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Investigation of curing time and temperature effects on mechanical properties

and thermal degradation of artificial leather made of PVC
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Polyvinyl chloride owns a special place in various industries as the third most used polymer worldwide.
Due to the widespread usage of synthetic leather, one of the research gaps in this field is the study and
optimization of curing conditions. The present research aims to investigate the effects of temperature and
time of curing on the mechanical properties of synthetic leather to establish the optimal temperature and
time of curing. To this end, synthetic leather films were prepared using the knife coating technique (KCT).

Then specimens were placed at different temperatures and times to perform the curing process. Thermal
degradation was determined by checking the color of the samples. Also, to investigate the effect of curing
conditions on the mechanical behavior of synthetic leather, dumbbell-shaped samples were prepared and
subjected to uniaxial tensile tests. The results showed that due to the high molecular motions of the particles
at 190°C, the plasticizer penetrates well into the chains of emulsion PVVC and thus increases its mechanical
properties. Additionally, the mechanical properties of the synthetic leather were enhanced by increasing the
cure time at constant temperatures. Afterward, thermal degradation occurred due to the long-term curing
process, reducing mechanical properties. According to the obtained results, the curing conditions can
significantly affect the mechanical properties of synthetic leather. Likewise, identifying the optimal
temperature and time of curing in the artificial leather industry allows the development of products with

high mechanical properties without special fillers.

Please cite this article using: 9S oolitul 3 @be e 4 gl sl
Zamani, M., Shokrieh, M. M., “Investigation of curing time and temperature effects on mechanical properties and thermal degradation of artificial
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Table 2 Temperature and curing time of samples

190°C 180°C 170°C 160°C oy ol
v 6 min

v v v 8 min
v v v v 10 min
v v v v 12 min
v v 14 min

v v 16 min

v 18 min

4 Knife Coating Technique (KCT)
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Table 4 The ultimate tensile strength values of the samples MPa at
different temperatures and times of curing

190°C 180°C 170°C 160°C oy ol
- 6.87 - - 6 min
9.58 8.02 6.33 - 8 min
9.79 8.11 7.46 4.33 10 min
9.83 8.13 8.03 5.46 12 min
- 9.19 8.8 - 14 min

- 9.1 8.75 - 16 min

- - 8.7 - 18 min

Slite 3y loj g Lod o ladigad (S 455 Jgux
Table 5 The rupture strain of samples at different temperatures and times
of curing

190°C 180°C 170°C 160°C oy oleg
- %135 - - 6 min
%267 %232 %134 - 8 min
%268 %248 %217 %126 10 min
%268 %255 %232 %142 12 min
- %260 %254 - 14 min
- %258 %255 - 16 min
- - %250 - 18 min
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Fig. 3 Diagram of the changes in the elastic modulus of samples at
various temperatures and times of curing
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Fig. 2 Sample at the beginning of the tensile test (left) and during the
tensile test (right)
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Table 3 The elastic modulus values of the samples in MPa at
different temperatures and times of curing

190°C 180°C 170°C 160°C oy QL:')'
- 5.2 - - 6 min
7.59 5.67 5.4 - 8 min
7.93 5.68 5.43 5.17 10 min
7.96 5.93 5.58 5.22 12 min
- 7.15 6.2 - 14 min
- 7.28 6.34 - 16 min
- - 6.36 - 18 min
1 Fusion
2 Gelation
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Fig. 7 The effect of temperature and time of curing on color and
thermal degradation of samples
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Fig. 4 Diagram of the changes in the ultimate tensile strength of samples
at various temperatures and times of curing
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Fig. 5 Diagram of the changes in the rupture strain of samples at various
temperatures and times of curing
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Friction stir process (FSP) was used to improve hardness and tribological properties of Al-5083 aluminum
alloy through formation of metal matrix composite (MMC) material. The process involved the use of
titanium diboride powder (TiB;) and carbon nanotubes reinforcing materials. The number of passes during
the process was varied. Observations of the microstructure of the composite materials were made using
scanning electron microscopy (SEM), while the composited surface layers were examined using
microhardness testing. After conducting four passes using FSP, the surface nanocomposite obtained from
carbon nanotubes and TiB; yielded a maximum increase in hardness of 32.3%, and 21.6% compared to
the base alloy respectively. Moreover, the samples produced with four passes, containing carbon nanotubes,
showed a hardness 8% greater than the samples produced with the same number of passes, but with TiB..
Additionally, the highest wear resistance was also obtained using four passes. The wear resistance
exhibited by the carbon nanotube-reinforced composite was approximately 45% greater than the TiB,
powder-reinforced composite. Hence, the use of FSP can potentially increase the working life of the part
in wear conditions by up to 3.5 time.
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Fig 4 (a) Covering the groove using tool number one and (b)
performing the process with multiple passes using tool number two.
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Fig 5 SEM image using backscattered electron of samples with four
passes, (A) sample containing TiB, powder and (B) sample
containing MWCNT powder.
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Fig 6 Vickers hardness diagram of samples containing TiB, powder
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2o Wear test results TiB2
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Fig 8 Graph of weight loss of samples containing TiB, powder
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Fig 9 Graph of wear rate with pin sliding distance in samples
containing TiB, powder
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Fig 10 Graph of weight loss of samples containing MWCNT powder
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Fig 11 Graph of wear rate with pin sliding distance in samples

