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Abstract- In this work, ternary Zn-W-B alloy coatings were successfully deposited on alloy 
steel st37 by electroless plating technique. Zn-W-B coating was deposited from the bath, 
containing a cationic surfactant CTAB, with different ratio of zinc and tungsten metals 
[Zn/Zn+W=(0.1-0.9)]. Scanning electron microscopy (SEM) and X-Ray diffraction were 
employed to study the morphology and chemical composition of the deposits. The corrosion 
resistance of the coatings was investigated by electrochemical polarization. The results of 
SEM observation showed that, increasing the amount of tungsten metal in developed alloy, 
would dominate the crystalline phase on amorphous phase. The structures formed by 
compounds were also derived from the XRD results. The results of corrosion tests indicated 
that, the best corrosion resistance presented, when the equal amount of metals used (i.e. 0.5 
for each). 
 
Keywords- Electroless deposition, Ternary alloy coating, Zn-W-B coating, Corrosion 
resistance  
 
 
1. INTRODUCTION  

Iron and steel are the most widely used metals in industry and corrode in various 
conditions, such as outdoor atmospheres. The main technique to protect these metals is to 
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employ the deposition of metallic coatings on them, to avoid the atmospheric corrosion. It is 
well accepted to use zinc coatings to prevent the steel substrates from corrosion. In this case, 
zinc is as a physical barrier between steel and the surrounding corrosive environment and 
works as a self-sacrificial anodic protective layer [1-4]. However, the new demanding 
technological applications have led to the development of new variety of zinc coatings. These 
coatings consist of different chemical compositions, such as Zn–Ni, Zn–Mg, Zn-Co and Zn-
Al, which extensively studied [5-8]. The mentioned coatings are synthesized by difference 
methods, using electroless proceeding. The Zn-coatings formed by electroless technique are 
rare and their depositions, which accompanied by auto-catalyst with surface, are: Ni-Zn-P, 
Cu-Sn-Zn and Co-Zn-P [9-11]. However, the formations of zinc coatings in the absence of Ni 
and Cu metals, using the electroless technique, have not been studied yet. 

In this work, we could successfully prepare the Zn-W-B alloy coating on steel surface, in 
the presence of cationic surfactant CTAB, by electroless technique, without using metals as 
the auto-catalyst with the substantial surface. Surfactants are active agents for decreasing the 
surface tension of a liquid, permitting easier spreading and decreasing the interfacial tensions 
between two liquids. Adsorbing surfactant at the liquid–gas interface, would also reduce the 
surface tension of water. Many surfactants collect in the solutions into groups known as 
micelles. The concentration in which surfactants begin to form micelles is termed as the 
critical micelle concentration, CMC. Surfactants classified by the presence of charged groups 
in their heads. A nonionic surfactant has no charge groups in its head, while an ionic 
surfactant carries a net charge. The negative charge would result in a surfactant called 
anionic, and with a positive charge, it is called cationic [12,13].  

In this study, the CTAB surfactant was used as a proper complexing agent, for both zinc 
and tungsten ions. The aim of the present work is to prepare electroless Zn-W-B alloy 
deposits, using different combination ratio of Zn and W metals in deposits, and finally 
evaluate their structural characteristics and also corrosion behavior.  
 
2. EXPERIMENTAL 

2.1. Reagents and Materials 

All chemicals were of the best available analytical reagent grade and purchased from 
Merck (Germany). All solutions were prepared with de-ionization water 
 
2.2. Instruments 

All electrochemical measurements were carried out with a potentiostat-galvanostat 
(SAMA 500, Iran). The software of this device was SAMA 500. Also, the pH measurements 
were made with a Methrom double junction glass electrode and a Methrom 691 pH meter. 
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The surface morphologies of Zn-W-B coatings were studied, using scanning electron 
microscope (Philips, XL30). The composition of the coatings were identified by X-Ray 
diffraction analyzer (JEOL-JDX-8030), with a Cu Kα radiation (λ=0.154 nm) at the 
diffraction angle (2θ) ranging from 5º to 80º. 
 
