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Study of the Al-coating on the STS 316L Stainless Steel by
Pulse Plating in the Molten Salts at Room Temperature
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School of Metallurgy and Materials Engineering, Yeungnam University
Kyungsan 712-749

Abstract

Electroplating methods by molten salts and non-aqueous melts were employed for aluminiurm coat-
ing on STS 316L stainless steel. After coated with Ni or non-coated surface on stainless steel, Al pulse
plating was carried out in two different types of electrolytes at room temperature. The Al layer from
AICI;-TMPAC melts could not obtain appreciable thickness for engineering application due to chemi-
cal reactions between deposits and moisture of air. However, The Al coating by pulse plating in the
Ethylbenzene-Toluene-AlBr; systems was found to be solid coating layer with a few m scale. The
conductivity of Ethylbenzene-Toluene-AlBr; electrolyte was as functions of time and agitation. By
seven days exposure after mixing of the electrolyte, Al-deposited layer shows uniform and near by
pore—free with high current density (higher than 30mA/cni) . The roughness and imperfection of coat-
ing layer were decreased with a increasing agitation speed. It was found that the optimum condition
for the Al pulse plating on the 316L stainless steel was a 400mA peak current, duty cycle, ton/Tort = 3ms/
1ms, and a current density of 30mA/cnf. '
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Table 1. Chemical composition of stainiess steel STS 3161
Weight % (Fe balance)
Cr Ni C Mn St P S Mo
STS 316L 16-18 10-14 0.03 2.0 1.0 0.045 0.03 2.0-3.0
Table 2. Bath composition and electrolysie conditions of Al pulse plating
candidate A candidate B
TMPAC 343g Ethylbenzene 58md
Component (Trimethylphenylammonium chloride) Toluene 58ml
AlCl; 267g AlBr; 100g
Temp room temp. (25+£3°C)
Anode 99.99% Aluminium plate
Cathode stainless steel 316L with Ni-coating
cathode area 2.5cm X 2.5¢cm
Current density 30 ~ 80nd /e
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Fig. 2 Cross section image and surface morphology of pulse-plated Al-coating at room temperature in
the Ethylbenzene-Toluene-AlBr; melt
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Fig. 3 Surface morphology of pulse-plated Al-coating for various experimental conditions in
the Ethylbenzene-Toluene-AlBr; melt (plating time = 300s)
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Fig. 4 Cross section image and surface morphology of Al-coating as a function of time passed
after mixing electrolytes
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Fig. 8 Cross section image of pulse-plated Al-coating after meking electralyte 7 days passed
(pulse plating condition: peak current = 400mA, 200 rom)
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Fig. 7 Cross section image of pulse-plated Al-coating on 316L stainless steel after mixing
solution for 7 days. tw/tar = 3ms/1ms, 200 rom plating time: a.=4580s, b, ¢, d.=300s
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Table 3. Comparison with thickness and surface roughness of plating layers
current theoretical plated surface roughness
density thickness thickness ()
(mA/ci) (m) (¢m) max. mean
i,=400mA 48.0 4.97 4.23 0.65 0.38
toniSmS i,=500mA 60.0 6.21 367 1.40 0.95
tor=1ms
1,=600mA 72.0 7.46 531 1.27 0.74
1,=400mA 427 4.42 3.63 1.18 0.51
tmist i,=500mA 53.3 5.52 4.02 1.28 0.65
tor=1ms
1,=600mA 64.0 6.63 412 0.89 0.42
bon=1.5r03 480 497 431 0.80 0.72
torr=0.5ms
fon=2ms 427 442 3.53 118 051
. Lorr=1mSs
i,=400mA —
ton:3m5 48.0 4.97 4.23 0.65 0.38
torr=1ms
ton=4ms
_ 51.2 5.30 4.39 1.67 0.63
tcn—lms
=2 peak currentdl A= Al H 9] edge H#9 Y AICI;-TMPAC meltE& A}£-3 A3 A 3o A
Be FHol ARHER oW EFF FAL P& £ EFSed W BE ANE FYsta 22
2Ry Afagel wrine 2 5 o £FE A2 QAT Ni 298 AN B
Pig. 82 dajd & Axstan 7d F He=rh el 3 28A FL 714 A EAshs Al §64
= AE QA SAHE Ao BAEL 200 o] WeH F wF AeAez Wl Adadys
pme wwste] doldl AFulE wFEel & 4 316L Aol AR} gl Aol BBHIE 3
H g golvh, mEEE o & 2 AdEEE Ao} o]y AHEL A A A|HE A A
uA3tA EAlea s AL #FT £ 9loen, 3l glove box WA &7] Foz AW AlH
Ed 3 duty cycledf] A EA2AFEE7} 71 S A de gl 2E diy)Ee 23 vk
w2t 249 dxte] A= vA 3 e, 39 sle] MBI EDS BA AR o} mete] Al
o] 257} Folxlg AN 2 ety Q) o qio] W ZEE ] EZA3l= Aol H el
o A8 AR 4 Ao} A3y dHE o} ol HEAEo] mFA] o5 EFulE A
=7} FU8HH &= g dbel Eoske a2 ¥ 2 Jzd Aol o}, Hargo 2V|d e ¢
Agol Fvhelz] w&Eel Feoez guiElch w3 Fulgo]l &% WARAT o= H& Algte] A=
Fig 8b-8de] FAE 4L 54 2= ARE= 3 dFrE F2A FJFES] B F&8)
Al duty cycled] ¥slE Fed S 39 Al =la ole gt FAEe] 2L U Cl AR
el Mgyl Qlglom o= FH Y Fol AR o] th71E2e &3 Sty FHdlA HOIE g
Zf A duty cycled ¥glel & 48 5 S WA Bt F3E0) oy Aoz AR

S veERf a2 Slch



30 i

=5

Azeha] A3 Al18. 2002

(a) ip=300mA, too/torr=3ms/1ms

(b) 1,=400mA, ten/tor=>3ms/1ms

(c) 1,=400mA, ton/ter=4ms/1ms

4-3RPM 28 . 6BkV X2bH.8K

(d) i,=400mA, tm,/ton=5ms/1ms

Fig. 8 Surface morphology of pulse-plated Al-coated on stainless steel after mixing solution for

7 days (stirring rate : 200 rpm)
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