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Influence olcalcinarion te peralroe olPrepercd
Aluuinum hydroxide on the aclivily of aaive gomtna

Alamina oxidz on the dchydrution ol ethanol
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AccePiet oa 13/12/20&1

Abstaa:l
Ike aaive gamna danha Bide czln$d ,ias prEt^ran ry t *r,g

the ?aecipilslion of r iring ct dluninaD, ni*a,e ond 4qt@4s arnbsrrid.
Tha qFecl ol ealdrrqtions tarrryNt.rre of dlurriwrt hydroLidc on tbe
!rystattogrupAy of the alamido oxide Ptod\crs were sudied by mezns :

he thern al owlysis aad ,he X-Rry n{$a.tian technique" The

calci aliorrs terrperqlvc **e 1300, 50Q n, 654 7M, 800, 900, ud
fihq 'C. Alsa, lhe surlace arca, pote tolrDre, anil Dreqf pare rulias
a,are 2a.tund Jot all alurrtifin oine ?.oducls. The aaiei$ af thcsc

al0mirro oxiles Jor dehj\ltu ion of elharrol ,,as sladira,, ard @rnparable

ro hal of cofi er.lsl atarnir{t oxide. The .eaction t{gs c.rriel od in 4 '
tubilt reoclot &nd qfitospSsic prcl{,orc a l JSFC.While tha
reactiin pruducts werc aislwd by gcs ahrcfialagruph! tPrhniqae. The

.!r,ate shov! t tat the .4lcirddr. b,rrqerdure of 600-45dC gives lhe
s.:tire crys,al phose $ gaama alunira oilz $hich h *hibk
coaparable dzhylraloa ierivlry to tlrc cofin zrcial co iysL

Xe! *otd calciiatio'Lt' Ahlniw bdloxide, Sdnna Alunina, ethadol
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ItrtrodrtcJion.

The basic Foperties of the
catal)'st componenls are, tle &ait1
determinarl but texture alld
stability calt be influarced
strongl) by cboosrng appropriare
medrod lbr prcparation 'r'. Active
gamma alundna oxide (y-Ai:Or)
is extensivelt used as cstallsl3,
co-caulysts, catalysi-$rppo(s
and adsorbents e). This is a linear
pol!,mer with sidecluifls, fomed
by dehy&ated alumirum
hydroxide groups {1). Because of
its favorable surface
cl'Eractedstics. almo$ all of the
comrdeEial hydm treadng
cat4lyst use ?-ALOr as a
supponil t'.

Orc of ttle mosa impmtaat aneans

of controlling texirre and
streflBth of a catalys:i ialolves lhe
prcparation of the €atal)rst

a1.ailable. Alumisa oxide bei.g
llidely used becalse il is
inexpensive , rcasonably siable
ard cat p.ovide, through its
dilfereBt pbases, a &ide range of
important propedies vhic'h are
suila.ble fol m.ny catalrtic
applications .lhe prepsrative
technique for the precursor: aad
thc lemperaErrc at \r.'hich dl€y are
calcined have a grcai i[fl8etce
on tle srrrfa.3 arla and pore
stnrcturc *iich control the
qctivitv and selectivitv of alumina
oxide{6?' . ln the prepare ofAe
3cliYe alumina oxid€, it is
es$ntial to maintain the optiftu$
conditions of aluminum
hydroxide precip;tatiotr. *eshing,
filtruioq drying and especially of
calciaing. Precipirador is based
on hydrolysis of ths alrninates
anion to alunir$ lrydrate li,hict is
a slorv proc€ss. The size of
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cryBtals aud aium;na hydr"ae are
conlrolled by a mnge oi vaiabjes
i.ciudjlg liquor concerfatiorl.
teDpemture, holdjng time. al1d
precipita,im mte. the rctentioa
time irl the precipitabrs varies
be,E'een 20-4, hr as sho\tr by
Mcauleys' .The dryiog end
calciqations condjtions are ot
crilicd impo,tance in determining
the ph)sical as weli as catalylic
prope.ries of &e produfl rt'.The

objectives of calciaatiohs arc a
well deErmil}ed sbuclure aa tle
catalysi, the palallel adjustmenr
of tie texture s/ith res?ect to
surlace area &ad pote voluhe al1d
a good mech&nical resistancs lr0).

