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Synthesis of Poly(isosobide carbonate) by Melt-Transesterification Process

Wang Tiantian, Chang Xuesong, Tian Hengshui

(College of Chemical Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract : Poly(isosobide carbonate) (PIC) was synthesized by melt-transesterification method using diphenol carbonate and

isosorbide as raw materials. The influences of catalyst types, catalyst dosage, temperature, pressure and the raw materials ratio on

the performance of PIC were investigated. The FTIR, /thermogravimetric’ (TG) and gel permeation chromatography (GPC) were used

to characterize the structure, thermostability and molecular-weight of the products. The results show that the optimum conditions

are : TEAH as catalyst, the catalyst dosage as 4.75x 10" mol / mol isosorbide, molar ratio of raw materials as 1 : 1, the poly-

condensation temperature as 245 °C and prepolymerization perssure as 0.03 MPa. Then the intrinsic viscosity and number average

molecular weight of PIC is 34.61 mL /g and 12 219 respectively with good transparency and thermostability.

Keywords : poly(isosobide carbonate) ; diphenol carbonate ; catalyst ; melt-transesterification

Biti 5 A 15 T B B o AN IR R R TR A Y i [ B
AR AU A B SR BR R IR (BPA-PC) () % 42
PE. BT BPA BUMREEYE, 8 ing K E &R sk
b RIS 65 5 0L A 43 10 SR Bk i 2 05
AR E IR A M OCEUR B (ER A T R AR
1y A BERRFRTG 77 5 B 2 IR oE s . Sl
AL (1S) J: Ak 24 M e A H I fE L e e A9 2ROIR
e —BE Y, B TSI AL e e o HE R RIE A,
A HUFRLE F AT TR (Ami AL ), widlE A
TMELAYJEORE, IF B A5 1 AR LANGE R AW AT
TR RN phil BT R A W K AR ]
BEAFE T LA S LI B BT SRR 0L A N B R
BRTRTES (443 (5 B JFURL, BPA-PC 4 i s 38
A HAIE AR R sC . IR SR ISR AU
A AT 4E R R R IR AR D 5 i ahig
AP TR IR e HE T ALY A 7 BB AR A7) AN
T R S UEAT IR s e s i Y A piad AR R ARG

TG0 T2 BRI Z M. 2265 ¥ LU BEN
i £ (LiAcac) A AL, LURK AR — /1 fik (DMC) I
IS M JEURE, BT A B T W A T AP g 7 S 10 B
fiss R SR B PR B (PIC), ifif ELAFFT 3200, Bl 3 F 1)
BN PIC Ay B FE AL A AR T | PRSP SRR e
P AE R A, A. J. Bart 25 V5% ZnO M fiEfL ],
IS FBR R — 2K TR (DPC) M JF RS B 4> T2 h
3200 g/mol iy PIC,

S H R RS R RSS2, UL DPC AT IS by Uk}
B PIC, LAUARE B R 7= i (6 88 R 48 A 0 e 1 Ak
FIFPAR A L & R AR AT 15T
25 LIRS R AT LIS BPA-PC ) PIC 75,

1 LWES
1.1 E&RMA
DPC : Tolkg, i b TA RAF;

BRAR N HEIK , 2042, 322 RS e T A 16 o
WYk H 4912 2016-02-12



杨超


40 TR

2016 4F 55 44 45,55 5 1

IS : Tk, B Rib TAHBR A

MY 7, S A Ak &% (TEAH) : 20% 7K I8 W, 43 BT
ali, TRy A IR D

DU H 3 R A B (25% KRR ) L A
Pt A B el B 2R AL 2E R A FRA R

DU T IR AL (10% KT ) A A A
AR B A B AN S BT TR S DI
BRFEREA : /3 Hrali, b u I fb 2R A PR A WD

LR : 43 Aral, 1 KAk TRHE A R
A,
1.2 BBEAESE

BT BT s )

f8E ST AR 4 21 RSG5 (FTIR) Y : Nicolet 6700
I J% E Nicolet 2~ ;

AR - E ST (DSC-TGA) 1X: STA
449 F3 A T8 [E Netzsch /A A ;

