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Composite materials are materials that are made from a éombination of two
unique materials. The main problem in composite production is the de bonding
between the materials that make up the composite material. Research from the study
of Katayama et al. showed that polyethylene terephthalate can be welded to stainless
steel. It has been seen that combining these two materials into a product has the
potential to produce composite materials from two well-bonded materials. To confirm
this concept, this research was developed to study the feasibility of produced a
composite matrix made of polyethylene terephthalate reinforced with stainless steel
grating by hot compress method. And understanding the influence of class size,
number and orientation of stainless-steel grating on the properties of composite
materials. Experiments were able to produce fiber-reinforced composite material,
1 layer and 2-layer stainless steel grating by hot compress method. The stainless-steel
grating used, there are numbers 60 100 and 200. After the production of composite
materials. The composite materials will be investigates characteristics, macro-
sectional structure, density and tensile strength. The composite material investigates
found that the size and number of layers of mesh reinforcement. The size of the mesh,
stainless steel, and a large number of grid reinforcement layers increase fhe density
and strength of composite materials. As to the orientation of the stainless steel,

the grating has a relatively high effect cn the toughness of the new composite



material. Tensile testing for composite materials showed that stainless steel debonding
with polyethylene terephthalate. However, composite materials have high strength
comparable to combine base material. Therefore, it can be concluded that we can
produce a composite matrix made of polyethylene terephthalate reinforced with
stainless steel grating by extrusion method, and the size, number of layers and
direction of Stainless-steel grating reinforced composite material greatly affects the

properties of new composite materials.
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A13190 1.1 auiAmIanaveInoames uaazyiia

PROPERTIES PET HDPE LDPE PP PS PVC Epoxy
Density (kg/m3) 1370 940-965 910 - 928 902 -906 1050 1380 1116
Young’s modulus 2800 -3100 600 -1400 200 -400 1100 -1500 400-500 2900- 500
(MPa) 3300

Tensile strength (MPa) 55-75 20-32 8-12 30-38 25-69 50-80 73
%Elongation 175 570 450 21 4.5
Melting point (°C) 260 120 115 165 135 80 50
Impact strength (J/cm") 9 0.27-10.9 >854 0.27-1 1.09-5.44 0.32 1.1

(Characteristics, Applications and Properties of Polymer, 2016)
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A13190 1.2 aviavouduloaS s

Modulus of Ultimate % Specific
Material Cost, $/kg
Elastic (GPa) | Strength (MPa) | Elongation | gravity
Carbon fiber 230 2067 1-3 1.8 220-660
Aramid fiber 124 1379 4 1.43 330-440
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Stainless Steel (316L) 193 1700 19.0 8.0 193
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Stainless Steel (304) 240 1850 - 2100 33 8.06 38-48
(@=0.50-1.0)
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A13190 2.1 quiifveInedwes udazyila

Type Tensile Tensile Impact
Polymer® Modulus Strength  Elongation  Strength
GPaks) MPaks) % oo
Thermoplastic | Cellulose Acetate L594230) 376 (5.45) 38 150 (28)
Nylon 66 2070300 724 (105) 180 B0 L5
Polycrbonate 241340 hily  (HE) 115 790 (14.8)
Polydhylene (LD 039 37y 2001 (3 570 260 (50
Polyiethylene terephthalate) | 355(500) 655 (9.5) 175 24 045
Polyimethvimethacrylate) 00450 621 (90 6 20 (04
Polypropylene 138(200) 338 (49) 450 0 (13)
Polysulfone 248 (360) 703 (102) 75 64 (1.7
Thermosetting I"ﬂl_'ln"lrrllid.i: . N '||.fJ (450) _"4 Il.ff_"ll 61l 549 (L1}
Polyivinylchloride) (rigid) 3104800 482 (7D 2 545 (102
Polyurethane (rigid) IS55(5007 724 (105) 45 20 (04
Epoxy (cast) 241 (350) 56 (RS 45 320 e

fan Polymer Engineering Science and Viscoelasticity: An Introduction (1996), pp. 69
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M13197 2.2 autiaveadulewiianig

Density Tensile strength Young’s Modulus
Fiber s Elongation (%)

