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Abstract: 

This study dealt with the process of coating (immersion) and the factors affecting this process 

stability of the solution and change the time and temperature of immersion. In this study, aluminum 

alloy (2024-T4) was applied with a solution consisting of zinc oxide and sodium hydroxide (81 g/l 

NaOH+81 g/l ZnO). Thus, zinc sulphate formed by immersing the sample with nitric acid solution (50 

% HNO3+50%water ). Then immersed in distilled water. The immersion process was carried out at a 

different temperature between (25,55 and 65) °C and different time periods. The results showed an 

increase in the growth of the deposition layer with increasing duration of the sample and the electrical 

resistance of the samples and for the same periods. A correlation was drawn between time change and 

oxide layer growth. Curvature growth was shown with increasing time period for sample exposure to 

air. The correlation between electrical resistance and time period change was also determined. 

Simulation between the experimental results and theoretical calculated by using ANSYS version 15. 

Finally, to confirm the formation and growth of the oxide layer draw by using MATLAB version 15A, 

Topographic test was examined and XRD. 

Keywords: deposition layer, electrical resistance, Curvature growth, ANSYS version 15 ,Topographic 

test and XRD. 

 الخلاصة:

( ، ان العوامل المؤثرة على هذه العملية بثبوت المحلول وتغير درجة طية )بالغمر البسيطتهدف الدراسة الحالية الى عملية تغ 

 g/l 81)يتكون منوغمرت بمحلول  (T4-2024)الحرارة وزمن الغمر. في الدراسة الحالية استخدمت سبيكة الالمنيوم من نوع 

NaOH+81 g/l ZnO).   بظروف درجة حرارة تراوحت(25,55 and 65) °C  وزمن غمر تراوحmin (5, 10, 15 and 30) 

ر ثم تغمر في محلول مخفف من حامض النتريك طتخرج العينات حسب ظروف الترسيب من زمن ودرجة حرارة تغسل بالماء المق

(50 % HNO3+50%water )  ( ثانية تؤخذ النماذج 15-10نك والحامض من )الزتبقى العينة لحين انتهاء التفاعل الحاصل بين

يوم ونحسب  15الوزن مع الزمن كل يوم مدة  تبتيار من الهواء الساخن ثم توزن نستمر بأخذ قراءا ر وتجففطوتغسل بالماء المق

بقة الاوكسيد، كما درسنا مقدار الموصلية الكهربائية مع الزمن لكل عينة، طمقدار الزيادة بالوزن مع الزمن الذي يمثل معدل نمو 

ح وحيود الاشعة السينية. طوبوغرافية السط، اخيرا اجري اختبار MATLAB version 15Aبرنامج  مات باستخداططرسمت المخ

 لاء.طبقة الطلدراسة السلوك الميكانيكي ل  ANSYS version 15لية باستخدام برنامج طتم عمل محاكاة للنماذج الم

 عة السينية. ح و حيود الاشطوبوغرافية السطبقة المترسبة، المقاومة الكهربائية، معدل النمو، طالكلمات الدالة: ال

INTRODUCTION: 

"The applications of metal membranes today cover important scientific and industrial fields 

because they have the competence to create surfaces that differ not only from the specifications of the 

base metals, but also from the specifications of the same materials manufactured by other technologies, 

thus gaining the qualities that make them more suitable for practical applications" [1]. 

The problems of heating and energy consumption are a social and international issues specially 

in cars manufacturing because many association put a different  clause and the most significant role for 

these clauses is to refinement the consumption of oil by reducing the car weight to reduce the fuel 

which consumption by these cars [2,3]. This action is more dependent on using light-weight materials 

such as aluminum alloys rather than heavy metals like steel. In spite of that, It is not easy to produce 
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whole cars body from these materials for two reasons the cost and productivity. Therefore, the best 

solution for these problems are using cars structure consist of two materials or more such as using of 

steels and aluminum alloys [4]. 

""On the other hands, the process of application two materials or more is not easy as thought, 

because for example (steel-aluminum) alloy has different metals joints and one of the these problems 

are removing of the oxide film that produced around the surface of both aluminum alloy and steel 

[1,3,4]. And the most effective way to remove the oxides film is applying  coating methods on the 

metals joints and in Steel-aluminum alloy zinc coating could be used and the oxide film will be 

removed by melting of zinc [4]. By the way, the melting of Zn alloys, the melting point of the binary 

alloy of (Al-Zn) and ternary alloy of (Al-Mg-Zn) it  is generally lower than the melting point of pure 

Zn [5]. For the previous reason, it could use low temperature to achieve the bonding by using the 

binary alloy of (Al-Zn) and ternary alloy of (Al-Mg-Zn) in coating due to lower melting temperature. 

