CHAPTER 1ll
THEORY OF CRACKING POLYBUTENE-1

3.1 Basic Principles of Catalysis"™"

! considerations are of importance.
The first is chemical thegmodynami ‘ nd is reaction kinetics. The
imum attainable yield of products
under specified condition rinciple of thermodynamics that
changes in Gibbs free en depend only upon the initial
and final states of the s aken to move from one to the
other. The kinetic parameters, fe ficientk, ‘activati nergy E, order of reaction.
These parameters depghd gensiti lyson. he d, and the introduction of a
catalyzed pathway changes e parameters, but also their
significant. Classical kinetics*base is then really on little help, and

theoretical discussion has necessarily 10-be | on the absolute rate theory. It must

first be emphasized n ' - defipition, that a catalyst can

P

increase the rate o amics as are unanalyzed

reactions. Catalyst demasing the activation energy of a &cﬁon. This must mean that

catalyzed reacﬁn ﬁce&i&y a new and enérgetically more favorable partway.
DATTERI N TS
It is pg]ssible to divide catalytic systems into two distinct categories,
homoaew a@sﬁ ﬂ ﬁlNe&%aﬂleWﬂh’;‘eae%us catalysis,
concema with the specific chemical properties of the surface of the chosen substance.
These of course reflect the chemistry of the bulk solid, and some useful insight into the
catalytic activities of surfaces is gained from knowledge of the bulk properties of the

solid.
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Table 3.1 presents a preliminary classification of solids into group. This table
may be in part interpreted using the qualitative concept of compatibility between
catalyst, reactants, and products.

Table 3.1 Classification of heterogeneous catalysts

Class Functions mples
Metals hydrogenation . | } Ag
A
dehyd | /
hydrog ——
Semiconducting | oxidati 7 O3Cr » Bi,0,-MoO,, WS,
oxides and deh 4 | ’
sulphides desulp; 4‘*"1
Insulator oxides | de n 7y
Acids polyaferizgiofl., }HIPORI2SAA.SI07AL0,, zeolites
isomeri YA
cracking £ a0
alkylation 2= 470 <.

This table a ially good catalyst for

reaction involving hydrogen and hydmcaﬁon. This is Use these substances readily
adsorb at the - gﬁ i : i ingmore detail below, and
exceptin a feﬁﬁ Mﬂmmms ace.

| ¢ = o
» AAIMNTUUNINYIAY

For a molecule to react catalytically at a metal surface, it must first be
chemisorbed. When two molecules so react, at least one and probably both must be
chemisorbed. Chemisorption is an essential step in the preparation of a molecule for
reaction. : indeed a chemisorbed molecule sometimes resembles the product into which

it will be transformed more than does the free molecule. The effect of chemisorption can
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also be very like that of raising a molecule to its first electronically excited state; physical

adsorption on the other hand has little direct relevance to catalysis.

For metals, relationships have been sought between collective properties and
catalytic behavior. The metallic state was generally described by the simple band model
or the Pauling valence structure theory, in metal the valence shell is formed by s or d

band. The main-group elements with their s bands are typical electron donors and form

strong bonds with electron acce ulfur or oxygen; stable sulfides and

oxides are formed. These meials are t ble as catalysts. In contrast the

transition metals with thei sts. It is noted worthy that both

transntlon metals with the aid

hydrogenations and oxidatiga

Let us now descril
of the band model. Ac a collective source of electrons
and electron holes (Figufe 3 4). In a 1 he penadic table, the metals on the left have
fewer d electrons to fill theba . f energetic states, namely, the
valence band and the condt 2 electrons or position holes. The

potential energy of the electron ;1 ?«;‘ are

the Fermi level, which comresponds

to the electrochemiga "r“,mA_._,_u-_‘m_,_,  electron‘holes.

Y
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Figure 3.1 Electron density of the 3d band and work function ¢, of the transition
metals of the fourth period

The position of the Fermi level also indicates the number density of electrons in

the band model. The energy required to transport an electron from the edge of the Fermi
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level into vacuum corresponds to the work function ¢, (Figure 3.3a). For the d-block
metals, the work function is around 4 eV and therefore in the UV range. A certain
number of free levels or d-holes are available for bonding with adsorbates. The lower the
Fermi level, the stronger the adsorption. How do donors and acceptors function in the
band model. In the surface layer, the free electrons or holes allow molecules to be
bound to the surface, whereby the strength of binding depends on the position of Fermi

level. An acceptor removes electron density from the conduction band of the metal as a

work function ¢, > @, (Figure 3.3b).
ucti ;he metal, and the work function

ig 3.3C) -

result of which the Fermi level d

A donor donates electrons to

.¢o' ‘

-
-

‘f;.—_f )

Figure 3.2 Accml‘or and donor function accordingm the band model
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influenced by the occupational density of the electrons in this band. In many cases a
direct relationship has been found between the catalytic activity of transition metals and
the electronic properties of the unfilled d bands. This is shown by the general trend of
the rate of adsorption along the transition metal rows. For molecular species strong
binding is observed on the left-hand side of a row. For molecular species it was found

that the rate of dissociative adsorption on the nobel metals increases from right to left as



a function of the d-band occupation. Besides the electron occupation of the d bands,
another description can be used for obtaining correlations, namely, the valence bond
theory of metals. The bonding in transition metal is partially due to unpaired electrons in
bonding d orbitals. The contribution of these d electrons to the valence bonding was
termed "percentage d character” of the metallic bonding by Pauling, who made a
distinction between three types of d orbitals in transition metals :

lentd s p hybrid bonds

Most catalyst are ely divided metal siipported on a carrier such as

alumina or silica, or a plex, either on a carrier or

3

unsupported. Metal-sulfi ed fitst as the oxide and then treated
with hydrogen sulfide or anoth®r sutiur competind in the presence of hydrogen to

convert it to the sulfide. Either of twa pcesses, generally termed the

precipitation meth’ _
catalysts. The first invﬁes '
suspensions of material, ‘causmg precnputatlon this is followed by filtration, washing,

drying, formmﬁﬂrﬁ.ﬂ% ﬁ;ﬂ\ﬂ ﬁ“w ﬁﬁtatmn is occasionally

used, but it mayinot provide the de?ree of mhmate contact between species that is

usuallqj gﬂﬂsﬂ]s? ﬁ)lﬂ to provide
homoge an compo formatlon y therma usion and solid-state reaction, but

this usually causes an undesired degree of sintering and consequent loss of surface

O monly used for making

i n%)f two or more solutions or

area. Sometimes the desired degree of mixing can be achieved by kneading.

