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Reinforcement and Annealing Effect on Microstructural Properties of
Al-10Mg/Al,0; Nanocomposites Prepared with Mechanical Alloying
Techniques

Manoochehr Sobhani™

1 Semnan University, Faculty of Materials & Metallurgical Engineering, Semnan, Iran.

Abstract In the present work the Al.O3 content (0, 5, 10, 15 wt%) and annealing effect on the microstructural
properties of Al-10Mg alloy was investigated. The milling process of the composites was carried out under argon
atmosphere. Milled powders were pressed and annealed at 400 °C for 45 min. Scanning electron microscopy (SEM) and
X-ray diffraction (XRD) devices were applied to microstructural and phase transformations studies of the prepared
composites. The results show that the mechanical aloying process accelerates due to alumina content increment and it
results in the formation of a steady-state condition. The alumina increasing cause to decrement of the matrix grain size
from 32 to about 15 um before annealing and it prevent the abnormal grain growth after annealing. Increasing in the
grain size occurs after annealing process due to the particles agglomeration. Also, grain growth, lattice strain decrement
and lattice parameter decrement were observed as a result of recrystallization. The microstructural did not show
significant changes for the samples with high quantity of alumina. Formation of AlsMg, phase after annealing, observed
at the X-ray patterns, can prevent from further grain growth.

Keywords: Nanostructured Composite, Mechanical Alloying, Microstructure, Annealing.

S 15 oigs”
SYTYYOFNNA UK, 05 <+ Q100 YYTVA— YPYTYEAAVS 1ol (o5, e 5 3l 50 wnilige 00Kl Oliens s (O s SL (65 255 cOlions 1 SLES

m.sobhani @semnan.ac.ir :,& b

[ww.SID.id


http://www.sid.ir

wﬂéL@)jujﬂ)nuUw

Y40 QUMJU Al n)Lo..j: ) o)j:—\/\

B (AIYOY‘) sdS C,._n‘},a.'; )L" Loy ;f:"-‘lfa‘ )3\ R J,.,pl;-
S spelS Sl 5 S350 — ol Slkes
.l Al -y« Mg/AIYOr Bl WY

SR8 g, Y

SIS ase ag dlp Gl e
Vool (05,5 T < 743) Al s, Alve Mg/ALO,
O by a (05, WP <784 Mg S5 ey
S (05,50 W0 <) ALO: 3 s dous VO 5 Ve
Sloslm Gl G 3 Ls g Merck JlaS Jpams Sos
Sl i (o3Y 8 8 5 OIS L Fritsch Jue VU (65
5 ool ol ealizal j3p w0 A8 s us Ll oS
i3y 55 YO Lol dhiies &S > s 5 Y0 1)l
Chgges e [F] 35 bl Cole Yo e 4
o 35 ol a3 Frr gles 3 4i3s FO Sde 4 53
S3Pshosm B S 3 Gl Slhes Cos 08T il
SN S S Sl sl b ey oy S
adlas 3,5 Cam Scan MVYY++ Jus (SEM) ius,
Tangential iy 4 535 3 ol umeen 28 S 13
Ao Sl s awlwe SEM - slas (5, 51 method
ok Jlesl (35S Ol 5 ame 4ils o310 Lue JT 20l 55l
5 (XRD) oSOl anil 6,85 (681 S ayng 3 @
aalzel Sl s = Ogunldsy alaly & g pme &S 5 ala
VY] s
Bs Cosb = 2(¢) Sin6 + kA/D (V) dslee

SN el g b Al ol
0 tzes (K=1/4) 8 b K 5 (0 =+/\0F+0% nm)
S5 s S 6 Jiy S sladls o310 D (G 4l
e ) e Sl gl hal s S sl Ps s o
A glalbx falS Cyr comen b s (0L
S5 wr e Wped S Sl esliad L 20 Ps sl

