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- These guidelines were prepared by Gheorghe I~u,, M.Sc •• 

Ph.D., UNIDO consultant, baaed on knowledge ayailable 

in many countries with adYanced technologies in this 

~ield and can be Tery usef'ul ~or da.eloping countries 

,· 
and especially ~or Eastern European countries. 
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1. Iln'RODUCTION 

1.1. Objeetives ot the guidelines 

Th• principal goals ot the o.erall compendi· m is: 

- to examine the ext .. t to which lov polluting technologies 

have be .. at preseat introduced in the production ot petrocheai

oals in response to pollution control; 

- to aote the contribution ot lov polluting tecbnologies to 

reduce emissions and wastes, as veil as .. ergy and rav material 

consumptions in the illdustry; 

- to identity the maill tactors inf'luenci.Jlg the selection of 

processes in petrochemical production and to poi.at out potential 

possible co~licts with regard to the adoptioa ot low polluting 

technologies; 

- to assess the scope tor introducing low polluting technolo

gies in t'uture petrochemical processes. 

Some representative petrochemio4l t~chllologies have been 

selected taking into coasideration the ditterences in size, nature 

and the teedstocks inTolved, together with other key ta~tors 

including the economjcs ot this particular industry. 

The compendium on low-waste petrochemical technology is 

focussed on the following aspects: 

- to reduce materials and energy consumption by increasing 

the overall etticiency ot processes and internal recycling of 
rttsidues; 

- to enable the ditter.nt residual materials and energy 

cominc out from individual plants to be used as ..aluable inputs 

by adjacent planta; 

- to increase reccwery ot residues havinc in view their sub
sequent reutilization; 

- to reduce the materials and enr"rey requiremente, extend 

the lifetime ot equipments and catalysts and facilitate the reco

very and recycling of valuable materials after their utilization 

in the process. 

The guidelines on low-waste petroche111ical technology can be 

considered as a basis tor collection and dis8emination ot up-dated 

intormatioa OD the a'f"&ilable alteraatiTe technology. We are also 

confident that the diaseminatioa o~ such information may ~aoili

tate concladiac co .. eroial acre .. eate aad other arrance11eats such 

as lioen•inc and Joint Tentures, aaet'ul ~or de?elopinc countries 
and Easte!'ll European oountries,. 
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Th• guidelines cOTer three -in section•. naaely: 

a) Selection ot principal petroch .. ical teohnolocies exaained 

in point ot eaYiro-ental pro~eetion. 
Thi• part ot the oompendiaa CiTea a critical discuaaion ot 

the eyolation et the princi .. l .. troell .. ical techaolociea in the 

fields ot aon09lers, elaat011ers, polyoletins, fibres, tires, rubber 

coods. 
For each indiTidual substance there is a brieC presentation 

ots eYolution 0£ teollnolocical processes, briet process descrip

tion, the reasoi:. tor svitchinc trom one process to another as well 

as the approximate quantity and qual.ity ot tile pseous, 1iquid 

and solid pollutaats resu1ted troa the process. 

Comments are also ci•- on the ways ot ua:blg the wastes and 

ot reducinc the pollutants by up-dating proeesses rather tbaa 

destroying pollutants. 

b) Critical analysis ot the aetlaou, ways -d procedures 

applied oa industrial scale tor the reoOYery -d iaeiaeratioa ot 

solid residue•, treataeat ot water eoat .. i.aate4 with iaorcaaie 

aubstaaees, biological treataeat ot water eoataai.aated with bio

decradable orcaaie aubataaces, reeOTery ot residual fuel cases 

and syat .. a tor baraiac aoxious ca••• to flare. 

e) Ecoaoaie etteeta ot the aeleetion et low ••llutiac ••tro

ekeaieal preeeaaea. 

The •••••adiua is also aeeompaaied by a list of literature 

publioatioas ••rt•iaiag to eaTiroameatal proteetioa. 

1.2. Detiaitiea et low ••llutiac teehaelegiea ia tke ••trookeaioal 

iaduatriea 

Petroek .. ieala, ••••times ealle4 petroleua-ela .. ioala, are 

detiaed ia tki• study as -Y ek .. ioal• deriTi.ac tr .. erade oil, 

aatUZ"al aa• or ether petroleum sources. 

Rav .ateriala aaed in the produetion ot petrooh .. ioals 

iaelude orude eil, aataral pa, retiaery pa, :natural pa c .. -

d ... ate, lillat tepa er aaphtha, kea'YJ' traot1oaa auok aa tael oil, 

•• well •• ••al mad biea&••· 
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Primary. iat ..... i.ate .... tldr4 ceaerati .. pr .. ueta are 

pr8'ue .. by ezpeaare ef' f'ee•atoeka te apeei..:'i.c •-•1t1 .... vldeh 

4ietat• th• ela .. i.atry of' tile tranaf'er.ati.ea. 

More tlaaa 500 dif'f'u--t pre••••ille aeq11 ... e• are a• .. i.a 

tile petroela-iea1 i.aduatry. ft• wi.de -.ariety of' precess aequ-•ea 

c•upl•d Yitla tile vi4• ..-riety of' pred11eta pro•aoed by t.Jae petro

•h••i•al. :la4uatry lea4a te a eoaplex ••'t• prob1-. A. list of' tile 

.. ill petrech••ioal prooeaaea and tile waatea ~eh .. Y be expec'ted 

'to eo•e oat aa a reau1t of' t.Jaeir uae is presented in Table 1. 

Tile inf'ormation presented in Table 1 reTe&la tllat llllUlY air 

and water pollutan'ta al.one vitll sol:l.d vaatea are cenerated dur:l.nC 

tile production of' petrocll-1.cal.a. 

Petroo.1aemioa1 wastes .. y produce a ..-riety of' adverse 

eff'eeta on publ:l.c lleal:th and tile eDYi.re11111ent. B:l.odecradable erca

nic matters disollarced to tile reoeiTing waters may produce anae

robic cenditiona in the reoeiTinc rivers. 'ftieae conditions rill 

ki.11 or driT• of'f' any aerobic orl8Jli.ama inc1udinc f'iala and eTeD 

••r• deTeleped anillala • .Anaerobio deo ... oaition .. Y ala• produce 

odor and eo1our probl .. a. 

Tiler.al pollution f'rom petroelae•ioal 4iaebarces will also 

af'f'ect reeeiTinC waters, ineladinC death or decreased prodaotiTity 

•f' Ill.Dy aquatic species. Iacreased water temperature also decrea

••• oxycea solubility, enllanoea ataoaplaerte oxycen tranaf'er an• 

.. Y pro4uo• an inoreaced biolocieal aetiTity. 

Petroeh .. ieal proceaaiDC plant• can also be aioiif'icant 

sources of' air pollution. A liat of' tile air pollutants .. itted by 

petreolle•ioal proee••inc plants and tke .. Jor aouroes ef' these 

••i•aions ia ~oand in Table 2. Air pollutien 1'rOll petrochemical 

plants i• produced by th• co•buation o~ t'ael and by Y&rioue .. is

sion• o~ proce••inc equipment. 

Carbon monoxi~e, aulf'ur oxide• and aitrocen oxi4es ••iaaiona 

are -inly a reau1t o~ the oombution o~ ~els. 

\ 
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Table 1 

Vast• soaroes .t'rOll petrochellieal processes 

·-----··--•••-=---••--•-•-•••-••---ma-=--•=-•-
Proce~• 

1 

1. Ethylbensene 

2. Styrene :trom 
ethylbensene 

). Butadiene :tr.,. 
n-bu'tane and 
butylene 

Source 

2 

Vast• water 

Catalysts 

Condensates t'rom 
spray tower 

Quenoh waters, 
aolTent and 
caustic wash 

Pollutants 

Tar. "Y'roch1oric aoid. caus
tic soda. t'uel oil 

Spent catalysts (iron. -pe
siaa. potassium. copper.sine 
and chroma.) I Ilea~ tare 

.Ar..-.tic hydrocarbons, inclu
•inc styrene, etllylbenzene 
and toluene, tars 

Residual. ... s, tars, oils, solu
ble Jaydrocarbona, caustic soda, 
sulf'uric acid 

4. Ketone production Distillation 
slops 

Hydrocarbon polymers, ob.lorina
ted hydrocarbon•,clycero1, 
sodium chloride 

5. 
6. 

7. 

8. 

9. 

Desul:turization 

:Isobutylene ex-
traction and 
purit'ication 

Butadiene 
absorbtion 

Butadiene ex-
tractive distil-
lat ion 

Haloceziation 

- Addition to 
olef'ins 

- Substitution 

- nehydrohalo
cenation 
llypocblori
nation 

- Hydrochlori
na tion 

- ltydrocarboay
la ti on (oxo 
process} 

Waste cases Hydrogen sulplllde, meroaptans 

Acid and caU8tic Sul.t'Uric acid, c4 hydrocarbon, 
wastes caustic soda 

Solvent 

Sol Tent 

Separator 
HCl absorber, 
scrubber 

Se .. rator 

Hydrolysis 

sure• tank 

Still slops 

Cuprous ... oniUlll acetate, c4 hydrocarbons, oils 

Furf'ural, c4 hydrocarbons 

Spent caustic ~oda 
Chlorine. bydrocen chloride, 
spent caustic soda. hydrocarbon 
isomers and chlorinated product, 
oils 

Dilluted salt solution 
Calcium chloride, soluble or
pnica. tare 
Tara, ••ent catalyst, alkyl 
halides 

Soluble hydrocarbon•, aldehyde~ 

\ 
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10. Hydrocyanation 
{f'or acrylonitrile, 
adipic acid, etc.) 

11. Isoaerization 

12. Nitration 

- Parattins 

- Aromatics 

1). Oxidation 

- Ethylene oxide 
and clycol ma.nu-
t'acture 

\ 

- .Aidehydes, alcohols 
and acids f'rom 
hydrocarbons 

- Acids and anhydri-
des t'rom aromatic 
oxidation 

- Phenol and acetone 
f'rom Aromatic oxi-
dation 

- Carbon black 

14. Polymerisc1.tion 

- Acid catalysts 

- Polyethylene 

- Butyl rubber 

- Copolymer rubber 

Nylon 66 

15. SuJtonation of' 
olef'ia• 

16. Sulf'onation of' 
ar~tic• 

2 

Process et"f'lu
ents 

. -,--

Cyanides, organic and In
orcantc substances 

\ 

Process wastes Hydrocarbons. aliphatic. 
aromatic and 4eriY'l+.iTe 
tars 

Process slops 

Process slops 

Condensates, 
still slops 

Decanter 

Cooling, 
quenchinc 

Catalysts 

catalysts 

Process wastes 

P%·oeess wastes 

Proee•• was tee 

Waet• waters 

Caustic wash 

BT-~oduct aldehydes, ke
tones, acids, alcohols, 
olef'ina, carbon dioxide 

Sulturic acid, nitric acid, 
aromatics 

Calcium chloride, spent lillle 
hydrocarbon polymers, ethy
lene oxide, clycols, di
chloride 

Acetone, f'ormaldehyde, ace
taldehyde, •ethanol, hicher 
alcohols, organic acids 

.Anhydrides, aromatic acids, 
pitch 

Formic acid, hydrocarbons 

Carbon black, dissolTed 
solids 

Spent acid catalysts (phos-
7horic acid), aluminium 
chloride 

Chromium, nickel, cobalt, 
molybdenmn, titanium 

Scrap butyl rubber, oil. 
lisht hydrocarbons 

Butadiene, styrene nerum, 
so1'tener sludce 

Cyclohexaae oxidation •ro
ducts, •uooinie aeid,adipic 
aeid. clutario acid, heza
aetllylene-diamine, adipo
ni tr lle, acetone, methyl 
ethyl ketone 

AJ.cohole, polymerized by- \ 
drooarbon•, sodium •ulphate,t 
ethers I 
Spent,caustio soda 
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17. Therma1 Cracking 
f'or Olef'in Pro
duction 

18. utilities 

19. lfitrobenzene 

20. Epichlorhydrin 

21. Tolaeae diisocyanate 
and methylene dipke-
nyl diieoeyaaate 

22. Vinyl chloride 
monomer 

23. Methyl Methacrylate 

24. .Acrylonitrile 

2.5. Maleic anhydride 

26. Ethanolaminea 

~7. Farf'ural 

28. Polystyrene, ABS 
resin• 

29. Acrylic Fibres 

30. Acrylic resin• 

31. Polyester Fibre• 

- ~ -

2 

Parnace ef'fluent 
and caustic trea
tinc 

Boiler blow-do'llll 

Cooling system 
blow-down 

Yater treatment 

Waste water and 
solid wastes 

waste water 

Waste water 

Distillation 
eol--. 

Reaction system 

Waste water 

Waste water 

Waste water 

S'tri•ped hulls 

Separation eystem 

Proee•s water 

Proo es a water 

Proo••• residue 

Acids, hydrocen sal.f'ide, 
merco.ptans, soluble hy
drocarbons, polymerisa
tion products, spent 
caaatic soda, phenolic 
oompo1Dlds, residual. ca
ses, tare aad hea'YY oils 

Phosphates, Ii.pins, 
heat, total dissolved 
solids, tannins 

Chro.ates, phosphates. 
algicides. heat 

Calcium and aagnesillBl 
ch1orides. sulf'ates. 
carbonates 

\ 

Crude nitrated, aromatics 

Epiohlorllydrin, dicklor
hydrin, chloroethers, 
triehl.oropropane, tars 

Polyurethane, isocyana
tea, aainea, tars 

Dich1oroethanes 1 triohl.o
roethanes1 tetrachloro
ethanes, tars 

Hydroquinon.e, polymeric 
residues 

A.crylonitrile, hicher 
nitrilers 

M&J.eic anhydride1 f'ulllaric 
acid, aromatic com
poim.ds, tare 

Triethanolamines, tars 

Fines particulates 

Styrene, aorylonitrile9 

polybutadiene 

Aorylonitrile, vinyl
chloride, co•onomer 

V.ethyl•ethacrylate, 
cyanide 
Terephtbalio aoid9 di
methyl tere•htbalate 

I 

~ 

t 
I 

' ~,~ 
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Table 2 

Ai.r Pollutants f'rom Petrochemical Plants 

Plant 

1 

1. .A.ce'taldehyde 

2. Acetic Acid 

'.). Acetic Anhydride 

4. Acrylonitrile 

5. Adipic acid 

6 • .A.diponitrile 

7. Carbon black 

8. Cyclobexanone 

9. Dimethyl Tere
phtbalate + 
Terephthal.ic 
acid 

lo. Steam 

11. Vinyl chloride 

12. Ethylene oxide 

l'.). P'onaldehyde 

14. Glycerol 

15 .. Rydrocen oyamide 
16. Ir J ;··•natea 

17. Maleic Anhy·· 
ctride 

Process 

2 

Prom ethylene 

P'rom ethanol 
From methanol 
From b~tane 
From acetaldehyde 

From acetic acid 

From proff lene 

From butadiene 

From adipic acid 

Aromatics hy4ro
oarboll8 

via Benzene 

via pXylene 

Low pree.~ure steam 
crakillg ot napbta 

Frori oxichlori
na t ion 
Direct chlori
nation 

Direct oxidation 

SilTer catalyst 
Iron catalyst 

Frosn epichlor-
hydrin 
Di1·eot procesa 
Proce•• with 
pho•s•n 
Fro11 bensene 
From butane 

Pollutants 

Hydrocarbons 

Oxides ot nitrocen 
Hydrocarbons 
Carbon •onoxide, hydrocarbons 

Hydrocarbons, carbon monoxide 

Hydrocarbons, oxides 0£ nitro
cen, carbon monoxide 

Particulate•, oxides ot 
nitrocen, carbon monoxide 

Hydrocarbons, part:lcul.ates, 
oxides ot nitrocen, carbon 
monoxide 
Particulates, oxides of nitro
cen 
Hydrocarbon, particulates, 
oxides ot nitrogen. su1:tar 
oxides, carbon monoxide 

Hydrocarboll8 • carb·m monoxide 

Hydrocarbons• part:icula tes • 
oxides of nitrocen, su.lfar 
oxides, carbon monoxide 

Hydrocarbons, particulates. 
oxides o~ nitrocen, nu1:tur 
oxides, carbon monoxide 

Hydrocarbona, "articulates. 
carbon monoxide 

Hydrocarbons 

Hydrooar~ons, oxides ot nitro
gen, sulfur oxides 

Hydrocarbons, carbon monoxide 
JTYdrocarbone. carbon monoxide 

Rydrt'carbons 

Cy&nic compound~ ,. 
Hydrocarbons, particulates, : 
ault'Ur oxides, carbon oxides 
Hydrocarbons, carbon 111onoxide 1 

Rydrccarbona, carbon monoxide I' 

~· 
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18. Phthalic Anhydride 

19. Ky1on 6, Nylon 66 

20. OXO Proce•• 

21. Phenol 

22. Hieb Density 
Polyethylene 

2,. Lov Density 
Polyethylene 

'-4. Polypropylene 

25. Polystyrene 

26. PolyYinyl chloride 

27. Styrene 

28. Styrene-butadiene 
rubber 

29. Vinyl acetate 

JO. Viny1 ch1oride 

\ 

- lo -

2 

Prom oxy1ene Hydrocarbons, carbon monoxide, 
particulates, oxides or ni
trogen, sul:tur oxides 

From naphtha-
lene Particulates 

Po1yamide Particulates 

From propylene Hydrocarbons, particulates, 
oxides o~ nitroc:en, carbon 
monoxide 

:P"rom I.P.B. Hydrocarbons 

From ethylene, Hydrocarbons, particulates 
low pressure 

From ethylene, Hydrocarbons, partio~atea 
hich presaure 

Swspension 
process 

Suspension 
process 

!iuspension 
process 

F.tbyl benzene 
dehydroc:enation 

Emulstion 
prt)Cess 

via Acetylene 
via Ethylene 

Oxychlorination 
process 

Hydrocarbons, particulates 

Hydrocarbon, particulates, 
sulf'ur oxidtts 

Hydrocarbon, particulates 

Hydrocarbon, particu1ates, 
oxides o~ nitrogen 

Hydrncarbons, particu1ates, 
eult'Ur oxides 

Hydrocarbons 
Ilydrocarbons 

Jlydrocarbons, particulates 

===·==================•==-=:===========~···===========================~ 

Hovever, other proces~es in the plant may cause emissions o~ th~se 

pollutants. Hydrocarbon emiBsions may occur due to f"uel combustion 

or various process losses, ineludin~ leakine valves, flanges, pumps 

and compressors, evaporation ~rom process drains, waste water treat

ment processes, cooling water and blov-dovn systems, and losses f'rom 

relief' valves on operating and storage ves'lels. Hydrocarbon erni!'!sfons 

111&y be as ~eat &A u.~i by weicht oC total production, Cor petroche

mical plants. 

JiydroJel' sulf'ide and mercaptans, produced by some procea!les •.nd 

emitted ao process loaees, may create significant odor probletas. 

• .. 
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These aJ.r pollutants haTe sicni:t'icant bad h.Uth ettects. ~ 

pollutants may adversely at'f'ect plan.ts 1i:t'e1 reducing crop yie1ds 

a.91d plant growth rate and1 in some cases 1 caueing the dea'th of suscep

tible plants. Air po:... .. ution may also have corrosive effects on metal.st 

bui1ding material.s and textiles. 

Four possible solutions may be considered :t'or avoiding pollution 

problem in the petrochemical industry depending on the waste prod'~ced: 

- :t'irst, some wastes may be recovered ~s sal.able coproductsi 

- second, waste streams can be recycled af'ter some process modi:t'i-

cation :t'or conversion tc prime product or :t'or their re-use in the 

process as a reagent or an intermediate product; 

- third, the waste may be usable as a f'ue1; 

- :t'ourth, and least desirable, wastes may be treated in waste 

treatment processes when they are converted to less ha:rwhl products 

and/or dispersed in small quantities which may be a8similated by the 

environment. 

Low-waste tech~.ology can be det'ined as •the practical application 

of knowledge. methods and •eans so as - within the needs o:t' man - to 

provide the most rational use of natural resources and enertJY. and 

to protect the environment•. In essence, low-waste tecbnoloCY is 

the planning and manac .. ent o~ human aotivity in order to minimize 

waste ot materials and energy. 

Low-waste technology ~s a method o~ production uacler which all 

raw materials and energy resources are used ill a most rational and 

intecrated way in a cycles raw materials - production - consumption -

secondary raw materials, so that any impact on the environment do not 

disturb its normal :t'anctione. 

Low-waste technoloey should be regarded as both1 a goal or target 

and 9. pclicy so that 1.ts development is con5equently a short and lone 

+.enn endeavour 0£ great importance, whose achievement will bring 

about positive chan~es in all sectors ot industry. 

In the absence ot so-called "ideal processes•, in which all inputs 

are fully converted to desir•d and valuable outputs, all production 

processes will cenerate a certain ....unt ot •residual products" (aee 

fig. 1, 2, 3). 
"Mle amount ot such "residues• cenerated by any particular process 

depend• primarily on the technical oharacteriatics ·ot the prooese: in 

question. 

\ 
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Fig.1 Ideal case. 
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Depending on the composition ot the residua1 products and the 

existing process inputs, part o:r these residues can be recovered and 

re-utilized. The remainder, which at the preT&ii:lng level o:r prices 

has no economic val.ue, i& defined as •ve.ste•. 

In the past, the najor tendency of environmental pol.icy with 

recard to po11ution control of industrial processes and waste 

reduction was towards the inata1l.ation 0£ add-on control deTices 

treatment faci1ities rather than focussing on process changes aiminc 

at eliminating pollution sources or reducinc their emission/dischar

ges or poll.uting substances. Priority is nov being gi.ven to the pro

motion of low- and non-waste technology. 

A special :reature of the concept o:r 1ov- and non-waste techno

logy is its emphasis on the minimization of materia1s and energy 

:Inputs •upstream" in the production process as a vay o:r reducing 

"downstream• residual products and we.ate ceneration. 

or course, the ideal case does not exist until now, in spite o:r 

huge e~forts made in the chemi.stry and encfneering fields. 

rt should be noted that this nev concept of lov-vaste technology 

in its broad terms must be implemented in a socio-economic sphere. 

and enters into a particular technological eJIYiro~ment. into speciric 

legal and admini&trative aettincs, into association with typical 

use consumption patterns, discharge attitudes and related infra

structure and dittcrent enTiromnental exicencies. 

How~er, the concept ot cleaner tecbnolocies is in r~lity not 

al11Byu readily apparent. For example, one process 111&.y have less over

all wastes/by-products associated vi.th it. higher yield, but may pro

duce a more toxic waste stream than the existinc or nev alternative. 

\ 

The compendium will only identity a d.eaner technology vhere one 

process has a clear overall advantage in terr.is ot emissions/waste~, 

judged by its potential impact or by the measures necessary to improve 

any consequent impact. 

Clearly, there is ruom for argwnent in asaicning the label ot 

cleanar technolo~ies. Vhat, ot course, 111Unt be eftl!>hasized, is that the 

actual impact ot emissions/wastes trom particular proces• will depend 

upon the receiving environment. In other words, the identitic~tion 

ot cleaner technology should not nece~sarily imply ttlat other proce~s 

technologies are •dirty• or unacceptable. 

' , 
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A more interesting ccnf'.l.ict .:.n ~cli!cticn c~ .::. cln~.o:?r 

t.:chrv>lo.;y :.r i: e.:; ....-~1en on:: bul1·: chc;aic<.'!.l proc es:3 ~s .?'iGTti.:f::

·~:-•t.ly 1~~1er ::i..-::.::ocL:,t.:;·..! cr»i..:;>ior..:::/-.~~t;:-!.· but u. hi.:;her encrg-f 

c:.lns!;~;iption r:e::· unit of' p=-u·~uct;. 

'Mle concept of' l.ou-wa~te tec!rr.olo,t;y a~ r·~co[.nized by EC!i; 

countries in its broaQ term~ doc~ not cnly r~rer to indu~tri~l 

:;:>rorl•.1ct;_on pr.:>cer;:::es, ~ich save t.atari£.ls/e!4erSY and 'Which 

ce":'lerate l~"'- l~vels or no "3.::ta at =-.11, ~ut el.:.~ prumoteE: 

a) ... -a~t~ coll.ection prograc:nes vhic~. peru:i t the 

::-13cov~ry of ~sable prvduct compo~ent~ and their recycling 

~5 rav matPr~~l~ ~nto nev products; 

!--) :i.nc:·ea:;;Ad duraliil..!. ty o-r proC.ucts, &f' the lcr.ger 

the con":mi:aer can use then:, t!:e: less neet! t?lere ia Cor 

o.re needed ~:>r oanu!'act~.iri~g the;a; 