containing MWCNT powder
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A review of 4D printing of polymers and polymer composites
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Keywords Abstract
4D pfint!ngy Sh_ape memory PO|Yme_f§’ With the development and expansion of 3D printing and upgrading to 4D printing, it became possible for
Composites, Stimulus, Fused deposition static 3D printed structures to turn them into a dynamic structure over time by applying one or more stimuli

modeling (FDM)

simultaneously. 4D printing was able to transform a simple geometry into a complex geometry without the

need for printing the entire geometry from the beginning. Also, 4D printing reduced production costs,
wasted fewer materials, increased production speed, and added features such as self-assembly, self-
compatibility, and self-healing to the features related to 3D printed structures. In this study, first, different
types of smart materials (such as shape memory polymers, shape memory alloys, hydrogels, etc.) and
activation mechanisms (such as water, heat, pH, etc.) used in 4D printing were evaluated. Then, focusing
on polymers and polymer composites, the properties and characteristics of 4D printing were described. In
the following, the types of 3D printing methods utilized in the 4D printing of polymers were explained, and
in a separate section, the effect of the printing process parameters using an FDM printer on the response of
the materials used to the applied stimulus is discussed. Furthermore, the expansion of 4D printing in various
industries such as medicine, aerospace, sensors, robotics, and other fields of application in which 4D
printing entered was discussed and at the end of this study, the existing challenges and future opportunities

were profoundly discussed.
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Shape is printed through various AM techniques

!

Material is heated upto T; which is greater than T, (T=T,)

L

Material is stretched at T; with some amount of strain depending
over application

!

Under external stress structure is cooled upto T (T><T,) strain

¥ ining

L

External stress of structure is removed at T; (T:<T,)

U

Desired temporary shape is gained

!

Now structure can be reheated to T; to obtain its original state

Fig. 4 Classified diagram for the activation of shape memory polymers
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Fig. 5 Self-healing rubber composite at room temperature. The sequence of images from left to right shows cutting, connecting, repairing and stretching

the tire after healing [87]
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Fig. 12 a) Bucky ball printed by SLA printer, b) Final shape change in 65°C water, c) Initial shape before heating, d-h) Deformation stages over time

in 65°C water [124]
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Fig. 16 Pre-strain stored between layers in a specimen printed by a FDM
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Fabrication of sandwich panels with glass/vinylester composite face-sheets and
polyvinyl chloride (PVC) lattice core using vacuum infusion process for marine
applications

Tayebeh Akbari!, EIham Shahabi-Ghahfarokhi'®, Seyed Hosein Taghavian !, Moslem Najafi, Sajjad
Mahdavit

1- Faculty of Materials and Manufacturing Technologies, Malek Ashtar University of Technology, Iran.
* P.0.B. 1774-15875, Tehran, Iran, shahabi@mut.ac.ir

