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Experimental investigation of mechanical and microscopic properties of ABS-Ni
composite made by Fused Deposition Modeling (FDM) method
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Original Research Paper The development of additive manufacturing processes in the last several decades has made the manufacture of
Received: 23 November 2022 parts made of various materials quite significant. Fused deposition modeling, being one of the most widely
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used additive manufacturing processes, enables the creation of complex composite parts. In this technique, the
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material comes out of the system's nozzle in the direction of the system's movement due to the melting of the

filament in the nozzle and its momentary progress. Because of their numerous applications, micro-composite

ﬁﬁmﬁ?;anufmmmg materials are considered one of these materials. However, the technique of manufacturing the composite has
Composite filament an influence on the behavior of the component; for this purpose, in this research, ABS-Ni micro composite
Fusion printing filament was employed and printed with the FDM 3D printer developed by the researchers of this article, and
ABS-Ni composite it was compared to other polymers such as PLA, ABS, and TPU. The mechanical and microscopic behavior of
Layer by layer the polymers made with this approach, have been investigated. Furthermore, similar parts manufactured using
the DLP approach were compared to this method. According to the results, a 15% increase in nickel powder
reduced tensile strength by 11.62%, which is equivalent to a 50% drop in the volume of infill in the non-
composite ABS part. When comparing the FDM and DLP methods, the photopolymerization operation can
diminish the strength of the products by 2 times despite the higher surface quality and more integrated
structure. The elongation of TPU polymers was determined to be 26 times higher than that of other polymers.
Please cite this article using: 1wy bod ool Jd wyle jlallio (il e gl gl
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7 Two-Photon Polymerization (2PP)

8 Inkjet Printing

° E-jet

10 Fused deposition modeling (FDM)

" Direct-Ink-Writing (DIW)
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Fig. 3 Production and manufacturing steps of standard S-Ni composite
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Table 2 The results of the tensile test of printed parts with a infill
percentage of 100%
o, oo oo —
37.64 49.96 33.72 (N/mm’) 255
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4.31 4.57 436 (%) 31y
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Table 1 Printing parameters in the FDM method
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Table 3 The results of the tensile test of printed parts with a infill
percentage of 50%
oo s so% b
33.41 4527 15.06 N/mm?) 255
422.25 544.43 191.13 N) 5,138 ,L
1.21 1.32 322 (mm) S s
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4.04 441 107.32 (%) 31y
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Table 4 The results of the tensile test of printed parts with Digital light
Processing method

Resin P Resin A dxlad
17.27 2453 N/mm?) 255
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ResinP gResinA 5, 95 )0

Sl P35 p Gamdw Olz by g T oy p -T-)-0
Slodse gy a4 ol el oodle Jaghy cnl o
slagby, 500 b ol sl 5 by, ool (Slse L3, (93
2 & jeboles oS e o Sreh gs“*-"f" el
gy b bl ) aslital b wanl ot j5 ¥ Jsi
&lp S g3l Glgzil slase «sy5 Jluzms Shjloy
Ve Ceypw LResinP g Resin A Glasuie b Gglaie (3, 90
plxl 5l 8 esdoly sladiges oS Gl adds e Lo
oiilp g alaize 50 (dume lojae sl (1S (61556

wbs cwl ad 313 bl 050 ol 51 e g 0ol ooy I3
aS amo co L VY S Billae aiS yge)] sl edelcanoa
Resin A Jow cn3; «(n)y 99 Sl alie L8, o8, e
5 25 i (e b Resin P Joo 005 4 o
5 e SHSe ol nlnle ol yiiar Jsb Sbojl
¥ ooz bl 2 sjloies bl 1) sy onl Sso S
9 VEIOY cosyp a P g A () 90 (o2aS plSoctul (e
099y 5o eiiS ALl polie il o JSKWLEe VYT
ovgy o eddols Gldad  _aiS plSul 4 oo DLP
S Jliad BYs 5l (S rlply adls S FDM
Ply g oS ange p ogdle FDM ) 0 Connd gilio

dbise o9y cnl )0 el (S

Sy Sawe g LS oy 9 ~T-0
ok 4w zohu 550X olesSn L 06K Son pglas

05051 3 e - \Y JSs s TPU 4 PLA ABS
il oS ams oo lis (Sl Jus o9l8 4l 5l paS
5 )Js0n TPU yducillanil oy 45 o PLA ABS iy 50
bobs ol polad &b p Grigres Sl SoSless
oy byl &)90a PLA § ABS joily 95 0 (J3b (sialeny

\Y

> 55 o gl PLA jaly 228 alSouial e U]
4 azgl b adbioe i ABS ey 4 cens g Sl
ook Slp oS p2iS ploiul (e 75 ¥ slaJgon
ABS 100 !,y 5 FOIYY 4 ¥9/35 590> PLA 50 4 PLA 100

il e Jul K YY/FY 5 YVISE L il ABS 50,

ABS 50
PLA 50
TPU 50

50
45
40

30
25

15
10
5 (=

Stress (N/mm?)

