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Y0 T R T B e AL TR ) e K S E R R
IS TR AR U ey ™ 2R G AR R B A A RS ]

21506 (FTIR) | Nicolette460 2T 41 % X,
WA (BEY) ,KBr JE A ik (7)) ;12
IR T, @ =0. 37 mm, 1835 AU, |- 1 {5k B X
R4 PR ) B g L PR ("H-NMR 1 C-NMR, 300
Hz) , Bruker300/Instrum av 300 #% #% 1%, CDCl, &
W), TMS S s s A 35 (GC) , GC-14B <A
@R BEE 2 3 (3% (GPC) , Waters 515 Pump,
Waters 2410 Refractive Index Detector, i & K &=
e, ¥ 7 O O IR T 5 22 78 9 i R (DSC)
TA Q20 ZE71 4 f FAAX, TA 22 W] 5 i SO AH (3%
i ( HPLC ), Waters 2695 Pump, Waters 2998
Photodiode Array Detector.
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oK SBE MU B, 2 I 100+ 22 7 i 5 AR
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mol/L) & W P /K i 45 BN WA I T HEFE 3 hy
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1.2.2 W B M &
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o AT DTE , IR S K S B ER Y AE 80 °C A4
THEZTH6 h.

1.4 $ERENE

W4 F A% GB/T 163293, 3 F N 72 K 0. 37
mm 1) 1835 5 [QZF FE 11, DA = G Be S i 1, K
IR BE (25 £0.05) °C.
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y = (3) B 1R PVP B In A NS Ti0,-Si0, &1 Ti
Moamig (0 FL T A5 A E AT T R Y, DT R v LA AR B A

Horr,m (g) 29 B 52 P A2 il 08 26 5 8 T 6 5 gy
(g) 4 DPC S84 2 I AR A0 45 9 1Y 5 . 4 SR B
Be, IR PERE 2 m ] (dL/g) SR VA0 4 16 57 9 35
AI\E'

Table 1  Activities of different catalysts

Catalysts Yield of phenol (% ) [n] (dL/g)
None — —
TSP 93 1.12
Sio, 91.5 0.15
TiO, 69.7 0.31
PVP 68.2 0.14

Ti0,—Si0, 73.9 0.12

* Little;” None precipitator in ethanol ; nyp * ny 4pp =17 1; catalyst

dosage: 0.15 wt% ; Polycondensation pressure; < 300 Pa;

Polycondensation time: 2 h

M1 1 A0, 41 B TSP i 4k 5 19 41 43 Sio, |
TiO, .PVP il Ti0,-Si0, X} 1,4-T —F 5k — 4
Tl 5 ol 7 52 46 1 4% PBC B ELAG 3% ¥, {H )2 TSP (%
TV B, o B 2 ] TSP i Ak I i T A3 PBC
(R A B T L e AR R X B TSP 7E
i 52 8 1 455 3R B B IS AT AR 4 04 35 1, L 4 3B B B
ST A R R Ak R A L R R R
% TR TG B 3R 400 55 0k T — S TG o ik, X T TG e
f14) R 28 B SR U, I3 LU S A ARG o R i
DR D SR a1 =3 AR 5 1 T
EWT Bk R 2K G 5 4 A B A B A AR R S L AR
SR, T LABRIR KR 5 1,4-T B g sS4 b Bt
& BB T SR E A A 1R S AR R ) 46 B
T 2 TR A B B SR 4 )R B T S Rk
S 254 e B L 4 B B B AER. T TSP 1 TiO,
T, B LT 45 A BE X T T R 45 3R S Y SR
Ak B, X 5 3C#k[6,13 ] O¢ F AR Tio,
Ti,, i) L 25 & Ak , 78 Ti0,-Si0, 1 ( 3Lk TS4)
459.4 eV 7£ TSP Ht ( SCHik ol TSP-44)458 eV | i
RE A% 4 o o4 R IE ME  45 8 — B
2.2 EAFIMRLE

B &1 AT, PVP A RRAE A AT AR 3 (1653
em ") 7E TSP A (i X5 0 X B & A2 T I R 1 5 RS
I = PE [ PVP B N 5 Tio, P Ay Ti Ay B 1R
R 5 B L 2 A] AT AR S 56 A A AR XRD ] (
2) 53k [ 13 ] i iE By TiO,-Si0, 3R —8, 15
H TSP Wy TiO, 2 AB kA i IE A7 7, 45 &

