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ABSTRACT 

The objectives of this study were to improve the surface hardness of specimens and maintenance of JIS G3141 

SPCC steel specimens by coating with TH450 Chrome Nickel Amorphous using wire arc spray and to compare the cooling 

rates of specimens under difference conditions. Mechanical testing was performed using Micro Vickers Hardness Tester 

for hardness measurement, which revealed that the average surface hardness ranged between 560-600 HV. HAZ of coated 

areas had different effects on cooling rate on SCCW and SCCNT specimens which showed the hardness between 155–160 

HV and also showed slightly changes in microstructure. While SCCO and SCCS specimens were most affected by heat, 

their hardness decreased and ranged between 80-90 HV. The tensile test of uncoated and coated specimens cooled under 

different conditions was then conducted and it was found that the ultimate tensile strength of plain specimens was 283.35 

MPa which was slightly different. However, %elongation of coated specimen was higher than that of all other specimens. 

On the other hand, notched and coated specimen showed the ultimate tensile strength of 342.41 MPa and was higher 

compared to those of all uncoated specimens. However, %elongation showed no difference. According to One-Way 

ANOVA, P-value in F-test was 0.000 which was statistically significant at a level of 0.01. Tukey’s multiple comparison 

test results and confidence levels showed the differences which were found that spray coating increased % elongation and 

tensile strength. 

 
Keywords: wire arc spray; JIS G3141 SPCC steel; mechanical test; plain specimen; notched specimen. 

 

1. INTRODUCTION 

JIS G3141 cold rolled steel sheet has been used 

as important components in industrial applications such as 

manufacturing of parts for electrical appliances, air 

conditioner, refrigerator, washing machine, rice cooker, 

electric fan and compressor. It has also been used in 

automotive and aerospace industries [1, 2, 3] as base steel 

sheet (SPCC, SPCD, SPCE, SPCEN) or as cold rolled 

base steel sheet. The selection of steel sheets depends on 

the quality, grade and standards applied according to 

specification of the steel specimens to be assembled as a 

finished product. The advantages of using steel sheet as 

raw material are low cost and light weight. In addition, its 

quality can be improved by heat treatment and it can be 

compressed and bent into desired shapes. Steel sheet coms 

in a large single sheet and is also suitable for welding 

applications requiring high tensile strength and good load-

bearing [4, 5]. The disadvantages are corrosive prone in 

areas with high humidity, but it depends on the 

potentiodynamic value [6, 7, 8]. High heat also affects the 

steel sheet, causing elongation and eventually fracture [9, 

10]. Steel sheet has been improved by coating with 

composites (LMCs) by bonding layers of two or more 

metals in alternate fashion [10]. More ductile layers can 

prevent breaking in the other less ductile layers, thus 

coating the latter layers can improve its deformation 

beyond the peak tensile strain of each metal [11, 12, 13]. 

High velocity oxygen fuel (HVOF) coating has also been 

used by spraying WC-12Co powder on specimen surface, 

forming the coating layer with fine structure, high 

hardness, microporous and good mechanical properties. 

However, the disadvantage is the high cost of spraying 

machine [14, 15, 16, 17].  

In this study, mechanical properties of JIS G3141 

cold rolled steel sheet were improved using wire arc spray 

coating technique. In this spray coating, 2 wires were used 

as electrodes in an electrical circuit. These 2 wires were 

fed from each side of a spray gun and the end of each wire 

touched each other in front of the spray gun. Once 

electricity was applied through the wires, an electric arcing 

appeared at the wire ends in front of the spray gun. The 

wires were molten into fine powder particles and were 

pushed at high speed by compressed air and then adhered 

on the surface to be coated. It hardened and formed a layer 

of coating. The effects of changes in materials on 

mechanical properties were then studied. 

 

2. Experimental Procedure 

 

2.1 Materials 

In this study, JIS G3141 SPCC cold rolled steel 

sheet manufactured according to American Welding 

Standard (AWS) was used. The steel sheet has maximum 

percentage of carbon (C), manganese (Mn) and 

phosphorus (P) of 0.15, 0.60 and 0.050%, respectively. 

