Research article

Influence of Multi-Walled Carbon Nanotubes on
Available in: hetp:/iipsippiacir 'Tensile Properties and Printing Quality of 3D-Printed

Acrylonitrile-Butadiene-Styrene Nanocomposites
Iran. J. Polym. Sci. Technol.

(Persian),
Vol. 32, No. 6, 497-507 Zahra Soheilpour', Amir Masood Rezadoust™, Mohammad Razavi-Nouri'",
February-March 2020 Keyvan Garoosi®, and Seyed Reza Ghaffarian?

ISSN: 1016-3255
Online ISSN: 2008-0883
DOI: 10.22063/JTPST.2020.1705 1. Additive Manufacturing Laboratory, Iran Polymer and Petrochemical Institute,
P.O. Box 14975-112, Tehran, Iran
2. Department of Polymer Engineering, Amirkabir University of Technology, P.O. Box 15875-4413,
Tehran, Iran

Received: 15 October 2019, accepted: 9 February 2020

ABSTRACT

the parts are fabricated layer by layer, many defects are prone to occur during

printing of the products. Therefore, a few efficient solutions are required
to minimize the defects and other shortcomings. The increase in the physical and
mechanical properties of the fabricated parts using nanoparticles seems to be one of
the methods.
Methods: To improve the mechanical properties of acrylonitrile-butadiene-styrene
(ABS), which is one of the most common materials employed in FDM technique,
various amounts (1, 3 and 5 wt%) of multi-walled carbon nanotubes (MWCNTs) were
added to the matrix through a melt mixing process. The filaments containing different
MWCNTs contents, required for fabricating of the samples, were then prepared by
extrusion. Next, the samples were printed with the layer thicknesses of 0.05, 0.1

and 0.2 mm and raster angles of +45/-45° and 0/90°. Several experiments such as

the tensile and rheological tests as well as scanning electron microscopy (SEM) and

l l ypothesis: Due to the nature of a fused deposition modeling (FDM), by which

3D printing, transmission electron microscopy (TEM) observations were carried out to examine
fused deposition modeling, the nanocomposite samples.
nanocomposite, Finding: The SEM and TEM studies revealed that the nanoparticles were reasonably

well dispersed throughout the matrix. The results of the tensile tests indicated that

by addition of MWCNTs, the tensile strength and Young's modulus were increased

mechanical properties by 21% and 103%, respectively, in comparison to those of the pristine material. It
was also found that at a constant layer thickness, the maximum value of the tensile
strength was obtained for the nanocomposite containing 3 wt% MWCNTs, however,
the modulus progressively increased with the increase of the nanoparticles content.
In addition, the change in raster angle showed no significant effect on the tensile
properties, and the increasing of the layer thickness had an adverse effect on the
properties for all the materials examined.
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Fig. 1. A schematic representation of the fused deposition

modeling process.
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Table 1. The printer settings for the tensile test specimens.

Printing parameter Value
Nozzle diameter (mm) 0.5
Filament diameter (mm) 1.75+0.1
Number of contours 2
Filament overlap (mm) 0.06
Infill density (%) 100
Layer thickness (mm) 0.05,0.1,0.2
Print speed (mm/min) 2400
Nozzle temperature (°C) 23342
Bed temperature (°C) 10342
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Fig. 3. SEM image of the fracture surfaces of nanocomposite

filament containing 3 wt% MWCNTs.

L%‘afuﬂ)mgdbu&bﬁewmdjwjr@n\m}s
.[\O—\/\]>)\>v_<;“.{6.kgu%l;;al_<:~u>6u¢.:@5@;—);’;l;;
co-’\-.:w)ﬁ 6[.&&;.“2— fL@J L cbﬁw o.\._[J JQJJ 4SJJ.LQLM
SliS Jae 5 228 Ll alS o pe Y bl 15
RGN T JL_U uJJS Lg\.hdj}jj;l.a )\.Xs.a bl..p)" Li j:" d}J\.ﬁ 9 ol
b s Y a Cnd O Slaie gl il aul3bl ol &S L s
s ankss (gl y SIS oSl Ll i i LS 30
Sl Cu5alS 5 L aS 5 g (gl sad 31 maS S350 51 S5 07
)%JQ‘M‘“‘MQS\J;b};dM&'}waJ.«.«Sﬂw‘ﬂd‘))r/

-

Stress (MPa)

— — Dumbbell-shaped specimen

= Rectangular-shaped specimen

o 1 2 3 4 3 6 71 8 9
Strain (%)
S s 5 Joes Glad ped 25 S- RS la e Y IS
Fig. 4. Tensile stress-strain curves of the dumbbell- and rect-

angular-shaped specimens.

