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TO OUR READERS 

This is the first m1mber of a llC\\ title in the IOll!!~Stablishl'd .\ /omrrw S<'rt<'.' 

The firsr .\lomtur \\as rclc:i.scd in December l lJX l :ul<i 1..-0\ crcd the snbJ1.i:t of 
microclcctronks. ll1is \\as doscly follo\\cd in Fcbm.:uy t<JX2. b~ the 
Hiot!'clmology .\/0111111r and later by· the other 2 titles curn:ruly in the s,.,., •. ,. 
namely .lc/1-ann•s m .\/t11cnals and.\/armt' lndus!rwl fcdmology. The_, ... ,., ... , 
is aill\\.'d at industry·. gon·mmcnt and the s-.;icnufo:.tcchnologic:tl commumt~ 
in dC\·eloping countries. 
The main objccti,·c of the .\/11m111r .°'<•rit•s is to act as a \chide for current 
a\\arcncss of and scnsitvation to the ,·;uious aspects of industrial t.:chnol
o~ -.is such. the infom1at1on is presented" ithout C\·ah1.ation or rccommcn
dat ion. Presenting awareness of the potential l•llld limitauons) of 
technological ad\ances is part of 3 broader CNIDO programme\\ luch assists 
dc\doping countries to Stl\;;\~then their technological eapab1liti\.'S 
Tiic concept of monitorin!! tcchnologic.11 acf\ances stems from the \·1enna 
Conferclll.-c on S.:iencc and T cdmolog~· for Dcwlopmcnt. held in the summer 
of 197t) and subSt."quentl~ endorsed by the goH:ming ~ ofUNIDO 
This title in the .'\t•ri<•s \\ill CO\ er industrial ·environmental lcchnolcig~ · -
which h."lS conic centrc-sta!-'C in tlic ''orld consciousness since 1hc pr::r:ir.1-
tions for and holding of the United Nations Confcrcn.:e on Em ironmcnt and 
IA'\-clopmcru CUNCED1. commonly k1t0\\ n as the E.1nh Sumnut. in Jun.: 
19'12. As readers ma~ kno\\. UNCED resulted in a\\ ide-ranging progr.unmc 
for action hy the world community-Agenda 2 I-\\ hich has l rightl~ I also 
been called an agenda for infonmtion. Each of the .JO ch.1ptcrs rcconuncncb 
that infomiation be collected. stored. an.aly~d a1l<i disseminated for th.:ir 
rcspccti\·e subject areas. ll1rcc of these ch:iptcrs e\.clusi,·cly address issues 
that arc rclc\·ant to this publication-ted1nolo!-'Y transfer. indust~ and infor
m.1lion. Man~ of the other chaptc1-s arc also rrt..-,·ant and\\ ill f;;::iturc in f111ur.: 
numbers of the St•rie.,. 

1lus first number of the .\t.·m·s is a special issue. lllC full range of s11!-jc1.:t 
headings will not be 11tih1cd. rather. liOy-fi\C ·~cneri~- (;ts opposed lo 
process-specific)'' astc m;1n.1!!cmcnl!treat111ent 1\.-chnologics arc described in 
some detail In this case. one may \\ ish to refer to Chapters 211 and 21 of 
Agenda 21. as these technologies arc common I~ -used for man:iging ha1~1rd
ous as well as solid \\astes!scwagc. These technologies arc equall~ impona111 
''hen considering otocr ch.1p1crs dealing '' ith the prot\..-ction of: toc atmos
phere 1Chap1er 'h \\atcr resources iChapters 17 and IK): and human health 
t Chapter 6 ). 
Each technology description h.1s been prescnt..:d \\ ith the folio\\ ing headers 
the pnncipal oft he process lgcr.cral description): the aim of the procc~sing
thc pollution'waste streams concerned: the technological prcco11ditio1t5-in
c111ding SC\·eral sub-headings such a.c; temperature. pressure. 1.:onccntration of 
innncnts. additi,·es re~nired. capacity: the pcrfonnancc crnluation-indud
ing int1·r alra rates of rcmornl. effluent concentration. cncrg~ consumption. 
emission<; and bottlenecks: costs-im·ec;tmcnl and operation: range or appli
cations: and practical experiences 
We owe onr thanks to the National lnstilutc of Public Health and Em iron
mental Protec!ion ( R IVMl of the !'-lethcrlands. for allo\\ ing 11~ to prepare 
these fifty-fi\e technoloJ.,~ descriptions. whid1 arc based 011 their research 
and publication series.\ lrmof.!raficm 111f;1r11111tw'.''1'1'111 tc•d111w/.;cn. issued i 11 
11>92. It \\as also RIVM !hat recommended 1hc stmctun: for dcsnihing the 
technologies. a lion ing ns 10 prescnl each in a consistent ;md condse 111.11111cr. 

