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Abstract Nickel powders were obtained by various preparation methods, and their sintering characteristics
were investigated. Nickel powders made by wet chemical proess (WCP) had a higher surface area and more
narrow size distribution than that of chemical vapor deposition (CVD) method. Nickel-oxide powders by the
WCP method were prepared at 200°C for 3 hr. The oxidation behaviour of nickel-oxide powder is similar with
that of the CVD method. Nickel powders made by the WCP method showed a higher shrinkage in the range
of 600°C-900°C than that of commercial powder made by the CVD method. The similar results were observed
on the surface microstructure of sintered bodies by SEM measurements.
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Fig. 2. Particle size distribution of nickel powders prepared by various process. (a) CVD (b) WCP (c) WCP200
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Table 1. Characteristic of various nickel powders.

specific surface average particle tap density

Sample area(ni/g) sizeum) (glcnt)
CVvD 1.9 0.5 2.45
WCP 9.3 0.4 1.2
WCP200 8.9 0.4 1.6

CVD & ol vis}
28 ¢ S Y=

Table ®| °]E 3557 A B oig vgHy
A e S Jehfgleh v EHA(SBET)S CVD 48 &
Zo] 1.9 nf/gql ¥ WCP @AEZ3} WCP 43}
to] 79-= z¥zb 9.3nfig¥} 8.9 nfigoltt. ol AL
d7Hoz FE Eo] xUdt ol 7pgE A%
(SEM)2} WAl WCP @422 CVD &2 ¥l
sto] WA ghe] Azt o} =kt o] gl
HA O] F7h= WCP A 4] ixbe] Fwol 3
A gAY F& B tre] mAl 71E5S R
221 JAke] FAdell 7IR1gk Ao ' Azt

Fig. ¥l oI5 3FHF U4 &2
& JERNITE CVD A543 WCP 3ol A

0.5um ol7ge] gk Ak
Y= xE HeRhT

o
o
D
5o
N
o R

P

Mo
o Hr A

o,
=
=

o vigt A} =7]1E Scherrere

A
1=
EF WCP Atshidels ARA; =7]= 747} 54.3, 44
o} 46 nnelAtt. WEtA WCP &4
3N 7F 71l g sle] e WCP Aksl EZ-e bsla o]
slo] FFEHE 2k AkskE Tuo] P4 AksHEe] &
o7 EAske Aoz Azdd.

Fig. 4= °|& 3%&9 Uz &9
(TGA) 43 Asto|tt. CVD 222 400C F-

Aelzt AlRtE o] 7HE 27t Fohskel] nhek ks)

< Z7tste] 610C F-ZollA dA st olwf A
ol S/l oF 23%]Utt. WhHe] WCP s EE-e

®:Ni H:NiO

[ J
(c)-!/\/'L e

Intensity

30 40 50 60 70 80

20

Fig. 3. XRD patterns of nickel powders. (a) CVD (b) WCP (c) Fig. 4. TGA curves of nickel powders. (a) CVD (b) WCP (c)

WCP200

i
s

d 781

320C -2 AkglEo] 520C F-ZoA 79 A3
ow, AA FF 7= oF 23%c]ATE =3 WCP A8t
o] 79-+= 400C FZo|A 4tslEe] 500C F-oll
A9 dA3aL AA THY F7h= 20%0 Atk A

= WCP £ Hjste] ¢ 100C
ArglRmE 73 gle] 300C F-2olA AF

] Ro g WEw o]

slol e ARl FEY
CVD §EBI} fAHe A% tehligich 55, wep
Fue) A of 320C F2o)A ide] me %
a7k BEEged olie Ud gAe] £9 He )
ol EAstE Ni(OH) o g4l 7193 Ao=, oA
o EAE FHDAVSA FEE DAV sl

.5l (@)
— 20}
\O
154
o
1]
O 10fF
<
S sk
(]
s ol
5k
10k
L 1 1 1 1
O 200 400 600 800 1000
Temperature (°C)
25
(b)
20¢ /
® 15k /
»
8
— 10r /
<
o
g 5 /
°r \/
-5 1 1 1 1 L 1 1 1 L 1 1

0 100 200 300 400 500 600 700 80C 900 1000

Temperature (°C)
25

{c)

20r

Weight loss (%)

51
ok
-5 1 i 1 1 1 ) H L 1 1 1

0 100 200 300 400 500 600 700 80O 900 1000
Temperature (°C)

