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Abstract 

In this research, heterogeneous catalysts, metal oxides were synthesized from 

calcination of their layered double hydroxides (LDHs) precursors with M (II) = Co, Ni 

and M(IIl) = AI, Cr. Structural characterization was done with powder X-ray diffraction 

(XRD), BET surface area measurement and FT-IR spectroscopy. The catalytic activity of 

catalysts was conducted in liquid phase oxidation of ethylbenzene with tert-butyl 

hydroperoxide (TBHP) and H20 2 as oxidant in the absence of solvent. The results 

show'ed that the metal oxides are active catalyst for the oxidation of ethylbenzene to 

acetophenone. The catalytic activity order of the metal oxides is : Nis.ICr-oxide > Ni4.sAI

oxide > Co4sAI-oxide > CoHCr-oxide > Ni3l AI-oxide ~ ConAl-oxide whereas the 

selectivity qrder is: Ni48AI-oxide, Nb.JAI-oxide > Co4sAI-oxide, C03.3AI-oxide > 

Co48Cr-oxide > Ni5.JCr-oxide. Under the reaction condition of 0.2 g catalyst, 

TBHP/ethylbenzene molar ratio = 4, temperature at 110°C and reaction time 9 h, the 

Ni48AI-oxide yielded 98 % conversion and 98 % selectivity to acetophenone. TBHP was 

a better oxidant than H20 2. All metal oxides catalysts are stable and reusable. 
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1. 1J'YIlh 

tllPl~l'l1 f)'j 'jlli 'W th ::a 'VIR" 'VHJ 11 'il'ilu'W t~'W tllPl ~1'l1 f)'j'j lIfll'j J:-.I~IPl~ m~tl~ 'illfltllPl '(l'1'l1f)'j'jllU
(II q (II q 
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1mtflij<uml''W fll'j oW l'(l'l'jYi '~'illfl1l11Pl'j tfliJ<u'W ~'WlI1rVilllll;'lfi1 'il~ Glhtl'(l'~1~mll1~1111~t:)1 'W fll'jU';~<U'W
<u 

nU~l,:jth~t'YIR'. Hl;'l:;;l;'l~'fll;'lfll'jri'l ~1mhm~~'\lV~fll'jrl~IPl~1'j 1~m~1I1.!l;'lfil ~tll1l1Jfin~tI1tltlflclft~iu 
" " t'liu fll'j rl~1Pl tWclfl 'VIVI1'W 'W 'illflttlYll;'ltU'Wclf'W lWclf1'VlVl 1'W 'W '1~1 'W fll'jJ:-.l~lPloW l'l1tlll t~'W '(l'l'j<U'W flm,:j 1 'W 

m'jrl~1Pl antibiotic, drug Ul;'l~ phannaceutical, resin, alcohols, solvent 11ifll'jt~lI1.J'j:::iY'Vl~fl1'Wfll'jrl~1Pl 

~l~J:-.Il;'l~ ~tl fll'j i~~1t~ ,:jtJfin~tll~iJth:::iY'Vl~fl1'W 1~fl11:::'\ltl~fll'Jl1ltJfimtl1~'li~'WH'J ~ ('Qtu'l1fJiJ'li 

a lfI I ~ iI Q; 0 & ad" 9J QI.c:S do I d jJ
'(l',:j) l;'l~'l1'jtl 11I1PlV,:j i 'lf1Pl1'V1ll;'l:::mtl C]f~'WVfIt'l1'W tl'il 1flt'W 1I1Pl 'W'VlU Hl;'l1 tI.:JlIrll;'l~lPltl'(l'.:J tn~m)lI

<u q 

~1t~~1Jfin~tll~1~n'W1'W'Q1Pl '(l'1'l1m'J1I1'W 'J:::UU homogeneous ~.:J~1t~ ,:jtJfimtl1'il:::l;'l:::mtltl~'1'W 
" , " ,

~111ll;'l:::l;'l1t1 'l1~Vi 'W'(l'1'J~~~'W 'Jlt1~1'W1~tlYi1~~1t~ ~1Jfimtll'j:::uuu t'lfU fluorinated 

metal1oporphyrins ~iJ 1l;'l'l1::: Co 1~tl1~Hn'(l'VVflclft 'il'Wtll'W ~1'J tltlflclfl~CJ1 'Qtu'l1 iJlJfll':i111Ufin~tI1~~~ 
lOO°C]f 1'Wnm 24 Gih1m 1M' conversion tYitl~ 38 % fl1l1Hiltlfl~lt'Wl::: (selectivity) ~tl acetophenone 

94 % [1] ~miYtI'\lVn:::uu homogeneous ~tllli'(l'1111'Jt:)Utlfl~'Jt~~tJfin~tll0ofll~ 111'1M'fll'JoWlfl~1JlIl 

'1i'~111l1~tllfl 1It1J'l11~flU'J ~fll'J'l1~~~tlfll'j t~tlll~fl1'W '\ltl~~1t~,:j tJfin~ til [2] 
", , 

~~'I1u ~~1iflwWWl'\.n1~m-wtl1~~1t~ .:JtJfin~tll'j~uU hete.rogeneous t-Wmtlll'\llJty'l1l'l1~O~tltiYfJ 

~.:Jflril1 ~,:j~1'W1~tI~hi1i'jlt1.:Jl'W1i O,:j"t~tuo{tci'Wl'i'rl~lPlnwCl1'~"tli'(l',:j 'Wtlfl'illflrl' 1'WUNflf~ l~mll1 
<u 

t~()fl ~lt'W l~~ ()'rl~~nW Cl1'~1 mw ~'1~~1t~ ~tJ fin~ tll'(l'l'J t; ,:j~()'W '\l(),:j fl OtJ ttJ O{ rl~v~i 'W ~1'J O,:j ~U'lftJ~ 
9 'j/.., 0 'I 'j/ ?I all) 01 Q

zeolite Y 1'lf1Pl1'Vlll;'l~mtl acetonitrile Hl;'l~ l'lf TBHP (tert-butylhydroperoxide) rU'W'(l'l'j()VflC]f 1~C]f fl 

'1I)'j/ d' .d..,'j/, "I'j/ a'j/ .1.1 01 , d .d9 Y 
'Vl1nl I~ conversiont'WtI.:J 58% C]f.:JtI.:J'W()tJfl1lfll'J 1'lf'(l'l'Jt'lf~C]ftl'W'\lV~fl()utum()tlNt~tl1 C]f~ 1'\1 

, " 
conversion 62% Uij'1l'il~1M' selectivity ~mwclf1'VlVJhrwYi~,:j~'W 96 % tYitiunu 88 % [3] l'WUl.:Jmw 

'VlU11 "t~rl~lPlnwCl1''l1mtl'lfi1~ 'l1~tliJ selectivity ~tlrl~lPlnwCl1' acetophenone ~1 t'li'W fll'j1i' 

mesoporous Mn-MCM-41 tll'W~1t~.:JtJfin~tll 1~ tert-butylhydroperoxide tllU'(l'l'jtlVflclfl~CJ1 Vi 

'QW'I1tJlJ 60°C]f tritlnm 12 i1111~ tn~rl~lPlntuCl1' 47% selectivity ~tl acetophenone 20%, 1
..,; ~ '1 II) 'j/ ,

phenylethanol 71 % Ul;'l~!lI()nm 24 'lf1 11I~ I~conversion 65% selectivity IPltl acetophenone 40%, 1

'I d'j/ 'I 'j/ a

phenylethanol 36% !W~ benzaldehyde 12% [4] !'WUl,:jmtulPltl~ 1'lf!1r1l'Wl'W UrI~!fl~fll'J'l1~~(Jtlfl 

'\Jtl,:j~1t~.:JtJfin~tI1'illfl~1'jtl~~U t'li'W alumina, mesoporous materials ~1'W1fl MCM-41 '\1~V MCM-48 

" " 
[5] Utlfl'illflU V~ij'jlt1.:J1U1~tlBWl Vi1~nn'(l'tltlflclft'ilW~'W~l'j()tlflclfl~9f' [6,7,8] 

