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These guidelines were prepared by Gheorghe Ivanug, M.Sc.,
Ph.D., UNIDO consultant, based on knowledge available
in many countries with advanced technologies in this
field and can be very useful for developing countries

and especially for Eastern European ecountries.
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1. INTRODUCTION

1.1. Objectives of the guidelines

The principal goals of the overall compendimm is:

- to examine the extemt to whieh low polluting techmologies
have beem at present introduced in the production of petrochemi-
cals in respomse to pollution econtrol;

~ to note the contribution of low polluting techmologies to
reduce emissions and wastes, as well as energy and raw material

addtn, ovimistiiima A

consumptions in the industry;

~ to identify the main factors influencing the selection of
processes in petrochemical production and to poimt out poteatial
possible conflicts with regard to the adoptiom of low polluting
technologies;

- to assess the scope for introducing low polluting technolo-
gies in future petrochemical processes,

Some representative petrochemical tschmologies have been
selected taking into comsideration the differences in size, nature
and the feedstocks involved, together with other key factors
including the economies of this particular industry.

The eompendium on low-waste petrochemical technology is
focussed on the following aspects:

~ to reduce materials and energy consumption by increasing
the overall efficiency of proecesses and internal recycling of
residues;

~ to enable the different residual materials and energy
coming out from individual plants to be used as valuable inputs
by adjacent plants;

- to increase recovery of residues having in view their sub-
sequent reutilization;

- to reduce the materials and enrrgy requirements, extend
the lifetime of equipments and catalysts and facilitate the reco-
very and recycling of valuable materials after their utilization
in the process,

The guidelines on low-waste petrochemical technology can be
considered as a basis for collection and dissemination of up-dated
information on the available alternative technology. We are also
confident that the disseminatiom of such information may facili-
tate concluding commercial agreements and other arrangements such
as licensing and joint fnnturoa, useful ror developing countries - *
and Easterm European sountries, | | | P
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The guidelines cover three maim sections, namely:

a) Selection of primeipal petrochemical technologies examined
in point of emviroamental proteetion.

This part of the compendium gives a eritical discussion of
the evolution ef the primncipal petrochemieal techmologies in the
fields of monomers, elastomers, polyolefins, fibres, tires, rubber
goods,

For each individual substance there is a brief presentation
of: evolution of techmological processes, brief process descrip-
tion, the reasor for switching from one process to another as well
as the approximate gquarntity and quality of the gaseous, liquid
and solid pollutants resulted from the process,

Comments are alsc given on the ways of using the wastes and
of reducing the pollutants by up-dating processes rather than
destroying pollutants,

b) Critical analysis of the methods, ways amd procedures
applied on industrial scale for the recovery amd incineratiom of
solid residues, treatmemt of water contaminated with inorganie
substances, bioclogiecal treatment of water contamimated with bio-
degradable orgamic substamces, resovery of residual fuel gases
and systems for burming moxious gases to flare.

e¢) Ecomomic effeets of the selestion ef low pellutimg petro-
chemical precesses.

The compendium is also asceompanied by a liat of literature
publicatioms pertaining to envirommemtal protestionm.

1,2, Defimition of low pelluting teehmelegies im the potrochemical
imdustries

Petrocshemicals, sometimes ealled petroleum-ehemiseals, are
defined im this study as any chemioals derivimg froem erude oil,
natural gas or ether petroleum sources,

Rav materials used in the produetion of petrochemicals
imelude orude eil, natural gas, refinery gas, natural gas cemn-
densate, light teps eor maphtha, heavy fractions sueh as fuel oil,
as well as eoal and biomass,

skt _cmpirtines. A
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Primary, intermediats and third gemeration produsts are
prodused by expesure of feedstoeks te speesilic eemditiems, whieh
dietate the chemistry of the transfermatiom.

More tham 500 differemt precessing sequemces are used im
the petrochemiocal imdustry. The wide variety of precess sequenses .
coupled with the wide variety of predusts produced by the petre-
shemical industry leads to a complex waste problem. A list of the
main petrochemical processes and the wastes which may be expected
to eome out as a result of their use is presented in Table 1.

The information presented in Table 1 reveals that many air
and water pollutants along with solid wastes are generated during
the production of petrochemicals,

Petrochemical wastes may produce a variety of adverse
effeets on public health and the envirenment. Biodegradable erga-
nic matters discharged to the receiving waters may produce anae-
robic cenditions in the receiving rivers. These conditions will
kill or drive off any aercbic organisms including fish and even
more develeped animals, Anaercbiec decomposition may alse produce
odor and eoleur problems.

Thermal pollution from petrochemical discharges will also
affect receiving waters, ineluding death or decreased productivity
of many aquatic species, Increased water temperature also decrea-
ses oxygen solubility, enhances atmospherie oxygen transfer and
may produce an incretrced biologieal aectivity.

Petrochemical processing plants can also be significant
sources of air pellutien. A list of the air pollutants emitted by
petrechemical processing plants and the major sources of these
emissions is found in Table 2. Air pollutien from petrochemical
plants is produced by the combustion of fuel and by various emis-
sions of processing equipment.

Carbon monoxide, sulfur oxides and nitrogen oxides emissions
are mainly a result of the combustion of fuels.

T - TP K




Table 1

VWaste socurces from petrochemical processes

Proceus Source Pollutants
1 2 3
1. Ethylbensene ‘Waste water Tar, hydrochloric aeid, caus-
tic soda, fuel oil
2. Styrene from

3.

9.

ethylbenzene

Butadiene from

n-butane and
butylene

Ketone production

Desulfurization
Isobutylens ex-

traction and
purification

Butadiene
absorbtion

Butadiene eox-

tractive distil-

lation
Halogenation

~ Addition to
olefins

- Substitution

- Dehydrohalo-

geonation

~ Hypochlori-
nation

- Hydrochlori-

nation

- Hydrocarboxy-

lation (oOXx0
process)

Catalysts

Condensates from

spray tower

Quench waters,

solvent and
caustic wash

Distillation
slops

Waste gases

Acid and caustic

wastes

Solvent

Solvent

Separator
HAC1 absorber,
scrubber

Separator
Hydrolysis

Surge tank

Still slops

Spent catalysts (iron, magne-
sium, potassium, copper,xinc
and chromium)} heavy tars

Aromatic hydrocarbons, inclu-
ding styremne, ethylbenzene
and toluene, tars

Residual gas, tars, oils, solu-
ble hydrocarbons, caustic sods,
sulfuric acid

Hydrocarbon polymers, chlorina-
ted hydrocarbons,glycerol,
sodium chloride

Hydrogen sulphide, mercaptans

Sulfuric acid, cu hydroocarbon,
caustic soda

Cuprous ammonium acetate, cu
hydrocarbons, oils

Furfural, cu hydrocarbons

Spent caustic soda

Chlorine, hydrogen chloride,
spent caustic soda, hydrocarbon
isomers and chlorinated product.
oils

Dilluted salt solution

Calecium chloride, soluble or-
ganics, tars

Tars, spent catalyst, alkyl
halides

Soluble hydrocarbons, aldehydes

rlson. asmiciiing Y
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1 2 3
10, Hydrocyanation Process efflu- Cyanides, organic and In-
(for acrylonitrile, ents organic substances
adipic acid, otc.)

11, Tsomerization Process wastes Hydrocarbons, aliphatic,
aromatic and derivative
tars

12, Nitration

- Paraffins By-product aldehydes, ke-
tones, acids, alcohols,
olefins, carbon dioxide

- Aromatics Sulfuric acid, nitric acid,
aromatics

13, Oxidation

- Ethylene oxide Calcium chloride, spent lime
and glycol manu- hydrocarbon polymers, ethy-
facture Process slops lene oxide, glycols, di-

chloride

- Aldehydes, alcohols Acetone, formaldehyde, ace-
and acids from taldehyde, methanol, higher
hydrocarbons Process slops alcohols, organic acids

~ Acids and anhydri- Condensates, Anhydrides, aromatic acids,
des from aromatic still slops pitch
oxidation

- Phenol and acetcne
from Aromatic oxi-
dation Decanter Formic acid, hydrocarbons

- Carbon black Cooling, Carbon black, dissolved

quenching solids

14, Polymerization

- Acid catalysts Catalysts Spent acid catalysts (phos-
oshoric acid), aluminium
chloride

- Polyethylene Catalysts Chromium, nickel, cobalt,
molybdenum, titanium

- Butyl rubber Process wastes Scrap butyl rubber, oil,
light hydrocarbons

- Copolymer rubber Process wastes Butadiene, styrene serum,
softener sludge

- Nylom 66 Process wastes Cyclohexame oxidation pro-
ducts, succinie aeid,adipic
aeld, glutarie acid, hexa-
methylene-diamine, adipo-
nitrlile, acetone, methyl
ethyl ketone

15. Sulfonation of Alcohols, polymerized hy-

olefins Vaste waters drocarbons, sodium sulphate,
ethers

15, Sulfonation of Caustic wash Spent caustic soda

aromatics

v
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1

3

17.

18,

19.

20,

21.

22.

23,

25,

29,
30.

)

e

Thermal Cracking
for Olefin Pro-
duction

Utilities

Nitrobenzene

Epichlorhydrin

Tolueme diisocyanate
and methylene diphe-
nyl diisoecyanate

Vinyl chloride
monomer

Methyl Methacrylate
Acrylonitrile

Maleic anhydride
Ethanolamines
Furfural
Polystyrene, ABS
resins

Aorylic Fibres

Acrylic resins

Polyester Fibres

Furnace effluent
and caustic trea-

ting

Boiler blow-down

Cooling system
blow-down

WVater treatment

Waste water and
solid wastes

waste water

Waste water
Distillation
oolumms

Reaction system
Waste water

Vaste wvater

Waste water
Stripped hulls
Separation system
Process water

Process water

Process residue

Acids, hydrogen sulfide,
mercaptans, soluble hy-
drocarbons, polymeriza-
tion products, spent
caustic soda, phenolic
compounds, residual ga-
ses, tars and heavy oils

Phosphates, lignins,
heat, total dissolved
solids, tanmnins

Chromates, phosphates,
algicides, heat

Caleium and magnes:ium
chlorides, sulfates,
ecarbonates

Crude nitrated, aromatics

Epichlorhydrin, dichlor-
hydrin, chloroethers,
trichlorcpropane, tars

Polyurethane, isocyana-
tes, amines, tars

Dichloroethanes, trichlo-
roethanes, tetrachloro-
ethanes, tars

Hydroquinone, polymeric
residues

Acrylonitrile, higher

nitriles
Maleic anhydride, fumaric
acld, aromatic com-

pounds, tars
Triethanolamines, tars
Fines particulates

Styrene, acrylonitrile,
polybutadiene

Acrylonitrile, vinyl-
chloride, comonomer
Vethylmethacrylate,
cyanide

Terephthalic soid, di-
methyl terephthalate

.
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Table 2

Alr Pollutants from Petrochemical Plants

R I A S R R N e S R S R A N I S e R TS RIS SRS SEREI SIS SRR

Plant Process Pollutants
1 2 3
1. Acetaldehyde From ethylene Hydrocarbons

2. Acetic Acid

3. Acetic Anhydride

h. Acrylonitrile
5. Adipic acid

6. Adiponitrile

7. Carbon black

8. Cyclohexanone

9. Dimethyl Tere-
phthalate +
Terephthalic
acid

lo, Steam craking

11, Vinyl chloride

12, Ethylene oxide

13, Formmldehyde

14, Glycerol

15, Hydrogen cyamide

16, I-. -snates

17. Maleice Anhy-
dride

From ethanol
From methanol
From butane

From acetaldehyde

From acetic acid

From propylene

From butadiene

From adipic acid

Aromatics hydro-
ocarbons

via Benzene

via pXylene

Low pressurce steam
craking of naphta

From oxichlori-~
nation
Direct chlori-
nation

Direct oxidation

Silver catalyst
Iron catalyst

From epichlor-
hydrin

Direct process

Process with
phosgen

From benzene
From butane

Oxides of nitrogen
Hydrocarbons
Carbon monoxide, hydroocarbons

Hydrocarbons, carbon monoxide

Hydrocarbons, oxides of nitro-
gen, carbon mwonoxide ,

Particulates, oxides of
nitrogen, carbon monoxide

Hydrocarbons, particulates,
oxides of nitrogen, carbon
monoxide

Particulates, oxides of nitro-
gen

Rydrocarbon, particulates,

oxides of mnitrogen, sulfur
oxides, carbon monoxide

Hydrocarbons, carb> n monoxide

Hydrocarbons, particulates,
oxides of nitrogem, sulfur
oxides, carbon monoxide

Hydrocarbons, particulates,
oxides of nitrogen, sulfur
oxides, carbon monoxide

A]

Hydrocarhons, particulates,
carbon monoxide

Hydrocarbons
Hydrooarbons, oxides of mnitro-

gen, sulfur oxides ,

Hydrocarbons, earbon monoxide
HYdrocarbons, carbon monoxide

Hydrocarbons

Cvanlic compounds

Hydrocarbons, particulates,
sulfur oxides, carbon oxides

Hydrocarbons, carbon monoxide g
Rydrocarbons, carbon monoxide !

pr ]
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18, Phthalic Anhydride From oxylene Hydrocarbons, carbon monoxide,
particulates, oxides of ni-
trogen, sulfur oxides

From naphtha-
lene Particulates

19, Nylon 6, Nylomn 66 Polyemide Particulates

20, OXO Process Fron propylene Hydrocarbons, particulates,
oxides of nitrogen, carbon
monoxide

21. Phenol From I.P.B. Hydrocerbons

22, High Density From ethylene, Hydrocarbons, particulates

Polyethylene low pressure
23, Low Density From ethylene, Hydrocarhons, particalates
Polyethylene high pressure

24. Polypropylene Sespension Hydrocarbons, particulates

process

25, Polystyrene Suspension Hydrocarbon, particulates,

process sulfur oxides

26. Polyvinyl chloride Suspension Hydrocarbon, particulates

process

27. Styrene Fthyl benzene Hydrocarbon, particulates,

dehydrogenation oxides of nitrogen

28, Styrene-butacdiemne Emulstion Hydracarbons, particulates,

rubber process sulfur oxides

29, Vinyl acetate via Acetylene Hydrocarbons

via Ethylene Iydrocarbons

30, Vinyl chloride Oxychlorination Hydrocarbons, particulates

process

N S T N R R N S R N R I S S R A I A S R I T T T NS N sy

However, other processes in the plant may cause emissions of thase

rpollutants, Hydrocarbon emissions may occur due to fuel combustion

or various process losses, including leaking valves, flanges, pumpe

and compressors, evaporation from process drains, waste water treat-

ment processes, cooling water and blow-down systems, and losses from

relief wvalves on operating and storage vessels, Hydrocarbon emissions

may be as great as (.A% by weight of total production, for petroche-

mical plants.

JlydroZer sulfide and mercaptans, produced by some processes end

emitted as process losses, may create significant odor problems.

-
.
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These air pollutants have significant bad health effects. Air
pollutants may adversely affect plants life, reducing crop yields
and plant growth rate and,in some cases,causing the death of suscep-
tible plants, Air po..ution may alsc have corrosive effects on metals,
building materials and textiles,

Four possible solutions may be considered for avoiding pollution
problem in the petrochemical industry depending on the waste produced:

- first, some wastes may be recovered &s salable coproductsj

- second, waste streams can be recycled after some process modifi-
cation for conversiom tc prime product or for their re-use in the
process as & reagent or an intermediate product;

- third, the waste may be usable as a fuel}

- fourth, and least desirable, wastes may be treated in waste
treatment processes when they are converted to less harmful products
and/or dispersed in small quantities which may be assimilated by the
environment.

Low-waste tech-ology can be defined as "the practiceal application
of knowvledge, methods and means so as - within the needs of man - to
provide the most rational use of natural resources and energy, and
to protect the environment”. In essence, low-waste techmology is
the planning and management of human activity in order to minimize
waste of materials and energy.

Low-wrste technology ‘s a method of production under which all
rawy materials and energy resources are used in a most rational and
integrated wvay in a cycle: raw materials - production - consumption -
secondary rav materials, so that any impact on the environment do not
disturdb 4its normal functions,

Low-waste technology should be regarded as both: a goal or target
and a pclicy so that its development is consequently a short and long
+erm endeavour of great importance, whose achlevement will bring
about positive changes in all sectors of industry,

In the absence of so-called "ideal processes®, in which all inputs
are fully converted to desired and valuable outputs, all production
processes will generate 2 certain amewnt of ®residual products"” (:oo
fig. 1, 2, 3).

The amount of such "residues”™ generated by any particular process
depends primarily on the technical characteristics of the process in
question,

~" NN
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Depending on the composition of the residual products and the

existing process inputs, part of these residues can be recovered and
re-utilized. The remainder, which at the prevailing level of prices
has no economic value, is defined as "waste".

In the past, the major tendency of environmental policy with ) |
regard to pollution control of industrial processes and waste
reduction was towards the installation of add-on control devices
treatment facilities rather than focussing on process changes aiming
at eliminating pollution sources or reducing their emission/dischar-
ges or polluting substances., Priority is now being given to the pro-
motion of low- and non-waste technology.

A special feature of the concept of low- and non-~waste techno-
logy is its emphesis on the minimization of materials and energy
inputs "upstream” in the production process as a way of reducing
tdownstream” residual products and waste gemeration.

Of course, the ideal case does not exist until now, in spite of
huge efforts made in the chemistry and engineering fields,

It should be noted that this new concept of low-waste technology
in its broad terms must be implemented in a socio-economic sphere,
and enters into a particular technological environment, into speciiic
legal and administrative settings, into association with typical
use consumption patterns, discharge attitudes and related infra-
structure and different environmental exigencies. -

However, the concept of cleaner technologies is in reality not 1
always readily apparent. For example, one process may have less over-
all wastes/by-products associated with it, higher yield, but may pro-
duce a more toxic waste stream than the existing or new altermative.

The compendium will only identify a deaner technnlogy where one
process has a clear overall advantage in terms of emissions/wastes,
Judged by 1tz potential impact or by the measures necessary to improve
any consequent impact,

Clearly, there is room for argument in assigning the labdel of
cleanor technologies. What, of course, must be emphasized, 1is thst the
actual impact of emissions/wastes from particular process will depend
upon the receiving enviroonment. In other words, the identification
of cleaner techmology should not necessarily imply that other process ,
technologies are "dirty"™ or unacceptable, d
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A more interesting conflict :n selacticn of o cleaner

technology cxi:es  when onz bull: chemical process has signifZ-
contly lower asszociated ewlssionsfiaster but a hisher energy
consuuption per unit of p-oeduct,

The concept of luw-waste tachrolosy as rscormized by ECE
commtries in its broad terms does not cnly refer to inductrizl
oroduction procesces, which save vatariels/energy and which

cenerate low levels or no wasta at all, *ut s2lzc promotes:

&) wacte collection progrzrmes whic . permit the
—acovery of usable product components and their recycling

ze raw matericls intoc nesv products;
b) increaced durability of products, &s the icrger

the con-ummer can use them, the iess need there is for

eplacing them and thus less rocources, including energy,

o]

are needed for manafacturing them;

¢} substitution of product materials wvhich is drown
fror scarce rezcurces by materials with ctundant availablil oty
and of product matsrizl of bio-accumulative, persistant,
zrxic natu~-; By thcze vwhich do not dmpoir the enviromment

cnce ralzasedl as wus-teg or accidentnl releiosesg

d) remarufacturing an? ricenditioning oriented
Aesisn tc render product aiready in their desizn o plaming
stagn Tit for being easily duasscciated and parts thereof or
cntirely re:zsed in the sawe or niv rroducis, this process

bein~ an econoay bHoth for the praducer and for the custoerer.

srtin. s defilins A9
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2. MAIN TECHNCLOGIES CONSIDERED FRCH THE VICW POINT
OF ENVIRONMENTAL PROTECTION

2.1, Petrolewm refining

Crude oils are complex mixtures of thousands of chemical
compounds ranging from methane and ethane, which are dissolved
gases, to compounds which are solids at room temperature. Chemists
have identified more than 3,000 different compounds in crude oil,
and these are cnly a small part of the total, Although crude oils
contain thousands of different compounds, the compounds (othor than
water and trace contaminants) are all composed mostly of carbon end
hydrogen and are called hydrocarbons,

The purpose of refining is to separate a crude oil into its
saleable components, shift the origimal component ratio and proper-
ties to meet the customer's demand, and to remove impurities de-
trinental to product quality,

2.1.,1, Refinery classification

The processes by which crude cil is manufactured into =
maltitude of products are numerous and complex, Crude oils from
different sources vwvary significantly, and refineries are often
designed to process crude from a particular source.

In order to classify refinsries for the purpose of setting
standards for limitations on effluents that may be discharged,
refineries may be subcategorized by processes employed. This
spproach is practical because raw waste load and emission charac- .
teristics are related to process complexity rather than capeacity.

A general description of the subcategories of refineries is
given in Table 3.

The initial rafining process separates crude oil into different

fractions based on their boiling ranges. Some of the lighter and ’

intermediatc fractions are blended into products. Heavier fractioms
may be further processed by cracking the large hydrocarbon molecules
into smaller ones. The structures of some of these molecules are
re-arranged or they are Jjoined in different combinations to provide
the desired components for blending into finished products, This
takes place in a nunber of refinery process units, each with a spe-
cific purpose, integrated into a processing sequence,

/-"‘
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Table 3

Subcategorization of Petroleum Refineries

Subcategory Basic Refinegx Operations
Ao Topping Topping and catalytic reforming. It may include

other processes bu* not thermal processes
(coking, visbreaking etc.) or catalytic
cracking.

B. Cracking Topping and cracking. It may include other
processes except petrochemical operations
and lube o0il manufacture,

C. Petrochemical Topping, cracking and petrochemical operations.
It may include other processes but not lube
oil manufacturing.

D, Lubricating 0il Topping, cracking and lube o0il manufacturing,
It may include other processes except petro-
chemical operations,

E. Integrated Topping, cracking, lube o0il manufacturing and
petrochemical operations. It may include other
processes in addition to these.

3 Although many different individual processes may be used to
refine crude oil, the operation of a refinery can be divided into

seven process areas:

N - Separation of Crude 0il. The nost widely used methocds for
Y
§ separating crude oil are atmospheric and vacuum distillations,

Pre-treatment of the crude oil in a desalter is typically included
a3 a part of the separation processes,
- Conversion of Hydrocarbon Molecules. Conversion processes,

which change the size of structure of the hydrocarbcn molecule,
convert souwe of the crude oil fractions into higher value products.
The most common conversion processes are cracking (thermal, cata- 2
lytic, viscosity breaking, hydrocracking and coking), combining .
(alkylation and polymerizatior), and re-arranging (catalytic refor-
ming and isomerization).

- Treating Crude Oil Fractions. Some of the original sulphur ;
coupounds are converted to hydrogen sulphide (st), which can be '
separated and converted to clemental sulphur by troating processes
such as hydrodesulphuwrizing and chemical trcating. Other compounds
vhich may be rcmoved include nitrogen, olefins, metals, asphaltenes,
naphthenic acids and phenols,

- Blendin/: Tlydrogarbon Products. Mo.t petr.leum products are

b o Llend cj)f hydrocarbon fz"acti“ons or compynen#a produce] by variour /‘
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- Auxiliory Operating Facilities, A number of refinery units

are ured to maintain normal cperating conditicns, Tncluded anong
the functions of auxiliary operating facilities are hydrogen pro-
duction, light ends recovery, acid gas treating, sour water strip-
ping, sulphur recovery, tail gas treating, and wastewater treatment.
- Refinery Offsite Faclilities. Refinery offsite facilities are

equipmenit and systems usaed to support refinery operations, These

facilities include storage tanks, electricity, steam generating

systems, flare and blow-down systems, cooling water systens,

receiving and distributicn zystems, and refinery fire control systewms,

- Pmission and “ffluent Control. Refineries generzate air

emicsions, wastewater, solid waste, and noise which must be control-
led fecr efficient pracessing and envircnmental protection.

The generzl flow of the crude oil and petroleum proeducts through
a complex refinery and the proceszer involved are shown in figure k.,
Brief description of the individual processes which may be used in

refineries are given ~urther on (2°)

2.1.2., Refinery environmental concerns

Refineries and terminals seek tc avoid the releasc of any
substance in such a quantity that it will be harmful to human
health or the environment. In order to achieve this it ls necessary
at the outset to distinguish between accidental releases and relea-
ses which are part of routine operation., Accidental releases may
have a serious or a minor impact on the enviromment, but whatever
the impact the environmental considerations are only part of many
considerations implicit in accidental prevontion znd mitigation,
Safety management is the mechanism through vhich refining and termi-
nal managements seek to avoid harm irncluding environmental harm from
accidents,

The releace of a aubstance as part of routine operation 1s in
a different categoryv. These releoases and their potential impact
represent the cutcome of decisions taken with regard to desipgn
construetisn, operating procedures, feed-tocks, product requirementr-,
inspaction, maintenance etc. considerations and in this context are
a normal part of handling and processing feedstocks and products,

e
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The areas of primary cperating concern in environmental
managerient are air, water, groundwater, solid wastes and noise.
Several steps have been taken during the last decade to address
these concerns, predominantly through improved refining processes
and environmental control devices and more responsive operating
and maintenance procedures, These steps have resulted in fewer
contaminants and/or reduced concentrations being discharged, leading
to an improvement in the environaent.

The operating guidelines included below are intended to
highlight typical steps vwhich can be taken to reduce the generation
and disposal of contaminants and minimize their release to the
environment. Inspection, maintenance, training and co-operation of
employees at all levels are integral parts of successful implemen-
tation of the operating guidelines,

2.1,2,1, Air Pollution Control

Air emissions vary significantly, both in quentity and type,
anong refineries and their effect on the environment will vary.
Anong the factors that affect the amount and type of refinery air
enissicns are: crude feedstocks, processes, types of equipment, eir
pollution control measures, housekeeping, maintenance practices and
the age and category of refinery. Air emissions occur from a multi-
tude of specific sources and are usually handled separately. Thus,
air pollution control systems, when -ised, are associated with
specific process units and are usually designed to remove or modify
specific contaminants,

The major types of air contaminants associated with refining
are shown in Table 4 alonmg with the major sources.

Hydrocarbons

NTydrocarbons emissions are potentially the largest type of
emission from a refinery and considerallle attention is given to
reducing thece emissions,

Potential sonrces include process stacks (primarily the process
hoater:), storage tanks, the product loading terminals and fugitive
sources such as valve stems, pump and compreszor seals, Arains and
oil/wmter separators. Specific sources of hydrocarhon: are discussed
below.

snstn,. aptiiing N
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Table b

Potential Sources of Specific PFmissions
from 0il Nefineries

“ulphur oxides Boilers, process heaters, catalytic
crecking mmit, regenerators, treating
mits, st flares, decoking operations,

tydrocarbons Loading facilities, turn-arounds, sampling,
storage tenks, wastewater separators, blew-
down systems, catalyst regenerators, pumwps.
valves . blind changing, coeling towers,
vacuunt jets, barometric condensers., &ir-
Llowing, high pressure equiprent, handling
volatile hydrocartons, process heaters,
boilers, compressor engines, distillation
tzwers, separators, '

g, ocvncstiiing S

Nitrogen oxides Process heaters, boilers, compressor engines,
catalyst regenerators, flares.

Particulete matter Catalyst regenerators, bcilers, process
heaters, decoking operations, incinerators,
A flares., .

Aldehydes Catalyst regenerators,
Amnmonia Catalyst rogenerators.,

Odours Treating wnits (air-blowing, steam-blowing),
. dreins, tank vents, barometric condenser,
1\ ) pumps, wastewater separators, process
o vessols,

Carbon monoxide Catalyst regenerction, decoking, compressor
~ engine, incinerators, boilers, flares

Sulphur Oxides ‘SOx!

Sulphur dinxide (soz), one of the most common air pollutants,
is most often produced when & sulphur-ccntaining fuel is burned. In
refineries the major part of the ¢02 ecissions arize from the com-
bustion of refinery fuelr to provide energy for the various processes
and to raize cteam. The major sources of 802 emissions are the boi-
lers, process heaters, catelytic-cracking unit, rogenerators, trea-
ting units, coking operations and where used HZS flares,

Refinery fuel combustion emissions can be controlled either
Ly restricting the sulphur level in refinery fuel or by scrubbing
tho stack gnres prior to discharge into the atuocphere, Mathods of
reducing the sulphur level in vefinery fucl. way include mazin’ zation
of the iwe of natural ;3¢ as n fuel, using petrolerus funls and by {. "
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product fuels that have been desulphurized, and blending heavier
high-sulphur internal fuels with desulphurized distillates.

The sulphur recovery umnit (typically & Claus unit) emissions
are controlled both by increasing the level of sulphur recovery and
by stack gasscrubbing. The Claus process, which is the most widely

used system, uses both thermal and catalytic conversion reactions

Nitrogen Oxides ‘NOx)

The major sources of NOx emissions are from combustion processes
including process heaters, boilers, compressor engines, catalyst
regenerators and gas stabilisers.

Oxides of nitrogen (NO_) formed in combustion processes are
usually due either to thermal fixation of atmospheric nitrogen in
the combustion air, leading to ®"thermal NOx", or to the conversion
of chemically bound nitrogen in the fuel, leading to "fuel NOx".

It is generally accepted that thermal NOx is formed at temperatures
in excess of 1800°C in the presence of excess air., Fuel Nox is due
to oxidation of a portion of the nitrogen combined with the fuel.
The bound nitrogen is emitted preferentially a&as molecular nitrogen
and only partly as NO: emissions.

NOx control techniques for stationary sources operate either
through suppression of Noxformation through combustion modification
in the process or through physical or chemical removal of Nox from

the stack gases.

Carbon monoxide ‘CO!

The fluidized catalytic cracker (FCC) generator, steam boilers,
process heaters, compressor engines and the ags turbines are the
major sources of CO, Control can be accomplished either by proper
design and operation of the equipment, or, as is usually the case,
with the catalyst regenerators, by providing a separate means for
completing the conversion of carbon monoxide to carbon dioxide,

In the case of the FCC regenerator, the best demonstrated con-
trol technology for carbon monoxide is considered to be the carbon
monoxide incinerator-waste heat boiler. An alternative to the CO
boiler is the use of the new fluid catalytic crackers that use im-
proved catalyst and high-temperature regeneration to limit CO gene-

ration,

“ [Shorag 2 it e g
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CG emiscions from the process heaterc and “oilers are nini-
mized by monitoring the combustion parameters, especilally oxygen,
to ensure good combustion. G=s turbire and compressor emissions are

treeted in & like manner.

Particulates

The primary sources of particulates are process heaters, boi-
lers, FCC regenerators, gas turbine, and solid-wacte incinerators.
Particulates can be controlled by the use of wet scrubbers and high-
efficiency mechanical collectors {cyclones, bag house); high efficient
cyclones or electrostatic precipitators on cetalyst regenerators and
power plant stacks; controlled combustion to reduce smokej controlled

~ stack and fleme temperatures; improved burner enc incinerator design;

| - and use of smokeless flares. i
The emissions from boilers and proces: heaters are largely a ;
function of the quality of the fuel used, If a fuel has a high ash
content, i large portion of that ash will appear as fly ash in the
fuel gases, The technclogy for the removal of particulates resulting
from the combustion of coal or o:l is typically high-efficiency mecha-!
niczl cyclones and electrostatic precipitators, Also, particulates
can be controlled by proner cperating parameters and adjustments of

) . the air-to-<uel ratio,

P i T ST

ﬂr The principal refinery process unit subject to contrcl of
' particulates is the fluid hed catalytic cracker. Particulates from
k A the FCC are controlled by electrostatic precipitators, high-efficiency '
cyclones, dry scrubbers, vet scrubbers or baghouses. The most commonly

used equipment is the electro-<tatic precipitator,

|
)
|
l Odours

The nose is an extremely sensitive detector of odcurs and cen
be matched by only the most sensitive instrumental technique. The
main offenders have been shown to be sulphur compounds, such a3
st, mercaptans, and disulphides, which ere imown to be present in
crude oil fractions and have becen detected in refinery atmospheres,
flecause of their offensive smell and low olfactory levels, these
compounds glve rise to the najority of complaints.
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Most refinery cdour prcblems are duc to leakages or mal-cpe-

rotions which are intermittent in nature and which may usually Te

precvented by geod housekeeping and maintenance.

Table 5 surmarizes some typical refinery smells, their possible . '

source, and the rmost protable compounds contributing to the odour,

A listing of the most common cdour-causing compounds found in the

refinery emissions is shown in Table 6.

Refinery odours and sources

Type of smell Source
Bad eggs Crude storage

distillatlon of gases
sulphur removal flare
stacks (extinguished)

sewer smell effluent water
biological treatment
plants LPG odouri-
=ing, spent caustic
loading and transfer

Burnt oil catalytic cracking
unit coking asphalt
Blowing asphalt sto-

rage
Gasoline product storaze
CPI & API :epara-
tors
Aromatic: aromatic plants
(Denzene) naphtha reformers
Mot Tar asphalt storage

Table 5

Qdours cggpounds

F.S itrace of di-
salphides

dimethyl sulphice,
ethyl and =arryl
mercaptans

unsaturated
hydrocarbons

hydrocasrbons

banzene, tolucne

hydrocarbons,
rtexrcaptans,

n2$
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- Table 6
Odours of compounds which may be found
in_refinery emissions
Odour Cdour \
Chemical threshhold (ppb)™) description i
h Acetic aciad i,000 Sour )
ALcetone lo0,000 Chemical, sweet ;
Amine, monomethyl 21 Fishy, pungent
’mine, dimethyl L4 Fishy
Anine, trimethyl c.2 Fishy, pungent
Ammonia 46,800 Pungent
. Denzene 4,700 Solvent
L Benzyl sulphide 2 Sulphidy
Carbon disulphide 210 Vegetable-1like,
sulphidy
Chlorine 314 Bleach, pungent
Chlorophenol 0.03 Medicinal
i Dimethyl sulphide 1-2 Yegetable-1like,
| sulphicy
| ' Diethyl sulphide 6 Garlic-like, foul
Diphenyl sulphide 5 Burnt, rubbery
? . Hydrogen sulphide 5 Rotten egss
L\ Methyl ethyl ketone 10,000 Sweet
N Mercaptan, methyl 1-2 Sulphidy, decayed
cabbage
\ . Mercaptan, ethyl 0.lh-1 Sulphidy, decaycc
cabbage
“ercaptan, n-propyl 0.7 Sulphidy '
Mercaptan, n-butyl 0.7 Strong, sulphidy
Paracresol 1 Tarry, pungent
Paraxylene 4o Sweet
Phenol 47 Medicinal
Phosphine 21 Oniony, nmustard '
Sulphur dioxide 470 itarp, pungent
Toluene 2,00c-4, 700 Solvent, moth bal’:c
Butane 6,000
Heptane 18,000
Amylenes and pentenes 170-2,100
x’ Umits in parts per billion by volune.
"
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Operatinz Guidelines for g!ntrolligg Air Emissions

The guidelines for operating a refinmery or refinery asscciated
terminal can be divided intc four general areas which relate to
each other. These areas are design end operating procedures, ins-
prection, maintenance and housekeeping. Training to ensure that the
goals for each of these areas are met is necessarv. The extent of
detail in the guidelines is 2 matter for local discretion dependent
on local conditions.

The following ere some design end operetion procedures which
are generally benefic’al with regerd to controlling air emissionms.

The list is by no means exheustive.

