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ABSTRACT

Kymthesis of magnesmim abimmate spinel peacder OdgALD obhreviated as MA ) wers prepared by (b
ligubid iindngg, meihod, The symhesis of MA o]l Mg prsders with vrioos seight congasiinns
R B0 21 0y 40 aned 609D and Al powelens €952 90; B T 60 and 4D e the mow materiads.
which wers idepeibleitly dissilual in 375 HC i fotm MECl asd AT, sobiliis. Both ol
wore them mixed and @amedd for § hoars s doed o a tempenitone of oot WE- 1057 o produce
e wilh differem weight composi ons, Eoh powder resued Do drying was ¢ aracierized using
DTA-TOA, and them calined w4 B50 “C; 780 °C amd B50 2C fior | hour. The calgined powder wae
charmcteried by ARD o qualitative amd quantitaive analyses osieg Bisicn, 10 was found that MA
somples eonmined only MeAlDk and Mg oo the impurity plase. The selafive weighi fraction of
Mk incremsed up te 9% for 93 2w Al Using an exirapolstive approsch oo determone ihe M-
toe ] compasition, nearly pure bA, as high as 909% was achicved o193 2% Al and 4 8% Mg,

Boepwords: Blelal dissasbved Method ; MgadaOe; Weigls Fraction.

Intrdnd it by

The development  of  nanomaterial
technokogy  indireetly  influences on of
nanarystalline CETAmIC materials,
Manocrystalline  mmenal 5 expected o
improve  the properties of the materdal.
expecially in physical, mechanical, opteal,
ol others, Mognesium  Aluminste spimel
(A 15 a well-Enown cerarmcs material with
oond mechanical strength, thermal . chemical
aind oprcal, MA las beed widely used
varipus  applications and  ss @ reltaceory
matenial becowse it has o high melting
temperature { 2135 "Ch It s, derefore, & good
camdedate  mutersnl  for  high-tempemiure
applicationg.'

MA is a ceramic with o cub' ic spinel
structure which |5 based om the oxypen
sublnttice FOC ¢ losed-pocked place where the
tetenhidral and octabedral sites are filled. In

SComesponding Author.
Emailchairacul amamsaly@ o .o 0

gencral, the stufire of spanel written as
AR with A as o divellent cotion and B is a
irvalent cation. Spanel has two tvpes namely
normal and mverted. For normal spanel . like
MA, B cations oceupied 114 the positions of
octabedral and A™ cations occupied 178 of the
ietrabedral  positions.  There  are several
methods  for  synthesizing  magnesium
nlumimate such os hydrathermal * micrownave-
assisted combustions,” Thermal Plasma* and
sol-gel® Microwive-assisted  combastion
imethsl, howewer, needs 2 lomg processmg
time b acuire pure MA, and the Themal
phazima spray and hydmthermal echsgues are
expensi ve and resulted in MA with Mz and
AdsCh lmpumiiees, In adding o those, the snol-
gel method is also refativedy cosily, Moreower,
these synthesis methods do pot have sufficient
contiol on phase foemation of MA 100,
Analvses of the formation of the M4 phase
i & MzOhAl: ermic composie sy stem




were also repmated by researchers, 1 was
found thar MA abundam will merease with
more weight pereentisge of Mgl and resched
@ psaximum valee in an equimolar ALk
Mzl sysiem " Studies on the synthesis of pure
MA are developing. 1.2, in finding the most
effective synthesis method by stdyving the
formation of MA, Recently, o relotively
simple synthesis method, called the metal-
dissolved method  was  introdeced,  The
method consists of maximg of solitions of
mictal precursors, dryving at 4 emperature of
100-105 °C and finally calcisation ata ziven
temperature 1o obtain an exide compound of
the constitting ebements. This method offers
am altemative to prodocing manoparticles by
bottom-up approsch.”

