CHAPTER 1

GENERAL CONSIDERATIONS ON CATALYST AND CATALYSIS

1.1 CATALYST DEFINITION.

\//

Catalyst is a_sgisi;u‘hbe
reaction and affect theé directign o 1igal transformations [1]. In
chemical reactmns.-im‘r(’_f ween cam'as are broken and others

formed. There ar ' mﬁ‘h’ for this to give a large

tiate and accelerate chemical

number of product in E%ﬂ]og‘icﬂ system as well as in mass
transformations _: al certain single products are
desired. This aim 1§ je c;b ‘tie se‘nce of a further substance,

a catalyst, within P_;:@fﬁﬁnf"
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The terp y Bérzelius in 1835 when
writing his annuaUrepar‘t on advances n physical sciences and used to
cover a number of pl!ysicologicﬂ al&llchemica‘l reactions, discovered at

that time. ﬂ‘:ﬂ %%Wﬁ%ﬂﬂﬂt@y proceeded in the

presence of a fu r suhstance which did not itself change during the
cours ﬁ m‘zjs a substance
wh'lchr;l %ﬁﬁﬁﬂiﬂlﬂiﬁj ?.IHE]B‘IE ch would not
take p ace 1in its absence. This definition simply described the
observation of the phenomenon, "catalysis", without making any attempt
to interprete or explain its nature. The word was formed from a
combination of two greek words, wxata (kata) = down and AuSeLv
(lysein) = to split or break. 'By "awaking affinities which are

asleep" (Berzelius), a catalyst breaks down the normal forces which

inhibit the reaction of molecules' [2]. The chinese word "tsoo mei"



(cui mei) which means "marriage broker" perhaps describes more
correctly the idea behind what is commonly thought of as the
phenomenon of catalysis. After Berzelius, it took some sixty years
until a new definition of catalysis was given by W.Ostwald, based on
the knowledge of chemical equilibrium, that all chemical reactions
proceed via a number of more or less stabie intermediates.

According to Dstwq \]/  phenomenon catalysis can be
understood as an acce]er&tipn o | ynamically feasible reaction
through the presence F}qﬂhsgnceﬂcata‘lyst which itself is

-~ no mnw this chemical action.

s obvi that a catalyst which
; f 3 revhq§1hle reaction must also
: The definition of catalysis
according to Ostwald uge: }f s ly\upnn the rate increasing

neither essentiall:
Further from ther

increases rate of

¥e351h1e reaction.

controls the di ‘ () emi within the framework

of thermodynamic rEjes. — tj

1.3 Fuucno@ycg‘lq Y] EJW?WEJ’]ﬂi
“hestraniy mm&l BN AL abave, 't

role of cata]yst on activation energy was explained. The activation

energy is the critical energy that reactant molecules must posses to
enable the reaction to take place. This is usually depicted as shown
in Fig. 1-1 [1], where the potential energy is plotted against the
reaction coordinate. Between the average potential energies of
reactants and products, an energy barrier ex1st§ which can only be

overcome by a small fraction of reactant molecules for which the total



collision energy exceeds the activation energy.

The function of the catalyst is to decrease the activation
energy barrier for a certain reaction, thus the rate of that reaction
is increased because a larger fraction of reactant collisions

accelerates product formation,
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Fig. 1-1 Petes "f] 3f;f:  ﬁ”£i or a catalyzed

and uncatalyze

Catalytic frstems can h divided into three distinct

“‘*““‘"‘“'ﬂﬂﬂ’él ‘l’lﬂ‘ﬂ'ﬁ“ﬂﬂ’]ﬂ‘i
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b1ochem1cn1 reactions,

- homogeneous catalysis, where reactants and catalysts are

presented in the same phase, and

- heterogeneous catalysis, where reactants and catalysts are

presented in the different phases.




Among these catalytic systems, heterogeneous catalytic
reactions are the most important reaction in chemical conversions.
In order to understand in more detail the advantages and disadvantages
of heterogeneous catalytic reactions, the different catalytic systems
will be presented. There are three features which determine
predominantly the -suitabiiity-of catalysts in chemical reactions:
activity, selectivity and stability. Differences in catalytic

systems give the large dtff&lﬁ\‘t’?//’l these characteristic features.

