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Synthesis of Magnesium Aluminate Spinel Nanoparticles by Precipitation 


Method 


Abstract 


This study focuses on the influences of starting salts and precipitants on the properties 

of magnesium aluminate spinel nanoparticles synthesized by conventional precipitation and 

homogeneous precipitation, as well as the phase evolution of the precipitated precursors during 

calcining. The results showed that the precursors, synthesized by homogeneous precipitation 

using nitrate salts and chloride salts as starting materials and urea as a precipitant, were 

platelet-like hydrotalcite (Mg6Al2C03(OH)16·4H20). The precursor decomposed to periclase (MgO) 

and amorphous phase after calcining at 600°C for 2 h. The formation of magnesium aluminate 

spinel was observed via a reaction between MgO and amorphous phase after calcining over 

800°e. While, the precursors, synthesized by conventional precipitation using nitrate salts and 

chloride salts as starting materials and ammonium bicarbonate as a precipitant, were 

agglomeration of a low crystalline phase. The precursors decomposed to amorphous phase 

after calcining at 600°C for 2 h. The spinel phase was obtained after calcining over 800°e. In 

addition, after calcining at 1100°C for 2h, the equiaxed spinel nanoparticles with particle size in 

the range of 10 to 30 nm were obtained from all precursors. However, the spinel, synthesized 

by conventional precipitation using nitrate salts as a staring materials and ammonium 

2
bicarbonate as a precipitant, exhibited the highest specific surface area (74.61 mig). 
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'UVIVI"" 1 

'UVltJ1 

do",
1.1 V1:!J1bb~::Fl11:!J6'l1flru... 

bblJntJb"litJlJeJ~~:Db'W()l6'1Ub'W~ (MgAl20 4) VI~tl~DtJlJb~tJn~'WTil "6'1Ub'W~" bU'Wl6'1~b"/1'n:Dn~1~1urnllJ 

6'1'Wh b~tl,:riJln:W6'1lJU~b~'WVlmtJ~l'W b'li'W 1"111lJbb~'lbb'j'l6'1'l :wn'mll1'V'lvh~1 bb~~:W6'1lJU~V1l'lbb6'1'l~~ ~'l6'1l:lJl'jrl
'\J 

111hJ1<U'l1'Wl~VI~lnVl~ltJ b'li'W HbU'Wl6'1VlVl'U1'V'l H1'Wm'j~~()lbml~16'1 Hbu'Wbml~Utl'ltl'Wi;hVl'rUb'jlVllJ bU'WIi1'W, 

lVltJv\'11um'j~'lbl"l'jl~V;?lU b 'lmVl1 lmVl tJl11eJ~~:D'Wl (Al20 3) bblJntJb"litJ (MgO) :lJlUVl~6'1m1lJtl'W 
'\J 

'ill mr'W~'lvll m'jbm~ ~ruVlJJ:DU'j~:lJlru 1600 eJ'l Y'1l b"/1~ b"litJ6'1 b~tlvllU5n1tJl'j~Vlll'leJ~~:D'Wl bb~nblJ ntJb"litJ bnVl 

b'V'lb'1~Ub'W~~'W 'illmY'Wl1l1UUVlb~tll111u1<U'll'W~tllu bb()lb'Wm'j~'lbA'jl~V;6'1Ub'W~lVltJ15~'ln~11J'Wvl11m~~'lb'1U 

b'W~~:Wtl'WJlll"I'lJ'W1Vl1Vlru vl11Vili1m1<UeJruVl.f1:D1'W m'jb~l~'i1n6'1'l b~tl1Vl1~l6'1Vlb'1U b'Wm"/1dl:Dn~:W1"I11lJVI'WlbbU'U6'1'l 
~ Q,I , 'U \J' '\J 

'WeJ n 'ill n.Qell 'il:W ~ 'l b~ tlU'W bn Vl ~'W 'j~Vlll'l m~U1'Wm'jUVl ~ eJ tJ ~'l ~'l ~ ~ b~ tJvitlb'1lJU~'lJeJ'll6'1Vl6'1U b'W ~ b"/1'jl:D n, 

'illn'l1'Wl~tJ~~1'WlJl'WUlleJl1ml"l'Wl1 'W6'1Ub'W~~:W1"I11lJU1~Vl~~'l ~llJ1dm()l~tJlJ1~VI~ltJ15b 'li'W spray 

drying, spray pyrolysis, freeze drying, sol-gel, combustion synthesis bb~~ 15()ln()l~neJ'W 15()ln()l~neJ'W 

bu'W15~DtJlJ1<umdb()l~tJlJ?!1'j~il'lJ'U1VlB'Uml"l'j~~u'Wl1 'WblJ\?1 'j bb(;1~ill"l1llJU16'1Vl~6'1 'l b~eJ'l'ill n:W~'W()leJ'W1 'WfIl'j 
, • '\J 

b()l~tJlJhl~'ltJln bb(;1~1.<Ubl"l~eJ'l:WBeJumru~l~iu<UB'W, . 
'l1'Wl~tJ.Q~'lPim~lm'jb()l~tJlJeJ'Wml"l'Wl1'W?lUb'W(;1~1tJ15m'j()ln()l~neJ'W lVltJ1<U?!1'j~'l1i1'W1 mU'lJB'l bn~B1'W 

• '\J 

b()l'j()l bb(;1~I"I(;1eJblP1 bb~~1<Uv11Vh1.Vi()ln()l~neJ'W (precipitant) ~l'l'lJDVl tl'WAtl ~ b1tJ (CO(N H2)2) bb~~ bbtllJllJb tJtJlJ 

1Ul"Il~Um 'W()l (N H4HC03) b~BPim~l~~'lJtl'l'lJDVl'lJeJ'l6'1l'j~'lIi1'W bb~~v11vll1ViVl nVl~ntl'W vitl6'1lJU~'lJeJ'lBl1mA'Wl 

1'W6'lU b'W (;1~ bVl~tJlJ1~ 'j1lJ Ci'ln1'j b u~ tJ'W bb U~'l b'V'l 6'1'lJeJ'l VI~ neJ'W~ bVl ~tJlJl~'j~Vlll'lm'H~l b~mU'Wbb 'W1Vll'l1'W 

m'jPim~lm'jl11eJ'Wml"l'Wll'W6'lUb'W~1uH'll'W~tllU, 

1.2 1(9l(lU'a::6'l-.l~"lJB-.l1fl'a-.lm'a, 

• b~tlPin~l~(;1"lJB'l'lJDVl?!lJ~'lIi1'W bb~~(;\1vl11ViVlnVl~neJ'W ~:Wt:-J(;1~eJ6'llJU~'lJeJ'ltl'Wml"l'Wl1 'W?lUb'L!(;1. 
• Pin~lmJbU~ tJ,mU(;1'lbyj ?I'1JB'l()l:mB'W~b()l~tJlJl~J~Vlll'l filJ bt:-J 1 



z 




cO 
'U'Vl'Vl 2 

if odd iI 

"lJeJ~(;l'VlbmJ1"lJ&~
'U 

2.1 bb~Jnih6/imJeJ::61ih'U~61tJb'U61
\J 

bb~nih~CJ~€J:::~iJbiJ~~tJb'U~ (MgAl20 a) 'v\~€J~'WCJ~ b~CJ fl~iJ Til ({ ~tJ biJ~" btJ'Ul~lil~l~~\JI'1dl~~'Uh 

b~€J'I~lfliJ~~u~bl9i'U'v\m(J~l'Ub'll'U f)dl~bb~'1bb1'1~'1 ~~'v\~eJ~b'v\m~'1 (2135 €J'II'1Wljm~(J~) Vl'ULJ5n~(Jlbf)m~ 

~ fll11111'V'l~1~1 bb~djf)ru~~u~vmbb~'1~~ ~'1~1~11t;1'I<h1LJ1'1l'l1'U1~e:JV1'1fll1'1'lJdl'l b'll'U 1'1lbtJ'Ul~~Vl'U1'V'l1'1l, , 

'11'U~1'Ufll1Vl'v\11 btJ'Ubml:::tJe:J'In'U~1'v\~\Jb11~~ 1i'l1'U~1'U1I'1dm1~ Vl~e:J1'1l'l1'U~1'U~'U1 btJ'\.J(11'U 

old <V <Of <V f "':'"1 [J1
'auVl 2.1 U{f~·Jn7Jv~l 'JCNmVeFhPJ'j\J{f'J7\J{fult16'l
\J 

If)1'1~11'l'lJ€J'I~tJb'UmtJ'Ufll1~~b~(J'I(?)d'lJe:J'Ie:Je:Jn68b~'Ule:Je:Je:J'U (d') bb'U'U cubic close packing l~(JiJ 

'\.h:::~'Ud flLb V1'U~€Jv1'U'lle:J'Il1'1 tetrahedral bb;;'l::: octrahedral e:J'IrlLJ'a:::fle:J'UV11'1bf)m~(J~~mru'lJ€J'I~tJb'U~fi€J, ~ ~ 

5ml~d'Ul~~ 'lJ€J'I bblJfl.ub~(J (MgO) 1ii€Je:J:::~iJ'Ul (Al20 3) btJ'U 1:1 l~(J~:::bn~~'l..lbtJ'U'V'le:J{~ AB20 a ~'1 A btJ'U 

divalent bb;;'l::: B btJiJ trivalent 1~(Jvfd1LJ divalent ~:::e:J(J1'U'lle:J'Il1'l tetrahedral bb~::: trivalent ~:::e:Jv1'U 
~ ~ 

'lle:J'Il1'1 octahedral
2 1'l'l'aLJ~ 2.1 

~ 



no , 
nf6G~1!:-~~!:-~DllLI!.1l(m slMt1sl.l1lbt n.~~ulp.nt~G~tl&l.lLLfnG~LM.fl.r3~l f6t G~M.L!:-HG~1~n.f6t LfbM.,tLllLI!. ~111 

, 1'1 ' '1'1 

no , 
QIJIJtv\1~~!1~tG~1Lkl!:-G 009l !:-l2 OOvl ~U'lt\,ruG~Lr11~~1mlJr1LIbLfb ~r3~1 ~~~n.~~1mLr31t\,~n.UllLlALIbLfbl,lf11 

(£OZ1\f) LM.~~~G~~11 (08V\J) r3~1a.llIb11 G~l~ Z U~It\,n.~~~~JHM.,tL1b~1!:-~£~r3~1 ~M.1QIJ!:-r1Ibr3~~1sLllnt 
" " 

Q~~~PGfl.~,CbIbIJG~~t1~!:-~ ~111QIJIbr3~~1sLllM.~~sLU£~~~11 ~n~nf6G~1!:-~G~1t\, U~1t\,1 rt~t r3D1lA1lAt ~tLl.l 

~Q nr;mp.1 nf6G~1!:-~~I!.LGULMGP1 HLIbLfbn.~~~Pl2!:-DL.\'l!:-G~M.r;1L~!:-~ ~111Q~!:-t1~~Lsl.l1!:-~sLllntn~!:-~ 

, no 
G~P.!:-~~,Cblb~rul.l~sll.l n~!:-~ ~111 Q~~M.1 ~~~GIbr3 ~1 Dlllb11 

!:-t1 ~~~,Cblb~~~tU ~Lsll.1 ~n1Q~~~~Ibr3~~1~I!.~G~1n~!:-~ ULIb!:-L~GLr11 !:-~It\,U~Lsll.1 ~n.1Q~~~~!:-Gfl.~,CbIb~ 

(3 ~~r1~n.~!:-~ ~n.1 Q~!:-t1 l~11 LlblL~U~tl&!:-~ ~ !:-L~ n.L!:-E-t G~1 U ~Lsll.1 ~n.1Q~~~~~~t1sLUn.ln.~slln.t 
" " 
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2.2.2 	nl':i~.:jbl"1':i1~~"tJb'Ua&hf.l15n1wln\Jl~m)'U~1n"1':ia~a1f.1 

15nl'J\Jln(?)~mnJ'iJ1 n6'l1'Hl~fl1t1ltJ'U15n1':iiK'llfl ':i1~~'Vn.:J lflii ~'l6'l1lJl':it1l(?)~mJ€J'U.fllfl6'llJ l'Ufl':i~v1'\J'U1, 

1'U11'l hw1imJ mrum'l~lfl~€J'lii€J~vn11'l~1t1 15'llnu~hi cJ'ltl1 n llfl~':i1f11t1 n l~ €J lV1 tI'\J n'\J15nl':i'VI1'llflii II'\J'\J~'U <l , d.J, '\I 	 I 

1~tlVl~nnl':i'U€J'li5nlw1n(?)~n-m..J"il1n6'l1':ifl~mtl6'l1lJl':it1€J5'\J1CJ11'l"il1mb~'Um~mbb~1 v1'l'i'll~ 2.2 
" 

Cllm 	 Critical imiling supen;ahntion 

r 
r1 ~~~_d_~~~~~~~~~~~~~~
8 
~ 
1: 

Css 

C5 	

___ 

~h by diffusion~ 
D -----=••• 
() 

II> 
~ 
D 

(I) 

t1 t2 Time ---+ ta 

d 	 ~(3J
':iU'VI 2.2 Uf.J'Uf)7'WfI7U3J'J
'II 

l~CJ bbn'U~'l bb6'l ~'l':i~ v1'\Jml~ li~i'U'U€J'l6'l1':ifl~fll tI (Cx) l~ €J6'll':ifl~mtliim 1~ b-V~-V'U l~~~'UlJlnnl1'iJ, ~ 

~~(I)l (C55 ) Vl~'l"illnnm tj "il~bn~lhbfl~tl6'll~nl~'U "il1m1'Ub~mlfllt:,h'UhJ t 2 fl11~l-V~-V'U"il~flV1fl'l~lnl1 

':i~v1'\J C55 'U€J n'iJl n nl':i l(?)~'U'U€J'l€J'U.fllfllnV1~'UlV1tJ nl':i II~-:i'U€J'lf11':ifl~mtlt:Jl'U'iJ1 n'lJ€J'lb Vlfll~l 'll (?) n ~~n'\J'U~l, 

'U€J'l€J'UJllflVh 1~€J'U,n1flii'lJ'U1V11Vlru~'U llfl~l~mlfl1~1'U1'll t3 €J'U.fllfl'iJ~VltlV1m':il~~'U'U1~ l~€J':i~ v1'\Jflll~ 
, , v 	 ", 

l-v~-v'U'Um6'l1':ifl~mmvhn'\Jml~l-V~-V'UB~(I)l (C 5) 

2.2.2.1 	n1':i~.:jbl"1':i1~~"tJb'Ua&i"w15n1':i\Jln\Jl~mJ'\.Hb'U'U~.:jb~1J (Conventional Precipitation) 

15m ':i(?) n (?) ~ n €J'U lb'\J '\J~'ll~~A€Jn1':i b(?)~ mJ€J'U.fll1"16'1lJ b 'Ufll'll tJm':i't116'\1':i~'l~'U~1l(?)~CJ~ ltJ'Uf1 1':ifl ~fl1 CJ, 

1€J€J€J'U 1~CJfl~fllCJ1'UJ1llfl~VltJ~fl'lhJ1 'U(I)l 'yh1 ~(?)n(?):m€J'U l'lItJ ll€J~l~ltiCJ~le.J'm€Jn 1'/l~ (NHaOH) lb€J~1~ btitl~ 

leJl~':ib'iJ'Ufll'~'\J€J1l'U(?) (NHaIIC03) ~'l6'l1lJl':iml(?)n(l)11Vl'1€J€JeltJfl'\J b'lltJ OH-, C03- "illml'Ub~elleleleltJ~'ln~Td1'll 



i 

6 

~ 

~UleJeJeJ'WUln'lJeJ.:JG'll,) ~::: bnVl nl,)bU~ tJ'Wbb U".:Jrnll.Jb-iJl.J-iJ'Wmh.:JQu'W~'W 'Yh1Vltl'WJllA Li')Vlf)1')(iln(il::: neJ'Wmh.:J, 
~ ~.,. 

