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INE B (HBPs) VE R &2 A9 8 71, 32 i) B0t i 70 4K
4 1.0% , J#77 HMDI F1 HBPs (1958 Bt LA, 3 347 fi
IR B 5 Bt PET #4797 8% 4% 26, HMDL/
HBPs & ik Z %} PET EEH AP 5580 | BES 2
B 5k PET AU E M, 24 HMDI/HBPs & Bt L £
J 3/2 5}, PET-HMDI/HBPs [ RlHE 50 FRrE %L
oy T PR B K 4 5 R AR B T AR K b g
Tt AR T PET 760 T3 A8 v s 280 PR X i) ) 25t

1 SKIRFEBSY
1.1 ERS5{EE

PET: 5 CR-8863 %1264 0.812 dL/g, iy
BRI B oA 20 mmol/kg , FEIE R (H M) A RA
A BRI ERES . S HA-252,NCO & &K 16.3% ~
24.0% , J7 HEA0 A 4R B A A BR 2 ) 5 S A B S A
i J8-5 Hyper E102, %% 4 700 Pa-s, i DU 32 {L
BERHE A BR A A Br s 7 . 168, 18 1 R A R R

1y TeK . R T AR AR A A B ]

OB ML . STZS-10B , 2 73 Fi 1 512 56 A 2% 2
A RPN . SZS-20 , iDL K MY SE IR AN A5 | 5 45
PRI B R AL . MTM200 , 331 = RSB 7 B A7
PR A 22 Y Pyris 1, 6 FEFAGIRZA R
N 3 JiERE 28 X . Physica MCR301 , 5 [ 22 4 A 23
F) ;LT REIR IO AL . WDT-10 , IR T SL s WL A B
NG
1.2 PET-HMDL HBPs %%

14 PET JrURhifE A7 B2 64 28 DA BR SRRt v iy
Ky, o B A AR B4 R 120 °CL 12 h, #R IR
Tab.1 ¥ 0.1% HTEF] 168 52 MK FE(Y PET Rk}
FErRA . ¥ HDMI 5 HBPs 4 (1) I 2 /0 SR 5 1
1.0% , W77 79 25 A [R) %) 52 TE b 147 s g 5 1, 44 31
PET-HMDI/HBPs, Hrp 5% AL B E 70 515
pEREEE 190 T, B4 BE 230 °C, R BE 250 T, L
3k 260 C .,

Tab.1 Formulation design of chain-extending PET samples

Sample m(PET)/g m(HMDI) /g m(HBPs)/g m( Antioxidant 168) /g

PET 1000 0 0 1
PET-HMDI 1000 0 10 1
PET-HMDL/HBPs( 1/4) 1000 2 8 1
PET-HMDI/HBPs(2/3) 1000 4 6 1
PET-HMDI/HBPs(3/2) 1000 6 4 1
PET-HMDI/HBPs(4/1) 1000 8 2 1
PET-HBPs 1000 10 0 1

note: PET, polyethylene terephthalate; HDMI, hexamethylene diisocyanate; HBPs, hyperbranched epoxy resin

1.3 M5SR4
1.3.1 JE4RR 3h ik ol X IR [ AR GB/T 3682—

2000, %} PET-HMDI/HBPs 47 % 4 i 50 3 R 3
MRS IR 260 C |, 87 2160 g,

1.3.2 BB S FEHH .25 CHIEREE
HiXt PET-HMDI/HBPs #1745 B 50 2535 70 1
W SR -1,1,2- =R R A HER (m (K
1) :m( =& kE)=2:3)

1.3.3 1 F b o7 IRBRME 1SO 527—1 X} PET-
HMDI/HBPs # 17 i fift P GE M ik, $ {3 485 50
mm/min , WHFE L S 4, OIS,

1.3.4 Z27a#H 2 H 54 AN N,, L 20 T/min
M 30 CH-RZ 280 C, 1HE 1 min AHERIATT 5 ;)5
LA 5 °C/min B3 ZFREZR 30 C, LS C/min THEE
280 T,

