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EE: B A= gEol2AA] &= A= 2Rt 9JE lithium manganese oxide(LMO)] & F/47 &
AJ& 7NAskLA} 3-propyl-1-vinylimidazolium tetrafluoroborate(VPI BF,)2] 7-2& zt= o4 7tuAlE AAsla
o1& LMO &= &A] WA 7hwsle] W 5] dE LMO 452 /Mdsisint. o]24 7taAlle o 217]
T EHS Sole] FAEE ERIEen LMO Y= sERolA 9 7}511 - o] Fejo W HeolH 37
A48 B3l LMO 4= &4 X9 /o] Aoz 8=l g1det. = A3 VPI BF,.22 JHEE
LMO %= 2Al= XAl A7|gsks 1 EA 9 JjXE 7S L_E'_/\ S YJeEhJ) nom, Z/Mlxo] 25 E A9
28 F3Yste] VPI BF/F AW 549 7149 ]oq 3 YSS RIS

Abstract: In this study, 3-propyl-1-vinylimidazolium tetrafluoroborate (VPI BF,) as an ionic crosslinker is designed and
synthesized to improve the high rate capability of lithium manganese oxide (LMO) cathode material. The synthesis of
ionic crosslinker is confirmed by 'H nuclear magnectic resonance and '’F nuclear magnectic resonance spectroscopies.
It is confirmed that the VPI BF, is successfully crosslinked through Fourier-transform infrared spectroscopy. The use of
VPI BF, does not compromise with the electrochemical performance of the cell even at high temperature and enhances
the rate capability. The analysis of electrodes after electrochemical evaluation proves that VPI BF, contributes to the
improvement of LMO interphase properties.

Keywords: lithium ion batteries, lithium manganese oxide, uniformity, crosslinking agent, electrochemical performance.
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B AFo A TS 5] ALEE l-vmyllmldazole 2 1-

bromopropane, sodium tetrafluoroborate< = Sigma-Aldrich
(F=ellA gl AA glo] ARg-staiTh. ]UH, |l 2 A
2 AE-3} acetonitrile, acetone, ethyl acetate(EA), ethyl ether
(ether), dichloromethane(DCM) thg slgollA Yo
aluminium oxide(alumina)y= Sigma-Aldrich(Z=)14 30
ARESISATE. AEAL 2] Q1 AlS 918 monomer®E ARE-
gk N-vinylacetamide M| ZIAJoFo|(TCIL, gh=)ellA], & 7HA|
A& ALE3E azobisisobutyronitrile( AIBN)S Sigma-Aldrich(7]
=ellA FHs ARS8

500 mL T2ute ZEF239] 1-vinylimidazoles} 1-
bromopropaneS 237 8= acetonitrileS ARES] 25 °CollA]
wRksi 72417 BEg-S K18 6‘}%’\ Hhgo] g5E & 5
B g8 By YAET 553 EA 2 ether®2
o] 2 AASL A = ‘?—__} &% 7] (rotary evaporator
BUCHI, R-100, £%]22)9} 213 HEE o83 i AA +
FAE 53 TH(step 1, Scheme 1).

)
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500 mL S=Hbet ZekAo 7049} sodium tetrafluoro-
borateS ¥ U2 acetoneS ARE3| 25 °CollA] wuksH
48717 W5 1Tt whgo] gkRd &, wHkg Bl5aL
FAHEQ] NaBrs: 7Hers] 7 o=z 7431 ARG F53
Atk FET A9 GuiE A L FF7E AAGAL
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TE3F59 th(step 2, Scheme 1).

'H &) 27| ¥ (NMR, 400 Hz, Agilent 400-MR, v]=%) &
FHoE X5 #43 VPI BEE HF AAPEE A
31§ t'H NMR(DMSO-d6, 400 MHz) of VPI BF4 s
9.46(s, 1H), 8.19(d, 1H, J=32 Hz), 7.92(d, 1H, J=1.6 Hz),
725(q, 1H, J=8.1 Hz), 5.98(d, 1H, J=15.6 Hz), 5.44(d, 1H,
J=8.4 Hz), 4.18(t, 2H, J=7.2 Hz), 1.83(m, 2H, J=7.3 Hz),
0.88(s, 3H); “F NMR(DMSO-ds, 400 MHz): 148.3). VPI
BF,9] 97 P84S &Rl g8l @ 5% E471(TGA,
SCINCO TGA N-1000, ¥=1)E |83l &l =5 574
skt
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Scheme 1. Synthesis mechanism of VPI BF,.
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Figure 1. The characters of VPI BF,: (a) '"H NMR; (b) F NMR; (c) TGA.

