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ABSTRACT

The aim of the present review is to highlight the implications of the coupling of physical
phenomena with chemical reactions occurring in porous catalyst pellets. The usefulness
of the concept of effectiveness factors is brought out for simple positive order reactions as
well as for reactions involving adsorption of reactants and products. The role of diffusion
in altering the selectivity behaviour of different kinds of complex reactions is also
analysed. Finally, a bnef introductory survey of the dynamic behaviour of a catalyst

pellet is presented.

ATALYTIC process constitute a large

fraction of all the chemical and
petrochemical processes in operation today. To
device any methodology facilitating a rational
design of catalytic reactors, information on the
intricacies of the catalyst pellet upon which the
actual reaction takes place is essential. The
utilisable intrinsic activity of a catalyst pellet
agepends upon various factors, among which the
interaction between chemical and physical
transport processes 1s of signal importance and
forms the subject matter of the present review. It
will be evident from the following sections that
under certain circumstances diffusional
processes conspire to reduce the activity of a
catalyst pellet and falsify the kinetic parameters.
Careful analysis of the nature and the effect of
these intrusions on the activity, selectivity and
dynamic behaviour of catalytic pellets is an
essential prerequisite in the operation and
control of reactors. Such an analysis also
provides broad guidelines for the development
and selection of new catalysts.

A number 6f industrially important reactions
are known to operate under conditions of
falsified kinetics. A few typical examples are:
reduction of nitrobenzene to aniline (an
important organic intermediate), hydrogenation
of benzene to cyclohexane (an intermediate in
the production of nylon), oxidation of sulfur
dioxide {in sulfuric acid manufacture), and
many important petrochemical reactions.

Several consecutive rate processes occur when
a chemical reaction takes place inside a porous
catalyst pellet. The reactants must move through
the laminar boundary layer surrounding the
pcllet to the exterior suriace of the pellet and
then penetrate and diffuse through the porous
structure to the active catalytic surface where the
reaction occurs. The reaction products must
then diffuse through the pores to the external
surface and ultimately through the boundary
layer into the bulk of the reaction mixture. The
heat released during the course of reaction must
also follow the same path. These rate processes
being finite, the temperature and concentration
environments within the pellet are neither uni-
form nor equal to those at the external surface.

It is customary to gauge the impact of this
diffusional disguise by a factor n, normally
called the effectiveness factor. An overview of
the use of effectiveness factors in analysing vari-
ous situations encountered in the design and
modelling of catalytic reactors is presented in the
following sections.

SINGLE REACTION IN A PELLET

Isothermal effectiveness factor

Although industrial catalysts are availableina
variety of shapes, it is customary to highlight the
physical meaning of the effectiveness factor with
one of the three idealized shapes, viz. infinite
slab with parallel plane faces, infinite cylinder of
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circular cross-section, and sphere. Thus, consi- rate of reaction under diffusional
dering the porous structure to be of spherical limitations
shape, a steady state mass balance for an n'P M T ate of reaction under uniform
order r:actlon yields concentration in the pellet.
d°C 2 dC

D,, r;’ — —4 =kC” [1] |

dr rodr For a spherical pellet n becomes
where D, 41s the effective diffusivity in the pellet, 3 l !
k 1s the rate constant based on unit catalyst n= - - [7]

surface and r is the distance parameter. At this
stage, it 1s convenient to define a new parameter
¢, the Thiele modulus;

&=rol(kCE")/ Des] (2)

where 7o is the radius of the pellet and C 4 the
concentration of the reactant at the surface of

the pellet. For n=1, the Thicle modulus
becomes independent of concentration.
Equation (1) can be recast as

d*C 2 dC b°
- = Uy [3]
dr r dr ro

The boundary conditions can be defined as
At r=rq (i.e. at the outside surface of the pellet)

C,a] —_ C,ﬂ- [4]
At r =20 (i.e: at the centre of the pellet)
aC, a 5
o [5]

The solution to equation (2) subject to the above
boundary conditions can readily be obtained as

Ca _ Sin A(¢r/R)
Cas

[6]

~— Sinho
This equation gives the concentration profile of
the reacting species within the peilet.

