s1g9uatuauysal

Y1599 N tne

nsdaaTsiianiideussaliunalivaniivuineyniaszauunluuns
dmiumsuaansglasdn

o Y
UBLIBY ATWY1BINE Y

Synthesis of Magnesium Aluminate Spinel Nanoparticles for

the Fabrication of Transparent Armor Ceramics

SNELATINS

SCH-NR2012-092

q' % £
FBWAINUILATINTG

a (]

HY28A8n319158 A5, NUA LE3Tadanng

NUIYUNFINA

AATYITEAAANT AMEINGIANEAT PIAINTAINNINEIAY



s1g9uatuauysal

Y1599 N tne

nsdaaTsiianiideussaliunalivaniivuineyniaszauunluuns
dmiumsuaansglasdn

o Y
UBLIBY ATWY1BINE Y

Synthesis of Magnesium Aluminate Spinel Nanoparticles for

the Fabrication of Transparent Armor Ceramics

FNYUINAMLE I

a <

HY28A8n319158 A5, NUA Le3Tadanng

ANATYITFAANANT AMEINGIANEAT PIIAINTAINNIINEIAY

USUAULATING 2 SUIAN 2556

TUFUGALATINNT 1 SuAN 2557



ANRNISHUTZAA

lasansidetlasunisatuayuanaudUszauautniSeunusguianenuing mansuaz
walulad nsensInemanstaznalulad wazdunUNRILIINeIFIanShazALUlad WA

VDUVBUAMKYILANAATIANTE AT.5UINT MaunNesned AlvinstemdeuazAwugilunig
T wninlaglnssduseninsviinsinin (Hot pressing)

YBYDUANNIAIVITANAIANT PAINTANNUMINGIFY NN1TaduayunmInIuyAaiIng
40U uazAsedllolusenineiin1side



UNANED

wundl@enevgliunativawsifinla Wudagidduduiiaulalunisinluldanwdu
drudsznavveunsgla duilailSeuiiudminuazruinveunsiglaninisuainnseansssuaid
AUNUNIURBNTEAUNINANLET tnsglaniinislduuniliBeuezaliunalivawsinladu
druvsgnavasiuminuikazunand iWesnnwsiintadnnuuwlus waeanuuiaas agdlsing
mawssnwinileuezgliunalivawsinla duludosnsounnaisiaiunivuneyninseiuuily
WASTIAINUTENTY azdinsnszargvuiafiadiane uITelidnuinisnlsunawuniidey
avgiiunaliuanivuinouniaseauuiluanssigisnisanazneulaglddnilvnnaneu 2 viinfe
giTuLATLENTLUNTAUANNIEIN INHANITNARRINUTT WalmTeurwinTiBetezgiiunatiualay
Tduuniligeuraslsnenvslanmsn wazevgiidounaslsdanselamsaduansawiu uagldeSodusm
Mlvinnagnau aznauiiindulsznaudiumalalasvialeiuazaisusenavevgiiunneglusy
o = o ¢ a a = < Y A a X

adygu Wevmsiuaalydfigamgd 1100 esradeaiduiig 2 93lus aznauiiinduas
@ & A a a e =2 A A 9w
aargsinaglunsuniideneraiiunatiuanivuineunia 20 81 40 wlwues luvuenidield
wnazsumfiawensziududnilinnasneu ldinagldindonaslssd viandelumsaluansissiu

a a

A a £ saa I3 = o a a 44'
G]gﬂEJUV]LﬂQGUUUi']ﬂQLwasﬂaﬂagamLuEJlIEJ@ﬂl%@ﬂﬁ@ﬁ@ﬂl%@mmﬂ?qmLUUN@ﬂ@WLWUQLWﬁL@U? IS IAND)]

Y

Prmznauinlaluinnismiwealoiienundl 1100 s waldeadual 2 92109 aznauiinduae

9 Y
a =

aaneinaneilu aesudu winezgliun wazwunfifeuerglioneanled dauislianunsowiouns
wunfidenezafiiunaliuameisnisanaznoudiolfisnssumidunnnsedududvilinnazneuld
widnhagneuwieuldannisanazneulaglfisnezumiidunnnsziududvhlinnazneuluvi
nslelasinesdanammgll 140 ssmnga@eaduiial 24 9303 aznaufiinduazysingulaes
lelasvialeniuazesgiiflonsanlanlansenles Fullethluwuaalydngumll 1100 s waldea
< o a o a a A o N a a =
Juan 2 Miluasunnguavesuniideuezgiiunaliua Woilnwunil@ouesgliunatiuad
wssnsedsanezneulaglduuniideunaslsdienaslamsn uavezglilounaslsmianyzlamsniy
S v Y A Q v o b4 = < a Y o = v [

ansady uazldgiSaitudmvihlinnaznounnfusuiluiuaueniin winhllwsinlagliussiu 40
wnngMadaseninanIsntiniiganigi 1800 esrnwadeaduiian 2 Falus anunsamiendunu
wunil@enezgliusalivawsinilianunuiiiuiosas 99.8 0eANUMUIMUUINIMguUild aeels
< s v va o ] O a1 ] | Y, = 1 =
Anugununlaiidnuuglusaanintu lnelidnsdesunauiissdosas 0.3 fs 0.5 Tugisasnian
GNATY



