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A.1 Area between the appropriate integration limits outlines

References Method

: ASTM D5017-96

Table A-1 Integration Limits for Ethylene copolymers*

69

Copolymer

Area

Region, ppm

Ethylene-butene-1

Ethylene-hexene-

Ethylene-octene—i J
AU
ARIANT

41.5t038.5
Peak at 39.4
37.81036.8
36.0 to 33.2
33.2t025.5
2521024.0

22

41.5t0 40.5
40.5 t0 39.5
39.5t037.0
Peak at 35.8
36.8t0 33.2
33210255
28.5t026.5
2491t024.1

|1
|

NLNSHENS
JUIEIINGN

[
P

41.5t040.5
40.5t039.5
39.5t037.0
Peak at 35.8

/s
a 033.2
21t025.5

28.51t026.5
25.0to 24.0
24.0t022.0

*[solated methylene carbons at 30.0 ppm.




Table A-2 Area under peaks for each LLDPE

70

1. C4+-LLDPE
Area Integral (1) Integral (2) Integral (3) Mean RSD,%
A 15.5365 15.5000 15.5453 15.5273 0.15
A’ 0.4538 0.4579 0.4540 0.4552 0.47
B 1.4472 1.4520 1.4472 1.4488 0.19
C 31.2577 31.3717 31.3964 31.3419 0.24
D+E 713.72 713.45 713.58 0.02
F 1.3367 .3367 1.3473 1.37
2. C¢-LLDPE _—___—— \
: R
Area ‘ j l‘! Am\ \ , Mean RSD,%
A ' \‘.\\\ | 03043 0.1
B 0.2786 0.00
C 15.0225 0.02
D 40.4493 0.09
D+E : 0.1935 0.00
F+G 1059.84 1059.45 0.06
G 27.8475 27.8475 0.00
H 0.0999 0.0999 0.00
- 7'\_
3. Cs-LLDPE
RSD,
Area Integra"(h Integral (2)" Integral (3) Mean %
BT VBRI WEATE o | o
0.3292 93292 0.3292 0.3292 0.00
, A o e/
FRNAINIUHAAN N N]E | o
D 43.8884 439216 43.8884 43.8995 0.09
D+E 0.3321 0.3321 0.3321 0.3321 0.00
F+G+H 858.26 858.36 858.26 858.2933 0.06
H 39.6047 39,6480 - 39.5566 39.6031 0.04
I 0.4648 0.4648 0.4648 0.4648 0.00
P 12.5228 12.5228 12.5503 12.5320 0.01
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Table A-3 >*C-NMR chemical shifts and carbon assignments of C4-LLDPE

Area Chemical shift EEBEE" EEBEBEE" EEBBEE* EEBBBEE*

ppm Type b Type b Type b Type b
A 39.0-39.6 CH 1 CH 2 oo 2 1.91
A ~39.4 ooy 2
B ~37.2 CHB 2 CHB 2
C 34-35 a 2 o, oy 4 oy 2 CHBB,ay 3
D 30.4 Y 2 Y 2 Y 2 Y 2

30.0 1 1E 3 3 5, 8" 3
E 27.3 2 2 B 2

26.7 2 E2 3
F 24.6

#Sequence units; E equa

> Number of carbons.

N o P . EBE
ARIAINIHUTMNGINY

e W A T LN T T G T T T 1 o R AR T T L T L I T v
44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9

Figure A-1 >C-NMR spectrum of whole C4-LLDPE in o-dichlorobenzene at 130°C.
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Table A-4 *C-NMR chemical shifts and carbon assignments of C¢-LLDPE

P Chemical shift EEHEE® EEHEHEE® EEHHEE" EEHHHEE*®
ppm Type b Type b Type b Type b
A ~40.8 aay 2
B ~40.2 oo 1
C 38.1 CH 1 CH 2
D ~35.8 CHB 2
E 34.5-35.0 a 2 o, oy 4 B4, ay 4 B4, ay 5
34.1
335 CHBp 1
F 30.4 2 Y 2
30.0 3 8,8 3
29.5 2 B3 3
G 27.3 2 B 2
H 24.5

?Sequence units; E equa

®Number of carbons.

na
Y1NY
R L

pm
lllllllll!lll'Tlp'
23 22 21 20 19 18 17 16 15 14 43 12 11 10 9

Figure A-2 *C-NMR spectrum of whole C¢-LLDPE in o-dichlorobenzene at 130°C.



