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Abstract—In this study, the effect of mechanical activatiom

Najafzadeh Khoee

to brittleness of most of the iron alumindes sot ttize
brittleness of the FeAl at room temperature is @igthan

the synthesis of B&I/Al ,0; nanocomposite has been investigated bFg;Al. Another method is grain size decreasing whiebuits

using mechanochemical method. For this purposeniilum powder
and hematite as precursors, with stoichiometridoradbave been
utilized and other effective parameters in millipgocess were kept
constant. Phase formation analysis, crystallite sieasurement and
lattice strain were studied by X-ray diffraction R®) by using
Williamson-Hall method as well as microstructured anorphology
were explored by Scanning electron microscopy (SEMIso,
Energy-dispersive X-ray spectroscopy (EDX) analysés used in
order to probe the particle distribution. The resshowed that after
30-hour milling, the reaction was started, comilkgtidone and
completed.
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|. INTRODUCTION

HE most prominent characteristic of intermetallased

composites compared to the monolithic metals alwysls
high specific strength and high modulus that mdiesrt ideal
materials for structural applications. Iron alurdies are based

on FeAl and FeAl, however, these aluminum-rich phaseh wi to

melt points about 1150°C are major phases of alumialloys
[1]-[3]. The most important property of Iron alurdim is high
specific strength. The Iron aluminides are the niogtortant
engineering materials because of their low cost, density,
high hardness, high melting point and high spedfiffness
[4], [5]. Furthermore, these materials possess goar,
corrosion, oxidation and sulfidation resistance. tBa other
hand, iron alumindes have relatively high electriesistance
and low thermal conductivity. A set of these praiesrmakes
them proper materials for many various applicatisnsh as
structural applications, barrier coatings, hot fijgers, thermal
elements, high temperature mould, cutting tools defénse
and aerospace industries [6]-[8]. Two major proldetmoth
low ductility at low temperature and unsuitable epe
resistance at high temperature about 500 to 609@, the
application of iron aluminides. In order to achieeasonable
ductility at room temperature avoiding from stomitnietric
compound of FeAl is recommended. When the concémtra
of aluminum increases, intrinsic defect of graiudary leads
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in nanocomposite products [9], [10]. In additiohe tceramic
reinforcing particles have been utilized to imprdte creep
resistance. Principally, second phase particlesbeaapplied
in matrix either by ex-situ method such as caspmaress or
by in-situ method [4]. But former method is not peo
because of lack of homogenous distribution of micéments,
pollution creating and low economical efficiency st the
reinforcement particles can be applied in matrixrbgitu and
direct method which is occurred by the below subistinal
reaction:
MO+R - M +RO Q)

Which MO is a metallic oxide which is reduced tgpuare
metal M or an intermetallic compound by reductiaert R.
The in-situ method can be occurred by mechanoctemic
process [5], [6]. The mechanochemical consists I t
mechanical activation of the solid state reactionga high-
energy mill. Primarily, this process had been usg&chaffer
and McCormick in the reduction of CuO by Ca [7].cAcding
reaction adiabatic temperature, the mechanoaami
reactions are categorized in two groups. First grbas high
enthalpy which occurs during the milling processféct, the
adiabatic temperature of this group of the reastisnhigher
than 1800K). Second group has low enthalpy andires
subsequent heat treatments (in fact, the adiabatiperature
of this group of reactions is lower than 1800K).eTieaction
of the first group can be done by either combustipgradual
mechanisms. Recently, the mechanochemical procésses
been taken into attention by many researchers and
nanocomposites such as NiAl8; have been produced [6],
[11].

In this research, the effect of mechanical actoratime on
the synthesis of RAI/Al ,O; nanocomposite from hematite and
aluminum by mechanochemical process has been dtudie

Il. MATERIALS AND RESEARCH METHOD

The precursors consist of commercial aluminum powde
(99.9% degree of purity) and hematite powder preduby
Merck Company (99.9% degree of purity). The
mechanochemical process has been done in plameiihryith
weight ratio 1:5 and the rotating speed 250 rpntoiding to
stoichiometric ratio of related reaction (2), foach stage,
powder with 10g weight has been milled under Araphere
without any Process Control Agent (PCA). The phasmges
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have been

explored by Scanning Electron Microscope (Phyligs3®). In

order to probe the elemental compound of powder Xiray

energy analyzer (Vegal-QUANTANA-QX2) has been méli.