In this suly MA, sginel powders were
symthesized using the metal-dissolved method
with Mg -to-Al weight ratie variations o
stuhy the formation of spined,

Methods

Syathesis of MA spincl las bees done from
Mg and Al powders. Mgz and Al powders ag
the precursors were  prepaved af  virioos
weights compositanm (4.8 1k 20; 30 30 and
Gl by welzht) - A (9520 90; 80:; T0; 60 and

4% by oweight),  Synthesis  begins by
dissolving  magncsium powder  {Merck)
without heating in o 37% HCI and stimred with
o magnetic stisrer for 15 houss of a congstan
specd. Then the synthesis was contimeed by
I]l‘ﬂl:ﬂ'llﬂﬂ_ alwmamum povwder  (Merck)
without heating in a 37% HCI and stimsl with
n magnetic stirrer for  hours o o constan
spe@l. Al metals { MaCl: ond ANCL: sobutions)
e mixed and stimred for 5 howrs at 8 constant
@ced. Then the solation mexmre i dred at
LO0-105 =C 1o produce powders with different
weight compositions. Each of the dricd
powder wis cilcined at 650, 750 and B30 *C
foe | houe. following DEC-TOA results, X-
ray diffrsction (XED} was vsed for phose
charseterization, meludmg phase compositemmn
unalysis using Rienca,” using the "ZMV
relative method 1o determine relative weight
fraction of cach plase:

SLEMK]
W=

= il
H;J S MYy

where W, = the relstive weight fraction of
phese § (%), 5 is Rietveld scale factor, & s the
number of chemibcal formales in e =07 cell,
M is the mass of the phase and ¥ is the volumes
off the onit cell,

Tahle 1. Nowsenclature sanple an this sidy

Mpg-Aldwt % MoA = Magnesium Aluminate

Temperaiure
48951 -9 2k-50 JME-T0 -l -1
G MAES  MAI%T  MAZESS MAITGS  MALGES  MABES
b MAJSTE  MAIDTS  MAZETS MAZTTS MA4GTS MAMTS
a30°C MALGHES  MAISRS MA2SES MAITES  MALGES  MAGLES
Result and Discussion evaporalion of water which is followed by a

Fig. | show the representative DSC-TA
curve for the 4% Mp ol 6FE AL IMALG)
simple tken o hewt rle of W "C/min ap o
1000 “C. The initial sample weight was 2002
mg, DSC result from the died MA spincl
powder indicated phase wansformation  at
certasin temperntunes. There wre four shamp
endothermic peaks at 173, 205, 274 and 479
", The peak ot 173 %0 s addressed 1o the

drastic absthe mass reduction, e, wp o
FAH3 mg The pesk of lemperatune 305 *C
can be mssocmied with o phase trinms formiatson
feom Al te AL, which & accompanied by a
mass reduction of 18472 mg whiles that at

TATEC can be assoeiated with MgO phase
transformation. The thermal events nbowve 300
°C are all excthermic which possibly due to
My plase fommaion ol MA spined as 2 resal




ol the resction between previously lormed
AbOs and MgD" The MA  formation

completes above 47868 “C, with  its
crystallinity, should be further observed.
Since in principle. thers i= no reaction or
decomposstion from 5537 *C o 1000 °C. as
rrirhked by stesmly A cufviek, Che cake imamnion
temperaiure was focused on 750 *C. The

previous  mesearchers™  with  the  Sol-pel
mcthoed showed that at tcmperaneres SIK-
T the spincl had begun o form but ws
still amerphous with larger erystal sze and the
crystal =pinel phase would begin to form of a
lemperaiure of 800, Therefore, this snsdy
used cokcinstion empermure in the range of
AAI-B50 7T,

S
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Figure 1. DSCTGA curve of MALG (0% A0%) dried sample
The hest rate was 10 °Cfimin.