73

Table A-5 *C-NMR chemical shifts and carbon assignments of Cg-LLDPE

Area Chemical shift EEOEE" EEOEOEE* EEOOEE* EEOOOEE*

ppm Type b Type b Type b Type b

A ~40.8 ooy 2

B ~40.1 aa 1

C 38.1 CH 1 CH 2

D 35.8 CHB 2 CHB 2

E 34.5-35.2 H6, o 3 H6,o,ay 6 H6, ad 4 H6, oy 5
33.9 CHpB 1

F 322 2 H3 3

G 304 2 Y 2
30.0 1 H4 1
30.0 3 8,8 3

H 27.3 2 B 2
27.2 2 HS 3

I 245

P 229 2 H2 2

Sequence units; E equals toéthei

> Number of carbons.

ARA9F

SE—

LI L WA S TR O T I 0 T R, T R TR O TR R AR R TR TR AR T T A L 7 S TR [N )
44 43 42 41 40 39 38 37 36 35 34 33 32 31 30 29 26 27 26 25 24 23 22 21 20 49 18 17 16 15 14 13 12 11 10 9

Figure A-3 BC-NMR spectrum of whole Cg-LLDPE in o-dichlorobenzene at 130°C.
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A2. The example calculation for branching content determination by *C-NMR

spectroscopy

C4+LLDPE

—

\31.3747

i\15.!000

.m0

-

;‘:& v |h‘\|
)

R

41%. ¥
D D
W

g

A

S 14 43 12 41 40 8

|

43 42 4140393837 ¥ X

Rl

N

From the recorded spectriinazmol% co-monemer of C4-LLDPE can be calculated by

AULINENINYINT

Mole% blitene-1=100% X BY (B +E)
_ ARIRNNIN URIINYIAY

B, = a — carbons: (2A + B)/2

B, = CH carbons: (A" + 2B + 2C)/4

B = average moles butane-1: (B; + B,)/2

E = moles ethene: (2D + 2E + 2F - A'- B)/4

Therefore, the branching content of C4-LLDPE can be calculated by



Branching content = 1000(mole%butene-1)

2(mole%ethene) + 4(mole%butene-1)

= 7914 br/1000 Carbons

AULINENINYINS
RIAATAUIM TN
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A.3 The example of #-test method
Table A-6 The branching content of fractionated C¢-LLDPE different in cooling rate.

Elution temperature | Cooling rate (°C/h) Difference (Dy)
(°C) 1 2
40 6.127 6.147 0.02
70 5.584 5.585 0.001
80 5.656 0.004
90 5.050
100
fobssive =D/SD X

=(0.003/0.

=0.6175
There are 4 degree of free O -table is 2.78 (p=0.05).
[ess than the critical value
so the null hypothesis igcepte i ean branching cognt of C6-LLDPE operated
with cooling rate at 1 C/h and.2 “C/h are not different from each other.