1.4.1 Enzynm catalys __.—-f

| —— T ————

fﬂ . "‘-‘-:.-"'h
Enzymes u/ . | The m}f\h‘iking feature of these

ib ﬁ'-. ﬁ::r ‘ﬁ.l; chemical reactions in
e’pé*&%' electivity and activity. The
in En_l : cific binding sites which
' rooves— which complement

living systems,
catalytically ac

the shapes of react (¢ §s}; a s erted by this enzyme. Thus,
besides the principle ‘nf Tﬁ& y olecular shape also plays an
important role in hinchemfﬂErq s; this is also responsible for
high se]ectwitﬂ of these rei%ﬁnns _.‘.h{ high rate of enzyme-
on is achie h ormative adaptability of
the enzyme to ea? of the in

are transformed into products.

QIJ‘ELEJ ’:jlq Huiwsﬂa ﬂﬁ- respect to their
chemical natures but accordifig to theircatal . The main
wr R SO BOHD T+ I PPt rvrnre

like p§n1c1111ns. streptomicins and vitamins like riboflavins, etec.

steﬂ through which reactants

Other important future areas are the production of protein for solving
food problems, the treatment of industrial and urban waste, the
replacement of less selective catalysts in heterogeneous or
homogeneous catalytic reaction systems by highly selective enzymes
which have been immobilized in insoluble polymers or in membranes or

gels, and the storage and transformation of energy.



1.4.2 Homogeneous catalysis

In homogeneous catalytic reactions, the catalysts and
reactants are presented in one phase and, from the engineering view
point, a major disadvantage of this reaction arises from the
difficulty in separating products from the catalyst; this is a
particular problem in large-scale conversions with open reaction

systems.  Homogeneous catalyt ctions are classified according to

the type of catalytically act .  The homogeneous catalytic
reactions are used nq& in abeli jor dindustrial processes,
some typical examples F : Tw -1 [1] and in numerous
small-scale reaction \ \

- | ‘:\
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Table 1-1  Typic st S0US ,‘a’ﬁlytic reactions.
Reaction
Reactants conditi-
ons
Ziegler-Natta
process
CHa-tH: polyethylene 10-160 atm,
130-270°C
chcﬂ'ﬂz ----- - .l..-_l..-:.::‘ n ene 20-40 atm,
0 ' “50-85°C
Wacker process | ' ﬂj
:stcnz+n Pdc1zftut12fﬂtl tH CHO 4 atm,
120-1300°C
Mumwmwmm
CHy=CH,+C0+H3 ! Co,(CO0)g :u CH,CHO 100~ %?qu“'
-170
‘?«FW”I‘MTT‘EEN \ ‘W]’?fﬂ\ﬁ‘] e
I:H 0H+EL’I Ith'la.fEH EH3I‘.'.'IJIJH 30-40 atm,
lao09cC
OH
C.H + air Co(0Ac) UD+ O 10-15 atm,
6712 e 125-1630¢
O CO0H
ArCH, + air Co(II) salt E::r 2-3 atm
3 : 120-1300¢
p-iylene + air Co{DAc),/Mn(DAc},/4a3r terephthalic 15 atm,

acid 2259¢




Further developments in homogeneous catalysis are concerned

with the demands of chemical and energy transformation-industries and

on the other hand, with continuous research for more active and more
selective catalysts and the combination of advantages in different
cataiytic systems. Thus, the feedstock basis for the application of
homogeneous catalytic conversions changed in the past from acetylene

to olefins and synthetic gu\‘

if / also incorporate in the future

4 ﬁéﬁeci n 5istems. in which fluid

‘reactions than in homogeneous

ire. For example, the

for pen i1T4n 1 tionds 25% and above 26% a

optimum temperatur
deactivation of the .enzyme systemy Penicillium chrysogenum, is

obaerves 1] )Y V]EJV]‘E‘WEJ'Wﬂ'ﬁ
’QSWQ ORI TN B e

natures into metals, semiconductors, insulators and solid acids.
Table 1-3 shows the classification of heterogeneous catalysts [2].
Heterogeneous catalytic reaction systems are preferred for large-scale
industrial conversions. The four basic reactor types for performing
heterogeneous catalytic reactions are the fixed bed reactor, the

fluidized bed reactor, the trickle bed reactor and the slurry reactor



Table 1-2

Industrial heterogeneous catalytic processes.

