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Abstract: In this study, a hybrid powder-extrusion process involving the control of temperature dwelling time for improving the
formability of Zn-22Al powder was developed and the effect of dwelling time on the mechanical properties of a spur gear with a
pitch circle having a diameter of 1.8 mm was investigated. General extrusion experiments were carried out at different
temperatures such as 290, 300, and 310°C. Spur gears with good qualities and without any surface defects were obtained in the
case of extrusion temperature of 310°C and ball-milling duration of 32 h. The Vickers hardness distribution was non-uniform, and
after the sintering process, an internal crack was generated because of the different deformation energy between gear central part
and teeth. To overcome the abovementioned problems, research on controlling the dwelling time of the extrusion temperature in
the powder-extrusion process was carried out. Good-quality spur gears were obtained when the dwelling time was 15 min.
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Table 1 Conditions of ball-milling process

Ball-milling Value
. Planetary ball mill
Equipment (Fritsch GmbH)
Pot Material AISI-H13
Size ©130 x h120 mm
Material SUS 304
Ball Size ¢ 5Smm
Powder Al Zn
(100mesh, 99.8%) | (100mesh, 99.9%)

Ball — Powder ratio 20:1 (wt%)

Revolution speed 150 (rpm)
Milling Time 8,16,32,64h
Ultra high purity
Pot atmosphere argon(99.99%)

d ﬁ 7 . . "
A\P'p/;nclef

Zn partlc.le -

Fig. 1 SEM image of Zn-22wt%Al mixed powders
before ball milling

(d) 64h

Fig. 2 SEM images of Zn-22wt%Al alloyed powder
particles for the different ball-milling times

(c) 32h

g} 1% w3l= SEM(Hitachi) ##S S8 7}
Hdoh w3k, 2o a3t 43S XRD(Philips
A}9] X-ray diffractometer) w412 E3 FAE AT
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Fig. 3 Average particle size of alloyed powders for
different ball milling times
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Table 2 Conditions of general and hybrid extrusion

g 5
% = process (Process [ and 1II)
v - .
o = Extrusion conditions Value
= = Material of billet Zn-22wt%Al powder
) Lubricant Graphite(Kliiber)
E Material of tools AISI HI13
‘JUM Extrusion speed 15 mm/min
Billet size 95 x h10mm
,_JU'LJ Extruder MTS (10ton)
Ball milling time 8, 16, 32, 64h
H l Process : g
A A M A A 32h I Extrusion Temp. 290, 300,310C
J\ A A N 64h Sintering condition 350C, 2h
30 40 50 60 70 80 90 100 Ball milling time 32h
2 theta Process | Extrusion Temp. 310C
Fig. 4 XRD analysis of Zn-22wt%Al alloyed powder for 1 Ternp.eratlllre 5,15, 30, 60 min
the different ball milling times Dwelling time
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| General powder extrusion (Process 1) | Vickerss
Powder size Hardness,
100 um 150 |Zn-22wt%Al [ ® | Temperature Extrusion load,
‘ 0 o =) R fi : : 298’ 300, Temperature Dimensional
[ O 310C 350T, 2 accuracy
1. Aluminum, Zinc Powder 2. Mechanical alloying 6. Analysis
¢ 4-1. Hot extrusion 5-1. Sintering = 3
| Hybrid powder extrusion (Process II) | High and
Cylindrical ] ﬁ uniform
i%i shape A o ® Dwelling o ® yﬁ Hardness,
(= (®5xh10mm) : : Time =) ° @ | Temperature % Low extrusion
< e | 5 15,3060 o ® 310C load
) ® ®
min
3. Compaction 7. Final product

4-2. Temperature holding

5-2. Hot extrusion

Fig. 5 Powder extrusion process of Zn-22wt%Al powder

Unit: mm
Die bearing

(b) Extrusion equipment

Fig. 6 Shape and dimension of the spur gear and
extrusion equipment
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Fig. 7 Surfaces of the spur gear extruded under different
ball milling times and extrusion temperatures
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Fig. 8 Extrusion load and Vickers hardness of spur gear
under different ball-milling times and extrusion
temperatures (a) 300C, (b) 310C
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Fig. 9 Internal crack of the spur gear after sintering in
Process 1
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Fig. 10 Extrusion load and Vickers hardness of spur gear
under extrusion temperature of 310C and
different dwelling times (Process 1I)

B9l FGRAN BEe SEAfolE S A
At} Anpgon Bu e Fold WFeuA
& Aske/) Sl el AT S Sl

(Hv 100gf)—§ ‘/]’E]r‘iﬂ =
sto] o] fr5dS YA

100 02 FAF. Ho < Aol B
T HEF A (Process 1 )9l H]aﬂ 2~4kN A% 7
stglom 2% FAAIZE 15Smin & W] 1IkKN &2 7
2 g UeElgth % §XA]7Fe] 30min ©] A9l
8-, v‘i—%}ﬂgl 58S dEE v, S84
7} el -§Z(lubricant accretion)®] A1} - A1
Al gl dAe] AbstEo] AAE 5% HHy
u]zﬂ /\}o]g u].il_o_ _2_7]_}\]71 —}F 9\)‘]—/} ]E ﬂ%}
of AYYEsTE FuH ez Frhdr

Fig. 11 & 2% FAAgte] wE &5 709
Z7] wEdolet ¥ AFFEEE Hug A
olth, 2% FAIAIZF 15min & wf Z7] d#dZo|7}



852 ol & - Fh

Temperature
310°C 5min 15min 30min 60min

Crack region ==

at first stage 2

Dimensional 2.002mm 0.005mm 0.018mm

accuracy of
the spur gear

Fig. 11 Crack region at first stage and dimensional
accuracy of extruded spur gear in process I

Fig. 12 SEM image of the cross section of the extruded
spur gear in process Il with temperature
dwelling time of 15min
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