mr M EREE S TR

40555 12 4 Vol.40, No.12
2024412 POLYMER MATERIALS SCIENCE AND ENGINEERING Dec. 2024

http://pmse.scu.edu.cn

SUWRT BT BRI SR R E R

E A, KB, HEREY, BFR KR, THE

CLOWHTE TR 912U ARSI L HROR E 52 H )7 B AR 88 5, WL BiJH 31001852, WL ARG ZUBOR QI 0, WL 282% 3120000

FE:ATHEERT T 8585 (PBS) VA M Ar 2 dh P A8, P IR =88 . 5 R WEE A L ALH Rk ABEE-28 R
EART —ZPIRE LK AR 69 L ALPBS. A A Lot bik sk £ T AaRE A4 (DSC) . BB 6
# (GPC) i £ 2B (POM) Fe £ 20 8 R EANEF | H KT AH M X Aaifm 2 st RO A 5T HE R
AR T AR vh . DSCA» GPC 24748 XA B, A AR i # 20 £ T & 89 L PBS 89483 5~ F M= ¥ K T &
A PBS 25 EILF AR L, 44 114 °C; POM 45 B & 9, ZALF] 6940 N4 1K T PBS 89 45 5 & A db 4 R T i 45 3k %
WA EmERTMLEREY, LN PBS 64548 & 3918 T X A PBS, ™ X /L PBS #4945 sk 4439 & T4 A PBS, 4 £
PR = 6938 A 38 K LA PBS A9 EIRA% A XA PBS A 3 K18 K 693 & IR IRE 0 AR & T 1353%(0.3% A =
BE)F2205.9%(0.2% F R WEL) . HF 545 % A IACAG NG 34 B BS 09 T K An e 4R 4R AR 0 o A B T A e

KA SR T SR T SRR SO AR RE 5 A A
FESES: XERFRIRAS : A X E S 1000-7555(2024) 12-000

TR BRI P BRI R T 2 A
ST, BN N AR TR AL S D A R4 NAT T
SRATE A B[R] BT, 7 o 17 7™ EE A A 7 % ] R
I, T AR W R A v 43— ) R R R R B R e 52 381 o
o AR T AR RILR (PLA RO =
FR-X K —HER T —FEHs (PBAT) VR T R T %
fig (PBS) . % & N fis (PCL) « % 1% 2 W 14 fig (PPC)
s Hp T TR T EEAE (PBS) RS R
EE PR AR M T A 52 T, A /0, 2R A 5 A5 A3
BAT WM R=Y Bl THAERRSM, 5
T IE R D1/ AR AR, B PBS 8% B R
B RZRIME, S S, I T R 2, Rtk
Ak [ N A6 JL T 3% A8 7R 28 4 408 B ik
TS, — MR U, mT DL 5 A X o Rk R
1 A WD AR BE B, AE B AR X R Y R
o HH I AA R 8 O vy R 2 A e A 22 55 1)

UV T R AR 431 o 2 28 R s M 7 ) e BB A

doi: 10.16865/j.cnki.1000-7555.2024.0227
Wik 1391 :2023-12-14

A ARSI B 458 1 1) PBS, FF A 45 FL 45 i M RE , Sl R AT
(1) 77 22 R J5 0 A 5 s S L 70 2 ¢ A3 2 P 1) o
B T FIAE S . Zhao 25BN Y B TV A T PBS, I
T 52 PBS AH LG, HARF 1 B A X o Tl E A
Bt . SR, TR 5k R wp , Bl AH X 20 1 o 17
Perm, IR IO, M MR AR 25 . 5 A AT
T PBS M HILRER(T R T 8- T RN =
B 1) 1) 2H R AN A 3L B L (VR A R I 2L SR %
PERERIARAT A . BRILZ Ah, 7E PBS H 5] N 305 2
o HVE BB 57 — 2% 4%, Vandesteene 55 VT H = £
3L R 5 (TMP) 3 S R R 35 2% = R 45 J L Akh S 4 771
G LT — RYISCAGPBS, AT IR T B 1
T, FEBEAS 7 PBS (45 &, AN SZ AR A2k
RSEE W) ELAG B 5 1 4 o B AN AR X 23 7 i & H
e O JE B AR AR s R 2

NI, Ao I PL = AR I = (GL) ALY
B REFE 178 1% DU B2 (PER) A AL 7 L SR I B 1L -4 5

FE& I H WA BARGT SIBAR A LB T B 42 (CXZX2023019HD)
EIBER AN : T, RENEDRELF LA RH A 5 I LA 7L, E-mail: wxiuhua@126.com



2

T2 % — R 55246 PBS, WF 70 7 S AL 7 Rl 25 R0 s
I JEE VAR 4 7 & AR RE RS TR RR L
PSR E R 25 AT RIS . B A RGN
DUABEZR i sl I RE AR R Ao 5 v &5 A P R

2 [0 SO 735, SR SAK I 7 I SR G 1) O R R L FH 4
PESIG AR .

