CHAPTER 1

INTRODUCTION




Procssses involving the chemical transformation
of solids plays an increasingly important role in modern
technology as sophisticated and costly solids can be
produced by reactions of others ,precursory solicds.
To obtain the desired purity, strucure and texture of
the the material, a very careful control of the reaction
is necessarye.

I-1.Spinels and thelr properties:

———-——-...———_——-———-—-———q-—--——

A large class of compounds having a wide range
of chemical and physical properties is known to crystalliZze
in the spinel structure which may simultaneeusly accommod—
ate metal ions among the octahedral and tetrahedral sites
in thne lattice.The spinels contain divalent"A" and
trivalent"B" cations and divalent"X" anions. For the spinel
with the composition .IJLBEXL+ the two extreme distributions

_ of cations among the two sites "A' and "B" are possible,
the normal A[Bé]}{j+ and the inverse B[A E] X, distribu-
tion(]'B), where the ions in the octahedral sites are in
the sqmare brackets. In the inverse spinels one-kalf of
e "EM cations are in the tetrahedral sites and the other

half of tne "B" cations plus the "A' catiohs occupy tae
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octanedral sites. Datta ct.el, and Hafner et, al.
shoved that there are many intermcdiate spinels which

are in between the normal and the inverse arrangaments,

Oxide and sulphice spinels represent a large
class of inorganic materials which possess many
important properties not found in the more limited
binary oxides and sulphides.The ugual routes to these
compounds generlly invalve reaction at high temperature

for long periods of times. T hese conditions are required

to overcome the slow reaction kinetics that occur when
two sélids are brought together.

Many compounds with spinel structure have been
reported 1in 1iterature. Almost all of them are oxidic -
spinels ( ABZOA)‘ However, a few non-oxidic spinels
are also known., A large number of cations have been

found to occur in the spinel structure(l’b's).

The distribution of cations between octahedral and
tetrahedral sites in the spinels has been extensively
studied,as for example;magnesium ferrite(g’]OD,it was
reported that the equilibrium distribution varies from

. the inverse spinel at low temperature to random spinel

at high temperature.
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Arnother important spinel type compounsz 1s cobalt

I's

chrem:'l.te.E-Iauckomarlk]1

)reportea that the tw¥o oxices C050J+

and CoCraOL\L are miscible in all proportion as the lattice
parameter varies line:rly as & function of chromium content.
On the other hand , Hand and Laitinen(]a) obscrved that
Co(CrCo)OL+ are stable in air and inert atmosphere at

1000°C and dscomposed at 145000. For gqualitative purpose,

Makkonen(11)reported a normal structure for COB_XCrXO4

spinel.

—.-__——-_—_._____--__.__.—__-—_—__——_-—.—-——-————————-.——-.——

Although solid state reactions wre recognized during
many reactions , &as evidenued.by_the work of some workers
a very little was done toward understanding their
mechanisms.Some of the earliest quantitative work on the

(13,14)

kinetic of solid -phase reactions Wwas done by Tammann

aarnl152)

and Jander . Wagner(16) has given a quantitative
thermodynamic theofy of solid-state reactions based on a
model in which the reactants meet at a fi;t interface where
the reaction products are formé&. The problem is treated
essentially as & one-dimensional pfoblem.Jander(]5)has
disgussed the case of diffuéion—limited reactions between
spherical particles ahd & reactant which may be ancther
solid - phase, & liquid or a gas. A similar approach was

followed by Ginstling and Brounshtein(1?). Carter(]8’19)
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has given a solution for the case in which the molar
volume of the product is cdifferent irom that of the
reactants wnich was found to describe the growth of
ZnAlao4 formed by the reaction of Alao3 powder with Zn0O
vapour and which is also appl}cable to solid-sclid
reactions.Houever, a limited number of stugies has been

carried out on the kinetics and mechanisms of formation of

Spinels in the solid-state.