(g/cm’) (MPa) (GPa)
Aramid 1.4 3.3-3.7 3000-3150 63-67
E-glass 2.5 2.5-3 2000-3500 70
S-glass 2.5 2.8 4570 86
Jute 1.3-1.6 1.5-1.8 393-800 10-30
Sisal 1.33-1.5 2-14 400-700 9-38
Bamboo 1.2-1.5 1.9-2.3 500-575 27-40
Oil palm 0.7-1.6 4-8 50-400 0.6-9
Steel fiber AISI1020 7.8 13 648 206
Stainless Steel (316L) 8.0 19.0 1700 193
Stainless Steel (304) 8.06 33 1850 - 2100 240

711 (Balakrishnan, P 1482 A £2016; pp. 365-383.) (Verma, D i8¢ AL 2007) Kumar, R 4

AMNL2019) (Menezes, P.L tiagAdle 2012; pp. 329-345.)
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Angle between fibers and stress
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quasi-isotropic
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poly(ethylene terephthalate)
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Melt

Cooling

Solid
Amorphous Semi-Crystalline
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gﬂ‘ﬂ 2.9 i]Td’é]\‘lWi]G]ﬂiimﬂﬂWﬁﬂ"ll’f]x‘lW’E]ﬁlﬂJf]iWE]mE]‘ﬂﬁulﬂliﬂ‘ﬂ%ﬁﬂ \

(https://commons.wikimedia.org/)
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Reverse

Twilled Dutch Weave
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M13199 2.3 eruiavesmsanuduloas ueu ( https:/www.plastics.gl/)

Properties Plain weave Twilled Weave
Density (kg/m?) 1850 1850
Area (kg/m?) 1960 1980
Warp/inch & Weft/inch 12 16
Tensile strength (MPa) 0.3 0.147
Elongation % 1.25 1.85
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Composites
Processing

Thermaoset Composites Thermoplastic Composites
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Abstract

Currently. lightweight materials with high performance have been strongly needed to
meet the requirements of advanced structural materials. One of the promising
lightweight materials is the metals fiber reinforced plastic composite, which usually
gives good specific strength and high toughness. However, de-bonding between metal
fiber and plastic is the main problem in the production and utilization of the composite.
Fecently. Katayama, et. al. studied the dissimilar materials joming between plastics and
metals such as PET/SUS 304 and so on. The joint was succeeded with the reaction
between the metal oxide and functional group in the molecule of the polymer. The
possibility to join metal plastic may provide the new approach fo produce new design
composites. Thus. the objective of the study 1s fo investigate the feasibility to produce
stamnless steel fiber reinforced PET plastics composite (SFRP). In experiments. stainless
steel mesh and PET sheet with 0.5 mm of thickness were used as matenals to fabricate
the SFRP composite. The hot pressing of sandwich stacks with inserted SUS304 wire
mesh between two PET sheets was performed at 120°C. Results indicated that high
strength composite without de-bonding could be obtained.

Eeywords: Polyethylene terephthalate (PET). Stainless Steel grade 304 (SUS 304)

1. Introduction

Automotive part manufacturers have been challenged by new technologies concemed with
manufactring electric vehicles. In order to increase the distance of driving per charge. the application
of lightweight materials to reduce the energy consumption rate of electric vehicles, is needed [1]. In the
past 30 years ago, lightweight materials have been rapidly developed from high strength steel to
aluminum alloy, and then composites materials. Various composites materials have been developed
based on using the difference of the raw materials used such as CFRP composites that are produced with
carbon fiber and plastic. However. carbon fiber reinforced plastic provides low toughness, new fiber-
reinforced plastic has been needed to be developed in order to improve toughness. The metal fiber-
reinforced materials exhibit a 3 to 5 times higher elongation than typical continuous carbon and glass
fiber composites and can therefore provide an answer to improve toughness [2-3]. However, the plastic
matrix and metal reinforcement are difficult to bond. Therefore, after production, delamination between
plastic matrix and metal fiber is easily found [4]. In order to solve the problem. using the compatibility

Cnntcm from this work may be used under the tarms of the Creative Commons Attribution 3.0 licence. Any further distribution

L] of this work must maintain attribution to the authon(s) and the title of the work, joumnal citation and DOL
Published under licence by I0P Publishing Ltd 1
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between steel fiber and plastic to make fiber reinforced plastic composites will provide the opportunity
to obtain high quality materials. Katayama et al.. [5] applied the laser bonding for stainless steel/PET

composite fabrication. They succeeded in producing of good bonding between stainless steel and PET

by the reaction between a functional group in the molecule of the PET and the chromium oxide film on
the stainless-steel surface. Therefore, in this work, new composites materials developed by using PET as

a matrix, and stainless-steel as fiber have been studied in order to study the feasibility of producing new
composites materials.

