
Accepted Manuscript

Microstructural development of prior nickel coated hot dipped galvanized coatings

A. Chakraborty, P. Govardhana, A. Mondal, T. Laha, M. Dutta, S.B. Singh

PII: S0925-8388(16)34283-9

DOI: 10.1016/j.jallcom.2016.12.354

Reference: JALCOM 40277

To appear in: Journal of Alloys and Compounds

Received Date: 5 October 2016

Revised Date: 20 December 2016

Accepted Date: 27 December 2016

Please cite this article as: A. Chakraborty, P. Govardhana, A. Mondal, T. Laha, M. Dutta, S.B. Singh,
Microstructural development of prior nickel coated hot dipped galvanized coatings, Journal of Alloys and
Compounds (2017), doi: 10.1016/j.jallcom.2016.12.354.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.jallcom.2016.12.354


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Microstructural development of prior nickel coated hot dipped 

galvanized coatings 

A Chakraborty
a,*

, P Govardhana
b
, A Mondal

a
, T Laha

b
, M Dutta

a
 and SB Singh

b 

a: Research and Development, Tata Steel Limited, Jamshedpur, India 

b: Department of Metallurgical and Materials Engineering, IIT Kharagpur, India 

Abstract 

Hot dip galvanising of steel is an age old process to protect the steel substrate from corrosion 

owing to the sacrificial protection from zinc. The galvanised coating quality and performance 

can be further improved by addition of other alloying elements in molten metal bath or by 

using prior coatings on the steel substrate. In the present study pure nickel was 

electrodeposited on Interstitial Free (IF) steel substrate, which was then galvanised. The 

microstructural evolution of different phases was studied as a function of prior nickel coating 

thickness and time of galvanising. Glow Discharge Optical Emission Spectroscopy (GDOES) 

was employed to find out the elemental concentration depth profile and the overall thickness 

of galvanised coatings. Cross sectional Scanning Electron Microscope (SEM) and Energy 

Dispersive Spectroscopy (EDS) results revealed the morphology of different phase layers. 

Additionally, cross sectional elemental mappings were generated using Electron Probe Micro 

Analyzer (EPMA) and Wavelength Dispersive Spectroscopy (WDS). Different coating phases 

were identified by grazing angle X-Ray Diffraction (XRD) techniques. The hardness and 

modulus of individual Ni-Zn phases were obtained from nano indentation method. It was 

found that application of a prior nickel coating drastically reduced the coating thickness as 

compared to conventional galvanised coatings. Moreover beyond a certain thickness of prior 

nickel coating, Ni-Zn phases rather than the Fe-Zn phases, were formed. The dissolution 

behaviour of nickel in molten zinc bath and subsequent Ni-Zn phase transformation was 

computed considering the Wagner’s approach of integrated diffusion coefficient. For lower 

time of galvanising the calculated phase layer thicknesses were in well accordance with the 

experimental data. The hardness of overlay zinc was the least among different phase layers 

with an increasing trend in nickel rich phases towards the interface.  
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