I-3%3, Methods Used for Kinetic Analysis of Solid-State

Reaction Data:

There is considerable diversity of mechanisms by
which solids react and there are a variéty of factors
which may control, determine,. influencé or modify the rate
limiting processes., The rate of a solid~ state decompose
ition reaction is usually assumed to be directly propor-
tional to the area of the active interface. Thus, a
comparison of the fractional reaction (&) -~ time curves,
measured for a particular reaction with theoretical

expresions, derived for appropriate nucleation and growth
models, can be used as evidence for the identification of

the geometry of interface advance. This method has been
widely used ana has yellded important,znechanistic inform-
(22)

ations ! Here, we shall briefly discuss soums importart

methods of kinetic analysis which we shall use for



analyzing kinetic data obtained for spinel formation raactions.

In solid-state reactions,the rateof change of the frectional
of material reacted (¢} with respect to time ngt is often

expressed accurding to the ordinary kinetic equation:

($%y= k£ )
where f (x ) depends upon the characterstic reaction

mechanism and "k" is the rate constant.

Under isothermal conditions, the rate constant"k"

is independant of reaction time and we have:

g(“): kt:f ——————

A plot of g( x ) versus time(t) should thus give a
straight line 1f the correct form of g{ ® ) is used.
Table(1) lists some of the more important kinetic
equations given in literature(20_26).

The function f{x) ,(and hence g(e)) depends on the
mechanism controlling the reaction and on the size and
shape of the reacting particlea. In diffusion-controlled
reactions, Dl’ is for one -dimensional diffusion process
governed by & parabolic law,with constant diffusion
cofficient;Dais a two- dimensional diffusion- controlled

process into a cylinder ; D5 is Jander?s eguation for a

diffusion-controlled reaction in a sphere, and D‘,+ is the
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rable 1. Kinetic eguations examined in this work

. | 1 gloe
Reaction model | g fec) flec) | 'symbo
_ .,_
one-dimensional diffusion # oc? (1/20¢) ‘D,
Two-dimensional diffusion _8 + (l-0c)ln(l-0c) (-1/1n{l-cc)) D,
sander equation, three-dimensional(1-(1-e) 1/3y2 (3(1-00) 2 3/200- (1-) 3 Dy
diffusion | “
. . : : " 2/3 -1/3 .
Ginstling-Brounshtein equation, H(1-2/3 )~ (1-%) (3/2((1-¢) -1})) D,
three-dimensional diffusion i
Two-dimensional phase boundary iu...C.l o) H\mv (2 AH..OnU“_.\NH wm
reaction .
Three-dimensional phase boundary (1-(1-0¢) H\wu (3(1-c¢) N\wv R
reaction . 3
First-order kinetics WTFATR N (1- ) F,
Random nucleation: Avrami ma:mﬂwow (-In{1l- SZH\N 2(1l-oc) Twﬁﬁlonuu.\mu A,

Random nucleation: Erofeev equation T”_.bﬁ_...on:u.\u

(1) (~1n(1-0)2/3)
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function for a diffusion - controll:d reaction starting
on the exterior of a sPhericai particle., If the reaction
1s controiled by a movement at an interface at constant
velocity and nucleation occurs virtually instantaneously,
then for such phase-boundary controlled reaction ,equations
relafing x and t are obtained for simple geometrical
systems.The function R, for a one-dimensional phase-
boundary reaction; R2 for a circular disc reacting frcm
the edge inward and the function R3 is obtained for a
sphere reacting from the surface inward.Some so0lid -state
reactions appear to follow first-order kinetics( F1
function).In this case , the rate ~ determining step is
- nucleation process and there is equal probability of
nucleation process at each active site. In the phase-
boundary reactions,it is assumed that the nucleation step
occurs virtually instantaneously, so that the surface of
each particle is covered with a layer of product. Nuclea=
tion of the reactant, however, may be a random process,not
followed by rapid surface growth. As nuclei‘grow larger.
they must eventually impinge on one another,so that growth
ceases where they touch, This process has been considered

by Avrami and by Irofeev, who have given the functions

Aa and A5’ respectively.
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I-4,. wlectrical Conduction in Soliags:

