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Abstract 

This research work investigated the effect of current density, bath 

concentration, bath soIution volume and electroplating time on nickel 

electroplating of low carbon steel. Varying voltage between 0.3 and 0.8 V, 

bath concentration between 0.27 g/cm3 (0.79 r n o ~ d d  and 0.35 glcm3 (1.02 

mo~dmp, electropfig time between 1Q and 30 minutes and bath solution 

volume between 200 and 700 cm3, the effect of these process variables on 

electroplating was studied. The temperature was kept in conformity with 

Watt's method at 50 SQC. It was observed .that a batfi conceniration of 0.31 

g/cm3 (0.89 M o V M )  concentdon gave the best nickel deposit at 0.5V for 

15 minutes. This would correspond to a Watt solution of composition: nickel 

sulphate-230 gll, nickel chIoride46.5 g/l and boric acid-30.8 dl with a pH of 

4.18. Higher Watt bath concentralion did not yield good results as plating 

thickness decreaged and there was no luster. It was aIso observed that 

incmsing time of plating served to increase pIating thickness and did not 

affect brightness of plating. However non-uniform nickel deposition was 

observed for longer plating time. Increase in voltage served to increase rate of 

electrodeposition with the exceptions of 0.7 V where a long streak of plating 
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was obaaved on subsfrate instead of uniform p l w  and 0.8V where plating 

lacked brigkess having a burnt appmmoe. Bath w@es of between 200- 

500 cm3 were obsewed to be k s t  for the coupons used (1 Smm x 20mm). Bath 

voluma above 50Ocm3 Bve black plating appearance. 

Keywo* 

Process Variables; Nickel ElecbopMng; Low carbon Steel. 

Introduction 

Metal plating is the method of applying a metallic coating to mother material [I]. 

There are many reasons to plafe objects. 'hese reasons include corrosion control, resistance to 

wear and decorative purpom [2]. Over recent decades, metal plating has evolved h m  an art 

to an exact sciene €3-51. This dwelopmdt is seen as responsible for the ever-increasing 

number and widening types of application of &is bmch of pmcticd science and engineering 

161. Some of the technological areas in which means and methods of metal plating constitute 

an essential component are; dl aspects of electronics (Macro and micro, optia, opto- 

electronics and sensor of most types), oil and gas installation, industrial and engineering 

materials, auto-mobile industty (that uses for example chrome platiag to enhance tbe 

corrosion resistance of metal parts), agmdiied industry, aeronautical i n d m ,  to name only a 

few (7J. 

NickeI plating is widely used in industry especially as zinc mating does not last 

because of its behaviour as sorc1-5cW anode. Research has been stimulated in the area of 

Nickel plating [8], its speciation [9], stripping voIbmmetry [lo] and its possible use as 

catalyst in the oxidation of cycIohexan01 m alkaline ~Iutions (1 11. However, the study of 

effect of the pMhg parameters such as pH of the electrolyte, concentration of the electrolyte, 

temperahue of the plating medium, cwreot density, time of pIatiag current density(using 

electro potentials) of the electrodes, size of the material to be plated and the volume of the 

plating need be given an important attention 171. Tbe purpose of this project is to study 

the effbt of some of these pmcem variables on low-vohge electrodepositing of nickel on 

low mbon steel subsbate. This will enhance the engineer to have a formal knowledge on 

when and how to apply a particular concentration for a @cuIar purpose such as in corrosion 
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control, decorative purpose and weat resistance. The intention is to vary the concentration of 

each of the salt to be used in each solution. 

Materials and Method 

M-rird 

The material used in this investigation was a low carbon steel s u m  rod of 

dimension lrn x 20mm, which was obtained from Nigeria Machine Tools limited, Osogbo, 

Nigeria The chemical composition of the steel is shown in Table 1. 

Table 1. Chemid Corn1 osition (WWo] of Low Carbon Steel Substrate 

Elements 1 WE% I 

Method 

Preparation of Samples 

The low carbon steel substrate was sectioned into smaller pieces of dimension 15mm 

x 20mm. The samples were grinded md later polished on a METASERVE grinderrpolisher 

with 60, 120, 224 320,400,600 micron grade =bide and cloth and kept in 'the desiccators 

preparatory to electroplating. 

Preparation of.hichI Electropluting Solution 

The nickel electroplating solution was prepared in conformity with Watt's methods [q 
in which chemical reagents include nickel sulphate, nickel chloride, boric acid and 
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formaldehyde as the brightener [2]. The chemical reagents cornpasidom in the mlution were 

varied by weighing each proportion in tbe weighing balance and,then dissolved in a specified 

volume of distilled water. The pH of the soIution was Wen using a HANNA pH meter. The 

varying concentrations are presented in Table 2. 

hpara tbn  of Nikkei Electroplating Bath 

P M c  bowl was used as the bath to conlain the prepwed electroplating solution. 