WCP200



782 opd: - AL - ol - R - 4D

o] do] FA3%] AEFEo] YA AR o]d wHks-  ~900C MM AT A FE0 HEE YER)
o] AE7KA] o] &gl Fele] FRete] U 9 Atk WCP $EES CVD 78 &l Hsto] A2
2 FH s e AR EXS Aoz A7 Ax Aol Al#kEle] 600~856CH A 24 FEHE

Fig. 5 o1& 3259 U ZEao] gt FTIR ¥4 & =4 st 2ev 2485 850C ol E 4
A#RE Yt BE YARTLe 500cm® F2ollA 719 AiKFig. 7)E F]Fo] Hol CVD Ak EZo] WCP
Ni-O 54 =37} #FZE AT 53] WCP AtatEare- 9 B Hlste] 938 24 58] IA Jey:
WCP &3t CVD A-8-Edo Hlsle] 2kalz Qs o o7& sk AAE 53 CVD A8 EHo]
¥ =27}F v =ZA) vrebth 28y 3644 cmtoll A Ni- WCP &) ujste] 7.2 goo HE 24 3

OHell ojgt 54 Fjas =R olth s 2 4 &% 3 3 890 289 & & Aok &4,

o e X-2 FAA BFAF(XPS) BA1S E35le] o] cvDHel o8 A Bl A 274 me 7]

E yARdo] fjal Nizk Ni(OHLS NioA7} 7IAe AR FE 43k 916}0# A== o] 49 =
Q]

AR E 45t YA e xde) Sk vHARE dAEe] SEZ

Ni(OH),&] &4 %5 &lstait. ST w7 oA R, ¥
Fig. 62 ol W& el tigh XPS &4 Aot

Ni 2P; 9= Hxox] 852 e\e] AFeIuR|e] 91x|% 7

= Ni #=0]al 855e\e] Ajtelux|e] f1x]g =

£ Ni(OH): It BE VA Bz e ol &4

7} FEEY o Es5] WCP s Edx WCP Al 10000

1200

11000F

S H|FA] Ni(OH), T 3= 74313 Ni 32 Nio 9= % 9000} i
7} H o ~7}o}oq 300CeA 7ol whe 3 2§ '1
2% NiOH)el B4 whgel olat AYS gelg 31 = ]
9\1\41;]_ 7000 ;

6000 “

5000 1 1 1 1 1

_1_55_)6]_, i}\é E 6 100&:01]}\_1 7]—°ﬂ0ﬂ Ul}% i _/,: 890 880 . .870 860 850 840
282 A7) 98 shte] @olom YA e £ s Binding energy (eV)
Edol vk 2, 0.4um olste] E=RE YA EAle (b) Ni(OH),
S LGl adE F387] wZell 600~1006C 8000
NN &4 5 A g vF Aotk a2y 2 7000,

©(1200~1308C)l A 947e] Z7] oE&A e Aq PN=
33 Ni A=uke] A8 Wgute] HE A4 4
g Aoz ddEd. Fig. ®l ol 3%/ 14 AR 50001
ol tiste] TMA 418 A35 VeIt W

w}

6000F

Intensity

4000

SHETRe Ni Biho] AbslE Qlste] 71l whE 3o
kel Whdo] WCP 93227 CVD 48222 600 oo . . . .
890 880 870 860 850 840
Binding energy (eV)
9000
¢ .
//\/ 8000_() NI(OH)2\ Ni
sl@ - fi NiO
by 7000
>
g — 2
b / E 6000|-
£ £
2 ,(E)____,// 5000
g
'—
/// 1
(©) B 3000
4000 3500 3000 2500 2000 1500 1000 500 850 880 870 860 850 840

Wave numbers {cm'') Binding energy (eV)

Fig. 5. FT-IR curves of nickel powders. (a) CVD (b) WCP Fig. 6. XPS results of nickel powders. (a) CVD (b) WCP (c)
(c)WCP200 WCP200



43 Ak EHMe] URASE U el &

i
At

£
~
")
)

M

Table |4 Hi= v}e} o] CVD 4R WCP &

el vstel oF 2 A% & FAAEE 23 9

g © ) del zmsl 208 FumA YAV B 7
3 4 #2 Aste] TelH 24 FHE2 A &,
5 WCP SR Te & FHE FozA LAAdE &l
5 A AE S AAske] FEAFNAN T HolE 1}
z o T ASE AT mebd 24 $5EE 32 A
£ ofabr] S BBl S5 H sefsie o]
@ 2 wE o AE wol AH &4 EEel 9

