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Effect of Milling Temperature on Formation of Al-Cr-Zr Metal Powder
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Abstract Al-Cr-Zr metal powders were prepared by cryo-milling(-75°C), ambi-milling(25°C) and warm-
milling(200°C) to investigate the effect of milling temperature. The morphological changes and microstructural
evolution of Al-6wt.%Cr-3wt.%Zr metal powders during ball milling were investigated by SEM, OM and XRD.
The cryo-milling at -75°C caused the more refinement of powder particle size than ambi-milling and warm-mill-
ing. The particle morphology of Al-Cr-Zr metat powders changed into spheroidal particles at 25°C and spherical
particles at 200°C The spherical particles were formed by agglomeration and continuous wrapping of the sphe-
roidal particles. The calculated Al crystallite sizes in Al-Cr-Zr metal powders by the Scherrer equation were
refined rapidly for short milling time at -75°C compared with milling at 25°C and 200°C.
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Fig. 1. SEM morphologies of elemental powders; (a) Al, (b) Cr and (c) Zr powders.
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Fig. 2. Schematic diagram of ball milling system.
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Fig. 3. SEM morphologies of ball-milled Al-6wt.% Cr-3wt. % Zr powder with various milling times at -75°C; (a) 5h, (b) 15 h,
{c) 30 h and (d) 40 h,

Fig. 4. SEM morphologies of ball-milled Al-6wt.% Cr-3wt. % Zr powder with various milling times at 25°C; (a) 50 h, (b) 75
h, (¢) 100 h and (d) 150 h.
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Fig. 5. SEM morphologies of ball-milled Al-6wt. % Cr-3wt. % Zr powder with various milling times at 200°C; (a) 30 h, (b) 50

h, (¢} 75 h and (d) 100 h,
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Table 1 Powder morphology of mechanically alloyed Al-6wt.% Cr-3wt. % Zr powder with milling time, ball-milled at cryo-

milling, ambi-milling and warm-milling

type milling time(h) 1 5 16 12 15

16 20 30 40 50 75 100 125 150

Cryo-milling Ac F F+N N N+Sp $Sp * * * * *
Ambi-milling Ac E+F F+L L L+N N N+8d
Warm-milling Ac E+F F F+L L Sd+Sp Sp * *
. e #24)
High Energy Ball Milling F FfL L L+«N N N+¢sd  sd Aok ok x s
(Attritor)

Ac; As-charged , F; Flake , N; Nodular , L; Lamellar , Sd; Spheroidal , Sp; Spherical , *; None
# Ref 24) Milling speed; 300 rpm , Charge ratio of ball to powder = 50: 1
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Fig. 6. SEM morphologies and optical micrographs of me-
chanically alloyed Al-6wt.% Cr-3wt.% Zr powder with dif-
ferent milling times, ball-milled at (a) -75°C, (b} 25°C and
(c) 200°C.
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Fig. 7. X-ray diffraction patterns of mechanically alloyed
Al-6wt, % Cr-3wt. % Zr powders for various times as a func-
tion of temperature at (a) -75°C, (b) 25°C and (c) 200°C.
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Fig. 8. Crystallite size of aluminum for Al-6wt.% Cr-3wt.

%Zr powder for various times as a function of tempera-

ture at (a) -75°C, (b) 25°C and (c) 200°C.
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Table 2. The slope of crystallite size of mechanically al-
loyed Al-6wt.%Cr-3wt.%Zr powder, ball-milled at cryo-
mil- ling, ambi-milling and warm-milling

Milling Type Milling Time (h) AT/de
Cryo-milling 1~40 2.55
Ambi-milling 1~125 1.08
‘Warm-milling 1~100 1.77
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