- The practices of open stirring, venting and flaring should
be avoided;

- Tank gauging and sampling which require opening the tank to
the atmosphere should be carried cut to the oxtent it is possible,
at the time of day vhen the tank temperature and, therefcre, pressure
iz at a winimum, so the vapour lecss will be minimized. Consideration
cshould be given tc the use of automatic gauges znd side sample con-
nections, Operating practices should minimize spillage and ecnsure
that vapour collecticn and recovery equipment will control vapour
loss to the atmosphere from product transfer operations including
loadins of tank truecks, tank carcs, and drumsg

- Masking agents or cdour counteractants mavy bYe used to cover
up odours iLf the problem is exclusively one of odour suppression and
does not impact on safety and leak detection, Spilled materizls shoulcd
be picked up by a vacuum truck and the material reproces-.ed, if -
p-ssibleg v
- Prezsure seattings on fixed rcoof storagz tank should be set

based on the vapour pressure of the stored material to limit the }
releas~ of hvdrocarbor vapours; ‘
- Wastewater ctreams containing odorcus materials should he kept:

separate, if practical, from the total erfluent system and treated

MY

separately;
- The biological wartewnter treatment unit should be maintained.
in an aerobis state to miniunize odour; !‘

y




- Maludnrous corpounds, such as spent caustics; c*n scmetimes
Ye sold for recovery of chemiczalsy

- Clouars from incineration processes :ay Ye mininized by
raisinz the combustion temperature;

- If 1t becomes necessary to flare st, the fuel gas feed to
the flare should be increased, eand the stesam flow decreased, thereby
irmproving the combustion of HZS and minimizing the odour emissions.

Negular or periodic inspection is necessary to ensure that &ll
process end polinition control 2quipment is operating properly and to
detect any faulty equipment that results in leakage of hydrocartons
cr ary other metericl. 'aintenance of all equipment that is inspected

and found to he faulty should be ceonducted as soon ns prectical, %woth

to min‘mize emissions and to prevent & major failure of the equipmenrt.

2.1.2.2, Jater Polluticon Control

me  volume and charactaristics of the wastewaters produced
and discharged by petrclews refineries are dependen! upon parzineters
such as the proeperties of the crude 2il, types of processing units,
final product mlx, and niethod of treatment and disposal, Therefuvs,
the cheracteristices of the wasteweters produced and discharpged will
roflect individual site conditions, znd o "typical" vastewater cnnnot

te defined.,

Treatment Picccecses

Twe systams are oriployed im the treatment of vrefinery vaste-
watere: thae in-plant cour weter strlpping unit and the wastewater
treatment imits, The cour weter sétripping mit is ermplovyed in the
refinery process wnit: for pre-treatment of waters containing M.5.
The wacstewtter treatment units treat all contaminated vatern pri;r
to dischar~e moctly, but noat necessarily, on a s’te hnsis,

Aour Water Siripping it

“ater containing sulphides is termed rour watar or sour conden-
sate. Nefinery nperations pr-duce sour vater from procesze: such as

hydrntreating, cetzlytic crecking, end coking and wkenever «team is

comdensed in the presence of gases containing hydrogern sulphide, In

additicn, scur water norneally contains ammonia and small amounts ol
phanol and other hvwdrocarbsns, Theee contaninants are odorons and

nay cavso wastewater treatziont plant upsets and wacztowater dischargs

Ll
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viclaticens if they woere dischargaed without treairent. Scur vater

s*ripping I: used by refineriez te recduce the lovel of tlue conta-

minanrnts in scur corndensate to ellow Turther use of this condensate.
“our weter -stripping cen remove hyvdrogen sulphide, armwnia

and cor:e phenolics from the water. Sonr water stripping wiil also

re=ove varving amounts of ~henols, rercaptens and other contaminants

present in the feedwater, The actual amount of these unaterials re-

2oved is dependent upon tiie mmit operating conditions and fezdwster

characteristics, The scur gas from the stripper is removed to the
sulphur recovery un’'t and the stripper tottums mre fod to the crude
0il desalters cr discharged directly to the wastzwater treatment
systern,

Jastewoter Treatnent Fhits

The purpose cof wastewater treating is to upgrade the quality
cf effluent water =o that it cam le sefely disposed cf or rocircu-
iated to¢ the refinery. Rzfincry wastewaters tvpicaliy contzin oil,
thenols, sulphides, smoniz, =2nd/or dissolvod aad suspended -oclids,

Jome refinery wastowaters contain other organic and inorgunic che-

miciils, The types of treatuzcnt prccescses utilized vary with the typzs

of cuncentraticus of c¢ontavinant and with the effluent cguailiy
recuiremarts,
A typiczl refinery wartowater system consl-ts of: drainace
and c-llection sy:sten; gravity-type cil-wvater separaters and auxi-
ix2ries required tc remove 0il amd sedimenti treatment units or

h ]
i sal facilitiez to handle segregated chermiczl =clutions and

cthexr process wester, and to control the effects ol pollutants whicl

have toxic properties, ceruse tacta end odour and zo forthj and sume
form of secondaryv treatrant follcwirg gravity ceparation, where

required,

Fove stapres of wastowater traatment may be used in a refinery

Lrased on the type of wastewaters being treated end the quelity anc
tvpe of receiving waters, The:@e stage~ are: in-plant pre-treatnent

(;nc]uding sour water ztripping, neutralization, etc.),primarvy treet-

’

ment (o0il/weter separation and removeli of settleable 3nlids), inte--

redinte treatment (holding tesins), sacondary treatment (Liological
oxidatior), &nd tertlary treotment (activated carbon al:sorptizn and
fiitration).

i
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e tevater Cheracteristics and Classification

The water contaminant parar:ters delertiined in reflinory wvaste-
wvater inciude biccheaical oxygen demand (30D5), chexical oxyzen
derand (CCD), ¢il, total -uspended solids (T533), ammeria (rm1,),

-’

phenclics, hydrogen sulvhide (¥W,3), trace crganics and soxze heavy

metal:z. Taobie 7 chows the major sowrces of each of the contarimants.

Process wastewater: contribute to s portion of virtually all,
while other sourcez have more specific conteminants &ischarges.

T™he characteristics of the wastewater will determine botk the
decresa and tyvpe of treatment required and the effect of the weste.
water tr-cetment plent effl:ent on the receiving waters. The zpocific
cleracteristics of wactewater cf importance for refinery effluents
include pH, selirity, acidity. alkalinity, dissolved >xygen, cxygen
demand, herdnass, osmotic effect:s, toxicity, teste and odcur, cslour,

turtidity, suspended matter, o1t and tempere ture.

Teble 7
Yoztewater Pollutant Jources
Pollutant Sources
BODS, cenp, (il Procass wastewetar

Cooling tower tlow-down [if

hydrocashens leak ‘nto ceclir,, .

watexr .-yste'.*)
Beliast w.ter
Tenk: flew adreinage and s;um-off

Total suspended solids Pracez- westewnter
Coolin~ tower hlew=down
Ballast water
Tenk flowy Arainage and un. ~ L7
Phenolics Precess wz:tawvater (parti-

cularly from fluid cztolytic
cracking wnit)

ﬁHB, 7,5, trace organics Process wastewater {parti-
cnlarly from fluid catalytic
cracking unit eand ccker)
Meavy metels Proce:s wActewater, tankage

vectewnters dischargec

Cooling tower “lcw-dowa (i
chrcmatz type colling weter
treatment chemicals are used),

~ tle 2 inficnte: the time of peilutunt  Lypinwlly cxpected In

the - tewr s T Troo the variom ralirery paccesses,

-

-
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Wastewater contaminants from refinery unit processes

Processes Pollutants typically
ected in wastewater

Crude oil desalting Inorganic chlorides HC, (H,S,
phenols) SS

Atmospheric distillation HC, H,S (xma, phenols)

Vacuum distillation HC, H,S (Nl:lj. phenols)

Fluid catalytic cracking HC, HZS' NH3' CN, phenols

Coking (delayed or fluid) HC, H,S, NH,, CN, phenols

Visbreaking HC, HZS’ Nn3, CN, phenols

Steam cracking (egas oils) HC, H,S, NHj, CN, phenols

Catalytic hydrocracking H,S, NH,, (HC), phenols

Catalytic reforming st' HC1

Naphtha hydrodesulphurization H,S, NH3' HC, (phenols)

Distillate hydrodesulphurization st, NH3, Hc,(phonols)

Heavy o0il hydrodesulphurization H,S, NH,, HC, (phono].s)

Gas recovery plants:

- Unsaturates H,S, NH,, RSH, CN, amine, (HC,
pfienols

- Saturates H,S, NH,, RSH, amine, (HC)

Merox treaters NaSH, NaSR, Sodium phenolates,
(uC)

Alkylation Sulphuric or hydrofluoric acid
or acid salts, SS

Isomerization Caustic stream containing organic
chlorides

Hydrogen synthesis (co,, cN, NH,, amine)

Aromatic extraction (solvents, aromatic HC)

Petrochemicals (various)

Lubricating oil Solvents and varicus others

Asphalt HC, (phenols)

Sulphur recovery

Abbreviationss
HC - hydrocarbon liquids or oilsj RSH ~ mercaptansj
st - hydrogen sulphidej NaSR - sodium mercaptidesj

NaSH sodium hydrosulphidej

CO2 - carbon dioxidej}

Ss - suspended solids,

NH3 - ammoniaj

CN - cyanides and thiocyanatesj
HC1 hydrogen chloridej

The pollutants enclosed in () indicate those which may not

be present in all cases,

adtin. smbivtiins A0
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2,1.2.3. Groundwater Pollution Cortrol

Escape of liquid petzoleum products from storage and transport
facilities under the surface of the earth and from above-ground
spills into the so0il have become an important area of concern. The
acute aspects of the problem - raw product in drinking water wells,
gasoline fumes in basements, fires and explosions - create immediate
danger to life and property. The more chronic effects include sub-
toxic but unpalatable levels of contamination in drinking water,
unsightly seepage at springs and along streams, etc. and should
stimulate the same sense of urgency.

The two basic sources of spilled liquid petroleum products are
equipment failure and operator error. Equipment failure includes
corrosion and leaking or both above and below-ground piping and tanks,
valves failure, refinery unit upsets and sewer and drain leaks, Many
of these failures may be avoided through proper inspection and main-
tenance procedures, Operator error includes overfilling tanks and
improper alignisent of valves and piping. These and other operator
errors can best be corrected through developing proven operating
procedures, regular training and testing of personnel, and systematic
follow-up to assure that procedures are followed.

The material in this section applies to both refineries and
terminals (refinery-associated and crude or product transportation
and storageterminals).

Preventive Measures
Preventive actions are designed to minimize the effect of any
future events which may result in pollution; these actions restrict

the effects of pollution to a limited and controlled zone. For any
preventive measure, the method must be properly engineered. It must »
be stressed that the preventing measures discussed are likely to be ’
practical only at new o0il industry installations., For many existing
installations, some of the propeosals would be either extremely
expensive or not feasible. ;
The preventive measures to be installed during the construction
of a permanent structure should consider the following:
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- The type of construction (refinery, storage tank, pipeline etc.)

- The volume and the nature of the o0il likely to pollute the
sitej

- The geology and hydrogeological environments; nature of the
terrain, depth, activity and quality of the aquifer;

- The economic environment; proximity to and capacity of water
wells and intakes for domestic purposes, risk of pollution of a

river etc.3

- The preventive system involves four areas: coarros.on prote~tion/
surface preventive measures, subsurface preventive measures, and
monitoring devices to detect and warn of un-suspected pollution not
visible from the surface or of a dangerous change in groundwater

levels,

2.1.2,4, S0lid and Semi-solid Wastes Control

Petroleum refineries also generate a wide variety of solid
and semi-solid wastes (hereafter referred to as solid wastes), some
of which may contain materials currently considered to be hazardous
(i.e. heavy metals such as chromium and zinc and polynuclear aromatics)
which are potentislly hazardous to health and the environment. %

Typical solid wastes generated at a refinery include process

sludges, spent catalysts, wvastewater and rawv water treating sludge, e

and various sediments. The volume of waste generated, as well as the
economics of material recovery, are determined to a large degree by
the type, age, and condition of process units and the market for
product "mix", Pollution control methods are further affected by
geographic conditions, transportation distances, disposal site hydro- 3‘
geological characteristics and regulatory requirements.

-t

Refinery process solid wastes can be divided into twe types:
intermittent and continuous, Intermittent process wastes are those
which generally result from the cleaning of refinery facilities and
which require disposal at intervals greater than two weeks,

. T?".‘,'W’\ r‘;ﬁ f,‘

Intermittent wastes are a function of refinery size and refinery |
diligence in maintenarnce and housekeeping practices,

)
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2.1.2.5. Noise Control

A noise is any unwanted, undssidered, or valueless sound and
can cause both physiological and psychological damage to human
beinys. Noise may produce mental stress, fatigue, dizziness and loss
of balance and may have an adverse effect on human activities such as
work, recreation, sleep, communication and rest.

There are two major categories of noise: continucus and intermit-
tent. Continuous noises usually have a rather stable level. Internit-
tent noises are any fluctuating, repetitive sounds.

Noise problems in process plants can be categorized as either
commumity or in-plent problems. Solutions to in-plaant problems should
be aimed at preventing hearing locss, avoiding speech interference and
minirizing adverse effect on workers, Corpliance with any worlplace
noise regulations should be emphasized in the facility design,

The noise levels in a commmmity near a process facility are
function of manu parameters, including: distance to the nearest unit
or units, size of the facility, noise controcl treatments and other
noise sources (other industrial sources, traffic etc.). Comrmnmity
noise problems are solved through the elimination or prevention of
annoyance to meighbours and/or the reduction of the noise levels to
within a legal 1limit.

Noiee sources that characteristically generate low frequency
noise, such as furnaces and air c-olers, tend to contribute signifi-
cantly to commmity noise levels. Also. noise sources that are used
in large numbers, such as electric motors and air coolers, can con-~
tribute significantly to the community noise level.

Excessive noise in existing plants can be controled or abated
to an acceptable level by engineering controls, Operating requirements
and operator and plant safety may preclude the use of the most ef-
ficient and economical methods, In general, control of existing sour-
ces 1s less effective and more expensive in dollers per decibel of
nolse reduction than including noise limitations in the original
design,

Inspection and maintenance of all potential noise souxrces and
operator t{training are the major management practices to ensure that
all the noise abatement practices incorporated in the design are
effective, Final means of noise abatement are planning of construc-
tion activities and the use of extremely noisy equiprment and schedu-
1ing vehicular traffic to periods of time when the surrounding com-
munity‘vil} hest tolerate noise approaching or even exceeding the

level of anncyance,
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«2. Monomcr: a2nd basic petrochemicals

Bulk petrochemical manufacture is almost by definition the ini-

tizl or early stages of the production process in the petrochemical
industry.

However, sometimes, as is particularly the case with certain
inorganics and polymers, bulk chemicals can be the finished products
off the industry sold ior application in other industrial processes.
Most bulkx chemicals experienced enormous growth from the 1950s to the
early wmid-197Cs. The consequences of this growth were:

-~ The economic incentive for minimizing prcduction costs resul-
ted in considerable research and development effort being devoted to
imrpoving process technology, search for new feedstocks etc. This
was an innovative era for the development and introluction of new
process technologies,

- Average plant capacities increeased many times in size and
became large it consumers of raw materials and energy;

- A high proportion of patrochemical, bulk organic and polymer
production processes becare continuous (often in the gas phase),
utilizing selactive catalysts;

- Changed feedstock zvailabilities/cost has had 2 considerable
influence on process technoslogr development, most markedly with the
development of petroleum based ethylene chemistry away from coal
btased acetylene cheuistry;

- Even before the 197k and 1979 rise in energy productiom pricec,
energy costs have contrituted with a large share to tctal production
costs; the bulk chemical industry has devoted considerable process
research eoffort to imprcve energy efficiency.

A radical change in the economic situation and outlook for the
bulk cherical industry has occurred since the nid-1970s, which has
been principally induced,a’ther directly or indirectly,by the cil/
energy crisis, Another contributing factor may be the fact that large
volume substitution opportunities for bulk chemical synthetic materi-
2ls/fibres had also been considerably exploited by this time. The
result fsr the bulk chemical industry in the Furopean Community was:

i




- excess production cepacity in wany sectors of the industry
since 1975-1978;
- market growth rates much reduced and growth sometimes

eliminated altogether; .

|
- low or negative profit margins;
- less R £ D funds being cdevoted to the development of new
process tectmology for bulk chemicels production. j

Given the nature of bulk chemical manufacturing, the foellowing
observations may be made with respect to their associated emissions
and wastes and their trestment:

- While certain sesctors of the industry produce emissions of
high toxicity, including "black®™ and "grey®™ list substances,

- environmental precblems mainly arise from the large effluent load for '
wvhich adequate dispersal 11 certein environments may te difficult;

- Tmissions/wastes from continuous processes are likely to le
more gmenable to ecoromic pollution contrsl treatment than those from
cmall scale usually tratch processes, large plants by definition can
offer the opportunity for realising economies of scale in gaseous
emission scrubbers or effluent treetment plant;

t - A particular environmental probLlem of certain bulk chemical
nanufactures is the production of large quantities or rather inert
solid inorganic wastes/by-products;

I\ - lL.arge cquantities of aqueous weak acid effluent can also be

R azsociated with certain dbulk chemical production processes,

In the following sub-sacticns we deterniine the extent to which
cleaner process technologies, so far Indentified, have been adopted
in thc natural evolution and expansion of the petrochemicel industry, |
In later sub-sections, we consider the incidence of other forms of
cleaner techmnologies, such as recycling/reuse of waste streams, re-
covery of by-products etc, However, the concept of cleaner technolo-
gies is in reality not elways readily aspparent,

This chapter deals with the evolution in time of the technolc- y
gical prccesses regarding synthesis monomers and some basic petroche-
mical substances, The evolution nf them is examined from the view-
point of the reasomn for switching from one proce=s to the other
considering principal characteristics of the procesc-sas and the con-
sequences thereof on the environment,

The procceses selected are those which have an important share
in point >f their industrial production, as well &s their environmen-
tal conscequences, the conditions and composition of noxious substances

~
which can contaminate a.r, water or 3o0il, {

1~
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The literature data published did not allow in all cases a
quantitative evaluation of the gaseous, ligquid and sclid effluents
resulted frum some less known or rather recent processes in vhich
cases the estimations were based on similitudes w th other known
processes,

Concerning the composition of gaseous, liquid and sclid effluent:,
the paper mentions only the main pollutants expressed in concentro-
tions per liter, cubic meter or percentage by weight.

Herein further is given the list of synthesis monomers and basaic
petrcchemical products making the object of this chapter: 1., Ethylene;
2. Propylene; 3. Butadiene; 4, Isoprene; 5., Ethylbenzene; 6, Styrene;
7. Fhenol-acetone; 8. Ethylene oxidej 9. Dimethylterephthalate;

1o, Maleic anhydride; 11, Phthalic anhvdride; 12, Acrylonitrile;

13. Acerylic ac®dj 14, Methyl methacrylate; 15. Acetylene; 16, Formal-
dehyde3 17. Vinvl acetate; 18. Vinyl chloride; 19. !ethyl chloride;
26. ChLleroform; 21, Carbon tetrachlceride; 22, Perchlorethylene;

23, Epichlorhydrin; 24, Toluenediisocyanate (TDT); 25. Methylene
diphenyld:iisocyanate (MPI); 26. Glycerine,

The tables list the main tecknological processes applied on
commercial scale in order to produce the above mentioned producte,
tables being elabcecrated on the basis of published literature data as
cescribed in the bitliographical chapter of this paper, as well &s
or the basi: of the dzta known from personal de=ign and opersztion

experience acquired in similar plants,

\
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PTHYLENE MANUFACTURING

Ref., P cce s s Period Principal Environmental Reason for
no. re o0 introduced characteristics aspects adoption
0 T 2 3 1 5
1. Separation from 1920 Gases with 1,.8-2% ethyle- Fnvironmental pollu- Ethyl alcohol used
crude coke-oven ne content resulted as tion with acid 1li- to produce anti- o
gas by-product from coke-oven (uid residues freeze solution. :
gases treated with sul- Difficulties in se- o~
phuric acid to yield ethyl paration,low reco-
alcohol vering efficiency,
The process is
abandoned.,
2. Ethyl alcohol 1930 Ethyl alcohol dehydration Chemically contamina-~Incrcased demand -J

dehydration

|
S \ U .
L % '

over alumina or phospho-
ric acid catalyst on ccke
carrier yielding an ethy-
lene having a concentra-
tion hetween 97-99.5% wt.

ted water with hy-
drocartbons,organic
acids, catalysts
slurry

of ethylene for o
the production of ’
polyethylene by '1
high pressure ‘
polymerization

aktdr  asaus s osllie . o N
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3. Acetylene hydrogena- 1940 - Acetylene hydrogena- Gas effluents with Applied in Germany
’ tion 1945 tion via carbide fire and explosion for military reasons
risk, water conta- during the II-nd
mination due to ace~ World War. The pro-~
tylene production cess 18 not profit-
via carbide able and is now
abandoned
4, Steam cracking 1950 Thermal cracking at Spent lvye 0.4 m3/t Since 1950 it is the _.
low pressure 2-3 atm containing 4% NaOH most widely spread
and temperatures and 5% Na2C03. Che- procass yielding
between 800-900°C of mically contaminated over 98% of world
cas and liquid frac- water 0,2 m3/t con~ production of ethy-~
tions coming from taining: 100 mg/l lene
crude processing. The phenols and pH = 5-6
vield in ethylene is
23-32% from naphta
5. Steam cracking 1980 Thermal cracking oc- Spent lye 0.1 m3/t Kellog, Stone~-Webhster

N2

curs in tubular coils
whose length and geo-
metry imgoroved in time
and from one licenser
to another

chemical contaminated Linde, Mitsulishi,

water 0.1 m3/t con-
taining phenol and
hydrocarb ons

Lurgi, developed
new process with
higher vyield of
ethylene
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6. Milisecond process 1985 Thermal cracking occurs Memicual conta- Tellod,

T v g
% .
I a .

in tubular coils whose
diameter is very small

minated smter

Tdomttnn
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PROPYLENE MANUFACTURING

Ref. Period Principal Environmental
ne. Process introduced characteristics asnects Reason for adoption
5 1 2 k) q 5
1. Separation from ther- 1920 Sulphuric acid absorption High acid pol- The process was intro-
mal cracking gases of gagses coming from the luting of the duced by Standard Oil in
thermal cracking at high environment USA in 1920 to produce
pressure of crude cuts isopropyl alcohols by
vielding 1isopropyl alcohol using refinery qases.The
process is abandoned dJduu
to its low efficiency
2. Fisher-Tropsh synthe- 1940 Synthesis gas at 10 atm Atmospheric The process was introdu-

sis in view of ob-
taining synthetic
gasoline

and 225°c over iron ca-
talysts yields simulta-
neously synthetic gaso-

air pollution

line and 9% propylene
in the gases separated
from the process

ced in Germany during
the II-nd World War by
I.G.Farben-industrie.
The process is updated
starting from synthesis
gas obtained from renew-
able sources (biomass,
wood) or coal
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3, liydrocarbons 1950 Thermal cracking at low Spent lye: 0.4 m3/t The most widely used
pyrolysis pressure of crude cuts containing 4% NaOH process nowadays.

yields propylene

and 5% Na,CO4.
Chemically conta-
minated water

0.2 m3/t

Over 608 of world
production is obtain-
ed by this process,
The balance of propy-~
lene is obtained hy
fractionation and
separation of refi-
nery gases
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BUTADIENE MANUFACTURING

Butadiene production
by n-butylene oxi-
dehydrogenation
{Petro-Tex)

1965 - USA
1981 - Romania

hydrogenation)
- conversion 18% vol.
- gelectivity 80% vol,.

Oxidative dehydrogena-
ticn of n-butenes over
specific catalysts
(Ferite type)

- 65% mol. conv,

- selectivity 93% mol.

0.035 t/t heavy
hydrocarbons (fuel)

2.44 t/t waste gases
4.08 t/t waste water
0.061 t/t liquid fuel

Adatn. sdvistBas A0

k Ref . Process Period Principal Environmental Reason for
no. introduced characteristics aspects adoption
0 1 2 3 4 ]
1. PButadiene production 1946~ USA The process consists in 0.165 t/t fuel gas Increasing
by n-butylene de- 1960 - Soviet n-butylene dehydrogena- 10 t/t waste water demand for
hydrogenation (DOW) Union tion on specific cata- with organic sub-~ synthetic
1962~ Romania lysts (endothermal de- stances traces rubber

Higher perfor-
mances as com-
pared to the
classical de-
hydrogenation
(endothermal)
lower raw ma-
terial consump-
tion.Low enerqy
consumption
(ateam, fuel)
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ISOPRENE MANUFACTURING

Ref. Process Period Principal Environmental Reason for
no. roces introduced characteristics aspects adoption

0 1 2 3 4 ]

1. Synthesis isopre- 1968 - USSR The process consists in for- 0,64 t/t by-products are Existance of

v 3

ne production 1975- Romania
from isobutylene

and fcrmaldehy-

de in two steps

(Soviet Union)

Synthesis isos 1985 - Soviet
prene produc- Union
tion from iso-

butylene and

formaldehyde

in one step

maldehyde condensation with
isobutylene and decomposi-
tion of resulted dimethyl-
dioxane to isovrene and
formaldehyde

Isobutylene consumption

1.2 t/¢t

Methanol consumption

1.05 t/t

The procaess consists in for-
maldehyde condensing with
isobutylene (liquid-liquid
or gas=-solid catalysis)
isobutylene consumption

1.18 t/i methanol consump<
tion 0.8 t/t

fully used as floating
agents, solvents, fuels
0.1 t/t waste water

0.35 t/t by products are
fully used as fuels

3 t/t organically conta-
minated water

altn, o smniatiian 9

raw material
and develop~-
ment of rub-
ber consumers

Higher yileld
and lower
energetic
consumptions

-
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3. 1Isoprene production
from isopentane by
dehydrogenation in
two steps (Soviet

Union)

-l

W\

1968 - USSR

Isopentane dehydrogena-
tion in two steps

I-st step

- yvield 31% wt,

- gelectivity 72% wt.
II-nd step

- yleld 32% wt.

- selectivity 77.4% wt.
Isopentane consumption
2,0 t/t

0.44 t/t fuel gases
0.24 t/t gases from
regeneration of ca-
talysts contaminated
with dust (within al~
lowed limits)

0.18 t/¢t Cg cut from
separation

0,036 t/t C6 cut
(solvent)

0.164 t/t dimers and
oxigenated compounds
(fuel)

0.0416 t/t organically
contaminated water
Specific break-up
catalysta

The process prec-

sents high con-
sumption of raw
materials (2 t/t)

and eneryy.

The reason for
adoption was the L
available raw 4
material in USSR -
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4., 1Isoprene produc- 1962 - USA The process consists 0.284 t/t fuel qas, The process is not

tion from iso-
pentane by de-
hydrogenation
in one step
(Houndry -US)

Ty e e
-’ -
L Y
A )

1965 - Romania
(under research
on pilot scale
not applied on
commercial
scale)

in isopentane dehydro-
genation in one step
Isopentane consumption
2,0 /¢

0.68 t/t pentane,
pentadiene and
cyclopentadiene cut
0.026 t/t heavy
acetylene cut with
isoprene

adopted dueto thc
high consumption
of raw material
and the complex
character of the

plant and therefor

on commercial
scale

|



ETHYLBENZENE MANUFACTURING

7Ref. p Period Principal Fnvironmental Reason for
no. rocess introduced characteristics aspects adoption {
0 1 2 J 4 ]
1. Liquid phase 1950 Ethylene and benzene alkyla- - Acid water: 0,025 t/t Incroase demand ) '

alkylation tion in liquid phase at
temperatures between 80-100°¢
and pressures of 1.2 bars
over aluminium chloride cata-

lysts

EB containing 25%

C13Al 0.2% benzene and
Al(OH)3 traces
Polyalkylbenzene 0.02
t/t EB containing: 56%
diphenyl ethane , 40%
hexamethyl benzene and
4% tetraethyl benzene
Chemically contaminated
water 1,2 t/t EB con-
taining: benzcne 10 mg/l
Al(OH)3 0.05%

for ethylbenzane
for styrene fabri-
cation, The pro-
cess is highly cor-
rosive for the
equipment due to
the presence of
aluminium chloride
in liquid phase and
water contamination
Badger, Union
Carkide Monsanto,
CdF Chemie Tech-
nip, Mitsubishi

it amaioiBas A
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, 2., Alkylation in 1955 Ethylene and henzene al- Low amounts of waste water Non corrosive reaction
~ gaseous phase kylation in gasecous which does not require spe~ conditions thus mak-
phase over phosphoric cial purifications. ing possible to use
acid catalysts settled Negligeable amounts of carbon steel carlion. {
on Kiselgur at 200~ by-products the process does not
250°C and 14 atm., Ac- require concentrated
cording to Alkar (UOP) ethylene, being also
the catalyst is alu- possible to use dilu-
minium cxide activated ted athylene over 10% ..
with borine trifloride wt, such as results
at 150°C and 150 atm. from catalytic crac-
king gasas or from
coke~oven gas
vop, Mobil-Badger
3. Separation from 19585 Ethylbenzene separation Minor environmentél The process implies

aromatic C8 cut
) (xylene)

v
[

by superfractionatiun

of Cg cut coming from
catalytic reforming .
Separation is economi-
cally convenient in case
xylene cut contains over
20% ethylbenzene

pollution risk

difficulties of tach-
nical nature. The
process cannot be wide-
ly used due to limited
Cg cut resources

2istn, ambistipns A0
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4. Alkylation in 1975 Ethylene and benzene alky- Iow amounts of waste Non corrosive

gaseous phase

lation in gaseous phase
over zeolite catalysts, in
fixed bed reactor, at
420°C and 20 ata

water which does not
require any purifi-
cation

reaction con~
ditions, higher
yYields of
ethylbenzene



STYRENE MANUFACTURING

Ref, Process Period Principal Environmental Reason for

no. introduced characteristics aspects adoption

0 1 2 3 1 5 {
-1. Ethylbenzene de- 1937 Ethylbenzene dehydrogenation Chemically con-~ The tieed to develop

hydrogenation

reaction to styrene 1is endo-
thermal and can be conducted
in adiabatic type reactors
(Dow chemical) or isothermal
(BASF)

Reaction temperature varies
between 550-650°C and the
pressure between 1.3-2,0 atm
over iron oxides catalysts
The yields obtained are
88-91 % for conversions
between 50-60%

taminated water:
7.5 t/t EB con-
taining: styrene
50 mg/l, ethyl-
benzene 30 mg/1l
sulphur traces

an industrial produc- Co
tion of styrene was ’
determined by an in- -
creased demand for SBR

and polystyrene. The
isothermal dehydrogena-~
tion process has the
advantage of a lower

steam consumption and o
lower temperatures in i
reactor., The adiabatic
process offers higher
conversions, 60%, com-
pared to the isother-
mal process, only 40%
pow chemical, BASF,
Mitsubishi, Monsanto, '
Union Carbide -‘k
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dation {oxi-
rane process)

oxidation to ethyl-benzene
hydroperoxide followed by
propylene epoxidation
yielding propeneoxide and
phenyl-l-carbinol which

is further dehydrated to
styrene

hydrocarhons,
phenol, organic
acid metal salts

e e s
)
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2. Ethylbenzene 1965 - USA Halcon oxidation process Chemically contami- Hydroperoxidation
hydroperoxi- is based on ethylbenzene nated water with process is preferable

when apart of styrcne
propaneoxide is also
required. The process
has high styrene
yields 95% campared
to 88-91% at dehydro-
genation process
Halcon Co, Scilentific
Design

2t b actdatiinn. 4
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hydrolysis

with gaseous chlorine at
80°C and 1.12 at. in the
presence of Fecl3 ylelding
phenyl chloride. Phenyl
chloride hydrolyses is
achieved at 400°C and high
pressure with NaOH solution
Phenol is released with HCl
solution

(a4 P ' Lol e g
—— \ . y
52 - f
PHENOL MANUFACTURING
Ref. Process Period Principal Environmental Reason for
no. introduced characterigtics aspects adoption
5 1 z_ 3 .4 2 |
1. Alkaline sulphona- 1925~ Alkaline meltiny of benzene Significant amount of Increasing de- {
tation and melting 1930 sodium sulphonate is achiev- waste water with high mand for phenol l
ed in agitation reactors at phenol content. Residue Abandoned pro- !
310°C in the presence of 70% coming from splitting cess
NaOH solution. Benzene sul- sulphur bioxide and -
phonation c&- he conducted sodium sulphite
either in liquid or vapour
phase {more economically
convenient)
2. Phenyl-chloride 1927 Anhydrous benzene reacts Strongly contaminated Increasing de-

water with phenol, chlo- mand for phenol
rinated products, hy- Abandoned pro-
drochloric acid cess
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3. Benzene oxichlorina- 1938 Phenol production from Strongly contaminated Availability of
tion (Rashing) benzene and air through waste water with phe- benzene

an intermediate phase
of phenyl chloride

4. Cumene process 1950 Isopropyl benzene pro-
(1.p.b.) duction by benzene alky-

lation with propene over
orthophosphoric acid
catalyst followed by
cumene decomposition in
acid medium, in phenol
and acetone

nol and chlorinated
products

Over 90% of
world produc-
tion of phenol
comes by this

Phenol water 4 t/t
containing 1.5-3.5 g/1
phenol

Phenol residue 0.15 t/t
process, Phenol

Polyalkyl benzene 0.15 t/t and acetone are
also simulta-
neously obtained
Low polluting

process

e vy
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ETHYLENE OXIDE MANUFACTURING
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Ref. Process Period Principal Envrionmental Reason for
no. introduced characteristics aspects adoption
,,,,, 0 1 2 3 4 5
1. Chlorhydrin process 1915 Chlorin~ and lime react with Large aquecus effluent Good yield
ethylene in an aqueous medium containing salts and {ovexr 90%)
Ethylene chlorohydrin is an chlorinated organic
intermediate by ~products
2. Alr oxidation of 1940 Ethylene and air are pas- less aqueous effluent, Much more eco-
ethylene sed over a silver-based Large volumes of im- nomic for large
catalyst at 200-300°C pure nitrogen evolved. scale produc-
tion. Cnly
about 75%
yield on ethy- *.°
lene
3. Oxidation of ethy- 1960 Ethylene and oxygen are passed Minimal gaseous and Marginally bet- |
le: 2 using oxygen over a silver based catalyst liquid effluents. ter ylelds.
at about 250°C Somewhat cleaner Availability
process of cheap oxygen
LY ‘”\"’ . e
A
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VINYL CHLORIDE MONOMER MANUFACTURING
Principal Fnvironmental Reason for
characteristics aspects adoption
3 4 S

Purified HC1l gas in excess
and acetylene passed over
a catalyst, e.g. mercuric
chloride, at 150-250°C

Addition of chlorine to
ethvlene at 50° and crac-
king of the resultant
ethvlene dichloride at
500°C and recycling of un-
Jcracked EDC

Clean reaction from
acetylene. Carbide
preduction is dusty

Large quantities of
co-product HC1l neu-
tralised for dis-
charge as salt or
preferably sold as
hydrochloric acid

Easy procesas when
acetylene is avai-
lable. Up to 99%

yield on acetylene .J;

carbide for acety-
lene need very lare
energy input

High costof acety-
lene .Falling cost
and increasing avatr
lability of ethyle-
ne to meet growing
demand for PVC.Sui-
table for large pro
duction capacities
Up to 95% over all
yield of vinyl
chloride

re P
4% .
1
DIMETHYLTEREPHTHALATE MANUFACTUR
Ref. Period Princival
no. Process introduced characteristics
0 1 ! 3 _
1., Paraxylene oxida- 1960 P-xylene and air mixture {is
tion subjected to oxidation in
the presence of cobalt cata-
lysats at 150°C and 6 bars
2. Terephthalic acid 1970 Catalytic oxidation of p=-xy-~

process by esteri-
fication

"\\‘*".“ﬁ“‘m
% .

lene with air in acetic aciad
medium in the presence of
cobalt and mangan saltz and
broming salts used as pro-
motors. Oxidation occurs at
temperatures between 210-
240°C and prcssures of 20-
24 bars,



3

4

5

Rsing byproduct Cl
jr with ethylene at
Jover a copper cata-

[bove but using oxy-
fstead of air

jancing production
a combination cf
gses 1 and 2 elimi-
byproduct HC1

bf the EDC 1s nroduced

By -product HCl from
other manufacturers can
be fully employed.large
volumes of waste gases
carry traces of EDC
into the atmosphere

Volume of waste gases
very much smaller;dis-
charge of EDC 1is thus
minimised

hs for 1 and 2 above with
advantage of elimination
of HC1

Chlorine scarce and
costly.Able to use
the chlorine content
of byproduct HC1,
Highly exothermic.
High yields on
ethylene

High cost of incine-~
ration to destroy
chlorinated hydro-
carbons in waste

gas streams

Sujitable for ex-
ploiting HCl from
process 2 in small
scale units

s, S

47 . ‘
}
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MALEIC ANHYDRIDFE MANUFACTURING
Ref , Feriod Principal
no. Process introduced characteristics
0 1 2 K]
1, Benzene oxida- 1960 Renzene and air vapours be- Chemice
tion low hazardous limits (0,9 - water,
1.5%, vol.benzene) at 2.5 maleic
bar and 450°C are converted acid
to maleic anhydride a% a
conversion rate of 60% over
vanadium catalysts
2. Butane~butene 1975 The air mixed butane-butene Chemiz!
cut oxidation cut below the lower explos- water |
ion limit, at a temperature malelic
of 450°C propior

“W""
)



FHILOROMETHANES 1 MANUFACTURING

Princimal Environmental Reason for
characteristics aspects adoption
3 q 5

$ing of methanol at
with a dissolved
¢hloride catalyst
€1

fon of chlorine
pthane at 400°C

klar aquantities of
hol and HCl passed
ed vapour at 350°C
catalyst, typically
na,zinc chloride or
b carbon

Requires use of NaOH to
remove HCl from product
gases and oleum to remove
water. Aqueous effluent
stream

HCl by product and higher
chloromethanes production

Same as liquid phase,
Only 0.5 m3
fluent per ton CH3C1

aqueous ecf-

Process is a useful
sink to absorb HCl
byproduct from other
chlorination reac-
tions. 98% yield on
methanol

Saleable HCl can Le
produced

Lends itself to contt

nuous operation.Im-
proved control and
new principal pro-
cess., 98% yield

of CH30H

PHTHALIC ANHYDRIDE MANUFACTURIN!

