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SUMMARY OF THE TERMINAL REPORT FOR UN1DO PROJECT “ADVISORY ASSISTANCE ON
LOW- AND NOM-VUASTE TECHNOLOGIES FOR SOME CHEMICAL PROCEKSSES™ (SI/CZE/85/801)

In the terminal report for UNIDO project SI/CZIR/85/801 the techmologies

required for the following chemical process industries are discussed and
anelysed:

(a) Removal of sulphur from organic feedstocks and products;

{b) Production of sulphuric acid;

(c¢) Production of aitric acid;

(d) Catalytic hydrogenation as a replacement for chemical reduction.

The sulphur conteant of crude oil and coal used for fuel or the production
of chemicals is steadily incressisg. Hence there is an increasing need to
desulphurize 0il, coal, off-gases from combustion and/or petrochemical

products.

There have been intensive investigatioas and developments recently in
the processing of crude oils, specifically the coanversion of high-boiling
distillates and, above all, the residual oils to high-grade fuels and
petrochemical feedstocks. Substantial progress has been achieved in the
production of low-sulphur fuel oils, in coal liquefaction, and in the chemical
processing of caerbochemical products.

Conversion of higb-boiling and residual hydrocarbon feedstocks is schieved
with modern, highly effective catalytic and thermo-catslytic hydrogenation
processes whereby undesirsble components (sulphur, nitrogen, oxygen and metals)
sre eliminated from the feedstocks end quality fuel oils are produced. These
hydrogenation proceszses also produce starting materials that lend themselves
msuch more easily to further catalytic or thermal processing, such as the
feedstocks for pyrolysis, fluid catalytic cracking and the production of
lubrication oils.

The main new processes used for such purposes are catalytic
derulphurizetion and hydrocracking of oii residues and carbochemical raw
materials; mild hydrocracking; snd hydrovisbresking. These processes sre
highly effective technically, economical because of lower energy consumption,
and slso meet the ecological requirements relating to low-waste techmologies.

An important complement to the modern hydrorefining and hydrocracking
processes ir the non-traditionsl use of the liberated hydrogen sulphide or
of elemental sulphur produced from it. The production of sulphur asphslts
and concretes, of specisl sulpaur-containing composites, and of organic
thiochemicals represents s substantial sconomic and ecological contribution
to traditional refinery and petrochemical production.

Sulphuric scid is one of the most widely used products in the cheamical
industry. As to the extent of production, it ranks first in the world out
of all individuslly produced chemical compounds. It is thus of paramount
importance to the development of individusl nationsl economies snd to the
development of their chemical industries. In ss much as the grastest share
of sulphuric scid produced is destined for consumption in the production of
fertilizers, it is clear that the development of sulphuric acid production has
an iqpact on the solution of the problem of food in the developing countries.

f
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It is clear that the selection of a specific production technology, the
desiga and intercomnection of equipment, the selectioa of raw materials, and
the liaks to subsegquent chemical production processes is complicated, and the
specific technology must be tailored to the prevailiag local conditioms.

The fundemental question of minimizing sulphur dioxide poliution has
currently been solved by using a double conversion technology that can yield a
degree of conversion of S0, to SO, of more than 99.5%. This very high
efficiency, unparalleled in other chemical production processes, can be
schieved by seiecting proper cetalysts and optimizing the operatimg conditions
of the commercial reactor.

PFrom the ecological viewpoint, another problem being faced is that of
disposing of and using waste solutions conteminated with sulphuric acid. This
problem is successfully solved in conjunction with the use of high-sulphur
residusl fuel o0il. Contsminated sulphuric acid solutions st conceatrations
higher than 50 per cent, and even sulphate solutioms, can be used for thermsl
decomposition in furnaces fired with this kind of fuel oil.

From the economic viewpoint, & guestion that is essential for the
sulphuric acid production plant is the utilization of waste heat for producing
steam.

Processes for the effective production of sulphuric acid can be designed
to suit the particular regquirements of the country with due regard for
protection of the environment.

Mitric acid also renks among basic inorganic chemicals important for
chemical industries, especially for the production of fertilizers.

It has been shown that the medium pressure process at 0.4-0.6 NPa is
preferable for capacities up to 500 tonnes per day (tpd) of HNO3. The NG,

concentration in the tail ges, however, is high (sbout 600 ppm) and selective
reduction must be spplied to reduce NO, emissions.

Por capacities over 500 tpd the dual process is the most economicsl and
it slso results in low levels of MO, in tail gas. Combustion is at medium

pressure with absorption at high pressure (0.5-1.4 MPa). The concentrations
of WOy in the tail gas are lower thean 200 ppm, normslly 125-150 ppm.

Full-scale data on the operation of 18 plants in Czechoslovakis have
demonstrated that the spplication of low-waste technology principles can
guarantee emissions below 2 kg NO,/t HNO3. The present average emission
is 2.84 kg NO2/t HNO3, and the best plants produce as little as 0.35 kg
NO2/t HNO3. Further improvement of the average figure is expscted in the

nesr fuiure and sppropriute ways and means of making such i aprovements are
recommended in the report.

Attention was slso given to the operstional and environmental safety of
the processes, especially to construction materials resistant to corrosion.
Recen’ developments in energy conservation and waste energy utilization were
slso assessed.

The chemical methods for reducing organic compounds necessitate the
disposal of the reducing sgents. As s rule their use is very problematic and,
mostly, such products represent detrimentel wastos oxsrting e nerative effect
on the environment. From this standpoint, then, the replacement of the
reducing agents by hydrogen, which acts as & reducing species in the presence
of hydrogenstion catalysts, is very adventageous.
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The report surveys the chemical reductions of orgamic compounds,
preseating a classification by type of growp to be reduced, and indicates the
appropriate method to be used in the substitution by catalytic hydrogemation.
The catalyst, its specific properties, most frequeat applications, and
regeneration are discussed. The main producers of noble metals are listed,
snd the trends in prices of the precious and rare metals that have been
considered in recent years for the preparation of catalysts are showm.
Attention is paid to equipment for catalytic hydrogenation, the reactor types
for gas as well as liquid phase hydrogenation and the methods of heating and
cooling. The problems of catalyst metering and separation involving a number
of practical aspects are anslysed. Guidelines for safety at work with
hydrogenation and sources of hydrogen use are also presented.
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The Workshop om Low-Waste Technologies for some Chemical Processes,
organized by the United WNatioms Industriel Development Orgemizatioa (UNIDO) ia
co-operation with the Prague Iastitute of Chemical Technology ('SClt). was held
at Prague, Czechoslovakia, im October 1986.

The questions considered during the workshop were as follows:

(a) Are low-waste technologies ready for spplication in industrial
procasses?

(b) VUhat technical, economic and socio-political factors must be
considered when implementing such tachnologies?

(c) What further research is needed?

(d) How can UNIDO help with follow-up to the workshop?

(e) Should an international low-waste society be established, in order
to promote the exchange of information?

A number of technical papers were presented, which are included ia the
proceedings. On the basis of these papers and a review of the Institute's
project with UNIDO on "Advisory assistance on low- and mon-waste technologies
for some chemical processes™, a number of recommendations were proposed for
future activities to promote low-waste technologies. It was recommended that:

(a) From a technical standpoint the term "low-waste technologies™ should
be used in preference to "low- and non-waste technologies”™;

(b7 The conclusions of the Institute’s report should be included in the
workshop proceedings and that UNYDO should consider publishing portions of the
report that pertain to low-waste technologies for inorganic chemical processes
seperately from those for organic processes;

(c) The evaluation of low-waste technologies should be conducted
collaboratively by people with theoretical and practical experience in several
science, engineering, and social science disciplines;

(d) Stuiies should be undertaken to provide economic data and the
socio-political basis for considering governmental policies concerning
low-waste technologies in developed and developing natioms;

(e) A handbook should be prepsred that would sppraise the current stage
of developmeit of specific low-waste technologies, including their technicsl
spplicabilicy, economic viab:lity, and potential problems;

(f) Low-waste technologies should be offered to developing countries,
taking intc consideration their particular circumstances and needs and
including an independent evaluation of the appropriateness of the technologies.
Adequate advance trsining of the personnel who will opcratle and msintain thea
should be ensured;

(8) Aa internationsl sssocistion for low-waste technologies should be
established to exchange information about the field and to collasborste with
organizatioas in relevant disciplines in evaluating techuologies snd promoting
those that are technically, economically, and socially sound;

(h) UNIDO should sponror s meetiug to follow-up on the initistives of the
Institute’s project and of the workshop, ss well as on current developments in
the field of lcw-waste tecnologies, ss soon ss precticeble in 1987.




LOW-WASTE TECHNOLOGCY: STAIE OF THE ART

Petr Grau and Peter Lischke*

INTRODUCTION

The Czechoslovak project “Advisory sssistance on low-waste techmology for
some chemical processes™, completed in mid 1986, was the first project within
UNIDO to deal in detail with industrially epplicable technologies that maximize
the rational use and complete processing of natural resources and thus lead to
the coaservation of raw materials and emergy and to the improvement of
environmental conditioms.

Specifically, the project focused on four widely used chemical
technologies:

(a) Oil refining, with special atteation to the removal of sulphur
compounds from petrochemical raw materisls and products;

(b) Production of sulphuric acid, with special attention to the
minimization of SO, emissions and to the use of waste heat;

(¢) Production of nitric scid, with special attection to the
minimization of MO, emissions;

(d) Orgsanic synthesis, with special attention to the replacement of
traditional chemical reduction by low-waste catalytic hydrogenation.

A. Terminology

International co-operation on low-waste technology dates back to the early
seventies. Basic principles and concepts were formulated in 1975 by an ad hoc
meeting of experts of the Economic Commission for Zurope (ECE) [1].

Early documents used the term non-waste technology. From the spirit of
those documents it can be seen that the term was proposed as a theoreticsl
cstegory and means an sbsolute goal that society can only spproach step by
step and thet may not even be reached in the foreseesble future.

~ "Iransition to non-waste technology is a gradual and comprehensive
process, the goal of which is to come to & closed system, production-
consumption, that is, the creation of a non-waste economy” [1].

With the sxpansion of activities in this novel sres and with exposure of
non-professionals to new concepts, strategies, principles and goals, the use
of the term non-waste technology began to be criticized as being unrealistic
and misleading to the public and s new terms was proposed sud adopted in
internationsl co-operation: 1low- and non-weste technology (2].

This term has also been used in ell UNIDO documents so far. The term
" sctuslly suggests, however, that there ere three different technologies:
traditional technologies; low-waste technologies; snd non-waeste technologies.

*Depsrtment of Water Technology end Environmental Engineering, Prague
Institute of Chemical Technology, 16628 Prsgue, Czechoslovakis.
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This is of course not the case. MNon-waste technologies do aot exist at
present and whether they cean theoretically exist at all depends oa the

definition wsed for thz term waste.

Some support hes been found im more recent publications for the use of
the terms clean technologies or low-waste technologies [3). ) '

The term pollution sbatement and control technologies [4] has a broader
meaning and includes not only the low-waste concept, but also the comtrol
concept, which is generally equivalent to waste treatment technology. Thus
pollution abatement technology and mon-waste technology are similar, but not
identical or equivalent, as showm below.

For the rest of this peper, the term low-waste techmology and its acronym
INT are used.

B. Definition of low-waste technology
Low-waste technology -has been defined in three ways:

(2) The United Nations Economic Commission for Burope:

*(LWT is) the practical application of knowledge, methods and means,
80 as - within the needs of man - to provide the most rational use
of natural resources and energy, snd to protect the enviromnment™;

. (b) The Commission of the Buropean Communities:

*(LWT is) a technigue to produce & product with the most rational
use of raw materials and energy, at the same time reducing the
amount of polluting effluents in the environment and the gquantities
of wastes produced during msnufacturing and during the use of the
manufactured products™;

(¢) 1Industry preferred definition, as sdvocated by de Reeder [3):

"(LWT is) the entire range of actions siming at minimizing the
wastage of rav materials and energy and the production of
pollutants”.

It is not intended in this paper to discuss the definitions, but rather
to show that LWT is s broad concept not limited to good housekeeping within an
existing process and technigue. Various aspects of LWT were summarized and
discussed in the final report of the Czechoslovak project. It sppears that,
ss soon as a resl specific technology is being elsborated, such terms as most
rational use of natural resources and energy become very vague and do not offer
s reliable criterion for decision msking. What seemed to be perfectly rational
yes.erday, does not seem rational today and may be very doubtful tomorrow.

Rationality is closely relsted to economics. It is definitely not true
thet what is economical is also rational. On a company level, however,
rationality is measured by economic criteris. Other components of rationslity
do hsve rather the nature of constraints or boundaries to the system, e.g.
safety, environmental standards and public scceptance. when an LWT action has
s positive sconomic result for s company, it will be adopted quite nsturslly.
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In many cases, higher costs for the producing company are believed to be
counterbalanced by lower costs to the state, regiom, contiseat or even several
continents. The professionals, such as engineers, researchers and represeanta-
tives of industrial companies, generally feel that they do not have enocugh
iaformation on development im this area. Apart from the Declarstiom on the
employment of low- and nom-waste technology and the reutilization and recycling
of wastes, accepted by the high-level meeting within the framework of ECE on
the protection of the eaviromment [3], there are few international activities
related to the non-company aspects of LWT.