J1VlbJl bb":::1.J'lJ'W1V1b" n 

Ji-Guang Li bb":::Aru:::411'i''YhnlJPin'toflnl,)b(il~tJl.JG'ltJb'W'' bVltJHbbl.Jnl:h~tJ1.J1'Wbm(i1bb":::eJ:::~~boWtJ1.J1'W 

b(i1J(i1 b~'WG'll,)~.:Jtii''W bb":::10rrbbeJlIbli boWtJ1I1uA14um'W(il b~'W1il1'Yh1VI(i1n(i1:::neJ'W'WU11(i1::: ntl'W~1~'hj bnl::: n~1If~'W b~'W, 

neJ'Wbb~.:J bb" :::G'll111Jt1UVl11'i'~ltJ 

(g) 13O(/'C S(1"11 , 

(f) IOOO' C 
r 

:::i 
ni I (e) (j()() ' C 

"'-'" 

Z: 
"(i) I (d) eWc c: 
CIJ 
C 

(e) 700' C -
(b)400' C .... 
(e) 10 
Precursor 

10 20 30 40 50 

20 (degree) 

~tl~ 2.3 n'i7WU(J~ ·mn?Lrrn::MeJ(Jr~mfJ'1a.J XRO 'lJa.JeJ.JflM'l1fi.Jv7n~n~::nauu(J::nnu.J7 H: 

hydrotalcite [Mgr;AljCO}(OH)16·4H20J 0: ammonium dawsonite hydrate [NH~I(OH)2C03 ·H20J 

..) P: periclase (MgO) IW:: 5: spinel (MgAI20,J 

(il:::neJ'W~1I'i'Vl~.:J(iln(i1:::neJ'W b.u'WbyjG'l ammonium dawsonite hydrate (NH4Al(OH)2C03· H20) bb"::: 

byjG'l hydrotalcite (Mg6AliC03)(OH)16-4H20) bbG'lVl.:J~.:JJU~ 2.3 b~eJ'Yhm,)bm~eJruVlJl~ 200 fi.:J 400 eJ.:J~l 
\J , " 

b'(j"b~tJG'I 1iI:::1I'i'eJ'WJllA~iJ1AJ.:JG'I~1.:Jb.u'WeJ~ru\il'W ~eJruVlJlih:::Vll1.:J 400 bb"::: 700 eJ.:Jmb'(j"b~tJG'I 'WU11bnVl, ,~ ~ 

~~n periclase (MgO) ~.:JG'I"ltJeJeJn1l11i11n hydrotalcite ~~ruVlJJ~ 800 eJ.:J~lb'(j"b~tJG'I'WU11:Wnl,)bn~byjG'lG'ltJ 

b'U,,;ff'U 1~tJbn~1iI1nu5n~tJ1J:::Vll1.:J periclase bb":::eJ:::~~'Ul ~G'lmtJIil11l1~ln ammonium dawsonite 

hydrate bb"::: bi'1V1 byjG'l G'lU b 'U" ?ll.JuJru b~ tJ'Yl1 f)1') be..Jl~tJ ruVl.fl:lJ 900 tJ.:Jf'11 b'(jm61l tJmb(l:::~-:J bn(i111i111 b~tJb~l~ 
" , \J 

http:lJa.JeJ.JflM'l1fi.Jv7n~n~::nauu(J::nnu.J7
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e:JruVl.fl~:lJlnnll 900 e:J'lf11 b'll~ b'1lCJ?l ~'UllmTvJiiA11lJ bbfl'UlJln~'U b~e:J'l':iJ1 n(;.J~niin1Jl{Pl~'Ub~Jl:-5 e:JruVl.fl~n1J 
~ "V 'I "V 

b(;.Jl?l'l~'U l(i'1tJe:J'Umfl?ltJb'U~~l~':iJlnmJb(;.Jl~e:JruVl.fl~ 900 ,i'l 1300 e:J'lf11b'llm'1lm~ r11'U')ru':iJln Scherrer's'U" , 'U 

equation ii'lJ'Ul(i'1~'lbb~ 15 ':iJ'U~'l 114 'Ul1'UblJm ~'lbb?l(i'l'l~'lJtl~ 2 .4 
" 

~ 
120,.--------------------------------~ 

100 
E 
.s 80 
.§
Ul 

~ 60 


19 

~ 40 
(.) 

20 .-.----..~ 
O~I--~----~--~--~--~~--~--~--~----~--~ 

900 1000 1100 1200 1300 

Temperature (C) 

~tl~ 2.4 n 'i7WU6'f(PJ-Jii-J'IlU7(PJCJifn'lJfJ-J fJYffJ7fJ 6'fUl W'l'~iJCJfjv7nf{ f/J'I1iJiJIPi7-J I 

~. , ~ (1,' .t".~!, ~(Sl _. . ~"\~ .. .. ...... 
. ~~. ~.J.... III!.' .,; . 
•! f!i ..t ...... r' j'~,. • •,\" :' •. if 

~» ~ Q' ,~ ~p 

o~ ,')0 . '., , ,.', 
-r.'•.,,0. ~ : eo. -r ~. £.~ ;.:;,;:!$'" .' " \t.. .,..

). 11? :.' ;t ~ '.: .,.~. ,'I) '\ 
.A '1":) • , rito;. ~ • ~~ 
-JI. ,,~ ~ ~ 

" 41 .J .~.' ~ r,
'-. Q. I.
if . .~ ~. _ ~ :-... . 
~.... ~ ~- ... < " 

loa •.,."" t- '. '. .......... ._._ "..,
'.. . ;.. ",~.' _.... 
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~tl~ 2.5 fJ7'Wfi7[J SEM Micrograph 'IlfJ-JCJ-J6'fm Ufji1u')~[JjJr(PJ[Jnn(p)n(p):;nfJu';-J (0) lW(PNnn'll[J7[JvJ7 

lW:;(b) U6'f(PJ-Jn7'i'lJ[J7[J6'f-J
OJ 

=' ':iJlmtl~ 2.5 bb?l(i'l'lJtl~I'l'lJe:J'l{Pl:-5ne:J'U~l~ ~'l':iJ:-5b~'UlliiJtlVlJ'lb'U'\.Hbvi'l ii'lJ'U1(i'1 b61'U~I'Uf1'U8nm.:)
'\J \I \I '\J 

tlJ:-5mru 0.08 ~.:) 0 .14 llJflJe:J'U bb~:-5iimllJtJ1') 0 .3 ~.:) 1.51lJflJe:J'U bb~:-5b{J'UJtlVlJ.:)n~lJ b61'U~I'Uf1'U8nm'l 
" " 

tlJ~lJ1ru 70 ~.:) 100 '1.nl 'UblJt9lJ bb&l:-5"i'1'Ull~.:)~tlVlJ':)~b{J'Ubbvi':)bb&l:-5b{J'UVlJ.:)n&llJtlJ:-5ne:J'U~')tJe:J11mflVlmCJI~')~ 

bn1:-5n'Ubtl'Un~lJ, 

http:UlliiJtlVlJ'lb'U'\.Hb
http:l(i'1tJe:J'Umfl?ltJb'U~~l~':iJlnmJb(;.Jl~e:JruVl.fl


~tl~ 2.6 !77Wd7CJ SEM Micrograph 1Jv.JCJ.JffUWfI 'CJ7~~rujlfiJiJ (0) 900 0 e (b) lOoooe (c) llOooe (d) 

1200 0e um: (e) 1300 0e 

b~eJVhm'lbe..J1())::;nBu~BruVi.fliJ 900 i'i'l 1100 B'If"11b"l1m"litl?l BU.fl1AiJ'ltl~l'1b'UUbbvi'l ('ltl~ 2.6 (a-c))
, \J , \J 'U 

~'1 b~mtl~tlUbVimJn\J b~me..J1~BruV!.fliJ?I'I~UlJ1nnl1 1200 B'I1"11b"l1m"litl?l ('ltl~ 2.6 (d-c)) ~::;'vIJU1Tt)U.fl1A~iJ 
, \J \J " q 

'lU11'1 b DUbbvi'l~:;?l~1t1(;]1 n~1tI bDU BU.fl 1A 'ltlVl 'l'l nmJ 
\J , \J 

2.2.2.2 n1'H1,:jbFl'a1::\1~tJb'U~~d£J15n1':i·())n\Jl::nB'UB~1'1~~1bmJB (Homogeneous Precipitation) 

15nl'l()) n ())::; n BU fiB nl'l b()) ~ mJBU.fl1A?lU b U~1i11 tl15nl'l()) n ())::; nm.J~ 1 n?ll'l~::;~lt1 11'1 tI1-il~1vh1Vi', 

()) n ())::; n BU~ iJ n 1 'l?l~1tI (;]1'U £I'll B B B U-ill 1~mih1~ ~1~ru'U B'11511fi B n 1 'l m u A~, n 1'l bb()) n(;]J'UB'I1BBBu~u'UB\I (;]1v 

vh1Vi'())n())::; nBU11'1 tlnl'llVi'ml~~Bu b~BlVi'A11~~BU(;]Jvl1lVi'())n())::;nBu~::;?lmtl~J1mBBBu~uBBnmB~l'1 

-ill '1 bb~~an~m'l())n\P1::;nButJBnmtJ~l\1-il1 '1 vll1Vi'?llmJt;)mufl~~U11\1bb~::;'UU1W1JB\ltJ~.fl1F111i1 ~lVi-rmnJ~ 

HbtJU~1vhlVi'\P1n\P1::;nBu~lV!-ru15n1'l())n())::;nButJ~l\1?l~lb?l~B b'llU m~tI (CO(NH2)2) v!~tJ b5n"l1::;b~Vi~Ub \P1 
\J 

\P1JlbB:WU (C6H12N4) btJU~U 

s. Hokazono bb~::;Flru::; 51Ii1vl1n1JPln'l!l1 n1Jb())~ tI~BU.fl1A bb~ n1h"litl~B::;~iJ bU())?lU bU~ ~1t115n1J 
, \J 

())n())::;nBUB~l'1?l~lb?l~B 11'1t11-il?llJvf\l~ubtJu~nJ~::;~ l t11Ub\P1J\P1 bb~::;mJ~::;~lt1i~ b9!J\P1 bb~::;1-iltl b~tI btJu(;]1vhlVi' 
\J 

\P1n())::;nBU 
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~tJ~ 2.7 i77WfhCl SEM Micrograph Um:n"i7rVUf{~.:tm"i?lfJ"i7::11C.Jflr~mfJ~eJ.:t XRO 


"lJeJ.:t(PJ::neJlJ.rjl(p)~CllJr~Cl (0) 11.Jl(P)"i(P)UfI:: (b) <6f1lrV(P) 


"v'J'U 11 (?)::; n€l'U~ b(?)~ tJJJ"iJ 1 n?l1 ~~::; ~1 tJ1'U b(?)~(?)U~::; n€l'U ~1 tJ €l ::;~~ b'lJtJJJ €l €l n1"1l{i11~ b{i1'i(?)~iJf(n~ru::; blJ'U 
\J 

b"iJ~ iJ bvJ?l MsaAliOH)ja ·3H20 bb~::;iJfl1{'Um 'U(?)n'U1 'Ubm(?) 1€l€l€l'Uu~JJ1ruVl~\l Vlf(\l"iJ1 nm'i €l'U ~\l~1~iJ 

f(n~ru::;blJ'Un€l'Ubb~dJf111JJ bb ~\l"v'J€l?lJJm~~\l~U~ 2.7 (a) ~lV1-r'U(?)::;n€l'U~ b(?)~tJJJ1{i1tJ?l1~~::;~1tJ~mvJ(?) (?)::;m)'U
" 

~1~blJ'U bbJJ n'IJb"iltJ1m{i1'i(?)bm::;€l~'U'U~1'!J€l\l€l::;~~b 'lJtJJJ1m{i1~(?)bb~::;bii{i1 m'i'ilJJ~l blJ'UbvJ?l MosAlaOjj ·15H20 
"\J ~ 

bb?l{i1\l~\l~U 2 .7 (b)
" 

..J 

Calcination 
0

temp.! C 

2 -1 
Specific surface area'! m S 

I 

Powders derived 

from the nitrate 

mixture 

Powders derived 

from the sulphate 

mixture I 

600 35 22 

800 66 25 

1,000 40 27 

1,200 19 15 

d % d.:::::. 0 d,cl.Q I 

(?)1~1.:J'Vl 2.1 m"i7.:tUf{~.:tW'U'r1mv7m7::"lJeJ.:tC.JmlC.J7'r1~flJjlflJlJm.:t I 



~ , 
@1 ~1i:'X61m@f,LuLlA@p1 11~1l2&U@f,~{glr:1i\.11.1A11 q~~11.~11.l!.1f,~l{gl~g11.~~\d1fb1~l!.l2@11.LIA@1i:'~ l.!LL111.@11.t11.y~LU1~ 
l2&U@f,~{gl~Ii\.~~L.lJX6tLlAl2~~~l!. ~R.lU@f,~{glrb@U~f,fb.sL~i:'L~f,LU11. t l2@11.LIA@12-tLf,1ULIi\.11.yn.»Ui:'LIA11.1 

If\J-OH + HO-lf\J 

b (b (b b 

t-1.£1 ~11l.! LL111.@ l,~11.n.r @~l2&U@.s~glr:Ii\.~l211L[li:'L ~1i\.~f,11.~11.l!.1.s ~1gpg11.~~\d1~l!.l.!LL111.G~ l2 ~11 i:'L~.sLUi:'L ~Ii\.~.si:'~ 
, I'!i I'!i , 

i:'X611 n.G.sLUi:'L~l'1,~W LI1t-Lr@l,~~LU1.sLU~\d1X6tLlA~l!.L[lr3l,~11.GU~I!li:'L~.sLU ~R.tUG.s~gtn.GU~.sfb.sL~11.r;111.GU~1!l 
" 

~UJW11.1 Lr3~\d gfbULl!.;P18Gl2M,l2~ ~~Il.G~1i:'kl.! r3 Ll2Ii\.L[l8l,~i:'L~.sLU LlAi:'G~ L8~\dg fbU Ll!.;Pl~11.@U ~I!l I I I'!i I'!i ' 

no b b ~ 

LI£li:'G 000 l ~Vl'1,f1JG~L~1ULl!.i:'»Ii\.I!l~1l2~~l2111!l.sl!lm1r3Ll2~l2.sL~r3~111r3&.1!l1 ~l.!LL111.G~L11.1l.I1LI!l~.sli:'LrG 11.~f\mt , '" 

Ol 

mailto:Ll!.;Pl~11.@U
mailto:LI1t-Lr@l,~~LU1.sLU
http:Ii\.~.si
mailto:l2@11.LIA@12-tLf,1ULIi\.11.yn.�Ui:'LIA11.1
mailto:rb@U~f,fb.sL~i:'L~f,LU
mailto:l2&U@f,~{gl~Ii\.~~L.lJX6
mailto:l.!LL111.@11
mailto:l!.l2@11.LIA@1i
mailto:11~1l2&U@f,~{glr:1i\.11.1A


11 

1I •• •1'?;(, H "-l...l UII:(o-n-a -I " -0.." I-H­
)f. OM . )1(.0)( 

M'(OM). (OC'll.:lleR.) a • • it,"... ¥ .'(OH).. (OCM.C•• ) ~ 
. '11., .r' 
B 0 ••• 

Ii 1(' ~ Ii 

); ~t~-II ~.. N-C.~-

·•• 
I 

1 
I 

v 

-¢-{ -8 R-Yf-o... c-/. / .. " (
MY HKMOH '. II M.nK 

.. (Oll).(OCH.eH.). 
811 ~y.n';r ~_H 11-0<--0 
K~ a~:( 

·I !I 

!- v 
i 

..F( }{ 
~ 

2 HlI'O ClhCH .. -O-ClhClh (_•• ) lClhCHlI H.O) 

(A) (B) 