Copper rod of 6mm diameter was used as a cathode and anode elecmode attachment to the 

rectifier. Capper wire was also used #o attach the nickel electrode to the anode rcd. The 

arrangement of tbe bath is in Watt's standard [6]. 

Sampie~ Re-Treatment Operation 

The samples were pickled in 0.5M & SU4 solution for 2 minutes, rinsed in distilled 

water and degreased in electrolytic degreasing tank for another 2 minutes. This was followed 

by another rinsing in distilled water. The initial weights of the samples were taken before 

immersion into electroplating baih using an OHAU* digital weighing machine. 

Electroplating 0perafrafrort 

ElectropIating runs were carried out for the Iow carbon steel samples using different 

batla concentrations shown in Tables 1 and 2 by immersing the smpIes for constant time of 

15 minutes at a temperature of 50 k5"C; 2cm3 of formaldehyde was added into the solution in 

the electroplating bath. Voltage was kept constant as well at 0.5V. AAer elecmplating, the 

sample was rinsed in distilled water and dried in saw dust before tfie final weighing. The fmal 

dimension was taken by the use of the vernier callipers. The plat- was also carried out for 

time, voltage and bath volume variations (Tables 4-6). 

Visual 0bsmrthmon 

The electroplated SWIM were observed for physical lipparame as in dour, 

brightness and streak. These were reported in Tables 3-6. 

EIectrOciepositing Weighf and Thickm~s Determination 

The initial weights of the samples were subtracted b m  the final weight of the 
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electmptolted samples md the results were then recorded. Also, the initial: dimensions were 

subtracted fmm ihe final dimensions of the electroplated gamplG. The values obtained from 

weight difference and from dimension d i h m w  were used in evaluating both the actual 

weigh deposited per unit area and the thickness of deposition. 

Mathemetically, If W1= Weight of sample before ele~trophting, W2 = Weight of 

sample after e lec trop l~g ,  WD = Electrodeposited weight, then 

WD=w2-W1 

k, if A1 = Area of sample before a1ec:troplatmg. A2 = area of sample after 

electroplating. 

AD=A2 - A1 (2) 

Therefore the actual electrodeposited weight in gcm2 was ~ c u l a t s d  by dividing 

equation (1) by equation (2); That is; Actual elemodeposited weight (glcm2) = W2-WllA2- 

Al=WD/AD The thickness of electrodeposited were also calculated as thus The thickness of 

electrodeposited in micron = WDI (ADxDNi) Mere DNi = density of nickel given as 8.908 

dcm2 rq* 

Sdace Mcrographic Ir=xaminotion 

The surface exeunbtim of the nickel ebctropkd samples was carried out on an 

~ x i o v e 8  optical metaIIurgica1 microscope with magnification x 100. 

Resnlls and Discussion 

Res* 

Table 2 shows the composition of the various nickel baths in 600 cm3 distiIIed water. 

TabIe 2. Composition for Various NickIe Electroplasthg Bath Per 600cm3 
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Table 3 shows the wei& thickness and physical a p m m e  of deposited nickel on 

low carbon steel for varying concenhations. It was seen mat weight of nickel deposit 

increased with increasing bath solution concentration siarthg from 0.27~ lcrn~  and peak i  at 

0.31gkm3 &er which weight of deposition began to falt with increasing bath cuncerrtration. 

At o pfating concentration of 0.35 dm3 (1.02 M01/dm3) the deposk l  nickel had a blackened 

TabIe 3. Weight, Tbicknm and Physical Appmmce of Deposited Nickel on Low Carbon 

Steel for Varying Concentrations 

WN 

I 
2 
3 
4 

A& ~-laeh~de=2 c d  [common for all experiment) 
Time=15 minutes for cc&ant time experiments 
Tmpmlwe45-SS"C (common fbr all experiments) 
VoItage=O.S Volts fix wmmt voltage experhats 
Concentration=4.89 hfoVdm3 for W t  conmwation experiments 

~oncentratim(alcm~) 

0.27 

5 1 0.35 

Table 4 shows the weight, thickness and physical appearance of deposited nickel on 

lowcarbon steel for varying deposition time at a constant concentration of 0.31@cm3 

(0.89mo~dm3. It was seen that nickel deposition increased with increasing time. The deposits 

were also bright in appearance. 