EE S5 1% A3 (GPC) {Y : Waters1525 Y, 55
Waters /3 F) o
1.3 XAHE

K O BE KT 45 3R 4l Tl 9% DPC™ R A
IR BEELE TG 1S, 50 CRLAS M B dial
J5i i DPC Al IS i —E M HLBIITA 500 mL AR5
L KA EAUE N, B A A E 180°C, il
P 6 min, R FURMFRRELLJE I — 7 B L]
Tl 2= 220°C, AT R 7, A4 %F 40 min, FHE
R Y E—E N EA AR RF 30 min,
P45 R, #il5 PIC, FE R Al
1.4 MREmsX 5 & AE

FRVEREEE S IR R e ™

FTIR 4347 : $94 75 Bl 4000 ~ 500 cm™, 4 il
F;

AHE (TG) 7 : MHLE 50 ~ 700°C, N, 47,

FHEH 10°C /min ;

Sy =W GER s, 1 mL/ min,
IR 35C,
2 HERGiTe
2.1 AEALK AR KX = Sty A 69 %R

TEALF A A 4.52 x 10 mol /mol 1S, 7EAH
W) T AT B ER R FINT PIC 7= ket
FERE . R 1 ML RIFP T = SRR Y
SO, FE 1 TR, P R E R AR IR F] 20 mL
/g UL b, Ui IS 5 DPC 8 5 B4, SR, TEAH
A S RO A HE B, LA R R e e

R T RESE R R 1 4 BT AR R AR 4R R RN
Je W 2 s B (AR ) S g, A A i
1 TEAH £ = i 55 A4 ™ 23 00 i 1/ N o3 AR 30 1)
IRV NN A e D A N T i B i A S
R, T LA $E TEAH E Jy PIC 4 fill 15 52
FREEAL )

F1 BRI R

FEALFI RN FEERE /(mL - g7)
g 30.00
TEAH 26.51
A5 kA 26.01
AR — A4 21.35
DI TS 22.72
AR R 20.80

2.2 ABALKR AT S A 60 %R
Pl TEAH AEAF], ZEAR R I T2 5500~ 0F
5% TEAH HH 80T 72 s Re PE ZE S 52 e . &1 1 A i
A58 B P X RE T R EE RS2 . BB 1 e R
WAL R R n , PIC 7 5 AR PR St K )s
I/ XD AR ) FH S A I, ROy R A1
SEMA SRS TR Ak R0 P S v D 2 el 45 R S 7
JE, 52 7 ) B 2 e . B LUBOR AL R H 5
4.75%10™ mol /mol IS,
28 r

27 ¢

26+ /\
25+
24 ¢
23t
2t

21 I I I I I}
30 35 40 45 50 55

AL R / (mol - mol-'1S)
BT (R PR B B (R B
2.3 JRAHELILAT R SRR B MY R
TEAH Y&~ 4.75 % 10™ mol /mol IS, 7£+H
[F 9 T2 55 T 25 52 JRURHIE BU X AR PR 266 B (Y 5
2y JEORHAC FERHREPE RS BE 2. F AT 2 R,
JEURH E UG 7= i R e 286 B 5 ma AR, JRURHAC L
DPC : IS=1 : 1 W} Fraq ™ i Rtk 26 B ey, i1 2
33.65 mL/g. XfF IS 1 DPC & i PIC B, B
e H Itk it Lo 1 2 1, B8 DPC 5 IS
AR RBP4y TR, T Bk DPC H
NS B S B R B B T . B
LIk T AR B8 o R ), R DPC AITIS 1Y
YRR 2 e 1 : 1 et

n/ (mL - g™



杨超


I, 25 < AR S S 1L B

IR S TR T 41

18 I I I |
0.98 1.00 1.02 1.04 1.06

DPC / ISyl 2 L
B2 JBURMEE LR B
2.4 WERIBJEIESmar AR 0 %0
TEAH ) Fi &~ 4.75 x 10™ mol /mol IS, JFUk}
fic kb DPC : I1S=1 : 1, fREFAFEIN T L &M% 42
AN %) 4 SR U BE R 7 SRR R RE BE IS e . 18] 3 4
SR EE T SRR RS BE A 46 SR RN R R
TRV figt 2 I [ A 1A SN, 2 B T v 22—
JE U B B R TR R TR R 2 S B
i MR, HIE 3 AT, Bl IR R R, s R AR
FhRE Sl L TR TR N R R R AT 245 CREPE
FHEETT0R TR, HL™ S i 6 B8 AR AL AR K, 250 °C 7™ i
R, 260°Cr i D & R B ucA . T, Bl ds 3

