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Ttemref Name Dimension | Standard | Material | Article No. | Quantity
i Designed by | W.LIKHIT
6@ Checked by Prince of Songkla
Approved by
Scale
1.:9 ATTRITOR MILL 01
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Ttemref| Name Dimension | Standard | Material | Article No. | Quantity
Designed by | W.LIKHIT .
g@ Checked by Prince of Songkla
Approved by - -
Scale
7:1 ATTRITOR MILL 1 01-01
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6 HEX NUT Mb 180 4032 4
5 | U-LOCK @5 2
4 THREAD CROSS SET 1
3 VACUUM PUMP 1
2 SHEET METAL 3X500X700 |DIN 1542| ST. 13 01-01-02 1
1 TABLE 500x700x800 | DIN 1208 | ST. 37 01-01-01 1
Ttemref Name Dimension | Standard | Material | Article No. | Quantity
Designed by | W.LIKHIT .
g@ Checked by Prince of Songkla
Approved by

Scale

ATTRITOR

01-01




74

¢0-T0-10 VLW LHHHS qgiT
3oy
£q pasorddy
EP[3U0S JO ddULIJ fa pooo | (DM —3
LIHMIT ' | £ psuSiseq
Auenp) | oN ey [ 1eneie | prepueg | uoisusuig | QUrEN EEEE
1t | go-to-to | erus [ ersinma oosxo0sxe | ViAW LEEES | g

gL

08

004

0ce

oL

091

oenv

SIT

00¢&

4,

&

[oH ¢ X WYL 0T@

—
@
(=]

9[0H € X YL g1

og

S61




75

10-T10-T0

€ a19vL

=t
B | ‘ Aq pasociddy 0ZT1 SLE
B|)duuy JU uLid o = - [°H g ¥ niL, 0T -
JLIHAIT ' | £q paudtsaq o — o — 2
Amuend) | oN 2y [ eusey | prepumg | uotsusuicy EITEN FEXIEN] ﬁ | i |
1 10-10-10 LE LS 8201 NIO YOSX00LYX00G q471dVL 1 | i e ﬂ H—
8 3 5 B
° 523 F_\ Tl
i
[ os
% ® £ =
o r= (=]
] oF \%
&
=i T
gL V o
wT;
L -
[ M
| ¥ ey rem— i
\l_ - =3
oL ' oF or 0L £
503 CLTS
-
- J— J—
B
=
(=]
| |
| E— 1
=
o (=]
0¥ oF ov ! 0%
[ o c1e 01z
o
o
08
6E
By 12
0
++ +
+ +
Do
| | = 1 L |
) T 13 1 1 T
/L by
(&) X
008 I°H 7 ¥ 0l 9¢9 00L




76

Ttemref Name Dimension | Standard | Material | Article No. | Quantity
Designed by | W.LIKHIT

-{—}@ Checked by Prince of Songkla
Approved by

Scale

ATEITOR

01-02
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Itemref MName Dimension | Standard | Material | Article No. | Quantity
Designed by | W.LIKHIT
g(@ Checked by .
el Prince of Songkla
Scale
131 ATTRITOR FRAME 2 01-02
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26 PARALLEL KEY A6x4x30 ISO 2491 2
25 BALL BEARING @45x@75x10| DIN 625 1
24 HEX NUT M10 ISO 4034 4
23 HEX NUT M8 ISO 4034 &
22 WASHER @12 ISO 7089 3
21 WASHER @10 ISO 7089 4
20 WASHER ?8 ISO 7090 2
19 HEX-HEAD BOLT M12X65 ISO 4017 3
18 HEX-HEAD BOLT M10X30 1S0O 4017 4
H 7 HEX-HEAD BOLT M8X25 ISO 4017 4
16 COUPLING 1
15 BELT 1
14 PULLEY 1
13 DRIVE MOTOR 1
1.2 FRAME BASE 1
11 | COVER 1x600x200 |DIN 1541| ST. 13 01-02-05 1
10 PULLEY AXIS @B65x55 ST. 37 01-02-04 1
9 COVER SUPPORT U120 DIN 1026 ST. 37 01-02-03 1
8 PULLEY @150x75 ST. 37 01-02-02 1
i ADJUST PLATE 130x172x248 s 37 01-02-01 1

Itemref Name Dimension | Standard | Material Article No. Quantity

Designed by | W.LIKHIT
EJ@) [Cuockor oy Prince of Songkla
Approved by
Scale
1501 ATTRITOR FRAME 01-02
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36 HEX NUT M10x40 150 4034 2
35 WASHER A 10 1SO 7089 1
34 HEX-HEAD BOLT M10x65 1SO 4017 2
33 | RECESSED PAN HEAD SCREW M6x10 180 7045 6
32 PUSH BUTTON 1
31 STATUS WORKING LAMP 1
30 | TEMPERATURE GAUGE 1
29 | TEMPERATURE MONITOR 1
28 ELECTRIC BOX 123x280x430 1
27 | COLUMN ST. 37 01-03-01 1
Itemref Name Dimension | Standard | Material | Article No. | Quantity
Designed by | W.LIKHIT
g@ Checked by Prince of Songkhla University
Approved by
Scale
1:8 ELECTRIC BOX CONTROL 01-03