~t1~ 2.9 "tJUf)7W,j7f1fJ':m~::1J?Um~ln~m~lm::if'Jffu7u (A) nnr:h:uf(?CJJ7 "6'1:: 
'\J 

v v "'., 1 'I f 71 
(8) nnfl7..JmCllfJ'IJ7UfJfI ('I1:JJ7CJl'l1{1), , 17~U6'f~..JtNWUtJ::teft(pm 17U 

bD'LJ~vl'nu~ ';i1 n1~ bm~~;lfl'LJ'lJ€l ':!'tl'LJ[l1f'l~-.1e..Jrl b~tJ ~e:J(;,{:WU~'lJe:J-.1~'LJ-.11'LJ b"ll~l~ n , ' , b~e:J-.1'<ill ne:J'LJf11f1'<il::: 

b~tJ-.1 vi 1-.1 n'LJ e:J ~1 \l hJ(;,{~l b(;'{:W e:J vll1Vlfll1:W Vl'LJ 1 bb tl'LJ'lJe:J-.1~'LJ-.11'LJ1'LJ bbvi rl::: ~1 'LJ bb~ n vi 1-.1 n'LJ ~ \l e.J rl b~ tJvi e:J(;,{:WU~'lJe:J-.1 

~'LJ-.11'WVl~-.1be.Jl ~\l~'W~:::ne:J'LJ~1~~-.1(l)e:J-.1vllm1~1\l~lme:Jvn'LJe:Jrl1'LJ.rr'LJ~e:J'U?I~Y11m~mJe:J\ln'LJnl1bn~n1'ibn1::: (?)l, 

n'W'i~Vl'il-.1nl'ie:JUbbVl-.1 

'<ill n\ll'LJl ~tJ~ ~1'LJ:Wl'\"JU11e:JWllf1'LJ 11'W?l1J b'LJn?ll:Wl'H)b~~ tJ:w1~~-.115~ n~~ ne:J'UbbuuvY-.1b~:W bbrl:::15nl'i, 

~n~::: ne:J'Ue:J~l\l(;,{~lb(;,{:We:J e:J~1-.11 'i nm:w tJ\lhJilm'iPi mn1 'LJ'il tJrl~ b5CJ~ b~ tn n'U e.J rl'lJe:J\l'lJil~'lJe:J\lm'i~\l (l)'LJ vi eJ 

?I:WU~'lJe:J\le:JWllf1'Wl1 'W(;,{U b'Wrl 'il:w(i\lnl'ibtJ~ tJ'Wbb tJrl\l b vJ(;,{'lJeJ\l~~ne:J'W~b~~ tJ:w 1~'i~Vdl\l nl1be.Jl W(-.1,1'W'Il'Wl~tJ-d, 

~\l nlVl'W~l~ t1tJ1~(;,{ \lri~'<il~Pimnnl1 b~~ mW'W[l1f1'W11'W(;,{1Jb'Wn~l tJ15m1~ n~::: neJ'W 1~ CJ1~(;,{ 1 1~\l(l)'W1'W1tJ'lJe:J\l 
" OJ 

bn~e:Jl'Wb~1~ f1rleJ~ht9l bbrl~irlbvJ~ 1~tJ1i~lvh1Vl~n~:::neJ'W 2 'lJil~~e:J tJb~tJ bbrl~bbe:J:w1:WbiJtJ:wl'Ufl14'Um'W~ 
OJ 

b~eJPimne..Jrl'lJeJ\l'lJil~'lJe:J-.1(;,{11~-.1(l)'W bbrl:::(?)lvll1Vl~n~~neJ'WvieJ(;,{:wu~'lJeJ-.1e:J'W[l1f1'LJ11 'W(;,{1Jb 'Wrl~b~~tJ:w1~ ~1:w(i-.1, 

n11btJ~tJ'LJbbtJn\lLvJ(;,{'lJe:J'I~:::ne:J'W~b~~tJ:W1~'i:::Vll1-.1n1~be.Jl b~mD'LJbb'LJl'V11'1n1'iPim~nnl'ib~~tJ:WeJwnfl'Wl1 'W(;,{u, 

b'LJrl bbrl:::n1'i1l111J1~-.11'LJvie:J1tJ 

http:1~'i:::Vll1-.1n1~be.Jl
http:nl1be.Jl
http:e:J~1-.11
http:LJ-.11'WVl~-.1be.Jl
http:tl'LJ[l1f'l~-.1e
http:Oll).(OCH.eH
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3.1 	1;;l\9lBumru LL~::a1'nflii~l,:j 6j 

3.1.1 1I'ltl~Um'l::;?ll'JbA:iJ, 

• 	 Aluminium nitrate nonahydrate (Al(N03)3·9H20, 98.0%, Brightchem Sdn Bhd, Malaysia) 

• 	 Aluminium sulfate octadecahydrate (AliSOa)3·18H20, 99.0%, Ajax Finechem Pty. Ltd., 

Australia) 

• 	 Aluminium chloride hexahydrate (AlCl3·6H20, 97.0%, Ajax Finechem Pty. Ltd., Australia) 

• 	 Magnesium nitrate hexahydrate (Mg(N03)2· 6H70, 98.0%, Panreac Quimica Sau, Spain) 

• 	 Magnesium sulfate heptahydrate (MgSOa·7H20, 99.5%, RFCL Limited, India) 

• 	 Magnesium chloride hexahydrate (MgCl2·6H20, 99.0%, Ajax Finechem Pty. Ltd., Australia) 

• 	 Ammonium hydrogen carbonate (NHaHC03, 98.0% , Ajax Finechem Pty. Ltd., Australia) 

• 	 Urea (NH2)2CO (99.5%, Acros Organics, USA) 

• 	 Distilled water 

• 	 Ethanol (95%) 

3.1.2 tl'\Jmrum'JVI\9l"tl~, 


• -umntl{ 'lJ'Ul\9l SOml 100ml 200ml SOOml 


• offtl'U~nm'JbA:iJ 


• offtl'U'lJl 


• 	 m::;~ntlf1'Jtl~ 

• 	 bVltlfh.J~bl'ltl{ 

• 	 Ll'llBU 

• 	 b~ll1vHh 
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." 

." • Hot Plate 

, ," 
• bA~€l'l-B',nhvlun 

'" '"3.1.3 bA 'j€l'llJ€l'Vl~"€l'U 

3.2.1.3. n1'j~hml::;ViVllb'V'l"'tJ€l'l€l'UmA• 

• n1'jPim~lvnlm'l(l11'l'tJ€l'lI'l::;n€l'U~bl'l~tJlJ1ti1ti11mA~€l'l Fourier Transform Infrared Spectrometer 

(FTIR) (Thermo Nicolet 6700 FT-IR, England) ~'lbbVl~'lnlbD~~H'btJ'Ubb"'l~lJVlmtJA11lJ~ ('lil'l 

(lbtlnl'ltlJ) bb~::;'tJ~~l'Vl(91(1€l'U btJ'Utl1'1ilJ~'Vh'illn~1 b'W'IJ'j 1~tJ1'U~'UI'l€l'Ubb 'jn1ti1'V1'1n1'jt'UbA~€l'l b~€l• 

YI(91(1€l'UVllrhl.J1m~l'UbA~€l'l n€l'U "i)1n111~'l1..h~l€l~1'll.J11 bA 'jl::; Vi l~tJ1-li~l€l~1'l~ btJ'Ue.J'l b'VlG'l'l'U'UbbeJ'U 
'" 

'" ."'Vl(91 (I€J'U~ btJ'U b'W'tJ'j "i)lmr'U~'ln~ ~1€J~1'l1Vlbb'U'U nm::;'Ulu bb~::;'V1'1n1'j'Vl~(I€J'U bbG'l::;l bA'jl::;VI~ltJ 

lbA'jl::;Vie.J~1'U'lil'l Wave number 500-4000 cm-
l 

(Mid IR reoion) ~€JruVl.niJ 25 €J'li'lWllm'litJ" ~'l 
;, ." 

e.J~~1ti1 "i)::; bb61~'l btJ'U~l nl'j~~n~'U'tJ€J'l61 btlnl'ltlJ1'U'lil'lAdllJtJ11A~'U~'Y1'1nl'jYl~61€l'U l(P1tJ b'jl(11lJl'jti't.h
'U 

::J 
'lil'l Al1lJ tJ11A ~'U~ bil (PI nl'j(PI (91 n~ 'U1tl btl~ tJ'U bVi tJ'Unu lOll nl'j(PI(PI n~'U'tJ€J'l(ll'jlJll'l'j~l'U bb~ ::;(ll:lJ l'jtiU €l n 

'U 'U 

btJ'U'lJD(PI'tJ€J'l~'U5::;VI~€J611'jtl'j::;n€J'U1'U~1€J~1'l1ti1 

100-
~ 90 

;
u 

~ 80til 

~ = 
~ 
o-12. 

70 

60 

of "" 

Silicone ~ 


CH3 symmetric defonnation of Si-CH3 \(polydimethylsiloxane) 
;q\ 

M 

'"vi 
i; 

Infrared 
Spectrum 

:rlr-­~\ :!to 
~ \. I ~ N \ 

/
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/ 
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iM 
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1U~ 3.1 U{fV}"5"rhn7'Sti"fhU"lJeNU{f,,ZU.th"~UW'j7L'jV} Zurlf?eJf.i7"iidJu68f9Tflu [8J 
." 'U 
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'.J 

• 1bm1 :::'vHY'1'j ,:j?1~l'H.J~ n'lJtl,:j 1?1~ ntl'W bb'(;1:::tl'WmY'1~1~ '0\11 nn1·H(:.J11'i'1mY'1~tl,:j X-ray Diffractometer, 

(XRD) (Bruker 08, Germany) 1~18%' Cu - Ka radiation ~m1:lJb~1 1.2 tl,:jf"11IYitl'W1V11'W-d1,:j~:lJ 28 

~,:jbblYi 10 i'i,:j 70 tl,:jf"11 1~tJ'o\1:::%'(O)1tlci1,:j~1I'i'bb'(;1:::(O)1mh,:j~lhhJb(:.J1~mU"".fljJIYi1,:j" b~m11nl'jVlI'1?1tlU
, 'U I 

bb'(;1:::""l~lvlUnl'HtJ~tJ'WbbtJ'(;1,:jl?1l:lJtlru""fJjJ~\l(:.J'(;1~11'i''o\1~bb?1l'1\l bU'W mT\.Ij~Utlni'i,:jrn1:lJ b i:lJ'lJtl\l bb?1\l~ dl~ 
, 'U 

nl'j bb VI'jn?1tl~1'W-d1,:j~:lJ~1,:j1 bb'(;1~lh-d1\l~:lJbb'(;1~rn1:lJ~,:j'lJtl\lY'111:lJ bi:lJ bb?1\l X-Ray bU'W(O)1Utlni'i,:j'lJ'W1'1 

'lJtl,:j(:.J~n11'i' 

'W tl n'o\11 n (:.J'(;1 ~H) '0\1::: btI'W b:U,:jY'1 rum'\"i bb~'1 b'j1?11:lJl'jfJ111(:.J~vl\l n~11:lJlr11'W1 'W",,1(:.J ~~ btI'W b:U \l, 

tJ~:lJ1 ru 1~ tJ b 'j 1 111 (:.J~ ~11'i' ';;) 1 nrn l:lJ?1\l'lJtl,:j~ fI~11'i':lJ 1r11'W1 'W""1'lJ'W1~'lJtl\l tl'WmY'1~M~ nl'i''1 tJ 
'U • 

1I'1tJlJ~(>l'jr11'\..l1ru'lJ'W1I'1tl11mY'1 (Sherrer's Equation) Atl: 

0.9A­
D f3 COS () 

o = Crystallite size (nm) 


A= wavelength of X-ray (0.154 nm) 


~ = Full width half max in radians 

8 = Diffraction Angle 

3.2.1.4. nl'jlbfl'j1:::~~n~ru:::'lJmtl'\..lmY'1, 

• 1bm1~~~n'\:fru:::lm\l?1~l\l';;)'(;1mY'1hw1in~tl\l,;;)~VI'j'jf"111Bb~nmtl'\..lbbu'U~m~1'\..l~1mfl~tl\l, . 
Transmission Electron Microscope (TEM) (jEM-2100, JEOL, Japan) %'(O)1tlci1,:j~btl'\..l(:.J,:j 1111tJm:::'o\11tJ 

(0)11'\..Ibbtl'(;1nmJtl~ bb'(;1~Hl'\"i'jueJ'(;1I?1~11'1l'Wn-d'1tJm:::'o\11tJ(o)1 'o\11mr'W~,:jth1tJ""tJ(;1'(;1,:j1 '\..In~(;1Y'1tlUbtJtl~ 200x200 

bb'(;1:::th1tJlbm1~~.flTW~fh~\l'lJtJltJ 250,000 wh ~\lvh1~b'j1?11:lJl'jm~'\..I~n~ru:::tl'\..lmY'11I'i'tlci1,:j-a'(;1b'o\1'\..1, 

• lbY'1'j1~~~n~ru:::1Y'1'j,:j?1{1,:j~'(;1mY'11I'1tJ1in~tl\l~'(;1V1'j'jf"1UBb~nl?1'jtl'\..lbbUU~tl,:jm11'11'i'1tJbfl~tl\l Scanning 

Electron Microscope (SEM) (jSM-6400 LV, JEOL, Japan) ) b~tlPin~1~n~ru~~tJ~1\lbb'(;1~'lJ'\..I1(;1'lJtl\ltl11mY'1 

ml'i' 11'1tJ1'Wnl'jbI?11tJ:lJ,!'\..I '0\1:::1-if(o)'1tlci1\l~b tI'W(:.J,:j:lJ1Vl(;1?1tl'U tiVlI'1?1tlU,!'\..IhJ1I'i'vhn1'jbY'1~tlUbbl'imh,:j11'1 'lJ'\..I11'1 
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fh~,:j'llt.mJeJ~~ 20,000 bVIl b~eJPif)~1~f1'\~ru:mfj~'ll'U'W\'lJeJ,:jeJ'U.fl1f)bbfj~b'll~8'IJbV18'IJf)1'~b'll~8'U1'll'lJeJ,:j~m~H11~
'\J 	 , 

eJ'U.fl1f), 

• 	 lbml:::~~'U~~J"illb'Vn~ b~eJVllfl1~bfl1~I9i";lfl'U~~vrhm'U.fl1f)mvlVl~,:jf)l'H[!.Jl vl1815fl1~ Brunauer­, 

Emmett-Teller (BET) l~Wbf)~eJ,:j (COULTER SA-3100) l'U15~,:jf)~11miI9i'T€J~1,:jb{j'U[!.J,:jeJ'U.fl1f)~tJb'Ufj m1f), 

0.25 f)-r~ m~~l~VlfjeJ~bbnl Ii)lmr'U:;)whfl1~1~eJ1fl1l"1eJeJf) bb~~Hbbn,,1'Ull'1~bli)'UbU'U19i'1 Adsorption ~~1 ;g,:j 

~~"lJJ1~tlril'Ul'UVll~'U~~11vlIi)1f)'ll~mrubbni.'11 'U11'1~ b~'U~ b.ul1'll bfl1~~~l'lleJ,:jeJ'U.fl1f) bbfj~'\J eJf) ~,:ju~mru fl1~, 

bfl1~ f)~JJ fl'U'll eJ,:jeJ'UIllf)~U b'Ufj, , 

" 3.2 oU'W~eJ'Wf)1';j'VI~6leJ-!l 

" 	 ,
3.2.1 -rr'W~eJ'Wf)1';j'VI~6leJ-!l15~f)~::f)eJ'WeJ ~1-!l a~l baJJeJ 

• 	 bI'l18~~1~~~mm~'\J'\J1'Ubml'lvl18 Aluminium nitrate nonahydrate bbfj~ Magnesium nitrate 

hexahydrate 1~8fj~fj18~lml1f)~'U 1~8r\'1V1'U~51'1~1~1'U1JJfj'lJeJ,:j Al
3 
+ ~eJ Mg2+ bU'U 2 ~8 1 bbfj~b~~ 