pm,·iding much more 1han 1he more common!~ -used. standard b1bliographii; 

re~en<p--

Arch.1lus \1c1~~·~~C..,------
M:m,1ging Director. Industrial Sectors ;md Environment Di\ 1sio11 

I I \I J. · -.;,.wml1<:r I 'l'J·I 
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lntroduc:tion 

I N T R 0 D l 1 C T I 0 N 

Rl\'M. the Dutch Natioml Institute of Pubhc Health and 
Em·ironmenlal Pr:>tccuon. is a cenuc of infonnauon ard 
kno\\-ho\\. "ho~ tisk it is to supply thc g0\cmmcn1 "ith the 
infonnation required for its heallh and cm ironment:tl pvh
cies. Because research lies at th: heart of all Rl\"\f s acli\ itics 
--Research forrnananden,ironmcnt"· is ho\\ Rl\':\.1 describes 
its work. 
The L"lborato~ for Waste '.\iaterials and Emissions cLAEl 1s 
one of the L"lboratorics "ithin the Em ironmental Research 
Di,ision of the RIVM. The remit of LAE 1s to suppon 
go\emrncnt policy on waste m.:ttcrials and emissions To this 
end. studies on the orgm and amount of" aste m:itcnal">. and 
on emissions to \\ater. soil and air. arc earned out Wa~ s of 
prc,·enting emissions and" astcs. and of rcusin!! or d1spcsm!! 
of existent wastes arc in' csti!!atcd 
Besides n.")X>ning on th: present s1tua1wn. L.AE is futurc-..·m
entcd in its studies on the effects of pn.'••cnti,·c and abatement 
measures for different scenarios It is conccffu..'<i ''uh !!aining 
insight ir.to social processes. p."lrticufarly those appl~ ing to 
production and consumption. and the resulting burden 10 ttk: 
en\ ironrncnl. 
Collecting infom1a11on. and bmlding up and in1crpre1ing 
kno" ledge to be used in ad' isini; on poli0 and en' ironmcmaI 
forecasts are imponan1 focal pomts of LAE acti' itics. This is 
dooc m cooperation'' uh' arious other I ~o' cmnJt::nt I institu
uons and rescard1 agencies 

As tcchnolQh~ pla~ s an important role in soh 111~ en\ irnn
mcnt.11 problems. the Directorate General of En\lronmcnt of 
the Dutch Mmist~ of Housing. Ph: s1cal Planning and Emi
mnmcnt 1 \'R0\1lcomn11ss1oncd Rl\.l\t!LAE to c;tan "ith the 
dc\clopmcnt of the En,ironment:il Tcchnolog: S\stcm <ITI 
111 I 9M7 The aim of IT. for internal use onl:. is to collc.:t 
scattcn:d kno\\ ledge on cm imnm~'ntal tcchnoloc: and m .. 1kc 
ii a\ailablc in a uscr-fncndly \\a:-. 
lllc lirst \ crsion of the s: stem has been opcration;tl since Jul: 
l1Jl<1J and the seem.cl a more user-friend!! \crsion. since April 
l'J')2 Both arc in Dutch 

I\ 

Tl~ ~stem 1s bao;cd 1.m 11101l(l~raphs --dcs..:npllMl' of a 1;.:,·h
niquc-- co1to;1s1ing \)f I:' to.:!:' p."lgcs c:1d1 lltc .11·.'111.1::.r.1r!i, 
arc dr.t\\ n up using. a standard fom;:it ;;o:Nst m~ of s.:\ cr:!I 
~cctions. At the moment IT coi11:11ns :':\ mnrK'!!nf't' "fltt•:r• 
b! the ;-.;c11~~r1ands Org;11111a11011 for -\ppb:.! S.:1cHllf1.: R..:
scard1 IT'Ol and Rl\'\1 during the pcnod I 'll\'.1-i '1'1.:! lh:sc 
monogr.1phs h;I\ c :?l'o hc.:!1 publiskd m a scr1.:s of fl':!r 
reports 

Since 1992 t:;..;mo and Rl\.\l LAE h,1\C bt.'\:ll .:·'Op..:r.11111!! 
infom1.."lll~ on 11-k: cxch:tm!c of cm imnmcnral tcchr'k'll';'.\ 
infom1ation 
In l'i'l:> l''l;IOO made Enghsh-languagc Em 1mnmcn1:1l 
Tcdmolog~ Fa.:tshc.:ls of the IT mo11t'!!r:tphs to hc us;:d in 
thcird"ltabase A fa.:t,hcd is I to 2p.1!_!.:'1a lcn:!!h :rnc1ct1:1q,.h 

1.lftli.: folio\\ i:i~ SCCllOll'. 

