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2.16 kg) M, =1.41 x 10° , Z5p 804550 M_/M_(PDI) =3.3) W F 554 £ b0\ 7] BHE 2,45 (PS, Polyrex®
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0)2,6- 8T B4 IR (BHT) H4A R B 1,2, 4-= 8 AR b, M6 E K 150 C, i3k
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FIA RS A R (T, (B aRIRBE (T,) th DSC il , N, 40, HA R BB E 25 ~200 C, 43 R T
- - — TR = A4, THE AR 25 10 °C/min, 55— THE S 200 CHERE 5 min, A4
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Fig.1 GPC curves for the PE-Br and PE-g-PS

#&1 PE-Br 1 PEg-PS 3 FEMSHBL

Table 1 Summary of the molecular characteristics of PE-Br and PE-g-PS copolymers

Run Time/h 1073 M, g PDI St content('H NMR) Branch density” 10 ~3 Relative molecular
! n(St)/% w(St)/% mass of branch length
PE-Br — 73.5 1.82 — — — —
4 74.8 1.84 3.1 10.7 54 0.34
2 6 80.5 1.94 9.6 28.2 54 1.09
3 8 82.2 1.95 13.4 36.6 54 1.59

a. The average number of branch chain per 10000 backbone carbon atoms.

2.2 PE-g-PS WL IERE R H RIASHRIE

2 25 T F5E PE-Br FE AL R Y) PE-g-PS [¥) DSC U £k, AHR 1 DSC SR Z5 4R 2 s
Mk 2 s, 56 Y THR 2 b, PE-Br F PE-g-PS #5578 117 ~ 119 CZ[H], X EKH],PS R 5| AJf
VoA L4 PE-Br 943 557 A B8 S0, SCHRFP A 28U SR o AT 7E4S i 2 rp, PS 37
FEREHERAE b i a5 2 50 JE AR e PE SRRy 5E e . PE-Br BOJA RIS 4 132. 1 J/g, 45| A PS X 5E)E
PE-g-PS JARFEAH L T PE-Br G TFEAK, JF H, BEE PS HEACE AN, PE-g-PS By AlE 5 R AT
P, FEL L HERSERY T B F5E PE AREAE A, IR ATWRAE S T 3CBE PS 5| AN 4% PE 454
JERIEER . 24 PE 58445 S RIE BOE hy 293 1/g ), TR 45 /R EH], PE-g-PS Hh PE #3 5 PE-Br 26
A ZE T 2B R 45% fidy (2 2) o XL PS SCEER G| AT XT PE (45 & BE 7= AE 52, 1 HL Bl %
KEE )25 4L PE (45 S WA R KRS o3 — 5 T, B it 2k 7R PE-Br A1 PE-g-PS (145 i i 5 78
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Fig.2 DSC curves of PE-Br and PE-g-PS copolymers from cooling curves(A) and the second heating curves(B)

%2 PE-Br #1 PE-g-PS {) DSC S8 24
Table 2 Summary of DSC parameters of PE-Br and PE-g-PS copolymers

Sample w(St)/%" T/C T./C AHY, e/ (Jog™') AH, pp/(Jeg™h) Xg/%
PE-Br 0 104.8 117.9 132.1 132.1 45.1
PE-g-PS, 3, 10.7 103.8 119.0 118.4 132.5 45.2
PE-g-PS, g, 28.2 103.9 117.5 97.8 136.3 46.5
PE-g-PS, s, 36.6 102.6 117.9 87.2 131.3 44.8

a. PS mass content in PE-g-PS; b. measured by DSC(T,, and AH

m, whole

d. the crystallinity based on PE fraction, Xy = (AH,, pp/293) x100% .