~b18fj,:j1'U"1~fj~m8 ~lmr'UbI'l18JJi.'11~fj~mm:::'IJ'lJf)fjeJh~vl18 Aluminium chloride hexahydrate 

fl'\J 	Magnesium chloride hexahydrate bbfj~b~~~b1m'i,:jl'U~1~fj~m8 

• 	 l-Mf)11~~8'U~~ruVlJJiJ 85 8,:jI"1Wl1m61i8mbfj:::'Vhf)1~m'Uvl18 magnetic stirrer bU'Ublfjl 24 -B'11~,:j 

~1~fj~m8~~bi~~f)1~~n~:::neJ'UeJeJf)m 

• 	 ,jl(9):::n8'U~M~lbb8f)vl18bf)~eJ,:jVl~'UbVl~8,:j ~lmr'U,jl~:::f)eJ'U~1vl~1v11f)1~~1,:j~lmJln~'Ubbfj:::b8V11'U8fj, 


8~1,:jfj:::~8,:jf)~,:j bbfj:::'l11(9):::f)eJ'U~1~mmJ~eJruVlIliJ 100 8,:j1"11b6/j(jbggt.J~

, 	 '\J 

• 	 ,jl~1~~b(9)18~1Iii1Uv11fl1~b[!.Jl ~eJruVlIliJ~,:jbb(9i 600 ~,:j 1100 8,:jI"11b"ljm61i8~
, 	 '\J 

• 	 Pin~li.'1JJU~Vll,:jbf)iJ fl1~bU~ 8'UbbUfj,:jbyj~ bb(j~~~U~VJ1,:jf)18Ill'W1~ 8 fl1~bU~t.J'UbbU~,:j'll'Ul~ bb(j~~U~l,:jeJ
'\J 

~ru]1'U'll8,:j~1~~~1'Uf)l'mn~~ruVlJJiJ~1,:j11~81.u XRD, FTIR, SEM bb(j~ TEM 

• 	 U'UVin.u8~mbfj~lbfl~1~~[!.J~
'\J 

" 	 " 3.2.2 oU'W ~ eJ'W f)1 ';j'VI ~618 -!l15~ n~ ::f1eJ'W bb'IJ'IJ ~-!l b~JJ 

• 	 bI'l1mJi.'11';j(j:::fj18~~'\J'\J1'Ubm{9)~18 Aluminium nitrate nonahydrate bb(j~ Magnesium nitrate 

hexahydrate 1~t.Jfj:::mtJvl18Jln~'U 1~8r\'1V1'U~eJl'I~1~1'U1~~'ll8,:j Al
3 
+ ~eJ Mg2+ bU'U 2 ~eJ 1 bbfj:::b(9)~mJ 

http:jl~1~~b(9)18~1Iii1Uv11fl1~b[!.Jl
http:b~eJVllfl1~bfl1~I9i";lfl'U~~vrhm'U.fl1f)mvlVl~,:jf)l'H[!.Jl
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?ll'H1~(;'llmlf):lJl:lJl1J~:lJ1Ur1l4um'U~ ';inmr'Ul~~~:lJ?ll~(;'l~(;'ll~~~UUr1(;'lf)bl?l~';m Aluminium chloride 

hexahydrate flU Magnesium chloride hexahydrate bl(;'l~b~~~:lJ?ll~(;'l~mmlf):lJl:lJl1J~:lJ1Ur114um'U(» 

• 	 oJli.'11~(;'l~m~~mf)f)f)'U Al
3
+ ll(;'l~ Mg2+ :lJ1Vl~I'1(;'l-:J1'Uv11vh1~(»n~~nf)'U ~m'Ui.'11~~n(»~nf)'U~1~ml:lJll~-:J 

~bVl:lJ1~i.'1:lJ bb(;'l~mUfl:lJ1~~eJ(»~lm~Vl~I'1~i1bb(;'l~?I~lb?l:lJtl 1I'1m~Vl'J1-:J~vhn1~Vl~I'1'o\J~bnl'1m~(»n~~ntl'U, 


" " 

:v'U 'o\Jlm:r'Uvml'1'o\J'U?l1~(;'l~m~Vl:lJ1'1 

• oJ1 (» ~ n eJ'U~1~:lJ1 bb~ n ~1mfl~ eJ-:JVl:lJ'U lVl~ ~-:J 'o\J1mr'U'll1(»~ ntl'U~1~:lJ1Vh n1~~1-:J~1m11n~'U bb(;'l ~ btlVl1'U eJ(;'l, 

tl~l-:J(;'l~i.'1eJ-:Jr1#-:J bb(;'l~oJ1(»~neJ'U~1~:lJ1tlU~m1JVlfllJ 100 eJ-:Jml"llm'li~?I , 	 " 

• 	 oJl?11~~b(»~~:lJ1~hJvhm~len ~tlruVlfllJ~-:Jlb~ 600 fi-:J 1100 eJ-:JP11l"llm'li~?I , 	 " 

• 	 Pim~li.'1:lJU~Vmbr1~ m~l'\J~CJ'Ull'\J(;'l-:Jbyj?l bb(;'l~?I:lJU~Vmm~flTY~1I'1CJm~b'\J~~'Ubb'\J(;'l-:J'lJ'U1I'1ll(;'l~~'\J11-:JeJ
" 

"'ru~1'U'lJtl-:Ji.'11~~~1'Um~bt:,J1~~ruVlJJlJ~1-:J11I'1CJH XRD, FTIR, SEM ll~~ TEM 

• 	 u'\.JVinieJ:lJml~~1lm1~~~~ 
" 



• • 
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3.3 bb~'Wir-315Yhb'il'W-31'W 

.ff'Wnl';i'V\VI~B\I 	 n1'Vi'lJVI~"mU';i 1bfl';i1~~t:J~ 

d dL":i +3 +2 J 0 1II ... 1 
!\9l'HJlJ{I'l'Hl~mtlYllJ Al 1I~~ Mg !VHJ'Wl blJ "trw ~ 'U~ 'll~ ~B'\·mu i 'W...... 

\9ln\9l~n~'W1~tI~1~1t1\9ln\9l~n~'W {l'l'.i~~mtl cr, N03 

.-J 	 ~ 

. 

.t:::I.d. Q.I" Q ~~ '0 
1fiVlnVl::;nf)UeJ[JN'iJ~ 1!'iJ~ eJ1 fiVi fWI::; nf)UHU UVl..'l!Vl~ 

~l{l'l'.i~::;mtJlJl~,mlJ flU tIl1 tI~l{l'l'.i~~ClltllJl\9ln\9l~n~'Wi'W 
" 

9 ~ ~ d "" 
!!tllJ 1lJ!'utllJlum5utlI'W\9l !!Cl~ b11f111lJ'.i~'WYI~W11f1lJ 

q " 

85 ~'lf11!C)fm9ftJ{I' 

cv ~ at. I 

u'WYln~w 11 fllJ!!Cl::;rl1 
q " 

pH 'U~'l{l'l'.i~~m[1 

+ 	 + 
~ 	 dt ~ 0 'jJj.I 

!!tIn\9l::; ntl 'W ~1 tIlfl'.itl'111lJ'Wtlf1t1'1 U~~Y11 m'.im'1~1t1 
q 


~ I V :v 


~lmr'WU~~!tlYll'W ~~tl ~l'1~::;{I'~'1f1~ '1 1l1flU'W 

~ d ~ d 

~U!!11'1Y1~W11iJlJ 100 ~'1f11!C)f~!C)ftJ{I' 

! 

~ll'1~n~'W~ l~'tJ!~l~~W 11 iJil~l'1'l ~1'l~W 11 iJil 

.­
Q.I I d 	 d 

1'1'1111'160011'1 1100 ~'lf11!C)f~!C)ftJ{I' 

"" 	 0'11f1'.il::;11 

-XRD 
] 

~I 	 -FT-IR 

"" 	 0' 
1!ml~11 

- SEM 

.... 
111""" 1 I 	 -TEM 

- BET 

l 
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3.4 bbf.J'U~·:ln1~~1biJ'U'I1'U 

Il~um51il!1JlJ~lU 

OJ,!"m':::ffmnlOnff15mnU1~6~ 
d rtn rt " V " <:10(01 ri rt Y..::f .-i C\ J 

- ftn t:JllHl t:J~'YllnU1~o~fl'Uml~11..l1~u·YHnU1~6~ ffnt:Jl~oVllni'l~l..I 

a ~ :11 '.11 ~ ~ ~ 1 >' >' . 1 a ~ 
·1Irl'il::11rll1lJluU u i'lIUnnff~lml::lf i'lU~fll1iJl'mnJ'lJtJ~lf6~U{]1Jflnn 

.; .. 
If)) 8 ~lJOl1i'1"6.:JU":::11'iHHl1J 

Onll1J1Jnm1i'1"6~1~1ulJ~l1mWIT1~6~lJ6 , 
· 11~llr"jflTj1ilIUU ·:mJn1'iml"6.:j 66mluu'lilJ~mJm'j11i'1"6.:j 

,;.. :I d d ~ d'd d jI ~ 
· ff~'lftlll'mT1lJ IflHHlJ61n,::qllmOJVllflUl'IJ6~ l'Umn1i'106~ 

~ .. 
ff·mn l::lf~ llJH~lHl15l1i'l ,HJ~ 

51::M~lmh.:jhwH' XRD, TEM, SEM II":: FTIR 

51::11No nWl1i'1" tJ'I mHlvHl'tlUllo:: ff~l1fH'm5 ri lfl 15 1110 
· 111~o11 flfftJUlJl1lml:: M! '~tl111fflJllil'\Jtl ~6~il1fl~IYlj UIJ1P1lUll~o :: 11l 
· l1'~tJ~ofl1nlfl06~ 

.11'j:::,jJlJ~,,~Mti'un1'iumrli'lqlh:::'cwln1'jll1u 
-lflm.mlN1utJ'Ulflll'\Jtl~m51~U 

o I eo!W i' 

- lJWt1'lW!lnil1m'll11ff~fllMI'i 

a a .. 

lU'I1U1Y1U11mUli 

June July August ISeptember I October INovember IDecember I January I February March April 

3 4 
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-' 

-' 

'lhnJlru~ 525 ~-:l 690 cm-
1 b~ervhnl'H~l~eJruvLnlJ?f-:ln';h 800 eJ-:lf!lb"1l"b611tJ?f~'UhJ ~,nj'l'lJ8n~':Jnl'Hn~

, 'U 'U 

•• 1 :;"1 10 
b~1?f?fUb'U" 

(a) 
s: MgAIP . 

P. MgO 
H MgI-11COl(OH),~,'lH?O S(3 11 ) 

:::J 

~ 
>­
"" c '" 
OJ 
E 
H '---~~~"~""-~ 6OO"C 

.~~l.LL~.~_ Precursor 

10 20 30 40 50 60 70 

28 (Degree) 

(b) 
1100'C 

69 ::1 525 

1000'C 

::i 
.e M'O ~0r 
~ 
c: 
co \ . 

6OO'C ----------- N.:~ .......... . . 

c: '" 
~ ~r ~50 ~1354~~ 
""' 1 ~---------- •• \ 

' 001 

'-\ 

4000 3500 3000 2500 2000 1500 1 000 500 

wavenumber (em") 

':i'\.J~ 4.1 (0) Im(i}'mn?IfJ':J7:t)11tJflT(i}mfJ~eJ~ XRO llfl:t) (b) U?{mnJ'J?lfJ'J7:t)11tJflT(i}[J
" 

IfJ~eJ~ FT-IR VfJ~tJV~li'i'j/j~~v7nrrmi'):t)neJlJUfl:t)nJ'JltJ7~f(ru'j/j1JfjC;j7~1 

#i' '1 L1 'U b~ eJ 1i?f 1 J' ~ 'l ~ 'U b'iJ 'U b n ~ eJ 1 'U bIi) i \>1 ~ 'lJ 11 \>1 ~ n eJ 'U ~ 1 ~ b U 'U bvJ?f hydrotalcite 

(MIS6Al2(03(OH)16 ·4H20) ~-:l ~'UEJ'U \11 n~"mil bfIJ1~~\11 mfl~eJ-:l FT-I R ~:W mJ'~~ n ~'U bb?f'l B'UvJJ'l b J'~'UeJ'l 
'U 

2~'U5~ O-H ~'l~bU'U strechinlS bb~~ bendinlS bb"~~'U5~ (03 - b~mm\i1~neJ'U~QruVlJJlJ 600 eJ'lf!lb"1lm611tJ?f 

bU'Ublm 2 -&1hN~'lJ11'W'U5~ O-H bb"~ (032- b~:lJbn~mi?fmtJ~1 t~mvJ?l hydrotalcite 'lJ1'lad'U1~?fmtJ 

S(400) 

800 C 
p p 
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mnmU'Ub'I"J~ Periclase llft~'\Jl~G'iJ'U~m EJ (i)'"Jb U'UlY'l':J~~~l~~~ru~l'U ":ill n,r'Ul~ me..Jl?1~~'U~~ ruVl.n~hJ1 nn'"h 

4.1.1.2 n1~b'IJ(;l£J'Ubb'IJft.:Jby.J~"1Jfl.:J~:::nfl'U'VIb~'W~ ~ b~£J b"Ubnftflflftfl ~~biJ'U~lWI.:J~'U bbft::: b"1Jm~miJ'U 

~ 'U 1 \J 

800 ~~f1lb'llftl6lltJ~~~ 2 l~~ ":il~vhuBn~EJln'Unft1mU'Ub~~~tJl'Uft~'U 

.d d q 1i1er ~iI.crI 1 (fa ~ iI C5}11 ct ~ 

" 

~"J'Vh11X~n~:::nfl'U 

(a) 

::> 

~ 
>­
""<J) 
c: 
(l) 

E 

(b) 

::> 

~ 
(l) 
() 
c: 

'" 
E '"<J) 
c: 
~ 
f-

s. MgAIP. 


p- MgO 


H Mg!A l 
j 
CO){OH) ,1"4H 

j 
O 5(311) 


LJU
S(400) 5(4-40) 


5(11 1) $(200) S(~ II) A 
\~____!'--.J~'-------1:,~'-----J,"'--- '1O(J' e 

'- J0"----J~L ,ooo'c 

~~A. 

