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Manufacture of Metal Matrix Composites based Aluminum Alloy
(AA7075) Reinforced with Different Carbide Particles by Squeeze
Casting Technique (SQT) and Studying some of its Mechanical
Properties

ABSTRACT
The Fourth Industrial Revolution and the technological development that
is not required assume the need to create a new, modern and precise content
for traditional materials and the modern need for low consumption of
lightweight materials with specific control at costs. From here begins the
idea of metal materials (MMCs) or what is called "reinforced metals".
Given the industrial status of aluminum and its alloys, it is currently being
reinforced with variable materials by various manufacturing technologies
and obtaining (AMCs) to improve its mechanical properties, which would
expand the space of industrial use for it.
In This research an aluminum alloy (AA7075) was reinforced with hard
particles having size of micron of Silicon Carbide with a weight percentage
(X= 5, and 10 wt%) and Boron Carbide particles are added in variable
weight percentages (X= 5, and 10 wt%) Single and then better hybrid
reinforced in both types of carbide (5% SiC + 5% B4C) by Squeeze
casting technique (SQT).
The results of microscope have shown uniform distribution, Distribution
of partially supported caridean particles as part of the alloy, reinforced
Aluminum alloy successfully prepared and effectiveness of Squeeze
casting technique.
The results of tests have show The VHN, UTS,YS , UCS, and Flexure
strength were determined, with the addition of Single reinforcement
particles and the increase in its percentage and. and that the best
mechanical properties were obtained after hybrid reinforced in both types
of carbide at reinforcement ratios (5% SiC + 5% B4C) (sample
S5)compared to the rest of the samples with an improvement rate of
studying properties exceeding (54%) as the hardness value in the
mentioned sample reached (155.3 Hv), Ultimate tensile strength (274.6
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MPa), Yield strength(274.6 MPa), Compressive strength (332 MPa) and
the Flexure strength(344 MPa) .

Keywords: AL-7075 alloys, Carbide Particles, Single reinforcement,
Hybrid reinforcement ,Squeeze Casting ,Mechanical properties.
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Tl alasial) Jlas g s cosllal
: &gl Gk dge .3
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LS5 (200m) iy cudy IS5 e il Gl g gansa (AAT7075) A Dl
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(1) ol 8

23



Adlide La S (3B deesa (AAT075) pssial¥) A (1 Gabd I3 dpina 45 50 3 5o grleal™
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(AATO75) Al ibassl) ol (1)d g2
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ey 21- | < |(@2-] < |(51-|(0-18-

B < 0.4 <0.2 | gal
il 2.9) 0.5 2) 0.3 6.1) 0.28) ’
Al

Ll 0.085 2.35 0.17 1.8 0.01 5.8 0.18 0.05 Bal

:(Reinforcement Materials) aeuil) sjga  .1.3.2
(B4C) 0sysll 28 a5 (SIC) osSlanall 2108 (10 5 Ko Apusld Aac B350 (o0 Hile (A

g5 Y Jaldl Slea e Llas 3 (20 = 35um) o aany 35l pladind &5 G
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: ( Added Materials)sselua ajga  .1.3.3
ALY Ailmdl) 38y Ganall (o il QLA Cppeenil L el e 350 0
a5yl el il ) ossall] (e 3,05
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:Squeeze Casting Set up sl dsluwd) cfisgas .2.3.1
:[11] [9] [8] [71 (9) (8) Sl dna sl AU ¢ ) e
LI ey 0.25HP dclainly LS e sas i) dlae e cally shaldl) 407
ol 398 Fla) sey Llal Blee Slasy i i) (e lgnsinst 5 ) B i
AATOTS Al jgaaie
oo pand AlS) ae Jalal) ey oSaill BlAY) @line ae alias o5 de ) Jasa Bang*
-(0—>1200)r.p.m Ll
KW wielainl JlyeS (y% (Curbolite,Hope watt :3100 w) gl : sgual) ¢ 3*
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: Metal Mold  Jsal) cuall I8 .2.3.1
S e eyl Jandill aelall sl 3 Vs e pead) uall QI pias L
3 Anidl) o3 PR (a5 sl Gl o pedall asial) Cual daid ojeat ge daayl
Laall Q) Jauf 3l ALYl aeaall psialV) e larial) s 4y cuall (g o lgmY)
A(9) S denill ey xisal)