As originally realised by Thiele' and by Zeldo-
vitch® independently, these profiles by them-
selves are not useful in characterising the
diffusional intrusion, and itis necessary to define
an effectiveness factor n to visualise readily the
implications:

b ta;h:b ¢

Aris® has compiled a unique collection of ana-
Iytical expressions for effectiveness factors for
practically all possible shapes ot catalysts. These
expressions, however complicated, show the
same qualitative behaviour of shifting from one
asymptote at low ¢ (corresponding to chemical
control) to another asymptote for large < (cor-
responding to diffusion control). A practically

useful extension of the concept of the etfective-
ness factor is the shape generalisation of the
Thiele modulus by inclusion of the ratio ¥p/S,
(pellet volume/external surface area) in place of
the characteristic length (rpin equation(2)}. This
facilitates unification of the n-¢ curves of all
shapes.

Several industrially important reactions
involve a change in the number of moles during
the course of reaction, and the pressure induced
transport occurs in parallel with the diffusive
transport. Exact computation of » by using the
rigorous dusty gas model was performed by
other workers*®. These calculations indicate that
significant pressure gradients may develop dur-
ing the Knudsen regime. Weekman and Gorring®
who used a simplified model assuming bulk dif-
fusion as the controlling regime, observed that n
decreases with an increase in the number of
moles with reaction and conversely increases
with the decrease in the number of moles.

Nonisothermal effectiveness factors

When the heat released or adsorbed during the
course of reaction is appreciable, thermal dif-
fusivity limitations may cause sigruficant tem-
perature gradients within the peliet. Due to this
added complexity, combined heat and mass bal-
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ance equations must be solved. For a spherical
particle these can be written as

I 4 dC
;—2- c_f_; (rzDM -:f-;i) X R(C, T) [8]
| d 2£

<. \7= ) SCABMRE D -

where R{(C, T) is the rate of reactionand AH is
the enthalpy change due to reaction.

The non-isothermality of the pellet necessi-
tates*the introduction of two new parameters:
one iIs the exponent in the Arrhenius rate expres-
sion £/ RT, symbolised by vy and the other, the
heat generation function{— AHD .4 C 4 )/ (A T)
symbolised by S.

Nondimensionalising equations (8) and (9) and
introducing the new parameters the balance
equations become

1 4 (-,dC4) _
72 dr | dF
= 1
—d°Croexp |y 1"'—?‘ [10]

~ ¢’ BCaexp [7 <1 — "l%-)‘] [11]

where
EA=CA/C,..I. T= T{T,and 7=r/rq, (12]

These equations are evidently nonlinear. Ap-
proximate solutions in closed form can be
obtained by employing different mathematical
techniques. A representative graph for y =20 is
depicted in figure | for a first order nonisother-
mal reaction. This curve represents a fairly typi-
cal value. of operating variables, viz. an
activation energy of 24000 cal/g mole and a
reaction temperature of 600°K. The figure
shows an interesting feature: for 8 > 0, the effec-
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Figure 1. Effectiveness Yactor 7 as a function of ¢,
for first order nonisothermal reaction.

tiveness factor exceeds unity. The reason for this

occurrence is that the temperature gradients

developed within the pellet overcompensate the

reduction in the rate caused by the concentration

gradient. The other strikingly odd feature is that

forlarge values of 8 and a narrowrange of Thiele

modulus, the value of 7 is nonuniquely deter- |
mined. In other words, three different values of 7

correspond to the same set of values of ¢, 8 and

v, thereby showing multiplicity of steady states.

This is a case of physiochemical instability. At

present, considerable interest is centered on this

aspect of pellet behaviour and a more detailed

analysis i1s presented in a subsequent section.