Raf, Period Principal
no., Process introduced characteristicsy
0 1 2 ) -
1, Oxidation of naphtha- 1896 Mercuric sulphate catalyst ]
lene by oleum Sulphur dioxide by product
Liquid phase (
2. Vapour phase oxi- 1920's Air oxidation over vanadium |
dation of naphtha- pentoxide catalyst, 1
lene Highly exothermic. (
l
1
3. Oxidation of 1950’s Liquid or gas phase, air \

o-Xylene

oxidation of o-xylene over
vanadium pentoxide based 1
catalysts.

[



4. Low air oxidation 1970’'s Same as 3 but lower air- Large aqueocus effluent Cleaner process
o-xylene to-o-xylene ratio. Molten remains but reduces Electricity con-
salt reaction temp. heat- gaseous emissions.

ing system

sumption cut by /
55%
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ACRYLONITRILE MANUFACTURING

Ref. Process Period Principal Environmental Reason for
no. introduced characteristics aspects adoption
o Y ) 3 L 2
1. Ethylene 1940 ~ USA Process starts from ethy- Significant agqueous or- Market demande
Cyanchydrin lene oxide and HCN which ganic impurities con- increasing
route is then dehydrated to taining cyanides, hydro-
acrylonitrile gen cyanide
2. Acetylene/ 1940’s Aqueous phase in presence Wide range of acetyle- Cheaper more
HCN route Europe of cuprous chloride nic by-products convenjient
feed~gtocks.
Purer by-pro-
duct 80% yield
3. Ammoxideation 1950’s/60’s Propylene, air and ammonia Significant quantities More economic
process are passed over catalyst of by-products, mainly process to
a. Sohio (several patents),scmetimes - hydrogen cyanide match strong
b. BP/Ugine in presence of water - acetonitrile demand
c. Montedison ~ ammonjum sulphate Yield 50% on
Not easily recoverable propylene

s ptsiceiBinn A9
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Reduced by-product
yields especially

acetonitrile
ammonium sulphate

More selective catalyst
Sohio used fluidised bed

Improved ammoxidation
- Sohio process

Reduction of am-
monium sulphate
and acetonitrile
by products,
Improved overall
Acrylontirile
yield to around
80% (Sohio)

alode sntitiBas L%
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ACRYLIC ACID MANUFACTURING

Pef. Process Period Principal Environmental Reason for
no. roce introduced characteristics aspects adoption
n )| 2 3 4 1

1. Acetylene process
{Reppe synthesis)

2. Propylene process

Synthesis of acrylic deriva-

Chemically contaminated Th

e need to obtain {

tives from acetylene,carbon
monoxide and water or alco-
hols carried out in the pre-
sence of catalysts: metal

watar containing acrylic
acid,alcohols,residues
from decomposition of
catalytic complex

acryl derivatives

with multiple in- l
dustrial and tech- ‘
nical applications

and metallic compounds which
can make carbonyls. For acry-
lic acid the reaction tempe-
rature is 210-330°C and the
pressure 15 atm.

Indirect catalytic oxidation

of propylene by means of acro-
leine or direct oxidation ylel-
ding acrylic acid. The direct
oxidation process of propylene
occurs at 280-450°C in the
presence of “o,Bi,Fe,and P
oxides and a pressure of 11 atm

waste water 0.9 t/t con-
taining organic acids,

aldehydes and acroleine
2%, Liquid residue 0,012
t/t containing polymers,
hydrochinone and acrylic
acid. Off gases 0,9 t/t

containing CO,Coz,propane-

propylene,aldehydes,orga-
nic acids

The increasing de~ o
mand for acrylic Ny
acid and the pro-
pylene available

from petrochemical
sources imposed

the direct oxida-~
tion process fa
propylene. The '

process using
propylene leads to
higher techno-eco- !

nomic indices

atdin, asiiaiBnn S
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METHYL METHACRYLATE MANUFACTURING

Ref. Process Period Principal Environmental Reason for
no. r 8 introduced characteristics aspects adoption
0 1 p] 3 4 S -
1. Acetone cyanhyd- 1930’s Acetone and HCN combine to form Ammonium sulphate and Reasonable yield
rin process acetone cyanhydrin, This is weak sulphuric acid by- 85%. Some compa-
hydrolysed by dilute sulphuric products (3 tonnes of nies use the
acid and then esterified with waste acid per tonne (NH4)250‘ as a
methanol product) fertiliser and
pyrolise the wek
sto4 to pro-
duce 502
2. 1Isobutylene 1960's Isobutylene is passed with Effluent gases must be Availability of
process steam and air over a catalyst scrubbed or incinerated raw material and

4

‘ B
‘ [N
A

at 350°C to produce methacry-
lic acid. Esterification with
methanol gives methyl methacry-
late

to remove organic by~
products. Avoids hazard-
ous and scarce HCN

i sdndiing S

apecific long
life catalysts.
55-65% yleld of
methacrylic acid
on isobutylene
Esterification
yield better
than 95%



DOW-BASF
Reppe synthesis

Isobutane based
technologies
{oxirane)

1960’s

1970

Direct carboxylation of
ethylene in the presence
of methanol. Catalytic,
gaseous phase reaction

One step oxidation of
isobutane to methacry-
lic acid. Selectivity
are 50% to methacrylic
acid and 20% to poten-
tially recyclable metha-~
crolein

Control of gaseous emis-
sions to ensure oxidation
of CO. Direct and appa-
rently cleaner process

Cleaner process than
acetoncyanhydrin route

Better yield

The use of isobu-

tane would be

more attractive

in the U.S8. and

Europe since it

is more widely
available and much
cheaper than iso- oo
butylene |
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ACETYLENE MANUFACTURING

Ref. Process Period Principal Fnvironmental Reason for
-1 - no, introduced characteristics aspects adoption
| 0 1 2 — 3 d ) (

: 1. Partial 1967 The process consists of the - high acetylenes and Methane gas com- l
1 methane following main phases: ammonia: 0,19 t/t plex chemical L
oxidation - partial oxidation of methane - qgas oil and polymers processing;

- preliminary purification and 0.08 t/t 1 t C,H, yields -
compression of pyrolysis qgas - water with carbon black 10,000 Nm3 syn-~
- pyrolysis gas washing (about 1.4%): 2.93 t/t thesis gas of
- decarbonization - CO,t 0.8 t/t which ahout 4 t
- acetylene absorption - - water with gas oil: CH30H can result
desorption 24,0 t/t Other applica-
F - ammonia distillation and - water with carhbon black tions: -
t off gas washing (about 0.53-4,0 t/t) - oxosynthesis

- CO and “2 sepa-
ration :

Akbin _sdiniaine 29




2, Carbide
hydration

1920

The process consists of
the following main phases:
- raw material preparation
- charging + feeding

- acetylene generation

- cooling, washing

- acetylene purification

By products:
- calcium hydroxide
Ca(OH)2 - 4,4 t/t

- Easy to procure raw
materials (coals and
limestone)

-~ unsophisticated
process

- 99,6% concentration
CZHZ can be obhtained
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FORMALDEHYDE MANUFACTURING

and dehydrogena-
tion of methanol

genation of methanol mixed with
air over silver catalyst at
temperatures ranging between
680-720°C, Methanol conversion
is 97-98%

ted waste water results,
Off gases 0.65 t/t con-
taining : nitrogen,hydro-
gen, CO, C02

Arsin, aaniatBos 9

gef. Process Period Principal Environmental Reason for

o. introduced characteristics agspects adoption

0 1 2 3 ) 5

1. Partial oxidation 1925 Partial oxidation and dehydro-~- No chemically contamina- After methanol

(

fabrication by

synthetical
way,formalde-
hyde produc-
tion is ex-
tended due to
its applica-
tion for the
production of
resins and
other chemi-
cal synthesis
BASF Mitsu-
bishi, BAYER,
Nichimen ,ICI
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0 1 2 3 4 5
2. Methanol oxi- 1945 Methanol oxidation with excess Wante gases containing wWith regard to for-
dation with air over iron oxide and mo- nitrogen, hydrogen, maldehyde use in the (
excess air lybdenum at temperatures co, Co2 production of urea-
ranging between 270-380°C formaldehyde resins, ‘
Methanol conversion 95-98% methanol oxidation
process over metal
oxides catalyst is
preferable
A\ ]
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VINYL ACETATE MANUFACTURINGC

Ref .

no. Process

Environmental
aspects

Reason for
adoption

1. Acetic acid ad-
dition to acety-
lene

2. The process from
ethylene

Period Principal
introduced characteristics
1925 The process consists in ex-
cess acetylene bubbling over
acetic acid at temperatures
between 72-80°C in the pre-
sence of mercury based cata-
lyst
1970 Bubbling of ethylene and

oxygen mixture in a solu-
tion or A suspension of
palladium chloride, in
redox system

Alkaline water 0.8 t/t

containing 4% sodium
hydroxide,Used-up ca-
talyst 0.015 t/t con-
taining active carbon
soaked with mercury.
Purged acetylene 3.2
t/t containing 99%
acetylene

Chemically contaminated
water with hydrocarbons
remains of used-up ca-

talyst

The process is aban-(
doned due to the
high cost of acety-
lene and great en-
vironmental pol-

lution problems -

As the production
of ethylene from

petrochemical sour- -

ces increases the
process hecomes
profitable and gets
a prevailing price
within industry
development. Na-
tional Distillers

aditn ammistion AP

N,

|



4. Same as 2 but 1970’s Hi pressure (14 ata and 120%) Produces weak acid Cleaner process.

avolds use of process. By-product hydro- effluent Avoids salt con- (
NaOH/stO4 carbon separated and recycled taminated aqueous

ef{fluents i
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CULOROMETHANES 3 CHLOROTNRN

MANUFPACTURING

ref Process Period Principal Fnvironmental Reason for
no. r ¢ introduced characteristics asnacts adoption
[} 1 é 3 L 5
1. Liquid phase chlo- 19-th Acetone or cthyl alenhol Considerablce aqueous Medical applica-
rination of alco- century warmed to 62°C in an effluent stream tion
hols or ketones aqueous susrension of
blcaching powder
2. Chlorination 1950 Chlorine methane and re- Only 0,5% of non- Availability of mc
of methane cycled carbon tetrachlo- volatile residue, thanol as raw ma-
ride passed throuqgh a Larger quantity of terial.Minimal
fluidised catalyst at by-product HCl than CCl4 production
700% in 3
3. tigh temperature 1965 Methylchloride reacted HCl1 and a large pro- Local condition,

chlerination of
CH3C1

with excess chlorine at
500°c

portion of CCl4 by~
product. ( 50%)

availability of
C!¥301

Akt ser ik AP S
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CHLOROMETHANES 4 CARBON TETRACHLORIDE MANUFACTURING

Ref. Process Period Principal Environmental Reason for
no. introduced characteristics aspects adoption
5 T ) 3 N 2
1. Chlorination of 1890 Reaction of chlorine with Toxic waste streams Approx. 90% yield
carbon disulphide Cs, in the presence of
SbCl5 or AlCl3
2. Chlorination 1950 Reaction of chlorine with Only 0.5% of residue Use of HCl as
of methane methane at 650°C. or at by=-product
300° on a fluidised filler’'s
earth catalyst
X, DPyrolitic chlori- 1950 High temperature chlorina- The main byproducts are vontinuous operation
nation of higher tion of ethane,propane perchlorethylene and Intagration with pro-
hydrocarbons HCl duction of other
chlorinated hydro-
carbons
Pyrolitic chlori- 1960 Typically,pyrolitic chlo- Clean process Better yields

nation of chlori-
nated residues

rination of chlorinated
organic residues produces
an unusable residue less
than 20% of the original
weight

Uses other waste streams
of chlorinated aliphatics

sistn, santiiins SO



PERCHLORETHYLENE MANUFACTURING

Ref. Process Period Principal Envirormental Reason for
1o, introduced characteristics aspects adoption

0 1 2 3 4 5

1. Acetylene 1900 Chlorination and dehydro- Chlorinated by products Easy prncessa when

chlorination

2. Pyrolytic chlo- 1950
rination of
aliphatic hydro-
carbons

3. Oxychlorinatlon 1950

of ethylene di-
chloride,or lower
chlorinated ali-
phatic hydrocarbons

chlorination of acetylene
to trichlorethylene and
then chlorination

Chlorination of individual
or mixed aliphatic hydro-
carbons at 550-700°C

Ethylene passed through a
fluid bed catalyst (e.q.
KC1,CuCl, mixture) at 425°¢
mixed with chlorine,oxygen,
steam and recycled chlori-
nated hydrocarbons.Well
known in the USA hut not in
Europe

Carbon tetrachloride is the
major co-product and can bhe
recycled to minimise its
production rate

Trichlorethylene is a major
by-product and is recycled
to minimise its overall
production

acetylene is
available

High cost of ace-
tylene.Abundance
of other hydro-
carbons and by-
product chloro-
hydrocarbons

Availability of
ethylene, Demand
for trichlorethy-
lene. Also clean
process
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EPICHLORHYDRIN MANUFACTURING
p
- Ref. Process Period Principal Environmental Reason for
no. introduced charac teristics aspects adoption
0 T 2 3 L] 5 I
1. 3Slycerine hydro- 1930 Glycerine hydrochlorination into Chemically contaminat- The process '
chlorination dichlorhydrine glycerine which is ed water containing gly~ was intro- '
subsequently converted to epychlor- cerine,epychlorhydrin duced at the .
'
hydrin by well-known ways and chlorinated products begining of
Fuel 8nlid residues epichlorhy - -
drin fabrica-
tion and is
abandoned at
present ’
2. Allyl chloride 1950 Hipochlorination of allyl Chemically contaminat- The process \j
hipochlorination chloride leads to formation ed waste water,70 t/t was developed
of glycerine-dichlorhydrin which containing epichlor- due to the '
further treated with lime milk hydrin 0.04% dichlor-  increase pro- |
yields epichlorhydrin hydrin 0,.03%,trichlor-~ pylene avai- '

propane 0,06%, calcium lability beim
hydroxide, Chlorinated widely on in-
products residues dustrial .
N.,12 t/t scale '

;"‘ ) akddn, ittt on P
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3. 2llyl chloride 1955 Allyl chloride epoxidation Chemically contaminated The process has few
epoxidation with perborate peracids or waste water containing technological phases
terbutyvl hydroperoxide in epichlorhydrin, chlori- but requires vanadium
the presence of vanadium nated products tungsten and molibdenum
catalysts leads to forma- catalysts and severe
tion of epichlorhydrin working conditions due
to peracids
4. Acroleine 1965 Chlorination of acroleine Chemically contaminated High epichlorhydrine
chlorination in anhydrous state with waste water containing vyields 96% and glyce-
carbon tetrachloride leads acrolein,epichlorhydrin rine dichlorhydrine
to formation of dichlor- organic compounds with resulted as intermediate
propion aldehyde,which,by chlorine product. More severe
decomposition with sul- working condition as
phuric acid yilelds glyce- compared to other pro- ‘ ;
rin dichlorhydrin which cesses. i
hydrolysis to give epichlor- '
hydrin
"\ . -



TOLUYLENEDIISOCYANATES (TDI) MANUFACTURING

Ref. Process Period Principal Environmental Reason for

ne. introduced characteristics aspects adoption

0 1 2 — 3 4 5

1. Dinitrotoluene {(DNT) 1950 llydrogenation: T=100-200°C - Amine water to inci- Growth in !
hydrogenation to P=20-30 at neation: amines 0,04% wt, polyuretha~
toluylenediamine (TDA) Fluid,water o Vg 0.08% wt. ne products
followed by its phos- Phosgenations: T=100-2007C organic compounds 0.15% wt., Process bet '
genation to TDI in a P=20 at - Water to biological ter yield
Venturi type (Rhone- Fluid, toluene treatment than older
Poulenc) reactor Polyisocyanates: to inci-

neration

2. DNT hydrogenation to 1962 Hydrogenation: T=120°C ~Amine water to incinera- Growth in
TDA followed by amine P=12 at tion NaCl .... 3.4% wt, polyure~
phosgenation to TDI Fluid - water Na2C03 eee 6.4% wt, thane pro-- :
in a reaction loop Phosgenation: T=200°C NaOH ,.... 12,1% wt, ducts

(Mitsui)

P=2-3 at

Fluid: orthcdichlorbenzene

amines : not specified
- Water to blological
trcatment

Polyisocyanates to incine-

ration

pyvapere X
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3. DNT hydrogenation to 1980 Hydrogenation T = 100°¢ Amine water to incineration
TDA followed by amine P =25-26 at NaCl ..... 5-15% wt.
phosgenation to TDI Fluid - ethyl alcohol Na,COy .0 1.5% wt,
in a tube reactor Phosgenation T =180-240°C NaNO3 eeees 1.5% wt,
- Neftehim - P =50-80 at NaOH ...... 1.5% wt,
Fluid - monochlorbenezene amines 300 mg/l ‘f,
. monochlorbenzenes 300 mg/l
- water to biological treatment -
ash results after incineration
of solid residues of polyiso-
cyanates
|
.
|
|
i
:
|
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METHYLENEDIPHENYLDIISOCYANATE (MDI) MANUFACTURING

Ref. Process Period Principal Environmental Reason for
no. introduced characteristics aspects adoption
0 1 2 — 3 1 5

1. Aniline condensation with 1970 Condensation: T=50-110°C - Amine water to incine- Growth in
formaldehyde in the pre- P=] at ration polyurethane
sence of hydrochloric acid Phosgenation: T=160°C NaCl .... 12,5% wt, products
yielding methylenediphenyl P=1-3 at NaOH .... 5.2% wt,
diamine (MDA) followed by Fluid: orthodichlor- amines ... 0.04% wt,
its phosgenation to MDI benzene - VWater to biological
Condensation in 3 reactors treatment
with ugitation.

Phosgenation in a reaction
loop (Mitsui)

2. Aniline condensation with 1966 Condensation T=150-160°C Amine water to incine- Growth in
formaldehyde in the pre- P=7-10.6 at ration polyurethane
sence of hydrochloric acid Phosgenation T=200°C NaCl ...... 1.4% wt, products
yielding MDA in a tube P=50 at NaOH ,+s¢.. 1 % wt.
reactor follswed by phos- Fluid: orthodichlor- amine - 0.04 % wt,.
genation yielding MDI in benzene water to biological
tube reactors (Up-John) treatment

oA
- . P




formaldehyde in the pre-
sence of hydrochloric acid
in autoclave type reactors
with agitation batchwise
process - yielding MDA
followed by amine phos-
genation to MDI in tube
reactor - Neftehim -

P =] at

Phosqgenation T-180-240°C

P=50-~-80 at
Fluid: monochlorbenzene

ration
NaC1 ee e+ e 5-1 5‘ wto
Na2C03 s ree e los‘wto

Nao’{ ” 0 ¢ &0 O 1.5% wt.
amines ,.... 300 mg/l

monochlorbenzene 300 mg/l

Water to tiological
treatment

- ¥ o
> . ]
P A -
‘ '
a1
0 T 72 3 4 5
3. Aniline condensation with 1980 Conaensation T =100°C - Amine water to incine- irowth in

polyure-
thane
products



cesses fram
propylene
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A

allyl chloride followed

by dichlorohydrine hydro-
lises yielding glycerine.
Allyl chloride can be con-
verted to glycerine via
eplchlorohydrine too,

ter containing glycerine,
organic compounds with
chlorine,hydrochloric
acid

aiddny, ot AP
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GLYCERINE MANUPACTURING
" Ref. Period Environmental Reason for
no. Process introduced Princiral characteristics aspects adoption
0 1 2 3 4 >
1. Fats splitting Prevailing Animal and vegetable fats Chemically contaminated The need to meet
process hydrolise by alkalies water containing: glycerine the glycerine de-
until 1949 treatment at 250°C and alkalies,organic acids mands for plas-
50 atm. tifiers:iexplo-
sives industry
etc, The Process
developed due to
the excess of
fats
2. Synthesis pro- 1950 Propene chlorination into Chemicallv contamined wa~ Propylene avai-

labilities from
petrochemical
sources and de-
crease of fats
resources

B . T




Based on the data mentioned in above tables, hereinunder
follows a study of the progress and more significant changes oc-
cured in the evolution of the technological processes in the basic
petrochemistry correlated to the reduction of environmental pol-
lution.

It is worth noting that the process improvements were
in most cases particularly focussed on the reduction of the raw
materials and energy consumptions and less on the reduction of the
environmental pollution which in certain cases is a concurrent
component of the main goal in view, namely: the increase of the
economic competitivity of products.

Nevertheless, in those cases where the petrochemical
processes by their nature, are highly polluting, efforts were made

to improve the processes meant to reduce noxious and pollutants re-

lease in the form of gases - liquid or solids.

Ethylene and propylene

Low pressure steam cracking of naphtha and gas oil
particularly is the most widely used process at present to produce
low olefines. The process knows great imprcvemenis particularly
with regard to pyrolysis furnaces zone meant to increase the
ethylene and propylene yield (23% to 34%) and to decrease energy
consumptions by process engineering methods.

The principal air pollutants resulting from the pyrolysis

plants are: Cl-C4 hydrocarbons, sulphide hydrogen, nitrogen oxlides,
sulphur oxides, carbon oxide and solid particles as soot (carbon
black). The highest pollution is attributed to: sulphur oxides

78% wt. C,=Cy hydrocarbns and hydrogen sulphide 20% wt, the bal-
lance of pollutants representing 2% wt.

‘\ o
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Reductions of air pollution were obtained by improving
the flare facilities and particularly by recovering flare gases
in specially designed plants. At the same time with the decrease
of air pollution, flare gas recovery is also a way to decrease
the energy consumptions of the pyrolysis plants.

Chemically contaminated water comes-from soda washing,
about 0.4 m3/t ethylene and from liquid phase separations and
leaks, about 0.2 m3/t ethylene Leing contaminated with NaOH, SNaZ,
Na2C03, phenols and heavy hydrocarbons.

No solids residues are obtained from pyrolysis plants
except the emergency cases and the periods for cleaning organic
- deposits on the inner faces of heat exchangers, vessels and

distillation columns,

Butadiene

\ Butadiene synthesis fabricaton processes greatly develon-
ed after 1965, passing from -nbutenes dehydrogenation through an
endothermal process (Dow Chemical 1946- USA) to the exothermal

és\ process whereby n-butenes are oxidehydrogenated to hutadiene

N (Petrotex - USA). The new process is widely spread due to its

higher technological performance campared to Dow-Chemical process.
\ Butenes oxidehydrogenation has in addition the advantage of get-

ting much lower amounts of liquid gaseous pollutants as compared
to the classical process,

The gaseous cffluent is mainly constituted of nitrogen
(84% wt.,) and comes from the air used for reaction process con-
taining 02, HZ' Co, C02, argon and oll traces.

The waste water contains lower traces of formaldehyde
and acroleine compared tc butene dehydrogenation (Dow).

o] o
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Isoprene

The main processes applied on industrial scale for
isoprene fabrication are in chronological order: isoprentane de-
aydrogenation in two stages (Soviet Union), isokutane and formal-
dehyde condensation (Soviet Union, Romania) isocamelenes dehydro-
genation (Shell) and isoprene separation from pyrolysis gasoline
(Romania, Japan) . Isoprenc fabrication process from propylene
{Scientific Design) was abandcned while isopentane dehydrogenatior
in one stage to isoprene (Houdry) 1is not yet in commercial opera-
tion.

From the view point of environmental protection, the
least polluting process is the one producing isoprene from pyro-
lysis gascline followed by isobutene condensation with formalde-
hyde whereas isopentane dehydrogenation in two stages represents

the process with the most polluting sources.

Ethyl benzene

-
v -,

L~

The main processes applied on commercial scale to vield
ethylbenzene are: benzene alkylation with ethylene in liquid
phase, in gaseous phase and separation from xylene cut.

Benzene alkylation process with ethylene in gaseous
phase is less polluting than the liquid phase process being in
addition less corrosive, making it possible to use nornalloyed
carbon steel equipment.

Ethylbenzene separation from Ca-xylene cut showing minor
environmental pollution risk cannot meet the increasing demand of
ethylbenzene for styrene fabrication.

.
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Styrene

The styrene fabrication processes did not develop
greatly in point of environmental protection as this process does

not reclease major polluting substances.
v The gaseous effluents obtained from ethylbenzene de-
hydrogenation contain: hydrocarbons 99% wt. and traces of nitro-

RS-

gen oxides and solid particles.

Waste water, about 7 t/t styrene contains: styrene
50 mg/1, ethylbenzene 30 mg/l, benzene 20 mg/l and traces of
sulphur and catalysts dezomposition products (Fe203, Cr203).

Phenol-acetone

The industrial process=s used for phenol fabrication
represent major pollution sources particularly due tc the waste
water with phenol content. Thus about 4 t/t phenol waste wvater

% is obtained with a phenol content of 1.5-3.5 g/l requiring phenol
separation and bioclogical treatment operations. the discharges of
o gas from the safety valves contain mainly CZ—C4 hydrocarbons.
a The specific problems raised by phenol separation and

AN

3 the biological treatment are widely dealt with in chapter 3.3.2.

Ethylene oxide

Ethylene oxide production by chlorhydrin process was
abandcned among other reasons, due to the large amounts of waste
water having a high content of salts, chlorinated organic compcunds
and unusable by-products.

The up-to-date processes of ethylene oxidation with air
or oxsygen over silver catalyst made their way due to the minimum
amounts of gas and liquid effluents and tiie elimination of chlo-
rine use in the process.

The gas effluents coming from ethylene oxidation proces-
ses with air or oxygen,contain: waste nitrogen, unreacted oxygen,
hydrocarbons, nitrogen oxides, sulphur oxides.

The waste water resulting from the nrocess does rot rcaise

¢ ‘ -,

special problems 3s far as tbe content of pollutants is conceﬁned. »
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Dimethylterephthalate

The modern processes for the fabrication of dimethyl-
terephthalate (terephthalic acid) starting from n-xylena have Feen
applied on industrial scale for many vears.

The gas effluerts resulting by these processes contain:
C
oxides, sulphur oxides and solid particles 2%,

l-C4 hydrocarbons 70% wt, carbon monoxifs 283 wt, and nitrogen

Acid waste water is also nbtainel from oxidation, esteri-
fication and distillation: 1.25 £/t DMT containing $.3% xylene,
3% acetic acid, it formic acid 0.2% formaldehyde and 3% methanol.
Vaste water contaminated with petxrcleum products can
also result 5 t/t SMT containig i~2% xylene, esters and acetates.
Witten process for DMT production also yields liquid
waste fuel, about 1920 kg/t DHT which can be either bhurrtf or used
as ingredients for asphalt, hitumen, etc.

Maleic anhydrice

The industrial process havihg the biggest share in the
world production of maleic anhydride is the one starting from
benzene although due to the lack felt on world scale in the
aromatic hydrocarbons production, the process starting from C4 cut
acqulires an increasing importance,

The process using benzene yields about 0.8 t/t MA waste
water contaminated with maleic acid, fumaric acid at a concentra-
tion of approx, 4% wt.

The process using C, cut vields about 3 t/t AM waste
water containing: maleic acid and fumaric acid 1.5 mg/l, acetic
acid 5% mg/1l and proplonic acid S mg/l.

Phthalic anhydride

Phthalic anhydride nrocesses greatly developed between
1856, when it was first prnduced and 1270 az 2 consequence of rhe

increase ¢ £ werld consumption for chemical synthesis easipment,

it aeturoniiiiarn s
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Air oxidation of o-iyrlene iz the nrocess which imvnosed
to greatest extent leading to yields of 38% wt. nhthalic anhy-
dride compared tc co-zylenc injected in the rzaction and a lovwer
snvironmental poliution compared to Lhe naphthalene oxidatien
processes.

The low air oxidatior process leeds tc smaller amcunts

ol ase oo M5

of gases contailning volatile sulstances,

Acrylonitrile

Acrylonitrile imposed :%self within the industrial
production in 1940 in the United States ty ethylean: cyanchvdrin
process and almost simultaneously in Europe ry BL3ST acetylene
and cyanchydrin process.

After 1952 and then after 1970 tle zeorylonitrile nre-
duction ky amonoxidation of propylerne (Zohio, 2.P,/Ygine and
fontedison) developed and got priority within world production.

The gas effluent contains about 40% wi. 1ight hydro-
carkens, 50% wt., carben oxide and §-11% wt, nitrogen oxides.

The was-e water rasulting from the nrocess contains cyan .
ions, reason for which its dzstructf!~n can be achieved by their
burning only, with fuel consumption “rom outszide,

Significant zmounts oY hydrocyanic acid, acetonitrile
and ammonium sulphate also reswit from the proce:zs, The catalysts
tnproved after 1270 by Sohyo iphosphomelyhdate/bismuth) lead to
the produztion of lower amuunts nf acetositrile and ammonium sul-
nhate and to acrylonitrile yields of about 806%.

Acrvlic acid

The preoness which is poat widely used at present starts
fzom propylene

The prro-oess v1i2lde off gaseg, alout 0.7 t/t Ac.A. con-
~ainirg propane-propylens 2% wt, acrvlic acid und acetic acia
0.2% wt, acetic aldehyde formic aldehyde, acrolein 0.3% we, carbon

ARG T

moncyride and -Tarben dioxidn 4%, oxvgen 7%, water 1%, and the ba-

~

lance 54% nitrogen coming from the remancnt air usad for oxidation,

A




Waste water, about 1.2 t/t Ac.A. contains acrylic acid,
acetic acid and maleic acid max. 1% wt. and aldehydes and acrolein
1% wt,

The process also yields liquid organic residue contain-
ing hydroquinone, polymers and acrylic acid.

sdbttnn scunieniibna B9

Methyl methacrylate

The processes applied on commercial scale start from:
acetone cyanohydrin (1930) isobutene (1960) and direct carboxyla-
tion of ethylene Dow-BASF - by Reppe synthesis (1970),

The process using acetone cyanohydrin is the most pol-
luting one as it yilelds diluted waste acid, 3 t/t MM which does
not easily find utilization as well as great amounts of ammonium
sulphate which due to its contamination with organic substances,
cannot be used as chemical fertilizer without purification.

The process using isobutene requires burning of off
gases to remove cyanhydric acid and other organic substances.

Reppe synthesis using ethylene seems the most promising
proces~ in point of environmental protection but the process is
not vet proved on industrial scale.

Acetylene

Acetylene fabrication process from carbide is the oldest
one applied on commercial scale due to the case in procuring the
raw material (coals and limestone) being a rather straight for-
ward process yielding an acetylene with a concentration of 99.6% w!
It has nevertheless the disadvantage it cannot be used to get
big amounts of acetylene while releasing large amounts of solid
residues, 4.4 t/t A Ca(OH)z.

The partial oxidation of methane especially applied afte
1960 leads to higher techno-economic indices as compared to the
process using carbide. This process too pollutes the environment . :
as it releases: off gases, high acetylenes and ammonia waste _
water contaminated with organic substances and carhon black. ‘

The least polluting process seems to be acetylene produc
tion by electrocracking, which neverthcless due to some high ;i:, ",

energy consumptions, i3 not widesprcad.




Formaldehyde

The main processes applied on commercial scale for formal-
dehyde production make use of methane oxidation over silver or
iron oxides catalysts.

The off gases obtained by Loth processes contain CI—C4
hydrocarbons and carkon monoxide. Quantitatively the gaseous ef-
fluent ohtained Ly the process with iron oxide is about three times
lower: than that obtained by the process using silver catalyst
(0.60 t/t formaldehyde sol. 37%).

No chemically contaminated waste water results by either

process, except the emergency cases and after equipment cleaning.

Vinyl acetate

Vinyl acetate process from acetylene yields the following
by -products:

- purged acetylene 3.2 t/t V.A. to be sent to acetylene
unit for purification and then back to the process

- acetaldehyde and vinyl acetate: 0.01 t/t V.A. which
goes to acetaldehyde recovery

-~ s0l1id residues (ethylenediacetate): 0.015 t/t V.A. which-
goes to dump for future distruction

-~ alkaline water: 0.8 t/t V.A., which neutralizes with
acid water 0.035 t/t V.A., resulted from the same process.

Vinyl chloride

Among the processes applied on industrial scale for vinyl
chloride fabrication, ethylene oxichlorination process with cxygen
has great advantages against other processes in point of environ-
mental protection.

The volume of off gases is much lower than in the other
processes while dichlorethane entrainment by off gases is corres-

pondingly lower, 5

Nevertheless the process has the disadvantage of a high ,
cost of incineration of chlorinated organic products from off i
gacces,

it st iatiinns B9




*fethyl chloride, chloroform, carbon
tetrachloride, perchlorethylene

The chlorinated products telonging to this cateqory are
produced starting mainly from: methane, methanol, acetylene or
ethvlene.

Methyl chloride producticn starting from methanol repre-~
sents a less polluting way than the processes starting from methane,
avoiding the use of NaOH/stO4.

Chloroform production from methyl chloride yields the
lowest amounts of waste products.

Carbon tetrachloride ottained by chlorination of higher
hydrocarltons at high temperatures is a clean process and allows
the use of other aliphatic chlorinated residues.

Perchlorethylene production by ethylene oxichlorination
imposed due to ethylene availabilities, having at the same time a
less polluting character as compared to the processes starting from

acetvlene.

Epichlorhydrin

v s~

-
el

Epichlorhydrin manufacturing from propylene leads to
significant amounts of waste water, 70 cu.m/t EC contaminated with
\ calciun chloride, calcium hvdroxide, di-and tri-chlorhvdrin as well
as epichlorhydrin.

P

Solid residues also have a big share, i.e, chlorinated
solid wastes - 0.12 t/t EC, tars 0.16 t/t EC and sclid organic
wastes 0,07 t/t EC which are usually distroyed Ly incineration with
fuel consumption,

Tcluenediisocyanate (TDI) and
methylenediphenyldiisocyanate (MDI)

The most widely spread processes consist in the phosgena-
tion of corresponding amines: toluene diamine and methylene diphenyl
diamine teing at the same time highly environmental polluting pro-

cessecg,
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The protection measures for the operation personnel, neighbouring :
polluted areas as well as emissaries whereto waste water discharges
are very severe due to the fact that the substance handled are
particularly toxic, i.e. : phosgene, hvdrochloric acid and iso-
cyanates themselves.

The gas discharges contain mainly carbon oxide 98% wt,
sulphur oxides, hydrocarbons and solid particles.