RE TR S 5

dndie —

3 L ol Sy o grioe T i3 a5 g8
o554 5 Sole LT Ayl b b g ol g ool o
el ol 0 Ren Jds 4 AL-AIOr slacy  50l8
sl ol s Gl S bl il Sler
350 bl mlw 5 ilussnst mlo )3 e 8,50k
Slidos 355 L [ 1=5] Wl S 515 eslinal 5 anlllas
W5 el s Saca s salS ol 55 0l ol
s i Lol Lo o 5 e Il e (gla 5 pealS
o3lizal b (53UT e T a1 szl ( SGISe (3L3UT
sl 4 (X= Cu, Mg, Si, ...) AlX ,Usss slaass 5l
SUTOle cpl 3 ol ol )y oS e Al v%':‘}”
YL o ass Cb/\x:.,;l J> 4 (Al-Mg) (2 e —Wjﬂ
533U Rl sl s 8 el oS s (Sn) 5 4 Cueslia
Lo )8 51 s (ol 5 S5l Jae sl LBln ol
a5 Wy 5elS Gl ae) Olye 4 edd olla
eI 53 e I sl e [V] el 4 S 13
b S e 1S (Al sl do s S s BUI sles s
Gl al b S a Jliis cpl ol plonil Sliios
ey Cosl [N Aob e SRl ool - B SO
e S 5 S laedsS Cy s b5 aren )l
an sl 5L 5 aes g0 o ol Sl oS5 S bads]
N o o = RUC R DU E
L o soplS SOl (ol (b 51 s o D slS
g oS S D3 o3I Al 5 e oS il
LV o] b

sl 5 VL (5550 oLl 5 Bta 5l 5e U2 s
sl 5 K (S ol L SLsS 5 L S
ot Ll 3 g (3l UG 050 ol U3 Al e o llase
el ol Blaal 0350 s w0 Gl G Al 2 K
ool sk 4 ple ased s Ul b B0 )
Sl )ls an a5 b plply il e o508 Slse o
AU Vb glales 53 (o a4 (2550l 315
o=l Pl s oty Sl o Sl ol

B 3l Ga s el bl (5ol Loy § guelS


http://www.sid.ir

\*—\YAO Ql:...ub LY e)l.o..f: 40 092

4334..3.?: 61.@__»_))1}5‘5:‘}4 MLJ.-A_‘%

- 'ﬁ"a‘ s
Fa .

7 r.-’-",-__l,, ;

. Nl e e

iy wagr 'Q‘
eﬁ}ﬁ_‘;f;f@fxf‘;@

Al -1« Mgh+Al20s () Al -1« Mglo Al203 (D) Al -) M@ (8) sbasi s SEM sl ) S
8Ll celu Yo 5l ae Al -V Mg/vo AlOs (d)

2
Kotl

sin®0y,, = sin®0,, (F) dalas

Ka2

(hyq, = *110F 07 5 Ay, = /1OFFTA)

e Aol s 4 C 5 A il i olKas ol - L
onloms (Bg ) 4t eyl 5 adaly 53 A SlEs Ols 13 L
P2yt

A =)2, 482

Kal <O> d)kxﬁ

Cou g mli ¥
LS5 L ovsy gz SEM s (V) S
Gl s e Ol ) Cole Yo e el Ll o
B S S U S PP PR T SN Y RPN

g oo odalie c»‘l);&”ﬂéébs

GRIP L (@) S bl Sl oz Gl

Lomls 5 b esliad Y] ass oy 5l bl o)s
L oy ool 0o s S awslie JCPDS (2 +¥=1VAY) s
5 0=18INY0 oes 5 O=hY+KYHY)  slie avloes
53 Wbl 53 oKy s Vsl 53 T IS sl