Modeling 

The term of model has the conventional meaning of representation. A model is a nominal terms 

which produce to simulate and prophesy aspects of  a system's behavior. The quickly mounting 

performance of computer devices "and computer's software has promoted the widespread usage of 

numerical simulation tools for the parts design and for the optimization of manufacturing processes. 

Modeling may be especially important in connection between coating and substrate materials, since the 

gradients often cause special problems"[6]. 

Figure (1 a) shows the samples of aluminum with layer of coating. While figure (1 b) shows 

meshing of these sample. 

              
(a)                                                                                 (b) 

Figure (1) The samples of aluminum with layer of coating, (a) show drawing of the aluminum sample, 

(b) show meshing of the aluminum sample. 



 
(a) shows results of displacement at 1000 N. 

 
(b) shows results of stress at 1000 N. 



 
(c) shows results of strain at 1000 N. 

Figure (2) shows results of displacement, stress and strain at 1000 N. 

2. Materials and Methods:: 

2.1 Al-"alloy-used in this work: 

"The sample is required to be coated of aluminum alloy (2024-T4), the composition of alloy is 

tested by as shown in table(1) ". 

Table (1) Chemical Composition (%) 

Element Zn Si Fe Cu Mn Cr Mg Ti Al 

Standard Value 0.25 0.5 0.5 3.8-4.9 0.3-0.9 0.1 1.2-1.8 0.15 balance 

Heat No.2015-570 0.0375 0.0804 0.274 4.1 0.482 0.0069 1.59 0.0185 93.41 

 

2.2 Preparation of samples: 

In this paper, the samples were prepared with dimensions (diameter 25 mm and 5 mm in thickness). 

Preparation steps as shown in figure (3), first, grinding by silicon carbide paper with a softness (1000, 

1200, 1400, and. 2000). The samples were then kept in cotton and silica, then imbedded in coated 

solution which contain from (zinc oxide solution with sodium hydroxide) (81g/l zinc oxide+81 g/l 

sodium hydroxide)with pH= in different imbedded temperature (25, 55 and 65)ºC and in different 

imbedded time (5, 15 and 30)minute. The white color of the white aluminum sample was clearly 

colored to lead to the formation of zinc sulphate. They were dissolved in nitric acid (50% acid-50% 

water)with pH= for (1) minute and then treated with distilled water and alcohol finally these samples 

dried by hot air. The sample was ready to be weighed for the purpose of drawing the relationship 

between the time period and the growth of the oxide layer. The presence of zinc and its coverage of the 

aluminum sample makes the sample facilitate welding with other aluminum sample. 
 



 
 

Figure (3) A diagram showing the treatment process for aluminum alloy. 
 

After the immersion of the sample being dried and took the weight and continued to take the sample 

weight every half an hour and increase time it was found that the growth of the layer of oxide 

continues to increase until proven in five days, We also take the measurement of the electrical 

resistance of the sample at each time with the established temperature. Figure (4) illustrate the 

aluminum samples with and without coating. 

       

        
(a)Aluminum samples without coating. 

(b)Aluminum samples with coating for 5 min.at 30ºC. 

(c) Aluminum samples with coating for 10 min.at 30ºC. 

(d) Aluminum samples with coating for 15 min.at 30ºC. 

(e) Aluminum samples with coating for 30 min.at 55ºC. 

(f) Aluminum samples with coating for 30 min.at 65ºC. 

Figure (4) show the aluminum samples with and without coating 

2.3 X-Ray Diffraction test: 

Phase’s analysis of prepared alloys is based upon X-ray diffraction technique. All 

X-ray diffraction tests are carried out at S.C. of Geological survey and Mining. Low 
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ZnO+ NaOH HNO3 Alcohol  Distilled water 



angle X-ray diffraction is performed. X-ray generator with Cu Kα radiation at 40 kW and 

20 mA is used. The target used in the X-ray tube was Cu, therefore λcu=1. 54060°A was 

used in obtaining the XRD patterns. 

The X-ray is generated by general electric diffraction type Shimatzo (PW 1840) 

operating system at scanning speed of 5(2) per minute. The specimen has been held at 

a fixed angle of  = 5 degrees relative to the case X-ray beam while the detector has 

motioned  through an angle of 2(10-70) degrees. 

2.4 . Light optical microscope 

The surface of prepared and coated samples are analyzed by an optical microscope 

attached with digital camera type (Tescan Vega III China made) in Babylon University/ 

Collage of Materials Engineering. The optical micrographs were at (40 X) magnification. 