Processes/
Reactants

Catalyst

Products

Reaction
conditions

Petroleus
refin
processes
Catalytic re-
forming/naphtha

Hydrodesul furi-
ration/petrole-
um fractions

Catalytie
cracking
large petroleus
molecules

Petrochemical

processes

ethylene, ﬂz
HIC-CHI,HGI.GI

benzene, ﬂ:

* Inorganic che-
mical pro-

cesses
Ny W,

“:- ':
co, W,

Pt}llf!laﬂa-ci
sulfided
cn-ﬂﬂfillna or

sulfided Q\\.

Ni-W/A1,0

Zeal mfm-é
T —

naphtha with
increased oc-
tane number

sulfur-free

..

9

15-30 bar,
470-510°

30-200 bar,
300-430%C

__#
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Table 1-3 Classification of ébeterogenengs cata'lysts.

TEAETH ¢

Metals q

Semsiconductors

Insulators

Solid acids

dehydrogenation
hydrogenolysis
fsomerization
cyclization

oxidation

dehydrogenation
desulfurization
denitrogenation

dehydration

polymerization
cracking
isomerization
alkylation

x
Pt, Pd, Fe, Ni

N0, 20, MaO,,
C rzﬂ‘; | tzni'“ﬂ u: »
HSI. Ais, CoS, HUSI

A1,0,, $i0,, Ng0

zealites
amorphous Siﬁz-ltzﬂz
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as shown in Fig. 1-2 [1]. In such systems, mass and energy fluxes are
coupled with chemical reactions which occur on the active centers of
the catalyst surface. Hence, a kinetic analysis of these systems must
include the concurrence of rates of surface reactions, the adsorption
and desorption rates of reactant molecules on active sites at surface,
and the rate of physical and mass energy transport processes.

Fig. 1-2 Industrial reactors for performing

heterogeneous catalytic reaction.



Usually with isothermal reaction systems, the following steps
are considered :

1. Diffusion of reactants from the bulk fluid to external
surface of catalyst particle

2. Diffusion of reactants to pores.

3. Adsorption of reactants on surface of solid catalyst.

4, Surface reaction.
5. Desorption of m:ﬂ*w
6. Diffusion nf@&s res,

7. Diffusion.of prod Tt orna) surface of catalyst
h

particl ’ \
Solid catalysts, chem ¢e§'l\reqtt1ans, must usually be

activated to displa fre i 'ti);\'nnd selectivity; the actual

activity and sele€tiy ﬁtians depends not only
he total history of catalyst

on this activation

phenomenon to enzyme 11!&%‘&"{? 'is catalyst deactivation. This,
however, usua]l,yf;ma.m. to establis I"-—_--.- ain desired activity
and selectivity/but to determine ong=term stability of a
catalyst. One uf‘i}he aims in investigating the characteristics of

solid catalysts is Eo&ind catalysts,with long-term stability or find

procedures a?zj';iﬂ F}%ﬂﬂﬁ% E}ﬂf%‘and selectivity of

solid cat ter some degree of deactivation. Catalyst
deactivation is caused either’ hange§™in catalyst structure due to
WAL R Tabe 3V (E) A 4ta) Y e
reactant feed, or by side or following reactions during reactant
conversion.

In order to preserve the catalysts without additional
separation procedures, the majority of large-scale processes in the
chemical industry are based on heterogeneous catalytic reactions. The
improvement of existing or the introduction of new processes is mostly
a result of developing new catalysts or modifying existing ones,
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1.5 LAYER SILICATE CLAY MINERALS.

Layer lattice silicates commonly found in natural clay
minerals are composed of silicate sheets which are stacked one above
the other. In the swelling clay minerals, the silicate sheets have
negative charges due to their chemical compositions and alkali or
alkaline earth metal ions, usua11y Na* or Cat » are interlamellarly
incorporated into the strue Inl counterbalance the negative
charges. Metal ions 1ﬂ.__§ sueﬂin 1att1ce silicate are easily
exchangable with anmﬂ catlionsy —ﬂeu}udmg organic and inorganic
sHangad methh hey can be replaced even
tionic metal chelate complex, because the

cations by a simpl:
with bulky cation

Smectite clay mingrals h@er‘ lattice structures in which
two dimensional oxyanions are sepa@@by layers of hydrated cations.
Fig. 1-3 [5] is. ﬂke schematical jl]u;imtjmfjf oxygen framework of
layer lattice sti'JEIture which .abl
by Toraya et.al [6]. The oxygen atoms defined upper and lower sheets
of tetrahedral sites/and a central gheet of octahedral sites. The 2:1

rtation. by Akl 550 ST Fiots within » Tr

allows the sméctite clays to E,e chss-:fted as listed fn Table 1-1 [5]

il e 1V R 2 pei

groups, the substitution of octahedral A1+ by th or Fe?* gives
each silicate layer a net negative charge. This negative charge is

crystallographically

usually compensated by Na* and Calt together with small amount of K
and ng+. Hectorite and laponite, which is a synthesis clay within
the same chemical formula as hectorite, the substitution of ng+ by
Lit occurs in the octahedral sheet. But for beidellite and saponite,
the substitution of Si%+ by A13* occurs in the tetrahedral sheet,