2.3. Preparation of samples 

Electroless Zn-W-B coatings were deposited on a substrate of alloy steel st37, with 
dimensions of 29×25×1.5 mm. The surface treatment was followed by magnetic grinding, 
degreasing in the acetone with ultrasonic cleaning, rinsing in deionized water, deoxidizing in 
5 vol. % sulphuric acid solution for 3 min, and then rinsing in deionized water. After 
preparation, the samples were replaced in the plating baths of Zn-W-B coatings. The 
electroless solution was taken in a 300-ml glass beaker. In all baths, in the first step, 250 ml 
solution containing 224 ml KH2PO4 0.1 M+26 ml NaOH 0.1 M, were prepared in order to 
adjust pH to 6.0, and subsequently, the components of the baths listed in Table 1, were added 
to solution, respectively.  

 
Table 1. Bath composition and operation conditions used for deposition electroless Zn-W-B 
ternary alloy coatings 
 

Samples ZnWB9 ZnWB7 ZnWB5 ZnWB3 ZnWB1 

*Metallic ratio 

Bath composition 
0.9 0.7 0.5 0.3 0.1 

ZnSO4.7H2O (M)                0.09 0.07 0.05 0.03 0.01 

Na2WO4.2H2O (M)            0.01 0.03 0.05 0.07 0.09 

C2H10BN (DMAB) (M) 0.024 0.024 0.024 0.024 0.024 

C19H42NBr (CTAB) (M) 0.0038 0.0038 0.0038 0.0038 0.0038 

    * Metallic ratio=(Zn/Zn+W); Operation condition; pH=6; Temperature = 75(±2)ºC; Time=1h; Rpm =600 

 
Zinc sulphate and sodium tungstate were used as the source of zinc and tungsten. 

Potassium dihydrogen phosphate exerts buffering role. Dimethyl amine borane (DMAB) was 
used as the reducing agent, which also provides the source for boron in the coating. 
Cetyltrimethyl ammonium bromide (CTAB) is used as an additive and complexing agent. 
The total concentration of ZnSO4.7H2O and Na2WO4.2H2O were kept constant at 0.1 M. 
Similarly, the concentration of DMAB was kept constant at 0.024 M. During plating, the bath 
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solution was agitated, using a magnetic stirrer at 600 rpm, temperature of the plating bath was 
maintained at 75 (±2)ºC, and the pH was kept at 6, with the addition of buffering agent. All 
samples were plated for a period of 1h. The effect of the metallic ratio (Zn / Zn+W) on the 
surface and the structure of the coatings were studied at the range (Zn / Zn+W)=(0.1-0.9).  

In order to evaluate the corrosion resistance, electrochemical measurements were 
performed.  Platinum plate (Pt) and a saturated Ag/AgCl electrode were used as a counter 
electrode and a reference electrode, respectively. The coated samples were considered as 
working electrode. The experiments carried out in a 3.5 wt.% NaCl aqueous solution at room 
temperature. Before putting samples in the electrolyte, they were masked with lacquer, so that 
only 1 cm2 area was exposed to the electrolyte. The sweeping rate was 1 mV/s for all 
measurements.  
 
3. RESULTS AND DISCUSSION 

3.1. XRD analysis  

The XRD spectrum was shown in Fig. 1. As observed, the numbers of peaks were 
reduced, as the amount of Zn was decreased. However, the intensity of some peaks, enhanced 
from ZnW9 to ZnW5. ZnW3 and ZnW1 have only one peak, XRD pattern of ZnW9 has a 
complex structure. The compounds formed in three first coatings, identified as ZnO, WO2 
and B. The peaks in the two last coatings, show the presence of B, therefore, the amount of 
Zn is determinative for coatings composition. ZnW3 and ZnW1 did not show any peaks 
related to Zn and W. Here, the amount of Zn is lower than, be recognized by XRD. It 
concluded that, by decreasing of the Zn amount from a specific value, W couldn’t be 
deposited subsequently. Perhaps, ZnO acts as a catalyst for deposition of W, it was reported 
as a catalyst in some relative studies [14]. The XRD spectrums demonstrated that, the amount 
of Zn is determinative, so that the characteristic of coatings depends on Zn amount. 
The mechanism of deposition can be considered as following:  

Reaction between Zn, W and B on the steel, when there is no auto catalyst metal, is very 
low, so that, no reaction exists. However, the surfactants can speed this reaction, and lead to 
formation of coatings. Surfactants in plating baths decreasing the free energy of deposition 
and resulting of wetting of the metal surface, easily. The materials placed, as mono layer, on 
the interface of metal-liquid and speed the reaction. This causes the ions, to place on the 
metal surface easily, homogenously and take place the redox reaction rapidly. The surfactants 
attract the oxidants on the surface and speed the transportation of electrons. CTAB, as a 
cationic kind, adsorbs WO42- ion, due to its negative charge. The hydrophobic tails aggregate 
and result the micelles, therefore, WO42-ions flocculate rather than disperse. TheWO42- ions 
transform directly into the tungstile cation WO22+on the metal surface and reduce [15]. 

