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Electrochemical Behavior of Electrodeposited Zinc-Iron Alloys

in Alkaline Solutions

Masaru SAGIYAMA, Akira HIRAYA and Tsutomu WATANABE

Synopsis :

As a basis to elucidate the mechanism of underfilm corrosion of Zn-Fe alloy electroplated steel, the
electrochemical behavior of electrodeposited Zn-Fe alloys was investigated in alkaline solution of pH

ranging from 9.5 to 13.6.

(1)In 5%NaCl solution of pH=19.5 and 11.7, low corrosion current density was observed in the range of
low Fe content in the alloy due to the suppression action of oxygen reduction reaction caused by the initial
oxide film formed on the alloys, which was observed also in neutral 5%NaCl solution.

(2)In 5%NaCl solution of pH=13.6, the corrosion current density tended to increase with increasing Fe
content in the alloy in the range of 50% or less Fe content and it significantly increased compared with that
in the solution of pH=19.5 and 11.7 in the same Fe content range as above, presumably resulting from

the change in both anodic and cathodic reactions.

(3)In NaCl-free solution of pH=12, electrodeposited Zn and Zn-Fe alloys were passivated, thus leading

to anodic control of corrosion.
Fe content in the alloy in the solution.

Furthermore, the corrosion current density decreased with increasing
It was suggested that the decrease in the corrosion current density

resulted from reinforcement of the surface film by iron in the alloys and passivation of iron in the alloys.
Key words : Zn-Fe alloy; electrodeposited alloy; corrosion behavior in alkaline solution; oxide film;

passivation.
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OB E & pH T &2 Fig. 1, 2, 3 I1RT. ik
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Doz, 14%Fe D% v — FRISIHEIERE X205
nev, Fig. 3 IR LARBOMBEP T, Fe &F
HOBEME L bITH Y — FRIGHRES R, 7/ - FK
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Fig. 2. Polarization curves for electrodeposited
Zn and Zn-Fe alloys in 5%NaCl solution of pH =
11.7.
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Fig. 4. Relationships between corrosion current
density obtained from polarization curves and Fe
content in deposit.
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pH=9.5 ® 5% NaCl KFHP~DEBIZLDEH LA
Zn &£ Fe DEEXGH LT iy 2RO 20 iy, &
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Fig. 5. Relationships between Fe content in de-
posit and corrosion current density calculated from
the amounts of Zn and Fe dissolved in 5%NaCl
solution of pH = 9.5.
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Fig. 6. Relationships between corrosion potential
measured in alkaline 5%NaCl solutions and Fe
content in deposit.
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Fig. 7. Polarization curves for electrodeposited

Zn-14%Fe alloys as deposited and after pre-
immersion prior to the measurement in 5%NaCl
solution of pH = 9.5.
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Fig. 8. Polarization curves for electrodeposited
Zn-14%Fe alloy as deposited and after pre-
immersion prior to the measurement in 5%NaCl
solution of pH = 11.7.
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Fig. 9. Effect of the concentration of NaCl in
the solution of pH % 12 on polarization curves for
electrodeposited Zn.

-02 T T T T T
_O>4._ / —}

-06

( V vs. Ag/AgCl)

Potential

6 | 1 ! |
107 109 10 102 103 0% 10%
i (pA/cm?)

Fig. 10. Effect of the concentration of NaCl in
the solution of pH = 12 on polarization curves for
electrodeposited Zn-14%Fe alloy.
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Fig. 11. Relationship between corrosion current

density in NaCl free solution of pH =12 and Fe
content in deposit.
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4-1 5%NaCl E2EHTHFILHVHKBRPTOEE)
5%NaCl 2 &4 357 VA VHEKERTT, EG L&
K Zn-Fe 84® - S EEIE pH=9.5 £ 11.7 & THL
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CHLETAEBLZRLTEY, pH oBE Rz,
¥, pH ZAbicfE > BB EBET 5.
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HARBEPTTORKRETERET L L, LRLoMHE IR
LR oL EM A pH (AKFF L, pH=11.7 T3 #)i8k
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nkBE-FNRIND HKEL R 5722 (Fig. 5), TOE
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Fe 13 50%Fe L FTOMIEICR 5N B E,,,, O#HFE (—
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THholzZtxRLTWA,
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Fig. 2, 9 £ 10 £, pH=12 T EG & &4 Zn-Fe
HED - ERBEOBF AL, KEHKTIZ NaCl 2°8F
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SRR TSNS 2 LA RESh TV,

