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ABSTRACT

The corrosion characteristics of copper-electroplate on two Nigeria standard steels (NST60Mn and NST50) in three
corrosive media (0.1IM NaOH, 3.5M NaCl, 0.1IM H,SO, solutions) were studied. NST60Mn and NST50 steels
substrates were plated in acid sulphate bath. The results of copper corrosion study in three corrosive media after 30
days revealed that copper plated steels have lower corrosion rates than the naked as-received steels whereas the
copper-coated steels have 3.06 x 103, 6.46 x 10, and 1.2 x 10 corrosion rates (mgmm2day™) in 3.5M NaCl, 0.1M
H,S0,, and 0.1M NaOH respectively. These will produce a good combination with some other more protective metal
plating over coats when used in these environments.
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INTRODUCTION

There are different ASTM standards [1] applicabletle selection and design of copper and its allmys
engineering uses. These include: B224-04, B22@Ba2,/-04, B228-04, B229-04, B246-05, B248-07 and4®B2-
07; the B281-88(2008) Standard practice for prejmareof copper and copper-base alloys for elecatipy and
conversion coatings; B432-09 Standard specificaiorcopper and copper alloy clad steel plate, dnedB452-02
Standard specification for copper-clad steel wireeiectronic application.

An array of low carbon steels (ST30LC, NST44); nstdel (NST50-2) and medium carbon steels (NST60M)
other high carbon steel are of repute standardstrattural steels that are made in Nigeria. Theseuaed in
numerous areas such as wire drawing, steel robindg machine components and machine tools fabricato
mention a few.

Pure copper has accepted application as earthein eddctrical wiring. Copper priming is often uskbn steel for
its good adhesion and enhanced appearance [2jelnetent years, earthen rods are produced fropecamated
steel rods which in no long time wear away duehe very hostile characteristics of their surrougdirof

application. The numerical strength of cottage sides involved in soap making and production ofedgent is
growing at very alarming rate. With these industrimrge amount of chemicals such as NaOH, NaClHpSD,

used have serious corrosive impact on various apdis used in the processes. Hence the need tecoatéhe
base steel materials prior to the deposition ofemasistant overcoat such as Ni, Cr, Cd and sorba. local
manufacturing/engineering industries use assortmwiestieels in the making of machine parts for bottustrial and
domestic uses. These devices are used under diverkang situations such as very harsh or modeyatgyressive
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(corrosive) environments in which application ofahéreatment does not completely eliminate thel stedace
vulnerability to corrosion.

Hot dipping [2], anodising [3], electroplating [4|ectroless plating [5], autocatalytic plating], [&nd galvanising
[7,8] are few of the vast known techniques of mptating processes.

Copper plating on steel possesses good corrosgistarce, but once the foundation metal is expbgeal pin hole
or scratch, a strong voltaic effect is set up atltheaks under the coating and it results in figlohthe film coat.
For a decorative reason, copper coating is alwésalldwed from oxidation by over-coating with laegquHigh
throwing power baths are often used such as adighate and fluoborate baths; cyanide and pyrophaisph
(alkaline) baths.

The effects of surface finishing and Saccharin tadelion copper plating of steels were studied ambrted by
Ajibola and Oloruntoba, 2014 [9]. The film propesgiimprove as the substrate surface improves, thwtthighest
copper plate stability and adhesion obtained on800inishing from the acid bath with and without sharin-550
additive [9]. Using electroplating, very thin filof metal of moderately high chemical resistancecaorosive
surroundings could be developed with improved ati&tivalue and wear resistance of the steel surfége-ferrous
metals such as Ag, Au, Si, Co, Al, Cr, Te, Mg, Ph,Cu, Zn, Sn, Ni, Mo and alloys of brass and zeil10]

possess low strengths but have superior corrosiistance when compared with the ferrous metalmeSoe more
costly and are used for very special and excegtimgoses [11, 12].

Corrosion can be defined as the slow deterioratind surface wastage of a metal due to its readtiti its
surroundings[3, 13]. Corrosion is a key material predicament usuédicing both small and big engineering
industries and household which requires greatenttin. Many identified factors are responsible dorrosion of
which the material properties, nature and aggressiss of the environment are the major causes.

