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Abstract
This paper aims to study the effect of galvanization on the properties of low alloy
carbon steel, and changes that may occur after galvanization. Identify the
properties of the alloy metals and determine the percent of each one, how they
effect on the galvanization process. Also the microstructure of the galvanized
samples is determined.
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1 INTRODUCTION
A process by which Zink is coated over corrosive metals is known as
galvanizing. The galvanizing process is actually a method of coating corrosive
metals, such as steel and iron, with a non-corrosive metal. Zinc is melted and
applied, usually via what’s known as a hot dip, to the metal, providing a
coating of corrosion protection from one mil to just over four mils thick.
When cured, the zinc, through reaction with the coated metal, becomes zinc
carbonate. The galvanizing process not only prevents corrosion of various
“soft” metals, but adds to the strength of the original, uncoated metal.
Obviously, galvanized metal is thicker than uncoated metal, thus fittings and
fastenings are generally measured with the additional galvanizing mil specs in
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mind. Various American Society for Testing and Materials (ASTM)
specifications provide guidelines and continuity for the thickness of
galvanized metals. Galvanization of nails and screws is the most common
method of preventing the unsightly staining seen on many types of house
siding. Non-galvanized steel nails and screws, when used outdoors, will
“bleed” when they corrode, causing dark stains on the siding. This staining is
only eliminated by re-painting the siding. Staining on a building façade due to
corroded nails, screws or other types of fasteners, is not only ugly, but also
indicates that, because they're not galvanized, the metal fasteners are
deteriorating and must be replaced. Steel is a metal alloy whose major
component is iron, with carbon content between 0.02% and 2.14% by mass.
An alloy is a metallicsolid solution composed of two or more elements.
Complete solid solution alloys give single solid phase microstructure, while
partial solutions give two or more phases that may or may not be
homogeneous in distribution, depending on thermal (heat treatment) history.
Alloys usually have different properties from those of the component
elements. Hardness has typically been defined as the resistance of a material
to permanent penetration by another one that is harder. This can be achieved
by using an intender with hardness similar to that of the diamond. In
combination with the applied force on it and the velocity of the application
and finally the total time of the penetration applied.