Experimental observations of the occurrence of
steady state multiplicity by others”® have dem-

onstrated that this phenomenon i1s not merely an

academic curiosity but must adequately be taken

care of in design calculations.

For pellets consisting of a network of macro-
pores, from which the micropores branch out,
inclusion of one more parameter « (apart from
the Thiele modulus ¢) is necessary to characte-
rise their behaviour. This factor represents the
ratio of diffusivities in the micro and

-14
macropores .
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LANGMUIR-HINSHELWOOD-HOUGEN-
WATSON (LHHW) KINETICS

The analyses presented in the previous sec-
tions apply to a single reactant with a simple
power law type expression for the rate of reac-
tion. In reality, the reactions occurring on a solid
surface follow a sequence of steps like the
adsorption of the reactant on to the surface,
surface reaction, and desorption of the product
from the surface. Thus the rate expression will
contain additional terms to characterise the
actual sequence. The most useful analysis lead-
ing to graphical display of resulis, in terms of
easily measurable nondimensional parame-
ters was first carried out by Roberts and co-
workers*®™!

The general chemical equation for describing
the reaction may be written as

A+ bB+.... +xX+vY... [13]

with the rate given by

kpaj (b + Kapat §;., kip,) [14]

where K . Ky,...and p,, ps. are adsorp-
tion equilibrium constants and the partial pres-
sures respectively, and indey i refers to any
product or reactant other than A4,

Fortype | kinetics(in which Bisnot present)a
new parameter K is defined such that the terms
in the denominator [k 4p 4+ Z,k,p,J can be put
in the more tractable form (1 + Kp 4), where

K:[}f‘i_Dy4if(krf’r/0€f)]/m [15]
and

=1 + S, K;[Pﬁ +([741.V:D:JAK DH)]

¥, ts stoichtomeltric cocfficient and includes all
spectes other than A,

1he final results obtained can be plotted inthe
usual form of 11 — ¢ curves (see figure 2} and the
effect of adsorption can be brought out by a
series of curves bounded by the zero order
asymptotic curve at kp , ~ 2 on onc side and
first order asymptotic curve on the other side,
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Figure 2. Effectiveness factor plots for wvarious
values of the parameter Kc,, (Type I-LHHW
kinetics).

Where a second reactant is involved (type 11)
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Figure 3. Effectiveness factor plots for different
combinations of E and Kcu (Type 1II-LHHW
kinetics).

1s defined to provide a quantitative measure of
its storchiometric presence. Figure 3 shows a
representative graph of 1 — ¢ for type Il kinet-
Ics. Here agatn it can be noticed that n exceeds
unity for certain parameter values and multiple
solutions are possible as in the case of noniso-
thermal first order reactions. This occurs due to
the rate equation possessing a maximum under
certain conditions,

An expheit algebraic expression has been
developed by Rajadhyaksha e @ for a common
class of LHHW Linetics and general order Rinet-
s, Thes selates the effectiveness factor to the
hinctic, adsorption, and transport parameters
unde¢r nenisothermal condittons. This  ¢an
directhy be used in fixed bed reactor calcutations
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to take into account the influence of adsorption
and mtraparticle processes. A few other such
examples are also available’

FALSIFICATION OF KINETIC
PARAMETERS

Apart from drastically changing the activity-
selectivity  behaviour, diffusional limitations
nose several difficulties in the interpretation of
experimental kinetic data. Due to the existence
of finite concentration and temperature gra-
dients, the hinetics can no more be expressed by
the intrinsic behaviouralone but the influence by
transport parameters should also be taken into
consideration. In other words, the pelletexhibits
hinctics {alsified by transport processes. This
masking of the kinetics has been referred to as
“disguised kinetics” by Wei'” and Carberry”’ has
examined the implications of this disguise in
determining the operating regime of a process,
Rajadhyaksha and Doraiswamy”' have pres-
ented a comprehensive treatment ofithe subject.