Results & discussion 

X-Ray Diffraction Patterns 

To improve the experimental fabrication of (Zinc coating) on Aluminum , X–ray 

diffractions were made to ensure, that the fabricated Zn in each of Al-samples were 

transformed homogeneously during the immersion practices. The diffraction patterns 

obtained from the tested samples which the phases, as a result of coating, could be 

exposed. From these figures, the phase peaks are observed between (2θ =40–50) degree 

as shown in figure (5) 
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(a)Aluminum samples without coating. 

(b)Aluminum samples with coating for 5 min.at 30ºC. 

(c) Aluminum samples with coating for 10 min.at 30ºC. 

(d) Aluminum samples with coating for 15 min.at 30ºC. 

(e) Aluminum samples with coating for 30 min.at 55ºC. 

(f) Aluminum samples with coating for 30 min.at 65ºC. 

Figure (5) X-Ray diffraction of samples. 

3.2 Growth of the Oxide Layer: 

The weight of the sample was plotted with the time of exposure of the sample to the air for the 

purpose of knowing the speed of growth of the oxide layer on the surface of the sample where it was 

found that the oxide layer continues to increase until it reaches a constant weight then the surface is 

fully saturated and stable and appeared at half an hour and then an hour and then\ an hour and a half 

found that The increase in the oxide layer is low. The weight of the sample is taken in days and the 

weight is taken Weight gain after a day found that the increase in the growth of the layer of oxide more 

and explained and continued to take weight after two days and so. We found that the growth of the 

layer of oxide become stable and stable when exposed to air for five days after it does interact with the 

air and size increased. The growth of the oxide layer is caused linearly at the time of the hourly text 

when the time in hours the oxide layer is homogeneous and contains pores that allow the air to pass 

through and continues to increase. As shown in figure (6) which is drawn by using MATLAB version 

15A. 
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Figure (6) shows the growth of the oxide layer and the weight gain over time, draw by MATLAB. 

Figure (6) shows that oxide film formation not mathematically linear with a time. This is due to the 

change in humidity and temperature without door test. 

3.3. Electrical Resistance: 

"A relationship is drawn between the electrical resistance of the exposed sample to the air. Over 

time, the electrical resistance is increased by increasing the time in which the sample is subjected to 

air. The electrical resistance is increased by increasing the growth of the oxide layer. This is due to the 

fact that the oxide layer is a protective layer of electrical resistance is very high and is considered an 

electrical insulation and this leads to a significant increase in the electrical resistance of the sample 

coated. As shown in figure" (7). Jaleel shows that the electrical resistance of growth film is a linear 

function of time up to 40 hours of film formation [10,11]. 

Figure (6) is in a good agreement with figure (7) i.e both weight gained and resistivity of oxide 

film formation not linear with exposure time. 



 
Figure (7) shows the electrical resistance of the oxide layer with time, draw by MATLAB. 

 

3.4 Topographic Test : 

This examination is done to see the formation of the coating layer clearly on the surface of the 

sample and cover the sample in full and it is important to see the disappearance of pores and lack of 

the surface of the sample as shown in the following form, which shows the sample before and after 

painting as shown in figure (8). 

 

          

                (a)                                                 (b)                                                     (c) 

        
(d)                                                            (e)                                                     (f) 



 (a)Aluminum samples without coating. 

(b)Aluminum samples with coating for 5 min.at 30ºC. 

(c) Aluminum samples with coating for 10 min.at 30ºC. 

(d) Aluminum samples with coating for 15 min.at 30ºC. 

(e) Aluminum samples with coating for 30 min.at 55ºC. 

(f) Aluminum samples with coating for 30 min.at 65ºC. 

Figure (8) shows the topographic of samples with and without coating. 

4. Conclusion: 

Depending on the experimental results, the following deductions may be described: 

1. The growth of the oxide layer continues to increase over time until it reaches saturation. The 

growth of the oxide layer stabilizes at a certain time and the weight is stabilized. 

2. A clear increase in the electrical resistivity of the oxide layer over time. The increase in electrical 

resistance is confirmed when the oxide layer formed on the aluminum surface. 

3. The samples whose coated 30 min in 55ºC show best results in XRD, Topographic test, electrical 

resistivity and growth of oxide layer is caused linearly at the time and continues stable. 

4. The simulation results of displacement at 1000N is 6.23e-9. 

5. The simulation results of von mises stress at 1000N is 11752.9. 

6. The simulation results of von mises strain at 1000N is 0.63434. 
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