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ABSTRACT: The work aims to investigate the characteristics and formation mechanism of orange peel-like defects on
the surface of a hot-dip galvanized dual phase steel. A comparative analysis of the surface morphology and surface
composition distribution of the galvanized, dezincified, cold rolled and hot rolled states in normal and defective zones was
carried out with digital microscopy (DM), scanning electron microscopy (SEM) and glow discharge spectroscopy (GDS).
The orange peel-like defect was characterized by an abnormal growth of the spangle to about 350 um, which was about

four times the normal. The peak Mn values of GDS at the interface between the zinc layer and the substrate were 2.4 wt.%
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and 1.9 wt.% for the defective and normal zones in the galvanized state, respectively, which indicated the relatively
pronounced surface enrichment in the defective zone. The longitudinal cross-sectional sample was observed to have a
large number of microcracks with a depth of about 2-4 um on the surface of the substrate. The line scanning results at the
interface between the zinc layer and the substrate showed the presence of aluminum, oxygen and manganese peaks, which
meant the presence of oxides at the interface. The surface of the substrates in the dezincified and cold-rolled states
exhibited cold-rolled cracking characteristics, with a significant number of transverse microcracks of 10-30 pum
perpendicular to the rolling direction. The thickness of the oxide layer at the side and center zones of the hot-rolled state at
a coiling temperature (CT) of 650 ‘C was 6.5 um and 5.8 um, respectively, which was 25% and 23% higher than that at
550 ‘C. GDS tests revealed a trend towards a lower oxygen content and a slower oxygen content variation in the hot
rolled state corresponding to the defective zone. This is an indication of a eutectic transformation in this zone, where the
phase composition was dominated by low oxygen content of Fe;04, FeO and Fe. Practices demonstrated that the defect
can be effectively eliminated when the coiling temperature decreased to below 560 C.

Here is the formation mechanism of defect. When the hot rolled coil is coiled at above 570 C and slowly cooled to
room temperature, the surface generates pure iron wrapped with ferroferric oxide of eutectic transformation, while the
high CT also leads to a thicker hot rolled oxide layer. These factors make pickling more difficult and the surface oxide
layer cannot be effectively removed. Based on the theory of inhomogeneous deformation, the residual oxide layer and Mn
enrichment will lead to a weaker external cooperative deformation ability than the interior, and a large number of
transverse microcracks of 10 um are formed on the surface of the cold-rolled state.

The uneven morphological characteristics of the surface caused by microcracks induce outburst growthof Fe-Zn
compounds, resulting in abnormally grown spangles. In addition, thick strips have more core heat coming out from the
zinc pot, which also creates conditions for spangle growth after galvanizing.

KEY WORDS: galvanized DP steel; orange peel-like defect; spangle; microcrack; coiling temperature; eutectoid
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Fig.1 Orange peel-like defects: a) macro morphology; b) surface appearance in defective zone
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0.077 0.16 1.71 0.012 0.005 0.04 0.50

KM Keyence VHX-900F ¥ Wf4E (DS) A
Sigma 500 F## WAEE ( SEM ) XA 3 im A8 i ik
TIESEE , SEM TAEHL A 20 kV o R GD Profiler
HR FEEGIE SO0 N R 2 TR E (GDS ) B
S REIN  FFH 5%ER BRI W+ Bt & T I R &
VSRR BR R FEZ , [l T2 FLAS FR MR H R Ak
P, R RS G4 6 1URE F R R 3% T Uk o

c BrFEXHEE
& 2

2 #R5iE

EHES

[ 2a.b 2 DS MEE 1) H i) i g XORT 0 3 E 8 X
() A 28 'R b B A B 2 R T DU B o Bl g X 23
ancbL RS 298 350 um, IE R X 28 90 um, HFFE
XAFFERFIZ b S KR . &l 2¢ i SEM LS () it
Be DX AR TR A0, 35 2 1 mT DA ke R I I R &
MABIRFEZ) R 2~4 um, &l 2d R E] 2¢ JE L HE X I,
S, LRI R RN, R REAETE O,
Mn. Al g,

P 3 Mk X RIE 7 [X 1) GDS K2 5. Bkif
DXFIIE & X AL B 5T 3 53 B0 (E 43 51 0 0.89% Fil
0.84%, FHTEEF)Z 5H A ALY A S5 Fe-Al #H
A8 . Min 9 5 B0 S5 KA 530 R 2.4% 1 1.9%,
FWIBFAIX Mn R0 & ERE & T IEE X,

22 EBRET

Kl 4a. b R EBREFZ R T LAY R FE DXOFNIE %
X HeMr 1l T SEM B8R . 18] 4a e X AR
S THIATAE o 2 0 0 BT LI O 1a] B R AL, T L
KR 10~30 pm o Joi il il R ULEE SR % 1 Fe-Al A
W ZBRDE S TCE 2B, TEsATEs . K 4b
IEH X Fe- Al AHA ] J2 U S22 3048 00 00) o e etk
TERFESr, AT AR INEE 2 RGP 3 4o

2.1

y oo P and

A
.

L~

VN

Distance/pm

AlKa]
h & b5 > ns » °
TR TR T T Tl T T — T )

d ZedH

PR  hT  TAT I B

Fig.2 Surface and cross section morphology at the galvanized state: a) defective zone;
b) normal zone; c) longitudinal cross section of defective zone; d) line scanning
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Fig.6 Micro-structure of hot rolled state at CT of 650 'C: a) center; b) side
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