Falsification of activation energy

The intrinsic activation energy of a chemical
reaction can be expressed as

Fe— R dlInk (16]
Y d(1)T)

In the presence of intraparticle diffusion this

becomes

Eg::"_-‘ £ [17]

where E, 15 the apparent activation energy.
Equation (17) can be written as

E. = E— R, 0T 18
a 7T [18]
or

=g+ nm 1
“ | 2 ding (9]

For a first order reaction 1n a slab

n=tanhe/¢ [20]

Hence,

[ | ~tan A* ¢
EF{ —+ ‘ —
2 qf:( 2tan h ¢ ) 121}

The implications of this equation can readily be
understood when the temperature is increased.
i.e. when transition occurs from kinetic to pore

diffusion regime, the apparent activation energy
falls to £/2.

Falsification of order of reaction

In the case of non-first order kinetics, pore
diffusion exercises a two fold influence: it alters
activationenergy as wellasthe order of reaction.
From first principies, it can easily be shown that
ng={n=+1)/2 under strong pore diffusional
control. Inthe intermediate regime., however, n,
witl depend on the temperature and the £, will
vary both with temperature and with
concentration.

For a more exhaustive exposition readers can
refer to the review of Rajadhyaksha and Dorai-
swamy”” where various aspects of the falsifica-
tion of kinetic parameters have been outlined.
These falsifications have a profound influence,
and it becomes imperative for the designer to
account for them. in formulating the pertinent
kinetics. Several expennmental techniques have
been developed and critena proposed to detect
the extent of falsification and to ensure the
absence of diffusional effects® 2%

DIFFUSIONAL DISGUISE OF THE
SELECTIVITY OF CATALYST PELLETS

We have already seen that diffusional limita-
tions may considerably affect the activity of the
pelict and as a result the conversion may be
lowered. Insimple reactions, we have a fortunate
situation— other important design parameters
can be adjusted to compensate for this decrease.
However, in the case of multipath reactions, the
effect of these transport limitations being differ-
ent for different reaction steps. no such counter
bulancing measures are normally teasible. Thus
it is absolutely essential to analyse carcfully the
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effects of these intrusions and to incorpo-
rate them in the design calculations (see
reterences’ 2 0),

We shall consider three broad types of com-
plex reactions: (1) independent, (2) parallel, and
(3) consecutive.

(1) Independent reactions

kl,RA’ 3

A

It 1s convenient to define a differential selectivity
as

R, }
R,q + RC 1+ S/S'

[22]

where s is the intrinsic selectivity k1 / k2 and § =

Cﬁj CA.E'
In the presence of intraphase transport limita-
tions the differential selectivity becomes

R , |

R.+Rec  1+nkiCc/mkiC,
[23]
Under strong diffusional limitation for 1sother-

mal conditions for flat plate geometry and for
nearly equal diffusivities of 4 and C equation

(23) becomes
A qifr - | + S/S
A 1+ (S/s)'7?

Thus the value of Aq,¢/ A, depends on whether s
is greater than or less than unity. This s illus-
trated in figure 4. For intrinsic selectivities
greater than unity, Age/A<<1 but not very
much so, this is particularly true for small values
of §. For s less than unity, Ag,/ A 1s considera-
bly enhanced in the presence of strong diffu-

sjonal Iimiations.
(2) Paralle! reactions

e ®

A £

\%.

Aagff =

[24]

C‘? ’
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Figure 4. Influence of diffusion on selectivity for an

independent reaction scheme.

For this scheme since a common reactant is
involved (i.e. 11 =7n2) for equal order kinetics
there can be no influence of pore diffusion on
selectivity. If, on the other hand, reaction (1)
were of first order and (2) of second order, then
the second reaction would be curtailed to a
larger extent inside the pores because of
decreased concentration and as a consequence
selectivity will increase, THe effect of diffusion
here, is similar to the effect of pressure, the reac-
tion with the higher order being curtailed to a
greater extent with reduction 1n pressure.

