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Corrosion resistance of electrodeposited zinc—iron alloys with either amorphous
or crystal phosphate overlayer has been investigated by a neutral salt spray test.
An amorphous phosphate layer improves the corrosion resistance of Zn-Fe co-
atings containing by more than 0.5% of iron. The protectiveness of that film on
the alloy containing 1.5 and 2.0% of iron is equated with that of the film on a
pure zinc. A crystal phosphate layer exhibits protectiveness much higher than
that of an amorphous layer. The effect of the former film is observed for coa-
tings of all compositions. A crystal phosphate coating developed on Zn-Fe alloy

Lithuania containing 1.5% of iron exhibits the highest protective efficiency.
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INTRODUCTION tion, the phosphate layer formed on Zn-Co alloy is

Electrodeposits of zinc alloy with iron group metals
may provide an improved corrosion resistance for
protection of steel objects [1-5]. Zinc—iron alloy sys-
tem deposits offer superior mechanical properties
[6-8]. Steel electroplated with a single Zn-Fe alloy
displays a good weldability, formability, and both
high-strength and deep-drawing steels may be pla-
ted without losing the properties. Zinc—iron coatings
exhibit a good paint adhesion and compatibility with
cathionic electroplating. Zinc—iron alloy composition
may be varied within a wide range. An alloy contain-
ing a small amount of iron (about 1%) has the
same appearance as zinc and remains sacrificial with
respect to a steel substrate, and it is easily chro-
mated.

One way to improve Zn and Zn alloy corrosion
resistance is to apply either an overlaying iron phosp-
hate or a zinc phosphate convertion coating. It is
known that zinc electroplates with a zinc phosphate
layer followed by oiling are taken equal to corro-
sion resistance of cadmium coatings under a severe
climate [9]. Reports on the phosphating of zinc al-
loys with iron group metals are not numerous. It
has been determined in studying the phosphating
process of zinc—cobalt electrodeposits that the phosp-
hate layer on Zn—-Co alloy has the same composi-
tion as that on a pure zinc coating, i.e. it is compri-
sed of hopeit {Zn,(PO,),4H,0} crystals [10]. Ho-
wever, the phosphating of zinc alloy proceeds in a
different manner. No special step of the coating sur-
face activating is needed before phosphating. In addi-
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thicker than that on a pure zinc. Unfortunately, pa-
pers on phosphating of zinc-iron alloy are not avail-
able.

The aim of the present work was to investigate
the feasibility of applying iron phosphate and zinc
phosphate coatings on the zinc-iron alloy and to
determine the corrosion resistance of obtained coat-
ings.

EXPERIMENTAL

Zinc and zinc-iron coatings were electrodeposited
from chloride or sulphate—chloride electrolytes. The
composition of plating baths is listed in Table 1. All
coatings obtained were solid and smooth.

Table 1. Composition of plating baths and operating
parameters

Electrolyte components Electrolyte
Operating parameters 7n 7Zn-Fe
ZnCl, 40-120 g/ 70 g/l
NH,CI 180-220 g/l 200 g/l
FeSO,-7H,0 - 20-80 g/l
Stabilizer Limeda SNZ-C - 20 g/l
Brightening agent:

Likonda ZnSR -A 30-70 ml/l 50 ml/l
Likonda ZnSR -B 3-5 ml/l 5 ml/l
PH 4.6-6.0 3.6-4.0
Temperature Room Room
Cathodic current density 2 A/dm? 2 A/dm?
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The content of iron in the alloy was determined
by the atomic-absorption spectroscopy method.

An amorphous phosphate coating was obtained
in a Likonda FAS50 solution [11]. The solution tem-
perature was 60 °C, pH 4.2-4.5, phosphating dura-
tion 5 min.

A solution to apply a crystalline phosphate coa-
ting consisted of (mol/l): Zn** — 0.17, PO - 0.34,
NO,” - 0.4.The temperature of solution was 20 °C,
pH 2.4-2.6, phosphating duration 10 min. The weight
of phosphate coating was ~ 6.0 g/m?

All the coatings for the salt-spray tests were de-
posited on carbon steel panels 100 x 50 x 1 mm in
size. The thickness of zinc and zinc-iron coatings
was 10 um. It was prepared in five specimens with
coatings of different composition.

A neutral 5% NaCl solution was sprayed in a
salt-spray chamber at 35 = 1 °C [12]. The degree
of corrosion damage was assessed by evaluating the
surface area covered with corrosion products. The
percentage of defective area was converted to rating
numbers. The rating numbers and the correspond-
ing specimen surface areas covered with corrosion
products are listed in Table 2.

