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Chain Structure Characterization of Polyolefin Elastomer

DOU Tong-tong, LI Rong-bo, CHEN Shang-tao, WANG Ke-feng, DU Bin"
(Petrochemical Research Institute, PetroChina Company Limited, Beijing 102206, China)

Abstract: Systematic investigations were performed on the chain structure of several commercial
polyolefin elastomers (POE) with different melt indices and densities by employing differential scanning
calorimetry (DSC), high-temperature gel permeation chromatography (HT-GPC), temperature gradient
interaction chromatography (TGIC), cross fractionation chromatography (CFC), and carbon nuclear
magnetic resonance spectroscopy (13C-NMR). It provided a useful method to comprehensively characterize
the molecular weight, molecular weight distribution, degree, and intra- and inter-chain distribution of short
chain branching, as well as the sequence distribution of different POE samples, aiming to determine the
structure-property correlation. The present work would be helpful for the design of molecular structures
and control of physical-mechanical properties.
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S 1) R SCBE S50 oy AT A 5 T 4y TR 1) 20
P, 3T DUIE Ik 45 45 ah 3h 71 S AR B 1 X
M SEHL POE [ i i | v i B AN s W R K 2R
H i, FE % 4 )& POE [ & /K 75 [ B St 2k K
SEATAEAE IR ZE R, N5 POE (3 T8 4544,
AR 43 ot 8 B A« S A2 AT 25 5 T 78 4
T RICR R, I =46 POE [ R S L%
S, B EL

245 &, BHIFN K 2 SR B s B AR 4 21 41
o6 1 (FTIR)!™M ., % i 3 4% 5% 3 (PC-NMR)P), &
TR 95 35 (03 (HT-GPC)S7, 755 2% 9 4 & 4k
(DSC)F ' %5 X 43 i th i (CFO)!M 0 & 7 ok %
1IF POE [ 45 14, BT POR [fI44 5 20 A% ( Bk 25 8
SR ) FIAR S 43 F B o A A 2 0 Uk, 1X Ly
IR RELS R BRI BE S IME B, R B RS
W5 40 5y I ER 53 2, A i BE 4 TH R AiE POE [
HEGEAME B VDR, T 45 W B FHE M I 7 2
(TREF) 135 W Ff 1) P55 Hofs P55 AH AR P e i R oA
(TGIC)?'"V 2L J& i A POE Ak, 2 41 B 43 A 43 M7 )
HLEOR, AT REEAE POE L3R B (4R /AT

AR T T — FR 5 HLA RS 54 POE 7= i,
F|F DSC. HT-GPC. TGIC. CFC J%, *C-NMR %55

PR HLBESS W BEAT T RGT AL, I EE T TGIC 5
GPC I H 22 X o3 Gt 45 T POE BE 5 14 1)
YRR, BON AR R 1 AN F] POE 77 b (1) B
SRR S X

1 SCIGERSY

1.1 IER

EHL T — R A B A AR L5 AR R R
o LT/ -5 1T R O/ 1-T I FL 5 POE 7= i, Ho o
Rl HOR 5 B WAR 1 s, Horh AVBLC A 3 RN
JHS 10 20N -2 5 3B POE 77 iy, DLELF. G H. 1
N6 FIANFI RS () £/ T M J e POE 72 b
1.2 ik rEk
1.2.1 DSC4r#r

K 5 Mg Ry B 46 2 A W] DSC 3 R 22
FEH B A AT S R D RO R R 4 R I
FE o FRECEFE 5~8 mg, A HE T, BL10 °C/min
[T+ R, B -40 °C FH#E %2 190 °C, fR#E 5 min
TH R BT s AR 5 BA 10 °C/min (1) B i T8 26 [ I
%30 °C, 15345 I T, 1R S min; HIHESE
190 °C, FHE#H Z 4 10 °C/min, 73 245 fli L Tn,
IR AVE AL

