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Figure 1. Chemical structure of polyoxamide (PX). In a case that
R, is the same as R,, that polymer is a PX homopolymer. In another
case that R; is different from R,, that one is a PX copolymer.
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Table 1. Chemical structures of R; and R, in Figure 1 and molar
rations of R;/R; used in this study with PX sample codes

Sample code Ri/R, R, R,
B-100 100/0 -
B6-60 60/40 e
B6-40 40/60
B6-20 20/80 Lon)
X6-60 60/40 e, o,

X6-20 20/80 O/ <
X10-50 50/50 ek
6-100 100/0 Hon) —
12-100 100/0 Ao} —
9-100 100/0 Hon) —

Bz CE EDITP 7 I VORIBIEIC L 5 B2
ML 7.

BonR)e—Z2HREFTHHAL, TBLEZRY
=% A0, NMPE XU X% ) — )L CTHHEL, 100°C
IS IR, WEHE I . WA, WL LT, o
oA AZHGTY v 7 AL —HiH AR % 10 B
Hiro 7.

H L 72 PXIZB T, Figure 1 DR, B X 'R, DILE
KEZzNooE VMK, BLOPXOHRB2a—F%2 L
OTTable 1AL, mFTYLryY7 Y (mXDA)
ENFYRAFLYY 7 IV (HMD), mXDA & F5F 4 v
CP7IVMODA)BLRIZERATI ) XAF LT 7u~F
¥~ (BAC) £ HMD # i\ 72 PX ikl 2, Z2hZ N X6
%, XI0ZBLUIB6REMS, &k, Ala—Fok
OETFIRIFE—-CT7 I v MIRERYT, £k, HIER
PT I VUTRERED G, IOBLUOR2OYTIVvOREHH
W PX Dkl a— F%&, 21 Z116-100, 9-100F L O
12-100 & L 7=,

23 HFH & UM BT

23.1 DFHEFMHERE

AR LPXOoT&%Z, HME () #lE
IHNMR, %A X7 a< 275 74— (SEC) & v
THIE L 7,

25.0°CICEWTA A b 7L FRiEERFZ2 VT, PXik
BL0.2 g % 96% il 20 mL IZ AR X ¥ 72 IR E & Ohi g
TR D D LKA O TR 2> & 3 T RO & 22 % n,
ZRDT,

HNMR M ICE 7V A — - N4 28 48l
AVANCES00 ZfHH L, #iEs L CEREBZ HWT, &
R %1024 [\, > 7FIOVIRE Smg/mL O & TfT o
7o, BonrRKinlEAFL v Eo 7 by S
DIEITED & PX DB 7 (M) 2R 1, £z,
HHEA PX DFE AT OV TH FHI L 72,
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SEC MIE 12 13 3 — (¥F) 8 HLC8220GPC % A L,
~¥Hg7ta4y 7ras) —)V HFIP)IZ Y 7 VA
afgF b )7 L (CF3COONa) % 10 mmol /L AR & ¥ 774
Hi = T, R Y < — IR 0.05 wt/ vol% THIlE L
7=. 71 7 1% Shodex HFIP-LG+HFIP-806M % H \> C,
P 0.8 mL/min. THIE L, RY XF N RXE 7 YL X
FNVE D M,, EREFHITERM,) BLEZRSDMH
(M /M,) %KD 7=,

2.3.2  AEMEMEET(E

DSCHITEICIE (BR) ~ v 7 - ¥ A4 = v 28D EITHT
iE S 2 F L WS002 D DSC31008 Z i L 72, %%
R T T, 25°C 5 10°C/min. THIR X &, 350°C TS5
SRR, —10°C/min. T25°C ¥ TR ¥, BY
10°C/min. T 350°C £ THIR X ¥ T, &PXiko g
HoREMRBR 79 7 7 4 Lo @ik & alfgshe % S
L7%.