Layered double- hydroxides (LDH) tllu anionic ciay ~ij~IPl'jtfliJtll'W [M(II)I_x M(IIl)x 
, " 

(OH)J'[X xlmr-'nHp (~.:J~uVi I) tJ'j:::fltlU~1t1i'W'lh~~U1fl'\ltl,:j 1m,:j~~1,:j M(OH)6 octahedral ~tlnU 
d t ~ d & ~ d: 

H'UU edge sharing t'jtlfl1l ''If'W brucite UrI~lIU'j~~l;'lUC]f,:jtl1'iltu'W carbonate, chloride, sulphate Ul;'l:::lIUl 
'j/ I 'j/ I t 

tl~1U'J~'\111,:ji'W ~fl£jW~ViUl'(l''Wl'il'\ltl~i! ~tl M (II ) Ul;'l~ M (III) 1:Y1111'jt:)U'Vl'WVl ~1tJh'l1~'lftJ~B'W'1 
J 0 9 'j/ ..,a 'j/ d 01 ..,a 'j/ .Id .1 11)_1
C]f'l'il~'Vl11'\1'(l'1JUIPl~lU'j~tlf)C]f (redox) t!rI~'(l'lIUIPl~l'Wm~-tU'(l' (acid- base) '\ltl,:j~l'jtuM'WUui'\,:j lU 

<!I • I'" II) 'j/ 'JI '1 <!I 9 'JI'l d • I • I d .."
'\1'jtlu'jU L~\9l1l1lPltl,:jfl1'j I~tlfll'jtrltlfll'lf 1l;'l'\1~'Vlmll1~'(l'lI L!u'jluM'W'(l'~'(l'1'W'\ltl,:j M (III) UrI~ M (II) 



[9] i:iv.l1:'lfll':il~fJ~':ilv,nuHl1 bY~ri1U M (III) 1M (II) +M (III) ~yhl,r1~1f1':i,n"~1~uuU Layered 

double- hydroxides tltJ1U'li1~ 0.20-0.33 lritlYilfl1':ilv.ll~mll'\111iJt'mJl~fflJ 'lI~lU~VU 1m~ff~1~ 
<u , OJ 

?I & Q,I~ d.::::1 , .d Q.I tI j.I.Qd & 

flmmlJU mixed metal oxides Clf~'lI~fflJU\Pl'Vl~fl11 mixed metal oxide 'Vlff~t'fl'jl~'\1~1V1lifll':i\PlnY!1:'In 

. 	 " , 

1111U nci11~tl i:if111lJtfft1(J':i~tl'fl11lJ~tlU i:i-WUYiH1ff~ U1:'l~f111lJl~UtUff fll':im~'lIl(J~1'\Jtl~ 11:'1'\1~~ 
<u 

old Ci d ~ iI QI Q.lQddd' & 0 9Jd 9J <ii'
U1:'l~lJ'\JU1~v.l1:'ln'Vlt1:'ln ~1(J1:'InEJw::aW~fflJU\Pl'Vl~U 'lI~'Vlll'\1lJnldh mixed metal oxides bUfll'.HH 

U~mtll~l.:!'1l'l1U hydrogenation dehydrogenation condensation [10-13] l~'U~'U 

[M~,_",M:" (OH)lJ"lxrr~",. nH20J'· 

M(OH)2 

brucite-like layers 

':iU~ 1 1'flHff~1~'\Jtl~ layered double hydroxides (LDH) .. . 

ii~lUl~tI~1~~1d~uBn~(Jl MgAI hydrotalcite ~U1:'lmu~vu1tltltl'U~1(J Mn04' l~'Iui]n~fJ1 
Q 	 QJ Q Q i 9j.1 ~ ll]9J ... 1 ad tI Q ~ ~ 0 ,Q 	 Q,I 

tH)nClft~'lf'U '\J(J'I ttl'Vl 1:'IlU U ClfU b~tI b'lfUn ff(J tlnClft 'lIU b~ tum lClf'U \PlY! 1:'I\Pl11 WCV1 22% f111lJW tln 'lIlt'V'll~\Pl(J 
, 	 , " 

acetophenone 98% lU!11:'11 5 ~11lJ'1 [14] ~1l~ 'IUBn~vlYibY'Itml~l1~'U'lIln MgAI layer doubled 

hydroxide ~i:ibY~ri1'U 1~vhm Mg/AI 2-5 W11Y!fflJnUffld1:'l~i:'llV'\Jtl.:!lntitl Ni ~i:i'utlu1(JtltlU'lfiJ~ 

~l'l"l l~'IuBnyvl~tlfl~1~oiu'\Jtl'lltlYl1:'l1UU~U 1~vl~unff(Jtlfl~1'llU ~~wm,ru i35°Clf l,rlUtl{l~'U1P1' 
Q 	 QI tI ~ 0 r 

yW\PlI1WCV1 23-47% 'fl11lJt1:'ltlfl'lllt'V'l1~\Pltlacetophenone 64-96% [15] 

Q.I ~ ~ cv J' d Q,I "'q Q.I tI 1 ~ iJ Q.I d'
~.:!UU 'I1U1'l1t1U lJ1\Pl.t'I'l.h~ff.:!'fl bUfll':iff.:!lml~'\1 mixed metal oxides b~m':ilJ\PlUfll':iff~t'fl'jl~'\1, 

Layered double-hydroxides ~m1:'l'\1~ Co, Ni, AI, Cr lUbY~rilU~l.:!"l 'Vl~fftlU'fll11JffllJl':it'llUflldd'l 

ui]n~tlltltlfl~l~oiu'\JtI'IltlYlmu'U~u tYitlv.lfl\PlHtI~1 'Vl:W1 uu 1~tlhn~~lVl11:'l~mfJ ltitlfll~ffl':i 
,

tltlflc}f1~CJ1~ 1lit~UVU \Pl ':i lVl1~ tJfl tllltlJ111~ tI ~ 'Itt1~ ~tllJ t'lfU hydrogen peroxide, tert

butylhydroperoxide 

2. 1Y1tl'l.h~tf.:jrl'Uel'i l'fl'J'.:jfll'J' 
Q . 

2.1 	 bY'It'fl 'n~l1tt1:'l~\Pl':il'l1fftlUttlfl"flEJru'\Jtl~~lt1 'ItJBn~tm~ulJ heterogeneous U':i~m'Vl mixed 

metal oxides 'lIlfl layered double hydroxides ~i:i11:'111~U'Vl'j'U~oiul1mV'lfiJ~ 

2.2 ffflEJ1ml~~mlJl~ ffmYl11f Ufl1mfl\Pl Htl~1 'VlVl1 U U 'lIl~u~fi~Vl tltlflc)fl~oi'U 'Uti.:! ltlYim'lJU c}fU 

2.3 lmvurYivUU':i~iY'VlTIm'Y'I'\Jtl;j~lt1 ~tJiln'f tllUI'i 1:'I~'lfiJ~ 

http:bUfll'.HH
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3. fIl ~ 't'WIiUF.I 

QJ t! q t! QJ J v' _I~~~ 
3.1 fIl~{;f ':Ufl~1:::'Hl!il:::fIl~'Yi~'il'l.U8tliltl'ilW'\J8.:jVl1!~.:jlJ{)mm 

~ v 

l~fl1'HY'Hfl':n::;'I1 '1'lfl~ Alkali coprecipitation ~'lii r,rmJ~l':j'tl:::mmhtJB'l Co(NO)2'6HP (90, 

tm::: 54 iJCl~ilJ(I) UCl::; AI(NO)r9HP (18 iJCl~ilJCl) (~~Hi1'U i~{J llJCl'\lB'l Co/AI = 5 tm::; 3 ~l'IJ~l~'lJ) 
v 

'jJ 'jJ "[ 0'u~lfi B{J"l'l1t1~m1(1::;(lltlii (I'l1'lJ!'l.Hn1 (I::;mtl N<l:!COJ mllJt'\llJ'\l'U OA lJm1 (l00 iJCl~~\911) Vi 
"" 'jJ ,I'" 'I 'jJ'::1 '" '1 'jJ 'j) i 0' ~Ie;Jill'l1lJlJ'I1B'l lJ'J'lJ pH !mlJ'U 10 'I1HI 12 !~tI'I1t1~~11Cl~mtl NaOH mllJt'\llJ'\l'U 1 lJm'J fl'U!lJ'Unm 9 