' fi”r‘? I'I ‘qu“‘?@__

6 \‘ ,f“\- |

Fig. 1-3
(0)Oxygen até

octahed »‘

mectite clay mineral,

Silicon and some-

1

e 14 ABMIAGN THYANS roctutearat

trioctahedral

2s]) phyllosilicates. each form a the cations

1o 3 60 1 SEOHA) 1184 4 v

parentheses occupy tetrahed

sites,

Hineral group Disc=anearal Trioctanedral

Pyrophyllite-cale Pyroony i ite: [a1, JU56,00, 000K], Tale:] MEHSI lﬂH{D‘HI‘

Smectites sgntmorillond te: H'F"_,uiggu STt Mectarite: n':';n ﬂl““ﬁ L1, J056 0 NS
Ieidelltres il on (a0 T0S1, a3 10 toH!, Sagonize: 1:“ Iy 00Hg TU51, AT b0, loH],
Noatronite: 1"’" e THROIFe TUS1, AT M., oMY,

MWicas Muscovite:k m']:sn‘uzm“;un- Phlosonite: r[*‘l;ll!i‘ilzluniﬂlli

-l-

* In this aineral some framewerk hyaronyls sre reslaced 33 fleoride lon,
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The layer charge in octahedrally charged smectites is
distributed overall oxygens in the framework. These smectite tend to
be randomly stacked with respect to in-plane a and b axes of
adjointing layers. Negative charge on layer of tetrahedrally charged
smectites is more localized and these derivatives tend to exhibit
three dimensional aggregation[7-8]. Smectite clays have a combination
of cation exchange, intercalation and swelling properties, which make

them unique. The cation e;k pacxty is fundamental to the
intercalation and swel l%pr us. compensating cations on

the interlamellar 5u;mf sﬂmctﬁ:ﬁn be replaced with almost

any desired cation

Layer latti
industries as a cr
octane value. How
investigated extensively ﬁigggAR
synthetic silica-alu |
the layer lattice sili atéiﬁaé befr—_ largely on preparation of
new catalytic materials py u_tﬂimthe intercalation phenomenon.
Brindley and h1s.ha-uurkars[9] nnd LahutJiﬁiqlr 10] created new type
e by dehyﬁrnting s
aluminum and hydrﬂ*ﬁ ziconium catic

. Recently, interest in

of molecular si tercalates of hydroxy

Pingﬂvaia and his co-workers
[11-13] reported that intercalation of metal complexes into clay

mineral was ﬂcuﬂq %Wﬁ} ‘w Ekq;ﬁ ‘%.d showed the shape

selectivity céused by the int rluyer spacing. Thnmas and his co-

TSI T T e

reactions remarkably. Yamanaka et.al. [16-17] and Endo. et.al.
[18-19] prepared ﬁew type of molecular sieves, namely "pillar clays",
in which oxide pillars keep the silicate sheets apart and make pores
stable up to 500°C. In conclusion, special interest in a layer
lattice silicate as a catalytic mineral has been revived, because of

the ion exchange property and the expandable layer structure.



13

1.6 CATALYST PREPARATIONS.

The deposition of active components on the support is carried
out by one of these four methods : (1) precipitation, (2) adsorption,
(3) ion exchange, and (4) impregnation. Each technique has advantages
and disadvantages. Often preference for one method over another is a

E4%1!1%!&1"‘ in powder or in particle
form. Depositing acti | “/_J\e internal surface of porous
particles require‘w' aﬂtenﬂﬂﬂ-ﬂp avoid pore diffusional
limitations that uney This must be weighed
re size distribution and

matter of compromise.

against the advan
easier handling o ] _ , nts deposit in large
concentration onto ange ',_'c‘q,.'and surface properties.