C. Information on low-waste technology

There are three comprehensive sources of information on low-waste
techmology:

(a) Symposium of the CMEA countries on the theoretical, technical and
economic aspects of low- and non-waste technology, March 1975, Dresden, German
Democratic Republic, comprising 4 plenary papers on the social and political
importance of non-waste technology, on economic aspects, on scientific and
techaical aspects and expected development of non-waste technology in various
industries and 46 papers on various industries (12 chemical, 14 coal and
mining, 12 on metsallurgy, 8 on construction materials). A report of this
symposium in English is contained in [4]);

(b) Seminar on the principles and creation of non-waste technology and
production, organized by the Senior Advisers to ECE GCovernments on environmental
problems, held in Paris, Prance, December 1976, comprising 76 papers (5 on
concepts and principles of non-waste technologies, 14 on national experience
and policy, 24 on industriasl experience, 15 case studies, 4 on cost/benefit
sspects, 10 on ways and means of implementing non-waste technologies and 4 on
methodological snd sirategic aspects of non-waste technologies. A report of
this seminar in English is contained in [6];

(¢c) Compendium on low- and non-waste technology, published by ECE. So
far, seven volumes have been published as abstracts (ECE/ENV/36) and ss
monographs (ENV/WP.2/5), comprising 129 industrial LWT processes at various
stages of development.

D. Where are the gaps?

There are very few recent sources of dats and studies to support the
establishment of government legislation for LWT.

Such data and studies should elucidate the logic and efficiency of the
following:

(s) Economic pressure (positive, financial incentives; negative,
pollution charges);

(b) Legislative pressure (environmental standards, gquality stendards on
recovered materials etc.);

(¢) Public pressure (opinion, scceptance).

Technical, economic and government policy information on LWT is mostly
contsined in documents having restricted and limited circulstion. There are
no widely circulated periodicals (journals, magsazines) and non-periodicals
(books) .
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There are no professional societies om LWT. Swpport should be given to

aationsl and international seminmars, symposiums etc., where LWT can be
discussed among all interested parties.

There is also & lack of information oam LWT concepts and appmehu in

developing countries. Can they sfford not to use LWI?

in

Low-waste technology as a scientific and engineering discipline is still

statu nascendi.
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BEPLACEMENT OF CHEMICAL REDUCTION BY CATALYTIC HYDROGEMATION

J. Pavek and L. E;tv.n§'

In the reduction of various functiomal groups, the reducing agent is
oxidized and the oxidetion product usually represeats a very unpleasant waste:

ARNO, + 9Fe + AHR0 —_—  AmNEHp +
3RN0 + 2MapSy + 3H20 ____ > 3, +

SO03MH,
/
WH4WO2 + SO + WH3 —3 HON 5 MEyOH + [(WHy)250a]
NHy
RCOOE + Ma + H20 — RCHZOH + koW + [WapH)

In the production of aromatic amines, especially of dye intermediates, many
different nitro- and nitroso-compounds are reduced. Hydrated iron oxides
containing a certain amount of amine s«re usually used in the manufacture of
pig iron. 1Tuais raw material is not suitable, however, for use in metallurgical
works. In reductions using sulphides, the waste water contains unreacted
disulphide, thiosulphate, sulphate and other substances. The main product of
the oxidation, the thiosulphate, cannot be sepsrsted in the required purity.
Hydroxylamine is used in the manufacture of caprolactame, with large amounts
of axmonium sulphate produced as a by-product. This is not a very good
nitrogen fertilizer, especially for heavier soils. Czechoslovakis now has
difficulties with the ssle of ammonium sulphste. The problem can be solved by
technological modifications in some of the processes, especially in the coking
of cosl.

Catalytic reduction by hydrogen does not produce such wastes and thus this
process has gradually replaced chemical reductive agents over the last decade.
The replacement was initislly restricted to high capacity plants, eslthough it
is now used even in smaller processes.

This development has bcen made possible by three circumstances:

(a) Enlargement of hydrogen resources and the broad application of
hydrogen;

(b) Development of selective catalysts, catalyst selectivity being in
some processes the determining aspect of the applicability of hydrogenation;

(¢) Development of suitable apparatus.

APrague Institute of Chemical Technology, 16628 Prague, Czechoslovskia.
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This paper contains two exemples froa the Czechoslovak chemical
iadustry: the reduction of mnitrobeazene to amiline; and the reduction of
A-aitrosodiptenylemine to A-aminodiphenylemine. Botlk processes were dcveloped
from laboratory research at the Prague Iastitute of Chemical Technology and
are now used in large industrial plan.s. .

A. Reduction of nitrobenzene to aniline

When using iron to produce 1 tomne of sniline from nitrobenzene,
1.8-2 tonnes of iron are consumed and 4-5 tonnes of moist hydrated iron oxides
and 1-5 o7 of waste water are produced. This process has many disadvantages
when compared with catalytic hydrogenation:

(a) Transport, crushing and classification of irom cuttings are very
work-consuming operations that pollute the working environment;

(b) Aniline residues canmot be completely separated from the irom oxide
sludges, which must be dehydrated in open deposits where the aniline
evaporates;

(c) The transport of moist sludges i: very difficult;

(d) The high humidity of the sludges mskes them an unusable raw material
in metsllurgical works;

(e) Stripping the aniline from the sludges by means of water vapour
produces a large amount of aniline water. Although this can be recycled into
the process, the smount of waste water is much higher than that produced in
catalytic hydrogenstion, where only reaction water is formed (0.4 m3/t);

(f) The probability of aniline leaks, which cause pollution of the
working environment, is higher in the process using iron.

Smsller sxounts of iron oxide sludge can be used in the manufacture of
pigments or abrasive materials.

Catalytic reduction of nitrobenzene is performed in various techmologicsl
modifications:

(a) Ges-phase hydrogenation in & fixed bed reactor is used by NIOPIK in
the Union of Soviet Socislist Republics, by Sumitomo in Japen, by Moravské
chemické zévody in Czechoslovakis, snd by Bayer in the Federal Republic of
Germany;

(b) Gas-phase hydrogenation in s fluid bed reactor is used by American
Cyanamid Co. in the United States of Americe snd by BASF in the Federal
Republic of Germany;

(¢) Liquid-phase hydrogenation in a slurry reactor is used by ICI in the
United Kingdom of Grest Britain and Northern Ireland and by Tolo Chimie in
France.

Individusl processes differ in the catslyst used, the marner in which
heat is uptaken, the arrangement of the rectification, the way the aniline
water is treated etc. A simplified scheme of the MCHZ process developed at
the Institute is shown in figure I. Teclknicsl and economical parameters of
the MCHZ process (with respect to the production of 1 tonne of aniline) are as
follows:
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Nitrobenzene consumptios, 1,335 kg (yield 99%); catalyst comswmption,
0.7-1.0 kz: heat consumption, -0.5 GJ; electric emergy conswmption,
150 kwh.

Neat consumption is s very important process perameter. The esmergy coaswmed
is harsful to the environment ia two ways: the production of emergy always
negatively affects the environment; moreover, the dissipeted heat presents
another harmful attack on the ervironment. In the NCHZ process, some heat is
produced. This was achieved oy exploiting the high reactiom Lkt for steam
production and the multiple heat exchange between the techmological streams.
“he technique of multiple Leat exploitation is showm in figure II.

It was not only ecological factors that forced the replacemeat of the
chemical reduction process by one using catalytic hydrogenation: hydrogenation
also reduces costs by 20%. Chemical reduction using iron is now only carried
oot in smaller plants. In Czechoslovakia, the manufacture of amilime by this
method was abolished in 1975. The development of polyurethane and rubber
chemicals required the construction of large new aniline plants that were
unthinkable on the basis of the chemical method.

B. Reduction of 4-nitrosodiphenylamine

4-nitrosodiphenylamine is formed in water-methanol solution im the
resrrangement of 4-nitrosodiphenylamine. The solution is suitable for
subsequent treatment to 4-sminodiphenylamine, without separation of the pure
substance.

There are two ways to reduce the nitrosogroup:

3 CO-N=(C)=NONa + 2Na,S,+ 6H0 —= 3 {)-NHE)NH,+3NaOH »2Na,S, ¢ -
ON=C)=NONa+ 2H, e C)-NH)NH, + NaOH

In contrast to the reduction of nitrobenzene, where the choice of reduvcing
agent is now unequivocal, in this case hydrogenation is not so clearly
prefersble. The costs of the reducing agents, i.e. disulphide and hydrogen
plus catalyst, respectively, are comparsble. The appsratus for the catalytic
hydrogenation, however, is more expensive: the plant consists of high pressure
spparstus, compressor and filter for catalyst separation etc. The spparatus
for the sulphide reduction, on the other hand, is very simple.

In spite of slightly higher costs for cstalytic hydrogenation, this
process was preferred for use at the Institute because it produces s cleaner -
waste water. The following table shows the composition of the waste water
resulting from the production of 1 t of 4-nitrosodiphenylamine.

Sulphide

gedyctjon Hydrogenstjon
Vaste water (m3) 7 S
NaCl (kg) $00 500
NeOH (kg) 3so 3s0
Nay8, (kg) 70 -
Ne28203 (kg) 600 -
Organic substances (kg) 25 25
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The waste water from the hydrogematioa cea be treated after asstralizatioa, by
s biological purificatioa procedure. Waste water from the sulphide reductios
coatains & lot of bonded sulphur, which requires high oxygea coaswmptioa ia the
biological treatmeat. It is therefore mecessary to separate tle sulphur before
biological treatmeat of the waste water. The sulphur dioxide formed dering

the meutralization presents amother problem. Sodiwm diswlphide imcreases the
content of sodium ioas im the waste water, producing aa iacrease in the
salinity of efflueat water.

The simpler waste water compositioa from hydrogemation allows some of the
minerals to be exploited. Sodiwm hydroxide, for example, may be coaverted
iato the imsoluble bicarbomate, which camn be separated by filtration. 1Its
calcination leads to the carbonate, which is & valuable by-product. MNoreover,
the smount of salts in the effluent water is decreased.

The hydrogenation of A-nitrosodiphenylamine is carried out coantinuowsly
iz e series of bubble columas. The smount of suspemded catalyst im the feed
solution of the ait :ocompound is 0.04%.

C. TIhe choice of the hydrogemstion arraagement

The selection of the hydrogemation epperatus is discussed ia detail
slsewhere. Only the guestion of the size of the productios capacity is
mentioned here.

A special apparstus is necessary for the hydrogenation. The economicel
effectiveness of its use markedly increases with increasing size of the
produciion capacity. Many organic compounds, however, are manufactured in
relatively small amounts. This discrepeancy can be solved by setting up larger
multi-purpose plents.

Not sll the reactor systems for hydrogenation are equally suitable.
There are four main types of hydrogenation reactor:

(a) Gas-phase hydrogenation in a fixed bed reactor;

(b) Liquid-phase hydrogenation in a trickle bed reactor;

(c) Continuous liquid-phase hydrogenation in a slurry or expanded bed
reactor;

(d) Batch hydrogenation with a suspended catalyst.

The first and third types of hydrogenation should be carried out in a
special apparastus and sre not convenient for the production of multiple
compounds. The trickle bed reactor end stirred autoclaves, on the other hand,
sre convenient for this purpose. In continuous bydrogenstion in s trickle bed
reactor with a layer of s granulated catalyst, it is not necessary to
sanipulate the catalyst in the case of slurry hydrogenstion. Trickle bed
resctors are therefore relatively simple.

The introduction of a fine catslyst powder into the autoclave and then
catalyst separation by means of filtration asre not only very unpleasant, but
slso hszardous operstions, becsuse many catelysts sre pyrophoric.
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REMOVAL OF SULPHUR COMPOUNDS FROM PETROCHEMICAL RAW MATERIALS AND
PRODUCTS BY HYDROGENATION AND EXPLOITATION OF THRE JECOVERED NYDROGEN
SULPHIDE FOR FURTHER CHEMICAL SYWNTHESES

" 0. Welser® awd H. Schulzxx

The refinery, carbochemical and petrochemical industries have been
considered for many years to be serious sources of industrial waste that have
a very negative influence on the envirommeat. However, over the las' few yesars
the situstion hes improved substantislly, and some processes that produced
undesirable wastes are, in their modern versions, low-waste technologies {(a
typical exsample is the latest commercial fluid catalytic cracking process).

Possil fuels coasist mot only of hydrocsrbons but also of compounds that
incorporate heterocatoms, e.g. sulphur, mitrogen, oxygen and even metals. These
noa-hydrocarbon components are generally detrimental to the quelity of finsl
products, and if disposed of, for example by combustion, have an adverse effect
on the eavironment.

The higher the boiling point of the hydrocarbon feedstock, the higher is
the heterostom content and the more difficult is its removal. The refining of
the high-boiling and residual feedstocks represents, therefore, one of the
greatest challenges, both techaically and economically, faced in the industria’
processing of fossil fuels, and also concerns a fundamental ecological problem
thet has to be solved.

High-boiling and residuasl hydrocarbon fractions can be refined by means -
of physical methods, such as extraction, adsorption, de-asphalting, special
distillation and thermal diffusion. These processes have two basic
disadvantages: they are not universally applicable and they produce
substantial quantities of wastes, which can frequently only be co erted
further with great difficulty.