If a camrier is to be incorporated in the final catalyst, the original precipitation is
usually carried out in the presence of a suspension of the finely divided support, or a

compound or suspension that will eventually be converted to the support may be initially



present in solution. The final size and shape of the catalyst particles are determined by
the forming process, which may also affect pore size and pore -size distribution. Larger
pores can be introduced into a catalyst by incorporating into the mixture 5 to 15 percent
of wood flour, cellulose, starch or other material that can subsequently be bumed out.
Final catalyst material rejected for chemical or physical reasons may in some cases by
recycled without harm to product specifications by powdering it and incorporating it into

the catalyst mixture. Such incorporation, however, may change the pore size distribution

of the final catalyst. With a gelatinous precipitate  ,mechanical manipulation may have a
significant effect on the ulti e S stabulien. After it is dried and formed, the
precursor catalyst is activa at isit is into its active form through
physical and chemical ch heatmg to cause calcination or
decomposition, followed & is desired. In some cases a
supported metal catalyst is arried out in the plant reactor
rather than by the cai@ pon shipping and reactor
loading. Some advantagés @f iie précipitation methad ‘are that it generally provides
more uniform mixing on i) jous catalyst ingredients, the
distribution of active specigs { _i_._,tt'ig fi atalyst particle is uniform, and the

ultimate sizes and shapes are-@?ﬁii
£

i forms in which desired carriers are

available.

 — X
Also more conm may be available over pore sinﬂnd pore size distribution. If
precipitate at sly, thus affecting the
final structure of the solid. Both thefultimate physigal and chemical structure of the

m@mma seinbet 116 oH o | el ) whion case

precipita%on is carried out continuously in a well-mixes vessel with careful control of pH.

Impregnation is the easiest method of making a catalyst. A carrier, usually porous, is
contacted with a solution, usually aqueous, of one or more suitable metallic compounds.
The carrier is then dried, and the catalyst is activated as in the case of precipitated
catalysts. The size and shape of the catalyst particles are that of the carrier. The

impregnation technique requires less equipment since the filtering and forming steps
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are eliminated and washing may not be needed. It is the preferred process in preparing
supported noble metal catalysts, for which it is usually economically desirable to spread
out the metal in as finely divided a form as possible. The noble metal is usually present
in the order of 1 wt% or less of the total. This makes maximum use of a very expensive
ingredient; in a precipitated catalyst some of the active ingredient may be enclosed by

other material present and thus unavailable for reaction.

2 —

3.3.1.1 Prec
In a co y . da \
u ¢l

solution is contacted with
an aqueous alkali, carbonate, to case the
precipitation of an in ate. These can be readily
converted to oxides by h unds are generally chosen because
of their availability and hig pr-solubility;s in'Some cases to avoid introducing
elements that may be deleten‘g: : t or that may cause difficulties in
subsequent processing so and important factor.
NO, from nitrates mu _ : 1'. ith aqueous alkali; many
heavy metals are mogor less toxiC and cannot be sim)ly discharged. If the final
catalystis to be a supporédmetal. sulfate mdybe undesirable, since it can be reduced

toa sufid, w.f% 4 &bl Yl ifibic) e mist e sat s often

preferred because it usually is highly svater soluble generally available; and cheap, but
w0, A AR B 320 Y b ey e
used, aﬂhough these are rﬁofe 'exbensive and organic fraéments from their
decomposition on heating may adsorb on the catalyst to cause partial inactivation. Also,
the average ultimate metal particle size may be considerably different if it is formed by
decomposition of a compound rather than by reduction of an oxide. Sulfates and
chlorides are generally water-soluble, but the anions must usually be removed by

washing, and disposal of waste water may be problem. A preferred base is usually
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ammonium hydroxide since it leaves no cation residue, but it may complex with some

metals and keep them in solution.

If a relatively crystalline precipitate is formed, the size of crystals may
affect the ultimate particle size of a supported metal catalyst. Thus, fine crystals may be
desired to produce high surface area of a supported metal catalyst, but crystals that are
too fine may be difficult to filter. The siz of such crystals may be controlled by a variety

of techniques. In a multi componerit catalys /: als may be smaller if the metals are

atet ﬁence. Crystal size may also be
..,J
: nce%mucleation and the degree of

nefcipitated iSaliowed to stand for a period, can

truly coprecipitated rather
affected by temperature 2
supersaturating. Ripenin i
allow for re-crystallizatiog irphous particles dissolve and

crystalline particles grow. Ji grecipitate to a more crystalline

Silicic acidéand'a numberofimets ‘ ides, e.g., those of aluminum,
ik

and filterable solid.

=
iron, and titanium, form gelalifou§Coilaids, th 1ake them extremely difficult to filter

or to purify by washing. Such geis m »., 'be ¢o: ed by electrolytes, but the process of
) " ‘_gt:{f g

washing to remove giéctrolyte impuntie s may cause them 46 re-disperse into colloidal
————— \L.‘

solution, termed V« ' be washed with dilute
hydrochloric acid, or & aIummum hydroxide gel with ameous ammonium nitrate, to

maintain an |o m ﬂrﬁ%ﬁﬁk}i e additives can be
subsequently h hﬂ urities, which may be

difficult to remove by washing. The pbssibility of reastion between casfier and reagents

shou.dﬂsa&’]@ﬁﬂﬁm Ikl ok g Jf daang ray react wit

3.3.1.2 Forming operations

The nature of the forming operations is determined by a balance among

several factors, including rheological properties of the mixture, and the necessity to
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achieve satisfactory strength, an open-pore structure, and high activity in the ultimate
catalyst, in addition to economics. Relatively hard materials, which typically have high
melting points, cannot be made into pellets without suitable additives. Operations
causing an increase in crushing strength usually also decrease pore volume and
average pore size, and hence may cause diffusion limitations. Typically, commercial

catalysts have a void fraction of about 0.5 cm’ of voids per cubic centimeter of porous

Cagw///
AN

that have been previot

pellet.