0.30 
0.3 1 
0.34 

Table 4. Weight, Thickness and Physicd Appearance of Deposited Ni~keI on Low Carbon 

Steel for Varying Deposition Tme at constant concentration O f  0 . 8 9 ~ o ~ d m ~  

Deposition Appemnce 

Dull bright 

Exwhenfal Cunditim for Tables 3-6 
Black I 4.76 

Table 5 shows the weigh4 thickness and physical appearance of deposited nick61 on 

Frrirly brigbt 
Very bright 
Very bWt 

0.04 

Thichess(pm] 

4.68 

Deposition 
w e i M ~ )  

0.04 
5.10 
5.13 
4.78 

0.04 
0.05 
0,04 
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low c h n  steel fox yarying voltages. It was seen that despite the fact that nickel deposit 

increased with increasing electroplating voIhge, plating voltages of 0.3 to 0.6 gave bright 

nickel deposit appearance. Plating at 0.7 and 0.8 Volts gave blackened deposits. 

Table 5. Weight, Thickness and Physical Appearance of Deposited Nickel on Low Carbn 

Steel for V w  ing current densities. 

Table 6 shows the weight, thickness and physical appearance of deposited nickel on 

low carbon steel for varying bath volume. lt was seen that despite the fact that nickel deposit 

increased with increasing bath solution volume, d y  bath volumes of 200 cm3 to 400 cm3 

gave bright nickel deposit appearance. Us@ bath solution volumes from 500 io 700 cm3 gave 

blackened deposiff. 

Table 6. Weight, Thickness and Physical Appearance of Deposited Nickel on Law Carbon 

Steel for Varying Bath Volume 

The results from the tables were used to plot the graphs shown in Figure 1-8. 

Figures I and 2 are the plots of thickness and weight respectively of nickel deposited 

at varying concentration. The figures showed that at a bath concentration of 0.89 ~ o ~ d r n ~ ,  

nickel deposited WEIS hiest 

SIN 

1 
2 
3 
4 
5 
6 

Concentration 
[dcm3) 

200 
300 
400 
500 
600 
700 

Deposition 
Appeareance 
Dull bright 

Bright 
Very bright 

B h k  
Black 
Black 

Thickness 
( pm) 
4.78 
4.81 
4.99 
5.21 
5.29 
5.31 

Deposition weight 
la] 

0.04 
0.05 
0.05 
0.06 
0.07 
0.08 
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Figtve 1. Plot of t h i c h  (pm) of n k k l  &posit& agruagrunst varying composition ut 
experimental c013dftion off  Smin, 5MV and 0.5V 

Figwe 2. PIol of weight ( .  of nick1 deposited agut'mt concentration at experimental 
condition of l5min, 45-5fT and 0.5 V 

Figures 3 and 4 are the plots of thickna and weight mpctiveiy of nickel deposited 

against time. The figures showed a continued increase in nickel deposit with increasing 

electroplating time. 
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Figwe 3. Plot of thichss (pm) qffPickel &pi fed against time of depasition at 85-55' C,O, 5 
V and 0.89 m ~ d d  

Figure 4. Plot of weight ( .  of nickel deposited against time at 45-5J°C, 0. SV and 0.89 
mol/dm3 

Figures 5 and 6 are the plot of thickness and weight respectively of nickel deposited 

on low carbon steel against voltage. The figures showed an increase in nickel deposit with 

increasing electroplating voltage. 
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Figure 5. Plot of thiches8 (pm) o nickel deposited aguimt voltage for 0.31 g/cm3 f @89moUdm ) comerrtratrbn at 45-5ST 
&* - 

wmd om- 
ocparlao 

0.m ' 

a* 

Q41 - 
Qt - 

B d 0  ' 

om* 

om- 

am- 

Figwe 6. Plot of weight (& of nickel & p i f e d  againsf voltage at 45-550C and 0.89 rno~din~ 

Figures 7 aud 8 am the plots of hichess and weight respectively of nickel deposited 
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on low carbon steel with increasing bath solution volume. The figures also showed increasing 

nickel deposition with increasing bath solution volume. 

Figure 7. Plot of thickness of nickel deposited against volume at 45-55OC, 0.5V, 0.89 m o l / h 3  
mrd elecfroplating time of 15 min 

Figure 8. Plot of weight ofnickel depsited against volume at 45-55°C,0.5V, 0.89 m o l / h 3  
rmd electropbting time of1 5 min 
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Figures 9-12 show photomacrogqh of deposited nickel on low carbon steel for 0.3, 

0.4, 0.5 and 0.6 voltages respectively at constant deposition .time sf 15 minutes. The figures 

show increasing deposition oa the low carbon steel substrate with increasing p h h g  voltage. 