~ ~ d ~ 0 <J} i1: ~ ~ :d<J} d 
'I1'J f) 18 'lflim 'I'Will'l1f1lJ 60°C}[ 'Yl1fl11mf)~ !m::;m'l\91::;f1B'U~ltl'U 1f1(1'U'I1mtlfl'J 'l 'il'UU l'Ylm'l!lI'Uf1m'l. " 

"'III 'j)'1 'jJ 'jJ 'I 'jJ ~ ~ "[
B'lJI'l:::f1B'Uffn CoAI-LDH 'Yl b~ b'l1U'I1'l !'Ul'leJ'lJ 110°C}[ t1J'Unm 12 'lfl m 

" 
fl1i~'l!~11::;'11 NiAI-LDH 111IGJf'Ut~tllfi'U u~'1'lf Ni(NO)2,6HP U'Yl'U CO(NOJ)2.6Hp 

CoCr-LDH UCl~ NiCr-LDH 111IGJf'UI~fnfiufi'lJ CoAI-LDH 1m::; NiAI-LDH !!~i'lf 

Cr(NO)y9HP U'Yl'U AI(NOJ)J.9Hp 

111fl11'Yl~ (I B'lIGJf'UI~tnfi'U u~mhItJ~fJ'U'V'll11iJI~B{~ij~Cl~ tJf1n~'lIm 1::;'11 1~mi 

• pH fil~'Vl~ClB'l 1~!!fi 10, 12 

• !1Cll'1'Ufl11f11'U 9 UCl~ 18 il ilJ'l 

v 

3.2 VI~ 'J'il {;f81.J!8f)~f)'ilW'\J8.:J~1!~.:jtlnmm ~1 EH'Yl flU fl~'lU 

• ICP (inductively coupled plasma emission) '\11tJ~lJlill'\ltJ'l h'l1~ 

• FTIR (Fourier transform infrared spectroscopy) '\11'11~Yl'lni''U'\ltJ'lffi1 

• XRD (X-ray diffraction) 'I11"[flH~~1'l'\ltJ'lffn 
v • 
~ d~ t , 

• BET 'I11'V'l'U'YlWl '\l'U1~'H)'l'lif)'l !!(I~fl1'Jm::;'il1t1'\l'Ul~'lfB'l 'il1f1 Barret-Joyner-Halenda, 

BJH 

3.3 'thtlnn~m8eJtl.;u!Vli'U'\JeJ.:j!~f1il!'I.J'U.;u'U 

111fl11'Yl~(len '1 'U parr reactor ~ij!'YlBnmltJltlCll~e;Jill 'I1lJiJ '1 'lflfl~eJ'lmul!lim~f1hm11fl'U ~n 
v 

'1'UParr reactor '1ci WY1m'lJ'U~'U tJ~lJ1ill L2 iJ(I~~1'l1 (to iJCl~"[lJ(I) !!Cl::;lPllr:i'lLlgfl~tllt11mrf1 0.2 

QI ~ Q ~ ll] tI ~ cl , d 

mlJ !t{;l1ll'llJffl1f)Bf1c}[ !~C}[ tert-butylhydroperoxide (TBHP) f11'U~ltlm1lJI'Jl'Jt)'lJ 3001B'lJI'lB'Ul'Vl 

m'Uff1'J~ltl!1mU(l::;~e;Jill'l1lJiJ~I'i'B'lf11'J mr'l'illf1L1gfl~m l'Ylffl'J~fflJeJeJf1 u(I~m f)'llPlll~ 'l1Jgfl~tI1 
C) . <J}61 Q,I ocv 0' ~<J}d ~<J} lt1 Q.d o'OGl31 

tJtJf1l~lJffn(l::;mtl 25% H2S04 t!(ll'il'l~f1~~Cll'lflillCVlU(l~~nl'l'l\91'U'Vlm(leJ~lt1 !~!eJ'Yl(lB!1im 'Yll b'l1 

1~'Uf1Cll~~ltlfl111~lJ~nCl::;Cllt1~lJ\9l1'\leJ'l NaHCOJ UCl::;~~Jl~ltl N<l:!S04 anhydrous if1\9l1tJ~1'l'L1 
llfl11::;'I1'lfU~U(I::;tJ~lJ1ill~~l'lnillcr1 ~ltl GC 

& d. 0 tv ~ OJ .c::::. Q 

fl'f1El 1f1 11::: 'Yl m lJ 1~ fflJ ff l'I11'lJ B B f1c}[I~ 'If'U '\l eJ'l tf) 'Yl Cl t'lJ 'U c}['U 



19l1Hu~~1ivHl~eJf11'Hn~ufifl~rn l~un 

3.3.1 eJili'l1fliJ. ... 

3.3.2 nm 

3 .3.3 'lIiJ~ U(1~U~:IJlili '\J eJ-:J19l1'n~ -:JU fin~en 

3.3.4 'lIiJ~tl(l~U~:IJlili'\JeJ-:Jffn tleJfl~'~qf 

~ r! ~ _~ ~ QJ' , 

3.4 m"J<irJAi'l'l1:::'H'If'UVlHlt:::lJ'UnW'Uel-.1f-HW1.flWon 

It gas chromatography (GC) U(1~ gas chromatography-mass spectrometry (GC-MS) 

1~fJlt internal standard method ~ltJ-:Jl'Wfi1t~'U % conversion '\JeJ.:JteJYimiJ'W~'W H(1::; %selectivity ~eJ 

LW~1'V1YJ1'W'U 

%conversion = IlJ tl~ V'IWVl tlL'lJU ciu~LLJ~vu1LJ 1LJ 


IlJ tl ~V'1WVl m'IJ'U':)iu~ VUlt'j f) 


%selectivi ty = llJtl~V'Iuv911VlVllu\'\ x 100 


llJtl~D.:jYl~~.nrucnJ'.:j'\1lJ~~iLfl'jl~'\11fi' 


flll~'\JeJ-:J GC 

180T for 3 min 

lOOT for 5 min / lOT/min 

3.5 flmm'U fll 'J'l.!l fli\'UlIlloU1mj ml:: AtfOtT'W 1'Vi'll t)-.1~"U{~t1iifl~ til 

<j/ ~ Q,.f 0

'I1~-:J 111fl '1 t'1'Wf11~vhufin~tJlU~l 'I'11f11~meJ-:J19l1L~ -:Jufin~V1eJeJfl m-:JmfJ\Pll'V11(1~mtJ 

.. I • V v 

eJiJu,r-:J u(1~tf-l1VieJili'l1fliJ 500°C)f t~'Wn~n 5 il11J-.1 unJlltcif1afll~m~hmnl9l-:J~'U 19l1'1'11(l::;~ltJ U~::;. ... 

ffneJeJfl~l~qflmj 

ffl'l1fiJtff~tJ~ fll'V'l'\JeJ-:J19l1L'i -:Ju5n~ tJl ~m111~tJ'I'1lf11~\Pl~ 111itfl~1~Mf11'J'I1~~eJeJfl'\JeJ-:J1(1'11:: 
~ ~ . 

