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ภาคผนวก ก. 
 

การคํานวณออกแบบและวธิีการใชเครื่องบดแอทไตรเตอร 
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ภาคผนวก ข. 
 

แบบชิ้นสวนของเครื่องบดแอทไตรเตอร                             
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  ภาคผนวก ค . 
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PERFORMANCE OF ATTRITOR MILL USED FOR ALLOYED POWDER 
PREPARATION 
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บทคัดยอ: จุดมุงหมายของการวิจัยนี้  คือการออกแบบและสรางเครื่องบดเตรียมตวัอยางแบบแอท
ไตรเตอรหมอบดขนาด  1 ลิตร  มีเพลาขับ 10 และ 12 แขน  ใชลูกบดขนาดเสนผานศูนยกลาง  6.4 
มิลลิเมตร  เตรียมโลหะอะลูมิเนียมและทองแดงในอัตราสวน  67:33  โดยน้ําหนัก   และทําการบดที่
เวลา  0.5, 1, 1.5  และ  2 ช่ัวโมงภายใตบรรยากาศกาซอารกอน   ที่ความเร็ว  500 และ 700 รอบตอ
นาที   ตัวแปรที่ศึกษาคือ   จํานวนแขนของเพลาขับ  ความเร็วรอบและเวลาที่ใชในการบดผสม   ผล
การเตรียมโลหะผสมปรากฏวา   หลังจากการบด 1.5 ช่ัวโมง ที่ความเร็ว 500 รอบตอนาที และ 0.5 
ช่ัวโมงที่ความเร็ว 700 รอบตอนาทีจะไดโลหะผสม Al–33%Cu ในเฟสของยูเทกตกิระหวาง
สารละลายของแข็งกับสารประกอบระหวางโลหะ (θ-CuAl2) นั่นคือเมือ่เพิ่มความเรว็รอบทําใหเกิด
โลหะผสมดังกลาวเร็วขึน้ชดัเจน  แตการเพิ่มจํานวนแขนไมมีผลชัดเจน อยางไรก็ตามความเร็วรอบ
เวลาในการบดผสมและจํานวนแขน จะมีผลตอความละเอียดของอนภุาคที่บดไดโดยพบวาที่
ความเร็วรอบสูงขึ้นและเวลาบดนานขึ้นจะบดไดละเอียดมากกวา มีการกระจายตวัของอนุภาค
ในชวงทีแ่คบกวาและพบวาเพลาขับ 12 แขนมีประสิทธิภาพในการบดผสมมากกวา 10 แขนและใช
กําลังไฟฟานอยกวา 
 
Abstract:  The purpose  of  this  research  was to design and construct attritor mill, a 
rotating impeller with 10 and 12 arms. Al – 33% Cu alloys were prepared by 
mechanical alloying methods. The mixture of 67%  aluminium  powder  with  33% 
copper  by using  weight  were  milled  in  an  attritor  having  10 and 12 arms  with 
balls  size  of  6.4  mm  in  diameter and argon  atmosphere  at  the  speed  of  500,  
and 700  rpm  and   at   various  milling  times and numbers of arms. It was found that 
Al-33% Cu alloyed powders as phases of eutectic between solid solution phase and 
intermetallic compound, θ-CuAl2  phases at 1.5 h 500 rpm and 0.5 h 700 rpm were 
formed  after milling, the  increase  in a  rotation  speed  of  mill  can  reduced 
forming time of eutectic phase, however, increasing the  number of  arms on the 
impeller did not significantly change the rate of formation  eutectic  phase. However, 
spindle speed, milling time and no. of arms have effect on ground product fineness. It 
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was apparent that the higher spindle speed and longer milling time, the finer size of 
ground product with a narrow size distribution was obtained. Spindle of 12 arms was 
found to have more grinding efficiency and less power consumption than that of 10 
arms.       
   
