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The method for producing amorphous / ultrafine grain microstructure by underwater friction stir processing is
a new method, which uses a rotating tool to severely deform the base metal which immersed in water. Due to
the high temperature created as a result of friction, dynamic recrystallization wants to occur in severely
deformed material but rapid quenching by water prevents nucleation or growth of new recrystallized grains. In

Keywords: the present study, the base metal was commercial pure copper and copper alloy. The applied tool was made

Copper alloy from tungsten carbide. The microstructural evolution and tribological properties of the specimens were

Friction stir processing investigated before and after the application of the process. Microstructural evaluation by optical microscope

ulr;daerrwater showed a significant reduction in grain size by processing pass increment. Similarly, the hardness of the cross-

XRD sectional area showed an increase up to 45% higher than the base metal. The x-ray diffraction pattern of the
underwater friction stirred processed samples in comparison to the base metal pattern exhibits shorter and
wider peaks, while the background of the pattern has increased. The sum of these factors represents the
formation of an amorphous / ultra-fine grained structure. Also, the wear behavior of the samples was
investigated by means of pin on the disk method and the results showed that the friction coefficient of
processed samples decreased by at least 48% compared to the base metal. The results of wear and hardness
tests show that the underwater friction stir processing can significantly improve the wear resistance and
hardness of commercial pure copper and brass alloys.
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Table 1 Research done about underwater friction stir welding/processing
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Fig. 1 Used tool for friction stir processing; a. tool image, b. tool map.
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Fig. 2 Laver fixture; a. schematic image, b. used laver.
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Fig. 3 Image of some processed samples.

6000
Base
5-‘ 5000 in Air
. in Water 5th Pass
4000
<
2 3000
2
3 2000
c A
= 1000 -
0 Jl A . A,
15 35 55 75 95

20

<

0ad (65918 Sladiges (S peai 3 S

3500
Base
—~ 3000 in Air
) 2500 in Water 6th Pass
3:/ 2000
2
‘% 1500
c
2 1000 |
c I
— 500 l
0 |
15 35 55 75 95

20

<l

Fig. 4 X-ray diffraction pattern of copper: a. raw material, b. after 6 passes underwater FSP; x-ray diffraction pattern of brass: c. raw material, and d.

after 5 passes underwater FSP.
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Fig. 5 Metallographic images of copper sample; a. 1 pass in the air, b. 1 pass in the water, and c. 3 passes in the water.
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Fig. 6 Metallographic images of copper sample; a. 1 pass in the air, b. 1 pass in the water, and c. 5 passes in the water.
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Fig. 7 Microhardness profile of samples: a. copper, and b. brass.

Fig. 8 Friction coefficient value of samples: a. copper, and b. brass.
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Fig. 9 Weight loss changes of samples: a. copper, and b. brass.
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