11 1f119l1L ~ .:j ufin~V11 ~tJ'I'11f11 ~ 'V1~TI'eJiJl9l-:JiJ ml'-:J 11 1f1-ff'U b!~~ ::tJ::nm'l'11U fin~ fJllPl11JVil'1tJ-:Jf11'J Uci'l meJ-:J 

19l"m~-:Jufin~fJW)tlf1'\Jili::;~eJ'W U1 filtrate luiLml::M'I11U~:IJlili1(1'11:: ~lm'V1fliJfl ICP 



4. Ntlfll'j't1Vltlt>-l 

cv J .:::11.' CV , QJ' ... I ~~~ 
4.1 NM1'ji;l-l'i'l'jl~'t'iHt1~flWt1 ~1)'UWfltlmHl.!'lJe')-lVl1''j -lun fl'jm 

LYlflUfl ICP 

~ne:Jt11~11 LDH ~n~Hml~Ml~EJ1~fl11~~~Vlti'U ~~),~~l'd1'U M
2
+/M3+ nm'hJf11'jfl1'U U~~ 

pH ~~l.:jn'U lI11!fl'jl~M~1m'VlflUfl~N'l 'ViUl1 H~~1f1f11'jl~ml~MtJ1l11tuhl1~~1m'VlflUfl ICP 
. " 

(u~~.:j1'U\P11'j1.:j'Vi I) U~~.:jH(l~,rW 

• nmh'U l~tJ llJ~'\ltl'll(ll1~ M
2
+/M

3
+ 1'U LDH 1ml\AEJ'Inu~1~H'fflJi'U'ffl'j~~~ltJ~ 

d 

~\9I'WlJ 

"' , 'i 1 'i 2+ 3+ 'I & " "I. 'I 'jI 2+ & " 
• ~~~1'U t~V lJ~'\ltJ'I !~11~ M 1M !'U LDH ~~~'1'\l'U ~lJtl!'If M lI1f1'\l'U.. 
• ff~~h'U l~tJllJ~'\ltl'l hl1~ M2

+/MJ 
+ 1'U LDH ~hjU\P)f1~l'1fi'U Um~ pH 1'Uf11'j 

QJ d' I Q.I ~ 

'ff.:j~fl'jl~l1\911'1f1'U 00 l1HJ 12) 

• ff~(h'U l~EJ llJ~'\ltJ.:j hl1~ M2'/M3+ 1'U LDR lU~~\9lf1~l'1fi'U u~1~ nmi'Uf11'j 

ff·~~ml~M~l'1fi'U (9 l1~tJ 18 411lJ.:j) 


"'n I ~I
d
• tl'lfllJ'j~f1tJU!fllJ'\ltJ'I'ffl'j LDR ~lJ'U MAI(ORMCOj)n' mHp 

\9l1'jl.:j~ I nvnh'U l~tJ llJ~'Utl'llmf~ M 
2 
+/MJ+ 1'U'ffl'j LDR ~n'l~ml~M 
2'lfU~'UtJ.:J lm1~ ff~nh'U l~tJ llJ(l'\ltJ.:J M +/M3 ' 'ff\9l'j'UtJ'I'ffn LDR.. 

M2' t!(l~ M3
' i d "' '"1'U'ffn(l~(lltJ 'W~n LDH 'Vl~'1~ml~l1 

NiAI 3 3.1 Ni31AI-LDR 

5 4.8 Ni48AI-LDH 

CoAl 3 3.3 C03.3AI-LDH 

5 4.5 Co4.sAI-LDH 

NiCr 5 5.1 Nis .1Cr-LDH 

CoCr 5 4.8 C04 gCr-LDH 

!'YlflUfl TGA 

f11'j'Yl~ 'fftJUf11'j ltl~tJ'UUtJ(l.:)'UtJ':)~l'j tntJ hi'mllJftJ'U ~1tJtllflUfl TGA 'j~1111'1GJi1'1tltul1fllJ. .. 
30-1000°Cjf 1~H~~.:j!I'ff~.:j1'U'jtl~ 2 fll'Vi TGA 1911mh':)'UtJ':) ~n C04 sAI-LDH U(l~ C04 gCr-LDH. . '~ 

" 'il~!ti'U11 ~n~n~f11'wm(J1911 'hJ'lf1.:jfJtul1QlJ~1'1'l ~tl 'ffl'j~n~f11'j~~lVI9111~mfi~f11'j~tlJ~ihJ-Ul U~~ 

carbonate t!(l~ hydroxyl i'U 'lf1.:JfJtul1QlJ 100-150°Cjf U(l~ 250, 350°C)f \9l1lJ~1~U bY1l1rW.ltul1QlJ 
v •• 'jJ 'j/ • • 

'ffm(J1911'IJtJ.:)~n'thl1lJ~u~~.:)i'U\9lnN'Vi 2 ~lf1H~.yjl~i1 ;IHlf11'jtH1~l'j LDH 'Vin.:j~ml~i1'~.yjtJtui1fliJ
• OJ 



5000 9f !~'Unm 5 i11lJ~ fl1tJll'1'enf11fl' l~a~Jltll'H~lJtlW'\1f1lJ 5°9f I'itl'U1Yi l~'UtlW11f1lJ~tY-:j!~tI~
q "U ~ 'U cu 

'Ym~u~yhh1tY1J LDH l'l.J~tI'Ulth~'U mixed metal oxide 

taD 

- . - W.irkt 1.0 II C" I'liD 
_. - DUo. C"'milll 

~ 
'oJ 

'"oS la 

~ 
~ ..... 7a 

ID 

al 

-a .~ 

t;I 

-l.D ~ 

9
-1.3 r. 

'-" 

B 
-l.D 

~D I I I I ·l . ~ 
IDa laD na ~aa 1DD IDa 7aD In 'llDa IUD 

to "'JI""1111 1 C"t:, 

J'l.J~ 2 TGA UtY~-:jtlWl1f1lJf11JtYmtlI'11'\JeNtYlJ (A) CoAI-LDH (B) CoCr-LDH'" . '" 

'" a...,
19l1Jl~'Yl 2 tlW11f1lJtYmtlI9l1tYlJ LDH. .. 

tYlJ tlW'\1 fllJ tYm tII'll (o9f). '" 

Ni 3.1 AI-LDH 100-130,240,345 

Ni 4.8 AI- LDH 100-140,246,345 

Co 3.3 Ai- LDH 100-150, 250, 350 

Co 4.5 Ai- LDH 100-150,250,352 

Ni 5.1 Cr- LDH 100-155,251 , 353 

Co 4.8 Cr- LDH 100-144,248,350 



l'VlflUfI FT-IR 

d. . .d. 0 11.tJ~ 3 lmtJ'UlViv'l.HYltJf)lPli'lJ FT~IR 'lJtl.:J Ni4gAI-LDH um~ Ni4.gAI-oxide l'lf)'VllPllUl1'U'l 

-I -I -I
wavenumber 3400-3500 em (OH stretching) 1635 em (OH bending) um~ 1385 em (carbonate) 

, " 
oWf)Vi~lUl1li'l 1635 em-I (OH bending) l~'illf)ml~lPli'Uih1'Utl1mfl' m1'1'illf)Yilmm·n oWf) carbonate 

~fl11w'li'm'1~n'1'1 ll~rJnhlf){)tl~ tl1'ill~ tl'l'illf)ml~lPli'Ufl1{'Utl'U ilPltltlf) i9f~1 'Uellfl1fl' oWf)1'U'U~l1W 
850-650 em-I Uff~'Ii1'1 M-O stretching [16] 

. 
::> 

2, 
~ 
:.J 
C 

~ 
"i: 
:r. 
c,., 
r= 

~ 

~ooo 3000 ~ooo 1000 

Wavenumber(cm- I
) 

ltJ~ 3 mtJf)lPli'lJ FT-iR 'lJtl'l Ni4.gAI-LDH u(;'1~ Ni4.gAI-oxide 
'" 

l'VlflUfI_XRD 

lf1'j.:Jff~l.:J'lJtl.:Jffl':i LDH i~llfi Ni3I AI-LDH, Ni48AI-LDH lW~ CoJJAI-LDH, Co4sAl-LDH 

uff~.:Ji~~1tJl'l(;'1mjllfljl~M'illm'VlflUfI XRD ~.:Juff~.:J1'U1.tJ~ 4-5 IPlllJ~l~'U ff:l LDH ,jjlf){)oWf)~ 

Uff~.:J lf1'j.:Jff~l'lU'U'\.J layered double hydroxide (JCPDS 41-1428)l 17] rlll1i''U\'l1tl~1.:J Ni4.gAI-LDH 

... '" 1 I'" 'JIn d 'JIff'llf)IPll'l'Ul'lf) uJlide.ntified 'UlJllJ1WWf)'U tltJIPl1V 

~ 

=' ..s 
~, 
' (;1 

E 
.:i 

B 

5 15 25 35 45 55 65 75 

2- Theta (dE'!!:l'eE') 

jtJ~ 4 XRD 'Uel'l (A) NiJ.1AI-LDH l~(;'1~ (8) Ni48AI-LDH .. 
~ 

fltl ffl':i unidentified 

http:Juff~.:J1'U1.tJ


------

....,. 

