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Zinc as a metallic coating is a common strategy to protect the carbon steel against corrosion. The most 

common process of zinc deposition is known as electroplating. Because of the high toxicity of cyanide-

based baths, the interest in acid baths has grown, but they present many challenges to be overcome. Several 

operational parameters and bath constitution – such as current density, pH, and zinc concentration – can 

impact the current efficiency, deposit quality, and coating morphology. In this work, the process efficiency 

and the coating morphology were evaluated on electroplated AISI 1008 carbon steel samples. The current 

density and temperature were individually varied on a range from 7.5 mA.cm-2 to 30.5 mA.cm-2, and from 

40 °C to 60 °C, respectively. The process efficiency was evaluated by current efficiency (eC). The surface 

morphology was analyzed by both optical microscopy (OM) and scanning electron microscopy (SEM). 

Varying the bath temperature did not promote impacts in the current efficiency, which remained in all 

temperatures evaluated over 95%. On the other hand, increasing the current density, increased the current 

efficiency, starting from (85 ± 2)% at 7.5 mA.cm-2 to (92 ± 2)% at 19.0 mA.cm-2, and (95 ± 1)% at 

30.5 mA.cm-2. Through OM and SEM analysis, the increase in the temperature tended to turn the coating 

rougher, and the sample was not completely covered at 7.5 mA.cm-2. Therefore, we recommend the use of 

a temperature between 40 °C and 50 °C associated with a current density of 30.5 mA.cm-2. 

Keywords: metallic coating, zinc electroplating, current efficiency. 

 

O zinco é utilizado como revestimento metálico em técnica conhecida como eletrogalvanização. Devido à 

sua toxicidade, os banhos baseados em cianeto caíram em desuso, dando lugar aos banhos ácidos que 

possuem muitos desafios a serem superados. Muitos parâmetros operacionais e de banho, como densidade 

de corrente, pH e concentração de zinco podem afetar a eficiência de corrente, a qualidade do depósito e a 

morfologia do revestimento. Assim, este trabalho avaliou a eficiência do processo e a morfologia do 

revestimento sobre as amostras de aço carbono AISI 1008 eletrogalvanizadas. A densidade de corrente e a 

temperatura foram variadas individualmente na faixa de 7,5 mA.cm-2 a 30,5 mA.cm-2 e de 40 °C a 60 °C, 

respectivamente. A eficiência do processo foi avaliada por meio da eficiência de corrente (ec), enquanto 

que as modificações morfológicas foram estudadas tanto por meio da microscopia óptica (MO) quanto da 

microscopia eletrônica de varredura (MEV). A temperatura do banho não impactou a ec que se manteve 

acima de 95% em todas as temperaturas avaliadas. Por outro lado, o aumento da densidade de corrente 

promoveu o aumento da ec, partindo de (85 ± 2)% em 7,5 mA.cm-2, atingindo (92 ± 2)% em 19,0 mA.cm-2 

e (95 ± 1)% em 30,5 mA.cm-2. Do ponto de vista morfológico, o aumento na temperatura tendeu a aumentar 

a rugosidade do revestimento, enquanto que as amostras obtidas em 7,5 mA.cm-2 não foram totalmente 

recobertas. Portanto, recomenda-se a eletrogalvanização entre as temperaturas 40 °C e 50 °C associadas a 

30,5 mA.cm- 2. 

Palavras-chave: revestimento metálico, eletrogalvanização, eficiência de corrente. 
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1. INTRODUCTION 

Carbon steel is one of the most versatile material due to its good mechanical properties, but 

they are susceptible to corrosion deterioration [1, 2]. The corrosion phenomena are a natural and 

spontaneous process in which the metal returns to its most stable oxidation state [3]. These 

oxidative reactions can compromise the structural integrity and cause severe damages impacting 

the economy, environmental, and socio-cultural sectors [4-6]. 

In this scenario, the use of zinc as a metallic coating is a common strategy to avoid the 

corrosion deterioration of carbon steel materials [7]. The zinc promotes good galvanic protection, 

behaving like a sacrificial anode [3]. The zinc oxide also creates a barrier that protects the carbon 

steel from aggressive environments [8]. Among the galvanizing techniques, the use of zinc 

electroplating stands out [9-12]. 

In general, zinc electroplating consists of the zinc reduction reaction on the cathode surface. 

