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Table 1 Characterization data of the polymer used in this study

Characterization Sample
data m-LLDPE HDPE1 HDPE2
Grade name Engage 8200 2200] 5200B
Supplier Dl:lPonl Dow DaQing Petro]eurfl YanShan Petmleu.m
Elastomers Chemical Co. , China Chemical Co. , China
MI (g/10min) 5.0 5.5 0.35
Density (g/m® ) 0.87 0.97 0. 96
M, x10* 9.05 3.52 4.43
M, x10° 1.97 2.27 4.55
PDI 2.17 6.44 10.27

L2 tFmisl&E

¥ m-LLDPE 5 HDPEI .HDPE2 )3 2 ff/R
M BTHEE A 53 IR A A PR (0. 1% Ry $i 4
7 168 F1 0. 1% 41 % 5 1010) J5 7 RC-90 #Y
Haake F 57 A8 (Y (5 [E Haake A H]) L #Ef 745 il
IR IR AR 190°C , 3 444 30 +/min , B[]
%7 10 min, HDPE/m-LLDPE L7474 % An . Bn
KPR (NF2 Prr).
Table 2
blends

Sample composition and notation of HDPE/m-LLDPE

Composition (wt% )

Sample number

HDPE1 HDPE2 m-LLDPE
A10 10 — 90
A30 30 — 70
A50 50 — 50
A70 70 — 30
A90 90 — 10
B10 — 10 90
B30 — 30 70
B50 — 50 50
B70 — 70 30
B90 — 90 10

1.3 ZhxmEai

PR IGREILIR Y TE R AR ST Fe il s B2
25 mm AYEESY , R ARES 4400-94 #3575 284 ( TA
Instrumengts Co. , USA) , {E-FATHUAC R 247
FE. SRR R 190°C , s AS A R AT 1 ir 8 114 47 R
JEFE R 1072 ~10° rad-s ™", W28 K5% , BI7E Lk
FiEREIZ M.
1.4 FE&EiRLZ & DSC 45+4f

IR W 1 Al S5 IR 45 AT R I NETZSCH
DSC 204 Phoenix 7R 2% 393 & $Y (#2[E Netzsch

ST BTG BURE 7 ~ 8 mg, ZEARAT T e
FEAAE 200°C1EH TR 5 min JH BRI 52, 4K 5 DA 10
K/min (i3I 3 R JEAT 4 2 - 20°C, 7E - 20°C
THIE 5 min, ZRJ5 L4 10 K/min B FHE#HZHIE
200°C , i SR FE i 45 A s R £&
1.5 ZFHRE& DSC 551

IRAR R M 5 IS5 AT R TA Q200 #!
RZEARE A (SEE TA 2AF]) U 6 ~7 mg,
B A BRI BRI T A7 B A T
Ui % 190°CH R 5 min , SR J5 P 5 28 45 2 1Y I B2
AT IR SS . FR4 ot I LAS , F5- 2L 10 K/min
(1) TR 5 ZE A o R S D

2 HR5H®

2.1 BERTITH

I H AR A HN W — AP R A W IR R A
GRS N R EAEE A 3 Mok, — 2K
FERGEE (n") BURTEOAH G REZRG BE (n') HOXTEAE AT,
19%1] Cole-Cole 14k, anf ih £k 22 ¢ [FIE , I+ H.A7
THiFhai sy 2 ), AR R AR R
BN RERL I XA 1gG T Bh A AEASE 5 Y X 4K
lgG' YR, an S ILTR Y 1) B2k R A F P Fpali 41
Sy la], W) = RAHA S =0 167 5 1g6
XPHR R g VEIE] FHAS A ILIRIR R 186G -1gw
2R 7 AR X (0—0) .

& 1439145 H T AE 190°C F HDPE 4 1R 4%
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() HDPEL I m-LLDPE [ il 28 4 5 26 1, {H 4l 1y
HDPEL {1 16" -lgw HHZE B RFR/INT 2, 3 7] BB /2
HTBE WML o s . S m-
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Fig. 1 The relationship of elastic modulus (G") and frequency

(w) for HDPE1/m-LLDPE blends with different m-LLDPE
contents at 190°C
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Fig. 2 The relationship of elastic modulus ( G') and
frequency (w) for HDPE2/m-LLDPE blends with different m-
LLDPE contents at 190°C
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LLDPE SR 4 78 5 & i B (%5 F m-LLDPE (1)
YAl B ) 45 S i, m-LLDPE () #4432 5l 25 5% 1
HDPE jE A %58 X, fdif5 HDPEL (145 &R K s
JERRAR, R 3 A — o AR A

LLDPE 5 & (19 34 i, 457 {1 Tk 1) J6 ik 06 2% 347 184
SR, el T A 0 Tl 0 3 RS . A F R T T
3% Sz i T m-LLDPE 1 HDPE &4 M [ 19 2. 4
BB PRI A T 3, (0 H 11K 2 500 A58 8 i