L--.-__~'l..~L-.....J

_ _ -.-/'------,"--_ 8OO' C 

_~___~ ~ 6OO'C 

H H 

I ~ HH H 
1-'~ ~ Pfecursor 

10 20 30 40 50 60 70 

29 (Degree) 

1100'C 

1000'C \ 690 ':' 

800'C ~ 
Isoo'c '"_ JIPrecursor 3-450 ,, '~ \\ 

' 002 ~\ '-­

\. 
4000 3500 3000 2500 2000 1500 1000 500 

wavenumber (em") 

~'IJ~ 4.2 (0) uffVi·:mn?tfJ17::11t/flrmJtfJ~[}\j XRO tw:: (b) tWmnn?tfJ'J7::11t/fI[ViEJ
" 

tfJ ~eJ\} FT-/ R '!Jf)\}t/\} yf[r;f'llnf\} 117MJn(9)::n f) ww::n ntfJ7 iff) ru'l!l[)n~h\} '1 
• " I 

~1':J~1~Vl~~ (1)n (1)~ n~'UjJ~n~ru~Y'l~ltJn'\J~l':J~ l~~tJ~l\?ltJ1-rrbn~~1'UbVl':JVI bU'U~l':J~~~'U~J tJ15Vln(1)~ nm.l 

~~l~~~ll~:lJ~ bl~?ll:lJl'H)'\Jtil1~~ltJnll ":illmU~ 4.2 (a) ll~\?l~1Vfb~'U~-1m':JbU~tJ1..mUft~b~?I 'Ve:J-1(1)~ne:J'U~
" 

b(9)~tJ:lJ1l'i'bbft~ (9)~ ne:J'U~~mhhJle..Jl~~ruVlJ;]D~1'111\?lmY'l~e:J'I XRD (9)~ n~'U~ln\?l~'U":ill nm':J(9) n(1)::: n~'UbU'Ub~?I 

hydrotalcite (H): Mg6Al2COiOH)16·4H20 UCPDS card No. 89-0460) b~mll1ube..Jl~tJruVl.nD 600 e:J-1~1. " 
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~ 

.., 

-
b"ll!;1b6B(J6'I btJ'UbJ!;11 2 i1hN b~6'I hydrbtaleite 'Ul~~1'U6'I!;11(J1'11n!;11mtJ'Ub~6'I Periclase (P): MSO (JCPD5 

Card No. 45-0946) ~'U bb!;1~'U1~~1'U6'I!;11(J1'11btJ'Wlm~6'I~1~1)~ru~51'U b~m~l~1)ruVi.niJ 800 1)~l"11b"llm6fi(J6'I
~ ,~ 

btJ'UbJ!;11 2 i1hN ~~ 2 b~6'lvhtJlln~mn'Ubil(71b~6'I 6'lUb'U!;1 (5): MSAl204 (JCPD5 Card No.21-1152) ~~b~'U 

11b~1)1)ruVi.niJnl'~bm(;1~~'W 6'lUb'W!;1iJrnllJbtJ'W~~mJ1n~'U ~~bn(»lli1~lmjl'U'V1)~-wfliJrnllJ bbfl'U!;1~ ~1mLJ 4.2 
~ \I 'U ~ \J 

(b) bb6'l(71~~!;1nl'l(71(71 n~'Ubb6'l~~'U~'l1 b'l(711(71 mfl~1)~ FT-IR 'V1)~(»~ n1)'U~b(»~(JlJlli1bb"~(»~ n1)'U~(lml11LJb~l~ 
~ ~ 

tlruVi.niJ ~h~ "'W'Ull(»~ ntl'W~lli1\llnn1'J(9l n(9l~ ntl'UiJ-wfl ~ln nl'J(71 (71n~'U bb6'l~B'U~'Jl b'J(71 'V1)~~'UD~ O-H bb 'U'U 
, \J I \J 

~ -1 -1 0 dQ..I <C:It. 

streehins bb!;1~ bendins 'VI 3450 em bb!;1~ 1628 em (9l1lJ!;11(71'U bb~~'W'Unl'J~(71n~'Ubb6'l~tl'U~'llb'J(71~ln 

2 1~'UD~ C03 -~ 1502 em-
1 bb~~ 1364 em- [9) ~~btJ'U~'UD~b~(J1n'U~LJ'Jln£]1'U6'll'lLJ'J~nmJ hydrotaleite ~11i1 

, , !11, 1/ 
q. 4' d dII d .::.I Q,Q,I I d d L d 

~lm-J!;1'V1)~n1'J1bml~Vi~lmm1)~ XRD blJm~16'1~'V'U'VI1)ruVi.nlJ(9l~bb(9l 600 ~'Um 1100 1)~pjWIl~b'1l(J6'I 'W'U1TlAlfl 
~ ~, 

v _ v ~ 

'Vtl~'W'UD~ O-H 'lllJ()~'W'WD~ C03 iJ-Wfl'V'U1V1 b~ n~ ~ b~ 1)~ ~1 n nl'J6'I!;11 (J I'll bb~ ~hJ'W'U nl'l(71(71 n~'U bb6'l ~ 
~ 

~'U~'Jlb'J(71'Vtl~~'UD~ O-H bb~~~'UD~ CO/- b~tlvhn1'lb~l~1)ruVi.niJ 1100 1)~f"l1b'1l"b6B(J6'I btJ'UbJ~l 2 i11m, ~ 

bb!;1~iJn1'J(71(71n~'Ubb6'l~B'U~'Jlb'lV1'Vtl~~'UD~ Mo-O-Al1)~LJ'J~lJ1ru~ 525 ~~ 690 em-
1 b~mlhn1'lb~l~1)ruVi.niJ

\I ::, 'V q '\J 

6'I~nll 800 1)~1'11b"llm6B(J6'I~'U1LJ ~~tl~'U1)n~~n1'Jbn(71b~6'l6'lU b'U!;110 
" 

~~J'Ub~tlH'6'll'J~~I'l'WbtJ'Ubn~1)1'UbV1'J(9l'W'Ul1 (9l~n1)'U~lli1btJ'Ub~6'I hydrotalcite (MS6Al2C03(OH)16·4H20) 

~~8'UcJ'U~ln~~n1'libml~'V1~lmfl~1)~ FT-IR ~iJnl'J~V1n~'Ubb6'l~~'U~'Jlb'J(71'V1)~~'WD~ O-H ~~~btJ'W streehins 

bb~~ bendins bb~~~'WD~ CO/- bljm~ll'l~n1)'U~1)ruVi.niJ 600 tl~1'11b'1lm6B(J6'I btJ'UbJ!;11 2 i1llJ~'W'Ull~'UD~ 0­, " 

H bb!;1~ CO/- b~:)'JbnV1n1'J6'I!;11(J1'11 l(71m~6'I hydrotaleite 1jl~~1'UlIi16'1!;11(JnmmtJ'Ub~6'I Periclase bb~~'Ul~~1'W 

6'lm(J1'11btJ'Ulfl'J~6'I~1~1)~ru:Ol'W \llnJ'Wb~mm6'l~~'U~1)ruVi.niJlJ1nnl1 800 1)~1'11b"llm6B(J6'I ~~ 2 b~6'I~~vh 
~ \J, \J 

LJDn~(Jln'U n!;11(J btJ'Ub~6'l6'lU b'U~ bn(71~'U 

~lmmn1'l~mnn1'JbLJ~ (J'UbbU"~b~6'I'VB~(9l~ntl'U~ bl'l~mJl1i11V1 (J1-rr6'l1'J~~I'l'UbtJ'Ubn~tll'Ubml'l bbfl~ bn~1)flfl tl 

hii ~~iJ 1'11'1i1 (J I'l n (9l~n B'U btJ'Um~(J 'W'Ulll'l~ n1)'U~lli1l'ln1) 1) nlJ1 b tJ'U?fl'l'llUV1 b~(J1n'UAB hydrotaleite b~1)Vl1 
~ 

nl'H~l~BruVi.niJ 600 1)~1'11b"llm6B(J6'I bnV1btJ'Ub~6'I Periclase bb~~b~?f~mm~?f~l~1)~rul(jl'UbViiJ1)'Un'U bb!;1~bn(71, ..~ 

n1'JbLJ~(J'UbtJ'Ub~6'l6'lUb'U~ b~m~1~1)ruVi.niJ6'I~nl1 800 1)~pjlb'1lm6B(J6'I b'1i'Wb~mn'U ~~J'U~~?f'JulIi111 6'll'J~~ 
, \J \J , 

l'l'Uvfl-rr llJiJ~!;1~m~?fbb!;1~n1'JbU~(J'UbbU~~b~6'I~bnV1~'U 
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4.1.2 n l'.if1m.il~n~ru::"l.I £)'1 lJl::n £)'U bb~::£)'U.n lfl61Ub'U ~vi blJl~m.JHI~'J V15n1 '.i1Jl nlJl:: n£)'U£) til'161~lb"tI £)• 

OJ "" d "" 1"' 'I 1"' ~"' ~I "" 1 1"'4.1.2.1 ~n~ru::"l.I£)'1IJl::n£)'Ubb~::£)'U.nlfl61tJb'U~V1blJl'.itJtI IJl b~V "l.I611'.i1Jl'lIJl'Ubu'Ubn1;l£) 'UblJl'.ilJl bb1;l:: "l.I• 

m~mu'U~'J'Vh1~lJlnlJl::n£)'U
'U 

Jtlvi 4.3 (0) f77Wfhv SEM Micrograph 'lJv.:jtJ.:j~L(PJ:;VJJr'1Jvn75'(PJn(PJ:m enj am:: (b) f77wd7tJ TEM 


Micrograph 'lJv.:jtJ.:j~LtJ7~vru'tllf7iJ 1100 v.JfT7L'lfm~V6'f 

• OJ 

bdelVhnl'H'\J~m.JbVi8'U':l~Vl'h:J[)1Y1~18 SEM 'UeJ.:Je.J'I~l~\Ij~'1lJln(p)~nm..l bbl:\~[)1Y1~18 TEM 'UeJ'Ie.J-:)~ bWl 

~m)JVl.n:D 1100 eJ'I!"1Wlll:IbSSmWU'Ubll:\l 2 il1:W'l vl'lbb'Wl-:)J'\J~ 4.3 (a) bbl:\:: (b) Y1'\..r;h(p)~nm...l~b(P)~mJlv1ij 
, 'U " 

~n~ru~dJ't.Jbb~'t.J 'llmr't.Jbdmt\'lnl'He.Jl~m)JVl.n:D 1100 eJ'I!"1Wl1l:\bSSm'l bU't.JbJl:I1 2 il1m Y1U'J1 (p)~neJ't.J~ij
, 'U 

~n~ru~bU't.Jbb~'t.Jbn~nl'H"Il:I18~lnl:l1mtJ't.JeJ't.J[)1A?ltJb't.Jl:\ bb?l~-:)vl'lJ'\J~ 4.3 (b) ~-:)~n~ru~'UeJ'IeJ't.J[)1Aij~n~ru::
, 'U , 

~rieJ't.J-rrl-:)nl:\:W bbl:\~:i1n1Jbn1::~ln't.J 1~8:i1'U't.Jl~eJ't.J[)1A'\JJ~:lJ1ru 10 'l'U~'1 30 't.Jl1'Ub:wm, 

http:n~ru~bU't.Jbb~'t.Jbn~nl'H"Il:I18~lnl:l1mtJ't.JeJ't.J[)1A?ltJb't.Jl
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4.1.2.2 ~n~ru::"l.I&:jt?l::nm.! bb61::eJ'U.nll'l~tJ b'U61~ bt?l~mJ1~ 1t?1t11-tim':i~-:j~'UbtJ'Ubn~eJ l'l61eJhlfi' bb61::b-ti, 

tI b~t1 btJ'U~r.l'vh1~t?lnt?l::neJ'U 
'U 

JVi14.4 (0) fJ7'Wf17V SEM Micrograph 'lJeJ.JCJ':mULUflitW/~VjJr~JCJm'j(f)n(f):mfJ'U Uf/:: (b) fJ7'Wf17V TEM 

Micrograph 'lJeJ.JCJ.JfTUl'LmitlCJ7itqrul1lJfj 1100 eJ.JfT7I'Yfm;;JVfT 

':\I1mD~ 4.4(a) bb!;l:: (b) bbG'f\?1\l1~\~'Uf11';ibD~CJ'UbV1CJ'lJ';j::vrh:J.f11~~lCJ SEM 'UeJ\l(;.J\l~1I'i'Vl~\l(11n(11::neJ'U
" 

bb!;l::m~~lCJ TEM 'UeJ\l(11::neJ'U~b(;.J1~m1.lVl.fllJ 1100 eJ\ll"l1b"llm6llCJG'fbU'Ubdm 2 -rr1hJ\l1\?1CJ':\I1mD~ 4,4 (a) 
, " " 

~'Ul1Vl~\l':\lln f11':i(11 n (11:: neJ'U ~n~ru::'UeJ\l(11 ::neJ'U~11'i':w~n~ru:: bU'Ubb~'U b'll'U b~ CJ1 n'U (11:: neJ'U~ b(;1~CJ:lJ ':\11 nG'f1':i~\l 

~'Ubn~eJ1'Ub(;1':i(;1 ':\I1mr'Ub~m!(1f11':ib(;.Jl~eJruVl.fllJ 1100 eJ\ll"l1b"ll!;lb61iCJG'fbU'Ub1!;l1 2 -rr1llJ\l~'\Jl1 (11::neJ'U~:W, " 

~n~ru:: bU'Ubb~'Ubn\?1 f11':iG'fm CJ M1 nm m U'U eJ'UmflG'fD b'U!;l bbG'f\?1\l(i]\lTtJ~ 4.4 (b) ~\l~n~ru::'UeJ\leJ'U.fl1f1:W~n~ru:: , " , 

~AeJ'U-if1\ln!;llJ bb!;l:::W f11':ibf11::M1 n'U 1\?1CJ:W'U'U1\?1eJ'UmflD':i::mru 10 ':\I'U(i\l 30 'U11'UblJ(11':i, 
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~ Ji d"" :;'1 d '" 1"'"' ""'" ,,;4.1. 3 m ~I"l n'l?jl"l1'U1Vl bb~::'W'U'V1 m"ll£l ·Hl'U.fl1 i'1 ~u b'U ~'V1 bl9l'HJ1J VlVl1t11llm ~19l n 19l::n£l'U £1m.:! ~1J 1b~1J£I, 

'illne.J~"lJtl~m'J:'hfl'Jl~V!1(9lmA~eJ'l XRD "lJeJ~'J'\J~ 4.1 (a) bb~~ 4.2 (a) ~~bU'Ue.J~rn'JlbA'Jl~-v4"iJlmn'J 
'U 

~,:!r;1'U~b(Pl~mJb(9ltJ bn~eJ1'Ub(Pl'J19l bb~~ bn~eJA~eJ1'JvlI9l11J~I~'U "11Jl'JrlAl'Ulru'U'Ul(9l'UeJ~eJ'UmA"tJ b'U~~l~"iJlnrn'J, 

be.Jl~~ruV!1J:W 800 fi~ 1100 eJ~I"1Wllm6i1tJ" bU'Ublm 2 illlJ~1(9lCJ1i Sherrer's Equation ~~H'J~'Ul'U (311) 

bU'U'J~'Ul'U1'1..1 rn'JA1'Ulru ~~ bb"(9l~~~'JtJ~ 4.5 ~'U'h'U'Ul(9ltl'UmA'UeJ~"I'J~l(Pl~CJlJl(9lmn~tll'Ull9l'J(>1l~m11 rn'J 
'U , 

l(;.Jl~eJruv![1iJ 800 eJ~1"11l"lfm6i1tJ" lU'Umn 2 .rrlhN :W'U'Ulli1 6 'Ulb'Ub1Jmbl~~:W'U'Ul(9lb~lJ~'Ul~tleJruv![1iJrn'J
, \J , \J 

l(;.Jl"~~'Umh'l:W'I1mh"(rub(9lCJ:W'U'Ul(9l~~lb~ 6 'il'Ufi~ 13 'Ulb'UllJl9l'J b~tl'Vhrn'Jbe.Jl~mL.lv![1iJ 1100 €NI"11b"lfm6i1ml"IV , " 
bu'Umn 2 .rrlblJ~ 1'U"lJru~~mJmi'1'UeJ'l"1'J~b(>1~CJlJl(9ltJ"I'J~~r;1'Ubn~tlf';meJhvl~ui1l~m11rn'Jbe.Jl~ 800 eJ~l"Il• 

b~6m'llCJ" bU'Umn 2 .rrlblJ~ eJ'UmA"tJl'U~~l~:W"lJ'Ul(9l 9 'Ul1'UllJl9l'Jbb~~:W"lJ'Ul(9ll~lJ~'UlU'U 15 'Ul1'UblJ(Pl'J b~eJ• 

vhrn'Jbe.Jl~eJruVl[1:W
~ 'V 

1100 eJ'll"llb"lf~b~tJ" bU'Ullm 2 .rrlbmb(9ltJ'U'Ul(9l~l~lJ~'UlltJ'Jer'U(>11lJeJruVl[1iJm'Jb(;.Jl
, \J 

. ... 

