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ABSTRACT

In this study an eectroplating method has been employed (with zinc, nickle).
Studying of mechanical, surface, metallurgical properties for each coated systems
and made a comparison among them and with shoot penned coated systems. Low
carbon sted adloy has been sdected as a substrate. Studying of specified
properties including coating thickness and dry corrosion properties (oxidation at
high temperature) and comparison the results of each treatment with other
treatment results. Coated samples with nickel and zinc by eectroplating methods
are used in order to compare among the resulting coating layer properties. Shoot
penning method also has been employed to the two coatings in order to determine
the compression residua stresses role in the variation of studied properties.
Results showed that nickel coating layer has higher oxidation resistance than zinc
coating layer at high temperature, but has lower roughness, micro hardness, wear
resistance and density. Microstructure inspection results showed ferrite- pearlite
phases in the treated samples for all coated systems, This ensures that this
treatment will not subject to any phases transformation, and formation of coating
layer with adifferent thickness as illustrated by micro structure images.
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INTRODUCTION
lectroplating is an electrodeposition process for producing a dense,
uniform, and adherent coating, usualy of metals or aloys, upon a surface
by the act of dectric current.[1] The coating produced is usualy for
decorative and, or protective purposes, or enhancing specific properties of
the surfacee The surface can be a conductor, such as metd, or
nonconductor, such as plastics. Electroplating products are widely used in many
industries, such as automobiles, ships, air space, machinery, eectronics, jewdry,
defense, and toy industries. The core part of the dectroplating process is the
eectrolytic cdl. In the dectrolytic cdl a current is passed through a bath
containing electrolyte, the anode, and the cathode In industria production,
pretreatment and post treatment steps are usually needed as well.[2]

Electroplating is achieved by passing an dectrical current through a solution
containing dissolved metal ions and the meta object to be plated. The meta
object serves as the cathode in an eectrochemica cdl, attracting metal ions from
the solution. Ferrous and non-ferrous metal objects are plated with a variety of
metals, including auminum, brass, bronze, cadmium, copper, chromium, iron,
lead, nickd, tin, and zinc, as well as precious metas, such as gold, platinum, and
silver. The process is regulated by controlling a variety of parameters, including
the voltage and amperage, temperature, residence times, and the purity of bath
solutions.[3]

The process of eectroplating takes place as metals in ionic form move from a
positive to negative eectrode. An dectric current passing through the solution
causes aobjects at the cathode or work piece to be coated by the metal in the
solution.[4] Electroplating is done for many reasons, usually to beautify, insulate
or to protect and to increase the corrosion resistance, conductivity of metal
objects. Plating protects by one of two ways, ethe sacrificidly or
mechanically. Zinc and cadmium protect the base metals they cover sacrificidly.

They are more reactive to corrosion than iron or copper aloys so they corrode
first, before the base metals. Copper, nickel, chromium and most other metals
protect the base metals mechanically. They protect the base metals by forming a
protective coating; therefore the protection is good only as long as that coating is
intact. If there is defect or bresk in the protective coating the base metal will
corrode before the plating. The most common metals used in plating are copper,
nickel, gold, silver, chromium, zinc and tin [5]. For over a century, zinc has
enhanced the longevity and performance of sted. Zinc coatings provide the most
effective and economical way of protecting steel against corrosion. Zinc-coated
or gavanized sted offers a unique combination of high strength, formability,
light weight , corrosion resistance , beautiful ability , recyclability , low cost. That
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is not obtained by any other material. For this reason, galvanized sted sheet is an
ideal material for a multitude of building and manufacturing applications - from
automobiles to household appliances to residentia. [6] Nickel Plating, is a
yelowish white, hard, reflective finish used for wear resistance, solderability, or
dimensional restoration. Nicked plating often used over copper or under chromium
for a decorative finish. Nickel is a very hard meta with poor ductility, therefore
parts that to be plated by nickel should be bent into their final shape before plating
whenever possible. Nickel should be plated on copper before gold plating to
reduce the corrosion or darkening of the gold [7].