ﬂ‘lJEl’J“ﬂEW]ﬁWH']ﬂ‘i
QW'W%NﬂiElJ UNIINYA Y

The observed value of /i



Table A-7 The t-distribution

Value of t for a confidence interval of  90% 95% 98%
Critical value of /t/ for P values of 0.1 0.05 0.02

Number of degrees of freedom

99%

0.01

9.92
5.84
4.6
4.03
3.71
35
3.36
325
3.17
3.05
2.98
292
2.88
2.85
275
2.68
2.58

1 6.31 1271 31.82  63.66
2 6.96
3 4.54
4 3.75
b 3.36
6 3.14
7 3
8 29
9 2.82
10 2.76
12 2.68
14 2.62
16 2.58
18 2.55
20 2.53
30 2.46
50 24
2.33

AULINENINYINT
RN TUANINAY
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B.1 Thermal Properties by DSC of LLDPEs
1. C.-LLDPE

QA-48/033 LL-1BUTENE, 12.05.2005 12:56:36
QA-48/033 LL-1BUTENE, 5.2380 mg

-

et
Figure B.1 DSC thermogrz i

-241.19 mJ
‘normalized —46.05 Jg*-1

119.28 2C
122.947 X
124.25 €
Sample Temp

ﬂﬁi,‘(»t,v: "-' h‘k\\ 351lll;nlll|;5llllslllé

hole C4-LLDPE.

LLDPE-1-BUTENE,
LLDPE-1-BUTEN]

k -
q Integral 171.66 mJ Integral -452.10 mJ
= normalized 34.05 Jg*-1 normalized -89.69 Jg*-1
Onset 183.88 € Onset 57.57 €
Peak 157.02 X Peak 101.88 2C
Endset 56.74¢ 2C Endset 187.51 2C
\,\ Result Mode Sample Temp Result Hode Sample Terp
| L T T Ll ' . T Ll LI | L] Ll T L] | L T Ll LI | ) L L] LI | | S T i § ¥ LI ] L) T LI | ! LS LI B )
10 15 20 25 30 35 40 min

79

Figure B.2 DSC thermogram on heating curve of fractionated C4-LLDPE at elution

temperature 20°C.
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LLD PE-1-BUTENE-TEMP40, 26.10.2005 22:57:02 I\
LLD PE-1-BUTENE-TEMP40, 5.0260 mg

ER:

-623.49 mJ
zed -124.05 Jg*-1
L 61.44 X
SSSepERE B6.95 C

Bk | e
7 \\.\\\

o s w & ll!ﬁ"‘\%\\‘b Vs o mm

Figure B.3 DSC thermogra
temperature 30°C.

- ) !l//

Onset
Peak
Endset
Resul

.. ‘
2

ed C4-LLDPE at elution

LLD PE-1-BUTENE-TEKP40, 26
LLD PE-1-BUTENE- TEXP40}-5+0260 1

1 AW AND IR NRNAN AN Y

normalized 24.45 Jg*-1 normalized -124.05 Jg*-1

Onset 178.50 2C Onset 61.44 2C

Peak 77.21 € Peak 86.95 2C

Endset 64.63 2C - Endset 108.19 2C

Result Mode Sample Termp Result Mode Sample Temp
[llll]lIll|llll|ll]|]llll|llll|llll||lll]llll
0 5 10 15 20 25 30 35 40 min

Figure B.4 DSC thermogram on heating curve of fractionated C4-LLDPE at elution
temperature 40°C.



LLDPE-1-BUTENE-TEMPS0, 26.10.2005 23:47:03 m
LLDPE-1-BUTENE-TEMPS0, 5.0100 mg

50
ol
Integral 123.42 mJ
Peak -259.04 mJ
. Endset lized -51.71 Jg*-1
Result 69.85 2C
95.60 2C
110.03 €
Sample Tenp

Figure B.5 DSC thermogra ating ¢ 9 \k ed C4-LLDPE at elution
temperature 50°C. =N

LLDPE-1-BUTENE-TEMP66,. 2710 2005 00:37:03
LLD PE-1-BUTENE-TEMP60 ‘;f

: B
‘UEIVWIWWW 1073
1 A W’W ﬁ]%ﬂﬁﬂiﬂﬂ?%&‘lﬁﬂ@ d

j —

&3

89 35 7C 105 18 "C
Enhet 84.39 2C tndaet 114.86 C
Result Mode Sample Temp Result Mode Sample Termp
rt Ll L ; T . S | L] ) 5 N . . . 3l . T : YA S N E ) % & LI { | ' N R 1 T L L
0 S 10 15 20 25 30 35 40 min

