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11. Summary of the new findings of the thesis:

The main results of the thesis were shown in contents mentioned below. These
contents were the new contributions of the thesis

- Optimization of the GNPs material-reinforced nickel electroplating fabrication
process.

- High energy ball-milling process in 5 hours can reduce GNPs size from around 5 pm
to about 200 nm, whereas GNPs thickness declines from 12 nm to 1,49 nm. In addition,
specific surface area increases to 555 %. High energy ball-milling process in 5 hours
doesn’t influence significantly on the nanostructure of GNPs materials.

- The functionalized GNPs materials are dispersed into distilled water which has
reached a stable dispersion with the zeta potential value of 29,2 mV.
- The non-functionalized GNPs materials are not able to reinforce nickel coating. The

non-functionalized GNPs material reinforced nickel coating has a microhardness of
130+8 HV which is lower 57 HV than Ni coating.



- The functionalized GNPs material reinforced Ni coating has a higher microhardness
compared to Ni coating from 42 HV to 86 HV, which dependents on GNPs material size.

- GNPs material size effect significantly on enhance ability microhardness, wear and
corrosion resistance properties of the functionalized GNPs material reinforced Ni coating.
The microhardness, wear and corrosion resistance properties of Ni composite coating are
enhanced with the reduction of GNPs material size. Ni/GNPs5 coating has the highest
microhardness (273 HV), the lowest wear rate (13,2 x 10 % mm’/N.m), the highest anti-
corrosion with a corrosion current density of 1,16 x 107 A/cm?, the corrosion potential of
0,1661 V. The lowest mass lost which reduces to 55,27% compared to Ni coating after
salt spray test.

12. Practical applicability, if any: Cooperated and piloted production at T&C Vietnam
Co., Ltd.

13. Further research directions, if any: Research and testing to optimize manufacturing
processes at an industrial scale.
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