
AT 4k 25| & ECH JF ¥R A iS5 55 1, 51 &
THF JF30, 5-EE 1 RNV 4.

2 AT, E M REER R PG A%
RS EG, A Y PTHF 19 M, 1l #:H1 7€ 1100
~1700 Z[a]. XJECIE 5 B 6 Fsck[ 13 ] F1[ 16 ]
Mg 45 5, PTHE 43 F 4580 74 2k hl. it
Ah, PTHF j=3& M 50% #2522 80% 247, A T H
LR, XJEH N PTHF 431 & 1 B 15 3R A
SN A ZR B RG i TR A B R AT AR AR N
REKRREAEGBINRAEH A, WA T80T
WINRGRR, A ORS00 % e, ZE4
[F /0 3R & W B ] N, PTHF 77345 21 1 £ 5.
D — AR EG MIMA RBUER AW
AR, TR T 3R & BN, 008 1 ) 4
W gE kAT % 45

meE 7 fron, AR5 A EG Bk R d A aL
PTHF j=¥) 4 26% /N T35 R Y, 5 F = A
PO, AT LS A & B, fE TSI A EG Y
PR Z A i PTHF, =8 43 1k 43 A 52 B 53 i
X 5 & 2 i fFx PTHF fi' H-NMR 25 5 A1) 4.
Wit HPW/ECH 5] &K & b 5] A iS5k 5% 5%
I EG, A A AL g e v i & A, H A E
B R A =49 PTHF 43+ & 7F 1100 ~ 1700 Z b, &
BE Sy TR & R R AR R A E
ik ) EG VR 5 R85, BEA 2 AR A 85 B T
) IE HE R, A SRS B RO PR S AR E T Ak B P
i, 300 Fofr ST 7 08 8 4K T T Al R L I R b
P, 5 Al SCRRES SR T A A, AR SO B
PTHF 4» F 843 3 T 4 b s i, FLal 7E b Ficbi
BN FH A R T e 1A
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Table 2 The experimental results in orthogonal layout
Level and factor Result
Exp. No.
A B C D E Yield (% ) M MWD*®
1 1 1 1 1 1 28.4 1338 1.4
2 1 2 2 2 2 52.5 1490 1.5
3 1 3 3 3 3 59.6 1399 1.4
4 1 4 4 4 4 69.2 1220 1.4
5 2 1 2 3 4 30.4 1244 1.3
6 2 2 1 4 3 39.3 1302 1.3
7 2 3 4 1 2 69.0 1435 1.5
8 2 4 3 2 1 73.4 1510 1.8
9 3 1 3 4 2 68.5 1426 1.5
10 3 2 4 3 1 77.9 1685 1.7
11 3 3 1 2 4 24.7 1149 1.3
12 3 4 2 1 3 40.8 1185 1.3
13 4 1 4 2 3 58.8 1272 1.3
14 4 2 3 1 4 38.5 1254 1.3
15 4 3 2 4 1 67.3 1576 1.6
16 4 4 1 3 2 42.3 1334 1.4
I® 209.7 186. 1 134.6 176.7 247.0
me 212.1 208.2 191.0 209. 4 232.3
me 211.9 220. 6 240. 1 210.3 198.5
v 206.9 225.7 274.9 244.2 162.7
1/4 52.4 46.5 (min) 33.7 (min) 44.2 (min) 61.8 (max)
/4 53.0 (max) 52.1 47.8 52.4 58.1
/4 53.0 55.2 60.0 52.6 49.6
IV/4 51.7 (min) 56.4 (max) 68.7 (max) 61.1 (max) 40.7 (min)
Range 1.3 9.9 35.0 16.9 21.1
| 5447 5280 5123 5212 6109
m® 5491 5731 5495 5421 5685
m’® 5445 5559 5589 5662 5158
Vb 5436 5249 5612 5524 4867
1’74 1362 1320 1281 (min) 1303 (min) 1527 (max)
/4 1373 (max) 1433 (max) 1374 1355 1421
/4 1361 1390 1397 1416 (max) 1290
vV’ /4 1359 (min) 1312 (min) 1403 (max) 1381 1217 (min)
Range’ 14 121 122 113 310
* 1, I, I, IV represents the sum of Yield corresponded to number i level of various factors (i =1, 2, 3, 4) , respectively. b, me,

IV’ represents the sum of M

chromatograms

. 8000 / with EG?
< 6000F / MWD =13
2 40001 M= 1400
2 2000F e o 99%C = i
0L —= . . e .