Keywords Abstract

In this research, a method based on the vacuum infusion process is proposed for making sandwich panels used in
the marine industry. The mechanical properties of the product made with this method have been significantly
improved compared to the adhesive bonding method, and also from an economic point of view, it’s cost-effective
to use this method. In this method, the construction of face-sheets and their adhesion to the core is done in a single
step, which results in some benefits such as reducing construction costs, increasing the production speed and
improving the quality of the face-sheets adhesion to the core. According to the intended application, i.e.
application in the marine industry, the core is made of grooved polyvinyl chloride (PVVC) foam and the face-sheets
are made of glass/vinyl ester, which are well-known materials in the marine industry. The mechanical properties
of the sandwich panel made by the proposed method have been investigated in both bending and compression
loading. The results indicate that in the product made with the proposed method, the bending strength has
increased by 78%, the compressive strength has increased by 92%, and the energy absorption has increased by
101% compared to the sandwich panel made by adhesive bonding method. The main factor in improving the
mechanical properties of this product is the creation of a network of resin in the empty space of the grooves,
which creates a structure similar to the foam filled honeycomb cores and strengthens the core, especially in the
thickness direction.

Sandwich panel,

Vacuum infusion process,
Grooved foam,

Marine application of composites
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Table 1 The main properties of sandwich panel components
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Fig. 1 Cross-grooved PVC foams, (a) shallow grooves, (b) through
thickness grooves, (c) desired convex curvature in through thickness
grooved foam and (d) finite concave curvature in through thickness
grooved foam
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Fig. 2 Placing peel ply and breather plies over the glass mold
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Fig. 3 Preform preparation steps, (a) laying up the lower face-sheet,
(b) core placement and (c) laying up the upper face-sheet
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Fig. 6 Curing resin at T=70°C using electrical heater
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Fig. 7 Separating the peel-ply from the fabricated sandwich panel
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Fig. 5 Penetration of resin into the preform over time in (a) t=3 min,
(b) t=14 min and (c) t=32 min
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Table 2 Dimensions of three point bending sample
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Fig. 10 Quality of cut surfaces using (a) water-jet and (b) table saw
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Fig. 8 The resin lattice solidified in the grooves
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Fig. 9 Face-sheets fabricated by vacuum infusion after cutting and
before adhesively bonding to the grooved foam core
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Fig. 13 Comparison of force-displacement diagrams obtained from
the three-point bending tests for sandwich panel samples with resin
lattice and without resin lattice
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Fig. 11 Probable defects in sandwich panel fabrication, (a) bubble
formation and (b) non-uniform thickness
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the through thickness compression test for sandwich panel samples
with resin lattice and without resin lattice
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Fig. 14 Failure appeared in (a) upper face-sheet and (b) lower face-
sheet in the sample with resin lattice under three-point bending test

Wged ;3 Sl s, () 5 YU 4y, (@) o cadoln] canss 14 IS
Slabakian i Gge3l Cov g, 4 gl

SLd yg031-2-8
ool lg oo 4S5 60V g8 amans 90 3l aolanl L 15 JSi gillae jLid g0l
bt gelas el 00 plomil 0,5 o8 o talesT igas b anlie o 1,
2 0mb s Vb by, (5a) GGl b el sad (6,5 0085, mraSd b diged
Sy Al s 4 (See w> Bodly 65151 5 0ol ol 3 2SS (5,
5 00 S8 lasie b a8 olfius 5l lid slagyge;] plosl sy 5
£ by abule JiS ey b o 8L ol oad ool 1-3 s
el 4l aalol 14 MM Slul> b yg051 5 Jlee! 3 mm/min

Sl 4o 99 5 (s 45ed G shol aigad sl aiye 99 (305
oy Ad A8l digel (gl cnl oals ST (g, 4 w3l) vl gl
P Ele (0 (Sen 4 &S Cusl S35 K0Sy 4 Sl Hlogad g
93 Om (Sl Dol gy 4D Sl wges ;5 Lol 03,5 ajl i3, S
D925 g dged 93 )0 (Luj, b HRedl JlSle 4 a5 wl csalie jloges
ol o Sl obml g ) a0d Culis o (BIESL Gazen (s
9 (R 45ad 33 Lgad g5 glp cadplonl 1SS g (Sl 98 o0 bgiye
o dulie 5305, 116 IS5 4o 35, S (slls aiges

