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Fabrication of a hard metal matrix composites (MMCs) layer on aluminum alloys is an ideal solution for many
applications that required a combination of high surface wear resistance and high toughness of the interior bulk material.
Fabrication of these MMCs layer by fusion processes has many limitations. This thesis aims to introduce the feasibility of
fabricating a hard surface layer of homogenous reinforcement particles composites (SiC, Al,O;, hybrid of SiC and Al,0s, and
intermetallics) on pure aluminum A1050-H24 through a quite new solid state process; Friction stir processing (FSP), and to
reveal in details the effects of processing parameters such as rotation speed, travelling speed, plunging depth and tool probe
design on the homogeneity of microstructure, hardness and wear properties of the resulted nugget zone. An other objective of this
research is to gain a better understanding of the material flow around the FSP tool by considering the SiC particles as a tracer
material and observing its distribution around the tool. As a novel, we will study the possibility of adding the magnetic property
to the surface of the aluminum alloy by dispersing magnetic materials (Fe and Fe;O4) on the surface.

The thesis consists of eight chapters. In Chapter 1 the principles of metal matrix composites and friction stir
technologies were described. In Chapter 2 the used materials, tools, processing procedure, and evaluation tests of the surface
layer used commonly in Chapters 3-7 were described. Chapters 3 and 4 described the effect of processing parameters (tool
rotation and travelling speeds, and tool probe shape and size) on the fabrication of surface SiC-MMCs. In these chapters, the
optimum conditions and procedures to obtain a homogenous distribution of SiC particles in the nugget zone were established. The
next step is to clarify the possibility to apply these optimum conditions to other type of reinforcement like oxides and metals
particles. In Chapter 5, the idea of fabricating a surface-hybrid- MMCs of SiC and Al,O; particles as reinforcement is introduced.
Chapter 6 describes the behavior of the copper powder when it was packed in a groove in the aluminum surface and then
processed by multiple FSP passes under different rotation and travelling speeds. The heat generated and the severe plastic strain
by the FSP tool initiates and promotes the reaction between the Cu particles and the Al matrix forming a very fine intermetallic

compound which distributed homc ly in the matrix. After succeeding in application of this technique in
hardening of aluminum surface, adding new physical properties such as “magnetization” to the aluminum surface is our target in
the next chapter. In Chapter 7 the dispersing of magnetic materials such as iron and magnetite in the surface of the aluminum
alloys is described. Both particles (iron and magnetite) were dispersed homogenously in the nugget zone, forming a composite

of this work.

layer that having magnetic properties. Finally Chapter 8 izes the
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TAI=ULAREOREEFHICET I v 7 ALLRMILAY2 OB FEOBSET, EELROLLREH
A8t (MMC: Metal Matrix Composites) DREBEMRTHIE, WEO VI HBOBMEEZRoTEFE, REI
EOTBREE 5T 5 2 LN TE S, RIRXOBVE, FH LWERE T 1k X Th 2 BEEREHRIE (FSP: Friction Stir
Processing) IZ&»T, DX 572 MC BZ2TNVI=VLREIIHRT D HFELHEL, EROBMT oA EOH
ZTWBINFAERREKN MC BE S DRAZEDEL OBRBECHN LR L LI LTH5bDTHSD, FSPIEIZL B MIC
REBOHRITERDFRTHRADNTE =N, HFONHDE LVRY—HDDIZERELICIZE> TRV
LITER L, FFETIIHICRFOR/HOH—Le, TOXBERFOMAICEREE TS, £, EF7Ivs 2
HFEMBOMAD hL—H—L LTHRX, Y—VERTOZOLMEEETHZLIL D, FSP AREGEY —LOEDb
D OHBOFNDOBIREED D Z L bAFERDEMD 1 D Thd, BUVI-fH 1L AL050-H24 TERMT L I=U AT,
IR FIIEELRET I v 7 A SIiC, BIEWFRET I v 7 R ALO,, SiC & ALO,DBA, BLUAl-Cu RERM
KB THD, &5ICHILMTFONBOREREN L, TAI= Y ARBEICHMHERT @, <7354 1) 25
MTBIeT, BEMNRHREMNESTHAEELHELTVS,

%3 HE1ETMC & FSP ORBLRREBRL., FAHEOHR L BH, BHREZBTL TS, $2ETIIERM
BREBRFERION, B3ENPLETEZELTHRELTANLA TS bDIZD2NTRRTNS,

% 3 ETIL, SiC ZHMLRIF & LT FSP &fthas, SPEISICIIT DRIT DI KRB EICRIZTTREBEW~T
W3, EORER, MFORHEDOH—MIZEEY —VOBEHEE LV b EEEEICE > TXE S, EEEEEOH
L—tamEns, BETES &kﬂ(ﬁﬁ%i L, BERERHDZ LERHLTWD, ZORFRMICHT BE
REHEEOREBIT OV T, RBREEANOMMBE 2 L4 OETF L OEBICOVWTRE L, #RIEEALEBSATE
o - RBRERAOEESMICEESAOMBINEEBERETIbOTHEI L ETRLTVWS, H4ETIL,
Ei#EY —AOHEL RS SiC HFOXBICRIETREBERS, To—7 (Y—LVERICHDREEL) OMREMRE
LV HEAFICLFR, IVH—ICHFE2ABTERILERL. ZOERBNARET 0 — 7 X3 EHTh~D
PRVAPRIZE - THRATED L ETREL TS,

BE5ETIE, BILWRET I v R ALOKLITF, BIUSIC & ALOKIF & DRAYD FSPIZ L A MERAZTVS,
FORER, ALOKIF b SiC L FRICH—ICABMEI AT EMNTE, 72 0~100%DVFRORAFIAE TYH SiC & ALD,
BFERFY R RBRERAICH —ICABTED I LERLTVS,

HOETIL, ERMLAMERALT L5 MCEBOTMIEL LT, FSPEICL - TR TR MBI ED L3tic, 7
NI=ULERIESEDZ LIZEoTAI-Cu RERMLEMRI T AR L. RPEBICABSEDZ L ERL TV S,
V=V OEEE - BEHEEDRRD FSP SR EHEE, BLiL EOMBOEBEREL, £I Iy ARTOHEL
HART, =R BEMERK (1/2) OEEREEICET L, 7232 80%M & 3t & BMILAE PR TF OF KRS L
KR 100 nn DMK F 2 BBEECHHSEHZLICRI LTS, /BONRPEROBESIT 100 iV 282, &
HEO 2 fHES ITEL TV,

PUEDT7T VI =7 ARE~DOBICKLF OB —SBORIIEZIT T, F 7 ETIE, TOMOREBEOBELIEE L
TOFSP EDRMOFTERELZANT VS, TRbbL, §k <7/ RFA M X OB ERIF OLHBIC FSPEZEA L.
TAI=T AL DRIGIC & BEBHEDOWEEZHDLOT IR FEE— IS, TAI =V AREICHBMFEL 52
ZLNFHETHHILERLTND,
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