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Abstract

This diploma thesis was held at the Laboratory of Process Technology of the
Department of Process Technology of the School of Mechanical Engineering of the
National Technical University of Athens.

The purpose of this diploma thesis is to study the formability, in cold rolling, of
nanocomposite aluminium matrix materials enhanced with graphene nanoplatelets
(GNPs).

The composites were made by the gravity casting process, and the nanostructure
incorporation was done by hand stirring when the matrix material was in a liquid state.

In total, four series of specimens were produced, in which the nanostructure
composition differed. The graphene nanostructure content of the samples was 0.1%,
0.2% and 0.3% by weight. The fourth series of specimens concerned pure aluminium,
and were used as reference specimens.

The specimens were subjected to rolling tests. During the tests, data on the dimensions
of the specimens, their hardness and their loads were measured.

Finally, metallographic examination of the specimens by optical microscopy was carried
out to check the effect of the graphene content on a series of passes of the same
characteristics as with the reference aluminium.

The mechanical properties of the materials improve with the GNPs addition. Toughness,
as well as rolling loads follow the same trend, with the 0,1% GNPs specimens having
the best properties, then the 0,2% GNPs and finally the 0,3% GNPs.

As far as the dimensional progression, the behavior is the same for all the specimens.
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1. MECHANICAL EXFOLIATION (ME):

Mechanical exfoliation separates different layers of graphene from a
graphite. Adhesive tape is pressed onto the graphite and peeled away
when some layers stick to the surface.This tape is pressed onto the
surface of the target substrate. The tape is peeled off when the layer stick
to the target surface.
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Pre-1880
Lampblack [writing)
Charcoals [gunpowder, medicine, deodorants)

Natural graphite (writing material)

1880-1940

— Activated carbons

— Carbon blacks

— Coal coking (coal-tar piteh)

— Delayed coking

— Synthetic graphit= and diamond

1940-2013

— Carbon fibers (PAN)

— Carbon fibers (pitch-based)
— Carbon fibers (microporous)
— Carbon/resin composites
— Carbonfcarbon composites
— Specislty activated carbons
— Carbon &5 @ catayst support
— Carbon whiskersffilaments
— Prosthetics

— Intercalation compounds
— Graphitefoxide refractories
— Pyrolytic carbon

— Glassy carbon

— Mesocarbon microbeads

— Mamond films

— Diamond-like films

— Elastic carbon

L Fullerenes

— Nanotubes

L Manorods

— Graphens
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Composite materials

I 1

Fiber—reinforced composites Farticle—reinforced composites
{fibrous composites) (particulate composites)
|
I 1
Random Preferred
orientation orientation
1 ] 1
Single—layer composites Multilayered (angle—ply)
(including composites having composites
same orientation and properties [
in each layer) I !
Laminates Hybrids
T I
Continuous—fiber—reinforced Discontinuous—fiber—reinforced
COmposites COmposites
I 1 | I
Unidirectional Bidirectional Random Preferred
reinforcement reinforcement orientation orientation

{woven reinforcements)
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metals, and cernmics
Polypropylens or other polymers
with electrically conductive dis-
persed conductors of nickel and
graphite

Palymer mixed with high capacity
magnetic compound

White mtania (TiCh ) particles dis-
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Interbocked network of hand carbide
(W) particles in a tough metal
matrix (o)

Mixioure of hard silicon carbide
{5IC) particles o aluminuem alloy
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Composite consisting of masily
lungsten | ) mised with Iransiiiom

micials, such as Cu, Fe, Mi, Mn, Co

Variunts inghule lumgsien
(W) bonded with nylon or copper
{Cu)y bonded with tin (5

High porosity foamed hydrous cal-
cium silicave with a density near
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| Metal matrix foil
(a) W Carbon fiber preform
. |  Metal matrix foil
(b) l I Consolidation of fiber preform
1 with the metal matrix foil
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]
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Shape casting processes
Expendable mold Permanent mold
[ BT R T e T 1
Permanent pattern Expendable pattern \ / Semipermanent Permanent Squeeze
Y (sand cores) (metal cores)
Sand molding Slurry molding : £
Clay Plaster | Gravity Low-pressure Die
Green Ceramic | Slush
Skin-dry |
Ory ! Hot chamber Cold chamber
Cco, |
Cement Sand Slurry :
ol (full-mold) Lost wax
Resin |
Cold box |
Hot box |
Shell Centrifuged
Flaskless |

[

True centrifugal
(outer mold)

Semicentrifugal
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(complete mold)
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Centrifuged
(complete mold)
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TYPE OF APPLICATION CASTABILITY  WELDABILITY MACHIN-
ALLOY ABILITY
Aluminum Pistons, clutch housings, intake G-E F G-E

manifolds, engine blocks, heads,
cross members, valve bodies, oil
pans, suspension components

Copper Pumps, valves, gear blanks, F-G F G-E
marine propellers

Gray lron Engine blocks, gears, brake disks E D G
and drums, machine bases

Magnesium Crankease, transmission G-E G 8

housings, portable computer
housings, toys

Malleable iron Farm and construction machiner, G D G
heavy-duty bearings, railroad
rolling stock
Nickel Gas turbine blades, pump and F F F
valve components for chemical
plants
Nodular iron Crankshafts, heavy-duty gears G D G
Steel (carbon Die blocks, heavy-duty gear F E F-G
and low alloy) blanks, aircraft undercarriage
members, rairoad wheels
Steel (high Gas turbine housings, pump and F E F
alloy) valve components, rock crusher
jaws
White iron Mill liners, shot blasting nozzles, G VP VP
(FeaC) railroad brake shoes, crushers
and pulverizers
Zinc Door handles, radiator grills E D E