Thus, this technique is classified as a non-spontaneous process and the use of an external power 

supply is needed [3]. The cathode and the anode are connected and immersed in an electrolyte 

solution, which is also called an electroplating bath (Figure 1). 

 
Figure 1: Schematic representation of the zinc electroplating process, consisting of a cathode, one or 

more anodes, the electrolytic bath, and an external power supply (FC). Adapted from Paunovic and 

Schlesinger (2006)[12]. 

There are three main types of zinc electroplating. They can be separated into cyanide-based 

alkaline baths, non-cyanide-based alkaline baths, and acid baths [10, 13, 14]. Because of the high 

toxicity of cyanide-based solutions to the environment and operators, they were gradually 

replaced since the 1970s by non-cyanide-based solutions and acid solutions [10, 15]. Currently, 

acid chloride-based and sulfate-based baths have special prominence. These baths are essentially 

less toxic, faster, and able to achieve high current efficiency [12, 16, 17]. 

The electroplating process can be influenced by several operational factors or by bath 

constitution [14, 18, 19]. The zinc concentration, electroplating time, pH, current density, and 

bath temperature can influence the process efficiency, the surface morphology, and the zinc grain 

growth [20-22]. 

Most reported studies are focused on optimizing the acid baths containing chloride [11, 23] or 

in the morphology changes caused by additives in the electrolyte bath constitution [18, 24]. 

Therefore, the process efficiency and the zinc coating morphology on electroplated AISI 1008 

carbon steel samples were evaluated in this work. The process took place in an acid sulfate-based 

solution, while the current density and temperature were individually varied on a range of 7.5 

mA.cm-2 to 30.5 mA.cm-2, and 40 °C to 60 °C, respectively. The process efficiency was evaluated 

by the current efficiency and the surface morphology was performed by optical microscopy (OM). 
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2. EXPERIMENTAL 

2.1. Electrolyte and apparatus 

The electrolytic cell (Figure 2) consisted of three electrodes, one cathode (AISI 1008 carbon 

steel) between two anodes (lead plates). The electrodes were spaced at 10 mm and they had fixed 

dimensions of 50 mm x 70 mm x 1.2 mm. The cell had its temperature controlled by a water bath, 

under magnetic stirring of 380 rpm. 

 
Figure 2: The electrolytic cell working (a) and the AISI 1008 carbon steel between two lead plates at the 

zinc electroplating process (b). 

The electroplating bath consists of an aqueous solution of H2SO4, Na2SO4, and Zn2+ as 

summarized in Table 1. All reagents used in the electroplating bath were ACS analytical grade. 

The process was carried out by the galvanostatic way and the current was supplied by an external 

power supply (MPL-1303M, Minipa). The current density varied at 7.5 mA.cm-2, 19.0 mA.cm-2, 

and 30.5 mA.cm-2 at a fixed temperature (50 °C). The temperature varied at 40 °C, 50 °C, and 

60 °C at a fixed current density (30.5 mA.cm-2). 

Table 1: List of parameters for the zinc electroplating bath to each condition evaluated. 

  
Current density 

variation 

Temperature 

variation 

Bath 

Parameters 

Zn2+ (g.L-1) 50 50 

Na2SO4 (g.L-1) 50 50 

pH 2.5 2.5 

Operational 

Parameters 

Cathode 
AISI 1008 carbon 

steel 

AISI 1008 carbon 

steel 

Anode Lead plates Lead plates 

i (mA.cm-2) 7.5, 19.0, and 30.5 30.5 

T (°C) 50 40, 50, and 60 

t (min) 20 20 

Stirrer (rpm) 380 380 

i = current density; T = temperature; t = time. 

Thus, the experimental profile consisted of 5 groups. For each group, 5 samples were used, 

which makes a total of 25 samples analyzed. 
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2.2. Sample surface preparation 

The sample surface was treated before the electroplating process to remove the oil, rust, and 

dirt. Primarily the substrate was completely immersed in acetone (ACS analytical reagent grade) 

for 10 min in an ultrasonic bath (LS-3D, LimpSonic, 40 kHz/70W). Then, the sample was 

immersed in an alkaline degreaser (50 g.L-1, 680 RM, Saloclean) under stirring of 380 rpm at 

50 °C for 10 min. Finally, the substrate was dipped in H2SO4 (3 M, ACS analytical reagent grade) 

etching solution for 10 s. 

After each washing step, the substrate was rinsed in a distilled water bath for 5 min. After the 

electroplated process, the substrate was also rinsed in a distilled water bath for 5 min and then 

dried immediately by a thermal air blower. 