c} :ubstitution o~ pr~duct 3J&terials ~~ch i~ ~rolr.1 

~~~~ scarce re~ources ~y ~teri~l~ with ~tund~nt ~vai!ab~l~ty 

a':l..I ..,f' prodl!<:t r:iateri.a1 ~f' bio-accuinulativ~, pcr:::i5t::mt, 

-;r·xic na tu--; !ly th~~ c l>ilich du not iir;p~ir the ;;nv i r. ~n.-:::mt 

.1) r:;-!:~ruro.ctt;::-inti ::4"1.-~ r ::cLnlitioni.ng- <•riented 

rk:s::Len tc. rc:·nd£-r pi·oc:!uct a.i..rear!y in the;ir de:<>i[.n c. pl8..n!lin~ 

i:toc~ .:;:.t :fCJr beint; ea!:lly r:h.:;:;.::c1ated ::-.n<l i,1<.o:..~t~ thc::.·~, ... r :J?• 

·:nt:.r~ly ro•.:f;13~ :i.n u~e :3a ... e or n~w rrriducf;:;, this process 

be ln.~ ::tn F=ccno.:r.r 
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2. ~am TreHNOLOG!ES CONSIDERED FRClt-~ THE vnw POINT 

O!" mvm<ll1MERTAL PR<:rrECTIC. 

2.1. Petrol~um retining 

Crude oila are complex mixtures of thousands ot chemical 

conpounds ranging f'rom methane and ethane. which are dissolved 

gases, to compo1Dldn which are solids at room tempernture. Chemists 

have identified more than ).ooo different compo\Dlds in crude oil, 

and these are cn1y a s .. 11 part of the total. Al.thou8'1 crude oi.le 

contain thousands of different compounds. the compounds (other than 

veter and trace contaminants) are a11 composed mostly of carbon and 

hydrogen and are cal1ed hydrocarbons. 

'ftle purpose ot refining is to 3eparate a crude oil into its 

saleable components, shift the origin.al component ratio and proper

ties to meet the customer's demand, and to remove impurities de

trimental. to product quality. 

2.1.1. Refinery classification 

The procesRes by which crude oil is manuf'actured into a 

multitude ot products are ntmerous and complex. Crude oils f'rom 

ditterent sources ...ary significantly, and retinerJes are often 

designed to process crude from a particu1ar source. 

:rn Qrder to classifY re~inaries tor the p11rpose of' setting 

!'tandards f'or limitations on ettlaents that may be discharged. 

re£ineries may be subcategorized by proce~se~ employed. This 

approach i~ practical because rav waste load and emission charac

teri•tics are related to proceas complexity rather than capacity. 

A ceneral description 0£ the subcatecories 0£ ref'ineries i• 

giTen in Table 3. 
The initial refining process separates crude oil into dif'£erent 

f'ractions based on their boiling ranees. Socie of' the lighter and 

intermediate t'ractions are blended into product•. HeaTier £ractions 
may be further processed by crackine th• larce hydrocarbon molecules 

into smaller ones. The etruc:tures of' some 0£ these golecule.s are 

re-arranced l)r they are .joined in ditf'erent combinations to provide 

tho desired components tor blending into finished products. Thia 

takes place in a nui,ber or refinery proc•~• units, each vith a spe

cific parpoae, int•trr~ted into a processin{: sequenco. 

'·· 
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Tab1e 3 

Subcategorization of Petro1eum Ref'ineries 

Subcategory 

Ae Topping 

n. Cracki.n« 

c. Petrochemical 

D. Lubricating Oil 

E. Integrated 

Basic Re~inery ()perations 

Topping and catalytic ref'orming. Tt may include 
other processes bu~ not therma1 processes 
{coking. visbreaking etc.) or cata1ytic 
cracking. 

Topping and cracking. It may include other 
processes except petrochemica1 operations 
and lube oi.1 aanuf'acture. 

Topping, cracking and petrochemical operations. 
It may include other processes but not lube 
oil manuf'acturinc. 

Toppine;, cracking and lube oi.l manuf'acturing. 
It rray include other processes except petro
chelilica1 operations. 

Topping• crackine. lube oil manuf"actur~ and 
petrochemica1 operations. It may include other 
processes in addition to these • 

A.I.though niany different individua1 processes may be used to 

ref'ine crude oil, the operation of' a ref'inery can be divided into 

seven proces~ areas: 

- Separation of Crude Oil. 'nle aoat widely used methods for 

separating crude oil are atmospheric and vacUUJn distillations. 

Pre-treatment of' the crade oil in a desalter is typically included 

a:J a part of' the separation processes. 

- Converaion of' !!ydrocarbon Molecules. Conversion processes. 

which chan~e the size of' structure of' the hydrocarbon nolecule. 

convert sou.o of' the crude oil tractions into higher value p~oducts. 

The moat coaaon conTersion proce•••• are cracking (the~l. cata

lytic, •iacosity breaking, hydrocracking and coking), cogbining 

(alkylation and polymerizatior..). and re-arranging {catalytic refor

ming and iaomerization). 

' 

,. 

-. 
- Treat+nc Cruet! Oil Fractions. Some 0£ the original sul.phur ~ 

c•.>upounds are conTerted to hydroeen su1phi.de (H2s) • vh.i.ch can be 

separated and converted to oleaental sul.phur by troating processes 

~uch a• hydrodevulpht..:izJ.nG and chemical troatinG• Other c~rapound5 

which may be r0r.10Ted ;J.nclude nitrogen, olef'ina, 111etals, nephaltenea, 

naphthenic acids Qftd phenoln. 

- IUondin&« nydr.:>carbon Product11. fo!o. t petr jleUCJ prorluct<i ::\ro 

~ hlend or hy<.lrocr.rbnn r1·aotiont; or comp~nen~f, producer) l>y vnriout 



• 

i 

,. 

'\ 

\ 
. -y-

-· 17 -

- AuxiliQIT 0perating Facl..lities, A number of' re:finery W'li.ts 

are uf"ed to !!lllintain nonnal operating condi.tic~. Included w~onc 

the :ftmcttons 0£ m.cdliary operating :facilities are hydrogen pro

duction, li~t ends recovery, acid gas treating, sour water strip

ping, sulphur recovery, tail ~s treatine1 and wastewater treatment. 

- Ref'inery Of':fsite Facilities. Ref'inery ottsite f'nci1ities are 

equipment a."'ld syster.is u~ ud. to support re:finc'-"Y operations. These 

f"acilitie~ include storage tanks, e1.ectricity1 ste81!l generating 

sy~tems, flare and blow-down systems, coo1ine water sy~teos, 

receiv5..ng and distributicn systems, and refL,ery fire control systems. 

- F.)nission and ~·;~fluent Control. r:tef'ineries generate air 

emis~ions, wastewater, ~ol~d waste, and noise which must be control

led f'cr ef'f'icient proce!ising and environmental protection. 

The seneral f'low o:f the crude oi.1 and petroleum product$ through 

a complex re:finery and the processe.r. involved are shown in :figure 2'. 

Brief" de~cription 0£ the 1.ndividual proce5~es which may be used in 

ref'ineries are given !'Urther on (:") 

2.1.2. Re:rinery environ.~entai concerns 

Ret'incries and terminals seek tc avoid the re1easc or any 
substance in such a quantity that i.t will be harm.f"u1 to human 

health or the environment. Tn order to achieve this it is neces:;ary 

at the out~et to di~tineuish between accidental releases and relea

se5 which arc part of' routine operation. Accidenta1 releaseo may 

have a serious or a r...1inor impact: on the en.vj_ronment, but whatever 

the ii:rpact the environmental con:dderatlon.:.> are only part o~ many 

con~;idcrntion:; ir.lplici t in accidentn.l prevention [~nd mitigation. 

Sarety rn~na~enent is the ~echanism throug'h which refining and termi

nal managements !lee?c to avoid harm ir:.eludint: environmental hanJ t'rom 

acci~ent!;. 

'nta relea~e o~ a ftUb~tanee as part o~ routine oporation ie in 

a di~~erent categol""/• These releases and their potential impact 

repre~ent tbe outcome o~ decision~ takAn with regard to de~i~ 

con!.itrtJcti.">n, oiterating procedures, teed~tockH. product r•quirem~nt;-. 

inspection. ~aintenance etc. consideratinn~ and in this context arB 

a normal part o' handling and procesRing ~eedstock~ and productA. 

.. 
i 
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The areas of pri.J:lary <>peratlng concern in envirom:aental 

manaeeMent are air, water, groundwater, solid wastes and noise. 

Several ~teps have been taken durin& the last decade to address 

these cvncerns, predominantly thro~ i!!!proved refining processes 

and environmenta1 control devices and more responsive operating 

nnd maintenance procedures. '!hese steps have resulted in fewer 

contaminants and/or reduced concentrations being discharged, leading 

to an improvement i!l. the environ:.ient. 

'nle operatinf; guidelines il1cluded belov are intBnded to 

highl.icf>.t typica1 steps which can be taken to reduce the generation 

~d disposal of contaminants and minimize th~ir release to the 

environment. Inspection, l!IB.intenance, training and co-operation o~ 

employees at all levels are integral parts of success:f"Ul. i.I:Jplemon

ta t lon of the operatitl€ guidelines. 

2.1.2.1. Air Pollution Control 

Air emi&sions vary significantly. both in quantity and type • 

acong refineries and their ef~ect on the environment will vary • 

• \;!Jong the f'actors that af':fect the amot.m.t and type of' re:fl.nery air 

eaissicna are: crude feed~tocks, processe5• types of equipment, air 

pollution control measures, housekeeping, maintenance practices and 

the age and category of ref'inery. Air emissions occur from a multi

tude o~ speci1'ic :'>ources and ::tre u~mal1y handl.ed separately. Th.U3, 

air pollution control systema, when 'tsed, are as~ociated with 

specific process \.Ulits and are usually dezipied to remove or modii'y 

~peci£ic contaminants. 

'lbe n:ajor types o:f air contami.nanta associated with re~inin~ 

are sh01om in Table '• a.loJlb vi th the major ::;ources. 

!h·drocarbons 

Jiydrocarbons emissions are potontiall.y the 1arcest type of' 

emi:rnlon :from o. rof'inery and consiclerat)le attention is civen to 

reducing the~e ~is3iona. 

Potential ao1irces include i;:roces~~ nt~clcs (pruiarily the proces:; 

boater~), 3toraee tanl~s, the product loadi~ terminal~ and 1'ugitive 

sourc49e such as vulve stems, pun:p and compressor 11eals, tfrainr. and 

oil/water ~eparators. ;,pecir1c sourcea of' bydrocarhon3 are discussed 

'below. 

\ 
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Table 4 

?,£1tential. Sources 0£ Speciric &nissions 

f"rom Oil. ne~ineries 

~u1phur oxides 

Tlydrocarbons 

l'iitrogen oxides 

3oi1ers, process heaterG• catalytic 
ere.eking unit, regenerators, treatint: 
units, n

2
s flares, decoking operations. 

Loading facilities, turn-aro1Dlds, samplin{;. 
storage tenks, wastewater separators, blov
dovn systems, catalyst regenerators. pu.-ups. 
valves. blind chnn~ing. cooling towers. 
vacu'Ul:l jets, barooetric condensers. air
bioving. high pressure equipoent, handling 
vol&tile hydrocar~ons, process heaters, 
boilers, compres~or engines, distil.lation 
t~wer3 1 separators. 

Proce5s heaters, boil.er~, compressor en~ine3, 
catalyst regenerators. ~!Ares. 

Particu1ate matter Cataiyst regenerators, boilers, process 
heaters, decokinc operations, incinerators, 
.r1ares. 

Aldehydes 

Anr.nnia 

Odour5 

Cnrbon monoxide 

Catalyst re&enerators. 

Catalynt roeenerators. 

T:t·eatin,; unit:; (air-blnwinc, steam-blowinc), 
drains, tank vents, barometric condenser, 
pumps, wastewater separators, process 
veusol~. 

Cata.lyst recenerct~on, decoki.ng, compros~or 
engine, incinerators, b~ilsr-s, t1ares 

Sulphur Oxides (sOx) 

~ulphur d!nxide (so
2
), one o:t the ao111t eoarion air pollutants, 

is MO&t of'ten produced whf!n a ~ulphur-ccmtaining f'uel is burned. In 

retinPrie~ the major part of the ~o2 eEis~ions arlEe from the cvm· 

b11st:ion o'C re:tinery f'nelr. to provide "nergy :tor the various proce~se-. 

and to raj~e ~teac. "nie rnajor sources of £02 emlaaions are the bui

lers, pr"oess heaterr., catalytic-cracking un:&.t, r13generotor~, trea

ting units, coking operations and where a•ed n2s flares. 

n~tinery f'uel combustion Ami~si.on~ can be controlled either 

by rer.trictine; the sul.phur level in ref'inery tuel or by ncrubbinc; 

tho stack gor.e;:; prJ.or t.o discharge into the ata.11:>:::phere. ~·~1tthods ":f 

red11cinc the ::rnlphur:- level .in •:~finery fuel ... tr.A}· lnclu''"' mo.::ir.1.'...7.at:i <;n 
wr t~1c u.,.c vf natnrul L-1Jt· a•; o. !'uol, 1,1~1.n~ petr.olc~1;1 f'llf)l:; or.u t,~· · 

\ 
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product t'uels that have been desulphurised. and blending heavier 

high-sulphur internal f'uels vitb desulphurized distillates. 

The sulphur recovery unit {typically a Claus unit) emissions 

a~e controlled both by increasing the level o~ sulphur recovery and 

by stack gas scrubbing. The Claus process, which is the most widely 

used system, uses both thermal and catalytic conversion reactions 

Nitrogen Oxides {NOx) 

The major sources 0£ NOx emissions are ~rom combustion processes 

including process beaters, boilers, compressor engin~s, catalyst 

regenerators and gas stabilisers. 

Oxides 0£ nitrogen {NO ) ~ormed in combustion processes are x 
usually due either to thermal £ixation of atoospheric nitrogen in 

the combustion air, leading to •thermal NO •, or to the conversion x 
o~ chemically bound nitrogen in the f'uel, leading to •:ruel NO "• 

x 
It is generally accepted that thermal NO is ~ormed at temperatures 

x 
in excess o~ 18oo0 c in the presence of excess air. Fuel NO is due x 
to oxidation o~ a portion of the nitrogen combined with the fuel. 

The bound nitrogen is emitted pre~erentiall~ as molecular nitrogen 

and only partly as NO emissions. x 
NO control techniques for stationary sources operate either x 

through suppression of NO formation through combustion modification x 
in the process or through physical or chemical removal of NO from 

x 
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 or the equipment, or, as is usually the case, 

with the catalyst regenerators, by providing a separate means ~or 

eompletinc the conversion or carbon monoxid• to carbon dioxide. 

In the case or the FCC regenerator, the best demonstrated con

trol technology tor carbon monoxide is considered to be the carbon 

monoxide incinerator-waste heat boiler • .An alternative to the co 
boiler is the use or the nev rluid cntalytic crackers that use im

proved catalyst and high-temperature re~eneration to limit CO gene

ration. 

\ 
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CG entiss :..ons f'ron the process heater:: and 'loiler5 ai·e oini

mized by rnoni toring the combuc:ti ·)n parameters, especially oxygen. 

to e~sure good combustion. G~s turbi~e and compressor emissions are 

treated in a. like aanner. 

Particulates 

'rbe rrimary SOUTCP.S or particulates are process heaters 9 boi-

lers. FCC rP.generators, gas turbine, and solid-wa~te inc~nerators. 

Particulates can be controlled by the use or vet scrubbers and high

et'ficiency mechanical collectors (cyclones, bag house); hiefl ef'ficient 

cyclune~ or electrostatic precipitators on cetalyst regenerators and 

power plant stacks; controlled combustion to reduce ~moke; controlled 

stack and t'leme temperatures; improved burner e.ne inc~erator design; 

and use of smokele~s f'lares. 

'nle emissions from boiler~ and proces$ heaters are lergely a 

:function of' the quality of' the ~uel U5ed. If' a f'uel has a high ash 

c•>ntent, •t large portion of' that ash will appear ~:.; :f'ly ash in the 

f'uel ga.se:>. The techncloey f'·Jr the removal o~ particulates resulting 

!· 

.fron the combustion o:f' co;;..l or 0;_1 if> ~~icclly hicJl-c:ff'ici~ncy ::iecha- ~ 

nic&.1 cyclones and electro~tatic precipitators. Also, particulates t-r -:an be controlled by pro!Jer operatin:; p<.".rametcr!" ~.nrl :iclju~tments o:f' 
J· 
~-

th9 nir-to-""'uel ~tio. }i 

'nle principal rerinery pr~cess unit subject to contr0l o:f' 
1 ... -: ... 

particulates is the ~luid hed catalytic cracker. Particulate~ trom 

the FCC are controlled by electrostatic precipitato~s, ~fch-e:f':f'iciency · 

cyclones, dry scrubberl3, vet •crubbers or l)aghouses. The m-.:>st coauonly 

used equipment is the electro~tatic precipitator. 

Odours 

The nose is an extremely sen~itive detector o~ odcurs and c~n 

be matched by only the most sensitive inatrumental ·technique. '.nle 

main offenders have been ~hovn to be sulphur compounds, fS11Ch as 

r•
2
3, mercaptans, and disulphides, ithich P.re mown t;o b"' present in 

crude oil tractions and havo been detected in refinery atmo~pheres. 

necau~e of their o£tensive scell and low ol~actory levels, these 

compound~; give rise to the 1:1ajority of' compl.i.intr:. 

' .. 
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Xost re:finecy cd·.,ur prcblems are duo to leakages or mal-e>pe

rntions which are intermittent in nature and which may u.3ually be 

prevented by good housek~eping o.nd maintcnnnce. 

-.~ 

\ 

Ta~1e 5 s'lll!Tlarizes ~one typical refinery smells, their possi.ble • 

source, and the reost pr~~able compounds ~ontributing to the odour. 

A listing of the most common ocfottr-causi.,'"lg co:npounds :found in the 

refinery emissions is shown in Table 6. 

aef'inery odo11rs and sources 

Type of smell 

Bad eggs 

:~ever soell 

Burnt oil 

Gaso1ino 

Aronatice 
{nensene) 

ITot Tar 

S'lurce 

Crude sturage 

distillatlon of gases 
sulphur removal flare 
stacks {extinguished\ 

ef'f'luent water 
biological treatment 
plants I.PG odouri
•~i.."'1&1 spent caustic 
loed:i.ng and transfer 

catalytic cracking 
tmi t coking aspru.i.l t 
blowinc asphalt sto
rage 

product stora2;e 
CPI & API :~ epara
tor!; 

aromatic plants 
naphtha re~ormcrs 

asphalt storage 

Table 5 

Odours compounds 

H2~ -1-trace of' di
sttl.phides 

dimothyl sulp~ide, 
ethyl and aM'Jl 
:nercapta..11s 

u..-i::;aturated 
hydrocarbon& 

hydrocarbons 

banzenc, toluene 

hydrocarbons, 
mercaptans, 

"2s 

j 

J 
r 
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Table 6 

Odours of' comp\lunds which r:my be :f'otmd 

in refinery emissions 

Chemical 

Acetic acid 

Acetone 

AJI:ine. a~nomethyl 

!.mine. dimethyl 

Amin•· trimethyl 

..\mrnonia 

nenzene 

Denzyl sulphide 

Carbon disulphide 

Chlorine 

Cbloropbenol 

~imethyl su1phide 

Diethyl su1phide 

Diphenyl sttlphide 

Hydrogen sulphide 

Methyl ethyl ketone 

Hercaptan, methyl 

Mercaptan, ethyl 

~..rercaptan. n-propyl 

Merca?tan. n-butyl 

Para.ere!: ·:>1 

Paraxylene 

Phenol 

Phosphine 

Sulphur dioxide 

Toluene 

Odour ) 
threshhold(ppb)x 

1,ooo 

100,000 

21. 

47 
0.2 

46.800 

4.700 
2 

210 

.)14 

0.03 

1-2 

6 

5 
.5 

10,000 

1-2 

o. li-1 

0.7 
0 .. 

• I 

1 

21 

If 70 
2,ooo-4.700 

Uutane 6,ooo 

Heptane 18,ooo 

Amylenes and pentene~ 17o-2,loo 

x) Units in parts per blllion by volume. 

Cd our 
description 

Che1nical, sweet 

Fishy, ptmgent 

Fishy 

Fishy, pwigent 

Pungent 

Solvent 

Sulphidy 

Vegetable-like, 
sulphidy 

Bleach. p'lll'lgent 

f.iedicinal 

"legetable-like• 
su1phidy 

Garlic-like, :foul 

Bt'.rnt, rubbery 

Rotten e~.;_;s 

Sweet 

Sulphidy, decayed 
cabbaGe 

Sulphidy, decaycc 
cabbaee 

Sulpbidy 

Strong, sulphidy 

Tarry. pmlgent 

Sweet 

Medicinal 

Oniony, ouetard 

St arp, pungent 

Solvent, moth bal!~ 

\ 
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Operat.in,i Guidelines f'or Controlling Air Emissions 

The gtt!delines t'or operating a re:finery or ref'inery e.sscciated 

terninal can be divided into tour genera! areas which relate to 

each other. The~e areas are design and operating procedure~, ins

pection, caintenance and housekeeping. Training to ensure that the 

g•:>e.ls for each of these areas are roet is necessl:'.ry. 'Mle extent of' 

detail in the guidelines is e matter :for local discretion aP.pendent 

on local condit~ons. 

The :foll:>wing e.re some design and operation procedures which 

are generally benef"ic::ial with regard to controlling air emissions. 

The list is by no means exhaustive. 

- The practices o:f open stirring, venti.ng and :Claring should 

be Rvnided; 

- Tank gauging and sampling which require opening the tank to 

the atmosphere ~hould be cnrried c:ut to the extent it is poss ib1e, 

nt thn tirne o~ day when the tank temperature and, theref"ore, pre~s~f: 

iz at a m:.nimuru, so the vapour loss 'Will be minimized. Consideration 

f.hnu.ld be given tc. the use of' automatic gauges s.nd !iide sample con

necti~ns, Operating pr-~cticeR shou1~ minlmize spillage and cnr.ure 

that vapour collecticn e.nd recovery equipment 11ill control vapour 

loss to the atmosphere :from product tranE:fer operation;. inclucli.ii.g 

loo.dint; •)f" tank trncks, tank cnrs, and drun1::. • 

- Ma•ikini:; agcnt!'1 or c•dou::..· counternctants raay be used to cove:r 

up 0do11r!:' if the pro~)lem is exclusively one of' odour ::-,uppression l'.l.nd 

does not impact on s~:fety anc1 leak detection. spmed materi~ls sh1>ulc· 

he picke~ up by a vacuum truck ~d the material reproces~P-d, if" 

p::.ss.i..'ble• 

- l're~ntr~ settings on :r~_xed roo~ c.torag3 tank !lboulrl be !let 

based .:>n the vapour pressure of the stored rr.aterial tt) limit the 

rele&.'.M of" hydrocarl.on vapours; 

.. 

- w:~steuater f.tre~ms contalnine odorous matorials should '1e kept": 

SP.pb~ate, if practical, rrom the total efCluent 5ystem and treated 

separa. tely; 

- The biological wa::tevo.ter treatment 

in an acrobi~ Rt&te to mini~ize odour; 

unl t ehould t1e xriainta..ined. 

t 
w 
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~~~:!.c.;d:-.rou.:j cor:pound.~, =-~uc'h &:..::> s?ant cau.:::tics 1 c::..n so;n..:?tin:e;.; 

lio sold f'or recover; v.f cher.;icalti; 

- C~oar.f' :fro:•; incineration process.?s ; '!a.Y ~e min:::!l:i:::ed by 

raisin~ the conhu5tion te~peraturei 

- If' it become~ necessa~·- to f'lai·e 'IT.,3, the f"-.iel gas :feed tc. 
~ 

t!lc f'lnre sh<>cld be increased, and t'he stea~ !'low decreased, thereby 

inpr~ving th~ c0cbustion of' rr2s and oinimizing the odour emisstons. 

negular or periodic inspection is necessary to ensure that all 

proccs~ E;nd poll •1tion c ::>ntro1 equipment is operating properly and t•.J 

det~ct any f'aul t:.r equipll!ant th.at results in leah-age of' hydroc&:".'1::-ons 

or ar-y other me.terlcl. ~·aintenance of' all e1v1p~ent that is insp~cted 

and f'ount:! to l'.:,e f'aulty should be condacted as soon Cts prectical, 't-oth 

to min:·_rnize ern~ssions s:1.nc to prevent e. major f'ailure or the equipmet:!.t. 

2.1.2.2. ~ater Pollution Control 

'r.:~ volume anti char<'.1.ct;~ri:=ti.c!" C)f the vastewaters procluce<! 

and cU.!'cbE.r~ed by petrolen:a re:finerie!'. are dependent upr,n pnr&.:neters 

~.uch as the prr~pr-rtie.s o:f the c:::'Ude .:Jil, type'> of' proce~sing uni ts, 

.f!nii.1 product •nlx, and ::10t!lod or trec.tr;1ent and di:;po..>al. The:;.~0f
0

J"o.''.!r 

thE• c1'..t:.racter~ ::..tic~ of' tho wastew·~_ters 1)rc.duced and. dl::1crutr~ed wll ~

r;~i'lcct individual !";ii(e conditi~:'l.s, z..nd n "typical" ·waste\.~tE!r c:ll'.n'->t 

be defined. 

Treatment P~ccc~~cs 

Tl.re· ~yst a!:l3 ~re cr.ipl·:lyed fat the trea t:r..;:-nt o~ rcfi1v·.::-.r 1m:.=.te

lr. .. terE: thP. in-plant !.our w:'lter :.-t:-·~.pping unit and tllf! ~.-Q.steVctter 

tre~tment •mi t!'.' •• Th"' ~our watnr str:ipp.tn:; ,_tni. t L.; enployed :!.n the 

ref':l.nP.ry procos~ unit.:., f"or pre--treutMe:it o-!' -,.,ator.; contaiTiing IT:'!~;. 

Tho?. w&!.tewr·.ter trea.tr.:ent uni ts treat all ec·ntcw.-!.nat~ci ~..ratcrn pri'-':>:' 

to dincliar.~e 'll"!:tly, b11t n·-,-t n~~~~!lar1 ly, on a ~:'.te ""irH.i!'I. 

:.:ater conta:in:lng sttJphidP.n is termed r('lur wat~r •1r ·,•1ur conder.

~&.te. !1e1'·; nf'ry r1perat ions pr···<tucc sour ~ter t'rom procr.!>:.'e!. !"uch as 

hydrr,treatin~;, cat:e.lytic cre.ck:nP,:. an'1 C'lk 1.n~ and whencv"'r .. ,team i£ 

C•mdcn!'!ed 1n the pre'.Hm.ce or ea~e:? eontain::..nc hydro~CTJ 8U1i•hide. In 

ndditicn, sour water normally cuntain:..; :irninonia Q.ncl sr:~ll a1nounts oi' 

phanol and ut1,er !1.~rdrl)carb:m.::o. Theee conta:Jinant£ e.re od.,rc.n.;, and 

~!· c'6o~o va~ .. tevntor trci.t::r~t-d:: plant: u~~;et:'" and wa:::to11a.t!!r dL;c'.harc·' 

\ 
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vic.>l:iticn;; i!' tb~y w•:::re d::sch::ir~~<~ Y5.t•1out trec.tc.e!l.t. Sunr v.ater J:-

s~r:.ppi.n~ :..~ u~ed hy re.fineric~ to reduce the l..:?vel of' tlle C"nta

::•inar::!:!0 in ~ouz- c..'.>~dense.te t,-, ellov i"u.rthar use of' this condensate. 

<::our 'rater >trippine c-an rer:aove hydroee:l sal.phi~e, e.r:11onla 

and so~e phenolics :f"rom the water. Sour water stri?ping wiil also 

re:::ave varying a:nounts ..,f ~henals, ~rcaptans anc! other conta:r.inants 

pre!5ent in t'he :r~edwater. The actua.l a:nount o"!" these oaterials re

::?OYed is deper-.dent upon t!:e unit operatmg conditions and f'e<?dv&t~r 

c?'!a:r-acteristics. The scur gas :f"ron the stripper i:o reEoved to the 

sulphur recovery ~n·t and the stripper '!:cttums &.re f'e~ t:-, the crude 

o~l desalters er discharged directly to the vast~wate~ tr~atment 

!>y.stea. 

::astewc.tar Treatcent Units 

The P-:.il?VSe or wa~tewater treatin~ is to upgrade the qn&lity 

o~ e:f:fluc'!'.!t ":later !'!o that it can l•e sa.fc-17 di.:>posed cf' or r~circn

lated t~ the ~erinery. R~.fincry 11E.stew&.tcrs typicaliy cont~in oil, 

~hcnvl:', :.:;ul~h.i<.i·.):"., a.-=:ionia, ~nd/ur d:isso1vml ~C: ~u.:.:.pended ;.;.c.lici;.} • 

3one re:rinery wa~tclo-atcrs conta.L."l other m·canic and i..!1v.!.'{.U...'1.ic chc::

m.:.c<:l~. The type~ u r treat1;;~nt pi·ccesse~ util~zetl vo.Z'}- wi tf1 the t::lP~s 

;;f ;;011centr~tlo1::.~ "f' c .. ntQL.linant a.nu ,., . ..:_th the t}f°:fluont qua.I.: ty 

and c··llect.i.nn sy;-.ten; crav:i.. ty-t;rpc .:-.i.!.-watc~ sepc.r~tor::- and auxi

.liz..:;-.i..es required tc remove <•il and sediment; treatment units or 

t.i~p.::sal t'acilitic.3 tc. handle !!ecregated che;..ic;::..l !;•~luti~ns and 

other proce!l~ llf!:.;ter., and to control the ef:facts o:: pol tutant'> whicl, 

~ve toxlc propert~es, cnuse tactA and oduiu- ~nd ~o f~rth; a~d ~or:1a ~ 

fon:; of secondary treatr.;~nt f'ollc~..-ir.t; gr'4v!.ty .:-.epa.-atlon, where 

required. 

F~ve ~ta~es o~ waztewater trAatm~nt may be used ~n a refinery 

va~ed on the typ~ of vastewaters bgine treated end t11e qual~ty anG 

typo of recf\iving '".later: •• The~;e !';t~ge·, ar~: in-plant prc-trt!Bt•·aent 

{ ... nclud.i.ne .... our water ::trippi:i~, neutralizati.m, etc. ),prir.iai7 treet

m.ant (oiJ/we.ter ~eparation and re::novr..l of 3€·ttloablo ~•.•ll~ ·;), int<:=-

1•,09dio.te treatment (h.::;ldin .. ~:a.sina), :: •lC'.Jndary treat:nent (b~ olut;ical 

oxlc1ati·.;1·.), c.nd tertlary tree>tn ... nt (activat~d car!:>un al·~ 1-iT!lti·:.n nnc! 

filtr.:.tion). 

.t • /. . .,: ,, 
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i."~-·= te-..-atcr Cbi:.r::lcteristics encl Cl.y~il .i.cati.on 

l'ht:! v .. t~r ct.-.ntaminant pc;.rac-: ters de~err;!.inuC. in r..:!'il... ... ry va,;te

'\/Ute::::- include- ~iochc.:!lical o:;cycen ~Cl!lel'l.d (:!OD~}• clte.::l.cal oxy:r!!n 
:J 

deTanc (CC;J), ci.1, total. ,....:.tspended .f·'.'1ids (T=>3), a!:lll:o:r:.ia (rm':\), ... 
p1~enclics, hydro~en snl;:>bide {t!.,S) • trace .::rganic!' and s o::ae heavy ._ 

metal..;:. Tn.bl.e 7 sholr-' the major son...-ces of' each ot the c~ntaninantf". 

Process waste1'-ater,., contri.butl'. to s. port:l.on ~f vlrtually a11, 

vhi.le other sou:cec; '!iave :;iora specif':f.c c:l!ltan:.i!".ant:s ~:i~charce:. 

The characteris~ics 0£ the wastelr.lter wi~l d~termine b~th the 

debTe~ and type 0£ treatment required and the e-f'f'~ct of' the ve.ste

l!.'11.ter trt:·et~ent plant ef't"l·.:.ent on the receiving water~. The zpocif':.c 

c~.:.ore.cter:.~tics uf wastewater of' inpurtance -f'or rei'inery ef'f'luents 

include pH. salir-ity. ac~d~ty. alkaiih~ty, dis~~lved ~rJ~en. c;cygen 

detna.."ld, bartln~ss. O!';~ot.ic c:f:fectz. t'Jxicity. ta:Jt!! and odcv.rs col(•Ur, 

tt:.rtidity, su.:.pended ~tt!?r, n::l and t~operetur£:. 

~•a~tevater Pollutant .::ources 

Pc.llutant ::curce5 

Process va:~teimter 

.. 

non,., cen, c il _, Coolin(. tower '!-:1.;,w-,fom!. (if" 
hy\lroca:...·1i•:n~ leak :'.nt~ cucli.-::- ..... _,,. 
water . .y::>tc·-) 
IW.1.ias t ':-r... to:r 

Total f"U~penc!ed sol.id~ 

Y'henolics 

TE:-.."'l!·: flew d:r.r.inar.c anC. :~:"t.m-n:f: 

P::.·r,ce,::.; ~- m~,to'-r.~ tei~ 

Co~lin0 tvwe~ ~l~~-~~'m 
Ball~~t wat~--~ 

TE'.!1!< :flow t:'!rainacra nnd :::'"-ln· •: ~" 

Prl')ccss wa <: te~.ratcr (pnrti
cularly f'ron fl.uic! Cf- tnlyti c 
cracking ~.mi t) 
J'rocess wastewater (parti
c,ilarly :from fluid cat~tlc 
cracking un.it and cGk,.,r, 

TTeavy metal-; !'roee:H: v&!. tevater, t~nkac~ 
~;a~tewaters d:i sc~arce& '-' 
Cool~ng t0ver ~1~v-do10 (~~ 
chrcumte type c~llln€ Wllter , . 
treatner.t che~icala ar~ u£c~,.,: 

':'~'ble ~ in~j cntc: t?t.-i t:-r.·" of pr.J.lut~t typJ r-; .. lly ·x1-.ectNl !r. 

• .. -::i- tc-1"1':'. t '"'-:"' ~':" .).1. 1;1-,,~ ·m r I ·.•U: r·~ r_:_r-.r.ry p .. :cr. t'SSf'!S. 
I 
' 

,,. 
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Vastevater contaainanta t'roa re£inery unit processes 

Processes 

Crude oil desalting 

Atmospheric distillation 

Vacuum distillation 

Fluid catalytic cracking 

Coking (delayed or fluid) 

Visbre~ 

Steam cracking (gas oils) 

Catalytic hydrocrack~ 

Catalytic reforming 

Naphtha hydrodesulphurization 

Distillate hydrodesulphurization 

Heavy oil hydrodesulphurization 

Gas recovery plants: 
- Unsaturates 

- Saturates 

Merox treaters 

ilkylation 

Isomerization 

Hydrogen synthesis 

Aromatic extraction 

Petrochemicals 

Lubricating oil 

.Asphalt 

Sulphur recovery 

A.bbreviationsa 

HC - hydrocarbon liquids or oils; 
H2S - hydrogen sulphid•I 

NH3 - ansnoniai 

CN - cyanides and thiocyanates; 
HCl - hydrogen chloride; 

Pollutants typically 
expected in wastewater 

Inorganic chlorides HC, (H2S, 
phenols) SS 

HC. n2s (~, phenols) 

HC, H2S <~· phenel.s) 

HC, H2s, ~· ~' phenols 

HC, H2s, ~· CN, phenols 

HC, H2S, ~· CN, phenols 

HC, H2s, ~· CN, phenols 

u2s, ~· (He), phenols 

H2S, HCl 

H2s, NHJ' HC, (phenols) 

a
2
s, NHJ' HC,(phenols) 

H2S, NH), BC, (phenols) 

H~S, NH1 , RSH, CN, amine, (HC, 
p'fienols7 
H

2
S, NH

3
, RSH, amine, (HC) 

NaSH, NaSR, Sodium phenolates, 
(HC) 

Sulphuric or hydrofluoric acid 
or acid salts, SS 

Caustic st~eam containing organic 
chlorides 

(co
2

, CN, NH3, amine) 

(solvents, aromatic HC) 

(various} 

Solvents and vari&us others 

HC, (phenols) 

RSH - mercaptans; 
NaSR - ood1um mercaptides; 
NaSH - sodium hydrosulphidei 
co2 - carbon dioxide; 

SS - suspen•ed solids. 

The pollutants enclosed in () indicate those which may not 

be present in all cases. 

\ 

r.:-. 

'~ 



• • • 

i 

' 

/ 

' 

\ 

pJ·..,;C:,.!"" <. Ty. »ti'!" r~ ~·::: gcn.ar!'.l ef':'"l~ent! for 

-- !led'.lct:'...J!l of ~!l )Ck ? •:..lt:";~n't ~ -:r·d.;:; 

t" ~::·~,·-tm~r:t; 

--:--'"!'" t:.n•·C O~·~:. r C; 

;.f' '.C~I'!:" :t~~/-.-:-- f:·~;:~_.tr·rnt.; 

- ~-

• ·-~;:.~·h"..-:,: t~r.k•: with ~r·t:·-"'l·Ylrl pr<~(~•.tt:tR t•..: rr"::!rn'!z~ V<•!n;.:~ :f" 

or oix-'S~. 

•..-t.. ~ t e~,-a t e:r c ".':~ tr·.r:ii.na. t 7 •·~; 

. r .... 

".".l.;.::~t.i.01.; t~.f: :'.:1.-,!;nt rd: v&t<.r :1-t:d !'or p-:"J~';.3: ••r'.;; ·-~~1·.<lo~-r'; 

-....... .. .. . 

•. 
~ ... 

" c . .:. . . ! , ..., 

'-"·'•""' 
' .. . '~ : ~ . .. , 

~ ... , • 

~-

• " 

. .... 

~ -.. 

,,, 



-~--·----~---- - -.. • ,· -

' -

" 

, 

\ 

- --,--
- ~1 -

2.1.2.). Groundwater Pollution Cor..trol 

Es~ape of' liquid petroleum products :from storage and transport 

f'acilities under the surf'ace of' the earth and f'rom above-ground 

spil.ls into the soil have become an important ar• of' concern. 'nle 

acute aspects of' the prob1em - rav produoet in drink-tnc water well•• 

gasoU.ne t"uaes in basements. t'ires and exp1oaions - create 1-edi.ate 

danger to lit'e and property. The aore chronic et'f'ects include sub

toxic but 1Dlpalatab1e levels of' contamination in drinking vater. 

1Dlsightly seepage at springs and al.ong streams. etc. and shoul.d 

stinntlate the sa.e sense of' urgency. 

The tvo basic sources of' spilled l.iquid petrol.eum products are 

equipment f'ailure and operator error. Equipment t'ailure includes 

corrosion and leaking or both above and be1ov-ground piping and tanks• 

valves t'ailure, ret'inery anit upsets and sever and drain leaks. Many 

of' these f'ailures may be avoided through proper inspection and main

tenance procedtu·es. Operator error includes overfilling tanks and 

improper al.ign;aent of' val.ves and piping. 'nlese and other operator 

errors can best be corrected through developing proven operating 

procedures, regular training and testing of' personnel, and systematic 

f'ollov-up to assure that procedures are f'olloved. 

The material. in this section applies to both refineries and 

terminals (ref'inery-associated and crude or product transportation 

and storageterminals). 

Preventive Measures 

Preventive actions are designed to min:l.mize the ef'f'ect of' any 

f'uture events which anay result in pollution; these actions restrict 

the ef'f'ects of' pollution to a limited and controlled zone. For any 

preventive measure. the method must be properly engineered. It must 

be •tressed that the preventing measures discussed are likely to be 

practical only at nev oil industry installations. For many existinc 

installations, some of' the proposals would be either extremely 

expensive or not ~easible. 

The preventive measures to be installed during the con&truction 

o~ a permanent structure should consider the f'ollovint;: 
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- The type of' construction (ret'i.nery. storage tank. pipeline etc.) 

- The volume and the nature of' the oil likely to pollute the 

sitei 

nie geology and hydrogeological emriroDlllellts i nature ot the 

terrain, depth, actiTity and quality ot the aquiter; 

- 'nle economic enTironaent; proximity to and capacity of water 

wells and intakes tor domestic purposes, risk ot pollution ot a 

river etc.; 

- The preventiTe system invulyes tour areas: c'>rros:...on prote-:tionJ 
I 

surface preventive measur~s, subsurface preTenti'Ye measures, and 

monitoring devices to detect and varn o~ 1Dl-suspected pol.1ution not 

visible from the surface er o~ a dangerous change in gro1Uldvater 

levels. 

2.1.2.4. Solid and Semi-solid Wastes Control 

Petroleum retineries also generate a wide variety of solid 

and semi-solid wastes (hereatter referred to as solid wastes), some 

ot which may contain materials currently considered to be hazardous 

(i.e. heavy metals such as chromium and zinc and polynuclear aromatics} 

which are potentially hazardous to health and the enYironment. 

\ 

Typical solid wastes generated at a refinery include process 

sludges. spent catalysts. wastewater and rav water treating sludge. 

and Tarious sediments. The volume ot waste generated, as vell as the 

economics oC material recovery, are determined to a large degree by 

. ..... 

the type, age, and condition of' process unite and the market tor 

product •mix•. Pollution control methods are 1'urther affected by 

geographic conditions, transportation distances, dispo&al site hydro- it. 
geological characteristics and regu1atory requirements. 

Refinery process solid vastes can be divided into twe typess 

intermittent and continuous. Intermittent process wastes are those 

which generally resul.t f'rom the cl.eaning ot' refinery f'acilities and f 
which require disposal. at intervals greater than tvo vP.eks. ~ 

Intermittent wastes are a. :function 0£ refinery size and ref'inery !t 
diligence in maintenance and housekeeping practices. F-

• 
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2.1.2.5. Noise Control 

..\. noise is any unwanted. undesidered. or va1ue1eaa sound and 

can cause both physiological and psychological damage to human 

beings. Koise may produce mental stress. fatigue, dissiness and loss 

of balance and may have an adverse effect on human activities such as 

vork, recreation, sleep, coaaun.ication and rest. 

There are two cajor categories o:f noise: continuous and intermit

tent. Contilltlous noises usua1ly have a rather stable leve1. Internit

tent noises are any £luctuating, repetitive sounds. 

Koise problems in process plants can be categorized as either 

commQll.ity or in-plant problems. Solutiona to in-pl.a.ut problems shou1d 

be aimed at preventing hearing 1oss, avoiding speech interference and 

min:ill:iz~ adver::;e ef':fect on workers. Coa:p1iance with any vorl<place 

noise regu1ations shou1d be emphasized in the :facility design. 

The noise levels in a community near a process f'aci1ity are 

f'unction o~ r:Janu parameters, including: distance to the nearest unit 

or \D'lits, size of' the facility, noise control treatments and other 

noise sources (other industrial sources, traf':fic etc.). Com:runi.ty 

noise problems are solTed through the elimination or prevention or 

annoyance to neighbours and/or the reduction of' the noise ltr!"'els to 

vithin a legal limit. 

Koiee source~ that characteristically generate low ~requency 

noise. such ac; ~urnaces and air c:~olers, tend to contribute signif'l

cantly to coanunity noise levels. Also. noise sources that are used 

in large numbers, such as electric motors and air coolers, can con

tribute signif'icantly to the coanunity noise level. 

Excessive noise in existing plants can be control.ed or abated 

to an acceptable level by engineering Gontrols. Operating requi.rements 

tLnd operator and plant Raf'ety may preclude the use of' the most ef'

f'icient and economical methods. In general, control of' existing sour

ces is less er~ective and more expensive in dollars per decibel of' 

noise reduction than includine noise limitations in the original 

design. 

Inspection and maintenance o~ all potential noi~e sources and 