B SIS d e

D asn?0,, =AY a2+CY b (1) sl
D o820, =AY as+CY 87 (1) sl

.2 .
S SN Ok, ie 5 G w3 0 WL Ly, s

:Jgi@w:gﬂj&_z\)


http://www.sid.ir

4:3).&.:.1 6%))\.25):1)&0[}1‘&5

Y40 QL‘;..JU Al o)La..i ) 0,93 —Ye

ol Ll s 5 cole Yo e weas LT Al -y Mg/o ALO, (D) Al -V Mg (@) slasisos SEM sl ¥ K

Sllas Sl day il e CudspelS aney 55 Loa T saiSs
Sl LT eIl s b o e ,e ST W 4 Syl
Loos Oop Sei Jdo 4 odld Cosd aised 5o Al s
Aoy V0 b w0l 53 5 dl e BT (5 2o O gl o ST

s o 3ol (6 2eS Ol 0o JISTALOL 55

35
i #  nolling
= 30 O annealng
E
% 25 3
£ g
v 4 Z
2 0 S
: oo
15 +
10
] 3 10 15 20

AlLO, (wit%a)
5 oS 5 5B A3 o 535 DS o3I Sl i ¥ JSKS
ASAST )

b Gimls sladised Sl el Gy 800 () S
ST 5 8 cola Yy Cote @ o Lol Cilises LS 5
53 s e 0l 1 (P JS8) Sl 51w 5 (fa S2)
Lt gyl Slle 3l 3 basel 4an XRD (oS
(AIMQ)s) o 520 =i Il ol Sl r Loy o slacSy
OF Gy 5 ol o a1 53 e 13 350 00 03
Oeomen [V V4] L o el Tk S5 5 B0
S das O3l el als s 4 Lo o1 sy ol

SV ] anl 2als 05K 55 b g Slul celu Yo

2 e g Ayl Doy LI Sy S 8
s diS Cusd 3B dons Rl LDV il e A e ol
CH eSS g Ol &5 3 S xSl el AlLO,
S sl Cel LuadT S3 a8 s o OLES pl 4 e
S ot 5 eSS Al 53 e 23S e ol
bea T 3 10 53 8 o ool 35 )3 55 LL &l
U e sa g O3 oIl Jrals L ogline ”:JKA s L
el el L3 3 w03 B8 L3 L Yol oIS
Lo I 3 Ogr WU 5 555 0wl 35y eS80
Sl e 3 3L R R e I
R SPPPUCIPIN [PCIPS TE S P [ VRPN PE -
e O8GRIl L asy DL Oad 55 s 4 ams o
ol b e 2l jas b o3Il edd wnSe Ll
Gl b s s el bl 3 sl
25 Sy 5P s LL Sl ol SO
3 Al VMg sladised SEM s (V) K5 55d s
A e Ol gl ol 51 as Al o) M@oALLO,
w sy Tl de Asl e Lasiie IS 51 &S 55k Oles
B B e AL o C G FC PP W e
Sy ol b lledd S 5og Olyb o3Il 5 eslil Bl
535 el Supl D3 jpam 53 Ol alST a1
2% s Db el il sl sbsl 508 AlLO, sass
sdalie (1) IS s Sl 5l a5 13 caloses ladd s
Aoz Bl el pasite JS5 514 sk Oles a5
VO 4 03,550 VY sad 5l a g ld o3l oS oy o 30

5035 36 spam s w pl S ke SR 055

[ww.SID.id


http://www.sid.ir

YASIFA0 Sl oY ol © o33

4 i sl ysld 5 sl 5o allad

Oy ssbine 4003 8 o a3 58 (Rl 5 et (6551
S e S5 GO L e S bl odd S5
D s culg oy as s Jtﬁ.:...? o2 sladls 5 esls
aailsy e 25 5 e sladly Oas o L SO
Al S Kpd e b Lol ladls 4 o b sladls
s b Y Y Y ] S e SO gl sul
bl me GRS G s SlbL LS e 1 e
$ls o)‘.’u\ V,LALS oS C,g‘j_i: )Lﬁ Loy L);.v\)a\ L oass
ol 3b Al s 4 Sl b 5l aw 5 5 o m S
a3t b 51l e Rl 58l e sad aes (gl «ils o3l
SFpS o b byl 5L slie (6l ey S 051
35 G Bhal anl 3 o 3 e T O3 Lol osll Bl
J:’i‘f‘ Ls\j qub .L.vl}:‘f 9 )J;J a.L'S‘I; Losy S 9 ol
CJL:LQ.G )‘ A Alngr )L‘% M O Ju}.& Ll AJ\J..!‘
A s ks 5 3L s XS e s