Principle of 1 he prcx:co;s 

• Tcchnologic.11 pre..:ondilin11s 

• P;;rfom1a1i.:c 

• Cosb 

RIV\.111.:\E de\ eloped the fonn:il of lhe Fm imnmcnlal 
Technolog~ Factshccts and l'1\IDO transl:ued :md pr..:
parcd them. 

As a means of d1<.'icmin;?tionofkncm led!!..: on the fac1shc..:1'. 
U'IDO and Rl\.;\1. LAE decided in l'J'J.t Ill 111d11de 11-...· ~' 
En\ironmcntal Tcchnolo)!\ Facbhcel~ 111 tin.; quancrl~ p11bh
cat1on of l'NIDO 



Ti!c:lt no logy IJpdatl! 

I . B I 0 F I I. T R .\ T I 0 ~ 

Principle 11/ the process 
Biofiltr.ttion is the xrobic con,crsion of air-borne impurities 
into non- polluting compoocnts 1primaril~ CO:. H:O and inor
ganic salts). 1111: pollulcd gas is pasS\.-d 1hrough :1 fil1.:rconsist
ing ofbioloJ?ic311~ acti\ c ma1erial such as compost conlaining 
n.1t11r.tll~ occurring microorganisms" hich r..-:in decompose the 
co111aminan1s. 

Aim 11/ prt1cessing, p11/lution(s). waste 
.~tream(s) 
To rc1110\·c impurities and odcurs from \\;1Ste gases. lmpurilics 
arc m:tinly or!!<1nic. u ilh some inorganic components (H:S. 
NH-. CS:) being snitahk. 

Tuhnofogical preconditions 
ln.fh1t•l1f conccntraiu.11 

11.IKll-I g/m' (usual!~ < I !!fm'> dclJCnding on irnpurit~. 

l cm[1t'rat11rl' 

111-10~ c 

l'r,•.•.\llrt' 

Atmosphcnc 

. lddwn•s 
Filter material. compost. turf etc. sometimes mixed \\ ith 

coarser. inert fr:tetion e.g. bark. plastic. l:n·a: Potassium of 
calcium phosph.1tcs 10 speed reaction if necessary. C:N:P --
21Kl:IO· L Insoluble alkaline material 1 limc. marl> if ncccs
sar .. 

( '11p11ct~l· 

1-21KI g/m'/h 

f Jthcn 
D~ mauer contcnl < :!0-50 mg!m' !\.111ist11rc content > 95n~ 

in some cases •>•>n·;.. Filter must be leak proof for t;as and nnid. 
Air load on filter"" 61KI m'/m:/h to keep energy cosrs low. 

l'er/11rmance 
Ucm11w1! ratc 

Depends on filler design. 

F(ll111•111 c11ncc•111rat111n 
Usually 1-111% of inn11cn1 concentrallon 

I 11/1111w~flll'r 
1-2011 wm'ih 

/·."111'rJ.:y < 1111.\111nr11011 

Elcc•rical encr~~ required for \en1ilator. Onl~ s11tis1an1ial 1f 
air load • <11111 m'/nr·,11 

I' 1\1 I-·\"'~"'"'' l'l'l·I 

l:"m1.u11m.,· 

Microorganisms in cxh.1ust gas (m.-i.x 111..J CFU!m'>. Some 
emission of impuri~ or rc~k.""ticn products to water may occur. 
After 2-5 ~cars filter is replaced. produc;ng waste \\i1h usually 
:he s:1mc compositiou as origin:il filli1~ 1compost:Wlc). Addi
ti\cs arc usu."lll~ r.:~cL-iblc. 

Uottlt·m·ch 

Pt.X"CSS is scnsiti,·c to high and low temperatures. exccssi,·e 
conccntr.ltions. and discontinuities in emissions. 

Costs 
/n\°<'.\lfllt'nt 

lnstalhtion on 51Ml-751Kl/m' filler surfar..-c. F1lt1:r m:1:crial 
on 75-111 'm' 

( >[lt!ratum 
Dfl ;l.50-5/llKKI m-' ga~. 

Range of applicatfons 
Treatment of biodegradable \\01Ste g:-scs from odour-emitting 
industric ... 

