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Synthesis of Cu(In,Ga)Ses crystals using a Crank ball mill
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Abstract Cu(In,Ga)Sez (CIGS) crystals were synthesized by a mechanochemical (MC)

process

using a crank ball mill. The molar ratios of starting materials were Cu:In:Ga:Se=1:1-x'x:2 (0<x<1) and
Cu:In:Ga:Se=1:0.7:0.3:y (2<y<3). The reaction time reduced with decreasing Se and Ga molar ratios. The

collection rate decreased with longer reaction times. From XRD patterns, we confirmed that the CulnSez

and/or CuGaSes: crystals were successfully grown when the powders reacted. Although the crystals

grown with a selenium molar ration of 2 were Se-poor, those grown at a molar ratio of 3 were Se-rich.

When Se increasing molar ratio, Cu, In, and Ga were away from the stoichiometric. With a molar ratio

of Cu:In:Ga:Se=1:0.7:0.3:2.5~2.7, their composition became stoichiometric. Crystal morphology was

varied. CIGS crystals were thus successfully synthesized using a crank ball maill.
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Fig. 1 Reaction time for Cu:ln:Ga:Se=1:1-x:x:2
(0<x<1).
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Fig. 2 Collection rate for Cu:In:Ga:Se = 1:1-x:x:2
(0<x<1).
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Fig. 3 Composition ratios for Cu:In:Ga:Se = 1:1-

x'x:2 (0<x<1).
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Fig. 4 XRD intensity for Cu:ln:Ga:Se=1:1-x:x:2
(0<x<1).
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Fig. 5 XRD Composition ratios for Cu:In:Ga:Se
=1:0.7:0.3ty (2<y<3).
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Fig. 7 XRD patterns for long time stirring.
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