LS (S sl Laails 31l A 5 i A 5wl

EL ¢ millmg
_ &0 9 C  annealing
=
Z
-
3 %
5 s
§ L
z 40 1
] * 5 .
L]
2[] T T
1] 3 10 15 20

ALO; (wi%)

3 U8 eS8 3Bty ey i S o3l ks O IS

KT 5l

S sb A 53 bk e ded Jlis S 03100 038 ST 51 e
$ USe s Calies (bt el 40 (35S Oljme ile oo 3L
J}_J:u_a QML:..AJQ)JAS)}J;QM sl o ey OLES
=33 A N0 L sl Sl 5 p FeS el Ly 8 Al
oS el sl s 1 el (i S 5l o sYL ALOKY

sl G s s bl g s olelisss Lo w

Ly Rl oS o sl 5B dao)s (Rl 5 L s el 0o
sy OLi a8 355 e sdalie LS, s ;3 Jals
S GBS R s bdhe S olul ials
Aol 3l dm Lses ol XRD 1 o1 s V] el
sdalie LS, ol o sl 5 L s ials KT
RIP 5 a8 Al e L oS 338 e
53 AlkMgr 5L LS5 omes Cnl Wadlis S 651
A odalie Kbl 5l dn ek gas 4en XRD 31, (5,5
B oS e a4 Ul e 1 00l Sy Sl Do oS

[\'] J‘oni@bsdbﬁﬁ)‘jc“w

A A

{a) A e, Al-10M,
Y000 N A fee-Al(Mg)., 4
“ \ e
G L A _AA
] n AL-10Mg/5A1,04
= 500
2 f
) J \_jt WA _)II'L._.A.
2 10004

AL-10Mg/10AL O,

o J\_,A. ,"!L )\'u

C

Sy Al-10Mg/15A1,0,
500 1 Jk i
0 N 7)1 JLA
T T T T 1
40 50 60 70 80
[h]mu- ® Mg-Al: Al-10Mg
1000
al ok . A
]
- Al-10Mg/5A1LO
900 ! a/SALO;
% 400
E \_Jlk_ A A
=

Al -10Mg/10A1,0;

A

1600 4 Al-10Mg/15A1,0;

402 | J —-\.—dl"‘uo— —A_J\-

T T T T
40 50 60 70 &0
2 Theta (degree)

ggmpiwéiaﬁ&uc}gﬁlwlﬂﬁL;u,ijt.\‘Js.:.
Sl 5w (D) KT 5l s (8) csle Ye oo

[8
k=_;=_
N
-
-

olB e s S ol Dl i 0) S

sk Olea s e 0L 1y KT 5l a5 3 La T ao s
st 5 doys Sl L LT 5l LS el asiie &S
WS sk a4 s e Ol T gl Ny 5 B ksl eiS
e Sl e 3 D3 s s Saadly b S
5 bl (it Cpe Joo Jhs S s I8 L

il ol s S O sgms [TV Y] 5pd e 6


http://www.sid.ir

wﬂ&@)jujﬂ}nmuw

Y40 ul:.w.vu Al n)Lo..j: ) 0,93 -YY

&S woms ¥
YY 5l b eslul Jials el b JT 3 5l

sl 5SS 33U dnl 3 55 S 055 10 &
g 22 3 S50 5o LG - S

o by S olul 2als 4 e ALO, Aoy il
AL GRIB s A NS B sl 5l s
Sybsr iselS Slad sl oSG2

g o ST gl 3 bl s 0 ST il 3 51 An
Lol Cusis ladses 53 Jy b LRl Sl ol
Bl (5565 oy b L3 ol il el Sl
JREC I

s Al SRl adly S el Sl anl b 5l e
plnil 6508 o b Lokl o310l ol 3l Ls JT l530
GBS rmen oo SLPU T 5 edsdone 53 g 350 e
Al Sl e el a0l Rl 5 eSS