Practical experience 
t.:si..-d in a ,·ancty of indu~trics. mcluding Sr.."'\\:tge treatment. tar 
distillation. slaughterhousi..--s. meat and fish trc:;tmcnt. food 
processing. plastir..s. animal breeding. animal fccdstulfs. paint 
nl\.-dici!lC'.i. dcstm.:tion processes. oil refining and compost 
processes. 

2.BIOSCltt:BBING 

Principle tJf the prt>ce.u 
Impurities in \iastc gases arc adsc;rbcd b~ \\:tier in a scmbbing 
column and decomposed b~ microorganisms contained either 
in 1hc column u:ickling filtcrl or in a separate reservoir (acti
\·ated sludge inst.1llation) to produce ham1less components. 
prirn.1rily H~O and CO~. A sludge is produced. some of u hich 
must be rcmo\ ed in order 10 guarantee conlinuous operation. 
The purified waler can be recirculated. 

Aim "/ procening, pollution(:~), wa.'ite 
streanr(s) 
To scpar:ue and dcsrro~ biodegradable pollutants such as or
ganic matter. Nik odour components Imm \\;Lste gases. 

Techn11/ogic11I prec:omlitifln.'i 
/11fl11l'nl c1111n•ntrnt11111 

11.IKll-20 gim' 

"/ 1•mper11!11r1• 

I 11-111" (' 

'I 



T e c Ii n o I o g_ y !f _p_ -" • t ': 

Pressure 
Atmospheric 

.·ldditi\-TS 
Nutrients from microflora-ratio C:N:P=200: IO: I. Acidifica

tion must sometimes be compensated by addition of e.g. NaOH. 

Capacity 
1-200 g/m3/h 

Others 
Particle content 20-50 mg/m3

. Air load 600m 1/m:/h. 

Performance 
RemO\·al rate 

50-90%. 

EJ)1uent concentration 
1-IO°/o of influcrt concentration. 

F.nergy consumption 
1.6-3 kWh/IOOO m' treated gas. 

Emi.t.tion.t 
Residual emission of contaminants dctem1incd by process. 

Sludge emitted ,-ia waste water contains POJ. decomposition 
products etc. 

Bottlenecb 

3.DRY FLUE GAS 
PURIFICATION BY 

MEANS Q!' CHEMICAL 
CONVERSION 

Principle of tire process 
Flut; gas impurities react with chemical to form solid salts of 
the acidic compouclliS or are o~.dizcd or reduced with the help 
of a catalyst Solid reaction products are separated before 
emission of the purified gas. In some cases the reactor is 
integrated in the combustion installation. 

Aim of processing, pollution(s), waste 
stream(s) 
To neutralise acidic contaminants from flue gases using basic 
additi,·cs (adsorbents) to form solid salts and to con\'cn them 
ca~tically into harmless gases. 

Technological preconditions 
Influent concentration 

IOO-IOOCKl mg/Nm3 (1-llKl mg/Nm' for HF) 

Temperature 
11Kl-l IOO depending on impurity 

Pressure 
UStL'llly atmospheric. For pressuril'.cd fluidised bed combus-

tion IO bar. 

Sensiti\·e to excessive temperatures and impurity concentra- .-ldditrve.t 
tions.andflucruationsinimpuri~·concentrations Of)·paniclcs Neutralizing agent-usually CaCO~. Ca(OH>:. 
can cause blockages. CaC01.MgC~. Catalyst material-usuaJI~· oxides of ,-an.1-

dium or tungsten. on titanium carrier. NH, for reduc~ion of 
Costs NO.~l.5 kg per kg NO,. 

Jm·e.ttment 
Capacity 30-BO m'lh. Ofl 0.55-2.5 x II>" 

Operation 
Capacity Jo-no m'lh. on 11...(>6/h 

Range of applications 
Odour n:mo,·al. treatment of hydrocarbons. 

Practical experience 
At laboratory and pilot-plant stage. Examples include remornl 
of:dichloromethanc-ca._iacity 200 g/m 1/h (70"/n): dichlo
rocthanc-capacity 80 glm'lh (70%): odour components in 
cocoa industry (65%). pig.o;ties (50-90%). fat processing (75%). 
foundries (60%); sol,·ents (90%). NH1. amines. phenols. etc. in 
,·arious industries. 

2 

Capacity 
llKKl-2000000 Nm'/h. 

Performance 
Remoml rat(' 

50-'JO"io 

Ffjluent conn•ntratum 
SO:. HCI. NO,: 50-11100 mg/Nm'. HF< I mg/Nm' 

l:n<'r~y cnmumptmn 
10-20 kWh/Ion waste (2-1 kWh 11100 Nm' flue gas) for 

neutralisation of acid comporcnts in waste incineration. I 
kWh/kg NO, (0.6 kWh/IOllO Nm' ~as) in NO, reduction. 