A few other useful generalisations with respect

to the effect of reaction order are:
(1) The influence of intraparticle diffusion,

on selectivity increases as the difference between
the two reaction orders increases.

(2) If the desired product is formed in the
Jower order reaction, selectivity is enhanced due
to intraparticle diffusion. Since, as pointed out
earlier in this scction, lowering the pressure or
diluting the feed has the same effect as a diffu-
sional retardation, operation of such a reaction
at reduced pressure will lead to higher selectivity.

(3) Series reactions

ikh__RA' B - ka, Ra .

A C
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In this case the influence of diffusion is far
more complicated than in either of the two pre-
vicus cases. Defining point selectivity, as the
ratio of the rate of production of intermediate to
the rate of consumption 6freactant, under diffu-
sional imitation, A becomes

dCp
SDEB d_
r
Adtﬂ' — — [25]
dC 4
D.,, -
dr

It can be seen from equation (23) that Agg
vanes with the degree of conversion as repres-
énted by s; so to obtain the overall picture we
should compare the behaviour of diffusionally
limited and nonlimited cases as reaction pro-
ceeds. Thus, equation (25)can be integrated over
a range of conversions to give

A

fo= I =f)= (=1 [26]
with

] —

Vs

where f51s the fraction of A4 initially reacted to B
and f 4 1s the total fraction of 4 reacted.

In a similar fashion, an expression for f5 is
easily derived under no diffusional limitation as

fa= [(1~f)" (1 —f] [27)

A\

s— 1

where the factor Q= 1/s and not 1/+/s as in
equation (26).

Both equations are of the same form and
represent respectively the overall selectivity
under intrinsic surface reaction conditions and
under conditions where pore diffusion is opera-
tive. The difference lies only in the definition
of 1,

A comparison of these equations is made In
figure 5 for a representative value of s=3. It is
evident that the maximum yield of B obtainable
when a porous catalyst ts operating under diffu-
sional intrusion is only about one-half of that
obtainable if the effectiveness factor were unity.
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Figure 5. Conversion to intermediate Bas a function
of total conversion for a series reaction scheme

[t must be pointed out here that tor series reac-
tions, although the effectiveness factor continues
to drop as the Thiele modulus is increased, the
observed selectivity becomes independent of the
Thiele modulus for ¢ >3 and n<0.3. Thus the
decrease 1n selectivity as discussed above occurs
surprisingly at effectiveness factors between 1 and
0.3. Hence, if a series reaction is carried out on
pellets with effectiveness between | and 0.3 it
should be possible to increase the yield of the
desired intermediate substantially, by subdivid-
ing the catalyst or altering the pore structure
such that the effective diffusivity is enhanced.

Nonisothermal networks

As sufficient temperature gradients can exist
within a pellet for exothermic reactions on sup-
ported catalysts (the supports are usually poor
conductors of heat) the yield in complex reac-
tions is altered under these conditions not only
by diffusion of mass but also of heat. We shall
first consider this effect in a system of parallel
reactions, and then proceed to the more impor-
tant case of consecutive reactions.

Parallel reactions: Ostergard31 has solved the
govermng mass and heat transport equations
and presented numerical solutions for a few spe-
cific values of B and Fi/ E;. The following con-
clusions can be drawn from his data.

1) The effect of E1/ E;inthe range 1.1-1.4 on
the effectiveness factor 1s less than 10%.

2) Under significant transport limitations the
vield increases sharply with the increase in the
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heat generation parameter 3, i.e. under diffu-
stonal limitation the effect of B8 1s more
pronounced.

3} H the activation energy of the desired reac-
tion is higher than that for the wasteful reaction
[iie. E,{ E;>1}] the yicld 1s enhanced under

4
L

transport limitation.