Figure B.6 DSC thermogram on heating curve of fractionated C4-LLDPE at elution
temperature 60°C.
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. LLDPE-1-BUTENE-TENP70, 27.10.2005 01:27:03
LLDPE-1-BUTENE-TEMP70, 5.0570 mg

LB

Integral 746.30 mJ ‘Integral -1102, 83 mJ
normalized 147.58. q‘lg‘- normalized -218.08 Jg*-1
Onset. ™ et 95.80 €
t 122.36 2C
131.18 2C
Sanp le Temp

N\
JI/!:-?\{\\‘Q&;.\ =

Figure B.7 DSC thermoggé ated C4-LLDPE at elution

temperature 70°C.

LLDPE-1-BUTENE-TEMPE 'Fq .10.2005 02:16
LLDPE-1-BUTENE-TEMP80 ! 980G

-

|

s

1 [ AU INENING
AR aqﬁﬁmmwa’?&ﬁj ¢

L T N NENC. R BN TR SN BN TEND BN G RN SRS N BN S N RN NN SN R G (R G G [ Sa (ne Emd s Fan e ges e |
0 S 10 15 20 25 30 35 40 min

Figure B.8 DSC thermogram on heating curve of fractionated C4-LLDPE at elution
temperature 80°C.



LLDPE-1-BUTENE-TERP90, 27.10.2005 03:06:45 P‘
LLDPE-1-BUTENE-TEMP90, 5.0180 my

18

Integral -1061.21 nJ
normalized -211.48 Jg*-1
115.00 ¢
125.09 ¢
132.21 ¢
Sample Temp

{ [ N T Dy [ I NN T R PR R

0 S 10

BN [N A BN T S D G aar e |

35 40 min

Figure B.9 DSC thern;

ated C4-LLDPE at elution
temperature 90°C.

LLDPE-1-BUTENE-TENP100, 2 : WO - N
LLDPE-1-BUTENE-TEMP100, 50400 mg

g ‘LlEl"J‘VlEIWﬁ‘W e
QW?Mﬂﬁ“@JNW]’Jﬂ&H&&l

Figure B.10 DSC thermogram on heating curve of fractionated C4-LLDPE at elution
temperature 100°C.
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LLDPE-1-BUTENE-TEMP110, 27.10.2005 04:46:20 m
LLDPE-1-BUTENE-TEEP110, 5.0330 my

normalized 185 Integral -1124.07 mJ
normalized -223.34 Jg*-1
et 68.26 2C
126.27 €
158.31

Sample Temp

1
S min

Figure B.11 DSC thermogrs
temperature 110°C.

ted C4-LLDPE at elution

LLDPE-1-BUTENE-TEMP120
LLDFE-1-BUTENE-TEMP120,

100 . ’.I
n¥
o Endset 1,09 93 7C Embec 1.70 79 ’C
Resuit Mode Sanp le Tenp Result Hode Sarep le Temp
100 200 200 200 150 100 50 50 50 100 150 200C
o S 10 15 20 25 30 35 40 min

Figure B.12 DSC thermogram on heating curve of fractionated C4-LLDPE at elution
temperature 120°C.
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2. C¢-LLDPE

QA-48/033 LL-HX, 12.05.2005 11:58:33 1
QA-48/033 LL-HX, 5.3000 mg

Integral
o - Vy -513.58 mJ
Gosst rmalized -96.90 Jg*-1
Peak ' 105.19 2¢
Endset 119.93 2C
N Result Mode 123.27 2

Sample Tenp

I

PR IEEEEREIEBEDREREBLE:

0 S 10 15

l|l||lr1|||'ll

S0_min

" » MM ':nl\\\\\

Figure B.13 DSC thermoggan Je 0 \v ole Cs-LLDPE.