Table 2. The intervals of the specimen surface area co-
vered with corrosion products and the corresponding
rating numbers
The surface area (S), %. Rating number

without corrosion 10

S <01 9

0,1 < S <025 8

0,25 < S <05 7

05 <S <10 6

1,0 < S <25 S

25 < S < 4

5<S<10 3

10 < S <25 2

25 < S <50 1

50 < S 0

RESULTS AND DISCUSSION

Corrosion tests of non-passivated Zn-Fe coatings in
a salt-spray chamber show that the iron present in
a zinc coating improves the corrosion resistance be-
ginning even from 0.3% (Fig. 1). Variation of iron
content from 0.3 to 0.8% does not actually change
the coating resistance. An alloy containing 1.5% Fe
has a much lower corrosion resistance to a salt fog
effect. It may be possible that such a variation is
conditioned not by a direct iron quantity effect, but
by structural differences of the coatings. Zinc and
zinc-iron coatings containing from 0.3 to 0.8% of
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Fig. 1. Corrosion of non-passivated zinc and zinc-iron
coatings with different iron amount in a neutral salt fog.
Ratings were determined by the specimen surface area
covered with corrosion products of the base metal

Fe were both smooth and bright. Meanwhile, the
surface of Zn-Fe coatings containing 1.5 and more
per cent of iron were semibright. Such coatings ha-
ve a rougher surface and could be more porous.
This worsens coating corrosion resistance.

The data on coating corrosion performance, eva-
luating the area of phosphate coating surface cover-
ed with zinc corrosion products should provide in-
formation about the protective properties of phos-
phate film. However, the phosphate film is very quick-
ly decomposed in a salt fog, and the data obtained
give no information about the influence of Fe con-
tent in alloy on the protective efficiency of the
phosphate film (Fig. 2). A conclusion may be made
from this chart that corrosion protectiveness of the
coatings with a crystal phosphating layer is much
higher than that of the coatings with amorphous
layer.

The data on the corrosion performance of coat-
ings, when the time of appearance and the area
covered with corrosion products of the base metal,
are much more informative. In this case, the rating
involves a summary result, viz. corrosion resistance
of the metal coating and protectiveness of the phos-
phate layer.

The corrosion behaviour of zinc—iron coatings
containing 0.3% of iron does not actually differ from
that of non-passivated coatings of the same compo-
sition, i.e. an amorphous phosphate layer does not
improve the protective properties of the coating
(Fig. 3). Meanwhile, an amorphous phosphate film
on the zinc-iron alloy containing either 0.5 or 0.8%
of iron considerably changes the coating corrosion
behaviour. Corrosion damages of the same level
appear on phosphate coatings 35-75 h later than on
non-passivated ones exposed in a salt-pray chamber
(Figs. 4 and 5). The amorphous phosphate layer
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Fig. 2. Corrosion of zinc and zinc-iron coatings of different iron amount in a
neutral salt fog. The coatings were passivated in a crystal (F1) or an amorphous
(FA-50) phosphating solution. Ratings were determined by the specimen surface

area covered with coating corrosion products
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Fig. 3. Corrosion of zinc-iron coatings containing 0.3%
of iron in a neutral salt fog. Ratings were determined by

the specimen surface area covered with corrosion pro-
ducts of the base metal
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Fig. 4. Corrosion of zinc-iron coatings containing 0.5%
of iron in a neutral salt fog. The coatings were either
non-passivated or passivated in a crystal (F1) or an amorp-
hous (FA-50) phosphating solution. Ratings were deter-
mined by the specimen surface area covered with corro-
sion products of the base metal
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developed on a Zn-Fe alloy
with the content of iron 1.5 and
2.0% delays the appearance of
the same corrosion signs by 96—

—a—Zn+F1
—e— Zn+FA50
-&--Zn-Fe(0,3 %)+F1
—v— Zn-Fe(0,3 %)+FA50
—o— Zn-Fe(0,5 %)+F1
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165 and 70-174 hours, respec-
tively.

Corrosion tests of pure zinc
coatings phosphated were car-
ried out for comparison (Fig.
8). An amorphous phosphate
film on pure zinc prolongs the

B ZnFe(LSWHFASD|  time of corrosion damages from

83 to 171 hours.

It follows from the results
obtained that the amorphous
phosphate layer on Zn-Fe al-
loy containing more than 0.5%
of iron improves the capability
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Fig. 5. Corrosion of zinc-iron coatings containing 0.8%
of iron in a neutral salt fog. The coatings were either
non-passivated or passivated in a crystal (F1) or an amorp-
hous (FA-50) phosphating solution. Ratings were deter-
mined by the specimen surface area covered with corro-
sion products of the base metal

of the coating to protect steel from corrosion. The
protective properties of the film on the alloy contai-
ning either 1.5 or 2.0% of iron are equated with
those of the film on pure zinc. The efficiency of
phosphate layer on an alloy with a smaller content
of iron is lower.

