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Abstract-The application of the zinc coating in the batch galvanizing process involves immersion of the steel 

into a bath of molten zinc. However, in contrast with the continuous process, wherein the steel is immersed for a 

very brief time, the batch process requires that the part be immersed for much longer times to allow the part to 

reach the bath temperature, which is typically measured in minutes, not seconds. Nine samples were taken in the 

rolling direction and prepared from three galvanized samples immersed at different times in a zinc bath at 450 
o
C to conduct the Tensile test and Rockwell hardness test. The results show that zinc coating makes the yield 

strength, tensile strength, and hardness of the galvanized steel samples decrease, while the elongation and 

thickness anisotropy coefficients increase. 
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I. INTRODUCTION. 

 Hot-dip galvanizing is a metallurgical process where a coating is created on the 

surfaceofasteelsheetbymutualreactionofthebasematerialoftheproductandmoltenzincfroma bath[1]. The thickness, 

structure, and quality of the zinc coating are strongly impactedby the composition of the molten zinc and by the 

condition of the steel surface [2]. The diffusion zone is formed by layers of the intermetallic phases of the Fe-Zn 

system: Γ, δ1, ζ. The phase characteristics of the Fe-Zn system are presented in Table-1[3]. The Γ phase layer is 

difficult to observe because it has a small thickness, usually not exceeding 1 µm [4]. The δ1 phase layer is much 

thicker; its thickness is uniform, and its structure is relatively compact. The next ζ phase layer shows two 

distinct zones. The inner zone with a clearly compact morphology turns into a heterogeneous structure in the 

outer zone. Such a two-zone structure of ζ phase results from the mechanism of its formation. The compact zone 

is formed by reactive diffusion between Fe and Zn, which leads to the growth of the layer. However, this layer is 

in direct contact with the liquid zinc, which leads to its dissolution in liquid zinc. As a further consequence, in 

the zinc saturated with iron, the ζ phase is secondarily separated, creating a zone of loosely packed elongated 

crystals [5]. The diffusion layer of the coating formed in the zinc bath becomes covered when the product is 

taken out of the bath with the outer layer of the iron–zinc solution η. It is believed that the structure of coating 

shaped in this way is correct, making it possible to obtain the required and easily controlled thickness.[4&5]. 

The batch hot-dip galvanizing process, produces a zinc coating on iron and steel products by immersion of the 

material in a bath of liquid zinc at 450 
0
C Figure-1, before the coating is applied, the steel sheet is cleaned to 

remove all oils, greases, soils, mill scale, and rust[6].Surface preparation is a critical step in the application of 

any coating. In most instances where a coating fails before the end of its expected service life, it is because of 

incorrect or inadequate surface preparation. The galvanizing process has its own built-in means of quality 

control because zinc will not react with an unclean steel surface. Any failures or inadequacies in surface 

preparation will be immediately apparent when the steel is withdrawn from the zinc bath because the unclean 

areas will remain uncoated, and immediate corrective action can be taken[7].The cleaning cycle usually 

followed in the batch hot dip galvanizing dry process consists of degreased the steel sheet usually in an 

alkalisolution to remove oils,greases,andothercompounds,followedbyrinsinginwaterareperformed primarily to 

ensure that acid and iron contaminants carried from the pickling bath with the work are 

preventedfromadverselyimpactingthefluxingandgalvanizingoperations, 

picklingtoremoveadheringmillscale,rustandoxidefilmsonthesurfaceofthearticlebyimmersionineitherinhydrochlori

corsulfuricacid,andrinsinginwater [8].The last step in the surface preparation is an immersion in flux solutions 

which consistsofzincchlorideandammoniumfluoride to dissolve any oxide filmsformed on the steel after 
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pickling, Figure-2 [9].Presenceofasufficientmetallic layercanbeusuallyverifiedusinga 

coatingthicknessmeasurementdevice,Figure-3. The mechanical properties of the steel deteriorated very 

significantly by the process of hot dip galvanizing the yield stress, tensile strength decreased and elongation 

only increased slightly [10].  

The aim of this study is to investigate the effect of zinc coating weight on the mechanical properties of 

galvanized low carbon steel sheet by using dry batch hot dip galvanizing process. 

 

 
Figure 1:Cross-sectionofabatchhot-dipGalvanizedCoating [8]. 

 

 
Figure 2: SchematicRepresentationoftheprocesssequenceofOperationsinadrygalvanizingprocessline [8]. 
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Figure 3: Coating Thickness Measurement. 

 

Table1:CompositionandPropertiesofAlloysLayersinBatchHot-DipGalvanize[3]. 

 

II. METHDOLOGY. 

 A sample of cold-rolled low carbon steel sheet with dimensions of 1.8 x 1000 x 1000 mm in the rolling 

direction was taken and cut into three small samples, each with dimensions of 35 cm in width and one meter in 

length, and, by using the hot batch-dip galvanizing process, the samples were immersed in the zinc bathfor 

varying  times, as follows: the first one for a minute, the second one for three minutes, and the last one for five 

minutes. Three samples were taken from each galvanizing sample to conduct the tensile test and hardness test on 

a tensile testing machine and a Rockwell hardness testing machine to determine their mechanical properties. 

 

III. MATERIALS ANDMETHODS. 

The material used in this study was a cold rolled low carbon steel sample. This sample was cut into 

three small  samples with the dimensions mentioned in the methodology of this study, and they were immersed 

in a zinc bath using the hot dip batch galvanizing process. The tensile test and hardness test were done by tensile 

testing machines and a Rockwell hardness testing  machine to determine their mechanical properties. The 

chemical composition of a cold-rolled steel sample is shown in Table-2 below. 

 

Table 2: Chemical Composition of  cold rolled Low carbon steel Sample. 

Percentage % Element Name 

0.16 C 

0.02 Si 

0.35 Mn 

0.017 P 

0.019 S 

 

IV. RESULTS AND DISCUSSIONS. 

After conducting tensile and Rockwell hardness tests on nine samples rolled in the direction of rolling 

taken from three galvanized steel sheet samples and  taking the average of each three samples, the results show 

that increasing the zinc coating reduces yield stress, ultimate tensile strength, and hardness while increasing 

elongation. This is due to the increase in immersion time, which makes the thickness of the galvanized layer 

increase and  also is due to the influence of galvanizing temperature.Figure(3 a-d) represents the mechanical 

properties of tested samples. 

 

 

  

Phases Content of Fe (wt.%) at 450 
0
C Formula 

Melting  Point 
0
C 

 

(HV) 

 < 0.03 Zn 419 37 

 6 –5 FeZn13 530 270 

 12 –7 FeZn7 530-670 450 – 470 

 28 – 23 FeZn10 670-780 450 

 95 Fe 1510 150 

Percentage (%) Element Name 

0.16 C 

0.02 Si 

0.3 5 Mn 

0.02 P 

0.02 S 
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(a) (b) 

 
(d() (c 

Figure 3:The effect of Zinc coating weight on the Mechanical Properties of galvanized steel samples. 

(a) Yield stress, (b) Ultimate tensile strength, (c) Elongation, (d) Hardness. 

 

V. CONCLUSIONS. 

The following conclusions have beendrawnfrom thisstudy: 

1. The longer the immersion time, the greater the weight of the zinc layer. 

2. Increasing the zinc coating reduces yield stress, ultimate tensile strength, and hardness while increasing 

elongation. 

3. Surface preparation is a critical step in the application of any coating because zinc will not react with 

an unclean steel surface. 
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