LL-400, 26.09.2005 16:J1:07
LL-400, 4.3560 mgy

=3

ﬂUU?ﬂﬂWiW Ty .’

50
b
)
notnnlized —113 32 Jg* -1
106 0-1 7c 96.36
Pe"‘ 101.15 € Peek 117.77 %€
- Endset 93.14 2C o 122.52 %
Result Fode  Semple Temp Result Node  Semple Temp
1 L] L Al T k] L ] L] : T 1 L) Ll Ll L} 1 Ll L} T 1 | 1 T L} T T 1 T T T | 1 : Ll L} ¢ T L) | : T 1 B W i
0 5 10 15 20 25 30 35 40 min

Figure B.14 DSC thermogram on heating curve of fractionated C¢-LLDPE at elution
temperature 40°C.
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LL-600, 26.09.2005 17:22:37
LL-600, 4.8370 mg

E‘; Integral 3247w g 3
normalized 68.73 Jg"-1 o) izeq -83.93 dgt-1
onset 9135 2C  qeer i
Peak 87.55 2C e i
Enlset 108.23 ¢
Result Hode il S

\
s 5w “'""L";,-n'
Figure B.15 DSC the AR w ctionated C-LLDPE at elution

temperature 60°C. ) \

LL-700C, 26.09.200
LL-700C, 4.3590,m

<

ja

W J

uﬂfmﬂmjmw

normalized, 86.26 Jg*-1 mmuzed
Onset ¢ 103.32 2¢ 19

| WANNSE ERE E:I"ié] 8

=3

L U B . S T L P A . S W L D L B L B O

5 10 15 20 25 30 35 40 min

Figure B.16 DSC thermogram on heating curve of fractionated C¢-LLDPE at elution
temperature 70°C.
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Figure B.18 DSC thermogram on heating curve of fractionated C¢-LLDPE at elution
temperature 90°C.
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Figure B.20 DSC thermogram on heating curve of fractionated Cs-LLDPE at elution
temperature 110°C.
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Figure B.22 DSC thermogram on heating curve of whole Cg-LLDPE.
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Figure B.24 DSC thermogram on heating curve of fractionated Cg-LLDPE at elution
temperature 30°C.
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Figure B.26 DSC thermogram on heating curve of fractionated Cg-LLDPE at elution
temperature 50°C.
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Figure B.28 DSC thermogram on heating curve of fractionated C3-LLDPE at elution
temperature 70°C.
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Figure B.30 DSC thermogram on heating curve of fractionated Cg-LLDPE at elution
temperature 90°C.
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Figure B.32 DSC thermogram on heating curve of fractionated Cg-LLDPE at elution
temperature 110°C.
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Figure B.34 DSC thermograms on heating curve of fractionated C4-LLDPE (F1 to
F11; elution temperature 20 to 120 °C).
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Figure B.36 DSC thermograms on heating curve of fractionated Cg-LLDPE (F1 to
F11; elution temperature 20 to 120 °C).
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Table C-1 Molecular weight of whole polymer

Sample Density M,
i (gem’) ol
a: C4-LLDPE 0918 29,184 3.53
b: C¢-LLDPE - 11,507 6.61
¢: Cg-LLDPE - 8,052 6.41

UYTMENINEATI =~
RINNINUNINYAY

Figure C-1 Molecular weight distributions of whole polymer (a) C4-LLDPE, (b) Cs-
LLDPE and (c) Cs-LLDPE.
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Abstract

Though Temperature Rising E
polyolefin fractionation, such as PE and PP
distribution which affects on their solubi

et

1. Introduction .l
- al

: _on (TBEF) has been known as the most effective method for
ers are semicrystalline and show various degrees of branchlng