Abstract

Transparent MgAl,O4 ceramics have received attention as alternative materials in
transparent armor configuration. Comparison of weight and size of traditional glass composite
armors, which resist to the same type of ammuniation, the weight and size of transparent armors
can be reduced significantly by using transparent MgAl,O, ceramics composite armors due to the
higher strength and higher hardness than those of traditional glass. Unfortunately, the fabrication
of the transparent ceramics requires nano-sized and non-agglomerated particles. This study
investigated the fabrication of MgAl,O, nanoparticles by precipitation method using urea and
hexamethylenetetramine as precipitants. The results showed that the precursor, prepared using
chloride salts as starting materials and using urea as a precipitant, consisted of hydrotalcite and

amorphous alumina. After calcining at 1100 °C for 2 hours, the precursor decomposed to MgAl,O4

nanoparticles with particle size of 20-40 nm. In case of using hexamethylenetetramine as a
precipitant, the precursors, prepared using chloride salts or nitrate salts as starting materials, were
aluminium oxide hydroxide with low crystallinity. After calcining at 1100 °C for 2 hours, the
precursors decomposed to corundum, theta-alumina, and magnesium aluminium oxide. Therefore,
MgAL,O4 nanoparticles could not be synthesized by precipitation method using
hexamethylenetetramine as the precipitant. However, the phases of the precursors transformed to
hydrotalcite and aluminium oxide hydroxide by hydrothermal treatment at 140 °C for 24 hours.
The MgAl,O4 nanoparticles were obtained by calcining the precursors at 1100 °C for 2 hours. The

MgAl,O4 ceramics were fabricated by hotpressing the MgAl,O4 nanoparticles, prepared using urea
as a precipitatnt, at 1800 °C for 2 hours using pressure of 40 MPa. The relative density of the
sintered ceramics reached a value of 99.8%. Unfortunately, the sintered MgAl,O, ceramics were
just translucent. The transmittance of the sintered MgAl,O4 ceramics was only 0.3-0.5% in the

visible region.
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O : AIO(OH)
® AL, 1100°C
*:0-ALO, . - .
& MgO-13AIZO3 -® . ® *
T » J‘o o e \®
WAL
wwmd‘wlww W *%W Wy, Wil L

Intensity (a.u.)

0 Precursor

]

20 (degree)

5UN 10 wlavasnznounwivulagldindolumsauasienasiumiauavvssiu Lasnenouiiiums
AR lwiNgamall 1100 ssrwaldd NIAT1eRaIeLn3ed XRD

7.2.2 mMsfnedugiuingrvasuunili@euezgiiunalivainioulasldianasiuniay
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anwzvamznauiwssulilaslduuniideunaslsdonaslawsn wavevgiillounaslsa

= o v Y] a A a Py ] < Y-
wnglawmsnduasnuuansfeguil 11 aznauiwseuladanvasiduiaauds ingnduiudunou
WuReuaneusvansnaunessulaeldwunidweuluwsaanaslanse wazezaliouluwmss

Y
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UM 11 nmeng SEM vawmgnauiwisedlagldindenaslsd wasienasumnaumnnsyiu

UM 12 nmeng SEM vasmznauiwiseulagldindelumsn wazienveumiaunnnseiy

dnvaizvengneufiniouldlaslfuuniiounaslsdisneylainsn uavergiiounaslsd
wenwglawsnuasiauiinunnasuealedfionmgi 1100 esmigademdunm 2 dalus wansds
Ul 13 Anwazvesmzneuiinmeznguidudeuniiy anmsaanedidueynirvuimdniniznguiuog
Wureulnvurnveseyniafivuinyszana 50 1 200 uiluns WuRsriudnvuzvesmenoui
wisuldlaelFuundienlumsmenaglamn uavorgdideulunsaluulawmsmdumsisiuiiiums
wkaalenifigamgil 1100 ssrmiwaiBuaidunan 2 lusdsgui 14
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JUN 13 ameng SEM vewmenauinsslagldindenaslsa wasiengzsiumiaumvmssuitiiuns
¢ a = & o
wuAaleugamgil 1100 ssmeaideaduna 2 lus

JUN 14 ameng SEM vewmgneauiwsedlagldindelunsn uazieanvgiumidunnnseiuiiunisimn
whalyifaamall 1100 ssmwaideaiduan 2 43l

wiiuliinslovinmsdannziseisannzneulagliionszumidunmnsziudugiilg
annzneu iadldasssudundenaslsiniondeluasn wafiusngudmnimswuwaaled
gaumndl 1100 ssmwaldoaiiuian 2 $alusde Aedusiu mfergliun way uunii@ouesgiiden
oonled lianusawisaliiinmavewundifouergiiunadiuald dduddldinmeasdasi
nzneufinioaldlusinislelasimesiafiguvgil 140 esrea@eadunan 24 $2lua ilelaam
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