In addition, to investigate the density changes podbsity

percentage of powder, the gas pycnometer (Micrdiogyihas
been used. Also, in order to determine the crysadizes and
the degree of lattice strain, Williamson-Hall methuas been
applied.

Ill.  RESULTS AND DISCUSSION

Fig. 1 shows the morphology of initial Aluminum and
hematite powders in which aluminum powder has disor

shaped particles with grain size below 100um ad wasl
porous hematite powder has spherical particles griin size

Fig. 1 Scanning electron microscope micrographsitél powders,
(a) Aluminum (b) Hematite

In order to produce the BEA-Al,O; compound, the
precursor materials with stoichiometric ratio habeen used
according to the below reaction:

3Fe0,+8A = Fe A+ O, AH,,=-2688/680/ = (2)

AH shows that this reaction is an exothermic reactind if
reaction kinetic is supplied, the occurrence ofrémsction will
be possible. The adiabatic reaction is a parantiesmpredicts
the state and also presents that how the mechamardie
reaction occurs. The adiabatic temperature of ¢aetion (2)
is measured according to (3):

investigated by X-ray diffraction (Buncke
D8TOOLS) and the morphology of particles has been

-AH;%:Z[TJT cpsdT}ZAHmzﬁ Cde} ®3)

298

Which Cpsand CpI are heat capacity of solid and liquid

. ° p
products, respectively. Also,AH,,and AH; are the

enthalpy of the reaction (2) and the liquid product
respectively. Thus, the measured adiabatic temperatf the
reaction (2) is about 3158K and so that the meattezamical
reaction, which has been done during the millingcpss, is a
combustion reaction. Generally, this type of reactihas
spontaneously been occurred and produced during
mechanical activation.Fig. 2 shows the X-ray difian
pattern of Al and hematite powder mixture beford afier the

the

various time periods of the milling process. Acdogdto Fig.

2 (b) after 5 hrs of milling of similar initial paser mixture,
resulted peaks are compatible with Aluminum and dtéen
and no other crystal phase has been seen in timtyiof
them. Thus, 5 hrs of milling does not affect oniaipowder
and only phenomenon, which has been seen, wasthreate
of the intensity of initial peaks and the increa$¢@eak width
because of nanostructure formation and latticenstnerease.
The measured size of crystallite and lattice steaim 66 nm
and 0.53% for aluminum and 58nm and 0.925% for hiéena
respectively, after 5 hrs of milling. But there mot any
precursor after 10 hrs of milling and resulted peake
compatible witha—Al,O3 and FegAl according to Fig. 2 (c).
Therefore, after 10 hrs, mechanchemical reactios leen
done and aluminum has completely been reduced-2Ag0;
phase has been formed. However, the materials haee
composed oé—Al,O; and FgAl by mechanochemical process.
The size of crystallite and the degree of lattitais, which
have been measured by Williamson-Hall, have beesamted
in table | for productions after various milling mie.

According to this table, the decrease of lattiamistof the

sample, which has been milled after 10 hrs, is doe
continuous and great striking of the balls to powdéuring

the milling process that results in defect denaitg localized
temperature increase so that the possibility of difusion

increases that this leads to recovery of the diglons. The
recovery process is carried out by the cross @ipof the

dislocations so that the degree of the latticeirstdecreases
slightly.
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Fig. 2 The x-ray pattern of powder mixture (a)iadit(b) 5-hour, (c)
10-hour, (d) 30-hour and (e) 80-hour milling.
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TABLE | milled counterpart and reaches16.17%. Theagglomeration
CRYSTALLITE SIZE AND LATTICE STRAIN OF MILLED SAMPLES AFTER VARIOUS Of the partiCIe in 80-h0Ur ml”ed Sample iS dUe ttmt

TIME PERIODS . .
atice decreasing the particles leads to attach each.deeause of
Crystallite  Crystaliite Lattice strainof  the presence and the formation of the brittle campoof

Sample F;iAzl‘zn?;) a_ji:g;z;m) Fﬁ‘m%‘; a—Al,0;  alumina and iron aluminide, according to Fig. 4hié milling
_ , (%) process goes on, they will be fractured so thats thi
é‘éﬁﬂﬁﬂ["ﬁﬂ:{l‘ﬂ gg ;S ‘i'gf 8'éﬁ phenomenon will make the distribution of the powparticles