O eliminate extraneous material
' ,,;{ unstable anions and cations
he final catalyst. Second, a
substantially elevated i ase the strength of the final
pellet or extruded by ive sintering will reduce the
catalyst activity by reduci S0 cause diffusion limitations by
reduction of pore size, so 2 'E;_,J -A_ @ metallic catalyst is the ultimate
goal, conversion to the oxide m s ;“ A' pught prior to reduction. If a complex

e e

catalyst is the goal, 8 § ay be required to cause

mixing by diffusion ofinc “‘ pound or crystal phase.
In any event, the catal)m should be heated under contnollm conditions to a temperature
at least as high Es will e €ncountered in t ilant reactor to removed bound water,

carbon dioxide, tu mmrﬂm ﬂ ’]ﬂﬁm extent in the plant,

they may cause structural weakness ih pellets, leading to breakup, dusting, and so on,

el s P BAHheto e

For small production runs, conventional batch-type multi tray dryers and
calciners are common, but labor costs are high. For larger production runs, a
continuous rotary, kiln may be used. More precise temperature control is achievable
with a continuous tunnel kiln. This may be heated electrically with numerous zones so

that temperature rise can be programmed. Trays may be fastened onto a stainless steel
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mesh belt and automatically loaded and dumped, or trays may be placed and removed

manually.

Upon heating pellets in a tray calciner, an exothermic reaction may
develop that can lead to excessively high temperature locally, affecting the catalyst
adversely. The effect can stem form an exothermic decomposition reaction, as in the

thermal decomposition of an ammonium copper chromate to form a "copper chromite”

catalyst or by reactions among pe such as that between a metal nitrate
and organic admixtures suc r stearates. Combustion in air of
these organic substance naining org@may also occur. The effect is
most pronounced with thic paliets fre h heat generated internally cannot

easily escape. It may be G U : of heat up or using thinner

layers of pellets, although jiifmay pege f., s laye in as inch or so.

Most commg y; reduction of the oxide at an
elevated temperature by contra ) guhydrogen or hydrogen diluted with

nitrogen, the latter _‘-E

excess of hydrogen may be
<1
required to sweep awdy no-high a concentration, water

vapor may accelerateme sintenng of an oxide, and it cm also retard the rate of the

reduction reachcT by fonﬁﬁa ﬁdgjxylﬁed“s_mfw E] ’] ﬂ ‘j

me metal compoungds can be reduced by chemical geagents, such as
fomale o} o] & el ol fesd i gl nbre expensive
Alteman;y, the metal may be formed by decomposition of an organic compound, as by
decomposition of nickel formate to yield deposited nickel. In this case, however, organic
fragments may become adsorbed onto the metallic catalyst, possibly giving rise to
considerably different properties than that of a catalyst reduced in hydrogen. Moreover,
the ultimate metal particle size is determined by the sintering characteristics of the metal

produced, whereas in oxide reduction, particle size may be determined in part, in a
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rather complicated way, by the formation of metal nuclei and their growth from the oxide

particles.

3.3.2 Impregnation

Two methods of contacting may be distinguished. The support is

sometimes dipped into an excess qu lution, whereupon the uptake is the sum

of solution occluded in the por d on the pore surfaces. If two or
more compounds are pres ; on the support surface in a
ratio different from fha , | SO poneentrations also change with
continued contacting. 7 1st take these effects into account.
Moreover, material ma \' the treating solution. More
precise control is achieyed z 7. 4 ned dn impregnation, or impregnation to
incipient wetness, whic Nmoniy- use i stially. A batch of the support is
tumbled and sprayed with#e IMI 'I appropriate Goncentration, corresponding in
quantity to the total known sotume of'fhe sup port, or slightly less. This allows

accurate control of the amount o i redient that will be incorporated into the

"_,‘..‘i"i M i 2
catalyst, but the maxignumle le i 8 impregnation is limited by the
solubility of the reageéntiThe resulfing caial ﬁ ied and calcined.
j y
Ina few , the active mg@nent may be fixed inside the catalyst by

immersing meﬂpﬁw%ﬁd %a‘gerw E‘J‘% ﬁ%a’uon to occur. Oxide

supports such &8 alumina and silica ?re readily wet by aqueous solutjons as are most
=R AT AN AR =
then ensure that liquid is sucked into the entire porous structure. Because of capillary
pressure, even pores closed at on end are nearly filled, and the solution of gas in the
liquid assists the process. If the support is not readily wetted, e.g., a carbon that is
highly graphitized or without chemisorbed oxygen, an organic solvent may be used or
the support may be impregnated under vacuum. These procedures are somewhat more

costly to use in the plant than incipient impregnation.



3.3.2.1 Distribution through pellet

Most metal reagents are adsorbed to varying degrees on most
supports, but the characteristics of the process are complicated since various types of
adsorption are possible. Silica and zeolites are acidic and adsorb cations. Alumina is

amphoteric. Titania is also amphoteric, but more acidic than alumina. For these

adsorbents the relative adsorption of catic nions can be controlled by adjusting
pH. Metal ions may be caho - Char ce containing hydroxyl groups or

containing alkali or alkaw w held by coordination. The
surface structure of the cari 5 altere ~"-\ impregnation procedure, thus

v degree of dispersion of metal
through the catalyst peliejs alsg . ., ", rplay of a large number of
factors whose relative iMpaifanee aljeg-‘_‘ ' Sircur " eS. These include the method
of impregnation, the stregfigthfof dsq % on4 he ¢ to 'which the metal compound is
present as occluded soluté'(that in {i + /‘ i in : pores) in contrast to adsorbed

species on pore walls, and the chemical reac that'occur upon heating and drying.