FIRIZEEE X O 2RO MIE IS 1E, ARSI
BMEHD 7 v bRV TN TV R G128 7% v,
JEA 40~200mm IZETE L 72 7 4 Vo ikl 2 w7z, K
TEUREL 1, Table 3 HIZ/R L 7 &kl ol X D 10°C
EOBREL, saMTmEs, 1M 10MPaiciEL,
FERETHALT, 74NV 2HABZRIEL 2. B, &
SNTeTRTD 7 4 )V LFEHIHEAETIC 80°C T 24 IR#f
TRz X 7,

LIBOEMHE L THsNZZFL VA =R %— b
(EC)/¥ = F )V H—1K % — I (DEC)=50/50 £ & U~ 30/70
AWK T 2 PX D 30°C DfafZiME 2 T Lk, B
X 40~100 um D 40~60mm 1 D 7 4 )L Lk % %R
AR L, BEH OEROREZE D & fIEEE %
Kbz,

R =— - 7 F - 74 8o ERM BB STB-
1225L % Jil\»C, EC/DEC=30/70 O & i@ < fafl iz
SR L R S SRR O TR R I E L 2,
FiRT, EZ170~180um D ¥ > )L 3 5B R %
I mm/min. TEMH L, ¥ 7K BHILHE X KO
THERDT.

233 BEEHE & EEETHE

IERRAH DM ERHIR D & 9 ITER L 72, &9
HBELOEEWHA L L TZEZNEFNLCOEABE X/ Y
$hCIRE L 7RAY & PXEEL0.1 g % HFIP 2 mL 125 f#
SR TNAL VY= E 24mL BB AR I AN
[ 2 W JE D3 32~34wt% & 72 % X 9 IZ HFIP % il 2,
(Fk) THINKY 8D dHb & D BRI Z VT, 2 IdAM
JE£ 1600 rpm T 10 7y O RSB Z 3 MUK L 72, 55
N7 AT —VEE = BE/BIR (7L S ) IS4 7 ART8A
L C, HFIP 7&FE L - BRICIHTERZIR T 2 Z Lic kD,
JE A 80um & 200 um O _FEBHDOEATLZ /ER L 72, 7
B, PVAF Z A\ 7R HERE X, B2 IRE 64 wt% T
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BRROIEYEICIESi 2, EEMAICIEZ 7774 b
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BEE, 453 1453 53 1 0.05~5 & L. ABD
AR A O o — P IEMm & Ao RRL E Lz, %
B, AMOEEKRE LG Wz,

PSRN B & OB IRBORE LI TR L,
BB OEBEROLE O FIEIC AN, Bag Rl H
iz kb, ZERRECHME L 7z, BATRRICRHEEL 20U
A%, FEETIUECE L7, %8, HEEL %< THEM
WEML7ZbD%EBE L, 7, HEHMCHEED 7
Dol LT, vuny T =727
BB DT o 7. 2 Ol & =B ¢fT v, EEESR
2 5\E BRI HEEL 7-b 0% C, BT OB
BNy F—=FIINELEZLDEB, o7k HEE
BOONTVWHDEAL LT,

3 HREER

31 HFHEH

AT L 72 PX Dy My, Mo/M, %, HEHRBERS
CICHERY Dfii & & H 12 Table 2 1SR L 72, HERES &
CBEHRD PX D %, ZNZNAFHIME L CAFEIRNIC
AL, NMPZIFIEE L, &REZEC LaARD
HETHRL7=PX Dy l%, LIV Z2iEMEE Uitk
EEBLOHHRICEZ2PXDZN0 LD HREL, TRT
192 ETHs I E8bhb, £/, HNMRE LU
SEC T & b 2Hli L 72 PX D M, 1, X10-50 Z[RE, X
Tl Lkt o7, 561, UBE X hiREtI N/ D
5 M, % HEE 9 2R % A CEME L 72 % Table 2
R L7z, 206 M, O FHIfiE X 'H NMR & SEC DHIE
o ThH o7, %&E, 'HNMR & SECD M, 13H F
DROB—HEIFEA RV, 2O ERNEFEDEIC
LIRS 2 721 T4 <, "H NMR IZAMIEBERE 2 F 1L v 3
D7u by TFVORSED S M, 2 T T 5 72,
FTEVNSOIZERERENRC, SEC RO TFHOK
EIXRFMET 2720, DTERIKEVIE EHERBEDR
E¥zrotchri)EEIZoND, oL, BibT 3
B, BE23320°CBAL, 322 AT D PX Z R\ 7- TR
TOPXBEAT L ZZ M\ 7 4 LV ABRIERRET H
D, Z05 7 4 VA% HOTHZRENES & OZHEE
HEDPHRETH -7, ZhonFkbh, AHICBT 24
BRI X D ERANC T RN TEZET 2 PX BB 610
BLEBZDBTHAI., 1L, X6°XI0DXHDIHE
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Table 2.
molecular weight (M,,) and M,

