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ajor advances offering rele-
vance for the chemical
process industries (CPD
‘will, no doubt, continue to
emerge in catalysis and other
aspects of chemistry.
However, deriving the maxi-
‘mum industrial benefit from them will
require comparable advances in chemi-
cal reactor engineering.
Chemical reactor engineering ir
volves understanding of:
(1) What chemical transformations are
expected to take place
@) How fast these transformmations
should occur
) What s the best way to cany out
the desired transformations
Based on such understanding, reactor
‘engineering involves specifying hard-
‘ware configurations and operating pro-
tocols to complete the desired reac-
tions, without compromising safety, the
environment and economic constraints.
‘The hardware and operating protocols
are manipulated to ensure that the de-
livery (or removal of materizls and en-

ergy takes place at right places and at
right times.

‘Obviously, several types and scales of
reactors are needed in practice to cater
to specific requirements of desired reac-
tion systems. Where economy of scale
s the driving factor (as with, for in-
stance, the manufacture o fuels, poly-
mers,fertiizers or cement, or waste-
‘water treatment) large reactors are
used. At the other extreme, microreac-
tors comprising of network of micron-
sized channels, have opened up entirely
new possiiltes for chemical synthesis.
For instance, unique spatial and tempo-
ral control of reactants and products in
a laminar flow, diffusive-mixing environ-
‘ment offered by microreactors could
make significant contributions in drug
discovery and cheminformatics [/1.

Between these extremes, new ways
of contacting or mixing matefials are:
continuously being developed. For ex-
ample, structured-monolith reactors
have potentialto replace fixec-bed and
slurry reactors for certain types of reac-
tions [2]. Instead of reliance on turbu-

lence to promote mixing, engineered
fractals (selfsimilar structures with
specific scaling relationship) are pro-
‘posed for better mixing and distribution
[31. Meanwhile, advances in biotechnol-
ogy (p, 127) are driving a new breed of
efficient, compact reactors.

Reactor engineering advances
There is an increasing trend to combine
reactions and other process operations,
such as separations or crystalization,
into a single reactor system. In coming
years, multifunctional reactors are likely.
to be more the rule than the exception.
Several new concepts to evolve opti-
‘mum mulifunctional reactors are being
developed 4, 51. And significant efforts -
are being made to link compac reac-
tors (ee, for example, the Website,
hitp//wewnclac.uk/chemeng/piic/ind
exchtm) with highly efficient transport
processes.

Specialized reactor interals also offer
‘much potential for performance en-
hancement. Examples include: a device
that functions as a static mixer plus a




[image: image2.png]heat exchanger; a material that serves
jointly as catalyst and packing; ceramic
membranes; and new configurations for
layering catalysts spatialy.

Providing the underpinnings
However, realizing these sustained im
provements in reactor hardware or
operating protocols requires several en:
abling technologies. Thus, advances in
process control, such as constrained
modek predictive controls, and in opti-
mization techniques, such as the use of
neural networks, fuzzy logic or genetic
algorithms, expand the performance en-
velopes of exising hardware. Recent
advances in computational flow-model
ing tools are accelerating innovations to
gain better control of the delivery or re-
moval of materials and energy, and
they are increasingly used for reactor
engineering [6]. And advances in com-
putational chemistry and molecular
‘modeling are expected o provide bet
ter understanding of chemical reactions
and kinetics.

Apart from assisting ongoing innova-
tion, these computational technologies
are already making significant contribu-
tions in several important CP! sectors.
Examples related to energy include: en-
hancing the manufacturing or refining
of liquid fuels; reducing fuel and elec-
triity consumption in energy-ntensive
processes such as the manufacture of
cement or steel; reducing the produc-

tion of greenhouse gases; assisting the
development of fuel cell; and making
better use of renewable energy sources.
Examples related to bulk-chenicals
manufacture include the use of mult-
functional reactors, the coupling of en-
dothermic and exothermic reactions,
and the use of structured reactors. And
in the manufacture of specialty chemi-
cals, polymers or other materials, they
include enhanced selectivty, the design
of tailored materials (p. 133) and the
better understanding of the relationship
between the reactor catalyst and the
‘properties and structure of the product.

But to derive maximum benefit from
these enabling technologies, there i an
urgent need for software development
that wilallow seamless communication
between different modeling tools:
process simulation, databases (physical
propertes, kinetic data, experimenal
data), reactor simulation, computational
fuid dynamics, computational chermistry
and so on. Comprehensive experimental
programs to guide further development
of such computational models are like-
‘wise needed. Finally, we need better di-
agnostic tools, capitaizing upon a variety
of phenomena such as acousics, optics
‘and radiation, not to mention electricty,
to provide relevant measurements of n-
dustriabreactor variables

Such developments will help industry
benefit from compact and multfunc-
tional reactors in the coming years, with

an optimum control on delivery or re-
‘moval of materials and energy, to en-
sure maximurn selectivity and mini-
‘mum impact upon the environment. B
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Artículo sobre `fronteras en ingeniería de reactores´ publicado con motivo del centenario de la revista Chem.Eng. (August 2002)