Zn(II), does not reduce to its metallic state by DMAB, and reacts with the water 
molecules to form zinc oxide[14]. 
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Zn2+ + H2O →ZnO + 2H+                                                                                                        (1) 

However, the mechanism of ZnO and WO2 depositions have not understood completely. 
DMAB can consume by wasteful hydrolysis. 
In acidic solution: 

(CH3)2NHBH3 + 3H2O+ H+                     (CH3)2NH2++ H3BO3+3H2                                             (2) 

(CH3)2NHBH3           CH3)2NH + BH3+H2 + H+           (CH3)2NH2+ + B + 5
2
 H2                      (3) 
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Fig. 1.  XRD spectrum of ZnWB9(a), ZnWB7(b), ZnWB5(c), ZnWB3(d), ZnWB1(e) 
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3.2. Investigation of morphology of deposited Zn-W-B coatings  

The morphology studies by SEM analysis shown in Fig. 2. (a-j). As observed, surface 
morphology of the deposits changed with variation of the concentrations of Zn and W. 
Because of multiple compositions in the coating structure, none homogenous structure was 
observed. ZnW9 had only one amorphous phase, and the other samples contained two phases, 
amorphous and crystalline. By increasing of tungsten, the crystalline phase would dominate. 
The best structure, comprised from SEM images, from point of pitting and homogenous of 
grain size, belongs to ZnW5. 
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Fig. 2. SEM images of surface ZnWB9(a,b), ZnWB7(c,d), ZnWB5(e,f), ZnWB3(g,h), 
ZnWB1(i,j)  
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Electrochemical polarization curves for Zn-W-B coatings, in a 3.5wt.% NaCl aqueous 
solution and at room temperature, are shown in Fig. 3. The electrochemical corrosion 
parameters were obtained from these curves and listed in Table 2. It indicates clearly that, the 
corrosion currents shifted toward negative values and corrosion potentials shifted to positive 
value, from ZnW9 to ZnW5, but these parameters didn't change significantly for ZnW3 and 
ZnW1. ZnW5 had the best corrosion resistance. These results were predictable from the XRD 
and SEM data, so that between the coatings, those have the most homogenous structure, 
would have the highest intensity peaks related to Zn and W. By decreasing of Zn, decreased 
the formation of ZnO and WO2 and subsequently the corrosion resistance is diminished. 
Therefore, the amount of Zn and W should be in proper scale, for obtaining the best corrosion 
resistance.  
 

 
Fig. 3.  Polarization curves of Zn-W-B coatings in the variety of metallic ratio 
 

Table 2. Corrosion parameters of deposited Zn-W-B coatings from the baths with variety of 
metallic ratio 
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System          Ecorr (mv)     Icorr (A/cm2)        

ZnWB9           -488.0         1.749×10-6 
ZnWB7           -456.8         0.647×10-6  
ZnWB5           -433.0         0.372×10-6  
ZnWB3           -458.9         2.95×10-6  
ZnWB1          -493.6          5.06×10-6  
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4. CONCLUSION 

Zn-W-B coatings on st37 steel were obtained from the plating baths, with variety of 
metallic ratio and in the presence of CTAB, by electroless technique. XRD showed that, 
changing of metal ions content in baths, would cause the changing in the composition of the 
coatings; so that with decreasing of Zn, W couldn’t deposit subsequently. We concluded that, 
the amounts of Zn manipulate the characteristics of the coatings. SEM observation exhibited 
the heterogeneous structures, due to multiple compositions. The best corrosion resistance, 
which was related to ZnWB5, confirms the results of polarization tests, so they were 
predictable from XRD and SEM results. Results show that the coating with metallic ratio (Zn 
/ Zn + W) of 0.5 has the highest corrosion resistance. Therefore it can be selected as the best 
protective layer on st37 steel against atmospheric corrosion. 
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