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Blackening of Zn-based alloy plating steel sheet
and its corrosion resistance

Kang, You Jin

Department of Marine system Engineering
Graduate School of Korea Maritime & Ocean University

Abstract

Recently, demand for surface treated steel having the shape of black
appearance is getting increased in the industry where advanced design is highly
important. In general, the method to make such surface-treated steel having the
shape of black appearance by using black paint or varnish is widely used.
However, this method has inherent flaws making the coated surface peeled and
scratched frequently. Due to such problem, it was found that competence of
corrosion resistance and decorative appearance can be lost. Many studies to
find the method how to maintain the coating layer of coated steel black have
been actively made and surface treatment method by using wet steam became to be

proposed as one of effective solutions from those studies.

In this study, steam treatment was performed on various Zn-based coated
steel sheets containing Mg to produce a black coating. The coated steel
sheets were treated for 1 h while blowing hot water vapor at a temperature of

150 C in equipment. Blackening was confirmed from the appearance of the
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steam—treated Zn-based coated steel sheet, and in particular, excellent black
appearance was observed on the ZMA32 steel sheet. Thus, the black coating
steel sheet was produced by hot-steam and this method proved to be effective

alternative to painting.

The morphology of black coating steel sheets was observed by using scanning
electron microscope(SEM) and transmission electron microscope (TEM). And the
composition of coating was determined by glow discharge optical emission
spectrometer (GDOES) and energy dispersive x-ray spectroscopy(EDS). Also phase
and crystallinity of the coating steel sheets were analyzed by X-ray

diffraction(XRD) and X-ray photoelectron spectroscopy(XPS).

From the experimental results, it was confirmed that the blackening
property of the coating was influenced by the presence or absence of Mg and
Al, and can have a black appearance by the zinc oxide layer formed thick with
these compositions. SEM, EDS and TEM results showed that the compositions
present in the coating layer were diffused and distributed over the entire
area after steam, and it was confirmed that oxides were formed up to about 5 /m
in the depth direction. Thus, the black coating became thicker and had a
darker appearance, despite the shorter processing time compared to the black
coated steel plate formed by steam previously reported. In addition, X-ray
diffraction analysis showed that Mg was present as a MgZn, intermetallic

compounds .

In the corrosion resistance evaluation result, the blackened coated steel
sheet did not cause problems such as deterioration in performance compared to
the existing high corrosion resistance ZMA32 steel sheet. Due to the thick
oxide layer formed by the steam, the corrosion resistance of the film tended
to increase in the cyclic corrosion test. As a result, it is confirmed that
the main factors for the formation of a high corrosion-resistant black
coating by steam treatment, and could provide a basic design guideline for

the production of black coated steel sheets.

KEY WORDS : Black coating steel sheet, Zn-Mg based alloy, Steam treatment,
Corrosion resistance, Intermetallic compounds.
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Process

* Steam treatment for blackening

* Confirm the variation of brightness

* Preparation of Zn-based alloy coating steel sheets

Analysis

* Morphology (SEM&TEM)
* Composition (EDS & GDOES)
* Phase and crystal structure (XRD&XPS)

A

Identify
interrelationship

A 4

Evaluation

Salt spray test
Salt spray test
Anodic polarization

Electrochemical impedance spectroscopy

Basic design guidelines for high-corrosion resistant blackening coating

Fig. 1.1 Flow diagram of this study
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Fig. 2.1 Electrochemical corrosion reaction of iron in acid solution
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Table 2.1 Oxide-Metal volume ratio of metals

Metal Oxide | Volume ratio | Metal Oxide | Volume ratio
Mg MgO 0.85 Mn Mn,O; 1.75
Al Al,O4 1.38 B Fe;04 2.10
Zn Zn0O 1.41 Fe Fe,0s3 2.16
Ni NiO 1.64 Mo MoOs 3.01
Cu Cu0 1.71 W WO, 3.50
- 13 -
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Fig. 2.4 Concentration of metal ions in the oxide film
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(a) Sacrificial anode coating