V1lJln~'U b~m'illn~~'l'll'Um'J be.Jl"'l~'U'Vil1,xeJ'UmA:W m'Jbf1~eJ'Ub'ih~"lJli1~lJln~'Ul(9lCJrn'J~(9l~'U~~l'UeJ'l
\J ~ \J , 

tl'UmA, 

15 

E 
.S­
a> 
.r::! 
(f) 

~ 
C1lu:; 
~ 
o 

12 

9 

6 

- .... - Nitrate Mixture .. 
. • .. Chloride Mixture 

.. ///:~ 

~// 
800 900 1000 1100 

Temperature('C) 

~'\.J~ 4.5 UfWNV'U7WllfJ\}fJ'UJ77fJi1M'v7nm'iltJ7i1fJflJ'I1f1iJC;}7\} '1 
'V , ,"'v I 

http:hvl~ui1l~m11rn'Jbe.Jl
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tlVmnn.QL~e)'vhrnd~m~n-«'U~c:J1'IJtl\lm<Lnlf1?fUl'u~~1~"illnnl'Ht:-Jl~ e:mJ'VIJlii 1100 eJ\l1"11 b"llm61ltJ?f , , " 

LU'ULlm 2 -ti'11lJ\l ~ltJ1TI BET 1~t:-JmL?f(91\l~\lmdl\l~ 4.1 'v'nrheJ'Umfl?fUL'U~~b~~tJlJ1(91tJHf?fld~\l~'ULu'ULn~eJ, 

fI~eJ1 dii JJ~'U~c:JllJl nnl1eJ'Umfl?fU L 'U~~ L~~tJlJl(91tJ1i Ln~tl1'UL~d~L{j'U?fld~\l~'U 1(91tJtl'Umfl?fuL'U~~1~b~~tJlJ, , 

1(91tJ1i?lld~\l~'UL{j'ULn~tl1'ULm~JJ~'U~c:Jl 47 .24 m2/g 1'U'lJru~~L~~tJlJl(91tJ1i?fld~\l~'UL{j'ULn~eJfI~eJ1diiJJ~'U~ 
~ 2 
t:-Jl 59.15 m /g 

Starting Salts Surface Area 
2 

(m /g) 

Nitrate Mixture 47.24 

Chloride 59.15 

Mixture 

1Vl1d1.:Jvl 4.1 LWVI\rifu~tJ-rlJfJ\JfJUfJ7fJffUWfi~lt.J7~fJflJ'I1fJ:ij 1100 fJ\Jff7L"lfm6JvffLUUrJf17 2 il?Tm 6f7'11'iiJff75'. . " 

~~U~LC9J:;VJJTVlmni!fJ l W(9J5'C9J um:Lni!fJfJfifJ l5'vl I'I?V?6C9JnC9J::nfJUfJc17\JmhwJJfJ 

Starting Salts 

Nitrate Mixture 

Chloride 

Surface Area 
2

(m /g) 

47.24 

Crystallite Size 

TEM (nm) XRD (nm) 

10-30 13.77 

59.15 10-30 15.86 
Mixture 

1Il1';i1.:Jvl 4.2 UffVl\J.fu~1J?Ufi::'llU7V1~lrtfv7nfJ7W TEM lw::m5'fJo7U?flJv7nWfJ XRD 'llfJ\JfJUfJ7fJffUWfi• 
6'17 'I1'fUff7 5'~ifU~lC9J :;VJJTVlCJlni!fJ l W(9J5'C9J Ufi::Lni!fJfJfifJ l5'vl I'I?V?6C9J nC9J::n fJ UfJ c17\JmhwJJfJ 

"illnt:-J~'lJeJ\lrnd~mn~n'\'}ru~ ~~ neJ'ULL~~eJ'Umfl?lU L'U~ 1(91 tJ1i?fld~\l~'ULU'l.I Ln~ eJ1'l.IL~ d~ LL~~ Ln~eJfI~eJ, 

hii 1(91tJJJ(ihvh1,x~n~~neJ'l.ILU'l.Im~tJ 1~t:-J~?fdU~\l~ldl\l~ 4.2 'Vf\.rJl'IJ'l.Il(91tl'Umfl?lUL'U~"illnm"v'l TEM LL~~", , 

'IJ'Ul(91eJ'l.Imfl"ill n n1dr11'Ulru"illn XRD 'lJtl\ltl'l.lmfl?fUL'U~~\l?leJ.:J"v'lUl1JJ'IJ'Ul(911n~LAtJ\l n'l.l LL~eJ'l.Imfl?fU L'U~~, , , 

b~~tJlJl(91tJ1i?lld~\l~'ULn~eJfI~tl1 ';iii JJ-«'U~c:JllJ1nnl1eJ'l.Imfl?lUb'U~~b~~tJlJ1(91tJ1i?fld~\l~'ULn~eJ1'l.Ib~d~ ~\l, 

LL?I (91 \l1,xb~'l.Il1eJ'l.Imfl~L~~tJlJl(91tJ1i?fld~\l~'l.ILU'l.Ibn~eJfI~81dii JJn1dbn1~(i)ln'l.lU8tJnl1, 



, 

~ 
, 
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l\9ltlajLl b~mLl1t1'UbVltl'U(Y1~ntl'U~1~\I1nmjb(Y11mJ~1 tl15\P1 n(Y1~ neJ'UeJ ~l~aJl ba~eJ 1\9ltl1ibn~eJ1'Ubm(Y1, 

, bb~~ bn~tlf1~tll jvibth,Jalj ~~ ti1'U bb~~1i(l)TVI11~(Y1 n(Y1 ~m)'U btJ'l.W b1t1 'W'Uil f.J~~hibj bb(Y1 n~h~ n'UmmYn l\9ltl 
OJ 

(Y1~neJ'Uffi~btJ'Ub~a hydrotalcite bb~~b~~bn\9lb~aatJb'Um~m11n1jbf.Jl~mUVlJlij 800 tl~1"11b"ll~bS/ltia btJ'Ubl~l 
, OJ 

2 il1~~bb~~~'1J'Ul\9leJ'Umf11n~b~tI~n'U 1'U~d~ 10-30 'Ul1'Ub~m bbl'iG11V1-r'Ual';)~bI'l1t1~1\9ltl1ibn~eJf1~eJh~btJ'U, 
'11 .." , I 

?llj(l)~ti1'U ~Y1'UVl~li.'1~nil ;g~bba\9l'l(i'l~mjbm~(I)d'1Jtl'ltl'Umf1VlUeJtlnil
OJ , 

~ 0 ,,,, 0 'n.' '" ~, '" "" 1" II ..""4.2 mjl"lmnnl'Hu6'l8'U bbu6'l.:JbY'l6'l bb6'l:::6'ln'l?fW:::"lleJ.:JVl:::nmJbb6'l:::B'U.fllf116'lu b'U6'l'VI bVlj8~ \9lW.l81llVlnVl:::nB'U• 
" l?i'.:Jb~~ 

4.2.1 mj~n'l?fln1jbtl~8'Ubbtl6'l.:JbvJ6'l"lleJ.:JVl:::nB'U~bVl~8~1~~mfl~eJ.:J X-Ray Diffractometer (XRD) 

bb6'l::: Fourier Transform Infraed Spectometer (FT-IR) 

o ,,,, 0 , 0.' '" "" 1" '\ 1" "" 1 :" .t II 1"4.2.1.1 mjbU6:18'Ubbu6'l.:Jbl'~6'l"llB.:JVl:::nB'U'VIbVlj8~ ~ b~8 "llbn6'leJ 'UbVljVlbu'U6'lljVl.:JVl'U bb6'l::: 'lJ 

bbeJ~1~dj8~lUfll1'I.JBb'UVl bU'U~1Vh1'lXVlnVl:::neJ'U 

alj~(Y1n(Y1~neJ'UtleJnm b~mhhJtl'Ubb~'I 'W'Uilf.J'IiJn1jbn1~(I)ln'Ubbl9ial:Wl'H)U\9l1~~1t1 \I1mtJ~ 4.6 
OJ 

(a) bba\9l'l1~b~'U(i'lnlj bLl~ tI'U bb U~'I b~a'1JeJ'I(Y1~neJ'U~ bVl~tI:W1~bb~~Vl~neJ'U~~mlllU bf.Jl~~ruVl\lijl9il~ 'll~tI bf1~eJ'I 

XRD (Y1~neJ'U~1~Vl6'i''I \llnn1jeJuijY1f1nl1'1 bba\9l'l~'If1dl~btJ'Uf.J~n~11~tlhJalmjm~U•b~a~bn\?)~'Ul~ b~tl 

oJllUbf.Jl~ 600 tl'l1"11b"llmS/ltla btJ'Ubd~l 2 il1~'1 bn\?)mjbU~tI'UbbU~'IbtJ'Ulf1j'la~l'1tl~ru~l'U b~mf.Jl~m\'!VI.fIiJ 
'" '" 

800 tl'lf'11b"llmS/ltla btJ'Ubdm 2 il1~~ lf1j'la~1'1tl~ru~1'Ubn\9luBn1t11nmmtJ'Ub~aatJb'U~ (5) : MgAl20 4 

(jCPD5 Card No.21-1152) \I~b~'Uilb~eJeJruVl.fliJmjbf.Jla'l~'U atlb'U~ijf1dllJbtJ'Uf.J~mJ1n~'U ~'IbnVll~\I1ml1'U 
, \l 'U d.! 

'1JeJ~Y1f1~f1dl~bbf1'U~'I \I1mU 4.6 (b) bb61\9l'lf.J~n1j\9l\?)n~'Ubba~~'U~jlbj\?)l\?)mf1~eJ~ FT-IR '1Jtl~Vl:mtl'U~bVl~tI~ 
OJ " 

l~bb~~Vl~neJ'U~blmillUbf.Jl~eJruVl.fliil'il'1 'l 'WUilVl~ neJ'U~l~ijY1f1 \lIn mj\9l\9l n~'U bba~~'U~jl bj\?) '1Jtl~~'U5~ 0­
'U 1 \l \l 

c:::ot -1 -1 0 Q.I ~.o::::I.,
H bb'UU 5treching bb~~ bending 'VI 3400 cm bb~~ 1630 cm (Y11~m\9lU bb~~'W'Un1j~\?)nm..!bb?l'ltl'U~jlbj\9l 

Q.I 2- d -1 -1 0 Q..I 

\I1n'W'Ull~ C03 bbUU V3 asymmetric bb~~ symmetric stretching VI 1520 cm bb~~ 1403 cm Vl1:wm\9lU 

bb~~ V2 deformation mode ~ 844 cm-
1 

[l1J ~~Vlmtlf1dl:wil(Y1~neJ'U~l~VI~~mj(Y1n(Y1~ntl'U iJ~'U5~ O-H 

bb~~~'U5~ C032-eJtl1'Ulm'l?l~I~ b~m11nljbf.JI61~~'U~tlruVl.flii 600 \I'U(i~ 1100 eJ'I1"11b"llmS/ltla 'WUilY1f1'1JeJ~ 
'U \J , \l 

~'U5~ O-H bb~~~'U5~ (0/- ~-Wf1'1J'Ul\9lb~n~ 'H~tl'l\llnn1jamtl(l)d bb~~hJ'WUn1j~\9ln~'Ubb61~B'U~jlbj\9l'Vtl'l 
Q..I OJ 

'W'U5~ O-H bb~~'W'U5~ C03 
2- b~tl'Vhmjbf.Jl~tlruVl.fliJ 1100 tl~1"11b"ll~bS/ltia btJ'Ubdm 2 illlJ'I bbfl~iJn1j

, OJ 

http:oJllUbf.Jl
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(;1{;1fl~'U'Ue:J,:n~\'!5~ Mo-O-Al e:J~'\J"i~:lJlru~ 525 ~.:J 690 em 
-1 L~e:Jv11fl1"iL(;,Jl~e:JruVlfliJG'I.:Jnl1 800 e:J.:J1"l1 

~ ~ ~ . ~" 

L"lfm6/1CJG'I~'U1'\J ~.:Ju.:J'l.Je:Jn~.:Jfl1"iLn{;1LvJG'lG'l1JL'U~ 10 

(a) 

~ 

.e ,., 
""V) 
<:: 
Il> 

E 

S:MgAl)O, 

f 
5(311) 

<.OO) 5("0) 

5(200) 5(511) 

,~~l ~_~Jl"000C 

~A LJJC,~oc 
_~~,~....A-..-/~800°C 
,-"-',~~~~....,...,.........---......... ~~ 600°C 


~1Ii~"~~"'''!4\I-''ilJJ~(ij;~precursor 

10 20 30 40 50 60 70 

28 (Degree) 

1"00oC(b) 
1000°'" 

§" - '~~.2
::J 

~ 
600'C'" " 

:ti'" 

E I ·~·r:~or ).too

Vl 
c 

c ~-~~ 
~ 
I ­

"" ~ 
4000 3500 3000 2500 2000 1500 1000 500 

Wavenumber (em" ) 

d ~ r-a'll'Vl 4,6 (0) m7WU?{{p)'mn?LfJ'J7::j/feJfll{p)CJLfJ'JfN XRD Lm:: (b) n'J7WUf{{p),mn?LfJ'J7::j/feJfI {P)CJ 

B'UvJ':ilL~~'Ue:J.:J~'U5~ O-H ~.:J~btJ'U streehing bL~~ bending LL~~'<illfl~'U5~ (03 b~me-ll(?1~ne:J'U~~ruVlJJiJ 

" 
LfJ~f)-J FT-/R Vf)-Jmrtl~j/ff(-Jv7n(9)n(9)::nf)'Wm::m'JLm~~ruj/f!JiJ(rh-J1 

(9).:J ~'Ub~ e:J 1-ffG'll -a~.:J ~ 'U LtJ'U Lfl ~ e:J1 'ULIPl ~ ('l'W'l.Jl1 1Pl~ fl e:J'Uvi1I'1lJ 1"11 llJ LtJ'U (;,J ~ fl ~1 

'\J':i~ne:J'\J1'11tl~'U5~ O-H LL~~ (032-1~tl~'UcJ'U"illne-l~fl1-alLml~~'<illml"1~e:J.:J FT-IR 

2 

6/1.:J (?1 ~ 

~lJfl1~

n e:J'U (9).:J fl ~ 

~{;1n~'ULLG'I.:J 

1 1 

-

600 e:J.:JY'11b'llm61ltlG'l btJ'Unm 2 i1hJ.:J 'I"l'\J';h~'U5~ O-H bL~~ (0/- b~lJbn{;1fl1':iG'lmtl(i)l bb~~W1~ntl'U~11'1L11~ 

fl1':iG'lmCJ~lbtJ'Ulm.:JG'l11.:Jmrru~1'U LL~~b~m(;,J1G'l.:J~'U~eJruVlfliJ:lJl n nl1 800 eJ.:JY'11 b'll~ L6/1tlG'l lm.:JG'l11.:JeJ61'ru~1'U 
~ '\J'" 

Ln{;1LJ~n~tJlmnCJ L-D'UbvJG'I?l1J L'U(;'l 

d.i 
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• Id • I •.1 d cO 1" 'i "I II '" 1 d:"1 :: II "I II4.2.1.2 n1~bu~HJ'Ubbu6l.:j b)'~61"llfl.:j\9l:::ml'U'V1b\9l~£JaJ \9l b\9l£J b"llbn6le.Jfl6lfl ':i~bu'U611':i\9l.:j\9l'U bb6l::: b"ll 

bbflaJbaJ bii£JaJ1Ufl1iuflb'U\9lbtJ'U~Tvhl~\9ln\9l:::nfl'U 

S(311) 

S:MgAIP, I(a) 
5(400) 5(440) 

5(200) ~ U(511) 

....JL-

_ )l 

St ') ' 5(222) )~I 2)S(42~
::i J\ ~j 1100'C 
~ 


.~ 

Vl . ~" A"-----.~.__J.... ~A "- 1000' C 
C 
Q) 

E .~)\.....~jw~ 800' C 

· _ ....~l"""'A."..,.,.Io....'~""'I-/'O~~~'~...'t...t~f'i"'...........,.~ 6000C 


."i"OI.f"Jr.~:· ··I"'""''''''''~~,-,,~yJ~''''N'''~t-..~.,~~W'v'' ''''''' ''' ''''-''''''' Precursor 

10 20 30 40 50 60 70 

(b) 

