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Dispersion Plating Behavior of Ni-Al-Al:03 and Characteristics of The Plated Film

Sang-Back Lee, Jeong-Mo Yoon, Ye-Kun Lee, Hyeoung-Ho Park, and Kyung-Won Sul

Metallurgical engineering, Chonbuk National University,

Dispersion plating behavior of Ni-Al-Al,0; onto mild steel(SPCD) substrates
from Ni plating bath containing Al and Al;O; particles was investigated under dif-
ferent conditions of bath composition and current density. Ni plating without parti-
cles was used as reference behavior. Deposition rate of Ni plating with Al and
Al,0; particles decreased with increasing current density(> 15A/dm?) and that of
Ni plating with Al,0O; particles was lower than the others. The surface morphology
and images of the as-plated Ni based composite film were investigated by using
SEM-EDS and Image Analyser while the structure was studied by using X-ray
diffractometer. For single-particle bath, it was seen that Al and Al,O; particles
were agglomerated and area percent of Al,O; on plating surface was decreased with
increasing current density while that of Al on plating surface increased. On the
other hand, in case of double-particle bath with Al 1.25g/ ¢ and Al;O; Sg/ ¢, the
area percent of Ni-Al-Al,O; was increased with increasing current density and the
surface morphology was fine without agglomeration. When the co-deposited film
was annealed, intermetallic compounds such as ¥° and y+7  phases were appeared,
which had an effect on the improving of corrosion by using potentiodynamic meth-
od in 3% NaCl solution.
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Keywords : Dispersion plating, agglomeration, intermetallic compounds,
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Table 1. Experimental conditions of Ni-Al-Al,O;
dispersion plating

NiSO,-6H,0 225~300g/ ¢
NiCl,-6H,0 53~60g/ ¢
H,;BO; 35~40g/ ¢
sulfree 80 (N.25235) 100mL/ ¢
pH 4.0( £0.5)

Temperature 50C(+0.2C)
Agitation speed 450 r.p.m
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Table 2. The specifications of Al and Al,0; pow-
der

Al,O; powder Al powder

- Average particle size . 0.03um | « Particle size range
- Purity : 99.99% i 1~4pum
- Impurity levels : max. Si 25,| - Purity : 99.4%

Fe 19, Mg 4, Cu 1l p.p.m
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Fig. 1. Deposition rate of Ni, Ni-Al, Ni-Al,O; with
current density.

Eu&xe 77 £ 98¢ ¢ F drh &3
AlLOsE8 H7te E=F A9, 15A/dmPo] 49
ARLEdM =@d&5=e 7o Yddez 2
A8t DAFLEANAN HE Zdadol FHHE
ol WdEAEA ALO; YAHEe] FFHEANA Ni
oj &9 Ar|sty FLL WY PYRroz A}
2R02

3.2 A, ALO; HAEEHRE

Fig 2, 3& Ni =& &9 Al ¢ ALO,; A4 &
D= HUuIge o, B4 Hoiskd dfds ¥
od Wg =FHelAe Al 2 ALO; YAES WH
AH&E& Yehd otk

Al B2& 95 H i Fig 29] 3§, Al 434
7} 0.5, 1.25g/ ¢ #71¥ AFYUE  15A/dm?ZE 7
A BAAREY F77F ta Ad"HE R s,
Aoz ARE= 3 Hrtege] FdsE =7
A& Al #& HF HHE&x FUMEE JERdTh

WA ALO; Bitg dF Hrie Fig 394 e 5¢
ARrA=ANAME ALO; Hrledel Frigd wdaf Ay

100

90 b | —a—: Sgil Al
—a—: 2.5g/1 A}

0r | v 1.25g0 Al

70} | —o—: 0.5g/ A}

Area percent of Al on coating surface{’4)

o L L L I

e 1 s 10 18 20

Current Density(A/dm’)
Fig. 2. Area percent of Al on coating surface
with current density and bath loadings of Al pow-
der.
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Fig. 3. Area percent on coating surface of Al,0,
with current density and bath loadings of Al,04
powder.
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Fig. 4. Surface morphology(using image analy-
ser) with current density at bath loading of Al
5.09/ ¢. (A) 1A/dm? (B) 10A/dm? (C) 15A/dm?,
(D) 20A/dm?.
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Fig. 5. Surface morphoiogy (using image analy-
ser) with current density at bath loading of Al,O,
5.0g/ ¢. {(A) 20A/dm?, (B) 15A/dm? (C) 10A/
dm?, (D) 1A/dm?2
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Fig. 6. Area percent of Al-Al,O; on coating surface with current density and bath loadings of Al-Al,Q,

powder.
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Fig. 7. SEM images with bath loadings of Al,O;
at bath loading of Al 1.25g/ € and current density
15A/dm?2 (A) Al,0, 05¢g/ ¢, (B) Al,0; 1.25
g/ €. (C) Al,O; 2.5g/ ¢, (D) AI,O;5g/¢.
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Fig. 8. SEM images with annealing time at 600°C,
current density 15A/dm? in bath loadings of Al
2.5g/ ¢ and Al,O; 2.5g/¢. (A} 1hr, (B) 10hr,
(C) 30br.
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Fig. 9. X-ray diffraction patterns of specimen on
Al 2.5g/ 2, AlLO; 2.5g/ £, current density 15A/
dm?, 800°C, 30hr annealing conditions.
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Fig. 10. Cross-sectional images (using Image
Analyser) microscopic photographs with anneai-
ing time at 600°C after deposition on Al 2.5g/ ¢,
Al,0; 2.5g/ ¢ bath loadings and current density
15A/dm? conditions. (A) 1hr {B) 10hr (C) 30hr.
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Point 1 Point 2
Element |Element % | Atomic % || Element {Element % | Atomic %
Alk 85.42 85.24 Alk 74.6 74.87
Nik 243 2.16 Ni k 164 15.8
Ok 6.42 5.35 Ok 8.2 8.38
Fe k 5.76 7.25 Fek 0.8* 0.95*
Point 3 Point 4
Element |Element % |Atomic %| Element (Element % | Atomic %
Alk 14.25 14.79 Alk 1.48 0.93
Ni k 78.4 779 Ni k 97.4 97.9
Ok 74 7.35 Ok 0.03* 0.01*
Fek 0.05* 0.04* Fe k 1.15 1.18

Fig. 11. SEM-EDS analysis of cross-sectional
layer for the specimen annealed at 800°C, 30hr
after deposition on Al 2.5g/¢, Al,0; 2.5g9/¢
bath loadings and current density 15A/dm? con-
ditions.
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Fig. 12. Potentiodynamic polarization curves of
STS 408L, SPCD and specimens on Al 2.0g, Al,O,
2.0g and current density 15A/dm? conditions.
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