ERACFRA 1

H —
*_f%*ﬁ%?—%jfu ctéh . Iyt vy vl 3 L T
S TF—RIBEDHTE &
%
"

T
o ) ‘\

Sumitomo Chemical Co., Ltd.

0
Z

>

ol @ =

g

Estimation of Molecular Structures of

Polymers Using Machine Learning Essential Chemicals Research Laboratory
Seiji SHIROMOTO
Hiroyuki Kupo

Akinori BANDO

The molecular structure of polymers was estimated using experimental values of viscoelasticity and molecular
weight distribution. This estimation was achieved through a combination of a viscoelastic simulation and machine
learning with Bayesian estimation. The sample utilized was high-pressure low-density polyethylene with branching
chains. Using the methods described before, we obtained a molecular structure that accurately reproduced the
experimental values. The derived molecular structure was then compared with reports of direct observation of a
single molecular chain. The comparison confirmed a general correspondence between the number of branched

chains per molecule and the ratio of branching chain length to backbone chain length.
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B  Conceptualization of algorithm for hierarchical relaxation of a comb-branched polymer
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11N Molecular characteristics of the materials used for the viscoelastic simulation

Code M My M, Dy, D, q (13 Pa

PI-L 85,100 - - 1.05 - 0 1.0 0.0

PI-C 132,000 85,100 10,200 1.05 1.05 4.6 0.64 0.36
PI-Ma2 179,000 85,100 20,400 1.05 1.05 4.6 0.48 0.52
PI-Ma3 226,000 85,100 30,600 1.05 1.05 4.6 0.38 0.62
PI-q8 173,000 85,100 10,200 1.05 1.05 8.6 0.49 0.51
Pl-q12 214,000 85,100 10,200 1.05 1.05 12.6 0.40 0.60
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log (G(t,y)/Pa)

B Relaxation modulus after large-scale step shear strain
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BN Relaxation modulus normalized by the linear relaxation modulus
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B Relationship between complex modulus
|G*| and phase angle ¢
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Generate/update dataset |<—

!

Perform multi-objective
Bayesian optimization

!

Generate input file
for BoB simulation

!

Simulate viscoelasticity and
molecular weight distribution

!

Calculate error between
experiment and simulation

B  Computational algorithm using
multi-objective Bayesian optimization
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Viscoelasticity of F200-0 obtained with
combination of bob-rheology and machine
learning methods with experimental data
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B Comparison of molecular weight distribu-
tion between simulated and experimental
data

K BHIEE & DK% Fig. 918§, il &5
HUEMy/Mni33.8TH D, HIENTH 5. ATk
SO a3 & Lz, oo TR AiidsE
Bz sl OB TE -,

(2) FEWEE TR & T2 & o ik

FEPE S 2 2LV — 3 3 v & Bayeskom b2 3£\ T
bk LT & 7z 43 TS % Table 3127189,
% 7z, ¥ & L CShinohara® O J5 - [H J7 98 % §%
(AFM) BIZAERE iE ORTY, BIKD 2 KD T8

LELIERE  Comparison of the molecular structure obtained from the machine learning estimations and AFM imaging

Simulation AFM observation®

Comp. A Comp. B Comp. C Arm1 Arm 2 Arm3
M, (g/mol) 17,000 69,000 232,000 275,000
Ap (nm) 94 182 779 162
A, (nm) 43 74 10 18 31
Number of arms 4.9 7.2 3
Average number of arms 3.8 3
Aa/An 0.23 0.09 0.06 0.11 0.19
Average A./Ap 0.11 0.12
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GBI Predictive machine learning modeling using viscoelasticity and molecular weight distribution
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(a) Linear viscoelasticity

(b) Molecular weight distribution

IGEEEN Linear viscoelasticity and molecular weight distribution of PE-A obtained with experiment and molecular
simulation applying the multi-objective variables Bayesian optimization method
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