....... mplicated by attack on the support.

Silica gel is attacked'a nphoteric, is attacked at a pH

that is either too high o oo low. Indeed, during the impregnation of an alumina support

with an acidic | ﬁy m wed by precipitation
as the pH incr%‘eﬁ ﬁ-‘ﬁ Hjj gj:: ing a buffer. It is also
possible to control the deposition b &)mpetmve adsoerption, e.g., b ding a citrate to
AL VKL CaTK (LAl kX 1

layer ing?utIy inside a catalyst particle. Such a structure may be desired for prolongation
of catalyst life in an application in which poisons are deposited on the outside surface of
a porous catalyst support. An example is supported pIaﬁnum catalysts for oxidation of
pollutants in automobile engine exhaust. In general, use of the dipping method with a
great excess of solution should lead to an essentially uniform deposit of adsorbed

material if sufficient time is allowed for diffusion of reagent species to the interior and if
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side reactions are unimportant. If adsorption is initially non uniform and not too strong,
redistribution continues even after the pellet is removed from solution, leading to a more
uniform distribution. The dry process can also effect the distribution of an active
ingredient. The crystallite size of a resulting supported metal catalyst may also be
alerted if a considerable portion of the soluble metal is occluded rather than adsorbed.
Again, the effects are complex, and little can be said of general guidance. Initially,

evaporation occurs at the outer surface of the particle, but liquid evaporated from small

pores will be replaced by liquid pore by capillarity. The places where

crystallization begins and th etal depend on such factors as

_7.‘
: t@cleaﬁon the rate of heating,

liqui s between pores) at the time of

the initial degree of satu
connectivity (the degree q
crystallization, and the n Commercially available

concentration of metal at the

\\,

impregnated catalysts are

outside than at the center

desired.
3.4 Catalyst Support™” :

The early condept of a s ! lof jan inert substance that
provided a means 0 F d : - ‘ edient such as platinum

for its most effective me or a means of improving thﬂnechamcal strength of an
inherently weak catalyst. ﬁﬂever the camiefimha ﬂactuzjl_liI contribute catalytic activity,

depending on t%ll ‘g! mcﬂ mﬁ n;t to some extent with

other catalyst mgredlents during the #hanufacturingsprocess. It canglso help stabilize
e w@uﬁv‘}@\%ﬂﬁ bbaldedfay bedotd axlpelelotiiouders t be
impregn ed a powdered incorporated into a mixture to be precipitated, or the carrier
may itself be precipitated from solution in the manufacturing process. Some substances
such as colloidal alumina or colloidal silica may play a double role, acting as a binding
agent in catalyst manufacture and as a carrier in the ultimate product. Alumina in the Y
form is intrinsically weakly acidic, but such a substance may be a truly inert carrier for

many reactions. In other cases it can be used by itself as a catalyst, as in dehydration of



31

an alcohol. High-area carriers are sometimes loosely referred to as active carriers in

contrast to low -area inert carriers, but this usage may be misleading.

The selection of a carrier is based on its having certain desirable characteristics.

In addition to possible chemical effects certain physical properties are important:

1. Inertness to undesired reaction.

2. Desirable mechanical ding attrition resistance, hardness,

ot always, desirable).

\\\\\“

5. Porosity, inclug size distribution (high area

implies fine pqies, uch as < 2 nm, may become

plugged in€atalyst pre loading are sough).
6. Low cost.
3341 Activated

If a .}’,f naterial \Q‘F ite, wood, or petroleum

pitch is heated in th%bse ce o

: su@anoe devolatilizes, leaving
behind a porous structune‘of carbon that usua&'also contains some hydrogen. This may

then be acuvaﬂ WW@W%’G}ﬁﬁome to further open

up the pores andl increase total surfage area. The actwated carbon may contain up to
about mcm Wﬁﬂnﬁoﬂe surface as
chem:sﬁed oxygen in thf[:T of ketones, hydroxyls, or carboxylic acids. These can
cause its adsorptive properties to be considerable different than a carbon heated in

inert gas or under reducing conditions. The surface area can range up to 1,200 m2/g.

Activated carbon is a processed carbon material with a highly

developed porous structure and a large intemnal specific surface area. If you take a look
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at a cross section of an activated carbon particle, it looks like a beehive. It consists,
principally of carbon (87 to 97%) but also contains such element as hydrogen, oxygen,
sulfur and nitrogen, as well as various compounds either originating from the raw
material used in its production or generated during its manufacture. Activated carbon
has the ability to absorb various substances both from the gas and liquid phases. It is
widely used for adsorption of pollutants from gaseous and liquid steam, for recovery of
solvent and as a catalyst or catalyst suport In the nuclear industry, activated carbon is

used for adsorption of iodine and.nok _ m gaseous effluents. One of the most

important fields in terms of consumpt waste water treatment. To obtain
i q‘ “

these activated carbon “eheap and Wable raw materials for the

production of activated cark ehras wbod, peat, coconut, shell, coal.

ActivategfCarboniis u,s% o) carbonization and activation

of carbonaceous materials

LA

T

N
‘ basis for the production

The o-v: 0

of activated carbon b 1[ e steam-gas method must mee ﬂ requirements among

which the m:éj ﬁﬁﬂﬁv ﬁnﬁﬁﬁﬁ (i) high content of
elemental carbx ﬂrﬁ ni (i t strengthilof attrition. Of course,
raw materials do not meet all these’ requirementsesimultaneously @ad therefore they

ool T T EU VT VE TR E

This is one of the most important steps in the production process of
activated carbons since it is in the course of carbonization that the initial porous
structure is formed. During carbonization most of the non-carbon elements, hydrogen
and oxygen are first removed in gaseous form by pyrolytic decomposition of the starting

material, and the freed atoms of elementary carbon are grouped into organized
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crystallographic formations known as elementary graphitic crystallites. The mutual
arrangement of the crystallites is irregular, so that free interstices remain between them
and apparently as the result of deposition and decompasition of tarry substances, these
becomes filled or at least blocked by disorganized ("amorphous®) carbon. These are
three clear stages in the carbonization process: (a) loss of water in the 27-197 °C range:
(b) primary pyrolysis in the 197-497 °C range with evolution of most gases and tars with

formation of the basic structure of the char: (c) consolidation of char structure at 497-