1 Ko
1.1 ER5EH

1,4-7 (1, 4-BDO) .1, 4- ] R (1, 4-SA)
IR — K8 (TPP) Ry DUS 25 : 40 b, ifg 3
MBI A IR A T s T3 =l oA 2k, bR
TAEARF A BRA ] 5 2= VU B = 43 B4l 7k He g I
12 R BR A & 5 AR 1E DU T fig (TBT) : 4 #r 46,
KT RE WA A PR A A o
1.2 HEEHlE

KB AL -46 530, 76 3 L i i R e B 48 P gk AT
BERMN. HRAERAGEZTMAEHER1:1.2
ff) SA F1 BDO (A i3 AL PBS I}, RIS\ 2 4675 GL
8¢ PER) , 7F 150~165 °C, #4721 2 h gk [ v

Tab. 1 Moles of monomers and basic parameters

Samples n(SA)/n(BDO) Branching agentx10°
PBS

0.1%GL 1000

0.2%GL 2000

0.3%GL 1:1.2 3000
0.05%PER 500
0.1%PER 1000
0.2%PER 2000

Pig Al o 5, I A7) TBT (B IR 23410 1.5%0)
AFEE TR TPP(0.4%0) , BEAT 4 5 I L » fR 471 240 °C
TEAT S 2 RN ST R4 10 T 2808 B 1 e (B I 4 1B R
Mo SCHTERE, I 7R A O B B K, AR
JE KPR FE S I EC 77 UL Tab. 1, IIN 1) 32 4k
T AT RS 7R B B AT SA I BE IR 40 4
1.3 MK 5FRAE
1.3.1 4§ 2ot B3 2r b ki 547 R AL EAEA
7] Nicolrt5700 A i B i AR 4 21 A e 1% A (FT-IRD , £
B A RS (ATRO B X R HEAT , A S e i Bl oAy

400~4000 cm™

1.3.2  #o#t #k /% ("H-NMR) % 47 : K F #ii -
BRUKER 2 #i] AVANCE-400MHz %Y #% fif 3t 4% i 1%
A, BUTRAR = 1 2 1R (CF,COOD) A&7, PU F L 1
FE(TMS) A AR

1.3.3 45 H AL - 4% 8 E FR GB/T 14190-2008 i3
ATRE SRR MR RN BRI . L 2Ry A Y 4 2 e 1) ol
B 101, B B 9 0.100 g, SF A 0.80 mm 2 [ &G
FEit.

1.3.4 HIA & &% 47 K 55 [F Waters A 7 PL-
GPC50 #t iz 5% A (GPC) . f# [ 7.5%300 mm
R IR ZE TR IN E 5 MG BE S 40 °C 5 LS HR
S EE VR, WA IE Y 1.0 mL/min.

1.3.5 £ 7432 #9547 K H i 1 Mettler-Toledo
A A [P DSCI Z 7R B # (DSCD , Fh-iff [ I 1
N10 °C/min, Z S iE A 50 mL/min, 7F 150 °CTEiE
3 min LAV B #4050 45 8 X=AHW AR, S
AH,—— 21 PBS 4% Rl W ks s AR, —— 41 PBS
3 H 4 dn i A R EGE 110 /g

1.3.6 1t M4 2 7 oK H 95 [H Linkam 2 7] [
THMS-600 # &5 i 't 2 5 85 (POMD o BL 100 °C/min
() T I 2R FE T3 150 °C, 4736, 5 min {4 5 58
S, SR 5 DA 80 °C/min F T8 2 s A 21 3115 5 iR
¥ . B 54 SI7E 2 min A5 min AT 40 IR, W 824506
g i R AR TS A AE KT AR

1.3.7 sk 0k A0 47 AR Y5 E KR GBT 3682.1-
2018 HRH IR M SRR 1 5t B9 3 18 28 (MFRO A
PAAR AL IR B3 2 (MVR) F 58 5 7 32E AT 005 - iR
IS IEE N 190 °C, g h 2.16 kg

1.3.8 EmE R T/

(DA YEBE M7 K H B 41 % i A2 (X (Rosand
RH7 Capillary Rheometer, £ [ NETZSCH) (1) 8] Y] 12
i) A S B AR AT . TS R R
8 A A AR AT B D AR A, R B
190 °C, BI )3 %y 500~8000 s, I EL 424 0.5 Al
1.0 mmo,

