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Abstract: Sulfone-containing aromatic polyimides were prepared by chemical imidization using aromatic diamine and
dianhydride as monomers. Polymers were synthesized through molecular design based on various monomer combi-
nations for potential use as binders for lithium-ion batteries (LIBs). Solubility in N-methyl-2-pyrrolidone (NMP) for
slurry production, insolubility in electrolyte, binding to current collector, and glass transition in a wide temperature
range were evaluated for stable use in various process conditions and environments. The resulting polymers were all
insoluble in the electrolyte and strongly adhered to copper and aluminum foils. As the rotational freedom and the
degree of being kinked of the polymer chain increased, the solubility in NMP increased and the glass transition tem-
perature (7,) decreased. When the effect of hybridization state of the central element in the main chain on the rotational
freedom and the effect of linkage position on the degree of being kinked were arbitrarily quantified, a specific rela-
tionship was established with T,. This study is expected to provide a key molecular design guideline for construction
of a binder-material library for LIBs by clarifying the correlation between the molecular structure and physical prop-
erties of sulfone-containing polyimides.
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Figure 1. Synthetic route of polyimides. The compositions of monomers according to the run number are described in Table 1.
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Table 1. Properties of Polyimides Synthesized in This Study

Composition of monomers Polymers®

Diamine Dianhydride Solubility Adhesion GPC results T,
No pAPS mAPS DABA BPDA BTDA ODPA IPPDAPMDA NMP Eliﬁ?}%m THF  DMSO Al‘“}};%?“m MM A/IZVI/)AI/IH) oC
1 100 - - 100 - - - - Insoluble® N/A N/A N/A N/A NA NA NA NA
2 100 - - - 100 - - - Insoluble®  N/A N/A N/A N/A NA NA NA NA
3 100 - - - - 100 - - Insoluble® N/A N/A N/A N/A NA NA NA NA
4 100 - - - - - 100 - Soluble  Insoluble  Soluble Soluble A 1.4x10°22x10* 152 246
5 - 100 - 100 - - - - Insoluble® N/A N/A N/A N/A NA NA NA NA
6 - 100 - - 100 - - - Insoluble®  N/A N/A N/A N/A NA NA NA NA
7 - 100 - - - 100 - - Soluble  Insoluble Insoluble Soluble O N/A NA NA 254
8 - 100 - - - - 100 - Soluble  Insoluble Soluble Soluble O 21x10°29x10* 141 214
9 - 80 20 100 - - - - Insoluble® N/A N/A N/A N/A NA NA NA NA
10 - 80 20 - 100 - - - Soluble  Insoluble Insoluble Soluble O N/A NA NA 280
11 - 80 20 - - 100 - - Soluble  Insoluble Insoluble Soluble O N/A NA NA 267
12 - 80 20 - - - 100 - Soluble  Insoluble Soluble Soluble O 3.1x10*4.1x10* 133 223
13 80 - 20 - - - 100 - Soluble  Insoluble Soluble Soluble N/A  13x10°1.9x10* 148 254
14 - 80 20 - 80 - - 20  Soluble Insoluble Insoluble Soluble N/A NA NA NA 285
15 - 80 20 - - 80 - 20  Soluble Insoluble Insoluble Soluble N/A NA NA NA 276
16 - 80 20 - - - 80 20  Soluble Insoluble Soluble Soluble  N/A  2.0x10*2.6x10* 129 229

“Prepared according to the synthetic route in Figure 1. *Precipitated during polymerization. ‘A mixture of EC/DMC/DEC in a ratio of 1:1:1 (v/v/

v). N/A is not available
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Figure 2. 'H NMR spectra of polyimides synthesized in this study.
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monomers.
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Table 2. Numerical Values That Arbitrarily Quantify the Degree
of Being Kinked and Rotational Freedom of Polymer Chains

Rotational freedom in
dianhydride monomers

Csp*-Csp” bond: 0.1
Csp>-Csp® bond: 0.25
Csp*-Osp’ bond: 0.5

Degree of being kinked in
diamine monomers

Para structure in pAPS: 0
Meta structure in mAPS: 1
Meta structure in DABA: 3.5 (0.5)°

No single bond: 0

“Note: Using 0.5 when assessing the contribution to the glass transition
temperature because of the presence of carboxylic acid group.
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Figure 5. Effects of the rotational freedom and degree of being
kinked of the monomers on solubility of the polymers in NMP. O:
soluble. X: insoluble. The rotational freedom and degree of being
kinked of polymer chain were determined as follows. Rotational
freedom: 1 x 0.1 for BPDA, 2 x 0.1 for BTDA, 2 x 0.5 for ODPA,
4 x0.5+2x0.25 for IPPDA, Degree of being kinked: 0 for pAPS,
1 for mAPS, 0.8 x 1 +0.2 x 3.5 for 0.8 mAPS + 0.2 DABA.
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Figure 6. DSC curves of polyimides synthesized in this study.
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