HIE 3 (b) Al LU £, HDPE2/m-LLDPE 307 R ARG MR i AH A S 3L S i R il 5 5 A7
(30/70) #1 HDPE2/m-LLDPE (50/50 ) XI844, TFEERN AR,
HDPE2 i — /& Rl 28 1 1 4>, JF HBEH m-
Table 3 Thermal properties of HDPE1/m-LLDPE blends
Sample number T, (C) T,,(C) AHy (J/g) AH, (1/g) T,(C) Ty, (°C) T e (°C)
HDPEI 136.2 248.6 116.6 120.5
m-LLDPE 63.6 15.8 44.7
HDPE1/m-LLDPE(10/90) 62.9 129.7 17.2 25.4 46.3 112.1 115.6
HDPE1/m-LLDPE(30/70) 62.3 132.3 9.0 70.0 45.9 115.0 118.0
HDPE1/m-LLDPE(50/50) 62.3 133.7 4.6 116.8 45.9 116.3 119.4
HDPE1/m-LLDPE(70/30) — 134.4 — 166. 1 45.3 116.6 120.0
HDPE1/m-LLDPE(90/10) — 135.8 — 230.2 — 116. 8 120.5
Table 4 Thermal properties of HDPE2/m-LLDPE blends
Sample number T, (C) T,,(C) Al (J/g) AHp (J/g) T, (C) T,(°C) T et (C)
HDPE2 137.2 252.5 117.7 121.7
m-LLDPE 63.6 15.8 44.7
HDPE2/m-LLDPE(10/90) 63.7 129.2 16.3 20.2 46.2 115.9 119.3
HDPE2/m-LLDPE(30/70) 63.9 130.0 7.6 64.2 46.7 117.9 120. 8
HDPE2/m-LLDPE (50/50) 61.4 134.8 7.4 111.0 46. 1 117.9 121. 1
HDPE2/m-LLDPE(70/30) — 136.9 — 167.0 44.6 117.3 121.2
HDPE2/m-LLDPE(90/10) — 136.9 — 223.8 — 117.2 121.3

Endo
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Temperature (°C)

160

Endo

1
120
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140

Fig. 3 DSC melting curves of pure HDPE and HDPE in the HDPE/m-LLDPE blends
a) HDPE1/m-LLDPE; b) HDPE2/m-LLDPE
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DSC &l A ASRE LGS I 25 . i FH 1 7 e AN [+
sy HDPE 5 m-LLDPE f)HB#)7E 125°C
DA AER S N, DSC ] AN REVLEE 225 fn g, [
AP ST 36 O O ) 40 ot i R Y RS 121 ~ 124, 5°C. [A]
4 Sy Piff HDPE 78 AR 25 Sl B i DSC £k,
R RLE Y, B 25 A IR B0 3 e, DSC il 2 g i
WA H% , BLRA S S T F A IR TR SE A, 45 SR R
F%.

Exo
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Time (s)

Exo
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Time (s)
Fig. 4 DSC curves of isothermal crystallization of HDPE at
different temperatures

a)HDPEL ; b) HDPE2
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U n 2y Aveami 8%, PR TE T45 i B BAZ LB AN
R G K, S Aveami 25 53 R H B, 5 A%
NG, S RA O X, AR S5, E LR

X = X, (1) _ Lt(dH(t)/dt)dt
X, () f(dH(t)/dt)dt
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by = UH(Z/K,I)JV” (4)
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GI/Z = 1/tl/z (5>

fdfi . Avrami J5 2 0] LA A SR A 0 45 T 245
mndh 712, AR SR O Aviami J5 B2 X m-
LLDPE/HDPE 8 ¥y (1) 45 i 45 & 3h 71 2% 647 41
Br. 16 A0 X 45 55 8 R 30% 3] 65% 16 F AN,
lg[ -In(1-X,) 15 lg A RIFLMEXRR, B
H ) AR FRE R T DL A5 Y Aveami $5%8 n il
gt SR # B K HDPEL F1 HDPE2 [ n K, .2,
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Table 5 Isothermal crystallization kinetic parameters for HDPE1 and
HDPE1/m-LLDPE blends

Sample T.(C) n K,(s™") ty,,(s)
121 2.00  2.90x107* 49
121.5 2.21 7.44 x107° 63
HDPEI 122 2.38 2.06 x10°° 80
122.5 2.61 3.71x10°¢ 104
123 270 1.30x10°° 132
121 2,22 9.90x107° 53
121.5 2.47  2.25%x10°° 65
A70 122 2.69  4.86x107° 83
122.5 2.87 1.05x10°° 106
123 303 2.20x1077 140
121 2. 66 1.26 x10 73 61
121.5 2.84  3.25x107° 75
A50 122 2.89 1.35x107° 95
122.5 2.89 6.49x10°7 123
123 290  2.81x1077 161
121 3.15 4.66 x10 77 91
121.5 3.22 1.59 x10 77 115
A30 122 326 5.72x10°% 147
122.5 3.31 1.94 x10 "8 189
123 3.33 7.16 x10~? 251

