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Effect of Co;04/Additive Interface and Crystallite Size on
Co;0, Li-ion Battery Capacity and Cycle Stability

Byoung-Nam Park*
Department of Materials Science and Engineering, Hongik University, Seoul 04066, Republic of Korea

Abstract: Due to its high theoretical capacity in the conversion reaction, CosO4, a transition metal oxide, has
been attracting attention as an anode material for lithium-ion batteries. Comparing conventional slurry
method with the electrophoretic deposition (EPD) method without additives (conductive agents and binders),
we investigated the effect of the Cos04/additive interface and thermal annealing-induced Cos0;, crystallite size
on Li-ion battery capacity and cycle stability. The EPD deposition system based on Cos0, active material
without additives was not significantly affected by thermal annealing-induced crystallite size. However, the
slurry deposition system in which Co3z04/binder and CozO4/conductive agent interfaces are embedded showed
significant differences in capacity and cycle stability. This result reveals that the Coz0,/additive interface in
the slurry system works as a limiting step, depending on the Co30, crystallite size, for reversible
electrochemical reactions associated with Li-ion battery charging/discharging processes. On the other hand,
for the EPD system, the capacity was higher than that in the slurry system with superior cycle stability,
indicating that the limiting step was eliminated by removing the CosO4/additive interface. Moreover, the
current collector/active material interface was demonstrated to be crucial in determining the intrinsic
electrochemical properties of CozO,4 in the EPD system. Our findings contribute further understanding of the
relationship between the battery electrode/additive interface and the electrochemical reaction resulting from
the conversion reaction in transition metal oxide electrode materials.
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HiEg &3 &EZ=Z Co;0, (Sigma Aldrich,

nanopowder, <50 nm particle size (TEM), 99.5 trace
metal basis)g ARSSIATH £818] A552S S8l Cos0,
9} poly vinylidene fluoride (Sigma Aldrich, average
Mw ~534,000 by GPC, powder), Carbon Black Powder
(Graphene SupermarketyS 8:1:1 wt% H| &2 E3sle] A
Z3F9 21, 1-Methyl-2-pyrrolidinone (Sigma Aldrich,
ACS reagent, 99.0%)2 Sw|Z o]&3IAtt (Z¥ 1(a)).
EPDE ©]&3 A= FFE 95t Acetones Cos04 i
Akguj g o]-23513 Tt Acetoneol] A Coy0, U= YA
58 8mm 7HH o2 "ozl ZH|Qlg|a2d AT Fhof|A
DC 100Ve] Heto=z 587F F2 =HAT (28 1(b)).
CR2032 F14 =He flsf ol=2 7z F31 = =4
B odks QhoflA, 2lF WEs WS vk AdirlE A=
o2 AR As|E-2 lithium hexafluorophosphate
(LiPF¢) solution (Sigma Aldrich, in ethylene carbonate
(EC) and ethyl methyl carbonate (EMC), 1.0 M
LiPFsin EC/EMC=50/50 (v/v), battery grade)°] A&
Atk 2HE FAL of= FeE BRRoA H5/48
2 3 "de Sl 1247 WA HASH o]F 100 mA/g
o] MFBEoIA 0.05~3V vs. Li/Li" oA F/gxde]
1= A}, cyclic voltammogram (CV) #E+= 0.1 mV/s
o] 2EER 0~3V vs. LiLi" WA S4=%10m cv
sh ] M A9e 2] vE AEE AgHAr
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(1) Sample 1: Co;0, =29 EX2] §l&

(2) Sample 2: 700°Col|A] 3A1ZF Cos0, E2o] EAE
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| Slurry=Co,0, NPs + Carbon Black + PVDF |

(b)

100 V, 5 min

.
Acetone

Fig. 1. Schematics of (a) Slurry and (b) EPD deposition system.

T HY2 AAYZE (slow cooling)

(3) Sample 3: 700°ColA 3A17F Cos0, E2o] EAg
% #5997} (quenching)
3.8 nE
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¢ GAE T & Hy o AAE] Wzkek AlE (sample
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& Cos0y 2o AAY Z7]ok A4S FFsiTh
Sample 22] A% ZAH =717} 25nm (sample 1)olA]
65nmz A= AS ¥ 2a) Gl)NAL] X-ray
diffraction (XRD) d] 0] B o 7]4Wk3t Debye-Scherrer
MethodE &3l &IsIATt [19,20]. 27 2(b)oll B
scanning electron microscopy (SEM) image¥-4] 2 =3
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Fig. 2. Thermal annealing dependent (a) XRD data and (b) SEM
images of Co;0, powder for Sample 1, 2 and 3. Crystallite size is in
the inset.
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Fig. 3. (a) CV curves of Co;0,4 and charging/discharging curves at
0.1 C rate for (b) “Slurry-sample 1”-pristine (no treatment) (c)
“Slurry-sample 2”-slow cooling after 700°C annealing (d) “Slurry-
sample 3”-quenching after 700°C annealing.
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Fig. 4. Charging/discharging curves (0.1 C-rate) for (a) “EPD-
sample 1” (b) “EPD-sample 2” and (c) “EPD-sample 3” after
200°C film annealing.
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Fig. 5. Comparison of Charging/discharging curves (0.1 C-rate) for
(a) “Slurry-sample 17, “Slurry-sample 2 and “Slurry-sample 3” (b)
“EPD-sample 17, “EPD-sample 2” and “EPD-sample 3” without
film annealing, and (c) “EPD-sample 17, “EPD-sample 2” and
“EPD-sample 3” after 200°C film annealing.
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Fig. 6. Comparison of SEM images of the “EPD sample 2”
(a)before and (b)after annealing. The inset shows the optical
micrograph of Co;0, film deposited on the Cu foil.
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