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An Electrochemical Study on Steel Sheets Vacuum-Deposited
with Znic-Tin Alloy Coating in NaCl Solution( 1)
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The Zn-Sn alloy coated steel sheets were prepared by a vacuum evaporation method to
overcome the shortcomings of the conventional hot dip galvanizing and electrogalvanizing
processes. The electrochemical behaviors of these alloy coated steel sheets were evaluated
in a neutral 3.5% NaCl solution.

The Zn-Sn alloy coatings with Sn content less than the eutectic composition consist of
a simple mixture of Zn and Sn because of poor solid solubility between them. During coating
process by vacuum evaporation, Sn tends to enrich at the interface between the coatings
and the steel substrate by forming a FeSn; phase.

During polarization in a neutral 3.5% NaCl solution, one passivity by oxidation of Sn
is always observed and the second passivity by formation of zinc hydroxide may be observed
at lower potentials if local alkalization by reduction of dissolved oxygen occurs preferentially
on the Sn surface. The order of dissolution among three elements from the Zn-Sn alloy
coated steel sheet is Zn, Sn, and Fe. The electrochemical test data suggest that the optimum

composition is close to Zn-69.8w/o Sn.
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Fig. 1. SEM images and EPMA analyses on various Zn-Sn alloy coatings ; (a) SEl, (b) Zn Mapping,

(¢) Sn Mapping.
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Fig. 2. X-ray diffraction analyses on various Zn-Sn
alloy coating layers prepered by vacuum evapora-
tion.
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Fig. 3. Potentiodynamic anodic polarizaion curves
for Zn-Sn alloy coatings tested under ambient air
condition in 3.5% NaCl solution.
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Fig. 4. Potentiodynamic polarizaion curves for Zn-
Sn alloy coatings tested under ambient air condi-
tion in 3.56% NaCl solution.
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Fig. 6. SEM images and Zn, Sn, and Fe mappings of Zn-43.5w/0 Sn coating after scanning from
-2V to (@) -1.1V, (b) -0.9V, and (c) -0.7V respctively.

333t =ejo® Axksltd, Transpassive 3%9-&

-0.3mV | Aol A viebydrh. Transpassive %%l
HE| gl o) Mo Hile HoR Hol
Ao falo} FAEE g Hdg,
Fig. 5% 43.5w/o Sn 2428 229 FANLS
Aoz, Zn-Sn FFAEH FHA ol
Aol 7Hl & gF 2 A we FHAET 459
Al gefolvt. FASNEFAHEA], A7) EA
W7t Zn-Sn §F2E 5] ZHYAN 246 v
= i3 #Asly] 918l Fig. 59 i
H A97al £3A4)€F SEM ##E 7 EPMA
< &gw, 2 Z4}% Fig. 69 el
12 #eo| A ¢ (Transition Potential)?l -1.1V7H7]
A E35e Aatel A Byl A ZHPA
# FHzZARE(Fig. DY 3A Aolw oy

PR

mary Passive 343l -0.9V7#] F4 9] ¥
Folle A5 g gAdFe F454 of
A AddHes gai=Edn, F49 FHzMe
Z7vet A Ak 2y AA M Z2A BAE A,
el Bm Aol ofd FAEEE Mol o
Aol S-A A Ee] IAEA, 23 F-5H dal
“0.7V7A] FAH £3E& A ASollEolde Ay

S&se] FaEA gz FA & A o}
gun, dx ¥@Her dAdsgich. 2w 2
HA NN F dARFe] AAEel B,
Aa H-ze FHuhe olale] 2&Ey OM F -

o

FAe] R R-xo} st AA U ¢S AR
20
3.3 ™R Ml Ay

Zn-Sn #F3H %2 NaCl £ule 4 £55)=
e dAAH R FAstr] 45t o] Zn-62.8w/o Sn



240 g A #2223 A4EA 1993 12

16

—4&— ZIn A

-4 Sn

12} ~AT Fe
o .\
£ n
u
= LY N /
E o8l u
\_6 .
=
[=]
w0
5 ./ A
2 ®
S 04f / Pod o
g - d
= /
& /.
00p-4-8-g-R-AA
0 400 800 1200 1600

Time(sec)
Fig. 7. Changes in dissloved Zn, Sn, and Fe conte-
nts during galvanostatic electrodissloution at 10
mA/cm? in 3.5% NaCl solution.
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Fig. 9. AES depth profiles of Zn-69.8w/0 Sn alloy coating after galvanostatic control at 10mA/cm?
for (a) 100sec, (b) 200sec, (c) 300sec (d) 400sec.
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Fig. 10. Potential changes of various Zn-Sn alloy coatings during anodic dissolution at (a) 2mA/cm’

and (b) 10mA/cm? in 3.6% NaCl solution.
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Fig. 11. Surface mophologies of various Zn-Sn alloy coatings after galvanostatic electrodissolution
at 0.6mA/cm? for 10min : (a) 0.8w/0 Sn; (b) 19.6w/0 Sn: (c) 43.5w/0 Sn; (d) 89.8w/0 Sn ;
(e) 97.9w/0 Sn.
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