A crystal phophate layer improves the protective
properties of zinc—iron coatings better than does an
amorphous layer. This may be seen from the data
on corrosion of the coatings when estimating the
specimen surface area covered with corrosion pro-
ducts of the base metal and the coating corrosion
products (Figs. 2-7). A prominent effect of crystal
phosphate is observed for tested alloys of all com-
positions. A crystal phosphate coating developed on
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Fig. 6. Corrosion of zinc-iron coatings containing 1.5%
of iron in a neutral salt fog. The coatings were either
non-passivated or passivated in a crystal (F1) or an amorp-
hous (FA-50) phosphating solution. Ratings were deter-
mined by the specimen surface area covered with corro-
sion products of the base metal
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Fig. 7. Corrosion of zinc-iron coatings containing 2.0%
of iron in a neutral salt fog. The coatings were non-
passivated or passivated in a crystal (F1) or an amorp-
hous (FA-50) phosphating solution. Ratings were deter-
mined by the specimen surface area covered with corro-
sion products of the base metal
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Fig. 8. Corrosion of zinc coatings in a neutral salt fog.
The coatings were either non-passivated or passivated in
a crystal (F1) or an amorphous (FA-50) phosphating so-
lution. Ratings were determined by the specimen surface
area covered with corrosion products of the base metal

a Zn-Fe alloy containing 1.5 % of iron is noted for
the highest protective efficiency. It by 180-450 hours
delays the appearance of corrosion of the same de-
gree (Fig. 6). A crystal phosphate layer on pure
zinc has a similar effect (Fig. 8).

CONCLUSIONS

An amorphous phosphate layer improves the corro-
sion resistance of Zn-Fe coatings containing more
than 0.5% of iron. The protectiveness of the film
on an alloy containing either 1.5 or 2.0% of iron is
equated with that of the film on pure zinc.

A crystal phosphate layer exhibits a much higher
protectiveness than does the amorphous one. The
effect of the former film is observed for coatings of
all compositions. A crystal phosphate coating deve-
loped on a Zn-Fe alloy containing 1.5% of iron
exhibits the highest protective efficiency.
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FOSFATUOTU CINKO-GELEZIES DANGU
KOROZIJA NEUTRALIAME DRUSKOS RUKE

Santrauka

Amorfinés fosfatinés dangos padidina Zn-Fe dangy, ku-
riy sudétyje yra daugiau negu 0,5% Fe, korozinj atsparu-
ma. Fosfatuoto lydinio, kurio sudétyje yra 1,5-2,0% Fe,
korozinis atsparumas yra artimas fosfatuoto gryno Zn ko-
roziniam atsparumui.

Kiristaliniy fosfatiniy dangy atsparumas korozijai yra
didesnis uz amorfiniy fosfatiniy dangy korozinj atsparuma.
Apsauginis fosfatiniy dangy efektas stebimas, esant jvai-
riai Zn-Fe lydinio sudéciai. DidZiausias fosfatuoty Zn-Fe
dangy korozinis atsparumas nustatytas esant Zn-Fe lydi-
nyje 1,5% Fe.
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KOPPO3UA ®OCPATUPOBAHHBIX .
IOUHK-XKEJE30 I'AJIbBBAHOIIOKPBITUHU B
HEWUTPAJIBHOM COJIEBOM TYMAHE

Peswowme

AmopodHnbie GochaTHbIC MOKPHITHS YBEIUYHUBAIOT KOPPO-
3HOHHYIO CTOMKOCTH SJIEKTPOIUTHYECKHX Zn—Fe moKpeITHii,
coxepxkamux Oonee 0,5% sxene3a. KopposuoHHas croii-
KOCTh Ha cIuiaBax, coiepxkammx 1,5 m 2,0% xenesa, co-
MOCTaBUMa C 3alUTHBIMU CBOWMCTBamMH (hochaTHPOBAHHOTO
LIHKA.

Kpucrammuueckue ¢GocdaTHbie MOKPHITHS OTIHYAIOTCS
OoJblIeii KOPPO3MOHHOM CTOWKOCTBIO IO CPABHEHUIO C
amopdubIMU. BeleynoMsaHyTsiil 3G dexr Habmonaercs Amis
Bcex BUIOB Zn—Fe cruaBoB. Kpucramumueckue gocdarHsie
nokpeiTust Ha Zn—Fe crumaBax, copepxkammx 1,5% xenesa,
OTJIMYAIOTCS HAMOOJIBIICH KOPPO3MOHHOW CTOWKOCTHIO.



