Corrosion Behavior of Electrogalvanized Steel

Plated Under Static &

Rotational Conditions
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The effect of plating conditions, such as current density
and the rotation of specimens, on the corrosion resis-
tance of pure zinc coatings was studied. The corrosion
rates were determined by weight loss technique,
through atomic absorption spectrophotometry and
electrochemical measurements. The results indicate
that a minimum corrosion rate of 18.9mpywas ob-
tained at a current density of 200 mA/crhand rota-
tional speed of 500 rpm. The deterioration in deposit
morphology of Zn coatings was examined by scannning
electron microscope. The results were in agreement
with the corrosion rate measurements. A simplified
energy study for the process was made, indicating that
total energy consumption at 200 mA/crhand 3.0 min is
2.0 and 4.2 kwh/kg for static and rotated specimens,
respectively.

Coating is the most common means of combating corro
of metals. It works on the principle of completely separa
the metal from the cause of the corrosion, or slowing
reaction that may occur between the metal to be protecte
the corrodent. Zinc is the most important coating metal
iron and steel. The success of zinc can largely be attributj
ease of application, sacrificial nature and low cost.
production rate of the zinc coating process is considere
important factor from the economic point of view; it need
be maximized without sacrificing the quality of the coati
Accordingly, a primary thrust in the industry is directed
increasing the operating current density without sacrifig
metal quality. The latter is most often gauged in term
deposit smoothness, because rough, irregular growth o
when the current density becomes excessive.

Recent theoretical and applied studies, ranging f
bench-scale to full-sized pilot cell, have shown the img
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Fig. 1—Effect of current density on the corrosion resistance of Zn

Table 1
Chemical Composition of Mild Steel

(Wt percent)
C Si Mn P S Ni Mo As Pb Sb Fe
0.09 0.09 0.57 0.03 0.01 0.02 0.01 0.01 0.01 0.01 Bal

tance of enhanced mass transfer in improving the perfor-
) mance of many electrolytic systems, whether by means of
optimized alternative cell design or improved forced convec-
tion in existing plants.

The present research investigated the effect of current
density on the corrosion rate of Zn-coated steel at room
temperature. The research also studied the effect of rotation
on zinc coating quality. The corrosion rates were measured
by weight loss and potentiodynamic techniques. The mor-
sipimologies of Zn coatings were examined by scanning elec-
ifigpn microscope (SEM).
the
d Bxgerimental Procedure
fohe plating process was employed on mild steel rods 4 mm
ethtdiameter. The chemical composition of the mild steel used
Tiegiven in Table 1. A 250-mL glass container was used as an
dedectroplating cell. The anode had a cylindrical shape and
5 wgas made from pure zinc. The steel cathode was fixed in the
ngenter of the container by a holder. The composition of the
tainc electrolyte and the corresponding plating conditions are
irgiown in Table 2.

5 ofBefore plating, the steel rods were degreased and polished
c@lestrochemically, then rinsed with tap and distilled water.
The substrate was isolated with Teftdape, except 5 ¢
rdeft for zinc plating. Corrosion measurements were carried
aput by immersing the substrates in 3.5 wt percent NaCl
solution, used as a corrosive medium. Atomic absorption
spectroscopy (AAS) technique was used to measure the
amount of zinc dissolved during the time of immersion. The
values of zinc concentration obtained were convertegio

Table 2
Zinc Electrolyte & Plating Conditions

Composition

ZnSO, - 7TH,0 442.4 g/L

Na,sSo, 26.5g/L

CH,COONa - 3H,0 13.8 g/L

NacCl 1.0g/L
Conditions

Current density 100-600 mA/cm?

Specimen rotational speed 0-700 rpm
Plating time 3.0 min
Temperature 25°C

pH 4.0

coatings in 3.5 wt percent NaCl at 0 rpm.
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! The polarization mea

w " surementswere made

with a potentiostat.
scanning electron mi
croscope was used

ogy of zinc coatings
onthe steel substrate

Results and
Discussion

Figure 1 shows the
effect of current den
sity on the corrosior
resistance of zing

3.5 wt percent NaC
solution. The results
obtained show tha
increasing curren
density enhances zin
dissolution. For ex-
ample, the concentrations of Zn resulting from corros
after 192 hr (8 days) immersion time are 468, 443, 490
515 mg/L for current densities of 100, 200, 400 and 600
cn, respectively. Current density of 200 mAfasiconsid-
ered an optimum value to study the effect of rotation on
corrosion rate and morphology of coatings, because ath
current densities, Zn corrodes more rapidly. In addit
coatings obtained at lower current density, such as 100
cm?, also had greater corrosion ratésual examination of
the surface of zinc coatings shows changes in texture, w
they tend to be rough, porous and powdery as the cu
density increases. The micrographs shown in Fig. 2 indi
that lower current densities give finer, more compact c
ings. The high loss of zinc resulting from the increase
plating current density could be attributed to the chang
morphology of the deposit surface. It was recognized
deposit quality deteriorates quickly at current densities
proaching the limiting values; consequently, corrosion ra
increased. Current density is considered an important f3
in increasing the production rate of zinc coatings. A balg
must be reached, therefore, between the production rat
the corrosion rate.