Plastic deformation due to cold work (shoot penning) causes changes in
material density (arise in volume to approximately 0.3 to 0.8) [8], corrdlated to the
rise of compressive stresses. Plastic stretching of the superficial layer by forces of
friction and by machining chips also causes the formation of compressive stresses.
Residual stresses caused by mechanical factors are sometimes termed as
mechanical residual stresses; the stresses are compressive if the specific volume is
increased and tensile is decreased. In turn, al volumetric changes within the
volume of a given component are accompanied by changes in neighboring zones
[9]. Residua stresses in the superficia layer usually occur in texture zones, plastic
deformation, and elastic deformation, but it is in the textured zone that they assume
their highest values. Their distributions and values depend on the type of material
and its three-dimensiona and metallographic structure, on strength and thermal
characteristics, on externa factors (eg., rate of heat extraction) and on the
associated strain-hardening of the superficial layer, as well as on wear deformation.

(8].

EXPERIMENTAL PROCEDURES

The substrate material used for the investigation was a low carbon sted with a
nominal composition as in table (1). Specimens were cut to dimensions of
approximately (10x 20, 10x10 , 4x10) mm and then manually ground using SiC
abrasive paper to a 600-grade finish. The specimens were then degreased before
being coated by eectroplating with the sdected two metas (nickd, zinc), The
coating times reported were the holding times at coating temperatures. For zinc
coating the hydrochloric acid was used HCI (30%) and doped for (20gm\lit zinc)
sodium cyined (50gmvlit.), sodium carbonate (100 gmvlit.) sodium cyanide- zinc
ratio (2.5 gmvlit, sodium hydroxide (110 gmvlit). For nickel coating boric acide (40
gm/lit), nicke sulfate (240 gmvlit), nickd chloride (18.20 gmvlit). Another set of
the coated specimens were surface treated by shoot penning for 15min., The
hardness va ues were measured using a micro —hardness testing device with 100gm
load and a profile will give, wear resistance values were measured using pin on
disc wear testing device and the wear rates was obtained , roughness to the surfaces
of samples were measured by roughness tester ,Microstructure of the cross section
of the coated specimens was anadyzed using optical microscopy (OM) (Hitachi S
2400). Dry cyclic oxidation test was made by the variation in specific weight
after coated samples were subjected to a thermal cycle in a furnace for (1hr.) by
running different temperatures (250,350,450,550,650)°C ,and weight gain curves
were drawn by using sensitive balance with four digit accuracy . The thickness of
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the dectroplated layer was estimated from eement concentration depth profiles
measured by optical microscopy.

RESULTS AND DISCUSSIONS

From the observation of external appearance for the treated systems, we can
notice that the coating process was successful (so the coating layer will appear
uniform and have a good external appearance. From the results of micro hardness
Vickers test type , observation of an increment inits vaues asillustrated in figures
(1) and (2) .The formation of hardness profile which indicates variation in hardness
a the sample edge ,improvement for the zinc coated systems ,this will atributed to
role of hard phases like zinc compounds, also for shoot penning treatment the
hardness will be increased as a result of residual compressive stresses  role , this
behavior is corrdated with mind of Mozley™ when he was achieved very
interesting results by penning hard sted, Without preening, Rockwell C reaches
about 42 hardness." of un peened parts, while of penned parts increases to 53.6.
Nickel systems were showed a drop in hardness as a result of low hardness of
nickel coating layer.

From the observation of wear results in figs. (3,4) ,al the seected nickel and
zinc dectroplating trestments improve wear resistance and decreasing the weight
loss in wear test. This does attribute to the formation of hard surface for zinc coated
systems, and the sliding effects — ((low friction coefficient)) - for nickel coated
systems. This behavior was corrdated to microstructure images which
demonstrates the successful establishment of the coating layer as a thick layer for
the two selected metals (nickd ,zinc), al these lead to increase in resistance and
reduction in wear rate . This behavior was illustrated in fig. (3) which showed a
decrement in weight loss to the coated systems, Also fig. (4) gives the wear rate
which ensures the above behavior, zinc coated system illustrates optimum
improvement in wear resistance, the penned zinc coated systems was attained the
optimum improvement ,this will be correlated with Tarasov and Grover 2 when
they will be studied the Effect of Grinding and Other Finishing Processes on
mechanical properties of Hardened Sted springs, they will be concluded that
without peening, these springs had a very low fatigue life, wear resistance ; with
penning they lasted longer than penned springs of the highest commercial hardness
in conjunction with improved wear resistance.