2 Materials and Methods

2.1 Materials
Stainless steel fiber reinforced plastic composite (SFRP) was produced from stainless steel meshes and
polyethylene terephthalate (PET) plastic. The stainless-steel wire meshes as reinforced materials were

cut to a size of 70x20 mm. For the plastic matrix, the polyethylene terephthalate (PET) sheets with the
size of 60x190x0.5 mm were used. The material characteristic and their mechanical properties of both
materials are expressed in Table 1.

Table 1. Materials characteristics and their mechanical properties.

Materials Wire O Opening Maximum Load at 15 mm of the
(mm) (mm) width of the specimen (IN)
PET - - 169
SUS304 mesh 60 015 2710 485
SUS304 mesh 100 010 0.153 386
SUS304 mesh 200 0055 0432 314
2.2 Experimental procedures

SFRP composites were produced by using the compression molding technique with the MODEL PR2D-
W3tech00L350 PM-WCL machine as shown in Figure 1. The sandwich stack of stainless-stee]l mesh in
the middle between the PET sheets was performed as shown in Figure 2. The compressive molding
process was performed at a mold temperature of 120 OC, the pressure of 60 psi, and a curing time of 5
minutes. After curing, the mold was opened and the sandwich stack was cooled by dipping into the
water.

#
==l C s
. H seriatic s Mlould

| Size 250m250

Figure 1 Compression Figure 2. Schematic of SFRP composites stack layer.
Moulding machine (PET/SUS304 mesh /PET)
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The integrity of SFRP composites was then investigated by visual inspection, macrostructure
observation The macrostructure observation of SFRP composite cross-section was performed under the
stereo microscope and scanning electron microscopes (SEM). Moreover. SFRP composites were cut to
the tensile specimens as shown in Figure 3. The tensile testing was performed by Instron 4505 with a
crosshead moving speed of 2 mm/min After tensile testing. the failure samples were characterized under
SEM observation.

[ ] $isum
N |
A

" 175mm
Figure 3. The tensile test specimen shape.

3.Results and discussion

3.1 Visual Inspection of SFRP composite

The visual inspection results of the SFRP composite samples with the different wire sizes of stainless-
steel mesh were shown in Figure 4. Two layers of PET and stainless-steel mesh were perfectly welded
into a single sheet of SFRP composites. The width at the end of all SFRP samples as indicated by the
red dash line rectangular was wider than the width at the center of the SFRP sample. Moreover, in SFRP
composites with #200 of stainless-steel wire mesh. the tearing of stainless-steel wire mesh was found at
the edge of the sample as indicated in Figure 5. The tearing of stainless-steel wire at end of the SFRP
sample was caused by that the pressing process was carried out with no constraint. Thus, in order to
avoid such ending effect on the tensile test result, the tensile samples were cut only from the center of
the SFRP composite sample.

g -

Figure 4. The SFRP composites formed with different stainless-steel wire mesh sizes (a) SFRP
SUS304 mesh 60 (b) SFRP SUS304 mesh 100 (c) SFRP SUS304 mesh 200

Lsm'nless steel mesh inner tear J

l PET matrix is on the edge sides

PET mamix is on the edge sides out

Figure 5. Defect on the sample SFRP with SUS304 mesh 200 composites.
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3.2 Cross-sectional observations.
Figure 6 shows the cross-section observation of the SFRP composites reinforced with various stainless-

steel mesh sizes. From Figure 6, it could be realized that the PET was fully filled into the gaps between
the stainless-steel wire mesh. No porosity and gaps between the steel wire mesh and the PET matrix

were found under optical microscope observation However, at higher magnification observation of
cross-section of SFRP composites, porosity, and PET unfilled in the hole between the stainless-steel wire
mesh were observed as indicated in the dark spots in Figure 6. Although porosity and gaps were present,
good bonding between PET stainless steel was achieved as realized in Figure 7(c). Figure 7(g). and
Figure 7(j).