ene)/poly(ethylene)/poly(propylene) F2]2H(Celgard, 7<), 1.0
M lithium hexafluorophosphate(LiPF,)2- ethylene carbonate
(EC)9} ethyl methyl carbonate(EMC)(1:2 viv%)oll =<1 3|
o (Dongwha electrolyte, g1y A3l 2032 Q1S A2t
AT} ©] cellS 25°CAA 3.0 V(vs. LILIYIA 4.3 V(us.
LVLi'Y7FAl 0.1 C(1.0 C=106 mA g )& 23] Z/d (formation
step)3tal 45 °ColA] 72+ A WA 1.0 CE 1003] Z/
WS s A7) stk HrHE Agskdth. 1004 9
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Xl AsS Flslr] S8l 543 e At o
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1.0, 2.0, 3.0, 5.0, 10.0 C= 7t 43|14 F/ e AP soirt.
LMO A=l 9] gF gt As #4945 Wastaat Bl %
B2 HRITIR A|lZ3 LMOE 217 A4 A=Fo=, Li &5
A A=, 7 AF02 ARSSt] AP d71skekd g v
£, 0.1-0.8 mV s'9] scan-rate® 2 8+ ZPHFH (cyclic
voltammetry, CV)2 =33ttt 5743 scan-rate 'H CVZ
i, vs. v"* linear plot& 28]3L Randles-seveik?] (2] (1)) ©]
&t Lit G AlFE Fsted Hlawsiith
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i, = Current maximum (A)

n = Number of electrons transferred in the redox event

A = Electrode area (cm™)

D = Diffusion coefficient (cm® s™)

C = Concentration (mol cm?)

v = Scan rate (V s™)
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Figure 2. FTIR of LMO polymer films with B1 binder (red), B2
binder (blue), and N-vinylacetamide powder (black).

2 steps §AHE F3 3-propyl-1-vinylimidazol-3-ium tetra-
fluoroborate(VPI BF,)S 34333tk Figure 1(a)°l]l UeFl=
VPI BF, 'H NMR chemical shiftE R, vinyl7]2] ¥tk
(CH,) J|=7} 5.44, 5.96 ppmell cis-, trans- HO.Z2 EXH S
Z YePo™ (CHy= 7.25 ppmellA], imidazole 222]¢] He
7.50-9.50 ppm AFololl A LJEFSETE. 1-Vinylimidazoles} H]xl
AT step 191141 imidazoledl] A= o] U= propylZ] Hete]
(CH;) 37} 0.88 ppm T4, (CH,) T =7} 242} 1.83,
4.16 ppmell MEA UEFSTE ©]= step 19141 propylation®]
Ath= AL oJmEit}. Figure 1(b)oll YeklE VPI BF, “F
NMRS M7 NaBF, 927} -148.44 ppmolA] 1}2= A3}
722 91A1Q1 -148.34 ppmellA] YERSITE. o= step 2914 BF,
ol X|gho] HATh= Z1E on]gitt. 0|24 'H NMR 3
“F NMRS 53] VPI BF, $43< &<lait).

TGAE 5319 A% VPI BE,2] G&3] A4S #4319
t}. Figure 1(c)°llX B vkel Z2o] VPI BE,= ©F 230 °CH-
B disl 2 gk 7 A7 AFE AT 2ol A7k
T E FFE AlREkE 125°C SN e A5 #1
< BEsh= 32 SEU} walEo] f7] Hafj A vhgahe
o2 3 QAo ol o] 24 HF|Q1 VPI BF = L
Hro} 2 J2ox G| HERE o] whgo FedahA] kot
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Figure 3. The result of tensile test with different ratio of N-viny-
lacetamide and VPI BF,: (a) stiffhess; (b) fracture point.
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23 B N-vinylacetamide:VPI BF,2] H]&-<|A] VPI BF,2]
o] Bold4=E stiffness’t 0.199 MPaollA] 0.036 MPaZ 7+
239 ) HE 1.26 mmol|A 7.85 mmE Z7HCH(Figure
3). 53] VPI BF.E A7I6IA] e 749 1o} Hviet 49 oF
3uje] F7HES H 2™ N-vinylacetamide 2t} VPI BF, %
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Figure 4. Electrochemical performance of LMO half cells cycled
with B1 binder (red), and B2 binder (blue): (a) cycling performance;
(b) rate capability at 45 °C.
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Figure 5. Estimated mechanism of Li" migration in the LMO cath-
ode depending on binders.
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Figure 6. Cyclic voltammetry profile at various scan rates (0.1-0.8
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Figure 7. SEM images of (a) LMO after 100 cycles with B1 binder
(inset: LMO pristine); (b) B2 binder.

Figure 5914 & 4= 9J50] N-vinylacetamide:= 3=
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