The exgat calcirBaions
lempeFtures deperG on tLe type
of aluflliro product required and
fhe nature of calciner 11

Alumina exists in 3 number
of crystalline form .Only one of
these forms-phase is
rhermodynamically slable_ When
alumina hydrates are heated
alehydralian occurs and ;s
a€companied by srrucxural
changes. A series of Meta stable
inaemediates arc proge.sive,r-
formed wlere ihe stabte ti-Alror
being tle final product of ther$al
decompositio. r'r'.Thc transition
alumina s that are fgftied depend
on thc startinB tnaterial, the rate

and duration of healing, pafiicle
sjz€. atmosphe.e (air, saeant
vacuum) altd presence ot
impudtes. i-ahtmiria oxide is th€
most alense a1d fion-aeaative
alumil}a lkee main reactiorx
occur on calcinalions ol alumira
hldrate to d-AIrO3 Conversion of
tt'i-hldrale to monoh!.dfate ocrmt
bclow 250"C as irl ,he foilovring
aegction:

AIrOl.3HrO + Alro, H,O
+HrO

fhe monohydGle is eonverted to
a various crystalline transiaion
states eta, gii'nma, delta
theta......el! frfin a bout i00
900 tl
AlrOj.HrO ----+y- .4,lror +
Hr....eac

laese are $en e@ve{ed to 6-Al-
,Or at a bout Il00t lr:).

Caleimlious oa alufiina hydratr
also proaluce changes in suface
arcn. pfiicle sjze. Dore
disrdburion. slabitirv as u/eil ac
caraiytic .ctiviq!. Furth". ,aor"
calcinations inc.eases the stlength
of dre final catalvs! panicle by
(ausrng crystal phase on
compomd tbntratlon through
rhermal difhEion. solid state
rcaetions and sintering(Ir).
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In ihis Paper, the aclive

alumina oxide r#as Prepa.ed bY

the precipitation method and the

effect ol calcinations lemPerature

on tlte cltarac&dstias of &e
catlyst rxas studied' The

dchydtdion of e0ranol *6s
studied as a model reaction lo test

fle catalytic aetiviry of fii6
p.eparel alumina

Emerimelltal work:

l-Raw lnaterials;

Alumin rn nitrate (A1

(NOr)].9H,0, Hopkin 
"tJwillia$s), aqueous a monu

lfN). ethanol tfluka).
hydrochloric acid (BDH, were all

of lnalytical grade .Also

cor@e.cial galnma dumiru
oxide (hoPkin ard Williamsl

2-cddvst lreDtrrtior:
The alumiaa hYdroxide wts

prepared by added slowlY one

liter ofammonia solutioD ( I N
) to dle one litei of ahrBinu6
nitrate ( lN ) bY iitralion $itl a

contiruous mixiag a1 90t(
water bath ),to the Point where

the PH ofthe mixfi.re reaches to a

value of7 . Aluminum hv'droxide

formed was left to settle for a

period of 7-8 dsys to .omPlete

the FeciPitaaion and

agglomerialioi stagq accqding
to the .eaoioo ot
A{NO* .9 H,O + 3M! OH

--+ A{Or}+3NHi'{O3+9H:O
It k ihen *ashed with lot
distilted wster trd loft for a bout
1.5 hr to allo$/ lor Fecipilatio[
The s61ntio, is thentransf€{ted to
arother container. The Ptocedure
olwashing is repeded lor seveal
drnes. Aluninum hyd.oxide
formed is in the fonn ofpast, it is
very 3011 due to high Pg.ertage
of L{Eidity. It is thereforq &ied
at llo'C ovemigitt with air. the

sampies we.e caldned in ah at

the rcquired iemperat$ae ( 300 ,
500, 600, 650 , 700 , 808 , 900 ,

1000 )'C for 6 h! . The calcined
ahlmira oxide qas crushed ard
then converted to Povrder
(average particle .ize {00 Pa)
by ball mill and sieling

3-thermal riralYsit:

In order to litow tho effect
of tenrpera re used lo tol]velt
aluminum hy&oxide into
alultrinu$ oxide. The.mal
analysis was aaried o{r f0!
aluminum lydroxide using a

Statlton Red Corof (TG 760

series). Cuaves were recoaded

simuhaoeously by placing a
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s.mple in a platiar]B crucible std
heated at a .ate of 25 rc/mitr in a
flow of atmospheric ai.. The
temperltutes range us€d \!aas 25_

1000 oC arrd the gas flow rale *as
6 Lttt for all thermal
fieasulerrertk thehal amlysis
was als6 cariFd out usidg DTA
device from llero's codpany (TA
500) with hsating rate of l0 'Cl
min.

