w  ThaiGerman TGGS COLLOQUIUM
TGGS Graduate School | lH@IRE PG E® Y-
P - STUDENT.2020

. may 20, 2020 at 09.30-12.00
\“ed(\GSdOg- Via Cisco Webex Webseminar

PERFORMANCE ASSESSMENT OF HYBRID
FIBERS REINFORCED COMPOSITES UNDER
TRIBOLOGICAL CONDITIONS

as Gowda Thyavihalli




ACKNOWLEDGMENT

Dr.-Ing. habil. Suchart Siengchin,President, KMUTN.

and Production Engineering (I-DMPE), Ac
rtment & Board of Management, TGG

-Researchers ,m




BACKGROUND

* The recent research and development in the field of
materials science and technology focuses attention towards
the potential utilization of biodegradable materials 1n
various applications.

* The development of ecofriendly materials of any kind 1s
necessary for new demands.

 The development of composite materials utilized to solve
technological problems i1s one of the most significant
advances 1n the field of materials science.

* Today, composite materials appear to be the choice for
many engineering applications.



SCOPE OF THE STUDY

* In the present work, natural and synthetic fibers are to be
selected as reinforced fibers and then hybrid fiber
composites are to be fabricated by different manufacturing
techniques.

The physical, mechanical and tribological performances of
these hybrid fibers reinforced composites are to be
systematically evaluated and studied.

Furthermore, the effects of hybrid fibers on wear
mechanism are to be studied based on the worn surfaces
morphologies.



PURPOSE OF THE STUDY

* Over the past several years, many material scientists and
formulation designers studied on the appropriate
combination of reinforced fibers for tribological
applications.

The fundamental problem of incorporating and selecting the
right combination of reinforced fibers tribological
applications for has not yet been properly addressed, and
which needs further research.



INTRODUCTION

- 1s a structural material that consists
re combined constituents that are combi
opic level and are not soluble in each
is called the reinforcing phas

bedded i1s called the




ASSIFICATION OF COMPOSI'T
MATERIALS

on the matrix materials
Matrix Composites (MMCs)

atrix Composites (CMCs)

ix Composites (PMCs):
¢ classified 1nto tw



» FRPCs are composed of natural and synthetic fibers which can be
manufactured with or without the application of filler material.

» FRPCs are mainly categorized as natural fiber composites (NFCs) and
synthetic fiber composites (SFCs).

Major drawbacks of synthetic fiber composites

» Though the composites made from synthetic fibers possess high
strength, the field of application 1s restricted because of their higher
cost of production and low biodegradability.

» Although SFCs have excellent mechanical properties but the process
of disposal 1s very difficult due to severe environmental concern and
process of recycling of these composites has been serious problems.

» Health problems during processing of composites like skin irritation,
allergy, respiratory problems etc.



NATURAL FIBER COMPOSITES

» The increasing demand for green, environment friendly
has resulted in new natural fiber based materials as
replacements for non-degradable materials.

» Due to significant weight savings and low cost of raw
materials the automobile industry begun to apply natural
fiber composites in a variety of exterior and interior
applications.

» The usage of natural fiber based composite materials is
growing during recent years due to their specific
properties, clearly positive environmental impact,
economical production, processing and their safe handling
and working conditions.
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Ll e |
My

! I Conefproasd reeds ]

Bamboo
Harasse

Espario




(- SecondarywallS1
- Winofhi
Celldosecrealine e
it

‘%m%v {\1\!\1!1 /

‘“I el .'““’l.

Microfibris (consists

el 3‘2' l‘\\\L[[ -.