#=1 POERIFEAER

Table 1 Basic information for POE
sawle M oy Pty | s oy P
Al 1.0 0.857 D1 1.2 0.862
A2 13.0 0.864 D2 5.0 0.865
A3 0.5 0.868 D3 5.2 0.872
A4 5.0 0.870 D4 14.0 0.872
AS 5.0 0.872 El 3.6 0.862
A6 14.0 0.873 E2 5.0 0.872
A7 18.0 0.880 E3 14.0 0.872
A8 1.0 0.885 F1 3.6 0.864
A9 1.6 0.897 F2 3.6 0.870
A10 1.0 0.902 1-Octene F3 18.0 0.880 1-Butene
All 3.0 0.902 F4 1.2 0.885
Al2 30.0 0.902 F5 5.0 0.885
Al3 1.0 0.908 Gl 5.0 0.872
B1 1.0 0.862 G2 14.0 0.872
B2 1.0 0.870 Hl1 5.0 0.877
Cl 1.1 0.883 11 1.0 0.885
C2 6.5 0.883 12 5.0 0.885
C3 1.1 0.902 13 14.0 0.885
C4 10.0 0.902
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1.2.2  &SiRERBIE B (HT-GPC)

¥ H 74 ¥t 7F Polymer Char A ] [1] GPC-IR %!
Fe It PR 5 325 T SO S iy R AR X 43 o B I
H A, AR B A TR-5 2T A1 A6 I 28 016 R 46
7%, i % 3R Mixed-B (il i, DL1,24- =& AN
WENHE, MHRIEE 160 °C, Jii# A 1.0 mL/min.
1.2.3 45 5tk Bt 4 2 (CEF)

K H A A Polymer Char A &) 45 & ik e 73 %
(CEF) ¥ - MR b 1 25 bk e 2 R i 28 . AR
2910 mg BE §h, T 160 °C i F7E 1,2- & A
YA 90 min, F5FF & 5 &AM E  LL30 °C/min ff)
ok ok T [ iR 42 95 °Cs FELA 2 °C/min 1 P I T 22
B 45 i 42 35 °C, AN 1,2- — 452K L 0.05 mL/min
TR NS A, g g RS, B4 °C/min,
1 mL/min [ R0E FF 46 FHE RG22 150 °C, id3%
WREIEFRAE S B, 192045 Rkl o gt 2
1.2.4 5 BB B A BAE H 1% (HT-TGIC)

K VG HE F Polymer Char 2\ &) it & 4 IR-5 41
ARSI 25 1) TGIC B FE R B A X1 A4, €8
T F: B 4y Hypercarb 2 £ 41 22 % (100x4.6 mm,
5 um), 1,2- “ER NI, LIS R EIE
T2 0 mL/min, ¥4 %138 2 20 °C/min, F5# 2%
2 °C/min, k3% % Z 0.5 mL/min, i Ff & 200 uL,
A EIEE 40 °C.

1.2.5 X454k (CFC)

K H VB Polymer Char 23 7] 42 H 558 X 41
5393 G T oy BT ACEEAT R A 1 CFC 2 (TGIC-
GPCH#ix): K H 1,2- ~SR N8N, TGIC-GPC
BN A TGIC 70 a5 [ B — Gy ik NBRIRIB %
R S BT 7 7 B o A R AL

TGIC [ 5256 264 YA H13H % K 20 °C/min, ¥
HIFEHLIH N 0 mL/min, FHiR# 242 °C/min, #k
Pk 4 0.5 mL/min, HEFEE A 200 pL, AEIEE
40 °C. KR T A HNR FE R 5 T iRtk vk 4
%, WK IR IR L GPC (i

GPC K H IR-5 £LAMG 25, i %% A 3 1R PL gel
MIXED-B i 43, £ 150 °C, ¥ fiRiRJE 160 °C,
1,2- —& & AR ENFE, Ji#E N 1 mL/min,

1.2.6 "C-NMR iz,

K FH 7 ] A1 & 50 28 ] [ Bruker AV 400 5 4%

B e 3 B 4SO AR RE R . BRI FE 80 mg, 7E

130 °C 4 {4 F TR 1,2- — 407U I fR48 b

BB UL 9 125 °C, 1 R S000 K, SRR

B[] 8 s
2 HER51
2.1 EARH

J45 R 3 K AN 25 FE R POE i 3k A 1 2 AN W 1k
fabre b, S b e 202 7 B AU 1 0 k)7 Ry
SENN T R EESR, e N — e
FE b R B AR T FRIAR R 43 7 i 2 K, A RIAE
XF o3 o R vy, LA Rl AR HOBG . I8 R SR
lg MFR = 4 - B:lg MiX—%55 0 R AR S B il
e SN TR, o, AMBRE T, M
BEESVNS TR, ARB TR —fe%4FE
B OISR B P ) S AR, — R U, 7EAH R Y
TR, AEBK, BEWMERTE B B
ST 4y B A Bl A BB, BAEROK, &
AN TN A R B R R 2

B H T OMN-2E 06 O W/1-T 4 L 2R
POE [1) F ¥ M6 43 1 i & A b 4R B m ok R
g B 5 R 2 B POE # B AT B 47 16 L & 1 (R,
1-3¢J# POE [ AH G AR T 1- T 4% POE, 15 B AH X
TR ESIEMBR R —ERE L2
FI LR AR R A, EAERNE, -1
POE (1) BAE % 5 T 1-2¢ 4% POE, X 15 B 76 A1 [5 1)
VERb4E 5T, 1-T 4% POE (M0 23 7 i B EAL T
1-2£4# POE.