 

2.2 Specimen Preparation 

Different specimens were prepared which 

included (a) plain specimens and (b) notched specimens 

with a hole of 2 mm at the center according to E (DIN 

20125) standard [18]. The appearance and size of the 

specimen are as shown in (Figure-1). The specimens used 

mailto:montri.sang@npu.ac.th


                                VOL. 16, NO. 20, OCTOBER 2021                                                                                                            ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2021 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                              2111 

in this study have 155±1 mm length (Lt), 5 mm thick (a), 

16±1 mm width and 50±1mm gauge length (Lo). 

 

 
 

Figure-1. Specimen used in mechanical testing. 

 

2.3 Experimental Design 

a) Wire arc spray coating: In this study, spray 

coating was performed using wire arc spray machine, 

model AH 20A with 20HP-15KW air compressor as 

shown in (Figure-2) [18] and with the parameters as 

shown in Table-1. Before spray coating, rust and oil stains 

on the specimen surface were removed by sandblasting. 

After that, the specimens were spray coated with TH205 

Nickel Aluminum in order to increase adhesion and then 

spray coated with TH450 Chrome Nickel Amorphous in 

order to increase specimen strength. 

 

 
 

Figure-2. Wire arc spray, model AH 20A. 

 

Table-1. Control parameters used in spray coating. 
 

No. Parameter Default value Unit 

1. 
Air compressor, 20 HP/15 

KW, model AH 20A 
8 Bar 

2. Voltage 37.5 V 

3. 
Electric current flowing 

through a conductor 
19.6 A 

4. Temperature up to 1700 °F 

 

b) Cooling efficiency test: Cooling efficiency 

under different conditions was studied. Specimens were 

first spray coated with primer and then TH450 Chrome 

Nickel Amorphous. After spray coating, the specimens 

were immediately cooled under different conditions such 

as cool in water (CW), cool in oil (CO), cool in salt (CS), 

and cool in normal temperature (CNT). 

 

2.4 Microstructural Analysis 

Before microstructural analysis, the specimens 

were polished using 80, 100, 240, 400, 600, 800, 1000, 

1200, 1500, 2000 grit sandpapers and finished using 6, 3, 

2 µm felt cloth. The specimens were then etched with the 

mixture of nitric acid in alcohol for 5 minutes. The effects 

on specimens such as uncoated specimen (SN), spray 

coated specimen cooled in cool water (SCCW), spray 

coated specimen cooled in oil (SCCO), spray coated 

specimen cooled in salt (SCCS), and spray coated 

specimen cooled in normal temperature (SCCNT) were 

studied. Microstructural analysis was performed using 

View Met Inverted Microscope, model NIB-100 in order 

to study the effects of cooling conditions on uncoated 

coated specimens at the heat affected zone (HAZ) of wire 

arc spray coated areas. 

 

 

2.5 Hardness Test using Vickers Hardness Tester 

Hardness of SN, SCCW, SCCO, SCCS and 

SCCNT were determined using Micro Vickers Hardness 

Tester with 500 g compression load for 10 seconds per 

point. Hardness values were measured at 10 points 

according to section D Before hardness test, the specimens 

were polished to expose their microstructure and 5 of 15 

polished specimens were randomly selected and used in 

hardness test. 

a) Tensile testing: The mechanical properties of 

SN, SCCW, SCCO, SCCS and SCCNT were then studied. 

The specimens used in this tensile testing are showed in 

(Figure-1) which included plain specimens (PS), 2 mm 

notched specimen (NS). Tensile testing of specimens 

cooled under different conditions was performed at Disp 

of 0.500 mm/min, 1.00 kN/s or 10 MPa/s load and 0.05 

mm/s extension speed in triplicate per treatment for a total 

of 30 specimens [19]. The average tensile strength was 

then calculated. 

b) One-way ANOVA: One-way ANOVA is the 

determination of the difference between means of single 

independent variables or single factor. However, it is 

divided into 2 or more groups and Tukey’s multiple 

comparison test was then performed [20]. 
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3. RESULTS 

 

3.1 Hardness Test under Different Conditions 

 

 
 

Figure-3. Comparison of hardness values of specimens. 