:::l 

~ 

:'l 
c 
:;::; '" 
E 
III 
c:: 
~ 
I­

28 (Degree) 

1~'C ~: "'.5 

eoo'c '\~ 
6OO' C 

: :~ 

,~o ~ \ .preCUffior~~~ 

1~20; ~~ 

4~ 3500 3000 2500 2000 1500 1~ 500 

Wavenumber (em" ) 

':i'l.lvl 4.7 (a) m7wU?{{1)\JnTi7lm7::ut/fllmJlfJ5eJ\J XRD UfI:: (b)n'nWU?{{1)\Jn7':f7lfJ':f7::Ut/fI[{1)() 
" 

lfJ ieJ\J FT-/ R 'lfeJ\Jt/\J ~M'VIt5\J 117 n{l)n{l)::n eJ1jllfl::n7'iltJ7~~ fJJ'VIlJiJ(;i7\J I 

611':i~ (;1 fl (;1::: fleJ'tHleJ mn b~ml1hJeJ'U bb ~-:J ~'U11 ~ -:J~f11':i bf11::: 1111 n'tJ bb~611lJ1':i()'U~l~~lCJ fl11 b~ eJ 

bU~CJ'U bViCJ'U n'U(;1:::fleJ'tJ~b(;1~CJlJ~lmfl~eJ1'tJbm(;1~"lCJi5(;1fl(;1:::m)'tJ~'1b~lJ 'llmtJ~ 4.7 (a) bb61~'11vi\i1'tJi)'1m':i
" 

b U ~ CJ'tJ bb U G'l 'I b~?I'1J eJ '1(;1::: fleJ'tJ~ b(;11CJ lJ1~ bbG'l::: (;1::: fl €J'tJ ~ () fl'l111 U bC-l1~ eJ ruVi.fl:W ~1'1" llYl CJ bfl~eJ'I XRD \9l:::fl€J'tJ~l~ 
'U , \J I 

Virr-:J'llflm':i€J'U~V1flfll1'1 bb?lIYl'li)'1fll1lJbU'tJ~~fl~11IYlC.lllJ ?I 1lJ1 ':i m:::'U,b~?I~bnlYl~'tJ1~ b~€J'l111Ub~l~ 600 e:l-:J?11 

b'1lG'lb'l1C.1?1 bU'tJb1G'll 2 -ti'lhN bn~m':ibU~C.I'\.mU~-:JbU'tJlm-:J?I~1'1eJ~ru\i1'tJ b~m~l~€JruVi.fl:W 800 €J-:Jl"llb'1l~b'l1C.1?1 
"" '" 

bU'UblG'll 2 -ti'11lJ'Ilm-:J?I~1'1eJ~ru~1'UbnIYlU~n~C.l1flmmU'Ub~?I?lUb'U~ (5): MgAl20 4 (JCPD5 Card No.21­

1152) 'l:::bi1'Ul1b~€JeJruVi.fl:Wm':i b~l?1'1~'U 61U b'U~~fl11lJ bU'U~~fllJ1fl~'U ~-:J bfl(;11~'l1 fl\i1'U'1JeJ'IV1fl~ fl11lJ bbfl'U~-:J 
~ 'U \J ~ 

'llmU 4 .7 (b) bb?lIYl'l~ G'l m':ilYlfl~'U bb?l-:JB'U~':i1 b':ilYlllYl mfl~€J'I FT-I R '1JeJ'I (;1:::fl€J'U~ b(;1~C.laJ1~bb~ :::(;1::: fleJ'U~~ fl'l111 U 
"" " 
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bt.J1~~ruVlJJ:lJ~1'l1 ~tdll?l:::n€J'U~1vlih~fI'<\Ilnn1J~liln~'Ubb?l'lB'UYhlbJIil '1JeJ'l-W'U5::: O-H bbUU Streching bbfl::: 

bending ~ 3400 cm-
1 

bbfl::: 1630 cm-
1 1?l1jJ~11i1U bbfl:::~UnlJlilliln~'Ubb?l'lB'U'V'lJ1LJIil\lln-W'U5::: (03

2 
bbUU V3 

" 
~ -1 -1 0 Q.I

asymmetric Lbfl::: symmetric stretching VI 1520 cm Lbfl::: 1403 cm 1?l1jJfIllilU bbfl::: V2 deformation 

mode ~ 844 cm-
1 

[11) ~'lVljJ1tJfI11jJl11?l:::neJ'U~1vlVl~'lnlJl?ln\91:::n€J'U lJ-W'U5::: O-H bbfl:::-W'U5::: (03 

2
- eJtJ1'U 

" 
1f1J'l?l~1'l L~€J'Vhn1Jbm?l'l~'U~€JruVlfl:lJ 600 '<\I'U~'l 1100 €J~P!lb'1lflbB/ltJ?I ~Ul1-Wfl'1J€J'l-W'U5::: O-H bbfl:::-W'U5::: 

" '" 
(03

2
- lJ-Wfl'1J'Ullil b~nfl~b~eJ'l'<\llnnlJ?lfIltJ[I)l bbfl:::hJ~Un1Jlilliln~'Ubb?l'lB'U'V'lJl bJIil'1JeJ'l-W'U5::: O-H Lbfl:::-W'U5::: 

" 
2 

(03 - b~eJ'VhnlJb~l~eJruVl.f1:lJ 1100 €J~P!lb'1lflbB/ltJ?I btJ'Ublfll 2 i11jJ~ Lbfl:::lJnlJlilliln~'U'1J€J'l-w'U5::: Mg-O-Al 
, " " 

mJth:::jJ1ru~ 525 ~~ 690 cm-
1 b~€J1IhnlJL~1~€JruVl.f1:lJ?I~nl1 800 eJ'lp!lb'1lmB/ltJ?I~'UhJ ~'lu~ueJn~~n1Jbnlil 

\J , \J \J 

0.1 ~I 10
Lv~?I?I u b'Ufl 

d Q.J IIi1~J'U b~ eJ1-rr?llJ~'l~'UbtJ'Ubn~€J1'Ub\91J\91~Ul1 \91::: neJ'U~1vllJ fI11jJ b tJ'U~~ n ~1 '1l'l\91:::n€J'UIil~nflll 

'th:::neJUvlltJ-W'U5::: O-H bbfl::: (032-1IiltJ~'UcJ'U'<\Iln~fln1Jlbml:::~'<\Ilmfl~eJ~ FT-IR ~lJn1J~liln~'Ubb?l~ 

B'U'V'lJlbJIil'1J€J'l-W'U5::: O-H ~'l~btJ'U streching bbfl::: bending Lbfl:::'<\Iln-W'U5::: (03
2
- b~m~ll?l:::n€J'U~~ruVlJJ:lJ 

600 €J~P!lb'1lflbB/ltJ?I btJ'Ub1f11 2 i11jJ'l ~Ul1~'Ub::: O-H bbfl::: (03
2

- b~jJLnliln1J?lflltJ[I)l LLfI:::\91:::neJ'U~1vlLnlil 

nlJ?lfIltJ(1)1 b tJ'U1f1J\l?l~1\l€JG1ru'l1'U bbfl:::b~m~l?1~~'U~eJruVlfl:lJmn nl1 800 €J~P!1 b'1lmB/ltJ?I 1f1J~?I~1~€JG1ru'l1'U 
d.I 'U 'I 'U ~ 

LnliluBn~tJlnflltJ btJ'Ub'V'l?l?lU b'UfI 

\11 mm nlJPlmn nlJ LU~tJ'UbbUfI~ b'V'l?l'1JeJ'l\91:::neJ'U~ b\911tJjJ1vl1IiltJ'l-rr?llJ~~~'U bU'Ubn~eJ1'Ubm\91 bbfl::: Ln~eJ 

flfI eJ1 JI'i ~~lJ [l)l'lh tJ I?ln \91::: neJ'U LtJ'U Lb eJjJ1jJ L 'ljtJjJ 1 ufl14um'UI') ~Ul11?l:::n€J'U~lvl \91 neJ€JnjJl b tJ'U?I1 J~lJfIlljJ btJ'U 

~~n~lLVllJ€J'Un'U b~eJ'VhnlJb~l~€JruVl.f1:lJ 600 €J\lP!lb'1lfl bB/ltJ?I bnlil nlJ?I flltJ [l)1'1J€J~\91::: n€J'Unfll tiltJ'U1f1J\l?l~1~eJ , " 
~ru~l'U Lbfl:::bnlilnlJbU~tJ'UbtJ'Ub'V'l?l?lUb'UfI L~m~1~€JruVl.f1:lJ?I~nl1 800 €J~P11b'1lmB/ltJ?I :;S'l?lJU1vll1?11J~~~'U~

d.I 'I \J '\J , 

'1-if 1lJ:W[:,JfI~m'V'l~ LLfI:::nlJbu~ tJ'UbLUfI'lb'V'l~~ bnlil~'U 
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1J~~mll.1Lklt'@ 0011 ~n.@U~~U;11@~1~m1 n.~n.yrt~U~LU1~LU~~m1 ~~rtmlLn. OZ1 L~UU~'WLn.fl.~~t~WLn.fl. 

" . ~Wl n.yL!Am~Un.@vn.Q'~f1jgU~~~Wn.@U~~L~n.M n.~L~rtL~ t'rtlt~ Z L~tmQ'IJ~~mQ,'Lklt-@ 0011 (JLJIt1,f1j@ 
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(fJ]; (fJ1n lGJ1U1nfJ 1nJft;f1!.LlJjf1~&JllJ~~7~~7LYN"J 00 r r [![j/,1,roG~Lm~N'JN3fb L{dOJaOD!W 
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~ X d.. :;'1 d a 1"4.2.3 n1'al"ln'l?fl"lJ'Ul~bb"::~'U'VIe.J1"lJ&:Jv'U.n1f'l(;tub'U"'VIL~'atllJ ~ • 

~1f1t:-.1~"lJtI'lf11'j"~hml::'Vl1~mfl~tI'l XRD "lJtI'l'j"tJ~ 4.6 (a) bb~:: 4.7 (a) ~'lb~'Ut:-.I~f11'j"lbml::"'~lf16'll'j"
" 

~'l~'U~b(P\1tJlJl~mf1~eJ1'Ubml'l bb~::bf1~eJm:leJ1'j"~(P\llJ(\'l~'lJ 6'lllJl'j"t1'l11lJ1Al'Ulru'Vll'1J'Ul~tI'Umfl6'lth'U~ltiTI~ tJ, 

lbfl~l::"'~lm::'Ul'lJ (311) ~lnf11~b~l~eJru'Vl.n:n 800 t1'l 1100 eJ'lI'llWllm~tJ6'l b~'Unm 2 illlJ'l hwH , " 

Sherrer ' 5 Equation ~'lbb6'l~'l~'l~tJ~ 4.1 0 'jIIj'lJl1'1J'Ul~eJ1imfl'1JeJ'l6'l1'j"~ b(111tJlJl~tJ bn~eJ1'Ubm(11b~m11f11~b~1~ 

eJru'Vl.n:W 800 eJ'lI'llWIl~b~tJ6'l b~'Ublm 2 illlJ'l iJ'1J'Ul~ 7 'Ul1'UblJmbb~::iJ'1J'Ul~b~lJ~'Ub~m~lJeJru'Vl.n:Wnl'Ht:-.Il 
, 'V , 'U 

l~tJiJ'1J'Ul~~'lbbt>1 7 ~'Ut1'l 11 'Ull'UblJm b~eJvhf11'j"b~l~eJru'\r1.n:W 1100 eJ'll'lllb"llm"lltJ6'l b~'Ublm 2 l'U'1Jru::~ , " 

tI'Umfl'1JeJ'l6'l1'j"~bI'l1tJlJl~tJ6'l1'j"~'l~'Ubn~eJfI~tIh~'jIIj'lJl1b~m11f11~bm~ 800 eJ'lI'lllb"Il~b~tJ6'l b~t!.blm 2 il1lJ\l, 

tI'Umfl6'ltJb'U~~lvliJ'1J'Ul~ 9 'Ul1'UblJmbb~::iJ'1J'Ul~b~lJ~'Ub~'U 14 'l.lll'UblJ(11~ b~eJvhnl'Ht:-.Il~eJru'\r1.n:W 1100 , , " 

eJ \l mb'llm"lltJ6'l b~'Ublm 2 illlJ\l 1~ tJ'1J'Ul~~ b~lJ~'UbbtJ~~'U(111lJtlru'ilf.n:Wf11~b~1~lJln~'U b~tI'l~ln'jllj~\l\ll'Uf11~, " 

b~l6'l\l~'Uvh1VleJ'UmfliJ f11'j" bfl~eJ'U~ bihci6'llJ~ ~lJ1 f1~'U1~ tJ f11'j"~ ~~'U~ ~l'lJtI'l tI'Umfi 
'U 1 \J , " 

14 

E .s 12 
OJ 
N 
in 
OJ 

"" 10~ 
~ 
() 

- . - Chloride Mixture ~ 
• Nitrate Mixture 

./ 

,. '. 

.' 
800 900 1000 1100 

Temperature('C) 

'auvi 4.10 UfWNV'U7WllfNfJ'U[)7PJifMv7nm':fltJ7ifelflJlIf[)iJfJhv 6J 
\J , , tI I 

bb~::b~ml1eJ'Umfl~lvllJ1vi'1 f11~~mn~'U~~l'1JeJ\ltl'Umfl6'ltJ b'U~~1vl~ln nl'H~l~eJru'\r1.n:W 1100 eJ\l1"11 
" q , '\J 

b"llm"lltJ6'l b~'Ublm 2 illlJ\l vlltJ16 BET lvl(;J~LL6'l~\l~'l(P\l~l\l~ 4 .3 'jIIj'lJ'hm..lmfl6'ltJL'U~~b(111tJlJl~tJH'6'l1'j"~\l~'U, 

b~'Ubn~eJ1'Ub(11~(P\ iJ~'U~~1lJ1nnl1eJ'Umfl6'ltJb'U~~b(111tJlJl~tJl-rrbn~tlfI~eJ1'j"~b~'U6'll~~\l~'U l~tJtI'Umfl6'lUb'U~~, , 

lvlbl911tJlJl~tJl-rr6'll~~\l~'Ub~'Ubn~eJl'Ubml'liJ~'U~~h 74.609 m 2/ g 1'U'1Jru::~b(11~tJlJl~tJl-rr6'll';j~\l~'Ub~'Ubn~eJfI~tI 

h~iJ~'U~~l 67.794 m 2/g 

http:Ul1'UblJmbb~::iJ'1J'Ul~b~lJ~'Ub~m~lJeJru'Vl.n:Wnl'Ht:-.Il
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Starting Salts Surface Area 
2

(m /g) 

Nitrate Mixture 74.61 

Chloride 67.79 

Mixture 

1'l1':il\1~ 4.3 U?f(1)\}rru~Cj'J'lJv\}vUf77fJ?ffJLtlfI~LC.J7~vrujlf!)iJ 1100 v\}rJ7L'lfflt6dCJmtJULJf17 2 -i'JLm r:/7ufu
• • v 

?f7)~ifu~Lf9)~mJL(1)mn§vlwf9)'jf9) um:Ln§vfJflvl'JvJ vr'JCJ?~f9)nf9):mvw;kL~JJ 

Starting Salts 
Surface Area 

2
(m /g) 

Crystallite Size 

TEM (nm) XRD (nm) 

Nitrate Mixture 74.61 10-30 11.18 

Chloride 

Mixture 
67.79 10-30 14.22 

1'l1':il\1~ 4.4 LL?fI/)\jrrU~Cj'Jvr'JCJ?~n7) BET Ufl::'lJU7(1)'lJv\}vUf77fJ?ffJLtlfI~M'J7nf77W TEM LW:: 117m:VfJ XRO• 