Rydroprocessing is a universally applicable method for refining
high-boiling and residual fraction.. Many hydroprocesses have been developed
in which the undesirable components are removed and refined products with
desirable properties are obtained under various degrees of severity of
reaction conditions.

Hydroprocesses are also very effective from the ecological point of
view: they are of a low- or even non-waste technology nature. Undesirable
components are transformed into valuable hydrocarbons snd heteroatoms are
cenoved as their hydrogen compounds or ss pure metals.

From the economic point of view, the intensity and productivity of the
hydrogenstion processes must be maximized. Catalytic processes are therefore
generally used (if it is technically and economicslly possible). For highly
contaminated feeds, however, the application of catalysts is aot feasible and
other methods for ensuring sn sdequate hydroprocessing rate must be sought.

RPrague Institute of Chemical Technology, 16628 Prague, Czechoslovakis.

sAgfngler-Bunte Institut, Universitit Karlsruhe, Federsl Republic of
Geraany.
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Nitrogen, as a coastituweat of liquid fuels, has less eaviroameatal impact
because of its lower conceatratioa. Om closer iaspectioa, however, it is seea
that aitrogea caa be & more prodblemstic coantsmimant than sulphur. Emissioas
of W0y,, which can be particmlerly herafsul to needle trees ia special
situations, result both from aitrogea ia the fuel and from reactiom with
atmospheric nitrogem durisg high temperaturs combustioa of the fuwel. 1Ia
addition, aitrogea compounds are much more stable towards hydrorefininsg,
requiriag more severe resctiom comditions, which results ia higher costs owiag
to imcrvased hydrogen comswumption, increased reactioa pressure and tempersture
and poorer selectivity towards the end prodects.

Netals (such as nickel and vamadium), as comstituents of heavy petrolema
derived oils, are largely respoasible for the complexiamg capability of

nitrogen compounds such as porphyrins. The complexes formed are soluble ia
crude 0il and are rather stable. Demestallizatiom is meinly achieved by

hydrogenation of the coajugated system of double bomds of the ligend end its
denitrogenation. The metal is then deposited om the catalyst. Partial
demstallization caa also be achieved by de-asphaltiag residual oils. ¥i and Vv
are typical constitueats of petrolewm residues but are mot preseat im heavy
liquids from coal as tars and pitches.

With respect to the eavirommentally most favourable uses of heavy oils, a
second major rowte, which is not the subject of this study, should be kept in
mind: gasifying the oil with oxygen and steam and purifying the synthesis gas
before its further use in the production of methanol, ssmonis, gasoline and
other products. By anslogy, the production of fuels and chemicals from coal
via geasification is environmentally particulerly favoursble.

B. Catalytic and non-catalytic processes for conversion of petroleums
and coal-derived oils to fuel oils and feedstocks for further

deep conversion or refining

Recent trends in the petroleum industry exhibit substantial reductions in
crude 0il consumption and in the production of petroleum residues to be used
as fuel oils. The changes in the consumption of petroleum products and
especially of fuel o0ils can be derived from the dsts in table 1. It is clear
from these data thsat, in the countries concerned, the rate of consumption of
petroleum products will drop in the period from 1980 to 1990 end that this
trend should be strongest for fuel oils.

Table 1. Development of consumption of petroleum products in the
period from 1980 to 1990

Total oil products Residual o0il products
106 m3/d) {wt.)
Country 1980 1985 1990 1980/1990 1980 1985 1990 198n0/1990
Czechoslovakia ~-14 -14
France 0.293 0.247 0.201 -31 27.7 22.1 14.1 -49
Gerneny, Federsl
Republic of 0.347 0.319 0.307 -12 18.6 9.5 9 =52
Great Britain 0.212 0.208 0.197 -7 28.8 23.5 22.5 -22
Itely 0.264 0.287 0.262 -1 47.7 A7.6 41.3 -13
Japan 0.327 0.322 0.316 -4 k] ] 33 28.4 -25

United States
of Americe 2.22 2.10 1.9?7 -11 18.1 13.4 11.9 =34
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- At preseat, mesrly 50 processes are knowm that aim to wtilize residwal
olils, of which about 40% are commercial. Their classificatioa is showm ia
figure II. The individual processes result ia differeat degrees of
coaversioa, as illustrated ia tebie 2.

Table 2. Residual oil coaversiom achieved ia techaical
operation of differeat processes

Coaversioa range (%)
depending om severity of

Process process coaditioas
Hydrorefining 0-33
Visbreaking 5-30
Bydropyrolysis 25-67
Coking 56-70
Bydrovisbreaking $5-70
Rydrocracking 60-95
FCC 70-88
Pyrolysis 75-85
DSy 82-92
Partial oxidation 97-100

The following general conclusions can be made with regard to the
individual processes and development trends:

(a) The fundamental difficulties faced in direct catalytic processing of
residual oils, which are due to the presence of asphaltenes and organometallic
components in the case of hydrogenation processes, can be overcome by using
special catalysts that exhibit, among others, the following important
properties: very high metal retention power; very low coking tendency; very
large active aTess; sppropriste porosity distribaution; and moderate
hydrodesulphurizaetion (RDS) and hydrodenitrogenization (HDN) activity.

The combination of hydrodemetallization (HDM) ard HDS cetslysts is
edvantageous in the hydroprocessing of residual oils. A suitably selected
ratio between HDM and HDS catalysts can regulate the degree of conversion and
desulphurization.

Direct hydrodesulphurization of residusl oils produces low sulphur fuel
oils in the simplest technological way. Owing to intensive deactivation of
the catalyst, however, the process is very challenging, both technically and
economically. Indirect processes for residual oil desulphurization are
therefore used, where the basic principle is to limit the contact between the
major contaminants present in the residual oil and the hydrodesulphurization
catslyst, to which only the prerefined oils are fed (figure I11).

(b) Becasuse of the fundamental problems involved in the direct catslytic
conversion of residusl oil, the commercial tendency is to favour more widely
the thermal route. The purely thermal veriant is improved by the application
of sdditives that exhibit only & minor cstalytic effect and whose main function
is to sct ss discharges for coking deposits. The coke precursors and other
contaminents deposit preferentislly on their surface and not on the spparatus
walls.
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(c) HNRydrogeaatioa processes procesd more esasily whea solveats with
hydrogen donor properties are used. These produce hydrogea radicals required
for the chain reactios of thermal crackiag or the saturatioa of umstadle
intermediates.

(d) In catalytic hydrocrackiag processes, a awmber of reactor-eagimeering
means are applici to slow down catalyst deactivation. The most important means

are as follows:

(i) Protective catalyst layers (guard resctors) are used for
hydrodemetallizing the feedstock (this is done in a separate
- reactor or in the first layer of the hydro-cracking resctor);

(ii) Catalyst tailoring, i.e., optimization of chemical composition
and texture, such as wide pores for the top layer and narrow
pores for the bottom layer of the catalyst in the reactor;

(iii) Use of moving catalyst particles so that the catalyst can be
continuously regenerated or replaced;

(iv) Catalysts highly resistant to deactivating metals and
coke-forming components are applied, e.g. special supports are
used (such as special zeolites) that are highly resistant to
deactivication by metals;

(v) Special reactors are used, such as trickle phase with perfect
distribution of the liquid phase and with wall effect
elimination, reactors with ebullating or pseudofluid beds, and
sluriy reactors.

(e) Por non-hydrogenation processes, the following typical trends can be
noted:

(i) Por wider chemical use of heavy oils, the classical visbreaking
has been modified to hydrovisbreasking;

(ii) cCoking processes sre being optimized, for example the
Flexicoking process, which has outstending thermsl efficiency
owing to the gasification of a part of the coke being produced
s0 as to produce synthesis or fuel gas. The ART process is a
modification of fluid coking, with an inert carrier on which
metals and coke deposit. The Japsnese EUREKA process is a
modification of delayed coking in which the formation of coke
is inhibited by means of superheated steam and tars of high
aromaticity are formed;

. (iii1) Efforts to extend the application of FCC to cover residual oil
processing have led to catalysts that are passivated against
the deactivating effect of metals (Sb additives). Purther
progross made concerns the regeneration of catalysts that have
been deactivated by metals (e.g., in the DEMET IIl1 proce:s).

In subsequent work, efforts have been made to replace the FCC
catalysts based on sluminosilicates by more resistant catslysts.
Por instance, the Japasnese process HOT (10), which is uvader
development, makes use of iron as a catalyst;

(iv) Processes are also under development in which residuasl oils are
used as feed for pyrolysis to produce pasic olefinic chemicals.




Coal and other carboaaceous materials such as tar sand and oll shale are
importer: raw materials for iadustrial cheaistry. The transformation of
bitwmen to high quality fuels or chemicals is ome of the most challenging
industrial processes, both as & techaical and economical goel. Such processes
are very importamt, perticularly as reserves of 0il and natural gas will be
nearing exhaustion within the medium term.

C. Exsmples of modern processes of heavy oil conversion and their
major ecological and ecomomic relevance

The deep conversion of petroleum is based on the hydrogenative or
nonhydrogenative cracking of the high-boiling and residual fractions for
obtaining maximum yields of lower molecular weight products. The main reasons
why numerocus deep conversion processes are used in modern refineries are:

(a) Crude o0il savings are meximized;

(b) High-quality products are produced that can be used without polluting
the enviromment; '

(¢c) Substantial increases are possible in overall economy and
flexibility.

The following are typical processing routes, which are of high technical
and ecological importance:

(a) Mild hydrocrscking (MHC) of high-boiling petroleum fractions as an
efficient and flexible process for producing different fuels and petrochemical
feedstocks; )

(b) Hydrovisbreaking of residual petroleum fractions for obtaining
higher conversion rates and better product qualities than vis visbresking;

(¢) Desulphurization of residual oils, especially the combined process
of solvent deasphslting and hydrorefining of deasphalted oil;

(d) Direct coal ligquefaction as the most important process for producing
fuels snd carbochemicals from substitute petroleum resources.

Technical details of these selected processes are discussed elsewhere, with
only the most important facts covered in the present paper.

Kild hydrocracking is a very flexible process with s relstively extensive
area of spplication, especially for the following:

(a) Production of low-sulphur components of fuel oils;

(b) Production of high-quality components of lubricating oils;
(¢) Production of diesel fuel and jet fuels of excellent quality;

(d) Production of FCC feeds;

(e) Production of stesam-cracker feeds.

It is particularly attractive that MIC allows the use of existing HDS
units, which means that there is a possibility of improving substantislly the
economy of s refinery when VGO-HDS overcapscity exists. The use of an
existing HDS plant for MHC requires only low capitsl expenditure and slight
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engineering modifications. Table 3 gives & comperison of the cracking yields
for the two feedstocks. The recycled oil hes a substeatially lower sulphur
content owing to hydrogenation of the feed.

Table 3. FCC yields

(Wt. %)

Hydrotreated Unhydrotreated Hydrotrested-
iype YGO ) unhydrotreated
Capacity (tons/day) 3 400 3 200
Gasoline EP 205 °C 57.3 49.0 +8.3
ASTH
C2 minus 3.9 5.2 -1.3
Propane 1.4 1.4 0
Propylene 4.8 4.3 +0.5
i-Butane 1.9 2.2 -0.3
a-Butane 0.4 0.6 -0.2
Butenes 2.3 3.8 -1.5
LCO, EP 390 °C ASTH 18.4 20.4 -1.9
Clarified oil 4.4 1.7 -3.3
Coke 5.2 5.5 -0.3
Conversion 750 °C
VYol. % 78.7 14.4 +4.3
Wt. % 77.2 72.4 +4.8
Casolene selectivity
Vol. % 88.4 81.2 +7.2
¥Wt. % 74.2 67.7 +6.5
LCO selectivity
Vol. % 82.8 75.3 +7.5
Wt. % 80.9 73.6 +7.3
Casoline + LCO
W. % 15.7 69.3 +6.4

The profitability of catalytic cracking is comparatively high with
hydrotreated feedstocks. For instance, at the petrochemical works at
Schwechat, Austris, there was an increase of 28.5% in the total daily profit
owing to the use of hydrogenated FCC feedstocks.

Bydropretreatment of FCC feedstocks slso turns out to be important
ecologically: sulphur emissions sre rec.:ed when these products are used as
motor fuels or the cycle oils are used as a fuel. Catalyst regenerators in
cracking plants are slso important, as they enable substantial reductions in
the levels of SO, emissions to be made.

Anslogously, the MHC of VGO substantially decreases the content of
polysromstic hydrocarbons snd thus incresses the yields of ethylene and
decreases the yield of pyrolysis fuel oils when VGO serves as a feed for steam
cracking. Thiz is shown in figure 1V, where the following MHC conditions were
applied:
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Coprocessiag of coal and residual petrolewm fractioas is ome method of
enabliag the partial substitution of petrolewm by coal. Cohydrogenatioa of
bitumiaous coal, coke oven tar and residusl petrolewm oil increases the yields
of distillate oil and lowers hydrogen consumption. There is mo doubt that

this is a very progressive course that will also have great envirommental
importance. ’

Another important problem of modern petrochemical combinates, that of
optimal chemical utilization of sulphur and hydrogen sulphide, which asre
produced in relatively large quantities, is discussed elsewhere.