2.3. Electroplating process analysis 

The process analysis consisted of the evaluation of calculated parameters (process efficiency, 

theoretical thickness of the zinc layer, and surface density of zinc in the coating) and images 

analysis. The process efficiency was evaluated for each sample by the current efficiency, eC, 

which could be calculated by Equation 1 [13], where wEP and wT are respectively the electroplated 

zinc weight and the theoretical weight. 

 

𝑒𝑐  =  
𝑤𝐸𝑃

𝑤𝑇
. 102                                                                     (1) 

 

The wEP was determined by gravimetric analysis of the sample before and after the 

electroplating process. On the other hand, the wT was calculated using the Faraday Electrolysis 

Law as expressed in Equation 2 [13], where M is the zinc atomic weight (65.38 g.mol-1); I is the 

current (A); t is the electroplating process time (s); n is the zinc valency (n = 2); and F is the 

Faraday constant (F = 96485.33 s.A.mol-1). 

 

𝑤𝑇  =  
𝑀. 𝐼. 𝑡

𝑛. 𝐹
                                                                       (2) 

 

Based on the theoretical weight of zinc previously mentioned, the theoretical thickness of the 

zinc layer, φT, could be calculated by Equation 3 [13], where SUseful is the useful area (cm²), ρZn is 

the zinc density (ρZn = 7.14 g.cm-3), and wT is the theoretical weight, which was described in the 

previous equation. 

 

𝜑𝑇  =  
𝑤𝑇

𝜌𝑍𝑛. 𝑆𝑈𝑠𝑒𝑓𝑢𝑙
. 104                                                          (3) 

 

Surface density of zinc in the coating, ρA, – another process parameter of interest – could be 

calculated based on the electroplated zinc weight (wEP) and the useful area (SUseful) previously 

mentioned, as described in Equation 4: 

 

𝜌𝐴  =  
𝑤𝐸𝑃

 𝑆𝑈𝑠𝑒𝑓𝑢𝑙
. 102                                                               (4) 

 

2.4. Surface morphology analysis 

The thickness of the zinc layer measurements (MP40, Helmut Fischer) was analyzed in both 

sides of the sample. A total of 6 measurements in each side of the sample were taken and the 

arithmetic mean thickness of the coating was calculated based on those. While the surface 
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morphology characterization was analyzed by images obtained both by optical microscopy (OM, 

S9, Leica) and by scanning electron microscopy (SEM, VEGA3, Tescan). 

3. RESULTS AND DISCUSSION 

3.1. Effect on process efficiency 

The process efficiency was calculated employing the Equations 1 and 2. The results to the zinc 

electroplating process varying the temperature and the current density independently are 

presented in Table 2. 

Table 2: Current efficiency values, ec, determined to the zinc electroplating process varying the 

temperature and the current density independently. 

  (𝒆𝒄  ±  𝝈𝒆𝒄
) % 

(𝑻) °𝑪 

40 98 ±  2 

50 95 ±  1 

60 96 ±  1 

(𝒊) 𝒎𝑨. 𝒄𝒎−𝟐 

7.5 87 ±  2 

19.0 92 ±  2 

30.5 95 ±  1 

The temperature variation did not promote statistically relevant impact in the current 

efficiency, as observed in Table 2. For the samples obtained at 40 °C, 50 °C, and 60 °C were 

obtained (98 ± 2)%, (95 ± 1)%, and (96 ± 1)% to ec, respectively. These results allow classifying 

the zinc electroplating process under these conditions as efficient [16]. 

Temperature is directly related to the kinetics of the process. Therefore, as the operating 

temperature of electrolytic cell increases, both an increase in current efficiency and a decrease in 

specific energy consumption are observed [13]. 

Such behavior was also reported to the zinc electro-obtaining process in an acid sulfate 

medium [14]. The authors observed an increase in the current efficiency as the bath temperature 

was increased (94.0% at 25 °C to 97.7% at 50 °C). They also observed that both the specific 

energy consumption (2,960 kW.t-1 at 25 °C to 2,700 kW.t-1 at 50 °C) and the cell voltage (3.39 V 

at 25 °C to 3.21 V at 45 °C) decreased. 

The authors reported an exponential behavior between the current efficiency and the bath 

temperature. Thus, for values above 50 °C no significative influence on the current efficiency was 

observed [14]. These results corroborate with those presented in this paper. As the experimental 

range was around 50 °C, the samples tended to present the same current efficiency, as indicated 

in Table 2. 