847 °C with a very small weight | “ ',///
Th =i %w Il adsorpti
e resu ed p nly a very small adsorption

capacity. Presumably, at leg Honizatio er temperature (400-600 °C), part
of the tar remains in the pefesibgtwde \sw

with a large adsorption capaél OWEVES : uced only by activating the

nd on their surface. A carbon

carbonized material uRdey's . tivation agent (steam, carbon
-ﬂw

dioxide, etc.) reacts withfthe €agbon. + &
AN

- Activation

e two main type __-__ :')_, ated carbon:
ion ’- activating agents (ZnCl,,

Il

CaCl,, H,PO,). This .‘ .. is generally known as “"chemica

activation®.

Mﬁﬁﬂ A3
methods of m, carbon dioxide,

xygen). This method is generally kndwn as "physicabactivation

Q"mﬂ\‘lﬂim AN ENa

a) Chemical activation

The common chemicals used are dehydrating agent such as ZnCl,,
CaCl,, MgCl, and some acid such as H,PO, and H,SO,. The activated agent influences
the pyrolytic processes so that the formation of tar is restricted to minimum and the

amount of the aqueous phase in the distillate is also less than that in the normal



carbonization. The activation agent also changes the chemicals nature of the cellulose
substrate by dehydration, which decomposes the organic substances by the action of

the action of heat and prevents the formation of tar.

Chemical activated is usually carmried out at temperatures from 400-600
°C. These temperature are lower than those needed for activation with gaseous agent

(physical activation). An important factor in chemical activation is the degree

the dry starting material.
product is apparent frol

hat the wt in the carbonized material

equals the volume of pores are |freed by its_extraction. For small degree of

impregnation the increaseg f'.,,{ which increase in the

degree of impregnation is due increase \ ber of small pores. When the
degree of impregnatiof’is fd aised, the qumber ¢ ge-diameter pores increases

and the volume of the smé

b) Phy3|ca| dCUVJ !
The basic method of activating coal-based granules consists of their

o

treatment with oxi V : DX . oxygen) at elevated

b

temperatures. In the aglivation process, carbon reacts wi

mlhe oxidizing agent and the

resulting carbo ides” f e m ace. ing to the partial
gasification of ﬂﬁﬂsﬁﬁnﬂﬁo u ﬁﬁlﬁx"p inside them. The
structure of the grbonization productfconsists of a system of crystallites similar to those
of o) bprco 3 ot b e o bioks K bkl The spaces
betweenqthe neighboring crystallites constitute the primary porous structure of the
carbon. The pores of the carbonized granules are often filled with tar decomposition

products and are blocked with amorphous carbon. This amorphous carbon reacts in the

initial oxidation step, and as a result the closed pores open and new ones are formed.



In the process of further oxidation, the carbon of the elementary
crystallites enters into reaction due to which the existing pores widen. Deep oxidation
leads to a reduction in the total volume of micropores due to the buming off of the walls
between the neighboring pores, and in consequence the adsorptive properties and
mechanical strength of material decrease. In the first stage of activation, when bum-off
is of not higher than 10% (which occurs at low reaction times), this disorganized carbon
is bumt out preferentially and the closed and clogged pores between the sheets are

freed. In the course of further actival nd stage, carbon of the aromatic

sheet is bumt. When the bum-off is les: microporous activated carbon is

macropores due to 21 ‘ ing. of mi pores under fast reaction
conditions. Carbon ox us process encompassing the

transport of reagents i eir diffusion into the pores,

products, and diffusion of thesg prducts icle surface. The concentration
profile of the oxidizing agent of ie-granule Nelume. and hence the formation of the
carbon porous structute, depends s rate of the particulas steps of the process.

peratures the rate of the chemim reaction of carbon with the

This results in Q i ili gi sh n the concentration
of the oxidizing agent in the pores afid that in the daterparticle spacdes$. In such a case

te ﬂ;tfﬁ rdca Yk adhiobepdotélordab Wihga kol dskiution of the

pores throughout the whole volume of the granule, with increase of the oxidation

temperature.
The rate of the chemical reaction increases much faster than that of

diffusion, and then the overall rate of the process becomes limited by the rate of

transport of the oxidizing agent into the granule. At very high temperatures the oxidation

[ 20unk59yx



reaction rate becomes so high that the whole oxidizing agent reacts with carbon on the
external surface of the granule. In such a case significant losses of the material occur
due to superficial burn-off, and the porous structure is not formed. The rate of the
oxidation process is limited by the reactivity of the initial carbonaceous material towards
the oxidizing agent. The greater is the reactivity of the substrates, the lower the optimal

temperature of the process at which uniform formation of pores in the granule.

carbonization of the raw matenlsf ‘ wed | mperature activation, at 800-1,000
°C, of the resulting chars. | v mbmes the two stages into a
single one, while the u rably lower, 600-800 °C. This
method is preferable to'the Sidge treatment : -}-. omic point of view. During
the pyrolysis and steamfaciiVaiion of* arb i naterials the following main

processes take place:

® Oxidation-thermalyt : NS of the carbon material leading to
the accumulation of pxygen containing | groups.

o A'then 0 . ithe decomposition of the

oxygen-containing group accompanied by the formation of'carbon oxides and water.

