5 11 ) = e - N
2010 £ 11 A

—

No. 11

ACTA POLYMERICA SINICA Nov., 2010

21,2- T ZE BTN A BRBEEFXSIEZSRFRIE"

Hi# INME EXE”T

AL T RAA L T2 B K 300130)

i E LU A(BPA) BRIRZ —Fg (EC) BRI — H1 i (DMC) S J5URE, il # XU A —Johe( 1) FXUE A
BRI (1) , I HIZLAME S5 A R IR B i e LSS HEATRAE. i 15 TR 3L 48 SR BN S Y A SRS B T
T rh A —CH, CH, —HIT A XS A BUERBRIRES (PC) B E & i, JHBEIRE E (14 (GPC) F1 TGA-
DSC X} PC (953 F ik FARE RS 7407, 25 R, TAE 240°C FIR 6 h 579 M, A3k 17.6 x 10°, 4k

—CH,CH,— It LA, rTRIBEARSR S W) T, , 2 i HL Al f e, s RS W By R4 I AR E TE.
KR ADCTEH, B A, IR TER, BRIRL e, RN

Wy A RIS (PC) 2 —FhJoE B =t
i CELA KB PR RE BB T RE Bk, T2
HFH T G 5 DL R 2R BT & A G
B Tl b R AR A FERAE A
eI P45 & A IS PCiZ kT o F i
FE2 x10* ~5 x10* FRAEY , (HX —id BEAFEE
FU R R ) S E R, T Bt
PR BE R BUm YT NI, AR A R AR AR R X
W T2 R SRR BER P Tshii Y LAAE Y
M IE £h R AL AL BPA (10 48010 3 S Ak v 11 4%
BWRERER, A B R A W5 T8 0] 1k 5600, B 4%
WS — R A R PC &0 T 25 A R
RIRIRIE A TE AN, Tl M EAS . F AL
M A Rk R —A0E (DPC) (fiie — H Ik (DMC) 45
i R i 1) TG S8 e 2 g A il £ PC AT 472k 32 B AT
(9567E S 7). Desimoned'* 251, BPA 11 DPC 7 SC-
CO, AT S I A5 53 4 74 M, Ry 1.3 x 10°
() PC 45 B W) 2 BN A6 AR 45 5 B
TSR DPC I 223k ARk A 77, BkiR — 1 g
(DMC) A& A% B, &4 DPC A9 4% (4L TR,
1 DMC Fl BPA {4 5 3¢ e 2 422 1] 45 S Wik R i S
— MR IR BE, SR T B ETIZ T 4819 PC oy
FHEAL . Haba'! 45 F B 4-— BT 40 JE- it g
(DMAP)/(BuSnCl),0 Atk FH 4A 475 i
R, WU A SR — H g SO 120 h Ji5 A8 0L
A BRER — R BUSCRAL N 80% |, ik FRTER 1) I 3R
AE Ry oA 2 x 10° (1 PC. SR Z T 2 B2k

R T m T PO, ER A S I )R
KRR A BRIR — H IR B 465 5 BRI IR
AT E A A AR (L JFUR ) 45 PR 07
F T X008y A BRI T, WUy A B4 SR A A
PSS Hf B 7 o ] 46 B SR R R i 8 3 ) 2 B A
M, BT AR 2], S — 2R aARt
AR B AU 1 SR B PR T 5 BB 4k B AT T )
BT SO R 1 T T3

A A TR 13 YRR 1 4 T R, AR U A Y
PC 1& BUB AR, A SCLUM B A JBRIR & TR FI
iR — W R JEORE, AR A A N T BT A
1 ,Z‘EEZ*%_CHZCHz_ﬁfDE’:J Xﬂ@ﬁ A #Y PC, 3‘J|:
WHE T3 A X RS W A5 S o 75 5
M.