~ 
i::
'e! 

§ 
~ 

~~~ 
c 

~L 
5 15 25 35 45 55 65 75 

2-Theta (degree) 

tU~ 5 XRD 'UtJ.:j (C) Co3JAI-LDH H~~ (D) C04,sAl-LDH 

''UttJ~ 6-7 U~\9l.:j~f) XRD 'UtJ.:j~n LDH fl1tJ'I1~.:jf11·H~l l"lU ':h!n\9lf11·HU~tJ'UUU~.:j 
1 'jJ '" d It) 'jJ 0 'd .1"" 1t).1 1 'jJ 1 It) " 
li'lH~~l.:j\9l.:j'il~!'I1'U ~\9l'illf)~l ! !'I1'U.:j'UtJ.:jl"lf) XRD !lJ~tJ'U ~lJ UM1.:j Im.:j~~H'UtJ.:j ~~'\1~~~1JtJtJf) ~9f\9l 

HUU spinel phase (JCPDS: 44-1159) 

-" 

A 
~ S r---'-________ _ 
~' 
0: 

.5 

R 

15 25 35 45 55 65 7 5 

2-Thet:> (degJ'et') 

~U~ 6 XRD 'UtJ.:j (A) AI-oxide H~~ (8) Ni AI-oxideNi3l 48'" 

c
'~f- A. D_~____ 
~ 

§I L : 

E _~ ___.A..--A._ D 

15 25 35 45 55 65 75 

2-Theta (Mgr ee) 

~U~ 7 
'" 

XRD 'UtJ.:j (C) Cou AI-oxide l!~~ CD) Co4sAI-oxide, 



l'W~u~ 8-9 H'ff~~.wfl XRD 'lJO~'ff1J Ni 51Cr- LDH H(I~ C04.8 Cr- LDH fI1t'J'l1~~fll':H~l 
_I d 'I '" d '" 'I 'I _Id & 1 'J} d
lJ';ilfl{]'Wfl ~'W(lmHI!~t~t'J1fl'lJ ~'W NiAI-oxide tW~ CoAl-oxide ~'W~lJYl 6-7 H'ff~-.1tl-.1 ~flH'ff';il~Yl 

~ QI 'j) .d 9J 
m1JO'Wfl'W H1J'il~HYl'WYl Al ~1t'J Cr 

ii
.5 --. 

-----,- 

15 25 35 45 55 65 75 

=: 

.~ 
s ~- ,,~, d 

2-Thet;> (de!!,ee) 

';iU~ 8 XRD 'lJO~ Ni 5ICr-oxide . .. 


~ 

!l. 
.€ 
E 
~ 

tYlrl'Ufl BET 

tYlflUfj BET U'ff~~~'WYi;:h tJ11J1~l';i'lftl~ u(I~'U'W1~m~t'J'UO-.1'lfO-.1 'Utl-.1'ff1';i' '1'l'~(1~-.1H'ff~-.11'W 
• • v 'j/. I 'j/ 

19l1';il-.1Yi 3 fl1';i!~lYhiMlm-.1'ff~l-.1'Utl~ LDH !U~!'J'U'U !fl~'lftl~~'U Yhl,rVJ'UYith!'Vl1J~'U 
I 'JI I • 

\PIl';il~Yi J ~'UYi~h U11J1\P1';i'lf0-.1 !!(I~'U'Ul~!Q~!'J'UO-.1'lftl-.1 'Utl-.1'ffl';i 
v • 
~ d"::" 2 3 .,; . 

ffl':i 'I'I'U'YIH1 (m /g) tl~lJl~-:i'liu~ (cm /g) 'IJ'Wl~UlHW'IJU~'lfU~ (nm) 

20 35 50 65 80 

2-The... (d<e.... ) 

nJ~ 9 XRD 'UO~ Co Cr-oxide . ... 48

" . . 

Ni31 AI- LDH 


Ni3.1AI- oxide 


Ni4.8AI- LDH 


Ni 48 AI- oxide 


CoDAI- LDH 


Co
33

AI- oxide 


Co
45 

AI- LDH 


Co
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AI- oxide 


Ni51 Cr- LDH 


Cr- oxide Ni51 

C04.8Cf- LIiH 

Co4SCr- oxide 
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w • 	 &nJ~ 10 lrff~.:J~1f.WVl'\Je:l.:J Adsorption U":;; desorption isotherm '\Je:l.:J Ni4.8Al- LDH C}!.:JUe:lfl
" 

<9 

tl.:J type IV 

180 

I 

Til,====== ::;--,------ -, 
l -+-ADs ---DES I 

.... PO 
,j1l - ' - •Q;; -; 

l 
V> 

'5" 
& 60~ ~ 

o +I--------+--------~ 
o 	 0.:; 

Rel:ttiye I,ressure 

~'\J~ 10 Adsorption U":;; desorption isotherm '\Je:l.:J Ni4.8AI-LDH. 

4.2 J:-.Iijfll~nl't.I~n~mf)f)f)~~~,ru'IJf),m)'n~H'lJU~U 
. " 	 . 

Nil~ fiw c~Hi ln~~h.J ill fl'\J 5n~ fJ le:le:lflclf~~i\.J '\J f).:JttrVl"lUWlh.J ~~nilllm 1:;;"f1~~1EJ GC 
" 	 . 

l1.:J'l1lJ~ mY~.:JlU{l'lJfl1~.,j'Vl~1.:I 1Pl1tlVl.:J'\Je:l.:J Gas chromatogram U{l'~.:JHi'U~i.Hi 11 

()-ul~d+ cf+ dOH 

cthylbenzene 

(EB) 
benzaldehyde 

(BZ) 
acetophenone 

(AP) 
I-phenylethaool 

. (PE) 
be nzoic acid 

(BA) 

1.00-1 ~ ~ 
'? 
~ 

0.75 -1 II l  i 
~ 
~ .. 	 ~ 

~ ~ '~l 	 I I ~ 
:l10 .25 ~ 

.~ ~~ 	 £ 
0.00 j " 

·0,10 i 
2.5 5.0 ~ .5 '10.0 '12.5 '15.0 

"'i'Utes 

~u~ 11 GC chromatogram '\Je:l.:Ju5mfJle:lDflclfl~i'U'\JD.:JwYi(llU'Uclf'U 

lU~ EJUl~fJUU~~ff'Vllim'V'l'\Je:l.:J1Pl1l~ .:Jufin~en 1"'l1~N(1'lJe:ltlfl1C}!CP{u~":;;G)fi!~ ~m1:;;fl1~vh 

i.J~n~enl~h:r'JntJ fl~ 1~1Pl1l~.:JuBn~eJl 0.2 fli'lJ ltli1muwu'U 10 iJ(lilhm ff~{h'U l~EJ llJ(l'\Jtl.:JTBHP 

~tlWYl"l'lJ'Uclf'U = 2 Yil~mU'l1fliJ l30°C}! l~'Unm 12 i11lJ.:J l~NCl~.:JU(1'~.:Ji'W~lJl.:J~ 4 
q .. 

http:U{l'~.:JHi'U~i.Hi


\Pll'n!l~ 4 I!'W'UeJ,:nHltl9h~9rtl'wt)~!tlYimUtlcJflHrleJI i'\9l1~i ~U~n~tJl'lfU~l'il~"l 
... 1 ",,,,,,,' Convers,ion Selectivity (%)

\Pl1~l·aJumtJl (%) AP ~tI"l 


15 98 PE 1 %, BZ 1 % 
Ni31 AI-oxide 51 98 PE 1 %, BZ 1 % 
Ni4.sAI -oxide 75 98 PE 1 %, BZ 1 % 
C03.3A1 -oxide 50 95 PE 4 %, BZ 1 % 
Co4sAI -oxide 72 95 PE 4 %, BZ 1 % 
Nis1Cr -oxide 78 76 PE 10 %, BZ 11 %, BA 3 % 
Co4SCr -oxide 65 93 PE 4 %, BZ 2 %, BA 1 % 

