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Abstract

To develop a method of detecting dross in coating layer on hot-dip galvanizing steel, chemical etching
behavior of the artificial coating layers with top and bottom dross were investigated. After chemical etching
with the mixture of picric acid and sodium thiosulfate, each of the top and bottom dross take its distinct
color, and alloy layer in coating is also observed. Defects in the coating layers of HGI(hot rolled galvanized
iron), CGl(continuous galvanized steel sheet) and GA(galvannealed steel) were analysed, and methods of
dross detection which can be applied to inspection process in manufacture were suggested.

Keywords : Dross, Chemical efching, Galvanizing

.M B

old EFA EFE

r AT
ol 2w =Z9 pimple°| 2} £
T Zudss WAstEE AFEA e Hske]
T2 R FHast AACK Py ERse A
o2RE £59 Feot EFE A4Eo] uh3td §
A A-g2vEA 32 oAl #5370 89
EE EFEC WS wFgd AHeE WA
Fa Al wEHE Fo] FAFEL, olgk Tl

tjo

el 173 ZAME Al FEIF FAE] Wi
of Feo] A&=7} FujETt. mpebx| 7)o e
Z5E £2% Fet FeZn, 02 A&V30 =&

*Corresponding author. E-mail : hjlee @ sunchon.ac.kr

9] Al ¥%7} O FeZn2 Al WH3-3lo]
Fe,Al;0] A= Zhzhe] v)Fxlol] 2s) A-gFn
FAE B8 A5 FoldAle =58 3o
Fz AP 22 A = o
AR E78F 29 4F0E w2 ¥
5ol BPVEe] glon, =F8 &
X717 98l Fe-Zn-Al 39 AHE® &
o] oFgt AFAA HREHT U}
A A7) AFOF Ferl EFE0
ol =22 A4 SHsHA Ao 5
O 73 BA =2 ro] 75 2 Hrlubdo)

0,

(3
o % ot o

OIH
Uy
ELI I Eu ke
Jo tu s i

H

o o N
o4
!
Y op fE Jo b K2

(i o ol e ¥2 v ol of
S
N
a
X
A
(r
i
[>
]
o
Rl
ol
F[F
ok
a2
A
o

W o fo Jo i do

ERE
gl 32 4 -

AYE ERAS P2 5 9 A% 3
253, AAET dE $4EFYRe) $HY =



A% )/BREDZT

3] 36 (2003) 466-474 467

2AE BAEtA AA 2PeA A& rhed A
2 2 1E 9 WrEPEE =Eskat s

2.1 A|mZEd|

Fgotdl mawe] st 4V U &Y =

= 4HA 3 = = el #
Zo] 8ol FEal7]| Wit AR =229 oA
EAS &894 A S8t ofZ-gs =AM A
B g AR Fe,AlY YTEZ A=zt
B3 ofEe] AR 9 e =22t 47 JEd
L8old TS dHo R Axst ma7F
o] AFHE =229 o HAEHS ZAPSIIAL T
H7F YA as-roll

ofo
apo
&
ol
flo
>,
X
a
il
)
>
_)1.1_11
Ac)
s
>
>
.?ll‘

=2arh 23 =a7as Axsh] 98 =58

of AH Hgste] zHF
Aot B AFoMe £ =3I & HGL
CGI ¥ GA 7Z4#2 AFS 3 30 mmX 120 mm 2

Table 1. Chemical composition of steel used in this
study(wi%)

Elements C Si Mn P Al Fe

wt% 0.039 | 0.020 | 025 | 0012} 030 | Bal

Table 2. Variables of hot-dip galvanizing experiment

Bath Temperature 470

Immersion Time 30 sec.

@ Al': 0.135%, Fe : 0.398%
@ Al : 0.209%, Fe : 0.021%

Bath Composition

Cooling after Immersion | Air Cooling

Table 3. Chemical composition of steels used in this

study(wt%)

Elements Sol

C Si | Mn | P S N

. Al

Specimen

HGI 0.039 | Tr 0.25 [ 0.012 | 0.010 | 0.045
CGI 0034 Tr | 022 |0.011]0.011{0.045
GA 0.036! Tr | 0.23 | 0.014 | 0.006 | 0.046
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Fig. 1. Ingots of Zn and Fe,Als intermetallic compound.
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Table 4. Variation of colours of Zn and Fe,Al; with etching conditions

Etchant Time Colour

(min.) Zn Fe,Al;
60 mi(4%Picric acid) + 40 mi(1%Sodium Thiosulfate) 2 light yellow white
60 mi(4%Picric acid) + 40 ml(1%Sodium Thiosulfate) + 1.5 ml Nitric acid 5 dark yellow white
50 ml(4%Picric acid) + 50 mi(5%Sodium Thiosulfate) 2 yellow white
50 ml(4%Picric acid) + 50 m/(5%Sodium Thiosulfate) + 1.5 m/ Nitric acid 3 dark yellow white
50 mi(Supersaturated Sodium Thiosulfate) + 50 ml(4%Picric acid) 4 yellow white
50 mi(Supersaturated Sodium Thiosulfate) + 100 mi(4%Picric acid) 3 yellow white
100 mi(Supersaturated Sodium Thiosulfate) + 2%XK,S,0s 2 yellow white
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Fig. 2. An equilibrium diagram of Zn-Al-Fe ternary
system (Zn corner at 465°C).
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Fig. 3. Optical micrographs of the coating surface before
and after mechanical polishing.
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Fig. 4. SEM micrographs of bottom and top dross.
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Fig. 5. Cross sectional micrographs of the coating layers with top and bottom dross after etching. (a) 60 m{4% picric
acid) + 40 m/(1% sodium thiosulfate) (b) 60 mi3% picric acid) + 40 m0.5% sodium thiosulfate).
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Fig. 6. SEM micrographs of the coating with top dross on HGI.
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(a) HGI specimen

70mi(5%Picric acid)+30ml(1%Sodium Thiosulfate)+1ml Nitric acid

(b) Optical micrographs of dross shown in HGI specimen

Fig. 7. Photographs of the coating surface on HGI after etching.
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Fig. 8. SEM micrographs of the coating with top dross on CGI.
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(b) Optical micrographs of dross shown in CGl specimen

Fig. 9. Photographs of the coating surface on CGl after etching.

Fig. 10. Surface micrographs of the coating on GA.
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Fig. 12. SEM micrographs of defect in coating layer on GA.
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