Aol Llg e AMgy 56 LSis Sl al b 5l de
By |y Of Culg 53 5 63,8 AS 1) s 555 5 LSk

LS

&

1. Suryanarayana, C., Mechanical aloying and milling,
Journal of Progress in Materials Science, 2001, 46, 1-
184.

2. Fogagnolo, JB., Ruiz-Navas, E.M., Robert, M.H.,
Torralba, J.M., The effects of mechanical aloying on the
compressibility of aluminium matrix composite powder,
journal of Materials Science and Engineering A, 2003,
355, 50-55.

3. Fogagnolo, JB., Robert, M.H., Torraba, JM.,
Mechanically aloyed AIN particle-reinforced Al-6061
matrix composites: Powder processing, consolidation
and mechanical strength and hardness of the as-extruded
materials, journal of Materials Science and Engineering
A, 2006,426, 85-94.

4. Tavoosi, M., Karimzadeh, F., Enayati, M.H., Fabrication
of Al-Zn/a-Al203 nanocomposite by mechanical
aloying, Journal of Materials Letters, 2008, 62, 282—
285.

5. Huo, H., Woo, K.D., In situsynthesis of Al.0s
particulate-reinforced Al matrix composite by low
temperature sintering, Journal of Materials Science and
Engineering, 2006, 41, 3249-3253.

6. Zebarjad, SM., Sajjadi, SA., Dependency of physical
and mechanical properties of mechanica alloyed Al-
Al203 composite on milling time, Journal of Materials
and Design, 2007, 28, 2113-2120.

7. Al-Agedi, N., Mendoza-Suarez, G., Suryanarayana, C.,
Drew, R.A.L., Development of new Al-based
nanocomposites by mechanical alloying, Journal of
Materials Science and Engineering A, 2008, 480, 392-
396.

uﬁlujbowqﬁ)b ﬂ‘ﬁlbé@bwe:bdjjb

e R

0g
07 ! 3 ;
e 1
= ¢
,g 0.6 -
=
2]
g 03 5 ?
=
z 0.4 - 2
N & oulling
O anncaling
03+ T
0 5 10 15 20

ALO; (Wt%)
day g B eliS CusE bt s s 4K (S Ol i £ ISS
ST )
gl aSd (B S mals Sll al sl e
etz Gl Rl ol s cl g LB ek g
‘).41 U'-’-\ .L.::Lk;c f('s JLL.:.: LY Q{J}Jﬂ)lﬂa Lt k;i)):.cls
oIS Lol Wges Sl Sk 3L AlE a8 das e Ol
a)'\.,\.sl \% J.i..; RGO P ) k..ﬂ.;j.:.ﬂ o 3 oLl éw‘ M"L__
slado s b 25508 sladsel gl |, oSS byl
oS o 3 deo s a5l b das e 0L Ls T Calises
NS ¢35 ol IYYT s)ls (o iy ialsdl aSSs a5l
B3 s Lo JT s s ealsdl b als o)l iy jals a
S eyl cals o3l sl s 4 KT aul b 5l e
g Wses 53 Bk 5l b e Al bk den sl
o8 A el il oIl ras Al s a4 el
e e QLS 1 (g b

0.4400

0.4200 { Py

.
0.4000

1CH

0.3800 1 5
0.3600 o)

& milling

0.3400

Lattice parameter (nm

O anncaling

0.3200 ;

0 5 10 15 20
ALO; (Wt%)

B ek 58 5L Ao s e w4 el i VS
RECHW (RO


http://www.sid.ir

YY-1740 QL‘.M.'U Y o)l.o.,.i‘: O 693

4 i sl ysld 5 sl 5o allad

16.

