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Optimization of Physical-Mechanical Properties of light cure Resins for use in
3D printing by micro and nano additives for industrial applications

Morteza Behzadnasab®, Motahare Hosseini
Polymer Processing Faculty, Iran polymer and petrochemical institute, Tehran, Iran
* P.0O.B. 14975/112 Tehran, Iran, m.behzadnasab@ippi.ac.ir

Article Information Abstract
Original Research Paper 3D printers have become widely used in the industry in the last decade so that this technology is sometimes
Received 10 March 2019 referred to as the fourth industrial revolution. Stereolithography is one of the oldest and, at the same time, the

Accepted 18 May 2019

Available December 2019 most accurate method used in this industry. Despite numerous studies in various fields involved in this

technology, there is a lack of quantitative studies on strengthening the mechanical properties of resins used in

Keywords: this method for application as the final piece and without post-processing, especially in button-up printers
3D printing (mainly used in desktop printers). In this paper, the physical and mechanical properties of an industrial grade
Stereolithography ) resin were improved via addition of calcium carbonate micro and nanoparticles, with and without surface
,P\lgﬁfeaclhi‘onz?ama' properties modification with a mechanical stirrer, at the same time the limitations and effects of adding this filler on
Surface modification other properties such as printability have been studied. It was found that optimal viscosity for use in these

printers is ranged between 180 to 300 centipoise. It was also observed that the addition of calcium carbonate
particles reduced the curing induced shrinkage and improved the mechanical properties up to 70% with the
increase of micro and nanoparticles. In addition, it was observed that the post-curing process is critical to
achieving the optimal properties.
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Fig. 1 The reason for the need to control the depth of light penetration
to keep the areas in the arc (pale areas) fluid while curing the wall and
the hollow part’s roof (bold areas).
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! Stereo lithography

2 Multi jet modeling

3 Fused deposition modeling (FDM)
4 Selective laser sintering

3 Laminated object manufacturing

¢ Rapid freeze prototyping

7 Solid ground curing

8 Laser engineered net shaping

° Thermojet
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! Maan polymer Co.

2 Chemie Madani Hamadan Co. (Iran)
3 Omya

4 Dispersing agent

5 Ana chemie (Iran)

A oploits 7 0993 AYAA ol 395 9 il Swaie

0S50 Py S i e slrar b ae Ghsy onl 5o
Stiwly 5o 58 &S > slrar g wlbioe Vb Jlews (290955 L
00l o Gangd oS laas 4 and skl ;o o jsxe
ol ol S e axio 55y p AY o pgal b 2
WY pgal g 005 8> Z oo biuly )0 axmio e
Lv] Sgu o0 030l (g

2P Sy ey Yo X jeme glinl) o o8 > Bis |
e wboe Gl 5 <80 g ek ok b gy
rgas Sl g ol zedy by (rl O eaiSdgame Jalo
355595 5 edliiul Djge 3 g 0o w8, S 4 S5y
Ba> b ooged as 1) S oolal b oledad g5 0 ol
ko 0005 dgdzme ol (Y g X glinl) jo oS o
WY o Sy ey 9 2 jemme bl 40 9 ge slaasy olass
FDM (s, & S (g, 0l 098 LS I 500 (S0 ail oo
Sy 9 Soz A )3l (g SISy 4 Dl
DAL 58 o Lol e g 4 208 Loy

g adsl Slge g OIS s 4 by, cnl gl g o
5 655, Slacdl ad 59, p» Sllllae i wdgs anl
ae)yd sladlllae faS g 039 35 peite (Ssl s Slalad g
Ll g w86 slagy;) 5l ol olakad (Sl (So5d ol
all i) plo jo colaiul Cyo caiS o5 polie
e @olamsl @ oloy woe alesl bV P cad ais
@5l Sy Swd Oyl el ad 1518 5 lagl i
ad ol ole> )0 Jhe slayull 65, » iie asllae
I8 bl ay by, 99 o0 (obao! b yity sy 358 ol b oy
Moysn @V (Sl (Sand elym 5l il ey T
Al oo G la S0g38l Lagy ZMol wiels Clél 5 004
S b ame sloonnsSy cund il oglis Vo ¥
S AS e eslil gl % Syme Jele s o,
sl e bronisS

o 3938l b anlhae gbisly jo o5 Sldlas alivlis
@ Bl g il s eolaial 5550 slacns; (Pls> 2 (Sone
5 5550 (59538l 5l onds _xes axlllas (sl 45 el ool Jas
2P (e oS S (lgiedy pendS Slu S D)3 9l
;o odliial Gln pgwie (o (n)) Lged So (ely>
4 Sy amio b (SIS0 gl gaman sl Sl
D58 13 asdllas 5,50 YU o