Advantages

Low specific weight resulis in a higher specific strength and stifiness than glass Immﬂisﬂl,&pﬂhllyinpdmm

Production with low investment at low cost Mmmaﬁimmﬂhgnfﬂtﬁhmi
Friendly processing, no wear of tools and no skin irritation

High electricl resistant

Bindegradable

Thermal recycling is possible Price fluctuation by harvest results or agricultural politics




HEMICAL COMPOSITIONS OF SOME NATURAL FIB

Cellulose | Hemicelluloses Moisture
(wt.%) (wt.%) Content (%)

Prosopis juliflora 61.65 16.14 17.11 0.61 9.48 5.2
Acacia leucophloea 68.09 13.60 17.73 0.55 8.83 -
Sanseviera cylindrica 79.7 10.13 3.8 0.09 3.08 -
Agave 68.42 4.85 4.85 0.26 7.69 -
Areca 53.2 32.98 7.2% - - -
Bamboo 33-45 30 20-25 - - -
Borassus 53.40 29.6 17.00 - - -
Banana 60-65 6-8 5-10 - - 1.2
Jute 59-71 12-13 11.8-12.9 - - 0.7
Sisal 60-67 10-15 8-12 - - 0.14-0.87
Kenaf 31-72 20.3-21.5 8-19 - - -
Pineapple leaf 70-83 - 5-12.7 - 11.8 -
Century plant 71.65 22.24 6.09 - - -



MECHANICAL AND PHYSICAL PROPERTIES OF SOME

FIBERS
Fiber Density (g/cm3) Tensile strength Young’s modulus Elongation at break
(MPa) (GPa) (%)
Jute 1.23 325-770 37.5-55 2.5
Flax 1.38 700-1000 60-70 2.3
Hemp 1.35 530-1110 45 3
Ramie 1.44 915 23 3.7
Banana 1.35 721.5-910 29 2
Bagasse 1.2 290 17 1.1
Areca 1-1.1 147- 322 3.5-5.7 10.1-13.2
Pineapple 1.5 1020-1600 71 0.8
Kenaf 1.2 745-930 41 1.6
Coir 1.2 140.5-175 6 27.5
Sisal 1.2 460-855 15.5 8
Abaca 1.5 410-810 41 3.4
Cotton 1.21 250-500 6-10 7
Nettle 1.51 650 38 1.7




HYBRID COMPOSITES

» The word “hybrid” is derived from Greek- Latin origin and can be
defined as the material composed of different mixture of matrices
combined with two or more reinforcing and filler material.

» The important advantage of using hybrid composite is that, since it 1s
made up of more than one fiber if any one fiber lacks certain
characteristics 1t can be complemented by other fiber and also
balance in cost and performance of this type of composite could be
obtained by proper material design considerations.

» Better results could be obtained by hybrid composites depending
upon various properties like individual fiber length, structure of
fiber, fiber content and its orientation, fiber to matrix bonding, fibers
arrangement and finally dependent on the failure strain of each fibers
In composite.
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Highlights

Advantages

Synthetic-natural
fibres hybrids

~ Glass-jute fibre hybrids

- Hybrid had higher mechanical properties
when compared with non-hybrid jute rein-
forced composite

— Reduction of degradation of jute fibres

— Balancing performance and cost
- Reducing moisture absorption
— Improved mechanical propertics

~ Carbon-flax fibre hy-
brids

~ Hybrid had increased mechanical properties
when compared to non-hybrid woven flax re-
inforced composites

— Improved mechanical properties

— Carbon-jute fibre hy-
brids

— Mechanical properties of hybrid material are
higher than that of non-hybrid jute reinforced
composites

— Improved mechanical properties
— Hybrid can replace non hyhbrid
carbon reinforced composite

~ Kenaf-jute fibre hybrids
—Kenaf-hemp fibre hy-
brids

— Hybnd composites absorbed less water in
comparison to non-hybrid kenaf, jute and
hemp reinforced composites

— Hybrid composites had higher mechanical
properties in comparison to non-hybrid kenaf,
jute and hemp reinforced composites

- Low cost
— Mimimal improvement of mechan-
ical and water resistance properties

— Seaweed-sugar palm
fibre hybrids

— Hybrid composites had slightly improved ten-
sile and flexural strengths with lower impact
resistance

- Low cost
— Minimal improvement of mechan-
ical and water resistance propertics

Hybrid

NANOCOMPOSIESs

—0il palm fibres-clay
hybrid

—~ Mechanical properties of hybrid showed sig-
nificant increase when compared to non-hy-
brid oil palm fibre reinforced composites