_...-.--—__--_—.--—___--....—._—-—-.-——-.——.-—_—

The electrical conductivity in solids is very

important property to differentiate between various types
of solids. The electrical conductivitly of oxiucs ana
sulphides materials encompasses & wide range of values
which charactericze insulators, semiconductors and metallic
materials . In general, metals are good conductors and
insulators very poor conductors,while semiconductors

show intermediate condutivities. There is,however,another
difference in the electrical properties of these three
materials. The most important of these is the effect of
temperature on the electrical conductivity.As a general
rule the electrical conductivity of metals decreases
with increasing its temperature,while the conductivities
of semiconductors and insulators show a reverse tempera~
ture effect with respect to the nature and behaviour of

charge carriers in these materials many differences must

ve considered.In metals electrons are the main charge -
carriers and move throughout freely,they are not localized
or bound to atomic sites.There iz therefore essentially nc
activation energy required 10T tne conduction process.ln
insulators,however,electrons are not free to move throu-
ghout the bulk of the materials out are bound to atomic
sites. In semiconductors,however the number of freely

moving electrons ig far less than the nunmter present in



metals but generally socmewnat greater than the number
(27)
-

present in insulators

(28)

In predominating ionic compounds cnarge trasport
occurs by the simultaneous motion of ionic and electroaic
charge carriers. Generally,only one type of carriers
dominates charge transport , and so contributions from
minority carriers are often neglected. Such compounds tend
to be categorized either as semiconductors or ss solid
electrolytes, depending on whether electronic or ionic
charge carriers predominate.

The electrical conductivity of a solids is simply the

sum of the partial conductivities assoclated with each type

of charge carriers and is given by;

c=)_ ¢ (1)
i

Each partial conductivity 03 , which represent transport

of either ionic or electronic carriers is given by:

- C.2.Q.U.
93 523%3Y; (2)

in which Cj is the carrier density,
Zij is the effective charge, and
Uj is the mobility of the jﬁﬂ species.

The fraction of total conductivity contributed by gach

carriers,

t. = o. /7 (3)
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where tj is the transterence number,:zy definition,the sun
of the indivicual transference numnbe:s must be unity.

When dealing with mixed ilonic and electronic
conductors ons 1s generally concerned with [ie relative
magnitude of the ionic transference number ti ,which
includes cation and anion contributions, and the electronic
transference number which represent the sum of the
electron and hole transference numbers tn+ tp. Although
mixed conduction plays an important role in many processes,
there are only few mixed-oxides and sulphides about which
enough knowledge on mixed transport exists.

ihe electrical conduectivity-temperature dependance

,generally ,is given by:

_ C (=
g = —E-expk—ua/RT) (4)

over a wide temperature range , the temperature depen-
dence may be more complicated , implying perhaps that a
different mechanism prevail at a different temperature;even
so the plots of lno against 1/T is the most convenient
general method of displaying experimental data, and the
-R(dln o /dT) may be considerad as the activation energy
analogous to the Arrhenius aetivation energy of a chemical
reaction.
Ths activation energy required for the amigration of

charge carrisrs in the case of semiconductors and insulators

is much greater than metals with essentially zero activation
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enersy . This difierence in the activation energies 1is
responsiole for the observed differences in ths temperature
dependence ofthe electrical conductivities of the three
types of materials. Flectrical propertiss of & ssmicond-
uctors depending on the mobility and the concentration of
charge carriers are sensitive to its preparation methods.
Oxide-spinels with general formula AZpO, can be
devided into four groups(6) accoruing to their conductivity:
a- Aluminates,possessing a low electric conductivity
(resistivity, g, = 10°- 10° ohu-cm)

(900°C) =
b-Chromites,with medium electric conductivity( 3(90000) =

103-104 ohm-Cri. )

c-Ferrites, with fairly high electrical conduetivity(E(ngOC)

=10-10%0ha-cm. )

d-magntite, with an extremely high electrical conductivity,
approac metallic(R(Boooc) = 10 ohm-em.,)}

The conductivity in aluminates is controlled by the divalent

cation,and the conductivity of the chromites and ferrites

is controlled by the trivalent cation(except Ferrous oxide

compounds).

Sulphide-spinels of type ABasq have been reported

in the litrature(29—45).ﬁll sulphide -spinels ,chromitgég-sw

,cobaltites (38’39),and titanates(ho_45)are metallic

2

conductors with high electrical conductivity(R=10""-10

ohm-cm) .The electrical conductivity in CuCrasu was
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t.g;.(ag).The conduction was

investigated by Lotgering
. . - - +3 +4
attributed to the double exchange between Cr “and Cr

ions.

