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IT- TICrRODUCTIOCH

Geperal Introduction

~
Se

The study of elamina is a subject of great importsan
berouge alumina is a large—-volume product on the chemical
porket, Although the major part of it is used in the production

clumininm metal, an increasing amcunt igs employed in cther

15, e.5, ceramics, abrasives, medicinals, adsorbentvs =14
crtoiyeats.  Products of the last two applications are gencrally

Toetive alumina® and are the subject of this thesis,

misnsg of

Physical adsorption constitutes a very important

“oatizsuing the propertles ol heterogeneous caltalysts.

; with The appearance and applicaticn of the BET theory

T ostudy of heterogencous catalysis was given a sigrnificant

T e

. WRERTA

I 4 R
o
nel Ll

lsz, hecause a reliable means ol estimating the 51

LT Ll
cotace avea [surdace area per univ mass) of a wider rorsc of
Hntrial catalysts became aveiisble. Fhysical adsory™ on
.70 forms the basis of most of the numerous metvthods ol o
g the perosity of solids. TLese widely apprecisted o Shg
-

<~ that physical adsorption can alsc ctnable deductions o
surfacs wirioh

soncerning the frecvional amcuns of a solid s

snnrgevicslly heterogenecus,
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The ti=rorSbance of pore structure and surface ares arises
from the fact that the acressibility of a catalyst surface Lo
rescting gaces is of consglderable importance in the selection
~t o s0lid material which is to functicn as an active catalyast
For heterogoneous reaction. For a given catalyst, the greater
s osmount of the surface availlable to the reacting gases ths

hetzer is the conversion to products.

The adsorption and gatizlrytic properties of alumins nsio
bern studied for gome time and by 1945 an impressive mess o7
empr fleci Lformation about the preparation and propertics of
alrinas was aveilseble, Insight into the fundamental problens,
hes 2r, was lacking almost complevely. Many studies wers
de - med to developing reliable methods for the determination of
vas civity't, which was found to differ considerably not only
Proer Gae verious known adsorptive or catalybtic processes bul
caco Trecs tze many nabtural and synvhetic alumina products eval-
,  Sous of these metncds galned wide spread practilcii use;

instau~=2. the classification of sctive aluminasz for curciin=—

N

) Vs ‘ a i)
- oavhic purposes according o Brockmann and Schadier®™

3 meshod. still used t¢ day, was perfected and giver . mors

. L (2) e . s o
e oilenal base by Fortuln( 4 (1955 and in recent yssrs roiliied
&
- oeoin Bhin layer chromatopraphy (Hermanek et al“” ,1051).
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A The gnme time run™ =2ifort wernt into elucidsting vroblems
~oncornire the thermodjnanic aud mechanisbvic  aspests of adsor-
vTicn and ceualysie on alvmizng . Bub che contradi~ting results
i ot of these studies wust be dre nyimarily “o a back of
letailed i"~rmation about the origin and Tthermal histery of

‘ . o ‘o - &y
“rooactlve soumina used., The %itle of Fraory's paper™

(1986,
“Adaronturer with alumina', conveys a good ildea of the situvabior
at et time. Bub when strong interest for the more finizu-n-
.. wroblems began, consicderanle knowledge was actievad. o055l
b <rzuse of improvements in X-ray and electren AITrival—.0r
sne Lo dnZvared spectroscopac teckhnigques, The developme.o of

thie Ti=ory of physical adsorption has furvther stipuvlatesd coe-er

6 Wan shown that the importont variables for the adsorptive
ar. . catalryiic acvivities such as cryastal structure, pore buxture
=rinomite chemical nature of the surfscs were largely determined

srgl detailed pointes in the praparation of vhe alvnime.
v alunlina is prepared mostl, by a thermal dehydretion
nroeesare bscauge it is prevable that the properties cf Lo

avaced products are strongly rvelated to tha structure and

“hology of the initiel hydroxides.
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I- & Adsorrtion and Porous Texfures of Aluminas:

Direct information on +the norous texbture could in princi-
rle be obvaired by direct observation in an electron wnicroscope,
Covraver, thiz very small quantity to be used, the nscessary high

acu o and Lihe changes produced by strong impact of high voltage
oevrrons 1lmdt the applicability of this method and usually
mantitative results can be obtained, Similar difficultics
ar= perienced with other’direct viewing' methods, such as

fivl emiseion microscope studies, which can be used only for

some, oo wmocial materials.