 

Figure-3 represents tensile testing of JIS G3141 

SPCC steel coated with TH450 Chrome Nickel 

Amorphous and cooling under different conditions. It was 

found that Point 1-2 of coated specimens showed higher 

hardness compared to that of all uncoated specimens. The 

areas coated with Chrome Nickel Amorphous had similar 

high surface hardness in the range of 560-600HV, since all 

4 specimens were spray coated simultaneously, which is 

consistent with [21, 22, 23]. However, in (Figure-3), the 

heat affected zones (HAZ) were observed at Point 3-7 of 

the specimens cooled under different conditions between 

the coating layer and specimen. As a result, the hardness 

values of SCCW and SCCNT ranged between 155-160HV 

at HAZ, similar to [24], which showed higher hardness 

because the hardness of SN ranged between 105-110HV 

and consistent with [25]. Hardness of HAZ of SCCO and 

SCCS ranged between 80-90HV, which showed the most 

heat affected. At Point 8, the specimens were slightly 

affected by heat and their hardness therefore they were not 

different from that of SN. 

 

3.2 Microstructure Classification and Structural  

     Observation 

 

 

 

 

 

 

 

 

 

 

  

  
 

Figure-4. Microstructure of uncoated and coated 

specimens cooled under different conditions: 

(a) SN, (b) SCCO, (c) SCCS, (d) SCCW, 

and (e) SCCNT. 

 

Microstructural analysis was performed using 

ViewMet Inverted Microscope. The results are shown in 

(Figure-4) (a). It was found that the cross-section of SN 

which is uncoated specimen was not affected by heat and 

did not show any deformation. For (Figure-4) (b), SCCO 

and (Figure-4) (c), SCCS, the microstructure between 

fusion zone (FZ) and coated specimen was affected by 

heat. Cooling in CO and CS resulted in high cooling rate. 

This resulted in change in microstructure into (α + Fe3C) 

and expansion of HAZ and coarsened grain due to HAZ 

caused by spray coating. The hardness values at Point 3-7 

in (Figure-3) decreased and ranged between 80-90HV and 

was in line with (Figure-3). For the effects of heat on Fig. 

(d) CCW and Fig. (e) SCCNT, it was found that the 

microstructure between specimen and coated area, the 

cooling rate of these 2 specimens in fusion zone (FZ), was 

affected by heat. Cooling in CW and CNT resulted in 

higher hardness at fine grain microstructure. This is 

consistent with (Figure-3) which showed the structural 

components called perlite and ferrite. The hardness at 

HAZ at Point 3-7 in (Figure-3) ranged between 155-

160HV which was higher than that of SN. 
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3.3 Tensile Test under Different Conditions 

 

 
(a) 

 

 
(b) 

 

Figure-5. Comparison of Strain-Strength (a) PS and 

(b) NS, 5 specimens. 

 

Comparison of tensile strength of (a) PS and (b) 

NS specimens in (Figure-5) revealed that tensile strength 

of both SN specimens and ultimate tensile strength of PS 

were 275.58 MPa which were not different from JIS 

G3141 SPCC steel and in line with [25]. NS showed 

ultimate tensile strength of 193.11 MPa which was lower 

PS than because it had 2 mm notch at the center as shown 

in (Figure-1) resulting in lower hardness and tensile 

strength. 

Comparison of tensile strength of SCCO and 

SCCS revealed that both SN specimens showed tensile 

strength of 283.35 MPa and 216.85 MPa as shown in 

(Figure-5) (a) and (Figure-5) (b). Microstructure showed 

HAZ expansion which resulted in coarsened grain and 

HAZ as shown in (Figure-4) (α + Fe3C) microstructure 

was observed. The material structure consists of a large 

number of atoms connected by bonds. When force was 

continuously applied to the specimen without interruption, 

this caused stress flow resulting in higher % elongation for 

both specimens. On the other hand, for SCCO and SCCS, 

both NS specimens which had 2 mm notch at the center 

showed tensile strength of 302.24 MPa and 277.41 MPa, 

respectively. In engineering, the notch prevents the stress 

flow, resulting in higher tensile strength and lower 

%elongation. 

As for SCCW and SCCNT, it was found that 

tensile strength of both NS specimens were 285.61 and 

282.12 MPa, respectively, resulting in high strength at fine 

grain structure which is consistent with (Figure-3). The 

material structure consists of many atoms connected by 

chemical bonds between atoms. When force was 

continuously applied to the specimen without interruption, 

this caused stress flow resulting in higher %elongation in 

both specimens. The structural components called perlite 

and ferrite were consistent with microstructure shown in 

(Figure-4) (d) and (e). On the other hand, both SCCW and 

SCCNT specimens showed tensile strength of 288.24 MPa 

and 342.41 MPa, respectively which had 2 mm notch at 

the center.  

