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Transesterification Polymerization Technology of Polybutylene Succinate
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Abstract : Biodegradable polybutylene succinate (PBS) was synthesized by direct esterification reaction from 1,4-butanediol

and succinic acid and transesterification reaction from 1,4-butanediol and dimethyl succinate. The difference and similarities of the

two polymerization technologies were compared from the aspects of catalyst content, polymerization temperature and polymerization

rate. The structures and properties of the two PBS resins were analyzed by GPC,'H NMR, FTIR and thermal analysis. The results

indicated that the structures and properties of the two PBS resins were similar. Comparing with the direct esterification reaction, the

polymerization temperature of transesterification reaction was lower and the polymerization rate was faster. Meanwhile, the relative

molecular weight of PBS resin synthesized by transesterification reaction was higher and the color of the resin was whiter. From

polymerization perspective, the transesterification reaction had certain advantages.

Keywords : polybutylene succinate ; transesterification ; direct esterification ; 1,4-butanediol titanate

1 TR R R T O T AT EY
AT (B S B4 5 R M) TR A, T AR e ™
WAFREERE T SRR JF R A BTS2 )
R A A DEEBHIT L S S BB R
20 fiE22 90 AR, —Fh USRI I —J0hR . — ool
Sy A2 EJEORL AR FRE T AR R T SR R —— R T
M2 T —ME(PBS ) 52 4= A= W K At A1 R F 5245 21
RIS T GG YRR e R L , PBS
PERR A S~ REDIE ST, o s ARy, et Ay ek
T EE AT 100°C 0 A 56 A W R R R 7
R A UMEBES T SR T A U AT
2 BT, A5 5 PR A 5 AT Rp 2 A JR f s 1) 2L

X T PBS, — MR H e AL IE & 1, 9 HL
A2 B SR I R AT 1 — 5 B Y T
WAL= . EF AT T 5 —RE T L —

g Y R T R ES(DMS ) 1,4 T
fi( BDO ) i 25 RS % PBS B4R , [5] Bh 76 AH ]
AR R T OFSE T BRI G L PBS B T.20, &
oy Hr T IR T2 G PBS WAR I PEREZE 57 -
SRR 5 EH IR ER AL A LA, PR A B vk I TR |
A 2R B I T B AR AT, R g s E) 40, 4 1 T PBS
PR3 =, PBS BARIIBI L 2 FLF €,
1 SKIREBSY
1.1 &R
DMS. T — fR(SA),BDO : T %, 4 &
>99%, [E 254 b2 A BR A w5
X F R R ( PTSA ). TiCl, VA5 R Tek 2
fist . AR %, 45> 99%, [8 25 S A Ak~ 15 A
FRAF],
TEFR N SRR, 11, B TR, B A PR RS
Wk H A - 2012-06-05




44 TR

2012 4F 55 40 4,55 8 #i

1.2 ZE2MNELHEE

EE B % 0% ( GPC ) % : HLC-8320 &, H A<
Tosoh A H) ;

2R A (DSC AL Q10 Y, SE[E TA A H];

PLE (TG ) 1L Q50 B, SE[H TA 375

ST AR 2T A 63 ( FTIR ) 4Y: Nicolet Nexus
AL, 6 EJE m AR A

e 1 3 R % TE(NMR ) {3 : AZ400 5, i +-
Bruker A F -
1.3 & R7*

(1) HEARRD 1,4- T gk ang

TETIRA N, B — 7 1Y TiCL, 218
A FN R ZUEPE R TE K BDO HY, 25888 b s A KRG
FUHH, VT S v o 0, FR S P 5 min, 38 A T
AL HEE B UUE, 6 pH B8 P, 57 1k iE A
FULEE 30 min J5, 2EE, BR AR, XTSI
WA TI R 2508 A5 2 1 B A, S B EA T oE e
T4, 155 1,4- T Bk AL 7).

(2)PBS HIE L

Fie 58 $ ik T8 R AE — VBRI P 647, TmA
— 5 W11 (19 DMS F1 BDO, J7] B il A JBE 2K 43 B0 R
0.05%~ 0.5% F{) 1,4- T B 5K A1 0.05% ~ 0.5% i
PTSA. B 5GHFATMARE e, (RUES N AE N, 4 F
AT, I VIR EE B AL TR 160°C, S s [E]
2~6 ho Y HIEEAR VRN FRHE A, 457 1k T4 3R
o 4 RAE A — [ g o rh kAT, AR &R i 4 0t s )
GE2 FEAIRE] 100 Pa A4, SO I BB T T 28 220
C, NBIE R 2 ~ 6 ho 1EEL N 2R R R
KO BCHEBL G, DU FEH A I S s, 455 1
k. RRREGE A — & s O = s it 85
P AT S A B e R A O Y lerh, 78
F B TR B A DT0E , 280 DB DTTE A5 21 =
Yo ¥r=LE SOCH B MR T 7 T8 20 8 he