PR —p
SAs g-’ SPAAS O NS -

St el

(c) Tnm e—

Figure 6. Macrostructure of a cross-section of the SFRP composites, difference stainless - steel wire
mesh, @ SFRP SUS304 mesh 60 ¢b) SFRP SUS304 mesh 100 ) SFRP SUS304 mesh 200 composites.

Porosity

.\Qt.

Stamless steel PET

Stainless steet
g

(a) 11 s—

Stanless stee) PET

Stainless stéel
e 7 0.7% o o
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Figure 7.Shows the cross-section of the SFRP composites by SEM.

3.3 Tensile testing

Figure 8 shows the maximum tensile resistance loads of SFRP composites with different mesh sizes and
the theoretical maximum tensile resistance load of SFRP composites. The theoretical maximum tensile
resistance loads of SFRP composites were calculated from the summation of maximum load capacity of
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each material that were used fo fabricate the SFRP composites. From Figure 8, the experimental
maximum tensile resistance loads of the SFRP composites were better than that of the theoretical ones.

Moreover, the maximum tensile load of SFRP composites decreased with the lower load capacity of
stainless-steel wire mesh used as reinforcement. The elongation of SFRP with different stainless steel

wire mesh was shown in Figure 9. It could be recognized that the SFRP composites were ductile
materials due to high elongation. Using a larger stainless-steel wire mesh increased the elongation of the
SFRP. Moreover, the overview of fracture specimens after the tensile test were shown in Figure 10.
The stainlesssteel wire was broken in the perpendicular direction to tensile loading. SEM micrographs
as shown in Figure 11 reveal the ductile fracture of stainless-stee] wire. Furthermore, the de-bonding of
PET and stainless-steel wire after the tensile test was observed. Based on the above results, it could be
inferred that new SFRP composites have good mechanical properties. Delamination of PET and stainless
steel in the fracture samples occurred during tensile testing.

1200
[1] sus304 mesh 60
1000 |:| SUS304 mesh 100
200 S175304 mesh 200
PET
z 600 I SFRP SUS304 mesh 60
E 00 B sree sUS304 mesh 100
200 SFRP SUS 304 mesh 200
0 - =
2% B 0g mY Ry T8
£z fz  EAogd) °F 1%
gB Ea EZ EZ v T2
Bz s5 %8 3o g 87
g gz 2
E T N7 g z
B g ?} g = g
£ 2 2 £ 2 =
z 2 z = =

Figure 8 The Maximum tensile loading of SFRP in three different stainless-steel wire mesh sizes fiber
in the PET matrix.

%a  Elongation at break

Figure 9. The % elongation at break of SFRP composites in three different stainless-steel wire mesh
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(a) SFRP SUS304 mesh 60

-— o £ -
-_ ] R |

(b) SFRP SUS3(4 mesh 100

(c) SFRP SUS304 mesh 200

Figure 10. Fracture surface of the SFRP composites, three different stainless-steel wire mesh fiber size
in the PET matrix.

PLEY

- 4

K&\mm‘&’ s ,

J

Figure 11. Fracture surfaces of the SFRP composites, (a, d) SFRP SUS304 mesh 60, (b, e) SFRP SUS
304 mesh 100, (c, f) SFRP SUS 304 mesh 200 composites by SEM.

4. Conclusion

According to the results. SFRP composites made by stainless steel wire mesh and PET were successfully
produced by using a compressive molding process. Although some defects, such as porosities and no fill
with PET, were found the mechanical properties of developed the SFRP composites were still better
than that of raw materials. Moreover, good bonding between PET and stainless-steel wire mesh was
achieved, after production. However. after the tensile test. de-bonding between the PET and the stainless-
steel wire was still found. Ductile fracture of stainless-steel wire was also observed. The de-bonding
between the PET and stainless steel after the tensile test will be possibly solved by refining the
compressive molding process conditions in future work. Finally. it could be inferred that SFRP
composites between PET and stainless steel are the potential candidate list as a new composite material
used in lightweight structures.




88

Thel1th International Conference on Mechanical Engineering (TSME-ICOME 2020) IOP Publishing

IOP Conf Series: Materials Science and Engineering 1137 (2021) 012026 doi:10.1088/1757-8093/1137/1/012026

Acknowledgments
The authors gratefully acknowledge the IMIARU Research Unit at the Suranaree University of
Technology in support of the research work.

