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! Adhesive wear
2 Delimination Wear
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! Fretting Wear
2 Tribochemical Wear
3 Surface Fatigue Wear
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! Dry sand rubber wheel wear test rig
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2 Linear tribo machine
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EHT = 15.00 kV Date :8 Feb 2020
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EMT = 1500 kV Signal A= inLens Date :8 Feb 2020
WD = 49 mm Mag= 100KX Time 11:49.01

EHT = 15.00 kV Date .8 Feb 2020
WD = 49 mm Time 11:45:37

EHT = 1500 kV Signal A= inLens Date :§ Feb 2020
WD= 49 mm Mag= 50.00KX Time :11:44:23

.u»)gil.? /‘5&3)54)5]935 /‘5.«,59& Gdgod oSy é.b.u Gb.w FESEM Pgead Or-¥) J&JA

Yo



olid 1y w,yeb IO 7 g (81,5 auSTel « VO 7 L1y o jaumalS  SoaSls alatio grlans (VY-F) S
OO O 3l 4t 50 g e eelS 19,0 (SWlSe g e Sl il o wyeil sloess

alonlie BB (GVV-F) JS5 0 o5 olaw b S>oS sloo,i> [07] wes S5 Lawl

D9 003D (C—\V—f) Jiw ) us‘)fwb"b 9 U‘“’)?‘;U 6L°°'>55

EHT = 1500 kV Signal A = inLens Date '8 Feb 2020
WD = 59 mm Mag= 1.00KX Time :12:44:24

EHT = 1500 kV igi
WD = 59 mm Mag= 30.00 KX

(&)

\td



EHT = 1500 kV Signal A = inLens Date '8 Feb 2020
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WD= 85mm Mag= 91X Time :13:16:55
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EHT = 20.00 kV/ Signal A= SE2 Date 13 Jan 2020
WD= 85mm Mag= 1.40KX Time :14.:05:36

EHT= 500 kV Signal A=SE2 Date :13 Jan 2020
WD= 40mm Mag= 100KX Time :15.09:23
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COOH Functionalized MWCNTSs (>95%, OD: 20-30 nm)

Multi Walled Carbon Nanotubes (MWNTs, MWCNTs), -COOH functionalized

Purity: > 95 wt% (carbon nanotubes) (from TGA & TEM)
= 07 wt% (carbon content)

Content of -COOH: 1.23 wt% (XPS & Titration)

Outside diameter: 20-30 nm (from HRTEM, Raman)

Inside diameter: 5-10 nm

Length: 10-30 um (TEM)

SSA: > 110 m*/g (BET)

Color: Black

Ash: <15 wi% (TGA)

Electrical conductivity: =100 s/cm

Tap density: 0.28 g/cm’

True density: ~2.1 g/em’

Manufacturing method: CV

Multi Walled Carbon Nanotubes (MWXNTs, MWCNTs) Application
Potential applications of carben nanotubes are: (1) additives in polymers; (2) catalysts; (3) electren field emitters
for cathode ray lighting elements; (4) flat panel display; (5) gas-discharge fubes in telecom networks: (6)
electromagnetic-wave absorption and shielding; (7) energy conversion; (&) lithmm-battery anodes; (9) hydrogen
storage; (10) nanotube composites (by filling or coating); (11) nanoprobes for STM, AFM, and EFM tips; (12)
nanclithography: (13) nancelectrodes; (14) dmg delivery; (15) sensors; (16) reinforcements in composites; (17)
supercapacitor.
Some of activities of Iranian MNanomaterials Pioneers under the Academic Deparment - Business Sany are 2= follows:

Sale of Nanotechnology devices muck as AFM, TEM Micrascope, X-Ray Analyzis, Ultrasonic, Sonicator atc.

Synthesiz gf nano-structured materials

Advanced witra-high strength concrete nanotechnology

Nano-compaosites

Smart nano drug deliery
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Research Grade Graphene Oxide Nanoplatelets Powder

Graphene oxide 1s electrically insulating due to disruptive sp2 bonding network but 1t can be
converted conductive by restoring -network.

Advantages of Nano Graphene Oxide

High aspect ratio & porosity

Very high electro-sorption capacity

Very thin exfoliated sheet

Ultimately High Purity

v

v VY

TECHNICAL PARAMETERS

Product Name Element Analysis

Graphene Oxide
Nano Powder

PARAMETERS VALUES

Thickness 3.4-Tom

Carbon Purity ~00%

Number of Layers Average number of layers 6-10
Surface Area (BET) 100-300 m%/g

Bulk Density 1 glcc

Electrical Conductivity Insulator [Tuneable to conductor]
Lateral dimension 10-50pm

Some of activities of Iranian Manomarterials Pionsers nnder the Academic Deparment - Business Sany are 2z follows:
Saie of Nanotechnology devices such az AFM, TEM Microzcope, X-Ray dnalyziz, Ultrasonic, Sonicator ,&tc.
Synthesiz gf nano-structured materials
Advanced witra-high strength concrete nanetechnology
Nano-compasites

Mm drug delivery
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Abstract

The aim of this study is increase the mechanical properties and to reduce the amount of wear
by making polymeric composite materials using a combination of different nanostructures
as a reinforcing agent. In this study, by adding nanotubes (CNTs), nanoclay (NC) and nano-
graphene oxide (NGO) to the epoxy matrix, changes in the mechanical properties of the
resulting material are investigated. For this purpose, pure epoxy, CNT/epoxy (1.5 wt. % of
CNTs), NC/epoxy (1.5 wt. % of NCs), NGO/epoxy (1.5 wt. % of NGOs), CNT/NC/epoxy
(0.75 wt. % of CNTs and 0.75 wt. % of NCs), CNT/NGO/epoxy (0.75 wt. % of CNTs and
0.75 wt. % of NGOs), NC/NGO/epoxy (0.75 wt. % of NCs and 0.75 wt. % of NGOs) and
CNT/NC/NGO/epoxy (0.5 wt. % of CNTs, 0.5 wt. % of NCs and 0.5 wt. % of NGOs)
nanocomposites are studied. To achieve uniformly dispersed nanoparticles within the epoxy
matrix, the mechanical stirring with ultra-sonication is utilized. Young’s modulus, ultimate
tensile strength, strain at break point, and fracture toughness of nanocomposite specimens
are extracted from stress-strain curves. Also, dry wear test was performed using a pin on
disc machine at different loads (60, 20 and 100 N) and the tribological performance of the
used materials is discussed at room temperature. According to the results, adding 1.5 wt.%
of CNTs into the epoxy matrix has the greatest effect on the mechanical properties of epoxy.
In this case, the ultimate stress and strain at break point shows 16% and 27% increase with
respect to those of epoxy sample, respectively. Also, the obtained results show that the
combination of nanoclay with graphene nanoxide increases the toughness 42% compared to
pure epoxy, which is the highest increase compared to other samples. Epoxy / nanotube and
epoxy / nanoclay composites showed the highest abrasion resistance compared to other
samples. CNT/epoxy wear rate decreases by 81% with respect to that of epoxy when load
equals 60 N. further, when the load increases to 100 N, NC/epoxy wear rate decreases by
60% with respect to that of pure epoxy specimen. Surface morphology characterization is

evaluated by Field emission scanning electron microscopy (FESEM).

Keywords: Experimental, Nanocomposite, Epoxy, Pin on Disk Test, Wear test.
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