® 1-Octene
1.5F A ]-Butene
o R*=0.9761
: lg MFR = 18.50 - 3.611g M,
a4
=
p=
o0 0.5F
R’=0.9715
0 lg MFR = 19.70 - 3.891g M,,
,05 1 1
4.6 4.8 5.0 5.2

g M,
E 1 1-3¢% POE f1 1- T4 POE [ M,, 5 MFR L& 1th 4%

Figure 1 The correlation curve between M,, and MFR of
1-octene POE and 1-butene POE
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Figure 2 DSC curves of A3 POE

N T BB 5T POE & FE MU R, 45 &t 1 R
FI2R 3R, 73 0 SR FH 5 R 0 A Rl 52 45 o il 32
TG WK 3) PR, #8508 S AAE— 21
LR AR SN, o LB L B R s A (R
HT T 1T B0 5 8 B e, 2 3 U R R R AR
HY 45 80 T 5 5 UL 5 9% 2R (B 3(b)) AT AL H
T POE [¥ B I 45 & il £k 52 W] J08 B0, A 40 vt i

(a) o 1-Octene
100 A 1-Butene
% R?=0.9438
o
g
~
60 R’=0.5482
40
0.86 0.88 0.90 0.92
p (g/em’)
b) © 1-Octene
100 (®) A 1-Butene
80 F )
s R?=0.9814
&
= 60+
&~ ° A
a 2
40 + o R*=0.75917
A
20 I .A 1 1
0.86 0.88 0.90 0.92
p (glem’)

3 (a) T, F1(b) T, 5 POE HEE % A
Figure 3 Dependence of (a) T, and (b) 7, on density of POE

F 55 85 FEAFAE LU B e ORIk s[RI, 6 i = 1
POE ™ it 45 i Ik 55 300 5 50y, DRI AL SR A 2 &
AEXTEAS A 5 A PP et k. F 58 B,
BN G A R AT R s R RAR S L R R
PR AT S SCRE SRR R
22 HEMSFRESHSEEIHEESH
GPC A 1] BA% Hi POE FAHXT 43+ o1 2 S He
G3A, I A] LS R a9 T FF 24 (CH/1000C)
R HAHN S FRESMIBHRRMR T RE
Y9y FHEK I3 211, CH3/1000C R] LT 5 f ik
B EW) T 5% 155 3 5% (short-chain branch, SCB)
i
8 R 40 Wik e PDY = M) 3
RV 5 B R B 2 408t BUAHXT 4+ i
BN, HAR TR 5% 01 i E Ry 7 £
KK, a0 =K

o E[(M—Mn)z]n =M3(1]\‘4} —1] (1)

Hr, o REIIPRUEZ, M TIN5 1 R,
M, 2RI RN 5 F R, M, A2 A 5 TR
o [FFE, M/M,FM, /M, 5 58T E 5 %
MZI) T ZX 2N BE R i . B4 H
T 1-T % POE 1 1-3£ 4% POE [{J PDI, 45 S8 2 Fh
POE [f] PDI ¥ 8 £ 2.10~2.21 2 [f], FL.Ffi 35 hnA 5
B FE BUZ M7 B AR, 3 SO TR 6 40 1 R ) A
o347, B POE [ 7 FHEK BN E] . IAME K IR,
1-3¢ 4% POE 1) 3 /™73 B i 50 1) S50 (70 43 A 5
1T 1- T 4% POE, i8] 1-37 )7 POE [ 55 K35 &)
PEBEA o