17.

18.

19.

20.

21.

22.

23.

Scudino, S., Sakaliyska, M., Surreddi, K.B., Eckert, J.,
Mechanical aloying and milling of Al-Mg aloys,
Journal of Alloys and Compounds, 2009, 483, 2-7.
Crivello, J. C., Nobuki, T., Kuji, T., Limits of the MgeAl
g-phase range by ball-milling, Intermetallics, 2007, 15,
1432-1437.

Hamana, D., Baziz, L., Bouchear, M., Kinetics and
mechanism of formation and transformation of
metastable p’-phase in Al-Mg adloys, Materials
Chemistry and Physics, 2004, 84, 112-119.

Singh, D., Suryanarayana, C., Mertus, L., Chen, RH.,
Extended homogeneity range of intermetallic phases in
mechanically aloyed Mg-Al alloys ,Intermetallics,
2003, 11, 96-99.

Zhao, L., Zwick, J., Lugscheider, E., The influence of
milling parameters on the properties of the milled
powders and the resultant coatings, Surface and
Coatings Technolog, 2003,168, 179-185.

Saberi, Y., Zebarjadb, SM., Akbari, G.H., On therole of
nano-size SiC on lattice strain and grain size of Al/SIC
nanocomposite, Journal of Alloys and Compounds, 2009,
484, 637-640.

Zhang, F.L., Wangb, C.Y., Zhu, M., Nanostructured
WC/Co composite powder prepared by high energy ball
milling, Scripta Materialia, 2003, 49, 1123-1128.
Delshad Chermahinia, M., Shar&fi, S., Shokrollahi, H.,
Zandrahimia, M., shafyei, A., The evolution of heating
rate on the microstructural and magnetic properties of
milled nanostructured Fe1-xCox (x = 0.2, 0.3, 0.4, 0.5 and
0.7) powders, Journal of Alloys and Compounds, 2009,
484, 54-58

10.

11

12.

13.

14.

15.

Massaski, T.B., Binary aloy phase diagrams, ASM
international, 1991, p. 170.

Umbrajkar, S.M., Schoenitz, M., Jones, SR. Dreizin,
E.L., Effect of temperature on synthesis and properties of
aluminum-magnesium mechanica alloys, Journal of
Alloys and Compounds, 2005, 402, 70-77.

Saboor Bagherzadeh, E., Dopita, M., Mitze, T., Peuker,
U.A., Morphological and structural studies on Al
reinforced by Al203 via mechanical aloying, Advanced
Powder Technology, 2015, 26, 487-493.

Ozdemir, I., Ahrens, S, Mucklich, S., Wielage, B.,
Nanocrystalline Al-Al20sp and SiCp composites
produced by high-energy ball milling, journal of
materials processing technology, 2008, 205, 111-118.
Koch, C.C., Ovidko, I.A., Sedl, S, Veprek, S., Structural
Nanocrystalline Materials Fundamentals and
Applications, New York, Cambridge University Press,
2007.

Suryanarayana, C., Norton, M.G., X-Ray Diffraction A
Practica Approach, Plenum Press, New Yourk and
London, 1998.

Hafizpour, H.R., Simchi, A., Parvizi, S., Analysis of the
compaction behavior of Al-SIC nanocomposites using
linear and non-linear compaction equations, Advanced
Powder Technology, 2010, 21, 273-278.

Fogagnolo, J.B., Velasco, F., Robert, M.H., Torralba,
JM., The effects of mechanica aloying on the
morphology, microstructure and properties of auminium
matrix composite powders, journal of Materials Science
and Engineering A, 2003, 342, 131-143.


http://www.sid.ir