(b) Barrier coating

Fig. 2.6 The types of anti-corrosion surface coating
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Table 2.2 Contents of 3 patented technologies for manufacturing black coating

steel sheet

Category Patent 1 Patent 2 Patent 3
Inventor T. Nakano, M. Yamamoto | T. Nakano, M. Yamamoto | T. Nakano, M. Yamamoto
ven and H. Taketsu and H. Taketsu and H. Taketsu
Hot-dip galvanized steel Hot-dip galvanized steel Hot-dip galvanized steel
Base sheet including Al and Mg | sheet including Al and Mg | sheet including Al and Mg
g
Material | 0.1 wt.% < Al < 22.0 wt.% | 0.1 wt.% < Al <220 wt% | 0.1 wt% < Al < 22.0 wt.%
1.3 wt% < Mg < 10.0 wt% | 0.1 wt% < Mg < 1.5 wt% | 1.5 wt.% < Mg < 10.0 wt.%
Hot-steam was sprayed The hot-dip galvanized The Zn—bas<?d coated
for 24 hours or more to teel sheet is brought into steel sheet is heated
form a thin black film Sontac?t with hot—stiam i before steam treatment.
Process | on the coating layer, and \ ) Zn,Mg phases in the
. a sealed container. At .
detail | the temperature of the Al W bl & A coating layer are changed
steam treatment proceeded » the oxye to Zn; Mg, and thus,
. o concentration in the sealed .
in the range of 50C or container is 13% or Jegs | S{cAM treatment time can
more and 350C or less ) be shortened
AlVZn/Zn,Mg ratio change
Main Formation and fraction of Oxidation reaction of Al in the coating layer due
factor | Zn,Mg secondary phase by primary Al phase to the difference in Mg
content

=

AR T B i R R £ 5Lo0 8 5.5 B )
| L Qazovezs [z |

FI A IR T i e AR

I-, N - -:‘,p%-‘.‘ \m-_.( 3 'v.-’M),“ X u ’ ‘.
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Fig. 2.7 Blackening phenomenon of Zn-based alloy coating by hot-steam
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Steam to chamber Pressure gauge —
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Steam
Door
4([ Steam chamber
& \

Sediment
screen

To waste line Steam supply

Fig. 3.1 schematic diagram of hot-steam equipment used in this study
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Table 3.1 Type and Chemical composition of film specimens coated on steel plate

Composition (wt.%)
Specimen
/n Mg Al Si
Gl 100 - - -
GL 43.4 - 55.0 1.6
/n-Mg 70.0 30.0 - -
Al-Mg - 30.0 70.0 -
ZMA11 97.0 1.5 1.5 -
ZMA32 94.5 3.0 2.5 -
AZMS 1.0 1.0 89.0 9.0

Table 3.2 Steam process conditions for preparation of blackening film

Item Unit Conditions
Temperature in chamber C 150
Pressure in chamber kgf/cni 1.1
Humidity in chamber % 95
steam treatment time h 1
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(a) FE-SEM (b) FIB-SEM
Fig.3.2 Photographs of (a) FE-SEM and (b) dual beam FIB-SEM
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Fig. 3.3 Photograph of high resolution X-ray diffractometer
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Table 3.3 Conditions of salt spray corrosion test
Item Unit Conditions
Salinity wiv % 5.0
Temp. range in chamber C 35 *+ 2
pH - 6.5 ~ 7.5
Spray pressure kgf/cni 0.8 ~ 1.0
Spray amount ml /80cni/h 1.0 ~ 2.0
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Fig. 3.4 Photograph of salt spray tester
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Fig. 3.5 Photograph of cyclic corrosion tester

Table 3.4 Conditions of cyclic corrosion test

Step

Process

Details

Salt spray

Temp.: 35+2 C
Solution: 5 wt.% NaCl solution
Spray time: 2 h

Drying

Temp.: 60+2 C
Realative humidity: 25%RH
Time: 4 h

Humid atmosphere

Temp.: 50+2 C
Relative humidity: 95%RH
Time: 2 h
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Fig. 3.6 Schematic diagram of anodic polarization test system

Fig. 3.7 Measuring views of electrochemical anodic polarization test
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Table 3.5 Measurement conditions for electrochemical anodic polarization
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Top surface-image

Specimen
Before steam treatment After steam treatment

(1) GI

(2) GL

(3) Al-Mg

(4) Zn-Mg

(5) ZMAL11

(6) ZMA32

10 mm
[T

Fig. 4.1 Surface observation images of Zn or Al alloy-coated steel specimens
before and after blackening by steam treatment
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Table 4.1 Brightness(L*) change of Zn based coated steel specimens
before and after blackening by steam treatment