- |
Fig. 15 The sample in the through thickness compression fixture

Cualied (slily o JLid (ygoil 1zaSd 50 igai (555,13 15 IS

1 Plateau part



O 5 5 ST aub

)3 G833 5l (VIP) Ua )3 53055 o) & Suibno At b oz 935k iy esdlio

(b-=)

Fig. 18 Deformation of the sample with resin lattice under through
thickness compression, (a) four sides of the first samples and (b)
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azg oz (Gll) b ye JLid 1,5 ), ASad a3 digas IS ks 17 JSCB
P Wged (lr azg ez (9) 5 ol diges (>

! Local buckling
2 Elastic foundation

2174

S )920lS (59U 9 pole Ay s



0940l (5 )9Ud 9 pole &y puiss

Ul 5 5 51 aub

S 65183 )5 S (VIP) Sa )3 52035 b)) 49 Suidno aiand b 57 935be Jig el

with CNT-reinforced composite layers using Galerkin method”, In
Persian, Journal of Science and Technology of Composites, Vol. 8,
No. 3, pp. 1677-1686, 2022

[17]Hou, S., Li, T., Jia, Z. and Wang, L., “Mechanical properties of
sandwich composites with 3d-printed auxetic and non-auxetic lattice
cores under low velocity impact”, Materials & Design, Vol. 160, No.
1, pp. 1305-1321, 2018.

[18]Mazloomi, M.S. and Ranjbar, M., “Hybrid design optimization of
sandwich panels with gradient shape anti-tetrachiral auxetic core for
vibroacoustic applications”, Transport in Porous Media, Vol 9, No.
1, pp. 1-8, 2021.

[19] Khorshidi, K. and Shabani, Y., “Free vibration analysis of sandwich
plates with magnetorheological smart fluid core by using modified
shear deformation theory,” In Persian, Journal of Science and
Technology of Composites, Vol. 8, No. 4, pp. 1826-1835, 2022.

[20]Najafi, M. and Eslami-Farsani, R., “Introducing novel sandwich
panels based on of cork/polyurethane foam hybrid core and
composite grid structure for marine applications”, In Persian,
Journal of Science and Technology of Composites, Vol. 7, No. 3, pp.
1064-1075, 2020.

[21]Karlsson, K.F. and Astrém, B.T., “Manufacturing and applications
of structural sandwich components”, Composites Part A: Applied
Science and Manufacturing, Vol. 28, No. 2, pp. 97-111, 1997.

[22] Krzyzak, A., Mazur, M., Gajewski, M., Drozd, K., Komorek, A. and
Przybytek P., “Sandwich structured composites for aeronautics:
methods of manufacturing affecting some mechanical properties”,
International Journal of Aerospace Engineering, Vol 1, No. 1, pp 1-
10, 2016.

[23] Yousefi, A.L., Mohammadi, B. and Anbarzadeh, E., “Experimental
study of bond strength between core and composite layers under
tensile and shear loads in different methods of fabricating nucleate
composite structures”, In Persian, Journal of Science and
Technology of Composites, Vol. 8, No. 3, pp. 1659-1667, 2022.

[24]Halimi, F., Golzar, M., Asadi, P. and Beheshty, M.H., “Core
modifications of sandwich panels fabricated by vacuum-assisted
resin transfer molding”, Journal of composite materials, Vol. 47, No.
15, pp. 853-863, 2013.

[25] Standard Test Method for Flexural Properties of Sandwich
Constructions, Annual Book of ASTM Standard, C 393-00, 2000.

[26]Standard Test Method for Flatwise Compressive Properties of
Composite Cores, Annual Book of ASTM Standard, C 365/365-11a,
2011.

[27] Ziaie, M., Zamani, F., Homayouni, S., Khaledi, H., Qaregani, A.,
Ziaie, M., “Numerical and experimental study on mechanical
properties of glass fiber-reinforced polymer sandwich structure with
polyurethane foam-filled M-shaped core”, Polymer Composites,
Vol. 44, No. 2, pp. 1054-1070, 2023.

2175

&5

[1] Khodaei, M., Safarabadi-Farahani, M. and Haghighi-Yazdi, M.,

“Numerical investigation of high velocity impact on foam-filled

honeycomb structures including foam fracture model”, Mechanics

of Advanced Materials and Structures, Vol. 29, No. 4, pp. 748-760,
2022.