RISV, JE— D EIE T4 1 i45iE.
PVP

TSP
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Fig. 1 FTIR spectra of TSP and PVP
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Fig. 2 XRD spectrum of TSP
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WOy HA FORFEARAS A FA 280 Wk, 1
S R IN  E G B TR BE A 1R A B4R 4 b
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Fig. 3 Effect of temperature on yield of phenol
Nppe My 4pp = 17 15 Catalyst dosage: 0.15 wt% ; N,

protection; Reaction time: 2 h; Pressure: standard

atmosphere
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Fig. 4 FTIR spectra of prepolymerization fractions at

different temperatures
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Fig. 5 FTIR spectra of prepolymerization reaction liquids

at different temperatures
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Fig. 6 Effect of time on vyield of phenol in

prepolymerization step
Nppet Ny 4pp = 1 1; Catalyst dosage: 0.15 wt% ; N,

protection; Pressure: standard atmosphere; Temperature;

220 C
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Fig. 7 Effect of molar ratios of DPC to 1,4-BD on yield of
phenol in prepolymerization stage

Catalyst dosage: 0. 15 wt% ; N, protection; Reaction time:

2 hj; Pressure:standard atmosphere; Temperature; 220 °C
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Fig. 8 Effect of catalyst dosage on yield of phenol in

prepolymerization stage
nppet g 4pp = 15 15 N, protection; Reaction time: 2 h;

Pressure : standard atmosphere ; Temperature: 220 °C
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Fig. 9 Effect of ratios of DPC to 1,4-BD on [ 5] of PBC
2 h; 300 Pa;

Time Polymerization pressure: <

Polymerization temperature: 220 °C ; Catalyst dosage: 0. 15

wt%
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R, RN 220 C 38 B i KAE 2 R E
Kt 3 16 5 -PBC R A - AR L T
23 fi 245 2R 1 R M R O P IR, B L 220 C
Shy T EL ) 46 BT
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5 038
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Fig. 10  Effect of polymerization temperature on [ 5] of
PBC

Time: 2 h; Polymerization pressure: < 300 Pa; npp.:

ny 4pp =115 Catalyst dosage: 0. 15 wt%
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R R T 0. 15 wie W), HRe PR 268 s 0 [
I B TR R A A SR AS AU TE 1) B A A AR AR
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Fig. 11 Effect of catalyst dosage on [ 7] of PBC
Polymerization time: 2 h; Polymerization pressure; < 300 Pa;

Nppe’ 1y 4pp =17 1; Polymerization temperature:; 220 C
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Fig. 12 FTIR spectrum of PBC
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Fig. 13 'H-NMR spectrum of PBC
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Fig. 14 "C-NMR spectrum of PBC
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=1742 em ™' (), BRIRBE Y 0 o = 1247 em ™' JEEHE N 0.03 wi% , 5B E 50T, 4547 C-
() BRERIRM vy ¢ =1029 em ™' (s). H L2 E NMR B HAG 2 2 R G B Ry 634 I, Mg 3 1 &5
BE T HED , 45 RS E 1R A4l PBCIST 254100 wt% . ) i HPLC % PBC rft % ) 5% B3

K13 AT LB H,8 =4. 13 Fl 1.74 43 5 %) AT TN, 45 50 5. 26 wi% , BB %} PBC
B E4E I FI 4L F—0C(0) OCH,—#1 0C(0)- AR 5% B R A R A TR TSR v b 20 g o
OCH,CH,—, KW It A /1, 58g R Facz e AR
MIAF,6=7.13,7.15 R 2E 30 il B4 &7 GRS A0, PBC IS5 R BRI (W

i I —O0COO0C Hy sy L ;6 = 3. 64 Fl 1. 57 [ff & 15).

AT TGV LI 4 IR 43 BIGE R B9 HOCH, — 1 o©

HOCH,CH,— 2 Fli 5 B 47 76 3 e 011 7 Bk i 2> 0:< on

DL FICHR A £ AT 2R3 19 H 5—0C(0)- x HZ({
OCH,—F1 OC(0) OCH,CH,— I H [l L (i i} S \/CHZ
BALF] PBC [ E A (DP) 250y 634 (BRAE IR IL) CH, e,

o 1268 (BUAE AL ) . o

T 14 07 0, % B 6 = 155,076 HC {JKO/E'Z\C/&C/O 0
67. 176 F1 25. 056 43519 4k I a.b Hl ¢ 5T H, Hy o
(RRAE I, = % & H o 1.000: 1. 8711 1. 876 ~
1:2:2, 4545 PBC () FTIR & 'H-NMR % & o] 1, 1
EHEAEA RIS K] 14 FT R B 4544