1 SCIGEp4ey

1.1 FERFRF

W A RHEET KA 20, CP; ke —
R, RIEFERABHEA R, AR, BRI £ T . —
SRS, R R BT, AR.
1.2 {48

GC, 111 4% 4 B B o Ak T AL 3% 47 PR\ 7] SP-
6800A IS AH (A E(Y ; SE-30 B 4145 H:, 4% 0.25
mm, K 30 m; E a4, N2000 o338 K s T AE 5,
WO K2R fe (s B TR WF 58 B, NMR,, B+ A7 &
ya /8 A AVANCE400 A% g AL PR 354 TGA , 3£ [
TA A F] SDT-2960 # & 7 #7 4%, Ft i & %

% 2009-11-20 Y f ,2010-02-03 &5 ; F K H ARFL AL 4 (45 20674015) BEBHI H 5+ @ iHIEE R A , E-mail ; jwang252004@ 126. com

doi:10.3724/SP. J. 1105.2010. 09410



11 49] HILLGE5 35 1,2-TE LR ITRI Uy A SRR IR AL WA & UK AR 1277

10 K/min, A 7 # A 40 mL/min,20 ~ 600°C ik
FEVE I P IC SR A g R EE i 4k DSC, 36 [ PE &
] Diamond DSC #2275 FH 4 it B, A
20 mL/min, FFE #2810 K/ min, FEIE 28 10
K/min 40 ~ 160°C Ji & 3 [l P4 41 4 42 55 Pt it
4. FTIR, f# & BRUCK /N ] Vector-22 141 4} 5
HEAY s GPC, 2 [ SSI HPLC /A /) €S4000, GPC A%
A Agilent PLgel 10 wm MZXED-B, i#i shi#H & THF,
TR R 30°C, UV-Waim g8 3K 259 nm.
1.3 WEABR_TEINHE

W R K BPA (11.40 g,0.05 mol) , iR Z
TR (8.80 g,0.1 mol) , AL — T He A L8
(DBTO,0. 20 g) I =R FEE (0. 20 g) BAF| PO
S, 180C I Ik G T, 7253 ) v 4 b J5
HENRE AR . BRI T 10 mL g
Bt , S8 100 mL A BE i vE , 7 i B TR &
fEE 58] [ A AR B R T, 723 75% . 'H-
NMR ( CDCl,,400 MHz,8):7.1(d,J = 4.2 Hz,
4H,CH,Ph),6.8(d,J = 4.2 Hz,4H,CH,Ph),
3.9(t,J = 4.2 Hz,4H,—CH,CH,0H), 4.0(t,J
= 4.2 Hz, 4H,—CH,CH,0H ), 1.63 (s, 6H,
—CCH;).
1.4 XEH A BIRRERER I

HWET, % 1 (3.16 g,0.01 mol) Flfi 1k 7
DBTO(0. 04 g) & A7 A FBEHEFE R T B A
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96% . 'H-NMR ( CDCl, ,400 MHz,8):7.1(d,J =
4.0 Hz,4H,CH,Ph),6.8(d,J = 4.0 Hz,4H,
CH, Ph), 4.4 (t, J = 4.8 Hz, 4H,—CH,-
CH,0C0),4.1(t,J = 4.8 Hz,4H,—CH,CH,-
0CO), 3.8 (s, 6H,—OCOCH, ), 1.63 (s, 6H,
—CCH,). "C-NMR ( CDCl,, 100 MHz, §) : 31.01
(CH,—C), 41.73 ( CH,—C ), 54.91 (—0—
CH,), 65.56 (—0—CH, ) , 66. 33 (—O—CH, ) ,
114.00( CH, Ph),127 (CH, Ph) , 143.67 (C—C,
Ph),155.72 ~156.21(C=0;C—O0,Ph).
L5 HI&ENE A B RRERES

WHENHIMIE (L) n () =1:1%
APYEH, A BV 5 e 1% (19 Bu,SnO A5 4 1k
AL AEREFE SO R TR 200°C ) b 25 h. [ 45

Jo A5 B B BBRIR B € AR RORL = s T A
Bt , SR e PR C el vE , 7= i Bas TR B i i, 15
FF AR E L PC, =% 76% (GPC, M, =
4400). '"H-NMR ( CDCl, ,400MHz,5) :7.1(d,J =
8.0 Hz,13.25H),6.8(d,J = 8.0 Hz,13.25H),
4.4(1,] = 4.0Hz , 8.75H,—CH,CH,0CO0) ,4. 1
(t,J = 4.0 Hz ,8.75H,—CH,CH,0CO0) ,4.0(t,
J=2.4 Hz,4H,—CH,CH,0H) ,3.9(t,] = 2.4
Hz, 4H,—CH,CH,OH ), 1.63 (s, 19.88H,
—CCH;).