The second improvement degree is for shoot penned surfaces of as received
aloy — (without coating)-, but nickel coated systems has the lower values.

From the observation of roughness results in fig. (5), the two sdected
electroplating treatments, and shoot penning caused decrease in roughness. This
will be attributed to the formation of new coating layer and give low surface
roughness as illustrated in fig (6) ,the decrease in roughness can be assist the
improvement in surface mechanical properties ,this was corrdated with Almen ™2
when he will be studied fatigue loss and gain by dectroplating ,he showed that
landing-gear parts, are chrome plated after shot penning so that cracks which form
in the chrome do not propagate into the sted and cannot harm fatigue life of the
part, this was distinguished the importance of roughness effect on the surface
mechanical properties . Also fig. (5) Illustrates that nickel coated systems have

2913

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal ,Val. 30, N0.16,2012) Study the (Wear ,Roughness,M icr ohar dness)
of the Electroplated L ayers on Low
Carbon Steel Improved by Shoot Penning

lowest roughness values. From fig. (7) it is shown that the coating density for all
the sdected treatments were decreased, this will attributed to the formation of a
new layer having a low density than the substrate material .But shoot penning
treatment  increased density values ,this will be attributed to the role of
compressive residual stresses and compacting effect .

From the results of cyclic oxidation shown in fig. (8) , it is concluded that all
the sdected dectroplating treatment increased oxidation resistance . This is
atributes to the formation of a new stable ,high adhesion oxide layer which
prevents the oxygen from passing to the coating layer and contacting to the origina
substrate that protect the origina surface of metd substrate . The same figure
shows that the increase in temperature is leading to the decrement in weight gain;
this will be attributed to the increase in spilling and tearing of coating layer at
higher temperatures.

From microstructure, coating layer thickness was measured, this was
illustrated in table. (2). All coated systems give an observation of ferrite, pearllite
in core of any tested samples, that will be established a little carbon percent and
absence of any phase transformation.

CONCLUSIONS

1. Nicke eectroplated system have better wear properties than the substrate, this in
conjunction with low roughness and high dliding effect.

2. Zinc dectroplated system have better wear properties than the substrate, this in
conjunction with hardness increment.

3. Zinc dectroplated system has micro hardness higher than the substrate but nickel
coated system illustrate lower values.

4. Electroplated coated systems have lower roughness than the shoot penned and
the as received conditions, this in conjunction with wear resistance
improvement.

5. The increase in oxidation temperature showed a sever effect on the coated
system.
6. Lower roughness of electroplated coated systems make ensures that these
coating layers have a high uniformity.
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Table(1) chemical composition of selected low
carbon sted alloy.

Elements Weight
percentage
C 0.197
Si 0.186
S 0.025
P 0.006
Mn 0.564
Ni 0.100
Cr 0.270
Mo 0.017
Cu 0.198
W -0.011
Ti -0.000
Sn 0.006
Co 0.009
Al 0.005
Pb 0.003
Zr 0.002
Mg 0.001
Zn 0.005
Fe 98.407
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Tale (2) show the coating thickness (in um) for each selected treatment.

Coating Type Zinc Coat Nickel Coat
Coating thickness(um) 97 117
i s
e T
L # !‘.
.' Ir ! I'-._ # .

Coatl na thickness “

Wu

Surface (X50) core(X200)
Micro structurefor nickel coated systems

Surface (X50) core
(X200)
Micro structurefor nickel coated systemswith shoot penning
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pearllit

Grin boundary

Surface(X50) core (X200)

Micro structurefor zinc coated systems

Surface (X50) core (X200)
Micro structure for zinc coated systems with shoot penning

Figure (10) the microstructure.
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