Eper peoﬂgne water molecur]s Ed openlng up of the
'"'“a“yffﬁﬁea"ﬁ“ﬁ%tﬁﬂaﬂ“r?'rrﬂ 188

3.3.1.2 Molecular, crystalline and porous structure of activated carbon

The graphite-like microcrystalline structure is the basic structural unit of
activated carbon, as in the case of carbon black. The ordering of carbon atoms in an
elementary microcrystallite indicates considerable similarity to the structure of pure

graphite, the crystals of which consist of parallel layers of condensed regular hexagonal
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ring space 0.335 nm. apart. Such interlayer spacing is diagnostic of interaction by
means of Van Der Waals forces. The length of the carbon-carbon bond in individual
layers is 0.142 nm. Each carbon atom bonds with the three adjoining ones by means of
covalent bonds, and the fourth delocalized Tt-electron may move freely in a system of
conjugated double bonds of condensed aromatic ring. The scheme of arrangement of
the carbon atoms in crystal of graphite. The formation of the crystalline structure of
activated carbon begins early during the carbonization process of the starting material.

Then sets a condensed aromatic ¢ing i mbers, which are the nascent center
of graphite-like microcrystalli & their structure resembles that of a
crystal of graphite there

things, the interlayer dw /' .

from 0.34 to 0.35 nm. Again, 1€

structure Thus, among other
' ‘-"'-"i of activated carbon and range

tlve layers generally display
deviations. Such deviatignS ifog ‘ féring .\ I'IStIC of graphite, called a

turbostratic structure. Biso 4hei,e stal lattice may be caused to a considerable

degree both by its defects” (vaca tc’:i tice and by the presence of built-in
heteroatoms. It is resulted ffom ew}#‘ raw matenal used, the nature and quantity
of its impurities as well as : ons of the production processes of
the active carbon. The average aotiy bons.have a strongly developed intemal
structure (the speci " e 1000 an metines even 1500 mzlg), and
they are usually chara e 2 é- ucture, featuring pores of

| i
different shapes and s l es. Bearing in mind the values of the effective radii and the

:::r:::; 'of ﬁﬁiﬁﬂﬂ ?W ﬁlﬁlypes of pore, namely
QR0 U UBAINE VA

volume is not entirely filled with adsorbate via the mechanism of capillary condensation
(it may occur only for a relative pressure of adsorbate of nearly one). The volumes of
macropores are usually in the range 0.2-0.8 cm3/g and the maximum of volume
distribution curves according to the radii are usually in the range 500-2000 nm. The
values of their specific surface area not exceeding 0.5 mzlg are negligibly small when

compared with the surface of the remaining type of pore. Consequently macropores are



most of great important in the process of adsorption as they merely act as transport
arteries rendering the internal parts of the carbon grains as accessible to the particles of

adsorbate.

Mesopores, also known as transitional pores, have effective radii falling
in the range of 1.5-1.6 nm to 100-200 nm. The process of filling their volume with

adsorbate take place via the mechanism of capillary condensation. For average

e of adsorbed molecules.
and for average activated
carbons their volumes us stwe - 12-0.6 ¢ . The energy of adsorption in

micropores is substantially gre sofption in mesopores or at the non

porous surface, which cause ;’é?' , g ease of adsorption capacity for small

equilibrium pressure-lof adsorbate. In micropores, ac ption proceeds via the
e -

N

e.g. two overlapping micropo u structure: firstly one for

effective pore ﬁu small!’rﬂa ﬁ'ﬁ .7 nm Hﬁﬁd ﬁﬁmlcmpones and the

secondly one buﬂlga ’]1 supermicropores.
’Q ma%@mmm NINY

The chemical nature of activated carbons significantly influences their

mechanism of volu V

n

have a complex natus€

icroporous structure may

adsorptive, electrochemical, catalytic, acid-base, redox, hydrophilic-hydrophobic, and
other properties. It is determined decisively by type, quantity and bonding of various
heteroatoms, especially oxygen. Heteroatoms may be combined both with peripheral
carbon atoms at the comers and edges of crystallites and in intercrystalline spaces and
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even in defect zones of particular planes constituting the crystallites. Most heteroatoms
are grouped at the surface of activated. Apart from their different locations, the
heterotoms are strongly differentiated in terms of their chemical reactivity. Surface-
bound heteroatoms are believed to adopt the character of the functional groups typical
for aromatic compounds. The surface functional groups often consist of more than one
type of heteroatom, e.g. oxygen and hydrogen together as -OH or -COOH. Surface

functional groups can originate from the starting material from which a particular

activated carbon is produced. ’ ,/o/—/-/./"

Qbe introduced during the

production process itse agti :.%:@. donaceous materials by oxidizing
gases, such as water vapg &

purposes generally inCludes eight of chemically-bond oxygen
and usually much s er guantity. yd 1icomk \ ith surface carbon atoms

either directly or throug

3.3.1.4 Estimation @gf.the prope activated carbon

€ G é"“"‘_‘f’f“ TR OUNNPSOP, 4y r transport, storage and

A

these properties are apmoved by the members of the activated carbons sector group of
the European ﬂ)ﬁ i anufactures’ F ion_(CEFIC). The tests require
highly process{a;l tﬁsﬁﬁﬁﬁm ﬁf the testing methods
have been deve?c'lped and by approvéd such organizations as the Ameérican Society for
Tesing alria] (ST 1) Arbdichd et Wl Pbsob@bet Jawwun, e
Deutsche‘s Institute for Normung e.V. (DIN), or the Intemational Organization for
Standardization (1SO).

sales require knowle V e methods for estimating
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- B.E.T. Surface area

To measure total surface area, nonspecific physical adsorption is
required, but even with physical adsorption the isotherm varies somewhat with the
nature of the adsorbent (the solid). Most physical adsorption isotherms may be grouped
into five types, as originally proposed by Frunauer, Deming, Deming and Teller (BDDT).

More recently, the grouping has generally been termed the Bruneuer, Emmett, and

Teller (BET) classification. In all . nt of vapor adsorbed increase as its

’-Jnt equivalent to a monolayer, but

tua&o a condensed phase as the

- Bul < density is as the mass per unit volume

partial pressure is increas
then increasing to a multi

relative pressure, P/Po app

of the activated ca 1 ing e \ pore system and the void
between the particles.
sizes and densities of the indi iclesis i ensable for determining the size of

unit packages.