operator trainiD.G are the major manaeement practices to ensure that 

nll the noise abatement practices l.ncoJ:1'orated in tho des~en are 

ef£ective. Final means or noise abatement are planninc o~ construc

tion activities and the u.~e or extremely noisy equipment and schedu

ling vehicular traf'fJ.c to per!.od,.; o~ ti.me 'When the surrotmdin~ com

moni ty will hest tolerate noi~e appronchine or even ~xcoedin~ the 
' 

level or annoyance. 

\ 
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MonOQ~r~ a.nU ba~ic petrochemica1s process 

Bulk petroch~cica.l manuf"acture is al.most by de:fini tion the ini-· 

ti~l 0r early stages of the production process in the petrochemical 

industry. 

However, sometime&, as is particularly the case with certain 

inorganic~ and polymers, bulk chemicals can be the f"inished products 

o~ the industry sold ~or application in other industrial processes. 

Most bulic chemicals experi.enced enormous growth :fro111 the 1950s to the 

early mid-197Cs. The consequences o:f this grovth vere: 

- The economic incentive for minimizing production costs resul

ted in considerable research and development ef"f"ort being devoted to 

imrpoving process technology, search ror new feedstocks etc. This 

was an innovative era :for the development and introluction of" new 

process technologies• 

Average pl.ant capacitieE increased many times in size and 

became large un~t consumers of raw caterials and energy; 

A high proportion of' pf'trochem.ical, bulk organic and poly111er 

p~oduction proce~se~ becrur.e continuous (often in the gas phase), 

utilizing selective catalysts; 

- Changed £eedstock ~vailabilit~es/cost bas bad a considerable 

iniluenc~ on process technol~gy development, mo~t markedly with the 

development o:f petroleum based ethylene chomi;•try away f'rom coal. 

based acetylene che!:listry; 

Even before the 197'+ and 1979 rise in ener~y production pricet-, 

~nt:rt.'Y costs hav·~ contrH-.uted 'iith a large share tu tctal production 

cc.stf.; the bulk cherrical ind11stry ha.3 devoted con:.;iderable process 

r9search 9:ffort to imprcve energy e~~iciency. 

,\ radical change in the economic s:I tuation end out1ook f'or the 

hul!c che~ical industry has occurred since the n.id-1970s, whJch lias 

been principally induced, o,.ther d:!.rectly or indirectly, by the oil/ 

~nerey crisis •. Another contribntinc f"actor may be the fact that lar~e 

v<>lume ~ubst:I tution opportunitie3 'for b\ilk chemical synthetic m~teri · 

als/tibres had also been conaide:ehly exploited by this time. The 

re!tult C.">r th~ bt!lk chemical industry in the T'!uropean Co!lllltUlity vn:;: 
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- exces~ product ion ce.pac..i...ty in n:any sector~ of' tha inrlu~try 

:c;ince 1975-19/8; 

- iDarket growth rates much reduced and grovth sometimes 

eliminated altogether; 

- low ~r negative prof'it aarg:L~s; 

- less R & D Cund~ being devoted to the development of' nev 

process tec"tnology f'or buUc cher.ticals production. 

Given the nature of' bulk chemical manuf"acturing, the f"olloving 

observations ~ay be made with respect to their nss~c~ated eDissions 

and wastes And their treat~ent: 

- ~lhil~ certain sectors o~ the industry produce emi~~ions of' 

high toxicity, includf?tg "black" and "grey" list substances, 

environmental problecs !ilB.inly arise ~rom the la~ge ef'~luent load ror 

vhich ndequate dispe~~al i, certain environments !ml.y be dif'f'icult; 

- nn1~~1ons/vastes f'rom continuous proces~as are likely to Le 

more amenable to economic pollution contr~l treatc~nt than t~ose f'rom 

~mall scale usually hatch proce5ses. J...arge plants ~y derinition can 

of'rer the opportunity 'ox· realising economies of' scale in gase~us 

emis~ion scrubbers or effluent treetment plant; 

- A particular environmental. problem »f' certain bulk c~emical 

uanufactures is the production of' large quantities or rather inert 

:-;ol.id inor~ic lJa~tes/by-proc!ucts; 

- Large <;uantities of' aqueous weak acid ef'f'luent cnn also be 

a~sociated vi.th certain bulk chegical production processes. 

In th~ f'olloving Gub-s~ctions we d~termine the extent to which 

cleaner process technolocie5, so far :Jld~ntified, have been adopted 

in the natural evolution and expansion of the petrochemiccl inr~n:;try. 

In latP.r sub-~ection3, we consider the incidence o~ other £orms o~ 

cle:uier technologie!l, such af. rocycling/recse of' vc•u~te streams, re

covery of' by-pro11ucts etc. However, the concept of' cloaJ'\er tAc,...nolo

gies is in rf:&lity not l'.lways readily apparent. 

Thie chapter deals with the evolution in time o~. the tochnolo

cical prccosses regarding synthesia monomers and sooe basic petroehc

mical nuh~tances. 11ie evolution n~ them is ezar:iined trom the view

point of' tbe reason tor switching trom one proce~~ to the othP.r 

considering principal characteristics ot the procer.~8b and the con

t·•QUAnces thereof' on the envi rorunent. 

The p7ocerses selected are those vbich have an important ehar~ 
in point .... r their indu~·trial producti'ln, as ""ll t.!l their envirolll'1*'n·· 

tal con~equence'.'J, th'::' c:>nt!:ltinna and compo~ltl·')n or no:ic1ous !>Uh!'ltancB'; 

vh.Icb can c)ritaminate a:r, watP.r <•r '3oi.1. · 
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The 1iterature rlata published did not al1ow in all c"~es a 

quantitative evaluation or the gcu;eous, liquid and solid e£rluents 

resulted :f'!:"ol!J some l.ess known or rather :i.·ecent processes in 1d:tich 

cases the estimations 11ere based on simi1itudes ,_.:'_th other known 

processes. 

Concerning the composition or gaseous, liquid and solid e:f':flU('nt~;, 

the paper mentions only th(.~ main pollutants expressed in concentra

tions 13er liter, cubic :neter or percentage by weight. 

Herein :further is eiven the list o:f' synthe~i~ monomers a.~d ba~ic 

petrcchemical pro~uct~ r.aking the object o:f' this chapter: 1. Ethylene; 

2. Propylene; 3. Butadiene; 4. Is0prene; 5. Ethy1benzene; 6. ~tyrenE; 
7. Phenol-acetone; S. Ethylene oxldei 9. Dimethylterephthalate; 

ln. ?"aleic anhydride; 11. Phthalic ~~.hydride; 12. Acrylonitrile; 

13. Acrylic ac 'd; !4. ~fethyl methacrylate j 15. Acetylene; 16. Formal

dehyde; 17. Y:inyl ac€tate; 18. Yinyl chloride; 19. ?·~ethyl chloride; 

2o. r.};!~ro~o:nn; 21. Carbon tetrachlcride; 22. Perchlorethylene; 

2). Epichl~rhydrin; 2~. Toluenediisocyanate {TDT); 25. Methylene 

diphenyld~isocyanate {MDI); 26. Glycerine. 

The tables list the main techno1ogical processes applied on 

commercial sca1e in order to produce the above Qentioned product•, 

tables being elabcrated on the basis of published 1iterature data a~· 

ce£cribed in the bibliogra?hical clupter of this paper, as well as 

on the ba~i~ o~ the ~ta known frou! personal de~ign and operation 

experience acquired in simiiar plants • 

\ 
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Ref. 
no. ProceRs 

0------.. --.. -1-· 

Period 
introduced 

.,--
Principal 

characteristic!' 

3 
--------·· --------.. ·-·------.. ------·--·-------
l. Separation from 

crude coke-oven 
gas 

2. Ethyl alcohol 

dehydration 

\ ~ ~...._... ..... _. 
,.a, 

1920 

1930 

Gases with 1.8-2\ ethyle

ne content resulted as 

by-product from coke-oven 
ga~es treateo with sul
phuric acid to yield ethyl 

alcohol 

Ethyl alcohol dehydration 
over alumina or phospho

ric acid catalyst on coke 

carrier yieldi.ng an ethy
lene hnving a concentra

tion between 97-99.5\ wt. 

r.nvironmcntnl 
a:Jpcctn 

'l 

!h::ason for 
ndoption 

5 

Environmental pollu- Ethyl alcohol used 

tion with acid li- to ~roduce anti
quid residues freeze solution. 

Diff icultics in s~

~aration, low reco
vering efficiency. 
The proccGs is 

abandoned. 

Chemically contamina-Incrcased demand 
ted water with hy- of ethylene for 

drocarbonA,organic 
acids, catalysts 
slurry 

the l:iroduc tion of 
polyethylene by 
high pressure 

polymerization 

/ 

...... - .. 

.. ~ ... 
r1 

-
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3. Acetylene hydrogena

tion 

4. Stearn cracking 

5. Steam cracking 

~~ 
~.-.., ....... ::: ..... -

.a. 

,,.. 

2 

1940 -

1945 

1950 

1980 

-~1P , .. ·-.. 

~!' 

3 

Acetylene hydrogena

tion via carbide 

Thermal crackinq at 

low pressure 2-3 atm 

and temperatures 

between 800-900°c of 

na~ and liquid frac

tions coming from 

crude processing. The 

yield in ethylene is 

23-32' from naphta 

Thermal cracking oc

curR in tubular coils 

whose length and geo

metry irn~roved in time 

and from one 1icenser 

to another 

.... - ~ ... 

4 

G8s effluents with 

fire and explosion 

risk, water conta-

5 

Applied in Germany 

for military reasons 

during the II-nd 

mination due to ace- World War. The pro-

tylene production cess is not profit-

via carbide able and is now 

abandoned 

Spent lye 0.4 m3/t Since 1950 it is the 

containing 4\ NaOH most widely spread 

and S• Na2co3 • Che- process yielding 

mically contaminated over 98• of world 

water 0.2 m3/t con- production of ethy-

taining: 100 mg/l lAne 

phenols and pH • 5-6 

Spent lye 0.1 m3/t Kello9,Stone-Webst~r 
chemical contaminated Linde, Mitsuuishi, 

water 0.1 m3/t con- Lur9i, developed 

tainin9 phenol ~nd 

hydrocarb ons 

new process with 

higher yield of 

ethylene 

/ 
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6. Mil1second process 

it~----.~ 

~ 

,,.. 

2 

1985 

--- ' -
.~~ . " 

.. 

- ~! 0 -

3 

Thermal cracking occurs 
in tubular coils whose 
diameter iA very smftll 

\ 

4 
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1:1innteri -,mt<."r 
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Ref. 
Jl.C'. 

Process 

.,... 
-0~. .. , ,. 

I 

111 

PROPYLENE MANUFACTURING 

Period 
introduced 

Principal 
characteristi.cs 

t'j-- -- - --~·----i-- 3 

l. Separation from ther
mal cracking gases 

1920 Sulphuric acid absorption 
of gases coming from the 

... .. -: .,, . 
• 

' 

Env ironmen ta l 
asr>ects 

' 

Reason for adoption 

High acid pol- The process was intro
luting of the duced by Standard Oil in 

. 

r1 

thermal cracking at h!~h environment USA in 1920 to produco 
isopropyl alcohols by 

using refinery 1ases.Tho 
process ia abandoned uuc 
to its low efficiency 

2. Fisher-Tropsh synthe
sis in view of ob

taining synthetic 

gasoline 

~ ~ ,_ 

~-

1940 

pressure of crude cuts 
yieldinq isopropyl alcohol 

Synthesis gas at 10 atm 
and 22s0 c over ir.on ca
talysts yields simulta

neously synthetic gaso
line and 9\ propylene 
in the gases separated 
from the process 

. I . 

Atmospheric 
air r>ollution 

The process waR introdu
ced in Germany during 
the II-nd World War by 
I.G,Farben-industrie. 
The process is updated 
starting from synthesia 
gas obtained from renew
ohle sources (biomasa, 
wood) or coal 

/ 

~ -. 

_.., 

....t 
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3. Hydrocarbons 

pyrolysis 

• 

2 

1950 Thermal cracking at low 
pressure of crude cuts 

yields propylene 

3 4 

Spent lyes 0.4 m3/t 
containing 4\ N~OH 

C'\nd S\ Na2co 3 • 

Chemically conta
minated wa t.er 
0.2 m3/t 

5 

The most widely used 
process nowadays. 
over 60\ of world 
production is outain
e<l by thiA proces~. 
The balance ot propy
lene is obtained hy 
fractionation and 
separation ot ro!i

nery gases 

_,/ 

pJ 
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Ref. Period Principal Environmental Re~son for 
no. P r 0 c e s 9 introduced characteristics aspects adoption 
er--- 1 2 ---------y- '{ 5 

1. Butadiene production 
by n-butylene de
hydrogenation (DOW) 

2. 

·. \ 
~ 

Butadiene production 
by n-butylene oxi
dehydroqenation 
(Petro-Tex) 

1946- USA 
1960 - soviet 

Union 
1962- Romania 

1965 - USA 
1981 - Romania 

The process consiBts in 
n-butylene dehydrogena
tion on specitic cata
lysts (endothermal de
hydro9enation) 
- conversion 18\ vol. 
- selectivity 80\ vol. 

Oxidative dehydrogena
tion of n-butenes over 
specific catalysts 
(Feri te type) 

- 65\ mol. conv. 
- selectivity 93\ mol. 

0.165 t/t t.u .. 1 gaa 
10 t/t waste water 
with organic aub
stanceR traces 
0.035 t/t heavy 
hydrocarbons (fuel) 

Incre.iaing 
demand for 
•ynthetic 
rubber 

2.44 t/t waste gases Higher perfor-
4 .08 t/t waste water mancea aa com-
0.061 t/t liquid fuel pared to the 

... ~ ... 

classical de
hydrogenation 
(en dot he rma 1) 

lower raw ma
terial consump

tion • Low en e rcJY 
conswnption 
(steam, fuel) 

r,t 

( 
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I SOPRENE MANUFACTtTRING 

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

l. 

2. 

r. ~-

~ 

synthesis isopre
ne production 
from isobutylene 
and formaldehy
de in two steps 
(Soviet Union) 

Synthesis isoT 
prene produc
t ion from iso
butylene and 
formaldehyde 

in one step 

1968 - USSR The process consists in for-
1975- Romania maldP-hyde condensation with 

isobutylene and decomposi
tion of resulted dirnethyl
dioxane to iso~rene and 
formaldehyde 

1985 - Soviet 
Union 

Isobutylene consumption 
1.2 t/t 
Methanol consumption 
1.05 t/t 

The process consists in for
maldehyde condensing with 
isobutylene (liquid-li~uid 
or gas-solid catalysis) 
isobutylene consumption 
1.18 t/~ methanol consump~ 
tion 0 .8 t/t 

0.64 t/t by-products are 
fully used as floatinq 
agents, solvents,fuela 
0.1 t/t waste water 

0.35 t/t by products are 

fully used as fuels 
3 t/t or9anically conta
minated water 

.. -......~.....-..... .. 

l!;xiat•nce of 

raw material 
and develop
ment of rub
ber consumnrB 

Higher yield 

and lower 
enerCJetic 
consumption a 

/ 

...... 

r11 

-· 

~ 
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Isoprene production 
from isopentane by 

dehydrogenation in 
two steps (Soviet 
Union) 

,. 
,_;;.~ , ,, "" 

... 
' 

.. .... 

' ., 

.. ,, ') 

--~--·------------- --- 3·----------------------------- 4 --------- ------ --------!» 

1968 - USSR Isopentane dehydrogena
tion in two steps 
I-st step 

- yield 31\ wt. 
- selectivity 72\ wt. 
II-nd step 

- yield 32\ wt. 
- selectivity 77.4\ wt. 
Isopentane consumption 
2.0 t/t 

./. 

0.44 t/t fuel qasea 
0.24 t/t qases from 
re9~neration of ca

talysts contaminated 
with dust (within al
lowed limits) 
0.18 t/t c5 cut fran 
separation 
0.036 t/t c6 cut 
(solvent) 
0.164 t/t dimers and 
oxiqenated compounds 
(fuel) 
0·.0416 t/t organically 
contaminated water 
Specific break-up 
catalysts 

The process pre

sents hiqh con
&\D1\ptinn of raw 

materials (2 t/t) 

and energy. 
The reason for 
adoption wa• the 
available raw 
material in USSR 

............ ,~ .... 

r,, 

... 

...I. 
I 

f 
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4. Isoprene produc- 1962 - USA 

tion from iso- 1965 - Romania 
pentane by de- (under research 
hydrogenation on pilot scale 
in one step not applied on 

(Houndry -US) commercial 
scale) 

~ ~ ----.. -1, .... 
,A. 

.... . -... 
' 0~ , ,, .. 

\ 

" ,, "' . 

l ----- ---------~~-~-r-- -- - ----- --------s 

The pro~ess consists 

in isopentane dehydro
genation in one step 
Isopentane consumption 

2.0 t/t 

0.284 t/t fuel ga~, 

0.68 t/t pcntane, 

pentadiene and 
cyclopentadiene cut 

0.026 t/t heavy 
acetylene cut with 
isoprene 

The procesR iR not 

adopted dueto th~ 
hiqh consumption 

ot raw material 

and the complex 

character ot th<' 
plant and thcrcf or 
on canmorcial 
scale 
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ETHYLBENZENE ~ANUF~CTURING 

Ref. 
no. Process Period 

introduced 
Princi!"nl 
character! sties 

o- - ~- J 

l . 

.. ' 
~ 

Liquid phase 
alkylation 

1950 Ethylene and benzene alkyla
tion in liquid phase at 
temperatures between ao-100°c 

and pressures of 1.2 bars 
over aluminium chloride cata
lysts 

./. 

F.nv i ronmen ta 1 
aspects 

- Acid waters 0.025 t/t 
EB containin9 25\ 
Cl3Al 0.2\ benzene and 
Al(OH) 3 traces 

- Polyalkylbenzene 0.02 

t/t EB containin91 56\ 

diphenyl ethane , 40\ 
hexamethyl benzene and 
4\ tetraethyl benzene 

- Chfl!lnically contaminated 
water 1.2 t/t EB con
taininq1 benzene 10 mq/l 
Al(OH)J 0.05\ 

Reasnn for 
adoption 

s 

Incroa•• demand 
for ethylbenz~ne 

for styrene fabri
cation. ~he pro-
0888 is hi9hly cor
roai ve for the 
equipment due to 
the presence of 
aluminium chloride 
in liquid phase and 
wate~ contamination 

Badger, Union 
Carbide Monsanto, 
CdF Chemie Tech
nip, Mitsubishi 

................. 

... 
r~1 

,.., 

J 
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2. Alkylation in 
qaseous phase 

3. Separation fran 
aromatic c8 cut 
(xylene) 

~~ 
,..._..., 

~-

,.. ... .. ~.f . 

' .~~~ .. 
\ ··-I 

- 11 R 

2 ---- - --y-~ - - ----- 4 ----- --s 

1955 

1955 

Ethylene and benzene al- Low amounts of waste water Non corrosive reaction 
kylation in gascouR which does not require ape- conditions thus mak-
phase over phosphoric 
acid catalysts settled 
on Kiselgur at 200-
2 S00c and 14 atm. Ac
cording to Alkar (UO~) 

the catalyst is alu
minium oxide activated 
with borine trifloride 
at 1S0°c and 150 atm. 

Ethylbenzene separation 
by superfractionatiun 
of c8 cut coming from 
catalytic reforming • 
Separation is econani
cally convenient in case 
xylene cut contains over 
20\ ethylbenzene 

cial purifications. 
Ne9ligeahle amounts of 
by-products 

Minor environmentil 
pollution risk 

in9 possible ta use 
carbon •teel car~on. 
tho process does not 
re<Juire conoentratC!d 
ethylone, being also 
pos•ible to uee dilu
ted ethylene 0·1er 10\ .. , 

wt. such a• results 
from catalytic crac

king 9a••• or from 
coke-oven 9aa 
UOP, Mobil-B~d9er 

The proc••• implies 
dif ticultiee of tech
nical nature. The 
process cannot be wide
ly used due to limited 
c8 cut resources 
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4. Alkylation in 
gaseous phase 

.. 

1975 Ethylene and benzene alky-
lation in gaseous phase 
over zeolite catalysts, in 
fixed bed reactor, at 
420°c and 20 ata 

I.i0w amounts of waste 
water which does not 
require any purifi-
cation 

Non corrosive 
reaction con-
ditions, hiqher 
yields of 
ethylbenzene 

/ 
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STYRENE MANUFACTURING 

Principal 
characteristics 

Environmental 
aspects 

Reason for 
adoption 

... .. -.. 
··- r~1 

0 l --~--~---~--- ··- ---- - -s 

- -1. Ethylbenzene de
hydroqenation 

~~ 
~ 

1937 Ethylbenzene dehydroqenation 
reaction to styrene is endo
thexmal and can be conducted 
in adiabatic type reactors 
(Dow chemical) or isothermal 
(BASF) 

Reaction temperature varies 
between SS0-6S0°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\ 

Chemically con- The need to develop 
taminated waters an industrial produc-
7. S t/t EB con- tion of styrene was 
tainin91 styrene determined by an in- ~ 

50 mq/l, ethyl- creased demand for SBR 
benzene 30 mq/l and polystyrene. The 
sulphur traces isothermal dehydrogena

tion process has the 
advantaqe of a lower 
steam consumption and 
lower temperatures in 
reactor. The adiabatic 
process of fera higher 
conversions, 60\, com
pared to the isother
mal process, only 40\ 
Dow chemical, BASF, 
Mitsubishi, Monsanto, 
Union Carbide 

~ , ....... 

..J. 

l 
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2. Ethylbenzene 
hydroperoxi -
da.tion (oxi
rane process) 

' " .. \ 
~. 

1965 - USA Halcon oxidation process Chemically contami- Hydroperoxidation 
process is prefer~olc 
when apart of styrcnQ 
propaneoxide is also 
required. The proccs:; 
h.1s high styr one 

yields 95\ canpared 
to 88-91\ at dehydro
genation process 
Halcon Co, Scientific 
Design 

is based on ethylbenzene nated water with 
oxidation to ethyl-benzene hydrocarbons, 
hydroperoxide followed by phenol, orqa.nic 
propylene epoxidation 
yielding propeneoxidP. and 

phenyl-1-carbinol which 
is further dehydrated to 

styrene 

acid metal salts 

/ 

~ ..... -... 

I 

I. 

~ 

I 
., ! 

~ 
I 
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Raf. 
no. Process Period 

introduced 
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PHENOL MANUFACTURING 

Principal 
characteristicg 

\ 

Environmer.ta 1 
aspf!cts 

... 

Reason for 
adoption 

. ... -:-.. ~ 

r11 

0 -·--~ 4 ---H ---- -H- ---s 

1. Alkaline sulphona
tation and meltin9 

2. 

; '.\ 
~ 

Phenyl-chloride 
hydrolysis 

1925-

1930 

1927 

Alkaline melting of benzene Significant amount of 
sodium sulphonate is achiev- waste water with hi9h 

Increasing de

mand for phenol 
ed in agitation reactors at 
J10°c in the presence of 70t 

NaOH solution. Benzene sul
phonation c~ be conducted 
either in liquid or vapour 
phase (more economically 
convenient) 

phenol content. Residue Abandoned pro
coming from splitting cess 

Anhydrous benzene reacts 
with gaseous chlorine at 
so0 c and 1.12 at. in the 
presence of Fecl3 yielding 
phenyl chloride. Phenyl 
chloride hydrolyses is 
achieved at 400°c and high 
pressure with NaOH solution 
Phenol is released with HCl 
solution 

./. 

sulphur bioxide and 
sodium sulphite 

Strongly contaminated 
water with phenol, chlo
rinated products, hy
drochloric acid 

~ ,_ ..... 

Increasing de
mand for phenol 
Abandoned pro
cess 

/ 

"" 

.... 

~ 

l 
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3. Benzene oxichlorina
tion (Raahin9) 

4. CumPne orocess 
(1.p.b.) 

,-

.-0~ . "" 
.. ... .... -.,, 

J 

t 

r\1 ·-, 

- ~j -

1 - -· r - --·-- -----··- s -

1938 

1950 

Phenol production from 
benzene and air throu9h 
an intermediate phase 
of phenyl chloride 

Isopropyl benzene pro
duction by benzene alky
lation with propene over 
orthophosphoric acid 
catalyst followed by 
cumene decomposition in 
acid medium, in phenol 
and acetone 

Strongly contaminated 
waste water with phe
nol and chlorinated 
products 

Phenol water 4 t/t 
containin9 1.5-3.5 9/l 
phenol 
Phenol residue 0.15 t/t 

Avail.ability of 
benzene 

Polyalkyl benzene 0.15 t/t 

over 90\ of 
world produc
tion of phenol 
comes by this 
process. Phenol 
and acetone are 
also simulta
neously obtained 
Low polluting 
process 

. ....... -... 

..... 

-L 

l 



Ref. 
no. Process 

Period 
introduced 

Principal 
characteristics 

Envrionmental 
aspects 

Reason for 
adoption 

0 l 5 

1. Chlorhydrin process 

2. Air oxidation of 
ethylene 

3. Oxidation of ethy
le: · ::! using oxygen 

' ~ ·-.. 

1915 

1940 

1960 

Chlorin"' and lime react with 
ethylene in an aqueous mediwn 
Ethylene chlorohydrin is an 

intermediate 

Ethylene and air are pas
sed over a silver-based 
catalyst at 200-30o

0
c 

Ethylene and oxygen are passed 
over a silver based catalyst 
at about 2so0 c 

Large aqueous effluent 

containing salts and 
chlorinated organic 
by-products 

Less aqueous effluent. 
Large volumes of im
pure nitrogen evolved. 

Minimal gaseous and 
liquid effluents. 
Somewhat cleaner 

process 

~ ''# .. 

Good yield 
(over 90\) 

Much more eco-

,.., 

nomic for large 
scale produc-
tion. Only 
about 75\ 
yield on ethy- ' 
lene 

Marqinally bt:t
ter yields. 
Availability 
of cheap oxygen 

-L 
I 

/ t 
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VINYL CHI,ORIDE ~O~O~F.R MANUF'J\CTURING 

Principal 
characteristic~ 

3 

Purified HCl 9as in excess 
and acetylene passed over 

a catalyst, e.9. mercuric 
chloride, at 150-2S0°c 

IAddition of chlorine to 

ethylene at so0 and crac
king of the resultant 

ethylene dichloride at 

soo0 c and recycling of un

lcracked EDC 

./. 

Fnvironmental 
aspects 

4 

Clean reaction from 
acetylene. Carbide 

production is dusty 

L~rge quantities of 

co-product HCl neu

tralised for dis

charge as salt or 

preferably sold as 
hydrochlor.ic acid 

• -.... 

~> t1 ' 

Reason for 
adoption 

5 

Easy process when 

acetylene is avai
lable. Up to 99% 

yield on acetylene 

carbide for acety
lene need very lar~ 
energy input 

High costof acety
lene .Falling cost 

and .increasing ava~ 

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 

I 

l. 
I ) 

~ 

, I 

~ 
I 
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Ref. 
no. Process 

1. Paraxylene oxida

tion 

2. Terephthalic acid 
process by esteri

f ication 

'~ ......... .-.;c_ 
t • 

•• 

Period 
introduced 

-, 
1960 

1970 

" 
~ 

r 
-~ --0"' , ,, .. 

r>IMETHYLTEREPHTHJ\LATE HA.'iUPACTUR: 

Princioal 
characteristics 

3 

P-xylene and air mixture is 
subjected to oxidation in 
the presence of cobalt cata

lysts at iso0 c and 6 bars 

Catalytic oxidation of p-xv
lene with air in acetic acid 

medium in the presence of 

cobalt and mnngan ~alt~ and 
broming ~~ltB used as pro

moters. Oxidation occurs at 
temp£>rntur("B bet.ween 21 o-
2400c and pr~saure3 of 20-

24 bars. 



<;,.f: '· .. 

•• f LJ 

f the EDC is produced By-product HCl from 
11taing byproduct HCl other manufacturers can 

r with ethylene at be fully employed.Large 
over a coppP.r cata- volumes of waste gases 

carry traces of EDC 

into the atmosphere 

hove hut using oxy- Volume of waste gases 
stead of air very much smaller;dis

charge of EDC is thus 
minimised 

L 

... 
• -· ":" .. 

---

s 
Chlo~ine scarce and 
costly.Able to use 

the chlorine content 
of byproduct HCl. 
Highly exothermic. 
High yields on 
ethylene 

High cost of incine
ration to destroy 
chlorinated hydro
carbons in waste 
gas streams 

ancing production As for 1 and 2 above with Suitable for ex-
a combination of advantage of elimination ploiting HCl from 
ses l and 2 climi- of HCl process 2 in small 
byproduct HCl scale units 

/ 

r(t 
I 

' 

I. 
I 

.,., 

~ 
I 

f 

-
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~ 

RP.f • 
no. Process 

1, Benzene oxida
tion 

2. Butane-butene 
cut oxidation 

... 

Period 
introduced 

1960 

1975 

,. 
-0~ . , .. 

\ 

- '.)' 

MALEIC ANHYDRIOF. MANUF~CTURTN~ 

Principal 
character is tics 

-------3 

Benzene and air vapours be
low hazardous limits (0.9 -

1.5\ vol.benzene) at 2.5 
• 

bar and 4S0°c are converted 
to maleic anhydride at a 
conversion rate of 60\ over 
vanadium catalysts 

The air mixed butane-butene 
cut below the lower exvlos-
ion limit, at a temperature 

of 450°C 

Chefl'lica 

water, 
maleic 

acid 

Cheni.:i 
watP.r l 

male le 
propior 
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'filWROMET~lA~ES l ~J\NUFT\CTURING 

- Pr!ncipa l 
characteri!;tics 

3 

ing of methanol at 
with a dissolved 
~hloride catalyst 
~l 

on of chlorine 
:tthane at 4oo0 c 

lar quantities of 
ol and llCl passed 

ed vapour at 3So0 c 
catalyst, typically 

a, zinc c!\loride or 
• carboil 

. I. 

Environmental 
aspects 

4 

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

Retlson for 
adoption 

5 

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

HCl by product and higher Saleable HCl can be 

chloromethanes production produced 

Same as li1uid phase. 
Only O.S m3 aqueous ef

fluent per ton c11 3c1 

Lends itself to cont~ 
nuous operation.Im
proved control and 
new principal pro
cess. 98• yield 
of CH 30n 

........_.. ..... -..... 

.., 
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P!ITHALIC MlHYDRIOE MANl'F1\CT'JRIN( 

Ref. Period Principal 
no. Process introduced characteristicH 

1. Oxidation of naphtha
lene by oleum 

2. Vapour phase oxi
dation of naphtha
lene 

3. Oxidation of 
o-xylene 

• 

1896 

1920's 

19SO's 

2 -3--

Mercuric sulphate catalyst 
Sulphur dioxide by product 
Liquid phase 

~ir oxidation over vanadium 
pentoxide catalyst. 
lliqhly exothermic. 

Liquid or gas phase, air. 

ox1.1ation of o-xylen~ over 
vanadium pentoxide baaed 
catalysts. 

. I . 

... 



't 

~ 

0 1 

4. Low air oxidation 
o-xylene 

~'-

,~. 

2 

1970' s 

.... ,. 
.d~ . ,. ' .. 

I \ 

~R 

J 4 5 

Same as J but lower air- Large aqueous eff lucnt Cleaner process 
to-o-xylene ratio. Molten remains but reduces Electricity con-
salt reaction temp. heat- gaseous emissions. 
ing system 

swnption cut by 
55, 

~ ..... 
/ 
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- r~1 
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., 
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Ref. 
no. Process 
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ACRYLON ITRILE M.&.NUFJ\CTURING 

Period 
introduced 

Principal 
characteristics 

' 

. 

Environmental 
aspects 

I 

' 

Reason for 
adoption 

.... --
' 

··-

_!_--~~~~~.--:~~~~~-~~~.::..-~~~----~~~--.:~--~~----~~~~~ 

l • Ethylene 
Cyanohydrin 
route 

2. Acetylene/ 
HCN route 

3. Ammoxideation 
process 
a. Sohio 
b. BP/Ugine 
c. Montedison 

• 

1940 - USA 

1940's 

Europe 

i,so's/60's 

Process starts from ethy
lene oxide and HCN which 
is then dehydrated to 
acrylonitrile 

Aqueous phase in presence 
of cuprous chloride 

Propylene, air and ammonia 
are passed over catalyst 

Significant aqueous or
qanic impurities con
taining cyanides, hydro

gen cyanide 

Wide range of acetyle-
nic by-products 

Significant quantities 
of by-products, mainly 

(several patents),sanetimes - hydroqen cyanide 

in presence of water - acetonitrile 
- ammonium sulphate 
Not easily recoverable 

. I. 

.......... ,~.---

Market demantlc 
increas in<J 

Cheaper more 
convenient 
feed-stocks. 
Purer by-pro-
duct 80\ yield 

More economic 
process to 

match strong 
demand 
Yield SO\ on 
propylene 

/ 

... 
ri' 

~ 

..l 

l 
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0 1 

4. Improved ammoxidation 
- Sohio process 

.,~ 
-- ·'-~~ . ...,. ·-

.A 

2 

1976 

I 

r 

.0~ , ,. '· .. 

- hu -

3 

"tore selective catalyst 
Sohio used fluidised bed 

4 

Peduced by-product 
yields especially 
acetonitrile and 
ammoniwn sulphate 

.... 
' 

5 

Reduction of am
monium sulphate 
and acetonitrile 
by products. 
Imp roved over a 11 
Acrylontirile 
yield to around 

- ·.,, 

r~1 

80' (Sohio) ~ 

...L 

r 
... -. .. 
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ACRYLIC l\CIO MJ\NtlFACTURING 

Ref. Process Period Prlncipal EnvironmPntal Reason for 
introduced characteristics aApects adoption no. 

~ ~ 

l . 

2. 

'~ 
~. 

Acetylene process 
(Reppe synthesis) 

Propylene process 

Synthesis of acrylic deriva
tives from acetyle.ne,carbon 
monoxide and water or a lco
hols carried out in the pre
sence of catalystsa metal 

Chemically contaminated 
water containing acrylic 
acid,alcohols,residues 
from decomposition of 
catalytic complex 

The need to obtain 
acryl derivatives 
with multiple in
dustrial and tech
nical applications 

and metallic compounds which 
can make carbonyls. For acry
lic acid the reaction tempe
rature is 210-33o0 c and the 
pressure 15 atm. 

Indirect catalytic oxidation 
of propylene by means of acro
leine or direct oxidation yiel
ding acrylic acid. The direct 
oxidation process of propylene 
occurs at 280-45o0 c in the 
presence of ~o,Bi,Fe,and P 
oxides and a pressure of 11 atm 

Waste water 0.9 t/t con- The increasing de-

tainin9 organic acids, ~and for acrylic 
aldehydes and acroleine acid and the pro-
2\. Liquid residue 0.012 pylene available 
t/t containing polymers, from petrochemical 
hydrochinone and acrylic sources imposed 
acid. Off gases 0,9 t/t the direct oxida

tion process f~ 
propylene. The 

containing co,co2 ,propane
propylene,aldehydes,or9a
nic acids process uBing 

propylene leads to 
higher tochno-eco
nomic indices 

...u... ........ 

ri' 

~ 

' 

.l 

t 
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METHYL METHACRYL.&.TE MANUFACTURtNG 



.. 

..... 

0 1 

3. DOW-BASF 

Reppe synthesis 

4. Isobutane based 
technolO<J ies 
(oxirane) 

·. \ 
~ 

.. 

2 

1960's 

1970 

r 
.0~. , ,. ~ 

-· r.3 .. 

3 

Direct carboxylation of 
ethylene in the presence 
of methanol. Catalytic, 
9aseous 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 

4 

' ... 

Control of gaseous emis
sions to ~nsure oxidation 
of co. Direct and appa
rently cleaner process 

Cleaner process than 
acetoncyanhydrin route 

.... 
' 

5 

Better yield 

The use of isobu
tane would be 
more attractive 
in the U.S. and 
Europe since it 

--._ 

is more widely 
available and much 
ch•aper than iso
butylene 

rvj 

,.., 

·, 

~ 

f 
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Ref. 
no. Process Period 

introduced 

r 

-~ . ~..,,,,. .. 

- (..11 -

ACETYLENE MANUFACTURING 

Principal 
characteristics 

F.nvironmental 
aspects 

... 

0 i--- - ----- ----~- ----- - - 3 -- 4 

1. Partial 
methane 
oxidation 

1967 The process consists of.the 
following main phases: 
- partial oxidation of methane 

preliminary purification and 
compression of pyrolysis gas 

- pyrolysis gas washing 
- decarbonization 
- acetylene absorption -

desorption 
ammonia distillation and 
off gas washing 

. I. 

- high acetylenes and 
ammonia: 0,19 t/t 

- qas oil and polymers 
0.08 t/t 

- water with carbon black 
(about 1,4,): 2,93 t/t 

- co2 : 0.8 t/t 
- water with gas oil: 

24,0 t/t 

water with carbon black 
(about 0.53-4,0 t/t) 

. . ·~·· 'l''L._.._ __ • 

Reason for 
adoption 

5 

... 

Methane gas com
plex chemical 
processin91 
1 t c2H2 yields 
10,000 NmJ syn
thesis gas of 
which about 4 t 

CH 30H can result 
Other applica
tions: 
- oxosynthesiR 

- ~.,, 

- CO and n2 sepa-
ration 

~ "~\ 
.:t. 

4~. ·---..-

r~1 

.... 

~ 
I 

f 
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0 l 

2. Carbide 
hydration 

- \_ -":\ 
.£ 

2 

1920 

,. 
-~ --?"-:. ,. ~ 

I 

3 

The process consists of 
the following main phases: 
- raw material preparation 
- charging + feeding 
- acetylene generation 
- cooling, washing 
- acetylene purification 

I 

\ 

(, 5 

4 

Dy products: 

- calcium hydroxide 

Ca(OH) 2 - 4.4 t/t 

.... 
t 

~ 

5 

- Easy to procure raw 
materials (coals and 
limestone) 

- unsophisticated 
process 

- 99.6\ concentration 
c2H2 can be obtained 

/ 

--... 
, 

r~1 

.... 

~ 
I 

f 
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Ref. no. Process Period 
~ntroduced 

,. 
-~ . .-?"~ ,. .. 
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FORMALDEHYDE MANUFACTUlUNr. 

Principal 
characteristics 

I.,.. 

Environmental 
aspects 

... 

Reason for 
adoption 

- -." 

., 

.,...~~~~~~~~~~~ .... ~~~~~~~~~~~~..,r-~~~~~~~----~~~~----~~~~~..., ... ~~--~------~~----~~--------~~-.--~~~------~----~~~~------.... ~--~~-~ 

l. 

~ ·~ 
-~ 

Partial oxidation 
and dehydrogena
tion of methanol 

1925 Partial oxidation and dehydro- No chemically contamina
genation of methanol mixed with ted waAte water results. 

1\fter rpeth•mol 
fabrication by 

syntheticBl air over silver catalyst at Off gases 0.65 t/t con-
temperatures ranging between 
680-120°c. Methanol conver31on 
is 97-98% 

./. 

tainin9 1 nitrogen,hydro- way,formaldc-
gen, CO, co2 hyde produc

tion is ex
tended due to 
its applica
tion for the 
production of 
resins and 
other chemi

cal synthes.1.s 
BASF,Hitsu
bishi, B.1\VER, 

Nichimen ,ICI 

r\1 

,.J 

~ 

~ 



0 1 

2. Methanol oxi
dation with 
excess air 

~ .. \ 
4 

2 

1945 

• 

.-
-- 4'~. 0, ,. " .. 

- t:; -

3 

Methanol oxidation with excess 
air over iron oxide and mo
lybdenum at temperatures 
ranging between 270-380°c 

Methanol conversion 95-98' 

4 

Waote gases containinq 
nitrogen, hydrogen, 
co, co2 

"" 

..... - -:-._ ~ 

... ... __ .... -· r< , , .. :---., I 

5 

With regard Lo for
maldehyde use in the 
production of urea
formaldehyde resins, 
methanol oxidation 
process over metal 
oxides catalyst is 
preferable 

f 1 

,., 

...l 

l 
~ ..... 



.... 

.. 

Ref. 
no. 

l • 

2. 

·. \ 
..... 

Process 

Acetic acid ad
dition to acety
lene 

The process from 
ethylene 

Period 
introduced 

1925 

1970 

,. 
~d- . 

-~~ . ,,. .. •. 

,,,.. - . ~~ 

VINYL ACETATE MANUFACTURING 

Principal 
characteristics 

The process consists in ex
cess acetylene bubbling over 
acetic acid at temperatures 
between 72-ao0 c in the pre-

Environmental 
aspects 

-.... 

Alkaline water 0.8 t/t 
containing 4\ sodi\DI\ 
hydroxide.Used-up ca
talyst 0.015 t/t con-

sence of mercury based cata- taining active carbon 
lyst soaked with mercury. 

Bubbling of ethylene and 
oxygen mixture in a solu
tion or ~ suspension of 
palladium chloride, in 
redox system 

Purged acetylene 3.2 
t/t containing 99\ 
acetylene 

Chemically contaminated 
water with hydrocarbons 
r~..Tl\ains of used-up ca
talyst 

.... - ~ .... 
t 

Reason for 
adoption 

p_ .. ,,, ·-, 
: 

The process is aban-( 
doned due to the · 

high cost of acety
lene and qreat en
vironmental pol
lution problems 

As the production 
of ethylene from 

.. 

.... 

r¢1 
I 

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

~ 
I 

t 
- -.. 
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0 l 

4. Sam~ ~s 2 but 

avoids use o! 

~~aOH/H2S04 

I\ ~ -

A.. 

2 

1970's 

,.. 
.-0..~ .. .. 

, 

''"'I 
-· I . 

3 

Hi pressure (14 ata and 120°C) 

process. By-pr0duct hydro

carbon separated and recycled 

~ 

4 

Produces weak acid 

effluent 

... 
t 

5 

Cleaner process. 

Avoids salt con
taminated aqueous 

c£fluents 

" 

~ -... 

- ~ ... 

r' I 

_, 

., 

... 
l 
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~ef. ProcesR no. 

,.. 
_.;;,~ - ,. .. 

I \ 

... ~ 

cm,ortO~ETl!ANE s 3 CllI,ORO'f'nTm MJ\"'ltlFJ\C'l'UTHNG 

Period 
introduced 

PrincJ.pal 
characteri1:1ticF.1 

r .. nvironrnental 
a~nP-ctA 

... 

neai:;on fnr 
adoption 

.. ~ . ., . 

r;1 

"() r --~--- --- ------- - 2 1 . 4--==:- ____ , __ -:.>_~ __ _ 

1. Liquid phase chlo
rination of alco
holA or ketones 

2. Chlorination 
of methane 

3. tligh temperature 
chlorination of 
CH3Cl 

I '- •,\ 

~· 