from the second heating run) ; c. AHm'PE =AH

m, whole

/PE content;
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IR Y W SR A, I B, G S AR R BE 5 v, W R KRR B4R R o LA PE-g-PS, o0, 1], 45
ISR 73RO 1. 0% 4 ANE] 5. 0% , Wi i Ay 113% Mg Il 371% . i 3= S 2 hy 5 DR b 38 5 L K
IO RO BN . SR, 24 PE-g-PS, 5 BN INBT 204000 1. 0% H1 2. 5% I, 8 2 3R ) s T
“IeIRY) LLDPE/PS (IR 2L 1AM . 2 e AR A B r B iR 22 5. 0% i, R B H T o
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m(LLDPE) :m(PS) =70:30 JLIRY) MW RAE . X R IHE AT & A PE-g-PS v PS SZHER X T
SR AR PG s AR R . i3 3 AT L, — 50 m(LLDPE ) :m (PS) =70:30 JLiE 4y /s ARAR 4 1L fif
SREZ (6.7 MPa) , iX T PS J3HIUAHS LLDPE JL A i S RS B ( SOR AR AR ) o IS A5 )5, 3t
R A i 5 2 5 4R = (2904 m (LLDPE) : m(PS) =70:30 IRPH (5 A Wi ) , 3 U1 PR~ S 1 A
BOF A3 3 o (o A P ) e IRA T O L B S et 3 AR IR S20 . —J0 m (LLDPE ) :m(PS) =70:30 IR
Yy I A EE 2 7. 3 MPa, iR T4f LLDPE ()5 iR5% B2 (H 9. 3 MPa, MiIANG 50 )5, SR YR B =Y
JiE M55 5 (474 12 MPa) | 32 PR 388 2050 5 1 St e £ R I 3 380 o 36 3 a1 PE-g-PS AR X
SR YA IR0 o T OSBRI i B P R A 1 (BRI ) | 5 S A
RARAR, EEM T INRY 1 REREMA L. 540 LLDPE A EC, MIPE PSRRI 45
LLDPE/PSICHR M L K 2 B i 17 AR 5

12
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P14 m(LLDPE):m(PS) =70:30 LR LAKINA PE-g-PS, 3 (A) \PE-g-PS, o, (B) Hil PE-g-PS, 5, () Hi %5
Ja SETR AL A - AR 2

Fig.4 Siress-strain curves of m( LLDPE) : m(PS) =70:30 blends and its compatibilized blends containing PE-g-
PSy 3 (A), PE-g-PS, , (B), PE-g-PS, 4, (C) compatibilizers

a.m(LLDPE) :m(PS) =70:30; b. m( LLDPE):m(PS): m(PE-g-PS) =70:30:1.0; c. m( LLDPE):m(PS):m( PE-g-PS) = 70:
30:2.5; d. m(LLDPE):m(PS):m(PE-g-PS) =70:30:5.0

%3 LLDPE.m(LLDPE):m(PS) =70:30 FI3E 5 /5 HiR¥WE S F HERERT LE
Table 3 Comparison of mechanical properties of LLDPE, m(LLDPE) :m(PS) =70:30

blend and its compatibilized blends

Sample Young's Yield Tensile Elongation

modulus/MPa strength/MPa strength/MPa at break/%

LLDPE 101.4 £1.5 9.3+0.01 22.6+0.4 1480 +12
m(LLDPE) :m(PS) =70:30 206.3 +3.7 7.3+0.1 6.7+0.1 112 +8
m(LLDPE) : m(PS):m(PE-g-PS; 35, ) =70:30:1.0 212.1+2.7 n.m.* 11.8 0.3 37 x1
m(LLDPE) : m(PS):m(PE-g-PS; 35, ) =70:30:2.5 222.0+0.9 n.m.“ 11.5+0.3 63 2
m(LLDPE) :m(PS):m(PE-g-PS; 3, ) =70:30:5.0 229.1+3.9 n.m.“ 10.4 0.2 170 =5
m(LLDPE) :m(PS):m(PE-g-PS; ) =70:30:1.0 157.8 £3.0 n.m.* 10.5 +0.5 113 +4
m(LLDPE) :m(PS):m(PE-g-PS; ) =70:30:2.5 199.2 £0.5 n.m.* 12.9+0.1 312 2
m(LLDPE):m(PS):m( PE-g-PS, 4, ) =70:30:5.0 199.5 +0. 1 11.5+0.2 13.9+0.3 371 +6
m(LLDPE) :m(PS):m(PE-g-PS, 5, ) =70:30:1.0 160.3 +0.2 n.m.“ 11.0+0.4 114+ 6
m(LLDPE) :m(PS):m(PE-g-PS, 5, ) =70:30:2.5 203.5+0.3 11.5+0.2 12.7 0.1 313 +8
m(LLDPE) :m(PS):m(PE-g-PS, 5, ) =70:30:5.0 206.4 +0.6 11.6 £0.4 14.0+0.5 378 +2

a. Yield point was not evident.