AN Sdiwl-gpoie F 0olosb (093 9w Jlw posly 539J9385 9 p9de pole dlxo

o g b

S ygalgib o Ll

Gy Sl s Do gr b sl ghade S| TEM  poms ¥ S
o aS JJLQLQ.A A e olis ta.\.'..'.sf1 o‘Jﬁ Y. 6‘)‘5 A.Lf:g;)l;;
XS 5 w58 Gk oAl 5 e DDA s
SEM jysbas o3 el isad 5l 5S55 slal o S rmiky e sle
sélg 55 SEM @Lu' sl sl 03l omvpjgsmwﬁ
NS VORI VY u"-bg':‘ Jbu\bM}JyTEM @L‘bb

oS OgadT
3 S Ol @l eliols el K2 e Gl
O S S Sl el A 4 ABSOY. 51 IS et 5 Joes ankad
Olis ¥ IS 53 wgas 55 ol gl S2iS OgesT 5l sdalcse
rl poud Ol (St Sl (s G el ol el
mp%mwcmumamaﬁtjy
O35 Fgmly S cnlnly o JSC5 e kel 5 2ty 07 350
L gad ol 3 Koy (2SS Ogasl 5o K s (slad el
A eslial (528 0 g3l bl (s

IS slaneks LS Jde 5 IS Sl ol
S5 ke s Y Cabis an Sl a4l o Leddor
ssba el sl esls LS O IS s 3 b ) il Ao

MWCNTs 55 Y7 by co 5008 56 SITEM s =Y (IS5
Fig. 2. TEM image of the nanocomposite containing 3 wt%

MWCNTs.



e Jaisigha )5 T (L0204 5940l 930 il sl 9 AT olg 3 01923333 (3)F SLaAlglgil 3l

005 8 0.1 m0.2 +45/-45°

Tensile strength (MPa)

5

MWCNTs (wt%)

(©)

Tensile strength (MPa)

MWCNTSs (wi%)
(b)

- 140(): @005 8 01l m 0. 0/90° %g %g ”
£ 1200 - %% /% /2
o ol
é 600 1 / % /% /% /%
ol Ol Sl Sl F
E’ 400 %% /% /% /%
1 Sl S0 SN S

MWCNTSs (wi%)

(d)

il Slians ;) slaasly 5 4 glacuelbes b oddClr lad sed ¢l LS Jode 5 208 er:Ml selie -0 IS8

Fig. 5. The values of tensile strength and elastic modulus for the specimens printed with different layer thicknesses and raster angles.

Jade Ol uxs s el 3 Simgs Slatl s Sedbl (g el
el ol e3ls OLES IS s il sl e (gl delis Lo b
o3 Jode ABS w5 ladl 50 03558 b st e e
SR S Sladaly s ba i ot 5 aly (il 3l s
Dliphaes 5 o Al Ll Bl 2alS (D3 sL Ao
Sl s 5l Gole oS Gladalay 5 0 d dade s
A os Sl ol DV csladl dwya o2 LSS 5 350
Gl b 3l 68550 5 SKu L oldsl Ses
S S Sl ISt Obe syl e s Sk
2 Sy sl e S e DYAAN] sp
Sl g LS sdalie dins go OLES Jlward 5155 oS (slataly
Sl ol |5 S SliS cools 51 L celes 4 J e
MWCNTSs liie (il 355 cdas o 0L 7 1K s (6 me
ol s e SOV oS ladeley j5 e d Jse s 4
by SaSG b oS oy 55 53 S 48 ol O Sl 6 50 50
FaS1E 0TSl ol oK am 55 e 2l (5 ey sla s
Jode omin b il SRl a5 L [TVYY ] 5 e
oS sladales 3 OF Oddmlave s MWCNTS 23580 L o 3

WWAA Ssdawl- ot & 0 losd (09 9w Ul rosly 55390915 9 pgle (sole dlxo

)'\;ﬁ;bﬂ_—jlybduﬁi:a;ljafifleddﬁﬁ&uw)ﬂoﬁ
DS el el 5 I S elS U a4 b sl e
Slasises U 0SS Tl 4 s sl ogsalS sl slasity s
03 el ool ¥ Ui 3 Osesl s A plnil s
MWCNTs Q))JJ‘ J‘;‘ BE JLM..:.S Jj.u 9 L;JMZS rLi:::.wl Q}.J;L;a
S slad J gl 0338 a8 Colina Ol ol Bl 158 zota
Slad sad 3 flg.xz.a\) Jode yolas fals 55l SO ol
o e L[] el gl;; Jw“‘fe Sls g2 3l (;JI:U ¢e.L'I:;7;l>*_-
J)—) r)y La.,\,j:;.:zle:- 6[.&4&}4:9 9 Lmﬁ;.i':) WS'" W Q}n)T @L’b Q}w
T LSS 5 (SO, pelst i enn Sl e
02 G5G3 o B el adllas 22S ()yﬂ S gad s