~~~~~~~~~~~~~~-

19-th 
century 

1950 

1965 

J\cetone or ethyl ~lcnhol 

wanned tn 62°c in an 
aqueous suspension of 

t.ilcachin~J po..,,·der 

~hlorinc methane and ro
cyclP.d carbon tetrachlo
ride passed through a 
flu!.disP.d catalyst at 
700°c 

Methylchtoride reacted 
with excess chlorine at 
500°c 

Considerable aqueous 
ef tlu~nt stream 

Only 0,S\ of non-
vol~tile residue, 

Larger. quantity of 
by-f')roduct HCl than 
in 3 

HCl and a large pro-
portion of cc14 hy-
product ( 50\) 

Medical applica
tion 

Availability of me 

thanol as raw ma-
tar ial .Minima 1 

cct4 production 

Local con1Htion, 
availability of 
cn3ct 

............................. 

•' 

~ 

t 
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CllLORO-iF.TltANF.S 4 CARBON TETRJ\CllLORIDE MANUFACTURING 

nef. Period Principal Environmental Reason for 
no. Process introduced characteristics aspects adoption 
1) ---- - 5 

l. Chlorination of 
carbon disulphide 

2. Chlorination 
of methane 

J. ttyrolitic chlori
nation of higher 
hydrocarbons 

4. Pyrolitic chlori
nation of chlori
nated residues 

I\~ 
,-1, 

1890 

1950 

1950 

1960 

Reaction of chlorine with 
cs2 in the presence of 
SbC1 5 or J\lC1 3 

Toxic waste streams 

Reaction of chlorino with Only O.S\ of residu~ 

methane at 6S0°c, or at 
300° on a fluidised tiller's 

earth catalyst 

High temperature chlorina
tion of ethane,propane 

Typ1cally,pyrol1tic chlo
rination of chlorinated 
orqanic residues produces 
an unusable residue leas 
than 20\ of the or4~inal 

weight 

The main byproducts are 
perchlorethylene and 

HCl 

Clean process 
Uses other waste streams 
of chlorinated aliphatic& 

Approx. 90\ yield 

Use of HCl as 
by-product 

~ontinuoua operation 
Integration with pro
duction of other 
chlorinated hydro
carbons 

Better yields 

....... - .. 

r~1 
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PERCHLORETHYI.ENE MANUFACTURING 

-- - -----
Ref. 
m. Process Period 

introduced 
Principal 

ch11racteristics 
Enviror.mental 
aspects 

Reason for 
adoption 

O 1 3 ·-·---, ·r 

1. Acetylene 
chlorination 

2. Pyrolytic chlo
rination of 
aliphatic hydro

carbons 

1900 

1950 

l. OXychlorination 1950 

of ethylene di

chloride.or lower 
chlorinated ali-
~hatic hydrocarbons 

Chlorination and dehydro
chlorination of acetylene 
to trichlorethylene and 
then chlorination 

Chlorination of individual 
or mixed aliphatic hydro
carbons at sso-100°c 

Ethylene passed through a 

fluid bed catalyst (e,9, 
KCl,CuC12 mixture) at 42S0 c 
mixed with chlorine,oxy9en, 
steam and r~cycled chlori
nated hydrocarbons.Well 
known in the U~A hut not in 
Europe 

Chlorinated by productR 

---------
Easy pr,,cesA whAn 
acetylene is 
available 

Carbon tetrachloride is the Hi9h cost of ace-
major co-prod~ct and can be 

r~cycled to minimisP. its 
production rate 

ty lone .Abundance 
of other hydro
carbons and by
product chloro
hyllrocarbons 

Trichlorethylene is a major Availability of 

by-product and is recycled ethylene, Demand 
to minimise its overall for trichlorethy-
production lene. Also clean 

process 

!\ ~ 
·---.--... ~· 
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EPICHLORHYDRIN MANUFACTURING 

Ref. Period Principal Environmental 
no. Process introduced charac terietics a~pects 

Reason for 
adoption 

o-----~----r- 2 ------ - ---- -3 ---- -- 4 

l. Glycerine hydro
chlorination 

2. Allyl chloride 
hipoch lor ina t.ion 

! " ~ ,.., 

1930 

1950 

Glycerine hydrochlorination into 
dichlorhydrine glycerine which is 

Chf'lnically contaminat
ed water containing gly-

subsequently converted to epychlor- cerine,epychlorhydrin 
hydrin by well-known ways 

llipochlorination of allyl 
chloride leads to formation 
of glycerine-dichlorhydrin which 
further treated with lime milk 
yields epichlorhydrin 

. I. 

and chlorinated products 
Fuel solid residues 

Che!nically conta.rninat
nd waste watcr,70 t/t 
containing epichlnr
hydrin 0.04\ dichlor
hydrin O.OJ\,trichlor
prop3ne 0.06\, c~lcium 
hydroxide, Chlorinated 
products reaiduaa 
0.12 t/t 

-----

-r.- ~-

:.I 

The proccsR 
was intro
ducad at thP. 
begininq of 

ep i ch lorh·1-
dr in faLrica
tion and is 

abandoned at 

present 

The process 
was developed 
due to the 
in ere .. ,se pro-
pylene avf\i-
lability bet~ 
widaly on in-
dustrial 
iscale 

r¢1 

~ 

I 
" ! 

...$ 
I 
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3. !'.llyl chloride 
cpoxidation 

4 • .1\cro le ine 
chlorination 

·~ \ 
.a,. 

2 

1955 

1965 

,.. 
~,;f' - . ,. -4 " 

3 ----------- 4 

Allyl chloride epoxidation 
with perborate peracids or 
terbuty l hydroperoxide in 
the presence of vanadium 
catalysts lead~ to forma
t'ion of cpichlorhydrin 

Chlorination of acroleine 
in anhydrous state with 
carbon tetrachloride leads 
to formation of dichlor
propion aldehyde,whlch,by 
decomposition with sul
phuric acjd yields glyce
rin dichlorhydrin which 
hydrolysis to give epichlor
hydrin 

Chemically contaminated 
waste water containing 
epichlorhydrin, chlori
nated products 

Chf'lmically contaminated 
waste water containing 
acrolein,epichlorhydrin 
organic compounds with 
chlorine 

.... ·- -... 

s--

The process has !ew 

technological phaneR 

but requires vanadium 
tungsten and molibdcnum 
catalysts and severe 
working conditions due 
to peracids 

High epichlorhydrine 
yields 96\ and glyce
rine dichlorhydrine 
resulted as intermediate 
product. More severe 
working condition as 
compared to other pro
cease s. 

............ ~·--

frf 

..., 

.. 

-i 
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Ref. 
no. 

0 

Process 

I 

l. Dinitrotoluene (ONT) 

hydrogenation to 
toluylenediarnine (TOA) 

followed by its phos-
9enation to TDI in a 
Venturi type (Rhone
Poulenc) reactor 

2. ONT hydrogenation to 
TDA followed by amine 
phosgenation to TOI 

in a reaction loop 
(Mitsui) 

I\~ 

~ 

,. .... - -:-.,, . _,0. 
. " 

.. .. 
I \ 

.... ,., - , ...... 

TOLUYLENEDIISOCYANhTES (TOI) MANUFACTURING 

Period 
introduced 

Principal 
characteristicR 

Environmental 
a spec ta 

Reason for 
adoption 

i---- ------- -------- - - - 3 ---------------.---- -- - - ----s 

1950 

1962 

l~drogenation1 T•l00-200°c 

P•20-30 at 
Fluid,water 
Phos9enation1 T•l00-200°c 

P•20 at 
Fluid, toluene 

Hydrogenation: T•120°c 

P•l2 at 

Fluid - water 
Phosgenation1 T•200°c 

P•2-3 at 
Fluids orthodichlorbenzene 

./. 

- Amine water to inci
neationa amines o.04\ wt. 

r-~.J 3 0.08\ wt. 

organic compounds 0.15\ wt. 
- Water to biological 
treatment 
Polyiaocyanatess to inci
neration 

-Amine water to incinera
tion NaCl •••• 3,4\ wt, 

Na 2co3 ••• 6.4\ wt. 

NaOH ••••• 12,l\ wt. 
amines 1 not specified 
- Water to biological 
treatment 
Polyisocyanates to incine
ration 

-- .... 

Growth in 
polyuretha
ne products 
Process bet
ter yield 
than older 

Growth in 

polyure
thane pro·· 
ducts 

f rj 

I 

pJ 

~ 
I 

t 
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0 1 2 3 4 5 

3. DNT hydrogenation to 

TOA followed by amine 
phos9enation to TOI 

in a tube reactor 

- Neftehim -

·. \ .. 
.iA. 

1980 Hydrogenation T • ioo0 c 
P •25-26 at 

Fluid - ethyl alcohol 
Phosgenation T •180-240°c 

P •50-80 at 

Fluid - monochlorbenezene 

Amine water to incineration 
NaCl ••••• 5-15\ wt. 
Na 2co3 .... 1. 5\ wt. 

NaN0 3 ..... 1.5\ wt. 

NaOH •••••• l.S\ wt. 

amines 300 mq/l 
monochlorbenzenea 300 mg/l 
- water to biological treatm~nt 

ash results after incineration 
of solid residues of polyiso

cyanates 

.,,... .. -... 

-

I 
·~ l 

' 

t 
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Ref. 
no. 

0 

Process 

1 

1. Aniline condensation with 

formaldehyde in the pre

sence of hydrochloric acid 
yielding methylcnediphenyl 
diamine (MDA) followed by 

its ohosgenation to MDI 

Condensation in 3 reactors 
with ,1gitation. 

Phosgenation in a re.action 

loop (~itsui) 

2. ~niline condensation with 
formaldehyde in the pre

sence of hydrochloric acid 
yielding MDA in a tube 

reactor foll'"Jwed by phos-

9enation yielding MDI in 
tube reactors (Up-John) 

'~ 
Jll. 

r 
/,/,~ , ,. .. 

' 
- 1'u .. 

METHYLENEDIPllENYLDIISOCYl\NATE (MDI) Ml\NUFACTURING 

Period 
introduced 

Principal 
characteristics 

Environmental 
aspects 

2 --u-·~- --3-·--·--- ~ 

1970 

1966 

Condensation: T•50-11o<~c 

P•l at 
Phosqenation: T•l60°c 

P•l-3 at 

Fluid: orthodichlor

benzcnc 

Condensation T=l50-160°c 

P=7-10.6 at 

Phosgenation T•200°c 

P•SO at 

Fluid: orthodichlor

benzene 

. /. 

- J\rnine water to incine

ra t.lon 
NaCl 

Na OH 
.... 
.... 

amines ••• 

12.S\ wt. 

5.2\ wt. 
0.04\ wt. 

- Wftter to biological 

treatment 

Amine water to incine

ration 
NaCl •••••• 
Na OH ...... 

1. 4% wt. 
l % wt. 

amine - 0.04 % wt. 
water to biological 

treatment 

··- ___ _.. __ ~ 

..... 
t 

Rcsason for 
adoption 

5 

Growth in 
polyurethane 

products 

Growth in 

polyurethane 

products 

/ 

. ~ ... 
r~1 
I 

,., 

' 

~ 

f 
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3. 

-1\ 
,4 

Aniline condensation with 
formaldehyde in the pre
sence 0f hydrochloric acid 
in autoclave type reactors 
with a9itation batchwisP 

process - yielding ~D~ 
followed by amine phos
genation to MDI in tube 

reactor - Neftehim -

--

1980 Conaensation T •l00°c 

:r •l at 

Phosqenation T•l80-240°c 

P•S0-80 at 

Fluid: monochlorbenzene 

- J\mine water to incine

ration 

NaCl •••. 5-15\ wt. 
Na 2 CO 3 • • • • • 1 • S \ wt • 

NaOH • • • • • • • 1. 5\ wt • 
amines ••••• 300 mg/l 

monochlorbenzenc 300 m9/l 
- Water to biological 

trea tr.lcn t 

-- - .. 

Growth in 
polyure
thane 
products 

--~ ..... 

ti 
I 

; 

~ 
I 

,, t 
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- Ref. 
no. Process Period 

introduced 
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~LYCEnINE ~ANUFACTURING 

Principal characteristics 

' 

Environmental 
aspects 

... 
t 

Reason for 
adoption 

- -;._ .. 

r¢1 
' 

o 2 - --- - -- - - _T ___ - ------------ 4 -- - - --- ---------s 

_ l ._ _Fats splitting 

2. Synthesis pro
cesses from 
propylene 

~ ·----~-
,,... 

Prevailing 
process 
until 1949 

1950 

Animal and vegetable fats 
hydrolise by alk~lies 
treatment at 2so0 c and 
50 atm. 

Propene chlorination into 
allyl chloride followed 
by dichlorohydrine hydro
lises yielding glycerine. 
Allyl chloride can be con
verted to glycerine via 
epichlorohydrine too. 

Chemically contmninatcd The need to meet 
water containin91 qlycerine the glycerine de· 

alkalies,organic acids mands for plas
ti f iers 1 explo
sives industry 
etc. 'rhe Process 
developed due to 
the excess of 
fats 

Chemicallv contamined wa
ter containing glycerine, 
organic compounds with 
chlorine, hydrochloric 
acid 

-- ~ 

Propylene avai
labilities from 
petrochemical 
sources and dP.

crease of fats 
resources 

/ 

{ 

... 

'· 

...i 
j 

f 
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Based on the data mentioned in above tables, hereinwtder 

follows a study of the progress and more significant changes oc

cured in the evolution of the technological processes in the basic 

petrochesnistry correlated to the reduction of environmental pol
lution. 

It is worth noting that the process improvenents 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 

canponent of the main goal in view, namely: the increase of the 

econanic canpetitivity 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 olef ines. The process knows qreat imprcvemen~s 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 fran the pyrolysis 

plants are: c1-c4 hydrocarbons, Rulphide hydrogen, nitrogen oxldes, 

sulphur oxides, carbon oxide ano solid particles as soot (carbon 

black) • The highest pollution is attributed to: sulphur oxides 

78\ wt. c1-c4 hydrocarbns and hydr09en sulphide 20\ wt, the bal

lance cf pollutants representing 2\ wt • 

. I. 

\ 
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Reductions of air pollution were obtained by .ilnprovinq 

the flare facilities and particularly by recovering flare gases 

in specially desiqned plants. At the same time with the decrease 

of air pollution, flare gas recovery is also a way to decrease 

the enerqy consumptions of the pyrolysis plants. 

Chemically contaminated water comes-fran soda -ashing, 

about 0.4 m3/t ethylene and from liquid phase separations and 

leaks, about 0.2 m3/t ethylene being contaminated with NaOH, SNa2 , 

Na2co3, phenols and heavy hydrocarbons. 

No solids residues are obtained f ran 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 develoo

ed after 1965, passing fran -nbutenes dehydrogenation through an 

endothermal process (Dow Chemical 1946- USA) to the exothennal 

process whereby n-butenes are oxidehydro9enated to hutadiene 

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

higher technological performance canpared to Dow-Chemical process. 

Butenes oxidehydro9enation has in addition the advantage of get

ting much lower amounts of liquid gaseous pollutants as can~ared 

to the classical process. 
The gaseous effluent is mainly constituted of nitrogen 

(84\ wt.) and comes from the air used for reaction process con

taining o2 , 112, CO, co2 , argon and oil traces. 

ThP. waste water contains lower traces of formaldehyde 

and acroleine compared to butene dehydrogenation (Dow). 

I 
•I • 
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Isoprene 

The main processes applied on industrial scale for 

isO?rene fabrication are in chronoloqical order: isoprentane de

h7drogenation in two stages (Soviet Union), isotutane and formal

dehyde condensation (Soviet Union, ~omania) isoamelenes dehydro

genation (Shell) and isoprene separation from ?Yrolysis gasoline 

(Romania, Japan) • Isoprene fabrication process from ?ropylene 

(Sc.!.entif ic Design) was abandcned while isopentane dehydrogenatior. 

in one stage to isoprene (Houdry) is not yet in commercial opera

tion. 
From the view point of envirorunental protection,the 

least polluting process is the one producing isoprene from pyro

lysis gas0linc followed hy isobutene condensation with formalde

hyde whereas isopentane dehydroqenation in two stages represents 

the process with the most polluting sources. 

Ethyl benzene 

The main processes applied on commercial scale to yield 

ethylbenzene are: benzene alkylation with ethylene in li~uid 

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 nonalloyed 

carbon steel equipment. 
Ethylbenzene separation frar. c8-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 release major polluting substances. 

The gaseous effluents obtained fran ethylbenzene de
hydrogenation contain: hydrocarbons 99\ wt. and traces of nitro

gen oxides and solid particles. 

Waste water, about 7 t/t styrene contains: styrene 
50 mg/l, ethylbenzene 30 mg/l, benzene 20 mg/1 and traces of 

sulphur and catalysts de::..>mposition products (Fe2o3, cr2o3). 

Phenol-acetone 

The industrial processes used for phenol fabrication 

represent major pollution sources particularly due to the waste 

water with phenol content. Thus about 4 t/t phenol waste water 

is obtained with a phenol content of 1.5-3.S g/l requiring phenol 

separation and biological treatment operations. the discharges of 

gas fran the safety valves contain mainly c2-c4 hydrocarbons. 
The specific problems ~aised by phenol separation and 

the biological treatment are widely dealt with in chapter 3.3.2 • 

Ethylene oxide 

Ethylene oxide production l>y chlorhydrln process was 

abandoned among other reasons, due to the large amounts of waste 

water having a high content of salts, chlorinated organic canpcundj 

~nd unusable by-pro4ucts. 
The up-to-date proces&es of ethylene oxidation wtth air 

or o~ygen over silver catalyst made their way due to the minimum 
amounts of gas and liquid eff lur.mts nnd t:1e elimination of chlo

rine use in the process. 
The gas effluents coming frott1 ethylene oxidation proces

ses with air or oxygen, contain: waste ni.4;.rogen, unr.eacted oxyg,'m, 

hydrocarbons, nitrogen oxides, sulphur oxides. 
Thfi waste water resulting fran the procesA dOI'.!~ riot rc.ise 4f 

' ' ,,,..,. . 
spec ia,l pri:.>blcms as far as t,he content of pollutants is conc~rncd. • 
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Dimethylterephthalate 

The modern processes for the fabrication of d:tmet'hyl

terephthalate (t.erephthalic acid) starting from p-xylene h&ve reen 

applied on industrial scale for many years. 

The gas effluer.t.s re~ult.ing by these proceF-ses contair.: 

c1 -c4 hydrocarbons 70\ wt, carbon monoxi~~ 28t wt. and nitrogen 

oxides, sulphur oxides and solid particles 2\. 

Acid ~~ste water is also obta!ne1 from oxidatio~, esteri

ficatlon and distillation: 1.25 t/t DMT containln9 G.3l xylene, 

3\ acetic acid, l\ formic acid o.2i form~ldehyde and 3\ methanol. 

Wnste water contaminated with petr.?lemn products can 

also result 5 t/t !JMT containig l-2' xylene, esters and aootates. 

witten process foL OMT production also yields liquid 

waste fuel, about 100 kgit DMT which ~an be eith~r burnt or used 

as ingredients for asphalt, bitumen, etc. 

Maleic anhydri~~ 

The industrial process havtnq 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 

acq.J,ires an increasing importance. 

The process using benzene yields about 0.8 t/t MA w3st~ 

water contaminated with maleic acid, fumaric acid at a concentra-· 

tion of approx. 4\ wt. 

The process using c4 cut yields about 3 t/t k~ w~st~ 

i,,;ater contaln:J.ng: rnalcic acid and fwnaric acid 1. 5 mg/l., aceUc 

ac:l.d 50 mg/l and propionic acid 5 mg/l. 

Phthalic anhydride 

Phth<..lic ;mhtdri.~fo !>:t"Ocesses greatly d~?vr:lop1:?d between 

18~6, when it was first ,roduceo and 1970 ~s a conSf!e!Uence ~f ~he 

i&Lcr.cai:1~ r f "1Crld cons1.11T1ption Zor c~':mlcal synthesis eq•;lpmcnt • 

. /. 
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~ir ~xidation of o-Ayl~ne i~ ~~e ~rocgss which iJn?osed 

to gr~atest e}Ctcnt leading to yie?Js of 36• wt:. ?htha.lic an!ty

dr J.de CO"lpared to c-~ylenc injectf>::i in the r.::a.::+:ion and a lower 

enviro;u-nenta! poliut.i")r:. CO:'l".[-ar~d to the n::..phthalcr.e oxidation 

proc~sses. 

The 101o.· air oxi·~ation proce-;s lecd~ to ~taller ar.!ounts 

of gases containing ·.rolatile substances. 

A.cry lon ! tr 11 a 

Acrylonitri le impo~f.'d i •:&elr c<lithin it:e industrial 

production in 1940 in the UnH.ed Stat.es l•y cthylen:! cyanohyd:cin 

procc:,;s and almost sL"'l;ultaneousl~' ii' Euro?e ry Hi\Sr acetylenE' 

and cyanoh/dr.in process. 

After 1950 and t.'1en after 1970 tL~ acr~, 1onitril8 ;:•re

duction by amonoxidation of propylcr.c (~~ohio, .J.P. /~Jgine anJ 

'lonted!son) develope<l anC. got priority withi!l world production. 

The gas effluent ~ontains 3N>ut 40% w~. light hydro

carbcns, 50\ wt. carbcn oxide anc s-1ni wt. nitrogen oxides. 

\ 

The was:.e water :cesulting ::rcr the ~rocess contains cyan ,. 

ions, reason fo-;: wh lch its d·:-::.: truct' ~ri can be achieved ty their 

burning only, with fuel consumpti0n '.~rryrr. out,;ide. 

Signif.lcar.t: <:.mounts oi hydroc"janic acid, acetonitrile 

and ammonium sulphate also r~sv:i.t frilfll tt.~ rr~..:.ce:~s. The cat11lysts 

.tmprovc<l af te:r l ~70 by Sohyo \phosphorno lytdate/bisrr.uth) le<l<l to 

the produ'~tion of lower ~1.rnnts r>f aceto~itri.le and ammonium sul

?hate at~ to acrylonitrile yidlds of ab0ut 8Gt. 

Acrylic acid 

T~~ prc~es:s whic!1 is rr.oflt wtucly used at pres<:nt starts 

f r.-.JJ" pi op:; le!H? 

The prry..:P.s& )'"ieldtt off g1rnN;, about. 0.7 t/t Ac.A. con

:.-=!nHg prr;;>ttne-";-npylcM Zl wt;, acryli.c ac11 i..itld &.;:etic acid 

) 

if 
~-·.'.· 'L 2% wt, ai:etic- llldchydc fo:rmic t~ ld~hyde. acrole ln 0 .1\ wt., carbon t 

morw;•!.de ;,,r,d ":'.:1r-bcn ~uoxi;1·:. 4t, 0';(vqcri it, w~tP.r Z%, .:rncl the ba- , .. 

tar:c~e &·1'1i n.:.. tYogf'r. corning frc-m th'!:! rer;ar.cnt a J.r u.E..sd f0r o>< idation. ~ 4 



i 

\ --r-
- r>o --

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

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

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 yields 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 yet proved on industrial scale. 

Acetylene 

Acetylene fabrication process fran carbide is the oldest 

one applied on canmercial 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\ w1 

It has nevertheless the disadvantage it cannot be used to get 

big amounts of acetylene 'Nbile releasing large amounts of solid 

residues, 4.4 t/t A Ca(OH) 2• 

\ 

The partial oxidation o! methane especially applied afte1 

1960 leads to higher techno-econanic indices as compared to the 

process using carbide. This process too pollutes the environment ,I 

as it releasess off 9ases, high acet.ylenes and ammonia waste I 
water contaminated with organic substances and carton black. 

The least pollutin~ process seems to be acetylene produc 
~ 

tion by electrocrack~ng, which nevertheless due to sorne high ~, .. lftl 
energy consumptions, 'i:; not wides11read. "1!" 
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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 both processes contain c1-c4 
hydrocarbons and carbon monoxide. Quantitatively the gaseous ef

fluent obtained by 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 

\ 

- solid 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 oxygen 

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. 

Nevertheless the process has the disadvantage of a high 

cost of incineration of chlorinated organic products fr.om off 

gaccs. 
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··tethyl chloride, chloroform, carbon 

tetrachloride, perchlorethylene 

The chlorinated products telonging to this category are 

?reduced starting mainly fran: methane, roethanol, acetylene or 

ethylene. 

~ethyl chloride production starting fro~ methanol repre

sents a less polluting way than the processes starting from methane, 

avoiding the use of Na0Ii/H2 so4 • 

Chloroform production fran methyl chloride yields the 

lowest amounts of waste products. 

Carton tetrachloride obtained t-y chlorination of higher 

h~·drocarLons at high ternr'eratures is a clean process and allows 

the use o! other aliphatic chlorinated residues. 

Perchlorethylene production by ethylene oxichlorination 

imposed due to ethylene availabilities, having at the same time a 

l~~s polluting character as co~par~d to the nrocesses starting fraT! 

acetylene. 

Epichlorhydrin 

Epichlorhydrin manufacturing from propylene lead~ to 

significant amounts of waste water, 70 cu.m/t EC contaminated with 

calciu:n chloride, calcium hydroxide, di-and tri-chlorhydrin as well 

as epichlorhydrin. 

Solid residues also have a big share, i.e. chlorinated 

solid wastes - 0.12 t/t EC, tars 0.16 t/t EC and s~lid organic 

' 

wastes 0.07 t/t EC which arc usually distro1ed by incineration with • 

fuel consumption. 

T~luenediisocyanate (TOI) and 

methylenediphenyldiisocyanate (MDI) 

The most widely spread processes consist in the phosgena

tion of corresponoing amines: toluene diaminc and methylene diphenyl 

dia~ine being at the Rame time hi~hly environrnP-ntal polluting pro-

ccsses. 
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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, hydrochloric acid and iso

cyanates themselves. 

The gas discharges contain mainly carbon oxide 98\ ~t, 

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 wit.~ fuel 

consumption. 
Solid residues - polyisocyanates - also result fran the 

process, and are distroyed by burning. 

Isocyanates process from carbon monoxide without phos

gene seems to be less polluting ~ut it is not yet commercially 

applied. 

Glycerin 

Glycerin processes improved fran fatts splitting to the 

synthesis processes using propylene via epichlorhydrin. 

Glycerin fabrication fran epichlorhydrin y1£lds gaseous 

effluents formed particularly from c1-c4 hydrocarbons and waste 

water containing epichlorhydrin, glycerin, chlorinated products 

and hydrochloric acid. 

2.3. Elastaners, polyolefines and copolymers processes 

As in the preceding chapter, the object of this chapter 

is the evolution in time of the technological process for the 

manufacturing of elastaners, 

commented upon critically in 
one process to the other and 

./. 

polymers and copolymers, evolution 

point of the reason for switching 

of envirorunental protection. 
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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 (LOPE) 

2. High density polyethylene(F")P~) 

3. Polypropylene (PP) 

4. Polyvinyl chloridP. (PVC) 

S. Polystyrene and acrylonitrile butadiene 

styrene copolymer (PS + ABS) 

6. Styrene butadiene rubber (SBR) 

7. Polyisoprene rubLer (PIR) 

8. Polybutadiene rubber (PBR) 

9. Terpolymers - ethylene + propylene (EPR) 

10. Thermoplastic rubber (TPR) 

11. Butyl rubber (BR) 

12. Polychloroprene rutber (PCR) 

13. Nitrile rubber (NR) 

14. Polyethers (PEt) 

15. Polycarhonates (PC) 

Following tables show the principal technological 

processes a?plied on industrial scale forthe production of the 

above said products, tables worked out on the basis of putlished 

U.terature data given under l'ibiliography chapter of this paper 

as well as on the basis of the data known ~y designing and operat

ing similar pl.ants. 

\ 



4"" ..... ,.. 
~ 

h, •. 
~,. 

.. '. 

.., .. 

I . .., 

- !l'• .. 
LOW DENSITY J>OLYETIIYLENE (LDI"E) MJ\NUFACTURING 

~cf. Period Principal Environmental ReaBon for - no. Process introduced characteristics aspects adoption 
u-- I 2 ---- -- ---3--- ---------- ----.----- -- ----5 

A. ~~2~r~~~-u2~2~2~~~-=-~!9~-~B~§~~B~-~£!!Q~_!!QQQ:~~QQ_~!£l-=-~~~~-~Q!£~~ 

INITIATOR - AUTOCLAVE REACTOR -----------------------------
1. Imperial chemical 

industries limi

ted 

2. c.u.F. Chemie 

1939 

1954 

Bulk polymerization of ethylene 

at high pressure of 1100-1500 bar 

and temperature of 160-270°c in 

presence of organic peroxides ca

talyst and propane or propylene 

as chain transfer agent,obtaining 

of 16-20% per pass 

Bulk polymerization of ethylene at 

No waste water 

Small quantities 

of ethylene in 

atmosphere in 

emergency cases 

No waste water 

high pressure of 1200-2000 bar and Small quantities of 

tempera turc of l SO-<rno0 c in presence P.thylene in atmos

of organic peroxides and propane or phere :t.n emergPncy 

propylene as chain transfer agent, ca~es 

obtaining a conversion of 18-20% 

per pass 

Large range of ro-
lymers for usual _, 

fi~lds of aplicaticrt 

Improvements of 

autoclave reactor 

type of catalysts 

tit 

I 
: Large range of po

l'lmers for usual 

fields of ap~lica

ti~n. Improvements 

of autoclave re
actor, type of ca

talysts. Flexibil i ~ 

in operation due 

to line caracjty 

...L 

',,\ 
-4 

./. 

t 
....... -~ 
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P~~Q~~~~~-~Q~QtQ~!~~~-=-U!Q~-t~~~CT~n~-li~~~!!Q~-1~QQQ:~2Q~-t~~l-Q~~g~~ 

Q~!~~Q-E~£~-~Q!g~~-!1!!!~!2~-=-!~~~~~~-~~£!2U 

,--, 

1. ~TO Chemic Fr3nce 1960 Bulk polymerizatjon of ethylene 

at high pressure of 2000-2500 

l..ar and temp.of 200-300°c using 

oxygen as reaction initiator 
and ;>ropanc or nropylone as 

chain transfer agent obtaining 

a conversion of 21-2Ji per pAss 

No waste water. Lower maintenance ~nu 

4. ,\~IC - I tali' 

-~ \ 
..... 

• 

1964 Bulk polymerization of thylene 

at high pressure of 2000-2450 

bar and temp. of 250-320°c using 

oxygen and an organic peroxide 
as initiator and propane or pro

pylene as chain transfer agent 

obtainin9 a conversion of 26\ 
per pass 

. I. 

Very ~111all quanti- investment costs due: 

ties of ethylone to utilisation of tlw 

in atmosphere in 

emergency cases 

No waste water • 

tubular reactor (5ta

tic type) and oxy•,;1 en 

as initiator. Larqu 

line capacity 

Lower maintenanc~ 
Very small quanti- costs due to utilisa-

ties of ethylene tion of the tubular 

in anerqency cases reactor, High conver-
sion by using of oxy
gen and organic 

peroxides 

·- -. 

r1 
I 

I 

l. 

~ 

I 

I 

~ 
i 

t 
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5. STAMICARBON 

H\llland 

- ',\ 
4 

' 

2 

1965 

- ,. 
' --· .. 

;--0. "' 

I 

- r.i::. ·-

3 

Bulk polymerisation of ethylene 
at high pressure of 2500-2700 

bar and temp. of 240-310°c using 
organic peroxides catalysts an1 
propane or propylene as chain 
transfer agent obt~ininq a con
version of 28-30\ per pass 

- . ~· -~-· r1 I 

t 

4 

No waste water • 
Very small quanti
ties of ethylene in 
emeo.r9ency cases 

5 

High convetsion hy 

using of adequate 
type of veroxides. 
Lower maintenance 
costs due to uti
lization of the 
tubular reactor 

/ 

..... -·· 

l 
l 

_., 

~ 
! 

f 
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LINEAR LO\; DF.NSITY I'OL'f CTHYLF.NE MANUFACTURINr. 

Period 
introduced 

Principal 
charactl'ristics 

EnviroMtental 
aspects 

..... 
' 

Reason for 
adoption 

-- -:.~ . 