In laboratory prep on onto powders is usually

shieve a reaction of

ﬁ’ﬁmwvﬂﬂmmﬁ@

- ANIDIDINUIAINEDA, .. .

considered for single oxide precipitations. Powders or particles are
slurred with an amount of salt solution sufficiently to give the
required loading. It is helpful to carry out preliminary heating or
evacuation to ensure that the pores are properly filled with solution.

The sequence of steps is shown in Fig. 1-4.



N,

L

‘%;:~. .
%a m{i\

=

Fig. 1-4  Step pr ¢ ﬁt on of the active component.

Enough alkali su\‘ﬁ'_— to cause precipitation, the

powder is then filtered or othe

alkali ions, reagent anions,

ise Separated and washed to remove

[

X'

particles. Two prt ~deposition:

(1) precipitation of sols #p bulk an pore fluid, and
@ Fﬁ%&*@ Witk PR subrbie s act. )

o

¢ o
Best r& .mﬁ ﬂ?m(umingElﬁ urface enter
into :ﬁ eaction(1.7) so that the pH of the surface region is higher

than in the bulk solution. Precipitation then occurs preferentially

and uniformly on the surface.

Rapid nucleation and growth in the bulk solution must be
avoided, since sols are then too large to enter the pores easi ly and
associate only with the outside of the particle. This is most likely
to occur in the vicinity of alkali droplets entering the solution.
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Rapid mixing is essential. Sometimes cooling, which lowers nucleation
and growth rates, is effective. At other times, boiling the solution
to introduce turbulence seems to work. Usually, mixing is no problem
in laboratory devices. Dilute alkali may be added, drop by drop, with
rapid agitation to disperse the droplets before local concentrations
become excessive. Alternatively, both the salt and alkali solution
may be added simultaneously in a controlled manner to a well-mixed
container of water. Him-{: Vj ore difficult in commercial
operations. Vessels are larger éﬁ ng of reagents takes longer

time. This 1is one u&g maw peérpieXing problems faced during

scale-up [20]. 7 . —x:-“‘

—
use urea rather tha /éntiona kali Urea dissolves in water

} control. uniform precipitation is to

; hpﬁ%t}priate amounts of urea
is added to the metal  sal f pport s u;g;;,r " and the mixture heated
with stirring. At 90 ' j_; lf.. 2 .flm:l OH groups are formed
e pores. Precipitation takes

Since hydrolysis is slow and
‘N.J-n-—

precipitation is I“PH I‘JH gruuﬁs a;e m as fast as they are
formed and the p *“‘“"??“7'“— ,.changed. Although

requiring longer tjne , this technique

place homogeneously over t?Esur

( - e1d§!very uniform products.
Loading is cuntroﬂed I:ry the time of reactmn. Scale-up also posses

no difficult HEJ ?lsj W?Wﬂ ﬁi‘! are practiced in
which alkal on i jectéd throu the hyperdermic
s;frmge 1% the turbh %:e m‘ Nﬁ:ﬁrrg w E]q a H

fter washing, the treated support is dried to remove excess
moisture from pores. This operation is not as critical as in support
preparation, since the active component is firmly anchored to the
surface. However, precautions should be taken to avoid rapid heating
that generates large internal steam pressures. Calcination decomposes
the deposited hydroxides and carbonates into staﬁ]e oxides or metals,

depending on the atmosphere. Calcination temperatures are determined

016532
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by the conditions necessary for decomposition. Side reactions also
occur, either parallel or series, between the original deposit, the
oxide, and the support. Unlike coprecipitation systems, interaction
is restricted to surface layers and may be only few atomic dimension
thick. Precipitation is the preferred deposition route for loadings
higher than 10%Z-20Z. Below this value, other techiques are usually
pract‘icagl.

1.6.2

Adsorption «is™En-gxcel _ « for depositing small
amounts.  Support Wsalt solutions adsorb
equilibrium quantita dsorption isotherms as

shown in Fig, 1-5. ‘ '-1ﬂ? es ehydrated and saturated

UNINYINT

CONGENTRATION

‘W’]ﬁ 1ASRAANENA 8.

in the appropriate solution for suitable periods. Deposition is

uniform, providing all pores are penetrated during the saturating
time. Adsorption from solutions may be either cationic or anionic
depending on the properties of surface. In general, zeolite are
strongly cationic exchanger, silica is weakly cationic adsorber,

alumina adsorbs both cations and anions weakly, magnesia is a strongly
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anionic adsorber and carbon prefers to form charge-transfer complexes
with electron donation but also weakly adsorbs cations [22]. With the
exception of zeolites, that follow a different mechanism, the

governing processes for jonic adsorption involve equilibrium reactions
of :