Figure 1: Photomicrograph of galvanized coating (source: American
Galvanizers Association report 2000)
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Zamanzadeh et al. ( ), The three case histories presented in this paper concern
defects and causes of failure associated with galvanized steel sheet material.
Optical metallography and micro-indentation hardness testing were the principal
methods employed in determining the causes of failure but were supplemented as
necessary by scanning electron microscopy and energy-dispersive X-ray
spectrometry. One of the case histories presents defects associated with the actual
hot-dip galvanizing process itself. In one instance, tiny hydrogen blisters were
observed to have occurred at oxide scale deposits at the interface between the
steel and galvanized coatings. When galvanized sheet steel cracks in bending
during forming operations, most end users tend to place the blame on the
galvanized material. However, several separate investigations of formed
and cracked galvanized steel parts have revealed that the cracking often initiates at
the sheared edges of the part where plastic deformation has produced a local
increase in hardness and a corresponding decrease in ductility. Ductility is the
property of steel required to successfully withstand forming operations. The final
case history present some observations made during failure analysis of corroded
galvanized and painted panels at a utility plant. The coating system was composed
of a galvanizing layer, a thin primer, and a final top coat. The problem was
identified as localized development of white rust. The problem was found to be
caused by the presence of a second phase precipitate in the galvanizing layer that
adversely affected its ductility allowing it to crack
during forming. This produced localized stress in the paint layer that then cracked,
permitting moisture to come into direct contact with the zinc, resulting in white
rust formation. K R Evans,1997 This paper, as the title suggests, is to provide a
basic understanding of the process of hot dip galvanizing, properties of the
galvanized coating and how to prepare this surface mechanically prior to powder
coating. To achieve this I will provide a brief discussion on the following topics.
• History of Galvanizing
• Process of Galvanizing
• Abrasion Resistance of Galvanizing
• Main Advantages of Hot Dip Galvanizing
• Recommended method of Mechanical Preparation Prior to Powder Coating
Mehrooz Z. , 2005, A review of galvanized steel and painted galvanized steel
processes is provided, as well as the fundamentals and requirements for painted
galvanized steel products. The corrosion processes found with both galvanized
steel and painted galvanized steels are discussed. In the evaluation of painted
galvanized steels, various laboratory techniques have proven most useful, with
electrochemical impedance spectroscopy (EIS) as a sensitive quantitative
technique for measuring coating degradation and corrosion protection. A detailed
overview of the EIS technique is provided. Two case studies are provided for the
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laboratory evaluation of replacement and repair coatings for painted galvanized
structures, featuring EIS and other laboratory techniques. John Krzywicki, 2006,
The performance of hot-dip galvanizing and zinc-rich paint is often viewed as
equivalent due to the false perception that all zinc coatings are ‘galvanizing’ (e.g.
zinc-rich paints are commonly referred to as “cold galvanizing”). The
interchangeable use of the word ‘galvanizing,’ to represent a family of coatings
that use zinc as a means of corrosion protection, has falsely portrayed all zinc
coatings as being equal with regard to their corrosion performance. This article
will examine the basis of the comparison of zinc-rich paints to hot-dip
galvanizing, specifically the testing applied to support the comparison, and finally
ten characteristics that distinguish the two corrosion protection systems.
-Hardness Measurement Method
There are three types of tests used with accuracy by the metals industry;
they are the Rockwell hardness test, the Brinell hardness test, and the Vickers
hardness test. The way the three of these hardness tests measure a metal's
hardness is to determine the metal's resistance to the penetration of a nondeformable ball or cone. The tests determine the depth or area which such a ball
or cone will sink into the metal, under a load, within a specific period of time.
-Materials and methods
The followings are the most common hardness test methods used in today`s
technology:
1. Rockwell hardness test
Hardness Test

3.

Vickers/Micro

2. Brinell hardness
Vicker’s/Micro Hardness Test

4. Knoop hardness

A method of determining the hardness of steel whereby a diamond pyramid is
pressed into the polished surface of the specimen and the diagonals of the
impression are measured with a microscope fitted with a micrometer eye piece.
The rate of application and duration are automatically controlled and the load can
be varied. Fig.2.
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Fig.2 hardness test equipments

Two types of indenters are generally used for the Vickers test family, a square
base pyramid shaped diamond for testing in a Vickers hardness tester and a
narrow rhombus shaped indenter for a Knoop hardness test.

RESULTS AND DISCUSSION

Heat treated layer, carbonized layer, hardened hard layers, superficial coating, steels,
non- ferrous metal, micro and thin shaped components.
Table ( 1 ) Results of HV:

Vickers Hardness Number
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Fig.3 shows the microstructure of raw plate before galvanization.

Fig( 3 ) microstructure of raw plate before galvanization
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Figure ( 4 ) shows the microstructure of the pipe before galvanization process.

Figure

(4)

microstructure of the pipe before galvanization
Figure ( 5) shows the microstructure after galvanization process.

Figure

(5 )

microstructure of the plate after galvanization process
Table 2 and 3 show the original chemical composition and some of mechanical
properties of the specimens before galvanization.
Table (2 ) properties of studied samples
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Table ( 3 ) properties of sample before galvanization

Experimental investigation of galvanization effects

233

Fig. 6 shows a comparison of hardness of some studied sample before and after
galvanization.

234

Ghazi S. Al-Marahleh

180
170
160
150

hardness

140
130
120
110
100
90
80

hardness befor
hardness after
1

2

3

4

sample number

Fig.6 comparing hardness values before and after galvanization

CONCLUSIONS
Galvanization increases the hardness of the specimens and also it may be change
the microstructure of the samples.
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