The admpﬁon properties of activated camns are generally estimated
by determinin ﬁrﬁ; The determination of
the adsorptlogﬁ ﬁ ﬁzrﬁ Mﬁ ﬁi often insufficient for
characterizin ﬁ the adsorption rop&nes of carbefs Thus the ’iﬁlhes of activated

carvort| e e b b e e o e

adsorbates, e.g. by comparing the adsorption of fairly large molecules of methylene

for different

blue or iodine.
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- lodine adsorption. The study of the process of iodine

Adsorption and also the determination of the iodine number is a simple
and quick test for estimating the specific surface area of activated carbon. The iodine
number is defined as the number of milligrams of iodine adsorbed by 1 g of activated
carbon from an aqueous solution when the iodine concentration of the residual filtrate is

0.02 N. If the final values obtained are drl‘ferent from 0.02 N but lie in the range of 0.007-

this method it is assumed that iodine

at the equilibrium concentration of ‘ on the carbon in the from of
- J- -

monolayer, and this is the thére |sw between the iodine number

of activated carbon and its spefiie’ sutfac L.may determined, for example, by

arbons with highly developed
microporous structures as detafr . d by the | 16 \ ‘method are too low. This is
because iodine is adsofbed/Ehiéf e surface of pares much larger than 1 nm, while
@ proportion of vary fine pores

- Methylene blue ﬁ ﬂ_,
.- )
The V i f the adsorption capacity

ﬂ 1sions to methylene blue, it

I 211 Tﬁ@ﬁﬁiﬁ ;i
Q ma.éammww e ﬂ ¢

The intemational standard used for determination of volatile matter in

of and activated carbo for molecules having similar di

hard coal and coke is also applicable to activated carbon. A sample of powdered (< 0.1
nm.) activated carbon is heated at 950 + 25 °C for 7 min + 10 s. Volatile matter content is
determined by establishing the loss in mass resulting from heating an activated carbon

sample under rigidly controlled conditions.
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- Moisture content.

A simple method of determining the water content is drying activated
carbon in a dryer. The sample of powdered (1-2 g) or granule (5-10 g) carbon is dried at
150 °C to constant weight (usually about 3 hr.). The weight loss is expressed as a
percentage of the weight of the original sample.

m§'l//

Theashco ent i »,. \\\

ted carbon varies over a wide

range, depending prima i ongt -\ e relative ash content also
increases with increase in_ifie de .-. m iy \ \. unng activation. Ash consist
mainly of oxides and in"Smallegé arbonates, and other compounds

of iron, aluminum calcigh, um, ~ iesium and many other metals.

Depending upon the type of rz rf?é : , mp different and often fairly large

quantities of silicon. The con opty-used. m moving ash is to leach activated
carbon with acids. Due to the atg‘_é‘,a ex G /% ition of ash, mixture of acids, e.g.
hydrochloric or hyd L‘g_i’ ;_____w‘__-, niding substantial quantities of

silicon. The ash coltdl ..‘ ined by ignition of the

crucible in an electric 1[ fle fumace. Ignition is conduc t 650 +25 °C for 310 16 hr.,

depending on ﬂe ﬁe ef:ﬁhted carbon_an@/dimensions of iﬁnrﬁcles, to constant
mass. The wei &Lfg Ml]m ﬂ:llﬁl e of the weight of the
original carbon sample

Q‘Wﬂﬂ\ﬂﬂiﬁu URIAINYIA Y

3.3.1.5 Uses of activated carbon

The advantage of using activated carbon is that in certain
circumstances a single stage of adsorption may replace several and physical
separations or it may permit separation of compounds of the same boiling point. As

states earlier, activated carbon are used mainly in the purification and decolorization of
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liquids and as such are used mostly in powder foorm and derived from cellulose raw
materials (about 85% of total use). Some the advantages of using activated carbon are
listed below:

Dry cleaning solvent. With the increase in dry cleaning in recent years,
particularly in coin-operated machines, the need has arisen for convenient on the spot

method of purifying the solvent which with the passage of time because contaminated

obnoxious odors to the cleanin

distillation of the solvents o carbon has-proved to be effective in decolorizing

Sugar. decolorization but it also

removes nitrogenous doing so it improves filtration,
reduces foaming during#e i 5@ the speed of crystallization. When
saturated the carbon is n ating in steam and air at a red

heat.

e 10 destroy bacteria but this

can at times impart ‘E{ e
has reacted with mic,gorganism o

I.arked when the chiorine
d" with phenol. T@ bad taste becomes very
noticeable when the supplying river is at a low/level but it can be removed by treating

the water with B pbE b P 8 I eoeddolmgiet pariculsry f the

cost of acnvated%arbon can be reduged.

ARIANN TN UAIINYQ Y

Tyres. It has been found that white wall tyres retain their whiteness better
if activated carbon is incorporated in the reinforcing carbon black.

Pharmaceuticals. Activated carbon has the property of concentrating the
active component from a broth. The desire component can be recovered from the

carbon by solvents. Penicillin was the first to be treated on a large scale by this method.



With the increasing emphasis being placed on pollution by effluents it would seem that

activated carbon may play an important part in reducing this problem.

Foodstuffs. Here activated carbons are used to remove soaps
and peroxides from edible fats to prevent poisoning of hydrogenation catalysts. They
also improve color and flavor, e.g. in soup stocks and vinegar, and improve the storage

properties of freshly distilled whisky.

Gas phase the following properties : (i) high

absorptive capacity; (ii) # tivity in the presence of water
vapor; (iv) low flow resistz ge (vi) complete release of

vapor at increased temperza

3.4 Mechanism of (

3.4.1 Thermal |

acking one hydrogen atom on
carbon atom in the ecies which cracked by a

B-scission mechanismﬂ

P 54 S A s oo

hydrocarbon is Rice free radical theo;y as modified by Kossiakoff and Rick. This will be

SRR TN TR

The nomal paraffin molecule loses a hydrogen atom by collision and
reaction with a small free hydrocarbon radical or a free hydrogen atom, thereby
becoming a free radical itself. This radical may immediately crack or may undergo
radical isomerization prior to cracking. Radical isomerization presumably occurs through
a coiled configuration of a single radical, in which the hydrogen donor and acceptor

carbon atom much closely approach each other. Radical isomerization is a change of
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the position of hydrogen atom, usually to yield a more stable radical in order of tertiary >

secondary > primary free radical.