= Low cost
- Significant improvement of me-

chanical properties

—~Pine cone fibres-clay
hybrid

— Tensile moduls of hybrid composite increase
with increasing loading

— Low cost
- Significant improvement of ten-
sile modulus

—Kenaf fibres- oil palm
nanofiller

— Kenaf- Montmonllonite
(MMT) and organically
modified montmonl-
lonite (OMMT)

— Mechanical properties of hybrid showed sig-
nificant increase when compared to non-hy-
brid kenaf fibre reinforced composites

— Low cost
- Significant improvement of me-
chanical properties




REVIEW ON MECHANICAL PROPERTIES OF
NATURAL FIBER HYBRID COMPOSITES

Fiber alkali treatment, water

Coir/glass fiber Polyester Close mold _ J. Rout et al.
absorption property
Oil palm empty fruit Phenol- Hand Ia Tensile, flexural and impact properties, | M.S. Sreekala et
bunch/ glass fiber formaldehyde(PF) o hardness, density and void formation al.
Phenol Hand layup, Adhesion between fibre and matrix,
Banana/glass fiber Compression Tensile properties, Flexural behaviour, | S. Joseph et al.
formaldehyde(PF) , _
moulding Impact behavior
Biofibre (pineapple Tensile, Flexural and impact strength, | S. Mishra et al.
Unsaturated . :
leaf fibre/ Ivest Hand layup fibre—matrix interaction, water
olyester :
sisal fibre)/ glass fibre PR absorption property
Banana/Hemp/glass B Mold la Tensile, flexural and impact strength, | R. Bhoopathi et
oX 0
fibers B S SEM analysis al.
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moulding

Glass/natural fiber Epoxy vinyl ester Hand layup Tensile strength, Flexural strength G. Cicala et al.
Modified sheet
O, HHeE STee : : M.M. Davoodi et
Kenaf/glass fiber Epoxy molding compound | Tensile, flexural, impact strength, al
(SMC) '
Tensile, flexural and impact
Sisal/jute/GFRP Epoxy Hand layup properties, scanning electron M. Ramesh et al.
microscopy (SEM) analysis
Orthophthali Hot C ' J.H.S. Almeid
Curaua/glass fiber HHRREE © omp%‘essmn Tensile, flexural and shear proper ) meica
polyester moulding Junior et al.
Unsaturated Tensile, 1 land i t strength
Sugar palm/ glass fiber HSATHIAEE Hand layup chstie, Liexufal and impact STensth | s M. Sapuan et al.
polyester SEM analysis
Flax/glass fiber Phenolic resin R Tensile and interfacial properties Y. Zhang et al.
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Woven hybrid composites: Tensile and flexural
properties of oil palm-woven jute fibres based
epoxy composites
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IEW ON MECHANICAL PROPERTIES
ATURAL FIBER HYBRID COMPOSITE

EFB (Empty Fruit Bunch)

Jute (Wowven)

Fig. 1. Different layering pattern of hybrid composite (A) EFR/w/EFR, (B) Jw/EFR/Jw.



TENSILE TEST FLEXURAL TEST
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Table 2. Laminate stacking sequences.

Weight (g) Weight fraction (%)

Volume

Stacking sequence W Wiy ; fraction (%)

G+ GHGHGHG . 3004+ 10 : i 2056
J+H+H++ 7543 2004+ 10 : : 2275
KAHK+K+K+K = 200+ 10 : : 2275
JHKAHK+] 4542 200+ 10 : . : 2330
K-+H+K+H+K - 3042 200+ 10 . ; : 2365
GHH+HG 7243 4542 250+ 10 . ; 20.10
G+K+K+K+G 7243 — 250+ 10 . : : 2086
GHHK++G 7243 3042 250+ 10 . ; : ; 2121
G+KH+K+G 7243 1541 250+ 10 . ; . . 2145

Note: | jute fabric; K: kenaf fabric; G: E-glass fabric; m: matrix.