~LC.J7~~ru'/l1JJiJ 1100 v\}rJ7L'lfflt6dCJmtJULJf17 2 -i'JLm (f7ufu?f7'j~ifU~Lf9)~CJJJL(1)mn§v lWf9)'jf9) um:w§vfJfleJ 

l'jvJ vr'JCJ?~f9)nf9)::nvU~L~JJ 

'oillm.J~'lJa-:Jn1'li'in~1~n~ru~l'l~nmJbb(;1~a'UmAG'lUb'U(;11~~1iG'll':i~-:Jl'i''UbtJ'Ubn~a1'Ubl'l'll'l bb(;1~bn~aA(;1e:l• 

1'lt?l l~~ij\ll';l'vh1~l'lnl'l~nm.JbtJ'UbbalJllJbutJlJ1UA11um'U1'l1~j;.J~G'I'lU~-:J1'l1'l1-:J~ 4.4 'WU11'lJ'Ul~e:l'UmAG'lUb'U., 

~'oillnm'W TEM bb~~'lJ'Ul~a'UmA'oill n n1'lr11'Ulru"illn • XRD 'lJma'UmAG'lUb'U~~~?la~'WU11ij'lJ'Ul~1n~bA ~~n'U• 

bb\?ia'UmA?lU b'U~~ bl'l~mJ1~~1iG'll'l~~l'i''Ubn~ e:l1'Ubml'l. ij~'U~~llJ1n nl1a'UmA?lUb'U~~bl'l~tJlJl~tJ1iG'll'l~~l'i''U. 
bn~aA~e:l1'l1Pi ~~bbG'l~~1~b~'Ul1a'UmA~bl'l~~lJ1~~1iG'll'l~~l'i''Ub'LJ'Ubn~a1 'Ubl'l'll'l ijm'lbm~\Illn'U'Uemn11. 


l~tJG'l1'tJ b~mU~tJu bVitJUI'l~ na'U~1~'oillnn1'lbl'l~~lJ~1~151'l nl'l~na'U~~ b~lJ 1~~1ibn~a1'Ubl'l'll'l bb"~• 

bn~aA(;1a1'lt?lbtJ'UG'll'l~~l'i''U bb"~1i\lllVh1~l'lnl'l~ne:l'UbtJ'U bbalJllJ b UtJlJ 1 um1um'U1'l 'WU11j;.J,,~1~hj bb l'l n\?il\1n'U 

lJlm1n 1~~I'l~na'U~1~btJ'U?ll'l~ijAl1lJbtJ'Uj;.J~n~1 b~avhn1'lbj;.Jl~aruVl[)ij 600 a-:J1'11b"ll~b<iltJG'I dl~n1'l 
, \J 

?lWW\lll'lJa\ll'l~na'Umnm tJ'Ulm-:JG'I~l\1aG1ru~l'U bb"~ b~lJ bn~ bvJ?I?lU b'U~ b~avhn1'l bj;.Jl~aruVl.flij 800 a-:J1'11 
... , \J 

/ a iJ!J{fJ 2 7-1 
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b6Ilm'litJ?l bU'Ubdm 2 i11~..:J bbfl::::lJ'1J'Ul~€l'UfI1f11n~bfitJ..:Jn'U bb~rl1V1-rU?l1'j~bl'l~tJ~1~tJH'bn~€ll'UblWJl'lbu'U?ll'jvr..:J, 
t.I I, , 

~'U :lJ~'UYi~1?l..:Jnl1 'Ii..:Jbb?l~..:Ji'i..:J:lJnl'jbnl:::1ii'1'U€l..:J€l'UfI1f1Yiii€ltJnl1
~ , 

A ~ "" 0 Id 0 I 0.1 OJ :;"1 d "" 1"" """" ,4.3 bu'W'Ub'VIfJ'Unl'Hu"I:J'Ubbu~..:JI.n~ bb"::"n'Mru::"UeJ':!eJ'U.fI1f1~u b'U"'V1 bml:JlI ~ ~dfJ"H)n1'j(;lnl'l::m:J'U ell:J1.:!• 
, v 
o ~q Q;' CIt. 

~1I1b~lIel bb"::d5n1WlnVl::nel'U~':!b~1I 

?l1'j~ bl'l~mJlt9l1il1n nl'jl'lnl'l:::n€l'Ut9l1 tJ151'l nl'l:::n€l'U~..:J b~~ bbfl:::t9l1 tJ151'l nl'l::: n€l'U€l~l..:J?l~l b?l~€l 11Yl tJ1-ff1ii'1 

vh1oXl'lnl'l:::n€l'U~l..:Jn'UA€l bb€l~1~ boQtJ~1ufll{um'U1'l bbfl:::tJ 
~ 
b~tJl'll~~lI'1U b~€l b'\.J~tJUbYitJU1 'Umruvrt -ff?ll'jvr..:J~'U 

b u'U bn ~ €ll'U bl'l 'j I'l bbfl::: b n ~ €l fI fl €lblil11Yl tJ151'l n I'l::: n €l'U €l ~ 1..:J?l~1 b?l~ €l lt9ll'l::: n€l'U~:lJ b'W?l b u'U hydrotalcite 

(Mg6Al2C03(OH)16AH20) b~ml11'l:::n€l'Ul'\.Jbe-J1~~ruVliJiJ 600 €l..:Jl'llb'lfm'litJ?lbU'Ub1fl1 2 i11~..:J b'W?l 

hyd rotalcite1:l1'UVI~..:Jlt9l?lmtJlii'lnmmU'Ub'W?l periclase (MgO) bbfl :::U1..:J1:l1'U?lmtJ rfl1 bU'U1m..:J?l-rl..:J€l~ru~l'U 

bbfl:::b~me-J1~tlruVl.fliJvr..:Jbb~ 800 €l..:JI'lWlfm'litJ?lIil'UO..:J 1100 €l..:Jl'llb61lm'litJ?l bU'Ubdm 2 i11~..:J~..:J?l€l..:Jb'W?lvh, ~ 

'\.JBn~tJ1n'UL11~b'W?l?lUb 'Ufl (MgAl20 4) 1'U'lIru:::~bl'l~tJ~t9l1tJ15I'lnl'l:::n€l'U~..:J b~~ lt9ll'l:::n€l'UbU'Ub'W?l~:lJm1~bu'U 

e-J~n~l b~m~ll'l:::n€l'U~€lruVl.fliJ 600 €l..:Jl'l1b61lflb'litJ?lbU'Ub1m 2 i11~..:J ~Ul1b'W?lIi1..:Jn~11 ?lflltJlii'lbU'U. ~ 

1f1'j..:J?l-rl..:J€l~ru~1'U bbfl:::b~mm~€lru.fliJvr..:Jbb~ 800 €l..:Jl'llb61lflb'litJ?lIil'Ui'i..:J 1100 €l..:Jl'llb'lfflb'litJ?lbU'Ubdr;l1 2 i11~..:J.. , ~ 

~'Ull1m..:J?l~1..:J€l~ru~1'UbnlYl'\.JBn~tJ1nmtJ bU'Ub'W?I?ltJ b'Ufl 

1'1..:J,!'U?l'j'\.Jlt9l11 1. b~tl1-ff?l1'jvr..:J~'Ubu'Ubn~tll'UbIWJI'l bbfl:::bn~ €lflm)1'jlill~:lJ ~fl ~€l nl'j b'\.J~ tJ'U bb'\.Jfl..:J b'W?l• 

'J:::Vll1..:Jn1'Jbe-J1 rl1V1-rUbb~fl:::15 bbfl::: 2. Iii'Tvh1,xl'lnl'l:::n€l'U~bbl'ln~1..:Jn'U :lJ~fl~m'W?l'1J€l..:JI'l:::n€l'U~bnlYl~'U bbfl::: 

nl'J b'\.J~tJ'Ubb'\.Jfl..:Jb 'WG'I nmtJ bU'U b'W?lG'lUb'Ufl 

1il1 n nl'j1 bfl 'J 1:::1t1 €l 'U.fIl fI~l~1il1 n nl'J~..:J bl'1 'J1:: 1t1~ 'U'h I'l::: n €l'U ~l~VI ~..:J nl 'J I'l n (P1:: n €l'U t9l1 tJ15 nl'J• 

(P1nl'l:::n€l'U€l~l..:J?l~l b?l~€lIil::::lJ~n'tfru::: bU'Ubb~'U'1J'U11Yl1Vltl! ~..:J bnlYllill n15nl'j1'U nl'J~..:J bfl 'J1:::1t1 ~..:J15nl'jl'lnl'l:::n€l'U 

€l~l..:J?l~l b?l~€l :lJn1'JD~ b~€l1,xbnlYlun n~tJ1?l~'U'Jrubb'Ub1fl1 24 i11~..:J b~tl..:J1il1nlii'lvh1,x(P1n(P1::: n€l'Ubu'UtJb~tJ 
~ ~ ~ 

2 2 2
bnlYln1'Jbbl'lnlii'l'1J€l.:l OH- C03 - bbfl::: HC03 - [4) vh1,xm1lJb-ff~-if'U'U€l.:l OH- CO/- bbfl::: HC03 - bnlYlnl'jbb(P1n 

1ii'1€l ~1..:J-ff11 ~..:JD~b~tl1oXbn~'\.JBn~tJ1?l~\r~rubbfl:::bn~nl'Jb'\.J~ tJ'Ubb '\.Jfl..:Jml~ b-ff~-if'U€l~1..:J-ff11 ~.:I n1'jD~'!'Uvh1oX 

VI:::ntl'Uvh1oXbn~n1'J~~b~tJ..:J1ii'1'1Jtl..:Jtl'UfI1f1 vh1oX€l'UfI1f1ffit9l'!'UbnlYl bU'Ub'W?l~bu'Ue-J~n bbfl::::lJ'1J'U1~1Vlru 1'U'1Jru::~. , " 

15nl'jVlnl?l:::n€l'Ubb'U'U~.:Ib~~ :lJnl'jD~VI~.:Il?lnl'l:::n€l'U 1 i11~.:I b~'j1:::(;ilvh1,xl'lnVl:::n€l'Uvrt-ffbU'Ubb€l~1~boQtJ~1'U 
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f'n{'Um'WI'l~\lijnl'~bblnn(l)J1Vf OH- cot bb~::; HC03
2

- ~h1Vfbi'\~nl·:ib'\J~EJ'Wbb'\J~\lf'lJ111b.u:lJmh\l~'UV'.J~'W ~h1Vf 

l'l::;neJ'W~1ti1'hjij~~nbn~~'W''v'~eJeJ1~bn~~'WUeJmnn 

Method Starting Salts 
Surface Area 

2
(m /g) 

TEM (nm) 
Sherrer's Equation 

(nm) 

Homogeneous Nitrate Mixture 47.24 10-30 13.77 

Precipitation Chloride 

Mixture 

59.15 10-30 15.86 

Conventional Nitrate Mixture 74.61 10-30 11.18 

Precipitation Chloride 

Mixture 

67.79 10-30 14.22 

1'l1'.i1-:J~ 4.5 LUJV).riu-r1N?VfJ\JfJUf)7fJffULUij-r1UJ7-r1fJfIJ'VIfl iJ 1100 fJ\JfiJ7L'ffm6JmnVUO€97 2 i?Tm ,h'VIiimn . . ",} 

rf!viu-r1w} ~mJTmJLn~fJ lW0),0 Lb€9:fLn~fJfmfJ 1)'0 Ihc/560n0:fnfJ uvch\Jm.hUJJJfJUm:760n0:fn fJU~L~JJ 

~ln~~'!JeJ\lm'.ilbm1~~'!J'W1~eJ'imf'l~1~ ~ln Sherrer's Equation ~\l1~A1'WJru~ln~~nl'l1bf'l'n::;'vi' 

1~mf'l~eJ\I XRD bb~::;'!J'W1~eJ'Wmf'l~1~~lnm'V1~lEJ TEM 'V1'Ul1ij'!J'W1~1fl~bACJ\ln'W bb~~~lfll'll'll\1~ 4.5 bb6'l~\I, 

nl'lb '\J~CJ'U bViCJ'U~'W~~J~1~~lfl nl'.il~~JCJ15 BET 'V1'Ul1 15fl1'.il'lfll'l::; fleJ'Wbb 'U'U~\lb~:lJ 1~CJ1i6'l1'.i~\lI'i''WbU'W 

bn~e:J1'W bl'l 'l1'l~'W eJ'WJl1f'1~1~ij~'W~~J6'I\I~6'I~ bb6'l~\li1\1fl1'.ibm::;nci:lJ n'WumJ~G'I~ ~\I~'W1 'W \11 'W1 ~CJ~ fl1'l 
'I \J 'I .., 

~\I bf'l'.i1~'vi'e:J'WJl1f'16'1U b'W~~JCJ15nl'.il?! fll?!~n€l'W bb 'U'U ~\I b~:lJ1~ CJ1i6'l1'.i~\lI'i''W bU'W bfl~€l1 'W b(l'l'.iln ~\I bU'W15~ b'VIlJ l::;6'llJ, 

1'Wnl'.ibl'l~CJlJ€l'Wmf'l'W11 'W6'lUb'Wm~€l1m'Wfl1'l~'W'.i'\J16'1~6'lUb'Wm"IJ'.i1ijfl~e:J1'\J , " , 

http:CJ15nl'.il


!Pi 

.d 
'U'Vl'Vl 5 

~ -a'll ~~n1";i'Vl ~ml ~ • 

5.1 6l'a'l.Jt:J6'l~1nm'a'VI~~Hl.:l, 

5.1.1 	 l~tl1i?ll1~\j())'Ulu'Uln~tl1'Ulm(>1 llf1~ ln~tlI';lf1 tlhtil hJ:w ~f1 ~tlm'HLJ~ tJ'UllLJf1\j lvJG1'/Jtl\j(>1~ ntl'U~1I'i'llf1~ 

(>1~ntl'U~11'l\Jl nnl';il~l~tlruVlf1:lJ~l\j '1 1:11 VI 1'U ll~f1~15 
, \J 

5.1.2 	 (1)1Vl11,x(>1 n(>1~ ntl'U~ ll(>1 n~l\j n'U :W~f1~mvJG1'lJtl\j(>1~ntl'U~L11~~'U lbf1~ ni';ilLJ ~tJ'UbbLJf1\j lvJG1nmm u'U 

bvJG1G1Ub'Uf1 

5.1.3 	 tl'Uf11flG1Ub'Uf1~~\jbf1';jl~~~'U11'l :W'/J'Ul~1n~\AtJ\jn'U bbf1~:w~m~ru~fl~ltJn'U ll~611V11'\J€)'Uf11f1G1Ub'Uf1~, , 
" b(>1~mJl~tJ1iG11';i~\j())'Ubu'Ubn~tl1 'Ub(>1';i(>1 1'l1 tJ15(>1 n(>1~ ntl'U(i(\j l~~ bbf1~1 iv1TVh 1 ,x(>1n(>1~ntl'Ubu'U 

lltl~1~ b\jtJ~1 'Ufll{Ut)b 'U(>1:W~'U~~1G1\j~G1~ ~\j lu'U15~bVI~l~G1~1 'UnI';i 1 i..:Jl'UbU'U1G1~G1Ub 'Uf1b'll';il:lJn
\J , 	 , 

~ 
5.2 bb'U'l'VI1.:11'Ue:J'U1fl(>1"Ue:J.:I.:I1'U1~£J 

5.2.1 	 Pin'l':l1n1';i~..:Jbf1';il~~€l'4mflG1tll'Uf11~tJfl1UfllJvl1blLJ';i~'U'1 A€l pH €lruVlf1:lJ bbf1 ~ n f11~H1 'UnI';i 
, \J 

(>1n(>1~n€l'U ~..:J~..:J~f1~€l"u'Ul~ lbf1~~n'l':lru~'/J€l..:J'i)'Uf11flG1U l'Uf1~ l(>1~tJ~11'i', 

5.2.2 Pin'l':lln1';iUl€l'4f11flG1U b 'Uf1~b(>1~tJ~11ii1LJ~'U~LJ lU'U1G1~G1U b'Uf1 b'll';il:lJn b~€lVl~G1€l'UG1~'\J~~l..:J '1 
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