/•)nt.~S/fJn.~ 

Non-chemically-bonded acid components emined to air 
Solid reaction products aoo non-con\'cned additi\'es. often 



mixed wilh fly ash. In N<h rcduction~ld catalytic material Pnssure 
renewed after 5 years. treated as waste. Max. ca 5 mg/Nm3 NH) Usuall~· atmospheric. 
escapes to air. 

.J<>lllenecks 
Blockages by powdery additn·es in dosing/tramport system. 

Presence of fly ash can block catalyst and packed beds. 

Costs 
Integrated system 

Total costs ca. DD IJkg SO: or HCL of which im·estment less 
than half 

Secondary processes 
ca. on 1-10/kg acid component. 

Range of applications 
Treatment of flue gases from combustion of coal and waste. 
Catalytic reduction of N<h. 

Practical experience 
Auidi7.ed bed combustion of coal using limestone for SO:: 
AKZO (90 MW th). Pneumatic injection of Ca(OH)2 used in 
waste incineration to reduce HCI emi!'sio:t to below 5000 
mg/Nm 1. Also examples of other additn·cs based on Ca. Mg 
and Na used Selecti\·e catal)1ic reduction: widely used in 
Germany and Ja)Xlll Coal-fired power station at Nijmegen-half 
of flue gas treated. Secondary system for HCI remo\'al in waste 
incineration and HF remo,·aJ in glass. mineral and aluminium 
works. Germany and Sweden. 

4. ELECTRO 
FILTRATION 

Principle of the process 
The gas stream is passed through an electric field whereupon 
an electric charge is induced in solid and liquid particles in the 
gas. These charged particles are precipitated on the positive 
collector electrode. and rcmo\'cd. The impurities can be reused 
if desired. 

Aim of processing, pollution(s), waste 
.ftream(.f) 
To concentratc/rcmo,·e particulate matter (organic. inorganic. 
metallic) from a gas stream (usually N1. Oi. CO:. H:O). 

Technological precondition.f 
Influent cnncentration 

< 50 g/m~. For higher concentrations pre-separation is ncc
essary--(:.g. gas cyclone. 

Te·nperature 
Up to 400° Cat atmospheric pressure. Up to 900° Cat high 

pressure. 

' F.T\11--~••Wml..:r l•)l).J 

.-ldclitfr~s 

For wet electrofilters with water-misting. ca 0.6 I water/m1 

gas occasionally 50J ( 15-20 ppm) added to impro\'e efficiency 
if particles ha\·e high resisti\ity. 

Capaaty 
200-> 100000 m1/h 

Others 
High moisture contem increases separation efficiency. Re

sisti'\ity 102-2108 ohm meters on collector electrode deposits. 
Regular remcmll of deposits necessa1y. by tapping collector 
plates. Deposit thickness 1-10 mm. Electrical charge 20-115 
kW. 

Performance 
Removal rate 

95-99. 99°/ci 

lo/umejlux 
0.5-2 mis 

E.JJTuent concentration 
Less than 5 mg/m1 

Energy consumption 
0.3-1 kWh/IOOO m3 gas 

Emissions 
Particulate impurities-may be reco,·ercd for reuse. In wet 

filters-waste water emissions must be treated. 07.0ne-pro
duction limited b)· use of two-stage system. 

11011/enecks 
Deposit thickness too great. disturbance of current or tapping 

mechanism. blockage of collector funnel. 

Cost.f 
lm·estment 

on < 5-150/m 'lh 

Operatton 
on o.5-J/looom' 

Range of application.f 
Treatment of industrial waste gases. Air purification. 

Practical experience 
Treatment of industrial wnste gascs-41scd in coal and oil-fired 
power station. steel. coke. non-fenous mcLil. cement. chemical 
and fibreglass industries. Flue gas purification in waste incin
eration and wastewater purification. Two-sta~e system used in 

l ' 
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wortc-r•xe air purif:cation (recirculation). and in small-scale 
gas dccontamimtion. e.g. grinding processes. food industries. 
softeners in textile and plastics indust~·. 

S.GAS CYCLONES 

Principle of tire process 
G:i.s is blown or sucked thmugh the ~-clone. separating into an 
upper and lower stream according to the differel1'.--e in particle 
sin: and specific mass. 