84

10-€0-10 NIMNTOD g1

a[eag

£q paaoxddy

Aq paoeu) A»vl “
ﬁ—v—uﬁow MQ QU-.—MHAH LIHMIT ' | £q pauSisacy =
b:nmzd_ 0N S[PTHY __m_‘_u:wE_ piepuel§ | uoisuswi( | WEN | EETEn
1 | ro-eo-to | seus | | Nwn1od | 2z

YN

(¢4

(28

00T

i
3

08

S[0H 9 ¥ ML mBI\

g1

o

S

n
SRR SR < e TR
a

vy uonses

LLg




85

Itemref Name Dimension | Standard | Material | Article No. | Quantity
Designed by | W.LIKHIT L
g@ Checked by Prince of Songkla
Approved by Ik .
Scale
ATTRITOR TANK 01-04
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37 ATTROTOR TANK @210X159 stamesssTies| 01-04-01 1
Itemref Name Dimension | Standard | Material | Article No. | Quantity
Designed by | W.LIKHIT
G@ Checked by Prince of Songkla
Approved by - }
Scale
1:2 ATTROTOR TANK 01-04-01
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38 TANK LID

P210X76.5

STAINLESS STEEL

01-04-02 1

Itemref]|

MName

Dimension

Standard

Material

Article No. | Quantity

W.LIKHIT

Designed by
G@ Checked by

Approved by

Prince of Songkla

Scale

1:2

TANK LID

01-04-02
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Thread 7/16-20 UNF \

Thread 7/16 - 20 UNF
Section A-A /;
[ ]

61

@12 Thru - 4 Hole

L KR Ry I al ]
.‘. y | / o™ &
[ UTITHY 38 i AT
T, _,_¢[__.._.. il 5 o
@12.5 HiIL i 12.56
{5 53 I ) s 1 R
10 7y [ | _ L
; Vi
L) ‘ ! ; /—’ / I a//f// N
\ X NH i-l —
I | "
5 @30 5 3 <+
LN an

a8 TANK LID @210X76.5 stamiessstee| 01-04-02 1
Itemref Name Dimension | Standard | Material Article No. anntily_
Designed by | W.LIKHIT .
ED) [Creckeatn Prince of Songkla
Approved by
Scale
1:2 TANK LID 01-04-02
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L]
L)
39 | DRIVE SHAFT 10 ARM sanzsssteeL ] 01-04-03 1
Itemref Name Dimension | Standard | Material Article No. | Quantity
Designed by | W.LIKHIT
g@ Checked by Prince of Songkla
Approved by - e ..
Secale
1:2 DRIVE SHAFT 10 ARM 01-04-03
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39 | DRIVE SHAFT 10 ARM swnessstesL | 01-04-03 1
Itemref Name Dimension | Standard | Material Article No, | Quantity
Designed by | W, LIKHIT .
a@ Checked by Prince of Songkla
Approved by - e ..
Scale
DRIVE SHAFT 10 ARM 01-04-03




92

39 | DRIVE SHAFT 12 ARM

STAINLESS STEEL

01-04-03

1

Ttemref| Name Dimension | Standard | Material | Article No. | Quantity
Designed by | W.LIKHIT
G‘@ Checked by Prince of Songkla
Approved by
Scale
DRIVE SHAFT 12 ARM 01-04-03
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Ttemref Name Dimension | Standard | Material | Article No. | Quantity
Designed by | W.LIKHIT .
6@ Checked by Prince of Songkla
Approved by
Scale
1:2 DRIVE SHAFT 12 ARM 01-04-03
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49 O-RING v 150 3601 1
48 PARALLEL PIN @Bx45 180 2338 al
47 BALL BEARING @25x@52x10| DIN 625 1
46 HEX NUT M10 1SO 4034 ;]
45 WASHER AlD 180 7089 [
44 HEX-HEAD BOLT M10OX40 IS0 4017 2
43 HEX-HEAD BOLT M10X25 IS0 4017 4
42 PRESSURE GAUGE 1
41 VACUUM GAUGE 1
40 COUPLING 1
39 DRIVE SHAFT stamiesssTee| 01-04-08 1
38 | TANK LID P210X76.5 sTamiess sTeeL| 01-04-02 1
37 | ATTROTOR TANK @210X139 stamiesssTeeL| 01-04-01 1
Ttemref Name Dimension | Standard | Material | Article No. | Quantity

Designed by
g@ Checked by
Approved by

W.LIKHIT

Prince of Songkla

Scale

1:7

ATTRITOR MILL

01-04
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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, 0-CuAl, 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 um 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 um and 53.33 pum, 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 y-CuyAl, 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 6-CuAl, and y-CuoAls, However the
evolution of 6-CuAl, phase appeared already after 1.5 h of milling in the as-milled
powders using the 12-arm impeller. In addition, the formation of y-CuygAls phase was
not observed in the 12-arm milling process. It revealed evident for both the 10-arm
and the 12-arm processes that 6-CuAl, and unreacted Al and Cu powders were
observed in the 0.5 h milled powders. Afterl.5 h milling, y-CueAl4 were formed along
with the increase amount of 6-CuAl, 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, dso than that of 10-arm attritor and the longer milling time applied, the
finer ground product with narrow size distribution obtained (Figurel 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
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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.
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Figurel. Relationship between particle size
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Figure 3. Relationship between power
consumption of 10 and 12-arm attritor
and spindle speed

mecndanicadlly dai0ycd 1 d nign speca aurito ‘ R

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 6-CuAl,

and y-CuyAl, phases.
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