At present, sbout 90% of the sulphur produced iz used to produce sulphuric
acid, which is used mainly to increase the production of fertilizers required
to boost agriculturel yields in developing countries. Substantially larger
quantities of sulphur will become availeble for use in other branches of ths
chemical and consumer industries: primarily for the sulphur asphalts and
concrete; various sulphur composites; special sulphur-containing polymeric
substances; and, in particular, special thio-chemicals.

Figure V shows various possibilities for the production of the techmically
most important thio-chemicals via catalytic synthesis from HyS. The
production of special sulphur products thus represents a substantial economic
and ecological contribution to the traditional oil refining and petrochemical
industry. :

D. Conclusion

The amount of sulphur being recovered from crude oils and coal is
generally increasing. Sisultaneously, there is an intensification of tke
necessity for removing it, either from emissions and exhausts after combustion
or, slternatively, prior to combustion from the fuels being used for power
generation, transportation and chemical feedstocks.

There have been important recent developments in the deep conversion of
crude o0il, where high-boiling distillates and residual oils are used as »
source of high grade fuels and petrochemical feedstocks. Substantial progress
has been achieved in the production of low-sulphur fuel oils, in coal
liquifaction, and chemical processing of carbochemical products

Conversion of the high-boiling and residual petroleum feedstocks is
obtained vis highly effective catalytic and thermo-catalytic hydrogenation
processes in which the undesirable slements (sulphur, nitrogen, oxygen and
metals) are eliminated and upgraded fuel oils are produced, which can also be
more easily processed in catalytic or thermsl conversions, such ss pyrolysis,
fluid catelytic craciing and the production of lubrication oils.

The most important new processes are catalytic desulphurization and
hydrocracking of residusl oils, mild hydrocracking and hydrovisbresking.
These processes ace highly effective technologically, they are more economic
because of raduced energy consumption, and they meet the ecological
requirements of low-waste technology.

An important complement to modern hydrorefining and hydrocracking
processes is the non-traditional use of hydrogen sulphide and elemental
sulphur. The production of sulphur asphalts and concretes, of special
sulphur~contsining composites, and of organic thio-chemicals presents a
substantial economic and ecological contripution to the traditional oil
refining and petrochemical industry.
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OPTINIZATION OF FURL OIL PRODUCTION FROM VACUUM RESIDUR

'R. Eubitka®

Puel oil productiom takes place ia most refimeries. The fuel oils
produced can be divided iato two groups. Ome growp comsists of lighter
petroleva fractions, for exsmple, distillate fuel oil, correspoading to gas
oil. The other growp is made wp of residual petrolemm oils, the maia
coapoaent being atmospheric and vacuwm residse.

Among the importaat quality imdicators of the manufactured fuel oils are
their sulphur conteat and viscosity. Sigaificant pressure is being applied to
decrease the sulphur coateat ia fwel oil. It is esasier to comform to this
demend when producing fuel 0il made wp of petrolema distillates. Enlargement
of the hydro-treating capacities amd higher production costs have to be taken
into account here. 7This swbject was recently comsidered for the countries of
the Buropean Ecoaomic Commmnity. It follows from the fimal report that, tech-
mically, sulphur contents cam be reduced and that it is omly mecessary to
release the finaacial means for the completion of the refining equipment. The
desulphurizetion efficiency could be increased from 69% im 1982 to 80% ia 1990 [1).

Residual fuel oils are mow produced in decreasing gquaatities. Por Westera
Rurope the following figures in millions of tonnes per year are given for the
period 1980-1990 {2): .

1980 1985 1990 1996

Amount of crude o0il processed 606.4 527.4 505.6 477.9

Amount of residual fuel oil 200.0 115.1 106.7 90.4
Percentage of crude oil 32.9 21.8 21.1 18.9

The production of residual fuel 0il is expected to decrease from about one
third to one fifth of the processed crude 0il. A similar development can also
be expected in other areas. The desire to maximize the utilization of
petroleum for the production of motor fuels and petrochemicals is principal in
this development, the first result being s decrease in fuel 0il production.

At the same time, restricting or even ceasing to use stmospheric distillation
residues can be taken as the main change in petroleum processing. Up to now,
however, residusl fuel oils have been produced primarily by that process.

Thus vacuum residue is becoming the new basic feedstock for the production of
residual fuel oil.

Vacuum distillation enters the crude o0il refinecry’'s flow sheet and vacuum
ges 0il and petroleum vacuum residue sre obtsined. There are many technological
varisnts for s refinery [3). When producing fuel oil it is them necessary to
start from vecuum distillation residue. Frequently spplied alternatives for
further processing of vacuum ges oil and vacuum residue are shown in figure 1.

AChemopetrol, Litvinov, Czechoslovakia.
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The processiag of vacwwa residee to motor fwels, pyrolysis feedstock and
fusl oil is demending, both from the process and investmeat poiats of view.

Altersatives to vacuua residee processiag are therefore beiag imvestigated,
some of which ere showm ia figure II.

The production of fuel oil coataimiang 25-30% water can be takea as o
typicel altermative {4).

- The manufacture of fuel oil of a satisfactory viscosity by addiag lighter

petrolewa fractioas is common. The maaufacture of asphelt is slso fully knowm
and used.

A useful method of producing hydrogemn sand syathesis gas at sites with
suitable conditioms is by the partial oxidation of vacuwm residue.

A. e h esulphurization of petrolewm distillatioan residue

Tha hydrodesulphurization of atmospheric and vacuwm residue was iatroduced
in the 19803, and can be uwsed to desulphurize the eatering feed from 2 to 5%
to s rest value of 0.5-1%, the workiag periods beiag 6-12 moaths. Twenty-oae
units with an overall capecity of abost 25 million tomaes per year have beea
comnstructed [5). Of these waits, 13 were built in Japan, 4 ia the United
States of Americe, 2 in Kwwnit, 1 in Mexico and a small pleat in Sweden. In
Europe, petrolesm residue is mot yet desulphurized.

When hydrodesulphuriziag petrolewm distilletion residue, 60-80% of the
metsl compounds are removed. This is completely satisfactory for the
production of low-sulphur fuel oil. It is mot sufficieat, however, to produce
desulphurized material that can be used as feed for fluid catalytic cracking.
In that case, values of 10-20 ppm rest for the metal content, less thes 5% for
the Ramsbottom carbon content and below 2,000 ppm for the nitrogen comtent sre
required [6). Although the necessity for imcreases in capacity is being
emphasized, further desulphurization waits sre no longer being constructed [7].

B. Residual fuel oil production in Czechoslovskis

In Czechoslovekia, the direct desulphurization of petroleum atmospheric
residue was developed. Particular attention wes paid to the production of
low-sulphur 0il, which required for its manufacture that vacuum gas o0il and
vecuua residue deasphaltized by light naphths be separately hydrotreated.

The deasphaltization was developed in the Union of Soviet Socialist
Republics, and checked in & commercial size plent in Czechoslovakia. The
information obtained was used to work out the project documentation for the
production of 1.5 million tonnes per year of low-sulphur fuel oil. The
project has not been implemented (8, 9).

The production of fuel oil is slso decreasing in Czechoslovakia. The
manufacture of etmospheric petroleum residue is being reduced and moreover the
. vacuum gas oil produced is hydrocracked to motor fuels snd to pyrolysis feed
for the production of ethylene.

A schemstic flowsheet of the crude oil processing in the Litvinov refinery
is shown in figure III.
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PRINCIPLES OF THE LOWV-UASIE PRODUCTION OF NITRIC ACID

Jan Vosolsobe and Antonia Simetekt®

Bitric acid is ome of the most importeat imorgemic acids, being uwsed ia
the production of fertilizers, dyestuffs, resias and explosives. Purther
spplications include stainless steel pickling and metsl etching. Abowt
three-quarters of the nitric acid produced is uwsed inm the fertilizer iadustry,
msialy for the production of ammoniwm nitrate and compound fertilizers. The
nitric acid needed in the fertilizer industry is wswally dilute aitric acid at
a comcentration of 50-60%. For most other applications, such as mitration
reactions, 90-100% nitric acid is used.

Nowadays, nitric acid plants all over the world use the same basic
process, coasisting of the gas-phase oxidation of emmonia in sir over a
catalyst of platinum-rhodium gauze to form nitric oxide:

850-920 °C

ANH, + SO

3 2

ANO + 6!!20 s AH < @ (1)

In the presence of further oxygem nitric oxide is coanverted to nitrogen
dioxide:

2lo+02 > Zloz;bl!<l (2)

Part of the nitrogen dioxide formed is then dimerized to dinitrogen tetroxide:

— .
2'02 uzo‘ ;AH >0 &)

Mitric acid is produced by the reaction of nitrogen dioxide and dinitrogen
tetroxide with water by a process of absorption:

3l!02 + !l20 — 2!!'03 + N0 ;00 <9 (4)

In addition to the main reaction (1), s number of competing and complementary
resctions can also occur. To avoid the undesirable reactions, s highly
selective platinum-rhodium catalyst is used.

The catalyst slmost universally used consists of & fine wire, 0.05-0.09 mm
in dismeter, made of platinum slloyed with 5-10% rhodium and woven into s
gauze. Several catalyst gsuzes arranged in s pack are used in each smmonis
burner. The hest relessed by the reaction raises the temperature of the gas
and the catalyst to 850-950 °C. At these high temperatures, s significant
amount of the precious metal is lost from the wire by vaporization and by
erosion.

S*Departaent of Inorganic Technology, Prague Institute of Chemicsl
Technology, 16628 Prague, Czechoslovakis.
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The efficiency of the ammoaie oxidetiom process falls slightly with
increased operating pressure. The aitric oxide oxidation and the absorptioa
reactions, however, are favoured by imcreased pressure, permittiag the use of
much smsller equipmeant for a given capacity plamt with the production of a
higher conceatration of aitric acid.

Since, in general, high pressure plants are expected to lose more
platinum than low pressure plants, as they operate st higher temperatures,
methods must be used to reduce losses or improve the recovery of platinum
catalyst.

The recovery of platinum was considerably improved by the development of
a process using palladium-nickel catchment gawzes. The system now generslly
sdopted has two or more of these gauzes instelied immediately downstream from
the platinum-rhodium gauzes. They are arranged in a pad with each gauze
separated from its neighbour by & stainless steel mesh.

With the increasing cost of platinum in recent years, efforts were
directed toward the development of mon-precious metal catalysts for ssmonia
oxidation. Several installations of a combinstion of Pt-Rh gauzes and s layer
of non-platinum catalyst have shown excellent results.

After oxidation the resction gases are cooled, energy is recovered and
sdditionsl air is introduced to give an excess of oxygen. The nitric oxide is
oxidized to nitrogen dioxide, which is in equilibrium with its dimer.

Nitric acid is formed from nitrogen dioxide and its dimer. Whilst three
molecules of nitrogen dioxide are removed in this reaction, one molecule of
nitric oxide is regenerated. This NO is re-oxidized by the remaining oxygen
in the gas phase and the acid-forming sequence is repeated, which means that
only two thirds of the WO, formed is converted to nitric acid in each cycle.
During this procedure, the partial pressure of NO and hence the rate of its
oxidation to NO, decreases constantly.

Thus the absorbers, where the bulk of these reactions occur, must be
large to provide sufficien: residence time and also cooled to favour the
equilibria as well as to increase the rate of NO oxidation, which is the
limiting reaction and one of & few reactions in which the reaction rate
decreases with increasing tempersture. The sbsorption reaction never goes
to completion, and some nitrogen oxide always escapes in the stack gases.

A. Nitric acid processes

It is clesr from the above that both temperature and pressure influence,
st different stages, the nitric acid process. The role of temperature can be
controlled, and is intimately linked with the recovery of energy, whereas
pressure sffects, on s simple level, the offxcicncics of oxidstion and
sbsorption.

In recent years, three process schemes have dominated new nitric acid
plants: the sedium-medium single pressure, medium-high dual pressure, and the
high-high single pressure processes.

In the medium-medium pressure process the sir-ammonis mixture is oxidized
at s pressure of 0.4-0.6 MPa snd the reaction gases pass after cooling into
two sbsorption towers, operating st the same pressurs.
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Processes employing combustion (oxidation) of ..wonia and absorption at
lower pressures are obsolete, because at pressures : -ar than 0.3 NPa the waste
geses coatain more than 2,000 ppm NO,, which causes ::rious envirommentsl

prodlesms.

The MOy content in the tail gas of the mediwm-medium pressure process
operating at 0.4-0.6 MPa can be reduced to less than 600 ppm; to reach the
current generally accepted emission limit of 200 ppm, however, catalytic
reduction of the oxides is required. This type of process is economic for
wnits with daily capacities up to 500 tomnes of nitric acid.

The combustion section in the medium-high dual pressure process is
identical to that in the medium-medium single pressure process. After the
nitric oxide containing gas has been cooled in the condenser, however, it is
compressed in s radisl compressor to the absorption pressure 0.7-1.4 MPa. The
WO, content of the tail gas is normally less than 200 ppm, usually 125-150 ppa.
A sepsrate treataent stage to meet current environmental specifications is thus
not required. This process is the most economical for deily capacities over
500 tonnes of nitric acid.