w

Drne of Tae most powerful approaches has been Lo gratuaally

b

he pore system with an adsorbatz. Theories which Luan be
us. - Tor The interpretation of adscorption phenomena are sircady

avo lable,

small  angle X~-ray scattering has been used to study vhe

) ) . . . (5y .
2is sige of the solids (Brindley and Nakahlra‘B) 18595,

i
¢ oadering of X-ray diffracti~: ilines can give infor-avion
. . . N -7 B [ 29}
crysvallite size and lattice defects (Beretka and foidga>~~
e Tevy and Bauer(7), 1967, . Optical methods have beon usad

L rueceass o study the orientetion of Sthe pore sysuen

- (9) - "(Q\\ NI
Soogr oAzt o, 1655, de Toor of slc7c, 105G,

I

sone of The avbove menvioned mevchode will in itsell give ax
inccal description of “the porous Texture and The

raredl remaling the mesh succeastTul method,
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Nitregon adsorpbion isovtherms of the dehydration »—slucts
of the aluminium vrihviroxides were cxtensively studied o learn

about their porous texture (e.g. for gibbsite: Steggeréakd>,

1575 de Boer et al(g), 19563 Ffor bayorite Lippens(lo), 1961,

(11) (12)

de Coer and Tippens , 1964, Iipoens and de Boer y 1964

sordstrandite : Alderoft and Bye(lb), 1967).

Thz erystalline trihydroxides have a low surface cres and
per: voliume; the shape of the isotherms is an agreement wi<th a
iotare cf loogely-packed non-pocous particles with sizes of 2
Tow “Lorongs When heated to just below the temperature at
which che Tormavion of low-temperature alunina gtarts, “he

acd = rption isotherm shows that nores are formed. In this temp-

K

crotnre reglon some well-crystallized boelmite is formed vaden
insragranular hydrothermal conditions, In the case of glibsite,
vooioh ogiven Ghe highest quantity of boehmite, thess peres nove

Yoo iesorived as Yink botile® type pores, with & large voiuue

warrew openings. In Tthe case of bayerite and nordstrandit:

LA
[

&5

T.oode mores, as well as being much logs abundant, ars aoon

d in character.

ANl

feated just above their decormposivion temperature (280%
Do Sbait, 230°C for tayeritve and nordstrandite) the nitrogen
cooaorpLics at low relative mreesures incrcases enormously.  Lf

spunauer, Emmett snd Teller theory is used to caleulalbs the
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atsorption
susdome ares, values of ur to 700 mg/g are obtained, From The/

fenctpLion ILootherms 1% can be «<oicluded thaet only a smu. o L Ard

of Ciis surcnee ares is Lresent sn pores vioder chaa 2030 T
—er T the odgorbed nitrogen o wrsgens in micropore sysoam,

cen 'uated ab much higher temperaturse (above 550°0) the
ainoe of the adsorption isotheras changes drastically. The BT

s ece ares drops to aboub helf of its highest value sl oo

1§41

(]

+
i

Salo catwon ox the surface aree and pore volume from the (s=
phic isetherus shows that the micropore volume decreasss to g

revvoaan, valuo,

The lgothnerms of the varicus aluninas were the firsr ones
‘ o . (14) s i L
ioyiiok the Lippens-deBoer method wes applied. Thls mizthod
iz hased on Tthe experimental fact that, when dealing with fue
mdtimolecuing adsorprion oo adsorbed voluame per unil sniiaco
amos oo oo dwetion of the relative wvartour pressure of thr  Jgo-
o borepresented by a sipglo ~urve  independent L1 o

5. lscessary conditions for uhis o be valid sre, a0

coipe oy condensation, no birdersd adscorpulor In naorow Qo2
celative pressurves hignsr thun that required for & nonrly
7 oooLoneLaysrs. e adsorled voipume per unit sorioco apred

sel ore o cssents the average or svatietical Thickness o of

J

Ceoroed multilayer, uence tne rome e-curve Tor thia
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