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Abstract

The USIMINAS company 1hal provides steel for
the automotive indusiry decided to acquire an
elecuropiating process able to altemate coating on both
faces of steel plates, and to start an intense electrolytic
flux and a high deposition rate. The abjective of this
work 1s 1o construct an electroplating cell in order to
study the main process varables such as cuarrent
density and elecirolyte flow rate. The influence of
current density and elecirolyte flow velocity on the
morphology of zinc coating was observed. Through
the AFM technique, three different crystallization
forms were observed. Using the atomic force
microscopy il was possible 1o observe the zinc layer at
the early stages of deposition. It could be clearly seen
that morphology of the deposited film is correlated to
the substrate grains.

Keywords: Elecuoplaling process, zinc coating,
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Introduction

The Brazilian awtomotive indostries started to
electroplate steel in order to increase the corrosion
resistance of their cars and to compete successfully with
imtemnational industties. USIMINAS that provides steel for
the automotive industry decided to  acquire  an
electroplating process. A process. which was able 10
alternate coating on both faces of steel plates. originated a
arcat electrolvtic flux and a high deposition rate.

The objective of this work is the construcnon of an
electroplating cell 1o study the effect of the main process
variables such as current density und electrolyte rate on
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the coating morphology. This study makes possible a new
product development and increases the quality of the
present products. The cell also makes possible the study of
mass (ransfer phenomena and laminar and turbulent flow
related to electric ticld effects in the deposition process,

This research is relevant to the automotive industry
and e university. In recent years. there has been
signilicant  progress in the siundyv  of  electrodeposit
composition and microstructure.  Surface  Engineering
deals with the surface allerasion in order to reach adequie
properlies such as corrosion resistance. magnetie and
tribological properties.

Al these properties depend on the chemical
composition and structure of the coating and the original
melal surface (3),

The Electroplating Process

The main characteristic of thiy process is the
manner in which high deposition rates are oblained
through the applicatton of high current density and high
electrolyte flow,

The electroplating line of USIMINAS consists of
an entrance section where the bobbins are welded. Then,
there is a chemical and electrolytic cleaning and pickling
with H.SQ, in order to remove oxide layers. The
deposition section contains 20 vertical cells. Each cell has
4 boxes with insoluble anodes. Connections and the
withdrawal of the anode box are casily done. Thevefore it
is possible to deposit the zine layer on one face or both
steel faces. The electrolyte flows from the anode box tap
and drains away between the anode and the sample. The
distance bewween the sample and the anode is 6.5 mm. The
anode is titanium coated with iridium oxide. The flow rate
of the electrolyte in the lower region reaches 4 m/s. The
electrolyte drains away through holes in (he anode box in
order 10 distribute the pressure. Gravitational force 15 used
1o accelerate the electrolyte in cells. The application of
high current densities (13.000 A/m” or higher) is possible
because of the high flow rate. The energy consamption is
140 kwh/t. The zinc concentration is maintained through
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two dissoludon stations and the zinc electrolyte is fed ino
the stations through a by-pass system. The concentration
control is done through the flux control in the dissolution
stations. The electrolyte pH is a control variable and 1s
measured continuously. The other important variahles are
temperature and electrolyte drainage flow.

Materials and Methods

The standard procedure tor the wcell operation
{(Figure 1) is described. The samplen were taken from the
production after the hardening rojling and were cut and
covered with oil {or the storage period.

Figure 1 — Electroplating cell

The general reservour was filled with an electrolyte
(60 hrers) and the fluid was heated 10 55°C. The high
purly elecirolyte was obtained by the dissoluton of zine
oxide. The electrolyte pH was 1.45, and the Fe content of
the electrolyte was 0.06 /L, and the Zn concentration of
the electrolyte was 126.6 g/l.. The experimental
equipment was mounted vertically raking advantage of the
gravitational flow, The tanks at the bottom and at the top
of the equipment were also filled. The sanples were
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cleuned with the product “Parco Cleaner™ in the
concentrition of 60 g/l at i temperature of 60°C. Then, the
samples were treated with H,$0,, at the temperature of
50°C. The distance between the sample and the anode was
6.5 mm ut the tank botom and 7.5 mm at the 1op. The
clectrolyte temperature was controlled through a pair of
electrical heaters in the vertical cell conmolled by a
thermostat. In this test. the glectrolyle (emperature was
maintained al 35°C by water circulating through a coil n
the upper tank. In the industrial plant. only the
gravitationzl force accelerates the electrolyte. Ty the
laboratory scale. a pump was introduced in the circuit in
order 10 reuch the adequate flow rate. The flow rate was 3
nvx. ‘The anode 15 the same as in the industrial plant and is
of tiinium coated with indium oxide.

A voltage of 21.2 V was applied and the sampies

were introduced into the electroplating cell. The voltage
was increased up to a corrent value of 180 AL and the time
deposition was 40 seconds. Afier the deposition. the
sumples  were  jomnersed  in o sulfuric solution  for
dissolution of the znc sulfate that wax deposited in a pure
form. The xamples were then cleaned and dried.
Three initia} tests were done and the resuits were
evaluated statistically. In the first stage. the equipment
efficiency was calculited through the relation of deposited
mass compared with (he theoretic mass. The theoretic
miass wax obtained applying the Faraday law and the
cxperimental miass was obtained by the zinc layer
dissolution using the Coulometric method. The
efhiciency ol 959 was obtgined vsing the valuex of 1543
¢/m for the deposited mass, and 163 @/m” for the
theoretic mass. The deposition time was 40 s and the
current was 180 A.

