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Indirect selective laser sintering is one of the interesting methods of integrated manufacturing which
could be used for manufacturing of complicated pieces and certain materials such as ceramics with a
high melting point and difficult manufacturing process through typical methods. In this study, an
innovative phase inversion technique is used to fabricate spherical alumina particles coated with thin
layer of amorphous thermoplastic (PMMA and PS). Then, the coating was evaluated by scanning
electron microscopy, analytical results of Fourier transform infrared spectroscopy and
thermogravimetric analysis and differential scanning calorimetry. Finally, 3D green parts were then
fabricated using proper process parameters and selection of alumina powder particles with thinnest
amorphous thermoplastic coating as a proof of the feasibility of using SLS technique. The results
showed that using a Nd:YAG laser with less absorption by alumina, PMMA and PS provides greater
penetration through a powder bed. In addition, the possibility of sound connections among particles in
every direction was observed due to the uniformity of the amorphous thermoplastic coating in spite of
the minimal amount of thermoplastic binder on alumina particles.
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Fig. 1 Comparison of the relative volume of amorphous and semi-
crystalline polymers [6]
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Fig. 7 SEM rmcrograph of (a) Manually crushed AI203/3 wt% PMMA
powder and (b) Ballmilled ground and sieved powder with a mesh size
sieve of 88 pm.
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Fig. 5§ SEM micrograph of the 3 wt% PMMA coated spherical alumina
composite powders after ball milled ground and sieved powder with a
mesh size sieve of 88 pm at low (a) and high (b) magnification.

a2y 3 iy b (SA-B-30)65,5 licagll j29: 5 (9%mg Sn g § S
L (@) 88um e o3l b oo (lalgls Sl 51 g < Slio La b 555
3L leiy 5 (0) o5 (alef

s lalglS ol b g5balazr 51 e 1, S ol g "(7-b) 4 (6-b)

by ol St Joo b g bl b iudes b L'..m,” Py old ses e
2ol ol 05200 e a4y plaS 12 15,10,6,4,3,2 539 slaas o

WWn Det WD b———sml§lim
5.0

0X SE 10.5
Fig. 6 SEM micrograph of (a) Manually crushed A1203/4 wi% PS
powder and (b) Ballmilled ground and sieved powder with a mesh size
sieve of 88 pm.

L SA-B-30) (59,5 slinagll 39 31 (ag; 358N (2959 S0 9.5 6 JS

(b)) s Sjp0as Sl gilolaa I e (@) bl b (S5g 90 4 Rdy
BBUM s o5lail b slalsls Ll 51 s

136



ulEas 9 Slsbull @BU Sgaxo Suus

e b9 23 o 3Ll s L SS9ty g ds 3 )5eT SlaiunMyge 3 H ST IL AV b lsegT slp3 L3 yiubes

a

thi) &0 Glass Transition: _

Onset: 784°C T B

135 a Mid: 754°C R
E Infection: 75.5°C
S 1304 End: 7%65°C
z
E
=
g 15
=1
v
2 120+
a

s . :

0 20 40 60 80 100 120 140 160
Temperature/ C
o Glass T i
exo ass Transition: ———__

100 5 Onset: 73.5°C B
= 98 Mid: 7%6.2°C
£ Infection: 74.1°C
St 9% End: nre
=
E 24
? =
2
* 2
]
g 88

86 l‘

84 T T

o 20 40 60 80 100 120 140 160

Temperaturel/ C
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temperature range of 25-150 °C)
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Fig. 8 FT-IR spectra of raw alumina (a), PMMA/alumina composite
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Fig. 11 Optical micrographs of the sintered samples at pulse frequency
of 10 kHz, and pulse width of 10 ps, I = 100 mm/s, P=6 W, (a)
15%wtPS/AL203, and (b) 4%wt PS/AL203.
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Fig. 12 Complex green parts created with indirect SLS by using one of
the best laser parameters (Frequency: 10 kHz, Pulse width: 10 ps, laser
power: 6 W, scan speed: 100 mm s™).
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Fig. 10 Mass loss as a result of extended heating (a) PMMA/alumina
composite particles (b) PS/alumina composite particles
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Fig. 15 SEM observations of the sintered sample (produced from 4
wi% PS/alumina powder particles) for top view at low (a) and high (b)
magnification.
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Fig. 13 SEM observations of the sintered sample (produced from 3
wt% PMMA/alumina powder particles) for top view at low (a) and high
(b) magnification.
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wt% PMMA/alumina powder particles) for side view at low (a) and
high (b) magnification.
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