b4l

B4l

Fig. 2—SEM photographs for pure Zn coat-
ings at: (a) 100 mA/cm?; (b) 200 mA/cm?;
(c)400 mA/cm?; (d) 600 mA/cm?.
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[ Fig. 3—Effect of specimen rotational speed on corrosion resistance of
Zn coatings in 3.5 wt percent NaCl at 200 mA/cm?,
c
Figure 3 shows the effect of specimen rotational speed on
ighe corrosion resistance of zinc immersed in 3.5 wt percent
aNdCl solution. The results obtained indicate that increasing
mide rotational speed of a specimen decreases the dissolution
of zinc in a corrosive medium. For example, plated Zn at a
therrent density of 200 mA/chimmersed for 192 hr in NaCl
gbelution, gives zinc concentration of 443, 398 and 281 mg/L
ofgr 0, 100 and 500 rpm, respectively. Figure 4 shows the
nmmdlationship between the corrosion rataripy, calculated
from the total area under the curves of zinc dissolution with
hegeeral plating conditions and rotational speeds. In all the
rremtrent densities examined, the increase of specimen rota-
cétmal speed decreases the corrosion rate. For example, the
pabrrosion rate drops from 31.5 to 18x@yas the rotational
> ipeed increases from 100 to 500 rpm at a current density of
e2d80 mA/cnt. The electrochemical technique supports the
thaeight loss results measured by AAS. Figure 5 shows the
gmlarization measurements carried out in 1-percent NaCl
lesislution. The corrosion current density, |decreased from
138 x 1Gto 3.9 x 10nA/cn? as the specimen rotational speed
nicereased from 0 to 500 rpm. It was also noticed that 14 mV
e difitrence between the equilibrium potentialg, FEwas a
result of rotation. This change is in the noble direction.
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Fig. 4—Corrosion rate vs. specimen rotational speed at several current
densities.
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Fig. 5—Polarization curve for pure Zn coatings in 1-percent NacCl.
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Table 3

Effect of Plating Conditions on the Corrosion Rate (mpy)
& Power Consumption (kwh/kg)

obtained at 200 mA/cfrand 3

min in both the static and ro-
tated conditions. It is impor-
tant to realize that, in both con-

. . ) ditions, the weight of zinc coat-
Plat'lrjg Specimen Rotational Speed ings is the same and equal to
Curreriondltlogiming Corrosior(l).0 = Power Corrosioioo rmeower ]-'20 g/n-?' The r_ate of p-rOduc-
densit time rate consumption rate consumption Flon ofzm_c_ coatings, using plat-
y p p
mA/cm? min. (mpy) (kwh/kg) (mpy) (kwh/kg) ing conditions of 200 mA/cfn
100 6.0 395 1.7 224 4.0 and 3.0 min, is twice the case of
200 3.0 36.5 2.0 18.9 4.2 100 mA/cniand 6.0 min. From
400 15 45.1 2.9 26.9 6.0 the point of production and
600 1.0 49.8 4.2 29.9 7.2 corrosion resistance, therefore,

The scanning electron micrographs for zinc coatings (pl
at 200 mA/crd) are shown in Figs. 6a and 6b for static 3
rotated specimens, respectively. The zinc facets in the c3
rotation are smaller and more compact than in static cg
tion. The morphology of these coatings was examined
afterimmersion in 3.5 wt percent NaCl solution for 48 hr. T
resulting SEM photographs are shown as Figs. 7a and
was also observed that the dissolution of Zn for rota
specimens is less than that for the static condition. There
the morphology studies agree also with the corrosion n
surements.

The increase of specimen rotational speed enhance
connective mass transfer and decreases the diffusion
thickness. As a result, the limiting current density for z
electrodeposition would increase. This suggests carryin
the coating process at a current density not exceedi
certain fraction of the limiting value. Consequently, a sma
uniform deposit with regular growth is obtairfgd.

Power Consumption

Table 3 represents the results of simplified power consy
tion calculations for several plating conditions, for both st
and rotated specimens. The study indicates that minir
power consumption per kg coat is obtained at a cur
density of 100 mA/crhand plating time of 6 min. A wattme
ter totaled the power consumed in mechanical rotatio
specimens. Nevertheless, the minimum rate of corrosic

T

Fig.6—SEM photographs of pure
Zn coatingsplated at: (a) 0rpm;

Fig. 7—SEM photographs of pure Zn
coatings plated at: (a) 0 rpm; (b)

it is preferable to carry out the

coating process at 200 mA/ém
atad 3.0 min. This can be applied on both the static and rotated
incbnditions. The results in Table 3 indicate that power con-
iseuonption doubles when specimens are rotated during plating.
nélthough rotation was proven effective in improving the
abtseposit quality and corrosion resistance, the production cost
[heexpected to double. In addition, improving mass transfer by
Fonéans of stirring is recommended and needs more study.
tddbreover, improving the corrosion resistance by changing
fdrath composition, by alloying or addition of metallic addi-
néiges, is also an attractive approdch.

SHilmelings

leting current density of 200 mA/éraffers the minimum

irmorrosion rate for plating zinc on steel rods in both static and

j cotfated conditions. Rotational speed of 500 rpm provides

ngraat enhancement in corrosion resistance and coating qual-

oitty. The corrosion rate drops from 36.5 to 1&8ywhen the
rods are rotated at 500 rpm, indicating 50 percent improve-
ment in corrosion resistance. The total power consumption at
200 mA/cn? and 3.0 min are 2.0 and 4.2 kwh/kg for both

ngpatic and rotated conditions, respectively.

atic
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