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Abstract Ni(OH), hollow spheres have been prepared by solvent displacement crystallization using a micro-injection
device, and the effect of process parameters such as concentration and the relative ratio of the injection speed of the
precursor solution, which is an aqueous solution of NiSO4-6H,0, to isopropyl alcohol of displacement solvent have been
investigated. The crystal phases after NaOH treatment are in the B-phase for all process parameters. A higher concen-
tration of NiSO,-6H,O aqueous solution is injected by a micro-injection device and bigger Ni(OH), hollow spheres with
a narrower particle size distribution are formed. The crystallinity and hardness of the as-obtained powder are so poor
that hydrothermal treatment of the as-obtained Ni(OH), at 120°C for 24 h in distilled water is performed in order to
greatly improve the crystallinity. It is thought that a relative ratio of the injection speed of NiSO4-6H,O to that of iso-
propyl alcohol of at least more than 1 is preferable to synthesize Ni(OH)2 hollow spheres. It is confirmed that this solu-
tion-based process is very effective in synthesizing ceramic hollow spheres by simple adjustment of the process
parameters such as the concentration and the injection speed.

Keywords: Nickel hydroxide hollow sphere, Solvent displacement crystallization, Micro injection, Powder density, Solu-
tion process
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Fig. 1. Schematic diagram of powder preparation apparatus.

UAS et oAz IUE A8 oHste] o
A
A
80°CNIM 16M3t AZEE 3k & (hollow sphere) &
TSR (NI(OH),) 22 AT, B3k o]FA
o Azxgk FLsuA 2] Jdi = 484 2 Ax g
A St HER W W 871 WollX S/ 2 30%
TMAH(N(CH;),0H, Tetramethylammonium Hydroxide, Alfa
Aesar, USA)E 8W 2 120°ColA] 24413t B2t FEAEE
RS

Az BT A5 A8 B4 XAA3HE47](Xray
diffractometer, D/MAX-2500/PCP, Rigaku, Japan), V| A
Z= FAPAAEA P 2 (Scanning Electron Microscope, JSM-
6390, JEOL, Japan), ++'22] U=+ AF(He) 7H~E A}
83t I F=F]H(Accupyc 1330, Micromeritics, USA),
o] F3 2RV EE= H(Tap) U= Z787I(TAP-2S,
Logan Instruments, USA)YE ©]-8-3} 11, HI3EAA-S BET
BI3EHA S 7](Micromeritics, Tristar 11, USA)YE ©]-83

SERE S

3.1. & (hollow sphere) & 2ato| &M 7|7

a9 20 AT e 5G9 Yo HE ¥
P e 84 S eI rlo]la=2 =9 XS
St o]l 2 HUF| FUH A 78 dFo g
B & Aol o]AX 2 dUFZ 8EH o] HHL F50]
ojub, E9] g4to] Al HsEel mebA NiSO, 6H,0
S 65 g/100 g H,0)9] o]AZ g HUAZd T3l e &

offl o>

e 4

op

(

Journal of Korean Powder Metallurgy Institute (J. Korean Powder Metall. Inst.)



UREEE D ERE X

H,0 leaching

Micro-tip
to i-PrOH

Further H,0 leaching

Shrinking

=

Solidifying

mm) O

Fig. 2. Formation mechanism of metal hydroxide hollow sphere.
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Fig. 3. X-ray diffraction patterns of Ni(OH), hollow spheres (a)
as-received, after hydrothermally-treated using (b) TMAH,
and (c) distilled water as a solvent.
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Fig. 4. SEM image of Ni(OH), hollow spheres prepared from
(a) 1 M-NiSOy, (b) 2 M-NiSO, and (c¢) 3 M-NiSO, aquous
solution.
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Fig. 5. SEM image of Ni(OH), hollow spheres with the injection
speed ratio of NiSO, aqua solution to isopropyl alcohol ; (a)
3.88, (b) 1.94, and (c) 0.97.
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Fig. 6. SEM image of Ni(OH), hollow spheres with the injection
speed ratio of NiSO, aqua solution to isopropyl alcohol ; (a)
0.41, (b) 0.61, and (c) 0.97.
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Table 1. Summary of preparation condition and the resultant powder density.

-, NiSO4 Input speed  IPA Input speed  Input speed ratio Apparent densit True densi

No. Composition mLjmin] (mmin] 7 PAN) PP e [g/crr13]bty
NI-1 1 M NiSO4 0.56 2.75
NI-2 2 M NiSO, 1 mL/min 1.0 0.48 2.79
NI-3 3 M NiSO, 240 0.39 2.88
N2-1 250 uL/min 3.9 0.63 2.48
N2-2 500 uL/min 1.95 0.60 2.51
N2-3 . 1 mL/min 1.0 0.56 2.75
N3-1 I M NiSO, 100 0.4 - -
N3-2 1 mL/min 150 0.6 - -
N3-3 240 1.0 0.56 2.75

¥ a: B(Tap) 2= =74, b : He 7k~ o] Ya=nHZ 274
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