BB P4 B AL = DUR IR R 24T,
A —E LA (K SA F1 BDO, [R] B A BE 7K 43 %5 Ky
0.05%~ 0.5% f4 1,4- T W4k, IV 7E N, 4 [l
AT IEE R N E B A E I 170°C, KO R
3~6 ho YK AN FEIG AT, 452 11 45 2R
FN o 46 BRAE R — B g AT, I A BE SR 50k
0.05%~ 0.5% [ PTSA , {4 5 B 46 %5 . 1 22 M2 FEAIK
#] 100 Pa Zo Ay, S I il BE 2 2 240°C, )2 ]
B R 3~ 6 ho 4N A AR R 26 1S KO th #e
PG AU A L T A5k, 7R

1) )i A B 5 v 5 RS I AR TR
1.4 Rgemix

PBS B Jig AT 407 A0 52 < 3 shAH R = &
e, i N 1.0 mL / min, A4 40°C, KRS
PR R E N 1.5 mg/mL.

PBS B g i) 45 af e ml i B ( T, ) ANl 5 Ak A
WREECT,) A : N, S5, BA 20°C / min (9 7HR

2 40°C A5, FELL 20°C / min A THESE SR THE

PBS B l§ TG 43 #r: 25 K W%~ 50 mL/min,
TR EE TS N % R 2 450°C, THEHE 2K 20°C / min,
10 F B SRE S ) T AR AL

PBS #fig FTIR 437 : $AE I

PBS B ig NMR 5341 : #5512 CDCl,, P4 H B fik
Bt RN o
2 GHR5ITE
201 MBALH) 1,4- T B4k %k

AR Gk [ 13 1, AN S BR A8 e 1k i 2 4 AL
AR 3 U N LI, TR AE R A RN &0
(IR T 4 S PR A TR A 2] i 5 A s 1 R
FEEAEBRL IR A T, BT SA T DAL R iR A
1AL, 76 15145 R B B FOM AR 1,4- T WSk,
AR IR 46 R B, T SA R IEARE £S5
JVE, ANRE PR AL R A8 1Y BT 1R , R F A Y
PTSA. [MifEERACHIERA T, AR A HIHIINA
PTSA, USRS TR . &R MR dE
B RN HEEN— A EZREER, B R 1,4- T
T A N Y 4 R I SR A S

M LA AR 1,4 T AR Y
Pl R G 7 1 i 52 W ARARL, A ) 149 52 1 BsF 1) P i
1, 4- T T EEEK FH AR A3IN , 10145 58 B0 A 3 i
P, NI R A ER K, 2 1,4- T R0 BE /R
ER 0.05% ~ 0.10% B, 5 & R I AR 3 e K
fHo 4 1,4- T R EE IR 7350 0.05% 35 £
0.10% B, A BESE IR B &, e HAE B AEmRfb b
T A B S o 2 I e A ) e s B A 7 AR
T3 MR — e Tl TR A SEPR 2856, A A 7] FH o 22
LbSEgs a0, ISR 25 T e X 2R, S AL
1,4 T R B EE IR 3R 0.05%
2.2 RAEIEEMH

B3R B L AR 1,4- T 80 PBS
WA B 3R A B A B I AL RICR, L E R A T
SHFEH R EE IR G3H0M 0.05% 19 1,4- T sk



SRR RSO R T M T AR A T 45

0 50 100 150 200 250
t/ min

(a)

0 56 160 130 260 250
t / min
(b)
1,4- T ZEBRIGEE /R 7340 1—0.0125% 5
2—0.025% ; 3—0.05% ; 4—0.1%
a—iRASH:  b—ELIERRIL:
P 1,4 T el e 400 SR S S 1
VE A AR, XoF TR A2 4 v R L2 R Al ok P v 1 2530
ITHAL
(1) AT F ]
RERNEE RS TZEZF AP REEN—
AHEZR, HHOCR BN Tl AE 7= R REAE LA S5 2 1 [
ERGE, R A TWMERSE T LM &M & PBS
BB H 1 3 - B A A, LK
F1 BHREIZNRAREMNER PBS RiE
HEHS FEMREILE