I T, LAOREEELIZOWTEE TS, Conway &
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ELTEBL, ZO—HIlBELETHEEIE K-
2B E RS, (2)RICE LB CTREIGIE LS
BRI BRI ASHE & T, BE LR ARBREEEATK S h

5 L4 5 In OFRBEILET VAR L. REFET
¥ NaCl #E5H L 2V KEBRHPTOD EG & 14%Fe ©
T/ — FOmEENE, E., BTREFERE 0.7V, ¥
—0.6V T, oI hI)ELBMEHTIIE AL
HERE RS VI EMs, EFREICETLIHIC
Conway HDEFNTRENS(2)DBIEICFEL T,
AEBLLA-EZDRE. AEONACL 2848 L%
WAREERT(1 ) DOBRLEEL L b o o0, KRE
RO pH R RE W -0 BBER~ OH™ 4 A ¥ 55+4
LA X otk s, Zn(OH), " EBMEMR 2+ L
L, ABRELEE SN0 ThHL LiEE S D.

EBR ZnFe &0 AKBOT /) — FEKRBED
EG DZNIZHNTEL o zdy, TOBEME LT, (1)
Fe O BELAKED, 207 /7 — FEBIREEH Zn
DENRINE, (2)FE&EHD Fe ik, RERELT
BT ARAEBEIBERECBERIER O ATl s h
B, TENEZOLNL, ZIT, 14%Fe ® E,,, &
—0.6V TEGDO#H —0.7VIZHWDT, 14%Fe O 7
V= FRIBE EGOEZNERBETHHLEEZLL I LN
T&%. L2L, U%Fe D7/ — FEHREE X, Fe
DT ) — FEMEBEN Zn ICHSTERTELL 5V
K<, B8R0 Zn OFSGZ IR LT 7 — FEHREITER
BERELIELEDT ) — FEREEICH~NT, FHLL
vy (Fig. 9 £ 10 X 0). T L, & Fe 5%
DER Zn-Fe 580 - EFPEIZonTiz bk LA(2)
DIHRHPRKENT L ERBELTWS,. 72, Fig. 6 X
N 70%Fe LLEOMKEFH TER Zn-Fe 6480 - 5%
812 100%Fe I WEBI# Rt o L), ZOXS %
= Fe EAFRDEETR(1)OMEIFKEVLHEE SR
5. .

NaCl # &/ ¥ 5 KEWH Tix, 14%Fe T NaCl &
BErETE€DIEICE) E,,. "EICBITL, 7/ —
N UG ASHPH) & B B 25500 & 7z hS, AREHRELIZ
Eb v, ORI, REICART SRR
ClU A4 DHFHLYVR—F A ERBIzE sz
EERBELTWVS,

NaCl # &H L&\ pH=12 o KB #KPTD i, &
Fe 8HFEOMEMRIE 5%NaCl ¥ &F T 5 KiBHH TORN
&R iy DA—F =727 TR, MO RELS. =
nEy, 7un)HKERFTOEH L@ TSI pH
WA T, NaCl DF L EE T HUENH 5.

5. # [}

B Zn-Fe GE0 - STHOBETHE A # =X 4
YT 2008 E LT, pH=9.5~13.6 DT L
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F)BAKBEPICBITS, BR In-Fe &b - SR
DEZALFMEBORET £ 1TV, UTORREREL.

(1)5%NaCl #&H 35 pH=9.5 & 11.7DT7 V7
U MEAKER D T b PR & RIS, BEEERE IR
FBTLUULKE (FV— FXER) L4y, BEERKE
WA A B AL R B oo B 3 R T RO I RIE R ISR L TR
Fe AR OMKHATHEVELX LA, LA~ L, pH=
11.7 TRAMBLEERE LIALZETHHLERDL
h, BEFERITCRUCHEIHIE & A I TR L 72,

(2)pH=13.6 ® 5% NaCl KBFWHP TiE, BRERE
Bk 50%Fe LT O#MK#HBE T Fe AR OMMICE
W HERERT & &b, pH=9.52 11.7 DL &
HARTZEFOEFEFICEK LA, Zhid pH=13.6 i
BIFA7 7 — FRIGAS Zn(OH) >~ XK, 7V — FK
JeASKERERILE 2, pH=9.5, 11.7 IXBITAK
oL HETAHILICEBRT A EE ORI,

(3)NaCl &8 L%\ pH=12 © 7 V% ) HKBE
He, BRZn Do EBEBLUESR Zn-Fe 880 -
SR ABRELL, BARISRT / — FXECL B o 7.
EHRBREREE L Fe 8AFOHMIHE > TERTL
2. Thid, 4PN Fe X AKRARBEOMILE Fe
DA LICERT S LHEE SN,
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