2.4 PS Z{EKEXT LLDPE/PS iR % 81T 4 KIS0
FERTH TAE, BA1 B PE-¢-PS X LLDPE/PS LR W) A& i AT Ay ) 52 i i 2R T 3L TR 19 4l
(FIZSE5H) I RGE I TG AAE AN LLDPE/PS IR Wy (% 25 i — 25 A0 AR HIX R W) & 047 R i 52
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uﬁl[lﬂ o SR, FATHAIE T B —HE 2550 ( PE-g-PS 5 B0 PE-g-PS, 5, ) BN X A H0AT N FE 00, 1%
A RGN FUAEH ST A IS AR RIS, PE-g-PS w PS 26 BEAR AR SR A AT M AR T o PRI, 1
BETAE R, LA PE-g-PS, 5y, PE-g-PS, s 11 S 38 25 501, 0 2% 4 O % 8 iR 2 108 °C, CO, M Al K )
13.3 MPa, {0 FIRFE] 4 h, REMHFFE T PS SCHEKEEXT LLDPE/PS SHEY SEIE AR . WA 12
LA (] SA) W] LI INAME 2550) PE-g-PS, 5, )5 , 3R m (LLDPE) :m (PS) :m(PE-g-PS 3, ) =
70:30:1. 0 KB RAFHRIARE ST o SRT, 7RI AL ARAE T WL ALESHe v A 2 DIl BRAR R 9 2B
npe SA R B B o X FHEAINIRY) m (LLDPE) :m(PS) :m(PE-g-PS, 3,,) =50:50: 1. 0, i {LIEH
IR BRAE A B A2 — (18] 5B LR RIIE B /iR ) o YA PS SCHE IR BEH K Y4 2550) PE-g-PS, 5, )5, Ul
5D f/R ,m(LLDPE) :m(PS) :m(PE-g-PS, 5, ) =70:30:1. 0 (LI B AAHIE R 192, WAL A 5E
SR SR B, FAE, m (LLDPE) :m (PS) : m (PE-g-PS, 5,) =50:50: 1.0 FBLH R BL L
(ESE)

K5 m(LLDPE):m(PS) =70:30.50:50,80:20 3B H i A PE-g-PS, 5, (A,B,C) \PE-g-PS, &, (D,E,F) J5 1
HALIE SR SEM 7 J¢

Fig.5 SEM images of foamed m( LLDPE) :m(PS):m(PE-g-PS, ,,, ) =70:30:1.0(A), m(LLDPE):m(PS):m(PE-
2-PS, 1) =50:50:1.0(B) , m(LLDPE): m(PS):m( PE-g-PS, 1) =80:20:1.0(C), m(LLDPE): m(PS):m( PE-
g-PS, ) =70:30:1.0(D), m(LLDPE) :m(PS):m(PE-g-PS, 5, ) =50:50:1.0(£) and m(LLDPE):m(PS):
m(PE-g-PS, 5, ) =80:20:1.0( F) samples

HACRYI AN L [ E I, A SCEER B R B3 45500, PS 0 BN R 22 A B/ B H B (484
FRCR . BN, £ m(LLDPE) :m(PS) =70:30 HFfil A 725 PE-g-PS, 5, J5 , R HE W7 3% i A2 15 5 -
B ARRARAFAETIT AL AR ) PS AL LA L8 VF MTHIFE AL (18] 6A4) , A PE-g-PS, 50, Ji5 5 BT
FAFHE, M IES, H PSR RSP AR/ R F 0 A3 2] JERE T ERIE (1 6B) o X R, AIX T PE-
&-PSy sui, A PE-g-PS, o, J WAIFH S 1H1KG B B 5, 396 78 A0CR B 9 AT i) 45 SR T T P, 749 A 5 1 Ak ¢
Dy A%, FE PR s g i) CO, PR i) ST AR SR A o o T R RS AN KU AR 1) 23 BEORDAE 5 ] 6] 4% T T AR
R T U S T AR B CO, B 22 [ i i 48 DX 3l g S5 TS B 05 IR 2 5, 7L ORI AK A A v, B i
SR RS LR I3 45 Dy A EL A3 8 R B A “ 4 B TR 30 . AL, A PE-g-PS, s, Ji5 W AH S TR,
B TIAR 5% ALK R R R AL R RS A S0 B S A B - AU IR B 55— i, 2
A PE-g-PS, sy Ja , R A IR Y PS I3 BIRRL T R o0 A iR AN 2 23 CARR B PSSR RS RL 5
BRIERLTIHAT) | St Rt oA B i S B A% 5 23 A AN B 20 0 R T o it B AL RS 20 A o AR AN
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6 m(LLDPE):m(PS):m(PE-g-PS,,,) =70:30:1.0(A)F1 m(LLDPE) :m(PS):m(PE-g-PS, s, ) =70:30:
1.0(B) A& 1A 5 1 SEM Jif Iy w55 14
Fig. 6 SEM images of unfoamed m( LLDPE):m(PS):m(PE-g-PS; ;,, ) =70:30:1.0(A) and m(LLDPE):m(PS):
m(PE-g-PS, 5, ) =70:30:1.0(B) samples