[2] Jayaram, R. S., Nagarajan, V.A. and Kumar, K.V., “Compression
and low velocity impact response of sandwich panels with polyester
pin-reinforced foam filled honeycomb core”, Journal of Sandwich
Structures & Materials, Vol 21, No 6, pp 2014-2030, 2019.

[3] Jayaram, R. S., Nagarajan, V.A. and Kumar, K.V., “Low velocity
impact and compression after impact behaviour of polyester pin-
reinforced foam filled honeycomb sandwich panels”, Journal of
Sandwich Structures & Materials, Vol 24, No 1, pp157-173, 2022

[4] Masoumiasl, S. and Rahimi, G.H., “Experimental and numerical
investigation of effect of shape of ribs on flexural behavior of curved
composite sandwich panels with lattice core”, In Persian, Journal of
Science and Technology of Composites, Vol. 6, No. 3, pp. 351-362,
2019.

[5] Zarei, M. and Rahimi, G.H., “Global buckling load calculation of
the of sandwich conical shells with lattice cores subjected to axial
compression loading using a novel smeared method”, In Persian,
Journal of Science and Technology of Composites, Vol. 7, No. 4, pp.
1217-1226, 2021.

[6] Zarei. M, Rahimi. G.H. and Hemmatnezhad. M., “A novel smeared
method for investigating the free vibrations of sandwich conical
shells with lattice cores”, In Persian, Journal of Science and
Technology of Composites, Vol. 7, No. 4, pp. 1163-1170, 2021.

[7] Heidari-shahmaleki, E. and Zeinedini. A., “Application of
cotton/epoxy laminated composites to fabricate the uni- and bi-
directional cosine corrugated cores sandwich panels”, In Persian,
Journal of Science and Technology of Composites, Vol. 2, No.7, pp.
863-872, 2020.

[8] Maher, R., Khalili, S. M. R. and Eslami-Farsani, R., “The effect of
shape memory wire on the ballistic behavior of smart corrugated
core sandwich panels”,In Persian, Journal of Science and
Technology of Composites, Vol. 8, No. 2, pp. 1612-1627, 2021.

[9] Taghizadeh, S.A., Farrokhabadi, A., Liaghat, G.H., Pedram, E.,
Malekinejad, H., Mohammadi, S.F. and Ahmadi, H.
“Characterization of compressive behavior of PVC foam filled
composite sandwich panels with different corrugated core shapes”,
Thin-Walled Structures, Vol 135, No 1, pp. 160-172, 2019.

[10] Balikoglu, F., Demircioglu, T. K. and Arslan, N., “Compressive and
flexural behaviour of pin reinforced marine composite sandwich
beams”, Proceedings of the IV international EGE composite
materials symposium, pp. 454-461, 1zmir, Turkey, 2018

[11] Toluei, A. and Etemadi, E., “Mechanical properties of
multifunctional composite structures with z-pin core using
numerical simulation of Hopkinson pressure bar test device”, In
Persian, Journal of Science and Technology of Composites, Vol. 7,
No. 1, pp. 683-693, 2020.

[12]Rahmani, M., Mohammadi, Y. and Kakavand, F., “Vibration
analysis of truncated conical sandwich shell with porous FG core in
different thermal loading ”, In Persian, Journal of Science and
Technology of Composites, Vol. 7, No. 1, pp. 694-704, 2020.

[13] Torabizadeh, M.A., “Experimental study of the effect of impact
shape and skin layout on the behavior of aluminum foam core
sandwich panels at low velocity impact load”, In Persian, Journal of
Science and Technology of Composites, Vol. 7, No. 4, pp. 1153-
1162, 2021.

[14]Yan, L.L., Yu, B, Han, B., Chen, C.Q., Zhang, Q.C. and Lu, T.J.,
“Compressive strength and energy absorption of sandwich panels
with aluminum foam-filled corrugated cores”, Composites Science
and Technology Vol 24, No. 86, pp. 142-148, 2013.

[15]Wu, Z., Liu, W., Wang, L., Fang, H. and Hui, D., “Theoretical and
experimental study of foam-filled lattice composite panels under
quasi-static compression loading” Composites Part B: Engineering,
Vol. 60, No. 1, pp.329-340, 2014.