The process scheme employed in the high-high pressure process is
essentially the same as in the medium-medium single pressure process, except
that the initial compression of the gases is grester. The pressure employed
is usually 0.8-1.0 MPa. As a result of the high pressures, all the equipment
can be made smaller, and hence cheaper, so that this type of plant is favoured
where a quick return on capital is required. The main difference in the
actual plant equipment required is that only one absorption tower is needed.
The concentration of nitrogen oxides in the tail gas may be reduced to less
than 200 ppm.

B. Methods for reducing NO, emissions

Until recently, there was little objection to emissions of NOy from

nitric acid plants. Older plants, in partiular, are recognizable even today
by their tsil ges, which generally has a colour that varies between intense

yellow and reddish brown due to the presence of mitrogen dioxide.

The requirement of a colourless stack gas is difficult to achieve; it can
be achieved in a new plant by means of high pressure absorption or in medium-
medium pressure plants by, for example, selective catalytic reduction of MOy .

Among the methods available for reducing the NOy emissions in existing
plants, the following may be mentioned: improved acidic absorption; alkaline
sbsorption; catalytic combustion or selective reduction of the waste gas; and
sdsorptive methods.

lmproved acidic sbsorption

Improving acidic sbsorption is achieved primarily by extending the
sbsorption volume and also by using the highly effective sieve trays technique
and efficient cooling.

An existing plant can be equipped either with s newly-built high pressure
sbsorption tower, or extended by one additional absorption tower.

Owing to improved recovery of the energy from waste gsases, it has become
possible to increase the pressure in the absorption towers. An NOg content
of less than 200 ppm cen be schieved st pressures over 0.8 MPs and by
increasing the number of absorption trays. An extended sbsorption process is

sconomic up to 1‘.30-150 pPm.
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The aveilability of highly effective trays allows plants operating even
at medium absorption pres ~res to reduce MO, emissions below 700 ppm, which

facilitates further trea. t of waste gases in additional equipment.

Alksline absorption

Downstrean alkaline absorption of waste ges is the oldest method of
reducing emissions and has proven useful in practice. The solvents used are
aqueous solutions of hydroxides or carbonates of sodium, potassium, magnesium
or calcium. A precondition to making this method attractive is that there is
a use for the resulting nitrite solution.

In plants where the absorption pressure is above G.5 MPa, an NO; content
of 200 ppm can be obtained at the end of the sodium hydroxide scrubbing.

Another possibility is to use urea solutions as scrubbing liguids.
Because of the high cost of urea and the need for large equipment volumes this
method has not been industrially accepted.

Adsorptive methods

Adsorptive methods include pressure-swing and temperature-swing adsorption
on molecular sieves. This method is expensive and desorption of nitrogen
oxides requires an additional expenditure of energy.

Catalytic reduction processes

The most effective method of removing nitrogen oxides is catalytic
reduction to elementary nitrogen. Reducing sgents such as hydrogen, natural
gas, or sammonis can be used.

The method using hydrogen or natural gas is known as catalytic combustion
or total reduction and the method using ammonia as a reducing agent is called
selective reduction.

The main distinction between the two processes is that hydrogen or
hydrocarbons react primsrily with oxygen. When the oxygen in the tail gas is
burnt the excess fuel reacts with NO, and forms Ny

Under suitable conditions and in the presence of vanadium catalyst, in
the selective reduction process ammonia reacts preferentially with nitrogen
oxides to form N, and water.

The total reduction process takes place in the presence of palladium
catalyst at temperatures in the range 500-800 °C. This process is used in the
United States of Americas.

Apart from the substantisl consumption of fuel there may be probleams of
secondery emissions of carbon monoxide and unburnt methane when natural gas is
used. Because of the high fuel cost and high emissions of hydrocarbons, this .
process is not acceptable in many European countries.

In this method, nitrogen oxide emissions are decreased but hydrocarbons
are discharged into the atmosphere. Although both are harmful, the
hydrocarbons are not visible.

The installation of the selective waste gas treatment unit in s nitric
acid plant absorption system is very simple (sen figure).

|
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Cazsous ammonia is fed to the mixing device and heat exchanger in a
controlled stream. The temperature required for the selective reduction is
220-350 °C. The highest WO, inlet concentration in the plents is 3,000 ppm,
while the lowest NO; Jutlet concentration is 60 ppm. For waste gas with
400-800 ppm of MO, a tail gas containing 60-150 ppm of MOy is achieved.

In the selective reduction process, ammonia rescts on a vanadium catalyst
with nitrogen oxides according to the following equations:

6M0 + ANH3 = SN + 6H20 (5)

602 + BNH3 = 7Nz + 12KH0 (6)

NO + NOz2 + 2NH3 =— 2Ny + 3H20 )}

The reaction of ammonia with oxygen, which is also present in the waste
gases, occurs only to a small extent. The consumption of smmonia is thus
lower, by an order of magnitude, than that of other reducing agents like
natural or town gases.

In addition to the low consumption of raducing agent, the advantage of
this process lies in its low capital costs and in the independence of the
equipment on the technological parameters of the nitric acid plant. The
lifetime of the vansuium catalyst is more than 10 years.

C. Conclusions

Methods have been developed that allow nitric acid to be produced on an
acceptable economic basis without pollution of the atmosphere. There are
processes that can be incorporated in both new and 0ld nitric acid plants to
reduce emissions of nitrogen oxides below legislated limits. Which process to
employ depends on individual circumstances.
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CZECHOSLOVAK EXPERIENCE IN NIIRIC ACID PRODUCTION

Rudolf Subrt*

Nicric acid was first produced in Czechoslovakia at Lovosice, in 1954.
The combustion section of the plant operated at stmospheric pressure and the
absorption section operated st 0.3 MPa. As demand increased, new plants were
brought on stresm, and the current annual output is just under 1 million tonnes
of pure (100%) nitric acid, most of which goes into fertilizers (largely in
the form of ammonium nitrate and compound fertilizers), dyestuffs, resins and
explosives. The selling price is KEs 1,000 per tonne.

There are 18 nitric acid plants in operation at present. Sixteen of thea
were designed and built by Czech engineering groups; two units were imported.
With one exception, the plants are more than 10 years old.

Three process schemes have been used. 1In one, combustion is carried out
st stmospheric pressure and absorption is cerried out at 0.3 MPa. 1In the
second, the plants operate at 0.4 MPa in both sections, combustion as well as
absorption. Such units are rated st 160-240 tonnes of nitric acid per day. 1In
the third scheme, a dual (medium/high)-pressure system, the ammonis is oxidized
at 0.3 MPa and the nitrogen oxides are absorbed in water at 0.9 MPa. The
plants based on this scheme have a capacity of about 700 tonnes of anitric acid
per day.

All three processes are employed to make highly concentrated nitric acid.
However, since nitric acid forms an azeotrope with water at about 68.8%, it
cannot be concentrated by simple distillation. Instead, the dilute nitric
acid is mixed with concentrated sulphuric acid, which acts as a dekydrating
agent and allows the nitric acid to be distilled off in concentrated form.

In addition to the classical HOKO process, one unit based on the Sabar
process, including rectification end final physical absorption of the nitrogen
dioxide, was imported last year.

Because new-generstion ammonia plants have cut the cost of smmonia in
half, it is unl kely that other raw materials for nitric acid will become
competitive in che near future. As no substantial change in the technology of
nitric acid manufacture is anticipated before the end of this century, efforts
to improve nitric acid production have focused on two areas: reducing the
smount of nitrogen oxides discharged to the atmosphere in the tail gas and
minimizing the loss of precious metal catalyst during oxidation of the ammonia.

Good progress has been made in reducing environmental pollution. 1In 1978,
the average nitrogen oxides erission was 12.6 kilograms NO, per tomne nitric

acid, but by 1985 this was down to 2.8 kilograms per tonne of nitric acid.
Overall improvement is summarized in table 1.

XSECHEZA, Lovosice, Czechoslovakia.
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Table 1. BEmission of aitrogea oxides from aitric acid plaats
ia Czechoslovakia

1978 - 1980 1935
Nunbesr of plants 19 19 17
Production of HNO3 (tonnes) 1 017 619 1 010 ABO 970 532
Average emission (kg NOz/tomne HNO3) 12.6 9.4 2.8
Total emission (tonnes NOp) 12 822 9 390 2 760

Regulatory limits for nitric acid plant discharges in Czechoslovakia now
stand at 2 kilograms MO, per tomne nitric acid for new plants and 10 kilograms
per tonne for old plants. To meet these limits on NO; (expressed as NOy),

an original catalytic system has besn developed in Czechoslovakia and put into
practice in plants et Lovosice and Pardudbice. The system, which is a

modification of the selective reduction process, uses two layers of two
different catalysts. One catalyst is highly selective for the reduction of
nitrogen oxides, while the other decomposes the unreacted emmonia. This
system reduces ssmonia consumption and improves the reliability and safety of
the process.

The NO, smission rates of individual plants are given in table 2.
Table 2. Nitrogen oxide emissions of individual plants

in Czechoslovakia, 1985
(kg NO,/tonne HNO3)

Plant Emission rate
Lovosice I-IV 1.89
Lovosice V 0.89
Duslo Sala I-TV 1.45
Duslo §¢1n Krebs 2.0
Semtin 18.85

RY 0.85
Chemko Strizske I 7.35
Chemko Stréiske I 0.35
Ostrava 2.0

Aversge T 2.84
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Alkaline absorptioa has been carried out ia two of the maits, and total
catalytic combustion is carried out ia two other wnits. There are plams to
improve the efficieacy of the absorptiom uwaits operatiag et high pressure.

With the risiag cost of platiaum, efforts have been made to further
reduce platinum losses and improve the recovery of platiawe catalyst. A
United States company [1) has reported the re-iatroduction of a pelleted
cobalt catalyst. Other organizations [23] have anacunced their development of
base metal catalysts for ssmonia oxidatiom.

In one medium-, single-pressure plant, the suitability of the Dagussa
system of platinum recovery has been tested. This system was eble t. catch
about 70% of the platinum-rhodium particles on palladium-nickel gauze arranged
in a compact pack. 1f this method cf platinum recovery can be combined with
the use of the non-noble metal catalyst developed in Czechoslovakia, platinum
losses could be reduced by 15%.

Conclusion
Enough experience has been gained to ensble Czechoslovak engineers to

design as well as build and operate all types of mitric acid plants. Two
original catalytic systems have been developed. Omne allows most of the
platinum-rhodium gauzes to be replaced by non-noble catalyst and substantially
reduces the losses of platinum. The other reduces the amount of NOy emitted
from nitric acid plants, keeping it below the legislated limit.
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ENVIROMMENTAL PROTECTION IN THE PRODUCTION OF SULPNURIC ACID

Jaroslaev PoXivil and JiFi Michélek*

INTRODUCTION
This peper is concerned with eavirommeatal protection ia commectioa with
sulphuric acid production and is intended to emable developing coumtries to
sppraise the installations being offered and to select those systems that will
meet the standards laid down for eaviroameatal protection. It also coasiders
th2 recovery of energy from waste, the selection of catalysts and the special

criteria that would influeace the choice of a techaology for developing
countries.

Sulphuric acid ranks among the principal products of the chemical
industry. The extent of its production and comswmption is ome criterionm by
which the overall state of a couatry’s chemical industry can be judged.

Estimetes of global sulphuric acid productioa rum as high as 120-130 million
toanes per year.

The large volumes of swlphuric acid produced and the relatively low costs
of the raw materials have led to plants that are technologically advanced, so
that even the operating costs are rather low. This is due mot omly to the
digh degree of utilization of the feedstock (98-99.5%), but aslso to the high
recovery of reaction heat as steam and hot water and to the reliability and
dependasbility of the process equipment. Since the operating modes of the
individual apparatuses of the production line are relatively stable, it is not
difficult to apply simple regulatory loops or even control computers, and with
a minimum of servicing, the operation can approach the economic optimum.

There are s number of process varisbles from which to choose, including
variables with respect to feedstock, but perhaps the most important choice
lies in the way potentisl pollution problems are handled. In the case of
sulphuric acid, there are two points at which the environment can be affected.
The first point is during production end involves mainly pollution caused by
unrescted SO, emissions and by H,S0, mist. The other point is during

sulphuric ecid consumption and involves the eventual disposal of sulphuric
acid waste solutions.

Although it masy be claimed that the problems encountered in production
have been mastered and that it is wmerely a matter of economics to decide how
far to go with abatement, the same cannot be said of the problems engendsred
by sulphuric acid consumption. At present, the processing of waste sulphuric
acid streams is s major challenge that will have to be dealt with in the very
near future. For tlLis reason, this paper slso goes into the question of waste
H,80, regenerstion and reprocessing. Closing the loop of H280, production-
consumption-regeneration not only would solve the matter of protecting the
environment but also would settle the issue of the raw materials base and of
production methods.

APrague Institute of Chemical Technology, 16628 Prague, Czechoslovakia.
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A. teri for su ric gcid ction

Ristorically, meay differeat raw materials have been used to make
sulphuric acid. Imdeed, aay sulphur-coataiaiag substance may be used, as lomg
as it can be comverted iato SO or SO3. The material that at preseat best
satisfies all the requirements is elemeatal sulphur. The other sulphur
compounds that hed once been used have gradually fallea out of favowr, at
least for the direct productioa of sulphuric acid. Waere they are still used,
it is mainly because they serve as ea outlet for waste S0,.