Py5), ik SA B o ARG, HIMA PE-g-PS, s Ji , R AU AICTRY) 0 AR T IR ARG T BOE (215
By BlAL ) ELAEREUR b 3 Ai 32 DR AR DR et A v o A 0 T 35 5 ) A% i 20 A S I8 20, 0 L ¥ L
RSP FARR L 39 2, WA 5D rzs o AT A @A dh m (LLDPE) : m (PS) : m (PE-g-PS, 3, ) =
70:30:1. 05 m(LLDPE) :m(PS) :m(PE-g-PS, 5, ) =70:30:1. 0 FHPU S ki (THEF) J50 2E47 1 20 1, 4 3
PSRk 2 g (R R 20PN R) D 24 b)) 2 phUs IR0 7 BT R X T m (LLDPE) -

m(PS):m(PE-g-PS, 5, ) =70:30:1. 0 Z0FF i, %11 J5 0 FL A5 #4 ) B 0 MG 5 5 AT S, A
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Fig.7 SEM images of the etched morphology of foamed m( LLDPE) : m(PS) :m(PE-g-PS 5, ) =70:30:1.0(A) and
m(LLDPE) :m(PS):m(PE-g-PS, 5, ) =70:30:1.0(B) samples
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Fig.8 SEM images of foamed m( LLDPE) :m(PS):m(PE-g-PS; ,,, ) =70:30:1.0(A) , m(LLDPE) :m(PS):m(PE-
g-PS, 1) =80:20:1.0(B) , m(LLDPE):m(PS):m(PE-g-PS, 5, ) =70:30:1.0(C), m(LLDPE): m(PS): m( PE-
g-PS, 5. ) =80:20:1.0(D) samples
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Influence of Polyethylene-g-polystyrene on the
Mechanical Properties and Foaming Behavior of Linear
Low Density Polyethylene/Polystyrene Blends

ZHANG Guangchun®”, QIU Jian", XING Haiping** , TANG Tao""
(“State Key Laboratory of Polymer Physics and Chemistry ,Changchun Institute of
Applied Chemistry , Chinese Academy of Sciences , Changchun 130022 , China
" University of Chinese Academy of Sciences , Beijing 100049 , China )

Abstract Polyethylene-g-polystyrene ( PE-g-PS) copolymers, which were synthesized by the combination of
ring-opening metathesis polymerization ( ROMP ), hydrogenation and atom transfer radical polymerization
(ATRP) method, were utilized to compatibilize linear low density polyethylene/polystyrene ( LLDPE/PS)
blends. Using the LLDPE/PS blend in mass ratio of 70:30 as example, the effect of introduction of PE-g-PS
on the mechanical properties was investigated. Compared to binary blends, elongation at break, tensile
strength and yield strength are improved when the PE-g-PS is introduced. Utilizing PE-g-PS; ,,, (the subscript
0. 34k represents a relative molecular mass of PS is 340) and PE-g-PS, ,, as compatibilizers, the influence of
PS branch length on foaming behavior of LLDPE/PS blends was investigated in a batch foaming process with
superecritical carbon dioxide as physical foaming agent. Compared to the case containing PE-g-PS; ;. , the
cellular structure of the foamed blends becomes much more uniform and no large gap appeares with the
addition of PE-g-PS, ;. When the foaming temperature is lowered to 80 “C, confined effect of LLDPE solid
around exists, much more uniform cellular structure also appears as PE-g-PS, &, is introduced.

Keywords linear low density polyethylene/polystyrene blends; compatibilizer ; mechanical properties ; batch

foaming ; branch length
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