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Abstract The electrophoretic deposition process of Ni nano-particles in organic suspension was employed for
self-repairing of heat exchanger tubes. For this purpose, Ni nano-particles prepared by levitational gas conden-
sation method were dispersed into the solution of ethanol with the addition of dispersant Hypermer KD2. For elec-
trophoretic deposition of Ni nano-particles on the Ni alloy specimen, constant electric fields of 20 and 100 V cm™
were applied to the specimen in Ni-dispersed solution. It was found that as electrophoretic deposition proceeds,
the size of the pit or crack remarkably decreased due to the agglomeration of Ni nano-particles at the pit or crack.
This strongly suggests that the electrophoretic mobility of the charged particles is larger for the damaged part with
a higher current value rather than outer surfaces with a lower current value.
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1. Wire Supply Unit

6. Gas Cleaning System
8. Oxygen gas—cylinder

2. Filter Unit
4. Oxygen Concentration Control Unit

3. Vacuum Pump

5. Leak System With Rotameter
7. Gas Reducer

9. Argon gas—cylinder

Fig. 1. The schematic illustration for the equipment of levitational gas condensation (LGC).
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Fig. 2. X-ray diffraction patterns of Ni nanopowder syn-
thesized by LGC method.
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Fig. 4. Plot of zeta potential against the dispersant (Hyper-
mer KD2) concentration.
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Fig. 3. TEM micrographs of Ni and passivated oxide layer on the Ni surface.

RAe 2 N Al 20 V em™Y A7AS
747k 120%, 120032 F<t 7het F¢] 31o] kst
£ X SEM ARRlojt). A7|dF FH A|7be
1S 2017 A2 AR 24t A 4
12002 Foll= A W] WEe] Bavl &
BIMSS I = o ¥ 59 vl o
A2 100 V eom™¥ A7)1AE 7S W ®o) 20
V em™8] A7|1AE 7lEle] B4gt B R Ba4x
Ao] vieite] 35 AErt Wit ¥} vjnele §
HE Holvhe AHold ol g5} 72 o]fE A
2E & e EAE Jel|A BFEo]-2(counter-
ionsy AFE W ATl FAbolFZ(diffuse
double-layer)’ ¥ ‘lyosphere’sfT B2 H3}+-E
< A ot AR A" ks Y7t
& A a8 7 BRe] < K359 A7|AE A}
HAS(WEpN 7131 =4 aiAds ke g
Fal me| Rl AdAls W ol ofF:
< 7Y AT FHo R olFs FoHh,
AN W] gol 25w WAE IS A
ZHGHFE 3l o5 FHed o foletol
AsF melFre] Bxol2Ea} ghiA =Hof vt
o] Yol Hu BFo|o| HaTFEolA Hoj
A WA AstTEe] melRe] A} grolx|A)
et webA Hueies Ak AsrEe gk ¢
Tt o8 7 AA Bl o)A A gk
A7t YA HPEEE o] AW S gl YAIARR
o ZWIIAA = w28k ) (van der Waals
attraction force)e] A8 Hol Va-Bike] 2% 0]

Vol. 14, No. 4, 2007



242 1A} - ol - oAt

(a) (b) (c)
Fig. 5. SEM micrographs of pit morphology on the surface of Ni alloy plate specimen subjected to a constant electric field of
100 V em™ for (a) 0's, (b) 90 s and (c) 180 s in Ni-dispersed solution, respectively. The pit in (a) was prepared by applying a
constant anodic potential of 0.9 V (vs. Ag/AgCl) to Ni alloy plate for 60 s in aqueous 0.1 M NaCl solution.

(@ (b) (©)

Fig. 6. SEM micrographs of pit morphology on the surface of Ni alloy plate specimen subjected to a constant electric field
of 20 V em™ for (a) 0's, (b) 120 s and (c) 1200 s in Ni-dispersed solution, respectively. The pit in (a) was prepared by apply-
ing a constant anodic potential of 0.9 V (vs. Ag/AgCl) to Ni alloy plate for 60 s in aqueous 0.1 M NaCl solution.
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Fig. 7. Schematic diagram of the electrophoretic deposition
(EPD) mechanism by lyosphere distortion and thinning.
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Fig. 8. Preparation of Ni alloy specimen with crack by fatigue test.
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Fig. 9. SEM images of Ni alloy specimen with fatigue crack (a) before and (b) after the electrophoretic deposition.
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