B 245°C,

34 -

— 32 _\_

o

5 30

£

T 28

=
26 . . . I i )
230 235 240 245 250 255 260

HE /C

P 3 AR S A B R RO S
2.5 FREANFRFEEIE £ M0
TEAH 1Y JT &4 4.75 x 10 mol /mol IS, 5k}
Bkt DPC : IS=1 : 1,45 JiRE 245°C, (fFEH [R]
() T 25 425 B TR R ek 7 Sl R P 8 B R R i
K4 jﬂ?)ﬁ%ﬁkr jjxffﬂnnfmﬁﬁr“ AT

‘DD L
J
= 30} \

\.
25

0.02 0.03 0.04 0.05 0.06
J&43 / MPa
Bl 4 TR %= S eetE g

m & 4 A UL, JE /724 0.03 MPa iiF, 7= 9 i 4k
FHERCK,IAF) 34.61 mL /g, JE yad iy, K JCEE

PR, FHCR G 0 THERSE, o0 TR

JE 13 i%, Ik DPC & — 4505 , i it 2
FERENS . BT ER J1 2k 0.03 MPa,
2.6 5 SPEAEag R AE

PIC 7= & (1 FTIR 3 a1 5 fFon . HA7 A
DL 4R A 06 3492 em' S —OH 4 45 41 W Wi i
1749 em™ HFRIE C=0 UM%, 1261 ecm™' —
0—C—O MWL I, 2879 ecm ' F12979 cm™ kb Xt
/& C—H F1I—CH, eIl , 5 PC ipnifEE A
Xt ) w e PR PIC,

4000 3500 3000 2500 2000 1500 1000 500
PE/ em-!
&5 PIC K1 FTIR 714l

PIC /= ih TG w5 BN 6 s . WKl 6 AT L
A, PIC i AT I B ( T /2 351°C, FE 2R
5%, 10% Fl1 50% XTI /Y 3 B 43 91 2 335,345,
371.5C,
100
80 |
60 |
40 |
20

Fl AR/ %

O100 260 360 400 500
R / C
& 6 PIC FEELEY TG %
PIC j7 /i1 GPC ZrMr R il 7 fros. MKl 7
ATLLVE Y, PIC 7= SIS i 12219, I+
1= 26226, éHi A 2,15,

1.0
0.8 |
0.6 |
04 |

dw / dlogMy,

02 |

0.0 . . . . )
25 30 35 40 45 50 55

logMy,
&7 PIC B i A B 03 ]
R2 PICHRMATFERSTENHIBH

B M, M, M,/ M,
A4 PIC 12219 26226 2.15
GE =/ 10500 23600 2.25



杨超


42 TREIERL

2016 4F 55 44 45,55 5 1

5% [H GE /A 7 () BPA-PC Y2 1 43 i I )
350°C e A7 M AR T A I PIC 77 i (Y RS A
JEEREAAH 2, UL R Rl 4 R 5 B PIC 7= i BT S
BPA-PC A AR E k. Hi3 2 AT LUE Y, 6 il
AR AT WL PIC 72 3 TR A LAy T3 i 5 GE
7 A U 25, 9 HL PIC LR BRPR, JiT LA S5 1L 34
Fist ] LU A 5 R B R IR ™ i o
3 i

(1) TEAH J2 IS F1 DPC %% fil s 52 4 1 A b 5+
LU TR SRR TR T 1Y) R PR A7)

(2) LA TEAH 1 fit 1k 7, it 16 7 ] &
4.75x 10" mol /mol 511 ALME , 45 2R LI 245°C
RIET14 0.03 MPa BRI AT Al #2452
o 34.61 mL/ g SrIB B R SRBRIRTR , I R AT

(3) PIC /™ i BRI 7018 12219, 70§ HE 704
2,15, SMEREE R 351°C, e M R AT

& % ok

[11 Kamps J H, OP Zoom B, Jansen B, et al. Isosorbide-based
polycarbonates, method of making, and articles foemed
thereform:US,0160422A1[P].2011-06-30.