',prob’lem mixed solvent for crystallization has been attempted.
LLDPE resins produced commercially from et and‘-f/ari'

comonomer such as 1-butene, 1-hexene and 1-octene

——

Currently, linear low derﬁfé polyethylene
(LLDPE) is one of the most widely proa'qlced polymers
in the world. The applications of LLDPE resins are
very diverse and various LLDPE types are in use. The
diversity of LLDPE types is aresult of large Vdriations
in molecular structure such” as| molecular weight
distribution (MWD), the average, molecular weight and
short chain branching distribution (SCBD). Especially,
short chain branching[1-3}sin the structure.of LLDPE
affects many physicdl and/hecharical\properties [4.5]
such as rigidity density hardness “permeability ‘tensile
strength and storage-loss moduli. To determine the
compositional ~ heterogeneity ~ for  polyolefins,
Temperature Rising Elution Fractionation (TREF) is
the most efficient technique [6-8]. Generally, TREF is
composed of two sequential steps, namely
crystallization and elution [7].

* Correspondence to S. Tantayanon
E-mail address: supawan.t@chula.ac.th

In the ﬁ.tst‘lstep, the polymer is dissolved in a
suitable solventI and then put in contact with an inert
support. The crystallization is carried out under well
controlled condition by slowly decreasing the
temperature, In the elution step, solvent flows through
al column-packed with ipolymer coated inert support
while the'temperature is raised stepwise at an interval.
Recently, many researchers used the preparative TREF

.and.."C-NMR to determin€ _short chain branching

density of ethylene/a-ol€fin jeapolymers. Since the
cooling tate was~“mostly’ about 1.0-2.0 'C /h, the
crystallization time became very time-consuming and a
waste of energy [6, 7].

In the present study, we used preparative
TREF as a primary technique to separate the
polyethylene into different fractions with respect to
their different crystallizability and combined multiple
techniques to achieve the understanding of polymer
structure and property relationships. To our knowledge
these modified TREF methods have never been studied
in literature. The aim of the present work was to carry

Proceeding of the 8th Polymers for Advanced Technologies International Symposium
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out the comparative study of the mixed solvent used in
the crystallization step and to solve the problem of
time-consuming.

2. Materials and Methods

Three ethylene/a-olefins copolymers, A B and C were
used in this investigation. All samples were produced
with multiple site catalysts; therefore, Chemical
composition distribution was expected to be unnarrow
and unimodal. For LLDPE(1-hexene) and LLDPE(1-
octene) samples ,their polydispersity index (PDI) were
close to 7. Table 1 summarizes the properties of the
samples used in this experimental.

Table 1 LLDPE Sample Data

Sample Co- Density M, PDI
monomer (g/cm3)
| —
A 1-butene | 0.918 29,184 | 3.
B 1-hexene -
C 1-octene -
Experimental

was proceeded by a process of crystal

involved the dissolution of polyethylene abo with, <
o-xylene , stabilized with Irganox 1010 whigh was,
previously stirred for 1 hour at 120 C. Pouringinto tHé"

column which loaded via glass beads (15 O;Jfé): s

preheated at 120 “C and cooled down to 20 C af &

constant rate of 1, 5 and 10 °C/h respectwely* e
column was heated incremental step and eluted with o-

To take into account the thermal history of the samples
used for the melting point and crystallinity were
estimated

BC-Nuclear magnetic resonance (*C-NMR)

This study use “C-NMR to characterize whole
polymers and their fractions. Spectra were obtained
with a Jeol INM-A 500 MHz NMR spectrometer in
TCB/deuterated o-dichlorobenzene at 120 °C and were
used for the determination of copolymer compositions.
The acquisition parameters and procedure, the
chemical shift assignments of polymer chains and the
calculations of copolymer compositions followed
ASTM D 5017-91 method [9].