+X-RaY difhrctior:
The X-Ray difraction of

tlte cataiysls were cari€d ost
using Philips X-Ray diffract
meier with cukd (wavelelgli)
1.542 A1, 40 Kv and 20 mA.
Radiation 

'snge 
of aqgles

scanned was 10 lo 70 on 2e.

tsurfas arer . aore Yohtlle
aEd mean pore radi!!:

Surface area oflhe prcpatd
calalysts were dererBined using
BET technique by dhogen
adsorpaion at -196'C .The same

system was employed ro
dereradi{e lhe pore volu$e arld
mean porc Bdius by the BJH
method'') .

6-ActiYitv of the caialvsls:

The aciivity of the catalysls
r*ere carried oui in a tutuhr
rcaotor ,operating ur:der

atnospheaic paessue and
inrerfaced to a gas

chmmatograPlY bY a six'lrEy
samplhg valYe .A boroiilicste
glass rea4or of i5 stm i4side
diametEr ard length of 200 tum
was t6ed , fitted with a therrno
lvell and a, electricaUy ieated
veiical tubulaa flrmace the
r@dor was Prcked with 0.15 8rn
ofcstaiyst (51$ git) belweert t*o
layers of glass-wool The
operaring confitiots of the
reactior wsre, the ternpeirahre
,r"s 350'C afld tle flov,/ rate of
ethanol 1vas 0.5 mo:/hi ove. the

calalyst bed by using mel€ring
pump srd a Preheate.. JI€
reactioo p&ducls (c6rylene,

diethyt elher, *'.rer, and

unreacted etbanol) were analyzed
by ges chmroato8laPhY usirg a

3firg, r 2m stairdess-steel columl1
packed with loez carbowax 20 M
maintaircd at 90"C . A lhermel
conductivit-Y detector and

Lydrcge1t as €a.rier 8as at a flow
rate of 40 cmlmin rvere used

Conve6ion aod sel€ctivily are

defined as(1t):

Coavercioa
aole s(et hano I )reac ted

mole{ahanol} fed

I
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S€lectivity
moles (pt'odu c t ) p rc dac ed

rn ol es {afi oth e t) p ro duced

Results ard Dissectioni

Fig (1) shows the th€rmal
anatysis of Blurninum hydroxide.
':he TC culve shows that the

weigbt at l00'Creached 5%
becouse of the loss of rlater

-m olecules. DTG and DTA curves
indicates the gesence of a band

at 265 oC, weigli loss is
measued at &is temperatuie.
using TG at al1 a:nount ot 23.5%.
Thir band shows loss o{
hydroxide iors.

Fig (2) slov!,s the X-Rs!
diffractio, lor ahrninum hydroxide
heated at iemperatares bett{ee!
300-1000 "C. The d-spzciag for
each peak was calculated ssing ile
Bmgg equation{16):

n2,=2d sinA

Whe.e n=l {order d;ikactiod)

1, - 1.5418 (wave lenBh of
X-Rey)

€: diJElcrion angle

'I he 20 lor a1l beaks are indlcated
on the X-Ray diftaction lor 3ll
caicintttn tempratures lsed and

lhe crculaled d-spacing
showfl on fig (2).