[2] Mostafazadeh A K, Rahimpour M R, Shariati A. Vapor-liquid
equilibria of water+triethylene glycol(teg) and water+TEG+toluene
at 85 kPa[J]. Journal of Chemical & Engineering Data, 2009,
54:876-881.

[3] Feng Jun, Zhuo Renxi, Zhang Xianzheng. Construction of
functional aliphatic polycarbonates for biomedical applications[J].
Prog Polym Sci,2012,37(2):211-236.

[4] Pokharkar V, Sivaram S. Poly(alkylene carbonate)s by the

carbonate interchange reaction of aliphatic diols with dimethyl

(3]

(6]

(7]

(8]

[9]

[10]

carbonate:synthesis and characterization[J]. Polymer, 1995,36
(25):4851-4854.
A . S 1L B R R RR IR R A A A AT S [D]. bt o
FEIRREBER 2, 2013,
Li Qian. Study on the synthesis and modification of poly(isosorbide
carbonate)[D]. Beijing:China University Academy of Sciences,
2013.
Bart A J, Noordover E A. Chemistey, functionlity, and coating
performance of biobased copolycarbonates from 1,4:3,
6—dianhydrohexitols[J]. Journal of Applied Polymer Science,2011,
121:1451-1456.
BAZE . WUy A S SRR IR 1) [ A 45 2R L 2O0E5T (D). Lt < AR 2R
LT RA#,2010.
Zhao Jun. Study on solid state condensation polymerization process
of bisphenol A polycarbonate[D]. Shanghai:East China University
of Science and Technology,2010.
WTZE . REYHEERIES A [M]. Jbat Rl H AR,
2008.
Yang Wantai. Characterization and testing of polymer materials[M].
Beijing:China Light Industry Press, 2008.
TR DX A SEBRBRFRTIR IR AE (). 5 BTG Be i,
2002,15(3):305-308.
Yin Jungiao. Characterization of commercial bisphenol A based
polycarbonate[J]. Journal of Xinyang Normal University, 2002, 15
(3):305-308.
FHIRES, DEIRIBE, 2238, 25 . RBRIRER O IT 0 (0] " T4
RHREE 5 TR, 2003,19(3) : 164-165.
Du Zhenxia, Rao Guoying, Nan Ailing, et al. Thermal behavior of
polycarbonate[J]. Polymer Materials Science& Engineering,2003,
19(3):164-165.

(L#EE3IBT)

Zhang Ning. Study on mechanical properties of PVC synergistic
toughened with CPE / CaCOs[J]. Plastics Science and Technology,
2012,40(2):40-44.

[6] KT, 383 MAH-SBS FIZIK CaCO; & At PC-ABS MR
k1. AR, 2014,31(3):591-596.

Zhang Ning, Guo Qiang. PC-ABS blending materials with MAH—
SBS and nano-CaCO; compound modification[J]. Acta Materiae
Compositae Sinica,2014,31(3):591-596.

[71 Kemal I, Whittle A, Yurford R, et al. Toughening of unmodified
polyvinyl chloride through the addition of nano-particulate calcium
carbonate[J]. Polymer,2009,50(16):4 066—4 079.

[8] Kemal I, Whittle A, Yurford R, et al. Toughening of unmodified
polyvinyl chloride through the addition of nanoparticulate calcium

carbonate and titanatc coupling agent[J]. Journal of Applied Polymer

[9]

[10]

[11]

Science,2013,127(3):2339-2353.
KT, . PR BRI ISR Y 590K CaCO, BRI B SR I R
g / UG — T 296 - RO =Y 4G 4 D). w0k
Bl 5 THE,2014,30(5):81-86.
Zhang Ning, Guo Qiang. Synergistic effect of acrylic resin and
nano-caco, on polycarbonate / acrylonitrile-butadiene-styrene
copolymer alloy[J]. Polymer Materials Science & Engineering,
2014,30(5):81-86.
Panasyuk G P, Azarova L A, Khaddaj M, et al. Preparation and
properties of sodium, potassium, magnesium, calcium, and
aluminum terephthalates[J]. Rganic Materials,2003,39 (12):1292—
1297.
Hayakawa T, Hirayama S , Ohno J, et al. Computational approach
for calcium complex formation of aromatic carboxylic acid

monomers[J]. Nano Biomedicine,2011,3 (1):200-207.


杨超