The use of sufficiently pure elemeatal sulphur, which is the most
expensive of all the sulphur raw materials, sllows the eatire processing line
of the sulphuric acid plant to be greatly simplified. 1Im practice, this leads
to lower capitsl outlays, better operatisg reliability, and esssier process
control. By contrast, the use of cheaper rew materials complicates the entire
process, makes it more prome to defects, and necessitates more demanding
inspection and control. For this reasoa, it has become less ecomomical to
produce sulphuric acid from iasexpeasive sulphur raw materiesls thaa to produce
it from relatively expensive elemental sulphur.

The econmomics canm be quite differeat, however, if there is s supply of
waste sulphur dioxide (from, say, the roasting of polymetallic swulphidic ores
or the desvlphurization of combustion geses) that would otherwise have to be
disposed of , or if waste sulphuric acid and sulphates asre available for which
no switable use or disposal method can be found. Indeed, the econmomics are
relatively attractive where it is possible to dispose of several sulphur-
containing wastes or low-value substances simultaneously. For example, the
thermal decomposition of waste H,S0, or waste sulphates uses as a fuel o
high-sulphur heating 0il, coke or coal that could mot otherwise be burnt. In
this case it is also the sulphur coamtained in the fuel used for H,;SO,
production which is utilized.

B. Zechnology

There are plants in the industrially advanced countries that can produce
between 50 end 2,500 tonnes per day of sulphuric acid. The raw materisl -
sulphur of at least 99.9% purity - is brought to the production site in either
$0lid or molten form. It is then oxidized in furnaces similar in design to
the steam boilers in which heavy o0il or other liquid fuels are burnt. The
only difference is that the sulphur is oxidized in dry air. The combustion
temperature may reach 1200 °C. The sulphur/air ratio is maintsined such that
the sulphur dioxide gas produced contains 9-12% SO, and 9-11% O0,. The
sulphurous gas is cooled at the prehester and at the water banks of the steam
boiler to the working temperature of the vanadium catalyst, which is 400-420 °C.
Between 0.9 and 1.2 tonnes of steam at 4 MPa can be produced for every tonne of
sulphuric acid output.

The oxidation of sulphur dioxide to sulphur trioxide proceeds very slowly
if unaided, so s vanadium catalyst is used to speed up the reaction. The
converter section, which consists of catslyst beds and the suxilisry equipment
required to msintain the desired temperature, is the most critical part of the
equipment as far as process control is concerned, for only if it is operating
properly can the necessary conversion of $0, to $03 be schieved. With
so-called single-stage conversion, the yield of 303 from SO, resches 98%.
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Since sulphur trioxide absorptioa carried out ia the preseace of water or
ia aqueous sulphuric acid solutioas - haviag a certaia water vapour pressure -
would yield NS0, ia the form of a hard-to-retais mist, it is imstead genmerally
carried out ia conceatrated HS0,. The off-gases from the adbsorptioa tower pass
first over filters (demisters), where eatraimed K330, droplets are retained, and
thea to the stack, where they are veanted to the astmosphere. The off-gases
coataia approximately 0.2% sulphur dioxide, which means that 2% of the sulphur
dioxide processed ends uwp in the atmosphere, there to be gradually oxidized to
sulphuric acid and to retura to the earth as acid rain. Thus, a sulphuric
scid plant having a capacity of 1,000 tonnes per day emits sulphur dioxide in
quantities that produce 20 tonnes per day of sulphuric acid in the atmosphere.

C. Control of sulphur dioxide emissions from sulphuric acid plants

A conventional sulphuric acid production facility mekes use of no more
then 98% of the sulphur rawv material; the remeining 2% becomes sulphur dioxide
pollutant. A number of methods for comtrolling these emissions are
theorstically possible, bat only some of them have been put imto practice.

Alkslime washing

This is a rather simple wait, techmologically. A packed column absorbs
the sulphur dioxide residues in NaOH, WayCO;, or NH,OH solutions. When

properly designed, this lbsOtber reduces the sulphur dioxide content of the
exit gas to 0.0001%.

Double conversion method

The principle of the method is very simple: the catalytic oxidation is
discontinued once 90-94% sulphur dioxide conversion has been reached, whereupon
the gas is cooled and the sulphur trioxide produced is removed in a so-called
"intermediate” absorber. The sulphurous gas containing up to 1% sulphur
dioxide is then heated to the catalyst working temperature and the reaction is
allowed to continue. The theoretical conversion is 99.99%, and 99.5% is
stteined in prectice. The sulphur trioxide produced is absorbed sgain in the
final sbsorber.

Sulphur dioxide oxidation in the liquid phase
These methods trap the residual sulphur dioxide in water snd then oxidize it.
D. Conclusion

The selection of s technology for making sulphuric acid, as well as the
design and interlinking of the process egquipment and the choice of raw
materials, is & complicated matter. Many factors, including the availability
of inputs, manpower skills, and waste heat utilization, must be considered,
and different combinations will be optimal under different conditionms.
Nevertheless, a number of observations can be made:

(a) The pollution problems associsted with a sulphuric acid plant based
on elemental sulphur have been overcome by the use of an intermediaste
sbsorption system thst achieves a total sulphur dioxide conversion of greater
than 99.5%. 1f the facility is to be located in a densely populated asres, the
Peracidox process can reduce the sulphur dioxide emissions even further, to
the point where they have little effect on the environment. Proper operstion
of the contact reactor, the key piece of equipment for obtsining s high 30,
conversion, is contingent on proper selection of the catalyst;
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(b) The prodblems sssociated with waste heat cam be slleviated by
substituting it ia part, for the combustion, e.g., of solid fuels, thus
slleviating pollstion from those sources. While the use of high-temperasture
heat sources for heating steam is common, we have recommended the use of
lower-temperature heat sources by adequate comswmers.: The related engineering
requirsments are owtlined ia the fimal report of the Czechoslovak project
SI/CIR/85/801;

(c) HNany ecological problems are created by sulphuric acid wastes. Ome
means of coping with these wastes appears to be thermal decompositionm, with
the decomposition products being recycled iato fresh scid production;

(d) 1t is important to developing countries that the process they select
be & reliable one and that it require little or no mesintenance and service. 1t
is for this reason that plants based on elemental sulphur can be recommended
for the developing countries. Unlike plants that use other sulphur-containing
raw materials, the plants that use elemental sulphur are simple and reliasble,
their operstion is stable, and they are mot maintenance-iatensive. Process
control is not difficult and can be achieved using either manual controls or
simple computerized control systeas.

1t can be said, in conclusion, that it is possible for s sulphuric acid
production facility to be operated without unduly burdening the atmosphere
with sulphur dioxide emissions and other pollutants. Such a fecility can at
the same time generate steam for use in the adjoining units of the chemical
complex.
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THE LOW-WASTE TECHNOLOGY CONCEPFT AS APPLIED IN BRAZIL

Sergio A.S. Almeida*

INTRODUCTION

The PFederal Republic of Brazil is made up of 24 states, 3 territories and
a federal district, where the capital city of Brasilia is located. The
country’'s environmental control network consists of a central environmental
protection agency, SEMA, located at Brasilia, and 24 state environmental
protection agencies, one in each of the states.

At the highest level is the Mational Environmental Council, CONAMA, which
is made up of representatives from the state agencies and s few other
organizations. CONAMA meets regularly and sets the federal regulations on
environmental matters.

Each state environmental agency may issue its own regulations and may
spprove, or disapprove, industrial and otker projects as well as solicit and
review monitoring programmes. These agencies also have the power to issue
warnings and fines and to stop comnstruction and/or operation of any project
that is not in compliance with environmental regulations.

While all industrisl projects must fulfil at least the local state
requirements, the large chemical or petrochemical projects that span a number
of industries must consult the centrsl agency, SEMA, and also fulfil any
sdditional requirements it lays down.

The whoie bureaucratic process is complex and time-consuming: in many
cases, it takes more than s yesar to obtain s construction licence.

A. LWT concepts in Brazil

Low-waste technology (LWT) is not yet practiced to any significant extent
in Brazil, nor is it practised widely in any developing countries. At any
rate, it will probably be the potential economic advantages of low-waste
technology, rather than just its environmental advantages, that cause it to be
investigated and eventually sdopted.

Probably the only large-scale application of the LWT concept in Brazil is
at PCA, the chlorochemical complex of Al«goas, in northeastern Brazil, near the
city of Maceié. Until a decade ago, the economy of the state of Alagoas was
based entirely on the cultivetion of sugar cane, to produce sugar (for domestic
use and export) and alcohol. Industrialization started when a lsrge chlorine-
soda plant, Salgema, was brought on stream. Locsted near Maceié, which had
over 500,000 inhebitants, the plant used as its raw material the salt contained
in the extensive reserves under the urban area.

At first, Salgema was able to market all of its soda prcduction but had
to dispose of the chlorine by discharging it, in the form of HCl, into the
Atlantic Ocean. The area’'s inhabitants reacted very negstively to this
practice. To solve the problem, Salgems started producing EDC (ethylene
dichloride), using the surplus chlorine snd ethylene made from slcohol, an
sbundant product in the region. This undertaking cen be ssid to constitute
the first application of LWT in Brazil.

AMultiservice Engineering Ltd., Rio de Janeiro, Brazil.
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The inorganic waste stream consists essentially of run-off raim-water,
which the state environmental agency does not sllow to be directly disposed
of, even when it comes from non-contaminated areas such as adainistration
areas, internal and external roacs, and parking lots. Thus, the complex is
surrounded, at its perimeter, by a concrete ditch that collects the rain-water
drained from the entire area. The inorganic stream also receives cooling
water blow-down and other minor, non-organic effluents.

This inorganic stream is to be stored and processed in a lagoon having »
capacity of about 600,000 ad equalization.

Tae contents of this lagoon will be conveyed to a second lagoon for
conditioning with macrophytes. The final disposal of the effluents into the
Atlantic Ocean will be by means of a submarine outfall, which will discharge
some 5 kilometers offshore at s depth of about 20 m. The details of this
outfall are presently under study.

Extensive environmental studies have already been conducted in the future
discherge area. Under investigation are biological parameters (plankton,
benthos and necton), several key water quality parameters and the
sedimentation at the site. -

Physical oceanographic studies will commence as soon as the final disposal
point is determined and will include measurements of currents, tides, winds,
salinity, temperature and other factors.

Until the PCA outfall is built, the effluents will be discharged through
the existing Salgems outfall, which has capacity to handle all the effluent
from the first phase of the PCA project.

C. Solid wastes

The solid wastes generated at PCA will be disposed of in a scheme that
covers an area of 20 hectares and is divided into two systems: one for
ordinary solid wastes and one for special solid wastes (the latter consists of
specially designed and opersted ditches). Although the water table at the
site is at 50 m, the ditches are to be lined with impermeable materials.

The chlorinated hydrocarbons, which are hazardous materials, will be
burned in the incinerator.

D. Investments

The first phase of PCA will require an investment of about $US 400 million,
including $US 100 million for expansion of the Salgems plant. Included in the
total investment is $US 55 million Lo form CINAL, & mixed Government-private
enterprise company that will provide utilities and services, including water,
steam, effluent handling and incineration. The investment for environmental
protection, which will be managed by CINAL, is sbout $US 17 million.
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DESIGNING AND IMPLEMENTING A WASTE REDUCTION POLICY

Will A. Irwin®

The first step in designing e waste reduction policy is to define the term
*waste reduction™. Strictly speaking, it means preventing or limiting the
generation of waste, by in-plant modifications, i.e. changing the chemistry or
chemical engineering operation:t or by in-plant reuse or recycling, i.e.
returning potential waste for reuse within a process. Ireatment, conversion,
out-of-plant recycling, and storage, which deal with wastes after they have
been generated, may reduce environmental and health risks, but since they do
not reduce the amount of waste produced, they are more properly classified as
“waste management alternstives™.

It is next important to specify the kinds of wastes to be reduced. The
term "wastes™ can be understood to include all materials or energy not worth
the cost of collecting, processing, or transporting for use, or it can include
only hazardous wastes. Hazardous wastes, in turn, need further definition, a
process that requires careful attention to what should be excluded from the
definition. Waste reduction can also be applied tn wastes containing specific
substances or having certain characteristics or to wastes from particular
manufacturing sectors.

Setting an objective for waste reduction policy is also crucisl. It is
possible, for example, simply to call for the maximum reduction technically
possible, or to specify quantitative goals, although this could lead to
economic inefficiencies. It would, however, be more circumspect to determine,
for each kind of waste, the combination of reduction, treatment and storage
techniques that would most cost-effectively reduce the burdens and risks (both
short-run and long-run) to society. In any event, the objective must take into
account the impact of the wastes on sll environmental media - air, water, and
land - in order to avoid simply transferring the wastes from one medium to
snother.