After the optimization of the electroplating cell, the
influence of current density and electiolvie rate on the
morphology of zinc coating was sudied by atomic force
microscopy (AFM).  Atomic force nilcroscopy images
were obtained wilth a Dimension 3000, from Digiral
Instruments Inc., operating n contact mode. Silicon
nitride probes were used.

Tests with the cell using the values of 1.500. 6,000,
10.000 and 15000 A/ for current density and
elecirolyte rates of O, 3 and 4.3 m/s were done.

Results and Discussion

The steel used for the deposition process showed a
homogeneons sorface 1n relition 10 crystallographic
texture, carbon residue and roughness. The carbon residue
in the steel surface varied between the values 2.8 and 4.7
mg/m?, and the average value being 3.6 mg/m°. The
average roughness was 0.59 um.

The optimization of the electroplating cell was done
with the objective of obtaining a product similar to
imdustrial steel. The final analysis of the electroplating
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steel  considered  the  nwrphology.  roughness  and
crystalivgraphic fextore of the coating. The tinal operation
charucterixtics of the cell are:

- Storage electrolyte tank

length: 360 mm

height: 360 mm

width; 560 mm

heating system: 3,000 W, 220 V
thermostat: O 1o 100°C

Pump

material: glass fibber

motor: 3cv

3,440 rpm

Rotameter{ flow meter)

fluid: H:SO, (10%)

outlet: 0 to 18 m*/h

Lower lank

dimensions: 180 mm x 180 mm x 150 mm
resistance: 1.000 W, 220V

thermostat: 0 10 250°C

Upper tank

beight: 900 pun

width: 90 mum

length. 122 mm

resistance: 1,000 W, 220 V

Elecincal source

entry: 220V

exit: 30 V, 350 A

constant current
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The main variables of the process are concentration
and type of cleaming product, corrent density, deposition
ume, etectrolyte speed. ¢lectrolvie wemperatare, chemical
compuosition electrolyte. and distance between the anode
and plale.

The process vartable linits are:

-Cumrent density up to 23.000 A/nr

-Deposition ttme from 1 to 999s

-Electrolyte speed from 1 to 5 m/s

-Electrolyte temperature up to 75°C

-Distance between the anode and plate fcom 5 1o 10 mm
-Sample thickness up to 2 mm

- Concentration of the H SO, solution up to 10%

Three imtal tests were done with the electroplating
cell. In the bhrst test, lwo electrical problems were
observed. The source tension was stabilized bu( not 1he
curtent. After 14 seconds. the tension and current reached
the appropriate values of 150 A. Then, alterations weye
made to the source in order to provide a continuous
current source with the desired value of 150 Aini=0.In
the first test. it was observed that a high-tension value (24
V) wag necessary (o reach a high current density. The
clectrical resistance of the circuit verified that the high
value of tension was related to the excessive distance
between the anode and the plate (12 mm). This distance
was reduced to about 7 mm.
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After the process oplimization, the eftect of the
current density and the electrolyte flow rate in the coating
morphology was studred. It was observed that the coaling
morphology tends toward a homoyeneous form with small
crysials. when the current density is increased.

The effect of curent density on the zinc
morphology was found to be more significant than the
influence of (he electrolyte rate.

Through the AFM  rechnique, ihree  different
crystallization formys were observed:

e Type | : lurge crystals showed the hexagonal edges
and were parallel o each other (2

e Type 2: smaller crystals, than i type |, appeared in
sertes perpendicular to each other

e Type 2 hexagonal crystals parallel 10 each oiher
showed more surface area than the crystals in types |
and 2 (Figure 2).

Figure 2 — AFM imag;e of zinc electrodeposit, current
density of 100 A/om”, electrolyte flow rate of 4.3 m/s.

Types 2 and 3 were found in zine coating deposited
with cwrent densities of 6.000. 10,000 and 15.000 A/ny,
and type 1 was seen in coating deposited with a cumrent
density of 1,500 A/m”. This result is similar o the
literature data (6). Accordmg 10 Winand (6), the nuclet
nunber decrease with the decrease in current density,
Weymeersch et al (5) studied the zine electrodeposition
for high current densities up to 35000 A/m” and identified
five coaling types that depend on the clectrolyre rate and
current density. Ting et al (4), m thewr work, verified that
the effect of current density and electrolyte rate on the
morphology coating is relevant, As the current denyity
mereases, the electrodepusits change 1o a more compact
form with hexagonal crystal {1).

Using Atomic Force Microscopy. it was possible to
observe zinc layers a1 the early stages of deposition (Fig.
3). It could be clearly seen that morphology of the
deposited film is correlated to the substrate grains.
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Figure 3 — Atomic force microscopy images of the zinc
layer at the early stages of deposition
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