The waste water contains: amines, isocyanates, ammonia,
monochlorbenzene and polyisocyanates which cannot be purified by
chemical methods, being necessary their incineration with fuel
consumption.

Solid residues - polyisocvanates - also result from the

~ process, and are distroyed bty burning.

Isocyanates process from carkon monoxide without phos-
gene seems to be less polluting kut it is not yet commercially
applied.

Glycerin

Glycerin processes improved from fatts splitting to the
synthesis processes using propylene via epichlorhydrin.
W Glycerin fabrication from epichlorhydrin yields gaseous
effluents formed particularly from CyCy hydrocartons and waste
water containing epichlorhydrin, glycerin, chlorinated products
and hydrochloric acid.

o

>

2.3, Elastamers, polyolefines and copolymers processes I

As in the preceding chapter, the object of this chapter f

is the evolution in time of the technological process for the ;

manufacturing of elastomers, polymers and copolymers, evolution :

commented upon critically in point of the reason for switching from.

one process to the other and of environmental protection. ‘
r
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Then have been selected such processes which have a big
share with regard to world production capacities and their future
possibility to be kept in operation and their technological develop-
ment.

Hereinunder is the list of the examined processes:
1. Low density polyethylene (LDPE)
2. High density polyethylene (fmprz)
3. Polypropylene (PP)
4. Polyvinyl chloride (PVC)
5. Polystyrene and acrylonitrile butadiene
styrene copolymer (PS + ABS)
6. Styrene butadiene rubber (SER)
7. Polyisoprene rubber (PIR)
8. Polybutadiene rukber (PBR)
9. Terpolymers - ethylene + propylene (EPR)
t 10. Thermoplastic rubber (TPR)

11. Butyl rubber (BR)

& 12. Polychloroprene rukber (PCR) .
3\ 13, Nitrile rubber (NR)
A 14. Polyethers (PEt)

15. Polycarbonates (PC)

Following tables show the principal technological
processes applied on industrial scale forthe production of the
above said products, tables worked out nn the lasis of putlished
literature data given under tibiliography chapter of this paper
as well as on the basis of the data known by designing and operat-
ing similar plants.

~
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LOW DENSITY POLYETHYLENE (LDPE) MANUFACTURING
Ref ., Process Pariod Principal Environmental Reason for
no. introduced characteristics aspects adoption
0 1 2 3 4 5
A. L,D.P.E. HOMOPOLYMER - HIGH PRESSURE REACTION_ (1000-3500 bar) - FREE_RADICAL
INITIATOR - AUTOCLAVE REACTOR
1. Imperial chemlical 1939 Bulk polymerization of ethylene No waste water Large range of pro-
industries limi- at high pressure of 1100-1500 bar Small quantities lymers for usual -
ted and temperature of 160-270°C in of ethylene in fields of aplicatim
presence of organic peroxides ca- atmosphere in Improvements of
talyst and propane or propylene emergency cases autoclave reactor
as chain transfer agent,obtaining type of catalysts
of 16-20% per pass
2. C.D.F. Chemie 1954 Bulk polymerization of ethvlene at No waste water Large range of po-
high pressure of 1200-2000 bar and Small quantities of ly/mers for usual
temperature of 150-300°C in presence ethylene in atmos- fields of applica-

- of organic peroxides and propane or phere in emerqgency tion. Improvemcnts
rropvlcene as chain transfer agent, cases of autoclave rc-
obtaining a conversion of 18-20% actor,type of ca-
per nass talysts.Flexibility

in operation duc
to line capacity
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B,LD.P.E, HOMOPOLYMER_- UIGL PRESSURE_REACTION_(1000-35C0_tar) OXIGEN
OR/AND_FRLCE_RADICAL_INITIATOR_-_TUBULAR_REACTOR
3. ATO Chemie France 13860 Bulk polymerization of ethylene No waste water, Lower maintenance and
at high pressure of 2000-2500 Very small quanti- investment costs duc
tar and temp.of 200-300°C using ties of ethylene to utilisation of the
oxygen as reaction initiator in atmosphere in tubular reactor (Sta-
and nropane or w»ropylene as emergency cases tic type) and oxyyen
chain transfer agent obtaining as initiator. Largc
a conversion of 21-23% per pass linc capacity
4. ANIC - Italy 1964 Bulk polymerization of thylene No waste water . Lower maintenance
at high pressure of 2000-2450 Very small quanti- costs due to utilisa-
bar and temp. of 250-320°% using ties of cthylene tion of the tubular
oxygen and an organic peroxide in emergency cases reactor. High conver-~
as initiator and propane or pro- gsion by using of oxy-
pylene as chain transfer agent gen and organic
obtaining a conversion of 26% peroxides
per pass
of o
"\ .




Holland

P\

at high prcasure of 2500-2700
bar and temp. of 240-310°C using
organic peroxides catalysts and
propane or propvlene as chain
transfer agent obtaining a con-
version of 28-30% per pass

Very small quanti-
ties of ethylene in
emergency cases

o B} . - we
e ” 1
o , ‘
- 0
0 1 2 3 4 5
S. STAMICARBON 1965 Bulk polymerisation of ethylene No waste water .

High conversion by
using of adequate
type of peroxides,
Lower maintenance
costs due to uti-
lization of the
tubular reactor

————
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LINEAR LOW DENSITY POLYLETHYLENE MANUFACTURING
Ref. Process Period Principal Environmental Reason for
_ no, introduced characteristics aspects adoption
[ 1 2 3 1 5
C. LLDPE - ETHYLENE _____ OLEFINE _COPOLYMER -_LOW_DRESSURE_20-35_bar
GAS_PHASE, TRANSITION METAL_CATALYST, FLUIDIZED_BED_REACTOR
- 1. Union Carbicde 1972 Copolymerization of ethylene with Absence of polluting Lower investment
UNIPOL butene 1 or hexene at pressure of effluents (air,water and operating costs ~
15-30 bar and temp. of 80-100°c and solid wastes) due to simplicity
in prescnce of a high efficiency of the plant.lLower
catalyst (transition metal cata- energetic consump-
lyst)in a fluidized bed reactor tions. Polymers
obtaining a conversion of ethyle- with improved mecha
ne of 2% nical properties

which causes re-
duced consumption
of polymer at
Client
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D. LLDFE_-_ETHYLENE_ ___OLEFINE_COPOLYMER - LOW DPRESSURE_20-35_ bar
GAS_PHASE, TRANSITION METAL CATALYST, STIRRED BED REACTOR
2. AMOCO 1975 Copolymerization of eothylene and No waste water, Lower investment costs,

3. Phillips
Petroleum

p 3

E. LLDE ETHYLENE =~

propylene or hutene 1 using a di-
luant butane or izopentan at low

pressure in presence of a super-

active catalyst in a stirred bed

reactor

Small guantities
of ethylene in
emergency cases

Copolymerizaton of ethylene with
butene 1 and hexene at pressure
of 30-40 bar and temperature of
70-80°C in presence of high acti-
vity catalysts in a loop reactor

Small quantities
water with sol-
vents

Very high heat transfer duc
to reactor type,high yicld
of catalysts. Low invest-
ment costs. Due to larqge
range of polymers this pro-
cess held 50% of LLDPE po-
lyethylnce from USA
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. F. LLDPE - ETHYLENE - _ OLEFINE_COPOLYITR, LOW_PRESSURE_(28-42 bar)
LIQUID PHASE SOLUTION PLOCESS, TRARSITION METAL CATALYST
4. Du Pont 1974 Copolymerization of ethylence with Waste water with sol- Lower investment

G. LLDPE -~ LTHUYLENE -

~ 5. FENICHEM
- - Italy
 ———
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Lutene 2 at pressure of 28-42 bhar
and temp., of 80-120°C in presence
of high activity catalysts.Process
involve dcashiny of catalysts

Retrofitting of a standard tubular
reactor plant by using the follow-
ing process: copolymerization of
ethylene with butene 1 (or hexene 1)
in presence of high efficiency
Ziegler Nata catalysts (instead of
oxygen and organic peroxides) at
pressure of 800-1200 bar

of 170-230°C

and temp.,

vents and aluminium
compounds

No waste water,
Small quantity
of ethylene in
emergency cases

R_PLANT

costs

BUTENE 1 _COPOLYMER, HIICH PPESSURE 80N0-1400 bar

TPANESTTION CATALYST, RETROFITTING_OF TURULAR REACTO

High quality polymers
with improved mccha-
nical properties.
Lower operating costs,.
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H. LLDPE - ETHYLENE - BUTENE 1 _COPOLYMER, HIGH PRESSURE_800-1400_bar
TRANSITION METAL_CATALYST, RETROFITTING OF AUTOCLAVE_PLANT
6. SOFRAPO-ENIMONT Retrofitting of a standard autoclave No waste water, High quantity polymer
(CDF CHEMIE) reactor plant by using the following Small quantity with improved mecha-
process: of ethylene in nical properties

Copolymerization of ethylene with bu- emergency cases Lower operating
tene 1 (or hexene 1, octene) in pre- costs

sence of high efficiency Ziegler Natta

catalysts (instead of organic peroxi-

des) at pressure of 800-1000 har and

temperature of 200-300°C
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HIGH DENSITY POLYETHYLENE (HDPE) MANUFACTURING

at pressure of 7-35 bar and temp.

of 70-110°C, achieving conversions

of 20-25%,

Lower investment

costs

Perilod
Ref, Principal Environmental Reason for
no. Process introduced characteristics aspects adoption
0 1 2 3 4 5 o
A. SUSPENSION POLYMERIZATION WITH CLASSICAL CATALYST OF ZIEGLER NATTA TYPE
LOW_PRESSURE
1. Mitsui Petro- 1962 Polymerization of cthylene in pre- Waste water with
chemical sence of a catalyst complex at pres- solvents and alu-
JAPAN sure of 6-10 har and temp. of 80°¢ minium compounds
achleving . Process needs deashing So0lid wastes (at
active polymer)
B. SUSPENSION POLYMERIZATION WITH_HIGH EFFICIFNCY ZIEGLER NATTA_CATALYST TYPE
LOW_PRESSURE
2. Phillips 1965 Polymerization of ethylene in pre- Small quantity High efficiency cata-
Petroleum sence of high efficiency catalyst of waste water lyst. No deashing
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3. Du Pont - USA 1962 Polymerization of ethylene in pre-
sence of high efficiency catalyst
at high temp. of 150-200°C and at
prassure of 30-50 bar,achieving
a high conversion of 95%

- 4. Union Cartide 1968
U.S.A. butene 1 or hexene,octene at pres-
sure of 15-30 kar and temp.of 80-

Copclymerization of cthylene with

100°C in presence of high efficiency
catalyst in a fluidized ted reactor
obtaining a conversion of ethylene
2%

Small nquantity
of waste water

Absence of pol-
luting effluents due to simplicity of
(air,water and
s0lid wastes)

Cc. SOLUTION POLYMERIZATION WITH HIGH EFFICIENCY ZIEGLER NATTA CATALYST_TYPE

D e - T En ——— e = G G WD S G T e G W v T S S e Wi T G Gy S G 0 CED mn A A e G ST GE G G G B SR TP M G NS S W OIS GED G omy G G v G G G G e (W

No catalyst preparation
section,due to solubilis
ty in solvent. Small
reactors and low resi-
dance time

——-———n--—-——‘—-----—m——--———-u—-——————-——-————-—------—-—---—-—-----—--—- - - o -

Lover investment couts

plant. Lower energetic
consumptions. Polymer
with improved mechanical
properties which causes
reduced consumption of
polymer at client

———



1. El raso Chemical
Co.

‘ > VR W S

1972 Polymerization of propylene in
prescnce of high efficiency
Ziegler Watta supnorted cata-
lysts at 130-180°F and 28-42
bar in an agitated reactor,
Ethylene-propylene random co-
polymers arc also produced

Small aquantities

of waste water.
Small quantity
of nrurge gas

Reducing production cost
due to the eclimination
of the deashing step,in-
crease in monomer yield,
higher onstyeam factor
increase in production
rates and lower mainte-
nance costs., Steam usage
is reduced Ly 89% and
electricity by 12% when
compared with conven-

tional liquid pool procas
Removal of catalyst re-

éldue and atactie poly-
mer (deashing is no lon-~
ger necessary}). Polymer
yield 5000-7000 kg/kg
of solid catalyst

. "IN -—-
2 A - ,
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POLYPROPYLENT MANUFACTURING

Ref. Procaoss ~eriod Principal Environmental Reason for

no, < introduced characteristics aspects adoption

0 1 e 3 4 3

-
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2. Mitsii Petro- 1970 Polymerization of propylene Chumically contaminated Flimination of deashing and
chemical and/or copolymerization with water: solvent,oil and simplified solvent recovery
Industries - ethylene using high yield- catalyst makes 1t possible to save
MONTEDISON high stereospecificity cata- approx, 20% of plant invest
SpA lvst (HY-HS Catalyst) in a ment cost., Considerable sav

3. MONTEDISON SpA

1‘\\*--a=m=“

iy

hydrocarbon solvent at temp.
in range of 60 to 80° anda
pressures of 5 to 15 bars

in stirred reactor yield of
at least 1000 kg polymer/g
tc an isotactic index of
98-99

Spheripol process enables
production of propylene homo-
polymers and copolymers by
high yield-high stereospeci-
ficity - srherical form ca-
talyst at 60-80°C and 30-40
bar in a tubular ioop

reactor

Chemically conta-
minated water

ings in oparation costs ob-~
tained due to reducing of:
monromer consumption costs
for catalyst removal and
effluent treatment costs
for solvent recovery and
atactic removal section, la-
bor costs and maintenance
costs

Investments costs for a
plant based on Spheripol
process are 40% of those re
quired for conventional low
yield,slurry process due to
elimination of catalyst
separation,monomer recovery
and purification atacti.
polymer separation,pelle-
tization.

shatn, adstotibins 49
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All grades of homopolymers Considerahle savings in
black and random copolymers operatingy costs are obtained
with top level quality can (moncmer ,electric power,
Le produced. Polymer vields steam, labor and maintenance
of 20,000 kqg/kg of supported costs)
catalyst, and new catalvst
has in isotactic index of
96-99% y
PROPYLENE - OLEFINE COPOLYMER -~ LOW PRESSURL - GAS PHASE -~ TRANSITION METAL CATALYST

4. Union Carbide Conolymerization of propy-
lene with elefine at
pressure of 28-35 bar in
presence of high efficiency
catalysts in a fluidized
bed reactor

Absence of polluting Lower investment and opera-

effluents (air,
water and solid
wastes)

ting costs due to simpli-
city of the plant,lower
energetic consumptions ,
Large range of polymers:
homopolymer, random and
impact copolymer .

cattn. .+ asnbatiion AV
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POLYSTYRENE “IANUFACTURING

Ref. Process Period Principal Environmental Reason for

no. introduced characteristics aspects adoption

3 1 2 3 ) v —

1. Suspension poly- 1930 I1.G, Styrene polymerization - 3.33 t/t ps chemical- Thermoplastic suh- ;
marization of Farben-indus- in suspension medium, ly contaminated water, stance with various i
styrene trie Sermany wvater in the presence containing: applications in in- !

(BAST at of henzoyl peroxide polymers 0,1% g dustry,house build-
present) initiator in autoclave oligomers 50 ppm ing,household object — -
type reactors with CaClz,NaOH,HCI,pH-4 ARCO, BAST,Petrocar-
aaitation,batchwise - 0.02 t/t ps solid bon
system wastes as crust
2., Styrene block After 1960 Block polymerization 1 t/t ps organically Polymerization is con-

W\

polymerization

of styrene in tubular
reactors with full
displacement or in
autoclave tvype reac-
tors with agitation

contaminated water
0.01 t/t ps solid
wastes

ducted continuousiy, !
lower plant complexity.
Lower specific invest-
merits and high quality
polystyrene as compar-

ed to suspension pro-
cess,

MITSUTI Toatsu,Cosden
Badger,Gulf Oil Chenmi- '
cals Process



merization of
stvrene

ing butadiene,catalyst and
an emulsifier a hot poly-

butadiene rubber is obtain-

ed. This feed mixture is
introduced into the graft-
ing reactor at 65°C to

meet styrene monomer acrvlo- 0,02 t/t solid waste$

nitrile,catalyst and emul-
sifier in addition

contamined water tion as a method for

indugtrial procesaes
was adopted only for

containing:

0.1% wt polymer
some spacial purpnse,

It used to produca
latexes for paints

50 ppm oligomers,tra-
ces of acrylonitrile

pPH = 9
and other surface

as crust coatings and ABS

copolymers

-
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3. Mass-press After 1965 The mass-press polymeriza- 1.5 £/t ps organica- As ths process is
polymeriza-~ tion process is a hatch ly contaminated water batchwise it also
tion of process,.Styrene prepoly- 0.01 t/t ps solid has the disadvantages
styrene merization is performed in wastes specific to the system.
agitation reactors up to Unsophisticated plant
conversion of 30% of sty- with lower spccific
rene. Polymerization is consumptions of raw
accomplished in plate materials and utilities,
frame press reactor in
the presence of chain mo-
difying catalysts
-~ 4. Emulsion poly- 1970 In the firest step,by mix- 5 t/t ABS chemically Emulsion polymeriza-



—~—

S. Solution poly-
merization of
styrenc

 IRAY

L

1975

Styrene is fed continuously
into the three stage stir-
red polymerization train,
where approx. 90% conver-
sion is attained

Organically contami-
nated water

The solution nolymeri-
zation process in
commercial production
of polystyrene ra-
mains to he the least
popular manufactur-
ingy process
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STYRENE-BUTADTENE RUBBER (SBR) MANUFACTHRING

Ref, Process Period Principal Environmental Reason for

no. introduced characteristica aspects adoption

0 1 2 3 I -1

1. Cold cmulsion poly- 1930 - Butadicne and styrene copoly- Waste water 10 t/tSBR 90% of SRR rul.-
merization by free 1040 merization in agitation rrac- containing:strene ber production

radicals

2. 1Ionic solution
- polymerization

1960 -
1965

tors at 5°C and 1-4 atm to
maintain butadiene inliquiad
state. Frulsifiable phase
fatty
acids and other surface

consisting of water,

agents

Butadiene and styrenc copoly-
merizatinn occurs in hydre-
carbons sclution in the pre-
sence of polvmerization
promotors based on lithium

300 mg/1, colophony
soap,
daa 800 mq/l, rubher
prarticles 20 mg/l and
pH = 6,5 - 8

Waste water contami-
nated with solvents,
hydrocarbons and
rubher particles

i3 ohtained Ly

800 mg/1, chlori- cold emulainn

p—

copolymerizatim

10% of world pro
duction of SOLR N
is obtained !y !
solution polynic ‘ .
rization."orr L
flexible process:
yiz2lding in the

same plant poly-
butadiene rullboer

No waste water '
vith hydrocar'.arm

is releasad
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POLYVTICOOPRENE RURRER MANUFACTIURINA
ROIRN Process Period Princinal Fnvironmental Reason for
no., ess introduced characteristics asnecta adoption
0 1 3 q -5

1. Solution polyme-
rization with
Ziegler Titan
Aluminium
catalyst

2, Solution polyme-
rization with
Butyl-lithium
catalysts

-
A

1963

196%

Isoprenc polymerization
at 50°C, 1 rar, in
hexane solvent, in agi-
tation autoclave

Isoprene polymeriza-
tion at 55°C, 1.5
bars in lsopentane so
solvent,in polymeri-
zation autoclaves
with agitation

10 m3/t methanol water
having the following
content:

- methanol 500 mg/l

- isopantane 150 mg/1l
- NaCl 1500 mg/l

30 xg/t p.i. liquid
fuel residues

8 m3/t p.i. hydrocar-
bons and methanol conta-
minated water

20 kg/t p.i. liquid €fuel
residues

80% conversion per paas,
polymerization time: 2 h
Reaction heat i3 dis-
charged through reactor
shell and by heat ex-
change with monomer and
solvent mixture.
Goodycar,Godrich and
Snam Progetti

75% conversion per pass,
polymerization time

2 h, Reaction heat is
discharged Ly evapora-
tion of part of iso-
pentane solvent,Shell



rization with
Ziegler cohalt
catalyst

2. [olution polyme-
rization with
Ziegler catalyst

with agitation reactors
at +S°C, 0.3 bars and
in solvent (benzene)

1961-65 Butadiene polymeri-
zation takes place in
agitation reactors

at 0°C, pressure

of 3.5 bars in to-

luene solvent

contaminated water con-
taining:
-~ hydrocarbons 100 mg/l

- methylcellulose 150 mg/l

- antioxidant 300 mg/l
80 kg/t pb.liquid fuel

22 m3/t nb. chemically
contaminated water
70 xg/t pb, liquid fuel

- /.-”:,% ' -
, \
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POLYBUTADIENE RUBBER MANUFACTURINAG
ref, Process Period Principal Environmental Reason for
no. introduced characteristics aspects adoption
0 1 2 3 q k]
1. Solution polyme- 1960 Butadienec nolvmerization 20 m3/t n,h, chemically 80% conversion per

pass and polymeriza-
tion time 5 h, High
consumption of cata-
lyst and chemicals
Shell,Goodrich Culf,
Huls, Montecatini

Total polymeirzation
time: lower by 2 h.
Lower cnsumptions of
catalyst, chemicals
and solvent,

Philips, Bayer, Good-~
year, Esaso, Goodrich

Culf and Polimer Corn,

POV Ve ]
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3. Solution polymeri- 1961 Butadiene polymerization 20 m3/t p.h, chamically High conversion: £7%
zation with 1965 at temperatures higher contaminated watar per pass and low
nickel catalyst than 40°C and pressures 60 kq/t p.b., liquid polymerization time 2 h
of 3.5 bars in toluene fuel Pridgestone Tire Co,
solvent and Japan Synthetic
) Rubher Co. from Japan
4. Solution polymeri- 1961 Butadiene polymerizattion 15 m3/t pb. chemically High conversion: 97%
zation with 1965 occurs at temperatures contaminated water per pass for a poly-
t butyl-lithium higher than 50°C pressures 50 kq/t nb., liquid merization time of 4 h,
catalysts of 3.5 bars, hexane sol- fuel I'irestone Tire Rubber

Co.

it s b o D
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LTUYLENE-PROPYLFNE RURBER MAMNUFACTURING
B f, " Period Princinal Environmental Reason for
no, crocess introduced characteristics aspacts adoption
5] 1 2 J 4 5
1. Solution polyme- 1961~ Ethylene and propylene copo- 6 £/t en, chemically Conversion per nacve
rization process 1962 lymerization takes place in contaminated water i3 50% for cthyloac
liquid phasc at +40°C and containinc 0,5-1% sol- and 10% for propy-
15 bars in the presence of vent lene and 80% for
V0C13,(C2!15)A12C13 catalysts 1 t/t er. recoveratle dicne (for terpol:-
in hexane solvent fuel gages mer T,.DP.D,M,)
7330 Rescarch and
Exxon Engincering Cn
2. ©cuspension 1963 Ethylene and pronvlene cono- 5 t/t ep., chemically Increase of conccn-

~olymerization
nrocess

lymerization takes place in

suspension fluid containing

liquid propylene in the pre-
aence of catalysts based on

vanadium and aluminium alkyl
and in toluene solvent

contaminated water
containing solvent

l t/t ep. recoveralle
fuel gases

tration of solid
particles of pol/nror
from 10% (ly solu:
tion procoss) to 3072
(by suspensinn pro-
cass) thus an 2ff1-
clant use of sveci-
fic reaction volumc

sty octrdeti na. D
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THERMOPLASTTC TURBEP

YANUFACTURING

e f, Procoss Period Principal I'nvironmental Reason for
no. introduced characteristics aspects adoption
o] 1 2 3 q 3
1. Styrene-butadiena 1965 Anionic polymerization in 20 cu,m/t organically Specific proper-
styrenc copoly- homngeneous phase initiat- contaminated water ties due to the
mers, or styrene ed with lithium hased ca- from solvent separa- simultaneous pre-
isoprene-styrena talyst at reaction tempera- tion having the fol- scnce of rigiad
copolymers tures between 60-80°C and lowing content: (regsulted from ‘?
residance time in nolyme- - methylcellulose styrene) and elas-
rization autoclaves of 230 mqg/l tic (coming from -
1-2 h - topanol 500 mqg/1 butadisne or iso-
~ rutber particles prene) substances
500 mg/1
- 2-4% off spec,
product ,
|
2. Thermonlastic co- 1970 Thermoplastic elastemers = 10 cu.m/t organically High strength due |

rolymers based on
rolyurcethanes

4

consisting of a rigid bhlock
made urn of an isocvanate

(1 .4-butane diol and UDT~-
methylendiphenyl diiso-
cyanate) and an elastic
block consisting of a poly-

ester or polyether polvol

contaminated water
- 2% off spec., product

to hydrogen honds
coming from the l
functional grouns
of methanes

+ . sbiiine 9
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3. Esters-ethers 1972 Produced from tegeophthalic Organically Polymer is made up of
copolymers polytetramethylene acid, contaminated rigid crystalline
(Hytrel) ether glycol and 1.4 hutane water

A

dlol

structures (sequenteg) and
of elastic amorphous
sequents,

Du Pont de Nemours
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BUTYY. RUBBER MANUFACTURINC
Ref, Process Period Principal Environmental Reason for
- no., introduced characteristics aspects adoption
1. Solution poly- 1942 Isovrene and isobutene Waste water with The polymer contains 97~ (
merization copolymerization at low organic hydrochlo- 98.5% isobutene and 3-
temperature -100°C in ric acid,aluminium 1,5% isoprens. Low laopre- ‘
the presence of C13A1 chloride contami- ne content makes isoprene '
as catalyst in polvmeri- nation virtually saturated and
zation reactors with less sensitive to external =
agitation factors such as: heat,

light, oxygen,ozone and
agqgressive substances
{(acids,alkali, solvents)
Fsso Standard 01l (Exxon)
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POLYCHLOROPRENE RURBER MANUFACTURING

"Raf, Process Period rrincipal Environmental Reason for

ne. introduced characteristics aspects adoption

0 1 2 3 1 )

1. Chloroprene process 1932 Acetylene dimerization over Waste water contaminat- Availahility of
obtained from CuCl catalyst at 25-80°¢ ed with organic sub- raw materials
acetvlene and 5 bars yielding monovi- stances, copner com- acetylene and tha

nyl acetvlene, Monovinyl pound HC1 need for chloronre-
acetylene conversion to ne rubber due to
chloroprens by HC1l addition its high resistance
in the presence of CuCl at the activation
of ozone,oxyqcn,
oils.
DuPont de Nemours
2. Chloroprene based 1960 Butadiene chlorination in Waste water contaminat- With the Jdavelop-

process starting
from butadiene

vapour phase at 330%
yiclding dichlorbutene;
isomerization of dichlor-
butenes and dehydrochlorina;
tion of dichlor 3,4 hutene-l
at 100°C in alkaline medium

ed with orqganic auk-
stances,chlorinated
compounds

ment of petro-
chemistry,chloro-
prene process
starting from huta-
diene developed dur

to certain advanta-
ges of technical
and economic ordor,
Br»itish Petrolun
Nistillers
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3. Chloroprene poly- 1932
merization 1960

Cmulsion polymerization of
cliloroprene at 40°C, atmos-
pheric pressure in the
presence of potassium per-
sulphate in polvmerization
rcactors with agitation

Organicallv conta-
minated waste
water

fpecific applications
for machine industry,
adheslives, calles coat-
ings, clectrical
threads

i sriiann 49
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NTTPITT ™MIPDRED MANUFACTUPING

nef, p Perind Princinal Fnvironmental Reas™n for

no, rocess introduced charactoristics aspects adop tion

0 1 2 3 4 -3

1. Fot emulsion poly- 1940 Butadiene copolymerization Vaste water 8 t/tNR Ixcellent resistance to

merization

2. Cold cnwulsion poly-

merization

> N, a1
B S .
a .

1975

with acrylonitrile (abt.
32% wt) in nolymerization
reactors with agitation of
temperatures between 20~
30°C and reaction time
ranging hetween 10-24 h

Butadiene copolymerization
with acrvlonitrile in agi-
tation reactors at about
10-20°C

containing traces of
acrylonitrile, buta-
diene,emulsifier,
chlorides

Waste water 6 t/tNR
with traces of buta-
diene,crylonitrile,
chlorides

activation of oils, fats
various chemical agents,
Application: machine
building industry,aero-
nautics,textile industry
etc.,

Perbunan-Buna N,

Lower consumptions of
raw materials,chemicals,
energy.
Polysar,Goodrich, Gond-
year, Uniroyal, Bayer

it s bt M
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POLYETHERS MANUFACTURING
Ref, Process Pexiod Principal Environmental Reason for
no. ' introduced characteristics aspects adoption
0 1 2 3 T S
1. Propyleneoxide and 1960 The process consists of the Waste water 1,07 t/t The pro-
ethyleneoxide poly- following main phases: water with about 10% cess is
addition in the - potassium glycerolate synthe- propyleneoxides, performed
presence of a chain sis 0,14% t/t water with at low
initiator of polyol - prepolyethers synthesis about 5% ethyleneoxide Cemperatu-
type and a basic - intermediates polyethers By -product: res and
pressure

catalyst

synthesis
- oxethylated oplyether
synthesis

cake from filtering
with about 27% poly-
ether, 0.12 t/t

- polyether
- polyether
- polyether
- polyether

neutralization
anhvdrizing
filtering
stabilizing

and storing
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POLYCARBONATES MANUFACTURING

Reason for

Raf, Process Period Principal Fnvironmental
no, introduced characteristics aspects adoption
[} 1 ) — 3 3 5
1. Melt transesteri- 1950 Noncatalytic reaction between Organically contaminatud Special poly-
~ fication and sodium phenolate and phosgene” waste water 0,04 t/t pc mer applica-
polycondensation at 20°c and atmospheric pres- containing 1500 ppm phenol tions in clec-
sure yielding diphenyl carbo- 50 /1 .Anorganically con- trotechnic
nate. Transesterification of taminated waste water acronautical
biphenol A with diphenyl- 0.02 t/t pc containing industry
carhonate at temperatures ClNa, Na2C03. Low amounts
hetween 180-305°C, under of degraded polymers. Off
vacuum (between 40-~0.5 mm Hg gases with phosgene traces.
remanent pressure)
2. Interfacial poly- Introduc- In aqueous solutinn of Na Waste water contaminated High electro-
condensation ed in bisphenolate phosgene is with organic and inorganic tachnical
1956 by bubbled yielding npolycar- suhstances characteris-~
Buyer and bonate toc he dissolved in tics
General methyl chloride precent
Electric in the system



Based on the data given in abcve tables hereinunder
is given an examination of more significant progresses recorded
in the evolution of the technological processes in the field of
elastomers and plastics synthesis correlated with the reduction
in the environmental pollution,

Low Density Polyethylene (L.D.P.E.)

Low density polyethylene (high pressure} manufacturing
with autoclave type reactor or tubular reactor represents non-
aggressive processes which do not pollute the environment.

Gaseous effluent is especially made of purge ethylene
which goes back to pyrolysis unit for purification.

The process also yields low amounts of waste water
containing biodegradakle organic substances.

liigh Density Polyethylene (H.D.P.F.)

The high density polyethyelne processes with autoclave
type reactors in solvent slurry or solution as well as those in
gaseous phase are not aggressive for the environment. The gaseous
cffluent is mostly made of ethylene and solvent vanours, 2fflucnt
sent to ethylene reccovery.

Small amounts of waste water contaminated with bhiode-
gradable organic substances result from the process.

Polypropylene (PP)

Polyrropvlene fabtrication with Ziergler atta catalvst
leads to the procduction of gaseous cffuents containing particu-
larly light hydrocarlons, hexane and methanel vanours. The wasto
water resulting in the process contain aluminiur and titanium
hydroxides oil and solid suspensions.

N\




The atactic polymer, about 8% of the polyprooylene
productijon is not a ballast as it has multiple applications.

Propylene polymerization processes with surerreactive
catalysts dc not vield significant amounts of attactic polyaer,

Folyvinyl Chloride (PVC)

Polyvinyl chloride manufacturing ic harrmful to human
body as it vas »reved in 165 - the linking of acrocstoolysis and
1974 liver anci> sarcoma with VCY. For this reason the removal of
urreacted roncrmer fror polvmer is thorouqghlv studied by researchmen
in the field of improvine nolvvinyl chloride manufacturing nrocess.
The international norms provide vinyl chloride removal from the
polymer inr proportion of 99.8 % wt.

In the enclosed working areas kelonging to polvvinyl
chloride fatrication unit, vinvl chloride concentration is
limited to nax. 1 ppm,

Polystyrene and acrylo-nitrile Butadiene Styrene
Ccpolymers (PS5 + ARBS

Sucpension polystyrene fakbrication processes lead to the
discharge cf some gaseous cffluents especially centaining hydro-
carbons and solid particles of polymers and waste water, 3.33 t/tps
contaminated with: polymers 0.1% wt, oligomers 50 ppm and CaC12,
NaOoll, EC1l with pH = 4,

-

Elock styrene polymerization processes are less polluting .

leading to the discharge of only 1 t/tPs waste water contaminated
with organic substances.

Acrylo-nitrile butadiene styrene (ABS) process in emul-
sion also yields significant amounts of waste water, 5 t/tABS con-
taminated with polymers, oligomers and traces of acrylonitrile,

/.
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Butadiene Styrene Rubker (SER)

Emulsion polymerization of hutadiene with styrene or
with alphamethylstyrene vields waste water from the process and
from equipment washing containing: styrene max. 300 mg/l, chlorides
800 mg/l, colophony soan 800 ma/l and rubber particles 20 mg/l.

The continuous discharges to atmosphere through the
safety valves system contain hydrocarbons, sulrhur oxides and solid
particles.

Polyisoprene ubber (P.I.R.) '

Solution isoprene polymerization with butyl-lithium ca-
talysts leads to the release of somehow smaller amounts of waste
water (8 cu.m/t p.i) compared to the solution polymerization
process over Ziegler catalyst: titanium - aluminium (10 m3/t pi).

Waste water contains methanol, solvent, hydrocartons,
metal salts.

Polvhutadiene Rubber (P.E.R.)

Solution polymerization process of butadiene over cobalt
or titanium catalyst leads to the discharge of gaseous effluents
and waste water almost equal in peint of quantity and quality. The
resulted waste water, ak out 20-22 m3/tPB is contaminated with
hydrocarbons, methylcellulose, antioxidant and rubber particles.

Ethylene-Propylene Rulber (E.P.R.)

From the point of view of the steps taken for environmen-
tal protection, the two processes applied on cammercial scale for
the fatrication of ethylene-propylene and amine rubker in suspension
and solution are rather similar,

About 5-6 ma/tgpn
contaminated with hydrochartons and solvent,

waste water results from the process

alotn,. amnmiotiiias JF
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Thermeplastic Rukber (T.P.R.)

The process for the manufacturing of thermoplastic rub-
bers meant for certain apolications started being run after 197¢
based on polyurethanes and esters-ethers, being less polluting
compared to the classical, styrene-butadiene-styrene process.

Butyl, Nitryl and Chloroprene Rubter

The environmental pollution protlems raised by butyl
rubtter manufacturing are minor while the proklems raised by nitryl
rubber process are similar to those caused by butadiene styrene
process. As a matter of fact, nitryl rubker can be obtained in
consecutive runs in SBR plants with little changes.

Chloroprene rukker process is nevertheless more aggres-
sive due to the presence of chlorine and organic compounds with
chlorine.

Polyethers

Polyethers fabrication process by polyaddition of propy-
lene-oxide and ethylene oxide yields waste water, about 1 t/tPFT'
contaminated with basic reagents.

Polycarborates

The waste water resulting from the process is contami-
nated with: nhenol 1500 ppm, sodium chloride 50 g/1 Na2CO3, 150 mag/1
being binlogically treated.

2.4. Chemical Fikres Processes

The analysis of the evolution in time of the main
processes for the manufacturing of chemical filres as well as
their impact over the environment covers the following nroducts:

alin,_owatstiiing 4
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. Adipic acid
. Caprolactum
Polyamide

Acryl fitres

Polyester fibres
Nylon 66 - polvhexamethylendiamine adipate)

N O s W NN
L]

Nylon 6 - polymerised caprolactum

Following tables present the evolution of synthetic
fibres manufacturing processes as well as their influence on
the environment .