It can be observed that high heat was generated in 

specimens coated with chrome nickel amorphous resulting 

in hard surface. PS specimens showed orientation in 

material structure consisting of a large number of atoms 

connected by bonds between atoms. When force is 

continuously applied to the specimen without interruption, 

this caused stress flow resulting in higher %elongation in 

all specimens. As for NS specimens, when force was 

continuously applied, the stress arising in the affected 

region is transferred to adjacent atoms causing stress flow. 

When the stress flow is interrupted, it is necessary to 

change its direction several times, resulting in 

accumulation of stress concentration due to the 

discontinuity of the material. This decreased %elongation 

in all specimens. On the other hand, it resulted in higher 

tensile strength. 

 

3.4 Tukey’s Multiple Comparison Test and Confidence  

       Interval 

 

 
 

Figure-6. Confidence interval of PS vs tensile stress. 
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Figure-7. Confidence interval of NS vs tensile stress. 

 

 
 

Figure-8. Confidence interval of hardness vs  

cooling condition. 

 

The results of One-Way ANOVA revealed that P-

value from F-test was 0.000 which showed statistical 

significance. This indicated that the cooling rates of PS 

versus tensile of all 5 specimens were different at a 

statistical significance level of 0.01. According to Tukey’s 

multiple comparison test, it was found that the specimens 

could be classified into 4 groups in descending order of 

tensile strength as follows: SCCNT, SC and SCCW, SCCS 

and SCCO. The 95% confidence level of average tensile 

strength is shown in (Figure-6).The results are consistent 

with the experiment (Figure-5) (a) 

(Figure-7) shows One-Way ANOVA results 

which revealed that P-Value from F-test was 0.000 which 

showed statistical significance. This indicated that the 

cooling rates of NS vs Tensile of all 5 specimens were 

different at a statistical significance level of 0.01. 

According to Tukey’s multiple comparison test, it was 

found that the specimens could be classified into 4 groups 

in descending order of tensile strength as follows: SCCNT, 

SCCW and SCCS, SCCS and SCCO, and SN. The 95% 

confidence level of average tensile strength is shown in 

(Figure-7). The results are consistent with the experiment 

(Figure-5) (b) 

(Figure-8) shows One-Way ANOVA results 

which revealed that P-Value from F-test was 0.000 which 

showed statistical significance. This indicated that the 

harness vs cooling condition of all 5 specimens were 

different at a statistical significance level of 0.01. 

According to Tukey’s multiple comparison test, 

differences were observed between all 5 specimens. The 

descending order of tensile strength is as follows: SCCNT, 

SCCW, SN, SCCS, and SCCO. The 95% confidence level 

of average tensile strength is shown in (Figure-8).The 

results are consistent with the experiment (Figure-3) 

 

4. CONCLUSIONS 

Spray coating of JIS G3141 SPCC steel with 

TH450 Chrome Nickel Amorphous increased strength of 

specimens. After deterioration of the coating layer, the 

specimen can be re-sprayed for many times, thus saving 

maintenance costs. 

▪ After arc spray coating, the specimens should not be 

cooled in CO and CS. This is because the effect of 

high heat will result in changes in microstructure (α + 

Fe3C) due to HAZ resulting in coarsened grain and 

expansion of HAZ. This increased the strength of the 

specimens. 

▪ For plain specimens, thermal effect of Chrome Nickel 

Amorphous coating resulted in slightly difference in 

tensile strength between coated and uncoated 

specimens while coated specimen showed higher 

%elongation compared to uncoated specimen. 

▪ For notched specimens, thermal effect of Chrome 

Nickel Amorphous coating resulted in higher tensile 

strength in coated specimen compared to uncoated 

specimen while no difference in %elongation was 

observed between both specimens. 

 

5. SUGGESTIONS 

Spray coating increased the strength of 

specimens. After deterioration of the coating layer, the 

specimen can be re-sprayed for many times. This 

technique is therefore suitable for and can be applied to 

other materials such as other types of steel or aluminum. 

However, to ensure the effectiveness of this technique, 

more tests should be conducted. 

According to the hardness test, as thickness of the 

coating layer increased the hardness of specimen 

increased, measuring from the outermost coating layer 

toward the innermost coating layer. Therefore, the speed 

should be optimized. 
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