*E. excellent; G, good; F, fair; VP, very poor; D, difficult.
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Mould half

Mould halves clamped

Mould half

Finished casting

Open die

Die ready for pouring
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NO SLIP POINT IN METAL ROLLING

FINAL VELOCTTY
IS FASTER THAN
INITEAL VELOCITY

—NO SLIP POINT
METAL SURFACE
SAME VELOCITY
AS ROLL SURFACT

DIRECTION
OF SPIN
METAL SURFACE
FASTER THAN
ROLL SURFACE
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~METAL SURFACE
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SPREADING IN METAL ROLLING
TOP VIEW

INITIAL WIDTH FINAL WIDTH

FINAL WIDTH IS GREATER
THAN INITIAL WIDTH
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GRAIN STRUCTURE OF A CAST METAL
COMPARED TO A HOT ROLLED METAL

GRAIN STRUCTURE OF WROUGHT GRAIN STRUCTURE
A CAST METAL PART OF A HOT ROLLED METAL PART

\ \
COLUMNAL GRAIN — X

ROUNDER MORE
ORIENTATION UNIFORM GRAINS
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GRAIN STRUCTURE COMPARISON
BETWEEN A MACHINED
AND ROLLED BOLT

MACHINED m ROLLED

BOLT BOLT
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ROLL DEFLECTIONS IN FLAT ROLLING
CAUSING A BARRELING EFFECT

ROLLS BEFORE ROLLS DURING
PROCESS GREATER FORCES PROCESS
TOWARRD CENTER
.HLHI =
MORE IN MIDDLE

DEFLECTIONS

CAUSE WORK —\ VORKPIET
TO BE FORMED WAZINTIRA
WITH A BARREL
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ROLLS WITH CAMBER PRECISELY
ELIMINATE ROLL DEFLECTIONS

ROLLS BEFORE ROLLS DURING
PROCESS CAMBER OFFSETS PROCESS

ROLL DEFLECTIONS
WORK IS ROLLED
FLAT

ROLLS WITH
CAMBER

Koof3:U AYegaU eU ddmbBrad U¥Yde sl d

aUe iad "e6g "}y Us 30U U sliuydUa 60U y3U } Ysegeas
gooalUoeayseyse “~avYUsd UUcOs@W&ggoygwosds il paled ¥idg j 0
UOUGoaUgYesUUUs ehse 299U caPlielidbeopidd FodddeU
sU;oU08aUd yalUlldd vyaig@dtedws ," jelliv) sse alUe i avid
g3YeUxs eyidr UrOs3ly) YeresdUdgd. sd e @sUe3 6 sac
aUyy 83UUs UasUs d eUavrxld Udd UesRQts ¥gaUcagfoal
Ge Uivydeia GUs y3U aYuUseggUhyYss WU pmiUlB8@Pesded
deUsUsafhd 209U 3U adiddUa g hyd GUds “~jUsaUsse s
"8a6090eeid UsaUasUd ogoasitjeg aUs Uds Ujsbe.
1.8.14. Ka2UUUL e UUU
Yy;eUs egUo¥Yad ~69asaalU Ua UUBlkr elr UsniizU atlledibe yyde UhH

etiUsaese3UUs Ggsedyd afoy UaUdU) Go 1A Uy lbee dggas o h

"3 8U0U0eseUBalU Udd R Gdi YeWesldgg ) a3 yWsUidd £ U0UYao

O C¢ Co

Uds U eslgg® UgBL eshbU; ¥ UGvyUU;sa¥Y UalUUULeU0UU o
sUsasee gasaei BABe) U0 s dUalRD , © jhe wigs .6 @ J) Yoeyd Yoy -
Us 65 oagelUUstUydduaepyogs U0ed)U&dgheU Uljlgeydeia ol

119



EDGE CRACKS
CRACKS THROUGH WAVY EDGES

INNER REGION
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Si (%) Fe(%) |Cu(%) [Mn(%) |Mg(®%) |Zn(%) | Ti (%) Cr (%)
1 0,18501 0,47493 | 0,22643 | 1,08582 1,08432 | 0,03921 0,02347 0,01811
2 0,18006 0,44683 | 0,21734 | 1,04802 1,06101 | 0,03844 0,02296 0,01755
7z B [0,18253 0,46088 | 0,22189 | 1,06692 1,07267 | 0,03883 0,02321 0,01793

Ni (%) Pb (%) |Sn (%) |Na(%) |Ca(%) |B (%) Bi (%) Zr (%)
1 0,00417 0,00000 | 0,00059 | 0,00000 0,00073 | 0,00043 0,00032 0,00115
2 0,00415 0,00000 | 0,00061 | 0,00000 0,00082 | 0,00038 0,00032 0,00112
z B [0,00416 0,00000 | 0,00060 | 0,00000 0,00077 | 0,00040 0,00032 0,00113

V (%) Be (%) |Co(%) |Cd(%) |Sb(%) |Ga(%) |P(%) Li(%)
1 0,00762 0,00002 | 0,00027 | 0,00035 0,00000 | 0,01215 0,00077 0,00003
2 0,00753 0,00002 | 0,00025 | 0,00038 0,00000 | 0,01212 0,00092 0,00003
z B |0,00757 0,00002 | 0,00026 | 0,00037 0,00000 | 0,01214 0,00084 0,00003

Ag (%) | As (%) | Hg (%) | In(%) Se(%) | Hf (%) Sc (%) AL (%)
1 0,00059 0,00097 | 0,00039 | 0,00015 0,00072 | 0,06195 0,00008 96,7748
2 0,00057 0,00091 | 0,00051 | 0,00013 0,00099 | 0,05147 0,00008 96,8897
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