Aim of processing, pollution(s), waste 
stream(s) 
To remove/concentrate impurities b~- separating solid particles 
and/or liquid droplets with a specified p.micle si1.e. from thc 
gas phase. The separated particles may be wholl~-. partial~- or 
not polluted. 

Technofogical preconditions 
Influent concentration 

0.001-1 kg d~- matter/m 3 gas. 0.112-0.5 g!m' for droplet 
separation. 

Temperatu;·e 
Up to 1000° C 

Pre.'i.'iure 
No effect on process. 

.-ldditil"e.'i 
Water sometimes sprinkled in the cyclone to increase effi

ciency by causing agglomeration. 

Capacity 
Average IOO<XI m' gas/hour 

Other'i 
Particle si1.c > 200 µm require p~e-separation. Constant input 

gas speed and particle concentration for maximum efficiency. 
Volatile impurities unsuitable. 

Performance 
Removal rate 

80-99%. less if particle si;1.c < 2 µm 

I o/ume-flux 
Input air 6-15 mis 

1~·nergy con:fumption 
0.25-1.5 kWh/lOOO m 1 

l:"mi.'i.'ii<>n.'i 
Can occur depending on <:)·clone efficie~· 

Holt/enecb 
Blockages can occur. often due 10 too high moisture content 

or partially smolten particles. 
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Costs 
fm·e.'itment 

Capacity 9000 m 'lh-Dfl l)(KIO 

( )peration 
Dfl O. I0-030/llKXI m' air 

Range of applications 
Scp..ration of solid matter from gas stream. 

Practical experience 
Many examples. including fly ash. non-mct~lic minerals. steel. 
chemical process and petroleum industries. incinerators 
(household wastel. carb--n 1re2• .1ent (thcm1al d~·ing). general 
industrial applications. 

6.ACTIVATED CARBON 
ADSORPTION IN AIR 

PURIFICATION 

Principle of the process 
Impurities arc adsorbed by activated carbon in granular or 
fibrous form. the impurity being C\·entually concentrated in th: 
activated carbon. in a condensate stream or gas stream. At a 
certain degree of saturation. the acti,·ated ca . .JOn is eilhcr 
replaced or regenerated using steam. hot gas. air or vacuum. 

Aim of processing, pollutfon(.~), waste 
stream(.~) 
To separate and concentrate organic matter (usually \"Olatile 
organic substances). H:S. SO:. CS: from waste gases. 

Technologfral precondition.~ 
Influent concentration 

Without acti\"ated carbon regeneration < tomg/m' gas. 
With acti,·ated carbon regeneration I omg-1IHIOg/m

1
. 

Temperature 
11-40° c 

.-lddllii·e.'i 
Acti\"atcd carbon-in scparalion of VOS. with regeneration 

of carbon. 0.5-1 kg/ton sol,·ent. In odour ren;o\"al. \\ ithouc 
regeneration. 2-5 kg/kg od:mr component 

<'opacity 
< 5f)(I() - > 2fK)(KI m 1/h 

Other.'i 
Non-cxplosi\"c mauer. Moisture contenl 0-70% 

Performance 
Remrwal rate 

'>:'i-;.. '>'>"In 

I "nlume-fl11x 
J:'iO-l:'ifKl m'/h/m1 absorber surface 

EHi l·-Nnvcmhcr 1'>94 
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F/}lm•nt c:onct.'ntration 
For odour rcmo,·al < 

stances< 20-IOO mg!m'. 

f-.nt''"1!.Y consumption 
I00-21Ml kWMon VOS 

/-.in is.,. ions 

mglm'. For rnL1tilc organic sub-

To \\ atcr if steam desorption used and separated impuri~ is 
waler soluble. Condensate fr um regeneration. or waste carb
on. 

/fott{eneck.'i 
Non-dcsorbable impurities. Volatility > 70% low.:rs ad

sorption capacit~ Heat of chemical reactions can cause 
adsorbcr burning. 

Costs 
For odour rt'111m-al. n .' thout actirated carbon reg<'neration. 
/m·<'.'ifl1/ent 

Carbon grains on .J/kg. lnsta~L1tion on llKK> - 31KIO for gas 
stream of llMIO m 'lh 

< )pt•ration 
on 1-2/llKK> m' gas 

1-iir .'ieparatmn of I US. with reg1meratwn. 
/m·estmt•nt 

on 111-150/m' gas 

Opt•ration 
on I 50-(1 MO/l!KKI m' gas 

Range of applications 
Ocodori1ation of waste gases. Reclamation of volatile organic 
substances from waste gases. 