1.3.5 I AR AT R HIE RS it AR SO A it 4
ASPEREHEATIFSE . TE 265 °C, % H/INIE IR % 55 YA
3, MR A 0.1~ 100 rad/s,,

2 FERETS
2.1 PET-HMDI/HBPs RIS shik B4
Tab.2 & PET-HMDI/HBPs 4 % 1k i o i %
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(MER) FEVERE([n]) B TR (M) K
SREEECHE . M Tab.2 AT LR A E LR R T
HMDI Hy3i1, PET-HMDIL/HBPs P4 1514 7 2 3 2R 3%
W REAIG, Jei PR 80 B SR T T, 88 0 S R A i
WEIIE KA S, 24 HMDI 5 HBPs {95 2 bl
3/2 I} ,MFR 4 60.12 ¢/10 min, [ n] 4 1.45dL/g, M,
h 48279, i 3 JE 7 ik 82.10 MPa, 4 HMDI 5
HBPs i He ol 1/4,2/3 F14/1 I AR sh s R

i, R AT e S PET 54K 2y 7 4% 8 VE i %%
/N, 52 PET 15 A 78 48 15 (8] Py AR DR 1) 3 38 i
24 HMDI 5 HBPs ¥ i 5 ol 3/2 B, KA o R
TF%IIIEEEE%(,M“ [ n] &3] T 81 BT, F—
R 2k HMDI 1 HBPs J W 5 1y )5, PET 97 4%

B . PET-HMDI/HBPs (1 43 T i 25 W 4%~
-G , LA L M, [ 0] BB i 15

2T HRT,

Tab. 2 Melt mass-flow rate, intrinsic viscosity and viscosity average molecular weight of PET-HMDI/HBPs

Sample MFR/(g+ (10 min) ") [n]/(dL-g™) Mn Tensile strength/MPa

PET 80.00 0.80 23370 55.00+2.75
PET-HMDI 70.56 0.83 24443 59.21+£2.96
PET-HMDI/HBPs( 1/4) 65.65 0.91 27347 65.32+3.26
PET-HMDI/HBPs(2/3) 64.52 0.93 28082 66.90+3.34
PET-HMDI/HBPs(3/2) 60.12 1.45 48279 82.10+4.10
PET-HMDI/HBPs(4/1) 63.45 1.21 38716 80.14+4.00
PET-HBPs 70.21 0.83 24443 58.99+2.94

2.2 PET-HMDI/HBPs W45 BISRIT A ST
KAWL RIS T R TR B 1) 57 45
HEZVIN X ZK, Fig.1(a) fl(b) N PET-HMDL/
HBPs % il it 2 F4h a4, Tab.3 S 4l PET Al
PET-HMDI/HBPs 7E7 fl Fl1 1 32 F v X6 N R R AiE
{H., M Fig.1(a) "] LA 1, PET 7£ 248.5 C 2247 1
T A E I 7E 203.3 °C T IR G, G 0g o E RS
4 46.59 /g, FtiZE HMDI Hl HBPs A, 28 2 I
¥ i By PET-HMDI/HBPs () % fill it 28 76 250 °C Al

(2)

PET

>

w_/\

' PET-HMDI/HBPs(1/4) //\\

. PET—HMD]/HBPSQBM

PET-HMDI/HBPs(4/1) _/\

PET-HBPs ///\
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Fig. 1

240 THHUT A H B AN, B HMDI L3 &
PET-HMDI/HBPs (1% fill e 4 Yk 12 ¥ 1) {15 I 7 1) 7%
g, L4 KW, £ HDMI f1 HBPs ¥ 552
J& ,PET 4 T4 M R R 2 B IR 8 B T AN [ 56 36
PRI T RSSHY , I k& g T

& HDML/HBPs %) Jii & 43 %00 1.0% , 2 28
HMDI Al HBPs /) L], %t PET #4750 7 55 H 9 4
MHIZE Fig.1(b) ] L& 3, PET-HMDI/HBPs 145
rhlé e HMDL/HBPs Ft Hb 675 £k 1T 328 31 1) 2 I8 7

(b)
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(a) Melting and (b) crystallization curves of PET-HMDI/HBPs with different formulations
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Tab.3 Melting and Crystallization curve characteristic results of PET-HMDI/HBPs

Sample T,,/C T,,/C T./C AH,/(J-g™") X./%

PET 248.5 203.3 46.59 33.25
PET-HMDI 243.4 193.6 35.22 25.14
PET-HMDI/HBPs( 1/4) 243.6 249.4 194.2 39.94 28.54
PET-HMDI/HBPs(2/3) 240.9 248.6 196.7 39.62 28.32
PET-HMDI/HBPs(3/2) 241.0 248.6 201.2 40.73 29.10
PET-HMDI/HBPs(4/1) 2415 248.4 201.8 38.63 27.58
PET-HBPs 238.5 247.1 204.8 36.93 26.40