1 /3 Results and Discussion

}{#atwn
mers sample used in preparative TREF have

9 relan . A comparison of the corresponding
[ moleoular,-welght distributions is shown in Fig. 1. The
MWDs of the three resins are quite similar. The
number average molecular weights ( M, ) of these
samples are listed in Table 1. However their

-~ polydispersity (PD) indices do vary due to short chain
~ branching in the high molecular weight region. The

= ;,compositional distribution of the whole polymer is

{ ’se ressed in one way; the short chain branching
{sontent obtained from the preparative TREF profile by
ﬂombmmg nuclear magnetic resonance and differential
Mng calorimeter. Seven fractions for LLDPE (1-
aﬁgene) were collected by TREF as show in Fig. 6.
“ relatye weight fractions were determined using
technique. Fig. 3 give the DSC thermogram

ting curve of each whole resins. Fig. 4 give the
ogram on heating curve of each fraction of
LLDPE(l-bmene)[when used the single solvent in the

_O'

xylene. At each step, the elution w

increased for a period of 1 hour and’ then remained
constant for several hours until thé peak of the
specimen disappeared in the refractlvem)ldex detector.
The polymers of each fraction were precipitated with
the addition of an excess volume of fncﬁmnol or,
acetone while stirring. Flltered, di\d at-80 Tﬁ oVeI a
period of 6 h and weighed. In' odified
mixed solvent used were ethyl
xylene stabilized with Irgamx 1010

L | --‘ r ! o >
Gel permeation chrosztograph (GPC)" O OMH
Water 150 C, hlg}i temperature size exclusion
chromatography, used to determine the molecular
weight and with three linear mixed Shodex AT-806MS
columns and a differential refractive index detector at
135 °C. The 1,2,4-trichlorobenzene (TCB) was used as
the solvent at a flow rate of 1.0 ml/min. The universal
calibration was carried out using monodisperse
polystyrene standards.

Differential scanning calorimeter (DSC)

Melting endotherms and of whole polymers and their
fractions were determined using a METTLER. The
samples were heated from 50 to 200 °C at 10 ‘C/min.

e glycol (EG) and o-

~ 9 "LLDPE@-butene)
g ri IL[)AL‘.( {+hexene)
LLDPE(1-octene)

-
b5
?2 [y & i
11 &5 l
O o O W
==
0 % 4.00
)
3 -

3.00

Log MW

Fig. I: Comparison of MWDs of each LLDPEs
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Fig. 2: *C-NMR spectrum of LLDPE (1-butene)
copolymers (whole resins)

Fig. 5 gives the DSC thermogram on heatiﬁ'gf—c’ e
each fraction of LLDPE (1-butene) WIW‘(LLPI

mixed solvent. From the both figure showeds
fractionation are not different signific

melting peak became sharper and the
shifted toward high temperature. These res

melting and crystallization behaviors of ethyleneVeﬁ
olefin copolymers. Hence this study focuses on the—
effects of compositional structure on the melting and -
crystallization behavior. .
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Fig. 3: DSC thermogram of A) LLDPE (i-butene),
B) LLDPE (1-hexene), and C) LLDPE (1-octene).

Fig. 5: DSC therimogram of each fraction of Sample A
(mixed solvent)

%Mlass

Elution Temperature ('C)

Fig. 6: Chemical composition distribution profile of
LLDPE(1-butene)
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4. Conclusion

The crystallization step in TREF was
improved by employing EG/xylene mixed system and
faster cooling rate to reduce the fractionation time.
Parameters that affect the fractionation are cooling rate,
solvent for crystallization, and structure of polymer
sample. Too fast cooling rate will give less time for
crystallization. The polymer with higher chain
branching content spends longer time in the solution
than the one with lower chain branching content. From
TREF and “C-NMR results, short chain branching
contents of every polymer fraction can be identified.
This finding is useful for understanding and
interpreting the physical and mechanical behavior of
the whole polymer sample.
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