Practical experience 
Dcodori.1.ation: rcmornl of amines. ammonia. alcohols. mer
captans. etc in chemical. foodstuff and pharmaceutical indus
tries. bio-industl)·. air-conditioning. kitchens. etc. Reclamation 
of '/OS: used in produclio1 of films. fibres and lacquer. chemi
cal cleaning. chemical industl). c1c. 

7.FLUE GAS 
SCRUBBING 

Principle of the proce.u 
Impurities in nuc gas arc absorbed in a water) solution or 
suspension. Depending on the composition of the solution. 
neutralisation or oxidation can ta''e place. In some cases the 
added chemicals c:tn be regenerated and reused. 

Aim of prnce.uing, pnlluOon(s), wa.fte 
.ftream(.f) 
To separate and destro~ or concenlratc acid comprnents. SO:. 
HC I. HF and NO, from nue gases. 

i l\I 1 .. :-.;,,..cmh.:r 1•11-1 

Technological preconditions 
lntlm•nt concentration 

- llMKl-10 ooo mglm' 

frmperarure 
< llKl0 C. usual~· .J0-80° C 

Pressure 
Atmospheric 

.·ldclitfr-ex 
Caco._ CaO (Ca(OH):l for ncutr:tlis.1tion 

( 'tlf'<lci~\' 
< 50tMMl-2!MIO(MKI mJ/h 

Performance 
Remm·al rate 

85-90%_ In waste incineration (HC I. HF}> 90%. 

I i1/ume-jl11x 
IO.J-2106 m'/h 

Fner.l{Y con.~umption 
20 kWh/ton waste (Jk\VIVIOOO Nm:; flue gas) 

l:ini.uiom 
Reaction products (solid). waste water from scrubber. non

chcmically-boundcd acid components may be emitted to air. 

/lottlenech 
Conosion and erosion of equipment. deposits in sprinklers. 

and heat ~xchangers. 

Co.fts 
For flue J!a.'i desulphuri.mtion 
< Jperation 

0.5-1 ct/kWh (On I/kg SO:) 

For 11< • / remoml from wa.'if<' incinc•ration 
<>pemtum 

Oil ~045/ton waste (5-1/llMlO m' flue gas). 

Range of application.f 
Household chemical and inc;ustrial wasle incineration. Desul
phuris.1tion in coal-fired power stations and oil fired industrial 
plants. 

Practical experience 
Flue gas desulphurisation in electrical power stations: 6 plants 
in the Netherlands capacity 300-<1.Jo MWc. Wellman-Lord 
dcsulphurisationplants: 33 plants in operation. Used in oil-fired 
indm;trial plants. Wet scmbbers predominantly used in coal
fircd ins1allations 
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8.GAS SCRUBBING 

Principle of tire process 
The impurity is dissol\·ed (absorbed) and conce1tratcd in the 
scrubbing liquid_ The liquid is then treated by themial desorp
tion. rectification. p~ure reduction or stripping. to remcm: 
the impurity. and can be reused_ Additives may be needed to 
impro,·c the solubility of the itn!)Urity (chemical scrOObing). 

Aim of processing, pollution(s), waslt! 
stream(s) 
To separale/conccmratc contaminams including organic sub
stances. SC>i. NO.. HCI. HF. NH:i. Ch. H:S. SiF~. Br:. CO and 
CO: from waste gas. 

Technological preconditions 
/njlumt concentration 

< I mglm3-IOO glm3 

pll-range 
Acid. neutral or alkaline liquids used according to the impu

ri~· to be removed. 

Temperature 
Up to> 100° C. usually 20-W0 C. 

Pre.fsure 
Usually atmospheric. 

.·ldditil:es 
Scrubbing liquid-water or organic liquids e.g. glycols. par

affin oils. For chemical scrubbing. solutions of bases. acids. 
ammonia in water. Chemicals to improve solubility of impurity. 

<'apaci~ 
< 10 <><JO-> If.)()()()() mJ!lt 

Others 
lmpurit}· must be highly soluble in scrubbing liquid. e.g. 

Henry coefficient< O.I x IO~. 

Performance 
Removal rate 

75-'JCJ',{, 

I "olume-flux 
0.3-2.5 mis. 

lifjluent concentratum 
< 10 mglmJ. 

1-:nergy cnmumption 
Elec1ricity-O. l-IO kWh/IOOO m' gas. Heat-up to 5 m' 

natural gas/I Gill I m' gas. 

1-:mi.{ ... ion ... 
Polluted scmbbing liquid and vapours. 
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BonleMch 
Blockages in scrubbing liquid recirculation process. Gas 

containing st~· particles. 