0 l )·~~~~~~~~~~~~-=-~~~~~~~~~ 

C. LLDl'E - ETHYLENE OLEFINE COPOLYMF.R - LOW PRESSURE :?0-35 bar ----------------------------------------------------------------
~~~-~t~~~L-!~2!!!Q~-~~!~~-~I~~X§!L-~~Q!Q!~~Q-~~Q-~£!QB 

- l. Union Carbide 
_UNII'OL 

1972 Copolymarization nf ethylene with 

butene l or hexene at rressure of 

15-30 bar and temp. of 80-100°c 

in presence of a high efficiency 

catalyst (transition metal cata

lyst) in a fluidized bed reactor 

obtaining a conversion of ethyle
ne of 2\ 

. I. 

Absence of polluting 
effluents (air,water 

and solid wastes) 

Lower investment 
and operatiny costa _, 

due to simplicity 
of the plant.Lower 

energetic conswnp
tions. Polymers 

with improved mech~ 
nical properties 
which causes re-
duced conRumption 
of polymer at 
Client 

r' 

·~ 

'\ • 
f 

... - .. 
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2. AMOCO 

3. Phillips 

Petroleum 

~ .. 

,. 
.-0.,~ 

.... .. -.,, ~ 

' '· .. 
I ' 

•. 11R -

2 3 4 5 

o. LLDFE - ETHYLENE OLEFINE COPOLYMER - LO~ rRF.5SURE 20-35 oar 
---~-------~--------------------------------------------------
~§-~~§~~-!~~§!!!Q~-~~!~~-£~!~~Y§!L-~!!E~~Q-~~Q-B~£!QB 

1975 Copolymerization of ~thylene and 

propylene or butene 1 using a di

luant butane or izopentan at low 

pressure in presence of a super

active cat~lyst in a stirred bed 

reactor 

No waste water. 

Small quantitios 

of ethyi~ne in 

emergency cases 

Lower investment costs. 

E. ~~e~-~!~X~~~-=---Q~r!~~-£Q~Q~T-:!~B-=-~Q~-~B~22u~-1~~=~~-~!~l 
~!~~!e_~~~~~-~~~B~Y-~~2£~§~r-!~~§!!!Q~-~~!~~-~!~~X~T 

1972 Copolymerizaton of ethylene with 

butene 1 and hexane at pressure 

of 30-40 l~r and temperature of 

7o-ao0 c in presenc~ of high acti

vity catalysts in a loop rC'actor 

./. 

Small ~uantitiee Very high heat transfer due 
water with sol- to reactor type,high yiclJ 

vents of catalysts. Low invest

ment coats. Due to largo 

r.3n9e of polymers this pro

c~as held 50\ of LLDPE ~o·· 

lyethylnl• from USA 

~ _ ... 

f '' 

~ 

...i 
I 

t 
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4. Du Pont 

- -5: -F.NICHE~ 
Italy 
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.. 
,-
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00 
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F. ~~~~~-=-~!~~~~U~_: ___ £!£E!~~-£Q~~~y~~llL-~Qll_~~f~~~~£-1~~:~~-~~£) 
~!Q2!~_t!1'l~~-[Q~~!!Q~-~tQ££2~L-!~U§!!!Q~-~E!~~-£~!~~Y~! 

1974 Copolymerization o! ethylene with 
Lutene 2 at pressure of 28-42 har 

and tc.:mp. of OO-l~0°c in rr~scnce 
of high activity catalysts.rrocess 

involvr dcashiny of catalysts 

\•!ante water with sol

vents and ~luminiurn 
compound !'.I 

Lower investment 
costs 

r.. ~1et£_:_~!U!~~~~-=--~~!~U~_!_£Q~Q~~J~~L-U!~U-~tE~~~~~-~22:!!Q~-.e~~ 

!E~~~!!!Q~-~~!~~Y~TL-~ETEQ~!!!ItlQ_Q~-!~~2~~~-Et~£!2B-~~~! 

Retrofitting of a standard tubular 
rractor plant by using the follow
ing process: copolyrnerization of 

ethylene with butene l(or hexane 1) 
in presence of high efficiency 

Ziegler Nata catalysts (inGtead of 

oxygen and organic peroxides) at 
pressure of 800-1200 bar and temp. 
of 170-2d0°c 

./. 

' 

No waste water. 

Small c1u11ntity 
of ethylene in 
emergency ca ~es 

High quality polymers 

with improved mecha

nical properties. 
Lower operating costs. 
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6. SOFRAPO-ENIMONT 

(CDF CII&."!IE) 

~ -----

Retrofitting of a standard autoclave 
reactor plant Ly using the following 
process: 
Copolymerization of ethylane with bu
tene l (or hexene 1, octene) in pre
sence of high efficiency Ziegler Natta 
catalysts (instead of organic peroxi
des) at pressure of 800-1000 har and 
temperature of 200-Joo0 c 

No waste water. 
Small quantity 
of ethylene in 
emergency cases 

High quantity polymer 
with improved mecha
nical properties 
Lower operating 
costs 

~ ~·-- - "9 

ri 
I 
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Ref. 
no. Process 

,,0.~ . . ,. .. 
, :.; , 

HIGH OF.?:SITY POLYETHYJ,ENF. (l?Dt'E) MANUFACTURING 

i>erlod 
introduced Principal 

characteristics 
Environmental 
aspects 

Reason tor 
adoption 

o-- 1 2 - --- ----r--- - ------ - -s ----------

1. Mitsui Petro
chemical 
JAPAN 

2. Phillips 
Petroleum 

A. SUSPENSION POLYMERIZATION WITH CIASSICAL CATALYST OF ZIE~LER NATTA TYPE -----------------------------------------------------------------------
laQ~-~~§2Y~ 

1962 rolymerization of ethylene in pre
sence of a catalyst canplex at pres
sure of 6-10 bar and temp. of ao0 c 

achieving • Process needs deashing 

Waste water with 
solvents and alu
minium compounds 
Solid wastes (at 
active polymP.r) 

B. SUSPENSION POLYMERIZATION WITH llIGH EFF!CIF.NCY ZIEGLER NATTA CATALYST TYPE --------------------------------------------------------------------------LOW PRESSURE ------------
1965 Polymerization of ethylene in pre

sence of high efficiency catalyst 
at pressure of 7-35 bar and temp. 
of 70-110°c, achieving conversions 
of 20-25%. 

. /. 

Small quantity 
of waste water 

High efficiency cata· 
lyat. No deashing 
Lower investment 
costs 

r1 

I. 

.,.J 

~ 
I 

-~--~-
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c. SOLUTION POLYMERIZATION WITH HIGH EFFICIENCY ZIEGJ,F.R N~TTA C~TALYST TYPE ------------------------------------------------------------------------
LOW PRESSURE ------.------

3. Ou Pont - USA 1962 Polymerization of ethylene in pre
sence of high efficiency catalyst 
at high temp. of 1S0-200°c and at 
pressure of 30-50 bar,achieving 

small f"JUantity 
of waste water 

No catalyst preparation 
section,due to solubili~ 
ty in solvent. Small 
reactors and low resi
dance time a high conversion of 95% 

D. LOW PRESSURE GAS PUA.SE - FLUIDIZED BED WITH FIGH EFFICIENCY ZIEGLER CATALYST TYPE ----------------------------------------------------------------------------------

- 4 • Union Cartide 
l:.S.A. 

~--... -...... -

... 

LOW PRESSURE ------------
1968 Copclyrn~rization of r.>thylene with 

l'utene l or hexcne, octeno at pres
qure of 15-30 bar and temp.of 80-
1000c in presence of high efficiency 
catalyst in a fluidized bed reactor 
obtaining a conversion o! ethylene 
2% 

_.._ 

Abscncn of pol- Lower investment cot.1tH 

luting effluents due to simplicity of 
(air,water and 
solid wastes) 

rl~nt. Lower energetic 
consumptions. Polymer 
with improved mechanical 
properties which causes 

reduc~d consumption of 
poly1ner at client 

.._ = -· 
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I 
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! 
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i 
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POLYPROPYLENB m\m'FJ\C'l'U~'UlG 

'..'eriod 
introduced 

T"rincipal 
characteristics 

\ 

Env ironmen ta l 
aspects 

' 

Reason ~or 
ado!;Jtion 

. --.. ... - -:-._ . 

r1 

,----- - -- ------ - -- - :r ---- ------ -- ----- 4 ---s 

1972 Polymerization of propylene in 
presence of hiryh eff icinncy 

Zie9ler Natta ~Up::'ortad catt'l

lysts at 130-180°F and 28-42 

bar in an agitated reactor. 

Ethylene-propylene random co
oolyme.rs arc- al!'lo produced 

. I. 

~mall quantities Reducing production co5t 
of waste water. 

Small quantity 
of purge gas 

due to the elimination 

of the deaAhing st~p,ln
crease in monomer yield, 

higher onstream fnctor 
increase in production 
rates and lower malnt~

nance costs. Steam usag~ 
is reduced Ly 89\ an<l 
electricity by l:l\ \.;hen 

compared with conven

tional liquid pool proctJl:i 
Removal of catalyst re· 
eidue and atactio poly
mer (c.leaehl.ng is no lon

ger necessary). Pol~ncr 

yield 5000-7000 kg/ky 
of solid catalyst 

,, 

....... - 411 

.... 

~ 
I 

t 
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2. 

l 

:.tits·!! Petro

chemical 
tndustr ies -
'!ONTEDISON 
Sp.I\ 

3. ~ONTEDISON SpA 

~ ~----~-
~ 

2 

1970 

. ,. 
,~ . 

. -0. " 
.. 

3 

Polymerization of propylene 

and/or copolymerization with 

ethylene using high yield

hiqh stereospecificity cata

lyst (HY-HS Catalyst) in a 
hydrocarbon solvent at temp. 

in ranqe of 60 to ao0 c and 
pressures of 5 to 15 bars 

in stirred reactor yield of 

at least 1000 kg polymer/9 

to an isotactio index of 

98-99 

Spheripol process enables 
product~on of propylene homo
polymers and copolymers by 

high yield-high stereospeci

ficity - s~herical form ca
talyst at 6o-ao0 c and 30-40 

bar in a tubular iooo 
reactor 

. /. 

. , 

1 · .1, 

4 

Chumically contaminated 
waters solvent,oil and 

catalyst 

Chemically conta
minated water 

... - -.,, . - • 

5 

Elimination of deashiny nn<l 
simplif icd solvent recov~ry 
makes !t possible to save 
approx. 20\ of plant inve~~ 
ment coat. Conl9iderable Rav 
in~s in o~aration costs ob

tained due to reducing ofs 

mor.omer consumption costs 
for catalyst removal and 

eff lucnt treatment costs 
for solvent recovery and 

atactic removal section,l~
bor costs and maintenance 
costs 

Investments costs for a 
plant based on Spheripol 
process are 40t of those re 

quired for conventional low 
yield,slurry process due to 

elimination of catalyst 

separation,monaner recovery 
and purification at&cti~ 
polym6r separation,pcllc

tization. 

........... <" ... 
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All 9raden of homopolymers 
black and random copolymers 
with top level quality can 
Le produced. Polymer yields 
or 20.000 kg/kg of supported 
catalyst, and new catalyst 
has in isotactic index of 

96-99, 

4 5 

Considcrahle savings in 
operatiny costs are obtaineJ 
(moncmer,electric power, 
steam, labor and maintenance 
costs) 

PROPYLENE - OLEFINE COPOLYMER - LOW PRESSURE - GAS PHASE - TRANSITION METAL CATALYST ---------------------------------------------------------------------------------------FLUIDIZED m:n R.ACTOR --------------------
Union Carbide Copolymerization of propy- Absence of rollutin9 

effluents (air, 
water and solid 
wastes) 

Lower investment and opera
ting costs due to simpli
city of the plant.Lower 
energetic consumption~ . 
Large range of polymers: 
homopolymer,ranuan and 
impact copolymer 

lene with elefine at 
pressure of 28-35 bar in 
presence of high efficjcncy 
catalysts in a fluidized 
bed reactor 

......... .. ......--.. 
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I'OLYSTYRF.NE "tANUFr..CTUPING 

Principal 
characteristics 

Environm~nta 1 
aspects 

.... 
' 

Reason for 

adoption 

- -:-._. 

r1 
' 

0 1 ~ ~ -~ 

l. Suspension poly- 1930 I .G. 
marization of 

styrene 

2. Styrene block 

polymerization 

1\ 
JI\ 

Farben-indus
tr ie ~ermany 

(BASF at 
present) 

After 1960 

Styrene rolymerization - 3.33 t/t ps chemical-
in suspension medium, 
~~ter in t~e presence 
of henzoyl peroxide 
initiator in autoclave 
type reactors with 
a~itation,batchwise 

systeJ'I' 

Block polymerization 
of styrene in tubular 
reactors with full 
displacement or in 

autoclave type reac

tors with agitation 

. /. 

ly contaminated water, 
containing: 
polymers O.l\ g 

oliqomers 50 ppm 

CaC1 2,NaOH,!!Cl,pH•4 
- 0.02 t/t ps solid 
wastes as crust 

1 t/t ps organically 
contaminatE:d water 
0.01 t/t ps solid 
wastes 

Thermoplastic Auh
stance with various 
applications in in
dustry,house build
ing, household object _.J 

ARCO,BASF,~etrocar

bon 

Polymerization is con
ducted continuoualy, 
lower plant ocmplexity. 
t.ower speoif ic invest
ment~ and high quality 
polystyrene as compar
ed to suspension pro-
cess. 

~..UTSUI Toatsu,Coaden 
Badger,Gulf Oil Ch~ni
cals Process ~ 

t 
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3. Mass-press 

polymeriza-
tion of 

styrene 

_ _ 4. Emulsion poly
merization of 

styrene 

~ 
-._....-.................. __ 

.a.. 

After 1965 

1970 

,,. 
#~ , ,. " .. 

... -- -·-. t 

' 
··lo(' -

tit 
3 

The rnass-pr~ss polymeriza
tion process is a h~tch 

~rocess.Styrene prepoly
merization is performed in 
agitation reactors up to 
conversion of 30\ of sty
rene. Polymerization is 
accomplished in plate 

frame !,ress reactor in 

the presence of chain mo
difying catalysts 

In the firest stcp,hy mix

ing butadicne,catalyst and 
an amulsif ier a hot µoly
bu tadiene rubber is obtain
ed. This feed mixture is 
introduced i.nto the c:rraft

ing reactor at 6S0c to 

meet styrene monomer acrylo
nitrile, catalyst and emul
sifier in addition 

4 5 

l.S t/t ps organica- As tha process is 
ly contaminated water batchwiae it al~o 
0.01 t/t ps solid has the disadvanta~e~ 
wastes specific to the syst1~m. 

S t/t ABS chemically 
contan.ined water 

containing: 
0.1\ wt polymer 
50 ppm oligcmers,tra-

Unsophisticated ~lant 

with lower spocitic 

conswnptions of raw 

materials and utilitjcu, 

ces of acrylonitrile 
pH • 9 

Emulsion polyneriz~
tion aA a method for 
industrial procesA~A 
was ado~ted only fn~ 
sane speci41 pur~nse. 
It used to produce 
latexes for paints 
and other surfac~ 
coatings and ABS 
copolymers 

0.01 t/t solid wa~te§ 

as cru"'t 

- rt .. 

_, 

~ 
I 

f 
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S. Solution poly
merization of 

sty1enc 

~.\ 
..... 

2 

1975 

- ,.. 
,.-;:'.:.• I'' 

• . .. 
I ' 

- loR _ 

3 

Styrene is fed continuously 
into the three stage stir

red polymerization train, 
where approx. 90\ conver

sion is attained 

4 

Organically contami
nated water 

.... - ~.,,. 

' 

5 

The !!'olution rolynwr J. • 

zation procesA in 
commercial production 
ot polystyrene ra

mains to be the leaot 
popular manufactur
ing r>rocess 

/ 

rt 
I 

~ 

I 
'. I 

~ 
I 

f 
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STYRF.NE-BTJTl\DTENE nU013ER (SBR) MANUF1\CTHRtNr. 

Period 
introduced 

Principal 
characteristic3 

EnvironmPntal 
asptlcts 

... 

Reason for 
adoption 

" ---- -, 
.. ~ ... 

r\1 

0- --

1. Cold c~ulsion poly

merization by free 
radicals 

2. Ionic solution 

- t10lyrnerization 

~ 
.A. 

1930 

l !).10 

1960 -

1965 

Butadionc ~nd styrene copoly
mer iza tion in agitation r~ac
tors at s0 c and 1-4 atm to 
"'aintain b\1tadiene inliquid 
stQte. Er.\ulsifiable phnoc 
con~istin'J of watP.r, fatty 
ac~d~ and other surface 
'lC)en ta 

nuta~iene and styrene copoly

merizati~n occurs in hydro
carbons sclution in the pre
sence of polvmerization 
promotors based on lithium 

-------

Wa~te watrr 10 t/t~BR 
CC'lnt~ inin<J r 111t0 rene 
300 mg/l, colophony 

9 o \ o t s nn r u 1 •· 

Lcr producth>n 

i:s obtaincu l.>y 

Hoap, aoo mq/l, chlori- cold emulai0n 
~~n son m~/l, ruhhP.r copolymeriz~tim ~ 

rarticlca 20 mg/l and 
pH~ ~.5 - 8 

Waste w1tcr contami.

nated with solvcntB, 
hydrocarbons and 

rubber particles 

- - ~ 

10\ of world pro

duction of !Jua 
is olJtainou ~ ·1 

solution !Jol:.•r:;t 

rization.'1nrr. 

flexible proc(·~ ~ 

y io ldinr.J in the 

same plant pol·1·· 
butadienc rul.bcr 
No wasta water 
with hydrocl\r:,11rJ; 

1~ relear:~u 
~ 

t 



..... 

""·' ~ . rrt.:>ccss 
fl·). 

~ 

1. Solution polyme
rization with 
Zie<J lcr Ti tan 
Alu.'tl iniwn 

catal~tst 

., .... Solution polyme
rization with 
Butyl-lithium 
catalysts 

~ 
. ..__....,..,..._ 

~ 

Period 
introduced 

·-~ 

1963 

196S 

r 
... -· ~-- . t 

~;:-~ .. 

l , i' -

J'OLVTr0T"TlF.~~ ~urmr.P '-1.'.'\'HTF'J\CTT'nT~r: 

Princi~·H11 
character!sticA 

F.nv irnnmentnl 
aspect!" 

nec'\Ron tor 
adoµtion 

- -----:r·-----· --~--s 

Isopreno !l()lymerization 
at so0 c, 1 bar, in 
hexane solvent, in agi

tation autoclave 

Isoprene polymeriza

tion at ss0 c, 1.5 
bars in 1Aopenta1ie so 
solvent, in polymer.1-

zation autoclaves 

with agitation 

10 m3/t methanol water SO• conversion per ru~~, 
havin~ the followin9 polymerization times 2 h 

contents Reaction heat is dis-

- methanol 500 mg/l 

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

30 kg/t p.i, li~uid 
fuel reslduP.s 

a m3 /t p.1. hydrocar
bons and methanol conta
minated water 
20 kg/t p.i. liquid fuel 
resi~ueR 

charged through reactor 

shell and by heat ex
change with monomer anu 
solvent mixture. 
Goodyoar,Godrich and 
Snarn Progctti 

75\ converaion per paHR, 
polymerization time 
2 h. Roaction heat is 
discharged by evapora
tion of part of iso

pantane solvent.Shell 

I'' I 

_, 

~ 

f 
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~(~f. 

no. 

0 

1. 

Procesg 

l 

~olution polyme
rization with 

Zie9ler cobalt 
catalyst 

- ·2. .·01ution polyme

rization with 

Ziegler catalyst 

~ 
~ 

r 
... 

•' -.. /,;. 
.· , ,,, .. 

\ 
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POLYDUTAOIENE lWREF.R "1\NUF1\CTUP.TN~ 

Period 
introduced 

T'rt.nc1pal 
characteristics 

Environmental 
aspP.cts 

Reason for 
adoption 

,-~--- - ---- -~-- 3 -- -- --- - - 4 5 

1960 

1961-65 

Duta~ienc nolvmertz~tion 

with ~qitat1nn rr~ctors 
at +s0 c, 0.3 bars and 
in solvent (benzene) 

Dutadiene polymeri
zation takea place in 
agitation reactors 
at o0 c, pressure 
of 3.5 bars in to
luene ~olvent 

./. 

20 m3/t ~.h, cht'!mically 
contaminated water con
tainin91 
- hydrocarbons 100 mg/l 
- methylcellulose 150 m9/l 

80\ conversion per 

pass and polymeriza
tion time S h. High 
consumption of cat~
lyst and chemicals 
Shell,Goodrich Cul!, 

Huls, Mon teca tini 

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

22 m3/t ph. chAmically 
cnntaminated water 
70 kq/t pb. liquid furl 

Total polymeirzation 
times lower by 2 h. 

Lower cnsumptions of 
catalyst, chemicals 
and solvent. 
Philips, B8yar, Good
year, EAso, Goodrich 
Culf and Polimer Cor~. 

/ 

--------

ri' 

.... 

J 

f 



.... 

0 1 

3. Solution polymeri
zation with 
nickel catalyst 

4. Solution polymeri

zation with 
t butyl-lithiwn 

catalyst!'! 

'\ • 
~~ 

1961 

1965 

1961 

1965 

2 

---" .... - -.f ,.. 
~~~ •* 

'. 

I 

- 11~ -

-----~~~~~~~~~~ 

3 

Butadiene polymerization 
at temperatures hiqher 

than 40°c and pressures 
of J.5 bars in toluene 
solvent 

4 5 

20 m3/t p.h. chemically High conver.sion1 67\ 
cont~minated w~t~r per pass and low 
60 kry/t ~.b. liquid polymerization time 2 h 

fuP.l P.ridqeatone Tire Co, 
and Japan Synthetic 
Rubher Co. from Jap~n 

Butadiene polymerizattion 15 m3/t ph. che~ically Hiqh converoion1 97\ 

occurs at temperatures contaminl!ted water per pass f.or a poly-
hiqher than so0 c pressures 50 lt:CJ/t !)b. liquid merization tilno of 4 h, 

of J. 5 h~rs, hexane sol- fuel l'irestone Tire nubbor 
vent Co, 

~ ......... ~......-...-------

_.., 

.~ 

I 
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ETllYLENF.-T'n.O~YLF.NE mmmm 'M.M1UF1\CTUR!NG 

' 

~.-.,!. ,, I'eriod ~rincinal Environmental 
no. ,rocess introduced ch.itracterlAtics aRpacta 
o- -----··-- -- -:r-- - ····---·------------~r ---

l. S.")lutlon polyme

rization process 

2. ~usper.sion 

"olym~rizat.ion 

~rocess 

-~ 

1961-

1962 

1963 

Et~1lanP and propylene copo
lymeriza tion takes placo in 
liquid phanC' at +40°c nncl 

15 bars in the pres~nce of 

VOC1 3, (C 2u5)J\12cl 3 catalyst~ 

in hexane solvent 

Ethylen~ and prooylene co~o
lymeri zat lon takes place in 
susrcns1on fluid containing 
liquid propylene in tho prP

~ence of catalysts basod on 
v;inacUum and aluminiunl alkyl 
and in toluene solvc:~t 

G t/t en. chcmic~lly 

cont~minl'lted water 
contalnin~ n.S-1\ ~ol

vcnt 

1 t/t op. recC'IVE'rl'll>lC' 

fuel CJ<!'lSE'S 

5 t/t ep, che~icall1 

contnminated w~ter 
containing solvent 
l t/t op, rccovcraLle 
fuel ga::;cs 

.. --
' -· --... r~1 

Rc.1 son for 
adoption 

5 

Convernion per :1;H· ~ 

i!J SO\ for cthylr.!:l<" 

and lOt for prory
lenc i\nd 130\ !or 
dicne (fer b:;ir 11ol':' • 

mer r-:.P.D.:t.) 

~330 n~scnrch an~ 

Exxon Enginacrin~ ~~ 

Increana of conci::n

tratjon nf «llOlid 
0articleq of ~ol1m0r 
from 10% 0-:1 solu· 

tion procco~) t0 J~i 

(by suspenzit)n pro

cas<J) thu~ i\n cffi·· 

ci~nt UBP of s~oci
fic re.1ctinn volu.".',c 

/ 

_, 

~ 
I 

I' 

l 
.A, ----------



.._ 

'1.(''f. 
no. l'rOC\'~SS 

0-------y 

l. ~tyrene-~utadion3 

styrene copoly
m~rs, or styrene 

isopreno-styren.J 

copol~11H•r:J 

2. Thermoplastic co

polymers based on 
pol yurc thanes 

~-------
... 

,.. 

-~· 
... 

~· -.,, 
' '· .. . ,,. 

' .. , l ,, . 

'!'HF.R'~OJ'T,1'.f.'!'TC ~U!"D!::T' VJ\?Hlr:'.1\CTt:iUNG 

~~rjo<l 

introducPd 
l'r1.nciflal 

characteri.11tic~ 
!:·nv :t ronm~n t~ 1 
aRpPCtG 

Rea"on for 
adoption 

2 J ---- ---- -----------~--- - - -- - 5 

19(i5 

1970 

~nioni.c polymerization in 

homogeneous phase initiat
ed wjth lithium based ca

talyst ~t reaction tempera
tures b~tween 60-80°c and 
rcsidancc time in ~olymc
rization autoclaves of 
1-2 h 

ThP.rrnoplastic el~strincrs 

consisting of a rig!~ block 
made un of an igocyanate 

(1 .4-hutanP. diol ind •mt
met.hylendiphenvl diiso
cyanate) anJ an elastic 

Llocl< consisting of a pol~·

ester or ~oly~thcr poly~l 

. /. 

20 cu.m/t organically 
contamin~tP.d water 
from Rolvant !A?~ra
tion h~vins the fol
lowinct contents 
- methylcP.lluloee 
230 mg/l 
- topanol 500 mg/l 
- ru~ber partir.l~s 

500 m9/l 
- 2-4\ off spec. 

product 

- 10 ~u.m/t organically 
contaminated water 
- 2\ off spec. product 

~pecific proper
ties due to the 
simultaneouR pre

acnce of r19id 
(resulted from 
styrene) and elas
tic (coming fran 

butadiene or iso
prene) substances 

High strenqth due 
to hydrogen bonds 
coming f ran the 
tunctional qroupa 
of methanes 

. ........ -.. 

r1 

~ 

~ 
' 

t 
I 
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0 l 

- ~: Esters-ethers 

oopol~'l'fters 

(Hytrel) 

~~ 
~. 

2 

1972 

" 
-· .,.... 

,-

~· 
' .. 

~ ,. 

I 

- ,, 5 -

3 

Produced from tS""OPhthalic 
polytetramethylene acid, 
ether glycol and 1.4 hutane 
diol 

- .... ......_ - -

4 

Organically 
contaminAtcd 
water 

• ---- -, ... . ~ .. 
' 

I -

5 

Polymer iR m~de u~ of 
rtgid crystalline 
structures (sequents) anu 
of elastic amorphous 
Sf.:H]uents. 
Du Pont de N--mours 

- ---

' 

fl 

~ 

~ 

I 
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Ref. 
no. 

l . 

· .. \ 
~ 

Process 

Solution poly
meri~ation 

.. 

Period 
introduced 

1942 

r 

0. •. . .. .. 

- i1r. -

BUTYL RUBBER Ml\NUF~CTURINC. 

Principal 
characte1·111tics 

rsoprene and isohutene 
copolymerization at low 
temperature -100°c in 
the presence of c1 3Al 

as catalyst in polymeri
zation reactors with 
agitation 

Environmental 
aspects 

Waste watar with 
organic hydrochlo~ 
ric acid,aluminiunt 
chloride contami
nation 

... - .... ,, . 

Reason for 
adoption 

The polymer contains 97-

98. S\ isobutone and 3-

1.S\ isoprene. Low isoprP.
ne content makes isoprene 
virtually saturated and 
less aensitive to external 
factore 1uch aos heat, 
light, oxy9en,ozone and 
aqgresaive substanceR 
(acids,alkali, solvents) 
F.sso Standard Oil (Exxnn) 

~· .... 

r~1 

... 

~ 
I 

r 



.,,.. 

Ri'!f. 
nC". l'rocesa 

1. Chloroprene process 
obtained from 

acetylene 

2. Chloropren~ based 

?rocess starting 
from butadiene 

... \ 
.~ 

,.. 
0~ . ,. .. 

... - ~." 

r\t 
f 
I 
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T'OLYCHT..OROPRENE RUBDER MANUFACTURING 

Period 
introduced 

Principal 
characteristics 

Env:trnnmE'n tal 
aspects 

Reason for 
adoption 

-~ 3---- - --- --- 4 - -s 

1932 

1960 

Acetylene dimerization over 

CuCl catalyst at 2S-ao0 c 
and 5 bars yielding monovi

nyl acetylene. Monovinyl 
acetylene convP.rsion to 
chloropren~ by HCl addition 

in the presence of CuCl 

Butadi~ne chlorination in 
vapour phase at 3Jo0 c 
yielding dichlorbutP.ne1 

isomeriz~tion of dichlor
buten~s and dehydrochlorina

tion of dichlor ~,~ huten~-1 
at ioo0 c in ctlkal1ne. m~d:t.um 

Waste water contaminat- l'wailahility of 
ed with organic sub- raw materials 

stances, cnp~er <..om- acetylene and th., _.J 

pound HCl need for chloro;-,rc

ne rubber due to 

its high resist~ncc 
at the activation 

of ozone,oxyqcn, 

oils. 
DuPont de Nemours 

Wast~ water. contarninat- With the Jr;vclo;_l-
ed with organic 3Ub

stances,chlorinat~d 

compounds 

mE'nt ot petro

chemistry, chloro
prone process 

starting from buta

cliene devclr.>pAd <.hir· 
to certain adv.inta- I 
ges of technic;, 1 ~ 
and oconom ic ord·1 r. : 
B"'itish Pctrol"1um 
THstillers 

,....,... AMI rllls'd' 0 ..., 

f 



rwo 

') 1 

3. Chloroprene poly

merization 

.. \ 

.:l 

2 

1932 

1960 

,. 
-~- . 

.0" .. ,. .. .. 

- l lR -

3 

emulsion polymerization of 
0 chloroprene at 40 c, atmos-

?horic prcssurl? in t!ie 

prPRCnce Of potassium pcr
sulpha tc in polymerization 

reactors \.dth ac:iitation 

1 

Organically cont3-

m:tnatocl wa~tP. 
water 

... --.... 

..... 
~i .. I , ' 

5 

~pccific a2plicnttonc 
for machine induntr¥, 
adhcsivoo, cablos co<lt
lnCJ~, olectric~l 

threads 

.-...- .. 

..,., 

~ 
I 

l 



.... 

~er. 
nn. Process 

- n---

' -

l. Fot emulsion poly

merization 

2. Cold emulsion poly

merization 

~ -~----l:i.~ ' 
.:A 

,. .... - -:-._ . 
' / . -~,. 

.. '· 

\ 

11~ 

NTTPIT'~ "'TTrDP.:.' 'll'~'~l'F'.'\C.'l't!PI~J~ 

Period 
introduced 

Princ1pa1 
charact~r ist:1.cs 

Fnv ironml".'nt1'1 
;ispeot~ 

"le.,F:'"'.'n for 
'"ldop l: ton 

~----~ _._u ___ :r-- - ---- 4 
5 

1940 

1975 

Buta~iene copolymerization 
with acryloni tr:1.le ( abt. 
32% wt) in !>olymcrization 
react~rs with agitation of 
temperatures bP.t\o•ecn ~o-
300c and reaction time 
ranging hetwoen 10-24 h 

Butadiene copolymerization 
with aCr!lonitrilP in agi
tation reactors at about 
10-20°c 

\'7aste water 8 t/~'R 

containing traces of 
acrylonitril~, buta
diene,emulsifier., 
chlorides 

Excellent resistance to 

activation of oils,f~ts 
various chemical agents. 

Application' machina 
building industry,aPro

nautics, textile industry -
etc. 
Perbumrn-Buna ~'1. 

Waste water 6 t/tNR Lower consumptions of 
with traces of buta- raw materials,chemicals, 
diene,crylonitrile, 
chlorides 

energy. 
I'olysar,Goodrich,Good
year, Uniroyal, B~yer 

ti 
I 

~ 
I 

/ 

f 
,, ...................... 
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Ref. 
no. Process 
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POLYETHERS Mli.NtlF1\CTURIN(i 

Period 
introduced 

Principal 
characteristics 

Environmental 
aspects 

.... 

Reason for 
adop~ion 

- -:-., .. 

-- f if 

o-- u-- 1 5 

l • 

ii ',\ 
.A.. 

~ropyleneoxide and 

ethyleneoxide poly

addi tion in the 

presence of a chain 

initiator of polyol 

type and a basic 

catalyst 

1960 The process consists of the 

following main phases: 

- potassium 9lycerolatc synthe

sis 

- prepolyethers synthesis 

- intermediates polyethers 

synthesis 

- oxethylated oplyether 

Waste water 1.07 t/t 

water with about 10\ 

propyleneoxides, 

0.14\ t/t water with 

about St ethyleneoxide 

By-product a 

cake from filtering 

with about 27t poly-

synthesis ether, 0.12 t/t 

- polyether neutralization 

- polyether anhydrizin9 

- polyether filtering 

- polyether stabilizinq 

and storing 

-----

The pro

cess is 

performed 

at low 

temperatu

res and 

pressure 

_, 

~ 
I 

l 



.... ,. 
-~ -"7~ ?' . ,. 

'· .. 
I -· ~-., !'' 

' 
- 1::!1 

POLYCARBON~TES \.11\NUFhCTURING 

~ef. Period Princip~l F.nviroruncntal neason for 
no. Process introduced characteristics aspects adoption 
0 -----i- -- -------,--------- -- - - --~--~---

l. ~elt transesteri
fication and 

polycondensation 

2. 

~~ 
4 

Interfacial poly

condensation 

1950 

Introduc
ed in 
1956 by 
Buyer and 
General 
Electric 

Noncatalytic reaction between 
sodium phenolate and phosgene

at 20°c and atmospheric pres
sure yielding diphenyl carbo
nate. Transesterification of 
biphenol A with diphenyl
carbonate at temperatures 
between 180-30S0 c, under 
vacuum (between 40-0.5 mm Hg 

remanent pressure) 

In aqueous solution of Na 
bisphenolate phosgene iA 
bubbled yielding polycar
bonate to be dissolved in 
methyl chloride present 

in the system 

Organically contaminatud 
waste water 0.04 t/t pc 
containing 1500 ppm phenol 
SO ry/l .~norg~nically con
taminated waste water 
0.02 t/t pc containing 
ClNa, Na2co3 • Low amounts 
of degraded polymers. Off 
gases with phosgcne traces. 

Waste water contaminated 
with organic and inorganic 
~uhstances 

......i.-..._ - .... 

Special poly

mer applicn
tions in clr.c

trotechnic 
acronautici'll 
industry 

High electro
tAchnical 
characteris
tics 

/ 

pJ 

.~ 
I 

t 
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Based on the data given in above tables hereinunder 

is given an examination of more siqnificant proqresses 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 lm.; amounts of waste water 

containing hiodegradatle organic substances. 

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

The high density polyet~yelne processes with autoclave 

type reactors in solvent slurry or solution a~ well aF thosP. in 

gaseou:; phase are not aggressive for the environment. The ga<>eou::: 

cf fluent is J!lOstly madP. of ethylene and solvent vapours, ~fflucnl 
sent to ethylgne recovery • 

Small amounts of waste water contaminated with biodP

gradable organic substances result from the process. 

Polypropylene (PP) 

Polyrropyler.-:? fabrication wit~ 7.irglP-r !fatt;t catalyzt 

leadf. to the production of gaseous cf!uents containing particu
larly light hydrocarl:orH:i, hexane and mP-thar.ol va~our!3. The w'!sf:c 
W<ltcr resulting in the. proce~~ contain aluminiur; and ti taniurn 

hydroxidc8 oil and sol!~ ~uspension~ • 

. /. 

' 
1 
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The atactic polymer, about B• of the polypropylene 

production is not a ballast as it has multiple applications. 

Propylene polymerization processes with superreactive 

catalysts do not yield significant amounts of attactic pol·/•!ler. 

rol7vinyl Chloride (PVC) 

Pol7vinyl chloride iaanufacturing i~ harmful to !1unan 

body as it ":as :)rcved in 1 ~f.5 - the linkins of acrocst~olysis and 

1974 liver a:l~ 1:> sarca:\a with V~··. For this reason the re!".'!nval of 

urr.reacted rione?:".er f ror. polyr.ter is thoroughly studied by researchmen 

in the field of L~provl~a. ?Ol:rvinyl chloride manufacturing ?roc~ss. 

The international no:rr.is provide vinyl chloride rem.oval frcrn the 

polymer in proportion of 99.8 \ wt. 

In the enclnscd working areas belonging to ?OlyvL~yl 

c~loride fa~rication unit, vinyl chloride concentration is 

l.imi ted to max. 1 ppm. 

Polj•styrene and acrylo-nitrile arutadiene Styrene 
CC?Olymcr5 (r;, + AR~) 

Su~pension pol~·styrene fabrication processes lead to th~ 

dlsctarge cf some gaseous effluents especially containing hydro

carbons and solid ?artlcles of t>Olymers and waste water, 3.33 t/tpr, 

contaminated with: polymers 0.1\ wt, oligomers 50 ppm and Cacl
2

, 
NaOll, l!Cl with pH = 4. 

Block styrene polymerization processes are less polluting . 

leading to the discharge of only 1 t/tps waste water cont~minated 
with organic substances. 

Acrylo-nitrile butadiene styrene (ABS) process in eJT!Ul

sion also yields significant aJ'lOUnts of waste water, 5 t/tABS con

taminated with polymer~, oligomers and traces of acrylonitrile • 

. /. 
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Butadiene Styrene Rubber (SER) 

Emulsion polymerization of hutadiene with styrene or 

with alphamethylstyrene yields waste water frcr.i the process and 

from equipr.ient washing containing: styrene max. 300 m9/l, chloridPs 

800 mg/l, colophony soa~ 800 mg/l and rubber ?articles 20 mq/l. 

The continuous discharges to atmosphere through the 

safety valves system contain hydrocarbons, sulnhur oxides and solid 

particles. 

Polyisoprene .~ubber (P. I. n.) 

Solution isoprene polymerization with butyl-lithium ca

talysts leads to the release of somehow smaller amounts of ~aste 

water (8 cu.~/t p.i) CO!Jl?ared to the solution polymerization 

process over Zie9ler catalyst: titanium - aluminium (10 m3/t pi). 

Waste ~ater contains re~thanol, solvent, hydrocarbons, 

metal salts. 

Polybutadiene Rubber (P.E.R.) 

Solution ~otymerization process of butadiene over cobalt 

or titanium catalyst leads to the discharge of gaseous effluents 

and waste ~ater almost equal in point of ~uantity and <yuality. The 
3 resulted waste water, al out 20-22 m /~8 is contamin~ted with 

hydrocarbons, methylcellulose, antioxidant and rubber particles. 

Ethylene-Propylene RuJ.ber (E .P.R.) 

From the point of view of the steps taken for envirorunen

tal protection, the two processes applied on canmercial scale for 

the fabrtcation of ethylene-proJ;>Ylene and amine rubLcr in 9Uspension 

and solution are rather similar. 

About 5-6 m3 /tEPR waste water results fran thP procesR 

contaminated with hydrocharbons and solvent. 

• 
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Thermcplastic Rubber (T.P.R.) 

The process for the manufacturing of thermoplastic rub

bers meant for certain ap~lications started bein~ run after 1970 

based on polyurethanes and esters-ethers, being less polluting 

canparcd to the classical, styrene-butadiene-styrene process. 

Butyl, tatryl and Chloroprene Rubber 

The environmental pollution protlems raised by butyl 

rubl::er manufacturing ar~ reinor while the problems raised ty nitryl 

ru'-·ber process are similar to those caused by butadiene styrene 

process. As a matter of fact, nitryi rub~er can be obtained in 

consecutive runs in SBR plants with little changes. 

Chloroprene rubber 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/tPF.T' 
contaminated with basic reagents. 

PolycarbonateR 

The waste •ater resulting from the process i~ contami

nated with: nhenol 1500 ppm, sodiun chloridP. 50 g/l Na
2
c0

3
, 150 mg/l · 

being biologically treated. 

2.4. Chemical Fibres Processes 

The analysis of the evolution in time of the main 

processes for the manufacturing of cheir:ical f il.res as well as 

their J.Jnpact over the environment covers the followin'J r>roducts: 

./. 
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1. Adipic acid 

2. Caprolactwn 

3. Polya.'llide 

4. Acryl fibres 

s. Polyester fibres 
6. :-:ylon 66 - polyhexamethylendiamine adipate) 
7. Nylon 6 - polymerised caprolactum 

Following tables present the evolution of synthetic 

fibres manufacturing process~s as well as their influence on 
the environment • 
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~cf. 

no. rrocess l"eriod 
introduced 

,,. 
~~-~ 

. .. 
' 

1 ., ... - -. -
.l\OIPIC' 1\~!n ~·J\NTlFACTe"!'tTNG 

I'rlnctpal 
characteristics 

' 

Env :i.ronmP.n ta 1 
i\Fl!'>~Ctfll 

HC!a """ !m: 
aclnpticn 

' 
... . -

' 

~ 5 

1. C~t~lytic oxi
dation wt th 

nitric acid 

- .., -. 

·~ 
.I_ 

Catalytic air 
oxidation in 
two stac:;c3 

194!; -

1950 

1945 

1950 

Continuous prC'.lcos~ ·>11th hi1Jh 

degree of automatio:l. ~Un imum 

ccon,,~tc~llv c~rveni~nt c~n~

ci ty of 1 line: 4,00C t/y 

COl"lpctitivr. specific con~ump
tions of raw material~ a~d 
util.it:ies. High 1Jrade en-1 

products 

Continuous procr.~s with hi'Jh 
11utoma ti on deyroc. ··tin imum 

nconomically c~nvcnient cn
pacity of one line 5000 t/y 

. /. 

a) Reaction gas with ni
troqen oxides 400 kq/t 

h) Chemically contaminn
ted water with acid 
natura1 2 t/t 

a) noaction ga!1 
b) Che~ically cnntaminatcd 

wnter 

T.ower pollution ll'!vnl than 

th~ one achiP.ved r.y oxi
d~tion proce~s with nitric 

acid 

Favourable tec''
no-economic inJ .i. •· 

ces. It provic,·l::i 

00\ of world 

output 

Techno-econnmic 
indicel!I lower 
than those nch ir.n1 

od Ly tho ox iJ.., -

tion proceflo 
with nitric ~ci~ 

,.._ - .,,,,, 

... 
t:f 
, 

-

.~ 

f 



..... 

' 

0 l 2 

3. A1r-nit1·1c acid 1945-

catal~·tic oxi- 1950 

dation in two 
stages 

4 • Butadiene chlo- 1980 

rination and 1982 

hydrocyanic 
acid addition 
tC'I the inter-

- - - -

:'nC\Uary product 

. ' 
4 

,. 
~..;· . ,. .. 

1 !?R 

3 

~on tinuouu process with hiqh 

automation de'] roe. Minimum 
economically convoniont ca
pacity of one line 5000 t/y 

Continuous process with hiqh 
automation aegreB. ~inimum 

economic~lly convenient capa
city of one line 5000 t/y. 
Lower costs of raw materials, 
utilitics,specific consump
tion. Tho process i!l unc1er 
improvement applied under 
licence. High grade end pro
duct 

4 

") React.ton 9''"' 
h) Cherrie-all'! contami
nated water 
Lower pollution level 
than the one achieved 
by oxidation proc~8~ 
with nitric acid 

"'' 

a) qeaction 9as1 pollut
ing 

b) Chemically contami
nated water 

.... 

., 

5 

Techno-economic 
ind.t.coa lower thi-.n 
tho11u achieved l 'I 

the oxidation 
proceso with nitric 
acid 

Highly protitl'lt·le 

proces" 

L.W-.. - .. 

··-
tit 

.~ 

~ 

t 
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~ef. 
no. Process 

,.. 

~· . ,. .. 
I 

- l:"!' -

Cl\I"POJ.1\~Tl\M MJ\NUF1\CTURINr. 

Period Principal r.nvironmental 
introduced characteriaticP aspect• 

0 r- - ---z------- - - 3 - - -- --- ·-4 

ll.. Process with 
hydroxy la.mine 

l. Cyclohexanone 
fra1\ benzene 

" .... \ 
4 

1960 

Capr~lactam aynthaRls hy classical 
processes is achieved by cycloh~xanone 

oxidation with hydroxylamine salta,thc 
two basi.c: intf'!rmAdiatea t.icinri- nhtainfl!d 
by the followin9 processeR: 

- cyclohexanone - from b~nzene 
- from phenol 

- hydroxylamine - RaRchi9 
- catalytic 
- phosphate 

Catalytic hydrogenation of benzene into 
cyelohexanone, catalytic oxidation with 
air into cyclohexanol and cyclohexannne, 
catalytic acparation,dehydroqenation of 
cycloh~xanol to cycloheanone,purif ication 

,/, 

Saponif icated oxi
dation tars 0,1 t/t 
product 

... .. -., . 

Reaaon for 
adopt ion 

5 

..., 

Chellp 1'lnd 
ea1y to 
procure 
raw ml'l

terials 

r~t 

I 

_, 

~ 

l 
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.-0.~ .. 
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-..., r1 
.. ',,, -· 
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-2. Cyclohexanone 
from phenol 
hy selective 
hydrogenation 

3. liydroxylamine 
~aschig 

· .. \ ... 

1970 

1940 

• 

Direct catalytical hydroge
nation of phenol to cyclo
hexanonc 

Nitrogen oxide ~bsorption in 
anvnonium carbonate solution 
with formation ot ammonium 
nitrate where so2 qascn ~re 
ab,;orhed with formatton of 
hydroxylamine disulphonate 
which by hydrolysis goes to 
hydroxylamine sulphate. hcid 
solutions are neutralized 
with ammonia yieldin~ am
monium sulphate recover~ 
by evapor.ation crystalliza
tinn 

. I. 

Wasta water, Rmall 
quantJtia!ll ct rP.
sidues 

- gnseR ·tith S0
2 

o.oos t/tp 
- gases with NO 

0.003 t/tp 

- ammonium Rulphate 
4.5-5.2 t/t 
product 

Sat ety opora tilln 

- hjgh quality of capro
lactam 

- lower Gner9y consump
tions 

- UnsophiRticated process 
without special technic~l 
conditions 
- Ammonium sulphate is 

used aR f ortilizor for 
certain agricultural soil~ 
The process iR used to 
obtain ahout 40\ ot world 
carrolactam production 

.Not.... - .., 

__.. 

I 

! 

~ 
I 

t 
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.-01~ • . .. 

.... .. -... 
~ r1 

·• l'.'H -

0 1 2 3 ~ ---- . --~- 4 -·-- ---·- -

i. Catalytic 

hydroxylamine 

s. Hydroxylamine 
by phospha tc

ox irile 

" .. ,\ 
~ 

1965 

1975 

• 

Catalytic hydrogenation of ni

trogen oxide in heterogeneous 

system by means of platinum 

catalyst susp~nsion over gra
phite carrier in sulphuric 

acid. It results hydroxylamine 
sulphate \·Ii th 0. 5 mol.11 2so 4 
thus reducing the r:uantity of 
ammonium sulphate from oxi-

ma tion stage 

C~talytic hydro~en~tion with 
r~ladium cat~lyst in sunp~n
sion of nitrated ion in phos

phoric acjd ammonium acia 

phosphatf' rredium with forrnatirm 
of h~droxylamine phosphate u~cd 
at ,.":Xi~at inn \d th01lt fC'lrma t:fon 

of ammonium sulphate 

./. 

1\mmonium Rulphate 

2.3 - 2.9 t/t 
contaminated water 
wit~ hydrncarl.ons 

J\Mm . ., n 1 um Flu 1 ph n tn 

i.e - 2.1 t/t 
contaminated waAto 

water 

- neducad anvironmun

tal pl'lllution 

- 1oclucc<.l amount r-..f 

ammonium Aulph.:i ti!, 

proJuct 

- Low energy costs 

l . , .. '.I 

The process is a~plie<l 
to obtain 25-30\ fr.om 

world output 

Low amount of secon
dary d~·.monium aulpha t~ 

- low corrosion an~ 
pollution 
The procens is use<l 

to obtain 15\ of 
world output 

,..........._ ,. ...... 

,.., 

~ 

t 
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" .... 

• 

...,rocess without 

~-)•droxylarnj :ie 

"':;.otocher· ic<l. l 
c~!lorn i tr iza tion 

0!' cyclohe"ane 

~'oluene based 

...)rocess (s:-nA
It.:ily) 

· .. \ 
~ 

1 9(.0 

1()75 

.. 

,. 
-~ -~._.,_. .. 

I 

- lJ~ 

Cyclohex~nn chloronitrization 

with nitros1l in the presence 
of u.v. radiations yieldinq 
directly cyclohcxynone chlor
},yc1rate followed l->y BecJ-n1an 
transpo<1itior. 

.. 

Toluene oxidation to bcnzoic 
acid,hydrogenation to cyclo

hexanecarbonyl acid which de

composed in the presence of 
nitrosyl sulphonic actd directly 
to caprolactam and o2 • f!y 

extraction with an alkylphcnol 

no ammonium sulphatn i~ formed 

... - ~.,, 

L ··-. r\1 

- al'l\TTlonium sulphate 

i. a-2 .1 t/t 
- chlorcyclohexyl 

0.065 t/t 

- 3mmonium sulphate 

1.8-2.l t/t 
- tetrahydr.obenzene 

1 t/t 

5 

The process is uE101l 

only for: 4' of 
world capac it.y 

(Japan,Sv) charac-

terizec.1 Ly a hi9h 

corrooion degree 
and high enerc;y 
costs 

lli9h corrosion 
High energy con
sumption. 8\ of 

world production 
iR achieved by 

this process. 

Complex r.rocess 
with high corro
sion degree 

,,~ * ._ .. ..., 

_, 

~ 

l 
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l\CRYT. !C rt BR!::!· '1ANUF1\C'I'l1Rt NG 

-------------------------------------------
!"er io.J 
introduced 

Pr.inclpal 
characteristics 

Environmental 
.:ispectR 

"" 

... 

· .... · ~ ._... 'r ,,, 

Reason for 
ador,tion 

... -:" . ., ~ 

..., r(; 

G l ----r-" r-- - 4 -- ------s 
··----· ---------- ----------·-· 

l. ~uspcn!lion poly

merization, wet 

slilnning 

1!)60 "') comonomcr r. 

- acrylonitrile 
- f'\... methyl ~tvrenf' 

- vinyl acetate 
h) solvent 
- ethylene carLonato 
c) ruai.n phases 

- suspension polymerization 

in r~dox syst~m at 60°c 

- polymer filtertng and 

dr~1 ing 

- solvinq in ethylene 
cart.onatc 

- wet spinning 

. /. 

·-------·--
Liquid: 

- chemically contaminated 
water Q • 25 cu.rn/t.p. 

pH • 4-5 
- ~CN • ~ax. 150 mg/l 
- PACN • m~x. 100 mg/l 
Salts • max. 100 mg/l 

(Na 2 i::o4 , NaCl, CH3COON.::t) 

Gas: 
\·,ct air, t • 60-6S 0c 
J "" '15 thou.rrun/t.p. 

with max. 30 mg/cu.m 

- Low tinviro11-

mental pollu
tion 

- Nontoxic, nun 

flammable, non
corrosive so 1-

vcnt 

,..J 

~ 

l 
I 
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,,,. 
,,0. •. , ,, .. .. 

:) r- - ----~----

2. Suspension poly

merization, wet 

spinning 

.. \ 
~ 

a) co:nonomers 
- acrylonitrile with sodium 

allyl sulphonate or itaconic 

acid or methyl acrylate or 
methylvinyl pyridine 

b) solvent 

- dimethylformamid(~, or 

- dimethylacetamide, or 
- nitric acid 70%, or 
- sodium rhoclonatc 

c) main phases 

suspension polymerization 
- polymer filtering, drying 

- polymer solving 
- wet spinning 

. I. 