Consecutive reactions: 1t has already been
seen that the effectiveness factors greater than
unity are possible in simple exothermic reactions
proceeding within a pellet under nonisothermal
conditions. In a complex consecutive reaction
scheme, however, nontsothermicity of the peliet
generally leads to lower yield of the destred
intermediates.

The heat and mass balance equations for a
consecutive exothermic network scheme consti-
tute a set of highly nonlinear differential equa-
tions. Elaborate computer soluttons to these

(9),
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have been obtained by Butt’? and some of the
pertinent results are described below.

Clearly, when 82 = 0 the heat effect will be due
only to the first reaction, when 3; = 0 the second
reaction alone contributes to nonisothermicity,
and when g = B> =0, the system becomes i1soth-
ermal. Representative plots of n vs (¢, ) for spe-
cific values of 8) and B2 and s= 1.4, 8, 12 and
v, = ¥, = 20 are shown in figure 6.

Evidently a multitude of such plots can be
prepared. A significant feature of these plots is
that the second reaction greatly influences the
nature of these curves. When the first reaction is
endothermic and the second exothermic, the
curve follows the course of anendothermic reac-
tion till the overall effect becomes exothermic,
and then it follows the course of an exothermic
reaction.

it would now be instructive to compare the
yield under nonisothermal diffusional limitation
with the following three isothermal cases: no
diffusion, diffusional limitation th a mono-
dispersed system, and diffusional imitation in a
bidispersed system. This isillustrated in figure 7
where the yield is plotted as a function of
Ca /] Cys, for s=4. It may be noted that the
annihilation of yield caused by nonisothermicity
ts far greater than in any other case.
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MULTIPLICITY. STABILITY AND
DYNAMICS OF CATALYST PELLETS

We have already seen that the superposition of
diffusional processes over rate processes may
lead to multiphicity of steady states. The tact that
such catalytic reaction systems, though exposed
to constant operating conditions, can exhibit
sustained oscillatory states, arouses suspicion
besides interest, for the physical meaning
becomes obscure in the absence of rigorous

Cﬂl » PP

______._.L_ﬂ_-_l"——L—l»

TINE

Figure 8. Example of complex cycle behaviour oxi-
dation of CO in a single/ porous pellet.

mathematical tools. The very likelthood of their
occurrences was questioned until recently when
a vast number of experimental results were
published vern{ying theoretical predictions. One
such example of complex cyclic behaviour is the
oxidation of CO in a single pellet***. This is
illustrated n figure 8. Excellent reviews on this
subject covering a variety of reacting systems are
available®®™®  Further discussion will be
restricted to introductory aspects of the subject
with specific reference to catalyst pellets. The
following definitions are commonly used for the
mathematical description of the concepts:

[} Local stability of the steady state: A
steady state 1s delined to be locally stable if
infinitestimal deviations from the steady state,
converge to zero. In other words, if the system
after being subjected to certain perturbations,
returns to the original state, 1t is locally stable.

2) A steady state 1s defined to be globally
stable if finite deviations from the steady state
remain in a neighbourhood of the state as time
tends to infinity.

3) Multiplicity of steady states: Multiphcity
of steady states is the number of different sets of
state variables at which the time change of all
state variables is identically zero.

4) Parametric sensivity: It shows whether
small changes in a parameter have large effects
on the equilibrium state. A steady state is not
considered stable if it has high sensitivities with
respect to change of those parameters, affected

by small perturbations. Parametric sensivity is
widely used in fixed-bed reactor design”’.

For stability analysis, the heat and mass bal-
ance equations must be-written In transient
form. Nonisothermal equations are highly nonli-
near duc to the exponential temperature depend-
ence of the rate constant. Liyapunov has proved
that if a set of nonlinear differential equations is
linearised about the steady state, these linearised
equations offer sufficient information regarding
the behaviour of the system, in the neighbour-
hood of that steady state. (Thisisvalid under the
condition that the real part of the eigen values of
the lincarised matrix is zero or negative. It fol-
lows that these linearised equations are sufficient
to determine the local stability of the system. A
steady state deemed to be stable by such an
analysis may or may not be globally stable. Even
a steady state shown to be unstable by linearised
analysis may or may not lead to sustained oscil-
Jations. Sustained osciallatory states being
caused by nonlinear effects. a precise description
of these states requires numerical solution of the
governing nonlinear equations. The global
numerical analysis will also supply the informa-
tion regarding the attainability of a specific
steady state of the system starting from any par-
ticular set of initial conditions.