Relative viscosities (1,), number-averaged molecular weight (M,), ratios (M, /M,) of weight-averaged

NMR

SEC

3 c

Sample code nr M0 M0 MM M,/1039
B-100 2.69 (1.95)¥ — — — 17.4
B6-60 2.34 (1.84), [1.78]" 21.5 13.0 1.5 15.4
B6-40 3.32 — — — 21.0
B6-20 3.59 — — — 22.6
X6-60 1.92 — — — 13.0
X6-20 2.48 — — — 16.2
X10-50 2.13 (2.05), [1.66] 7.4 14.9 1.7 14.2
6-100 2.59 — — — 16.8
12-100 4.73 [2.56] 432 26.4 22 29.1
9-100 2.89 — — — 185

% Values of polymers synthesized by a previous method,

method.

Y values previously reported, © predicted by a UBE

Table 3. Melting temperature (7},), heat capacity of crystalline (Hy,) in polymers, saturated swelling ratio (Q) for two
electrolytes, Young modulus (E), stress-at-break (o},) and strain-at-break ()

T Hy, oY E O &
EC/DEC
°C Jg! GPa MPa %
30/70  50/50
B-100 320 40 — — — — — — — —
B6-60 269 32 0.2 0.1 2.0 1.69 91% 819 g 99
B6-40 271 39 2.7 0.3 1.5 1.49 550 56¢) 6 89
B6-20 304 67 1.1 0.2 1.5 1.49 69 70 15 469
X6-60 289 30 — — — — — — — —
X6-20 310 44 0.4 0.2 1.90 1.89 93b) 759 189 209
X10-50 268 23 — — — — — — — —
6-100 332 89 — — — — — — — —
12-100 230 66 5.6 48 1.4% 1.19 58 479 250 759
9-100 236 77 3.3 42 1.5 1.39 730 59¢) 182 269
PVdF 162 36 16.0 163 0.6 0.49 47 479 430" 6109
D) wit%, Y dried sample, °) sample saturated swollen with EC/DEC = 30/70.

Gikos TR, B6RILEAML & NICIENIGES PX D
Znokhb/h3ntEZISNS, kB, LEAPXD
HEAGMEIZ, TRXRTOPXIZBWT MDY 7 v
DALARFK & —F L 72,

32 MEMEHE

ARHCREAN L 72 PX DR, BfEEE, “HEEOE
fE T T 2 AR, v K BB X O
BEWT O A % Table 3ICPVAF DE & & I & TR
L7.

T RTDPX D DSC HFRIC BT, K@i fdk 3
BURENE — 7 D3230~332°C DIEHIFICHHI S, &
B L7 PX I HEAREZ &GO TTRTREMETH - 72,
IERG % PX ORlfREE L, B6 %7k EDILELSPX D Z
N EhHREL, HREPEO EBTPHINL, &
B, 2ITRERIHEVY, —HOBRE LU X6 R
HEHAEE PX OB O L HEAHBREY: %, Flory DRl
TR ZHOTHH LSRR WtEAGERICEY
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T, BAC B X " mXDA K77 43% \» B6-60 & L U X6-60
ZRT, HEAEKRDOBLSIZ Flory X2 5 O FHIEIX I1Z
T L 7%, %8, B6-60 B X UX6-60 DTl &
RE{HHnzHBE LTid, HEBSTRHATHY, 20
HHZHSMICT 201013 E 5 R 2NEBLETH 2
EEZB,

MR ZWET 27200k, BT L RIS
YoTHELEZ74a v EZH G, LaL, Buis X
D BZENFN320°CL EB L U222 TDPXD 7 4
WAL, T ETHEICHETE LI TERDP >, B
FE L OX BILEAKPX OBAENERIZ, DSCHlE D
SREMEIN NS W ERTFREINLIL 22D ST, IF
WilERPXDZNE LD bk /NS ot —HINIC
FREDE IR CRAERI NS R EEZ6NS
2%, BRE IO X RILEAGE PX DEMIATT 5/
X RIS RS OE O L D B ILEREE O ISR
LTw3EEZLNS, —7, PVAF DEFIEEE,
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Table 4. Visual evaluation of adhesive properties for cathode having
80 pm and 200 um in thickness. The values of 200 um-cathodes are in
parentheses