a

Fgure 2-4, shows the X-my dilfraction
panterms . of MA  samples st calemation
temperuiure variations with o holding fime of
1 hoir. These patterns indicate tha the phases
identificd were only spinel {MA) (Mgl
with PDF mo, 21-11325 as the mimn phase of
spine] and periclase (Mg with PDF nioA5-
(1946} as impurity phase in the atsence of the
gluminiim oxide phase which is sdenfafied,
The spinel formation as shown in the pactures
shows that the method of the metal disselved
miethod with HCT selvent can be used for the
symtless of spine! MA. Feom the diffraction
putterns presended im Figure 24, it can
penecally inform that syithesis of spinet MA
on all temperatures, the relative mtensity of
periclse 1 spmel decreases wilh increasing
Al vcomypoaition: This decrease oocumed very
sharply, which s about four times the

cormposition of Al Mg = 405 6o almmt zeér
i the codngositson of 950 4.

From the diffroction pattems in Figure 2-4,
it can also be observed that diffraction patieni:
have slightly different peak widths, It it is
dssurmes (B o BOrioam- g synihesis et
spch as metsl  dissolved method has
residual struin effect on the prodect mteral,
theen the widely of this peek con be ssumed to
be related only to the size of the crysial. In
general . MLA intensity is relatively higher than
the intensity of penclase, amd also MA
inlensiy increases with the increase of Al
content, All patterns do not show sm Al:Ch-
related peak, indicatmg that the Al precurior
has completely reacted with the Mg precursor
o form MUA spined, [0 s believed that MA
formed Crom 4 reaction bevween e oxidized
dissolved mognesinm and aluminimm, Thas,
the difference in width of the peak indicaies




Chiat thie size of the crystals in the phases in the

samples s & sigoificant  differcnce.
Specifically for the MA spinel phase, o fairdy

large peak widely indicues thig e phase is
on the nasometer crystal stz

infervsity [AL
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Figure 2 XRD patterns (2=1.54060 A} for MA samples with various composition calcined at
G300 s =MA, 0 = Periklas,

MaA 4988 A a )
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Figure 3, XRED patterns (A=1.54060 A) for MA samples with various composition calcined a
B30 *C: &= MA, b= Periklas.

Table 2. presents the Rictveld refinement
figures-of=merit (FoM) walues for samples
with diffefent compositions. Refiement for
all samples is acceptable because the valoe of
the GoF {posdnress-of-fin |5 less than 45,
These refinement resulis are explained abour
weight fraction 1o show compositien weight
fraction of MA asd periclase. #s also
supporied by the minuie difference  plot
hetween the ealcilaed and observed patiemn

as shown i Fig, 5. Then, the refincment
outputs can be wsed for further analyses ?

Fig. 6-8 presents the relatve weight
fracticn of each identificd phase im the
samiples, calewlated wsing formuda (1) which
has hbeen embedded in Rieticn  sofvwane.
Clenrly the MA and periclase (Mgl weight
feactions change complementary as the Mg-
to-Al content changes, The more Al the less
MAL In other words, within tse viceity of the




compsition, more Mg i regquiresd w0 form caleulated, obviously by extropolation, 1o
pure MA, The highest MA content is resched achicve pure MA. Such cxtrapolasd Mg-to-
ot WE Mgzao-Al composition, attuining o Al composition wiss 95,2:4,8%, which should
value of as high as 98% This result implies then be used to prepare a new sample with
that a cerain Mg-do-Al compasition can e expectedly pure MA,

Tuble 2. Fobds valiscs from the Rictveld refinements (using Rietice b of XRD patterms.

Sample Figures-Of-Merit
Hel %) Rupl%) Rugl%) GoF

MR 0% BN, 750 1

*
"

;’,::HUM_.@

= W W "W b

Eiﬁ:.:iEHEEHEHHHH

owe ol
Filpure 4. Typical Rictveld refimement plot using Rictica from the MA2080 sumple . The
observed pottem is described by (+++) symbel while the caloulated pottern by a red straight line,
The bottom green curve is @ plot of the difference between the measured and calculated patierns.
Smpll vertical straight lines represent diffrection peak posifons,
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Figure 6. The relaive weight fraction of MA pliases samples for varous Mg-to-Al compositions
at TS 2,

