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Abstract: In this study, sensitization, activation and bath compositions were prepared in different ratios and under these 

ratios, multi-walled carbon nanotubes were electroless coated with nickel. The amorphous carbon and catalytic nanoparticles 

were removed from surfaces of nanotubes in the acid solution for 15 hours before coating. Thus, a more effective 

sensitization and activation and thus a nickel plating process was prepared. Tin was used for sensitization and palladium was 

used for activation. The sensitized and subsequently activated multi-walled carbon nanotubes were immersed in a nickel 

bath. The pH of the coating bath was adjusted to 8.5 ± 0.5. At the end of each step, the samples were washed with distilled 

water. All studies were carried out at a temperature of 90 ° C and 60 minutes and the mixing was carried out using a 

mechanical stirrer. The effect of the solutions on nickel plating of multi-walled carbon nanotubes was investigated by 

scanning electron microscopy, electron dispersion spectrometry and elemental mapping. In the light of the findings, it is 

expected that the usage area of the multi-walled carbon nanotube materials which are widely used in many industrial fields, 

especially metal matrix composite materials, will be improved and product performance will increase. 
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I. INTRODUCTION 

 

In recent years,a rapid development has occurred in 

coating technologies[1, 2]. The only reason for this is 

the functional superiority of the coatings to the 

material properties. Although the cost of the coated 

material may be high, it seems to be disadvantageous, 

but the long service life of the material eliminates this 

disadvantage. Electroless nickel coating is a process 

which can be coated with nickel the materials without 

using any electric current source by using salts in 

solution. Electroless nickel coating is used in many 

industrial fields.  

 

It has the advantages of the same coating thickness on 

all sides of the material, very good corrosion 

resistance, abrasion resistance and high coating 

hardness and can be applied easily even in complex 

shaped parts[3, 4]. The advantages of nickel coating 

are automatic catalytic process, uniform thickness 

distribution, many different materials applying, 

hardening ability, excellent corrosion resistance and 

good abrasion resistance. 

 

In many industry, carbon nanotubes (CNTs) are used 

as reinforcing materials to improve mechanical 

propertiesi[5]. Since carbon nanotubes have low 

density and high theoretical strength, they are 

attractive reinforcing materials to improve the 

mechanical properties of composites[6]. Carbon 

nanotubes are divided into single-walled carbon 

nanotubes (SWNT) and multiple-walled carbon 

nanotubes (MWCNT) and exhibit important material 

properties[7]. When carbon nanotubes are used as 

reinforcing agents, the most important problems are 

wettability and undesired interface reactions.  

 

The pure use of carbon nanotube in composite 

production is the formation of Al4C3 compound and 

this compound adversely affects the properties of the 

produced composite[8]. Coating is the most 

commonly used method for this purpose.  

 

Carbon nanotubes can be coated by a variety of 

coating methods and precipitated onto the reinforcing 

coating material. The test parameters (temperature, 

time, bath compositions and pH level) used 

significantly affects the characteristics of the coating. 

The aim of this study was to investigate the nickel 

plating of multi walled carbon nanotube. 

 

 

II. DETAILS EXPERIMENTAL  

 

The main purpose of the coating is to prevent the 

unwanted interface reaction mentioned in the 

introduction and to provide better bond formation 

between the matrix and the reinforcement [3]. It is to 

obtain a homogeneously distributed thin layer coating 

while preserving the reinforcing properties with the 

electroless and electrolytic coatings.  