Once the definitions snd policy objectives are clear, selecting the means
of implementing a waste reduction policy is largely a matter of deciding which
means are most suitable and what level of financial support can be provided.
Some of the possible approaches include:

(sa) Grants or loans for research and development in waste reduction
technologies, with an emphasis on generic and transferrable approaches, and
for technical assistance to waste generators;

{b) Educstion programmes for cngineers and supervisors at all stages of
production, with improved dissemination of information by means of
publications, conferences etc.;

(¢) Awards for developing and demonstrating innovative waste reduction
spproaches;

(d) A requirement that waste generstors report regularly on their waste
reduction efforts and plans and that these reports be organized according to
snalytical possibilities for reduction, i.e., inputs, intcrual re-use,
intermediates, and final products;

%8201 Whaly Drive, Bethesds, Marylend 20817, United States of America.
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(e) Creation of a Government office or agency for waste reduction with
the same status as the pollution control agency, to facilitate complementary
work between the two;

(f) Tax reductions, exemptions or credits for. waste reduction
technologies;

(g) Consistent enforcement of pollution control requirements to ensure
that all generators have the same indirect incentive to reduce wastes;

(h) Trading off pollution control requirements for waste reduction
achievements;

(i) Encouraging Govermments to purchase products manufactured by
technologies that minimize waste;

(j) Imposing charges or taxes on wastes generated;

(k) Requiring that proposed Govermment regulations be snslysed to
determine their likely impact on waste reduction.

Some of these approaches have already been tried for waste reduction,
while others would have to be adapted to it. In principle, they should be
applicable in any economic system. Waste reduction will become more
attractive as the real costs of safe trestment or storage are recognized and
as the opportunity costs of using resources for these purposes are realized,
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Jec Eimers*

The mein nutrieat components of fertilizers are nitrogea, phosphorus,
potassium end sulphur. The raw materials for these astrients are,
respectively, air, phosphate rock, potassiwm salts aad elemental sulphur
{formerly, sulphur oxides were used).

The nutrient elements occur in fertilizers as ammomniacal mitrogen esnd/or
anitrates, calcivm and/or ssmonium phosphates, potassiwm chloride or sulphate,
snd smmonium or calcium sulphate. Fertilizer production can thus be said to
entsil the conversion of insoluble compounds into compounds that can be easily
absorbed by plants.

The first steps in fertilizer prodection imvolve the macafacture of
ssmonia from nitrogen and hydrogea; sulphuric acid from sulphur; aitric acid
from emmonia; and phosphoric scid from phosphate rock. The main effluents
from these steps are (in sulphuric acid production) SO,- and SO,-containing
waste gases (in mitric acid production) NO- and NO,-containing waste gases
(generally referred to as WOy) and (in phosphoric acid production) waste
gases containing HF, SiO, and SiF,4 as well as by-product gypsum.

The waste products of fertilizer manufacture are im solid, liquid end
gaseous form, depending on the particular process: in mixed fertilizer
pruduction, the important effluents sre in perticulate form, wheress in
complex fertilizer production the effluents contain not only particuletes but
also gases and aerosols.

A special case of air pollution can occur if fire destroys stored complex
fertilizers that contain ammonium nitrate. The asmonium nitrate decomposes,
giving huge poisonous clouds of NO and NO,.

Table 1. Sources of air pollution in the Federal Republic of Germany
(Thousands of tonnes of effluent per year)

Source 80, co NOy Hydrocarbons Dust

Power plants, households 3 600 - 900 100 3 200

Industrial production,
including chemical .
plants 300 $0 200 900 800

Vehiculsr traffic 100 8 000 900 1_000 -
Totsl 400 8 050 2 000 2 000 4 000

*Private consultant, Kosenstrasse 26, Surwold, !odora} Republic of Germany.
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Nevertheless the fertilizer industry is not the oaly or evea the main
source ¢f air pollutioa is owr isdustrialized world. Imdeed, overall
industrial productioa, of which the fertilizer sector of the chemical iadustry
forms osly a smsll part, is itself omly ome of meay sources of air pollutions,
as showa by an investigatiom ia the Federal Republic of Cermamy (table 1).

A. Pollution problems in chemical pleats (fertilizer plaats)

In the chemical industry generally, as well as the fertilizer industry ia
perticular, pollutiom may arise ia a mumber of ways:

(a) Plant-specific process imefficieacies can lead to the discharge of
unrescted materials (exemple: wareacted phosphate rock may be preseat in
calciwm sulphate crystals);

(b) Unwanted by-products can form as a result of impurities im the raw
materials or undesirable side-reactions (exemple: impurities ian the phosphate
rock may react with the sulphuric acid);

(c) Raw materials and/or products may be subject to loss derimg handling
snd processing (examples: fertilizer dust from granulatios, dryimg end
cooling; smmonium mitrate aerosols from prillisg plaamts).

The many ways in which pollutants can be generated show that mon-
polluting fertilizer technigues are wapractical (the title of this paper
notwitbstanding). Indeed the best that can be expected is for waste levels to
be kept as low as possible - hence the expression "low-waste techsology™.

In fertilizer production, the sulphur and ammonia raw materials are quite
pure, normally over 99 per cent, but the phosphate rock raw material contains
s high proportion of impurities (table 2).

Table 2. Quantitative analyses of typical phosphate rock raw material

(Percentage)

Component Range Average
P20s 29-38 33
Ca0 46-54 51
8io, 0.2-8.7 2
R203 0.4-3.4 1.4
Mgo 0.1-0.8 0.2
Nsy0 0.1-0.8 0.5
(o 0.2-7.5 4.5
r 2.2-4.0 3.7
Ccl 0.0-0.5 0.1
304 0.0-2.9 1.0

C80:P,0 1.35-1.70 1.5
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B. Sulphuric and aitric acid plaats

I sulphuric acid plaats aad mitric acid pleats, both of which operate
with pure raw materials, the maia deteraminaat of the amowat of pollution is
the yield of the particular process, which is governed by the laws of
thermodynasmics. -

Ia coaveational sulphuric acid plants the yield is around 98%. The yield
can be imcressed, however, by installisg slkalime scrubbiag or by uriag double
-alyst. In this case the yield imcresses to 99.5%, and the quantity of
:£flaent decreases correspomdingly.

Coaventional mono-pressure aitric acid processes have a yield between
92 and 95%, snd the waste gases coataia 1,000-2,000 ppm NO,, which is aa
wascceptably high level. If the process includes s selective reduction,
treating the waste gases with smmonia, the 3O, contest can be reduced to
50-100 ppm. The use of high-quality stainless steels and advaaces is
compressor design have led to a deal-pressure process (combustioa at low
pressure, cbsorptiom at high pressure). This process, which is ecomnomically
justified st cepacities of 500 tommes per day (tpd) and over, gives WO,
emissioas of betweem 75 and 123 ppm.

C. Phosphoric acid plants

Pertilizer phosphoric acid is produced according to the following
simplified reaction:

Cag(POg)3F + S HSO, + 10 Hp0 —> 3 H3PO4 + 5 CaSO042 H20 + HF

The pollution encountered im phosphoric acid production is due to
impurities in the rotk and to process inefficiencies.

Conventional plants are based on dihydrate processes, which means that
the calcium sulphste is formed and sepasrated as the dihydrate (gypsum). The
yield of such processes is 92-95%. The P,0g losses occur as water-soluble
P20s (phosphoric acid in the gypsum cske) and as water-insoluble P05
(calcium phosphate included in the gypsum crystals). Research in phosphoric
acid manufacture has led to the development of two-stage processes, or
double-crystallizations. In such processes, the rock is attacked by sulphuric
scid st high temperstures, resulting in the formation of calcium sulphate
hemibydrate (CaSO31/2°Hp0). When the reaction mixture is cooled, the
hemihydrate dissolves, included particles are liberated and gypsum dihydrate
forms. The yield of these processes is sround 98.5%, which mesns considerably
lower P,0g losses.

Fluorine, an impurity in the rock, presents s pollution problem. Part of
the fluorine disappesrs with the gypsum, part is liberated during resction.
Between 70 and 80% of the fluorine in the 30% product acid is liberated when
the acid is concentrated to 54%. From the standpoint of pollution comtrol, it
is therefore very important to scrub the waste gases and recover the fluorine
&8 soluble by-products such as fluosilicic acid, fluosilicates, cryolite or
sluminium fluorides.

Addition of reactive silica promotes the volatilization of the fluorine,
and the fluorine content of the scid is decreased accordingly.




Another problem ia phosphoric acid production is the by-product gypswm.
Coasideriag that for every mait of P05 about five waits of wet gypswm are

produced and that modera phosphoric acid plants have cepecities of 1,000 tpd
P,05 snd more, the question arises of what to do with ell the gypswm. Since

markets for gypswm are limited, most of it mmst be disposed of, either oa land
or at sea. Moreover, im both of the existing gypsums merkets - the buildiag
industry and the production of ammoniwm sulphate - the P,0g content of the

gypsua (both water-soluble saad -iasoluble) may camse problems.

To minimize these pollutioa problems, it is important whea plemniag
phosphoric acid plants to select processes with the highest possible reaction
efficiencies, efficient scrudbbing equipmeat for waste gases and filter
equipment with excellent washing properties.

D. Production of fertilizers
Pertilizer production is based om the following reactionms:

(a) DNeutralization of mineral acids to obtain samoniwm mitrate and mono-
or diesmoniwm phosphste:

ENO3 + NH3 —> NH4NO;
B3P0, + WH3 5 NH4H2P0,
B3P04 + 2 NH3 — (NHg)HPO,
(b) Trestment of phosphate rock with mineral acids to obtain single
superphosphate, triple superphosphete or complex fertilizers (with nitric acid
or with nitric and phosphoric acids).

- Single superphosphate
2 Ca5(POg4)3F + 7 H2SO04 + 3 H20 _3 3 Ca(H2PO4)2-H20 + 7 CaSO4 + 2 HF

- Triple superphosphate
Cas(P04)3F + 7 H3PO4 — 5 Ca(H2PO4)2 + HF

- Mitric acid attack: ODDA process
2 Cas(-POg)3F + 14 HNO3 — 3 Ca(H2PO4)2 + 7 Ca(NO3)2 + 2 HF

Removal of par. of the calcium nitrate
3 Ca(H2PO4)2 + Ca(NO3)2 + 5 WH3 — & CaHPO4 + NH HoPO4 +

(NHg) 2HPO, + 2 NH4NO3

- HNizxed attack:
Cas(POg4)3°F + &4 HNO3 + & H3PO4 + 7 NH3 —» 5 CaHPO, + 4 NHgNO3 +

NH4HoPO4 + (NH,)2HPO, + HF
In all these cases pollution is caused by impurities in the rock and the escape
of both solid particles and gaseous effluents.
During handling of the rock and in seversl of the production steps, fine

pasrticles of rock or of product become entrained in the air. This heppens
especially during the gresnulation, drying, cooling and clessifying steps.
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In neutralizatioa processes the heat of newtralization may drive off part
of the ammomia.

Vhea phosphate rock is treated with mimersal ecids, the impurities in the
rock, such as F, SiF, and COp, are liberated eaand escape as gases iato the
atmosphere. A special case is the attack of phosphate rock with mitric acid.
Here, a compromise must be achieved: if the temperature of the reaction
mizture is too high, nitric acid is destroyed and WO, vapours escepe; if the
temperature is too low, the reaction proceeds too slowly.

E. Ninimizing pollution

To reduce pollution during fertilizer production, the following messures
must be adopted:

(a) In neutralization processes, the vapours must be scrubbed with
dilute phosphoric acid, with the neutralized acid recycled to the process;

(b) In cases where there are WO;-containing vapours, a system of
alkaline scrubbing must be spplied;

(c) Handling equipment for rock must be designed so that practically no
dust problems can arise; manual handling must be avoided entirely;

(d) Dust-laden process air from the "dry-part”™, granulation and
subsequent process steps must be sucked off and treated in special high
efficiency filtering equipment, with the collected dust recycled to tuae
granulation section;

(e) Contaminated process water should be diverted to a neutralization
pit. 1In tropical regions there is no need to dispose o>f waste water because
the water from the neutralization pit may be evaporated by solar mesns. In
other regions the salts must be recovered and returned to the plant, and the
clesn waste water may be discharged.

Only when messures (a)-(e) have been adopted will low waste be achieved.




THE ROLE OF CATALYSIS IN LOWV-WASTE TECHWOLOGY IN THE
CHEMICAL AND PETROCHEMICAL INDUSTRIES

Sieghard K. Wanke*

INTRODUCTION

The prime function of the chemicsl and petrochemical industries is the
conversion of raw materisls into consumer products or into industrial feedstocks
for the production of consumer goods. The conversion of raw materials into
. useful products almost always requires chemicel transformations, i.e. chemical
reactions, and the majority of commercial chemical reactions are carried out
in the presence of a catalyst.

Catalysts are employed in the chemical and petrochemical industries for s
variety of reasons. This overview briefly discusses the reasons for using
catalysts, presents some examples of catalystic processes and illustrates the
vital role that catalysis plays in reducing the generation of waste.

A. Reasons for using catalysts

The extensive industrial use of catalysts is illustrated by the statement
of Thomas and Thomas, 1/ who claim that nine out of ten chemical msnufacturing
processes involve catalytic processes. A general discussion of the msin
reasons for using catalysts and a few examples of catalytic processes are
presented in this section.

Selectivity of catalysts

Catalysts suitable for industrial use increase the rates of desirable
reactions without increasing the rates of reactions that yield undesirable
products (sometimes they even decrease the rates of these undesirable
reactions). This selectivity of catalysts results in better utilization of
raw materials, i.e. a larger fraction of raw material is converted into useful
product and a smaller smount of waste by-product is formed. The decreased
by-product formation in catalytic processes often results in significantly
lower product purification costs, that is, there is less energy consumption
for product separation processes such as distillation.