Brightness (L*)
: )] @) 3 4) %) (6)
Specimen
GI GL Al-Mg /n-Mg | ZMA1l | ZMA32
Before
steam 85.36 87.53 71.72 59.28 85.76 85.48
treatment
After
steam 70.46 66.30 44.71 24.30 31.92 27.25
treatment
AE 17.0 ALY 27.4 35.4 53.9 58.2

(X AE : difference of brightness between before and after blackening)

412 Mg =3 ZnA 5 =5 ZA & A=EE 54 9o oH@-3
& AN 411 BA AST sk A) 29 TN F A% 2R

7 5 ZIMA32 =2MgY24 3 %)
n-Mg PVD i%‘(Mg%Zt 30 %) oS oz Mgda b wE Fge

=1 % H7HE Al 9 =5
#A3Y . Fig. 4.20ME o
28 FHAY & A A% 9F #F ARE Yepdth o7)x
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o
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M
o
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% A2 Aiko] Bolgk 521 ZMA32 =5 Z3Al

FEIATE mEkA B AT = o]dd ZMA32 AAlE FAHCE & AFHG
Ul

nwste] H4] o FAo] BAE AF P BAo] AAHYT
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Top Surface — image
Specimen
Before steam treatment After steam treatment
(1) ZMA32
(2) Zn-Mg B
(3) AZMS

[i

Fig. 4.2 Surface observation images of Zn or Al alloy coated steel specimens
including Mg content before and after blackening by steam treatment
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Surface morphology
Specimen
Before steam treatment After steam treatment
(1) ZMA32
(2) Zn-Mg
(3) AZMS

Fig. 4.3 FE-SEM observation of surface of Zn or Al alloy coated steel
specimens including Mg content before and after blackening by
steam treatment
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Specimen Before steam treatment After steam treatment

(1) ZMA32

(2) Zn-Mg

(3) AZMS

Fig. 4.4 EDS composition analysis result on the surface of Zn or Al alloy

coated steel specimens including Mg content before and after
blackening by steam treatment
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Cross section morphology
Specimen
Before steam treatment After steam treatment
(1) ZMA32
(2) Zn-Mg
(3) AZMS
Magnification
1
scale IIL“' ll pum lilm L

Fig. 4.5 FIB-SEM observation of cross section of Zn or Al alloy coated steel
specimen including Mg content before and after blackening by steam
treatment
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Cross section — morphology

Specimen
Before steam treatment After steam treatment

ZMA32

Fig. 4.6 FIB-SEM observation of cross section of ZMA32 plating steel specimen
before and after blackening by steam treatment (Images below shows
the magnification of the yellow square area)
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Specimen Before steam treatment After steam treatment
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Fig. 4.7 GDOES composition analysis result on the cross section of Zn or Al
alloy coated steel specimen including Mg conetent before and after
blackening by steam treatment
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Fig. 4.8 XRD result of ZMA32 plating steel specimen after blackening by
steam treatment
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Fig. 4.9 XPS spectra of Zn LMM, Mg 2s and Al 2p for ZMA32 specimen
(a) bare, (b) after steam treated and (c) polarization measured
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(a) before steam treatment

Zn

(b) after steam treatment

Fig. 4.10 TEM observation and chemical mapping result on cross section of
ZMA32 plating steel specimen (a) before and (b) after steam treatment
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Fig. 4.11 Formation mechanism of blackening film of ZMA32 by steam
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Fig. 4.12 Salt spray corrosion test results for bare and steam treated ZMA32 plating steel specimen
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Fig. 4.13 Cyclic corrosion test result for bare and steam treated ZMA32 plating steel specimen
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Fig. 4.14 Anodic polarization curves for bare and steam treated ZMA32 plating
steel specimen measured in 3 wt.% NaCl solution at 25 C
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Fig. 4.15 EIS of steam treated ZMA32 steel sheet immersed at different
times in 3 wt.% NaCl solution; (a) Nyquist plot and (b) Bode plot
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Fig. 4.16 Mechanism to exhibit corrosion resistance of blackening film
formed by steam treatment
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