m1~'UeJ~oWv\~M)~: \9l1l~~u~n~tJl 0.2 oflJ mYimutlcJf'W 10 iJ~i\lml TBHP 20 iJ~i\llJ~ 

~tl!l1lJiJ 130°C]f nm 12 ~11m 
AP = l~flcJflV\VJlt1'W (acetophenone) PE = I-t~U"m'VIltleJ" (l-phenylethanol) 

... "'II) <f
BZ = tU'l!C]f~.~ 19~ (benzaldehyde) BA = tUtl lC]fflmtflcJf~ (benzoic acid) 

" 'illO~~f11l'VI~~fl~ "'~U'~il ih~'UUl::;~'VInm'W'UeJ~\9l11i~u~n~m l~tI~~~ 

%conversion 'UeJ~mYl"lUtlcJftl: 

NislCr-oxide > Ni4.8Al-oxide > Co4.sAl-oxide > Co48Cr-oxide > Ni3, AI-oxide - COnAl-oxide 

%selectivity I'imlflcJfl 'VIVJ 1tltI: 

Ni48AI-oxide, NiJ.,AI-oxide > Co4.sAl-oxide, COnAl-oxide > Co48Cr-oxide > Nis,Cr-oxide 

'illO~"f11l'VI~"eJ~~i~ 1~'Wi~il\9l1li~u~mtJl~iiu~lJltl!'UeJ~ Ni l1~fl Co ~lJlOOil ii 

ul::;iY'VInflw-jlt1ond~u~n~tJl~~oill'lftl Ni48Al-oxide 111' %conversion ~~Oil Ni3. , Al-oxide 

Co4sAI-oxide 111' %conversion ~~Oil Co3JA1-oxide 

l~tI~tiltY~lfwdllrlml'VI'W~ AI ~1tJ Cr J'W~eJ\9l1li~lJ~~~m Nis.tCr-oxide '¥'lUil %selectivity 
, , " 	 , I 

l'i'tlueJcJfl 'VIVJl 'W'WiifhwfltJ~ "'~ ~~f11HI~~eJ~~ 1~~ "''tl~A-tl''tl~fiU~~f11l'VI~~eJ~~lhltJ~ltlri'tltll1,rl ~ • 
Ii' NiCrp4spi~ell~tI\9l1d~u~mtJl [18] 

on'VI~~eJ~l'ieJ1U~eJ Yh~llftmJ1\9l111Ul~ii~~l'ieJf11l1n~u~n~tJl '~l~eJOIi'\9l11i ~u~n~tJl 
. 	 . . " 

Ni48AI-oxide tU'tl~ 'ill0iiul::; iY'VInfl1'¥'l~ ~Yi~~ ~"f11l'VI~"eJ~~ l~H",~~~~l'ieJ'U~ 

4.2.1 	 nt11'Uel~fll':i'l'l11Jiln~l'.ll 

1UtU~ 12 !l"'~~~"'UeJ~On!lUllU~tJtlU~lJltl!'UeJ~\9l1ti~U~mtJl Ni4.sAl-oxide l~tJl i'\9l11i.:j 

u~n~m Ni48Al-oxide 0.2 OflJ tY~Ihtl l~tJ llJ~'UeJ.:j"'neJflOcJf1~i'l'imeJYI~lu'WcJf'W == 2 11,,::;1i'~tl!l1lJiJ 
~ ':' '1' dl d ':''1' "I'll

90°95 'VI 6 'b'1~]J.:j % conversion lJm - 65 H"::; %selectivity = 70 'VI 12 'lf1~]J.:j l~ 82 % 

http:nt11'Uel~fll':i'l'l11Jiln~l'.ll


". 	 . 
IQ.J 9J9g./' d.a 	 ~ 

converSIOn, 98 % selectivity fIlYl-:Jb'Hl-:Jt'IJl tflb'lfllf1-:JYl f1fl 87 % conversion, 98 % selectivity tlmr:nn 

~l'U'U 18 i'lllJ-:J Hb'l::;hhu~VlHtUb'l-:J~fl'1JBfl ~t1b'1124 i'11lJ-:J 

100 

80 .-. ,-., 
~ co ~..'-' 

'-"§60 ~... 
~'" ....~ 

... 40 40 ::

:;;t;.= o 
U 

20 :s20 ~ 

"ai 
rr., 

o 

-

I I 0 

6 12 18 24 
Reaction time (h) 

~U~ 12 Hb'l'IJfl-:Jnb'11~fl %conversion Hb'l::; %selectivity ~mw9flYl~l'U'U 

(~';ltj.:jtJ5fWfJlNj4.sAI-oxide 0.2 ni'lJ WYll:U1JUcIlu 10 iJl:l~nml TBHP 20 iJl:l~nlJl:l ~tlfl11JiJ 90°91) 

4.2.2 	tfhm.u'Uf).:IVl1t~.:ItJ~n~m 

'1'U1U~ 13 '1'lfa~HY1'U l~HJ llJb'l'IJfl-:Jffnflflfl9f'~tti'~mflYlmu'U9f'U 2 ltb1::;'1'lfOUn1flll 
~ 	 ~. 

130°91 nb'111'Uflwvhu~mfJ1 12 i11lJ-:J H~HU'jlU~V'Ui.l1lJ1U1'IJfl-:J~1d-:Ju~mVl Ni4sAI-oxide Hb'lfl11 

Yl~b'lfl-:J'V'Iu'hrlflU1lJ1U1~ld-:Ju~fWfJ1lvilJ~'U~lfl 0.1 Q-:J 0.5 fli'lJ % conversion l~lJ~'U~llJ~l~U 
~ 99J",lQ QI' _I.oQ,~ 	 Q.I0

tlJfl t'lfu1lJ1U119l1lHuQmVl 0.1, 0.2, 0.3 % conversion = 58, 76 ttb'l::; 84 19l1lJb'11~U conversion~::; 
I jI 	 , • 

t~lJ~'WQ-:J 98 % Hb'l::;fl-:Jvhijfl'1~U1lJ1U1'\Jfl-:J\Pllt~-:JU~f)1t11 0.4 fli'lJ 1:l111i'U selectivity Y}fltm9flYl~l'W'U 

iJrll~-:J = 98 %selectivity ~'liUl9lfl~l-:Jn'Wlrfl (97-98 %) trlfl'1'lfU1lJ1U1'IJfl-:J\Pl1l~-:JU~f)1fJ1 '1'W'lfl~ 0.1 
dI Q/ 

tl-:J 0.5 mlJ 

lUO + 	 + 100 
·1 

! 	
• 

80 + ~~ 
~ i 
":!e. j
~ 
c 60 ..)..

I~ .." I
'"... I ~ 
;.-'" 40 + c 
u 
~ 

20 -r 
! 

0 

80 --":!e. 
~ 

c... 
60 ~ ..... 

~ 

C·
40 ~ .::: 

~ 
'il20 <;I) 

0 
0.1 0.2 0.3 0.4 05 

('atal~' stamount (g) 

~uYi 13 Hb'1'IJfl-:JU1lJ1U1'IJfl-:J~1t~-:Ji.l~f)1Vwifl %conversion ttb'1::; %selectivity ~mtfl9flYl~l'W'U 

(ttlYll:U1JucIlu 10 lil:lfthm TBHP 20 ill:lftilJl:l e'lW'l'uJli 130°91 ldl:ll 12 id llJ~) 



4.2.3 tYVI tY'J'U1VI f.lhrt1'U el ~ irl'H)el flcU1 VlcVvitml'fhU'lJ 'U cU 'U 

111fl1'j'YI~H'ltl~ l~tJl~ U~lJ1W'tItl~~J!~iluiifWtJl Ni4sAI-oxide 0.2 fli'lJ ~W'l1t.1lJ 130°C}f nm 

i 'Wfll1111Uiimtll 12 411lJ~ !!1'i!!U'j!U~tJ'W'tY~ril'W l~tJ lm'l'tltlilbl'l1 tltlfl9f'~cUl'imtlYim'IJ'W9f'W 