——-_...-—___———_-__.—_._—————_-_.-n---_—._————_-——-——.——————--——

Catalytic reaction may be carried out in a liquid in
which the spinels(solid catalyst)being in a powdered form.
The activity of the oxo-and sulpho-spinels depends on
the area of the powder form and the specific activity of
the surface of the spinels. The reactivity of the spinel
semiconductors are very closely counected to the electronic
processes occuring inside and on the surface of semiconduce

tors,and are in the final estimate due to them,

The catalytic reaction occurs by:
1)chemisorption of the reactants on the suface,
2) interaction of the adsorbed compexes, and
3)desorption of the products.
The rate determining step of tne catalytic reactions is the
formation of the chemisorbed complex, which may be held to
the surface by ionic er covalent bonds,The formation of
the chemisorved complex occurs by amn electron transfer at
the surface leading to adsorbed ions. This transfer is
dependent on the relative electro-negativity of the surface
and of the molecular fragments. Schmab QL.§L546%vestigated

hydrogen peroxide catalysis by ferrites,and concluded



(13)

that the Ee2+ jons on the spinel sublatiices could act

as active centers for the decomposition reaction .The most
favorable position for Fe2+ jons in the case of the inverss
ferrites was found to be the octahedral sites,clearly the
effective number of Fe2+ ijons was increased due to the
possibility of electron hopping with adjacent Fe5+ions.
Fanim QE.QL.(47) studizd the decomposition of hydrogen
peroxide over chromite spinels(e.g.NiCrzou)and showed that

Cr5+/Cr6+could act as active centers as well to Cr2+/Cr3+

redox centers.(48). Mucka.g&.gl.(49“57)studied the decompos-—
3 3 . 1 Y 3 3 ATA T \E R AT
ition of ﬂaoaover the two oxide mixtures{NiC JBOB , N1C ““203
s N10-CeCy ,NiO-V205 and NiO—MOOB) and cocluded that Ine
Ni2+/N13+ act as active centers for the decomposition

reaction in additive to the other metal ions centers.

1-6. The Present Study:

 The study of the solid-state reaction has received
considerable attention recently , but due to the comvplexity
of the solid-state reaction there is no general explanation
has yet been obtained . However , the chemical tramsformat-
ions of seclids plays an increasingly essential role in the
modern technology , as important and costly solids can be
produced by reactions of other solids. A very careful
control of tne reaction is necessary,to obtain the desired
purity,structure and texture of the materials(56).

The most important chemical operations in petroleun



industries are now based on Catalytic solid - solig

reactions.30lid spinzls were found to be very useful in

many industrial uses.is oxample, ferrites(b7_39)are used

as

controller or circuit element in electronic industry

and used in permanent magnets due to its large coercive

rorce,caromites brick is used as cladding in ovens which

are used for the production of steel,

The present study comprises the following

investigations:-

1)

2)

3)

L)

Pure and mixedoxides of the types CuO~F9205and Cu0-Cr.0

273
and pure and mixed sulphides of the type CuS-Cr283 were
prepared from A.R. salts solutions by precipitation and
Co-precipitation methods.Samples wre calcined at
different temperature for different durations.

The kinetics and mechanism of spinel fcrmation reaction
in the systems CuO-Fe205, CuOuCrao3 and CuS-Cr233 were
carreid out.

The parent materials calcined samples and spinels were
studied andg characterized by chemical analysis, X-ray
diffraction pattern,differential thermal aﬁalysis-

thermogravimetry,infrared spectral and electron

microscopy.
Electrical conductivity measurements were determined for

samples and spinels calcined at different temperatures

and for various durationg,
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<eactivities of the zmaterials uncer irvestigation were

N
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n

ition,and trne results

(.

determined towards F,C, seconpo
were discussed in terms of tnecries on neterogensous

catalysis.

This study thus afford the ogportunity for an
interesting comparison between the behaviour of solids
obtained under different conditions and using some mocern

physico-chemical techniques.