2gsdllages ol

GRS
oS sladabey 53 o Sl Sl s sl (SIS o
Sk a8 5L sl la gy (s 2 Sl G edsl B
el 0> D3 b (1S (S8 5 0sasT el |5 o



e 223350 55 T Sl 592015 93l ol s 9 baihaS” Jolga 330193330 32 )5 (5L AJglgils Hil

el o esls 0LV S s OF skl &S Ad e, 2 SEM
b oanks Olr o FDM gy conle s i 50sl ub
s dilr glaandsd 55 o)l sen KU, (5355 5 LS e, GuLES
S350 035590 b s o 0LV S [V ] T o 3 g 50 0 i
Slie 5 bl gl s slae i o5l ABS + MWCNTs
Sybpe pdms mobe band, Kby e 5 Sheex
b god 3305 (Bl w05 bl sl s om
Sl /Y sT Ml 53 Lalises (6531 8 s (Jlie (gl 5 35 o
Yo fer . s e ABSSL 5 ABS3/. ABSI/ ABSO.
ol Cwsas 0,080 v v Pas 5 YNV ayeee FaY ous
Sl S Ol Jsde 5 0,03 dsde W e pand o
Jos almacl Cl.aw - woesle 4 Conl glaln o 1S
ST s ss0= ABSOY (gl p W aai cpl esls OLES (S
G 35 &l 5,55 Jowe el .ol O/AY 8T I, ABSTY gl
s lS Ll deale 05 gdome 3 oS 31 S3s V 5 R lols
Py JEa 0dd g g Aol S Sl S0l 4 g 25l LR
5 WS o Jas lolrand ol 028 olad 53 sl 53 ol caze 5
ssdn 55V MWONTS ol b ey (Sopal Ole
s p 3 &8 o s (oo (3 Y (g, L Y By ol pl
a3 5 0 plawl en Kos 0¥ 4 Y S5l 38 sl
(A8 SRIB ol DN T o s o Sdons Gl (Shoms
Sosba AS o S |y ekl and;y IS8 5 6 p ol
03 5 ekd fodd e plaasact 4 alijsad Sl e shate e oS
5 S S Oleser s p asd e SS 5 e olal e
ABS « MWCNTs 35 Ve Salsl bools ol o sSus See
Stz O gy 53 5 (S5 B3 0 iS5y Osds pecy 4 Cod
S D3 U 0oL el LS a Gl ot SouS 4 baeY
G molia fadse pl oS el ol lae i o5l 55 076
@l QLS s 358 o e I3 S0 SauS g 58 Jl 0AS
1 1y S plSowial ke i ABS3Y. L sl ol 4 sl
G 5 Spes s el S oldal Sis 0 03 Selsl bl
ABS3. L sl & g0 5l axkad plSomio 45 Al o S350 (50
w515 55 bae i ol VS S Billae przmen 350 RS
Ol o 1y i ool sl iy +¥0/-¥0° 51 0/40° Slisans
Slisasy wsly o bazdy Ol gl J3b &S cadls o 5l L3t
Goon! VS e b /8% i | (6 el S e +FO/-XO°
axad el e 5 ez e s Y Ole g gl S JUl
polie ols QLA 55 RAS O se)] @Lﬁ [4] S o0 VS e,\.&ukg

WA Sddwlkpoig & 0loads (093 9w Jw roxly 5I9J9iS5 9 pole (sale alzo

il slie lols slaady gl S Oesl s =Y Jsr
MWCNTs
Table 2. The tensile test results for the filaments containing

different amounts of MWCNTs.

Tensile modulus Tensile strength
Filament
(GPa) (MPa)
ABS0% 0.98+0.08 44.1+1.5
ABS1% 1.26+0.20 46.3+1.9
ABS3% 1.60+0.08 50.2+1.2
ABS5% 2.00+0.08 53.4+0.7
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Fig. 6. The variation of storage modulus with frequency for
ABS and the nanocomposites containing different amounts

of MWCNTs.
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Fig. 7. SEM images of the fracture surfaces of all the specimens printed in raster angles of 0/90° (up) and +45/-45° (down) with the

layer thickness of 0.1 mm after the tensile test containing different amounts of nanoparticles: (a), (e) 0 wt%, (b), (f) 1wt%, (c), (g)

3 Wt%, and (d), (h) 5 wt%.
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