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Modern industry has a wide variety of application areas such as ocean industry, construction and automobile
industry. With the current circumstances, the need for anti-corrosion technology that can be used on materials
to withstand in harsh environments, is increasing. In this study, we have sought to develop a metal coating
technology with zinc and aluminum powders as a potential anti-corrosion material. To make a coating on
metal products, a thermal diffusion coating method was used under the conditions of 350°C for 30 minutes.
Optical microscope, Field emission scanning electron microscope (FE-SEM&EDX) and X-ray diffraction
analysis were used to analyze a coating layer. As a result, we have confirmed that the generated amount
of rust on metal parts coated with thermal diffusion coating method decreased dramatically compared with
non-coated metal parts. Furthermore, the anti-corrosion performance was evaluated according to the different
ratio of zinc and aluminum. Finally, we confirmed the possibility of application and commercialization
of our coating technique on metal parts used in harsh industrial based on the results of these performance.
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Table 1. The ratios of Zn-Al thermal diffusion coating mixture powder

_Zn—Al thermgl Zn powder (g) Al powder (g) Activator Tempcerature Input Tirlne

diffusion coating (2 (C) Ar gas (min)
Sample 1 8~12 0~2
Sample 2 6~10 0~4
Sample 3 4~8 2~6

1 350 Full time 30
Sample 4 2~6 4~8
Sample 5 0~4 6~10
Sample 6 0~2 8~12

Table 2. The property of Fe substrate, zinc and aluminum powder
Fe substrate Zinc powder Aluminum powder
Phase(Rt.) Mp. Bp. Phase(Rt.) Mp. Bp. Phase(Rt.) Mp. Bp.
Solid 1538°C 2862°C Solid 419.53C 907C Solid 660.32C 2519C
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Scheme 1. Zn-Al thermal diffusion coating process on carbon steel substrate
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(a)
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Fig. 1. Surface images of steel substrate before/after Zn-Al ther-
mal diffusion coating. (a) carbon steel plate (front and back)
before coating and (b) after coating with Zn-Al.
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Fig. 2. The surface of steel substrate after/before coating ob-
served by FE-SEM. (a) base material of carbon steel substrate
(%x300), (b) Zn-Al thermal diffusion coated carbon steel substrate
(%500).

Table 3. Weight% of element on the substrate before/after Zn-Al
thermal diffusion coating

Element C(weight %) | (weight %)
Fe 93.14 33.53
7n - 53.16
Al - 1.05
(0] 3.10 7.53
C 3.76 4.74
Total 100
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Fig. 3. X-ray diffraction data of Zn-Al thermal diffusion coated
steel substrate.
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-
50 um

Fig. 4. Cross section of Zn-Al thermal diffusion coated carbon
steel substrate. The layer’s thickness is about 12um.
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Fig. 5. Surface changes of thermal diffusion coated steel substrates in salt spray chamber for 1,000 hours.
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Fig. 6. Weight gain of thermal diffusion coated carbon substrates
with time.
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Fig. 7. Screw images before/after Zn-Al thermal diffusion coating. (a) Normal screw body and head before coating process, (b)
Zn-Al thermal diffusion coated screw body and head after coating process and (c) cross section of Zn-Al thermal diffusion coated

screw. The layer’s thickness is about 3um.
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Fig. 8. Optical images of Zn-Al thermal diffusion coated screws with time.
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(a)

Non coated screw

(b)

Another company coated screw

(c)

Zn-Al thermal diffusion coated screw

Fig. 10. The optical images of removed rust from screws. (a) Non coated screw, (b) commercial anti-corrosion

Zn-Al thermal diffusion coated screw.
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