Fig. 15  Structure scheme of PBC

n: Polymerization degree of PBC

2.11 PBC Hj GPC X DSC FE4iE 3 éldzl:-io/l?
22 wAL TERAL ST L PBC B8y 43 1 }
M, 4,90 x 10°, T4 i M, 1.01 x10°, LL TSP S AL, SR JH e TR 52 46 Fl HL 25 4

ST (PDD) Jy 2,07, T,y -32.32 C. RW AL, DRI R TR S 1,4-T BN AR
GEAE 3 T B A Y 634 Siesyy sy MRER S G L PBC Y i A b A B B O T
TR R B R A 422 Wk ity BRISONR AR BRI DY 2 b, B R R
HY BRI A ). 220 ~230 C (N, f&4) 45 BRI K 220 C, 45 K
FE 71 <300 Pa, fE Ak K 0. 15% 5 f b & F
TLPBC MR ER B ([n]) K 112 dl/g, M,y
49000, M, % 101000, PDI g 2.07, T, K
~32.32 B4R N 6.2 x 107 mol/g; 4
2.12 PBCHHBEESERFHEB=ENE 4 'H-NMR \FTIR \DSC J% 3 35 5& £ 1iF %048, fr &

MR 1.5 5 3t 32 JE 0 52 7 vk, % i A Y ALK PBC 2 i L & ol 0,02 wi% |, i 56 3 &
PBC #F 47 o 56 0 %2 , 3 YR BT 496 45 31 o 5L 5 B4 0.03 wt% , BEE 3L & JLF R 100 wi% (1 B

Table 2 Properties of PBC

Sample M, M, PDI T, (C)

PBC 4.90 x 10* 1.01 x10° 2.07 -32.32

B (pou) N 6.2 107" mol/g (£ 0.02% ), HE— 4 70 s i i B B TR 1 . 12400 A SR R Vs ), 3 ot 9
AP UE W s B B 5 AT RIS AT R A R 7 90 RS T 0 25 1) 3 e H e T LS B 7 i B

Zidr PBCTH-NMR PR TPSRREEIRAL IR0 i il o LR LT BEAS 52 4 Il g, J2t—
FPBCH SR Jy - S A 5 0. 02 wie S K e w4 5 G RERL T A T
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Synthesis of Poly ( butylene carbonate) by Melt Transesterification of
Diphenyl Carbonate and 1 ,4-Butanediol

Feng Liu""’, Xian-gui Yang' ?, Jian-guo Li’, Shao-ying Liu''?,
Jie Yao''?, Tong Chen"*, Gong-ying Wang' *"
(' Chengdu Institute of Organic Chemisiry, Chinese Academy of Sciences , * Chengdu Organic Chemicals Co. , Lid. , Chengdu 610041)
(* University of Chinese Academy of Sciences , Beijing 100049 )

Abstract The synthesis of poly (1,4-butylene carbonate) ( PBC) catalyzed by Ti0,-SiO, ( PVP-gel ) was
studied wvia a two-step melt transesterification of diphenyl carbonate and 1,4-butanediol. After pre-
polymerization of diphenyl carbonate and 1,4-butanediol in the standard atmosphere ,the vacuum condensation
reaction was operated. The PBC was characterized by IR, NMR, GPC and DSC. The experimental results
showed that the optimum conditions of the reaction were as follows: the reaction time and reaction temperature
were 2 h and 220 ~230 C (N, protection ) ,respectively,in the standard atmosphere pre-polymerization step.
The reaction time ,reaction pressure and the catalyst dosage were 2 h, < 300 Pa and 0. 15 wt% , respectively,
in the vacuum condensation step. The properties of the PBC prepared in optimum conditions , were as follows :
[n]was 1. 12 dL/g, the M, was 49000, the M was 101000, the polydispersity index was 2.07,the T, was
—32.32 °C,the terminal hydroxyl content was 6.2 x 10 " mol/g and the residue of the phenol was 5.26
wt% . The polymerization degree of PBC can be controlled by the evaporation rate and yield of phenol under the
technological conditions. And the phenol by-product was recycled almost completely.

Keywords Diphenyl carbonate, Poly(1,4-butylene carbonate), Melt-transesterification, 1,4-Butanediol
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