Except for few ones, metals and alloys are suddeptd corrosion. For these reasons, so much ggnife is
attached to its prevention and control due to eradble losses that may happen whenever the praditémas. Thus,
corrosion is monitored, measured quantitativelgpped and inhibited by different techniques suchmatal coating,
painting, anodic protection and inhibition. Diffatereports by Jope et al, 1995 [14]; Wu et al, 1pi9g; Talati and
Gandhi, 1983 [16] have been published on the saf@idesse of inhibitors on copper corrosion managame
Corrosion management is a complex science thatsnedeénsive understanding of corrosion chemistdy @fnthe
process or system being assessed. The corrosicegsraombines the oxidation and reduction reactomsturn
refined metals to their more stable ore (minera)es [17, 18].

Copper platings are used in various areas requnésgstance to atmospheric exposure (such as falsd lock
bodies, roofing, hardware, grille work, kick platesd doorknobs). It is applied in the freshwatdiveey lines and
plumbing fixtures, where superior resistance toasion by different types of soils and waters gngficant. Some
other areas where copper plating is most frequeotiynd useful include: seawater and freshwater Isulipes,
shafting, valve stems, heat exchangers (liquida®-gr gas-to-gas), condensers, steam power plardschemical
process (containing corrosive contaminants), andnmanardware where biofouling from marine orgarssimigh
resistance to seawater and hydrated salt depasitd Berious importance [19,20]. Some other chenmacal
industrial plant and process equipments engage sexpoto a variety of both organic and inorganicnaical
reagents [21,22,23]. Hence the trend and extertoofosion damages done on some steel equipmentantat
vessels are investigated with the view to protectihese facilities with copper prime undercoat ptio the
deposition of superior corrosion resistant overcoat

MATERIALSAND METHODS

The materials used in the experiment include: rsigkl (NST50-2) and medium carbon steel (NST60MmMmery
paper grit (6Qum, 120um, 320um, 400um and 60Qum), copper plated steel samples, electrolytic ¢elhd files
and polishing machine. HCl and NaOH. Standard aicalygrade of NaCl, HCI, 80, and NaOH were procured
from the chemical store.

Standard lengths of NST50-2 and NST60Mn steel spats were produced and obtained from ASTC-Rolliflg m
section Kogi state, Nigeria. Steel samples wererbitdd and cut to length (40 mm) x width (15 mmjhickness
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(5.5 mm). The chemical compositions (Table 1) weegermined using Atomic Absorption Spectrometer $AA
Thermo series 2000 Model. The samples surface geneded and polished to 60@m smoothness on the ELE
polishing machine (EL 78/260) and the initial weigli the specimen was determined on electronidaligieight
meter (model DT-502A).

Based on the B115-00(2004) standard specificatiorlectrolytic copper cathode, steel samples wkretroplated
with pure copper in the acid sulphate bath compgisif 200g/l CuS@5H,0, 509/l HSQ,, 1.0g/lI phenol (inhibitor)
and 0.5g/l saccharin-550 (organic brightener) deerat 5°C bath temperature, current density (c.d) = 1 A/d¥8

% current efficiency and 2 V applied voltage.

The corrosion study was performed based on the @&dtice for laboratory immersion corrosion tegtaf metals
using four substrates consisting of as-received 30Sand NST60Mn and copper plated NST50 and NST60Mn
steels. 500 ml of each of the corrosive media \peepared from 3.5M NacCl, 0.1M,80,, and 0.1M NaOH.

Each of the four samples was fully immersed into3tmedia for 30 days. The sample was removed &toevery 2
days interval and properly cleaned and the finagtteof the sample was measured. The initial teteface area of
the specimen (making corrections for the areascésa with plating-mounting holes) and the mass lduring the
test are determined. The average corrosion ratetinesiybe obtained according to Oloruntoba [24)odlews:

Corrosion rate =K x W)/(Ax T x D) ()

where:

T = time of exposure in hours,

A=areain cfy

W = mass loss in grams,

D = density in g/cm

and constant (K) in the corrosion rate equatidiaken as milligrams per square decimetre per daigfr.40 x 16
xD

In the present case, the size of specimen is asktortge the same. Hend€){(A x T x D) is a constant factor. The
weight loss per unit surface area (mg/fias measure of corrosion is determined as the dtthe difference in

weight between the original weight (JWand the final weight (VW and the total surface area)Af the sample after
immersion at every 2 days interval. This is mathtizally expressed as