Cracking of either the original or isomerized radical then takes place at a
carbon-carbon bond located in the B position to the carbon atom lacking one hydrogen
atom. Cracking at the B position gives directly an alpha olefin and a primary radical

(lacking one hydrogen atom on primary carbon atom); in this step no change of position

of any hydrogen atom with res

The prim ived fromethissstep many immediately recrack at
the B bone to give ethylene : mary. rat or it may first isomerize. In the

absence of radical isomg als are derived from cracking

reaction of normal para \ ve only ethylene as the olefin
product. Radical isomeéfizajibn feduces ,* amount, of ethylene, but it still remains the
major product. By succeg \ \ ately are reduced to methyl
or ethyl fragments. These gadigals ﬁ e \ bck molecules to produce new

free radicals and are thems€lvggiconverte -i ane or ethane. Thus, cracking is

propagated as chain reaction _ 7

PR X

of “Polyolefin cracking is as

follows: ‘“ m

ﬂumnﬂmwmm
oGl bRGLR TAUUNIIBYIA L e

2. Propagation Step
21 PBission

R,-CH,-CH,-CH,-CH,-CH,® B-fission R,-CH,-CH,-CH,® + CH,=CH,
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|
R,-CH,-CH-CH,® B - fission . R,-CH,- CH=CH,, + H®
2.2 Chain Transfer
[ ]
R,-CH,- (CH,),-CH, + H® > R,-CH- (CH,),-CH,
R® + R,®

R,-CH,-CH,® + ®CH,-C R,-CH,-CH, + CH,=CH-R,

Catalytic crackin- mportant and widely used refinery

process for converting hea ang-lighter product. Originally

cracking was acco u;, ed thermaily "’,; has almost completely
replaced thermal crac becau ) e ha L g a higher octane and less
heavy oil and unsaturated@ases are pmdu

ﬂUEJ’J‘i’IEJVI‘EWEHﬂ‘i

ajor different betw?n thermal and catalyhc crackin '3 is that reactions

S LN ULV R UL e

radical iptermediate in themal cracking. Carbonium ions are longer-lived and

accordingly more selective than free radicals.

There are two possibilities for the initial step in the catalytic cracking of
polyloefin. The most involves the simultaneous loss of a hydride ion from the polyolefin
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molecule and of a proton from the acidic catalyst surface. This produces a carbonium

ion in combination with acid anion and molecular hydrogen:

R-CH,CH,R, + HA* _____ , R-CH,CHR, + H, + A

Altematively a small amount of olefin, created by thermal cracking could

initiate the reaction:

R,-CH=CH-R, + H'A,  ——£ 'R,-CH,- CHR, + A
Chain propag eaction in which a carbonium
ion reacts with a polyole nd a carbonium ion of the

polyolefin to be cracked (

ICH3

+ Ry.C-CH,CH,R,

I
R,-CH,-'CH-R, + R;-CH-@F

KEadd < o
The next step 5 @V'

primary rule involved-s' that the carbon-carbon ¢ “leavag “ogcurs at the position one

Y )
U

o bononfi U zmjma P Takab
ARABARTILUAIRILAE Hores v

secondary carbonium ion:

ition of the activated molecule. The

carbon atom away from-

"CH,R, - CH,- CH-R,
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Subsequent step involve further B-scission and hydride transfer and
proceed until the chain becomes so short that cracking at the B position is no longer a

rapid reaction.

Large amounts of iso-compounds are formed in catalytic cracking. This

is readily explained by the rearrangement of the secondary carbonium ion:

°H,-GH-CH,-CH,-R

ag ing in the presence of
schemes adapted to process

@ble for catalytic cracking

hydrogen. It is one 0'5 e most ver
low value stocks. Genﬁélly, the
because of their high metil ulfur, nitrogen, w asphaltene. The process can also use

foscds will mgrﬂo'ﬁlﬁﬂ ¥ El NIngINg
) WTRITTT ?ﬂ’?ﬂ S AR e ron s

area cragking sites and hydrogenation-dehydrogenation sites. Catalysts with strong
acidic activity promote isomerization, leading to a high iso/normal ratios. The
hydrogenation-dehydrogenation activity, on the other hand, is provided by catalysts
such as iron, cobalt, molybdenum, tungsten, vanadium, palladium, or rare earth
elements. As with catalytic cracking, the main reactions occur by carbonium ion and

beta scission, yielding two fragments that could be hydrogenated on the catalyst
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surface. The main hydrocracking reaction could be illustrated by the first step formation

of a carbonium ion over the catalyst surface:

RCH,CH,R' catalyst RCH,C'HR' + H

The carbonium ion may rearrange, eliminate a proton to produce an

olefin, or crack at a beta position to yield to an olefin and a new carbonium ion. Under

RICH=CH, + H, 2 R'CH,CH,

N
rhydrocracking are saturated.

U

v»

For this reason, gasoline from hydrocracking units have I
produced by i ‘ﬂ i ;m ic content due to high
hydmgenaﬁonqﬁﬁ.ad mh i m ﬂlji-table for jet fuel use.
Hydrocracking also produces light hytiroca ) suita trochemical
e RT3 6 TR TN TR

As

er octane ratings than those

Other reactions that occur during hydrocracking are the fragmentation
followed by hydrogenation (hydrogenolysis) of the complex asphaltenes and

heterocyclic compounds normally present in the feeds.
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Hydrocracking reaction conditions vary widely, depending on the feed
and the required products. Temperature and pressure range from 400 to 480 °C and 35
to 170 atmospheres, respectively. Space velocities in the range of 0.5 to 2.0 he' are

applied.

AuLINgNIneng
AR TN TN
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