80-hour millec 1 19 2 7¢ 291 better and more homogenous. According to Fig. 5 shaws

the linear distribution of the elements in 30-hauilled
sample, the distribution of the elements is unifoend

and 80 hrs, a novel compound will not be formed Hiriine homqgenous. In addition, the coincidence of thegeryand

of milling increases, only peak width will be inesed. The aluminum peaks and also the presence of the average
reason of this phenomenon can be due to two paeaspet PErcentage of the aluminum and iron throughout pagh
crystallite size decrease and lattice strain irezs shown in Present the RAl and o-Al.O; phase existence. Fig. 6
Table I. Furthermore, the intensity of the relapediks ofx — Indicates the point scan analysis of the 30-hollechsample.
AlL,O, phase is weak and this is because of the decodage According to Fig. 6, the volume fraction ofdA¢and o—Al;Os
crystallites ofo—Al,O5 phase. In addition, the spread of the®® 44 vol% and 56 vol%, rpctlvely.
peaks confirms this issue. v"*'-‘t_:_ 3

According to Fig. 2, if milling process continuep to 30
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Fig. 3 The size of crystallite (nm) versus millitugne (h)

Fig. 3 illustrates the variation of the crystalléee versus
the time of milling. According to Fig. 3, when thelling time
increases from 10 hrs to 30 hrs, the decreaseeorystallite
size is happened more rapidly than that when thingitime
increases from 30 hrs to 80 hrs. The reason is wreemilling
time increases, cold coherence phenomena and ctiveec
fracture will be occurred and then the equilibriwail be
achieved. Thus, the decrease rate of the crystalite will
decrease.

Fig. 4 (a) shows the morphology of the powder pbasi
after 10-hour milling. The morphology of particlesporous
and the average size is about 20 pum. The porosityeptage
achieved by gas pycnometer is 26% that presentshitite
porosity of powder and meets the morphology of gbeous
powder in which the morphology of the porous powder
particle can be due to the combustion reaction hd t
mechanochemical reaction.

Fig. 4 (b, c) illustrates the morphology of the mpiaw
particles after 30 and 80- houmilling. Because of 30-hour :
milling, the size of the resulted phase particlesrdases and 5ok 3 4 St oz 1
reaches to 5um and the porous morphology has not
significantly been seen and also the decreaseeoptiosity i 4 scanning electron microscope micrographiwhaum and

percentage to 8.37% confirms this issue. If millipgcess  nhematite powder mixture after (&) 10-hour, (b) $shand (c) 80-
continues to 80 hrs, the size of the particles ddtrease to hour milling

about 1 pm. While the powder particles agglomeratesthe
porosity percentage increases compared to that of 30-hour

364



International Journal of Mechanical, Industrial and Aerospace Sciences
ISSN: 2517-9950
Vol:6, No:1, 2012

0] # A —
SNCAST —0
0 A i /\// L —
] 5 / by
{3 avs N [FA [1]
I Ja 'y [N |
] (- f fdy |
\ y | f | i
\ | \ ! { / o
9] = v S [l p Ao \\/
V\"{\"\/P/W'\/\‘/_&\J/X‘M\\/ g\/ T R, \/\,,./\f_\u/ N kg
0] <) N G Do
E { 2]
— —— —
] [ E] [} )

Veiptkt h i3]

[4]

L =
cpsfeV

A0 T RA AR FeRA
] [5]
30
, [6]
4 Fe
4410 Al Fe
20+
] [7]
1.0
] (8]
00— AL R AL | 'k — T T
0 2 4 6 8 10
Fig. 5 Linear scan analysis of the 30-hour millathple (]
Sicps/ev [10]
] [11]
¢
Fe
1 c Al Fe
n
(- L A N R B A “k U T
0 2 4 s H 10
El ement Series unn. C norm C Atom C
(Ww.-% [w.-% [at.-%
Oxygen K series 1.21 1.24 2.97
Al um num K series 38. 96 39.93 56. 68
Iron K series 57.41 58. 83 40. 35
Total : 97.6 %

Fig. 6 Point scan analysis of the 30-hour millechsiz

IV. CONCLUSION

The results indicate that mechanochemical reactbn

aluminum with hematite has been done and compléted
milling process after 10 hrs. This phenomenon prsse

combustion reaction and the method which can dyrect
produce FeAl-Al,0; nanocomposite. This nanocomposite

consists of 44 vol% alumina phase. If the millingpgess
continues, the crystallite size wibnly decrease and result in
homogenous distribution of phases in the nanocostgoi
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