4 T4 TBRE WERA 4RI 4Rt e i
5Ot /¢ [H/h JE/C [E/h 0 ATHE f

1 EEscHk 160 25 220 3.5
2 fREcHL 160 2.5 240 3.0
3 ERACHE 170 25 240 3.0
4 HPEMRE 160 4.0 220 4.0
5 HEEERfEE: 170 3.0 230 35 135.0x10° IR
6 HIEERfkE: 170 3.0 240 3.5 170.6 x 10° k¥

FIFH RS 4 i PBS FAS 09 SR o,
JRE SA Shy AR F s, I 5 BDO #F4T HA%
i A 52 I BT 5 8 90 2R 3k B 55 T DMS il BDO 1 T
S N TR IR o A B R IL I M 9], B T
B 1 T e, TSR ] 45 5 I A SRR 1 T
o AR R e (R S B A T T X
T ) BN B 18 15 S 7 ) 1 B e, S B ¢
PBS BRI B (AR 2% . R A H ik th LA JSI A IUAE

180.5x10°  FL14
185.0x10° F.M
170.0 x 10° ¥R
121.0x10° LA

FH2% 1 AT, TR A8 400 0k e AR 1 R I 2 1 1 R IR
160°C , 45 BRI EE 220°C 5 B HMR AL 72 0 T B Ry
170°C, 47 R IEE 240°C . HLETPIRN R G T 20077 5
Gy E R R A i A 6 B B AT
BRI, HLER A4y i B S oy I B AL, , TR Aof
(B AEXT A 30 o SIS X LT LA R B, TR AC 46
0 S 2 A SRR AN g st T B A K S Tl ik
K ¥ EARRAIH
(2)REHE
REBEERMPFRES T ML —1E
B, BEANRE RS AP R AR
MR 4E A B A A A L, B A SN AR 18 o AW
JEBR R = RNy T e SON A T PR B B
R RS N, 2y 3 = B T i 0 IR R A Ak
FIRRCR . B2 ZPFER A T2 R B B N
R L, SLge TP AR 1,4- T ZREERAYEE
IRGIE 0.05% , iR 22 s ) B G EE R 160°C, .
PERRAL R AR N 170°C, iE 2 AT LIE H,
FEARR S LR 8], P 2SR 3R 6 B e T B
Ak o R TR AS R  Y BR TR BE L LR TR A AR
10°C, Rt FHAR R A3 B, 25 BRI 25T K
401
35+ 1
30 | 2
4o 25 ¢
20 +
1.5 L
1.0

0 SIO l(I)O 1;0 2(I)0 ZgO
¢/ min
| TRk s 2— B HEmR Tk IA
2 PIFNERG L2 T TR S

RS R S N e S I A v T B e S
L i SN T3 2 R Dt 7/ AN e v Vi
TEIBh 1 HEAGT RS MRS — IR,
DR B SSE A AN EA T, B AR A% 0 2o TV o
R/ NGy A S B R R R AR ) B A
%, T ERAC vk (1 45 B ot ] o B mR f ik i, 18
W FCER A R PR . IS PR O 7 T 5 4 1 5 B PBS
WARII RS T2, B8/ N5 W, mife B4k
P AL 12 BRI 0/ N3 K, F B AG RAR
AL/ INT R, AT S AR 28 P B 5 1 0k
2.3 PBS K5 ay 5 M felt b

Xt P SRS T2 A 9 PBS B AR AT 1 BE



46 TREIERL

2012 4F 55 40 4,55 8 #i

W, 5 AR 20 fFR 2 WAL, IR AL (TR RS i
TR E T80 908 17.1 x 10° F1 18.1 x 10%, 43
FRAMAAE 1.9 24, ZEAK, WFRETZ
1521/ PBS MR T,, T, #RAEH . TG 43k
W1, Wifh PBS MR AR 8 PEARARGS , 1% Ay B AR

1E 290°C LA I,
Fx2 WMWBEESIEZHER PBS WK NIKER
i H AR fif e 4k
E T 17.1 x 10* 18.1 x 10*
AR il 1.92 1.86
T,/ C -32.7 -31.9
T,/ C 114.2 113.9
TG R / C 292 (1% 2K ), 290 (1% 2T ),

330 (5% k)
1716 em™ (C=0,s),

327 (5% %K)
1716 cm™ (C=0,s),

A
FTIR 53 1163 cm™ (C—O, m) 1163 em™ (C—O, m)

171 (4H,m), 1.71 (4H,m),
2.63 (4H,s),

2.63 (4H,s),
412 (4H,m) 4.12 (4H, m)
'"H NMR 4 . o ? i B s LG
X (RS VA i vty S

1.62 (m, —OH),
3.67[m, — ( CH,),OH],
3.93(m, —OCH,)