Figure 13 shows the sample plated at 0,5V for 20 minutes. T b  shows very thick nickel 

plating on the steel subsffate but non-anifom nickel deposition. 

Figure 9. Photomacrograplp of eectrodepositeal nick1 on low carbon steel fop 15 min, 
4S-55V, 0.3 Vat 0.89 rno~dn? bath concenfration x 100 

Figure 10. Photomacrograph af e iec~odep i t ed  nickel o t ~  low carbon steel for 15 min, 
45-5J°C, 0.4 V a t  0.89 rno~dtn~ bath concentration XI 00 

Figsve 11. Pbtommmgraph of electrudepited nickel on low carbon steel for 15 minutes, 
45-55"C, 0.SV in 0.89 MoVdrn~ UNIV
ERSITY
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Figure 12. Photomacrograph ofelec~rodeposited nickel on low carbon steel fur 15 min, 
45-SS°C, 0.6 Vat 0.89 rnol/dm3 bath concentration x 100 

Figure 13. Photomacrograph ofelecfrodepsited nickel on low carbon steel for 20 min, 
45-55'C, 0.5 Vat  0.89 mol/dm3 bath concentration x 100 

E m  of Cunce~miibn on PIatfng 

Generally, nickel p&g, observed to be a f f d  by the concentration of the nickel 

electroplorting soIution as shown in Figures 1 and 2 can be attributed to the rate of ionic 

activity in the bath solution. It was observed that at concenhtion 'of 0.3 1 dcm3 (0.89 

hiolldm?, the nickel deposition pr unit area was at the highest vahre, while between 0.27 - 
0.30 glcm3 and 0.34 - 0.35 ghm3 the deposition per unit area is constant This showed that 

despite tbe frrct that all the concentrations were we11 within Watt's solution ratio (61, with the 

exception of the 0.78 ~ o ~ d m ~  solutions, the 0.89 bloI/dm3 solution gave the best uniform 

nickel deposition on the steel substrate (Figure 11). This is in line with literature that at 
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certain concenlmtion of electroplating solution, there is a good uniform deposition [6j. 

Egect of on PIahg 

Time e m t  on electroplating as shown in Table 4 and in Figum 3 and 4 revealed that 

plating thickness increased with increasing t h e  and time did not seem to have a deleterious 

effect on plating. This is in line with Faday's second law of electroIysis [a. Coating 

brigh- was not &Wed by time as well. However, surface topography seemed to roughen 

with high platting time as was observed in figure 14 and 15. 

Ene'eet of C m n t  density on Phdng 

Increased voltage (potentid di&rence) was also observed to aid faster deposition of 

nickel which is expected fiom the power equation, P= ivt, where i is the current flow, v is the 

voitage and i is time. However, as expected also the excess heat generated at high voltage 

without adequate heat extraction route could be attributed to the burnt or darkening of the 

nickel deposit at 0.8 V at least for a bath volume of 600 cm3. 

E f l i  of BafCl Soldbn Vo21uwe on Ph%g 

Volume of electroplating solution observed to result in increase rate of nickel 

deposition (Figures 7 and 8) can be adduced to higher bath ionic activity. However, with high 

bath volunze: sample ratio there was a resultant blackening of the deposited nickel which was 

still a result of power generated. 

Conclusions 

The effect of current density, concentration, time and plating solution volume on 

nickel deposition on Iow c a h n  steel was studied and from the result oGtained, the following 

conclusion are dram: 

0.31 g/m3 (0.89~o~dm3) concentration gave the best nickel deposit at 0.5V for 15 

minum. This would correspond to a Watt solution of composition nickel sulphate-230 gtl, 

nickel chloride-46.5gA and boric acid-30.8glI with el pH of 4.1 8 

Increase in voltage hence current density led to increase in deposition per unit area 
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Increase in time 14. to increase in deposition per unit area. 

Higher voltage (hence current density) above 0.6V led to the'bming of the electroplating 

samples. 

r The effect of temperahre variation on nickel deposition on low carbon steel substrate at 

bw-voltage deposition was not covered in this work. Also, the quality and composition of 

materials deposited on the substrate after electroplating was not analysed. 

Effect of variation of volume of brightener on low-voltage nickel electrodepositing on low 

carbon steel substrate. was not covered in this work as well. 

Neitber was sample size effect on low-voltage nickel e1ectrodepositiqg covered as well. 
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