HR RS b B AN A K ALBE, n 2R B 5, (H
Y FFRMAE ) n AHABAS R L. 3X 5 Aveami Jf
P R P ARO Bs A G 191 — IR &5 & A
BT IFFE A B B84k L 2 S e i v
(1 DR 2% A2 ol b e A0 O S R 2 S0 m (L
5 M 6 hAl LA #) 46 HDPE1 Fl HDPE2 () n
{E7E 2.0 ~3. 0 Z[8], 7] LLIA R4l HDPE [R] i HL
A AR A A A LB, X F s MR A
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Table 6 Isothermal crystallization kinetic parameters for HDPE2 and
HDPE2/m-LLDPE blends

Sample T.(C) n K,(s™") tp(s)
122.5 2.00 2.67x107* 56
123 2,10  7.46x107° 78
HDPE2 123.5 2.45 1.14 x10 73 90
124 2.71 1.70 x10 -¢ 117
124.5 3.01 1.81 x1077 154
122.5 230 7.94x107° 52
123 269  6.93x10°° 73
B70 123.5 2.80  2.69x10°° 86
124 3.13 2.04x1077 121
124.5 3.32 3.49 x10 7% 157
122.5 2.26 1.01x107* 50
123 2.68 6.51 x10°° 75
B50 123.5 2.75  3.13x10°° 88
124 299  4.08x1077 121
124.5 323 5.61x10°8 157
122.5 2.41 3.34 %1073 62
123 2.82 2.11x10°¢ 91
B30 123.5 2.79 1.28 x10 ¢ 114
124 2.86 5.42x1077 136
124.5 3.07 7.93 x10 % 184

YRR R RN 3 58 2 AHES I AP
YT A RIAR I 4 i L2 Rl RN 32 31 )
— PR A A s AH R, AR AR 4 IR AR S A
FHES B4 —Fh ] 4 B 45 i — i 232 8 5 — A
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SEEHITIE] ¢, 5 20 FE SR R], IF R B m-LLDPE
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HDPE2 A He W A 3 K. %545 i Shanks"™' ! ) 0
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Fig. 5
crystallisation temperature for HDPE and HDPE/m-LLDPE
blends

HDPE crystallization half-time versus isotherml
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MELT COMPATIBILITY OF METALLOCENE LINEAR LOW-DENSITY
POLYETHYLENE AND HIGH-DENSITY POLYETHYLENE BLENDS

WANG Rui'?, YANG Qi', HUANG Yajiang', LI Guangxian', WANG Jinghui', LAI Renwu'
(" College of Polymer Science and Engineering, The State Key Laboratory for Polymer Materials Engineering ,
Sichuan University, Chengdu 610065 )
(* Chinese Agricultural Ministry Key Laboratory of Tropical Crops Processing ,
Agricultural Product Processing Research Institute at Chinese Academy of Tropical Agricultural Sciences, Zhanjiang 524001 )

Abstract The compatibility between m-LLDPE and two sorts of HDPE with different molecular weights in the
melt state was investigated with rheological methods, nonisothermal and isothermal crystallization dynamics. The
rheological measurements suggested that HDPE and m-LLDPE blends were heterogeneous systems at 190°C
based on the relationship of 1gG' and lgw in the low @ region that deviated the linear model. The DSC results
showed that with an increase in the content of m-LLDPE, the melting peak of HDPE shifted to lower
temperature , suggesting that HDPE and m-LLDPE may be partially compatible. When the blends were cooled
from the melt to temperatures where HDPE could crystallize ,but the m-LLDPE couldn’ t,the Avrami exponent
n of high-M_ HDPE increased slightly compared to that of pure HDPE , and the content of m-LLDPE had little
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effect on the vales of n. Meanwhile ,the crystallization half-time (or crystallization rate) of high-M  HDPE was
very similar to that of pure HDPE. However, the Avrami exponent and the crystallization rate of the low-M
HDPE decreased with an increase in the content of m-LLDPE, indicating that the m-LLDPE retarded
crystallization of HDPE | possibly due to the reasons including the dilution of HDPE by m-LLDPE ( m-LLDPE
as a solvent in molten state) , hindrance of viscous m-LLDPE to the HDPE crystallization front,and decreased
supercooling degree because of the compatibility between the m-LLDPE and low-M, HDPE. This provided
further evidence that the compatibility of the low-M , HDPE with m-LLDPE was better than that with the high-
M, HDPE.

Keywords  Metallocene linear low-density polyethylene, High density polyethylene, Dynamic rheology
behavior, Crystallization dynamics, Melt miscibility