While table ( I ) shows the d-
spacing and 20 standsG of all I pes

of elrrminr oride t"rfrom the data

ori fig ( 2 .i and lable ( i ) it could
be sho!:l tha, !l,e al1n num

hydroxide thet heated at 300'C
inalicates the presence of alulnini
oxide crlstals ( delected cty$al6
fomed ) . The brnd at 2B= 28 51

(d-sp&i!g 3.13) indicates ahe

presence of bo_efunik as shown in
tahle (l) r". At cshination
tempemture of 500'C, more thal
90% ofy-Airor alYslals are lormed
which k seen clea.lY at bards ol d-
spacing = 23, 1.97 ar,i l-4 Ao
exacted lhe bal)d of d-specing = 2.7

A" which Itlay represents the
presence o, 

'.Abq 
as show, in

iabie {l).W}ile at calcimtio,
iemperature ot 700oC, it cnrrld be

sho*n that ihe bands of-r-A1rol
afe seen mrdi $ore clearly but at

the same time the appearance ol
bands al d-spacing = 2.71 and 1.52

Ao could be explained in tefins of
6-,{irq ard B-A1r3 systals
.espectively .flte indease in the

inielsity of bands could be due to
dre increase in gro\rth of ctystats.
As calcinalions lempera{ule
inoeases io the ra.ge of 86 lo
9(m..C a rew slrucgfie is lomted
which could be esporsible for
Jormation of cr\'stal stnrcture of 0-
AlOi as show; in lable (l)'r1r. FLe
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(2) shows thal ar calcination
lemperatue of 900 aod l000oc ,
itle d-A!O3 cr)sal sfucture ar€
fbnaed *,hich is noo-r,eactive
phise. From the resu.l:s of X-Rry
diffractioa, ir is concluded tbal 1-
Al2Or fofiied by heat treatraeft ol
alurninun hydroxide at
iemleratures $nging behveeD 5r0
and 700' C coffains T-AlrOr as a
$ah corBtituent w.ith s small
percentage of tie b-At:Or and 0-
Al:O, crystals-

Fig (3) shorvs the X-Ray
difli"ction for alunrinu$ hydroxide
healed a! calcination telnpemares
of 600 drd 650'C . A similarify is
noted in terms sa crystal sfucture
and degree ol polymerization.
Bands of 1.4. 1.91,2.39 anC, 4.56
Ao indic6&s rhe p.€ssnce of I-
A12Or cry$al also the band at 2.?1
A" shows existence of a small
amount oI 0-AlrO3 or &.Alroj
phase as shown in table i I fr7r.

The su.face are6, iolal pore
voluBe, and l!e6n pote radius are
shorar in €ble (2) wlrle 6e elfect
of the calcinations te&peratlrae on
:he adivilv of allrmina oxide *,as
expressed by the dehyd.siion of
elhanol at 350 "C. The analysis oa
dre products of req.lion usitg the
prepared aiumina oxide was shown
in table (3) lor all cslcimlions

iemperatures used, The conve$ion
oI ethanol (calculated by usiiig
equalion no. l) as a lulclioa of
$lcinafions temlelatuIe was
shorl,rl in fig(4i and rtrc selecailiry
tor elhylene and dierlll
ethedcalculated b), using equation
no.2iversus lhe c4leilations
iemperafure of prepared 3ll]mina
axide vas shown in atg(s) snd
lig(6) respectively . Froft fiSs {4 5
and 6i it could be shown that the
conr,ersion of et&anol and the
selectiviry fo. ethyleno ard diethyl
etter increases q,i1h incteasing the
calcinaaion temperatuae of alumina
o)dde and rcach ta a ma)iiilum at
(600-650i "C ard li€n decreases
l ith fffther inclease in xhe
caicinations [empentures of
alunina oxide. This is may be due
to that ai tie calcination
teBperatures (600{50) "C of
alumina oride, the active 1-Alroi
peaks are s€en lluch moIe e:erd_v
coinpaled *i!tl other calcinatiotl
temperatnres used. Also at this
calcinaliors teB?elaiure (600 -
650)'C , the suda.€ 6rea , total
pore lolune and ntean porc mdius
are good compared with oiher
caialygts rhat calaincd at olher
tempeiaiwes used as shorxrr in
alle (2).Table (2)sl1ow d€t the
surface area of tle catalysl
increases wirh ;nqersing tile

I
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colciflation terrperat{res and rcach

lo a mat(ilru$ at (600-650fC aad

then d€crcases with fintkr
increase i* the calci$tions

temperaturcs of alrrnina oxide

.This may be aEribured to $e fact

rhat whm iocrease dl€

calcindions teflPerafi$e.s ihe
surEce arca oftie catal"lst increast

as pores arc fo,rEJd and lie,1

decreases with futtrcr inctease i!
&e caleihations terperaturcs sbove

650 "C as asresulte of sioterj[g

Dhe[omena and Phase changes 
rol

ihat occurs at higher lempelatwes'

Ttoreforc high surfflce area aod

high portion of tAlrol Phase ae
rellecled ott the hiSb calalyst

activiry ofthe catalyst lllat calcined

at let[peratures of600 650'C.

