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process.
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after 5 hrs milling time.
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4.48 (a) The XRD patterns of composite D powder alloy; the as mixed and
the 5hrs BM powder alloy (b) the shift in Bragg’s angle of first peak at
plane {111} is evident.
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powder.

183
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mixture B at milling time of 12 hrs. 201
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4.66 (a) The SEM morphology (b) the EDS microanalysis of the milled
mixture C underwent BM for 4 hrs.
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4.67 (a) The SEM morphology (b) EDS scan analysis of the milled mixture
C particles at milling time of 12 hrs.

202

4.68 The XRD patterns of the milled alloy A mixture after different milling
times.
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EDS.

208

4.72 The (a) OM; (b) SEM micrograph and (c) EDS analysis of alloy I
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(b) SEM micrograph (c) the EDS spectrum analysis of the SZ.
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4.74 (a) The SEM micrograph and (b) The EDS analysis of the SZ for the
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4.76 The XRD patterns for alloy II after FSP, T6, and RRA. 215
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4.78 The (a) OM of the as received Al7075-alloy microstructure (b) and (c)
superimposed collage OM images of the FSPed surface of MA A
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4.80 (a) The SEM micrograph and (b) EDS scan analysis of the FSPed
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4.81 (a) SEM image and (b) EDS of the microstructure in the stir zone for
the FSPed Al7075/reinforced by BM A particles after the T6 temper.
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4.82 The (a) SEM and (b) EDS scan analysis of the FSPed Al7075/
reinforced by the BM C particulates after the T6 temper.

224

4.83 The XRD plots for BM A particulates reinforced Al7075 matrix after
FSP, T6 and RRA application.

225

4.84 The XRD patterns of BM B particulates reinforced Al7075 matrix
under FSP, T6, and RRA.
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heat treatments.
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4.87 Corrosion rates of heat treated Al-alloy1 vs. exposure time after
immersion in 1[M] HCl.
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4.88 (a) The SEM image (b) EDS scan analysis of the corroded surface of
the RRA H.T alloy1 sample immersed in HCl acid for 72 hrs.
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4.89 Plots of corrosion rates of the heat treated and extruded Al-alloy3
samples due to immersion in HCl acid at different exposure time

234

4.90 (a) the SEM image and (b) the EDS analysis of the corroded surface of
the Al-alloy-0.5Ni underwent RRA treatment, immersed in 1[M] HCl
for 72 hrs.
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4.91 Corrosion rates of the heat treated and extruded Al-alloy5 specimens
vs. exposure time in 1 [M] HCl.
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specimens underwent heat treatment vs. exposure time in 1 [M] HCl
solution.

237

4.93 Plots of corrosion rates of as mixed and BM Al-alloy B sintered
specimens underwent heat treatment vs. exposure time in 1 [M] HCl
solution.
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4.94 Corrosion rates’ plots of samples of as mixed and BM Al-alloy
composite D underwent aging at T6 and RRA treatment.

239

4.95 Erosion rates of the heat treated and extruded Al-alloy1 241

4.96 Optical macrostructure showing the appearance of the eroded surface
of the extruded Al-alloy1 sample underwent T6 at (a) 90° and (b) 45°
impact angle.
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4.97 Erosion rates of Al-alloy3 underwent different heat treatments. 243
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4.98 Erosion rates of Al-alloy5 underwent different heat treatments. 244

4.99 OM of the eroded surface of the T6-H.T Al-alloy5 at (a) 90° and (b)
45°.
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4.100 Erosion rates at impact angles of 90º and 45º for samples of  as mixed
and ball milled Al-alloy A underwent different heat treatments.
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4.101 OM of the eroded surface for sintered sample of T6#BM alloy A
powder at (a) 90° and (b) 45°.
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C powder at angles of 90º and 45º.
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45º.

249

4.105 Erosion rates of FSPed sample of Al7075-composites reinforced by the
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250

4.106 Optical micrograph of the eroded of FSPed sample’s surface of
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251

A-1 (a) SEM morphology and (b) Particles size distribution of Al powder. 286

A-2 (a) SEM morphology and (b) Particle size distribution of Zn powder. 287

A-3 (a) SEM morphology and (b) Particle size distribution of Mg powder. 288

A-4 (a) SEM morphology and (b) Particle size distribution of Cu powder. 289

A-5 (a) SEM morphology and (b) Particle size distribution of Ni powder. 290

A-6 (a) SEM morphology and (b) Particle size distribution of Co powder. 291

A-7 (a) SEM morphology and (b) Particle size distribution of Cr powder. 292

A-8 (a) SEM morphology and (b) Particle size distribution of Fe powder. 293
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xxi

LIST OF ABBREVIATIONS

Al2O3p Alumina particulates

AlN Aluminum Nitride

AMCs Aluminum and its alloy matrix composites

APM Aluminum powder metallurgy

B Boron

BM Ball milling

BPR ball-to-powder weight ratio

C.R Corrosion rate

CDRX Continuous dynamic recrystallization

CEC Cyclic extrusion compression

Co Cobalt

CTE Coefficient of thermal expansion

D.C Direct chill casting

DDRX Discontinuous dynamic recrystallization

DRV Dynamic recovery

ECAP Equal channel angular processing

EDS Energy dispersive spectrometry

El% Elongation

EM Elastic modulus

Er Erbium

F The momentum or the force exerted by the fluid (the slurry jet)

FCC Face center cubic

FSP Friction stir processing
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xxii

FSW Friction stir welding

Gd Germanium

Gd Gadolinium

GDRX Geometric dynamic recrystallization

GNDs Geometrically necessary dislocations

GP zones Guinier-Preston zones

HAZ Heat-affected zone

HCl Hydrochloride acid

Hv Vickers hardness

Kt Kiloton (metric)

MA Mechanical alloying

Mf The mass flow rate of the slurry jet

MMCs Metal matrix composites

Ni Nickel

ODS Oxide dispersion strengthened

OM Optical microstructure

PCA Process control agent

PM Powder metallurgy

Pr Praseodymium

PRAMCs Particle reinforced aluminum matrix composites

RE Rare earth elements

RRA The retrogression and reaging temper

RSD The relative sintered densities

Sc Scandium metal

SCC Stress corrosion crack
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