Arrangement of Banana bract hybrid composite 1

SAMPLE 2

SAMPLE 1

M Keviar M Banana(B)2 M Banana(B) [ Kevlar (k) gyl ®) Eﬂﬂfﬁr s

[ Kevlar (K) [[1Banana (B)2 M Palm (P)
[ Banana (B) B Kevlar{K)

Sequences of Layer Arrangement Tensile modulus {GPa) Tensile strength {GPa) Thickness [ mm)

(K+B+B+K) 603 53.3
(K+P+P+K) 4255 40
(K+B+P+B+K) 3542 335




Table 4 Tensile properties of the composite laminates

Lammates  Peak lpad (N)  UTS (MPa)

Tensile moduhus (GPa)

Al
A2
A3
Ad
A5

6283.138 346.636
955.759 33119
2301.632 108.224
3371206 168.820
1024.174 31.853

1.2837
0.2014
0.5322
0.7216
02219

Table 3 Laminate sequences and weight fraction of constituents

Table 5  Flexural pmperiies of the composite laminates

Laminates Peak load (N) Flexural strength Flexural
(MPa) modulus (GPa)

Al 170.812 318753 20.831

A2 67012 124.642 1.704

A3 110.647 205.643 12.720

Ad 129.149 241216 14.958

AS 090.536 168396 10.430

Laminates Sequences

wig)

Wr

Wy

G+G+G+G+G
5+5+5+5+5
G+E+5+5+0G
G+5+G+8+G
S+ 5+ 5+ 5 + 5 (With Filler)

30010
200+ 10
250 10
215+ 10
200 10

1226
126
2707

0.722
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1ation 1n tensile and flexural strength of sisal fibre reinforced
posites with various matrices on varying fibre weight%

150
140 I Sisal Rubber seed oil Polyurethane (a) 300 | I Sisal Rubber seed oil Polyurethane (b)
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EPOXY

e strength.

Table 2
Properties of epoxy resin.

Appearance A clear pale yellow liquid
Specific gravity at 25 °C (g/cm?) 1.12

Solid content (%) 84

Tensile strength (MPa) 31

Flexural strength (MPa) 67

Impact strength (Kg/m?) g




Impact energy at break for areca fibers reinforced epoxy composites({lZ0D METHOD)

mComposite curing time-360 hours = Composite curing time-720 hours SComposite curing time-1080hhours

Impact energy at break {Joules)

Areca-Epoxy(Treated -50:50) Areca-Epoxy(Treated-60:40) Areca-Epoxy{Untreated-50:50) Areca-Epoxy(Untreated-60:40)

Composites




Table 7. Techniques for the composite preparation with the polymer.

Processing of natural
fiber-thermosetting composites

Processing of natural
fiber-thermoplastic composites

Hand lay-up and spraying
Compression
Transfer
Resin transfer molding
Injection molding
Compression injection
Pressure bag molding
Pultrusion
Vacuum assisted resin transfer molding
Casting Injection molding
Polyurethane foam molding

Extrusion

Injection molding

Thermoforming

Compression method
Cold pressing
Heating
Direct long fiber reinforced thermoplastics

Filament Winding

Foam molding

Rotational molding. calendaring

Co-extrusion




VIEW ON APPLICATIONS OF NATURAL FIBER HYBRI
COMPOSITES

Potential
Application

Automobile,
Transportation and
Aviation

Building and
construction industry

House hold and utility
products

Electronics appliances

Sports & leisure goods

Storage devices
Furniture

Every day applications

Door panels, seatbacks, headliners, dash boards, car door, pallets, trunk liners,
decking, parcel shelves, spare tyre covers, other interior trim, spare-wheel pan,
trim bin, automobile and railway coach interior, boat

Railing, bridge, siding profiles, panels for partition and false ceiling, partition
boards, wall, floor, window and door frames, roof tiles, mobile or pre-fabricated
buildings which can be used in times of natural calamities such as floods, cyclones,
earthquakes, etc,.