i'W~u~ 14 !rltli~ff~ril'W l~tJ lm\'tItlilbl'l'jtltlfl9fl~cUl'imtlYimu'W9fU (O/S) iJ~1t'YhtlU I, 2, 3 

'YflJ'-:h 1~ % conversion = 53, 76, 88 1'l1lJ~1~U ff~ril'W l~tJ llJ(l'tltlil~'l1tltlfl9fl~cUl'imtlYi(l!'IJ'W9f'W 
cS d ~ III ~ 0 QI ~"l ~Il dI I 

'YImlJ1:;;bl'lJ'YI~~ fHl4 '0:;; b~ %conversion = 99 bl'1'I1'jU %selectivity I'ltlUtlC}f b'YIYl b'W'W lJnl~il (98 %) 
, 

&
", 

,, <!! i 'j}... , '1 1 ""II) 0', "" "" eli'j} , <Oil)
U(l:;;'\"IU11IlJtl 'b'bl'~bl'TW b~tJ blJCI'tItl.:JbYl1tltlflC}f b~C}fl'lmtl'YI(lIU'WCjf'WlJ1m.l'W fl mn %selectivity 'YI blJ 

Ill'lfll'iNtl'W 

100 + + 100 

80 
::!? 
~ 
c 
'" 

60 
"!:::l 
~.. 
 "'0'" 
W'" 

20 

0 

74~ " 

+-

80 ~. 

60 "".::: 
0 
r,. 

"'0 :g 
~ 

20~ 

0 

2 j .. 5 
O/S mole "ados 

~U~ 14 ~H\'tItl~ff~ril'W l~w lm''tItl~bYl'jtltlfl9f'~cUl'imtlYi~Hu'W9f'W (GIS) l'itl %conversion UCl:;; 


%selectivity 


(~'Jl'i ,:j'l.lan~tJlNi4.8AI-oxide 0.2 fl1lJ wVlcmJucllu 1 0 i)Gl~lmj ~tul1iJi) 130°91 mn 12 -R'11m) 


4.2.4 6W't'ifliJ'Uel~fl1'lfin.lflfl~mQ'" ~ 

i'W~u~ 15 !!bl'~.:JH{'l'tltl.:J~Wl1t.1iJ l~tJi~~ll~~UiitWtll Ni48AI-oxide 0.2 fli'lJ ff~ril'W l~tJ 

llJ(l'tltNbYl'jtltlfl9f1~cUl'imtlYiCl!u'W9f'W = 2 I1ml'Wfll1111Uiifl~tll 12 411m 

d a. 0 QI & • 1 .dllJ~.d ~ 
'YItlW'I1fllJ 90 UCI:;; 11O°C}f % conversion = 82 !W:;; 86 1'l1lJm~'IJ C}f~bY~fll1f\1'Yl t~'YItlf.U'I1fllJ 

q IU IU q IU 

& f d ~ ~ & II] 'jJ' • ad 
130 HCI:;; 150°Cjf Cjf~f\1 % conversion "~CI~ IlJ'W 76 IICI:;; 65 ~~'W'W'il~bY'jU b~11 tlW'I1fllJ'YImm:;;bYlJ. . .. 
OQl OC;V ..r::::t. ..r::::t.~ 

bYl'11'j'IJtltlflG1H\iil'b''W'Utl~!tl'VIm'IJUC}f'W fltl IIO°Cjf 

~hl1i'u %selectivity I'imltl9fl'Y1VJ1'W'W nl!bY~.:JI!'Wl1UlJl'li'WI~tJ1tl'WtlU %conversion 

. . d ~ d
%selectlvlty (l~(l~'illfl96-98% 'YI 90-110°Cjf !'I1(ltl91 % 'VI 150°Cjf 
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~LJ~ 15 ~H'l'UeJ,:j~Wl1lJiJ~eJ %conversion H"~ %selectivity ~eJHeJC]l'VlYJTW1.J 


(~,;lti .:I'l.Jfimvl Ni4sAI-oxide 0.2 ni'lJ wVimlJ'U91'U 1 0 iJ,,~lml TBHP 20 iJrI~lml ldrll 12 i'J IlJ.:I) 


lrleJVi~nW11li)iv~ijf:.m~mJ~fi~mu~n~mjN~,:jfl~TJ.,jl,:j~1.J ~,:j'~Yilf11'j'Yl~neJ,:j 1~Vl~fI11~ 
'" ~,:ji1 ~11~,:j'!.l~fi~Vl Ni4s AI-oxide 0.2 fl~)J -a~ri11.J i~v i)Jn'IJeJ,:jffl'jeJeJflC]i~cH~eJleJYlm'IJ1.Jc]'W = 4 

'" .:.. 1 • lit w
QtI!l1lJlI llO°qf 11m 9 'lf1 tm 'W'lJ11 t~ % conversion = 98, % selectivity = 98 

lrleJl'!.l~ V'lJlYiV'IJ ~ n~ 1M~1fl,:jl'W livrl'n'IJ,:jl'W~ih lV,:jl14 ~'l~~ld,:jLJ ~fi~Vl i "'I1~.eJeJfl '91~ ~,:jl~h..! 
. '" 

'j~'U'U heterogeneous [18] l'lh..!1~V1n14 ~~lM'W'~':h Nn'UeJ,:j,:jl14lieJ'u l11Al %conversion bln~ 

%selectivity ~q,:jf111 'l14mru~1~~11~,:jLJ~fi~V11tJ14 CU1-xNixCr204, x = 0, 0.25, 0.5, 0.75 and 

1.0 ~,:jYil'!.l~fi~V1eJeJf1c]l~i'14'lJeJ,:jWYl"l'IJ14c]14~·;W TBHP l1n~'l~~1'Vhn~n1mtl14 ac~tonitrile ~ 70°qf 

lt114l1n1 8 i'1 ill,:j i~ %conv~rsion = 56 % selectivity ~eJlleJ9$1'VlYJ114'W = 691~v'W'IJ'hfi~~~\P1nw~ 
~I ' jIlu14 I-phenylethanol 'j111~lV 

" • sJ , 

14eJfl~lf1i1 'I11m'!.l~tJ'U1YiV'lJAl selectivity Yil~~lml14i1 nml14livYil~ meso porous Mn-MCM-41 

'" lt114~11~,:j'!.l~n1V111,,~1~ TBHP [4] !tJ14ffneJeJf19$1~ci11'lf14l~V1n14n'IJ,:jl14livi1 fiLJ'jlf1!}11 ~ld,:j 
"""""" 1 lit <I "" .... ,f'l w • "" dI 9 w'!.l{lmtJl tn'l1~~fflleJeJf1 t9l~'lJeJ,:j,:jl141~tJ14 '11m selectivity 'Yl~,:jf111 meso porous Mn-MCM-41 91,:j t'l1 

selectivity ~eJlleJ9$l'YlYn1414 = 40 % 

4.3 fl1~'ril'Uiifl~UHlf) fl9$!~i1.J'lleJ,:j!f)ntl!'U1.J;U1.J~hU 'ell~ ~ m1.Jlt1f)~f)f)fl'O)f~ 
.,; 9 W ""lit <I ~I 0 '" 0

l)JeJ t'lffflHJeJf191 t~911u14 HP2 aqueous bl'Yl14 TBHP aqueous 'Vllf11'j'Yl~"eJ,:j 'Vlfl11~f11'j'Yll 

'!.l~fi~£J11~tJ1n'Un'IJ~loM'l14mru'UeJ,:j TBHP ('l14\Pll';il,:j~ 4) ~eJ l~~lt1,:j'!.l~fi~eJl 0.2 f1~)J WYlnlU14c]14 

10 iJn~111" -a~ri114 i~tJ111n'UeJ·:nYl';iTBHP lPleJWYlmU149$14 == 2 l1IPlYil~QW'l1iJiJ 8009l1~eJ,:j~1f1'111fl 