 

These two methods are separated in terms of cost-

property relationship. In this study, it is to aimcoating 

of multi-walled carbon nanotube material which is 

used as reinforcement in composite production with 

nickel in order to improve surface properties. Table 1 

shows same properties of multi walled CNTs. 
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Actual 

Density 

Specific 

Surface 

Area 

Purity Color Outside 

Diameter 

Inside 

Diameter 

Length Electrical 

Conductivity 

2.4 g/cm3 240 m2/g >92% Black 9.5 nm 5-8 nm 1.5 µm 98 S/cm 

Table1: Same Properties of MWCNT 

 

The multi-walled carbon nano tubes have an actual 

density of 2.4 g/cm3, a specific surface area of 240 

m2/g, a purity> 92%, 9.5 nm diameter and 1.5 µm 

length. In order to change the surface chemistry and 

remove impurities, carbon nanotubes were subjected 

to acid treatment (HNO3: H2SO4 = 1: 3) for 15 hours 

before electroless coating. In the electroless coating 

process, the surfaces of the particles were subjected 

to sensitization, activation and subsequent nickel 

plating baths[9]. The 0.5 g multiple wall carbon nano 

tubes were exposed to the sensitization and activation 

procedures shown in Table 2 in the light of the given 

parameters. 

 

Solution 
Concentration 

A B 

Sensitization bath   

SnCI2 10.8 g/l 21.6 g/l 

HCI 3.5 ml/l 7.0  ml/l 

   

   

Activation bath   

PdCI2 0.1 g/l 0.2 g/l 

HCI 8.8 ml/l 17.6 ml/l 
Table 2: Process parameters and chemical compositions of pre-treatments 

 

The electroless coating process consists of three basic 

operations:sensitization, activation and coating. Prior 

to the coating process,particles were sensitized in 

solutions given Table 1 for 60 min at 90oC 

temperature followed bythe activation of CNTs the 

activation solutions for 60 min at 90oC 

temperature.The sensitized and activated particles 

were taken into the coating bath shown in Table 3 and 

subjected to coating at 90 ± 2ºC for 60 minutes. The 

pH measurements of the electroless plating bath were 

carried out with a pH meter and weighing process 

was carried out with a precision scale of 0.0001 g. 

The coating bath was stirred with a magnetic stirrer. 

The coatings were determined to have a pH of 8.5 ± 

0.5[10]. 

Nickel sulphate (NiSO4·6H2O) tri-sodium citrate 

(Na3C6H5O7·5,5H2O) andsodium hypophosphite 

(NaH2PO2·H2O)  were usedas the Ni2+ source,  a 

complexing agent and a reducing agent, which is also 

a source of phosphorous in theelectroless coating 

bath. Sodium hydroxidewas used to adjust the pH. 

 

Solution 
Concentration 

A B 

Nickel Sulphate                      NiSO4·6H2O 23 g/l 46 g/l 

   

Sodium hypophosphite 

NaH2PO2.H2O 
8.6 g/l 17.2 g/l 

   

Trisodium citrate                 Na3C6H5O7.5H2O 51 g/l 102 g/l 

   

Sodium  hydroxide NaOH pH adjuster 
Table3:Bath Compositions 

 

The surface characteristics of electroless Nickel 

coated particleswere investigated by scanning 

electron microscopy (SEM), electron dispersive 

spectrum (EDS) and mapping. 

 

III. RESULTS AND DISCUSSION 

 

Figures 1 and 2 show the scanning electron images 

(SEM) of nickel coated samples rates. The scanning 

electron microscope images of the given samples 

show that the samples were coated with nickel. The 

accuracy of this assumption is proved by the electron 

dispersive spectrum images of samples A and B 

shown in Figures 3 and 4. 

 

In the given spectrums and element analysis, the 

presence of nickel is clearly seen. Nickel contents of 

samples of A and B are 19.0% and 32.3%, 
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respectively. In particular, it is confirmed that the 

presence of the Oxygen element which cannot be 

completely prevented and the presence of compounds 

such as NiO may occur with nickel. The use of 

sodium hypo-phosphate as the reductant agent is 

considered to be the phosphorus content and 

represents the possible Ni3P compound[11, 12]. In 

addition, Samples A and Baccording to phosphorus 

content, it can be classified as medium 

phosphorus[13]. 

 
Figure 1.SEM image of sample A 

 

 
Figure 2.SEM image of sample B 

 

 
Figure 3.EDS image of sample A 

 

 
Figure 4.EDS image of sample B 

 

Basic element ratios as Oxygen and Carbon, process 

element ratios as Tin and Palladium in solutions 

reduced to EDS spectrums. This displayed that the 

increase in process parameters and solution 

compositions improved coatability of samples. 

