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Thermoplastic via Phase Inversion Process for Indirect Selective Laser Sintering
Applications

Sayed Mahmoud Nazemosadat', Mohsen Badrossamay?, Ehsan Foroozmehr™

Department of Mechanical Engineering, Isfahan University of Technology, Isfahan, Iran
*P.0.B. 84156-83111, Isfahan, Iran, eforoozmehr@cc.iut.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper Indirect selective laser sintering is one of the interesting methods of integrated manufacturing which
Received 01 March 2018 could be used for manufacturing of complicated pieces and certain materials such as ceramics with a
Accepted 08 April 2018 high melting point and difficult manufacturing process through typical methods. In this study, an
Aysisbiealkie 2] Apal 2018 innovative phase inversion technique is used to fabricate spherical alumina particles coated with thin
Fr— layer of ﬂm(l)rphous lhmnoplaslic (PMMA and PS). 'Il'hen‘ the coatinglwas evaluated by scanning
Conting electron microscopy, analytical results of Fourier transform infrared —spectroscopy and
Alumina thermogravimetric analysis and differential scanning calorimetry. Finally, 3D green parts were then
Laser Sintering fabricated using proper process parameters and selection of alumina powder particles with thinnest
Polystyrene amorphous thermoplastic coating as a proof of the feasibility of using SLS technique. The results
Polymethyl methacrylate

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 micrograph 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 pum at low (a) and high (b) magnification.
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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.
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Fig. 9 DSC result for 12.9 mg batch. (a) PMMA/alumina composite
particles (b) PS/alumina composite particles (heating cycle in a
temperature range of 25-150 °C)

Slyd oS ohe 12.9 wiges ol Lolis otug, miole F gl 9 JSUb
JSem) &l b () S0 S Lee Ly (@) b9y b (SA-B-30) syl
(4,0 150625 oles odgdmms jo 800l >

I, oy <1 jlade g amo o olis a0 420 5380 55 4 ool L
o239 gl Billas 035 o dulne Lad 4y o 2 SN gl 32 ]
S SleLiahy (s weys 303 Lol sole ) 0T e 12.9 4 51>
2 adle plid s Sis 0e;03.69 Jels ool 5l 6,5 e 12,6 4
o 4 o035 o )l Sl 90 Sles o5 Gyg0 58 iyl i Seles]
oy alys i Lod (55 yeedl Sie 0 B ol 3,5 bl
S okl g K1 sles Ol oo il iy slage o b )
L as ol ool casl JSoe g0 pl 0 )5 i Sl 4 ]y 5l slagg,
Fie Olg ol Gy olies & (Sig A8l Ceand Sy (05 bl
ISl g gt |, Sl ol 55 oy 1) Led o (39 (Sonte
2l o0 e b dsed Sl i 3R Smte el
S 53 Gl s slasiomie @l o ol ead e 10
SO Sle Lie b 3 a0 3.03 iie Jawsie olie cocas slis 10
Ol ol g atliien Luagll 5 55, 2 bl (39 2oys 369
auld jo ol ad F s Jig sloae,s b polie ol cdille sacas
45 oM St e dy Fig weye 3) B (Sgily by 4 omo iy

Wdbige (ORLAL (S 2oy

Sl 65 (e T B 5k 5l (gom A azlad o g -5-3
o b Leesll o DS s s 5B (Ss)ls wnl el 1
gy o)l Sleosad puyn g o Digal pile S Sl S
4 ooy Al ) Sl colo ek (Fig 300 e 5 S3elsdiee
Pu ol uerd 8y al pll B )5 e )
00,0 b oy bl gy 9 S5 Jitash b o oolosbudgy slinegl!
Sl b aS s e "1 5" @lhas al ey p 15,10,64,32 S5

! Derivative Thermogravimetry (DTG)

137

8 Soa
c B9
; /
204
E‘ |
£ 154
g
E 104
= /
s- —
: = 2360.17 e
0 500 1000 1500 2000 2500 3000 3500 4000 4500
‘Wavenumber{em-1)
b 60
50
=] |
=
g w0 / k
\
B \
5 304 o
E ] P
E 3
£ 207 /gj’ g
& 10 4 s
]
0 T T T T T T T T
0 500 1000 1500 2000 2500 3000 3500 4000 4500
Wavenumber{cm-1)
€ s
40
e 3 ;g\
£ 30 =
E 25 L2
= 2
= 20 o
E 15 AE Gt
=
Ew] 3¢ H
T = =
5 o ]
0
0 500 1000 1500 2000 2500 3000 3500 4000 4500

Wavenumber(cm-1)

Fig. 8 FT-IR spectra of raw alumina (a), PMMA/alumina composite
particles (b) and PS/alumina composite particles (¢)
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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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