M 2 AT LIE 1, 76 'H NMR 43#rH, ikl PBS
WiE FE et A e AR, 7E 1.71,2.63 F1 4.12
frEA 3 AT AR AR W PR PBS B A
MRS O LA 5 1T DL & B B AR 1 T
WU, T SRS 7 1 13 (RTS8 0, X R
A it 5 P W %) 22 1) 5 | 1, (2 3k S M A 0 iy s o
TEARAG, ARXEAESRSEA TN . il 3 FTIR 434, P
PBS A4 i 114 W T 15 J32 45— 3, 43 BIAE 1716 em™
F 1163 em™ A5 50 Z1 0 W s 06, 43 ) 4 3 3 32 il
SRR B, 73 ANECR Y DMS Al SA BAFAE T i
ARSI 2%

Wk AR s AT, PR RS B PBS RAR
A FEAAHF 1) 7312548, =R REAE R, 7T LAw)
AW E I AN T BB Y PBS B4 I A9 FL T Pk fiE 2 A
I
3 #ig

53500 FH BB R AL T PR A # vk B L LA 8 4
YA PBS R, ML &R R A
RA BRI T MMRE T 2N RF, I8

1.62 (m, —OH),
3.67[m, — ( CH,),0H]

EMNESEERZHRETE AR ZINE
H AT, &5 MO A 2 R A 77 11 1559 15 3 20 JTHMGC100S
PR T A F S BRI o0 PE100 2055 #4
L R S GOAGIE .
A P2 B THMGC1008S 72 i il [ 5 5 BINIE,

i GPC, FTIR, NMR K HAPERE M T T P Bl PBS

NeZEHgPERE. 25 R R, IR RS Or k4 2 1)

PBS W 7EAS  FIMERE BIEA —5, 5 R

FH EE TR A 0 25 00 2R 5 T B8 BT, SR 5 AR B AR [

I PBS BN A AR X 734 B e, B B, A

REMBEUL R T2 HA —E .

5 % X ik

[1] Kim M N, Lee AR, Yoon S J , et al. Biodegradation of poly
(3-hydroxybutyrate ), Sky-Green and Mater-Bi by fungi isolated
from soils[ J |. Eur Polym J,2000,36 (8):1677-1685.

[2] Okada M. Chemical syntheses of biodegradable polymers [ J ].
Prog Polym Sci,2002,27 (1) :87-133.

[3] SPEARURAEIRIIHE, 55— P2 Wl Befd e SR g K HC ) 2 77
5 W E, CN1861660A [ P ].2006-11-15.

(4] XU, UM, WEE, % (T ZRT 2/ T RO 3L
RPE RRERE [V ] TARMUELT, 2004,32 (4) : 14-16.

(5] Z5, o, Bl fer , 45 2R T R T BEBRIG IR RHAY 4
7] TARR A, 2011,39 (9) : 13-15.

[6] Montaudo G, Rizzarelli P. Synthesis and enzymatic degradation
of aliphatic copolyesters [ J ]. Polymer Degradation and Stability,
2000,70 (2):305-314.

(7] EEFRZE, SR AP R T IR T I M LR
I BRI E R [0 ). 237141, 2011 (4) £ 99-109.

[8] LeeSM, ChoD W, Park W H, et al. Novel silk / poly ( butylenes
succinate ) biocomposites : the effect of short fiber content on their
mechanical and thermal properties [J]. Comp Sci Techno, 2005,
65 (3-4) : 647-657.

(9] miW], EFHIF, 3888, % . PBS JLAE W MM A R BT ke [ 1]
B P, 2004 (5):51-55.

[10] Fujimaki T. Processability and properties of aliphatic polyesters,
‘BIONOLLE’, synthesized by polycondensation reaction [ J .
Polymer Degradation and Stability, 1998,59 (1-3):209-214.

[11] Nikolic M S, Djonlagic J. Synthesis and characterization of
biodegradable poly( butylene succinate-co-butylenefumarate )s[ J |
Polymer Degradation and Stability,2001,74 (2 ) : 263 —270.

(12] FHE, b, W2 R, % . Rkl s S s [0 ). 4
ARITRAA2 A HERBIR, 2004,30 (6) : 657-660.

[13] Fradet A, Marechal E. Kinetics and mechanisms of
polyesterifications. I. reactions of diols with diacids [ J |. Adv

Polym Sci, 1982,43 (7):51-96.

PR RS = B AT R TR R D B e A EmIER S
J# PEL00 ZUE AR Sibnifl, B4 T EERRE N T ) b 5e 4
FI4XESEF7 . 35 Mo 1R 7= 9 THMGC100S 7= i B EL 7 75
P =¥ < | R =Y N o ES N o L O R TR
SRR, (PR )





