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Abstract Two milling methods, dry vibration milling and wet ball milling, were used to prepare Na,;(Ni,;;Mn,;)O, powders
as a cathode material for sodium ion batteries. The morphology and electrochemical property of the two powders with
different milling processes were compared to each other. The particle size is less than 1 pum in the dry vibration milled
powder, while lots of larger particles than 1 um were found in the wet ball milled one. The single phase of Na,;(Ni,;Mn,;)O,
was obtained in the temperature range of 875~900°C. The discharge capacity and discharge voltage of the powder prepared
by the dry process were higher than those of one prepared by the wet process.

Key words Sodium ion battery, Dry vibration milling, Acoustic mixer, Milling effect, Hygroscopic property

= eATY oUA| AT
(20174 4¢Y 18d H)

20179 49 189 AR

(2017 49 19 AAEA)

o
>
o
S
[\S)
~J
Ne}
[\]

A of 72 FFdH 4 ELUE LIS TG YEFI2ARAE FFEE=A Nayy(NijzMny,,)0,5 &
Aete] BAE vwsidth A4 AFUR RN PR F4 208 Buut o U4 1 olae dagon,
875~900°CellA &) stlEs wf TS 4  AATh T3 AA EAE 14 U E AR o] 4 FHLR
T weut wael 2w A WA BA Uit

¥ 987F A FSsAl sz didEal 8l

b UEFS FERt ofyzt sl o g ol
gEol2AA e duAEESt SHUETE wob &% 3lo] Aol dE At fle dael] wiEdl vyE
Fe8 Axp7171k deet, A71Aksat 2 AgAEE Fol2e ols AR she UEFoIRAAIE s e
O = o] WL7F SEIL AT, 2] 53] FHZel o] s FEIL ATH3-8].

o|HE|E zpgatet A7|AFEAte] o) solual, Y UEFO|R2 2ol it dAPHsrE A3 o] 2HH7
Wdoluh Bdddel o AHeFel soidel w o] A7) wEel] YEFoIRAAY] dFE=EL HE

[¢)

LM B SATH3, 4].

ol
-

T

A olxpdA] vt FE3] SIS Aoz JddEa 23X YFEEA Hy o2& ot A, &5
ATk BlEol2HA|9 o] 2AEAR] 2lES wiEe Al AR AlelF BAo] HolXe o] ot Eg YEF
AHow A BE3A Z EEvlo}, A, o= & glF Wyl FEi] ukgAjo] £7] wjio| LYEFo]
Elu 59 @ Aol 80 % olde] wigEe] don,  x3E SFEELS Axse 34 AAE 2Hse
T BA] ool glEol XY et wEshd B 3 e FEO| AE FolE 71ed et

ATHY, 10]. & A= SLLEE 72 JegEz &3

*Corresponding author — . 3
Email cskim@kistre ko Agste] 54 Exele] PHT BIBEAY AXEY



Synthesis of cathode material for sodium ion batteries using dry vibration milling

Al =™ Az el

< Mg il
flo] o] Whesld Wk ofje} el HE 713
£ =Y T e FHo] Ut
2. 23 &Y

e FEEEEe] £4L Nay(NijzMn,;)0,00t
= YEE Na,CO4(99 % Daejung), NiO(99 % Sigma

Aldrich), Mn,0,(98 % Alfa Aesar)& AR-SISIth. €4
2] o AT F J= Na9 3-S5t Na,CO,
< 5% HJol HA Ae] d8E 2 9HA HEst
Atk 712 £, HEel SYYEE A4 Smm A=
ol Eo] AR FElHe] Ho A & WY
(Resodyn™ Acoustic Mixers, Inc., LabRAM IS A&
aled 490 m/sec’e] 710 108 ESIAE FAEH
< B FUUEE 474 10mm A 23} £ 3
7 A2FYol XEC] Yo FrdaE S BulE dfo
300 ppmeZ  1A1ZF 29 & (Fritsch, Pulverrisette 5)3F

Atk =3 SHEE opiolHE gaigo] A9
gldltale) Bk Al 2 wizkR]) A%3 F) 110°CY 2
oA 2477 FAEE B Axsch Ax @ B
28 A 10mm F4 5mmel tjA3E Hgo=w T
- o= =
3000+ ; :?6/3N'1/3M"2/3 2 § § =
25004 ¥ Unknown peak = f =~ S
— < =) =
S 20004 1000,5% v‘@ “"'J. ‘k °
) ' | — ﬁ
= J l [\
2 1500 | 950,5% J\ f\u@ﬂ/}”‘ J
* ] ] | —
£ '"o005% |
€ s
- 875,5%
o T
25 30 35 40 45
2Theta
(@

Fig.

Eo] Erhdol ¥ vhAag oA
ated 900, 950, 975, 1000°CE
FAE & AAE7 AHY. dAEE 2ds
Hn 7 (FEL Inspect F)o2 ¥al, X434
D/MAX-2500V)Z A4S 431k

G- E 900°CAlA sl e d=2EAS
O & NaEs AR&-ate] FQIA(CR2032)E ZHat
£ H3E 2.0~3.8 Ve 2.0-4.5V AolA A
TE 0.02-1CE HsA7IHA S35t F=52 &5
A, A (Denka Black), ¥}<1H (Polyvinylidenefluoride)]
FAME 85:10: 523}, NMP(1-methyl-2-pyrrolidone)
=2 H7lete] do]2ER THE TR, Al &Y $e) 100
pum FAZ Fl2EEe] 80°C QB A7 Ax %

oA T
THA 100°C g 200X 244]7F 7Axsto] WHEQITH

al
ES

3. &zt Y 1E
Fig. 12 &35 A2 =48 223 A9 XRD

Aot} gtz BA §lo] 8759F 900°CellA EA

2]k AlHolM /gl Nays(NiysMny;)0,7F =9
o} E3g] 257} 950°C ool HW (004) H= 9%
o mAde] Yelton, ukeaix] ek Nio7h E3ith.
3000 ¥ NazsNiysMny 0, = N
® NiO S S P~
25004 ¥ Unknown peak < I S
- g 5' I ¥
3 2000{10005% VS Ce
< ‘ =
> 1500 - 950[5\% !‘ j\;/ Vu‘\
B 1000 e —
S 900,5%
£ 5001 o
- 875,5%
0- —1 L L ]
25 30 35 40 45
2Theta
(b)

1. XRD patterns of synthesized Na,;(Ni,;Mn,;)O, powders: (a) wet ball milled and (b) acoustic vibration milled.

Fig. 2. SEM micrographs of starting chemicals; (a) Na,CO,, (b) Mn,0O;, and (c) NiO.
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Fig. 3. SEM micrographs of just milled powders: (a) wet ball milled and (b) acoustic vibration milled, and heat treated powders at
900°C: (c) wet ball milled and (d) acoustic vibration milled.
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Fig. 4. Charge-discharge curves in the voltage range of 2.0~3.8 V: (a) wet ball milled and (b) acoustic vibration milled powders.
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Fig. 5. Charge-discharge curves in the voltage range of 2.0~4.5 V: (a) wet ball milled and (b) acoustic vibration milled powders.
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