note:7,, and T,

crystallinity

s,
2.3 PET-HMDL/HBPs By 2t E 47

I AR 4 AT LA bR i RE A 1 S B AR AR 1 1Y
AR EE , S AR /N T I AN AR E (y, ) B, R AW
RIS AL AT R, 2 I A i 2o 1l 5y AR B
REVIERB I MG TR, M Fig.2(a) Al %1, PET
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R RO AT AR I A, LA RE AR & E LY
R 1% ~10% WA B3l By PET Uk fiff AE
RN, HAER AR 60% J& FF4h B0 B i A
R, PRI AT A ok 7 A8 S ] 0.1% ~ 60% Hf PET Jiigk
PIRbF L IX , Fig.2(b) .78 T PET,PET-HDMI FlI
PET-HMDI/HBPs ( 1/4 ) 75300 A% Vi [ N 19 i e A
i, 5 PET JFUBHIE & #2300, If 550 A8 {8 ¥ 7E 60% Fff
it ; PET-HMDI/HBPs ( 2/3) , PET-HMDI/HBPs ( 3/

are the melting peak temperatures; 7, is the crystallization peak temperature; AH,, is the melting enthalpy; X, is the

2) Fll PET-HMDI/HBPs (4/1) 7€ 32 7 45 315 ] 4 A9
BB ¢ PET JEURE B 2 b T, LI 0 0 A8 (6
5k 60% ,70% F1 60% , K& PET-HMDI/HBPs &
PRIAL TR X BB AR R 10%

4 T #i%: PET-HMDIL/HBPs 75 3z i 72 h 2 fig
Fase W HHEAT TR AN 10% FMR N 5 rad/s, £
22900 s HUFa]F998 . Fig.3 o PET J50RHS AN ) &2 i
TR R Y 5=y i [ SR, B Fig.3 (a) AT,
Biti & DS (] SE 4 | PET 5 1A A9 453 R A5 i T &2 50 %8k
JE TG AR, B RERLEEAE 200 s J5 TR T %, T %
R EANEA S 33X B R ORI B = T PET A%
S KRR 2 PET B BV# B4, 8 2 I3k
IRRAE N, SUE T, i T PET JEIARTEA A5
TR PR RE A , DRI, BB ASE o R A 08 i AR
A fERERTE N R Fig.3(b) R, &
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Fig. 2 (a) Relationship between strain amplitude and complex viscosity (1" ), storage modulus (G’) and loss modulus (G”) of PET; (b)

relationship between strain amplitude and storage modulus of PET-HMDI/HBPs



$s5 SLHV-45 L 5 SRR U [RDEE ST AR I B X SRR — R 2 — RS RZ5 1 S YRR RS2 M) 49
(a) (b)
10000f ——PET
1000 —— —e—PET-HDMI
2 —— —4—PET-HDMI/HBPs(1/4)
“ oG ——PET-HDMI/HBPs(2/3)
& - oo 1000¢ —<—PET-HDMI/HBPs(3/2)
= < ——PET-HDMI/HBPs(4/1)
% 100k o —o—PET-HBPS
. — T e S
ig 100
)
- 10F A A PP
g 10} £= e
b | — — e a P a T S Sa ® RV
] 1 ] 1 1
100 1000 100 1000
t/s t/s
Fig. 3 (a) Relationship between scan time and 7~ , G’ and G” of PET; (b) relationship between scan time and storage modulus of PET-
HMDL/HBPs
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Fig. 4 (a) G’, (b) G" and (c¢) " of PET-HMDL/HBPs
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Effects of Hexamethylene Diisocyanate Coordinated Hyperbranched Epoxy Resin
Chain Extension on the Structure and Properties of Polyethylene Terephthalate

Yanping Xia', Zichen Bai', Haogiang Zhu', Zhaolin Chen', Runmiao Yang', Jingjing Yang', Zheng Cao’
(1. School of Chemistry and Chemical Engineering, the Jiangsu Key Laboratory of
Clean Energy Storage and Conversion, Jiangsu University of Technology, Changzhou 213001, China;
2. Jiangsu Key Laboratory of Environmentally Friendly Polymeric Materials,
School of Materials Science and Engineering, Changzhou University, Changzhou 213164, China)

ABSTRACT: A combination of hexamethylene diisocyanate (HMDI) and hyperbranched epoxy resin (HBPs) was
used as composite chain extender and reacted with polyethylene terephthalate (PET) through reactive extrusion to
achieve hyperbranched chain extension of PET, obtaining PET-HMDI/HBPs. The properties of PET-HMDI/HBPs
were studied by differential scanning calorimetry, rotational rheometers, melt flow index testing, and universal
testing machine. The experimental results show that when the HMDI/HBPs mass ratio is 3/2, the melt flow index
of PET-HMDI/HBPs is 60.12 g/10 min, the intrinsic viscosity is 1.45 dL/g, the viscosity-average molecular
weight is 48279, the tensile strength is 82.10 MPa, and the crystallinity reaches as high as 29.10%. The storage
modulus, loss modulus, and complex viscosity of HMDI/HBPs/PET are significantly improved, broadening the
scope of recycling and processing applications for PET materials.
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