Examples are plentiful of industrisl processes in which incressed
selectivity has been obtained by the use of catalysts. The replacement of
thermal cracking of crude oil by fluid catslytic cracking, initiz 1y using
amorphous silica-alumina (in the 1940s) and later using zeolites (in the
1960s), greatly increased the utilizstion of crude oil for the production of
valuable products. The discovery of naphths-reforming catalysts (Platforming
process) in the 1940s and subsequent advances in reforming catslysts, e.g.
(Pt-Re)/Al,03 and (Pt-Ir)/Al03, increased the utilization of crude
oil for gasoline and aromatics production even further.

The chlorohydrin process for producing ethylene oxide has essentially been

replaced by the catalytic (silver catalyst) process. The chlorohydrin process
produces a number of by-products (ethylene dichloride, dichlorodiethyl

AUniversity of Alberts, Edmonton, Canada.

1/ J. K. Thomas and W. J. Thomas, Introductio
Heterogeneous Catalysis (London, Academic Press, 1967), p. 8.
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ether and calcium chloride). The ethylene dichloride, and to a lesser degree
the dichlorodiethyl ether, are useful by-products, but the calciwm chloride,
1.2 kilograms of which are produced per kilogram of ethylene oxide, is
essentially a waste by-product. The silver-catalyzed process for ethylene
oxide production, becsuse it ensbles direct oxidation of the ethylenme with
either air or oxygen, produces very few by-products, the main ones being CO,
and H20. Improvements in the catalytic ethylene oxide process, such as
changes in operating conditions and/or different catalyst formulations, should
reduce the formation of CO, and H30.

The use of catalytic processes, instead of the older non-catalytic
vapour-phase oxidation of propane and butane, for the production of oxygenated
hydrocarbons such as alcohols, aldehydes, ketones and organic acids is another
example of the substitution of catalytic for non-catalytic processes. The
non-catalytic partial oxidation process produced a difficult-to-separate
aixture of oxygenated hydrocarbons and converted a significant fraction of the
feedstock into CO, and Hy0. The energy consumption for product purification
was high and the carbon efficiency was low. The current heterogeneous and
homogeneous catalytic processes for the production of oxygensted hydrocarbons
sre very selective. Examples of these selective oxidation processes include
the Wacker processes for acetaldehyde (homogeneous PdCl, end CuCl; catalyst);
vinyl acetate production from various feedstocks (the older catsalytic
processes have essentially been replaced by & vapour-phase catalytic process
using a heterogenecus Pd-Au catalyst); formaldehyde production from methanol
over either a silver or iron molybdate catalyst; the relatively new process
for acetic acid production by methanol hydroformulation using a rhodium
catalyst; and methanol production from synthesis gas (CO and Hy) over
various metal oxide catalysts.

Many other examples could be cited, but the sbove list, though short,
fllustrates the importance of catalysts in the production of high-volume
chemicals. However, for many of these catalytic processes to be feasible,
catalyst poisons must be removed from the feedstocks.

Removal of impurities from feedstocks

Many feedstocks in chemical plants require extensive purifization before
they can be further processed. Impurities such as water, carbon monoxide, and
organic compounds containing sulphur, nitrogen and metsls have to be removed
because they poison (deactivate) the catalysts used in subsequent processing.
Often, impurity levels have to be reduced to the parts-per-million, or even
the parts-per-billion, level. Catalytic or sdsorption processes are commonly
used to achieve the required purity. Adsorption processes are similar to
catalytic processes since the impurities sre chemisorbed on the adsorbent, and
chemisorption is the firct step in heterogeneously catsalyzed reactions. The
feedstock purification processes in themselves are not directly responsible
for decreasing the production of wastes, but they are an integral part of
low-waste chemical processes since highly selective (i.e. low-waste) catalytic
processes would not be possible without feedstock purification.

The removal of heteroatoms, such as sulphur, nitrogen and oxygen, from
hydrocarbon liquids is sccomplished by hydrotresting the feed over supported
catalysts containing Mo, Co, Ni and/or W. Fixed-bed adsorbers sre used to
remove trsces of H,0 (zeolite) and H2S (Zn0) from gases. Larger quantities
of H2S sre removed from gases, such as natural gas, by absorption in amine
solutions. The HS is recovered from the amine solution by heating snd is
then converted to elemental sulphur via the modified Claus process. The
modified Claus process uses an slumina catslyst to convert H,S and 80, into
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elemental sulphur and water, i.e. this catalytic process coaverts undesirable
by-products and pollutants (B,S and S0y) into a valuable product. However,
some H2S and SO2 are emitted from Claus plants, and ths cold-bed Claus
process has been developed to reduce these emissions.

Conversion of pollutants

Although many processes are very efficient end produce only small amounts
of waste, it is not possible to eliminate undesirable by-products totally.
Catalysts sgain play a key role in the conversion of polluting by-products into
environmentally acceptabl2 products. Catalytic resctors are used to remove
pollutants such as hydrocarbons and viayl chloride from the air in chemical
plants. However, the largest single use of catalysts for pollution abatement
is the automobile catalytic converter. Many automobiles manufactured since
1975 are equipped with catalytic comverters that clean up the exhaust gases.
These converters, which contain catalysts consisting of slumina-supported Pd,
Pt and/or Rh, are very efficient at reducing carbon monoxide and hydrocarbon
emissions from internsl combustion engines, and their use has greatly reduced
pollution from this source. The mass production of catalytic reactors that
operate reliasbly for long periods without masintenance has been s significant
achievement of catalytic and reactor research and development. Efforts to
eliminate NO, from automobile exhausts have not, however, beem as successful,
but with continued research, the right catalysts for this are expected to be
developed.

Products only prerduced by catalytic processes

Many products can only be produced economically by catalytic processes,
s0 waste reduction is not the prime reason for using catalytic processes in
these cases. Examples of such processes are the catalytic process for ammonia,
developed over 75 years ago, and the catalytic processes for the production of
linear low-density polyethylene, developed during the last two decades.

All the examples cited above have dealt with existing catalytic processes,
and the examplcs cited cover only a very small frection of the commercial
catalytic processes. The next section contains a discussion of a catalytic
process that will be of great importance to Western Canada.

B. Upgrading of oil-sands bitumen

Western Canads, specifically the province of Alberta, has very large
deposits of o0il sands. The oil sand deposits in Alberta contain over
140 x 109 a3 of bitumen, and it has been estimated that 40 x 109 =3 of
synthetic crude o0il can be produced from these depcsits. This emount of
synthetic crude oil is sufficient to meet Canada's total crude oil needs, at
current rates of consumption, for several hundred years. However, the bitumen
cannot be produced by the techniques usually used to produce crude 0il because
bitumen is a very viscous, tar-like material that does not flow out of the sand
formations. Fortunately, a significant fraction (about 10%) of the bitumen-
conteining sands are located close to the surface and can be subjected to
surface mining techniques. This has led to the development of processes for
the recovery of bitumen from minesble 0il sands Currently, two commercial
plants, producing s total of sbout 30 x 103 m3/day of synthetic crude oil,
are in operation in the Port McMurray ares of northesstern Alberts.

The processes involved in the recovery of bitumen from the sands end
upgrading of the bitumen to synthetic crude sre shown schematically in figure I.
The first step is the surfece mining of the sand containing the bitumen; the
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them have been used commercially for the hydrocracking of bitumen. Nevertheless,
8 planned expansion to one of the commercial o0il sands plants will use catalytic

hydrocracking in an ebullating bed as the first step in the upgrading of bitumen.
A schematic diagram of the process is shown in figure II.

Figure II. Schematic disgrem for bitumen hydrotreating process

Gases

Hydrogen —»
CATALYTIC HYDROCRACKER o
. ——— Linuids
Bitumen ebullating—bed reactor
H Ends
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The expansion of the oil sands plant will increase synthetic crude oil
production by about 3,000 m3 per dsy without increasing the plant’s total
coke production. This is a good example of how a catalytic process can
significantly reduce waste by-products. Additional expansions and new
grass-roots oil sands plents will undoubtedly incorporate the catalytic
hydrocracking of bitumen in their upgrading scheme; this will mean
significantly lower quantities of coke per barrel of synthetic crude oil
produced.

C. Concluding remsrks

This brief overview has shown the importance of catalysis in reducing the
generation of waste in the chemical and petrochemical industries. Catalytic
processes will play an increasingly important role in the conversion of raw
material to useful products as high quality raw materials become scarcer and
as demand for new products increases. During the next few decades, numerous
catalysts and catalytic processes will be developed, and many of these will
make better use of raw materials, will be able to use lower quality feedstocks,
and will reduce the generation of pollutants and waste by-products. Areas in
which new developments are needed include processes for the reduction of S0
end NOy from mobile and stationary combustion sources; the efficient
(selective) conversion of CO + Hyp (synthesis gas) into liquid fuels; and

sconomical processes for the octane enhancement of liquid fuels so that lead
additives can be eliminsted completely from gasoline. Another area that will

require intensive research is the development of poison-resistant and readily
regenersble catalysts so that deactivated catalysts are not one of the waste
by-products of catalytic processes.

Research in catalysis hss incressed significantly during the last few
decades, and it will continue to increase despite the current, and probably
temporary, decline in resesrch related to the energy scene, i.e. catalytic
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production of fuels from low qusality raw materials. Intensive research in
catalysis will be required to rectify the problems of air, water and soil
pollution caused by industrislization. These problems were the result of
technology and can only be solved by better tcchnology. Catelysis will be an
intcgral part of these new technologies.
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WASTE REDUCTION IN THE UNITED STATES

" John Yates*

This paper contains a brief discussion of waste reduction efforts in the
United States over the last several years. Since about 1981 there has been &
serious effort by manufacturing plants to reduce the waste generated by process
operations. The primary reasoa for this was the passage by the U.S. Congress
of the Resource Conservation and Recovery Act of 1976. The United States
Environmental Protection Agency took four years to write the basic regulations
authorized by this law. The law and the regulations essentislly do two things.
First, the regulations declare a large fraction of industrial process wastes
to be hazardous wastes. Secondly, all industrial plants producing more than
1,000 kilograms per month of hazardous wastes are now responsible for the
waste for ever. he

Plants can no longer simply call in s waste disposal truck and forget
about the waste. Now, the generator of the waste has to sign a shipping
manifest, the truck driver has to sign the manifest, and someone at the final
disposal point has to sign the manifest. A copy of the completed manifest is
then sent to the state environmental agency.

In the ensuing years, the cost of disposing of waste increased
dramatically and quickly. The new regulations forced industries to examine
their waste production and disposal practices very carefully. They started
putting waste reduction procedures in effect to reduce the cost of operation
and to reduce legal liability. Every kilogram less of waste produced meant
one kilogram less of waste to track and, perhaps, worry about for many years
to come.

In November 1984 President Reagen signed into law an expansion and
several amendments to the original Hazardous Waste Act. One section of the
amendments authorized the United States Environmental Protection Agency to
regulate waste production, not just waste disposal practices.

One section of this new law addresses "waste minimization” and requires
companies to do the following:

(a) After 1 September 1985, manifests must contain a generator
certification that the volume and/or quantity and toxicity of the waste have
been reduced to the maximum degree economically practicable and that the
method used to manage the waste minimizes risk to the extent practicable;

(b) Biennial generator reports must indicate efforts to reduce waste
volume and the reduction actually achieved;

(c) After 1 September 1985, as & condition for an on-site permit, the
generator must certify at least annually the efforts to reduce waste volume
and the reduction achiwved;

(d) By 1 October 1986, the United States Environmentsl Protection Agency
hed to report to Congress on the feasibility and desirability of establishing
waste minimizetion regulations.

*Yates and Auberle Ltd., 2215 York Rosd, Suite 208, Oak Brook,
Illinois 60521, United States of America.
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Brazil

S.A.S. Almeida, Multiservice Engineering Ltd., Av. Presidente Wilson, 210,
20030 Rio de Janeiro

Canada

S. Wanke, Department of Chemical Engineering, University of Alberta,
Edmonton, Alberta, T66 266

Czechoslovakia

Prague Institute of Chemical Technology (VSCHT), Suchbatsrova 5,
16628 Prague

v ’
L. Cerveny
P. Grau

J. Michdlek
J. Pagek

J. Pozivil
A. Simelek
J. Vosolsobe
0. Weiser

V. Dobe$, Ministry of Foreign Affairs

V. Jakoubek, Chemopetrol

R. Kubicka, Chemopetrol

J. gunéicki. Research Institute of Organic Synthesis

R. Subrt, Chemopetrol

I. Zelenka, Research Institute of Organic Synthesis
France

A. Mayer, Consulting Engineer, 132 Chemin des Olivettes,
34980 Montferrier-sur-Lez

Germany, Federal Republic of
J. Eimers, Private consultant, Rosenstrasse 26, D-2991 Surwold
India

v A. K. Gupta, Pollution Control Research Institute, Bhel Ranipur
Herdwar (V.P.)

Unjited States of America

W. Irwin, Administrative Judge, 8201 Whaly Drive, Bethesds,
Maryland 20817
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