For detailed analyses concerning the dynamic
behaviour of catalyst pellets, readers may refer
ref. nos. 3, 135, 16, 40-46. Some important basic
findings of these analyses are:

1) The steady state multiphcity and the asso-
ciated instability are usually induced by some
feedback mechanism. the feedback being caused
either through species or energy. For example,
axial dispersion of matenal and energy is one of
the important feedback mechanisms in chemical
reactors. Feedback can also be generated by the
creation or destruction of active sites on a

catalyst.
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2) The number of steady states obtainable by
intrapartticle gradients alone is restricted to
three.

3) For certain parameter values the interac-
tion beeween external and internal gradients
may produce two separate regions of multiple
steady states. Also, overlapping of these regions
may occur producing more than three steady
states. For the case of -a spherical catalytic sur-
face, theoretical analyses have indicated possible
existence of infinite number of steady states.

4) Under special circumstances asymmetri¢
proftles can exist within the pellet.

5) Forced unsteady state operation can pro-
foundly improve conversion and selectivity.

6) Interaction between active ‘patches’ on a
catalyst can produce unstable operation, includ-
ing chaotic oscillations.

7) Oxidation reactions in general can produce
instability through the very nature of adsorp-
tion, without assistance from the Kinetic-
diffusion behaviour of the reaction system.
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AWARDS UNDER ISCA YOUNG SCIENTISTS PROGRAMME

ISCA introduced the programme for the benefit of
young scientists from the 68th Session of the Science
Congress held in January, 1981. The programme ena-
bles the young scientists to present their proposed
research work with opportunities toexchange ideas in
the relevant scientsfic problems with their counter-
parts and specialists. The details of the programme are
given below:

() Only ISCA members are eligible for considera-

tion for the Award:

(i1) The upper age limit for the Award is 30 years as

on January | of the session;

(m) The papers to be presented for consideration

shall have to be under single authorship. Prefer-
ence shall be given for independent work. One
copy of the full paper alongwith three copies of
its abstract (in 100 words) shall have to reach the
office of the General Secretary (Headquarters)
not later than August 16 preceding the session.
Full name designatton and address alongwith the
date of birth (duly supported by attested copy of
the certificated to be attached)} and the section
where it is desired to be presented shall have to be
clearly indicated onthe top of the first page of the
full paper and on the top of all the three copies of
the abstracts.

(iv) The papers/abstracts will be scrutinised and the

(v)

(vi)

scientists will be required to present their papers
in respective sections. The Sectional Presidents
and Recorders with the help of three members of
the concerned Sectional Committee {(specialists)
shall recommend suitable papers after their pres-
entations during the session. From the names
suggested by the sections, final selection will be
made by a committee specially constituted by the
General President.

The Awards will be announced by the General
President at the meeting of the General Commat-
tee when the Certificate of Merit and the Cash
Award of Rs. 500/- will be handed over to the
recipient with the citation. A further amount of
Rs. 2,500/ - towards incidentals, etc. will be sent
to the Awardees later from the Headquarters of
the Association. The total number of Awards are
twenty; and

The Awardees will be provided with the admissi-
ble travelling and daily allowance by the ISCA
(second class concessional bothways rail fare
+ daily allowance of Rs, 20/- foreightdays from
2nd to 9th January).

INDIAN SCIENCE CONGRESS ASSOCIATION

14, Dr. Biresh Guha Street,
Calcutta 700 017.