SOHY ¢ Ch e mpel (1.2)

ﬁ/ + (OH)™ (1.3)

\
Equilibrium is dEtJ:m the E@tiﬂn of Ct and A™ in the

solution and by p 1 }ﬁwn amounts are generally
olutions and alumina only loadings

and

S(OH)™ + A~
N

L<3\

/1y

small. For ex
up to 2%-3% are
calcination give hi

dons with intermediate
1‘;;_“5 time consuming. With
platinum and other expe
often needed. Lok
results. Supports
HPtClg, to yield desifedTevels of ad

aa.-

amount of less than 1 7 are
rsion give satisfactory
s of chloroplatinic acid,
(Ptﬁ14)2'. Washing is
3 .nvduces desorption. Drying and

; ﬁ chloroplatinic ion
decompos*ing to Jl‘eranspurt effects are
encountered when '@1!‘@ T ﬁdsgjpt‘ion of chloroplatinic
acid is so rapid th*té‘iffusion nfq_'pe solute into the pores controls

e SAE I BN T WHARG
aﬁﬁﬁ%ﬁﬂmuwwqwaﬂaﬂ

Inn exchange in catalyst preparation is very similar to ionic

not necessary, nor desirnh?;.__m g '

e

calcination are.,,)xug-gd out as usual

adsorption but involves exchange of ions other than protons. Lower
valency ions, such as Na¥, exchange with ions having higher charge,
for example H12+. according to the stoichiometric equation of :

S Nat + Niet — 5 § N2+t 4+ Nat (1.4)
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Ion exchange is useful in removing harmful agents and adding
promoters. During washing with ammonia solutions, HH4+ ions are
exchanged with impurities such as Nat to remove potential poisons.
For controlled loadings of active components or promoters, the
catalyst is saturated in excess solutions containing the exchange
ions. Loading or extent of exchange is controlled with saturating
time. Even multiple exchange i"7>551b'le.

Because of the num ‘ﬂim exchange possilibities,
this method promise ‘ L@mndﬁicaﬁun of catalytic
materials, / , \

: :;--‘::}.

1 6-4 Im i :‘ | \\\

Also Known ness", impregnation is the
simplest and most direct ej:litii . . The object is to
fill the pores wi al salt of sufficient

CoEmxpRATED o/

AU TNV

AR ﬁ\‘iﬂ‘ﬁw’ﬂmﬁa d

DRYING

IMPREGNATED PELLETS

Fig. 1-6 Steps in impregnation of the active component,
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‘Figure 1-6 shows the sequence of steps. The support, usually
in particle form, is heated or evacuated to remove pore moisture.
This is not essential but speed diffusion of the solute into the
pores. Solution, in an amount just sufficient to fill the pores and
wet the outside of the particles, is introduced. Although this may be
calculated from measured pore volumes, it is sometimes more reliably
determined with preliminary tests on aliquot samples. Drying is
necessary to crystallize. N:E @;he pore surface. If not
performed properly, t It in irregular and uneven
concentration d1strim For e ig. 1-7 demonstrates how

the rate of dry*mgﬁ ‘._Sand\y\pmfﬂes [24]. If the

Fig. 1.7 Pare,and particleyprofiles after drying.

AUEINENINEINT

rate is too slow, Evaparatinn occurs at the mtniscus which retreats

o AT AN RTINS Lo o

salt is located at the bottom of a pore or at the particle center.
When the drying rate is too fast, a temperature gradient occurs.
Vaporization deep in the pore forces solution toward the outside,
where most of the deposition takes place. The ideal situation is
when crystallization is slow enough to form uniform deposits. However
since the support exists with a distribution of pore sizes, it is

impossible to satisfy optimum condition for each. Only experiment can
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establish the best procedures, but some nonuniformity must always be
expected. When concentration profiles are desired for process
reasons, these effects may be used to good advantage [25,26].

Calcination is important in these circumstances. Crystallite
salt dissolves when the dehydrated catalyst is exposed to moist

environments and suhsaquengr-r cess drying may violate optimum
e hg salt to an oxide or metal and
essentially freezes the distributiof.” Other calcination effects, such

AU INENTNEINS
MIANITNNNING 1Y
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