(2) A 53 B 0 5 - SR FH B 41 & I3 A2 A ) Haul-
Of f CH 4 ik B2 ) AR HL M kA i (R s A iR . W
A& 5 5 B 9 190 °C , Haul-off & H B 414 7L BLA%
A2 mm, ZAEE B 500 mm , WG FE GG ZE TR T N



(a)
PBS

2953 1719 i
4000 3000 2000 1000
o/em’!
(b) I T (b)
0.3%GL. : TR 02%PER | !
1 1 1 ! 1
l 1 |
! 1 1 |
: : ! |
1 | 1
1 | 1
I 1
| 1
! 1
1 I
: L'// 1267 :
! 74 ! |
2952 1719 71157 2952 1719
4000 3000 2000 1000 4000 3000 2000 1000
o/cm’ o/em’
Fig. 1 Infrared spectra of (a) PBS, (b) GL modified PBS and (¢) PER modified PBS
Tab. 2 Intrinsic viscosity and molecular weight distribution of samples
Samples [71(dL-g" Mnx10* Mwx10* PDI
PBS 1.59 4.1 7.4 1.81
0.1%GL 1.49 4.5 8.0 1.79
0.2%GL 1.45 53 9.3 1.75
0.3%GL 1.44 5.9 10.3 1.73
0.05%PER 1.48 4.8 8.5 1.76
0.1%PER 1.43 5.6 9.8 1.74
0.2%PER 1.40 6.3 10.9 1.73
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Fig. 2 (a) Chemical structure of the sample; 'H-NMR spectra of (b) PBS, (¢) GL modified PBS and (d) PER

modified PBS
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Fig. 4 DSC curves of samples: (a) and (b) second heating scans; (c) and (d) cooling scans

Tab. 3 Thermal parameters of the samples

Samples T./°C T./°C T,./°C AH/(T-g") AHJ(J-g") AH, /(T g") X%
PBS 1143 88.4 67.3 67.3 56.1 52 56.4
0.1%GL 114.2 89.1 66.7 64.9 55.7 5.1 543
0.2%GL 114.1 89.2 66.1 62.3 54.8 5.1 52.1
0.3%GL 113.9 89.2 65.2 60.9 54.1 5.0 50.7
0.05%PER 114.2 89.1 66.4 64.1 55.1 5.1 53.7
0.1%PER 114.1 89.3 65.4 61.7 544 5.1 51.5
0.2%PER 114.1 89.4 64.8 58.1 53.9 5.0 482

T. represents the melting point; T.. represents the cold crystallization temperature; 7. represents the hot crystallization temperature; AH,, represents
the enthalpy of melting; AH.. represents the enthalpy of thermal crystallization; AH,. represents cold crystallization enthalpy; X. represents

crystallinity
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Fig. 8 Sample melt strength curves: (a) PBSG;(b) PBSP
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Synthesis and Rheological Properties of Branched Poly(butylene succinate)

Can Wang', Mengru Zhang', Wangyang Xiao'?, Mengdie Liao', Xuzhen Zhang', Xiuhua Wang'
(1. National Engineering Lab of Textile Fiber Materials and Processing Technology, Zhengjiang Sci-Tech
University, Hangzhou 310018, China; 2. Zhejiang Provincial Innovation Center of Advanced Textile
Technology, Shaoxing 312000, China)

ABSTRACT: To modify the fluidity and crystallization properties of poly(butylene succinate) (PBS), glycerol and
pentaerythritol were selected as branching agent. A range of PBS polyesters with varying types and amounts of
branching agents were synthesized by direct esterification-polycondensation method. FT-IR, '"H-NMR, DSC, GPC,
and capillary rheology test were employed to investigate the impact of the type and quantity of branching agent on
the structure, molecular weight, thermal properties, rheological properties, and crystallization properties of the
materials. The results show that the relative molecular weight of branched PBS is higher than that of linear PBS,
but the melting point is almost constant, about 114 °C. POM results show that the addition of branching agent
decreases the crystallinity and grain size of PBS. The results of melt index rate and capillary rheometer show that
the intrinsic viscosity of branched PBS is lower than that of linear PBS, while the melt index of branched PBS is
higher than linear PBS, and it increases with the increase of branched dose. Compared with linear PBS, the melt
strength of branched PBS is increased by 135.3% (0.3% glycerol) and 205.9% (0.2% pentaerythritol), respectively.
The results of this study can lay a foundation for the development of branched aliphatic polyester and its
application in the field of fiber.

Keywords: branched poly(butanediol succinate); branching agent; rheological property; melt strength