Y “\
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two stages

economically cenvenient ca-
pacity of one line 5000 t/y

water
lover pollution leave
the one achleved Ly
dation process with
acid
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ADIPIC ACID MANUFACTUMTNG
Ref., Process Period Principal Environmental Reason for
ne. N introduced characteristics aApects adnption
[ B! rj 3 | 5
1. Catalytic oxi- 1945 - Continuous process with high a) Reaction gas with ni- Favourable techi-
dation with 1950 degree of automation, Minimum trogen oxides 400 kg/t no-economic indi-
nitric acid econnmicallv corvenient cana- h) Chemically contamina- ces, It providas
city of 1 line: 4,00C t/y ted water with acid 80% of world
Competitive specific consump- nature: 2 t/t output
tions of raw materials aad
utilities. High grade end
products
" 2. Catalytic air 1945 - Continuous procecs with hiqgh a) Rcoaction gas Techno-economic
oxidation in 1950 automation degree, “Minimum b) Chemically contaminated indicens lower

than those achinvy
1 than ed Ly the oxida-
oxi~- tion process
nitric with nitric ncid
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3. Air-nitric acid 1945~ Continuous process with high a) Raaction gas Techno-aconomic
catalytic oxi- 1950 automation deqgree. Minimum 1h) Cherically contami- indices lower than
dation in two economically convenient ca- nated water those achieved v
stages pacity of one line S000 t/y Lower pollution level the oxidation
than the one achicved procass with nitric
by oxidation process aclid
with nitric acid
4, Butadiene chlo- 1980 Continuous process with high a) Reaction gas: pollut- Highly profitaltle
rination and 1982 automation degree., Minimum ing process

hydrocyanic
acid addition

~ to the inter-

mediary product

economically convenient capa-
city of one line 5000 t/y.
Lower costs of raw materials,
utilities,specific consump-
tion. The process is under
improvement applied under
licence. High grade end nro-
duct

b) Chemically contami-
nated water

o . cathabibatiiione W

-
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CATROLACTAM MANUFACTURING

ef.,
no,

Process

Period

introduced

Principal
characteristice

Fnvironmental
aspects

Reagson for

adoption

c

T

2

3

3

A.

Process with
hydroxylamine

Cvclohexanone
from benzene

1960

Capreolactam synthesis hy classical
processes 1s achieved by cyclohexanone
oxidation with hydroxylamine salts, the
two basgsic intermediates heinag ohtained
by the following processes:
= cyclohexanone - from bhenzene
- from phenol

- hydroxylamine - Raachig

catalytic

phosphate

Catalytic hydrogenation of benzene into
cyclohexanone, catalytic oxidation wath
air into cyclohexanol and cyclohexanone,
catalytic separation,dehydroqenation of
cyclohexanol to cycloheanone,purification

-/o

Saponificated oxi-
dation tars 0,1 t/t
rroduct

arbtn, asunieiions 0P

Cheap and
eagy to
procurc
raw ma-
terials
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-2, Cyclohexanone 1970 Direct catalytical hydroge- Waste water, =small Safety operation

from phenol
by selective

hvdrogenation
3., liydroxylamine 1940
Raschig
"\ R

nation of phenol to cyclo-
hexanone

Nitrogen oxide apbsorption in
ammonjium carbonate solution
with formation of ammonium
nitrate where SO2 gases arc
absorhed with formation of
hydroxylamine disulnhonate
which by hydrolysis goes to
hydroxylamine sulphate. Acid
solutions are neutralized
with ammonia yielding am-
monium sulphate recovered

by evaporation crystalliza-
tion

quantitics of re-~
sidues

- gases -1ith Soz
0.005 t/tp

- gases with NO
0.003 t/tp

= ammonium sulphate
4,5-5,2 t/t
product

= high quality of capr
lactam

O~

- lower anergy consump-

tions

- Unsophisticated process

without special technical

conditions
= Ammonium sulphate is
used as feortilizer for

certain agricultural soils

The nrocess is used to

obtain ahout 40% of wnrld

caprolactam production

bt adtumiatiiins Y
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1. Catalytic 1965 Catalytic hydrogenation of ni- Ammonium sulphate ~ Neducnd onvironmaen-
hydroxylamine trogen oxide in heterogencous 2.3 - 2,9 t/t tal ponllution
system by means of platinum contaminated vater = Reduced amount of
catalyst suspension over gra- with hydrocarlons ammonium sulphate, ).~
phite carrier in sulphuric product
acid. It results hydroxylamine - Low energy costs
sulphatc with 0.5 mol.list4 The process is applied
thus reducing the ~uantity of to oktain 25-30% from
ammonjium sulphate from oxi- world output
mation stage
5. Hydroxylamine 1975 Catalytic hydroagenation with Ammanium sulphate Low amount of secon-

by phosphate-
oxime

paladium catalyst in suspen-
sion of ntitrated ion in phos-
phoric acid ammonium acid
phosphate medium with formation
of hvdroxylamine phosphate used
at oximation withont formation
of ammonium sulphate

1'8 - 2.1 t/t
contaminated wasnte
water

dary ammonium sulphate
- low corrosion and
pollution

The process is used

to obtain 15% of

world output

PIVIGPWeRw VR
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T. T™rocess without 19€0 Cvclohexane chloronitrization armmonium sulphate The process is used
'.ydroxylamine with nitros'l in the presence 1.8-2,1 t/t ocnly for 4% of
of U,V, radiations yielding chlorcyclohexyl world capacity
1. T"hotocherical directly cvclohexynone chlor- 0.065 t/t (Japan, SU) charac-
chlornitrization hydrate followed by Feckman ammonium sulphate terized Ly a higyh
n€ cyclohexane transposition 1,8-2,1 t/t corrosion degree
tetrahydrobenzene and high enerqy
. 1 t/t costs
2. <{oluene based 1975 Toluene oxlidation to henzolc High corrosion
osrocess (SNIA- acid,hydrogenation to cyclo- High energy cone=
Italy) hexanecarhonyl acid which de- sumption.8% of
comnosed in the presence of world production
nitrosyl sulphonic acid directly is achieved by
to caprolactam and 0,. By this process.
extraction with an alkylphenol Complex process
no ammonium sulphate is formed with high corro-
sion degree
- "\ -
1 - Lo asnitiinn 5
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ACRYLIC TIBRIS YANUFACTURING

Wi, PrOcCes Period Principal Lnvironmental Reason for

no . rocces introduced characteristics aspects adoption

3 1 2 3 { ]

1. Suspension noly- 1960 a) comonomers Liquid: - Lov envirorn-
merization, wet ~ acrylonitrile - chemically contaminated mental pollu-
spinning - . methyl stvrene water 0 = 25 cu.m/t.p. tion

- vinyl acetate pH = 4-5 - Nontoxic,non
b) solvent -~ ACN = max., 150 mg/1l flammable, non-
- ethylene carlonate - PACN = max, 100 mg/l corrcsive scol-
c) main phases Salts = max. 100 mg/l vent

- suspension polymerization (Na2304, NacCl, CH3COON3)
in redox system at 60°C

Gas:
- polymer filtering and wet air, t = 60-65°C
drying 2 = 45 thou.mn/t.p.

- solving in ethylene with max. 30 mg/cu.m

carronate
- wet spinning

i
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2. Suspension poly-

merization, wet
spinning

a) comonomers

- acrvlonitrile with sodium
allyl sulphonate or itaconic
acid or methyl acrylate or
methylvinyl pyridine

k) solvent

= dimethylformamide, or
- dimethylacetamide, or
- nitric acid 70%, or

- sodium rhodonate

c) main phases

- suspension polymerization
- polymer filtering, drying
- polymer solving

wet spinning

a) Lijquid

Chemically contaminated
water, acid water with
ACN , PACN, salts

b) Gas

Vapour rclease of
toxic and flammable
solvent (dimethyl
formamide,dimethyl-
acetamide)

- spinning solu-
tions with higher
polynier concentra-
tions lead to low
recovering cost

- some bLetter
fibres grades
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2 1 3 4 5 T
3. Solution poly- a) comonomers a) Liquid: unsignificant shorter proccus
merization - acrvylonitrile b) Gas: vapours relcase flow (without
and drvy - sodium vinyl sulphonate of toxic and flammalle filtering,drying
spinning b) solvent solvent (dimethyl~ solving)
dimethylformamide formamide) lower encrqy
c) main phases consumptions
- solution polymerization
- spinning =olution
purification
- dry spinning
7
‘.\

P
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POLYZINTER FILBRES AND YARNS MANUFACTURTNG :
Rel. Process Period I'rincipal Invironmental Reagson for
no. introduced characteristics aspects adoption
: 1 2 - 3T T 4 5
1. Continuous 2ro- albout DMT and ethyleneglvyeol arce con- later with 0.5-1% Caj.ital ceset lover
cess by poly- 1370 tinuously proprortioned at reac- methanol Ly 50% aus compard!
cthylonetere- tien tengerature of 186°2 in 0.1 t/t Pl filres to the batchuisce .
phthalate transesterification reactor Limiid fuel residuc process
(Torray-Jaran) waercto a catalyst is added: 0.05 t/t PF filres !
colalt acetate, calcium aczetate. ’ ?s
Molymerization is performed in —
the prescnce of Sh2u3 and
trimethylriosphate catalyst
2.  Continucus »rocess 1072 Instead of DMT, terephthalie Vater with 0.3% ethy- Llectric encryy .
“ronm terephthaltic acid is used under shailar con- lenc exides 0.2 t/t T consumption is re '
acid (Dupont USA) Qitions of reaction and catalyst filres, No methanol duced by about é
water results 13% and Ly 20% i
the investment
cajlital as compa=~ !
red to the NMT f
via proceius 3
3. Yelt spinedrocess 1973 Direct melt-spine at 290°% and I'ilrecs wastes The cnerdgy cou-
{(Chemtex USA) drawine speed 250 w/:ec, N.150 £/t 'Y fiYres swap tion ig
reduced :
’ \
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(POLYUDXANETUYLLNRDINITNL ADIDPTATL) LYLON 346-11i(Clia) Gi.lt *CO(Ciiq) 4Ci')!lii(

SADNUPACTUNTHA

(Zli:!) 6261&'

NG Process Period ) Princinal Fnvrionemntal Buagnn for
N, introduced charactoristics aspeccts adoption
A 1 2 T K] 4 | T
1. I'roa phenol 1239's "henol is hydrogenated to cyclo- Witrous fumes evolved Market
via adipic U.S.A. Lhexanol and vy nitric acid oxida- during nitric acid derande
acld tion to adipic acid, iIalf this oxidation
- acid is armecniated to adipamide
and reduced to hexamethylene
diamen., YMixing produces nylon
salt and the polymer is produced
Ly heating the salt in autcclaves
2. Trom cyclo- 1950's My oxidation gives a mixture Nitrous fumes evolved Availability,
hexane via of cyclohexanol and - one. This during oxidation.Avoids of petroche-
adipic acid is oxidised to adipic acid as in use of toxlc feedstock mical gyclo-
T proccess 1 phenol . lowever more hexane
flammable
3. 1D from 1950's The ™MD half of the nylon is pro- Large amounts of toxic Plentiful
tutadiene duced by reaction of HCN with bu- ligquid and solid wastes supply of
tadiene to adiponitrile and hydro- produced Lutadienc
genation of this to HMD available

Y
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4. WD from acry-
lonitrile

1970

Adiponitrile is formed Ly
electrolytic dimerisation
cf acrylonitrile and is
then hydroyenated to iU'lD

Usalle nitriles and un-
urable heavy ends produced

Availal:il ity

of acrylonitrile
Relatively
clecan processn
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(POLYMIIRISED CAPROLACTAM) NYLON 6 - NH(CHz)SCO'NH (CI!Z)SCO -

MANUTFACTURTNC
T et “rocess Feriod Principal Envrionmental Rearon for
no. - ) intrecduced characteristics aspects adoption
- 1 T I : 5 =
1. Thenol pro- 1949's Caprolactar 1s traditionally made Large amount of Feedstock R
|
cess Germany via Leckmann rcarranaement of cyclo- by-product ammonium availability T
hexanorie oxime and is then polymeris- sulphate Harket demande
o ed in autoclaves at 200°C. Starting ~
from phenol, hvdrongenation and oxi-
dation gives cyclohexancne which is
reacted with hydroxvlamine in situ
to give the oxinmc
2. ¢Cyvclohexane 1950°s The same as ahbove except that the large amount of Feestock !
[
2XOCESsSs U.5.A, cvclohexanone is obtained by oxi-~ by -product ammo- availahility
dation of cyclohexane nium sulphate .
3. Nitraticn 1960’s Cyclohexane nitrated to nitro- Much reduced am- Environment

process

LI AN

cyclochaxane and this redueced to
cyclohexanone oxime

monium sulphate reason

tbv-product involved



4. Phcto 19CC’'s Action of clhlorine, nitric Muclh reduced amnonium Low cnut routce

Japan oxide and light produces sulphate by-product "cleaner routg"
cyclohexanone oxire directly involved assuming (uH4)7ﬂ04
recovery not economic

5. DBenzolce aciA 1970 lenzoic acid is hydrogenated No ammonium sulphate Avoilds aruoniwa ot
process Ttaly to cyclohexane carboxylic hy-product. Oleun sulphate ‘fl
acid which is converted required to absorkb -
directly to caprolactamn Ly nitrogen oxides,
nitrosyl sulphuric acid Alkvl phenol solvent

extraction in process

-‘ ' st saniaiine 4P
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Based on the data given above tables hereinfurther
are examined the more important progresses recorded in the
evolution of the processes for main chemical fibres fabrication.

Adipic acid

Adipic acid fabrication by air oxidation in two stages
leads to waste water having a lower contamination degree as com-
pared to the process using nitric acid.

The gaseous effluent contains: nitrogen oxides over 98%
the balance consisting of carbcn monoxide ard solid particles.

Caprolactam

Caprolactam fabrication processes from cyclohexanone
via btenzene or phenol are less polluting as compared to the
processes starting from amine hydroxyl.

Polyamide

Lactam plymerization in column or vacuum columns does
not lead to the production of polluted effluents harmful for
the environment.

Acrylic fibres

Snlution polymerization processes are less pollutirg
than the suspension polymerization ones.

Polyester fibres

Polyester fibres processes using terephthalic acid or
dimethylterephthalate yield low amounts of waste water: 0.1 t/t
fibre PEst contaminated with methanol 0.5-1 %.

aistny. ssniadiBas M5
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Nvlon 6 and Nylon 66

‘ The processes starting from benzoic acid and acrylo-

0

nitrile respcectively are less polluting compared to other pro-
cesses.

PRV

2.5. Dowvn-streams petrochemicals

The class of nroducts covered by the conventional name
of down-streams petrochemicals is varied enough while a demarcaticn
line between this class and certain petrochemical goods cannot to
very clearly cut.

For this reasor and especially lecause the products
falling in the incidence of this categjory do not display otvious
phenomena with regard to envirommental 2rotection, only the most
significant processes were chosen, namely:

N 1. Tyres manufacturing
2. Rulber qoods manufacturing
3. Plastics nanufacturing

Y It is worth mentioning that thase processes do not rai=o
N major problems concerning the enviroament, telonging to the class
- of processes with low pollution degree excent tyres fabrication
~ where carbon black pollution can he considerable,

In the modern processes, rubber concentrate with carton
black is obtained in the synthesis unit of SBR so that carbon
black pollution of the environment by tyre plants is greatly
reduced.
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RUBBER GOODS AND PLASTICS MANUFACTURING

Ref ., Process Period Principal Environmental Reason for
no, introduced characteristics aspects adoption
[ 1 2 k] L) -
1. Diagonal and radial 1945-1975 Preparation of rubber Rubber wastes,cord, Development of trana-
tyres fabrication mixtures assembling of gum,and some tires portation industry
camponents obtained by about 2% reject Cured rubber wastes
extrusion,calendering are regenerated and
etc., curing in presses reused mostly back
autoclaves in the process
2, Fakrication of tech- 1950-1970 - proportioning Cured rubber wastes Development of technt
nical rubber goods - mixing about 3% cal rubber goods in-
(conveyor, belts, - manufacturing dustry. Wastes of
“V-belts,gaskets) - curing cured rubber are ro-
generated and reused
to great extent in
the process
3. Fabrication of various 1956 Depending on raw material Wastes , parti- Development. of con-

plastics articles

- for PVC: proportioning culetes
of components,mixing,mould-

ing,
- for polyurethanes: prepa-
ration,pouring,ageing
- for thermoplastic polymers

injection,extrusion,moulding

suming industry and
increase of staple
products requirement
Wastes are recoverad
and reused

1l i adisntifing SV



Je IZUTIUCNNENIAL ASPYECT OF NMaZATLCUY WASTES I'NASIZINT
Dusing the broied rerivd of nbout ¢ cCecade, ransgemaat of
huzusrdous vast:s has becurn one of the most eriti -l snvironmentzl

Ireblers facing riankind, The incrense ‘n the vorieties zad total
quantities of Luch vaste: generated in recent ve-rsi, ~nd the en-
anc st ©f our knowledg:s and understinding of the adverse impacts
I hazardous wastes cm human herith and on enviromment kas led %o
the progre:: of fMazar-dous wacte management towards the ton of any
snvirantiental agenda of the prezent ti e,

Ancrg the ovtinps that are cuorrently aveil-Bla for weosta
manazement the foll wing zhceuld Ye consicered:

1. "inimizztion of waster generated Dy imprsving or chonging
the ind-=trizl proce-zec;

2. lleprocessing of the wastes produced in order to reccver
wcterialis ard energv;

3. Trenzfeor of the wactes to another ‘nduztry which can use
tham ac inputs;

%. “eparation of hazardone from non hazardous westi:s at the
soures, this reducing the total volume tc be dispa-ed of in an
environmentally =£fe manner with a corresponding reducticn n the
everall zcst: of bhandl .ng, transportaticn and dispesals

5. Process of the wastes phyr.lcclly or bislogically in order
to rimder ther l:...: hazaxdous ov non-hazrrdous ;

£, Tncineration of hazardous vwaste:;

e Waste disgposal in a properiy managed land--ficld.

Minimizotion of wastes generated can %o achieved by zpnlylirg
ler and non-wnrte  technologicr wh'ch previde o tachnical »cluticn
to the 2ldininaticn of waste =t their ..cuice,s There mve two mai
approachas to low- and nen-warte procsores: *he rocycling ¢® wistac
remercted an? the developaant of nev technelogles which prodivcn less
v one yacstes,

INTDM has already made an useful contribution in the area of
hazardous warste imenzgement and industrial zafaty and undouktedly
will heve a major role in the future. At presemt there are many areas
vhere TNTDO can make a contribution to developing ccuntries such a::

q




training, establishmemt of a metwork for techmology tramsfer,
operatiomal guidelimes to carry out emvirommeatal protectiom, to
respond immediately to amy request for assistance.

With major advamces im sciemce amd techmology im receat decades,
many substamces are mow beimg mamufactured, wvhich may be either
hasardous if used improperly or may produce hazardous wastes durimg
the productiom processes. Vhile thess are sigaificaat benmefits from
the products mamufactured, careless use of pesticides amd other
toxic products amd improper disposal of by-products amd wastes wvhich
are hazardous imply fundamemtal damgers to humamn, animal amd plamt
life and the gemeral exvirommeat.

Wastes are generated by almost all bramches of moderm imdustry,
but a few major groups are most likely to produce hazardous toxic

4

P .

wastes wvhich require special treatmemat, suc as: petroleum refiming,
petrochemical imdustry, orgamic amd imorgamic chemicals, irom amd
steel, non-ferrous metals, leather tamming, paint amd coatimgs,
electroplating and metal fimishing,

In gemeral, a hazardous waste is a waste that has physical,
chemical or biological characteristics which require special storage
procedures to avoid risk to health and other environmental effects.

There is no single univerally acceptable definition of haszar-
dous wastes, which could vary from ome counfry to another, and some-
times may even vary between different institutions within the
same country. f

Generally speaking, however, a waste can be considered hazar-
dous if meets with one or more of the following criteria:

- ignition: wastes that imply a fire hazard during routine
handling. Fire presents not only immediat dangers of heat and smoke,
but also can spread harmful particles over wide areas;

- toxicity: when improperly handled, wastes may release toxic
substances in sufficient quantities to become a substantial hazard
t human health or thr env!ronmen+*

- reactivity: wastes that tend to react sponteneously with air
or water,to be unstable to shock or heat, to generate gases or to
explode;

- corrosivity: wastes requiring special containers because of
their ability to dissolve contaminants,
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A hasardous waste ocam presemt either a short-term asute
hasard or a lomg-term emvirommental hasard,

Many wastes that offer mo significant short-term hazard may
sause severs lomg-term hasards due to their physieal or chemiecal * t
properties. For example, the short-term hasard of certain halogena-
ted hydrocarbor solveats is low because they are momn-flammable and
at low level of acute toxicity. They eamn, however, sause problems
im lamd fills besause their slow rate of breakdown may eoase-
quently brimg the risk of surface rum-off or damsge to groumd water.

ERFS N

3.1, Solid residue incineration

Solid wastes ia the petrochemical imdustry may ocecur as real
solids, such as waste plastics, paper or metal] as semi-solids,
such as tars and resims, and as suspended amd dissolved solids,
such as wvaste polymers and imorgamic salts. These wastes include
wvater treatment sludges, cafeteria and lumech-room wastes, plant
trash, incinerator residues, plastics, metals, waste eatalysts,
organic ehemicals, inorgunic chemicals and wastewater treatmemt so-
1lids. The materials may be characterized as combustible or nomn-
combustible, organic or inorganic, imert or biodegradable, dry or
mixed with either aqueous or non-aqueous liquids,

The solid wades generated by the petrochemiocal process mwmay be .
handled by many different methods which are dependent on the exis-
ting conditioms such as: (i) characteristics of the wastes (volume,
veight, demsity, rate of productiom, toxicity, biodegradadbility etc.);
(11) potential value of salvaged materials; (iii) adaptability of
the disposal method to the waste of interest, and (iv) aveilability
of land and expected land use patterns, Almost every petrochemical
plant has some form of solid waste handling and/or disposal facili-
ties on the plant premises. A recent survey of the petrochemical
industry revealed thnt 90 nere~nt of the =0lld wastes renerated
at petrochemical processing plants was disposed of on plant site,

The plastics encountered in the petrochemical industry such as:
polyethylene, polypropylene, polystyrene and polyvinylchloride
produce a2 lot of polymer wastes, some of them are presented in the ’
table 3.1, below: y




Table 3.1.
Form of polymers wastes
- in 5 -

Primary resin Proecesasors and

producers fabrieators L]
Pellets 18 14
Dropped or shreded 2 3 ;
Dust or powder 21 3 3
Random, large (> 100 1b) 10 28
Random, small ( <100 1b) 14 16
Other, off-specifieation
product and contamimated
product 3s 36

TOTAL 100 100

Plastics particles may range in size from powder and pellets
to chunks weighimg more than 50 kg, Waste plastics are generated
by off-specification production, spills, product contamination,
clsan out, emergency dumps, and miscellaneous other sources during
plastics manufactur’ “g. Plastics are gsmerally biologically inert
substances,

Water treatment facilities may be found at many petrochemical .
processing plants, Solids composet of slit, sand and lime, or slum-
based flocculant material are produced during the water treatment
process and require treatment and ’or disposal,

During waste water treatment processes, suspended or dizsolved
solids are separated from waste-streams by physical-chemical unit N
processes producing sludges which must be disposed. Biological unit
operations used in waste water treatment processes such as activated
sludge, trickling filters, extended aeratior, waste water,

Stabilization process and anaerobic digestion also produce
sludge which xequire disposal. ’

Spent catalysts may be 1liquid, semi-solid or solid. Catalysts
possess a wide range of chemical characteristics, These oatalysts
may be toxic and thus would require special handling,

A wide variety of other organic and inorganic chemicals may
enter the waste stream as a result of productioa processes.
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Solid and semi-solid waste materials generated in the petro-
chemical industry may be disposed of by several techmiques, imclu-
ding: incineration, open dump burning, no-burning duwmp, salvaging,
landfill, land furming, lagooning and ocean dumping,

Open dump burning os normally an unacceptable disposal alter-
native and may be illegal in manmy countries,

Non-burn dumping involves the dumping of waste material on the
ground or into pits. This method used for mon-combustible materials,
requires large areas of land which may be rendered tmsaleable for
fuature develepment.

Disposal by this technique also produces the potential for
ground wvater and surface wvater contamination.

g aae

Incineration is a controlled combustion process for burning
solid, liquid or gaseous c¢ombustible wastes to gases and residues
containing 1little or no combustible material.

Incineration as we know it today began slightly more than one
hundred years ago when the first munieipeal waste destructor was
installed in Nottingham, Enhgland, Incineration use grew rapidly also
in United States of America, Europe and other regioms of the world,

Ipcineration practice

Incineration is an engineered process that employs thermal
decomposition via thermal oxidation at high temperature, usually .
900°C or greater, to destroy the organic fraction of waste and to
reduce volume,

Generally, combustible waste or wastes with significamt organic
content are considered most appropriate for incineration. However,
technically speaking, any waste with a hardous organic fraction,
no matter how small, is at least a functional candidate for inei-
neration, For instance, significant amownts of contaminated water
coming from acrylonitrile processes are currently incinerated and
contaminated seils are also being incinerated with increasing
frequency.

Different incineration technologies have been developed for
handling the various types and physical forms of hazardous wastes,

The ma jor sub-systems which may be incorporated into & hazardous

waste incineration system are: (a) waste preparation and feeding; 4
(b) combustion chambers; (¢) air pollution control; (d) residue or !
ash Landling.
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The normal orientations of these sub-systems is shown in
figure 3.1. along with typical process component optioms,

Wasle Preporation Combustion Air Poliution Control
1 1

L
L 1 LI 1

& . Combustion . Acid Demister
Waste Waste on Rarticulate
g + Presaration| ] Feeding | ]Chamberts) Gﬂus_ : Removal |7 mm > )

Ash g Residue | )
Disposal Treatment 2:1?
Hondling
Retumn to
Process '

Figure3.1. General orientation of incineration subsystems and typical process component options

Fig. 3.1 - General orientation of incineration sub-systems
and typical p. ocess component options

Liquids are blended,then pumped into the combustion chambers
throurh mnozzles or via specially desirFrned atomizings burners, Wastes
containing suspended particles may need to be screemed to avoid
clogging of sma'’ nozzle or atomizer openings, While sustained
combustion is possible with waste heat content as low as 9,90 Ral/Rg
liquid wastes are typically blended to a net heat content of 18,600
Kcal/Keg or greater. Blending is also used to control the chlorine
content of the waste fed to the incinerator. Wastes with chlorine
content of 70 percent and higher have been incinerated; however,
most operators limit chlorine content to 30 percent or less,

Blending to these levels provides best combustion control and
limits the potential for formation of hazardous free chlorine gas
in combustion gasesn,

Sludges are typically fed using progressive cavity pumps and
water cooled lances. Bulk solid wastes may require shredding for
control of particle size. They may be fed to the combustion chamber
via rams, gravity feed, air lock feeders, vibratory or screw feeders,
or belt feeders. Containerized waste is typically gravity or ram :
bed. y

|



(b) Combustiof chambers

The physical form of the waste and its ash content determine
the types of combustiom chambers,

Liquid injection incimerators or combustion chambers are
applicadble almost exclusively for pumpeble liquid wvaste, These
units (figure 3.2) are usually simple, refractory lined cylinders
(either horizontally or vertically aligned)equipped with one or
more waste burners, Liquid wastes are injected through the burmers,
atomized to fine droplets and burned in suspension. Burners as well
as separate waste injection nozzles may be oriented for axial, radial
or tangential firing. Tmproved utilization of combustion space

S e and higher heat release rates, however, can be achieved with the '

-

utilisation of swirl or vortex burners or designs involving tan-
gential entry.

Discharge
120 250°/s 10 Ouench or
- . Excess Air Waste Heat Recovery

Agqueous, .
Steam v
\ ),
A |
. - 4 \
. Waste
Adomi
N\ &uﬁﬂg = * 4
\\\ Air / ‘
N VIS VIO O TII/S

Primary 7 Cross Section
Combustion  T4S0C-1650°C  point ¢ orgos 800°C - 1200°C '
- Gas Residerce Time

Figure 32.Typical liquid injection combustion chamber

rig. 3.2, - Typical liquid inmjection combustion chamber

Rotary kiln incinerators (figure 3.3.) are more versatile
incinerators in the sensg that they are applicable to the destruc-
tion of solid wastes, slurries, and containerized waste as well as

liquids, These units are most frequsntly incorporated into commercial
off-site incineration facility design. The rotary kilnm is a cylindri-
oal refractory 1lined shell that is mounted on a slight incline.
Rotation of the shell provides for transportation of waste through
the kiln as well as for enhancement of waste mixing. The residence
time of waste solids in the kiln is generally 1 to 1.5 hours. This

A
!
|
I;:j'ﬂ
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- is controlled by the kiln rotation speed (1-5 revolutions per
minute), the weste feed rate and in some instances, the inclusion
of internal dams to retard the rate of waste movement through the
kiln. The feed rate is gemerally adjusted to also limit the amount
of waste being processed in the kiln to atmost 20 percent of the .
kiln volume. '
Discharge to g
or
Hent Tuy
Air =
Auxiliary s 22
Fuel : 2
- . ’
_ wstion Uquid Waste :
Air ) 4 120-200 % .
Rotary Seal '/1111111/[ 2 Exocess Air
. Retfrocio _f ) : ‘-O;zg‘&conds
Waste Liquids pyarizzzizzzzzzzZzag g b ® / Resience Time
Acxiliary Fuel R, oosoc-moe / [M P /
Woste Solids ~ 8 A( 1oo°c- Y
Comoiners or i . I\ 1380°C ‘ Refractory
Sludges - Voste ; é E
4 s memp / ¢ ;
X Shroud Incline 2 ; ’c.‘ / /
pehe v Auxiliary
502504 1 Fuel l Ash
> - . Ash
*\ !M M
\\‘ Figure3 3 Typical rotary kiln/afterburner combustion chamber 1
A

Figure 3.3. - Typical rotary kiln/afterburner
combustion chamber

Fixed hearth incinerators, also called controlled air, starved
air, or pyrolytic incinerators, are the third major technology in
use for hazardous waste incineration today.

These units employ a two-stage combustion process, much like v
rotary kilns (figure 3.4k,)., Wwaste is ram fed into the first stage
or primary chamber, and burned at roughly 50 to 80 percent of stoi-
chiometric air requirem~n+s, This starved air condition causes most
of the volatile fraction to be destroyed pyrolytically, with the 2
required endothermic heath provided by the oxidation of the fixed i
carbon fraction., The resultant smoke and pyrolytic products, consis-

ting rpimarily of volatile hydrocarbons and carbon monoxide, along ;
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with products of combustion, pass to the second stage or secondary
chamber. Here, additional air is injected to complete the combus-
tion, which can s2¢cur either spontaneously or through the addi-
tion of supplementary fuels. The primary chamber combustion reac- . %
tions and turbulent velocities are maintained at low levels by the
starved-air conditions to minimise particulate entrainment and carry-
over; with the addition of secondary air, total excess air for §
fixed hearth incinerators is in the 100 to 200 percent range.
Discharge to
R Quench or !
| Heat Recovery
0.25-25 Sevonds
é / Meon Resioence Time
N Steam
i N Bl .
760°C - 100°C \ Liquid waste
Air
Auxiliary Fuel ~ ’/IIIIIIIIIIIIIIIII
X .
/ A 50-80°,
Feed E Stoichiometric Air
? . . Ram / .
Y - Refractory y
‘ Transtfer
Ram Ash Discharge Ash’ D
\ Figure 3.4.Typica fixed hearth Combustion a'om‘::? Dracharge

Figure 3.4 - Typical fixed hearth combustion chamber

Fluidized beds incinerators have long served the chemical
processing industry as a umit operation. This type of combustion
system has pnly recently begun to see application in hazardous waste
incineration, Fluidized bed incinerators may be either circulating
or bubbling bYed designs. Both types consist of a single refractory-
lined combustion vessel partially filled with particles of sand,
alumina, sodium carbonate or other materials, Combustion air is
supplied through a distributor plate at the botton of the combustor
(figure 3.5) at a rate sufficient to fluidize (bubbling bed) or
entrain the bed material (circulating bod). Tn the circulating bed




design air velocities are higher and the solids are blown over-

head, separated in a cyclone and returned to the combustion chamber.

Operating temperatures are normally maintained in the 760 to 780°C

range and excess air requirements range from 100 to 150 percent,
Fluidized bed incinerators are primarily used for sludges or

shredee solid materials., To allow for good distribution of waste

materials within the bed and removal of solid residues from the bed,

all solid generally require pre-screening or crushing to a sisze

less than 2 inches in diameter. Fluidized bed incinerators offer

high gas to solid ratios, high heat transfer efficiencies, high

turbulence in both gas and solid phases, uniform temperatures through-

out the bed, and the potential for in situ acid gas neutralization

by 1lime or calcium carbonate addition. However, fluid beds also

have potential for sqlids agglomeration in the bed if salts are )

present in waste feeds and may have a low residence time for fine

particulates,
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Figure 15. Typica! tiuidized bed combustion chamber

Pigure 3.5 - Typical fluidized bed combustion
chamber
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(c) Air_pollution control

Following incineration of hazardous wastes, combustion gases
may need to be further treated in an air pollution control system,
The presence of chlorine or other halogens in the waste will gene- .

-

rally signals a need for a scrubbing or sbsorption step for combus-
tion gases to remove HC1l and other halo-acides. Ash in the waste is
not destroyed in the combustion process, Depending on its composi-
tion, ash will either exit as bottom ash, at the discharge end of

a kiln or hearth, for examjle, or as particulate metter suspended

in the combustion gas stream (fly ash). Particulate emissions from
most hazardous waste combustion systems generally have particle
diameters less than one micron and require high efficiency collection
devices, In addition, gas cleaning systems provide some limited
aditional buffer against accidental releases of incompletely des-
troyed waste products. Such systems however are not a substitute for
good combustion and operating practices.

The inorganic components of hazardous wastes are not destroyed
by incineration, These materials exit the incineration system either
as bottom ash from the combustion chamber, as contaminants in sc¢rub-
ber waters and other air pollution control residues, and in small
amounts in air emissions from the stack,

Ash is commonly either air-cooled or quenched with water after
discharge from the combustion chamber. Froam this point ash is fre-
quently accumulated on site in storage lagoons or in drums prior %o
disposal in a permitted hazardous waste land disposal facility, De-
watering or chemical fixation/stabilization may also be applied
prior to disposal,

Alir pollution control residues are gsnerated from the combustion
gas quenching, particulate removal and acid gas absorption steps in
an incineration system. These residues are tvpically aqueous stream=
containing entrained particulate matter, ab«orbed acid pases (uruelly

gs TIC1l) end amall amounts of orgenic contaminant:,
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The-e streams are often collected in sumps or recirculation
tanks vhere the acids are neutralized with caustic and returned to
the process. Eventually a portion or all of these waters must be
discharged for treatment and disposal (generally when the total
dissolved solids level exceeds 3 percent). Manu facilities discharge
neutralized waters to settling lagoons or a chemical precipitation
step to allow for suspended contaminants to be concentrated and ulti-
mately sent to land disposal. Depending upon the nature of the dis-
solved contaminants and their concentration after treatment, waters

may either be returned to the process or discharged to sewers,

Measuring process performance for incinerators

Proper and accurate measurement of the emissions from incine-
ration systems is a critical issue., Fortunately, significant progress
has been made in adopting measurement methods to the rigors of
specific compound indentification and the level of detection and
accuracy.