0 5 10 15
% Elongation (%)
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Fig. 11 Examining changes in elongation according to stress for ABS,
PLA polymers with 100% and 50% infill percentage

ABS sl jody sl 28 e Jsb obojl Olyess oy V) SO
10 3‘/.\” ;J:j.w).’ v\..a)éb‘5PLA

q ol A 0 93 NE-) )3T Wl 3dgs 5 il Gwiie



U 9 Slisle s3a50 Hgluw

(FDM) (5293 (53lins 43¥ (s w3 (Hig) IS 034k AiE s ABS-Ni 3 )910l5” 52959 350 9 SSwillo olgd (52 )3 Jukxs

DM sinlon ol by @ bgpe oo dHIY gl
DLP Lg‘dm uL‘> u:‘ﬁ) a Ja...s).a ‘C—c;—\\" ).sjl..a) 9 03¢
CuhS 9 7903 » E3oge ek g Spbioe odgd (Jdley
SVWWOUSSS Geizmen )38l e gy ol 0 cadbadgy ilalad
A (ol a5 asoe Gl P g A 5y 90 Gl zmo
Sype S zlsel b og JeeaSL Pop;, 4 Cas
G & o9y DLP (gamans Ol (g, (wlple 0pdy o0

I Bt

X

5~

S
f&

100um )\

100pm._

10um

— 00

e

,",«
S\

) >

Gl 45 e3g atiie flegySee Fro dgam p0 alol L (K,
Ssriey e 5 ofius S SEE by alol ol
S bl ooy ol o AUl Sedce elal e
3 S FDM () 50 eadioly Slalad (poled 5o (59,0
Sl b ohloy gk Ll ol oas 435 b
ol s ssaline LB se3a TPU Jos zshaw 5l soxis
Jsb obsl i 53 TPU el Cerols Lo a0 Ylois! caline
axkad gl 5l bghas (pl Bi> g (SurdS @ i ol s
Dyl oo odaline VY ISS o a5 jebles Lol 0nys S

(Wl

-

NAA

»

-~

I)

L
10pm "

Resin A | am®i00x

T Resin P

Fig. 13 Microscopic images of polymer parts printed using two FDM and DLP methods
sk 90l (© MBS jorly iz 5l (93 b, 4 ediiply askad gal (W DLP g FDM s, 55 50 oadpler (5 ey Slalad I 580ms Soe sl 1Y S5O
O b sl yeski g8 () 4 00 dole anlad 0a (O TPU yorky izl (293 29y 4 0aB0ly askid g (0 PLA jocly (i 5 (293 (bg) 4 od0l>

30 5 000,85 as ABS gl 3 5l -V S el 5.
Jols ol oy wwld gl Jels o5 S5l psar o)
00 2leF)n o Cul (aRie gt ghe ©5) p el
b 5 @b sliwnd (Jol 5 cwsd Ll Lo 4 gl
005 e 9o b s e 4 Cnd asuiie Jgil 5 L5 Le
23,5 o0 ain sy LSl oleS 5 )l
Ol el wdg g (heeelS sladgl S el Sl e
Sl pngal Smom VY USS il CojeeelS 5,500 bl
gl 29S] by gl )5 sazme 093 s 4 s )S
JB (S LS LIS ABS il 57 4 cond (s 5pelS DS
&S S ol sl 90 2S5 b rizres Sl 2
SV USS casl 0aus 5 asties ol 3925 Cidld w40
L oadoly Shieels Slomeinl askd zhaw 5l gppal &

ssbaieds g S5 DS g See S8 s 4 ams e pli

q ol A 0 93 NE-) 23T Wl xl 393 9 il owiiie

Sa9Sl 5235 b gl yorh 58 09, 4 ool axkad 9.0 (7 9 (y29

SHSa Ll S5 idgSen b B i

b snli slaaay 288 18 sl 80 erbioly sl
3 5l el eadioly olakd lSle p (gilecjenls
i)l 3590 JESlog Sen (o) 5 53l jonelS wil b Slase
aild ) edeltunsdy (g9Smg oo pglal 4 9 S35 18
ol ol e blaou) cye S al)l ol S, g0 o
ol ABS-Ni s jssls lislusg S cls oyl b uggge
Syl aalsd 5 onsaizlu 2y jemels el ABS gl 5
&5 eSS b DM gamans Silr bwg caioly
Ao @ Y SS 0 )8 gyl pgar VTS illas
caadld ABS g5 zohe 5l el pilal oS
Oled 5 -V PSS el sl dslad 5 g el
FE30 edalie jshaieay &5 oog iy leaS ) b pglas
ot o grlincs elS digod grhaw 45 (60,150 53 ogan

A



U 9 Slisle s3a50 Hgluw

(FDM) (5293 (53lins 43¥ (s w3 (Hig) IS 034k AiE s ABS-Ni 3 )910l5” 52959 350 9 SSwillo olgd (52 )3 Jukxs

(z-VF JS8) 90,5 aseioe

10pm
100x

oolaul ‘_g).").i £ ‘ssLo..f)).a )‘ ‘ubé Q"‘ )_’;_era ool
).15..44 )bjod.ml..i}.n QS)S...A \&).14344‘515..40)05._\;.);

(<

50pum
— | 00X

Fig. 14 Microscopic images of the manufacturing process of ABS-Ni micro composite part
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