Introduction: The Attritor   falls mid   range of  milling  machine,  using 1/8″ to 3/8″  
media,agitating  at moderate speeds of 60 rpm in the largest production size units, to 
300 rpm for the laboratory size units (with  tip speeds of  600-1000 fpm).   
Mechanical alloying (MA) is a powder processing technique that produces alloys 
from element powder mixture.  It was developed over 40 years ago and has been used 
widely to synthesize novel alloy phases and to produce oxide dispersion strengthening 
materials (1).   The important parameters of the MA process are the raw materials, 
type of mills, and the process variables; such as milling speed, milling time, etc. The  
raw  materials  used  for  MA  are  in  the  size  range of 1-200 µm and should   be   
smaller   than  the   grinding  ball  size. Different types of high-energy milling 
equipment are used in the MA process (2, 3). In this study, the attritor mill was used 
to prepare the Al-33%Cu alloy by varying three process variables, the spindle speed, 
the milling time, and the number of spindle impellers.  
 
Methodology: Attritor mill, attritor tank diameter 108 mm and height 128 mm were 
designed and constructed using stainless steel grade 304 and tool steel using a high-
speed steel rotating impeller with 10 and 12 arms. The mechanical alloying was 
carried out using an attritor mill with a cylindrical vial (working volume : diameter 
108 mm and height 128 mm)  rotating impeller with 10 or 12 arms, and  the stainless 
steel balls of 6.4 mm in diameter. The rotating impeller was driven at two different 
rotation speeds of 500 and 700 rpm. The average size of aluminum and copper 
powders used in this study were 24.98 µm and 53.33 µm, respectively. The mixture of 
67 wt% Al (32.16 grams) and 33 wt% Cu (15.84 grams) were manually blended 
together before sealed in the vial together with the grinding balls with the ball-to-
powder mass ratio of 58.3:1 The process control agents (PCA) used in this study, 
methyl alcohol, was charged into the attritor prior to processing. The milling was 
carried out in argon atmosphere for a time range of 30-120 min. Small amounts of the 
powder were taken from the mill at regular periods of time for analyzing structural by 
XRD, morphological by SEM, thermal analysis by DTA and particle size distribution 
by Laser scattering particle size analyzer. 

 
Results, Discussion and Conclusion:  From the XRD patterns of the processed 
powders milled with the rotation speed of 500 rpm. It is noticed that γ-Cu9Al4 started 
to form after milling for 1.5 h using the 10-arm rotating impeller. Increasing the 
milling time to 2 h led to the formation of θ-CuAl2 and γ-Cu9Al4. However the 
evolution of θ-CuAl2 phase appeared already after 1.5 h of milling in the as-milled 
powders using the 12-arm impeller. In addition, the formation of γ-Cu9Al4 phase was 
not observed in the 12-arm milling process. It revealed evident for both the 10-arm 
and the 12-arm processes that θ-CuAl2 and unreacted Al and Cu powders were 
observed in the 0.5 h milled powders. After1.5 h milling, γ-Cu9Al4 were formed along 
with the increase amount of θ-CuAl2 and the lower amount of unreacted Al.  
Milling with 12-arm attritor at the spindle speed of 700 rpm tended to give finer 
median size, d50 than that of 10-arm attritor and the longer milling time applied, the 
finer ground product with narrow size distribution obtained (Figure1 and Figure2). 
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However, the agglomeration of ground product was observed as milling for 2 hours 
(Figure2). Spindle of 12arms was found to have more efficiency and less power 
consumption than that of 10 arms (Figure 3).            
 
                                            
 
 
 
 
                                                                                                               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In conclusion, elemental Al-Cu powder mixtures containing 33wt. %Cu were 
mechanically alloyed in a high speed attritor mill. The θ-CuAl2 and γ-Cu9Al4 phases 
were formed after milling for some certain times in which the decrease in a rotation 
speed of mill retarded the formation of both phases. However, decreasing the number 
of arms on the impeller did not significantly change the rate of formation of θ-CuAl2 
and γ-Cu9Al4 phases. 
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Figure1. Relationship between particle size  
of ground product and milling time at the  
spindle speed of 700 rpm for 10 and 12-arms   
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Figure 2. Particle size distribution of 
ground product of various time milled 
with 12-arm attritor at the spindle speed 
of 700 rpm.       

Figure 3.  Relationship between power  
consumption of 10 and 12-arm attritor 
and spindle speed 
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