References

[1] Holmes M 2017 Reinf Plast. 61(5) 294-298

[2] Mosleh ¥ Clemens D Gorbatikh L Verpoest I and Vuure A 2015 J Reinf Plast. Compos. 34(8)
624-635

[3] Callens M G Gorbatikh L and Larissa G 2014 Compos. Part 4 Appl. Sci. Manuf 61 235-244

[4] YuZand Zhou A 2013 Mech. Adv. Mater. Struct. 20(5) 361-372

[5] Katayama S and Kawahito Y 2008 Scr. Mater. 59 1247-1250




Q s a 4 o ! o [ 2 z
UWANITAITUNG ﬁi’)"lalu‘lflﬂ mmﬁmuﬁ 16 SUNAN WNTANIIY 2532 Lillﬁﬂieﬂ"]fu

= ~ =) 9 g’l Y = A ~ [ o A [ v
ﬂizaNﬁﬂystmﬂumuwﬂa %umauﬁﬂmﬂimﬂuum’mm 2 DUNDIUDI WNIA
= 0o == Y = G a J J
UATIIBEAN Lm%fﬂlii]ﬂ'liﬁﬂﬂ'ligﬂﬂﬂiigﬂlﬂﬁi AMZIMINTIUAMaasuazaolaenssuemans

a a % a % = = d’ =\ 4

ﬁYU'I’J“]f'I’Jﬁ'JﬂiTJJ’Jﬁﬁ]ngIa‘ﬂﬂ'li urIneaema Tu lags1vuenaod1u !N@ﬂﬂﬂﬁﬁﬂﬁﬂf
1 [ a a a [ o v A J
2555 whdAnwIae luszaudSyg 1 ln @1v13dnanssudag dnindminssumans

a [V = ~ Y o a o v 9 o a a d Aa
NﬁTJﬂﬂ?ﬁﬂlﬂﬂIuIﬁﬁlt’QfﬁuWi T@Elhlﬂ'ﬂ'lﬂ'li'J"DEJGL‘L!W’Jﬂlﬁ]?ﬁ@!ﬂ@MW’ﬂﬁ@lW'ﬂam@i%uﬂ

a o

a aa a 9 < Y Y A (==
‘W'E)al,’e]‘VlﬁuL‘VlLi‘V\I‘ﬂHTCW]L’ﬁillLliﬂﬂﬂﬂﬂgllﬂiﬁlfﬂaﬂﬂﬁihliﬁ'ull E]Vﬂﬁi‘(’l‘ﬂﬂiﬂ‘]eﬂ

a o

Y 4 [ a a FVR) 4 L4 1
HYIYAITATINTY AT.TAU UTFNTNA UL HBIIAITATITY ﬂi.qyﬂjﬁl NANIHI 1”5314’31\1

= [ Y 1 [] Ao 1 Aa o G Y a A
fﬂiﬁﬂ‘]&lWSEIE)llﬂﬂJIﬁJﬂWﬁ‘B'JfJQWUﬂWfJiuﬁu'Juﬁl'J%fJWu@fJ’)i]fJﬂTiﬂig‘(’Jﬂ@]i"]fiﬁﬂ%')ﬂﬂWlWﬂﬂWi

43! = 9 a A dy
JugiTavz nazinaunea I M Nagl
Y [ 1 1 a a 1 g’; {
D ldmueunaadoiisiumsdszyuiviniinig lananewvalszmalne asen 11
v A = { a @ 4
(TMETC11) JU# 15-16 WAIN 16U 2561 N1 159450100 180310 /N1 Uy TA05N 2.501)3
A o a dy dy 3| a an a 9
599 T szneuoniuneaenaumisUniaa (PET) 130159828105
I Yy MY A
mannan 1ty
k) 1 a g}.: A 9 a 4
2) IdueunanuEiwnsUszguuIuInNanTIn 11 AmIRINTINA309na (ICoME 2020)

N 1-4 FUNAN 2020 ‘ﬁquaiwmﬁ, (594 Steel fiber/polyethylene terephthalate composites



	Cover
	Approved
	Abstract
	Acknowledgement
	Content
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	Chapter5
	Chapter6
	Reference
	Appendix
	Biography