[16]Shabani, Y. and Khorshidi, K., “Free vibration analysis of
rectangular doubly curved auxetic-core sandwich panels integrated



2176-2183 PP L ooless 10 ol

o

SR 93y el &y s

H}”ﬁw $5ls 5 pole

| http://jstc.iust.ac.ir

u’/,i:,»'«fuf. s

6 uol (Gl Aty wioo BLII o j9p0lS (el b g Jlail plSominnl (us 2

ool (paoly FF osle (g domba (Sesle (oaixo

Ol ol Cearo g ple oKl (Sl pwiiges ()l ol IS (s9zetils -1
Ol eolpl Caio 5 ple olKzils (Sl cmwiigee lolinl -2

O el Cao 5 ale oKl (Sl i jLetils -3
rezvanabedini@iust.ac.ir 13114-16846 ., ss0c0 #

ol

=

Al wleMb!

o 0 42 BB jsbay o red 4 ai)ls 65V Sl 5 ,See olisS BLII slacy j5elS 4y s wios BLII slacy jouelS
Jlosl b a3 cal 55 wilise (Sl ) (ool d sz b jspals Jlail ngi slot, 5l (o wigdoo oolinul 5 o (5o
5 o) JLal o 55 ol ctalsd g0 Ll o 45 (55,258 100 5 15) YL LuilS 5 5 (215 2000 1 100) YL g5 bl |
26 0l Ly 4t CaspolS 5yl o il ol s 4 3255 ) Spise b & e 59 e el
15 ol o Ayl oz Jlailly gl b e Ll Ll 4 5 el onbarslo sl plSirind o LI g 5 anly Y olid
o Syolh ) Shgz | ey 9 2055 S ASTM DBBE8 » lusll 4y arsi L laaisai quaiss, ad Jlail ©)50a Jlail oo,
f”’l"’a VS, )‘ oolatul o canline &.)|5" 9 )Lmj ‘UL") 6‘)” JA""?"‘" S99 ksLa’)"‘"')h gJ"’g)f ).]a; 2 L ‘_\,..._é)f )‘)3 u“")"_u‘“'“‘s U?“’)-l
Aol x50 90 o3l bay¥ soled BLIl Cgz yuss b oo o (i0l381 1) ez ploinl Lawly 4Y oLd Gleeay alls ol
s JLall oz Jlal anglie o .28l palS ol CudS g ad i Sy seudy (F35095m JlEe 5 A8l (g )laEe (Aex
JERES d)..a L)Ln) )‘ J...aS )L:.....n e JL@.\‘ JERRW Jj..a UL") e 9 09 JLQJ‘ P\SJLA...A‘ )‘ J.»YL» e f&;ﬁ.ﬂ:l )Lu.a

el 0397 oz L

1402/03/01 -8l ,»
1402/05/02 - 13

1 lganls

Syl Shex

6 el s g jondls’
Cedlyge i CajealS

Sl Ghg

Cadlge 5 CujgealsS (mo Ll
(@sey) oo Sl g jgralS

Investigating the strength of the ultrasonic welding of the polyamide 6

continuous fiber glass composite

Mojtaba Abedini Nodoushan, Rezvan Abedini®, Ramin Hashemi

School of Mechanical Engineering, Iran University of Science and Technology, Tehran, Iran
* P.0.B. 16846-13114, Tehran, Iran, rezvanabedini@iust.ac.ir

Keywords Abstract
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Composites of continuous fibers have higher mechanical performance than short fibers, which is why they are
produced and used significantly in the aviation industry. One of the new methods of joining composites is
ultrasonic welding. In this process, by applying high power (100 to 2000 watts) and high frequency (15 to 100

Lap shear joint, kHz)_vibrations to the joint of two parts, heat is generate_d in the joint a_nd causes the two parts to stick together.

Continuous fiber glass composite In this research, the parameters of the ultrasonic welding of polyamide 6 glass composite, the effect of the
interlayer film, and the direction of the fibers on the strength of the connection have been investigated. Ultimately,
the ultrasonic welding connection has been compared with the adhesive bond. In examining the connection as an
edge-to-edge connection, the samples were cut according to ASTM D5868 standard and subjected to a tensile-
shear test after ultrasonic welding. Considering the average input parameters for time, pressure, and power, it was
observed that using a pure polymer film layer as the interlayer film increases the welding strength. By changing
the direction of the fibers of all layers by 90 degrees, the welding strength decreased a little. The amount of
polymer and fiber protrusion increased, and the appearance quality decreased. In comparing the welding
connection with the adhesive bond, the value of the welding strength was higher than the strength of the adhesive
connection. Also, the time spent on the welding connection was much less than on the adhesive bonding.