2.5 3.0 3.5 4.0 4.5 5.0
= — without EG® MWD =1.7
i 2000+ MWD = 1.5 = 8800
: My=700
Z000F o 26% e A% N\

ol— . ; . . f

2.5 3.0 35 4.0 45 5.0

Igh,,
Fig. 7 GPC chromatograms of PTHF in the presence or absence of

EG

*20 mL THF, 3 mL ECH, 1 mL EG, 0.4 ¢ HPW, 2 h, 20 C;

20 mL THF, 3 mL ECH, 0.4 g HPW, 2 h, 20 °C; ¢ Areas % of

each peak in GPC chromatograms

corresponded to number i level of various factors (i =1,

2,3,4), ¢ Calculated from GPC

respectively.

i#

3 Ao 1E A R 5 RN K R B A AR TS T
LI HPW/ECH & &% 5] & THF H & FHH R G,
IFSI AR R ) BG #1614 %) PTHF (143 +
i, M 12000 ~ 23000 f&fik & 1100 ~ 1700, 43 F
HAMB AR, HILETRME#EREN, BE
YR B Wt . g R R W, X PTHF
FER I e KN E S ECH, %} PTHF 2 75
e e K 0 IR 3R 2 5 5 A ) EG. it 7E THF FH g5
FTRAEEZTEIA EG E BB, I 5 ik
THF KA 2% & 5a 4 SN, AT DU 4 3 M i
N7 M R M O BT A, B R AR A B AR
il A Tl BRI 4 fE# 2K (1000 ~ 2000 )
PTHF; Jf H R AR 5 EG i ARER
OB A Y T i T W RN R AR Y

w
I
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WIHR R G YR =Y BRILZA, ReaWorr U HPW/ECH 51K R BRAMR S B, Hiks
AR AR RS R RBE TR, ARARE B EGREAMER /> T/, EfIfE PTHF 5%
5, PTHF p= A& A5 B8 R B BE i 42 . ax 38 Tl b HA AR g 14 1 ALK SR i 55t
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EFFECT OF ETHYLENE GLYCOL ON POLYMERIZATION OF
TETRAHYDROFURAN AND MOLECULAR WEIGHT OF PRODUCT

Hang-jun Deng, Ji-zhong Chen
( State Key Laboratory of Chemical Engineering , Department of Chemical and Biological Engineering
Zhejiang University, Hangzhou 310027)

Abstract Poly-tetrahydrofuran ( PTHF) with controllable molecular weight was synthesized in cationic ring-
opening polymerization of tetrahydrofuran ( THF ) using phosphotungstic heteropolyacid ( HPW )/
epichlorohydrin (ECH) as initiator and ethylene glycol (EG) as chain transfer agent. Effects of various factors
(polymerization temperature and time, content of ECH, HPW and EG) on the yield and M of PTHF product
were comprehensively investigated based on a L,, (4’ ) orthogonal experimental design. Influence of chain
transfer agent EG on THF polymerization was emphatically studied. Thermogravimetric analysis ( TGA ) was
used to examine the weight loss curve of HPW from 25 °C to 400 °C. Infrared spectra ( IR) , proton nuclear
magnetic resonance spectroscopy ('H-NMR) and gel permeation chromatography ( GPC) were applied to
characterize the terminal molecular structure, molecular weight and its distribution ( MWD ) of PTHF
respectively. It was found that the HPW dried at 170 °C for 2 h exhibited the highest activity. The initiator and
promotor have synergistic effects on THF polymerization. The addition of EG as chain transfer agent in the
cationic ring-opening polymerization of THF can effectively control the chain propagation and depress the back-
bitting reaction, which is attributed to the complication competition reaction between EG and THF. In the
presence of EG,cyclic fraction obviously diminishes in the resulted PTHF product and the M of PTHF product
decreases from 12000 ~ 23000 to 1100 ~ 1700. Also PTHF’ s MWD is significantly narrowed changing from
bimodal distribution into single peak distribution. Moreover PTHF’ s yield increases from 50% to 80% because
of its higher mass transfer efficiency.

Keywords  Tetrahydrofuran, Cationic ring-opening polymerization, Chain transfer agent, Control of

molecular weight, Ethylene glycol