Performance measurement may have any of the following three
purposes:

- to establish compliance with performance standards (e.g. trial
burns);

- to monitor process performance and direct process comtrol
(e.g. continuous monitoring);

- to conduct performance measurements for research and equipment
development purposes,

Methods employed in assessing regulatory compliance are gene-
rally official methods which have been standardized and published,
Routine performance monitoring for process control often involves
the use of continuous monitors for smissions and facility-specific
engineering parameters (e.g. temperature, pH, kiln rotation).
Research and equipment assessment investigations may involve any of
the above techniques in combination with standard and often non-
standard sampling and analysis techniques designed for repid
screening of performance or for ultra-low detection of specific
materials,

Figure 3.6 illustrates sampling points which may be involved
in assessing incinerator performance. In the case of trial burns
activities, the main focus of sampling activities is on collection
of waste feed and stack emission samples, Ash and sir pollution
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Figure3 5. Potentiol sampling points assessing incinerator pertormance

Figure 3,6 - Potential sampling points assessing
incinerator performance

control system residues are also sampled and analyzed, Sampling of
input/output streams around individual system components (e.g. scrub-
bors) may also be conducted in research testing or equipment evalua-
tion studies,

The main focus of analytical activities is on principal organic
hazardous constituents POHCs, Stack gases analysis also includes
determination of HCl1l and particulate emissions, and may he extended
to a determination of other organic chemical compound emissions as
well as metals of concern, Tn the case of particulate emissions, the

size distribution of stack particles may also be of interest,
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The size of emitted particulate affects its transportation
and fate in the atmosphere and influences the 1likehood of inha-
lation, =2an important factor in health effects assessment, Few
hazardous waste incinerator tests have actually collected particle
size data, primarily due to time and funding limitations,

Measurement of a wide variety of incinerator operating para-
meters may be necessary to maintain thermal destruction coénditions
vhich are equivalent to those observed during a successful trial
burm, These measures are used as indicators of the performance of

RSORGPPWY. - PR ]

incineration system and serve as input to automatic and manual
process control strategies. There are nearly two dozen potential
measurements, including such parameters as: combustion temperature,
waste feed rate, oxygen and carbon monoxide concentration in the
stack, gas flow rate at strategic points, and scrubber solutiom pH.
These parameters and their use are deseribed in detail in a number
of resource documents (27).

Continuous emissiom monitors (CEM) are often used or required

in measuring combustion gas components such as carbon momoxide (CO),
oxygen (02), nitrogen oxides (Nox) and total unburned hydrocarbons

N (TUHC). If properly interpreted, combustion gas components may be
indicators of the completeness of the thermal destruction reaction,
These methods typically require extraction of gas samples from the

? QS\ ' gas stream of interest and meesurement with a remote instruremt.

W Some paramaters such as CO and O, may be measured in situ (in the {

stack). Table 3.2 summarizes monitor types and available concentra-
i tion meas: rement ranges.

Ideally, the primary products from combustion are carbon
dioxide, water vapour and inert ash. In reality, what appears out-
wardly to be straightforward, simple process is actually an extremely
complex one, imvolving thousands of physical and chemical reactions,
reaction kinetics, catalysis, combustion aerodynamics and heat
transfer. This complexity is further aggravated by the complex end
fluctuating nature of the waste feed to the process, While combustion '
and incineration devices are designed to optimize the chances for
completion of these reactions, they never completely attain the ideal.
Rather, small quantities of a multitude of other products may be
formed, depending on the chemical composition of the waste and the !
combustion conditions emncountered, These products along with poten-
tially unreacted components of the waste become the emissions from

the incinerator,
4
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Table 3.2
Summary of continuons emission monitors
Pollutant Monitor type Expected con- Available
. centrated ge
range ren
o, Paramagnetic s-14% o-25%
Electrocatalytic
(e.g.zirconium oxide)
co,, NDIR (non-dispersion
infrared) 2-12% 0-21%
CcoO NDIR o-l00 ppm o~-5000 ppm
— NO Chemiluminiscent o-4000 ppm o-lo000 ppm
S0, Flame photometry c=-%ooo ppm o-5000 ppm
Pulsed fluorescence
¥DUV (non-dispersion
ultraviolet)
SO3 Colorimetric o-loo ppm o-50 ppm
Organic Gas chromatography
compounds FID (Flame ionization o-50 ppm o-loo ppm
X detector)
“\
W 3.2, Waste water treatment
Wastewater streams in the petrochemical industry may be cate-

~ gorized into

normal operationj
(ii) utility operations such as blowdown from energy production

and cooling

systems;

five principal source companents:
(i) wastes discharged directly from production units during

(111) ballast water discharged from tankers during product

handling);

(iv) contaminated
(v) miscellaneous discharges from spills, turn-arounds, sani-

tary sewage,

storm run-off from process &reasj

from administrative areas, locker rooms, shower and
food handling areas,

\
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Petrochemical wastes may include wvarious chemicals derived
from petroleum derivatives and natural gas, toxic substances, lu-
bricants, gas oil, fuel oil, wex, asphalt and petroleum coke, The
hydrocarbons found in these wastewater stream generally originate
from leaks, spills, and product dumps, Steam condensate from
reflux systems may contain hydrogen sulphide and mercaptans.
Caustics, when used to purify hydrocarbon streams, produce alkaline
wastestreams which are potentially toxic.

Armonis may be added to product streams for corrosion control,
and by the breakdown of nitrogencus compounds present in the feed-
stock. Other components of petrochemical wastestrearn which may be of
concern are corrosion inhibitors, particularly heavy metals,

The data shown in table 3.3 illustrate the variability of waste
characteristics in the petrochemical industry. The pH values of
petrochemical wastewaters are generally greater than 7, and the
wastaestreams typically contain large amounts of total solids and
low concentrations of suspended solids, indicating that most solids
in these wastewaters are in the dissolved form. The variability in
the data found in table 3,3 suggests that each petrochemical waste-
stream smust be analysed separately to prelict its characteristics,
The variability can be attributed to the large number of choices of
processes that may be selected fo form a petrochemical plant.

The most commonly used method for predicting the quality and
quantity of petrochemical production wastewaters is to study each
individual unit process and relate the quantity and quality of the
wastestreams produced to production units.

Treatment methods

The design of wanstewater treatment facilities for petrochermical’
prodiuction facilities will not bhe reliable unles= wastewatar~s hove
been fully characterized and the performance characteristics of
alternative treatment processen ﬁave been evaluated by treatability
studies and pilot plant operations, Treatability studies should
establish the effects of operational parameters such as hydraulic
detention time, sludge age and temperature on organic removal rates,
oxycen requirements, sludge production, sludge characteristics and
procests stability.
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Table 3.3
Petrochemical plants effluent analyses
{before treatment)

2i;:di:::mi— Refinery, Refinery
Plant ethvlene ;xido detergent Chloro- butadiene Phenols
products hy ? alkylate phenols butyl cresols

propylene oxide, rubber

glycols,amines

and ethers
Alkalinity
(mg/1.) 4, ooo 365 - 164 192
BODS(lng/L) 1,950 345 16, 8oo 225 550-8%0
Chlorides
(mg/L) §30-800 1,980 120, cec 82% 230
cod (mg/L) 7,970-8,5ho 855 25, 000 6lo Jue-2e00
oils (mg/L) 547 73 - - traces
pﬂ 9.&",08 ,02 - 705 "06“702
Phenols
(mg/L) - 160 - 17 280-~55%0
Sulphates
(we/L) 655 280 - - -
Suspended
solids(mg/L) 27-60 121 500 1lo 15-90
Total
nitrogen
(mg/L 1,160-1,253 89 Ly L8 -
Total
soldids
(mg/L) 2,191-3,029 3,770 150,000 2,810 1,800-2,300

Treatablility studies can identify wastestreams

be treated

survey, wastewater characteristics,

separately to enhance

bility study and incorporation of result,

The unit processes which can provide treatment of petrochemical
manufacturing plant wastewaters are as varied as the unit processes
used in the manufacturing plants themselves. Studies have shown, how-
ever, that there are seldom cost effective alternatives to binlogtical

treatment

coupled with physical-chemical pre-treatment and/or poli-
shing where needed, Biological treatment coupled with post-filtration

which should
process performance., Wastewater
in-plant consideration, treata-

has been considered as the "best practicable technology®™ currently
for tresating petrochemical processing wastewaters,

available

r
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In order to produce a high quality effluent, it is probable
that the most petrochemical wastewater systems will include all or
some of the processes listed in table 3.4 and shown in figure 3.7.

A central biclogical treatment plant is the preferred method of
treating the aqueous effluents of the petrochemical industry because:
1) they are geared to BOD removal, which was generally required by
the responsible authorities; 2) biological process costs to achieve
BOD removel are low compared to other treatment processes and
3) when effluents limitations are in terms of COD, biological pro-
cesses will remove & =ignificant amount of COD with less expense
than a non-biological process designed to remove the same amount
of CON,

Effluents from biological treatment systems may still contaln
dissolved organics and suspended solids which may be removed by
further treatment such as aermnted lagoons and poliching ponds, sand
or miltimedia filtration or other physical-chemical processes such
as raverse osmosis, ultrafiltration, extraction and chemical oxi-
dation., Activated carbon esdsorption preceded by filtration for solid
removal was generally found to be the best economically available
technology for reduction of the residual COD of biologically treated
effluents,

-5
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Table 3.4
Petrochemical yastewater treatment systems

Intermediate Secondary
Pre-treatment troatment treatment
API separators Dissolved air flotation Biological oxidation
Tilted plate Coagulation-precipitation Chemical oxidation
separators
Filtration for
0il removal pH
control Fqualization Filtration
Stripping proces- Detoxification for bio- Adsorption

ses logical treatment

Monitoring system
to detect break-
down and spills

——~ia .
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The utility of anaerobic lagoon pre-treatment of petrochemicel
waste was investigated by Hoviocus end others (1, 5). A design pro-
cedure for the celection of lagoon volume besed on organic loading
end tempersture was prcsented. Using this design procedure it wes
estimated that 2 lagoon with a hydraulic detention time of about
ten days and a terpersature of 20°C would achieve a kC percent COD

9

removel and a 5C percent BOD removal when the effluent contained
3,000 mg/L of COD, Examination of chromatographically identifiable s
organic corpounds in the waste used during this research indicated
that all compoumds except metabolic intermediates were removed to 2
significent extent in the anaerobic lagoon. The effects of tempera-
ture on the biological treatment of petrochemical wastewaters were
observed to be more drastic than temperature effects on mmicipal
wastewater treatment systems,
Recent advances in the field of blo-engineering have led to
the development of microbial cultures which have the ability to
break down molecules resistant to biologlical degradation. A specially
adapted strain of bacterial inoculum applied to the biological treat-
ment process at a petrochemical processing plant significaatly impro-
R ved offluent quality. The addition of these selectively adapted
microbes reduced effluent total oxygen demand and biochemical oxygen
, demand, improved system stability, eliminated an existing foam pro-
W blem and resulted in the elimination of at least one compound (ter-
N tiary butyl alcohol) from the effluent not previously degraded.
These results, combined with recent advances and interest in genetic
\ engineering, suggest that biological treatment processes may be
improved by these techniquesj however, further research is required,
Physical-chemical processes plan an important role in petro-
chemical wastewater treatment. Many physical-chemical treatment pro-
cesses are uced to pre-treat petrochermical wastewater in preparation

for biological treatment. API separators are used to remove materials
less dense than water, such as free oil, and suspended matter that

is more dense than water. Tilted plate separators are also used to
revove materials less dense than water, Several types of filtration

, devices are also used to remove free oil and solids from wastewater
streams prior to biological treatment,
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Noutralization is comonly used and required in the treatment
of petrochemical wastewaters, Acid streems may be rcutralized dby
fluidized mixing with slurries, dolomitic lime slurries, caustic
or soda ash, Alkaline streams may be neutralized with sulphuric or
hydrochloric acid or with boiler fiue gas (carbon oxide). Weutra-
lization can often be accomplished by mixing intermal wastewater

streams, Volatile organic compounds, hydrogen sulphide and ammonia
are often removed from wastewater streams by stripping processes.

Dissolved Air Flotation (DAF) is commonly used in petrochenmicel
waste treatment plants to enhance o0il and suspended solids removal.
DAF units, while not economical as APY separators end tilted plate
ceparators, produce a better quality effluent which is often required
to meet effluent oil limitations., If a =ignificant portion of the oil
is erulsified, chemical eddition with flocculation chamber:s mey be
2. part of the flotation unit. Coagulation-flocculation pracesses
are effective in removing suspended solids, some nutrients and heavy
metals from petrochemical wastestreams,

Activated carbon adsorption systems may be used to remove
residuail organic compounds from petrochemical wastewaters. A review
of the literature on activated carbon adsorption as a treatment
concept for petrochemical wastewaters was presented by Matthews, [~
Compounds in the alcohol, aldehyde, amine, pyridine and morpholine,
aromatic, ester, ether, glycol and glycol ether, ketome, organic
acid, oxide and halogenated organic groups were found to be amenable
for carbon adsorption,

Petrochemical wastewater was treated in a treatment system
consisting of oil removal, bielogical oxidation, chemical treatment,
filtration and activated carbon adsorption, The COD was reduced from
3,2000 mg/L to 30 mg/L. The activated carbon columns were found to
remove dissolved organics not amenable for biological treatment along

with colour.




3.3. Flare and flare gases recovery
3.3.1. Flare

The off-gases resulting in several cases from refineries and
petrochemical plants cammot for various reasons be discharged into
the air.

Depending on the nature and composition of off-gases there are
various processing riethods to convert the off-rases into less naxious
c-rpeunds which can bte d: scharsed into the air,

me of the oldest and easiest ways tc process mnoxious off- geces
is their incineration in certain devices called flares. In such
davices one can burn fuel and flammable geses with a not too high
content cof inert gases (002. Nz), as well as noxious and flammable
gases in which case measures <hall be taken to disperse the products
resulted by burning.

The dermend of the niodern industry on energy savings and
envircnment protection gains riore and more importance. One modality
of responding to this task is to recover the filare gas and use it
as energy in the fuel gas system,

Two kinds of ctreamns are directed to the flare:

(2) A permwanent gas stream, resulting from:

- leakage of safety valves;

- valve by-passes or vent linesj;

- waste gas from cormpressor seal oil systems}
- overhead product accumulator:;

- LPG tanks,

(b) Emergency zas streams released by one or more safety valvec
in case of technical failures vhich cause overpressure in plant
equipment.,

With the flare gas recovery ~ystem those gases can be cormpressed
and sent to the fuel gas network of the complex.

Such a systen is not intemded for large emergensy flows or
medium size flows that may last for a few hours or & day. In these
cases recovery equipment would be largely oversized and used only
during a short time that it cannot be economically justified. There
is also no safe and reliable place for user toc send the recovered
material during an emergency.
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The permanent flare gas stream is the indicated one to be

recovered and the energy saved by using it as fuel gas.

Depencing on the capacity of the units, the design, construction,

type of piping and valves, etc., the recovered gas stream is typi-
cally between 100C and 500C m3/h.

The flares are fecilities meant torum in view of increasing
the safety degree of the process umit itself and consist of the
following sub-assemblies: demister, hydraulic seal, flare stack,
flare head including pilot flare and main burner, flare piping and
automatic ignition system of flame.

Flares arc fed with off-gases collected from safety valves
discharges installed on pipes and on process equipment,

The molecular weight of gases varies between 11.3 and 42,45,
vhile the hydrogen content varies between 7% volume and 65% volume.
Por a discharge frequency of 658 of safety valves the flow rates of
the gases discharged into the flare system can vary between O and
2,700 xeg/h.

From gas collector, the gasses further go through demister
(see fig. 3.8) vwherein liquid drips entrained with diameters over
hm“;kare separated, Drips separation is necessary due to the in-
complete incineration thereof, producing soot,.

From demister, the gases go through a hydrzulic seal which
does net 2llow the gases to come from the flare stack back into
the pipe system. From the hydraulic seal the gases enter the flare
cstack which directs the gases te flare head raising at the csanme
time the flare flame to a certain height to diminish the radient

affect of flame nn the environment. Before entering the flare hesd

the gzases pro through a device called "molecular seal®™ which prevents

the flame from entering the flare stack, Thic device i< clcsed by =2
ca- having a low molecular mass: alr, methane,

The flare head is the most important part consisting of n»
netalliec cylinder with » cone ring cnlled flare herd n zzl-, The

n-zzle is provided vith ¢ stenm Ai-¢trihution nip- necessery tn

measure the turbulence as well as to improve gas burninz and burning

of the incandescent corton particles, according to the reaction:

C + nzo a CO + H2

r
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To prevent flame extinction the flare head is provided with
a pilot burner vwhose ignition is achieved electronically by means
of electrodes while the pilot flame rumning is controlled by @&
thermocouple. *

During the design stege of the flares, the following main
questions are to be solved:

() the reduction of the noise level gemerated by gas circu-
lation through the flare stack and by gas burning in flare stack
head§

(b) the reduction of the effect of the thermal radiation of
flame;

(c) the reduction of environmental pollution.

2080, astonintiBne MY

(2) In order to reduce the noise level the optimum diameter
of flare stack is chosen as per relation:

D =\] L4c where

w

= diameter of flare stack - m
= flow rate of gas circulating through stack, ke/s
gas velocity in stack, m/s

= gas density calculated at stack temperature and atmosphe-
ric pressure, kg/m3.

“wvp T QO
n

Gas flow rates is calculated by the following relation:

n »
ng Gc.i+zl Gs.i where
£Gc 4 = flow rates for continuous discharges - kg/=
‘ .
2:3 ”q i = flow rates resulted from safcty valves discherges - ¥e/s.

Since the fiequency of safety valves discharges cannot he
c~tahlished accurs+ely, it is considered that about 60% of the

safety velves discharges simultaneously,



Sas velocity in the flare stack is given by the relations:

W=1u:eM or ¥= (0.2-0,3)¥s where

W = Mzch iumber

Ws = sound velocity, m/s

“omnd velocity is cdetermined by Laplace relation:

Vs = VLIE:_

where

¥ = adiabatic exponent

© - general constant of gases - 8312 J/Kmol
T - gas stack temperature °K

M = everage molecular mass of gas.

Robert Maver relation can be approximately used for adiabatic

exponent calculation:

adgin, atmiaiBan AV

C
pm
= where
c -
pm
Cpn = average molar specific heat of gas - J/Kmol grades
R = gas general constant with the value 3312 J/Kmol,

Permissible noise levels caused by industrial plants can be

considered, as shown in table 3.5 below:

Table 3.5
Permissible noise levels
Zoned area Noise level by night
an(a)

Tndustrial 70
Commercial 50
Residential 4o-45
NMospitals 35

"\\a&ﬂn-pn.ypn
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(b) The reduction of the thermal radiation effect of the flame
i= obtained by the correct size-up of flare stack height. As a star-
ting point in establishing the unmitary thermal flow radiated by flare,
the flame is assumed to be 2 point source releasing heat into sur- ) !
roundings, The correlation between the unitary thermel flow (2)
received by an arez at a certain distance and the radiant flow of

the source (flame) is given by Kepler law: 4
F.Q
= 2 where
LT r
q = witery thermel flow, w/m>.k
- 0 = radiant flow of source, w/h '
r = distance from the source to the receiving area
F = coefficient considering the share of the heat released
by gas burning with flame and transmitied by radiation,
usualiy taken as 0,35,
The unitary thermal flow allowed for the operation persommel
has the following values:
]
q
Unitary therqal flow w/m” )
sun_radiation included Exposure time
N Y 1,%00 infinite
N 2,360 1-2 h
2,800 0e.51h
\ ~ 3, 500 5-1C minutes
4,%00 15 sec.
6,300 no exposure

For determination of flare stack height one can use Fepler
relation according to which values are taken for "q" end "F";
71" is calculated from the heat released by gas flow biuning and
subsequently ®"r" is determined as the dfstance hetween the flame
and the concerned point at ground elevation,
2

(e}
r = X* . v wvhere

the distance, horixontally from the axis of flare stack to
the closest unit where a steedy activity is conducted

flare stack height including the distance from flare stack
top to the geometric center of flame.

-
[}

4
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(c) The reduction of the environmcntal pcllution is achieved
by using an adequate flare staci: height, The higher the flare stack
is, tlhie lower the leovel of mmitary thermal radiation =t ground

2levation ané the lower the envircnmental noxious concentrations,

vhile the investment and —epairs nnd maintenance costs increase

rienificontly,

2.3.2.7lare gepses recovery

Jaste fas recovery from refinerv operations ~an be the rost
cconcm ca'ly ettractive z2nergy saving opitiIon availahlei rse cf
flare sa~ to provide frel for proec-en heatzres »nd stczr penarati-n
leaver mcre in fuel preocecscsing, thus increasing yield-., Adventage-
»rae alzo obtained from reduced flar‘ng pollution and extended tip
life.

The design of a suitable gas recovery plant considered the

> ]

following constraints:

-~ Flare relief is estsentielly a safety security system, thus
its coperation must not be affected by any gas recovery plant insta-
1lation;

- In order to obtain maximum pressure on the plant suction side,
the flare water seal design was altered such as not to affect the
operation of the plant safety valves, particularly those set for low
pressure relief,

Process descrigtion

There are two types of recovery systems:

- Recovery system with gasometer;

~ Recovery system without gasometer.

Recovery system _with gasometer (figure 3.9)

The normal flare gases flow through the flare header and reach
the gasometer (2) via the flare gas separator (1).

The gas flows preferentislly tc the gasometer, where the back
pressure is set lower than in the flare seal drum (250 rm ¥C/L50 mm vCL’

The 1liguid separated in separator (1) flows to separator (1),
whero warte water 1i:c reparated from liqu.d hydrccarhons,

The go- from the masometer i3 presnsurized by cempres-or (3) ¢~
8 pre-sure required by the fnel ~as svstem, The s flouw to the
fuei rar sviter shall take ‘nto consideratior the water level in the
masoncter, The maximm and minirmum level is minteained hy two 'cvel
~witche. ., “t low o1r hipgh level theo rerpective control valve: will

cluse, respectively open. ’."f




If a failure in the plant leadc to a large safety valve release,
the sac flows throuch the flare header, the pressure rises, thc pres-
sure switch closes the access valve to the recovery svsten and the
zas flows tc the flarestack tc ba buined. Thus the gasometer ics
protected against overpres:zure,

At a released smas with & higher malecvdar weight, an over-
loading 2f the compressor results but only for a very <hort time.

Tf the released gas has a high temperature, the temperature
switch alsu closex the eccess valve to the reccvery unit. This
protects the corpresscr and the gesometer,

Tf fcr a certein period of time the gas leakages are small
the prescmire in the flare line tends to drop, In order to avold
vacmurt & low precsure switch discomnect:z the flare iine frow the
recovery svstem,

Depending on the gas composition the recovered gas is sent
directly to the fuel gas system or to & treating step like st
absorption,

Regovery system yjthout gasometer (fisure 3.10)

By application of adequate control and instrumentation it is
possible to design a flare jaz recovery system without gacsometer,
The rcle of the gas cccuwrmilator is taken by the volume of the lung
and large flare gac header, The flare zas is scont to the compressor
scparator (1). Tere, the liquid phase i: scparated, which flows into
separator (4), where waste water is separated from liquid hydrocar-
honsg, The zas phase from the scparatcr is pressurized by corpressor {2)
cooled in cooler (S). The condensed liquid is sepzrated in separator
(3) and the cas ot the top of this =eparator is sent to the fuel gas
system,

To avoid &air entering the system &t low precsure in the gas
header, the pressure nwitch in the header closes and the controlle:
in the bypasc line cnenc, Thus the forward gas flow is interrupted
and i3 recycled to compressor suctlon,

“hen the pressure in the header rise: again, the suction valve
opens and the by-parss line control valve clo=ezj tha g2 flows egein
to the fiel gas network.
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Tf the incoaing flare gas temperature exceeds a certain value,
the temperature switch closes the suction valve to protect the
COMDIIrAS=0OT,

The compressor type has to be selected to a2llow variations
in suction ané discharge rressures and molecular weight. Good re-
sults were obtained with rotary and 1liquid ring cowmpressors, For

each casc the z2dequate solution has to be studied and applied.

Cormarison between the two altermatives

The -asometer has the z2dventage of the large volume, which
levels cut the fluctuations in flow and pressure, The amount of
ces recovery is somewhat larger,

The advantages of the system withcut gascmeter are the lcwer
plan arex requirement, lower investment coct, simpler derizn end
les~ maintcnance cost,

Ternomics

The perort tize for & flare gus recovery vnii depends on
capacity and nrice of the fuel ze-.. Tt nornally varier from 3 to
2 vears, witheut taking Into censidersticn the ¢ ducticn in

envir-nrental polliution (hyvdr.cazhons, noice and lirht),

~
4 2,

' THE FUTURFE SCOPE FOR CLEANER PETROCHEMICAL TECHNOLOGIES

Recent events have raised the issue ~f sefety and emcriency
nwvarene:zs and preparednes cof people in 21! nationc of the world,
Tndustrial events cauced s3serious damege to the environrent and
unaccepteble locs of life and property, such as:

- Dioxin containing release in Sevesso, 19763
Propane explosion in Mexdco City, in 1984 ;

Release of methylisocyanate at Bhopal, in 19843

from a warehouse in Bassel,

Ts is now universally acknowledged that every disaster, no
matter the cause, has an environmental impact, In 1986, following

Fire and discharge of contaminated waters in Rhine, in 1986,

various industrial accidents that occurred in both highly industria-
lized and developing countries, resulting in adverse impacts on the
environment, the UNEP suggested a series of measwres to help govern-
nente, particularly of developing countries, to ninimize the occur-
rgnce and hamnful effects of chemical accidents and emergencies,




In this context, the TNIP Tndustry ard Invircnrent 0Office has
developed a handbook on "Awareness and Preparedness for TFrnercencies
at Tccal Level®™(APTUL), designed to escist decision-makers and tech
nicel personnel in improving commmity awareners of hazerdous ins-
tallations and in preparing response plans, should unexpected events

2t these installations endanger life, prcperty and the environment.

APEIL's overall goals are:

- Provide information to the concerned merbers of the commmity
onn the hazards involved in industriel operationrs in its neighbour-
hood and the messures taken to reduce these ricks;

- Neview- up-date or ectablich emerzency rersponse plans in the
local arce;

- Tncrease local industry involvement in community awarenerss
and emergency response planning;

- Tntegrate industry emergency plans with local emergency
response plans into one overall plan for the ccocmeunity to handle
all types cof emergencicss

- YTnvolve members ¢f the local commmumity in the developnent,
testing and implementation of the overall response plan,

Escalating environmental concerns in recent years have caused
a proliferation of new environnental resnlation:, souctinmes at the
expense c¢f cound eonergy policy. The environmental movement and
consolidation of the petrochemical industry, has been and nay well
continue to be the dominant trends of the 1991-1995 period, affecting
every sectour of the petroleun, chemical and pctrochemical industrie.
(22).

Tt i: imperative that the industry irprove itrs performance
with regard to product stewardshin, plant cafety, emissions and
mste minimization, By the tuin of the century, the chemical and
petrochemical industry mst produce les~ waste, reduce emis<-ions
Arast’cally and operate even more cafely than today and, juct ac
importantly, the public rmst recognir -~ . 5 progrezz (28),

Tndesd, 1991 berins a dccade that

new environrental awareness, Apprehencionz alout moan-induced glohbal

5 beralcded &s one nf

changes in the atmozphere and :nmc recent tragic experlicnces wilth
tachnologlical malfunctions rueh 2+ human and environnentsl Aise~texr
nt Thopual, Chernobvl end Valdnz have precipitated a Ztrong current

of nublic concern fur the conceaucneces of environmentel deter ora-
t2on, hor Cera trocie e 2911 penanhie avonts cuch nn dome e o
e TPlaa®T Tocard 0 2 tan s Koo In the Adrietic ferve to reinfuice

|
oy LI W NN T- ST C AT snv.iroanimeont .n ncirdl,
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Thirs concern has spawned orsanized groups that are effective in focus-
ing media attention on environmmental problems and in translating that
attention into political action (28).

Great Britain's Parliament is expected to pass strict new en-
vironmental legislation applving measures of taxatiocn to discourage
industrial pollution,

The German Govermment is considering pascsage of an environmental
liability law and an environmental penal law - both aimed at putting
teeth into environmental regulation,

France has & new "plant vert” aimed at improving air and water
quality and in Ttaly, the influence of the "Green List"™ on elections
has resulted in the creation of a new Environmental Ministry and
consideration of legislation to substantially improve air and wvater
quality,

As Western Turope moves closer to 1992 and the unification of
its markets, the European Community is attempting to standerdize their
environuental controls. Tm eddition to focusing on the atmospheric
azone problen with n agreement to han chlore-fluorocarbhons by the
arid of the century, the Turopern Cormnmity has resulstions piroviding
£or the application of catalytic converts on medium and large size
rutonohile=, and - tntal <chift to lecd-free ga-~oline,

Additionily, the Tuaropeon Co-umity is oveluning resmlation
t~ cover hazardons wriste disporal, volctile or nnic corpounds and
evaporative emissicns, It s al:o sanining  the po~siblce applica-
tion ¢f civil 1iability provision: to producers and disnoser of
chemicrl wvastes,

Wh-:le Pon-Azia ceooperation and public advoecacy have not heen as
ctr ng a factor am ng the Pacific Nim nations, enviromuental end
health ¢mcerns nre heving an impict on individual rovernmental
actions iIn manu of those natfons,

Tn Japan, edvancer have been made In energy effic.ency and
raastires ere heing taken to <harply reduce pasrticnlate In dle-el ’
furlz, “tringent 1 mitationz have also heen placed on sulphur, :iIn
oil fuels, causing Japen to pay a prerium for law-sulphur, Asin
crude end dramatically increace their inports of liquefied natural

cac.
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An active lead-NMuel phasedown is under woy in both Xorea ond
afwvan,

As for North America, clean a2ir requirerients are Dressing a

hoszic reformmmlation of petreleum-based fuels, ZSulphur content in

diese) i: being reduced, Lower gasoline vaper pressures are being

raquired, and the content of henzene and other arcmatic:s in Zasoline

is being lowered, Wew T2 plant ermission limitatiorns reducing btenzene

release by 95% will require costly nlant modifications,

The remmlations eimed at controlling toxic pollutants will

affect evervthing, fror 2ir and water emiscion:z teo =iudge ancd wacte

disposel practices,
nvircnnentally driven fuel specifications will advance the

roduction cf reformalated fuel:z and slternative fuels such as

rnethanol and cormprezzed natural gacs, Likewise, new requirements to

lower hvdrocarbon ericszions from foscil fuel power generaticn plents

will increeze the demand in some markets for TN7T, Large investments

will be needed both tc facilitete product changes in the incdu_try

and to meet new and exiicting environmmental requirements.

Between now wund the vyear 20CC, coxts of making technolegical

chenged driven by new ndustrial demands, together with cozts of

coupliance for existing plants and facilities could exceed 12C

billion TS dollars, and this jJust for North Americz, ilestern Europe,

Japen, Xorea and Taiwan,

Then there will be capital demands for environmental cumpliance

in other nations ac well, Cocts to upsrade and meet environnental

pality control in Zacsteim Turope and the Soviet Tion have bheen

roughly estinated «t 200 bBillion UT dollars over the next two decan

[SBOFY

The procpects of nearly doublins worldwide capitel requiremcntc

to -atinfy environuental requlrements may constitute it owm

Pfuture shocl:™ for the industry, its investors and consumers o well,

™ Section 3 we cxamined the extent tc which cleaner techn~lon

cier Tad heen adopted dur‘nz the develonrient of the netr-chermical

industrvy, Tn th': rection we ancec- the fnture scope for the Aevel:p

rent and ~deption of cleoner frcehnol.ogies in patrache~'cal protuct on

and the conctrounts 40 thie prncess,
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We consider separately the future use of cleaner technologies'
with respect to:

- basic process technologies}

- recovery and recycle of unconverted feedstock and by-
products}

- recovery and reuse/sale of by-products.

In the petrocheamical products examined, only few could be

stot adbiihing 53

said to have developed cleaner process options, although clearly

the degree of reduction in emissions/wastes or energy/raw material
requirements realized by these options varied considerably. So
did the level of their adoption. It has also been pointed out that
certain cleaner process options involved environmental Qr-do-offs;
for example reduction in difficult/toxic emissions may be achievable
but sometimes at the expense of lower product yield,

Taking into consideration the petrochemical industry as a
whole, considerable theoretical scope exists for further adoption
of cleaner technologies, particularly in monomers synthesis and
basic petrochemicals. The practical and economic reality may be
different and, as it will be seen, is likely to vary considerably
among petrochemicals,

In several of the larger petrochemical industry plants parti-
cularly those in more sensitive envirommental situations, large
and relatively sophisticated effluent treatment plants have been
designed to receive emissioms from several plant processes,

—

The existence of these treatment plants could well have some
influence on whether or not cleaner technologies were selected in
the future, ,

In the last 15 years the degree of recovery and recycle of
by-products and unconverted feedstock, whether to the original
process or to other processes in the same plant, has increased
significantly in certain bulk chemical processes mostly petroche-
mical, polymer and organics production, In this sense the recycle T
of aqueous effluent can be considered a cleaner technology, although
as certain contaminants builé up in the recycle stream they have
to be blend £f and disposed of from time to time. Furthermore, in
many large complex petrochemical plants there was an increase in
the recycle of by-products,




Although the situation varies between the petrochemicals, it
can be seaen that for the case studies examined where future new
capacity is being installed, overall there is a reasonable like-
hood that cleaner technologies will be adopted. However, as already
stressed, local factors will play a strong influencing role in
the particular process investment decision,

There is, however, undoubtedly considerable scope for furhter
recovery/recycle of by-products and unconverted feedstocks.

The introduction of cleaner techmologies in this form will
take place:

- since they can be shown to be economic in terms of increased
yields for given input of feedstock;

- because they offer lower cost alternatives to other waste
disposal, emission treatment options;

- to comply with environmental controls when no other alter-
native exists,

However, even when the conditions listed in the preceding
sub-section are potentially applicable, there may well be reluc-
tance on the part of petrochemical companies to introduce such
recovery/recycle systems for one or more of the following reasons:

~ they may be seen as a high capital cost solutionj;

- uncertainty over whether potential increased yield will
actually be achieved;

- general unfamiliarity with the processesj

- concern over contamination of desired end products with
by-product derived impurities,

The theoretical scope for recovery and reuse/sale of by-
products from the petrochemical indusiry is very large indeed.

The theorctical scope for recovery and reuse or zale (outside
the plant) of organic by-product:r is nl-o very ccnsiderable,
“olvent raccverv is the most widely precti-ed non-in houre
recvcle recovery method, The incrense in encrry costs ha- tipped
trc rconnric Falance in favour »f in hourse corbuation ~f impure
organic wrctec versus purificat’on/recovery of the orgonic
by-product itself,

Con-treints to recovery/rcsale are made of technicnl end eco-

nomic factore and may be surmarized as follows:
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sale of by-products has been in several instances the difficulty
and associated costs of obtaining a product pure enough for the

market, Such problems exist in certain plaster applications, and

«

for ammonium sulphate when recovered from acrylonitrile/methyl

methacrylate wastes to be used as a compound fertilizer ingredient.

in acid concentration and certain recrystallization p- ~esses,
Costs of alternative raw material, The fact is that the cost
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of the alternative raw material is often not high enough for re-
covered by-product to be cumpetitive, This is the situation with
ammonium sulphate in most parts of the FEC and can be the case

with sulphur (versus double contact so,,
few years, ammonium sulphate recovery economics have improved.

recovery)., In the last

The fluctuation in alternative rawv material prices adds to the
uncertainty of sufficient economic return being achieved in
by-product recovery.

the b;:;r;;;;t to ;;;k;t outlets can ;o a critical element in
influencing the economics of recovery/reuse of by-products.

Shortage_of capital funds, Investment in plant capacity
for by-product recovery often assumes low priority in competing
for limited available investment funds,

In spite of the fact, recovery of many by-products for reuse
is already a much studied subject, and the petrochemical industry
is mostly well aware of the potential opportunities (end constraints)
to this application of cleaner technologies, its significance in
relation to reducing waste emissions is such as to warrant con-
tinual review.