Yo



S TITTENT SV - VARRVITURY VR RY- SV

w boangd (G Amaw Sl ) o3Liiwl Sl (o9 ity By STWLe SS9 jud Holgd (5w ddng

o5 JBlas b slad jo 5 05 oud sandisy (cageiragll Jish L
Ol ey 5 GRSy Sty 316 el g I gl B3
23,5 § xS sl

&l s Y-

DLP iy ol&uws ~¥-F-)

Pl L DLP g5l gaman Sl S bwy Slilad Ol
Sae Ol e Glp s pll ol csle Parsa 3D
VB b -IY edgame y 5 Ui 5l ilise ol (il
@S @ axgi b g oad (pw)n S p Sl )b 65, 2 4l
Jolas sl e b Ol il calio ooy Jols
Sly 0 dged Akl ed g S Cann Gl WU Ol
VY 4 jezee UV alaamo 5l o Ol alahad o Ly anl)8
33e VY 5 gl YAQ zogo Jobo L &l ¥ 0,08 L LED sue
o b oolitul eyl F40 zso Jsb b ol ¥ LED
el 0ol ooly yiolad ¥ Sl 50 Sy Sl diged

ooliiw! 3 yg0 sLoluws g suds plil sLyge;l ~Y-F
(Photo- DSC) (5,95 Solas iwgy gmwlo 5 (9031 —Y—F-)
b Sl snor g9 oy MO iy, (mmle S
St adlllae oSl by Ce g (Sole Jdo 4 a5 el
Sy o3k S o 1y 55 b oads 5T (lagyganlis yedy cdlad
e Olgice gasl Cal 5l ealiiul b a8 oo ol )b olisS
(O el an1E )0 (5558 sla,S T 5 L jegie bl wiile
S b 5eSD Shesl S5 Led wgon Jged oS S
Py crl DB oelel als 13 bl g addllae 3,90 1) (5
G & gy ol o a5 Sl 5l by el Jgane DSC il
2 055) onl e e ooliinl UV g aie S5 5l LeyS Jles!
oKiss o plowl (UV) il g il cos 36l cles
Toledo <S,5 el oe5l ol o ooliiul 3,50 DSC
498 ol Hamamatsu Joe UV Y 5 g Mettler

Fig. 2 Test print sample image
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Fig. 3 Schematic illustration of the shrinkage test device
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Fig. 4 Images of samples containing:A - 5 wt % of carbonate calcium-B
- 20 wt % of carbonate calcium
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Table 3 Hardness test result for diffrent post curing time
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Fig. 5 Photo DSC results for neat resin in A:5% light intensity B:100%
light intensity

D AllE s 859 M2 (mimiiy LT Daesl e~ B Y52
3y Gag OB (wiyy LS gejl A —o Y lg ey

oY Gl as Ve o alls
sasi s 4 Sy Cnl 05 Sl 58 3585 Gl Wiz e
Slp e plyieds Wl oo 093 oud Jiie 5o (WL Dlads
alea (G)le 4y 00n Ogmlpeddy o5 Wiz e bl
S oo Sl Jgl o5 oy s 10 03,5 Jas couley
@ &Sl s 4 ol sl o BT ey g valys YL
9 85 o0 518 )58 (B B0 eI Oly al> e pledl abal
Som rlnle lsys5 6 (Bl olsen Azl o
4 el axkd o] paiad g iy 5l 4kl ogel gl
Pl Al sbay &5 0,5 I8 g8 Coulay 0)65 0 g9
S8b)s 1) 9 lie (i g 00 Soylay ¥ g, 00
b 0gd ol oliws o S8y (e SgliS Bk (o b aisS
4 ad w8 e mhw g0 8 I (P LIS Gl 4 az g
sl 4 az g b ol oals &SI Y Jgaz 10 diges iz gl
iz diges lp couluy Gloj ploreds aids Yoo ¥l
Yo SB35 5 e Spdiee dimdle a5 wisSolen .l Ll
Oy 0aiiS p W Wges B)b 93 (P Sulay I 4l

Sgy08 SV g oo cots yloy Ll Bl L g ol

¥4



S TITTENT SV - VARRVITURY VR RY- SV

w boangd (G Amaw Sl ) o3Liiwl Sl (o9 ity By STWLe SS9 jud Holgd (5w ddng

oS 903l @l & Jguer

Table 5 Tensile test results
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Table 4 Results of shrinkage test
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Fig. 6 Tensile test diagrams of different formulations
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