Weight loss per unit surface area (mg/fjm (W;- W)/A, (2)

Table 1: Chemical composition (%) of asreceived Nigeria standar d steel samples

Samples Fe %C %S %Mp  Ni| N | %P %S %Cu
NST50 98.199| 0.176 0.21f 1.26 E 0.01 0.07 0.013118
NST60Mn | 98.429] 0.324 0.164 0.796 0.10 3 0.009  0.p1%203

RESULTSAND DISCUSSION

The photomicrographs of copper electroplated staalt thin section of copper plate on 6@ polished as-
received steel substrates are shown in Plate H&)an

The graphical representations of results of imnoersest of as-received steels (NST60Mn and NSTHd) Gu—

plated steels (Cu—plated NST60Mn and Cu-plated WpTdr 30 days in NaCl, }$0,, NaOH are presented in
Figures 1 -3 respectively.
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Copper deposit
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b

Plate 1: Photomicrograph of (a) Copper electroplated steelsand (b) thin section of copper plate[9]

Copper corrosion in aqueous solutions of NaCl

Plate 2(A-D) shows the photomicrographs of theam&$ of impact of corrosive media on the coppeteglateel
immersed in 3.5M NaCl solution after 30 days. That pf the corrosion rate (mg/mmz2)-time curves tioe four
specimens: as-received NST60Mn (sample A), aswedeNST50 (sample B), Cu—plated NST50 (sample @) an
Cu—plated NST60Mn (sample D) in 3.5M NaCl are shawfigure 1.

C

Plate 2: Micrographs showing corrosion of samplesA, B, C and D in 3.5M NaCl solution

OA=NST60Mn

B B= NST50

OC= Cu-NST50

O D= Cu-NST60Mn

Corrosion rate (mg/mm

. 24
Exposure time (days) 26 28 g

Figure 1: Corrosion rate (mg/mm2) for as-recieved eopper-coated steels in 3.5M NaCl solution

Copper corrosion in aqueous solutions of H,SO,

For all the four samples in the early 12 days,dbeosion rate (mg/mfhincreases as the time increases at almost
same rate. There are very little corrosion raté \géntle slopes. Sample A has a sharp rise in siomgate between
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the 12" and 28' day after which the rate was constant unti? day while sample A shows increasing corrosion rate
for 15 days (between f'2and 26' day) after which the corrosion rate was constatit the last day of immersion.
The sample A has the highest level of weight los8.6M NaCl for the period of the 30 days. The asion rate
(mg/mnf) of as-received steels increased tremendously B2telays. The coated steels have lower corrositmin

the NaCl solution than steel samples (A and B)igufe 1. The sample C showed higher corrosionbateeen the
16" and 26' day after which the corrosion rate becomes constatil the last day. The corrosion rate of saniple
increased with gentle slope until the™28ay. The rate is constant between the last 3 daysimersion for the
coated samples (C and D). Comparatively, the cmmostes (mg/mnf) of 0.217, 0.1368, 0.0867 and 0.0839 were
measured for samples A, B, C and D respectivelgiwithe 30 days of immersion in 3.5M NaCl solution.

Plate 3(A-D) shows the photomicrographs of thease$ of impact of corrosive media on the coppetegliateel
immersed in 0.1M LBQ, solution after 30 days.

c
Plate 3: Micrograph of corrosion of samplesA, B, C and D in 0.1M H,SO,

Figure 2 shows the plot of the corrosion rate csirgé four specimens: as-received NST60Mn (samplea)
received NST50 (sample B), Cu—plated NST50 (sar@pland Cu—plated NST60Mn (sample D) in 0.1NSE).
The corrosion rate increased with exposure timarabst same rate for all the four samples withinehrly 6 days
and consequently at very close rate betweBrasd 13' day. For sample A, the corrosion rate increasel wi
exposure time for the 30 days of immersion exceptte period of 2days (between™8and 22¢ day). The figure
shows a drop in corrosion rate in sample B betwtben12" and 14 day after which there was a rise in the
corrosion rate value until the 2@ay. The corrosion rate was also constant bet@€8rand 28 after which there
was a fall corrosion rate until the last day. Feg@r shows that the coated steels have lower corrasite in the
H,SO, solution than the uncoated (as-received) steepkmmThe corrosion rate increased with exposume tt
almost same rate for the two coated-steel sampiésnvwthe 30 days of immersion. Comparatively, thighest
corrosion rate (mg/mfh values of 0.0521, 0.0434, 0.0171 and 0.0188 wezasured for as-received steels (A and
B) and cu-coated steels (C and D) respectivelyiwitte 30 days of immersion in 0.1M$0;.