l~QtI!l1fJiJ~,:jG,:j llO°qf ~~~mltJ~1111mn141LJ 'l~l1n1YhLJ~n~V1 12 i'1 i)J,:j i~~n~,:jUff~,:j'l'W\P1nl,:j~ 
dI 'I jI cl, ~ """I 0''''9 W , , ""i ~'i5 91,:jblff~.:j t'l1L'I11411 HP~ ~1J'\.Hn'jeJeJf191 t~91'Yl t'l1f11 %conversion lln~ %selectivity \P1eJlW9f 'Yl-n 1.,11.,1 

I • I if 

1P11fll1f11';il~ TBHP l~vNi'l\P1nwcvl~14Yilfi~~14~lt1 i~wl I-phenylethanol Un~ benzaldehyde ij'jl{J 

.. 



" . 	 . 
·nul~I'.Jf)ellnnr1U Yii~ copper vhfln inunobilize 'lJ'UbYn'\.h~Lfl'Vl'hJ~l'Hlfl 'CJf~ d .nJ~fi~t11tltlfleJit~i'U 

.J" " 'lJtl~WYl~!U'UeJi'U [19] CJf~ i~bYntltlfleJi'~1bYtl~"Ifu~U !W~'VluH'U11WlJt'lf'Ut~t'J1i1'Ui1'lJ i'U~l'Ul~l'JU ~tl 

'~\h~iY'Vl1im'Vlm'H'i~tl~f)~t'J1'lJtl~ TBHP (48% conversion) ~~fll1'lJtl~ HP2 (12% conversion) 

\9ln1~~ 5 ~~'lJf.)~f.)f.)fleJit~i'U'lJf.)~tf.)Yl'U'lJ'UeJi'U!rlf.)'~bYnf.)f.)fleJi1~CJf'!~\.J HP2 

Selectivity (%) 
~",wi ~ tl ~fi~en Conversion C%) .,)() acetophenone 

Ni3.lAl-oxide 20 94 
Ni4.sAl -oxide 26 94 
C03.3Al -oxide 21 92 
C04.5Al -oxide 30 90 
Ni5.ICr -oxide 32 70 
C048Cr -oxide 22 90 

m1~'lJf.)~m'j'Vl~~f.)~: ~1dnJf)fi~tJ1 0.2 fli'lJ ~~~hw'lJf.)~ ~eJ WYlm'lJ'UeJi'U = 2 mU'I1fdj 80°CJf'!d 	 • 'U 

11m 	12411m 

4.4 	fll'nh fHl'U'll11'11lmi 
" 

IPlllJ 111,)f.) 3.5 ml~'illfl'~''UflWvhtl~fi~t11Htl'1 1'i'1 !'i~t1~fi1tI1(Jfl lhlJl'~cjh ~~t1'jlfl!l11 
d<jJ =" Q.I jJ ~d. oQ.l

%conversion ~~~~mfl'Uf.)t'J 1I1fl 98% t'U'U 96, 93% lH'1 'Hllflfln1"lfm~'Vl 1, 2 t!~~ 3 \9l1lJm~U 

4.5 	 !i;l~tI'j m'Vi'Uel.:i~wi~tJ!in'lfJl 

if1'l1i'U!bYot'J'jm'Vl'lJtl~~1!'i ~lJ~fi~tl11~tlVilm'j\9l'j1 'ill'!fI'jl~,r filtrate ml~1I'lf)mtl~1'i'1d ~ 

t1~fi~t11tltlfl'lJij!~~f.)\.J ~~flnl!ml~,r'l11t1~lJlW 1~'I1~~1mi'lflUfl ICP 'li'Vl'lJm'j'\1'l~tlf.)fl'lJtl~ 1~'11~ 

4.6 	fli:!1fl'U el~tJ!in'lfJl el el'n~h~<ir'U 

!y;[ eJ~~'ilU11 fl~1flm'j tf)~t1 ~fi1 t'Jltlf.)fleJi t~i'U 'lJeJ~!tlYl~!u'UeJi\.J~l~~1!'i ~t1 ~fi1 tll h '11~ ~1:1'lJ 
" tltlfllCJf~''U~l'Ul~t1ij!fi~Yh'U radical ~~'~'Vl~~tl~!~lJ 1:1'n radical trap ~tl hydroquinone i\.Jtl~lJlW 

" !'vlli1uWYlm1J'UeJi\.J i~m1~fl1'j~~ij ~1!'i~t1~fi~t'Jl 0.2 fli'lJ ~~ri1'U 1~t11lJ~'lJtl~1:1'ntltlfleJi'~CJf'~tl 
.c:::t, ~ oCI c:..,1 ' 	 .J .J

!f.)'Vlmu'UCJf'U = 2 eJW'I1f1lJ 130°CJf 11m 12 "If1 m ~[lfl1'j'Vl\PI[leJ~'VlU11 %conversion [l\PI[l'lflH'I1\.J~. '" 
'" .1 <V ~ d 

l'I1[ltlu'j~lJ1W 50% \PI~H1:1'~~ l'U\9ln1~'Vl 6 



d .t::), Q.I .t::), ~ ~ ~ 
~l'jl-.3Y1 6 r:f~'UV-.3VVf)9H~9fW"H)-.3ttlY1"~'U'U9f'UtlJm~lJ radical trap 

~1~~nJfifi1V1 
Conversion (%) 

ri()llL~1J 1Hl~I~1J 

Ni3.1Al-oxide 51 25 
Ni4.8A1 -oxide 75 35 
C03.3Al -oxide 50 24 
Co4.5Al -oxide 72 33 
Ni5.1Cr -oxide 78 37 
C04.8Cr -oxide 65 31 

flll~'UV-.3f)l'jY1~"V-.3: ~1!~-.3ilfifi1rJl 0.2 f)'flJ wYlm'U'UCii'U 10 iJ,,~lml TBHP 20 iJ,,~llJ" 

tH.Ul1fliJ 130 09f nm 12 il11l-.3. .. 

'i11flV1"f)l'jY1~m)-.3~mY~-.31'U~nH~ 4 I:qill~11 ilfifi1tJl~Vf)Cii!~i''U'U~-.3mYl,,!'U'UCii'Ud-.3 
, .... 

ilfifi1tJl~1f.rO'n l"l1~V1'1:1'lJ~~f) i9fy;)~ff-.3!fl'j l~M~uil !n~~lU radical 'UHril'U ~-.3!!'I:1'~-.31 'UilfimVl 

f)n!n~ radical 'li'Ncil-.3 !!"djril'U~lli!n~vhw radical ;-.3m'i1!fi~~l'U'I:1'n:U1iV'U~{ (intennediate) 

V1"f)l)lUVil U'l:1'~-.31M!M'Ul1 '1:1'1) LDH (layered double hydroxide) !~U'l:1'l'j~-.3~U (precursor)~ 

1.h~!flY1 metal-oxQ 

2 t-BuOOH • I-BuOO- + t-BuO- + H20 
2 t-BuOO • 2 (-BuO- + O2 

o 

(). • ~ 
ethylbenl'..ene 

(EB) + t-BuO· 
acetop hen one 

(AP) 

5. tf'~ilf.lQm'al~tJ
q 

" " . 
" ,

mm~'I:1'lJ l'Uf)l'jff-.3!fl'jl~Ml "11~~~f) 19fy;)111')jVi'U~r:hi:! ~ !l1m~'I:1'mYll1'f'Ul~!~'U~l!i -.3ilfifi~tJl 

~~fl~!~'lf'U'U~~mYlm'Uu~U N;;lf)l'j~ml1t1 'i1 uvl'i 1~'l ~)jN"I'iVfll'j ~n~ilfifi1tJl 'V'l'U';h 1J'i1UV~ijN"I'i~ 

il'j~~'Vl~fll'Ylf)l)!~ ~ilfifi1tJll~Wl 'lfU~'U~~ lm1~ il~lJ1tu'U~-.31"11~UY1'juCii'lfu1u~ld~ilfimf.Jl 

il~lJ lW'UtJ~~l!i -.3ilfifi~m il~lJ1w'UtJ-.3 'I:1'1'j VtJf)9f"l~CJf ~Wl1 fJiJ u"~nm1 Uf)l)vhilfimf.Jl 1"11~ 
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