“REMO BN A VT — B R

Table 5. Visual evaluation of adhesive properties for anodes having
80 pm and 200 pm in thickness. The values of 200 um-anodes are in
parentheses

Sample code b5 b3 bl b0.25 b0.05 Sample code b5 bl b0.05
B100 ® o0 & © o 5100 ®) & ©
B6-60 ® 0 & © o 5660 ®) & )
B6-40 m o & © © B6-40 ®) - )
5620 o o & & O B6-20 ®) & )
X660 o o & o O X660 ®) & )
X620 0O 9 & o O X620 © - )
6100 0O 9 & o O 6100 © - )
12:100 o & & o o 12:100 © - )
o100 o & & o o 100 O & )
PVdF - - A — PVAF — A —

>
=
‘
<
‘
3>
=
>
=

>

=
T
<

>
=

PX@%%%’%&T#&Dﬁ%#OKIWﬁMﬁW
ME 7 B ERRIC LT Z2 o flEiERIZIZIER T T

Hot-h, LEEHEPX TIZEBIK T D EC fﬁﬁiﬁw(
5 EMMBMEEIINILS 25HEA23H 5 2 D
o7z,

BRI & D b v v R E L NG 08
INE L, BEBTOTRBRE >, EIE OSBRI K
FVIEIBEZPX I T Z LTk h s, iR
2X912%%h, PVFERKT 2L Z2N50DE ﬂ: ESN
SV, BARIC X 2R OEVICBIfRE <, PVdFIC
EERTIRTOPX DY v IRE X OBEWIE Ik E
$, HWOTHRBINI B Enbhrs, 2Fh, PXIZ
PVAF X D b8, WY RE2ET 2 EE A
3. B6-601F L CICHEL, fHUAVNE W, B6-40 & B6-20
IZoWTE, Y 7RIZF U ZHH O T APERL S,

, BRI X & 72 B6-20 DREKT O3 A3 3 500 1
2: ck < ﬁm% ZEDBbh ok, X620 D IR
B6-20 DZ N5 EIZIFHEBETH > 7%, T 06 DfFR

%, HEAMHKIC LD ZEST SRR AT 2 AV
#ﬁtﬁé EDIRBENDG, —T, 12-100 DY v 7ERE
XM IR O /N L, IO T ABRENT &b
5, PXIHABHFTRLIFS2PVLRMEZ OO Ebho
7. 3‘1\"(0) PX IZE W T IME 720D, PXDH
PRI AT MR X B OB/ I W EE Z
55,

33 EBfE~OEEMH

331 BRRIC&K B EEOFEME

HE 2 & 2 IERR o 38285 1 0 SR 45 SR % Table 4 1275 L
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7o, 2B, BAKEZ 80um & 200 um D FEfli R D
M, 200 um DFEFREZFEIIRITR L 7.

B6 2B LU X6 RPXFEHZEWT, BACK LU
mXDA MR KRZE VL DIZE, H2VIFPXERD RV
IFEBELRRIRIFCH S Z E3bho7, Lo L, Bfi
RS X 23200 um D BT, PX EAS% WERHZ A
L, PX @D WilkHI R L 72, BEINEWIZ L,
USRS RIFTH 5 2 L0 5, BMOEHIZIALIETE
IZEE) PXOPEIGHICE Db EEZ6NnS, —77,
FaRfG % PX ATk, ASMEEDMELS, Yy 7RI
WI12-100 DEBEWEBENDL Z L3 E,. IR
b, PX DUNEIG I DSFEM & DEEBEICHEL Tnwa
Ezonb, ¥, LESKTHZB6FRE 12-100108
17 % b5 @D 200 pm JE A D FAMIFE RO KD 5, AL 7
PX DA, B6 FMNIEMICE TR OEEEICENS Z &
Bbhrol, L2LAEDPS, TN PXiEHIB W T
b, PVAIFOEHFEELIDIZE 22 b bdo, &E,
B-100 B L U9-100 I2BWT, ZNEFNTTEIPIELS
kR e T2 s OFEEEE N L 7225, EEE0E
WIHERTE o 7z,

332 BREICK 28O

HARIC & 2 E o B35 1 o ST 4% S % Table 512733 L
7z. Table 4 & [FIBRICEABE I 200 um O 5 % FHINN
IR L7z,