On the other hand, as already reported, electroplating is not a spontaneous process, thus the 

current is the driving force of this method and directly impact the current density. As much higher 

is this operational parameter, a greater amount of zinc tended to be reduced on the substrate 

surface [14, 19, 23]. 

In this sense, increasing the current density tended to increase the current efficiency, as 

observed in Table 2. For the samples electroplated at 7.5 mA.cm-2, 19.0 mA.cm-2, and 

30.5 mA.cm-2 were obtained (87 ± 2)%, (92 ± 2)%, and (95 ± 1)% to ec, respectively. These results 

allow classifying the zinc electroplating process at 19.0 mA.cm-2 and 30.5 mA.cm-2 as efficient 

[16]. 

Such results are in line with those reported to the zinc electro-obtaining process in an acid 

sulfate medium [14]. The authors observed that the current density did not impact substantially 

the current efficiency when a range between 10 mA.cm-2 and 65 mA.cm-2 was employed. The 

authors also observed that both the specific energy consumption (2,440 kW.t-1 at 10 mA.cm-2 to 
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2,990 kW.t-1 at 65 mA.cm-2) and the cell voltage (2.86 V at 10 mA.cm-2 to 3.47 V at 65 mA.cm- 2) 

tended to increase as the current density increases [14]. 

Similar results were also found in a report that studied the zinc electroplating process in an 

acidified zinc sulfate solution [19]. They observed no dependence of the current efficiency and 

the current density in a range between 9.5 mA.cm-2 and 92 mA.cm-2. 

The influence of current density (30 mA.cm-2 to 60 mA.cm-2) was also studied in the zinc 

electroplating process from an acidic sulfate electrolyte with [BMIM]HSO4 as additive [24]. The 

authors observed that the current density was independent to the current efficiency when 

individually varied in the process at low temperatures. 

All these papers attribute such behavior to the mass transfer resistance being negligible in these 

operational conditions [14, 19, 24]. 

3.2. Effect on the surface morphology 

The surface density of zinc in the coating, ρA, and the theoretical thickness of the zinc layer, 

φT, were calculated respectively employing the Equations 3 and 4. Both calculated parameters and 

thickness measurements to the zinc electroplating samples varying the temperature and the current 

density independently are presented in Table 3. 

Table 3: Surface density and layer thickness of the zinc coating obtained varying the temperature and the 

current density independently. 

  (𝝆𝑨  ±  𝝈𝝆𝑨
) 𝒈. 𝒎−𝟐 (𝝋𝑻  ±  𝝈𝝋𝑻

) 𝝁𝒎 (𝝋 ±  𝝈𝝋) 𝝁𝒎 

(𝑻) °𝑪 

40 122 ±  4 18.3 ±  0.3 20.9 ±  0.2 

50 119 ±  4 17.5 ±  0.8 27.2 ±  0.7 

60 115 ±  5 17.4 ±  0.8 25.5 ±  0.9 

(𝒊) 𝒎𝑨. 𝒄𝒎−𝟐 

7.5 22 ±  1 3.9 ±  0.5 8.7 ±  0.7 

19.0 69 ±  1 10.7 ±  0.5 21.3 ±  0.5 

30.5 119 ±  4 17.5 ±  0.8 27.2 ±  0.7 

ρA = surface density of zinc in the coating; φT = theoretical thickness of the zinc layer; φ = arithmetic mean 

thickness of the zinc layer. 

The temperature did not promote huge changes in the amount of zinc deposited in the coating, 

as seen in the current efficiency analysis. Then, increasing the temperature did not promote 

statistically relevant impact in the surface density of zinc in the coating, as observed in Table 3. 

For the samples electroplated at 40 °C, 50 °C, and 60 °C were obtained (122 ± 4) g.m-2, 

(119 ± 4) g.m- 2, and (115 ± 5) g.m-2 to ρA, respectively. 

The same was reflected in the calculation of the theoretical thickness of the zinc layer, which 

did not show statistically relevant differences: (18.3 ± 0.3) µm, (17.5 ± 0.8) µm, and 

(17.4 ± 0.8) µm to 40 °C, 50 °C, and 60 °C, respectively. These values, however, are lower than 

those obtained in the arithmetic mean thickness of the coating performed on the samples: 

(20.9 ± 0.2) µm, (27.2 ± 0.7) µm, and (25.5 ± 0.9) µm to 40 °C, 50 °C, and 60 °C, respectively. 