Periclise (Mp0) phase = formed becase
miost of Mg does nod resct completely with Al
Theoretically. if the AI'™ ioas replacing Mg™*
inns_ the cation vacuncy defects (Mgl can be
generated. Cation  wacaney  defects . can

sovelerae the process of cation diffusion
which improves densification amd  gZrain
growth accelerates luer.'! The process of
Mg** ions replacing A ions is accompanied
hy the formation of oxy2en vacaices,
Theoretically. this flaw does oot affect the

diffusion of cations which comtred  prain
growth, More AP cation diffusion will
further accelemte the oxidation reaction of
metallic Mz and Al Excess Al composition
will facilitie the formateon of & o
homogensous solution 1w form MA. Pan of
the MA formed wes probably  amorphous,
which wall diminish by symthesis at o higher
temperature {abave HODEC),
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Figure 8, Phise Diagram of Mg-Al System For Spinel Formation

The primary phase of spinel is formed due
o the meaction between magnesiom  and
plurninmem oxidized dssolved. this is suiteble
o reactuon (21 bebow.

Mgl 4 a — Alpdy = Mgdlthy (2)
ALy 2 ZAI ey + 300 + V30 (3)

where, Al'* is Al ion which =ite of Mg
sublattice . Oy, is oxygen ion whicl site of

pxygen sublattice and v (Mgh = defect of Mg
anel

2MGD = 2MG' o+ 20y, + Vo2 (4)

where Mg" is the Mg son in the sublatice site
of Al while Oy 15 oxyzen ion in the sublattice
site of oxygen and Yo' is oxyeen defect.

Figure & showed o phase diagrom formed
from variations composition of Mz-Al at each
calcination femperntore. vanstion. Besed on




Vol 12, Nodl October 2019 (p21-2%) (28]

the MA spinel phise diagrm the MgO-Aln
system with the solid-stae veaction metlaod.

Al temperatures between 630-850 ° O in the
compasition of H60E AlDy the foemed

phase 15 spinel and periclase, and for the
composition of TO%, Al pure spinel i3

formed,  whereas,  for B0-90%  Alds
compasition. the formed phase 15 spinel and
Al

The resulis of this study, using companisom
of compsation Trom e hase matenal Mg-Al
with the metal dissolved method was obtained
thiat a1 the composition of 932,90, 80, T, 6l
amd 40 Al the phases tormed a1 eoch
calanation emperature varalion were the
sumi that spined a5 the main phose and
periclaz as impuniny phase,

This phase diagram is confirmed by DEC-
TGA data im Figures | which explains that ot
temperatures abowe 470 * O the spimel phase
has begon to form. The periclas phose that
enterged in all samples wis confinmed hy the
exothermic peak im Fipure | in the
temperatame range 2T 1=432 ° O other research
confinms that stales &t the icmperature of 4400-
6 * C, the penclas crystalline phasze has
been formed perfectly. The shsence of o phise
Change marked by the absence of the Alsh
phase is due e the oot tha the aluming phase
can crystallize perfectly af temperstures ohove
D * O, s there s always an excessave
periclase phase. Formulntion {23 shows that
the aparel phase s formed due to the reaction
between magnesium and slominium oxidized
disselved which is - AlOsphiase, This = wiun
ciwses the appearance of periclase in all
samples becawse not all periclas  crystals
produced can resct with alwming that has not
fully  erystalhized ot the  cakanation
temperature weed in this study.

Conclusion

It can be concluded from this study that
MA  spmel  Tormatkon  wesing  the  metal-
disselved method with five different Me-io-
Al metal powider compositions comtaingd pwo
phases, namely MA and periclase  after
colgination of the mixed precursers nt 650 -

BS) "C for 1 hour. The MA-perclase
composition  depends on the  Mg-lo-Al

composition - and  between  the  Mgas-Al
counposition range observed, more MA was
obtained with increesing Al The maximum
amount of MA was around D95 {by weight)
atthe 484952 Mg-to-Al composition.
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