Please cite this article using: 9S oolitul o @be 3l dllie 4 gl 6l
Abedini Nodoushan, M., Abedini R, A., Hashemi, R., “Investigating the strength of the ultrasonic welding of the polyamide 6 continuous fiber glass

composite,” In Persian, Journal of Science and Technology of Composites, Vol. 10, No. 1, pp. 2176-2183, 2023.
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system [5]
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Fig. 2 Schematic of ultrasonic welding equipment [13]
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Fig. 5 Parameters and factors affecting ultrasonic welding of
polymers and polymer based composites
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Fig. 6 The polymer ultrasonic welding device and polymer base
composites used in this research, A) pneumatic actuator, B)
vibration set including transducer, booster and horn, C) power
source and controller
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2 Scanning Electron Microscopy (SEM)
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Fig. 7 The view of the welding area and sample 2F before and after
welding, A) a part of the interface film after welding, B) polymer
and fiber protrusion, C) the welding area of sample 2F before
welding
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Table 2 Strength results of original samples without film
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Fig. 10 Tensile-shear diagrams of adhesive joint (ADG) samples,
ultrasonic welding joint without film (9) and with film (9F)
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Table 3 Strength results of welded samples with interlayer film
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Investigating the mechanical behavior and microstructure of basalt fibers-

aluminum composite fabricated by thixomixing method

Mohammad Kangooie!, Reza Eslami-Farsanit*

1- Faculty of Materials Science and Engineering, K. N. Toosi University of Technology, Tehran, Iran.
* P.0.B 19919-43344, Tehran, Iran. eslami@kntu.ac.ir

Keywords Abstract
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Fabricating Metal matrix composites (MMCs) reinforced by fibers is one of the biggest issues in the
engineering in various industries, due to production limitations. In this research, it has been tried to fabricate
aluminum matrix composites reinforced by fibers through thixomixing as a novel method in semi-solid

Hardness Behavior, state and by helping shear force. For doing this, the basalt fibers (with the volume fraction of 2, 4, and 6)
Basalt Fibers were dispersed into the molten A356 aluminum and by creating the shear mixing in the range of semi-solid
temperature of aluminum, the composites were fabricated. For investigating the mechanical behavior of
fabricated composites, the Brinell hardness and shear punch tests were used. Also, microstructural
investigations and elemental analysis by scanning electron microscope were performed. The obtained
results showed that by increasing the fibers content, the hardness and shear strength were simultaneously
improved, which resulted in improvement of the ultimate strength of composite. The shear strength was
increased from 119.1 MPa (for without fibers sample) to 132.3 MPa (in reinforced composite by 6 vol.%
basalt fibers). Also, the hardness test results showed an increase in Brinell hardness from 62.3 to 70.8 Hb
in the sample with 6 vol.% of basalt fibers. The ultimate tensile strength in this sample also showed 10.9%
improvement. Microstructural investigations depicted that the formation of intermetallic compounds at the

interface improved the mechanical properties.
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Eslami-Farsani, R., Knagooie, M., “Investigation the mechanical behavior and microstructure of basalt fibers aluminium composite fabricated by

thixomixing method,” In Persian, Journal of Science and Technology of Composites, Vol. 10, No.
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Fig. 1 The used mixture device for fabricating composite by thixomixing
method, a) device image, and b) scheme of device
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Fig. 2 the fabricated basalt fibers/aluminum composite by thixomixing
method, a) casted sample, and b) extruded sample
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Table 1 The measured and calculated densities of basalt fibers/aluminum
composite by thixomixing method
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Fig. 4 The variation between measured and calculated densities in basalt
fibers/aluminum composites by thixomixing method

/l°5"“‘"“‘°5‘ﬂ sl j9elS ;o sadaiulns g 0uld ‘_g):fa}l.)dl éJLi> glay 4 JS..‘::
i ol YS! g, 4y eadazsle il BLJI