The sample obtained at 40 °C had a arithmetic mean thickness closest to the theoretical 

thickness, while the samples obtained at 50 °C and 60 °C had a higher and similar thickness value. 

Such behavior suggests that the samples obtained at the lowest temperature tended to present a 

thinner, compact, dense and possibly more homogeneous coating, as it presented the smallest 

standard deviation. 

On the other hand, the current density impacts directly the amount of zinc that is deposited in 

the coating, as presented in Equation 4, behavior similarly observed in the current efficiency 

analysis. In this sense, increasing the current density tended to increase the surface density of zinc 

in the coating, as shown in Table 3. For the samples electroplated at 7.5 mA.cm-2, 19.0 mA.cm-2, 

and 30.5 mA.cm-2 were obtained (22 ± 1) g.m-2, (69 ± 1) g.m-2, and (119 ± 4) g.m-2 to ρA, 

respectively. 
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As expected, increasing the current density tended to increase the arithmetic mean thickness 

of the coating: (8.7 ± 0.7) µm, (21.3 ± 0.5) µm, and (27.2 ± 0.7) µm to 7.5 mA.cm-2,     

19.0 mA.cm-2, and 30.5 mA.cm-2, respectively. These values are higher and followed the same 

tendency of the theoretical thickness calculated: (3.9 ± 0.5) µm, (10.7 ± 0.5) µm, and 

(17.5 ± 0.8) µm to 7.5 mA.cm-2, 19.0 mA.cm-2, and 30.5 mA.cm-2, respectively. 

The difference in the coating thickness between the arithmetic mean thickness value and the 

calculated value employing the Equation 3 was observed both in the temperature and the current 

density variations. The calculated value for the theorical thickness takes into account the 

homogeneous distribution of zinc over the entire substrate area immersed in the electroplating 

bath, but this behavior is not actually observed [3, 12]. 

In reality, the coating thickness is not regular in all points in the substrate. Essentially, the 

driving force of the electroplating process is the current supplied by an external source, but the 

current is not equally distributed over the entire surface area. As result, the current density varies 

from point to point, tending to be concentrated at the substrate edges, corners, and protruding 

points [3, 12]. 

This behavior is due to the electric field formed and, by definition, depends on the voltage and 

the distance between the electrodes. In this sense, the local electric field is more intense in the 

edges and protruding points than in recesses, vias and cavities [12]. Therefore, the coating 

thickness tends to be higher on the edges than in the substrate center [3], resulting in the behavior 

shown in Table 3. 

3.3. Surface characterization 

The samples right after the electroplating process are shown in Figure 3. Through them it is 

already possible to notice that the temperature variation resulted in the complete covering in all 

samples (Figure 3a, 3b, and 3c). On the other hand, the current density variation presented points 

where the substrate was exposed at 7.5 mA.cm-2 (Figure 3d). This figure also makes evident the 

preferential behavior of the local electric field, which the edges of the sample are clearly covered 

in a higher thickness than the points located in the center of the substrate plate. 

 

 
Figure 3: Images of the samples right after the electroplating process at 40 °C (a), 50 °C (b), 60 °C (c), 

7.5 mA.cm-2 (d), 19.0 mA.cm-2 (e), and 30.5 mA.cm-2 (f). 

 

Analyzing the images (Figure 4) obtained by optical microscopy (OM) was possible to observe 

that the maximum temperature (Figure 4c) evaluated changed the coating compactness. The 

samples obtained at 40 °C (Figure 4a) and 50 °C (Figure 4b) tended to present similar deposits 

appearance, suggesting higher uniformity. 

Substrate 

exposed 

points 
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Figure 4: Images obtained by optical microscopy (OM) of the samples after the electroplating process at 

40 °C (a), 50 °C (b), 60 °C (c), 7.5 mA.cm-2 (d), 19.0 mA.cm-2 (e), and 30.5 mA.cm-2 (f). 

The OM images to current density variation also evidence the substrate exposure at the sample 

obtained at 7.5 mA.cm-2 (Figure 4d), while 19.0 mA.cm-2 (Figure 4e) apparently produced a full 

covered coating with agglomerated structures, resembling nodules. A compact and higher 

uniformity coating was noted at 30.5 mA.cm-2 (Figure 4f). 

