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Approach to the Development of Corrosion Resistance of Fe-Zn
Alloy Coating from Corrosion Science

Ichiro SUzZUKI, Masaaki ENJuzl and Hironori AsAl

Synopsis :

The corrosion resistance of zinc and zinc alloy coatings in natural environment depends on the properties
of corrosion product layer found on the surface. The type and amount of corrosion products, adhere to the
surface, influence the barrier effect of corrosion layer. The amount of zinc hydroxide and basic zinc chloride,
Q, could be determined by cyclic cathodic polarization method on the basis of the finding that adherent
corrosion products were reduced in response to the electrode potential. A new function of compactness
of corrosion layer, C=Q [I,,,,., was introduced in order to evaluate the barrier effect of corrosion product
layer.

Nickel was selected as an additional element, which developed the corrosion resistance of Fe-Zn alloy
coating, from the values of I,,,, and C determined of corroding zinc specimens in the solution containing

iron and other metallic ions.

1 wt% nickel addition to Fe-Zn alloy coating enhanced the corrosion resistance of coating.
And a new function of compactness, C, was useful to evaluate the barrier effect of the corrosion product

layer for oxygen diffusion.
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Fig. 1. The effects of immersion time and con-
centration of NaCl on cathodic polarization be-
havior of zinc electrodes with potential, << —1.3V
(SCE).
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Fig. 2. A typical cathodic polarization curve for
corroded zinc electrodes and zinc compounds.
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Fig. 3. Schematic diagram of the corrosion cur-
rent and the amount of corrosion product from
the cyclic cathodic polarization curve.
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Fig. 4. The relationship between corrosion rate
or the amount of adherent corrosion products and
immersion time.
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Fig. 5. The relationship between the compactness
of corrosion product layer and immersion time.
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Fig. 6. Schematic diagram of electrolytic cell.
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Fig. 7. The change of corrosion rate of 239,Fe-
Zn alloy coated steel and the effects of electro-
lytic current of iron on the corrosion rate of zinc
electrode immersed in 5% NaCl solution.
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Fig. 8. The effects of various metallic ions on the
corrosion rate and compactness of corrosion layer
of zinc electrode.

& Cu THote. Ni ZEMLIHEOMESRRART OE
HAEHEKBREREBLEL 5oL T, Cu oF
mrERERAECE 2 CuO BEE LA L 2 E
BHXhi. IbZD Cu0 NESIEZMICET S h
570 %E L { HA X Compactness # EHHIC KIC
U7. Ti, Cr, Bi, Nb 0OFEINIHEAOFERERER
YOBYRY E8I. ChHLOBEFRT C— 7 ILIEFEK
PEV. T LT Cu ok 5 eHEBUSOSEBOILEDE
BUEL, ThbDILAWHKRREBMEH CHIREL
CTEMRECEEYE IR QY 03 AOHIE L
foo DL EORHELOHENREGEDOEBY X b iRk
FTAHIEHEEL LT NI 2 RE L.

Table 1. Plating conditions and chemical compositions of Ni-Fe-Zn alloy coats.

Plating Bath Composition (g/1) Ni Content (wt% )
. 10. 8% Fe-Zn-Ni 21%Fe-Zn-Ni
FeSO,, 7H,0 ZnSO,, 7TH,;0 (NH,).S0O, KCl CsH3O, NiSO,, 7H.0 alloy plated alloy plated
steel sheet steel sheet
0 0 0
2.5 0.12
7.5 0. 43
250 125 120 10 12.5 0. 67
25 L11 0.71
37.6 0.98
50 1.67
Temperature (C) 50 50
pH 2 2
Plating Conditions
Current Density (A/dm?2) 30 60
Weight of plating (g/m?) 65 65
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Fig. 9. The effect of Ni content on the corrosion
loss of Ni-Fe-Zn alloy coated steel immersed in
5%, NaCl solution.
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%, WBRLUCFEIh. BREX Ni 28 1% fiE&
BEIhBEBRNOMEERLE. ThsoRPMOBREIT
TTORHREIN TV IRERABEREY L ETLH 1/3
DEETHS. LichioT 1wty Figo Ni oF
AR BB Th B L VO TRWTH 5 5.
EPMA = & 2 JITER Bt 1wty iv NI AR
hiRA CRDOERAER KT S Ni oB—7 O fHixn
L, R BMOEINIWZ ENEx bR BE
BAHEBRD % — v THIT L. L2 CTERERE
BT 5BREFWIBET2HWED Fe XU Ni 14
v DB £y CRSCZTE— B R ERY BT
BENBLDLBRTESL. Ni OFFED 1wty %*
Wz nd Ni oFHNEPMA I VBEIh, BAE
LHATE. LieaioT 1wty W Ni o &z 10.8
%Fe-Zn &0 OMMAKYA EIEICHEL LB
ThHHIERELMNT D7
REBRFES 60 A/dm?2 L LT, oo X FH
Ex e, PHEHESDOZOMAERTH 5 HRE
N2y DEedOXBI Ni #EMLTHOEXRAAY
fERR L7-. Table 1 wiRLAc X >, Ni Oo&FEX
0.71 X0 0.98wty o-fEEHTHS. ZBEHDODHD
FRAC OV TEAEBERARYIT L. BREBHYHN
Bicd, BRICHOERA Y, TOHACEH K L0
IESRIR (45 2x4cm?) ZELICEBEZERL T H0E
RKRE EHARRK B IODOERN L WERMTOBNES
ZEW 30min JIET 5 HEXAVCTDOERFORE
ORI FAN . R 5%NaCl BROEE
6h, ERNARKE 18h o171 Th5. BEDOH
FIIEE R LR 0T Co i ERC EEE
o Tiibivk. Fig. 10 w0 R & i
DEMZE (BEHOEFE) OFEBERIVRBERMZ
Rt BEEE RS RBRROBHIAK TS D DR
XORENDD LR B BMER 85 mV Thok. 21%
Fe-Zn &4&»oXOHRIVCFEERENL6 A, Ni &0
Licodho XA T3 14 B& 16 B CRICBERRBIL
2z FIEE XN S, 21%Fe-Zn %o X1k 10.8%
Fe-Zn R0 X CH~NTAY £Y v 7¥ 3 ls 4,
Ni 2L C\ial 21%Fe-Zn DO ERE DR RE
iz v AY) VIR IHEERE TS, NI kg%
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Fig. 10. The effects of Ni added to 219,Fe-Zn
alloy coat on the corrosion resistance by salt spray
test.
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Fig. 11. The effect of Ni content on the X-ray
diffraction pattern of Ni-10.89Fe-Zn alloy coat.
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