The plated steel samples have lower corrosioninabgine as compared with the as-received steepkzsrin the
same medium. This is due to the fact that coppes i@opper | and copper IlI) form more stable comxgsein
chloride solution. Consequently copper plated steahore protected in brine than the uncoated skl further
enhanced performance (reduced corrosion rate) imeba variety of inhibitors can also be used sashthe
diphenylamine has been reported by the InstitufEechnology, Banaras Hindus University India [22,23
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00 DA=NST60VIn
’ BB= NST50
[IC= Qu-NST50
0.05]
OP= CuNSTE&Mn

Q.04

0.031

Corrosion rate (mgimn

E xposuretime (cays) 26 28 30

Figure 2: Corrosion rate (mg/mm2) for as-recievet copper-coated steels in 0.1MH2

Copper corrosion in aqueous solutions of NaOH
The photomicrographs of the surfaces of impactasfasive media on the copper plated steel immeinséd1M
NaOH solution after 30 days are illustrated in ®@&tA-D).

Figure 3 shows the plot of the corrosion rate csirgé four specimens: as-received NST60Mn (samplea&)
received NST50 (sample B), Cu—plated NST50 (sa@pland Cu—plated NST60Mn (sample D) in 0.1M NaQH. |
Figure 3, the corrosion rate increased with exposuare at almost same rate and at very close vétuesd! the four
samples in the first 8 days and for three sample8 And C extends to the U2lay. There was a drop in the
corrosion rate in sample A between thd &2d 14 day after which there was an increase in the swrorate of
the sample as the exposure time increased.

C

Plate 4: Micrograph of corrosion of samplesA, B, C and D in 0.1M NaOH

Sample C shows a drop in the corrosion rate betwreed 4" - 16" and 18 - 20" day after which there was rise in
the corrosion rate of the sample as the exposore iiicreased until the 9&lay when the corrosion rate become
constant until the 3bday. Comparatively, the highest corrosion rate/tnmgf) values of 0.0471, 0.0532, 0.0316
and 0.032 were measured for as-received steeladBaand cu-coated steels (C and D) respectivélyinvthe 30
days of immersion in 0.1M NaOH.

The corrosion rates (mgmfday”) of the samples (as-received steel and coppeedaaeels) for 365 days in the 3
media are presented in Table 2.
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Figure 3:Corrosion rate (mg/mm2) for as tecievedi@pper-coated steels in 0. IMNa

For sample B, the corrosion rateincreaseswith exposuretime for the 30 days of immer sion except for the period of 2 days (between 20"
and 22" day). Sample B shows the highest corrosion rate of the four samplesin NaOH solution

Table2: Corrosion rates(mgmm?2day™) of asreceived steelsand Copper-coated steelsin 3 media

Media Total Exposure time days)Corrosmn rate of as-received stgelCorrosion rate of Cu-coated stee

(mgmmZday™) (mgmm?day™)
3.5M NaCl 30 7.23x10 3.06x10°
0.1 M H;SQ, 30 2.01x16 6.46x10"
0.1M NaOH 30 1.93x1® 1.2x10°

Conclusions and Recommendations
The following conclusions could be drawn basedhmnresults of the experiments;

The corrosion resistant characteristics of platedls in 0.1M NaOH, 3.5M NaCl and 0.1M$0D, was determined.
The Cu-coated samples show very close similar tafncbrrosion rate per exposure time in all the &ia. Cu-
coated steels have corrosion rates (mdfuay’) in the order of 3.06x1%) 6.46x10%, and 1.2x1d in 3.5M NaCl,
0.1M H,SQ,, and 0.1M NaOHlespectively. The copper on steel as undercoatpoliuce a good combination with
some other more protective metal plating over ceodien used in these three environments, and hengeec
coated steels can be effectively used as the eartitkin regions where such environment are dorathal these
media.
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