-300 L L L L 63:’% % ‘}l: 9)\1:1:7]' ‘%‘9] }B]'k] —‘:51' 7&‘57]' 4 6]’@

200 400 600 800

i 9] A 1o 0] 85 -
Temperature (°C) Fig. &l 359 Uz £¢& °]8§ste] 600~1006C,

i=]
FQRY] BN 228 AFRA g AL
Fig. 7. TMA curves of nickel powders. (a) CVD (b) WCP (c) ERIGITE. WCP EARTe. 24w 60FCoA] YA

wepa00 AE710] ¥ (neckyl 213t 270] AWHAT, 1000C0

e d@AS YA ARo] BAE AT ubEe] CVD A
WA ke ZmHA wlaksie] MeANNA AT gRTe] A9 600CHN UA xFE7e] A7o] 78
o] AEORE AY Bl BH ) Mol ZuYA  wH SRR 24 Lml Zorere] wheh Ado] W
o EAT WCP Rl Had 4TI B A 5ol 1000CAHE HASA AusE 245 ekl
2 A7 wek] 2o 94 Sae ;

FRo BE WCP ok oIRE YoM SAET 24 $EE FARE AAE

FHRTe 2O GAHO5mM NS TR W ) eI =, WCP Ak eel 4% 600CHA Y
|

]

F

k1
l“’l

W2ZE ZH= CVD &2 2ol Histe] mAg 43k A PRS2 AYHA| FUA

o
Tk 1000C714] <]
&

H
o] EAZE 15t 600~850Ce] A2 HAor &4 & HFE SEMIKICE nfo] Hol FUS duixsE 7t
282 =7 sA T 850C o)) e YdoME ¢ B WCP §AET Hste] thre] i3k dAR #
3 Lo AAFE A FEES A sk Zew ZHEUU mEA RFEHEA B npe) o] YA
g, o] A e 9zt 7] W] Wk ofUe)r A7l B BEEo] AR SAo] AR tE A9 600~1000C B
e, JAre] FAEA 53 BHs o] FHEAe] oA 2ZAA 9] BH mA| PR AL vXe eE
24 S A dFE PRe Fez AzEd. AdEY

WCP200

Fig. 8. SEM photographs of nickel powder compacts obtained at various temperature.°@)(IB0806C (c) 1006C



784 opd - e -

N
N
M

= o2& CVD, WCP &4 % WCP
gk 548 ZARINA ofF2d ol

gl ] :

(3) WCP:3} Ehe WCP gAlH-gol H|ste] 300°C
F2ollA] eF 100C A 2k
0|71 CVD &2 FAFgt
s WCP A EHollA <k 320C %
Ni(OH),2] &l 7118t Aot

(4) CVD AH-g52o WCP T4 E2o) Hlstd 600°C
~850C ®elellA =gt zke] EARE Qlte] Ad4

&o] soit}. 3, WCP AslEd-& CVD &8¢

H
Lo

zr 600ColA A4 [P A AAAT &
A3t AEEEE zh= WCP A E D] H)5le] th4=9

aAle] =

B ATE FlER A7) SAAgel ols

o

N =

10.

THE Ao o] Aol A=Y

1

D
D
o

I

. J. M. Herbert, Trans. Br. Ceram. Sd2(8), 645 (1963).
. J. M. Herbert, Proc. IEEB,127). 144 (1965).
. J. Yamamatsu, N. Kawano, T. Arashi, A. Sato, Y. Nakano,

T. Nomura, Journal of powder Sourcé&§, 199 (1996).

. R. Ueyama, T. Ueyama, K. Koumoto and K. Kuribayashi,

Journal of Ceramic Society JapdQ94). 351(2001).

. R. Ueyama, K. Koumoto, K. yubuta and T. Fujii, Journal

of Ceramic Society Japad11(4), 282 (2003).

. R. Ueyama, T. Ueyama, K. Koumoto and K. Kuribayashi,

Journal of Ceramic Society Japd@95), 447 (2001).

. R. Ueyama, T. Ueyama and K. Koumotoa, Journal of

Ceramic Society Japai0911), 963 (2001).

. R. Ueyama, T. Ueyama, K. Koumoto and K. Kuribayashi,

Journal of Ceramic Society JapdrQ98), 661 (2001).

. R. Ueyama, T. Ueyama and K. Koumoto, Journal of

Ceramic Society JapailQ4), 329 (2002).

Eun Yong Choi, Sang Geun Lee, Yoon Bok Lee, Kwang
Ho Kim, Journal of the Korean Ceramic Society)5),
488 (2003).