TR I ADY EO, AR T & L 1%
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3 he WA A5 B IR IR 8 AR Rk
YT AR, R AR SR iTE , 7 il s T
SR A 8 AR AR E R PC, =2 89%
(GPC, M, = 10.5 x 10° ). "H-NMR ( CDCL, , 400
MHz,8) :7.1(d,J = 4.0 Hz,200H) ,6.8(d,J =
4.0 Hz, 200H), 4.4 (t,J = 4.0 Hz, 200H,
—CH,CH,0C0),4.1(t,J = 4.0 Hz ,200H,
—CH,CH,0C0) , 3.94 (s, 17.3H,—O0COCH, ) ,
1.63(s,300H,—CCH,).
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Scheme 1 Proposed reaction pathway of BPA with EC
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Fig. 1 FTIR spectra of the products obtained at different

temperatures for 4 h
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Fig. 2 '"H-NMR spectrum of product obtained at 180°C
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Fig. 3 "H-NMR spectrum of product obtained at 145°C
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Fig. 4 '"H-NMR and *C-NMR spectra of 1I
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Fig. 5 H-NMR spectrum of PC obtained from the co- . “ P . L
polymerization of I and Il (ratio 1:1) for 25 h at 200°C mﬂ;fﬁi : ¥ j( PC E/‘Jﬂ FEL OB A ﬁi@ﬁ@ﬁ I Y:E
240°C A% 6 h JR i3y PC fy5r T n[Ik M, =
17.6 x 10°. #5r A 45 R F=H) GPC Wk 7 fR.
Table 1 Effects of reaction condition on the molecular weight of PC
Temperature  Time 1):n( T pPC
o "IN S0 o,
1 200 25 1:1 4.3 1.51
2 200 25 1:2.8 6.6 1. 68
3 200 25 1:4.2 7.0 1. 64
4 200 25 1:5.2 7.7 1.49
| 5 200 25 1:10 8.2 1.28
70 60 50 40 30 20 10 6 200 ’ 01 105 L6
S 7 200 13 0:1 12.0 1.52
8 200 25 0:1 12.6 1. 47
Fig. 6 'H-NMR spectrum of PC obtained from the self- 9 210 6 0:1 11.7 1.54
polymerization of Il for 25 h at 180°C 10 240 6 0:1 17.6 1.43

T LRI LEL EH n(L):n( 1) BIHY
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Fig. 7 Effects of time and temperature on the molecular

weight of PC
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Fig. 8 DSC curves of PCl and PC2
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Fig. 9 TGA curves of PCl and PC2
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A NONPHOSGENE PROCESS FOR BISPHENOL-A POLYCARBONATE WITH
ETHYLENE UNITS AND CHARACTERIZATION OF THE POLYMER

XUN Hongdi, WANG Xiaomei, WANG Jiaxi
(School of Chemical Engineering, Hebei University of Technology, Tianjin 300130)

Abstract The reaction of bisphenol A (BPA) with ethylene carbonate (EC) promoted by Bu,SnO at 180°C
produces di-hydroxyethyl-bisphenol A ( T ) along with the liberation of CO,. The influence of temperature on
the reaction of EC and BPA is investigated by FTIR. The diol I reacted with dimethyl carbonate (DMC) at
120°C to generate bisphenol A carbonate ( I ) in yield of 96% . Their structures were characterized by FTIR
and NMR. A novel nonphosgene process for producing bisphenol-A polycarbonate ( PC) was developed through
the self transesterification of II and co-transesterification of I and II. The self transesterification of 1I is
much faster than co-transesterification of I and II. The reaction temperature strongly affects the molecular
weight of polycarbonate. NMR, gel permeation chromatography ( GPC ), differential scanning calorimetry
(DSC) and thermo-gravimetric analysis ( TGA ) were used to measure the molecular structure and
thermodynamic properties. The average number molecular weight of PC obtained from the self-polymerization of
I for 6 h at 240°C is up to 17.6 x 10°. The T, of PC (M, = 12.4 x 10°) is about 60°C , which is much lower
than that of the regular PC (T, = 145 ~150%C ). The introduction of CH,CH, unit into the main chain can
reduce the T, of PC and increase the crystallization ability. The obtained PC has a good thermal stability.
Keywords Nonphosgene process, Bisphenol A, Dimethyl carbonate, Ethylene carbonate, Polycarbonate