: Weighing Machine _ulwa ()isa  .2.3.2
Dsiaailly 3 plaal) 4G Al (Sartrious)is, s aia (LS1000 ) £55 555580 Ol Liaaiiiad
Aaclal) Gy o gial) Ak sl aball el Adye e Adle Ay (010001 ) Ly
Agsthally dasall aenill das o Jpanll Lo 53y
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sduayd) Lt 48,,0h.3.3
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Sl Sl Gy sl waats Lehyss Bsua odad ) (AATO75) ) culy okl oy
el g o5 A pad) il 3 (WE96)Asstaall Ayl Caill . Lese sty AiLadl)
Dleail glaal 850C 7 ) a5l A adyy cpill Jals dgdlall Assd) 3 asialyl
A ) il e el Aagy (it 2 agial¥) el e S 2 o) ASp)
a3ls duailly ()35lly anall dagladl) (B4C— SiC) daclall 35180 dila] 230750C° 5))a
Laiad) cllally skl AGY @l Gl Gueal 200C° e shall dapy ) G
Sy Alay) 28 jsgemall Jals 6N wyysh Gty 2nlSY) Al (o landl Calas
L Gl (1% 5185 V) o saiirall (o AL 4aS Ailia] Lgra ol jidia < & (52)8)
ol el e unnlty Ly Ll 2 e 2Tl (351 Aais ) (gl Loaf
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(Al Syl e g Ly L A pian ojlat depana (e Talaie | Jag il o3 sl )
idec oLl ADIA Angygis Hopeanll Jal ) G i G o Aalsal) Jadl A
daclal) @Al ayysis HLi uadl BO0C® syall da s ) Ladall i sale) &y Lall)
psial¥) ladi Cua didee 4% B00C® Byhall Gy diey Llal) elgiil aay ) senadl) (ara
Dseaall Gasall denill SU200C° 3)ha Al e ) el A 3 36
pi ) ¢ Jialy caall (e ol die g uSall ol ¢ guagally ASLdl e (e JilEl
s> o)laia Pressure time (31 (S0MPa) 5 )i Squeeze Pressure i Gk
sy 2my Al J2hy (e i) Jadl 3y (Solidification) seadll asy Tals (60 sec)
Lec)all BB e lgiilia) Cslhall Caill oy iy s2e Adeall 5 S35 (10) (9)JS
Jsaalls (SO ,S1, S2, S3, 84, ... ) okws) IS alie cu e Juastl (L)

:[9] [8]psinsil ¢ L] daraind) (SQT) cljiah)ls mmsa (2)

il £ Lasiiaal) (SQT) ciiahly (2) Jgaadl

Squeeze Casting Parameters
Preheating temperatures
(200C ")
of reinforcements
Preheating temperatures
(200C *)
of die
Spindle speed (400r.p.m)
Stirring time (15min)
Stirring temperature (750C °)
Squeeze Pressure (50M Pa)
Pressure time (60sec)

Ao Bulee ehya) o5 13 daaill Adae Aaih Bagacs S smedd) (sSi me il Alee ay
il Aac 2l asnialV) Gl guse gpead (Lsedill e s2a)) (Homogenization)
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l Dispersion Hardening l
One or Two

(SiC&B4C) Assistances Materials AL Ti, Zs, or Mg
. “ - Remf::;ment Casting
i ﬁ ;):I - Molten metal
b m W
v . Create Vortex
Metal Matrix

Setting Wight Aluminum P {,‘ A_.‘
pieces AA707

Molten AL Reinforced Particles molten and
added Particles stirred

Tests Results

# . T Pressure
Casted Ejection Release

== Billet AMCp Specimen Squeeze Pressure application
Mechanical Testing s

Strain Hardening I

AleSlly ASalSaal) Al S i b Sl @ Gl 35 Ll (10) Jsall
ASlual) @iy ly clasadl) shay Aariual) cfjgail). 4.3
f(11)JSall daage o

A Slgam Asal) semall = jiag o)) ¢ hLEAY pandl) sieal (11) JS)
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Ahide  das Glay pina Gl sead) eVl Gl W3 &
& e Ll s (V) a3 Sles e (600,800,1200,1500, 2000)
et Llee cyal & (0.25um) aaay eliall Guladl) G gane Jlexinly poalil) dlee
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S ey Sgal jead) o lgasd 245 (190HNO3, 3ml HCL & 2ml HF
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Gl KU e daelal) 36N e Cun dpgaall jsall b (13) JSEIL mage s LS
e el Sy Ly alitie 4 IS8 L) patial) e a3l e aaally Lese s
Ghld- Leadl jeall o led Dgadal dalual dayp cua sy el IS8 4l
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AA7075 +10% SiC

AA7075 +5% SiC

AA7075 +5%B4C AA7075 +10%B4cC
+5%B4C

asialY) e Linglls syl me il By £55 st sl jeaal) sea (13) Sl
200X S daws . AAT07S5 sl
: Hardness test Results 3gludll jLad) milii (2

sud Slea (HARTEPRUFER GNEHM:230 )esi s e JLaa¥) chal &
=l o Gub e (4K gr) Uses i Cua ASTM-EQ2 Zialsall (33 (Vickers)
Olaal cilaliy (Dwell Time= 10seC)  Juead (o)l (1367) uly dushy aliiia o5as
Aadl) yaail e JS (e Adlise Blalia (pe 35l Jlpdie JS8 e lf Anyl ulidll 28 5i5e

gyl Gluel) 35lual ddau gidl)
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SO S1 52 S3 S4 S5
| H Sample ID 70.9 89.5 115.6 125.5 138.8 155.3