Destruction of volatile organic compounds via catalytic inci-
neration is used by a variety »f industrial sources, Several cata-
lyst forsulations are sold for this purpose (platinum or palladium .
predominate), used in fixed bed or fluid bed systems,

These systems were distributed across the following industrial
categories:

- solvent/coating application and drying: 604

- organic chemical and petrochemical
production: 15%

- miscellaneous processes 254 ,

Results from study provide data showing effect of incinerator ‘:114




operating conditions and volatile organic compounds, waste gas
characteristics on compound specific and overzll mixture
destruction efficiency (29).

5. ELEMENTS OF ECONOMIC ISSUES

Recycling and low waste technologies do not only decrease the
environmental impacts of industrialization and hence development,
but they usually also cut down the energy consumption of the

it amuieiias S5

process, hence additional economic and environmental advantages.
Through recycling and low waste technologies we are approaching
the cycle of energy and matter in nature, which takes place with
minimum energyvy consumption and least envirommental impacts,

A comprehensive cost/benefit analysis would give us a true
account of the advantages of recycling and low waste technologies.
But, unfortunately, these cannot be undertaken in every case because
many of the environmental benefits of these technologies are long-
term ones and it is usually difficult, if not irpossible, to expres:
all the environmmental benefits in terms of money.

From an economic perspective onc may summarize the state of
the art in the analytical handling of risk management of environ-
mental hazards, Economic theory is not able to provide genexral
solutions given the present state of knowledge. lconomists are
groping feor sclutions of special cases and trying teo overcume
the Aifficnltier involved, Tt is conceivable thet is no generzl

rolution to the derign preoblem in the fece of uncertaint:.

-

“Fers yecrcling  io the main colution, en entreoprenanr wioll
n:-t imdertzlke reerelln "mlenr ks expected henefit~ wre greater
than predictadbie costs. Tecyeling cost: Includes energy, virzin
material:s, capital coat, operating conts, dispozal of residuern,

storae and transportattion,

nmergy cocts are an important variable and if for a given
waste aterial requires large inputs of energy, this cost may
becnine crucial in the decision whether or not to recycle. The ?
most .mportant facter here is whother the market price »f a unit t
of untreated waste material is higher than the cost:s of energy
required for i*s collecﬁion.
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The cost of processing waste materials is particularly impor-
tant among the operating costs of the recycling industry, which
has some cooponentssuch as:

- endogenous component derived from whetever production
process is selected;

~ exogenous component; additives, auxilisry materials (e.g.
additives in lubricating oils have led to increases in recycling
costs);

- other ovperating costs: labour, materials,

Available technologies affect the decision to recycle if
if these technologies can improve the quality of the final product,
could narrow the price gap between new and recycled materials,

Credit conditions available to recyclers are affected by the
general political and economic situation and significantly influence
the decision to start or expand recycling activities,

The costs of residues recovery depends in part uvpon the type
and degree of contamination they have sustained. Furthermore,
the type of resource will influence the declsion as to reuse,
Finally, effluent charges, fines, taxes or regulations about resi-
dues not recycled but discharged into the environment can directly
increase the operating costs, If available technology can produce
substitute for virgin products, then the price difference will be
the primary criterion for recyclingoperation.

5.2, Anmerobic fermentation of sewage sludge

Angerobic fermentation is not & new idea, The waste material,
sewage sludge, is pumped into an airtight digester, where it is
heated to 35°C and mixed with the material already present. The
bacteria in the digester decompose the feed material producing
methane, carbon dioxide and small amounts of other gases, The main
factors affecting the economics of anaerobic digestion are the cost
of the digester, the alternative cost of treating the sewage sludge
and the value of biogas.,

A sewage sludge digester of 4,000 o
about 2,400,000 N biogas, the net power of which is equivalent
to 1120 kwh heat and about 675 kw of electricity.

will produce ammually
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In comparison with conventional fuels, biogas is considered
a clean source, because it produces about 1/3 of the coal and
oll cycles respectively, for the generastion of the same amount of
electricity. It also produces no particulates and about 1/3 the
NOx of the coal, 01l and natural gas cycle,

If the sewage sludge is not treated in a bioges plant, it
should be treated in a biochemical plant; then the current cost
of constructing such a plant is little higher than the biogas

altermative.

5.3. Anserobic fermentation of organic industrial waste

Petrochemistry, textile, leather and fcod production produce
a great deal of waste containing organic substances. In many
countries the legislation does not allow storing of this kind of
waste without stabilization of sludge, which is normally done by

neutralization, comp usturing or burning. The above mentionesd method

of atabilization has the disadvantage of wasting the vast amount
of energy of the sludge. In some countries it has been calculated
that in this way an amount of energy corresponding even to 10% of
the whole encrgy supply of the country is left unutili=zed,

The itethane fermentor consists of one or riore mnits, besins,
stirrer, nece: :ary ammature and nicasuring instiumente. Tn the

process the volume of the organic substonces diminishes up to 907

Abmt 1570 of the produced cnersy i: needsd by the fermentor itrelf,

This results In small digestesr velume and cimple, campact cons-
tnztion,

The proce~s has Yow service costs and i: adrniadble on lares
zcale, Apart foom arnvirenmental advantages considernble ceoot
revings ere acliieved in view of eliuniinat:ng the ctebilization or

nertralizetion proces~ n1sed in caze of conventionnl technolocsyr,

5.4, Tuel rar deculphurization

. considerable part of tho air polluting sulphur d.oxide
emissions originetes from coal and oil firing, There are several
different procesnes aveilable of which:

~ regencerative m ethods sulphur dioxide utilized as sul-~
phuric acid for making fertilizers;

- non-regenerative methods, producing calcium sulphate and

calcium sulphite,
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Yost of plants operating in the world belongs to the last
method, which is typically chemical process, including several

process phases and handling of solutions and sludges,

The most irportant raw materiel is limestone, needed for one
tone of sulphur about 4-5 tons, consumptions of electricity o,2
kw/Mw and process water 60m3/buh. The investment costs of the low
waste technology is about 320 US dollars/Mw heat of the output
powver.

The content of NOx in flue gases is fairly low thanks to
the low combustion temperature of the fluidized bed boiler
(8%0-900°C). Practically, there no thermal NOx develops at ell,

The NOx developing from air also remains small, in comparison with
conventional boiler, A survey of present knowledge has shown that
one of the promising method to reduce NCx-emission is the appli-
cation of staged combustion at individual burners, the so-called
*burner staging®.

"Burner staging® involves mixing the fuel with only a part of
the combustion air, se that initiesl reaction takes place umder
fuel-rich ocomditions and combustion is completed as the remainder
of the air is mixed with the combustion products. By this process,
fuel NO formation can be restricted in the primary oxygen-deficient
combustion zone., About 30% of NOx could be reduced using the low-

vaste technology, but the necessary savings due to this produc-
tion in NOx emission are difficult to eztimate,

5e¢ 5« Petrochemical production

Any attempt to understand the likehood, or cthaerwise of .
avallable cleaner technologies being adopted in the future, requires
an appreciation of the principal factors likely to influence the
petrochemical industry.

The principal factors that enter into process investment
decision-making are shown in figure 5.1, while the net effect of
economic factors Is almost certainly the principel influence on
process technology selection, other factors also directly influ-
ence the decision,
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The particular situation, the petrochemical involved and

the process options available will determine the relative weight
of the influencing factors including environmental considerations.
“fnvironmental factors more often influencc the decision indirxrcctly
because of their capital/operating cost implications, rather than
- dlrectly, It can often be the case that this indirect influence is
not very strong.
The fcllowing sub-sections discuss the manner in which the

factors identified can bear upon the selection of the basic procesrs

technology.
Capital Costs

- -

Y e The relative irpportance of capital costs to cverall! rianufac-
turing ccsts w.ll depend, among other things, upon:
- plent s.zej
- sophisticetion/type of plant;
- new or existing sites
< - environnental control resulations.,
Plant size,

] A crucial factor In influencing the development of proce:s
technulogies has been the decire tc achieve economies of scole,
althoush it hiaw been recosnized that optinue slze for nlani capa-

N\ ¥ city exist. Zome pyrocess technoelogics, usuzlly saseous rather than
liquia phucze, lend themselves mere ensily t- scnle up (L exparsion

1 e

at o fuiure date), Thess may be cleaner techn.loz’ 2o, Tut no” ne-

w7
~ cotrnrily.

frcother notnd L0 the Umortsnee of plant si7e vt rerpoet

Ly e seonsides a0 seale, of aris Tum/-"Tlucnt trect snt plant.
. ® - - a— ] C T, L - - - - B4 - - -~ L.
Ty I teen, IR nlluaercs tho copmrimnt nos? o Tn 2017 akarnc
ol v T A~ e
ool c .

T™mec of plont
T:n tvpe of plemt, the n Zar of stager, aophl et catiomn ete.

will drtemiine the veral cost ol BUll cherlicenl monulactur:,

Toecaticn

The 1 cat’on of tre plen? wil) affect tr czp tel cost In
te-m~ ~f local construction co-t-, and the level of rrant:/ficcal
incentiver ava.lable, But prithably even more cost influence is

whether cornztruction takes plane on a new or existing zite, The
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usuzally hisher costs eof building process plant on creenfield sites
tends: to faveur construction of a new process plant on existing siter,
where this is possible, This, in twan, introduces the iamportant foc-

tor of the cxzistin~ nlant confijwation, which will be discucsed

Mfnvironmental controls
Stricter environmental controls ncrmally tend to increccse the
s 245! coat of process plant and in thic way con indirectly Influence

the zcelection of proces:s techrolory,

s

2:ating Costs

~uch costs cen vary consilerably between prcocecs options., The
co=t af anvironrental controls or waste disposal can zometimer he
cuffic.ent to influence the <clection or proces: technolorsy. “ther
clorents of uperzting costs zre discusced in the following wuh-
recticns,

Although o cepital intenrive industry, the influence o labour
cozts on total petr Jchomical production costs chould rot be under-

astimatced,
Caetalyst Corts

The consuption of catalysts by the petrocheniical irmau:try
IooIn itrelf on furue within the it of clezn technologler, prz-
ticulorly  vwhere the materiaol i, 2 = ”c/prccﬂuu; rietnl, ceZe malvoly,

- - M ame a= N - . 9 - - 5 T L EEE M - - ™ . —a .
Satinim, ™o sovaty of the cntalvet rav raterial Le,0l condio, To-
j ) ’
Fahd 1 - - . P
flectad In Lts price,

foneraliy vpea%ing, the benelit of incocased yvicld/rednead

cnerating cout:r comferred by catalysts concidorably outwelh: thedr
custs, cven vhen cotalyrt coctr ore Digh and 1ife tline Lo relativeld

‘hort, Tn otker words, mnormel petrcchendl

c
nerpmutic Poreen is tmliliely to lead to zdoption of procar tocih
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Taziet Tocters
Apart from having ome, Tut bvr ns means overriding, Influonco
: s tre location ¢f new bull chermical process plant capacity, marke?
- foectors con ocensiconally influence the choica cf procesr technel:s
In cthrer rroopect~, Thiz o he & favce zeting 27thar Snr O oaszming
tre adeption «f cleorcr pruce-nz technolszier., Tur exAarDle:

The lower ~ncr;n 7Y cuspens’om Nrocsss cnrnst et 213

c@rttet preffientliors roqulred £ the proelvel,
. Th: Tood Indurts roeuived TVT produicars to lowes the 770
cortent of cextmin YT pactegins matorlalc,
- Tmdead, tha nuic 4 Toovp o0 ATt ediv 2o ctnotonint o the
N Lttt o sel-aT T lldy LT caxTErin Yronroducsts,
Tyiotln. Tianmt Tornfo—mimatiom
T has oloocd hant motod that peils ccliemical cuipaiiies enpe-
o LAgIlCC Cruile ULl SCLRULLC auvanRita,ue i €XpaLiuIl vx budida
iew petlucliiew casr pruuuctiun  capacity un exasvang ratiice than
\ wrcenl ficius witceos Tiese advanta e. stewm lroiug
- luwer sile prepacati-n/olf-site custs;
- lowes overiicads, cost of support ‘nflrastiucture/scivicess
d;\ - often local availability of feedstucls,.
‘§ The pirocess plant al-eady installed on the oite usually
V exert. strong direct, as well as indirect influence on the procecs
A\ - tecimolugy selected in the building of new petruchenical capacity.
This may derive frum one or moure of the following reasons:

- type of feedstock available;

- local outlet: fur by product:

- exl.ting spare capacity for by-product/waste/effluent
treatuent;

size of new plant defined by other process capac.tie:.
With rezard to the last point, the design of existing plant
‘ may be such as to allow Increased capacity to be gained through
& de-bottlenecking operat.on rather than the building of & new
train of proce.s plant:,

The net result of these factur, on the celect’ on of new
proce.. plant i. a tendency to go on using the pruce.. technoloyy
al.cady erpluyed, unles. therc are other overriding economic or
possibly environmental determinants. This tendency may be reinforced 1
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by opersational factors vwhereby a company's successful working

experience with one process technolcgy will naturally inclime

towards persizting with the same technclogy. There may &lso be

savir; ¢n prucess limcense fees, .
The factors mentioned above do not only influence select.cn

of piccess techinvlogies fur new capacity within a zingle plant.

Secause of the size of new plant capacities, larje chemical cogpa-

nies plan theirx wanulfacturing operations on a national and vsually

an international level., Therefore, althouglh feedstocks [oxr one

Process may not be available in  the same plant, it could be iwported

firom another plant within the group. The same point can occasionally
apply to the use of by-products as well.

An attempt to illustrate the expected situation in the year

2000, compared with the year 1986, regarding total amcunt cof petro-

chenical wastes and its destination could be the follswing:
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¢ rneration
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precess 2r 35
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pravention .. 5

100 100 .

Az it can be ceen, In the year 2000 it could be:

-~ an incregnse in the reuse and useful appliecation of woste

- ¢ decrenee in the percentare of waute bheing landfilled foom

- & decrecacze o2 5% in the total ancunt of wrote.
’
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v. INDUSTRIAL PCLLUTION CCH2RCL I CLVLLOPIULC CCUNIRIES

Covernrents of cdevelopinc countries ray nave oecaue
aJare of tne vast amount of pollution ana anvironrental control
lagislation waica nas been enactec in recait years.

uwovever,if Covernrents of developing couitries feel
overvielmec wita tac current growta of contreol legislation,ana
are finauing it cifficult to relate tais to tune iimnitec arount
of resources (votan financial aac tecaaical)wvaica tiey have a-
vailaole for nollution coatrol, taen, they may wisa to concentra-
te taeir efforts on tue .iajor sources cf pollution.These arc
205t likely to we inuustrial iastallacions involvecd witih tae
processing of foodstuffs anc tane procuction cf cihemicals.

It is most irportant taat Covemi=nts 3noulu 2ncou-
rage tie co-operation of Inwustry in tais ratter Lecause Incustry
is the main source of huovlecge about its processes. 1.ai3 co~
operation saoulu start at tae wvesica stage of a nroject.dne
Way to ensure tais aagpens is to see tnat industrial coatrol
pIoposals are cuiscusscce wWinel applicatioas for incustrial ueve-
lopxent licencas are present2c, Tnis can »e arrancec vy iacluu-
ing a section oa pollution control ia tae licencz application. In
tais ~ay winen apgplication aas oeen nawe, projects managars/con-
sultants can be iaviteu to Giscuss tuaeir proposals for coatrol-
ling tihe wastes lixkely to oe proaucec.

Taese atscussions saould cover: gaseous ewissions,
liguic uiscnarces,solic wastes uisposal,control of factory at-

mospaeres anu plant safety,risk assesscnent.
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Aay forr of pollution control must ve capanle of
alloving aiscussion between Covernirent tecnnical staff ana
oroject encineers. Follorinj tuese ciscussicas tae coatrol
procacures imposcd by Covemrents siaould aave taken into con-

siuveration tae follovwing:

a. Practical Aspects - Conaitioas of uiscinarge must
Je related to tae performance caaracteristics of tae pollution

control =juipneat available at the slant wesign stage.

». Financial Aspects - Some recaru must be paic
to tae cost of tie proposec pollutiocia control reguirements.
I1f Covernm2nts of Developing Couatries are anxious to 2ncou-
rage nev inoustries, tnis may be cifficult to achicve if toe :
cost of tie pollution control ejuipaent taey require is as

much as cae rest of tue plant.

c. Flexibility - Tae Control hutncrity saoula ve
arle to study eacin application oa it’s osn :m2rits. It suoule
be avle to vary rejuirencats accoraing to the size anc loca-

tion of tae project.

Tae information reguireu from Levelopers caa e
owtainec in tae form of a Juestiounaire attachec to an appli-
cation ror licence to buila, suca as:

Ceneral - ype of Frocuct, juaatity; Raw naterials,
quancity (Gegrec of toxicity); Fpplicants to suwonit site layouts,
flo4 suncets anu 'ass valance of processes involvec.,

hir Lumissions - Provicc uetails of tue flowv anc

compositicn of cxnaust gases, ¢iving proposals for metnods

) ‘.\
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of treatment, incluaiing monitoring eguiprant.

Liijuic wastes - Proviae uetails of flov anc coa-
posicion of lijuicd wastes (includiny an estimate of vater
conusuuption), giving proposals for aetnocs of treatrent anu
uisposal.

Sclia Wastes - Provide information on tae amount
of soliu wastes anu taeir corposition. If there are likely
to e toxic and lazaraous materials, give proposals for ren-

uering darmless.

Ra-use/Pecycling - iicjuest information on metinocs
to o2 usec for coasecrving vater anc re-using waste .taterials.

Jbtain iaforrnation on the possiole uses cf oy-products.

Factory Atiospieres anu Plant Safety - Cive iafor-
mation oa ncise levels, termperature anc ventilaticen, ligatinc
anc fire protectio.. arrangemeats for the faccory. Proviue ce-
tails of staffing,staff protecuion ejuipment, staff welfarc
(including aumoecr of toilats, w~ash oasins, cante=2is,etc.) anc

mecical supervision.
6.1. Control Procecure

on tic oasis of information submittec and ciscus-
sions wity tae project enyincars/consultants,etc. recommenca-
tions can o2 crawn up anc attacaec to any Covernrent approval
uocument enapling tae Leveloper to proceac vita the purcunase

ar. crection of tae installatica. spproval 15 usually given
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susject to tne Daveloper’s complying wita tae polluticn con-

trol recounmandations. Ly this rzans tae pollution control raguire-

Lents are regardec as an integral part of the project and the

20llution control ejuipment cost included ia the initial ca-

pital cost of taie project.

0a completion of tae erection of

tae nlaat, tae

Jevelopaer coulu tnen ve reguirau to apply for a licence to cor-

Lnenc2 manufacture. Cr, if tae nlant i3 locatew in an incustrial

estate or oa Coveramaent-owneu lana tie lease agraement coulc ve

astenceu to cover tais aacitional control. The purpose of tais

is to provice tae pollution control staff witn tae opporcunitcy

to caech taat the recomn=acations nade in the original licence

nave »neen comp-licc witii. Toe pollution control rejuiremeaits for

the op=2ration of tane plant, including the exvected composition

of discuarges can then ve statec.

It is of tae utrosc invortance tiat once pollution

control e:;juinment uas ween ianstalled, it suould ve regardea as

sart of tae prouuction process. It saoulc remain in operation

wineinever tne plant is running anc snoula ve regularly maintainec.

Ic wil: be for tae Covenmuaent tecanical staff to ensure tiheir

rmonitoring proceuures are aderjuate anc taat factory rianagers are

naue aware of any shortcomianys in plant performance. In cases

of ocrsistent disregara oy factory managers
rattcers, Covemrmment ofticers siaould be aole
factorics until arrors nave oeen rectifiea.

b.2. Pollution Control Processes

ihe pollution control prccedures

to pollution control

to rejuest closure of

anc cjuipment

suggested rejuire

-
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tne involvement of tecnnical personnel for taeir implerentation.

rhey are particularly iuportant ian tae initial stages of a pro-

ject if sounu working relationsuips with project engineers anc

consultants are to pe a2stablisaneu. rollution control staff in

P -

ueveloping countries may fina it useful to have some information
on tiae typas of treatment processes anc e:jjuipment wnicn they are
likely to encounter during tne course of tueir work. Zccowuingly,
tne rest of tae paper wescribes some of the prccesses available,
together wit.a sone guicelines as to their performance cnaracte-

ristics.
v.2.1. Processes for Treating Caseous omissions
A. Dry Processes

l. Chirmney Stacks - The heignt requirec« for a par-
ticular ciimney will bDe cepencent on the nature, temperature
ainc velocity of tue exit gases. It will also be necessary to ,
take into consiucraticn tie local weataer concitions. Tae onh-~
jective must be to prevent the ewission p2ing airected down-
wards to grounu level, especially in populatec arzas. If teni-
perature iaversion layers are a regular feature of local reteo-
rological concitions, tnen all practical steps saoulc be taxken

to airsct tae endssion above this layer.

2. Dust anc Cric Separation - If it is neccssary to v
remove wust and crit from gaseous eniissions taere are several
types of eguipnent available. Cravity Settlenent Chamwer3 are
wesigaed to reduce the velocity of tne gases 50 tilat heavy coarse

particies can separate out by falling into a collectimg aopper.

|
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Taese cuadwers are capavle of removing particles in excess of

15J) microus witn an efficiency of about 350%. The introductica

of gaffle Cuamuers, in wvaich particlas collice with oaffles,
cause tnern 0 lose momentum, Taey then sliuve uown the baffle
into tac aopper. The use of baffles »ernits tne use of 1igner

gas velocities (up to taree times taose for gravity settlenent
caambers) with a proportional recductica in the size of auimnment.
Irpingemnent Separators consist of a nunoer of baffles (crave-
zcical in section) wnica can be ficted iato aa existing auct if
neccssary. ‘They arc capablz of separatinc particulate ratcer
down to 1J3-20 microns wita an efficiency of 90%. They cal be
operatec at velocities up to 30 metres per seconc with a pressure

arop cf adout 37.5 mm water gauge.

3. Cyclonas - Yae cas2ous enissions are feu into tae
cylincer tangentially ac tae top. Tney taen spiral wownwaraus ailw
are ciscihargec viea a vertical tuve fittecu in tae lic of tae ;-
lincer. Cyclones can collect solics uwown to 10-20 ricrons in size
witn an eificiency of €5%. They can be operareu at gas velcci-
ti2s of up to 15-30 metres per seconc(ldy mm water gauwje oressure

uro,») at nign pressures ana temperatures (up to 1000°¢).

4. say lilters - They consist of a number of cubular
fabric vags suspenueu in a suitawvle container, Cases are olown
into tiae vags (vclocity range J,005-u.1per seconu) wien tae
sarticles are retained in tne incerstices of tne fabric. is tue
layer of solicus puilas up, the pressure drop across tne fabric
increases., wnen the oberation of tne filter Lecomes imvairec
oy tiae lacrease in pressure urop, it is taken of f-streain auto-
matically anc the vays are cleaneu by snasing the 30lius into a

10wl situatel in tan

as o . » y H . . Loy .
HdsC O Lae cfuipneateba; filtors can

!
4

{‘4

-

L Y -



- 198 -

operate up to 250°%¢ (derending on th2 tyre of fahric used) and
car. rerove solids down to 0,2 wicrons in size with an efficiency

of 96¢%.

5. Elactrostatic Precipitetors - these are used when
the terperature znd corrosivity of the gaseouvs erission renders
if ursuiteble for treztment by the use cof hag filters, The gases
ave rassa2d betweer plate electrodes set 100 rr apart. In between
the plztes are wire electrecdes carrving a hich I.C. veltage (30-
60 kV) ané the dust rarticles acquire an electrical charge. They
rigrate to the collectinc plates and &are removed pericdically by
vibration. Clectrostatic precipitators require a gas velocity in
the rance 0,5-3 metres per seconé, the electrical resistivity cf

tre dust tc be within 10%-1010

Ohr per centimetre, Thay are capeble

of rroducinc a reroval efficiency of 99% and cf collecting rarticles

down tc 2 micrens in size,

R, Wet Processes

1, Cravity Srray Scruthers - The waste cases are passec

into a cvlinder fitted with water sprays. The dust is cantured by
the falling water droplets and is collected ir the herper below,

This mechod is capable of removing particles down to 10 microns

with an efficiency of 70%. The exit velocity cf the "cleaned" waste

gas has to be kept below 6 metres per second tc prevent the entrein-

ment of water drcplets,

2, Gravity Packed Tower Scrubbers -~ In this equiprent

the waste cases are passed up a cylinder ccntaininc suitable

packina material , down which the Jiquid phase trickles., This pro=

cess is more suitable for dilute dust suspensions (to aveid wn-

due bleckane of the irterstices ~f the packine) 1t cen re-

sl saniaiins A0
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1.ove particles wovn to 3 microns Wita an efficiency of vus.

3. VYenturi-ty)i2 Scrubuers- 7Tacse cal exist ia two
forms; in cn2 tae waste cas vasses tuarouga tiae Ventari anc wa-
ter is urawvn in at tae Venturi tnroat. Turbulent mixing occurs
AinG tae mixture then einters a cyclone unit for separation.In tae
otunzr fon: water is numned tarouga taie Venturi anc tae waste
gas is aurava in at rigat angles to tac £1ow at the tarocat. rie
Lixture passes uown iato a separation caamber ance tae cleaneu
gases exit througi a veat ian tae top., 3otn rethods are capavle
Oof renoving sub-micron sizec particles (uown to 3.5 micron)

wita a maxinum removal efficiency of 99-99%.

4. viclogical Scruboers - Thes2 can ke used in
2itner of two foras. Biological Sprays are gravity spray
tspe unics in waica the lijgulce 3pray contai..s a biclocical ac-
tivatec sluuge. rais syscen 1as oeed usew for rewmcving Si-90%
of solveits present in waste air cuaissions from paint-svraying

opcrations

viological Filt2rs are paclec-veu scruyvers ia
walcin tne packing can w2 peat or soil. Taey are capable of re-
neviiag odours, sulpaur cioxiuce anc oxices of nitrojen anc nave
veen used for treating emissions from rendering olants and

maggot farms.

6.2.2. Processes for Lealing witn ILiguid Discharges

Any lijula discaarge from an industrial installation
nust be of suca volume anc composicion taat no Jdamage is cone tc

tne sever fanric nor siiould it cause ény ueterioration to tpe

it
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operation of tue sewage treetment vorks. If tihe factory waste
i3 incenced to be cischarcec to a river, taen it shoula not
cause camagye to the flora anc tae fauna.

If it is not possinle to discnarge ligquic wastes
directly tc a public sewer taen the following processes may D€

reqquired to renuer the w~vastes suitable for discnarge.

Pnysico/Cnemical Processes

1. Flotation - In tais process, particles less uense
taan water are collectedu in tanks froa which they are reriovec
vy scraping tne liyuid surface. The removal cf oils can oe im-
pgrovec by alloving tne waste to flow pbetween inclinec plates.
‘tae process can also be enhancec by releasing fine tuodbles of

compressed air at the vase of taz flotatica tank.

2. Sedimnentation - 1nis involves tuae separation of
suspendad 30lius by recuction of waste flow velocity. Yne process
i1s inwepeincent ot the snape of tile settlement vessel but tihese
are usually rectanqgular or circular. They are fittec witn ejguiop-
lent to remove tae solicds on a contiaucus hasis, if the juanti-
ties involvec warrant it. Cherical additives can be used to
accelerate the settling rate, and to precipitate cissolvec toxic
metals. Suspendec solids removal efficiency is usually about W%
(Cepencent on censity anc particle size) anc this can be increascc

to 390-9yo% witihh the use of cacuical flocculants.

A2robic biological Frocesses

Tinese vrocesses are carried out using aeropic wicro-

-
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crgan .as; wWwilich assimilate carvon (present in tiae organic cae-

micals), nitrogen, phosphorus, sulphur anG other trace elements

sresent ia tne liquic wastes. In addition they require oxygen

to complete tue oxicaticn of tae organic matter, with the produc-
tion of new cells anu tiie release of carbon dioxiae, water, etc.
Tiaere is a wice range cf aeration/mixing devicas availavle to
provice the oxygen reguirement anc threse can be collectec into
tarec groups.,

1. bubble Aeratoxrs - These include "fine bubble” (porous
uiffusers) "coarse bubble™ (non-porous ciffusers) ancd large bubble
wvices, "Fine bdubvle® ciffusers have, for many years, s2en nace
front grains of silicon dioxice supporteu on a ceramic bincer. !.or2
recent typ23s have been .stanutactured from plastic-wrappec tubes
anc non-clog rubber. They have aigh aeration efficiencies (up to
2.2 kg ./kwn) but are uepenueat on aaving a very clean air
supply. -

“Coarse bubble" acsrators, are iin essence, perforatec
plp2s wita or witaout sonc form of aon-retum valve. Wne size of
aole is not critical, as no oxygen transfer occurs at bubule for-
ration. 1ne degree of oxygen transfer is wependent on tne length

of time tne bubosles remain in suspension.

k "Large buuble" aevice, wiich is also an efficient

mixer, consists of a sunken caamber coatinuously filled witn aizx. ’

i

’/.4

Wiea the cnamber is full, a large bubble i3 releasec up a vertical

twe (urawing in tank lijguors oeuindc) to tne tank or lake suratace.

2. Mecaanical herators - Tnis type of acrator is bvasi-
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cally a specially cesignec stircer whica rotates just bclow tae
surface of the li-juic waste ancd is maintainec in the cpti.aun ope-
ratiny position by supports mountec on flcats or LY being attacihea

to a rigic platform.

3. Fixed Beu herators - In the case cf fixec seu acra-
tors (unistorically knowa as tsickling filters) the waste liguors
anc air pass over the micro-organisms waicn are retained on a
support mecium. In tae past tais supporting mecium was inert in-
organic material (for example basic slacg, clinker, gravel,ztc)
put in recent vyears many forms of plastic supports nave Deen
produceu. They have veen found to oe particularly effective in
treating wastes from food processing factories,breveries, fer-

mentation processes anc chemical plants.

Anaerovic biological Process

In the aerobic process the end products are carbon
Gioxide anu bio mass. Witn tae anaerobic process the main proauct
of interest is metnane (with smaller Juantities of carbon Cioxice
anu bio mass) and tais can be used as an alternative fuel. ilne
optimum temperature for this fermentation process is 33-38%C aac
tne gas procuction tnat can e expectec is in the range 0.26-0.5

m3/K9 C.0.bL, applieu, witih a C.C.L. removal of ¢5-95%.
Processes for Lealing wita Sclic Waste Disposal

For the purpose of tais paper the solid wastes likely
to arise from incustrial installations nave been diviaec into

tne following taree groups: Sludges produced during plant opera-
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tions, ~on-aazarcous wastes,uazardous wastes.

1. Slucges - There are several types of cewatering
equipment available. Plate anc Frare presses cewater tue sluuges
taroug. woven filter cloth, usaally uacer a pressure of (-7 oars.
“he resulting filter caxe is likely to contain 50-0uU%s noisture
anu will ve in a suitable fora for transportatioa. Rotary Vacuuu
Filters coasist of a revolviay drum fitted with a suitapnlz filte:x
clotn, anc this is half submerged¢ in a tanx containing tae sludgc
suspension. As the drum rotates, vacuum is applicc anu liguic is
crawn tarougin tie filter clota into the crun. Belt Presses are &
nore recent cevelopment and these provice a draining period
(auring wnicn most of the li-juiu is removec) prior to pressing
tac sludge Letwzen rollers. Jnlika the olate anc framz presses,
caz velt presses operate coatinuously. ‘hey are cavanle of pro-
wucing Jressec cake wita solids’ concentration in the raince

30-5J¢%.

Ceatrifuges (boti norizontal anc vertical oowl types)
are available for sluice wewatering apnlications, osut taey sean
to ve preierrec for tae cewatering of crystalline sludges. Yaey
Jave been useu for tae uewatering of ciological sluages out iloc
preakuown can occur, cue tc snearing torces, wien the feeu maxes

contact witn the centrifuge bovl.

2. .lon-h,.azaruous Wastes - Landfill Sites, waetaer in
the control of tne Local Coamunity cr Incustry, rejuir2 to oe
correctly designed before use. Initial surveys shoulc e rade
to locate a suitable site. They should 2 3ealeu wita an inper-
vious layer (for example clay or suitavble plastics) anc a drai-

nage systen. laic to collcct any lcacaate. ~ny 1iquors urainiag

-
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from tips will be nigaly pollutinj anc will require treatment

vefere ciscnarge to rivers,etc.
3. lazaruous Wastes - Tiaese are likely to be only a

stall proportion of tue total solid wastes rejuiring disposal.

It aas already baen sucgestec taat Incustry saould be responsiole

for u2aling wita all its anazardous wastes anc tnat it saould

£+ nazardous wastas
1

ce-toxify ther. bafore releasing tiem outside its jurisciction.
~<

In cases waere it is not feasible to ce-toxi
cneuwically, it may be necessary to resort to incineration.It aay
e possible to arrange to nave wWastes ournt in a nearoy kila (for

example at a cement works). If aot, a suitable incinerator will

ve requircd.
¢.3. Plant Safety
1. Icentificaticn Systems - Considerable efiort aas
DLen waGe in recenc y:2ars to avoia confusion in the lahelling
of caeiricals etc. There are nov intermationally recogniszc mar-
%iings waica snoulu be used. liazard wWarning Signs saoulc pe fixec

to all chemical containers sc tkiat tie nature of the oontents
wuld be labellec in suffi-

!-'

can be reauily seen. Road tanxers 3i

cient detail (for example, with LIALCiiLI! rarkings) to enanle their

contents to Le safely hanclec by rescue workers in an emergency.
Pipelines anc Cas Cylincer Icentification snoulc be carriec

out using an internationally racognisead colour code sciene anc
copies of the colour coce in use snoulc e displayec at suitable

sites in the tactory. Chewical Packaging saould show visual

waraings as well as written information to inuicate any cangerous

groperties taey may aave, together wviti nandling instructions.

.
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2. Safety ijuiprent - Fire extinguisners will boe se-
lected for cifferent uuties (for examvle non-water types for use
waere electrical ejuipment is Involved).

sreatiing Apparatus will be reyuired wnere potentiall:
toxic atrospneres coulc occur.

Fire anc¢ hazarcous Cas Alarms both visual ana aucible,
togyetner witn emergency lighting anc exit incicators «4ill also
~2 rejuirec. It will be necessary to ensure taat all safety ejui,.-
nent is regularly maintainec and inspactes and, in some countries,

tae local fire authority will carry out tais work.

3. Traiaing - All staff must receive training ian the
operation of all safety ejuinment anc in plant process operations.
Yais training is usually given by the .-juipnent suppliers or
2lant cormissioning eajyinears. It ~#ill he for tae pollution con-

trol staff to ensure traiainc is carricd out to tucir satisfaction.

4., Storage - The storage facilities for raw icaterials
and finisncu procucts shoula also be establisned at tie design
stag2, There are labelling systems in use (for example one d2-
viseu Ly the loncon Firs srigace) and taese saculd be aaaerec to,
to prevent tne adverse accicental reaction of ncon-compatible
r.aterials. wWarz2hous=5 shoulc heve sprinkler systems installed
(or iaert as systems) w.aere inflanniable substances are lincely
to be storeu.irainaqge £fron warehouses, or external storage araas
(incluuin; tanier unloading anu cleanin; »oints) saculs oe direc-
teu to emergency .oldin:; tanks or basins 30 that any caiagerous

caeaicals can we rencered harmless before removal from site
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v.4. HYonitoring Procecures

Tae paper nas enu2avoursc to saoxw tae necd for pollatioan
controcl to comzence at tne acesicn ana vlanning stages of inaustri-
al cevelopuent. It aas suggestea that tais work siaould b2 carriau
out by tecnnical perscnnel, possinle a small tear with a combined
experieace of all aspects of incustrial process uesign anc ope-
ration,

Once an incustrial plant has been cormissioned, tae
main concern for the pollution control team is to see tiaat the
20llution control ejuiprent ana monitoring apparatus is properly
calibrated and maiataineu. This aspect of the werk must be takein
very seriously, especially by plant manageaents,in view of tie
rajor factory accidents whicih have occurec recently. Tae woni-
toring team will nave to make regular, unanncunced visits to
establisn the plant is being run correctly, anc to offer advice.