2187

Ol Bn @l sesl G 00 Gir o5 Silad jsbay 3 S
B e Sl sabhaie o diged IS yesS gl (ol 4 az gl b aes e
&ly lopls sailaie 5l )5 (IS8 s a5l (g el 55 poko dis
1y S slaigas 25 S glalsind st o903l cal 5o 116] o5
1 MM Colrs 4 bdiges ooy dmw Goojl sl 0ls by coll Ce pu
Wb 0wl 0.7 MM Cualbes a4 Gje0beans b g 03,55 i OIS g Jaugs
3.225 MM (go,a> ,had ¢ 3175 MM gzl s clasin b gl JJB
el Jlo g olKiws L) e slod ;0 (Sl (sl g0l .o ol
b s,tslog, Sldlas ab pbsl 0.25 mmmin? ce,w b (20 kKN
&5 55 L Philips Jos SEM) itug; s Sl wogSasg Sena 5l ooliciu
SregSeml 5 585 2 05 S ergil (9 2S slagics ) jeme BOKV
o el 6551 S

Punch axis

Upper half mold
Sample

Lower half mold

Fig. 3 Schematic illustration of sample during shear in punch shear test
o2 @b g3l 5 e Jl o dised 5l Silad g 3 IS

Sy g s -3
il S fpguinagl o jouals K> -1-3
s DS g, 55 55 85500 Sl psliiass LS el s &
09> 4 l99 39,5 ;B oald a5, (hjeealS sladiges jo Sl e
SmelS glaaiges a5 cul i Lo eee 4 sl Gl bag)]
el 09 aSTln b 2alS Lol )0 35290 JoUSS (lie b aigd 392051
Bao b ol i g Soled o a5 oud L JH mhaw o po RalS
3g5ST 6l camlin slos d17] liins S0 guls oluly 05 oo b
. Cesl 450-400 °C s3gams 13 coguivagd] (slodigas

dmbre 6,985 (I8 5 (Ml JB & il 55 535 (omyn
4 U cwl oad 00y5l 1 Joux jo ol auls a5 Wgd anglis KuSG Ly
=ly 5 5)s8 Sz 58 538 ols lis jelateas 1 Jgoor bl 5
S a5 ol 534 oY el odd ey oddaSle sy jemelS o
ol 00 dsline 2 alaly yulusl g ladogline 5il8 5l oy j9.0lS Jo (5,555

Pc = PrVr + pmVin @

& ajemelS JE> oS5 a4 Vin g pm Vi pr ope 2 alayl) jo oS

L owias a8 L )0 2.69 /em® pseiagll > 52518 LI JS>
2 S5l Cujeels ally (JBs o5 0 S osalie Gl o0 4 L 4 4y
SLI asje il b sl e 2.643 glem® il BUI oo oo
S By IS (ogiesll a5 (som 203 4 & s 5 L
&> 0 Sglis pac o .l 2.637 g/em3 Jlacie ples g 08,55 Sk



Sl SoMuwl ho')}k;}fif..\m

o Oy YL s & obaials wall b Sl e ssise sl T i ssals il 5 5 Sle i) w2

1200

1000 4

Force (N}

[ 0.1 0.2 0.3 0.4 0.5

Displacement (mm)

Fig. 6 The force-displacement curves of shear punch test for fabricated
basalt fibers/aluminum composites by thixomixing method
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Fig. 5 The Brinell hardness for basalt fibers/aluminum composites by
thixomixing method
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Fig. 9 Etched semi-solid sample, a) AlsFeSi/ AlgFe,Si, intermetallic, b)

primary Si
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Fig. 7 The ultimate shear strength for fabricated basalt fibers/aluminum
composites by thixomixing method
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Fig. 8 The ultimate tensile strength for fabricated basalt fibers/aluminum
composites by thixomixing method
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Fig. 11 SEM images from un-etched samples, a) sample with 2 vol.% of
fibers, b) sample with 4 vol.% of fibers, c) sample with 6 vol.% of fibers
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Fig. 10 SEM images from etched samples, a) sample with 2 vol.% of
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(A- AlsFeSi/ AlgFe;Si, intermetallic, B- primary Si, B¢ basalt fibers)
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