 

When tin and palladium ratios are examined, it is 

seen that tin ratio is higher than palladium ratio. 

Almost all of the palladium covered the tin. By using 

more palladium, the exposure of the tin can be 

prevented; thereby the nickel precipitationcan be 

increased. 

 

Figure 5 and 6 show the elemental mapping image. It 

can be concluded that nickel shows homogeneous 

distribution in the samples. 

 

 
Figure 5.Elementel Mapping image of sample A 

 
Figure 6.Elementel Mapping image of sample B 
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IV. CONCLUSION 

 

In this study, the surface of the multi-walled carbon 

nano tube was coated with the given parameters by 

nickel. Before coating, the surface of carbon 

nanotube was chemically subjected to acid treatment 

to change the surface chemistry and remove 

impurities. Subsequently, the samples were subjected 

to sensitizationwith tin, activation with palladium and 

coating with nickel. The samples were characterized 

using scanning electron microscopy, electron 

distribution spectrum and elemental mapping.  It was 

concluded that the surface of the samples could be 

coated with nickel successfully.It has been observed 

that the rate of palladium needs to be increased in 

order to increase the deposition of palladium 

absorption on the tin surface. It has been found that 

the success of the sensitization process significantly 

influences the success of the activation, and the 

success of the activation process significantly affects 

the success of the coating process.  

 

ACKNOWLEDGMENTS  

 

We would like to thank TUBITAK (Project No: 

217M084) for their support in this study. 

 

REFERENCE 
 
[1] Tracton, A.A., Coatings technology handbook. 2005: CRC 

press. 

[2] Bunshah, R.F., Handbook of deposition technologies for 

films and coatings: science, technology, and applications. 

1994: William Andrew. 

[3] Mallory, G.O., et al., Electroless Plating: Fundamentals and 

Applications. 1990: The Society. 

[4] Sahoo, P. and S.K. Das, Tribology of electroless nickel 

coatings–a review. Materials & Design, 2011. 32(4): p. 1760-

1775. 

[5] Hosseini, S.A., et al., Fabrication of Al5083 surface 

composites reinforced by CNTs and cerium oxide nano 

particles via friction stir processing. Journal of Alloys and 

Compounds, 2015. 622: p. 725-733. 

[6] Isaza Merino, C.A., et al., Metal matrix composites 

reinforced with carbon nanotubes by an alternative technique. 

Journal of Alloys and Compounds, 2017. 707: p. 257-263. 

[7] Shim, B.S., J. Starkovich, and N. Kotov, Multilayer 

composites from vapor-grown carbon nano-fibers. 

Composites Science and Technology, 2006. 66(9): p. 1174-

1181. 

[8] Li, C., et al., Effect of carbon nanotubes and high temperature 

extrusion on the microstructure evolution of Al-Cu alloy. 

Materials Science and Engineering: A, 2017. 704: p. 38-44. 

[9] Kilicarslan, A., F. Toptan, and I. Kerti, Electroless nickel–

phosphorus coating on boron carbide particles. Materials 

Letters, 2012. 76: p. 11-14. 

[10] Firoozbakht, M., S.M. Monirvaghefi, and B. Niroumand, 

Electroless composite coating of Ni–P–carbon nanotubes on 

magnesium powder. Journal of Alloys and Compounds, 2011. 

509: p. S496-S502. 

[11] Hajizamani, M., A. Alizadeh, and N. Ehsani, Deposition of a 

Ni3P nano-scale layer on B4C nanoparticles by simple 

electroless plating in an acidic bath. Applied Nanoscience, 

2012. 2(4): p. 417-421.  

[12] Loto, C.A., Electroless nickel plating—a review. Silicon, 

2016. 8: p. 177.  

[13] Pang, J.N., et al., Significance of sensitization process in 

electroless deposition of Ni on nanosized Al2O3 powders. 

Ceramics International, 2016. 42(3): p. 4491-4497. 

 

 

 

 

 

 
 

 