Witn reygyara to ronitoring factory atrospacres, tiis
can be carriec out using fi2ld testing kits in the first instance.
Tiere is portable equiphent available for the measurenent oi teai-
perature anc humidity, noise, and the semicruantatative analysis
of trace caemicals in air.

Tne nonitorinc team snould also attend regular test
runs cf stanudy safety egquipment (for examcle the testing of
"cut-in" arrangements for standly Liesel electric generators
for fire-figntiang purposcé, These conrence operation autorati-
cally in the case of failure in the mains power supply. %hey
should alsc witness the testing of safety gas scrubhing equlio-

ment such as tihe type installed« to "neutralise” the accidantal

. Y S




release cf toxic gases (for example chlorine).

It is firuly kelievec that a small knowledgecable mo-
aitorin. tean, read to helyp anc advise, rataer than concentrating
on tae implenantation of the fine cetail of legislation, is
lixely to vromote tae respect of anu obtain a fuller co-operation

with Inuustry.
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7. List of 'anufzactures

relézir Lirited - Irocess Corhustion ’reduct and Services
Frofile, Pyrere House Steazines Foad West Sunburs-on-Tharmes

¥idélessx TW 1€7 Pr,L, Fax €9327€¢ 1375 - Inagland

g, Incirergticn: submerged corbusticn svsters, rctzry kilns,
zffluent treatrent, scrulber svsters for ermission control
wasts heat recoverv, acid reccvery

b, verorisatior: heazters for direct or incdirect varorisaticn
of lew temrerazture fluids such as TG, nitrcgen, oxycen
=né 106

c. nrecess heeting: hich-efficiencv packaced heaters for
ell rrocess heatinc arplicetions

¢, service: Kalcdair-Thurley offer z corrlete turn-key sclu-

tion te Clients for nrccess combustion requirerents,

?,3.,3, lurrus Crest OrbH - Cermany
&, Flare gases

h, Safety valves

c. Seal oi? svsters

d, Fecovervy syster

[udenstr, nn, [-W~-€800 Manheim Fax (0€21)3,88,26,58

Sirrerinc-Grzz-Pauker 7,0, trehmrstrasse 1€, FP-1110 Wian
Pavkerwerk Siemensstrasse 89, P 1210 Wien, Tel (0222)252525
Fex 11 41 13 Sép

Fiuidized bed - corbustion systems plant, Design based on
practical exmerience, The fluidized bed syster is basically
suitable for the most varied fuels and has advantages:

lower emissions t™an with steady-state rrocess, hicher burn-
vr rate iz tr the intenss cnrtact ﬂétween fuel and cwynen
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ancC loncer rasicduence time, eccnomiceal arplication zbove
§0 ' (therwal).

retrodesiagn S.?. Bucharest, Ciderea Bastiliei 56-58,
Ferania - Fax 12 00 93

Flere azses, safety valves, seal oil systers, recovery

sl soniaibus 4

systers, tarks, instruments, Turn-key services,

Krauss “taffel - Process equiprent for environrmental pnrotec-
ticn: centrifuges, filters, mixing equirrent, centrifucal
evarcrators, reactors, liquid-sclid separation lines, micro-
procassor cortrels, '
Krauss-“affei str, 2 D-W=-8000 Munchen 50, Germany

Fax (089) 88993299

Plfa-Laval Industrie GrbH : cenrtrifuges, plate heat ex-
chancers, spiral heat exchznaers, decanters, separators.
wilhelnr-Beroner-Str.1, N=-W-2056 Clincdeb-Harburqg,

Fax (040)72,70.15.15 Germany

lerob Entestaubungsarlagen Grbk

Production and sale of dedusting installations, fibrons
filters, with pneuratic and rechanic blowinc-off for the
reroval of all dustlike precducts and the disposal of noxicus
ratter in cherical production, .
voith str. 5, P,0,B0x 12,24 L,W,7253 Fenningen 2

Fax (07159)79,33 - Germany

Maschinenfabrik Karl Erinden Gmbll - cooling water treatment
units, filters systems for fluids, autcmatic backwash filters :
with "breathinc filter elements”,

Ettersheide 64, P,W,4630 Bochur 5 Fax (0234)41,71,106

Cerrany
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B.S.-B Safety Systems Timited
Felief devices for the protection of perscnnel and plant.
Center House, €8 Sheen lzne, Loncon SW 148 LP, G.3.

Fax (071)8760573

requssa 7.G. Processes for the rercoval cf 802, Nox, H,S

ané formaldehyde from waste gas and stack gas. Purification
of Arinking weter, industrial and pool water with chlorine
dioxide, to efficiently disinfect withcut the fcrration of
chlorinated organic corpounds, Tetoxification of waste water
containina: cyanide, rhenol derivates, hydrcgen sulfice,
sulfite, hypochlorite, forraldehvde, etc.

welstrauestr, 9, [,¥, 6000 Frankfurt 11, Fax (069)2 18 32 18

Cerrany

r.T.S. Yasser - rhwasser Technik GrbH

Conctruction of installations for the nurification oi sewace
with crerical and physical processes such as: neutralisaticn
Cetoxification, prrcipitztion of metal hydroxices, rurifica-
tion of erulsions, ton exchange-circuleticn installations,
thexmral ard cherical Aisinfectinag installecrions,

tschborner I andstr, 134-138, r,*, Frankfurt 94,

Fax (J€7)783903178 ~ Cermany

Edeleany Gesellschaft MFH

Tesion and constructicn of plants feorthe petroleur, gas and
retrochemical incdustries, encineerina, procurement, construc-
tion, start-ur, perscnnel trairina, licersinc of processes,
Stresenrannallee 36, wW-6000 IFrankfurt 70, Fax (069)182020
Germany

Enviro-cherie Abwassertechnik GmbH :
(orplete probler solutions for all industrial waste waters,

fichi.ergstr, 1=-3, [W,€1N3, Tarrstacdt, Fax (N€151)29323¢

‘ { -
Cervany !
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18,
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liydro rir research S,F.L,

l'erbrane process techtnnlooy for ultrarure water and waste
water treatrent, nltrafiltratior .
Vvia Cesare Pavese 5-7, 1-20090 Zerbe 81 Opera (Milano)
Fax (C2) 55500571 - Italy

Krupr Koppers €rbH

st cspiiiing. AP

Tesign, engineering, supply ané erecticn of industrial plants

in tke fizl@ of netrecleur, petrcchemicals, chemicals and en-
vironrental protection

Iltencdorferstr, 120, I'W-4300, Essen 1, Fax (0201)8-282566

Gerrany ‘
Krupp ak Maschinenbau GrbH

Plasra technical pHlant for the treztrent of toxic residues

such as fine and filter Austs from incineration plants; rlarts ,
fcr Aryinc of 0il and water containing impurities

Falckensteiner str, 2, ™'=2300, Kiel 17, Fex (0431)39952193

Bochur - Germany ‘
Monsanto Europe S.,A, , Fnviro-chem and Permwea [ivisicn i
Gas scrubbino equipment, hollow-fiber rembrane sevarators fcr (
hy@roaen recoverv in refining ané petrochemical processing

and for (‘02/('!{4 separation, .
270-272 pverue de Tervuren, B-1150 Bruxells Fax (02)7614040C |
Passavant-Vierke 2.G, : |
Prccesses, machines, anpparatus and corplete plants fer the
treztrent ané purification of industrial water and waste v
water, usinag cherical and biolooical metheds

FW=-6209 parbergen 7, Fax (06120)282931 Cermany
Stevler-Industriewerke GrbH

Envirenrental engineering: processes and installations for

raintairing clear air anéd water

(’.eqrnh-swnler#f.r. 17¢ , TW=541C lohr~=Crenzhausen -, "

Fex (N2€24)13319
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Sulzer-Chertech,

Process encineering plants fcr cherical and ervircnmental
enaineering industries, oil and gas processing, refineries
CH-8404 vinterthur, Fax (352) 2620101 - Gerwmany

Tierro Environmrental Instruments

rrbient, souvrce and toxic analyzers, pH/OFP/concductivity
nrocess roritoring,

Martenerstrasse 539, 4600 Tortrund 79, Fax (0231) 614097
Cermrany

Westfazlia Separater r.C.

Centrifugzl, separatecrs, decanters, extractors, rixers, rotzr
brush strainers for waste water nurficaticn
terner-liabigstr, 1, ™=4740, N=lde, Fax (02522)772288
Cermany

Freratechnik

Flere systers, low=-pollutant rorkbusticn cdevices, low nox
burner, reasurinc equirmznt

Fathenzaurlatz 2-8, rw-6200 Crankfurt 1, Fex (069)288020
cermwany

vsB r¥tianceselschaft

Polution contrel ard inlustrizl technolooy for zlr, waste
¢gas, agseous redia

Jrhenn=rleinstr, 9, ™W=6719, "rankanthal, Fax (06233)86331]

fermwany

.statn. avnieians A9
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&, List cf Tasearch ernéd levzloprent Institutions

1, 2, T, L., Aprplied Tesearch Laberaztoriss £,.7,
Tolluti~n ccentrel weasurersnt

En Vzllzire ouest ¢, CH 1024 - Lcubbens

2, Baver A.G,
Follvticon contrnl, ervirenrental nrctecticn techneology cf:
weste water, waste air, solid waste
Beyerwerk, P-w 5030 Ieverkusen, Tax (0214)3,0€,64,11
Cerreny

3. Labcratorium Frof., [r, Berthold
'ezsurerent of radioactivify; relluticn contrel for petro-
chemical plents, envirenrerntal behaviour cof suibsteances
(zlrbachexrsty, 22, [W=7547, Wildbad 1, Fax (07081)177166
Gerxmeny

4, Eicsens Crbi
rolluticn contrrnl -~ meezsuvement sexvices for: water, wsaste
water, liecuid rediaz ard sludces
richthofens+r, 29, r=3200, nildeshum, Fax (05121)55714
Cermrany

s C, Borp encé Co, 1.0,
Pnllution centrol and incdustria) techrolocy
sachrannweag 20, CH-8046 Zurich, Tax (01)3711880

6, Eran + Tuebbe Grbil
Frollutior contrcl and industrial technolocy
Werkstr, 4, W=2000 , Norderstedt, Fax (040)32202444

Cerrany
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prown=3cveri Yeork

Fellution centrol, incdustriez) technolegy. Siwelatieon of en-
virenrental cercditions ir the field of petrockerical industxv
Gottlieb-lTairlerstr, 6, ' 6800, Hanheir, Fax (0621)468245
Cerwany

Cavitron ver liagzn

Polluticn control an- incdustrial technolegy

I'r Leveloh 9, TwW-4322 Sprockhovel 1, Fax (02324)77300

Cermany

Cheratur 2,5, '

Pollution contrel an?® incustrial technolcey. Pir nurificaticn
and solvent recovery.

Baaaanasvagen 43, €-69127, rRarlskoga, Fax (0586)59450-Sweden
Ceming Process Systers

Polluntien contrel ené industrizl technologv

Tillinec Adrive, stone, stoffs st. 15 C2C, Fax (0785)818785
Encland

Czecholsovak rcadery of Sciences. Institute of Chamical Process
Fundamentals, Fraque Institute of Chemical Technology

Follution centrel, industrial technology for water, waste water
liauid mredia and sludaes

Technicka 5, CS 1€€, 28 Praha 6, lFejvice, Fax (0422)3114769
Malytical Bic=Chemistry Lzbcratories Inc.

Pcllution contrel and industrial techknolocy

7200 East 7BC Lan P,0,Bo¥ 1097, Columhia, S,U.2,

Pennsylvania State 'niversy ty

Envirenrental protection technology

University Park W,P, 00151 op , U,S,n, ¢
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Irerican Society for Micrcbiolocgy

Micrebicloaical techroleooy for environmentzl protection
washington L.C. , S.,UC.A,, 1325, Massachusetts 2venue,

r ¢ 20005, 4171

Fetrodesign S.RA,

Engineering for petrochemical technology, environrental prctec-
tion and clean technology

56-58 Cdderea Bastiliei str.,, Buchzrest, Fax 120093- Foranic
Cequssa 2,G,

Industrial technolocy for : air, waste gas, gaseous redia '
rurification

wWeisfrauenstr, 9, I'W-€000, Frankfurt 11, Fax (069)2183218

Ecole Cerntrale Paris

Fesearch on depollution of effluents, methanogenic ferwentation
bacterial desulphurization, aerobic treatwent for C14 effluents,
dynaric simulation of petrochemical processes.

F=-92295 Chatenay-Malabyy CELEX , Fax (C1)46836437 ~ France

Ecole Mationale Superieure d’Ingenieurs de Génie Chimique

Pollution contrcl and industrizal technology for water, waste

water liouvid media and sluvdges

Cherin cde la Loge F=31078 Toulouss, CETEX, Fax (0)65583861

France

Fluid Svster Corporation

Industrial technology for water, waste , Follution control anéd
industrial technoloqv for water, waste industrial water, and '
sludges

10054 01d Grove FRoad, San Pieao, CA 32131, FAx (0619)695217¢

UeSel,
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23,
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Eoechst rctiengesellschaft

Industrial technoloay fcr pellution contrecl by air, waste ces,
aaseous redia, polyrers for filter anéd souné abscrber elements
Bruningstr, 50, [W-6230, Frankfurt 80, Fax (069) 3665766
Germany

Institute Francais cdu Fetrcle

Contrclling recllution by vehicles, refinina processes, additives
irproving the octane nurber of gasoline, controlling pelluticn
of industrial origin, cesulfurisestion of fuel, effluents and
fures, burmer ard furneces

1-4 Iverue de Beis, Préan, F-22506 rue il Malraiscn, CELEX
Fax (01)47490411 France

Lincde A,.G.

Treatrent of vert air and off-gas, reroval of noxious sub-
stances, £0,, hvdroarbers, solvents, and recovery of valuvable
materials

rr, Carl von Lindestr, 6-14, Dw-8023, Hollrieqelskruth
(089)72731, Fax (089)72732946 - Germany

Iurgl .G,

Industrial technoloay for: water - sludge, waste and residue
disposzal, recycling and remedial site treatrent, gas cleanira
Lurgi Allee 5, I%-6000, Frankfurt 11, FAx (069) 58083888
GCerrany

Monsanto Furope S.7. Enviro-Chem and Permea Nivision
Tndustrial technologies for waste gases, process gases,
vonsanto most eliminatcrs enable to reet rost strongest air
pgollution standards

270-272 Mverune de Tervuren B~1150, Bruxelles

N\
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r/S Yiro rtorizer

Follution cortrcl zrd incdustrial tecknologies for waste, soil
rrctection, waste water, air, waste gas and gaseous redia
Slzdsaxevey 305 , TK-2860 Soborg, Fax (031)691414-ranrark
Thilips GmbH

mezsurerent of air pollution bv reans cf chroratographic
jnetrurents., Deterrinaticn of heavy metals and organic compo-
nents by means of ator desorbtion and infrared srectroreters
Mirarstr, 87, ''-3600 Kassel, Fax (0561) 50198 - Germany
Fhone-Poulenc

Environrent and surface treatrent

25, Quai Paul Pourer, F-92408, Cocurbevoie, CELEX, Fax(01)
47680747, France

Sulzer Chemtech.

Process and environrental techknology

CH 8404, Winterthur, Fax (052)2620101

Fepartrent of Chemical! Engireering University or Nottinghar
Fnvironrental eragineering, process developrent in the fielcd
of water cquality, incineration of wastes, migration of methane
in and arcund landfill sites

uriversity Park, Nottinghem, NG 7, 2 PD, Fax 0601-790239- U.K,
t'niversitatea Bucure<ti, Institutul Politehnic Bucuresti,
Facultatea de Chimie IndustrialZ

Pollution control anéd incdustrial tecknolegy,

Fax 120C93 - Porania
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9, List cf Technical Papers

9.1.Technical publications

2.

5.

6.

sohn Cairns Jr.

P. Pavagcncel

tH{ans lrrele

e Co Cacnis

fonia P, Maltezon

UWIro

levelopring a strategy fcr protectinc
and repairing self-raintaining ecc-
systers . Journel cf Clean Technole-
cv and Environrental Sciences, Vel, 1!
kumber 1}, January 1991,

Towards Clean Cherical Technologies
an Fducationel and Fesearch Ferspec—
tive for levelcpinc Countries. Jour-
nzl of Clean Teschrolocy and Envircn-
mental Sciences. Vecl. 1, Number 1,
1991

Towercs Imnlerentztion of Environ-
rental Folicies, Journal of (lean
Techncloay and Ervirormental Scien-
ces, Vol, 1, Nurber 1, 1331,

The use of Econoric Incentives for

the Introcduction and réaptation cf
(lean Tecnologies in Cevelopinc
Countries, Journal of Clean Technclccy
ané rrnvironrentel] Sciences. Vol, 1.
turber 1, 1991

Costs anc Benefits cf Fecvelina.Jconur-
nal of Clean Techneclecies and Frviron-
rentel Sciences, Vol, 1, hurler 1,
1991

Ceneral Considerations and ltermne~
tive rvailahle Techneleales, Chermical
Industries Branch - CLILC 1987,
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13,

14.

15,

le,

IO

icoichi Yishixkawa

[r, B}, 7ittraier

Shcce Mhovime

ce Ceramichezel

Ibcéulber ?1=Czin

S. Bhagwandeen

fenaléd Euvisingh

F.“.Mati1l1s

Environrantzal Consicderaticn Felatirc
te the Petrcchzricals Industrv,
Secterizl Studies Branch - ULITC 1985,

Safoty ard accicdert prevention in the
Japarcse Chericael Incdustry UXED IncCus-—

try and Environrent June 19388,

Irpact of Environrentzl leculetions

on Fefinery Investrents ancd Costs in
west Zurops. UNEP Incdustry and Environ-
rert Jure 1985,

Sulphur Itdatement in Jrenese Fefineriss
UIFP Incdustrvy and Environ-=nt Sune 19t7%,
3rief Fnvironmsntel Case Studiss cof Ce-

verz) Petrochericel Cerplexes,

T EP Indpstrv end Environrent erch 19827,

Cencsral Invironrentzl Ilanninc and
"enzagement cf a Petrochermical Coirplex
in fezudi rrekiz - a case Stucdy. ULIP
Irndustrv and Frvirenrent March 19§87,

Genz2rz] ¥nvironrent Plaznninag and Yzne-
gerent of z Petrocierical Complax - &
cese Study,

Follution Control Cepartrent. Cincepcre
UNEP Industry anc Lnvirenrant Marchk 1907

Environicental Plenninc for a Fertilizer
Ccrpley, UNEP Industry andé bknvironrent
Marchk 1987,

Cleaner Technologies throuch Process
Mcdifications !aterizl Substitutiors
ané Fcolegically nased ethicel vaslues,
IDWFP Industries and Environment,

Clean Technologies Policy cf the Fu-
ropean I'conoric Cormunity,.UNEP Incdustr:
and Ipvironrent March 1989,
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I.a Pclitique Frangaise de Minimisation
dos Ad€chets. UNEP Incdustry ancd Environ-
ment, March 1989

MAn IMpproach tc the Prevention and Fecy-
cling of Waste. UNEP Industry and Ervi-
ronrent, March 1989,

Jarnanese Propcsals for Low-lWaste Techno-
logies end Technologies for the Pecovery
of Fesources, UNEP Industry ané Environ-
rent, March 1989,

Utilisation of a low waste Technolooy
Process in Brzzil - a case Study.
UNEP - Industrv ané Environmrent,March
1989.

The Low and non Waste Technoloay Cata-
base at the Center for Environmental
Science anéd Encineering, Bombay.

UNEP Industry ané Environment, March 1983,

U, K, Intearateé Pcllution Control.
UNEP Incdustry and Environrent, March 1389,."

Identifiyinag, classifyinoc and describing
hazardous rastes ., UNEP Industry ancd En-
vironrent, March 1988,

Characterization of Industrial wWastes.
UNEP Industry and Environrent, March 1986,

wWaste Managerent at Bayer 7,G, UNEP In- 7

dustry and Environrent, March 1988, :
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an Frerainc Pegime, UNEP Industry and
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Industyry anc Environment, March 1986,

 wimea




28,

29,

30.

31.

32.

33.

34,

- 221 -

C.E.F.I.C,
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17-20 Septerber 1990, UNEP Cepartrent
anéd Fnvironrent,
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1991 - Vienna ,Rustria,

Fnvironrental Study of the Petrochericzl
Incdustry. ONUDI Sectorial Working Paper
Series h° 36, October 1985,
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Tour Mirabeau 39-43 , Cuzi I’néx€ Citrcen,
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Ccst Effectiveness of Selected Low anc
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related Product Labellinc, Julvy 1990, .




- 222 - \

3.2, Cherical rbstracts

1., 107.204090 S - rnéerscn GCeorce {Crown Ircn Works
Mineznolis M.N. 55440 USP) Safety in solvent extraction., A

revisw with 1% refs, on safety in the use of hexane in solvent

Alatn, stpiviian A

extr.in the fat and cil industry, incl~ding health hazerds of
hexane expcsure, prorerties of hexane, source of ignition, tech-

niques in fire safety,etc,

2, 107,204,094 w-VMeasurinag stack enissions of ricro-
polluarts, woodfi=1¢ *,J (Yaren Spring Lah.4 K). Filtr. Sep.
1387 ¢ (u) 272-4, P veview, with 10 refs. on Samplina Systers
for rezssurinc stzck erissions of oro. rollutants fror refuse

incineration,

3. 107,204,105 a, - Sovrces cf nitrocen oxide pellu-
tien in the indoor environrent,KalL.P.T, (Brcokhaven XNatl. Lak.
upton KY - US?), A review with refs, on indoor sources of Nox. Ye -
jor factor that influence the erissions are discussed and typi-

cal source levels are reported for use in expcsure rodeling,

4, 107,204,108 ¢ - Compencdiur of methods for the de-
terrination of toxic organic corpounds in arbient air. Supplerment
Mocin r,M, (Battelle Columbus Lab, OH SUR). A review of 5 me-
thods coverinc 29 toxic air pollutants nresented in the origiral
corpendiur ard inclvded 4 new specific methods., With this addn.,
the cormrendiur now ccntains 9 standardized sarpling and anal,

procedures ccvering 36 toxic air pollutants,

5. 107,204,109 e - Preliminary characterisation of the _

)

Southeastern Rrasilian environrent, Moreira Norderann (Inst. Pesqui |}
t

Espaciais, Sao Jose de Campos, Brasil). I review which covers F

"(.4

ir forration about environrental conditions of the Scutheastemn
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recicn of Brasil, Fmission znd deposit of S and N corpounds are
discussed and direct related te polluticn focus ,corespanding to

larcer incustrielized and urbanized areas.

6. 107,204,313 b -~ Safe and clean cherical industry
a cérear, Venkatara man (MECON, Hyderobad India).J.Inst. Eng.
(India) part CEI 1986, 67 14-1€ (Enag). ? review with 9 refs. on
safety and envirenrental pvollution aspects in cher, plant ope-
ration covers cher, hazards ard control of air and water pollu-

tion and waste disncosal.

7. 107,204,119 h - What'’s wronc with the environrent 2
Bencit, Pichard J, (Fep. Bot. Conrecticut Call, MNew London, CT
06320 USA). A review with 27 refs, on the ecol. ané huran health

impacts of acid rain, asbestos and P.C.Bs.

8. 107,204,126 h ~ Kylens -~ a review of the literature
on rrocducts of Combusticn and toxicity. Braun Emil (Natl. Bng. Lab,
Cent, Fire Irst, Caithesburoc nos, 20839 US?). I review with €7

refs, on toxicitv of products released in the therral decorpositicn

of aliph., polyamides,

9. 107,204,151, n - P personal sarpling rethod for 3
the cetermiration of styrene exnrosure. Brown F.H, (Occup, Med,
Hyg. Lab., Lencdon UK NW26IN),7 diffusive sarple, which is suitable
for the deter. of time - weichted av, personal ancd static expo-

sures to styrene, is descrived,

10. 107,204,440 f - Ppparatus for reroving gases fror
alr througql' washing ané cooling., Arena Mntonio Eur., Pat, Appl.

LeT'e 236281 (c1.801 r 50/00) 09 Sept, 1987 ., 14 ppr Gases, fumes
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L M

and odores (sg., produced by manual fryina equipment) on removed
fror air b7 &r ap.p. corprising a scrubber with an inlet a sheped
gate éividing the charber into a2 channel-like upper part with

variable cross-section and z lower scrubbinc section contg. the

adtin, acsnieiins 45

scrubber unit with 1 nozzle ané¢ a cooling charber consisting cf

a cocline set of battery,

1}, 107.204,443 j - Furning of incdustrial wastes.Balikc .

sordor, Inergia caz dal Kodas 1987,2% (7) , 284 - 7 (Hung).

12. 107,204.456 r - rprlication cf biotechnology to-
wgter enaineerino, Fujite Yesanosi (rac. Fng. Osaka Univ, Suite

Jzpan S5€5) kKaagaku te ocyo (0Oszka) 1987 €1(8) 357-13 Jaren.
I review with 20 refs, is agiven on the apnlication of biotechro-

logies tc waste water treatment enrichment culture and cenetic
encineerinc ané thz use of mol, breeding strain in the imncbili-

zeé micro crganis nprecesses,

13, 107,204,460 n - Lancfarring of oily wastes :desien
ax¢ orsration, Armarcl S,P, water Sci. Technol, 1987, 13 (&,use
scil Treat, Pinal risposal Effluents Sludae) 75~86 Ing, The review
with 10 refs, cecvers the technoleeve of 'and farminc of 0ll wzstes
includinc desian parareter such as: locatien, scil characterice-
tion, dirensionina of the areca cf apnlication, ercind water pro- -

tectiorn, draireqes, €etc,

14, 107.204,49¢ @& = Cawaae treatwent{ usinc aquatic
plernts anef artificial wet lends, Poser N, J, water, ’‘elboumns 9
19€7, 14 (3) 20-4 I'no, The potential of anuatic plants treat scwace }
has "een derconstrated by the desingr, oreration and perforrance
of 7 1lcxy rilot plant scale racrcpnite systems receivinc secendary

treated effluent, ! .

—ett




15, 107,204,554 w ~ Incirnerztiocr of hazaréeous wzetes
corrents. [=llincer 3arry J.Pir Pellut. Contrel Zsscc. 1987/37/5,

lc19-23 Ing,

1€. 109,235,957 ¢ - Clean techknolocy in the S lether-
lands, Xurer , Surernda (India) Tnéian J. Enviren., 1388 & (%)
321-5 ira.
I review with refs. on environrerntal rollution contrel in the

Metherlancés ircludine rrevertion of wzter rollution:

17. 105.23F,034 a - Cheristry of waste turzta,T
Gekken iiaikilertsu 1288 14(5) 137-43 Jaran. N discussion is
given cn the treatrent rathods of waste cases, such as cdry + :t
NGy rercvel, incinerator dust reroval, electvrestatic p-nt andé

bac filtration.

18, 23F,090 z - Feroval cof vinyl ckloride fror GSES
with ranufacture PVC, Pavlova 1.l Plast. FFassy 1988 (9) 50-1 Prss,
Viryl chloride (I) reroval fror PVC ranufq. waste neses by de-
scrrticn in X methv] pyrolidene (II) is considered, The scly cf
I in erhvéd. anad 02(11) follows their’s law Lut cecreases with

ircreasing water content of the desorient,

19, 199.236,1€0 » - Organic wastes-scurces, offects
anc treatrent,
Trivedy P.K. Indian J, Environ., Pollut. J.C, Call., Sci Karad
415. 110 Incdia. Indiar J, Environrental Prot. 1986 8 (5) 362=71
Eng., The review with 14 refs, covers org. wastes scurces znd
treatrent, including cher, compon, of sewage and industrial
waste water land application, irrigation diln, screening, seéi-

mentation sept, tank, centrifugation, adsorption, neutraiizaficn
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prtn aré¢ flecculztion icn exchanae ané nacrophitic treatrent.

20, 109,.236.177 h - Prctection against air pollution
ané disncsal of waste water and -7aste the rubker irdustry in the
(9) £€67-74

Gerreny Stabba F. Kautsch Curmi Kunstst 1988 nr.
{Cer.). The reviaw covers rzior legal reculations related to

the rubber industry for environmentzl protecticn in GCermany.
109.23€.21¢ V - Bicloagical trsztrent of phenolic

21,
weste water Cherq Yana Chu, To t’ung Hsuch Pac 1986 ,16,213-22

Eng., Candida tropicalis is used for the biocdecradaticn of PhOH

in waste weter.,
110,218,122, ¢ - Environmental protection requla-

22,

tiors in some Furonean ccuntriss, Van Holderen I.M, 3rennst.
A review with refs dealirc

Waerne~Kraft 1989 41 (1-2) 60-1 (Ger,),
with the state of environrentzl protection reculations which

influvence the rnower Station operation in some European countries,

22, 110,218,193 b - P methodology for sitting a new
large arxea Jeffrey 1. Proc.-APC? Annv, Meet 1988

facility in a
81 st (2). Sitting of industrial facilities based on environ-

pentel, rainly air nuality, constraints is discussed,
110,218,323 u -~ Solution of ecoleooical problemrs in
Popa Uhlie 1988 30 (12)
the

24,

the Tetrochera Plant in Dubova Czech,

The raview and discussions with refs, covers

7¢7-10 Slo,
history of tar acid and waste water treatment at the Tretrocher.

plant in Tubova, (zechoslovalia,
25, 110,218,224 v - New neutralizaticn technique use?
Teba Vartin Ing, Quir (fladrid) 1982 21 (238)

in water treatment,
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131-3 (Span.). The review covers waste water nevtralisation by
CDZ' includinc alk. industrial waste water and neutraliseation
reactions and mechanisr.

26, 110,212,251 b - Wastz water treatrent et tha
wacker Cherie chemical retrocherical plant, Burghausen, Germany
jieber I,J, uweter Sci. Technol, 1988, 20 (10) 13-3 (Eng.). In
plent r=esures corrrise the perchlorinztion of all Sicnificant
Chlorokydreccarbon residues and the Conversion to C2(‘l4 and the
reclarztion of HC) ir the proén, of vinyl chlecride, Waste water
fror the mznufacture of chlorirated hydrocarbens an pre-trzated
bv Steer Strirpinc or adsorptior by racrorcl. resins, Final
treatrent is s hich rate activated-sludge process followed by

an eerated lagoon,

27, 110,218,355 § - I.M. S, Sp. A Priclo (Italy) assccie-

ted hiocleogical plant for derestic and petrochemical waste water
in Priole. Experisnce and results after 5 years’ranagemsnt water

sci, Technel, 1988 20 (10) 271-82 (Fnc.).
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10, List of Journals ancd Publications

Manual of Irdustrial illazard Mssessment Techniques office

of Env, and SCI rffalrs , The World Bark 1985

Chlorine Toxicity Moroqrarh, I.Chem.E. 1787

Mezior Chericea) Hazards -~ Marshall v,C,, Jchn Viley, New

York 1387

Industrial ventilation: ? I'anual of recorrencded Practice
krerican Conference of Governrental Industrial hivgenists,
Cincinnati, SUA , 1986

Institution of Chemicz) Engineers Syrrosiur Series, U.K.
Cccupational Safety and Health Series - International Labour
Cffice - Geneve

rvailable fror: Center fcr Chemrical Process Safety of the
rrerican Institute of Chemicel Engineers, 345 East 47-th Street
New York, NY 13017

- Cancer caucina chericeals, N,I,5ax, Van Nostrand Feinhald,
1981

- Danagerous Frorarties of Tndnstrial Materials, N.I.Sax B
6-th ed, von l'ostrand Feinhald, 1984

= Cuidelines for Technical Managerent of Cherical Process \
Safety

- Guidelines feor vaper release mitication

- ILcss prevention in the process industries, lees F,I,
(2 volures) Butte:worths , 1380

- liandboo¥ of occupational hygiene - B,Harvey Kluwer

Publishing LtA, 1980
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Hydrccarbon Precessirg, rublished monthly by sulf publishirc
Ccrrpeny, P.0.30x 2608, Houston , Texas, 77001, U.S.r,
Environrent Protection Fnaireering = Publisher: Technical
University cf Warclsw Pl,Grurwaldzki 9, 50-377, “roclaw,
Pcland

I'rpliecd and Environrental Microbioloay

Published monthly by the American Society for Microbiolocy
Journgl Cnvironment Cuality

Envircnrent SCI Technol,

I'nvironrenta Tach., Letters

Yater Pollution Contrcl Pesezrch Series, Frderal Water
rollution Contrel ZAminietration, WP-20-4, Washinaton TI.C,
FErcaress Watexr Technoloov

Chemical I'ngineerine Preocess

Jovwyrneal cof Ceophvysical Pesezrch

rtrosphzric Enfironrent

Neture - Londor, ',K,

Canelian Jeurnal of Microbicloay

Journel cf Clean Techneology and Environrentzl Scierces
Fublished bv: Princeton fciertific Puklishing Co, Inc.
Frinceter, MNew Jerssy, S,U,7,

Incustry ard Environrent, UNFF Industry ancd Envirenrent Office
Teur Mirabezu 33-43, (uai Indre Citroen, 75739, Paris , Frence
Cleaner I'rocduction, I'ditor rorald Huising, Pennings, 52353 71
Leiderdrop, Ketherlards

Cherical Lngineering Technoloav, VCIH, P,0,30x 101161, [-694C

Weinheim, Gertrany
’ y

‘ ‘\ ....__....,,,,
> N




25,

2€,

27,

28,

- 230 -

Internztional Journal of Occuvnational Mecdicine and
Texicelogy. Princator Scientific Publishirng Co. INc.
Frinceter, New Jersev (08543, U,S5,°F,

Scurnal of T¥rosure Znalvsis and Environrentzl Enidericlogy

Prirceton Scientific Publishirne Co. Inc. Princetorn ,

s

ew Jersev, 08543, 1U,S,.F,

Toxiceleay and Incdustrial Health., Princeton Scierntific
I'ublishinc Co. Inc. Princeton, New Jersex 08543, G.S.Z2.

Cell Biolooy and Toxicolegy. Princeteon Sciertific Puklishinc

Ce., Inc., Princeton, New Jersey 08543, U.S.Z. '
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1l. Conclusions

1. Claan tecanologies can be regaruea as ooth a

target anca a policy so that its development is conse-

goal or
(quently a short anc loang temm endeavour of great importance.

Z. It woulu be necessary to uistinguish betweea tae

concept of "waste" and tae coacept of "resicuals®. All proauc-
tion processes vill jeaerate a certain amcunt of "resiaual
proaucts™. D2penaing upon tae composition of tihe resicual pro-
aucts part of not all of taesc resicuals can obe recoverec ana
re-utilized. The reraiacer, wnich at tue prevaiiing set of

2rices aas no ecouaomic value, is defineu as "waste".

3. Ia the past, environnental policy has oecn towards
tae installation of acuw-oa control devices, treatment facilities
ratuer than focusing on process chaaces to 2lirinate pcllution

sources.
4., Priority is now bLoing given to tae promotion of

ciean tecmnologies:lov and non vaste tecinologies.
5. Lmpaasis is placzd on tecanological mocifications

of processes wiica reauce tae anount of resicuals geaeratecd

througn greater paysical cfficiency of materials ancu energy use,

as ~ell as on tiose processes taat convert tae residual procucts

into us2ful prouucts.
L. ine coacent of clean techaology also promote:

a. Incr2asec auraviiity of proaucts, as tihe loager tac
consuwier can usc taen, tie less neca tacre {3 for replacing taes
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anc taus less resources inclucing eneryy are neeued for manu-

facturiag taen.

n. Substitution of naterial of pio-accurulative,
persistent, toxic nature Ly those waich do not impair the en-

vironrneat once releasec as wastes or accicental spills.
7. Tae onjectives of the conpencium are to:

a. Snare experience of practical application of tae
concept of clean petrocuerical tecanologies in weveloping coun-— ,
trizs.

. leveal gaps in hnowlecge anu thereny icentify
areas taat reguire special attention in researca and uwevelop-
rent.

Cc. Serve as a source of information decision nakers
in formulating nolicies for the vurpcse of stimulatiay the ce-

velopwent of clean tecanoclogies.
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