Through analysis of images obtained by SEM it is possible to observe that the samples 

obtained at 40 °C (Figure 5a and 5d) and 50 °C (Figure 5b and 5e) presented a refined grain size, 

and a compact and homogeneous coating. 

 
Figure 5: SEM images of the samples obtained varying the operational temperature: 40 °C (a) and (d), 

50 °C (b) and (e), and 60 °C (c) and (f).  

Substrate 

exposed 

points 

Nodules 

points 

Agglomerated structure 

Nodules points 

Epitaxially deposit 
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In the beginning, zinc is deposited epitaxially in layers over the substrate and then the grain 

starts to grow [20], as shown at Figures 5d and 5e. On the other wise, the sample obtained at 60 °C 

(Figures 5c and 5f) presented nodules points and the absence of epitaxially deposits. This behavior 

suggests that the temperature impacts the zinc grain growth in the coating, and increasing the 

temperature, the surface roughness will tend to increase. 

According to the literature as the temperature increases, the deposit surface indeed becomes 

rougher [14]. The temperature implies directly in the electrodeposition rate of zinc over the 

substrate, so, the authors recommends that the temperature does not exceed 45 °C. The deposition 

method of the zinc in the substrate surface directly impacts the coating’s properties, such as gloss, 

roughness, and corrosion resistance [20]. 

Differently from what was observed in the temperature variation, the current density impacted 

significantly in the material quality, as shown in the SEM images in Figure 6. The sample obtained 

at 7.5 mA.cm-2 (Figures 6a and 6d) did not cover the entire substrate surface. Despite covering all 

substrate surface, the samples obtained at 19.0 mA.cm-2 resulted in a rougher surface due the 

presence of nodules (Figures 6b and 6e). Only the sample obtained at 30.5 mA.cm-2 (Figures 6c 

and 6f) presented better deposit quality and a smooth coating. 

 

 

 
Figure 6: SEM images of the samples obtained varying the operational current density: 7.5 mA.cm-2 (a) 

and (d), 19.0 mA.cm-2 (b) and (e), and 30.5 mA.cm-2 (c) and (f). 

The variation of current density in the range evaluated (7.5 mA.cm-2 to 30.5 mA.cm-2) 

apparently impacted the refined grain size by increasing the nucleation rate as increasing the 

current density, as also reported in the literature. However, the authors warn that above the ideal 

value, identified experimentally, the current density promotes the deposit deterioration, such as 

porous coating with rough aspect. 

Therefore, under the conditions evaluated and through the results of the tests presented, the 

samples obtained at 40 °C, 50 °C, and 30 mA.cm-2 showed better performance and greater 

homogeneity and quality of the surface coating. 

 

Substrate exposured Nodules points 
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4. CONCLUSION 

The temperature variation (40 °C, 50 °C, and 60 °C) maintaining the current density at 

30.5 mA.cm-2 did not promote impacts on the current efficiency. The ec in all temperatures 

evaluated remained over 95%, which classifies the process as efficient. On the other hand, 

increasing the current density (7.5 mA.cm-2, 19.0 mA.cm-2, and 30.5 mA.cm-2) maintaining the 

temperature at 50 °C tended to increase the current efficiency, reaching from (87 ± 2)% at 

7.5 mA.cm-2 to (95 ± 1)% at 30.5 mA.cm-2. In general, all samples had the arithmetic mean 

thickness of the coating greater than the theoretical thickness calculated. Such behavior could be 

attributed to the no equally distribution of the local electric field in the sample. Therefore, the 

coating thickness tends to be higher on the edges and corners than in the substrate center. Through 

the images for the surface characterization were possible to observe that the increase in the 

temperature tended to turn the coating rougher. The samples obtained at 40 °C and 50 °C tended 

to present a similar coating profile characterized by epitaxially deposits and refining grain size. 

The variation of current density impacts the surface morphology. Increasing the current density 

tended to increase the zinc refining grain size in the coating. It should be noted that at low current 

density (7.5 mA.cm-2) the substrate surface was not homogeneous covered, exposing the 

substrate. The samples obtained at 19.0 mA.cm-2 presented nodules adhered to the coating surface, 

while the samples obtained at 30.5 mA.cm-2 presented a compact and smooth surface aspect. 

Therefore, we recommend the zinc electroplating in an acid sulfate-based solution at a 

temperature between 40 °C and 50 °C associated with a current density of 30.5 mA.cm-2. 
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