Mw/Mn Mz/Mw le/Mz
2.7
24+
2.21&
21k 2.5
1.88
L8F F T1.74
1.57
5] e

1-Octene 1-Butene 1-Octene 1-Butene 1-Octene 1-Butene

4 1- %£4% POE Al 1- T ¥ POE [AX 77 BUE 7 A1
Figure 4 Molecular weight distribution index analysis of
1-octene POE and 1-butene POE
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K525 1 25 POE (1) H 3445 (CH3/1000C)
VMBS HEER RS R HE ST AL, X T M
YA A I B AR ) POE, % B 5 CH3/1000C £
HERIFHEMRR, #—2 kBt | POE 1% &
5 SCB & R MM OC. X UM % E R,
1-3¢ {5 POE (1] SCB 7 & 1L, iX s JL R FfA SR Al
AN [ SR R 5 0]

80 F o1
A 1-Butene

(=]
(=]

R*=0.9759

CH,/1000C
B
(=]

R?=0.9810

3]
S
T

0 1 1 1 1 1 1
085 086 087 088 089 090 0091
p (g/em’)

B 5 1- %4 POE il 1- T /% POE [{J CH,/1000C 5 %
PSS

Figure 5 Dependence of CH3/1000C on density of 1-octene
POE and 1-butene POE

Frx SCB & 241, POE #4514 (1) 73— A~ B 2 hF
fif /& SCB 7 T HE 8] 43 A ¥ 51 M o 85 SZ AL BE T
A $8 %0 (short chain branching distribution index,
SCBDI) »& A T & &= fiif & SCB 73 ¥ [A] 73 1 34 2]
PR E S, 1SS B I LA [F) 43 5 2 [H)
FBE SO AR 2 R EE . SCBDIHL SCB i AHXS
I3 TR A AR S5 3R, TR IS E R AR 2,
SE G ENE R RE0E X WbnEZE 5 E
Z LU A& SCB [ 73 A A2, SCBDI () 14 12X

o
5 = J5cB1000C . 100 )
Hscarioooc

Horb o A RIAERT 4315t & SCB/1000C [ h5tE 2,
W HANIE 4y T8 R SCB/1000C [ b i 2 S 45 18
A S F ORI, U I A R HIORE BRI, POE 1
L SCHE > A S 5

Kl 625 Hi | POE (1) 44 fili 45 4. %% &2 )¢ SCBDI
Z IR R B AR AR, SRR S
SCBDIH /N K b IR R S BE r A RIS &) . fEl 6
AR, AHIR BN, R POE WK il B0, L
SCBDIZE AL AR Ko 4% i KT 0.86 glem’, /N T
0.89 g/em’ I, 1-T /7 POE ) SCBDI {4 ¥ i /s T

0.92

1-Octene
1-Butene
0.90 ‘
=
) o -
~ 0.881 SDBI
< 30
@ ® 20
& o 10
0.86 ‘

6 5‘ 1.0 1‘5 2‘0 2‘5 3‘0
MER (g/10min)

6 POE [¥Ji R4 % % J2 SCBDI Z [A] {155

Figure 6 Influence of MFR and density on SCBDI for POE

1-3¢ ) POE, R I H LUt 4 () 43 A 38 ) 1 o
2.3 WEIHWENSM

REGPCH A —ERE LT URMEREY
SCB AN A B 7 T8 M 0 A1 A5 B, (HICE B
95 tH S HE ST A Y AR RRAE . TGIC A CEF B AR &
I3 M 5 A7 A IR B 45 M SRR I A L4 K 7 i, CEF
JE o s ) R, AR R G B ) & AT
53 %s TGIC M2 ) P P55 6 13 40 T3 3R & e AR
P T B o3 1B 1 45 o PR R R A SO R kAT
.,

Kl 738 B 7 3 B A [\ % FE 1 POE A i, K
F CEF fI TGIC 2 #73 2H7 A 53 73 % Headb AT RALE
H & 7 5] %01, 24 POE )% 5 [4 % 0.885 g/em’ I, 3%
F CEF J7¥%, 90% W15 & Y4E = i & 2 iliE i =
OB TCIEX 7 R TTIEEN T 45 S AR 5
K[ POE, 245 2k K ok 45 /(5 B 1fil TGIC )
A DR 45 3 23 B 45 B2 AR 22 0.868 g/em’ (38 44K
& Tt L R AR R 4 A
PR

K H TGIC J5 7% 5%F 2 #1258 24 ) POE 43 3l i3t 47
RGeS B, FERT R IR BE (Tr) 5% BE I R Rtk
177 M, i 8 BT 7, 1-3F I POE [ bk 4t 0ég 3 55
(Te) 5 %5 B W B MR G BRBC4F, 17 1- T 445 POE 5814
PRIAH A, IX 2 T TGIC fh 4k Fx 7%
SCB M4l ib— e FE R _F 52 B0 T8 K 52
5SS o 1 R AR S AR B, R T B
) AR PR itk e gt 5, I H B A 58 58 B 43 A -