~ ~--..... , •' 

- 131, -

·~ - ---------:i 
--------·-·-·---------------------

a) Li..1uid 
Chemically contaMinated 

water, acid water with 

1\CN , PACN, salts 

b) Gas 

V.:.\pour release of 

toxic and f lanunable 

solvent (dimethyl 
fonnamidc,dimethyl
acetamide) 

- spinning solu
tiono with hiuher 

polymer concentra

tions l~ad to low 

recoverjng co2t 

- some Letter 

f ibrcs grades 

-~ .......... -~~ 

.. ., . 

tit 

~ 
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I 
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1 

.Solution poly

merization 

and dry 

spinning 

,.. ,.0. 
, ,. .. 

I 

-------2--
3 

• 

a) comonomcrs 

- acrylor.itrile 

- sodium villyl sulphonate 

h) r:olvt.'nt 

dimcthylf ormamidP 
c) TTlaln !ihascs 

soluti0~ pol~'mcrizntinn 

spinning solution 

purificatiol'I 
- dry tlpinning 

'· 

\ 

1,5 .. 

4-

a) Liqujd: unsign.1.ficant 

b) Gan: va:•our::i relC1ase 

of toxic and flarrunat.•lc 

sol VP-nt ( d irtL:·t hy 1-

f ormami.de) 

... 
• 

~ 

- i:ihorter JJ,1,"01,,:1_.~;r. 

now (without 

filter :l.ng, dry inrJ 

aolvinq) 

- lowt!r en~rr1y 

cowmrnptionH 

/ 

.... ,~··· 

- -:--._. 

--

,..., 

f i 

I 
. I 

~ 
I 
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POLYl::~TE'.1 F!lrnr:s 1\Nn YJ\Rt!S ''1\~UF'l\C'l'UlHNG 

------·------------------···- - ----------·---· -·---··-·-
;~cf. 

no. I'rocess 

1 

1. Continuou~ ~ro

ce:.s b:t• pol:z•-

"' ·- . 

t:.. th11 tmctere

t-iht!n late 

(Torrny-J <l}'•"\n) 

_'onti:1uc•us ;)roc0·>~ 

!.'ron ttreFht~nl ti~ 

.'icitl (Dupont U'l.:'\) 

3. ·~el t ~Pine :)rocc::;s 

(Cherntt.~x USI\) 

-\-~ 
.... 

Period 
ir. troduced 

I·rinci pal 
characteristics 

2 

a Lout 

i ·170 

l ".'72 

1973 

3 -------

m!T an;~ eth11lencnl:1col nrl~ cou

tinuously pror,ortionod 11t re.'lc·-· 

tion ten+·ci:atur0 of U.l0°c in 

tran3csterific~tion reactnr 

• .. :ien~Lo a C.'l tnl~·st i::: ad<lPu: 

col.alt acetate, C3lcium acetate. 

roly;n~rizatj on is pcrformcu in 

the rn:scncc of ::;~-- 2o 3 and 

trinwthylplto::;p11.:ltc catalyst 

In~tc.nd ol" :1"'1', tcri:-.phthti 1 ic 

~c1<! is UFcJ under rd..J.lil:lr cor.-

<litlons of renclion and catnl1~t 

0 Direct rnolt-s1.ine at 29n C iJn(l 

drawiiv_; ;;_::co<! 250 li1/~;ec. 

\ 

Envlronmental 
aspects 

4 

\~ter with o.s-1i 

m0tt:anol 

0 .1 t/t Pr~ f il•rf'!l 

Lin.uta fuel r<~s iduc 

n.os t/t rF fiLr~~ 

~'n tcr v:i th 0. '.3t uthy

len~ oxi.Ju: 0.2 t/t v~ 

filrca. No moth~nol 

·,:a tcr r.A sul t~:; 

FiLi·c·s .. ,,, ~~tt:.::~ 

O.E'•O t/t I'i' f:l.l r•.~S 

Rca~on for 
adoption 

5 

C.:\[·it.11 cr11t l0,·1·r 

Ly 50% .1:; con•J'·'r•··! 

tn thc> b,1 tch•1: i :lf' 

proc~Hg 

,, 

l~luctr ic.: fm<.."r<J:i 

consumption 1~ r~ 

d11cod by about 

l S\ and by 20 \ 

t:·1e: inv<'st.:mcnt 

cn11ital as con11H

red to th"" n~n 

via prnct!as 

'J'hC'! ClH'T.''J:/ 1.:011·· 

.::lUHll tiori i ~ 

rc.:!ucc~u 

... 

...... ~ 

'- I 

.---

! 

~ 
,; 

f 
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·:(. f • 
:1,_ • !'rocec3 

" l 

1. ~·roi:1 µhcnol 
via adipic 

aciu 

2. From cyclo

hexane via 

adipic acid 

3. l!~!D from 
butadicne 

'~ ------
~ 

Period 
introoucc<l 

Princi:1.1l 
ch.:lrilct·~r i stlc "l 

Fnvrtone~~tdl 
a~rcctn 

Hl!:·w1 in for 
<.a..lor 1 tion 

"2""·----------
~~~~~~--~ -~~~--..:..----~----~--------~--~----------------------~------------------~ 

:r-- 4 5 

1930's 

U.!1.1.\. 

19SO's 

1950's 

rhcnol is h;drugcnate~ to c1~10-
bexanol an~ l.~' nitric acid oxill.:\

tion tC"I adipic acid. :I;1l! t!1ls 

acid i:::; a.r;m1cniatcc.~ to ac1ipaMidc

and re<luced to hcxamcth1lcne 

diamen. ~ixing ~roduccs nylon 
salt and the l_Jolymer is producP-d 

Ly he."lting the salt in autcclavcr, 

~ir oxidation givas a mixtur~ 

of cyclohexanol and - one. This 

is oxiui~~d to adipic acid aR in 

rroccsr. l 

The ll'm half of the nylon i~ pro
duced by reaction of HCN with bu

tadiene to adiponitrile and hy<lro

c1enation of thiR to IIMD 

. I . 

Nitrou~ fume~ PVolvPJ 

Jurin~ nitric acid 
oxidation 

~-1,nkct 

dor.1ando 

Nitroun fumes evolved Availabilit~· 

durinq oxidation.Avoids of pot.rochc

use of toxic fced:;tock mica l eye lo·-
phenol. However more 
f lar:unable 

Large amounts of toxic 
liquid and solid wastes 
produced 

~ ., .. 

hexane 

Plentiful 

aupv ly a f 

liutadienc 

available 

~ 

~ 

f 
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/~· , ,, .. 
' 

-- ·------------- ·----------------
0 l 

4. H'lD frorr. acry

lonitri le 

' .. ~\ 
4 

2 

1970 

3 

J\diponitrile iR formed l:y 

el~ctrolytic dimr.-rin,1tlon 

cf ~crylonitrilc and is 
then h)•,iroyenated to ll!!D 

'. 

.... - ~ ... • 

- lJR _ 

4 

UAnlle nitriles nnd un

u~ahlc heavy ends produced 

~ 

1\va ilal:il it·/ 
of acrylonttrt l<• 

nelatJ.vcly 
c loan proc~n~ 

......._ ....... 

r' I 

l. 

_. 

~ 
I 

f 
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(POLY'ff.~r~:r:n Cf\PPOJJ\C''l'r<.M) ?-:YT,ON (j - Nll(Cll2) 5CO•Nll(Cll2) 5CC'l -

~ti\ ~H.TFl'\C'rURT. 'JI. 

- - ------------· -------------------- ·-------···----·--·-
-~er. 

no. :'roc~ss 
rcriod 
introducc~d 

rrincip~l 
characteri~tics 

r.nvrinrunantal 
aspcct!l 

-· -~ ~.. rli 

Roi. ~on fnr 
adoJJtion 

t 1 2 ---·-·-·-3-·--·-····-·- ~ -r 

l. Phenol t-ro
cess 

Cy~ 10!1cxi'\ne 

-:irocess 

3. ~itration 

' •\ 
J\. 

procegs 

19·i~'s 

Gcrinany 

19SO's 

u.r../\. 

19f>O's 

·----·--- -
Caprolactit~ in tradition.illy r.iadc 

vii\ Lcckmann rcarrilnq~ncnt of cyclo

hc:xanone oxir.1e and is then polymer ts

e~ in autoclaves at 200°c. ~tartinq 
fror.~ phenol, hydro1ena ti on c'\nd ox 1-

dation gives cycln~ex~ncne which is 

reacted •.,ri th hydrox?l."\mine .in ni tu 

to give the oxi11c 

'rhe s3m<' a!l Rhove excP.pt that the! 

cyclohnxilnonc is nhtained l.Jy oxi

dation of cyclnhcxan~ 

Cyclohcxano nitrated to nitro
cycloh~xan0 and thi~ rcducPd to 

cyclohexanonP oximc 

./. 

Large am1)unt of 

by-product ammoniWT1 

9Ulphatr: 

I.arqP- amount of 

by-product ammo

nium 'lUlphate 

nuch reduced am

monium sulphntEl 
}.y-product involved 

I·'ec:J~tocl< 

:wa il.:ibi lit~· 

:.tar.ket c.lcrnand1.! 

Feestock 
av.:iilabilit:/ 

E~ nv ironmr.n t 

rcaaon 

,,. 

... 

~ 
I 

t 
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,. ,d. . ,. .. .. 
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• 

I. ..... 

- 1.111"\ -

(', 1 2 ----------·-----..-------·---·--- -------
--------------- -- ----·--

4. Photo 

5. ncnzoic acin 

-.. \ 
~ 

process 

19GC's 

.. T.:tµan 

1970 

Italy 

.. 

;) ----------·-----·-- - - -------· 
Action o! chlorine, nitric 

nxid~ and light produc~n 

eye lohexanone ox ir.C' directly 

Henzoic .:icid is hydrog~natP.d 

to cyclohcxane carboxylic 

aciJ which is convertccl 

directly to caprolactaM Ly 

nitroMyl sulpl~ric acid 

~·iucl1 rc<lucc•u a1runonium 

~rnlphatt> by-11roouct . 

involved 

No ammonium mtlplit\te 

hy-product. Oleurn 

required to ahsorl:,, 

nitr">gcn oxidc~:l. 

Alkvl ph~nol nolvont 

Axtraction in process 

.t.ow cn1:1t route 

"cleanur routu• 

a :..ouminy (WI 4) 2 ~~n 4 
r.e>COVE"r:i· not econnmic 

!\VO iu ~ r1r:1rnon i Ulll 

sulph,..tc 

.......... -.... 

pJ 

~ 

t 
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Based on the data given above tables hereinfurther 

arc examined the more i.Jllportant progresses recorded in the 

evolution of the processes for main chemical fibres fabrication. 

Adipic acid 

Adipic acid fabrication by air oxidation in two staqes 

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 carbon monoxide and solid particles. 

Caprolactam 

Caprolactam fabrication processes from cyclohexanone 

via benzene or phenol are less polluting as canpared to the 

processes starting from amine hydrOX'Jl. 

Poly amide 

Lactam plymerization in column or vacuum columns does 

not lead to the production of polluted cf fluents harmful for 

the environment. 

J\crylic fibres 

Solution polymerization processes are less pollutir.g 

than the suspension polymerization ones. 

Polyester fibres 

Polyester fibres procesges using terephthalic acid or 

dimethylterephthalate yield low amounts of wa~tc water: 0.1 t/t 

fll>rc PE5t contar.iinated with methanol O.S-1 \. 

, . I. 

\ 
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?Jylon 6 and Nylon 66 

7he processes starting from benzoic acid and acr~lo
nitr ile respectively are less polluting compared to other pro
cesses • 

2.5. ~o~m-streafl\s petrochemicals 

The class of rroducts covered by the conventional naMP 

of down-streams petrochemicals is varied enough while a demarcaticn 

line between this class and certain petroche1r.ical goods cannot h· 
very clearly cut. 

For this reasor. and especially l:.ecaus£> the products 

falling in the incidence of this cate•1ory do not display ohriou:-::: 

~hcnome.~a with regard to environmental ~rotection, only the ~ost 
significant processes were chosen, namely: 

1. Tyres manufacturing 

2. Rulber ~oods manufacturing 

3. Plastics nanufacturin9 

It is worth mentioning that thase processes do not raj~0 
major problems concerning the enviro-:unent, belonging to the class 

of processes with low pollution degr~e exce~t tyres fabrication 
where carbon black pollution can he considerable. 

In the rnodern processes, rubber concentrate with cart: on 
black is obtained in the synthesis unit of SBR so that carbon 

black pollution of the cnviromnent by tyre plants is greatly 
reduced. 
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TYRES, RUBBER GOODS AND PLASTICS MANUFACTURING 

Ref. 
no. Process Period 

introduced 
o--- l -- -----~ --
l. Diagonal and radial 

tyres fabrication 
194 5-1975 

2. Fabrication of tech- 1950-1970 

nical rubber goods 
(conveyor, belts, 
V-belts,9askets) 

3. Fabrication of various 
plastics articles 

',\ 
;\ 

1956 

Principal Environmental Rea1on for 
characteristics aspects adoption 

r - ----~- ·-- ---- ~·· --- --·-·---·- - - ~ 

Preparation of rubber 
mixtures assembling of 
canponents obtained by 
extrusion,calen0ering 
etc. curing in presses 
autoclaves 

- proportioning 
- mixing 
- manufacturing 
- curing 

Depending on raw material 
- for PVCa proportioning 

Rubber wastes,co1d, 
qum,and soma tires 
about 2• reject 

Cured rubber wastes 

about 3' 

Wastes , parti·· 

culctes 

of components,mixin9,mould

in9, 
- for polyurethanes: prepa
ration,pourin9 ,a9eing 

- for thermoplastic polymers 
injection,extrusion,moulding 

Development of trans
portation induatry 
Cured rubber waates 
are regenerated and 
reused mostly back 
in the process 

Development of techn~ 
cal rubber goods in
dustry. Wastes of 
cured rubber are ro
generated and reused 
to great extent in 
the process 

Development of con
suming industry nnd 

increase of staple 
products requirement 
Wastea are recovered 
and reused 

AJ.,...._ . ....... 

•' 

~ 

l' 
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•ruunti tie:• .-;,f :.. ach v:i.s tc: C:"=nCri.1.t£,•.i in ::-ecent ye: . .r-;, ~.r!d th..: en-· 

!1:~nc :-; .• ,::::i.t er ou:::- k-"low.lo<~~-=- and tm<lc:rst~.r.~.::..ng cf the ;.i:lve.!..'.:'·<= ~mJ??...:ts 

t111! ;iro.;re,. :' ,}f' "-ia.za: ·.:luus ua::- te mannt;eir.ent towards th~ to;) or 'l."!Y 

~nvir.:m:-1cntul A.gend~.i cf' the pre!: ent ti. ?e • 

. '\:nor,.; t~e O'?ti•>n::: t~..a.t are cu7.7ently ~v2-il:-~. l'l f'or ~.st3 

nnna:-~:?Jant the f\)11.. ~i'itl{9 .o:~c•uld ':>e con~;.c.ere..i: 

1. ~'ir.imiz~tion of' ~ste!" c.:::i.erated ~>y iu:pr~Vi!'lg •}r c!t:.ngiti,r,:' 

the incl·~~tri<-..1 proc~·, :e~; 

2. !!epr·::-ce~~ing or the w~'.f.tt-s 9rocuced in order t·~ reccver 

•iU: t er ia] ~ e.rd energy ; 

" '.3. ~&n~.f~r of' tbe ·.n;.~tes to a"!·wtt-er -;nc1n~try v~:!ch can Uf>e 

t't!en a~ l..npets; 

' ''· '""c?e.r:ttion of' hflz~.r~o·1c: f'rom non haza.n1·:>u<; 'rost.;s .~t th~ 

!. 

;;;~1urr.-f-, th:•~ redi:c:.ng the tot'lJ. volttr.1e tc. he disp.j: ed o~ ~n :t.n 

r,nvir.:mmentall!- o:r-f'r: mannf>r w:.l_th a corre£pondir..g r~dcct~ e:;i .:.11 t"i•,· 

nverall cc:-:.t~ of' banril.:.n5, tran.,portati:·n ~nd disp~~r.l j 

5. Proce~s o~ the w-ist~s pl:i.y.r~c~lly c.r bi..)lugi::l.lly in or~cr 

t<) r•·ncl-:;!r thc;n 1-~···' haz::~rc!.c,n:: O':' non ·hlOlZ:"crdou..::;; 

(. Tnc:ineration ot h:=,zardou~ 

; • W11.!;t·~ iHS;.H>sal .i.!'l a prope;oly r.il'..1.naco~ land-·f'iclt:!. 

~::..nl!'n:'.7.:ition of' wr..r>t€:$ c.-:·neJ·ated c;;n ·:·-:· r.t~hiev~d l}~· ;~il!)ly."rc 

:!.v~,. <.!'!u n -n-·wrt:·t<> technol0[;:: c~L wh:'ch ?rcy.i.i:-'•~ .-. t3chnir.~l ::L lt:t.i.c.n 

t".J th-::· '::'lfr~.:!.n;;ticn •Jf w<i~·te r:.t their ,.<.rn .. 4 ce. Tho;cc ::·1·"" twr) main 

\ ~· n: .. ~:n~t~~. 

TYN"':Df' l1as l'llre::l.<1y mad!' l'ln use:t\11 contr:'bntl.,,n 1n the l\r~a of' 

h"lzardom: wnt.te monagernent f'l.nd indui:;tr~ :"11 ::at'oty a.nd unr!ottbtedly 

will h~ve a major. r,,le fn the t'uture.At preseat there are many areas 

vhere rmmo can mal<:" a contribution to developing ccuntr le~ !'luch a:.:: 

\ 
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trataillc. eatablialllleat of' a ••~rk tor tec!aaoloa traaaf'er, 

operatiOll&l pi.delta•• to carry oat ea'ri.rwtal protectioa. to 

reapoad illllediately to aay reqaeat tor aaaia~ce. 

Vitia -Jor adTaac•• :I.a acieao• aad teclaaoloa ia rec .. t decades., 

_,. aabataace• are aow beiq -uf'actured• wlllcJa -y be either 

bsardcnu i.t' aaed iaproperly or -Y produce laasardoaa vaatea dariac 

tile productioa prooe••••· Vlai.1• tJaeae are •icai.t'ioaat beaetita trom 
the products ... atactared• car•l••• aae of' peatici.dea aa4 o'Uler 

tone products aa4 improper di.apoaal of' by-pro411cta -4 vaates vlllcll 

are hasardoaa impl.y ~··-tal. daagers to Jarwe•• -i-1 .. d p1 .. t 

1it'• aad th• cea•ral. eaT:t.ro..-t. 
Vast•• are geaera'ted by ablos't a11. braaches of' aodera iaduatry. 

but a t'ev 8&Jor groups are •oat l.iltely to produce laasardous toxi.c 

wastes vlllch requi.r• apecia1 trea'tllea1:• auc aa1 petrole\m ret'iaing• 

petroch .. ica1 iadustry. orgaaic aad i.aorgaaio cla .. icala• iroa .. d 

ate•l• non-terrous .. tale• leather tming. paiat .. d coati.Jlg•• 

electroplating and meta1 t'iaiaJaing. 

I:a general• a hazardous waste i• a waste that has physical. 

ch .. ical or biological characteristics v1licJa require special storage 

procedures to aToid risk to health and otJaer eBTironaental ett'ects. 

There is no single uniTerally acceptable det'inition of' hazar

dous 

times 

a a me 

dous 

vastes, which could T&J"Y f'rom one comdr'y to another, and some-

may eTen T&ry between dif't'erent inatitutions vi.thin the 

country. 
Generally speaking, hoveTer. a vaate can be considered hazar

if' meets with one or more of' the f'o11oving criteria: 

- ignition: wastes that imply a f'ire hazard during routine 

handling. Fire presents not only i111111ediat dangers of' heat and smoke, 

but also can spread harmf'ul particles OTer wide areas; 

- toxicity: when improperly handled, wastes may release toxic 

sub~tances in sufficient quantities to become a substantial h~znrd 

t · hu!'l~n h"n l th nr th" "''"'~ T'0nr.t~+ ~ 

- reactivity: VctRteR thEtt tend to renct sponte.neously with air 

or water,to be W'lstable to shock or heat, to generate gases or to 

explode; 

- corrosivitys wastes requiring special containers because of 

their ability to dissolve contaminants. 
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A ._•ardoaa wa•t• ... prea .. t eitll•r a s1lort-tezim aeate 

'U.sard or a lomc-tesw eiaTir.,...ataJ. Ms&rd. 

Mally vast•• tut otter ao •i..U.t'i.eaa~ a1lort-tena '-..rd .. ,. 
-aa• a9Yere loag-term ~ 41le to tlleir p11yaiea1 or elaemi.cal 

properties. For ezampl•• tile •llort-tena luturd of' ceraia Mloceaa

ted llydrooanoa aol•-t• 'ia low b"aaae tlley are aoa-n• rble Uld 

at low 19Ye1 of' aeate tonei-ty. Tiley -· -....er. --• probl_. 
:IA 1-d f'ills bHaaso tllei.r slow rate of' breakdowa .. ,. eoaae-

q11•tly briag tile risk of' surf'ace raa-ott or dwp to croaacl water. 

).1. Soli.d r.aicble incineration 

Solid waste• iJl tile petroe1l .. i.eal iadaatry .. ,. ooeur as real 

aoli.da, each as waate plaati.oa, paper or .. ta1; aa ... 1.-aolida, 

s'D(.ll aa tare and reai.Jla, -ct as aasp-ded -4 tiasolTed solids, 

aao1l a• waste polymers -'1 iaorp:ai.e salts. ft••• wastes illolude 

water treat.eat •ludgea, oat'eteria and luao1a-room wast••• plaat 

trash, incinerator residues, plastic•, metals, waste eatalysta, 

organic e1leaieala, inorganic c1l .. icals aad wastewater treatmeat so

lid•. The -terials -y be characterised aa coabuatible or noa
coabustible, organic or inorganic, inert or biodegradable, dry or 

milted with either aqueous or aon-aqueoaa liquids. 

Tile solid va ... s generated by the petroollemioal process may be 

handled by aany ditterent methods vhicll are dependent on the exis

ting conditioaa such aas (i) olaaracteriatioa of the waste• (•olume, 

weicllt, deaaity, rate of' productioa, toxicity, biodegradability etc.); 

(ii) potential Talue ot sal.aged materials; (iii) adaptability of 

the disposal method to the waste of' interest, and {iv) availability 

of land and expected land use patterns. Almost flVery petrochemical 

plant has some form of solid waste handling and/or dispoRal facili

ties on the plant premi~es. A recent flurvey <>f the petrochemic:t.l 

inrlustry reTealed th:'lt 'O p~rerTI+. o~ the !'Olid 'Wllstes P.'enernted 

f't p~troehemi.cal processing plant:o. was disposed of nn plant site. 

111e plastic~ encountered in the petrochemical industry such as: 

polyethylene, polypropylene, polystyrene and PolyYinylchloride 

produce a lot o~ polymer wastes, some of' them are preaented in the 

table 3.1. belows 

\ 



.. 

i 

- --,-

Table ).1. 

Form o~ polJ!!!r• waetea 

Pellets 
Dropped or sbreded 

Daat or powder 

Raadoa, large ( -,. 100 lb} 

RaDll-, ·-u ( < 100 l.b) 
other, ott-a .. oitieatioa 
prodaet and ooat••i••t .. 
product 

TOTAL 

Primary resin 
producers 

18 
2 

21 

10 

14 

'' 100 

- !!L.1 -
Proceaaora and 
hbrieatora 

100 

Plastics particles .. y ranee i.ll size f'rom powder and pell.eta 

to cllunka veip1ag more tJaan .50 kg. Waste pl.astics are generated 

by ott-apeci~ication productioa• apil.ls, product contamination, 

cl'MUl out. emergency dump•• and miscel1aneous other sources during 

plastics nanuf'actur" 'g. Plastics are c-erally biologically inert 

substances. 

Water treatment facilities may be fl)UDd at many petrochemical 

processing plants. Solids composet of slit, sand and lime, or alum

based flocculant material are produced during the water treatment 

process ~nd require treatment and 1or disposal. 

T>uring waste water treatment processes. su~pended or disnolved 

solids are separated from waste-streams by physical-chemical tul~ 

processes producing sludges which must be disposed. Biological W'li.t 

operations used in waste water treatment processes such ae activated 

sludge, trickling l'iltera, e::a:tended aeratior,,. vaate water. 

Stabilisation process and anaerobic digestion also produce 

sludge which require diaposal. 

Spent catalyata may be liquid, •emi-aolid or solid. Catalysts 

poe•••• a wide range o~ ohemical cbaracteri•tio•. Tb••• oataly•ts 
may be to::a:io and thus would require apeoial handlinc. 

A wide ..-ariety or otlaer orpnio and 1Jlorpmio cllemicale may 

enter the va•t• •tr ... •• a result o~ produotioa proc•••••· 

- _,. 
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So1id and semi-eo1id waste materials «enerated in the petro

chemica1 industry .ay be disposed o:t by several techniques, i.Jlclu

dinga incineration, open dump burning, no-burninc dmrp, -l'Yllging, 

land:till, land t'urming, lacooning and ocean dmaping. 

0p81D dump burning os normally an unacceptable disposal alter

native and may be illegal in many countries. 

lion-bum 41Bpblg inTolTea the dlmPinc o:t waste material on the 

ground or :l.ato pits. fti• .. thod ...... •or aoa-cllll1MlatiJ.le .. terial.a, 

requires larp area• ot laa4 whie1l .ay be r.n4er.. maaa1ealtle ~or 

f'atare 4nelepment. 

Disposal by this teollldq11e also produces the potential :tor 

croand water an• aurhoe water contamillation. 

:Incineration i• a controlled combustion proeess :tor 'barning 

solid, liquid or gaseous combUl5tible wastes to cases and residues 

containi.n& little or no combustible material. 

YaciDeration as ve know it today bepn slightly more than one 

lnlndred years ago vb.en the :tirst Jll\lllieipal waste destructor was 

installed in Nottingham, JllSland. ::rncineration use crew rapidly also 

in UAited States o:t .America, Europe and other regions o:t the world. 

!pcineration pr!Ctice 

:Incineration is an engineered process tbat employs thermal 

decomposition Tia thermal oxidation at high temperature, usually 

900°c or greater, to destroy tbe organic f'raction o:t waste and to 

reduce Tolume. 

Generally, combustible waste or wastes with aigni:tic-t organic 

content are considered most appropriate :tor incineration. However, 

technically speaJd.nc, any waste with a hardous organic :traction, 

no matter how small, is at least a f"llnctional candidate :tor inci

neration. For instance, significant amotmts ot contaminated water 

coming ~rom acrylonitrile processes are currently inciherated and 

contaminated seils are also being incinerated with increasing 

frequency. 

Ditrerent incineration technologies have been d.veloped tor 

handling the various types and physical forms ot hazardous wastes. 

The major sub-systems which may be incorporated into a hazardous 

vaete incineration sy•t•• ares (a) va•te preparation and :feeding; 

(b) combu•tion cballlber•I (c) air pollution control; (d) residue or 

aeh 1-.andl ing. 
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The normal orientations of' these sub-systems is shown in 

figure ).1. along with typical process component options. 

Wa5te Prcparoticn 
I 

Waste 
Preparation 

Waste 
Feeding 

Combustion 

Ash 
Oi5pcml 

Air Pollution Control 

F\Jrticulate 
Removal 

Acid 
Gas 

Rln'cMll 

Al!lim to 
Pnas5 

R&iduc 
cnlAsh 
tbldling 

Demister 
en! 

Stack 

FJt-Nl.lGtnaal orientation of incinciation subsY5tme and typiml procna mmpcnent opt tons 

Fig. ).1 - General orientation of' incineration sub-systems 
and typical p. ·ocess component options 

I~iquids are blended, then pumped into the combustion chamber:, 

throur;h no?.:zles or via specially des.;_r;ner. a.tnr.tizin:; burners. Wastes 

containing suspended particles rmy need to be screened to avoid 

clo~ging o'f" sma ~_:i nozzle or atomizer openings. While sustained 

combustion is possible with waste heat content as low as 9,~!QmJ/Kg 

liquid wastes are typically blended to a net heat content of' 18,600 

Kcal/Kg or greater. Blending is al~o used to control the chlorine 

content o-r the waste f'ed to the incinerator. Wastes with chlorine 

content o~ 70 percent and higher have been incinerated; however, 

most operators limit chlorine content to 30 percent or less. 

~lending to these leYela prcwides best combustion control and 

limits the potential ~or ~ormation o~ hasardous free chlorine gas 

in combustion ~seR. 

Sludge• are typically fed usinc progressive cavity pumps and 

water cooled lane••· lhllk solid waatea may require abreddinc tor 
control o~ particle size. They .. Y be -red to th• combuation chamber 
via ram.e, gravity ~eed, air lock feeders, vibratory or screw feeders, 
or belt feeders. Containerized waate i• typically gravity or ram 

bed. 
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(b) 2~~~!!~-~~!!~!!! 

The physical. f'ona of' th• waste and its ash con.tent determine 

the tn•• ot ooabaatioa oJaambera. 

Li.quid illJecti• i.Dcillen:tors or combuatian cb••bers are 

applicable al.moat exo1uaively tor pampable l.iquid waste. T!lese 

1Dlits {tigure =3.2) are uaual.ly simple• ref'ractory lmed cylinders 

(either horizont&l.17 or Terti.cally al.:lgned)eqai.pped with one or 

more waste burners. Liquid vastea are injected through the burners, 

atomi.zed to f'ine droplets and burned in s11&pensi.oa. :Barners as well 

as separate waste injection nossles may be oriented tor axial, radial 

or tangential f'iring. YmprOTed utilization of' combustion apace 

and higher heat release rates, however, can be achieYed vi.th the 

uti1illation of svirl or vorteJC burners or deai.gns in'Yolving tan

cential entry. 

Primary 
CombustlOl"I 

Air 

120 2so·1. 
ExcasAir 

0.3-20 Seconds 
Mean Corilu5tion 
Gas Raidcra Ti!N 

F9n 12.Typiall I iquid injeciion combustion chamber 

Dis~ 
to Ournchor 

Waste Hmt RmMry 

Fig. =3.2. - Typical. liquid injection combuation chamber 

Rotary kiln inoinerators (figure 3.3.) are more Teraatile 

incinerators in the &el'lSQ t11at they are applicable to the destruc

tion of' solid wastes, slurries, and containerised waste as well aa 

liquids. These anita are most t'req1181ltly incorporated into commercial 

oft-site incineration ~acility de•i~. The rotary kiln is a cylindri

cal refractory lined shell that 1• mounted on a slight incline. 

Rotation of the shell prOTid•• tor tranaporiation of vast• through 

the kiln •• vell as tor enhanoe .. nt ot va•t• mixing. Th• residence 

time ot waste solid• in the kiln ie generally 1 to 1.5 hours. Thi.• 

\ 
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is controlled by the kiln rotation speed (l-5 revolutions per 

minute). th• ve.~t• £eed rat& and in some instances. the inclusion 
0£ internal dams to retard the rate 0£ waste movement through the 
kiln. The £eed rate is generally adjusted to al.so l.imit the amount 

or waste being processed in. ~he kiln to atmoat 20 percent o~ the 

kiln volume • 

.. Liquids 

Auxiliary Nd 
~Salids 
Conlaintrs or-.....;;;:: 

Sludges 

50-250 .,. 
UcaiAir 

llDl!!J lliln 

Fipd.1Typical rotary kilnlattcrburncr combU!stion dlambcl" 

Figure ).). - Typical rotary kiln/arterburner 
coaabuation chamber 

fradory 

Fi.xed hearth incinerators, also called controlled air, starved 

air
9 

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 

rotary kilns (figure 3.4.). Waste is :ram ~ed into the ~irst stace 

or primary chamber, and burned at rouehly 50 to 80 percent o~ ~toi

chi ometr i c rtir :r.eqttf ... en"n.f:i.. "n1is l!!tarved air condition cause!!! mo::1t 

of the volatile f'raction to be destroyed pyrolytically, with the 

required endothennic heath provided by the oxidation of the fixed 

carbon fraction. "nle resultant smoke and pyrolytic products, consis

ting rpimarily of volatile hydrocarbons and carbon monoxide, along 

\ 
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with products o:t combustion, pass to the second stap or secondary 

cbuaber. Here, a44i.tional. air ia injected to compl.ete the combus

tion, "'11.ch can occur either apon'taaeoualy or through the addi.

tion o:t supplementary f'uels. Th• primary chamber oombuation reac

tion• and turba.l.ent Tel.oeitiea are maintained at l.ow leYels by th• 

atarTed-air oon4itiona to •ini•i•• partical.ate entrainment and carry
cwer i rith the addition o:t secondary air, total ezoeas air :tor 

:tiled hearth incinerators :I.a in the 100 to 200 peroeDt NDC•• 

Steam 
/ Aulliliory Fudor-
'- liquid Wostc 

"'-Air 

50-80•1. 
Stoichiometric Air 

Ash Disehargc 
r· 3 +. ., . . Ram Ash Discharge 
... ,..,_ .. 1ypica fixed hearth Combustion Chamber 

Picure 3.4 - Typical. :tiled hearth ooabaation chamber 

Fluidised beds incinerators baTe l.onc served the ch .. ical 

procea•inc industry aa a uait operation. This type of combustion 

system baa pnly recently begun to see applioation in hazardous waste 

incineration. Fluidized bed incinerators may be either circulating 

or bubbling bed designs. Both types consist of a single refractory

lined combustion vessel partially :tilled w:t.th particleA of snnd, 

alumina, 90diurn carbonate or other materials. Combul'.Jtion air i~; 

supplied throu~ a distributor plate at the botton or the combustor 

(figure 3.5) at a rate su:tficient to :tluidize (bubbling bed) or 

entrain the bod material (circulatinc bed). T.n the circulating bed 

... 
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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 requirement• range f'rom 100 to 150 percent. 

Fluidized bed incinerators are primarily used :tor sludges or 

shredee solid materials. To allow t'or good distribution of' waste 

materials within the bed and removal o:f' solid residues f'rom the bed. 

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

less than 2 inches in diameter. Fluidised bed incinerators offer 

high gas to solid ratios. high heat tranaf'er ef't'iciencies. high 

turbulence in both gas and solid phases, uniform temperatures through

out the bed, and the potential t'or in situ acid gas neutralisation 

by lime or calciWll carbonate addition. However, t'luid beds also 

have potential :tor s~lids agglomeration in the bed if' sa1ts are 

present in waste f'eed8 and may have a low residence time t'or f'ine 

part~culates. 

L•~ 
Sl~c--c~ 

Feed 

F\lidizing 
Contiust ion 

Air 

~ 
to Cyclone 

Ash/Bed 
RcmcMJI 

F'9'•rc 15. Typicol fluidized bed combustion et'IOmbcr 

Pi.cure 3.5 - Typical nutclized bed combustion 
chamber 
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Following incineration of' hazardous wa.stes• combustion gases 

may need to be farther treated in an air pol.lution control. system. 

Tile presence of' cb1orine or othe1• hal.ogens in the waste will gene

rally signal.s a need f'or a scrubbing or absorption step tor combus

tion gases to remove HCl and other halo-acides • .Ash in the vaste 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, tor exam1~le, or as particul.ate matter suspended 

in the combustion gas streaa (f'ly ash). Particulate emissions f'rom 

most hazardous vaste combustion systems generally haYe particle 

diameters less than one micron and require high ef'f'iciency collection 

devices. In addition. gas cleaning systems provide some limited 

aditional buf'ter against accidental releases of' incompletely des

troyed vaste products. Such systems however are not a substitute f'or 

good combustion and operating practices. 

The inorganic components of' hazardous ,,;aates are not deRtroyed 

by incineration. These materials exit the incineration system either 

as bottom ash f'rom the combustion chamber. as contaminants in scrub

ber waters and other air po1lution control residues, and in sma11 

amounts in air emissions f'rom the stack. 

Ash is conmonly either air-cooled or quenched with water af'ter 

discharge from the combustion chamber. From this point ash is fre

quently accumu.lated on site in stora~e lagoons or in drums prior to 

disposal in a permitted hazardous vaste land disposal £acility. no

watering or chemical ~ixation/stabilizat!on may also be applied 

prior to disposal. 

Air pollution control residues are g:anerated ~rom the combustion 

gas quenching, particulate removal and acid gas nbsorption steps -t.n 

an incineration systern. 'Mles" residues Are typically aqueous !'trcaT"'I'' 

containing entrained particulate matter. ab<:orhed acid ~fill?~ (1.1~1mlly 

s~ nc1) Pnt1 ~mall amounts ot orgenic contaminant~:. 
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The:'e 3treams are o:ften collected in swnps or recirculation 

t:mks v.herc the acids are neutrc.lized with caustic and returned to 

the process. Eventually a portion or all of these waters must be 

discharged for treatment and disposal (general.ly when the total 

dissolved solids level exceeds ) percent). Manu facilities discharge 

neutralized wnters to settling lagoons or a chemical precipitation 

step to allow for !;USpended contaminants to be concentrated and ulti

mately sent to land disposal. Depending upon the nature o~ the dis

solved contaminants and their concentration after treatment. waters 

may either be returned to the process or discharged to severs. 

Measuring process performal\c.!.-.!0£. in~~e,rators 

Proper and accurate measurement of the emissions from incine

ration systems is a critical issue. Fortunately. significant progress 

bas 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 follovinc three 

purposes: 

- to establish compliance with perf'ormance standards {e.g. trial 

bu.ms); 

- to mO!Utor process performance and direct process control 

(e.g. continuous monitoring); 

- to conduct per:t'ormance measurements for research and equipment 

development purposes. 

Methods employed in assessing regulatory compliance are gene

rally o:t'ticial methods llhich have been standardized and published. 

Routine perfonaance monitoring :t'or process control o:t'ten involves 

the use of continuous monitors :t'or emissions and racility-speci:t'ic 

engineering parameters (e.g. temperat\U'e• pH, kiln rotation). 

Research and equipment assessment investigation• may involve any or 

the above teoJmiquea in combination with standard anti of'ten non

standard sampling and analysis techniques designed for rapid 

screening o:t' perf'ormance or for ultra-low detection ot specific 

raterials. 

Ficure 3.6 illustrates sampling points which may be involved 

in assessing incinerator performance. In the case o:t' trial burns 

activitiea, the _.in :t'ocua or sampling activities i• on collection 
o:t' waste :t'eed and stack e~iaAion samples. Ash and &ir pollution 
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control syatem residues are also sampled and analyzed. Sampling 0£ 

input/output streamn around individual system components (e.g. scrub

bers) may also be conducted in research testing or equipment evalua

tion studies. 

'nle main focus of analytical activities is on principal organic 

hazardou~ constituent• PORCs. Stack gases analysis also include~ 

determination of IlCl and particulate emissions, and may ?e extended 

to a determination of other organic chemical compound emisAions as 

vell aR metal~ o~ concern. Jn the ca~e o~ particulate emissionR, tho 

~ize di~;trfb~ttion Of stack particle!l rnay Bl:;o be of' intere~t. 

\ 
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The size of emitted particulate affects its transport~tion 

and fate in the ~t~osphere and influences the likehood of inha

lation, an important factor in health effect~ assessment. Few 

hazardous waste incinerator tests have actually collected particle 

size data, primarily due to time and f\ulding limitations. 

Measurement of a wide variety of incinerator operating para

meters may be necessary to maintain thermal destruction cOn.ditions 

which are equivalent to those observed during a successf'ul trial 

burn. These measure& are used as inclicators o:t the performance of 

incineration system and se~e as input to automatic and manual 

process control strategi.es. 'l'here are nearly two doz911 potential. 

.... urements, including such parameters ass combustion t.-perature, 

vaate :teed rate, oxygen and carbOD aonoxide conc91ltration in tile 

stack, pa :tlov rate at stratecic point•, and scrubber solution pH. 

These parameters and their use are described ill detail in a namber 

o:t resource docum911ta (27). 
Continuous .. 1ssion monitors (CDf) are o:tten used or required 

in measuring combustion gas components such as carbon monoxide (co), 

oxygen (o2), nitrogen oxides (wox) and total unburned hydrocarbons 

(TURC). 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 froc the 

gas ~tream of' interest and measurement with a remote instrurreet. 

Some para~~ters such as CO and o2 may be measured in situ (in the 

stack). Table ).2 summarizes monitor types and available concentra

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, involving thousands of physical and chemical reactions, 

reaction kinetics, catalyais, combustion aerodynamics and heat 

trans£er. This complexity is f'urther a~gravated by the complex and 

fluctuating nature of the waste ~eed to the process. While combustion 

and incineration devices are desiened to optimize the chances tor 

completilln of these reactions, they never completely attain the ideal. 

Rather, amall quantities or a multitude of other products may be 

formed, depending on the ch•ical composition ot the waste and the 

combu~tion conditionff encountered. These products along with poten

tially unreacted components o~ the waste become the emiasiona trom 

the incinerator. 
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Table 3.2 

SW!!!Prl o~ continuows emission monitors 

Pollutant 

co 
NO 

x 

so, 

Orgnnic 
compounds 

Moni.tor type 

Paramagnetic 
Electrocatalytic 
(e.g.zirconium oxide) 

NDIR (non-dispersion 
inf'rared) 

imm 
Chemilumi.niscent 

Flame photometry 
Pul.sed tluorescence 
NDUV (non-dispersion 
ultraviolet) 

Colorimetri.c 

Gas cbromatography 
Fm (Flame ionization 
detector) 

3.2. Waste water treatment 

Expected con-
centrated 
range 

S-14i 

2-1~ 
o-loo ppm 

o-Z.ooo ppm 

c-4000 ppm 

o-loo ppm 

o-.5<> ppm 

Available 

range 

o-25~ 

0-21~ 

o-5000 ppm 

o-loooo ppm 

0-.5000 ppm 

o-.5<> ppm 

o-loo ppm 

Wasteyater streams in the petrochemical industry may be cate

gorized into tlve principal source compai~ss 
(i) wastes discharged directly from production units during 

normal operation; 
(ii) utility operations such as blowdovn trom energy production 

and cooling systems; 
(iii) ballast water discharged trom tankers during product 

handling); 
(iv) contaminated storm run-ott trom process areas; 

(v) miscellaneous discharges trom spills, turn-arounds, sani

tary sewage, trom administrative areas, locker rooms, shower and 

tood handling areas. 

~ 
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Petrochemical wastes may include various chemicals der!ved 

~om petroleum derhratives and natural gas, toxic substances, lu

bricants, gas oil, f'uel oil, wax, asphalt and petroleum coke. T!le 

hydrocarbons ~ound in these wastewater stream generally originate 

from lea~. spills, and product dumps. Steam condensate from 

refltix ~ystems may contain hydrogen sulphide and merceptans. 

Ca11stics, when used to purify hydrocarbon streams. produce alkaline 

wastestream~ which are potentially toxic. 

Ammonie may be added to product streams for corrosion control, 

ond by tne breakdown of nitrogenous compotmds present in the f'eed

~tock. Other components of petrochemical vastestrean which nny be of 

concern are corrosion inhibitors. particularly heavy metals. 

The data shown jn table ).3 illustrate the variability of waste 

characteristics in the petrochemical industry. The pH values of 

petrochemical wastevaters are generally greater than 7, and the 

wastestre81118 typically contain large amounts ot total sol.ids and 

low concentrations of suspended solids, indicating that most solids 

in these wastewaters are in the dissolved tora. The variability in 

the data tound in 'table 3.3 suggests that each petrochemica1 vaste

stream mast be analysed separately to pre1ict its characteristics. 

The variability can be attributed to the large number ot choices of' 

processes that may be selected fo form a petrochemical plant. 

111e most commonly used method for predicting the quality and 

quantity of petrochemical production vastewaters is to study each 

individual unit process and relate the quantity and quality of the 

wastestreams produced to product~on units. 

Treatment methods 

The design of' wo.~tewater tr~etment facilitie~ for petri)cher:iica 1 

prodnctlon f'acil:ltie'' will not h~ reli.ahle unle~!": Wf\!'4tewat11r" hc-:.,,.. 

heen :fully characterized and the pert'ornance charactcrJst.ic~ of' 

~lternative treatment proces~e~ have been evaluated by treatability 

studies and pilot plant operations. Treatability studies should 

•stablish the effects of operational parameters such •~ hydraulic 

detention time, sludce ase and temperature on organic removal rates, 

oxycen requirements, sludge production, sludge charf\cteristic!; and 

proce~s stability. 
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Petrochemical pl.ants ettluent anal.yses 
(be:t'ore treatment) 

PJant 
products 

A.lkal.initv 

Mixed chemi
ca1s incl. 
ethylene oxide• 
propylene oxide, 
glycols,amines 
and ethers 

(mg/I,) - 4. ooo 

BOD5(mg/L) 1.950 

Chlorides 
(mc/L) ''0-800 
COD ( .. /L) 7, ,70-8, 5'10 
0:11• (mc/L) 547 
pH 9.4-,.8 
Phenols 
(mg/L) 
Su1pb&tes 
(mg/L) 
Suspended 
solids{mg/L) 27-60 

Total 
nitrg~en 
{mg/L) 
Total 
solids 
(mg/L) 

1, 160-1, 253 

Ref'ine:ry, 
detergent 
alkylate 

1.,,80 

855 
7, 

,.2 
160 

280 

121 

89 

3,770 

Chloro
phenols 

16.800 

120.0•• 

25.oeo 

500 

l.!)o, ooo 

- -,--

Tab1e 3.3 

Re:t'inery 
butadi.ene 
butyl. 
rubber 

164 
225 

17 

l.lo 

48 

Phenols 
eresola 

192 

.550-8.5<> 

2lo 

1Ye-2eoe 

traces 

4.6-7.2 

280-5.50 

1.5-90 

2,810 1,800-2,Joo 

Treatability .studies can identify vastestreams which should 

be treated separately to enhance process per:t'ormance. Wastewater 

survey, wastewater characteristics, in-plant conaideration., treata

hility study and incorporation of' result. 

The unit processes which can provide treatment of' petrochemical 

manuf'acturing plant wastewaters are as varied as the un:it processes 

used in the manu£acturing plants themaelves. Studies have shown. how

ever, that there are seldom cost ef'~ective a1ternatives to bi~logtcal 

treatment coupled with physical-chemical pre-treatment and/or poli

shing where needed. Diological treatment coupled with post-f'iltration 
bas been considered as the "best practicable tecbnology• currently 
a'T&ilable ~or treating petrochemical processing wastewaters. 

\ 
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In order to produce a high qua1ity e£fluent, it is probable 

that the most petrochemical wastewater systems will include all or 

some of the processes listed in table 3.4 and sholll!l in figure ).7. 
A central biological treatment plant is the prererred method or 

treating the aqueous e~~luents of the petrochemical industry because: 

1) they are gee.red to BOD removal, which was generally required by 

the responsible authorities; 2) biological process costs to achieve 

~OD removal are low compared to other treatment processes and 

3) 'When ef'fluents limitations are in terns of cnn. hiological pro

cesses will remove a ~ignif'icant amount of' con with less expen~e 

than a non-biolor;ical process designed to remove the same e.rtotmt 

of' con. 
F.f'f'luents f'roo:? b5.ological treatt'lent !'ystcr.s na"!p 5till conta.:n 

dis~olved or~nics Rnd su~pended <:;0~_5_ds which may be remOYed by 

1'urther treatment such as aerated larroons and poli~hing ponds, ~and 

or multimedia filtration or other physical-chemical proces~es such 

as raverse osmosis, ultraf'iltration, extraction and chemical oxi

dation. Activated carbon edsorption preceded by filtration for solid 

removal was generally :tound to be the best economically available 

technology for reduction of' the residual. COD of' biolog:ically treated 

e:t:tluents. 

Table 3.4 

Petro9hemical yastevater treatment sxstems 

Pre-treatment 

A.PI separators 

Tilted plate 
separators 

Filtration for 
oil removal pH 
control 

Stripping prooes
se~ 

Monitoring system 
to detect break
down and spills 

Dissolved air flotation 

Coagulation-precipitation 

P',qualization 

Detoxi~ication :tor bio
logical treatment 

Secondary 
treatment 

Biologi.cal oxidation 

Chemical oxidation 

Filtration 

Adsorption 

.~ 
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The util:!.ty of' anaerobic lagvon pre-treatcent of' petrochemical 

,.m_ste vas investigated by Hovicus end others (!. 5). ~ de~it;n pro

cedure f'or the selection o-r lagoon volume based on or~nic loadinc; 

~nd tenperature was prczented. Using this design procedure it wes 

e~tir.9ted that a lagoon with a hydraulic detention time of about 

ten days and a ter!:perature of 20°c vou1d achieve a 40 percent COD 

removal and a 50 percent BOD removal vhen the ef'f'luent contained 

).ooo mg/L of' COD. Examination of' chron.tographically identifiable 

organic coetpotmds in the waste used during this research indicated 

that all compol.Ulds except metabolic intermediates were removed to a 

signif'icant extent in the anaerobic lagoon. 'nle effects of tempera

ture on the biological treatment of' petrochemical vastewaters were 

observed to be more drastic than temperature effects on municipal 

wastewater treatoent systems. 

Recent advances in the f'ield o:f bio-encineering have led to 

the deve1opment of microbial cul.tures which have the ability to 

break down molecules resistant to biolog:lcal degradation. A specia11y 

adapted strain of' bacterial inoculum appl.ied to the biological. treat

met process at a petrooh-ioal. prooe••inc plast eip1t:1oaat1y illpro

Ted etnueat qaal.:ity. The addition ot these ae1ect:1vely adapted 

mi.crobes reduced ef'f'luent total oqgen deamd and biochemica1 oxygen 

demand, improved system stability, eliminated an existing foam pro

blem and resulted in the elimination ot at least one compound (ter

tiary butyl alcohol} f"rom the etf'luent not previously degraded. 

These resu1ts, combined with recent advances and interest in genetic 

engineerinc, suggest that bio1o&ica1 treatment processe~ may be 

improved by these techni.ques; however,, further research is requ.i.red. 

Physical-chemical processes plan an important role in petro

chemical. wastewater treatment. ~Y physical-chemioal treatment pro

cesse~ are u~ed to pre-treat petroche~ical wastewater in preparation 

tor biological treatment. API separators are uaed to remove materials 

leas dense than water, such as free oil, and suspended matter that 

is more dense than water. T~lted plate separators are also uDed to 

remove materials less dense than water. Several types ot filtration 

devices are also used to remove free oil and solids trom wastewater 

streams prior to biological treatment. 

t 

. ~· 



• •• • 

i 

-

\ 

... 

- --,-

Neutralization is comr:ionly used and required in the treatment 

of' petrochanioa1 wo.stewaters. Acid !'<treams may be r-cutralized by 

f'1uidized mixin.c with slurries, do1omitic 1ime slurries, caustic 

or soda ash. Al.kaline streams may be neutra1i::med with sulphuric or 

hydrochloric acid or with boiler f'lue gas (carbon oxide). Neutra

lization can of'ten be accomplished by mixing internal wastewater 

!;treams. Volatile organic compotmds. hydrogen sulphide and ammonia 

are of'ten removed f'rom wastewater streams by stripping proces~es. 

Dissolved Air Flotation (DAF) is commonly used in petrochemical 

waste treatment plants to enhance oil and su5pended solids removal. 

DAF units, while not economical as APT separators and tilted plate 

~eparators. produce a better quality ef'f'luent which is of'ten required 

to ceet ef'f'1uent oil licitations. If' a ~i~ificant portion of' the o.!.1 

is er:~ul:;if'ied. cher.iical e.dd.!.tion vith f'locculation chanber:: me.y be 

r. part of th.:. flotati::>n tmit. Coaculation-:flocculat:'..on p!'"r0 c~ssel! 

are e~~ective in removinc suspended solid3• some nutrient~ and he~vy 

metals £rom petrochemical '.mst~streams. 

Activated carbon adsorption systems may be used to remove 

re~iduo..l. or(JLnic compounds £rom petrochemical vastewaters. A review 

0£ the literature on activated carbon adsorption as a treatment 

concept £or petrochemical vastevaters was presented by Matthews. (:'-) 

Compo1.Dlds in the a1cohol, a1dehyde, amine, pyridine and morpho1ine, 

aromatic, ester, ether, glycol and glyco1 ether, ketone, organic 

acid, oxide and halogenated organic groups were f'o\Dld to be amenable 

tor carbon adsorption • 

Petrochemica1 11&stewater was treated in a treatment eyst_. 

consisting of' oil r .. cnra1, bielogical ozi.dation. chemical treatment, 

f'iltration and activated carbon adsorption. The COD was reduoed ~rom 

3,2000 mc/L to 30 mc/L. 'ftle activated carbon columns were f'ound to 

remove dissolved organics not acenable tor biological treatment alone 

with colour. 

\ 
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J.:3. Fl.are and :fl.are paes recovery 

3. ,l. l. Fl.are 

--y-

The of'f'-gases reo;ul.tin{; in several. cases f"rom ref'inerie~ and 

petrochemical. pl.ants cannot :for various reasons be dischar~ed into 

the air. 
Dependint; on the nature and coaposition of of'!'-~sez there :ire 

various processing r.;ethods to convert th9 o:ff'-cases into less 1'\0X5 ou~ 

c --.r:':pcttnc!!':' wh5.ch can be d.:I schareed into the air. 

"ne o:f the olee~t and e~siest way~ ta process noxious of'f-t;e.~es 

is th~ir incineration in certain devices called :flares. In such 

davices one can burn :f'uel and f'lammable gases with a not too high 

content o:f inert gases (co
2

• N
2
). as vell. as noxious and ~lamrnable 

gases in which case measures ~hall be tak~n to dLsperse the products 

resulted by bnrnine. 
'nte det!l&nd of' the :::todern industry on enera s&.vings and 

environment protection gaina nore and ~ore importance. One riodal.ity 

o:f responding to this task ~s to recover the :flare ~s and use it 

as energy in the fuel gas system. 
Two kinds o:f streSXls are directed to the flare: 

c~> A permanent 8&S ~tream, re~ultint: :from: 

- .leakage 0£ sa:fety vaives; 

- valve by-passes or vent 1ines; 

- waste eaa £rom compres~or sea1 oi1 systel!lsi 

- overhead product accumu1atorsi 

- LPG tanks. 
(b) Eanergency ,gn• streams re.lensed by one or more sa:fety va.lVC!: 

in case o~ tech:n.lcal. :failures which caw.e overpressure in plant 

equipment. 
With the :f.lare cas recovery ~y~tem those eases can be ccnpressed 

and sent to the fUel gas network o~ the complex. 
~uch a systeD J.a not illt-4ed tor large ..-rcemsY tlova or 

-c!J..um •i•e f'lowa tllat may J.aat f'or a f'MI hour• or a day. In these 

case• recovery equipment would be l&rgely oversized and used only 
during a short time tbat it cannot be economically justi1':led. There 

ia also no ft&f'e and reliable p!acetbr user to send the rec~ered 

material durinc an emergency. .l 

t 
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111e permanent :flare gas stream is the indicated one to be 

recovered and the energy saved by using it as f'Uel gas. 

Depeneing on the capacity of' the units. the design, construction. 

type of' piping and valves. etc •• the recovered gas streat!l is typi

cally between 1000 and 5000 m3/h. 
'nle :flares are :f'acilittes rneant ton.Dl in view of' increasing 

the sa:f'ety degree of' the process unit itself' and consist o~ the 

:following ~ub-assemblies: demister, hydraulic seal, :flare stack. 

:flare bead including pilot :flare and main burner, :f'lnre piping c.nd 

automatic ignition system of' :flame. 

Flares arc :fed with o:f':f'-gases collected :from sa:f'ety valves 

discharges instal.led on pipes and on procesE equipnent. 

'nl• molecular veight of' gases varies between 11.j ar&Cl 42.~5, 

'While the hydro~en content varies bet,.:-een 71' voltl!lle and 65i volU1:1e. 

l"~ a discharge irequency of' 6'j/, o:f' sa:f'ety valves tm :f'.low rates of' 

the {;'ases discharged into the :flare system can vary betveen 0 and 

::!,7oo kc/h. 
From gas collector, the ea.sses :further co t~.rough demister 

(see :fie. 3.8) wherein liquid drips entrained with diameter~ over 

4nn,,. are !'eparated. Drips separation is necessary due to the in

complete incineration thereof', producinc ~oot. 

From demister, the gase~ go through a hydrnulic seal which 

does net ~llow the gases to co~e :from the r1are ~tack back into 

the pipe sy~tem. From the hydraulic seal the ge.se~ enter the flare 

~tack which directs the gase5 to ~la~e head raising at the ~a~e 

time the flare flame to a certain height to dimini~h the radient 

~~f'ect ryf f'lame on the anvironment. Tiefore entering the ~lare h~nrl 

the ga~e~ go through a device call~d "molecular seal" which pr~vent5 

the f'lAme f'r0rn entP-rin~ t~e flare ~ta.ck. ThL~ device ic clcEe~ by ~ 

ca·: havtnc S\ low molcculnr mass: a..:.r, methane. 

'Mte ~lnre he~rl i~ the mo;,t important part con~1sttne nf n 

:-.;t'to.111 .. c cylinder with ~ ccmc: rin~ C<llled f'lare h'°''-'·' n· zzl··. '!"S-:e 

11"7.Z ! 4' it'> pr"v.'..ded i~.:: t~~ <' ~te1'r-: '1i :·trihitt:f..i:,n plrir necessary tfl 

measure tho turbulence as well as to improve gas burninz amt burnint:; 

of the incanrtescent corbon particles, accordinc to the reaction: 

\ 
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To prevent f"l&.r.1e extinction the f'lare head is provided with 

a pilot burner whose ignition is achieved electronically by means 

of' electrodes while the pilot flame running is controlled by a 

thermocouple. 
During the design stage of' the f'lares, the :tolloving .. in 

questions are to be solved: 
(a) the reduction of' the noise leTel generated by gas circu-

lation through the f'l.are a'ta.ck and by gas burning in :tlare stack 

headi 
(b) the reduction of' the ef'f'ect of' the th..-1. radiation 0£ 

f'l.am• i 
(c} the reduction of' envi.ronmental pollut:lon. 

{a) In order to reduce th• no:lae level 'the ot-ti.mam diameter 

of' f"lare stack is chosen as per relation: 

where 

D = diameter of' :flare suck - m 

G = f'lov rate of' gas circu1ati.ng through stack, kt;/s 

Y = gas velocity in stack, m/s 
f =gas density calculated at stack temperature and atmosphe

ric pressure, kg/m) • 

Gas f'lov rates is calcu1ated by the following relation: 

where 

n 2:. G 
1 

s: f'low rate!i f'or continuous discharges - kg/s 
f c. 
fr. = f'low rate~ resulted f'rom safety valves di~ch~rgc~ - kc/s. 
" ~.i 

~ince the f'1 r.quency o'f saf'ety valves diseharr:e~ cAnnot ~~ 

c-~tnhl ~.shed accur111~ely, it is considered that about 6rvfo of' the 

safety v~lve~ discharges simultaneously. 

\ 
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YP.locity in t"te :flare stack is given by the relations: 

w = u~ • M or V = (n.~-0.3)Ys vhere 

"' = !'fa.ch 1<tJ111ber 

Ws = sot.md velocity• m/s. 

:.ounc velocity i~ deterr.tined by LJ:tplace relati?n: 

V.s = Yl;.e:re 

~ = adiabatic exponent 

~ = general eonstant 0£ gases - 8)12 J/Krnol 

T = gas stack temperature ° K 

M = evcrage molecul.ar ~.ass o:f cas. 

~obert ttayer relation can be approximately u~ed :for adiabatic 

exponent calcu1ation: 

c pm 
X=----

c - :t pm 

where 

C = avera~e molar speci:fic heat o~ cas - J/flmol grades pm 

!l = gas cenera.l constant ll'ith the val.ue ~312 J/K.r:Jo1. 

Permissible noise level& caused by industrial plants can be 

considered• as shown in table ).5 below: 

Table 3.5 
Permiss!ble noiae levels 

Zofted area 

Tndustrial 

Commercial 

~esidential 

nospitals 

Noise level by night 
d" (A.) 

' 
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(b) nte reduction of" the thermal radiation effect cf" the !'lame 

i~ obtained by the correct size-up of flare stack height. J\s a star

tin~ point in estabiishi.ng the unitary therma1 :flow radiated by f1are, 

the !'lane is assllI!led to be a point source releasing heat into sur

ro~dincs. 'nte correlation between the unitary thermal flow (2) 

received by an area at a certain distance and the radiant flow of 

the 3ource (rlama) is given by Xepler law: 

q = F • Q 

q = unitary thermal flov. v/m2 .h 

~ = rad~ant f'lov of' source, v/h 

where 

r = distance from the source to the receiv~ area 

F = coefficient considerin& the share ur the heat released 
by gas burning with f"1ame and transmitted by radiation, 
usually taken as o.,5. 

The unitary therca.1 f"1ow al1ove~ for the operation personnel 

has the :fo11owing values: 

Unitary ther"lla1 flow w/m2 

c~un radiation included) 

1, 9(\() 

2,J6o 
2,800 

J, 500 

lJ,~oo 

fi,Joo 

:Exposure time 

in:finite 

1-2 h 

o • .5-1 h 

5-1<' minutes 

15 sec. 

no exposure 

For determination o~ flare ~tack heieht one can uoe r.epl~r 

relation accord~ to which value~ are taken for •q• en~ "F"; 

•1• is calculated f'rom the heat released by gas f'lov bttrning and 

AUbs~quently •r• is ~etermined as the dir,tance between th• !lam~ 

and the concerned point 

r = v 
e.t ground elevation. 

X:? :· T 2 vb ere 

X = the di~tance, horixontally from the axib of' flare ~tack to 
the clo:oe!'lt unit vhere a steady activity i:. conducted 

T = flare stack heieht includinc the di~tance f'rom flare Jtack 
top to the geometric center of f'lama. 

"'' 
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{c) The reduction o~ the environrncnta1 pollution i~ achieved 

by u:~ine an adequnte f'lare staol~ hei{;ht. The highar the f'lare stack 

is. ti1e love:- the l·~vel of' tm.ito.ry thercial raC.iation "-t crnunrl 

·~lcva"tion and th~ lower the em·irollr.'lental no:-:iou:~ concentrations, 

1'-hi 1.e the iTT\•e:etncnt anrl :-ep::ilr"' :'lnd ma.intenance co~t.s ir.crease 

~ ien-:.:ricr>.nt1y. 

).J.~.7lare gp~e~ recovery 

~conc~.:.ce.. • :y t-ttr~cti-...e -<:ne:rQI" .savin~ opt:.on ava5.1a~le; !·~c cf' 

leave'.:" r-Tcre in f"ltel proce~~ ing. thuc:: increa:<c int; yield:-. Adventager 

~~P. ~J~o obta~ned ~rrym reduced ~larcnG pollution and extend~d tlp 

1i f"e. 

The design o~ a suitab!e gas recovery plant con~idered the 

followinc constraints: 

- Flare relief is essentially a saf'ety security system, thus 

its operation must not be a~~ected by any gas recovery plant insta

llation; 

- In order to obtain naaximum pressure on the p1ant suction side, 

the ~lare water seal desicn was altered such as not to affect the 

operation of the plant sa~ety val.ves, particul.arly those set f'or lov 

pressure relief. 

~e~!~~-~~~~~!e~!~ 

'nlere are two types of recovery systems: 

Recovery system with gasometer; 

- Recovery system without gasometer. 

Recovery sxstem yith gasometer (figure ,.9) 
The normal flare gases f'lov through the ~lare header and reach 

the (Jasometer (2) via the £lare gas ~eparator (1). 

\ 

The f:&S 1'lov~ preferentially to the gasometer, where the back 

pr.assure i• :;et lover than in the flare seal drum (2;:;n rnr.l wc/lf '30 r.11"1 ···r.)_ •. 
The liqn.i.rl !':eparated in ~eparator (1) flows to :-;eparator (I~). 

vhero wa~ te water i.s 'eparatcd f'r-,r:i 1 iqu.::.d hydrccarhon:,. 

'Mi~ ca- from tho ~~;-:>Meter in prc:,:;u!'iZCd by cr.mpr~:-::or (1) f:r, 

e prP"!"'1':"'e ,..equ~r~d ~y +he f',,ci n:es s~'St'f.;m. T°t''! [;1).:' f.!.·,w t.., tl1~ 

f'~1e:&. ~a'. ~~·~ten '.•hall take ~nto cnn~~.rler!!itIOT' the ·wat~r 1 cv:::J .in the 

r:n!..n:1cter. 'Y"1P l"la.:<.in,•n: and TT!inimur. level .if> :.iaintainP.rl hy two level 

.,.,.,.i.f:chc .• '.t low 01· l1 :.L,+. lcvol tlto re:p~ct-'.v~ control VE\lVI!~ will 

rlurie, respectively ~pen. 
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If' a f'ai.luro in the plant lead::: t•• a lart;e :;a:fety v:::.lvc rclea.:;e, 

the ,:;::i::; r10~ thruuch the :flare header, the :prc:.:-sure rise~, tho pre.-

:-!t.re 51-::. tch close!" the acce~s val.ve to the recovery sys ten and the 

~a~ f'!Olr." tc the :f"larestack to ba htunEde Thus the casometer i~ 

protected acainst overprcs~ure. 

-~t a released yts .....,-!. th a hie;?ter n:;lecnlar weight, an over

load :.ne of" the co::iprttf£Sur re~ult~ but only f'cr a very c::hort ti.~e. 

T:f tho released eas has a hieh temperature, the temperature 

~witch alsu close'.O the e.ccess valve to the reccvery unit. This 

~r-:itects the conpressor and the t;e.soneter. 

}f fer a certein period o~ t~~c the t;a~ leakaGes ar~ small 

th'? l)res!"nre in the :f"lare line tends to drop. In .Jrder tr-· a.vo.:d 

vacnttn t>: l(lw pre~sure switch disc.:>nnectz the f'lare line :f"rvlO! thie 

recovery sy~tem. 

l)ependin~ on the t;as composition the recovered gas i.s sent 

directly to the f\Jel ieaa sys~.. or to a treatillg atep 1ike n2s 
absorption. 

Rtoov!l'Y systm &thout p.somettr (f'ieare .:J.lo) 
By application o:f" adequate control and instrumentation ~t is 

po~sible to dezie;n a :f'loire ca~ recovery 3ystcm without ca;,o~etcr. 

'Mle rcle of' the c,as ~ccur.r.ila tor i;;; taken by the vol'!.U'.Je o;f the lun.:; 

and large :f'.l:are ~ac header. 'ftte :flare .:;a.:; is sent to the co.:ipress'>r 

~ opa.ra tor (l). TTcre, the liquid phase i::. separated, 'Which 1'"lows int.;,, 

sepc.rator (PJ). 'Where wazte -water is separated :!'ror:i liqu.:.d hyd:-oc::ir-

~>on~. The cas phase :f'roc the :>eparatcr i::; pro::;surizecl 'by cor:pl'f'!O~.Jr (~) 

cooled in cooler (~). '"1e conden~ed liquld iE ~ep~r~ted in sr~parator 

(3) and the ca~ ~t the top or t~is ~eparator is ~ent to the fuel ea~ 

system. 

To ei.void air entering tlle system e.t low pre~!:Ure in the ea·i 
header, the pressure ~witch in the head9r closes and the contrQlle:· 

in the bypc.s~ line o~en~. Thu~ tho £orward cas f'lov i~ interruptecl • 

and i3 recycled to compres~or suct!on. 

~-:'hen the pressure ir. t'he header rii.e.:. again, the suct.f on ve.lve 

upenti and the 1-y-pau; line control valve clo'-.e:;; tha ~~: flows e.,in 

to the f'ttel £:a=5 notwork. 

• 
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T:f the incooing f'larc cas tempox-a.ture exceeds a cert~in vaJ.ue, 

the temperature :;witch closes tiie suction valve to protect the 

'Mle compre~ ;:;o::- type has to be selected to allow ·variations 

in suction and dischar~e ~ressurcs and molecular weight. Good re

sults were obt~L~ed with rotary and liquid rinc co&;Xpressors. For 

each case the ::idequate :·rnlution has to be studied and ::i.rpliecl. 

Cor:!!parison hetveen the tvo alternatives 

11le za!;oneter ha5 tl:e advantage of' the larce volume, which 

level:c c~1t the :fluctuation;, in f'low and !'ressure. 'T"he a!!'lount of' 

f7S ~ecovery is somewhat larcer. 

'Mle adva.nta~es o'f' the systeri without aas::::rieter arc the !ewer 

plan are::. requirer.:ent • lo~-re..,. ..Lnve"'t~ent c0-:t. s.;;;'J{ller de:--i.:;n nna 

l~~- ~air.tcna~re co~t. 

The pe.:po~·.t ti 'le ~·=-r £\ f'la:r-e ~:o :r-ecovery uni~ d~p,.:nds on 

cai)acity nnrl !'":"ic~ cf' t~e f'uel ,';!'··· Tt n..;r:·inlI~p var.:e~ f'ro::! 3 t.: 

: !"'ear~, tr:-:_ th("\ut tal-:inc· : .. nto ccn; .. ic~e;'~t lcn thr; red~.tct j,_cn in 

~nv.:..r~nr.:ent'4.l p<.llut:! on (hyd~·~c~.:-hon;, ~: 2 , noir.c a.nrl ~-.:..ro:'ht). 

t,. TRE Ft!l'UR..~ SCOPE FOR CLEANER PETROCHEMJ:CAL TECHNOLOGIES 

Recent events have raised the i!H!Ue 0f' ~e.f'ety and emor(;eT1c~r 

n·war~ne::s anj r>reparadne s of people in all nation;.., o~ the world. 

Tndui::trial events cauf,ed serioU=" dnma.ge to the environr1ent n.nd 

unacceptable lo;:;~; of' lii'e and prop~rty, such a!3: 

- Dioxin containin~ release in Sevesgo, 1976; 
- Propane explosion in Mell.ico City, in 1981J i 

- Release of methylisocyannte at Bhopal, in 198'J; 

- Fire and di:lcharcre of' contaminated waters in Rhine, in 19R6, 

f'rom a warehouse in '.Bassel. 

\ 

r~ is now urtiTereally acknowledged that every disaster, no 

matter the cause, has an environMental impact. In 1986, following 

various induatrial accidents that occurred in both hichly industria- ~ 
lized and dovelopine countries, resulting in adverse impacts on the ,~ 
environment, the tJN.EP uugceste4 a neriee o~ measures to help covern

cent&, ,articularly 

rf,nec harmf'Ul 

0£ developinc countrieo, to 1alni1:1lze the oceur

~1'f'ects of' chomical accirtentr..; and ei:icrg<..'ncics. 

'"' 
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In this c'>ntext, the l~:::T Industry ar.d ::::nvi.rc~ent C'!"f"ice has 

developed a handb·:>ol~ on "..:'l.:warenes:.. anti Preparl!dness ~or 'Ft:tcrt;encies 

nt Iccal 'Level"(AP;."'{.T,). d~~igned to e-;~i!!t declsion-r:m.ker!': and tE:'ch 

nicel per~0nnel in improv~ng community avarene~s or hazardous in5-

tallations and in preparing responae plan!l, ~ho11l~ tme~ected evE.nts 

~t these instnllat:on~ endaneer life, property and the environment. 

,\PET,L' 5 overall goals are: 

- Provide inforr.iati_on to the concerned t!!e:-:ber~ of' the co=i:mmlty 

on the hazards involved in indu5triel operatjon~ in its nei~bour

hood Elnd the r1eesures taken to reduce the:;e r!!:kS; 

. ~"'view- up-d:ite or est~.bli~h e'.:ler:;ency re~pon:>e plan:> in the 

local area; 

- Tncrea::;e local inltu5try involvement in cor.ununity a~ene~;; 

~d e~ergency re~ponae plannin&; 

- Tntcgrate industry eciergency plans with local emert;ency 

res,.1onse plans into one overo.11 plan f'or the ccrnnn.mity to h3ndlc 

all typeg cf emergcncic~; 

- T.nvolve t:1ember:::. c:f the local cormmmity in tne devcl.opnent, 

testinc and implementation o:f the overall re:.;pon~e pla...,. 

EJcalutinG environmental concerns in recent yeru.·s have cau~e<l 

a proli:ferati.vn of' new envi.ronment~l re.:ttlation.:.., :;tJ~cti1:1c' at the 

c:.:r>en~e cf ~uun(• oncrey policy. The cnviron.".18!'\t<.tl r.iove:,ent anct 

con;<olidation of' the pctrochemicnl industry, ha~ lJecn and may well 

continue to be the donino.nt trend~ of' the 1991-199.5 period, af'fnctin~ 

every F c-ctvr of the petroleum, chemical nnd pctrochP.mical industrie .. 

(2r.). 
'!t i~ ir.rpe:;..~n ti VP. that the indtt!O tr"'; ir.prove it; pcr1'orrmnce 

with reC<'\rd to pro<luct ~tev.;.r~~hi!l, rlant c:i.fety. emi.i>slonr- and 

~/f\~te rnini~i~~t~on. 'Ry the turn or the ceTitu:>:;", the chemical nn~ 

petrochP-n'ic~l indu!itry mu~t proc~uce lP.~'· waste, reduce cnitv ions 

'1ra~t:· ca.lly antt operntc even more safely tbo.n to'1ny and• ju::t a~ 

ir.iportantly, the pu~lic T:11J&t recoeni,. t:; pr ... ,,-e:'::; (2R). 

Tnde~~. 1991 beLins a decade tha~ J h~ralcled n~ one of 

nP..., envirvnr:ientl'll A.WllrenC!J~; • ,\pprP.h~n~~on~ ai1out mlin•1.n<~UCf:d £:10l>&l 

chnnce!; tn the Atm:>::;pher~ r.nd ;~rn•ic rec-:-·nt t~ac-ic e.xper.:.cnc~·; with 

t11ch110lflc;l.ca1 malfunction,:., .-uch ~.. h•.tnan and i?nvironnontF.l 1 tE:·.o r.tc.;:· 

r.t !'!hopal, Chn.rnohyl nTirl Val(lf'!7. nave prr.c1p.:.tr.ter1 n ~~trl)ne> cu;-r,.nt 

~Jf° ;'t1hl '. c cnncP.:."'TI f .. r. thr. c0n~""·!n:.:.nr.o·· •)r envtl·r,n1:H'r.tf'l rir~t~r; ,;r:::..-

I"•~·-,.' 1~~ · """ ,., th·~ Adriat-fc ~erve to re1nr.n·c1J 
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Thi~ conce:rn hn::: ~p~wncd orz:uiized groups that are ef':fective in :focus

ing rnodia ~ttention on environmental probler.is a.~d in tran~latinc that 

nttention into political action (28). 

Great Britain's Parliament is expected to pass ~trict nev en

vironmental le~islation applyine measures o~ taxation to discourage 

industrial pollution. 

The ~rman Govermnent i~ considering pas~age of' an enYironmental 

liability law and an environmental penal law - both aimed at putting 

teeth into enTironrnental regu1ation. 

Jl'rance has a nev •piant vert• aimed at improving air and water 

quality and in Italy, tho in1'1uence o:f the •Green List• on elections 

has resulted in the creation o~ a new Environmental Ministry nnd 

conaideration o:f legislation to substantially improve air and water 

quality. 

A~ Western Europe moves closer to 1992 and the unif'icatlon o:f 

its narkets, the ~opean Community is attempting to standardize their 

env1..ron:!lental control::;. :!:n c.<ldition to :foc11sin~ on the at!"!o..;pheric 

07.:me proble·.n vi.th n n~eement to l1an chloro-:fluorocorhan.!:> by tlic 

~nd of the century, the ~ro~.;?:";.Jl c .. wrnmity ha:-; rccul~tian~ p:o.·0vidin.:; 

f.:,::_· tl1c a;_Jplicat_;_on of cet~lytic conve:r-ts on :'.'!i?rlittr1 ~d lo.rec ~izc 

;-ut-:>n-;h::.J.~r:, rnr! =-"' tntP-1 ~hi:f't to le~d-f .. ree ~"'ol::..Tic. 

t ' covr·r h:.z::::-c1 Jtt!:: ~Y,_'.~te ''iJ~o: a.l, vol::. ti le ur u-::'.n,;.c c rinpuuncl!' nnd 

<'V~por~.tlv<' e!""!ic;::icn~. :i:t j !OJ ul: 0 0 c:,~::Ln.i.n::; the po''.!':::.hle: npplic<J.

tion c,f' c:;.vtl 1 iabili ty p;;.·ovi s:!.on~, tu producer::; and cUs?oi:;cr o-r 

c'1c1~lc:--l was t".':J. 

Wh:le T'~n-A:l:t cnvperntion a'!lc! !)1.lhlic advCl~ncy l1ave not l1een ns 

f·t1 ·nc n fe.ct;,r am--.nc the Pnc:f.fic ~i!'1 nation!:, enviroru:1cnf:al P.nd 

hcr.1 th c 1~cern:-: 1".re he.v lnG A.n i.r.pLct on individual r:overnment:il 

actf1'ns ln ::ianu "f' thoLc nat:! ona. 

Tn .Tapan. e..dvanc~!': !it.vc heen :!lad~ !.n energy ef'f :c.;.enc~: and 

,.,.,,a--mr~~ ere 'heln~ t11>k€'n t0 <h&r:>l:r r~dn~e pa~ticnl~t" .!.n <!" e:-·al 

1'u~l~. -f:r~.ncent l.'_r.iitat..i.on:: ho.ve al~o °hP.en pltLced on sulphur. :.n 

"..i.l ~tel~, c&u:;ing Jllpl".n to po.y a prer.ii11m -r"r law-·::>Ulphur, Asln 

crttdc and drBmnti cally increaee their i.1:iportr, or liqucf" led nat1..tral 

\ 
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A!". f"·'lr North /.,.':!erica, clean air requi.reriont::; are pre:;sin;:; a 

b~;.>i.c rc:forim:l<?.tion o~ pct~clcurn-ba:;ed f\telf;. Sulphur content .:.n 

rlie.:.Pl i.;. ~'ein&; rc-duced.. I,owcr c:;.sol.inc vnpcr p::-c:vu.re~ a:.-c bcin:; 

rcc:t.!ir~'1, ::md the content o-f' l;enzc~e <:nd othe::- c.ronatic~ in ,::a:. olin.e 

i;; bein~ lo1:ered. ~!ev TI.: plant c::-:is~ ion l:!.ni.ta.tior-.s :;.·educL--ic 'bc??.zene 

r~lea;.e by ')'S'f, will require costly !_>lnnt r:iodi:fi.cation~. 

The rei:nlat~on!: c.imed at controllinG" toxic pollutant~ will 

a:ff'~ct eYe=-ythinc, f'ror ai:.· and water e::ii~;!:i.on-:: tc ::htdce o.nc! w::~te 

~l&po~al practices. 

::nv;.rc.n!"1ental1y ~ven f'ucl !;peci.f':!cations will ad .. .rance t'he 

prc.ducti.on of ref'.nmulated f'u~l~ and s.ltcrne.tive :fuel:: such a'.'i 

rietlie.nol and cor.pre~zed naturF.l ga::;. "!.ikewi:•e. new req._tirel!lents to 

lower liydrocarl~on er.i;.~i.Jn• :fron :f'o~~il f'uel pc.wer ceneraticn plr_nts 

will incre~~e the demand in s·:m:e markets f'or !,M~. Large invc~tMents 

will l1e needed both tc f"ncil.i te.te product chan.;;e~; in the indu-try 

und t,> neet new ruic! e:xi~ t:.n::; environr.tental requircnents. 

net·ween now i-nc' the year 2'.:CC, co:'t!; of' nu.kine tcchnolcgic~l 

ch::-.ncc~ driven by new .:.ndu.t.tr ln.l demand~, tor;etho::- ui th co:;ts 0£ 

coi...pliancc for exi::: tinr: pl~t::; end .fucili tie::: c0uld c~ccecl 12C 

billion TT:. dr;llar.s, nnd thi:; ju~t f"or No.;:th .A."'teric:.:., '.!c::otcrn ~.trope, 

J2.pr~n, !{orc::i. end Taiv.:m. 

'Mlen there will be capital di!man,ls !'<;,;.: environmental cvmpliancc 

in other nati (.in .. n.:.. well. Co~ ts t..i np,::;ruclc un<i r.1cet envirvnnental 

rptnlity i:vnt;.~,)1 ln ~:-:tc.:."n ~trnpc <'..J\•.1 th~ Sov.i•."}t Th\ion Jiav~ been 

rouctily c:"tlnatecl c-~t :wo b.l.lllon tr dollar;, ovnr the na::t two rlcc::.,~c • 

The pr,,.:;pcct~ o:f nearly d':>ubl:'.n,~ worldw.icfo c::tpi tel rC'l1.~irer.:cnt~ 

to :ati.:,fy envlronr.ientnl rec1u1.reMcnt=- !~ny con.:;;t.:!.tute it~ own 

".rutur~ shoc1~" f'or tlie indu~ti;', its ::..nvestor.s and con~ttmers ;1· w~ll. 

Tn Section 3 ·we cxanin~d the "',,;tent tc wh!ch clenncr techn':lo 

cie;. l'~ar~ heeri adoptec1 rlur: n.:; tho <level u!'nt:mt I)~ the :'et.r•·chc:""!ic~l 

i.nr1~l~t~r. Tri th .. < '."GCt~on 'lv'C n:::-c!:- th.e 1'11t11?"~ ~cope fo=:- the "'lcvcl·,p 

:·cnt an1 r-c1v!'t i1m of clr::-.ner tr·c'?'-r.r~l·>c:icz .!.n patl:":cl-o'""'.r,£.1 pi~o,.~11ct · r,;n 

\ 
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Ve consider separate1y the f\lture use of cleaner techno1ogies 

with respect to: 

- basic process technologies; 

- recovery and recycle of unconverted feedstock and by-

products; 

- recovery and reuse/sale of by-products. 

In the petrochemical products examined• only f ev cou1d be 

said to haTe developed cleaner process options. although clearly 

the degree of reduction in emissions/wastes or energy/rev 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 trade-offs; 

for example reduction in difficult/toxic emissions may be achieTab1e 

but sometimes at the expense of lover 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 

ditterent and• as it will be seen. is likely to vary considerably 

among petroohemica1s. 

:rn several o-r the larger petrochemica1 industry plants parti

cu1arly tho•• in more sensitive eDYiromaental situations, 1arge 

and relatiTely sophisticated •ttluent treata.nt pl.en.ta have been 

desi.in•d to receive 9111issioaa from aeYera1 plant procesaes. 

1'be existence of these tr.af:a911t plants could well have some 

~luence on whether or not cleaner technologies were selected in 

the fluture. 

:rn the last 15 years the degree ot recovery and recycle of 

by-products a.lid unconverted feedstock, whether to the original 

process or to other processes in the same plant. has increased 

aigni£icantly in certain bulk chemical proceaaes moatly petroche

mical. polymer and organic• production. In this sense the recycle 

ot aqueous ettluent can be considered a cleaner technology, although 

as certain contaminants buil4 up in the recycle atream they have 

to be blend .,Lt and diepoaed of trom time to time. Furthermore. in 

many large comple~ petrochemical plants there vaa an increase in 

the recycle ot by-product•. 
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ilthouah the situation 'Tari.es between the petrocharlca1s, it 

can be seen that -f"or the case studies examined where f'Uture new 

capacity is being installed, overa11 there is a reasonable like

bood that cleaner teclmologies vil1 be adopted. However, as already 

stressed, local factors vi.11 play a strong in-f"luencing role in 

the particu1ar process investment decision. 

There is, however. tmdoubted1y considerable scope f'or fUrhter 

recovery/recycle of by-products and unconverted feed.stocks. 

'ftle introduction of' cleaner tecbnolog:les in this fora 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 coat 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

tanr,e 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 solution; 

- uncertainty over whether potential increased yield will 

actually be achieved; 

- general unfamiliarity with the processes; 

- concern over contamination of desired end products with 

by-product dcr.ived impurities. 

The theoretical .scope for recovery and reui:;e/sale of by

proc!11c tn rrl)m the petrochemical i..ndu::;try i!> very larce indeed. 

The theoretical scope for recovery and reuse or ~ale (out~;dc 

the plant) 0f' organic by-product~· .L:, nl:-o vary ccm 5derahl"• 

:.oJv~nt rP.Cl'.'·Very is the most widel!' prcct:: "~(l non-in hrJ11~·<! 

rec;rcJ e rec.·iVe:r;• nethnd. Tlrn incrcn~" in f'.'ncrr;y costs ha· t :.ppe~ 

t~t: r·cfln0:'!'i c f'.c in.nee in f'nvnnr ">f in hou~e ccr--l11tr.t:t0n r;f' !.1"1\)11:'~ 

organic Wf""tC"' Ver~1.ti; p11rJf'lcat~on/t·llCOV'lJ)' 01' tho Or(;O.I'liC 

hy--product it~elr. 

l'.'.on"trt\1nt,!; to rf':lcovery/rc!;alo are rnad"' of' techn.i.cnl enrJ cc0-

nom1.c f'actorfl and may he tmr.imarized ar-i f'oJ low:c;: 

\ 
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n..~-product puritv. A r.iajor constraint to recovery and reuse/ 
-L--------------~ 

sale of by-products has been in several instances the difficu1ty 

and associated costs of obtainin~ a product pure enough f'or the 

market. Such problems exist in certain plaster applications, and 

f'or ammonium sulphate vhen recovered frora acry1onitrile/niethy1 

methacrylate wastes to be used as a compound fertilizer ingredient. 