Table, chair, fencing elements, door panels, interior panelling, Window frames,
door-frame profiles, food tray, partition

Mobile cases, laptopscases

Tennis Racket, ball, bicycle, frames, snowboards
Post-boxes, grain-storage silos, bio-gas containers etc.,
Chair, table, shower, bath units

Lampshades, suitcases, helmets 2






OBSERVATIONS

nt based natural fiber composites have been demonstrated a
rtant alternative material for synthetic fiber reinforced po.
composites due to their biodegradable nature.

sed utilization of natural fiber as reinforcement for
diminish the use of synthetic fibers and reduce

multiple natural and synthetic
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TRIBOLOGY

bology 1s the greek word ‘tribo’ means rubbing and
yy’ means knowledge. Therefore tribology 1s the st
iction mechanism between two solid surfaces w
clative motion between them.

car economic and environmental 1
sue the development of the

‘4.. A.‘




Bearings
Bearings, sliders ete

High temperature
Brakes, Clutches

High temperature

Automotive, Industrial,
Apricu

Small scale
Axle Bax
Josrnal Bearings
Himgis

Large scale
Ebevator brake
Wimech hralke
Wind turhine brake

Large scale
Fliond Gates
Submarine Componenis
Cramnes




Table 3. List of measurement techniques related to friction and wear characteristics.

Parameter Measurement device Study Ref.
Surface roughness Optical interferometer v Fiber diameter e
Atomic force microscope v Uniform distribution of clay -
Surface tension Goniometer v Contact angle s
Testing of lubricants friction Four-ball wear tester v Effect of load i
Friction and wear tests Pin-on-disc v Dry sliding friction e
Block-on-disk v Dry/ Wet contact 10k
Dry sand rubber wheel v' Three-body abrasive wear gl
Pin-on-drum v Abrasive wear test e
Linear tribo-machine v Three-body abrasive wear giid
Block-on-ring v Dry sliding wear o
Universal micro-tribometer (ball-on-disk) v High temperature tribo-test e
Surface wettability Contact angle system v Surface contact angle S

Chemical analysis
Imaging technigue

Temperature monitoring

Vibration monitoring

Water contact angle measurement

X-ray photoelectron spectroscopy (XP5)
Field-emission scanning electron microscopy
Scanning electron microscopy
Iron-constantan thermocouple

Infrared temperatre measurement device
Accelerometer

Displacement transducers

Chemical changes

Morphological changes

Interface between fiber
Temperature at edge of disc
Surface temperature

Excitation magnitude of response

e i T T, T TR

Deformation measurement

113
113
13
114
15
Bl

116




Parameters e
T aphy .
Loading Condition EE%IFDII cation

Temperatyre Relative Velocity Third Body
Intia Flash temp. risin
Surface Finish Duration of inferaction Chemical Reaction
Contact Geometry Solid Fil
Transter

Wear & Friction

Fretting

iprocating

Erosion

Mechanism

Thermal Types of
poperties chemical bonding
Fracture

Toughnes
Fracture

toughness

Melting point/ Phase transfer

Precipitation hardening

Microstruciure
Hardness / Yield
strength

|Matﬁ'i,a] Parameters




OBJECTIVES OF THE WORK

» To fabricate epoxy based hybrid composites reinforced
with natural and synthetic fibers along with different
laminate stacking sequences.

» To evaluate mechanical properties such as tensile,
flexural, inter-laminar shear strength (ILSS), impact and
micro-hardness characteristics of composites.

» To evaluate the physical properties such as density and
void fraction of composites.

» To examine the interfacial properties of the fractured
laminates using scanning electron microscopy (SEM).

»To apply design of experiments to understand
Tribological behaviour of the composites.
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Flax - Carbon - Basalt

Sample No Sequence/Layer Matrix
1 2 3 4
1 F F F F BE
2 F F F F E
3 C F F C BE
4 C F F C E
5 B F F B BE
6 B F F B E

Areca - Carbon - Basalt

Sample No Sequence/Layer Resin
1 2 3 4
1 A A A A BE
2 A A A A E
3 C A A C BE
4 C A A C E
5 B A A B BE
6 B A A B E




Flax - Carbon - Kevlar - Hybrid CK

Sample No Sequence/Layer Resin

EPOXY
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Areca- Carbon - Kevlar - Hybrid CK

Sample No Sequence/Layer Resin
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CONCLUSION

ybrid composites developed with the combination of natu
tic fibres shows enhanced mechanical strength a
1on 1n higher loading tribological applications.

layering sequence of hybrid composi
properties of the composites.




ROGRESS OF THE WORK

iterature review done and Based on the review one jou
er and one book chapter 1s published.

tion of Materials and fabrication of the composite
Ic and Natural fibres.

1 Characterization of the Prepared comp
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