In order to comPre tre
activiry of gePared slwnina oxide

\vilh ha activitY of c.m$ercial
alur4ina oxide, the dehydEtion of
ethanol st 350f ],as car1i€d oul

lsing the cosmercisl alumina

oxid.. The .esufts hdicatirihat lie
ccnversion of e&anoi , tbe

selectiviry fo! elhylene and fot
diethlt ciher +eae 9i 57 , 12 7 .

srd E2.11 % respe.tiveb, ${ile
the convenion of ethaiol , the

selectivitl for ethYlene and

dierhyl ettFr were [ 947] aod

95.97\ llz.92 and ll.2l), and

(85.51 and 85.09) % whetr using

the calci*ed prepa.ed &lirrlilla
o)dde al 600 tld 650:C
Esp.rtivet . '&is i5 indicaie.s tbat

tre ppparation irosedire ed
calcinatiorls temle.laire used

setisies tlrc ftrlal SPll of
prep6r"3tion of active T'A1rOr
calalyrt.

Corclmion:

The foUo\tring cosclusions

could be dr.nn hm the gesetir

investigatioo:

1- The calcination

Emp€relure inlhence otr the

typ€ of crystat Phase of
alumina oxide P.oducts as

shotn b flgs (2 aad 3) and

lable ( I ).

2- It appears that thele is a
defitite deperderce of the
.ctivity aod Physical ProPe.ties
.f the alunina oxiale on the

calcinations temPemtu.e as

shown in tabtes (2 srd 3) and

figs (a. 5, and 6).

3- The be$ calciratiotl
t€rnperalnss of aluoliila oxide
was 6{+650"CA1 this

tmpemture, the pr@3red

catalysr have a good

charact$istiqg cnmPared wiih
'fita obtained when lsed the

comflerciai catalyst.
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4- The conversio[ ol etha0ol
and the selertivity for ethylene
a{d dielhyl ethe. ilcreases wi$
iDcleasing the caLination
letoperaflrre until a luximlra
value at 600-6J0eC &d fheo
decreases ei& in r@sing
caleinatioD lempaature-
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l:.91 21) r!0
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Talrle t1i tte phi3i.s, :Jrcpenjrs ofthe{lunin' o\ni'eith latitts calcitr*ii'n
1empedtu16'

|;qw''-:t"

100 172 0.t7 \-1

500 274 0.5,1 tl
600 it4 0.57

)22 0.61 52

26t 0.6i 55

800 ll8 0_67

r20 0.66 55

I ({io Jt7 0.68 58

: Table {l) t}e soie per'e prc'ts'E 
'fderyirtti'a 

olEttlnol lbreaeh 
'!ld!donf.FPc..a!rs

E{1)lere

100 1.9,<2 11.117 t8.t r0 4i).2i0

500 8.116 6l,ltl 15 110 15.250

5!0 80.99 1..18 5?9

650 12618 8 r-661 1.6:l I 4 ola

?00 l0l2 60.64 19.:7

800 7.861 ,K.812 2:1.? i ! 22_)14

900 5.795 10.930 26-115 :1.i00

t000 :.958 ?0.686 2i-157_ 53_260
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Fig. (2)Tte X-rry diflraction olAlumina Ilydro de sith
.bferqt tenFerrtorss
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iig. (3): Tho X.rry difr..tion of Alnmins Oxide at 6000c rtd
6S0nc-

600oC
2.39

\271

2.71
6i0oC

i0 60 50

381



lng. & Te.hnoloer-'. vol.24 N..,1- 2005

100

-i qn

o70

40
200 300 !!o 500 500 ?00 800 s00 1000 r10!:

calci[atim iemperatuG.C

Fig (,1) Conversion ofethlnol ye..us lie caleinatioD Gmpersture
ot Altmi.a oxide.
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