IEMR DRSS & iR 5 &, PX DA B 2
FHE%ED, PRENLHERBIE N, L L, IEikE
MRk, AMICEH T 5 PVIF DEEMEIIPXDZNLD
BB EEZOND, 8, 6100 DEEMIASS 5
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Table 6. Evaluation of adhesive properties for cathode and anode
having 200 um in thickness

cathode anode
Sample code

b5 bl b5 bl
B-100 C — A —
B6-60 C — — —
B6-40 — — B —
B6-20 — C —
PVdF A C A C

T ElE, ZOMBOE ORI L HERoF S Ichsk L
T EEZLND,

333 FBHAERIC K ZEBE L UEEOFHE

uny 7 —7% M0 EREE S 200 um O IEHRE
X A O G R % Table 6 ISR L7z, £a NV F—
7oA OFHERS R D, Bl L HElic & 53¢
flifsH & 1ZIER—TH B LEZ NS, LirL, AV
F—¢ L T—#DPVDF Z HO 72 HEICB W TH, 1EHK
B L ORI B W CEMBER S OB B I k.

PLEOMEHER L D, B-100 2 &0 7% Be LEHAK%E
NA v —& L LIBEMOESEEIZPVDFOZN LD
134 %08, AL THE L2 PX Db Tiib BT
2EEZ260%, BoRORFAEER, @ik
L B OERIVNS K YHEEDV NS W 2 221 T
%4, X6 REDWEDS, £/ <v—DfLEfEE, &<
WG IC D MBI N T WA H 2 Z L sh
»otz,

A%, REMmBEICH-> - ) ESERICENLE )
2 =2V PX DM 2IT) 2T ThR, FEPX%E
NA V=L L THWTHML 2 1EM, Afks X Ei

DESACEREZ ML, Z2h oK & PX OMBHRRE
EOMBIEEH S I L EEZTND

4 #& Ei

fEXDY7IvEDPOZHWTPXZEHKL, 215
SrrE, EAHRR, BWHEE, 2R, LIBOE
R R 3 2 28 6 X " LIB O M & D EEE%
T L 72, ABABLE LONMP EZ A L, ARERE
200°CC, &/ v—%{LAUETFEZ T RTZZEiIckD
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HaTREOPX 2GR T 28 L ik z i L, Ak
L7723 RTHOPXIE, PVAF & b, Kokt
ZHET ARENEBIECTH o 7. F7, PXUTHT 5 EiE
WORAERIINE , Bk 2 I2EEoZbd
INE oz, IEME X VAMICE T 283 Bo Rt
EHAKRPXBHE I Ebdokhs, PVAF DEEN &
NIFFEBZEbbhot,

BB AURO—EIE, (R hEE SR,
oD TITVE L, & IS £

X ik
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Synthesis and Adhesive Properties of Polyoxamides for Binder Application of Lithium Ion Battery

Ikue Motomura™®!, Kimie Sniom*?, Shuichi Maepa*?, and Koji Ae*?

*LGraduate School of Science and Technology for Innovation, Yamaguchi University (2—16-1 Tokiwadai, Ube 755-8611, Japan)

*2 Advanced Science and Innovational Research Center, Organization for Research Initiatives, Yamaguchi University (2-16-1 Tokiwadai, Ube 755~
8611, Japan)

We synthesized polyoxamides (PX) using various diamines and diphenyl-oxalate (DPO) and investigated their molecular weight, copolymer
composition, thermal properties, mechanical properties, swelling behavior for electrolytes of lithium ion batteries (LIB) and adhesive properties with
electrodes of LIB. We established a new method to synthesize PX with high molecular weight by using N-methylpyrrolidone as a synthesis solvent,
setting temperature to 200 ° C and devising the order of charging diamine and DPO. All PXs synthesized in this study were crystalline polymers,
harder than polyvinylidene-di-fluoride (PVdF) and had smaller elongation than PVdF. Both, the saturated swelling ratios of PX for electrolytes of LIB
and the changes in mechanical properties due to swelling were small. We found in this study that the adhesive properties of PX copolymers composed
of 1,3-bisaminomethylcyclohexane and hexamethylenediamine on both cathode and anode were good, but they were inferior to that of PVdF.
KEY WORDS Polyoxamide / Synthesis / Adhesive Properties / Lithium Ion Battery / Binder Application /
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