Vickers Hardness [VHN]

Percentage of Particles(Wt%)
AATOT5 assialy) A 55kl o e cunglls aldy) el sk (14) J<a
: Tensile Test Results 14 jLad) milis (3

sy 35540l (TINIUS OLSEN H25KS) aill jlea e baally a3l lidl cha) &
o @ ol ) Jasal & e seli J9 e 3als all) il g i< Sl
(10X15mm) dakise ahiliagy (ASTM— B557)ismlall dicalsall cea cilizal) wson
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(Lppnail) AUy) ~UTS dpadac1 80 daglin —YS gguadll daslia): (e JS
Lasliag goadll dga) ad o) das (17) (16) (15) JSAIL s s LS il cals
OsSilind) 3 S e S (33 A L)) g <)y (AAT0T75) Gl assiall alaall a2l
e Wan Glan Sl e cpegill A Cpagl ae il dies , 10% (s Apuldl) o0l
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Percentage of Particles(Wt%)

AATO75 1 dgeil) AU a8 o Cpmelly gabd)) ae il a6 (17) JSal
el Alie 2d Galid Juadl el =85 Aimll L Cagd) sl o Jal) LSy
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: Compressive Test Results ikl jLad) mili (4

Sl Y ) (aaU el 8 Ale deeadll olaall Bl deglie apad sl o
L) Slea pais o Jarall Ll eyl & a8y adll L) e dasgjaall Glipell 2l
s Sleall e didak daayni ks Ages ad (TINIUS OLSEN H25KS) sl
a8 ol any ang) Janall 5 cpag e Oy 3aly Tl inia e Jpeanl
£l g Apuiliie A0l whaliays Jpesil) pUsil el Tam Aghimn zshay Ciliml) wen
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£
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5 240 ™}
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=
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o
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S0 s1 s2 s3 s4 s5
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Percentage of Particles(Wt%)

alaall Iaaall Faslia e cpmglly gadY) meail) 26 (18) J<a)
a5l (UCS) abaall Larall Gaslin o) i (18) UL ramge 58 LS aeiliall il
S LS e dejsall Lpulil) cilag K1) 356y L 3Ll ae ) AATO75 L)
dell @llys (UCS=332MPa) alil lgied cpund ) ol 2 (uagll apexill o ddaadle
Aacadll e Aially ol IS deead) il 3 e 35 — S5-
: Flexural Test Results ¢Usi¥) jLad) zilis (5

By s ey 3 (three—point bending test) Llall 3 cLaty) jlad) ol o
AL Fee aall  Jivna) GuliY) b A€l algal) dusdyy 8 Jaracally 2l L) (e Al
Al L) Glea it o el LR eha) S5y (ilasdl) liad) agial Ly die
Gk skl daeatll Gy cany ald () €55 ae (TINIUS OLSEN H25KS)
& ol SR Al S oy e J diphe o Al Caalie b Alsanl)
(ASTM- B557) Zulill dacalsall cn HLasdU dataiss adalieg Ciliall ases juans
S iV aaes Lils Glacal ST JSE Al ag (160x20x10mm®)aled,
e doanll a5 (Lo=120mm) bl Zuadl Johy lebn sl cuilshand cpai
Flexural dyakac) ¢ iai¥) daglia): dad luas paad o 3SG50 & clipell cillaladdl)
.(Bending Strength=Strength
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340

300 ™
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Flexural Strength[MPa]
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Percentage of Particles(Wt%)
alaall bl Aaslia e cpmglly 2l @Y) el il (19) J<a

g KU 333 At ) a3l Gl o sialU ¢ LY gl (o a3 (19) JS (ge

Al e Gt ) ol 28 gl sl o Aaadle (Say LS . aDIA desall dac )

AATOT5 e g S dae aall il il e 46 gite — S5 Al clld s (344MPa)
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4 onw
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s el 4584
A 3500 Tadl) Slgnll g el SISl Al panl i (4) Jpoad) sy
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0
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SO 70.9 0 133.4 0 201 0 223 0
S1 89.5 27 176 32 233 16 257 15
S2 115.6 63 196.5 48 252 25 274 23

77 69 44 31

96 90 52 41
S5 155.3 118 274.6 106 332 65 344 54

Jand) ljiahly G (%118-%15) o zols palsall 8 Cund i liiis of Jaadl
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GledAW) A8 i f ddle) ) a5 deelall @6 dila) Gaeall Galll osill e
Loe U jlse a 5f g Lgald Aaclal) (3AIL Cule DA oda arlasi Ladind (paaall Jal
Oanall 35luds Aaslia 55 50l Gaiad ald (e 13y calll sgdtll amall daslia e Ay
a2 24l
e daclall @Al sl ((Microstructural Refinement ) desall 4l aasi *
tleie aph am el axall Ay jeaal) Al s
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