W 2L 3 R BE S AN ) A v RT Dd i
W) 43 AT Ti ¥ % (solubility distribution breadth
index, SDBI), SDBI = (T ~T7,,)* - w(T)dT KP4
X§F POE, H =~ 0 %4 (soublility fraction, SF)
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Figure 7 (a) CEF and (b) TGIC profiles of POE samples
with different density
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Figure 8 Correlation between 7p and density of 1-octene

POE and 1-butene POE
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945t 7 SDBIXY ¥ Rl is 2OFN %5 5 2 P (1) 5%
5% A . H 9 W %1, SDBIX} POE ()47 fili 45 ¢
BTG s 1 B A % FE 128t 5, POE [ SDBI
I K, 2% BH B 35 POE %5 B [%3% i 7+ &, POE

FR) R R ST PEE S0 AT B T AR T o
% 5y BUHR B0 A2 VP POE J6 85 S A0 B 38 &)
=M S8 HAtE AT

w

T,
b, T,/ M IR S, T, B0 ik e iR s
r ARG, SR W POE %6 SCHE M A B S VE#T o
K10 W] 51, R 2 POE [ r H204E 1.03 /247, {H
11"} POE [ SCHE 73 A 45 Sk 73 A A BE 72
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SCBD Index
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Figure 9 Influence of MFR and density on SDBI
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Figure 10 Parameter  of all POE samples in TGIC
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Y548 #B ] FH K S W POE () SCB.  H & 11 i 5k i
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GPC 2 Pl RAE J7 545 tH 1 B 45 W 5 B A7 AE R UT
(1) 5Hk R &R GPC-IR A6 45 4> T HEK 0 A &
SCB 7EAN A8 K 7] 73 A1 145 /2., 1 TGIC U AT A%
HH R0 S AR B AR A A R A, R AR T 9 T
AR [F ) SCB R AL 7V
24 HEHHNZHER

4k £y TGIC F11 GPC-IR 2 Fft J7 25 B 7] 45 31| &2
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Figure 11  Correlation between 7p and CH3/1000C
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Bl 13 9 6 DA [F) %5 BE IR 1-9F ) POE A 1-T Mg
POE ) TGIC-GPC =& X 43 ¢ 4 i . X%l >4 TGIC
F 90K VR B, 3k B AE Xl b A IR R R
RFESCB & &\, Yl N RSN 4+
. BN BSMKIR A o JE B R, &
B AZ X S 4 9y & & i 2 2 /0. POEFE i 1 4
KB 453 6 T3 A i X ek, an o 1 6 7 A
P X35k, O X3 R TR AR R /N A E R R B B e e T
POE 45 5> T B AL A i i ¥ SR B . T
OB/, B F Ay A S, MRS E T,
1-T )% POE = 41 43 092 N4k B o A5 ¥ 48 F 13
1% POE, W HAG 8 &tk o T Aty
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Figure 12 2D contour plot and 3D surface plot for POE sample
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Figure 13 2D contour plot of 1- octene POE and 1- butene POE with TGIC-GPC cross-fractionation analysis
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Table 2 Sequence structure distribution of 1-butene POE
Sample MFR , [BBB]  [EEE] [BBE] [EEB] [EBE] [BEB] [B] o
(@10min)  (glem®)  (mol%)  (mol%)  (mol%)  (mol%)  (mol%)  (mol%)  (mol%)
1-Butene POE 5.0 0.872 0.7 63.4 3.9 20.0 9.7 2.4 15.7 13 68
3 1-FJ&HPOE K I 541 /0 A1
Table 3 Sequence structure distribution of 1-octene POE
Sample MFR , [000]  [EEE] [OOE] [EEO] [EOE] [OEO] [0] -
(@10min)  (glem®)  (mol%)  (mol%)  (mol%) (mol%) (mol%)  (mol%)  (mol%)
1-Octene POE 5.0 0.872 0.0 68.0 33 17.5 9.8 1.4 13.1 11 86
45165 GPC-IR I TGIC I 45 R — 5. N\=870)F o 1-Octene
oAt A LA Y 1-9507 POE H [OO0] 5 & 40, A 1-Butene
JUF A S I B u i 4 1-77 )@ POE 1 [BBB] i e
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Figure 15 Sequence structure of 1-butene POE
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Figure 16 Correlation between comonomer content and
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