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Study of High Corrosion Resistant Zinc-Aluminum Composite

Electroplated Steel Sheet

Takakisa YOSHIHARA, Hajime KIMURA, and Shunichi HARADA

Synopsis:

Significant improvement of corrosion resistance of electrogalvanized steel sheet has been accomplished
by codepositing particles (—250 mesh) of metallic aluminum in zinc layer. The composite coating is
obtained electrolytically using a new plating bath containing zinc ion and aluminum particles dis-

persed.

The properties of Zn-Al composite electroplated steel sheet depend on the content of aluminum par-

ticles and the distribution of them in the plated layer.

It has been found that the corrosion resistance

by salt spray test is Significantly improved with an increase of aluminum content in the plated layer.
Drawability, spot weldability and ED paint adhesion are also superior to those of electrogalvanized

steel.

The corrosion mechanism of composite electroplated steel sheet has been studied by using electro-

' chemical methods.

It becomes clear that the codeposited aluminum particles in plated layer act as

cathodes and the cathodic reaction is suppressed by the existence of some resistive film on aluminum
surface, and, as a result, anodic dissolution of zinc in plated layer is remarkably decreased.
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Photo. 1. Scanning electron micrographs of the surface of Zn-Al composite electroplated layer

(no rolling).

Table 1. Samples.

Zn-Al | Zn-Al composite electroplated steel sheet
rolled by 29, reduction

EG Electrogalvanized steel sheet

HDG Hot dip galvanized steel sheet

GA Galvannealed steel sheet

M Zincrometal

Steel Steel sheet

DEDBIRBFEIND T LDV D7910),
COFRLEFDOERERIIKDOER Y TH 5.
Zn-Al &S O XBHER
0.5 M/l ZnSO,
0.5 M/l Zn(OH),
0.2 M/1 AI(OH),
30 g/l H;BO,
30 g/1 Al ¥3k (—250 mesh)
pH 5+0.2
BiE 40+ 5°C
BREE 15~30 A/dm?

3. B H B K

BT Zn-Al 550 SR OB % ESR Zn HO
SN, WAk Zn HOXMN, AEML Zn DOXRE
IO Cvrrrza il LB LTHBTS. ik,
Table iz b DR S HRT.

3.1 HADOEREESE

HEDDOEWER ~D Al R © 47 (9FF) IReg
CNNT, DOERE B IO WHE O LR %
Photo. 1~3 3. Photo. 1 137E&ME T M

Zn Al
Photo. 2. Characteristic X-ray images by EPMA

of the surface of Zn-Al composite ele-
ctroplated layer after 29, rolling.

Al

Photo. 3. Characteristic X-ray image by EPMA of
the cross section of Zn-Al composite

electroplated layer after 29; rolling.
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Fig. 1. Effect of Al content on corrosion resistance
of Zn-Al composite
sheets in salt spray test.
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Fig. 2. Corrosion resistance of Zn-Al, EG and
HDG (Salt spray test).
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Fig. 3. Area ratio of red rust vs. time of deep-
drawn (cylindrical shape) samples by
salt spray test (SST).
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Fig. 4. Corrosion rate of metallic Zn in plated
layer by salt spray test (SST).
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Fig. 5. Thickness loss of steel substrates with va-
rious coatings in salt spray test(SST).
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Fig. 6. Cathodic and anodic polarization curves of
Zn-Al and EG in aerated 59, NaCl solu-
tion ( (pH 6, 30°C).
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Photo. 6. Zn and Al distribuions before and after
anodic dissolution of Zn-Al composite
electroplated layer (EPMA).
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Zn - Al EG Steel 30pm

Photo. 7. Scanning electron micrographs of zinc-phosphated surfaces
(Bonderite #3114, spray).
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Photo. 8. Paint adhesion of ED painted samples.
Thickness of ED paint : 20pm
Paint : anodic type, Elecron #7200
Kansai Paint Co., Ltd.
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Photo. 5. Appearances of deep—drawn samples after salt spray test (SST).
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Photo. 9. Appearances of ED painted samples after salt

spray test for 20 days.
(Thickness of ED paint : 54m)
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Photo. 10. Corroded appearances of samples Weld—jéinted
and ED painted in salt spray test for 20 days.
(Thickness of ED paint : 5um)
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Fig. 7. Cathodic and anodic polarization curves of
ED painted samples immersed in 59 NaCl
solution at 35°C for 7days.

(Thickness of ED paint : 5um).
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Fig. 8. Relation between welding current and
strength of welded joint.
Electrode : Cu-Cr, Chip dia: 4.8 mm,
Thickness : 0.7mm (SPCC), Welding
time : 20 c/s, Electrode force : 150 kg.
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Fig. 9. Relation between Al content in composite
layer and strength of welded joint.
Welding current : 9 000A, Welding time :
20 c/s, Electrode force : 150 kg
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DEEZLRS.

4. #F

LR LSMANE Zn-Al HEBRD O MK
DOREFEEHENL, OB, L RBRAINA
BENDERNETEFTER LD TCETCSHEEH
PigaEM & LT olgiicon i, F4, BK Zn
DOEXFBHRCER Al 3ENTT 5 LR TR A
355, oo T BRIFENTFERIC X
DEEIL, BELL. BIAERL KDEE D THh
3.

(1) BERZn»oxEdic ALKz sc
LWy, HABEBERET COMAKL, BEOER
Zn DO XHICHATK) 5~10 £ L RERC A 3
5.

(2) L72327T, BRT X A OWRERA B /&
<, “RIPE” EFTCOEFBIFLIERTS.

(3) TR ST LBl akys
L, L2 TINITEHER T PR & BB TSRk
MAEEI GBI 5.

(4) BREEER LOBEROMAEENTCH, &
EEEAE BE, BR Zo 00 XM TT
ST AR, i, WK & oS, BERT
b, WEH LD OXMMOVFhbAT v AD LRt
SR RER T

(5) HHAMT CERMAEIBGOhBDT, BEDDOE
DOWERE Zn DO TP H B VITER Zn D0 XML
N, Ay N EEESERITHS.

(6) HEDOXMEROBWRILY Y — FZRTHD,
DOEREFDO Al HRVBEELGEIFIL, 77—
F&Te% In OFEMBEIETS L L, Al BRI X
DIRFEINDERERDIIEEEN A K EL T57-08
BEENE LI,

HUED X5, Zn-Al HEBZDOXHMRIEE D
X Zn HOXHN, Rk Zn DO MK, A8k Zn
DOXWMWE LV v 7 v 2 ZAREREL 0T Shic
EREEEEEZE L, L CHBHEOA DD OREUE
B E LTCELDTHERETH S Z Eaibhor. '
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