~~~~!!!:'r-~~::~::· These may sometimes be very sicnif'icant, as 

in acid concentration and certain recrystallization p- ~esses. 

Costs of' alternative raw material. The fact is that the cost 
---------------------------------of' the alternative rav material is of'ten not high enough f'or re

covered by-product to be ~'.JIDl)etitive. This is the situation with 

amnonium sulphate in most parts of' the E:re and can be the case 

with sulphur (versus double contact so2 recovery). In the last 

f'ev years, ammonitDD au1phate recovery economics have improved. 

The fluctuation in alternative raw material prices adde to the 

micertainty of' suf'f'icient economic return being achieved in 

by-product recOYery. 

~~!!!~~-~!_e!~~!_!~_!!!!!!~-!~_!'!!~!~~ Transport costo of' 
the by-product to narket outlets can be a critical element in 

influencing tb• economics o~ recaTery/reuse of' by-product•. 

~~~f!-~!-~!2!!!!_~~!· 'Investment in plant capacity 
tor by-product recovery of'ten aseumea lov priority in competing 

~or limited available investment f'unda. 

In spite of' the f'act, recovery of many by-prodUcts f'or reuse 

ia already a much studied subject, and the petrochemical industry 

is mostly well aware of' the potential opportunities (and constraint~) 

to this application of' cleaner technologies, its sisnif'icance in 

relation to reduc~ waste emissiona is such as to warrant con

tinual revitnt. 

Destruction of' volatile organic compounds via cata1ytic inci

neration is used by a variety 1f industria1 sources. Several cata

lyst f'ormulations are sold f'or this purpose (platinum or palladi1Dll 

pred0tninate), uaed in fixed bed or fluid bed syetems. 

'nlese systems were distributed across the following industrial 

cat••oriess 

- solvent/coating application and drying: 

- organic chemical and petrochemical 
productions 

- misoellaneou. processes 
15~ 
25'f, • 

Results trorn study provide data showing effect ot incinerator 

\ 
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operating conditions and volatile organic compounds, waste gas 

characteristics on compo\D'ld specific and overall mixture 

destruction efficiency (29J. 

5. ELEMENTS OF ECONOMIC ISSUES 

Recycling and lov waste technologies do not only decrease the 

environmental impacts of industrialization and hence deve1opment, 

but they usually also cut down the energy consumption of the 

process, hence additional economic and environmental advantages. 

Through recycling and lov waste technologies ve are approaching 

the cycle of energy and matter in nature, which takes place with 

minimum energy consumption and least environmental impacts. 

A comprehensive cost/benefit analysis voul.d give us a true 

account 0£ the advantages 0£ recycling and low waste technolo~ies. 

But, un:fortunately, these cannot be undertaken in every case because 

many o:f the environ~ental benefits 0£ these technologies are lonc

term ones and it is usually diITicu1t, ii' not impossible, to expres:, 

all the environmental bene:fits in tcnns o:f money. 

From an economic perspective one may summarize the state of 

the art in the analytical handling 0£ risk management o:f environ

m~ntal hazards. F..conomic theory is not ab1e to provide ceneral 

'.3olutions t;iven the pre:>ent state of' knoi.rledrre. Sconomists are 

groping for soluti0ns of special cases and tryin~ t0 overcone 

the '1:::.ff .:.cnl tie:" lnvolved. It i~; concciv::thle the.t l~ no cener?.l 

'."'••lttt.:..vn to the r!e~:'ibfl pr<lblem in the f'ace of" uncnrtaint:'. 

''l-.'3r"' rf!c:•cl.:.n::_: .. _, thn ~1a ;_n ::,l)lut"'.rm, c.n c!'ltr.~p::.·~'1"-'nr ,_,_:_l.l 
n·:t 11::-:.de!."t<Jc~ rcc:·cl.:.n,:_; n:r.lr.·r,r. ~.'.::; ~;ql"Ct·:".l ~;~ncf~ t,... t..::.·c crea.t.-n· 

thc.n p'·c~i.ct<~l°'i t::: cost'.1 • .,ecycl:~n:: co:..t:; ::ncluc"le: ener~r, v.!::-.::;:i.n 

material! , ca{l ~ tal co~t, operatlnt; co::t;, • di~po:..nl of' r1.?s.i..d11er:, 

~tornce and transportntlon. 

:·:nc1·G'Y co.:.ts are an important varial>l.e c.nd ff fCJr ~ c;iven 

wa!.;te '•'18.terial requires large inputs of enercr, thi!:i cost rnay 

becnme crucial in the dociaion whether or not to recycle. The 

most .... mportant f'actor here :f .. f> whother tho market price 0f' a unit 

of' ttntroated waste material is hieher thnn the costH of" enerrn

roquirod ~or i~~ collection. 

!. 
1. 
' I ' 
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'nle cost of processing waste oaterial~ is particularly impor

tant among the operating costs of the recycling industry. which 

has some cociponents such as: 

- endogenous component derived from vhe.tever production 

process is selectedi 

- exogenous component- addit~ves, auxiliary materials {e.g. 

additives in lubricating oils have led to increases in recycling 

costs); 

- other operating costs: labour. materials. 

Available technologies af£ect the decision to recycle if' 

~·-

i~ these tecbnologi.es can improve the quality of the final product, 

could narrow the price gap between new and recycled matarials. 

Credit conditions available to recyclers are affected by the 

general. political and economic situation and significantly in£1uence 

the decision to stal"t or expand recycling activities. 

The costs of residt'.:.es recovery depends in part upon the type 

and degree of' contamination they have sustained. Purthermore, 

the type of' reso11rf:e will in1'1uM1Ce the decision as to reuse. 

Finally, ef'f'luent charges, ~:I.nee, taxes or regu1ations about reai

daee aot recycled but discharged into the environment can directly 

increase the operatinc costs. I~ available technology can produce 

substitute for virgin products, then the price di:f'ference will be 

the primary criterion tor recycl:lngoperation. 

5.2. Anaerobic tennentation of sewace sludge 

Anaerobic fermentnti~n ia not a new idea. The waste material, 

sevage sludge, i~ pumped into an airti(;ht digester, where it is 

heated to 35°c and mixed with the material already present. The 

bacteria in the digester decompose the teed material producinc 

methane, carbon dioxide and small amounts 0£ other gases. The main 

factors attecting the economics or anaerobic digestion are the cost 

of the digester, the alternative coat ot treating the sewage sludc• 

and the value ot biogas. 

A sewage sludge dicester or 4,ooo rn3 will produce annually 

about 2,400,000 Nm3 biopu, thg net power ot which is equivalent 

to 1120 kwh heat and about 675 kw ot electricity. 
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In comparison with conventional. :f'ue1s, bioens is considered 

a cl.ean source, because it produces abo1.1t 1/J of' the coa1 and 

oil cycl.es respectively, f'or the generation of' the same amount of' 

electricity. It al.so produces no particu1ates and about l/J the 

NOx of' the coal, oil and natura1 gas cyc1e. 

If' the sewage sludge is not treated in a biog&s plant. it 

should be treated in a biochemical plant; then the current cost 

o~ constructing such a plant is little higher than the bioeas 

alternative. 

5.3. Anaerobic f'ermentation of' organic industrial waste 

Petrochemi.etry, textile, leather and 'food production produce 

a gr_,at deal of' waste containing organic substances. In many 

countries the legislation does not allow storing of' this kind of' 

waste without stabilization o~ sludg~. which is normally done by 

neutralization. comp u .:>turing or burnin~. The above mentioned method 

of' stabilization bas the disadvantage of' wastinc the vast amount 

of' enerGY of' the sludee. In s~me countries it has been calculated 

that in this way an amoWlt of' energy co1--responding even to l.~ 01~ 

the whole encrcy supply of' th•~ cu'lm.try is lef't unutilJ..zcd. 

Tho uethane f'crr.1cntor con ... d:.>t~· of' une or r.iore ttnits, b~•.:,i.n.;;, 

~tlrrcr, nece~.:.ary u:rmature an<l r.:cci..::•uring ill!;tri.uncntL. ·h1 the 

proces.s thn vohm•c of' tho orcan.ic sub.stnnces cU.mini.;hc:> ttp tc) 9r.-'f, 

Ah':'itt 1,;:t uf' the produce~ cncr~ l: necd~d by tha fer.-1cntnr j t:-- el -r. 
Thi:., re~·tlt~_; l.n o,:;iall t.1.icc·c:tcr v •htr!~ ::end ~.'.i:'1plo, ceimI'l::i.ct ~·::ms-

: t..v:.r.c arc o.c1: 7ev0d in v'.ffw of' e1:.11lnat_:_n,~ th<:? rte.b~.1:'.zat:'_on or 

nc.,tralizF_t.:.on pT.'oC<"~: .... i1~,;ed .i..n ca~·~ of' convent :.onr-.l tnchn0lr:»cr. 

5.4. Pi.tel r:n~ (l~rnlph11r:z:atlon 

:. con&.i.dcralJle part of tho ai::.~ polltitinc sulphur cL ox.i.de 

emi~5j_on.:; ori~!.ne.te~; f'roo coal and oil :firinr;. There are several 

dH'':f'erent proce~H•e!I available of which: 

- reeencrative m ethods ii;ulphur dioxide utilized ac :rnl

phu~ic acid tor makinc fertilizers; 

non-recenerative methods, producin~ calcium sulphate and 

calcium sulphite. 
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r-·ost of' pla..."lts operatinc in the world belone to the last 

rnethut.1 9 'Which i;; typically chemical process, includinc several 

process phases and hand1ing of' solutions and sludges. 

'nle most inportant raw caaterial is limestone, needed f'or one 

tone o~ sulphur about 4-6 tons, consumptions of' electricity o,2 

kwfl!v and process water 60m3 /Gwh. The investment co!'>ts o~ the low 

waste technology is about )20 US dollarsft!v heat of' the output 

power. 

The content of' 1'0x in f'lue gases is f'airly low thanks to 

the lov combustion temperature of the ~luidized bed boiler 

(8~0-900°c). Practically. there no thermal ~Ox develops at all. 

The NOx developing :from air also remains small. in comparison with 

conventional boiler. A survey o~ present knowledge bas shown that 

one o~ the promising method to reduce NC%-emission is the appli

cation o~ staged combustion at :individual burners. the so-called 

"burner staging•. 

~Burner staging• involves mixing the f'ael with on1y a part o~ 

tll• cOlllnaaticm air• •• tllat ia:l'Cia1 reaoticm tab• pl.ace ,.._. 
f'uel-rich oOlldi.tioaa and combustion is completed as the remainder 

or the air is mixed with the combustion products. 1'y this process, 

f'ttel NO formation can be restricted in the primary oxygen-deficient 

combustion zone. About "Jr:lfo or NOx coul.d be reduced m;;ing the low-

waste techno1ogy, but the necessary savings due to this produc

tion in NOx emission are difficult to estimate. 

5.5. Petrochemical production 

Any attempt to 'mlderstand the likebood, or otherwise of 

available cleaner teclm.ologie~ bein~ adopted in the future, require~ 

an appreciation of the principal factors likely to influence the 

petrochemical industry. 

'Mle principal factors that enter into proceas investment 

deciaion-makin~ are shown in figure 5.1. while the net effect of 

economic factors ls almost certainly the principal in:fluence on 

process technology selection, other factors al5o directly influ

ence the deciaion. 

\ 
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F .igure 5.1 ·· Factor~ influencing petrochemical 
production 
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nie particular situation9 the petrochemica1 involved and 

the process options nvailable wi11 deternine the relative weieht 

or the in:.fluencing ractors inc1uding environmentai considerations. 

:r-:rtvironmental r~ctors more often in:Cluenc~ the decision indirectly 

because o:f their capital/operatinc cost implications. rather than 

d:trectly. It can o:rten be the case that this indirect inf'luence is 

not very strong. 

The :following sub-~ectionz discuss the manner in vhich the 

:factor::; identi:fied can bear upon the selection o:f the basic p~oces~ 

technology. 

£~e!~!!_~~~~~ 

The relat;ve inportance o:f capital cv'"'ts to over8.ll r;anu:fac

tnr i.ng cN:.ts w_,_ll depend, aiaong other things. upon: 

- ple.nt s~ze; 

~ophlst~cativn/type oi plant; 

- new or e::ci.stl.nt; site; 

- environr.1ental control reculat.ions • 

Plant size. 

A crucial :ractur .:::..n :..n:fluencinG" the development of proce~-s 

technuln~iefi has been the cle::.ire to achieve econornicz ;:,f' sc~lc, 

al thou~h i. t 11a:.: been rcc001ized th;:lt optii.~t.U:! :~ .:..ze :'u::;:" ::>lunt cap:1-

c::. ty cY..i..;t. :~omc p1·.:;cc::;; tcchnolo.:;ics, t_i:;uo.11~· ~a~cvu!; 

lirp.1i.r1 ph~$c, lend the:-!":~clvc~-; :-ic;;rc c:::.~:_;_ly t'• <>c:o::.le up 

::t ~- :f'ttu:::-~ d8.to). The:;~ ::my be cleaner t:~chn,20:::·.::!:: 1 
r ('",., ,. -~:;:- i. J.y • 

T0cat'.v1 

r:cther than 

( .. 
'-~ 

!1C: '· :i (::.· 

~c ~ cnt'•m 01' t"t<c p!.~.:i': w'lJ r..ffcct .'.t~ ~cp·.tc..:!. ~·)·;t ··t 

t()-r:t:-. -,f local con:;t:ruct~ on c·.~"t.·, and the levol of r:rnnt-·/fi !:cnl 

.i. ncent :! ve:- 'l.Vt..~la1 Jle. nvt pru'!-1ably even ::-:o~·e cu1:>t lnf1 ucnco t~ 

w,.,Pth'lr cor.::truct.:..on tnke.G plane on a new or existln.:; :;itc. The 

~ , 
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usually h:!.Q1er co-;t:: ci lmi.ldin.; pr.::cc::;.:; plcmt on crcen£ielcA. :.: l.tc;.; 

tend"-' tu f'avctC' ccn!:t::::-uction of a new p•:-oce~~ pla..'lt on exi.::.t.:i.n.;; site:-, 

~,.,.,c::--c t~.i;,; i.s po:.;:.:.ible. Thi.::., in tu.i.n, intruducc:: the i.uportruit :fo.c-

c~i::;ti;.·~t::on, which will l>c di~cu ... ~cd. 

E!lv irore::ental control:: 

:.:tr;Lctc:::- environ::?enta.l controls ncr.:'.al.l~· tenc~ t~ ~cre:-.:.se the 

"p·:?:;:atL'"lG Cost.:> ----------------
':uch c.ost5 c~n va~' cons::.ce:.."ably between prcce::.s vpt:..0n.::;. T!1e 

co:-t Jf' ryn .. riroru-'ental c~mti·ul.::; O'!' va.::;tc d::.sposal can ~or.etir:~e:. be: 

~u!"f'ic.:e~t t.; inf'lt~ence t11e c:clection or procc:;:.. tcchno!.ocy·. 0t~1er 

clJr:ent!: o.L' v:EJe.::-~.t"'-nC cost::; ~::.·e ci&ct•.::;::::<! ~-:-t t'1:: fc.llcw::.nc; '~uh-

:- l'Ct ~en::;. 

,\.lthon.:;~1 P ce.~ital inten~.i.ve .indu.;,ti~:,'• tl•.o .i.nt'lucnce c~ J.o.bv'!..!::.· 

c-.::::. t::- en t.:.t~l p~tr·.•c'le!!:ical p:roducti.:>ti co~t~ !:hould r 0t ~)~ unde::--

i:?s t::.rr-a t ed. 

The c0n.:;u::1ption of' cato.lyst.:..; b~' the potrochc;r.1.ical. ir..J.u.:t:::J 

r.0n;.:r~J.l~· ._:100.1 ~.i.r..:..;, th-:: hencf'~t of' lnc,'c:<'-:~r:l! ;·lcJ.,1/"-'C•Jncc-(~ 

o:-ic4~c.t.:n.; co:..;t:· crmt"crrc•:1. h:,• c;:>.taly~t.:: c~n;.;ir~:).i.';::~bl~· outirc~:_;h,, th.:):!.:" 

; en.:,. 

\ 
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.:::.':'"'. tr.'- :cca~:'..0n c~ new bur-~ cl:crica.1. proce~:; p!..:.~t cnracit~!'. t:".a~:~:e~ 

:f2ct.:-,:-~ c:-.n occn::::.-::nall~· influenc~ t~e c~.:ic<:! cf' p::-o:;~:-=- -tec~:!C! .:.:_-:· 

exert:.-

.. ,..., . 
. ·-

n- r· ........ ,-:. - ...... ,_..I..··-""" - • 

- 1.uwc:: .:.>~Le 1~:..·cp.: ••• :at.:...,n/o.:.~r-.:.>ltc co;;.t;;; i 

- !owe~· -'Vt::•:!H:a.:l&, co::ot of' .:.>uppu.i.~t .'..nf'rast:..uctu:::e/s.:.i:v ~ce ... i 

- vJ.'ten 1.ocal availability of fecu;;.tuc1~~. 

The p.;:oce;;;~ plant al::-ead;· installed <Jn the ~i te u:;;;ually 

stru111,; direct, as wel.l as ind~rect .iu.fluence on the pr<.>ce.c~ 

technol0t;,·y selected in t!1e buildin{; of new pctruchew.ical capacl tr . 
TI1i~ r.ia;· derive frv::. one or mu:::e of the :follow.i.nG reason.:-: 

·· type of feedstock available i 

local outlet:.. fvr by pruduct:..i 

- ex::..tin~ ~pare capac~ty for by-product/va~te/effluent 

tr ea t::1ent i 

· :,.!.zc "!' new plant def'ined by other proce:;.D capac.:. tle:... 

With re.::;ard to the: la~t po.:.nt, the de::..tgn of ex~ ~tint> plant 

may be ~uch &~ to allow lncrea~ed capacit}• to be calned throuGh 

a de·bottleneckin~ operat~on rather than the buildin~ of a ncv 

train or proce~~ pl.ant~. 

Tho net rc::.ult of tho~e ract,.:.r..> •m the .. elect: t)n of n«:w 

procc ... -. plant .:.:.. a tendency to .:;;v c.n uainG the prl>ce~ ... tcclm«Jl·)~y 

al. eady ei;:pL,yed, unle~ .. there are uthor overridin~ economic or 

po~~ibly environmental determinants. Thia tendency llaY' be rein~orced 

' 

' 
1 
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by operation&i t'actora whereby a company's aucceaaf'ul. working 

eJq>erience with one process techno1cgy will natura11y incline 

towards persi~t~ v.ith the 6al:le tecl'-..nc.loG)'. There may also ile 

sav.in.c; en pruce~~ lin: ense .fePs. 

T!le iactoro i:..enti~ned above do not on1y inf"l.uence ;;;el.ect.cn 

or p.•:"'ce~~ tec::..1.vl..:>.;ies .fvr nev capac.:.ty vi.thin a :;,~le pl.ant. 

::JccaLU>e of' the f>~e ol' new plant capacitie~. lai.·~e che;aica.l c\lcpa

nie~ pl.an th w· uanu.ractur~~ o~erativns on a nat..i..onal L"l.d u . .sual.ly 

an ~tc.;.-nat..i..unal .leve.l. Thereio:~:e• althou~1 feed.stocks .f0r one 

procc.:...;;; may not ~c availa.1l.le in the same plant, it c\Jul.d be i.wpoi.·tc<.l 

f'~:oia another plar..t within the .;roup. The same po.int can occa::;ionall.y 

apply to the u.se oi by-product~ as well. 

.tJi attempt to illustrate the expected situation in t~e year 

;woo. co1:1pared w.ith the year 1986, resardinb total awount of petro

cher:iical wa::.tes and its de~tination could be the t"ollcwinc: 

1986 2000 -
(~) (~) 

T C."'"~.:_l.'.!. ~~ ir -.., 
~nc .r.e:::-at.::..0'.'1 l"' 25 
TT!: ~f't:.l 

, . 
~P;>~ ... -

cct run 15 25 
~cu~e in the 
prcce~!:. 2r; 3.5 
-:uant.it~tivc 
pr~vcntJon 5 

100. lCC 

.\.:; .i.t cr:.n l':: :cecn, .i.n t~1c yc~r 2CC0 it cottld be: 

- <' c!ccro--i ... t'.' in the pc:::.~centace of" wo.~,to hcl.n;: lanC.:fiJ lr.?d f:..·11!"1 

_,.,, t0 --1 .. - .. ,..,~ • 
.)J,, ... ,,;."' -- .,,, 

- r. c!ecrco:.:c 'J~ .'.)~ in the total ~n:;unt o~ "-P::te. 

--~--
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-r~~E·e~ t'hc c :nclu~~cr:. cc.n 'be dre.vn t'hat the ke~· 
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iJ. L-tulS'!:Rli.L PC.LLL'IIO:~ CG.•'i..:lCL L< Ci:.VLLOPIUC cu;:fiRIJ:.S 

Covemn . .!ats of cievE.lo;;>in~ COWltries r.ay ~1ave .>eca.1e 

a.ri.lre of tile vast amount of ?Ollut.ion ana ~nvironr.ental contr..:>l 

l.?~i.ilatio11 ·.r:1icn i1as been eaactec in reca:ot ~·ears • 

•• o--.rever,if Covenu::ents of W!veloping cou.1tries feel 

ovE:r.o1:ieln:<;!c. ..,it.1 LH: currt:nt growtn of control l<;!gislation,ano. 

an. finuin~ it c;.iffic..ilt to relate t.1is to t11e lii.;1iteC. amount 

of resourcE:S (uot:.• financial a.-i~ tec.i.-iical) .,_1ic.1 tile:; i.1av.a a-

vaila..>l~ for :>ollution coatrol, t.&en, t!Hq ma/ . .,isi1 to con~ntra-

t.! t.1cir efforts on tu.;; .. 1djor 3ourc..!s of i:JOl1'.1tion .'.i':1e:>e arl: 

•;:03t liKel:r to ,)e in<..ustrial L1:>tallat:ions involved •.riti1 t.1e 

t'roct;.:;si•1g of foo~3 tuff3 anc tac ;:>rocuctioa cf ci1en:ical:.:;. 

It is most ir!,)ortant ti1at Covc:m:::ents :moul<.. .!nc.oJ-

ray.:: t:11t co-ot;1e:ration of ln<..ustr/ in ti1is ratter ;;;ecause Inc;.\;Str-/ 

i~ ~'\e main '30urce of k.10-.,lec.gc a00'1t it3 pIOC~SSE:S. •.1.li::> ~o-

'.old'{ Lo ~11sure t.1is .1a~.:.pen;; is to :.:a.e taat industrial coatrol 

t>rOt'o.aals arc. <..i;;cusscc '"H(..1 a?plicatio.1s for in~ustrial u.?vL-

lol>:t:ent licancas are "'rc::;cnt3(... 'i'nis can ;)...? arranc_;cc;. u·1 iacluu-

ins a .:>t:;Ction 0.1 t>Ollution control ia ~1e: licULC::! a._,plication. lr1 

.. n.l tan W> can i.Jc i;ivi te<.. to c.i3cuss t...1t..ir pro~>o:>als for coil ttol-

'f.1e.H.: c.itscussions saoulu cover: c:;a.;~ous ei.~issions, 

li.Jui<.. C.liscoar~.a.o, solic.; waste;; c..ispo.;;al,control of factor/ at- \ 

t 
I 

1nosp.u.:rcs anu plant sa!ety, risk asses3c.ff,f:Jlt. 

"·· 
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A.r.f forrr of t)Ollu tion control r.1ust ut ca:>a;>l..? of 

allO'•iit1~ uiscus3ion bet·•'t!en Coverm. ent tecnnical staff anri 

• 
t)rO~<.Aurcs inpo.:>c~ i:JJ <.:.ovemr en ts ~nould .1ave taken into cof1-

1 
~roject ~t;incers. Follo-1in·.; t.1L.3e uiscu3sic:is tae control 

::>i~ration. L1L follv-'ling: 

a. Practical Aspacts - Conai ti~1s of uiscnarge m'-lst 

.JC; re la teu to ~1e i~rforrr,ance c.1aractcri·>tics of tae ;_:>ollution 

co;1trol 2 ~ai2r.1e::1t available at ti1e _.>lan t <..€Sign stage. 

u. Financial Aspects - Some rec;aru ~ust be paic 

to t.1e ccsc of t:1t: tJrO?OS~'G pollutiou control re~uire.ncnt3. 

If Coverrur•.!nts of ;:Jcvcloping t.ount1ie;;; are anxious to ~ncou-

rag~ nL'.., inuu3trics, tnis r.ay i.Je ~i fficul l to ac!1i(.ve if t.H, 

co.;;i: oi L1c ~>ollutio:i control e.-1~iiuant t.u:1 rL"<}ci.re is a::; 

!~1uci:1 as t.1~ rt.:3 t of t.1(. ;,> lan t. 

c. 11..?xioi l.l. ty - T.1~ Control .:.ut!1cri t:; s.1oulu o..? 

al> le to study eaci1 a,?~J li c.:atioa 0~1 it' 3 04n :1~ ri ts. It sno"Jl~ 

i.Je a..>l~ to var1 rL-jUirc.:n.(;.l ~ accorc..iu'J to tt.e siZ<! ant. loca-

t.ion of t.1t. :.>reject. 

'I.w information rc-suirH• fron: wv~lopers ca.1 Jc 

v.Jtaincu ia t:1e !or.n of a 1\..tstioimair~ attacne:t. to an a2r>li-

cativn tor licence t.o L;ctla, s~c;i as: 

Ct.nt.?ral - 'i'11JC of I'rouuct, ~1ua.1ti ty; Haw r.1at1.?rials, 

flow .311c~ ts an<.. ~!a;;s 1,,alaacc of :>roc<;:..;:;t..s involvet.. 

/,ir ~1.:rnii:;sions - l?roviGc. uetail3 o! t.1(: flo-., aut. 

co:.1_,o>i ticn vf ..:.:x:1aust ga;(..,;, si vi:'lg i>ro~>03al:; for '.Tlctnoc.' . .;; 



. ---
• . ~ -

i - 194 --
of treat.'11ent, incluaing ::aoni torin<:; equipr. . .?nt. 

Li~1ui~ w.iastes - Proviue uctails of flcr..J anc. co,:;- • tJOSition of li-1uici wast~s (incluciin~ an estin:ate of -1ater 

COhSWnt>tion), giving j,:>rOk1osals for ;acti.10C:S of treat11ent anu 1 
f 

Selia Waste3 - Provide information on Lle a~ount 

of so lie.. wastes ano t1tir co~·rJOsi tion. If t.~erE: are likel;,· 

t.o :.H~ toxic anti :1azaraous mat£ rials, gi vc t)roposals for ren-

uerins :larmless • 

R~-usc/P.ec1clin1 - Lc1uest information 0>1 :netaoc.s 

tu ..>.? \.isec for consc.rvinc:; -#attr a.nc.. re-usins '.o/aste .::aterials. 

,. Ji.Jtaira i.1forr.:ation on the 20..>si::>le \;Ses cf u:i•-protlucts. 

' 
Factor/ i.tmo.32~1c.res anc.. Pla.'lt Safct;,· - Cive i.1for-

nation 0.1 nci.:>c lev€:ls, tc;:~erature anC. vu1 til'1ticn, lig:itins 

aac fir~ .,;irotect.io .. arran~.:!r. . .:?.1 Ls for t:1c faccor1. Provic..t.: c.C;-

tail..> of staffiu:J, staff r_Jrotect.ion e..1ui:_:>r,iant, staff ·"'elfart-

(incl~tli.n~ nwt' .. ol:r of toil~t,,;, .o1a3!1 ;.Jasins, ca'l tceas, e;tc.) an<.. 

1;1ec.ical :>upervi:::;ion. 

b.l. Contr'.)l Proo.?curc 

un t--ic ..>asis of information subnittcci and <.:iscus-

.iioas wi tu t.1e: ~Jroject en>:;incar..;/consultants, c.tc. racomrr.cncia-

tions ca.1 u':? cra•.,r:l up ano attac.1cl' to a.-i.1 Covernr.· .. mt a~c->roval 

au .. e;rcctiou of tac installa tic.1. "i>''roval i3 usually c;i ven 

t 
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:.iWjdct t.o t."lc [};?vtloµer's co~plyiag -..,itn t.:1.c pol!uticn con-

trol rccox.;n:~ncia tions. L7 this i;~ans t~1e ?Ollution control re.1ui re-

r..~nts are rc.gard£:c. as an integral pdrt of t.:1.e 2roject a.1d tile 

;,.>ollutio:l control e-1uir:-:a:nt cost incluci£.c i.'.l the: initial ca-

~'ital cost of t1e project. 

0.1 cor.iz::>l.ation of ta.a ~rt::ctio!'l of ~lt: ~la1t, t..1e 

.Je:v~lOt>..!r 1,;oull,;. tnen od requir~\.. to a:_J~l"f for a licence to corr:-

x.~uca ruauufacti.lre. Gr, if t.1~ ~Jlant is local.Ee.. in an inc..~tridl 

~~tate or 011 Cov.::rn;r.:mt-o~neu lane.. t:1e le:ase agr~e!:lent coulc. ue 

-eA w.1uel.. to cover t:1.is a~C:.i tiona.l control. The purLJOSC of L1is 

i:; to .;;>rovic..e b1E '-"'ollution con t.rol 3taff witi1 t:u. O?por~uni t7 

to cned. taat U1c rccorrr.~~.acation3 11.ade in t:1e original licence 

nave i.lcen can1-licc. wit.:.. '.A\11;;! pollution co:.ltrol r~1uircmC:&lt;. for 

tilt: O._J3ration of tae pla!'lt, includiny t.'le expectec.i co:npositior-. 

of W.sc~1ar-:;es can tht:n ~e sta~u. 

It i3 of t.1.t: l1tr.!osi: L.lportanc~ ti1at once polL1 tion 

control e:1ui?ment iias i..leen i11stalle'-', it siwulcl .ue; regardco a:.> 

~d.rt. oi t1H ... Ho\.1uction proc£3s. It 3.1oulc remain in O?eration 

w11encvt::r tnt! :,>lan t is running anc sno\.1lu .:.ie regularl:; rr.aintaine<.. 

Ii; . .,iL. ~.a !.or t1c Covcr11::tl.!1&t. tcc.1.:lical staff to .:!nsure ti1E:ir 

r..onitoriuc; proccuures arc ader1ua~ c.na t.1at factol::'f r.ianagEor3 are 

1 •• ao£ aware of any si1ortcomin;;s iu .t-•lant iJCrfonnancc. In cases 

o! ~t..rsiste•1t c..isre<;,arc u'J factor/ managurs to pollution control 

r .. attC;rs, Covem:nent officers saoul<l be a..Jle to r~:.1\.1e:st closlore vf 

factories unt.il <Jrrors aave ;.>e~n rt..:ctifieu. 

b. J.. Pollution Con t1ol Pro~:;:;os anc t:-iuit>mPnt 

'.1.ile pollution control prccec.iu".es :$Ug<;t:stcd re .. 1uire 
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tat involve:aent of tecn.'lical personnel for t.:1eir implc!r.entation. 

~·he'J art; p;:irticularly i~aportant iil tae initial stase.3 of a t>ro-

ject if soun<..L 1.11orkiag re;lationshi?S ·o1i e1 project engineers anc. 

consultant.:;; arc to oe .astaillisne<.i.. i'ollution control staff in 

uevclopinc;, countries :aay find it ustful to :1avt! .>ome information 

on ti.ie t.Jp.?s o! trl.!atment processes anc;. e:iuipme::it wnica the-J are 

lik..:?ly to encounter during tne course of Lieir work. /.cco"'."<.:..ingly, 

tne rest ot t.1e i:)apcr c.ie3criocs son:e of the precesses availab~, 

tosether wit~1 somEO suicelines as to their ,t?erfonr.ance caaracte-

ri.:itics. 

o.2.1. Processes for 7rcatins Caseous ~missions 

,· 
A. ~rJ ~rocesses 

' l. Chir.ney Stacks - The: !'leign t require<.. for a par-

ticular c!1irnney ''1ill be c..epenc..cn t on t~e natur~, tempet'aturc 

w1C:. velocit7 of Lie exit c;asl.!S. It ·.o1ill also i.Je necE.:isar1 to 

take into consiu(..raticn t~1<! local ·,1cat:ier concitioos. 'i\1e on-

jcctive must be to pr~vent th~ e111ission o~ing airec.tec.. oown-

'"1arc!s to ~row1u level, esi'ecially in populatcci ar-:!as. If te;;;-

J?Cratur~ L1v(.;r.::>ion layers arc a re.gular feature of local n:eteo-

rolo<;ical conc.i.tions, tnen all practical steps s.1oul~ be ta~cn 

to ""1r•:c.t tac cn.l::;sioa above. thi3 layer. 

2. Dust. an<:. Cric S..?paration - I! it is necessary to 

remove c..ust. and sri t frOli1 gaseous \!::~issions ti1er,::? are s~vcreal 

<:.e&i g.1cC.: to reduce the vt:loci ty of tnc <;ases ::;o that heav1 coars\:! 

partit;l~s can separate out by falling into a collec.:tins ~lOPi'cr. 



r ' ·-·· -~ ---. . . 
I • 

i 

-

,. 

' 

. ---
- 197 -

T~1esc c.1a..ni.J~rs arc cap~le of removing 2articlc.s in c>.ce.:>s of 

15J :11icro.1s wit11 an efficie11c:1 of a'.Jout 5il\. 1'he in::.rociuction 

cat,;.se tnu. to lo.3e momentum. 'J.\1e1 t:1ea slioe ua..m tile baffle 

into tac.. ~lOtJper. Tile use! of !laffle.3 ~>err.tits toe use of '1igi1er 

..;as velocities (up to ~iree tir::.e:s t.1ose for c:;ravit7 3ettlement 

Ir.~i:l-Je:nent S~i>arator.s consi3t of a nu.'l:Jer of baffl~s (tra~Je-

zch:.al in .>ection) W!1ica l.:an u..? fic.te:d i.1to ai exist.ins m.lct if 

uown c.o lJ-21.J micron::> ·'ITit.1 an efficiency of JO 'b. T~ey ca.1 ue; 

opcratec.; at velocii::.ies U? to 30 :nctres ?er seconc 'ITith a l>ressurt: 

urop cf a'..Jol:t 37. 5 ;;:.-a water gauge. 

3 • C7clon~S - '.L\le sa.s~OUS <1;;liSSiOllS are feu into tilt. 

CJ linc.c r tangentially ac. ~le top. 711e1 t1E .. n spiral uown-.,arus a.i. ... 

are c.isC:1arc;ec: via a vertical tuue tittec. in tnc lie of b1e c:1-

lincer. c1clones can collect solic.;s uow:i to lo-io l'!icrons in siz0 

witn an cfficienC'/ of 65\. 'fhe7 ca;i .be operateo at gas velcci-

ti~s of up to b-30 !:lC::trc.s per se<;onC:(lJJ nm ,.,ater c.;au;c :>res.>ur~ 

uro~>) at nig:1 prc.>sute3 anc ttm~>eratur.::s (up to 10•J0°c). 

4. uac,, liltcrs - 'i1 :1~'J con3ist of a nw.ii.Jer of t.ubular 

fabric :.>a'JS susµrn""ec.. 1~1 a .>u.i. tao le container. Case.; ara l..:.lo•,m 

i.1to t-1~ uas~ (ve:locit.:t range J. uO ~-". l"'per secon1..a) . .,:1cn t.it 

~H&rticle.; are retaine<.. in tne inc.erstices of t~1t.. fai>ric. i\S t.it .. 

la/er of solic.s 1JuilGs up, the pressure uror> across tnc fabric 

iacreasE:a. '°'n~n t.ht.: o~Ji:?ration o! t.1e filter !.iacones i;i\!)airec.. 

o/ t.1c i.1cruasc in pre!'.> sure c..ro~, it is tak~u of f-3 t..rua;,, auto-

11:at..icall'f an<.. t~ll.! oat.,;•i are <;l\.!uncu l.q .;;naidn<; t:u:: .;olius i1ito a 

f ilt..< r.; t.<•r1 

~ , 
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0 qe!."atc- t!p to 250 ( (do:r-nr.ina 011 th2 type of far!."ic used) ane 

car. rc~ov£ solics down to 0.2 ~icrcr.s in siz~ with ~ efficiency 

of 9S%. 

s. ElPctrostatic rrecipitators - these are used when 

th-= teirrE-rature Lmc corrosi ,.i ty c-f the gaseous ~rission renders 

if ll!'Suitable for treatn:ent by the use cf hag filters. T!1e gases 

are rasser betw£en plate elect!."od~s set 100 r.'1t' apart. In betwe~n 

the plates are · . .,,ir~ electrodes ca!."rying a high r-.c. voltage (30-

60 kV) anc th~ dust particles acquire an electrtcal charge. They 

rdgrate to the collectin~ plates ana e:re rerr.o\•ed peric·dically hy 

'.'ihraticn. r:lectrostatic precipi tators require a ~as velocity in 

the ran~e 0.5-3 ~etrPs pe!." SPccnr, the elect!."ical resistivity cf 

£1e dust tc be within 10
4-1n 10 

Ohrr. per centirr.etre. ~hey ar~ carable 

of procucin~ a !."Pl"oval efficiency of 99% and cf collectin'l !~articl~c; 

down to 2 rric!."cns in size. 

1, Cra\•itl' Sr-ray £crul ~Prs - '!'he waste cases are passec 

int0 a cyl!nrer f ittec with water srrays. The aust is ca~turerl Ly 

the falling water droplets and is ~ollectea ir the horper below, 

'Ihis IT'F:-.::hod is r.:opable of r~ir.o\'inq particles down to 10 JT'.icrons 

with an ~fficiPncy of 70%. 'rh~ ~Y.it "elocity cf the "cleaner." waste 

\ 

• 

,• 

go~ has to b~ kept below 6 rr'?tres per secC1nd tc prevent the ~ntrain-

irent of water drcplets. 

2. C,ravi ty PackP.~ Tt'.'•wer Scrubbers - In this equiprren t 

th- waste nasee arP pass-a up a cylinrler ccntaininc suitablP. 

padinq ir.aterial , f.own which the lif!nid phase trickles. 'I'h1.s rro-
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, .. ove c.=>articles uo-m to 5 1:1icrons ·'1iL1. an efficienc-.1 of ~1.h. 

J. ,.'cnt~ri-t~'_l::? Scrul.:...,Lrs- 'i'~1cse ca1 exist i.:i two 

for.as; in C:l3 t.1e ·~aStE. sas ~asses t.1.rot.<;;.1 tae V~nt1.1ri <l:l~ '.Ja-

t~r is ur.:1'":1. in at ~1.~ v ... mturi triroat. 'iur' .. rnlent mixias occurs 

aac. t:1~ r.'ixt.ur~ t:1en eilters a c:r·clont; unit for s~='aration.In tn~ 

otll.·..!r forl!! . .,ater is pum~ed tnrow;n t:1c Venturi anl.i. t.1£ wastE. 

gas is ura··u ia at ris;.nt ang lt!s to tae: f lmr at t:u t:.1roat •. f'lE: 

r .. ixtur~ ~)asse.3 uo·.o1r. i.1to a SC.iJaration c.1arnoer anu t.1.:? cl~ane<.o 

of rd1.1ovia~ sub-r.,icron size(.. ~Jarticl~.:; <~a.rn to J. 5 r..icron) 

.,..i t.1 a rna>.i1; W'1 re:noval cf ficienc.-.1 of '.;jJ-':J ::H •• 

4 • .uiologil.al Scrul>:......!rs - ·..::-:.cs:! can t~ us~u in 

ei bwr of two for.as. Jiological s;rays are gravit/ s~'lray 

of solve.its present in ·11aste air ~ .. 1is.>ions fror.l f)ain t-s~>rayinc_; 

opera ti on~ 

oiolosical Filt~rs are ::'acl.e<.:-;.;eu 3cr..i~oers L1 

··l:licn the paCKin<.J can JO p~at or soil. T.1e7 are c.:a~>al.Jle of r<:?-

ncvia~ odours, 3 ulp.1 ur cioxiu.:! illlC. oxiC.:e-; of ni tro._; en anC.: i1ave 

oc..-cn \..Seo for treating emissions fror.1 rendering plants <lllL 

:aaggot tar.ns. 

1.n'f 11.[uic.. disc:tar<;;e from a.'l .o.nciustrial instullalioa 

1:1ust uc. of 3uca voluraL anc: cor1·po3ic.ion taa t no ..lam age is c.oo11e tc., 

t'le sl.'.,cr f ruHic nor sl1ould it cauae <Jn'} <.4etcriora ti on to ti1a 
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oiJ..!ration of t.1.:! se...,age treatr.il.mt ·..rorks. If ti1e factor.1 wa3te 

i.3 intcnc.eu to ::,<! c..;ischarscc to a river, t.1cn it shoulo not 

cause c.:anta':;je to the flora anc ttv1 fauna. 

If it is not possi~le to C.iscnar~e liquiu wa3tt:s 

c.ir.-?ctly t.c a _>~lie ;;;e.·:dr t.1en t:Oe follcuing 1lrocesses !nay ..J€ 

r1.?quireu to renuer the ·4aste.s :>uitable for <lisc:1argi2. 

Pnysico/t.n~~ical Processes 

1. .Flotation - In t.-iis L1rocess, particles less oenst 

taan ·.,..attr arc collecte<.,; in tanks fro;.1 ''1hic:1 t~1ey are rer;ovcc. 

uy scra:.>in<;; ti1e li·.iuiu .:;urface. 'i'he removal cf oils can ..Jt: i:a-

L>roVE:l.:. D/ allu,1inc;; tile waste !:o flcr.., .oct·•een inclineC.: plate3. 

'.i:.1.:: Llrocess can also be enhancet.. bf releasL1g fi11e inwoles of 

ccxapresst'd air at t!H: i..asc of t.1~ flotation tank. 

2.. Sectin.entation - 'lnL:> involv<?.> tuc s~paration of 

susi>enu3u .:;olhis by reC:uction of . ..,aste flo•-1 velocity. '.1.'r1e proces~• 

is inucp...?111:~cnt ot ti1c si1apc c.f L1e set tle:-:icn t vessel uut t.~~se 

are usuall~· rectangular or circular. They are fittcC:. witn :!~Uif.>-

1.1ent to rer!love t:ie: soliGs on a conti.1ucus basis, if t.:1e: ::iuanti-

tit..?s involved '"'arrant it. Ch~1·ical acidi tivcs can be us<.<l tc 

accelerate t!ie se:ttlln<.:; rate, and to ~.>rcc..ipitate C:issolve'- toxic 

mE.:tals. Susi:)endec solids rer..oval e fficienc-.1 is usually about tiLPt. 

(~l.Jt?O<..\!nt on c<:?nsi ty an<.. i>article size) c::mC:. thi.3 can ;;,t.. incrca3u<. 

to ::10-'..1::>% with the use vf c:ic.11ical flocculants. 

J\~tobic biolo~ical I'ro'2sses 

'r11es~ ;>roce3s.:!s are carri~u out usinc;; aerobic micro-

\ 

~ , 
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organ .. Ols. wnic:i assir.?ilate cari>on (present in t£1e organic c.1e-

r.1icals), nitroc;eu, p::10s.t>norus, sulphur ana other tra::e elements 

~Jresent in tn~ liquiC. wastes. In acidition the1 re1uire ox7gen 

to com?lete t..1e oxidation of tac orc;anic matter, with tne proliuc-

tion of ne·"" cells anc. t.ae release of car!lon dioxiue, . ..,ater, etc. 

~;1ere is a wic.;e ran<;;e c.f atration/mixin<; devices availaiJle to 

~rovic~ t:1e oxyc:;en requir~r:;ent anci these can be collecteC:: into 

t;1rtc sroups. 

l. oubble Aerators - 'rhese incluae "fine bubl.>le" (;.>OJ:O\.;.; 

c...iffusers) "coarse bu:n1lt::" (non-porous C.iffuscrs) anc large bubble.. 

u;?Vices. "Fiae .:>Ub.:.:>lc" c.iffuscrs have, for 1Llan1 7ear3, been 1.;aoe 

!run grains of .;;ilicon ctioxic.~ SU?I.JOrtec. on a ceramic bincer. Lor~ 

r-.?cent t~,'iJ;?S have been .:1anutacturt!ci from plastic-'·1raiJ?eC. tubas 

anc. non-clO<j r-ubber. 'l'he7 :1ave .1igh aeration efficiencies {•lf.• to 

2.2 kg .fJ<.-.rn) l.Hl t are uei)~uue.1t on .1aving a v~ry clean air 

11 (.oarse !Jubb le" a.?rators, are iia essenc:e, perforatec 

tiii'~5 •.vi ti1 or wi Lnout sauc: for;n of •1on-retum veil Vt.:!. '.L'1H. si:l:e of 

.wle is not cri tic:al, a~ no ox1gen tr an sf er occurs at i.Jui.i:.;le for-

r.:a ti on. '.LilC: degree of o>.yc;en trans fer is uei)c:nl.!ent on tile lenst'.1 

of time ti1c bub;;lt:s remain in SUSiJension. 

1~ "~arc.;;c. bul.i:..,le" a~vice, •>1ilicn i::; also an eftic.:ient 

:11ixc:;r, consist~ of a suur~un c.iamu.::r co.1tinuousl7 filled ·4itn ili1. 

W.1~1 the c:nazr.Lar is full, a large lnilible i;; releascc.; u._.> a v~rtical 

tl!l:Jc (c..irawins in tank li·.]UOrs rJeiiin~) to tnc tank or laj<;.a suratacc:;. 

2. !!1.?c.1anic.:al 1~erator3 - '.1.'ilis ty,,e of aerator is insi-
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cally a s~ciall7 oesignec:. stin:er whic."-1 roto.tes just b"'la.o1 t.'le 

::>urface of the li-iuici •.o1aste ancl is n:aintainec in t.'le CtJtL1ur.i Otle-

rati1l';; position by supf>orts &l.owitec on flcats or ';,.J7 being attaci1~..i 

to a rigic ~latform. 

3. I'ixa<l lieu /\erators - In tac case cf fixec. i.>ec.:. aera-

tors (ilistorically kno·.o1a as t ... ·ickling filters) tile waste liquors 

anc. air pa..:;s over t.'le ~:i.icro-organism3 w~1icn are retained on a 

SUi:Jport meL.iur.1. L• t~1e ~ast b1is su~Jporting meCi.um was inert in-

ori:;anic material (for e:ham.:.>le basic slag, clinker, c;;r:tvel,etc) 

.uut in recent years many form::> of ;;>lastic su?ports nave :.,een 

~rouuceu. They have ~aen fowid to oe ?articularly effective in 

treatin\j wastes from food proce.ssin~ factories,bre4eries, fer-

i.entation t>rocesses anc cher.lical plants. 

Anaerouic biological Process 

In t.'"1e aerobic i?rocess t:1c end product.3 are carbon 

Gio;...;ide anc.. bio mass. Witn ti1e anaerobic process the main prouuct 

of interest is metnane (with smaller -1uantities of carbon iioxic.l! 

anc. i.Jio 1:1ass} anl.i t.11is can .ue used as a."1 alternative fuel. 'J:he 

ot_Jtimum te.1"1perature for this fcxnentation ?roces.3 is J3-Jo
0

L a.H.:. 

tne sas prociuction tnat can 1le expectec: is in the ranse 0. 26-J. ~ 

r.1 3 /';;.<;; <...0.1.J. ap?lieu, witi1 a L.c.,.i..,. rer:i.oval of t.~-::i~i. 

I>ro~as~s for i..iealin~ •4itn Solie. Waste Dis?OS2.ll 

I'or ti1c puri-'ose of t11is ~>aper tht: solid wa:;te:> likel7 

to ariae from inoustrial installations :1ave u~en oivioec. into 

tac folla~inc; three groUi;>S: Sluci~IJS procluceLl during plant opera-
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tions, .• on-.1azarcous ·.rastts,1.azardous ·..rastes. 

1. Slucc;es '.l'nere are several t:tpes of C:e.,aterins 

C]uii>I .. e."lt availaLle. Plate an~ rrcwe ;:>re.;s~s cie•.,ater L1e sluuges 

taroug.1 '"'o\<cn filter cloth, us..iall:; u..1~r a ~Jre.;sure of (,-7 ..>ars. 

'i!a. resultin~ filter ~~ is li~el~l to contain 50-uu~ r •. oisture 

dilU •.will i...e in a suitable for.:i for tranStJOrtatio.1. Rotarf Vacuu.&L 

Filters coasist of a revolvintJ drlr.! fitte<l witt1 a suitabl:.? filte1. 

clot.n, an<.. this is !1alf su!:J:nergec.! in a ta..'1~ containi!'lg t.1e sluci~c 

susp._:!nsion. ,\s t!1e clnn rctat2s, vacu\lr.1 is a?illi.!C:. anu li:1uici L; 

ura-..rn t.1rougi1 ta£: filter clot.:1 into tile c.rur.t. Belt Prass<!s are a 

oore re~nt (..cvclo?~ent an~ t.~ese proviue a drainins pcrioa 

(..:lurinc; ··mien most or the li-j1.&i~ is re::&ovec.) \lrior to pressing 

t.1c. slucigc '..Jetw,~an rollers. Jnliic:? t;1E: ~lati.! a.-ic frar.i·= pr£:ssEs, 

~1~ .oelt presses ot-,erate c;o.1tinuousl7. -. .. ·~1£::{ are capaolc of ?ro-

(..Ucing _,res.st.<.. c~e wit.1 solit.:s' concentration in the raage 

JO-~iH.. 

~atrifugcs (;.,oti.1 norizontal anc. vertical oo..,l ty;;>C3) 

arc available for sloogl.! uewatarin';; a;?::Jlications, ;>Ut t.:1e1 :.>t!~r. 

to :...>~ prcierreC.: for Lli? (...e.,1atcring of cr;stallinc: sludges. 'i':1e:1 

.1avc Lc~a l:.seu for t.'1~ 1.>ewarering of cioloc.;ical sluc.ge::; .>ut. iloc 

oreaku0'4:'1 can occur, cue tc :;nearin'j to recs, ._.,_u:n ti1c f eeu 11.al(.cs 

contact witn t:-ie cent.rifl<cN !Jc.r.,l. 

2 • .lon-i.azaruous Wastes - .Lan<...fill Sites, ''1:ict11er in 

tnc control of t.'lC: Local t:.o.n."'lunity er ln<.;ustry, re 1uir2 to oc 

ccrrcctl1 ci.c;;;ig:lcC.: L>cforc use. Initial surve1s :;!10Ul'- !JC :t~csdc 

to locat.;: a suitable sit(;. 1•:1c1 i:;noul<l ;,'."! 3ealE'c.o ·,1it;1 an i:1~>-.?r- \ 

vious la:lcr (for exa'1i.>lc cla,· or suitc:Wlc plajtics) anc:. a <..lrai-

l<li<.. to collc.ct an'j lc.!lc:1atc. i~':IJ' li 1uor.; uraini.1t.i 

• 
1 
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from ti;_.>S ·..rill u~ :li'Ji1ly ._:>ollutinj anC: '"'ill r~1uire trcat::ncn t 

J~f~re c..iscnarge to rivers,etc. 

3. liazaruous Waste.> - 'Lies.! are likel7 to be: onl~· a 

sn.all i)roportioa of t1lt total ::>oliu ·.o1astes r.e 1uirinc; <.iisi:,)osal. 

It. :1as alreailJ baen s\l~gestcC: t.1at Inciu::>trJ .s .. "lould be responsi()lt: 

for uealiac:.; ·4ita all its aazanious . .,,aste.:> anC: t..'lat it s:1oul<l 

e.;e-toxify ther, b~fore releasing tiH!r.~ outside its jurisaicticn. 

In cases ••.1ere it is not fe~i;,,le to ae-toxif7 nazardo~ •<1astes 

cn~:.iicall:-,·, it ma1 i.Je nect!ssar1 to resort to incineration.It ;.1a1 

:.le f.'OSsilile to arra.-1ge to have . .,aJtes ournt in a near..J'j !<iL'l (for 

e>..amtJle at a cc,nent •4orks). If not, a suitable incinerator wi 11 

L.3. Pla.~t Safet1 

1. Iuenti ficaticn Syste:;1s - ConsideraLle .::fforl nas 

.1 .. a ... erl &.1ace in recent:. y·~ars to avoio confU3ion in the la.;~llin<.; 

of c;.1e1;!ical.s €tc. 'i'hc.re arc ncu in ternationall7 rec()l}nis:.?c mar-

ki.1gs • ..,.1ic.1 snoulo :::>~ ~seU. bazard warn in<; Signs siloul~ ne !ixc<.;. 

to all chcr.;ical containers so ~lat t.!1e natur~ of t 1
H· contents 

can be reauil~l seen. RoaJ tankers :.houlJ boi! labellec in suffi-

cit!nt detail (for ~xai.i;..>le, '"'it:1 i&J\l.CiiL:! 1rarkin<JS) to ena.,le their 

contents to La safcl1 han<..lec. i.J'j rescue worker~ in an e..i~rc;enc/. 

ri~~lines a:1c. Cas C7linc.cr Iuentification snoulC: o~ carrie~ 

out usi;1c; an intemationall7 rncogniscc.i colour code sc~1e111c an~ 

