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Image-based Characterization of the Chain Structure of Polyolefin Elastomers:
From One-dimensional Parameters to Two-dimensional Distribution
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(!PetroChina Petrochemical Research Institute, Beijing 102206)
(°Key Laboratory of Synthetic Resin and Advanced Materials, CNPC, Beijing 102206)

Abstract The chain structure heterogeneity of polyolefin elastomer (POE) requires characterization in terms of
both molecular weight and branching structure, yet the relationship between these two parameters proves
challenging to establish using conventional one-dimensional characterization techniques. While cross-fractionation
chromatography can provide the two-dimensional joint distribution of molecular weight and branching, the resulting
chromatograms are typically interpreted only qualitatively, lacking established methodology for quantitative
information conversion. This study focused on ethylene/l-octene and ethylene/1-butene copolymer elastomers.
First, the overall differences in chain structure were characterized using mean parameters and one-dimensional
dispersion parameters. Subsequently, an image-based feature extraction approach was applied to analyze the two-
dimensional joint distribution, with the TGIC-GPC chromatography treated as a probability density image.
Quantifiable image features were extracted across five dimensions: low-order moments, shape descriptors,
topological characteristics, divergence, and quantiles. This approach converted a distribution that could previously
only be observed qualitatively into a set of computable structural features. The study examined whether the method
can extract coupled information inaccessible to one-dimensional characterization and evaluates its discrimination
capability for different comonomer systems. The proposed method can quantitatively capture information such as
the correlation between elution temperature and molecular weight, and can distinguish between the two
comonomer families without relying on property-based data. The results indicate that image-based feature extraction
provides an effective route for the quantitative description of the two-dimensional chain structure of POE.
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Table 1 Sample information.

Sample MFR Density
Category Comonomer . .
quantity  (g/10 min) (g/cm?)
C8 1-Octene 18 0.5-30.0 0.857-0.908
c4 1-Butene 19 1.0-18.0  0.862-0.885
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Fig. 1 Group regression analysis of basic physical properties and average chain structure parameters. (a) Linear regression of lg
(MFR) and Ig(M,,); (b) Linear regression of p versus CH3/1000C; (c) Linear regression of p and 7},; (d) Box plot of the molecular

weight distribution index.

Table 2 Regression results of the average chain structure parameters of the samples and inter-group statistics.

(a) Group regression results

(b) Inter-group statistics of molecular weight distribution index

C8 C4 PDI Average (C8) Average (C4) C8-C4  Cohen’sd p
lg(M,,)-1g(MFR) R?=0.982 R>=0.978 M, /M, 2.20 2.14 0.07 0.35 0.295
CH,/1000C-p R>=0.984 R>=0.900 MM, 1.88 1.73 0.15 1.04 0.059
Tnp R?=0.944 R>=0.702 M,.\/M, 1.57 1.48 0.09 1.07 0.053

22 ZhHmEIEHSHE

HRE. BRI SENS TR MRS T
SR X 7> C8/CA 2R R AR ZE R, SR, 1X
SRR R - H R TS A SR,
RN SCRENS 7 TRERI A A 2 538 5) . ARSI PEAR
HERR— 7 FE X, SR St 2
e POEMERE [ 5CHE . F 73R 0H, BIE 2 NMEESL Y
PRI SRS TR ML, &SRR
FREEMAFEEE, LR E. FREES R0
I3 T EE AR B R ]2,

N RE AR A AT AR SIMERRE, ATTEIN
2 S EUE SR, — 2 R S B TR 43
i $8 20 (SCBDI), & Ji % 34k 7 4ii 45 £ (SDBI).
SCBDI FH LAV 7 5 2 55 o S A 1) 5 TR
%, H GPC-IR % H ) SCB B 43 F = 1481k i 28 1+

H, WS TFESSY ESCBMAR RB(IrHEES
PIME 2 ) 5E X SCBDI: SCBDI = 0gcp/SCB. 4% 7 %
Ko, FUIEEIR AR R AR 25 AR
PREZE, AT RR TR SO R, (A [R) %
P 1A P 35 B8R L AT B . SDBI A AR v
R R SCRE A I B O, U — Ik e T
B WD ABUE, 5EXN: [Ja-T, ywnar]”,
Ty, = |TwW(T)dT. #HLL Z B e, DUBY R 23 A B 3 58
VU, R SDBI RE 58 4 M4 1 Ik ok 1 28 110 2 5
S Hi R, SDBIEE A Ut B B 8] 34k 70 A BAN I 2

SN2 5% MFR 15 % 5 56 32 A0 40 A 5 B3 1A [
M, DAMFR. % E/EARANAL &, SLRpgk
RUE AR AE, X SCBDI 5 SDBI 43 ) & 37 2 4%
wEH. FERMFR B ER R, KA 1lgMFR+1)E



N

=11

5T

2z

Ak 5

NIRANPERGIR T, LA & MFR R 5 1) s s
() B 5 N A2 HL I = R T DA IR P # 1RAR ELAE
KPR L2 1E AL Ridge [8] U5 22 i JL 28 1 A4 i
LA TR R R R IR AR R R R B IR
B, R BENLARARGS SRR AR DTk . 5 e 3
FEA AR, AR LLLOOCY 7 .

4E R 7R, SCBDI 5 SDBI (1) 58 #4E h F1%
MFR. % i % JE X 45 (] 2a F1 ] 3a). 31X A2 BONAK
MFR X BB i 7 T KRR, MR

s TR FE G N 0 20 A, S
4 1) S AL 25 S o I B, AR E ST T R, p 5
1g(MFR+1)/2& 5200 B (1 R BER 3%, 1 L SR s pAk
AL FH (B 2b 1 3b). 2 f& £ 1) SDBI Fil il
Wi S 17 (] 3¢ A 3d)ia 35 B A — 3, ¥ 7E K MFR.
B FE X B A

C8 5 C4 Mk RIE2 B LRI : C81AR
() SCBDI B & /1 F C4, Jo 75 /= % (X (] 2a);
i # SDBI £ {H 2 3l A K, M C8 W] 4& fif 22 B 1y

0.92
g
0911 , p
(]
0.90
_ ®
089+ SCBDI
< o 20 Ig(MFR+1)
2 0.88 @}3
Q
5
0.87 ¢
0.86 C8 indicator
0.85 . . > . . - - . - . - .
- 0 5 10 15 20 25 30 35 0 0.2 0.4 0.6 0.8 1.0
MER (g/10 min) Permutation importance
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Fig. 4 Two-dimensional TGIC-GPC chromatogram of POE samples.
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Table 3 Image feature classification based on two-dimensional TGIC-GPC distribution.

Classification

Image feature

Low-order moments
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Shape descriptors Tixewnesss 1€Myskewnesss Liurtosiss 1€Mwiurtosis» €CCENtriCity ratio, standardized aspect ratio,

Topological characteristics

covariance principal axis inclination 0

Area of FWHM (number of grid points, physical units), circularity, bimodal coefficient

Divergence Entropy, valid grid points, participation ratio
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Fig. 5 Schematic diagram of the main image features on the
two-dimensional TGIC-GPC distribution.
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Fig. 7 Spearman rank correlation coefficient heat map of two-

dimensional image features and macroscopic performance.
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Fig. 8 The distribution of POE samples on the PC1-PC2 plane
after PCA dimensionality reduction (a) and the cumulative
interpretation variance curve (b).
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