co.-ias of t.'lE: <.:olour cocc in l..Se s:loulc.. ~a displa7ec at suita!..ile 

sites in tn\? tactor;. C.he:11ical Pacita<;in'.] 3;10uli.i sno., vis.ual 
} 

warain.;s us '"'ell aa "lritten inforr,;ation to inc.icat.c any Ganc,;crous l 
,1rop1.?rtias t:tc:f nia1 .1ave, together ·'11 L1 nan<.llinc; instructionfi. , 

' 
~ , 
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2. Safety L~ui~r.ent - Fire extinguisner3 will b~ se-

lec.t~<l for cifferent u~ties (for eXarn?lC non-water types for USt 

'4.1er~ electrical e1ui~~ment is lnvolveC:). 

or.aat.i:1ins At>t'aratus ·.;ill be require<l wn~re ?Otcntiall::· 

toxic atf.1os~ne~es coulc occur. 

Fire anc hazarC:ous Cas Alarms !Jot.'1 visual anO. auci.~le, 

tO';;et.aE:r ·...riti.1 en:ergenc-; ligl1tin..; ar1c.. e>~i t incicators <Iii 11 also 

...>\! rt:..-juirec'.. It wi 11 b~ neccssar_1 to ensure t~1at all safat:t (;lUie-

1.ient is r.a:;ularl:r maincaint!l. and i11::>iJ~Ctc.;; anci, i;i some countric3, 

~1~ local fir.? authority ·...rill carry out t.1i3 -..,ork. 

3. 'i'rai.1inc; - t\11 staff :nuat r~ceivc training in th~ 

Ot)eration of all saft.:ty equi:>r.:ent anc in plant process operation..>. 

~~is trainins is usually given h·. 
oJ,1. the ···1uii:ment su?pliers or 

t'lant comrnLosioning l!.1..;ine~rs. It -..illl be for ti1e ?Ollution con-

trol staff to o:?nsurc training is carricli out to L1c.ir satisfaction. 

4. Storage - l':H: storage facilities for raw 1r.aterial> 

an..i tiais11c;.1 ~rocucw shoula also Jc ~stal>lis;1e'- at tiu ... Jesitjn 

vise(.. 'uj' the LonC:On Fir~ iiric;ac.i<!} an'-1 t.1cs•.? "'~1culd b.;,: au.1e:reli to, 

to i~re:vt::r•t tn~ adverst:: accic12ntal reuction of ncn-com:>atible 

r .. atcrials. ~'iar~hous~s shoulc. :1ave .3prinklcr s73 ter.1:> installe;d 

(or i.1crt <;as syster.:s} '"1.1ert: inflar.:r.1al.llc sub.>tance:s are H,;~lJ 

to iJe storeo. i.raina,Je f1·0;-,1 ·.-1are;ious~s, or external stora•;e ar..?a:; 

(incluc..in.; tda:~er Wlloaclin•; anu cleanin.; ;>oi;it3) si10;.ils ~e (,.ir.:~c-

te~ to e:rergenC'/ .aoh!ia:_; tanl<s or l>asin~ :>o t!1ilt an7 caa<Jl::rous 

c:1c:.1il:als ccln ;Jo:? ren~~rel'..1 :1c.lr:::lcss i.ld!orc rer.'IOval rro11: sit(. 

\ 

' 
1 
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\i. 4. ~-~oni to ring P roce~ur~s 

'iat:: .:'aper l1as cn<..oaavourec to 31.lCY.tf t.1e nec<l for iJOll..itiu•~ 

control to cor.u•tcnce at t.tu .. .iesi':;n anu ?lanni11g stac:;es o! in<.iustri-

al ~velOc>Il.ent. It aa.; suggcstec. that t..'lis •.tfork s~10..ilci b~ carriau 

out by t£cnnical personnel, ?OSSi>Jle a small tear. '"'i th a -;orr.bi:icl 

<?Xpt?rit.:HlC(.; of all aspects of inc.iustrial t'roct?ss ~sign anc op.:?-

ration. 

ancc an inc.ustrial plant i;1as baen conr.issioneu, t."'lc 

1naia concern for the pollution control tea.":\ i3 to sea that the 

.1.)0llution control equi?1 .• ent ana monitoring at)paratus is i:)rO?~rly 

cali.Oratc.J and :nai.1tainel... 'Ihis asJ?ect of tne '.Jerk must L~ taken 

vcr/ seriously, es~cially b7 plant manage.nents, in vie·°" of tll.: 

i;ajor factor1 accici~nts ·-1hic;1 ~1ave occure(, recently. ~~li:! ;.1oni-

tor in~ team '"'ill have to make regular, unannounccll visits to 

estaulisn the 2lant is beins rt!.~ correctly, anc to off~r auvice. 

Wi ti1 re\jar~ to r..onitorin~ factory atros,e>;u;res, ti1is 

can !:Je carrieu ou.t 1.1sing fi..?ld testin<; kits in tl1e £irst ins tan cl.!. 

'.i'u~re is ~ort:GOle ~quip:.1~:it availahle for th~ n!casuretLent oi te•:.-

per a tu re anl.. humicii t7, noise, and the semi:!ilan tatativc anal1sis 

of trace c.1er.1icals in air. 

Tne r.ioni taring terur. :mo~ld also attend regular test 

runs cf starH..;):/ sa!t?t] ~:1..iip:ncnt (for exa.'!lple the tt:;stin.; of 

"cut-in" arranJt:ments for stancih:t Liesel electric generators 

tor fire-figi1tins purpose~. These corar..e.nce operation au tor ati

call:J in the Cdse of failure in the nains j)O'.o/Cr sup;,.>l·t • ':he::; 

should alsv witness t~e: tcstinJ of safct'{ gas scruohing equi_>-

ri:ent suci1 as ti1e t:fi.>e installe(. to "neutralise" the accic!?ntal 

\ 
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relEas~ cf toxic gases (for ~xa~~le chlorine). 

It is firr.1ly c~lieveG. that a S;71all knowledscable "10-

.1i~orin,~ tea:.1, rea<i to ~1el~ anc. advi:;e, rat.:1er than conce:itratin':i 

on L1~ l.flE>le.-:1~ntation of the; fine cetail of legislation, is 

li,.;.E.11 to ?romote t."le resr..1ect of anu. ob:tain a fuller co-op.aration 

W .l th l.i'l'4US try. 

\ 
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7. List of ~:anufc.ctur.:s 

1. Kc.le air Lirri tec1 - I' recess Cmrhustion ~'r(.'lauct and Servic0 s 

r rof! le, Pyr~r.E' :ious~ Staines i=oac w~st Sunlmr-J-on-'I'harr.es 

n.ncles<:x ':"W H7 1-.!.. Fax C93276 1375 r.nglanc 

a. Incir.eratirr.: su!."l~erged coir'~usticn systerr5, rctary kilns, 

effluent tr~atrent, scrt1!~ber systerr.s for er-rdssion control 

b. vc:rorisatjor.: heaters for i!irect: or incirect varorisaticn 

of lrw tE'n:re.!"atur€ fluids sud1 as n;G, nitrogen, oxygen 

r..nr r.r6 

r. ~rcc~ss hPatinq: high-efficiency packag~d heaters for 

all r!"ocess h~atin~ ar~lic~ticns 

c. s,..rvice: Kalrair-'!'hurl€y offPr c corrrlete turn-key sclu-

t:fC'n t~ Clients for prc~ss corrbustion r"'<Jni!"E'!!'ents. 

2. r. !3. 3. I urrrrus Crest r:r.bH - r.~rn:any 

a. Fl a?"tl? qasP.s 

h. Saf~ty valv~s 

c. Seal oi~ svst~rrs 

... 
r.. reco\•cry systett 

ruf.e~str. nn, r-W-6800 ~anhP.irr f'ax (Of.21) 3. 88. 26. 58 

3. S!rrrerin~-r.r~z-Pauker l .r.. DrehrrstrC!sSt: 16 1 l-1110 Wian 

PaukF'!W4=rk Sierrensstrass~ 89, I 1210 Wien, Tel (0222)252525 

r ax 11 41 13 s 6P .,. 

• riuid1zerl bed - rOl!'bu~ti~n syst~rrs rl2nt. Design basPd on 

practical exnerienre. '!'!u fluirlizerl bec1 eysterr is basically 

suitable for t~c ~o~t varie~ fuels and has advantaqes: 

lower e~i~sions t~an with stPa~y-state process, hi~her hurt-.-

' 
1 
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anc loncFr resi~u~nce tiree, eccnoreical afpl!cation cbove 

SO !-~·; ( thE: rtra 1) • 

4c rFtrodesign S.1. Bucharest, C~~~~ea Bastili~i 56-58, 

rcw.ania - Fax 12 00 93 

rJ ere 'JC.SES, safety \ralv~s, seal oil syst-::r.s, reco,rery 

systerrs, tar.ks, inst~1rr~nts. Turn-key se!'vices. 

s. Krauss "!affFi - Process equiprrPnt ~or e!"viromrental prot@c-

tirn: c~ntrifuges, filte.!'S, ~ixing ~uirr.~nt, centrifugal 

evaf"'('!'ators, r~acto~s, liquid-~clid separation lines, rricro-

processor co~tr~ls. 

Krauss-~affei str. 2 D-W-8000 ~unchen SO, Genr.any 

Fax (089) 88993299 

6. Plfa-Laval In~ustrie GrrbH : centrifuges, plate heat ex-

chan~ers, spiral hEat exc~angers, ~ecanters, separators. 

Wilhclri-Berqner-Str.1, l'-W-2056 C-linaeb-Har.burg. 

Fax (040)72.70.15.15 C.el."'Jr.any 

7. lerob Entestaubu?lqsarlagen GJrbli 

Production and sale of dedustin~ installations, fibrons 

filters. with pneure&tic and Jrechanic blowing-off for th~ 

rerroval of all dustlike rrot'!ucts and the disposal of noxicus 

rratte!' in cheirical production. 

Voith str. s, F.O.Box 12.24 r:.w.7253 F.enningen 2 

Fax (07159)79.33 - GPrrrany 

- ~--

8. f·!c.schinenfabrik Karl f.ril"!rlen Grr.blf - coolin<J water treatrr.ent 

units, filterR syste~s for fluir.s, autcreatic backwash filters 

with •breathina filter el~~ents•. 

Ette!'shei~e 64, r.w.4630 nochurr 5 Fax (0234)41.71.106 

r.errrany 
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9. E.s.-B Safety Systerrs Yirr.ited 

Felief devices for thE protec~ion of perscnnel and plant. 

center House, 68 Sheen luie, Loneon SW 148 LP, G.B. 

Fax (071)8760573 

10. regussa r.G. Processes for th~ rerr.oval ~f so2, ~ox, H2s 

anc fortr.aldEhyde frow. waste qas and stack gas. Purification 

of ~rinkinq wate~, industrial and pool water with chlorine 

dioY-irle, to e~ficiently disinfect without the fcrrr.ation of 

c~lorinated O!"ganic CC\Mlounds. retoxification of waste wat£~ 

containi!lcr: cyanide, phenol re:!"ivates, hy<1rcgen sulfice, 

sulfite, hypochlorite, fo!1T'ald~hyc~, etc. 

t-:eistrauestr. 9, r.t-;. 6000 Frankfurt 11, F2.X (069)2 18 32 18 

cerr.-any 

11. f. T. s. t·1a!';ser - Jh·.i1ass~?" Technik r.trbH 

con~truction ~f installations for thr ~urification oi sewa~e 

with c~errical an~ physical processes such as: neutralisaticn 

cetoxification, rr~cipitction of re~tal hydroxi~~s, rurifica-

tion of err.uls~ons, ion exchanse-circulati~n installations. 

the::tral ar.d ctiF-rrical risin fectin'J :f.nstall at: ions. 

i.:schborner Iannstr. 134-138, r.t·:. Frankfurt 94, 

rax (vf'.>) 78'.:103178 - Cerrr.any 

12. Ld~lec:nu Gesel lschaft P.~FH 

resiCJ?l and com:tructicn of plants f<"'rthe petroleurr, QoS anc' 

retrocherrical inrustri "'"S, engineertn<:r, procurerrent, constn1c-

tion 1 start-Ur:, p,,rscnne] trafJ"linq 1 licensinc Of proCESS"'~• 

StrPs~nrrannallee 36, ~-6000 rrankfurt 70, Fax (069)182020 

r.e rtr.any 

13 .. Env:f ro-cherrie 1'bwassertechnik Grr.bH 

(~rrrlete rroblerr solutions for all 1ndustria1 waste w~ters. 

\ 
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14. liyc"ro li!" resE>arch s.r.r,. 

l!eyrbranE r!"OC'E'SS tl'C'!'":.nnlony for ul tra!'Ure wate!" and waste 

water tr~atr.-er.t, •1ltrafiltration 

\'ia Cesare Pa\•ese 5-7, 1-20090 Ze:rbo di Of'era (:ti lano) 

rax (C2) 55500571 - Italy 

15. Krupp Koppers r.rrbH 

resign, ~ngineering, supply anr erecticn of industrial plants 

in the fiela of ~€troleurr, petrcdlerricals, dlew.icals and en-

vironreental protection 

lltenc"orfP!"Str. 120, [W-4300, Essen 1, Fax (0201)8-282566 

Ge many 

If;. Krupp ~-'ak T"'aschinPnbau GrrbH 

Plasrra ter.hn!cal ?lant for t~e treatrrent of toxic rl?sidues 

sec.; as fine and filter austs frore incineration plants; r.lants 

fer dry1n~ of oil and water containing iir.nurities 

FalcJt:enstein!'r str. 2, f't'.'-2300, Kiel 17, rax (0431)39952193 

Bochurr - Gl?rtrany 

17. i•onsanto Europe S.!\. , F.nviro-cherr and P£:?"JT"ea rivisicn 

r,as scrubbin<J ~qniprr.ent, ho! low-fiber rrexr.Lrane se!larators fer 

hydroc.:en recovery in refininq anc? petroc!'>Frrical processing 

and for ro2/cn 4 separation. 

270-272 Jlvel"'ue de Ten•uren, B-115J Bruxells F'ax (02) 76140 40 

ie.. Passavant-Werke /..G. 

PrccPsses, rrac~in~s, anparatus and corrplete plants fer th£ 

treatIT'ent ane purification of inclustrj al water and waste 

water, using c~e~ical an~ biolo~i~al reethcds 

r~-6209 1arberqen 7, Fax (06120)282931 Cerrr.any 

19. Stt:uler-Industr!e...,erkl! r.rr!.>H 

l:nvj rcnP"ental en~inpering: processes an~ installations for 

"a!ntair.i~g clPar air bnrl watP!" 
' 

r.E"c:rr.h-fb:·11lPrqt.r. 17'"., , rt·:-lj4JC l!ohr-r::rPn?.hau,,:fn 
,rc.x (l)UH)1313'l 
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i - 2c. ~ulzer-Chertec~. 

Process er.~ineerino plants fer che~ical an~ ervircnwental 

enaineerir.g industri~s, oil and gas processing, refineries 

r.H-8404 t-:in terthur, Fax (0 52) 2620101 - G£rr.:any 

21. 7he?r.o En\•ironn:ental Instrwr.Pnts 

1rhient, source anc toxic analyzers, pH/Ofil/con<'!uctivity 

~recess rroritorinq. 

Martener~trasse 539, 4600 rortrrunn 70, rax (0231) 614097 

Gcrtrany 

22. Westfalia Separat~r l.C. -
CE"ntrifugal, s~paratrrs, deocante!'S, extractors, rrixers, rota:"'' 

brusr straine:s fo?C waste wate?" nurfic-aticn 

!:erner-Habigstr. 1, rw-4 740, nc: !d£, Fax (02 522) 772288 

,· 

23. r rerra techn U: 

' Flcrf'. systPtr~, low-pollutar.t ror-bustirn c~-:\•ices, low nox 

rathc.r.a11pl atz 2-A, f".\-6000 rrankfurt 1, Fc.x (069 )288020 

24. YSB lkti~n~esolschaft 

roJuticm contrl'l ar.c inc1u!'itrial tecrnolo~/ for air, waste 

g~s, n~s~ous rrefia 

.:d1ann-r:l£'instr. 9, rw-67J'l, r·ran1'·~·1thal, rax (Of.233)8C3311 

• 
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s. List cf F~s£>arc-~ anr. r . .:.:velopr.ent Institutions 

1. r .• r.r .• ."..rpli~r r~sea~ch Labr-ratories s.10 

rolluti~n ccntr~l weasurt~rnt 

En ValJaire ouest c. CH 1024 - r:cu!Jbans 

rc--lluticn c-ont?"nl, ervi!"cnrr 0 ntc.J rir~t'?ctic-n technc-logy c~: 

weste water, waste air, solirl waste 

3. Labc?"atorJurr. rrof. [.?:". lJErtholc 

;·E.asurErren t of rc;.cioacth•i ty, r-ol luticn con t!"ol for petro-

c:1en:i cal rlants, t=.r."..'i!"NlI"'F.r:tal behaviour cf su:;.,stc.nces 
,. 

c ~ ln·0ach~rstr. 22, fP-7~ 4 7, Wi lcwan 1, ra.x CO 70 81) l 77166 

4. BicsEns C:T!"blI 

Pol lutic,n contrnl - n:.:z;,·1!"""Tr.~nt sPrvicl'-s fer: .,,.,,ter, wc;ste 

water, li~uid redia ar~ slu~aes 

richthOfPns+-:::-. 29, ri.'.-3200, I!ilr1eshu?r., Fax (05121 }55714 .. 

~. c. 3orp c.nc co. l.~. 

Pn.lJ11tion C("ntrol anc industrial techr.olo~·y 

3~chl"'annw~c: 20, C'll-A046 Zurich, rax (01)37ll880 

6. F-ran + r.u\Sbbe r.rrl>H 

rollutior. contrcl anr1 invu!'iltr:f al technoloc:;y 

Werk~tr. 4, I"W-2000 , Norf.erstc:ct, Pax (040} 32202444 
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rcllution ccntrnl, in~ustriaJ technolcgy. Sirrulaticn of En-

vircnr-~ntal ccr:citions in tl~e fielc of pet!"och:rrical indus~?Y 

Gc-ttlieb-rairrle?"Str. 6, rrC800, Hanheirr, rax (0621)468245 

Ge many 

8. Ca\•itron vcrr Hagen 

Pol luticn control an~ inrustrial technology 

lrr r.eveloh 9, fW-4322 Sprockhovel 1, rax (02324) 77300 

9. Chcrratur f,. ii. 

Follut ion control an·~ inrustrfc!l technolooy. r i r puri ficaticr, 

2.nrl solvent recover.1. 

BaC?'::fc:lf!Svc.gen 43, f-69127, i\arlskoga, Fax (0586)59450-SwerE-n 

10. Ccrning Pr<'c~ss Systerrs 

Pollntim con+-r"l ~nr industri zl tec-hnolog'.' 

Tillin~ ~rive, stone, stoffs st. 15 CBC, Pax (0785)818785 

Enql and 

11. Czecho 1 sovak 1-carlerr.y of Sciences. Inst! tute of Ch-:>rr.ical Proces::; 

run~areentals. rraque Inst~tute of Chew.ical Technology 

roJ lution centre-I, in~ust!'ia l technolog-.1 for water, waste wat€ !"' 

li~uid rredia an0 sludges 

'f£chnicka 5, c~ H6, 28 Praha 6, rejvice, Fax (0422)3114769 

12. l·na lyticaJ Bic-rh~rr.istrv Lai"c-ratories Inc. 

rclluti <'n cmtrc1 an~ inclustri al technolo~ 

7200 East IB\ T,an P.O.BDY 1097, C"olurrhia, S.U.1·. 

13. Pennsylvania State tTni"ersj tv 

lnvir~n~ental prote~tion t~c-~nology 

t:niversity Park w.P. 00151 np , u.s.1'. 
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14. lrrerican Society for ~icrcbiology 

~·!icrc-biclogical techr.olo~ for empironrrental protection 

Washington r.c. , s.t: . .A., 1325, Massachusetts }1\Penue, 

r c 2000 s, 41 71 

15. Fetroaesign s.A. 

'Engineering for pE>trocherdcal technology, enviromr.ental pre-tee-

tion and clean technology 

56-58 C~cerea Bastiliei str., Bucharest, Fax 120093- Fo~ania 

16. Degussa 1.ri. 

Inrlustrial technolo~ for air, waste gas, aaseous reedia 

rurification 

·~eisfrauenstr. 9, rw-€000, Frankfurt 11, Fax (069 )2183218 

17. Ecole Centrale Paris 

Fesearch on depollution of effluents, rr.ethanogenic fenr.entation 

14 bacterial desulphurization, aerobic treatrrent for c effluents, 

aynarr.ic sirr.ulation of petrocherr.ical processes. 

F-9229 5 Chatenay-?·!alabry CE['.:EX , Fax (01) 46836437 - France 

18. Ecole ~ationale Superieure a'Ingenieurs de CT~nie C~irr.ique 

Pollution contr~l and industrial technolOCf'/ for water, wastP-

water linuirl rr.ec1ia and sludges 

Cherrin ce la Loge F-31078 Toulou5e, CErEX, Fax (0) 65583861 

rrance 

19. Fluia Systerr rorporation 

Industrial technology for water, waste • Pollution control ann 

innustrial·technolo~y for water, waste industrial water, anG 

sluclgFs 

10054 Old Grove Roacl, San rif!lao, CA 92131, r/I.>< (0619)6952176 

u.s.r~ 

' ! 
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20. f.oechst lctienqesellschaft 

Industrial technoloqy fer pollution contrc-1 by air, waste ~as, 

~asi=ous rrl?l'.!ia, polyreers for filter an~ sounc absC'rl>er elen:£.nts 

B~ningstr. 50, rw-6230, Frankfurt 80, Fax (069)36657f6 

Ge!'!!'. any 

21. Institute Francais au Petrole 

rontrclling pcllution by vehicles, refinina processes, additiv~s 

ir::proving th~ octane nuwher of gasoline, controlling rollutirn 

of industrial origin, cesulfurisation of fuel, effluents and 

furres, burner ar.c fumaces 

1-4 !VE"'ue ce Bcis, Prean. F-92506 rue i 1 Malraiscn, CECEX 

Fax (01)47490411 France 

22. Linde 11..c. 

TrP.atJrent of \•e?:t air an~ off-gas, ~rroval of noxious sub-

staI'!ces, so
2

, hydrnarbc-rs, soh•ent:s, anrl recovery of valuable 

n:atPri als 

rr. Carl von r~indestr. 6-14, LW-8023, Hollrieqelskruth 

(089)72731, rax (089)72732946 - Ge!'lr.any 

23. r.urgj 1. G. 

Industrial tEchnol~y for: water - sludge, waste and residuE 

~isposal, recycling anrl rF.~~dial site treatrrent, gas cleaning 

1-urgi /\ l lee 5, rw-6000 1 Frankfurt 11, Fl\x (069) 58083888 

cerr.any 

24. ¥.cnsanto rurope s.r .• Fnviro-Cherr and Perreea Division 

Industrial technologies for wast£ gases, process gases, 

~onsanto ~ost eli~inatcrs ~nablP to rr£et wost strongest air 

pollution standards 

270-272 Jlver.uP. ~e Tl!ll?"\'Uren B-1150, Bruxelles 

• 
1 
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i - 25. J-/S ~:iro ~tor.ize!" 

rollution cortrcl and inrustrial tecrnolOCJies for 4aste, soil 

rrctectfon, waste water, air, waste gas a~d gaseous rredia 

Sladsalfh'E-Y 305 , rK-2860 Soborc;, Fax (031)691414-l'anira:rlc. 

26. I'!li lf ps GtrhH 

~~easur-=rrent of air pollut:ion b~· r.eans cf chrorr:atographic 

fn!'!trurr.e-nts. r-ete~inatic-n of h£a\"y rr.etals and org~"lic coirro-

nents hy rreans of ato~ ~PsorJtio~ ar.c infrarec s~ectro~eters 

f'~irairstr. 87, f"·r-3600 Kassel, Pax (0561) 50198 - Ge!lr.any 

27. Ihon~Poulenc 

Enviromrent anc surface treatir.ent 

25, Quai Paul f'ou~E-r, F-92408, Cou:?'be\•oie, C'EN:X, Fax(Ol) 

47660747, Prance 

.· 28. ~ulzer Ch~tr.tec~. 

Process an~ t::nvirontr.ental tec~nolo<JY 

' 
CH 8404, Winterthur, Pax (052)2620101 

29. repart.,,-ent of Chen:ica!. Engir..eerinq Pniversi ty of Nottinghar 

Fnvirontr.~ntal e~gineering, p!"Ocess dPveloprrent in the fielC 

of water ~uality, incineration of wastes, tr.iqration of rr.ethane 

in ane around landfill sjtes 

Ur:iversity Park, ~ottinqharr., Nr. 7, 2 PDr Fax 0601-790239- l".K. 

30. rni versi tatPa Ducu?"e<:ti, Institutul Poli tehnic Bucure~ti, 

raC"Ultatea ce Chitr.ie Jnoustrial~ 

Pollution control Gne in~ustri-al tect-nolcgy, 

rax 120C93 - Po~ania 

\ 
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9. List cf 'Iechnical Papers 

9.1.~~chr.ical publications 

1 • .Johr. Caims Jr. f.f'vElopin~ a strateqy fer protect-in<: 

and ~pairinq self-~aintaining ecc

syst~rrs • J'ouma 1 c•f Clean TechnolC"

ey anc'! E!'wironl"'@ntal Sciences. Vol. ! 

t.;ull"her l. January 1991. 

2. P. PayaqC!'Ol 

3. Hans />:~le 

4. r. r;. Ca en is 

5. f.onia P. Ealtc,zC1n 

Towarc'!s Clean Cher.ical TFchnologi£s 

c.n r~ucational and FE'se-.arch Fersper.

tive for revelcpin~ Countries. Jocr

nal of Clean 'fechrolocy and Em•irc·n

rrental Sciences. Vcl. 1. ~uniler 1, 

1991 

Tow arcs Irrnl~rrentation of En\rf ?:un

n~ntal Polici.es. Journal of Clean 

'!' 0 chncloqy c.nd Er.viromrental Scien

cEs. V0l. 1. ~u~ber 1, 1931. 

'!'!1£> use of Econorric Incenti\•es for 

t:r..:: Introduction anC: l·captation cf 

(}~an '!'er.:nolog!.ES in teVP lopir.~ 

rountrics. Journal of Clean TechnC'lc..r.~· 

anr fn,•ironrrental Sci~nces. Vol. l. 

~ur.-!>Fr 1, 1991 

Costs ant' B~nef'its c-f foc-yc-lin<T •• Jcnr

na1 of ClPan -:·~chncl<"C"ies and Fr.vJror.-

P'~ntc.1 Sciences. Vol. 1. ?1urrl. ;-r l, 

1?91 

reneral Consi~erati~r.s an~ lJtern~

t:iv~ lvailahle "'.'~~hr.nlcai~s. fhPrrjcal 

In~ustries 9ranch - t::.IU' 1!:>87. 

\ 

' 
1 
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9. rr. i!. ··~itt?".aier 

11. ~. Cara~ichcel 

12. Tbr.ulbar ll-Coin 

13. Y. x x 

) 5. f<'nalr. l!t!1~ingh 

16. f.'1.Matill~ 

- --..- - l-·· 

Env5r(ln~~~tc1 cor.sir~ratirr. ~slatir~ 

t«:- t:l"' r~trcch;rdcal-3 Inc1ust~·· 

SFC-t<"'ric.1 Studies :arcmc-.h - t;_;1rc, 19~5. 

Saf?ty ar.d accic".er-t !'rE\•enticn in tl1E 

Japi!I'!~sc: C~~rdcal Incustey U?-~E!' Inc'us

t!'"'J anc Enviro.~r.Ent June 1968. 

Iirpact of Environn~ntal le«.:"Ulctions 

on F~finer1 Investr.-ents enc! Costs in 

WEst ~urop:. UNEP !nrustey and I:!n•i !'"On

rr:~r. t June 19 85. 

f:ulphu!'" lbat£!'1'.ent in Jrc.r.ese r~fin£ :::-i es 

u~:rp Incust~_.r anc .Cnviron;?nt .:rune 19L::. 

D:!'ie f F.nviror,n:.::ntal Cas'? Stuf:i-ss cf ~-F

verc! !>etroch~rricc.l Ccrrpl~Yes. 

C?eneral r.n,•ironr-entc.l rli.Ilninc;_r and 

r:zn:gE?rent c-f a PctrC"chE.r.:ical Co;rplex 

in :;c.ur.i lrzti a - a cas€ :=tudy. u:.rp 
Ir..cust?V anr. Fr.vircn!"'~nt !l-!2rch 1987. 

C.en~rc.l T"!'l\'1 rcnJT"~r.t !:' 1 a.Tlninq aTtn ~-·<::ne:

ger-~nt of 2 r>ct!"oci.1errical Corrplex - o 

case Stucy. 

Pollution Control [tpartr.E.nt. ~ingc.pc~ 

t.T:~EP Incustry anc": Ln\•ircnr.:nt f.'arct• l'.1<.;'7 

F.nvirom.~cntal P lwnin~ for a Fertilize!'"" 

C'crrple>'. UNEP Industry anf. l:.nviromrent 

Maret-. 1987. 

Clean'!r 'lechnologies throuch Process 

P!cc1ificatiof'ls ~!ateriel Substitu-ticrs 

an~ F.colcgical lJ ":)as'!d "?th tee: J va h!f-s. 

u:.rP Industries and r:nvironrr.ent. 

rle-an '!'r.chnolOCJies Policy c-f the ru

ropean rconcrric C'C'lmr.unity.UNEP In~ust-r,· 

ane rrn•ironrrPnt f.!arch 1989. 

. 

j 

• 
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17. P.'. FC'sta~at 

16. ~ • .1'.llessie 

20. r.9e?Tiarces Jr. 

21. s. Chou~ari anr. 

P.~O~C!k 

22. r~vid PoundPr 

23. 1;.JaJrowitz 

24. rran~is Colin 

25. r.~. Berger , H. Fuhr 

26. 1·. Tolentino 

27. E.Finnecy 

La Pclitique Frmt~aise de ~inir.isaticr. 

rles d~chets. UNEP Incustry and Envircn

irent, ?'arch 1989 

1'.n l·pproach to the Prevention and Fecy

clinq of Waste. UNEP Industry and Er.'"1-

ron~er.t, ~arch 1989. 

JapanE's~ Proposals for L<1W-Waste Techno

logies and Technologies for the Peco,•ery 

of Pftsources. UNEP Industry and Environ

ren t, March 19 89. 

tTtilisatioo of a lcw wast~ Technoloay 

Process in Br,zil - a case Study. 

l'NEP - Industry and En,•ironrrent ,~arch 

1989. 

The Low and non t·laste 'l'echnolQTJ rata

base at the Center for En,•i!"omr.ental 

Sci~nce an~ EnCiineering, Borrbay. 

.. 

r_TNI:P In~ustry and :En,•ironrrent, March 198J •. 

P • .K. Inte':_fratec Pollution Control. 

l$EP Industry and Environ~nt, March 1369. -

Identifiyin~, classifyinq and describinry 

hazardous wastes • UNEP Industry anr En

vi rontrent, March 19 88. 

Characterization -:>f Industrial Wastes. 

t'KEP Industry ana Environrrent, March 1986. 

Waste Managerrent at Bayer 1.c. TTNEr In

rlustry and F.nviromrent, March 19 88. 

Hazardous Waste Manaqeir.E'nt in the 1£ElN: 

an Frrernin~ Pe9iJrP.. UNEP Industry and 

Environ~t, March 1988. 

ThP disposal of Incinerator ~sh. UNF.r 

Industry anc Environrrent, March 198&. 

.. ,, 

• 
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28. c.F.F.I.c. 

(F.urorean Council 

---.::.---- .... ---- ---...-- .. 

Safe Warehousinq of Chf'll'.icals. UNEP In

dastry ar.d Environrrent, ~arch 1986 

cherrical r-!anufactures 

FE'tlerations) 

29. x xx 

30. Y. x x 

31. y )C x 

32. )( x x 

33. Y.Zl. :!ahgary 

34. Y. x x 

Final P.eport - S£rrinar on the Prarotlcin 

of Cleaner Production Canterbury, U,.K. 

17-20 Sept!>rr.ber 1990. tTNEP ~~partrr.en t 

anc FnvirMIN'!nt. 

Integration of Environreental Considera

tions into UNI['()'S Pctivities. 1'ugust 

1991 - Vienna ,~ustria. 

F.nvironrrental Stucy of the Petrocherrical 

Incustr.1. OtnTDI Sectorial Working Parer 
0 Series r-. 36, October 19 85. 

~?;>ell h4areness and Preparedness for 

Eir:ergencies at Local ~vel. UNEP 1988 

"ronr r!irabeau 39-43 , Cuai Iner~ Citrcen, 

Paris. 

Ccst Effectiveness of Selecteci Low anc~ 

non-waste te-chnoloc;:-ies in energy producticn 

t.!NI ro 'S Workhop on Hazardous r•ateri als/ 

waste l'anagerrent Vienn~, 22-26 June 19 E> 7. 

report: Ir.temational Confer'?nce on rr
vironrr~ntal Labellinc: - f.tc.te of l'.ffai!"S 

an~ FuturF Perst1.i:cti,•'!s for -environn:er.t 

relatee Pro~uct Lahellincr, July !990. 
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9.2. Che~ical 1.hstracts 

1. 107.204090 S - lnrerson Ceor~e (Crown Ircn ~-~orks 

~inEC.!>Olis ~~.h. 55440 e~I) Safety in solvent extraction. 'A 

:revi:w ~ith 15 rPfs. on safety in the use of h£xane in solvait 

extr. i~ the fat an~ oil industry, incl,.ding health ha:zc.rds of 

h!'xc."le t:xpcsur~, properties of hll?xam:, source of igni ticn, tec!l-

niques in fir"? safEty ,~tc. 

2. 107.204.094 to:-11.·ec.surinq stack en.issions of Jricro-

polluar ts. 1 woocfi "'lr J~.J (Waren Spring La..L·· 4 K). Fil tr. Sep. 

19~7 rr: (u) 272-4. l- rot•iew, with 10 refs. or. Sairplin~ Systel"s 

for .rrecsurin~ stack e.rrissions o~ Orf!. rollutants fror.-: refuse 

ir. cine ration • 

3. 107.204.105 a. - S~urces cf nitro~~n oxide pcllu-

ticn Jn the inc1oor enviromrent,KalL.P.r. (BrcoJ-haven ~otl. Lal:·. 

upton r,y - l'Sl). 1' r~vi~w with refs. on indoor sources of 1.-lO • ~~a -
x 

jor foctor that influence the e1rissions are discussed and typi-

cal source levels are reported for use in exrcsure 1rodeling. 

4. 107.204.108 c - Corr.pencimr of .rr.ethods for the cle-

tertrination of toxic organic con-pounds in an-bient air. Supple~ent 

~a~in !'.M. (Battelle Cclu.rrhus I.ab. OH Sl',.). J.. r£view of 5 ire-

thC'cs co\•ering 29 toxic- air pollutants ;>resent~<! in the origiral 

corrpenciu~ ar.n included 4 ne~ spP.cific rr.ethods. With this addn., 

eie co~ren~iu~ now ccntains 9 stan~ardized sarrpling and anal. 

proc:-edures ccverinq 36 toxic eiir pollutants. 

s. 107. 204.109 e - Prtolirr.i.naey charac-terisati<'n of the 

Southeastem ~rasi lian ""nvironrrent. Moreira ?;or"err.ann (InRt. PE.squi 

E!!paciai~, San JosP dE Cafr.J'OS, Brasil). I r•view which covers 

ir• fonration abo11t erwi rC'nrrii:ir. ta 1 r.oncU tions of the JCuthe as te: m 

\ 

•. • 
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regic-.n of Brasil. ~ission end deposit of S and ~ conpounds are 

discussE'd anrl di!"ect n later tC\ pol luticn focus ,coresponding tC\ 

!arr.er incustrialized an~ urbanizec areas. 

6. 107.204.113 b - S2fe and clean cheir:ical industry 

a crEal". V~nkatara ir:an (!'o!E~, Hyde:robad India).J.Inst. Eng. 

(India) part CTI 1986, 67 14-16 (En':f). 1- re\•iew with 9 refs. en 

safety and en\•ir~l"ental pollution aspects in cherr. plant ope-

ration covers cheir:. hazards ana control of air and water pollu-

ti.on and .,a.stF disposal. 

7. 107.204.119 h - What's wronc with the environr~nt ? 

lienci t, Pichard ;; • {rep. Bot. Connecticut Call, t.ew London, CT 

Of320 USA). A rEview ~ith 27 refs. on the ecol. 2nd hurran health 

irr.racts of acid rain, asbestos anrl P.c.s~. 

a. 107.204.126 h - r:ylcns - a ?"e\•iew of the literature 

on rroducts of ro~j>ustion anrl to~icity. Braun E~il (Natl. Bnq. Lab. 

cent. FirE' Il'st. <"aithesbura nos. 20839 US1). 1·. review with 67 

~fs. on tnxici t•1 of products r~leasecl in thP themal decor.:posi ticn 

of aliph. polyair.id~s. 

9. 107.204.151. n - ~ personal smr.pling ~ethod for 3 

the detern:ir.ation of styrene exnosure. Brown P.H. {Occup. ~ec. 

Hyg. Lah. kndor: t?K NW2f\U~).1 diffusiv~ sanple, which 1$ suitable 

for the deter. of tirr.E' - wPiqhted av. persona! anc static f'XpC1-

surEs to styrene, is dFscrJb~d. 

10. 107.204.440 f - J\pparatus for rerr.oving gases fror: 

air throng!· washinq anc coolinq. /.r,n.:\ f.ntonio Eu?'. Pat. Appl. 

L.r,. 236281 (cl.101 r 50/00) 09 Sf'pt. 1987. 14 pprr Gases, furr.es 
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ald odores (~q. procuced by ~anual fryin~ equip~..ent) C'll rF~ovec 

fror.- air t1 c.n ap. p. con:prising a scrubber with on inlet a sha~d 

gate cividin9 t..:.ia chair.b""?r into a channel-like uppe.r part with 

variable cross-section anc a lO"ler scrubbin~ section contg. the 

scrubb~r unit ~ith l nozzle anc a cooling charrher consisting cf 

a coclina set of battP!'Y• 

11. 107.204.443 j - Fuming of incustrial wastes.Balikc 

sorr.nor. !.nerqia ~az dal Kodas 19e7,2P. (7) , 284 - 7 (Hung). 

12. l07.204.4S6 r - AprJication cf biotechnology to-

:.rat~r encrineerir.q. rujita ~·!asanosi (!"ac. Eng. Osaka Hnh•. Suite 

Jc:Par- SES) i\aqakl! ~" I'ogyo (Osa~a) 1987 fl (6) 357-13 Japan. 

l re\•:fe·., wit~ 20 r~fs. is ~iven on the a!)!'lication of b!ot~dmo-

logies to wast~ water tr~atlrc-nt anrich~ent cultur~ ana ~~netic 

encineerinc; anc th:; use of rrot. brn:dinq strain in th~ irr1,:cbi l i-

z~r rr.icro or~anis prccess~s. 

13. ICn.204.460 n - I.ancferr.-inq cf oily wastes :de!'il'.:'!l 

a.'"lc, o;:eration. Ar.arC'l f;.P. watFr Sci. '!'echnol. 1987, H (t,use 

sr.11 'l'rcat. Fir.al rispClsal Effluents Slucqie:) 75-e6 rni:;. .,.. ... ~ ... c 

-..,1th 10 ref':.. cc\•<:r~ t~~ tieC'hno!CfY~'"? of 1 an~ fanrin~ pf oil WiSt~s 

inclucinc rlesign Pa!"arr~ter such a~: locati~n, snit charactFri~a-

tion, cHrrcn~jonina of thf" ar0 a cf ?ppliC"ation, ~rc1ind ~otl'.'r rro-

plar.ti:; an~ artificia1 wet lanes. 

- _i!r ___ _ 

~. 

.. .. 

.. 

19€7, 14 (3) 20-4 rn~. ~l!F. rotr-ntial of a11n2tic pl ants treat s!· ... •are .1 

of 7 lC'ry ni lot plant scalo r"acrcrhit~ systerrs r~C'eJ.vinc:- s~ccnd"ry 

• 
1 



i 

~~-. - ...... ------- - ----- - ---

-

' 

- 225 -

15. lC7.204.554 w - Incir.Prati~r. ~~ hazarccus wastes 

cor~~nts. r.~!lJncer 3arry J.lir Pcllut. Contrcl lsscc. 1967/37/9, 

lcl~-23 fng. 

lE. 109.235.957 P - Clean t~chnoJocz· in the 5 ?~~ther-

lands. Kur.c.r , Surer.~a (Incia) Jncicn J. Environ. 1'88 S (5) 

321-5 Lr.q. 

l rEvie·,, ~:ith refs. on ~nvironr-er.tal pollution control in the 

:-.t:thFrlar.cs ir.cludinc:: r-revoEr.tion of wate!'." r:·ollution: 

17. 10S.23F.Oa4 a - Ch€r-istry of ..... c.ste. l'urata,'! 

Cekl:an !iaikil-:r.tsu l'.)88 14 (5) 133-43 Japan. l, discussion is 

given C'n thE- treatr-Ent r.ethoc"s cf -:.raste gase-s, such as dry \ .;;:t 

:.;ex rerrcvc. l, ir:cinerator cust rerrcwal, ~lect:!:'cstatic p"'.'n t anc 

baa filtratior:. 

18. 23f'.. 0911 z - fFrrl')val cf vinyl ct:loridP. frorr '!ases 

wJth rranuf~c-tur~ PVC. Pa\•lova r .• r, Plast. l!assy 1988 (!)) 50-1 Pess. 

Vir:yl chlorine- (I) rer:-oval frrnr r~ 1c rranufq. we.st~ rrc.si:?s by de-

snrrt icn in :~ rrethvl pyroliccnf' (II) is consirl ... ror::d. The scly c~ 

I in c.r.hy<l. and o 2 (I I) fol lows their's law l;ut r~ecrea!;es with 

ircr~asing water cont~nt cf the desorl.ent. 

19. l'.l9. 236. 1€0 Y. - Organic wa!';tes-:<;curces, ~f feet,; 

one' trEatrrer.t. 

Triv€dy P.K. Inciian J. Environ. l'ollut. J.C. Call. ~ci Karad 

415. 110 Incia. Int=iiar. .r. Em•ironirental :'r("lt. l9ee 8 (5) 362-71 

f:J'HJ. TliF r~view with 14 refs. cC'ver; org. wastes so11rc~s ~nd 

treatrr~nt, inclu~in~ cherr, ~OIT'p("ln, ~f se~ag~ anc in~ustrial 

waste water lanf application, irriqation diln, screeninq, s~~i

lt":ntation s~pt. tanl':, cPntrJ fugati,on, ado;o!ption, neutra:liza~icn 
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p:r-tn arc flocC"Ulat-ion iC'n c-xd1anq'? and nacrophi tic treatrent. 

20. 109.236.177 h - Prctection against air pollution 

anc1 cispcsal of waste water and . .,aste the rubber industry in th~ 

Gl!>rn-any Stabba r. Kautsch Curr~i Kunstst 1988 nr. (9) C67-74 

(Cer.). The ~vi~w covers rra~or legal ~c_:rulations related to 

the rubber industry for environrr.ental protecticn in Gerreany. 

21. 109.23€.216 v - Biol~ical treatr.ent of phenolic 

wast-f water Ch~r.ry Yanq Chu. ~o t'unq Hsud1 Par 1986,16,213-22 

Eng. canaida tropicalis is USPd for t-he biocegraoat-ic-n of PhOH 

22. 110.21A.122.c - Em•irol'~ental rrotection reg-ula-

tior.s in sorr.e European ccuntries. Van Holderen r .• r-;. ilrennst. 

\.;aerne-Kraft 1989 41 (1-2) 60-1 (<-;.;-r. ). 1'. ~view with refs dealirr 

with the state of environire:ntal protection reculations which 

influP.nce th.;- rowPr Station oreration in sorro? Europeo.n countries. 

2:?. 110.218.193 h - 1· rr.ethocloloc;y for sitting a new 

fac-i lity in a larq,,. arPa Jeffrey 1 .• Proc.-1.PCI /lnnv. !'l!eet 19 86 

81 st (2). Sitting of industrial faC'ilities based on environ-

ncntc.l, rrair.ly air ~uality, constraint.~ is discussed. 

24. ll'l. 218. 323 u - SolutiC'ln of ecological problerrs in 

the retrocherra Plant in J'Jubnva Cz'!ch. PC'lpa !!hlie 1988 30 (12) 

707-10 Sln. ':'hF- review anr1 discussicms ·"1th rt=fs. cm•er!:: the 

history Clf tar acid anti waste watP!" treatrrent at the retroC'herr. 

plant in rub ova, ('zechmtl("\•al-1 a. 

25. 110.218,324 \r - Ne-·1 neutraHzatirn tf'chniqur- us£or1 

in watP.r treatrrent. "\"f,ha r.·artin Ing. QuJrr <r:a<lrid) 198~' 21 (230) 

• 
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131-3 (Span.). The review covers ~"aste water neutralisation by 

co_, includinc alk. industrial ~aste water and neutralisation 
,e. ~ 

?:Eactions and reechanis~. 

26. 110.21£>.351 b - Wast-~ •.rater treatrre-nt at the 

Wacker c:--.er.-ie chE'.rr:ical retrocherrical plant. Eurghg,usen I Genr.any 

Ii.ebc:r 1 •. 1. ~1c:ter Sci. Te-chnol. 19~rn, 2J (10) 13-9 (Lnc;. ). In 

plant rr~c:sures cor-rris~ th~ perchlorination of all Si<.:mificant 

01.lorohyC.rccc;.rbon resic1uFs anr thE> Conv,.rsion to c2c1 4 and the 

.rF-ClaJ!'2tion cf HC"l ir. the profln. of vinyl d1lcn~e. ~aste wat~r 

fr("lf'" th,:; rr.anufact1~rE of c-hlcrir.atec1 hy<'lrocarbcns an p!"'E:-traatec1 

by Stec:~ 5trirrinc o~ a~sorption by rracrorrcl. re-sins. Final 

treatrrent is a h!~ ratP activattod-sludge process followec by 

an aerated lagoon. 

27. 110.218.355 j - I.~.~. sr. A Priolo (Italy) assccia-

ted hiological plant for ncrrPstic ant" petrocherrical waste water 

in Priolo. Exp~rience and results after 5 y'?ars 'r-anagereent watf:-r 

sci. ":echncl. 19 88 20 (10) 2 71-82 (F.n~.). 
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10. Lis~ of Journals anc Publications 

1. r~anual of Il"dustrial Hazard 1'ssP.ssrrent Techniques office 

of Env. anc SCI ~ffairs , The World Bank 1985 

2. Cllorine 7oxicity Morogra~h, I.Chere.E. 1967 

3. r-:a]or Cherr.ical Hazards - fl.~arshall v.c., JC'hn \Tiley, r;~ 

Yorl( 1987 

4. Industrial ventilation: l r•anual of recorrrrc:nced Practice 

1,rrerican Con~erence cif Gove-~rrantal Industrial H~"J~nists, 

Cinrinnati, SU~ , 1986 

S. Institution of Cherr.ical Engineers Syrrrosiurr Series, C.K. 

6. C'-ccupational Safety an<l liealth Series - International Labour 

CfficP - \.eneva 

7. l\•ai lab le f.mrr: Center fer Clu:rrical Process Safety of thF 

1rrerica11 I".lstitute of Chf'rr.ir.al Engineers, 345 East 47-th Street 

New YorJ:, tfY 1001 7 

- CancP-r caus:fn<T ch<?.rr.ic-als, h.I.Sa:>r, Van ~ostranr r1?inhalcl, 

1981 

- f'a.nqerous rrcrarti es of Jnc111strial r-'aterials, N. I. Sax B 

6-th ed. von r:ostr~nr! Feinhald, 19 84 

- CuidE' lines for '!'~chnical "!anagerre!1t of ChP.l"ica 1 Process 

Saff'.'ty 

- i,uidt>linl'.'s f('r vapC'!" release rr:itiCTation 

- J.css [':"E\•Fntion jn tl:e prOCP-SS !nc1ustries 1 I,ees r.r. 

(2 volumes) Outte:-.,ort))s , l') 80 

- llancbooJr of occupational hygiPne - B.Harvey Klu~er 

Publishinq Lt~. 19RC 
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8. Hydrccar!:>on Pr0cessi!'q, rublishec rr.onthly by sulf publishir.g 

lC'"!'r.f-'cmy, P.0.3cx 2608, Houston , '!'exas, 77001, u.s.r.. 

9. Em•iromr.ent Prot~ction Fn~ir.eerinq - Publisher: Technicc.l 

' t'nh•ersi ty cf tJarcla~ Pl. Grurwalclzki 9, 50-377, '·lroclaw, 

PC'J anr 

10. lr-pliec anc Em•ironrr~nt:al !''icrobiology 1 
Puhlishe:c rr.onthly by the 1\rr.e~ican Society for !'icrobiology 

11. Jou!"!lal I:nvj ronrr.~nt Quality 

12. Envircnr.~flt- SCI 'fechncl. 

' - 13. rnvironr.-~nta T~ch. I.~tt-ers 

14. !-:ate!" Pollution Control P~s'?arch ~eriEs, Fec'!e!'al t··at~-r 

poJ lut!on rontrC'l l~trir.i~tratir:r., ~'1P-2C-4, Washincrton r. c. 

15. F rcqress Wat-:!' '!'echnolcC!"J' 

1£. C"h~rr!cal rngineerina Precess 

\ 17. Jonrnal cf C~orh.,sical Pe-sE'a!"ch 

18. lt~osphe!'ic E~ti!'onrrcn~ 

19. 1\ ab1rc - r.ondor., r. 1:. 

20. Can ac,i an Jc•.1rnal of !'icrobiology 

21 •• Jf'l•.irnal cf Clean rrechnoloqy ar.r. l:m•ironn·ental Scit:r.ces 

fublishie~ by: Princ~ton ~cientific Putlishing Co, Inc. 

rrinc-,,.tcr-, ~lPw J&:rs;:y, s.u.1 .• 

22. Jnc"ustry ar.d En vi ron!T'ent. U~F.P Ir.nus try anc~ En vi rC'nrrPn t nf fi er. 

'!'l"'ur ,,;jrahe:.:u 39-·0, ()nai /.ncre Citroen, 7!:i739, Paris , Frc.n~E' 

23. Cleaner r!"cr;nction. rditor ror.alc" Huisins, Penninc;s 1 52353 'J'I 

Lcic1err1ror, t-!~therl ar.r1s 

24. Cht;.rricaJ Lng1r.P~rhir; 'l'Prhnolony, \'CH, I'.O.ilOY. 101161, f-6940 

W~inhe irr., G~rrr.any 
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25. Intemctional Journal C\f Clc-cunational ~~Ecicine anc 

'Irxicolog\•. Prir.cetor. Sctenti~ic Publishir.g Co. INc. 

• 2~. Jcumal of Fxriosu!'!"' 1nalysis znd En,rironl'"entc.l !:nider.i!'logy 

r'!'ir:ceton ~cienti fie Publ ishir.c; Co. Inc. Princeton , 

~:ew Jer~ey, 08543, n.s.1-. 1 
27. 'Io:ll'icclC'gy and Incustrial E!ealth. Princeton Scientific 

r·ublishinq C'o. Inc. PrincetC'n, N~·.., Jersex 06543, u.s.1. 

2e. eel 1 91oloqy and 'l'mricolcgy. Princetrn Scie~tific Publishint; 

er .• Inc., Pdncston, :-l:w Jsrsey 08543, u.s.t.. 
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11. ~onclu.:;ions 

1. Cl~an tecanolos ie.:; can i:>e regarc...ea as ooth a • 
1 

goal or tari;e:t anc. a polic-1 so that its develot>raent i3 consc-

•1uen tly a short anc 1011g tcnn endeavour of great importance. 

~. It •.:1oulc. be necessar1 to uistingui3h oct·..,ce..1 t...1c 

concept Jf •·..,aste" a.Hi ti1e cooce:Jt of "r:siC:uals•. All proouc-

tioa ~roccsses .,ill ;c1era~ a certain ~~ou.~t of "resiaual 

t>rO<iuct.> •. Jepcnuing upon tae c01nposi ticn of tl1e resiC.:.ual 1..)ro-

uucts ?art of not all of t:1esc r~sh.uals can oe recoverclc~ ana 

r~-utilized. 'i':1~ r:r aiawr, ·.-1nic'.l at t.1c iJr~vailing set of 

,t>ric~5 aas no ec.:>.1o:nic value, i3 c.iefineu a3 •·.,aste:". 

3. In the t>ast, environr .. ental ;,:>oliC'/ ha;; .i.Jee:n towarw 

t.w L&.:>tallation of aut.-va control ctevices, treatrr.ent facilities 

ratu~r t2'1an focusi:lg on proc..:?..>s ci • .:u1ses -co elir..inate t:>Gllution 

sources. 

4. Priori t:1 is no.., .i..>~ins ·.; ive:n to tae. pro1:~otion of 

cle:a.1 t~c.:1u1ologies :10'4 anc.! non ·-1aste tl:ci1nolosics. 

:, • L:np~1a.;is is plac3c.i on tec.mologica 1 r.:oci fi ca tio!'ls 

of ~>roces3es 4;1ic.1 rcc..ucc Lie:. ur.1ou;1 t of resi"'uals ge~1era tee~ 

tl1rou.:;n grcatt.r ;.J;1y.;ical t...!fi<.:it!nc1 of J11aterial.:; ilnu ~nergy u:.H .. , 

as .o/t:oll as on t;1ose 1>rC.~ll3t:S t:1at convert t:1~ re3idual ptoc.:.ucts 

i11 to us~ tul t,.>roc..ucti:1 . 

b. 'i'.le co.1cc!Jt of c.:lt.:an tech11ology also promote: 

a. I:icr·Ja.u:~ uuraui .ii t.y of t=>re;uucts, as the.: loag .. H t.ic 
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a.nc t.at:s lt-3.:; rt:5ource3 incluoinc; ener.;7 are nee~C. for nanu-

facturi.1g t.'"lc.1. 

' 
1 

b. Sub.stitutio:i of natcrial of i.>io-accur.u.lative, 

per;:;istcnt, toxic nuturc '.JJ t:103e ·..;~1ich <le not ir.:?air th~ en-

viron1'.c.1t. once re1~a.5eL as '"'ast.cs or acci~tntal s:_:>ills. 

7. 'l'.-ie oujt..ctivE:s of t!le cm~,;:>enLium are to: 

a. Sn.are: ~;-.pet:i.-.?nce of .:!ractical a:::>;Jlica ti on of t:ie 

concei)t of clean pet.roc.1E::~ical te~mologit:s in c.;cvclo2in-J coWl-

tr.ic:i. 

i.>. .~~veal gap:; in hl1a.r le<..ge ant. then .. iJ1 iL.~n ti fy 

area"" t~1at rt..: ... li.lirt: sr,ccial at.ten tion in re:;earc..1 aa~ c..evelo;.>-
,. 

j.,d;} t • 

' 
c. s~rv~ us a 3ourcc of infor.nati<Xl tiecision nakers 

i.1 formulatins :>Olicies for th~ !)UrµcsE.. of stirwlating the c.c-

vt:loc>11:e;1t of clean tecnnologie3. 
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~ I a L I 0 C F ~ P H Y 

l; i;~;Iro - 19 55 

2. r;:-.1 ro UB7 

4. C~ I fQ - 19 S ( 

6. e:rro - 1987 

7. rr. E:n<;. Gh. Iv:\nu~ 

e. m-.EP - 1982 

9. SCP - 1988 

10. Kaldair Lirrited 

11 • ~i!lF.P - 19 8 7 

12. C. t~ aish 

13. rn;rro - l'.)85 

14. V. T·rni 

rnvironrr:er:tc.l sht~' cf t'l~ !'P.t:rccherric-als 

industry 

T-1 te:mati ve. avai lab IF technologies 

E~vironrr~ntzl catsirl~raticns relcting t0 

t:~e petroc~e~icals ir.~ustry 

"!isE' en applicati0n cu reg!rr.e de l 'e,l: 

pour le cont!'Ol ce la pollution: le cas 

du Eurki~a Faso 

Costs anc benefits of !"'ecycling. !!azarc1ous 

wastP ~anage~Fnt, Tycooly 1989 

StrctegiPs 211rl policies in ~anare~ent: of 
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