Costs 
/m·e ... tment 

System without reco\·ery on Ill-JO m' gas. S}stem \\ith 
reco\·e~- DO 30-200im) gas. 

Operation 
DO 0.5- > 5/1()()(} m3 gas. 

Range tJf applications 
Purification of industrial waste gases. 

Practical experience 
Used in the chemical. mining. paper. fertiliser. metal working. 
food and leisure irdustrics. laboratories. incineratl'rs. sulphuric 
acid manufacture. and odour removal 

9.THERMAL 
AFTERBURNING 

Principle of the process 
Combustible components in waste gases react with O:\~·gen 
at high temperatures to produce CO:. H?O and other prod
ucts. The output gas is passed through a heat exchanger to 
partially preheat incoming gas. 

Aim of processing, pollution(s), waste 
stream(s) 
To destroy components such as organic substances. H:S. CO. 
NH,. COS. CS:. H2 and HCN in waste gases In principle all 
gaseous compounds containing C.H. Nor S which react with 
ox-ygcn at 6<Xl-21XI0° C can be treated. 

Technological preconditions 
Influent concentration 

Max. concentration of combus1iblc components 25% of 
lower explosion limit. i.e. for hydrocarbons I0-2-gC'/m; 
gas. 

1i.·mperature 
Input gas usually < J()(l° C. raised to 5(K1° C in h...11 ex

changer. <i<Kl-1200° C in combustion chamber. 

/'reJ.mre 
Atmospheric. 

.-ldditive.~ 
Fuel to produce 0-2000 kJ/m' gas. Combustion air Ill 

m 'Im' natural gas or kg oil. 

Capacity 
< 5000- > 21K){)(I m 'th. 

' ~-T~M-·No11cml>cr l?J4 
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Others place at the phase boundal)'. and thc catalyst surface is free for 
fu·ygcncontent IO-IOO% higher than ncccs~· forcombus- further oxidation. 

tion of the contaminant. 

Performance 
Remo\'al rcJte 

>99%. 

Effluent concentration 
CO < 100-1000 mg/m3

. Hydrocarl>ons < 20-51i mg C/m3
. 

NO.< .W-200 mg/m3
. 

Energy 1..vnsumption 
Electricity 0.00 l--0.CXH kWh/m3 gas. Fuel 0-2000 kJ/m3 gas 

depending on degree of heat exchanger use. 

Em is.<; ions 
Exhaust gas treatment necessary to prevent excessive 

amounts of organic compounds, Co. NOx. S02. HC I. HF. 
C02 etc. 

Bottlenecks 
Inert and cambustible solid particles (dust_ soot and coke). 

Costs 
Investment 

Capacity 5000 m3/h. on 60-150/m3/h. Capacity 20000 m3/h. 
on 25-70/m3/h. 

Operation 
on 2.5-25/JOOO m1 gas. 

Range of applications 
Treatment of industrial waste gases. 

Practical experience 
Used in chemical. petrochemical and refining processes. sur
face treatment processes. solvent processes. food and leisure 
industry. treatment of household industrial. slaughterhouse 
waste. soil cleaning. etc. Thermal aftcrbuming of \'apour/gas 
mixtures emitted from storage and transport operation for 
pumping of toxic volatile organic compounds (acrylonilrile. 
ethylene dichloride. bcw.ene). 

!'ump capacity l,OOOm'fluidh. 
lnve.'>tment 

on 6900ooo<1986) 

Operation 
nn 1-5/m' fluid. 

IO.CATALYTIC 
AFTERBURNING 

Principle of the proceu 
Oxidation of contaminants is speeded up by the use of a catalyst 
so that the reaction can take place at a reduced temperature. "fllc 
reactants arc adsorbed onto the catalyst surface. oxidation takes 

l'.TMl··:'-lovemh.ir 1??4 

Aim of processing, polll:tion(s), waste 
streanr(s) 
To deslro)· harmful components found i.n waste gases. Con
taminants irclude organic substances. COi. HzS. CS2. COS. 
SOi. Hi. OJ. HCN. NH) and NOx. 

Technological preconditions 
Influent concentration 

Maximum generally I0-20 gC/m3 gas. 

Temperature 
Ma~mum 900° C fer alumino-silicate catalysts. Maximum 

600° C for gamma-aluminium oxide. 

Pressure 
In afterburner usually atmospheric. Pressure drop in cata

lyscr 0.1--0.5 kP-ci. 

Additives 
Fuel-air for combustion ca. IO m3/m3 fuel gas. Catalyst

active components metals from platinum series and oxides of 
less inert metals. For selective catalytic reduction of NOx ap
prox. 0.65 kg NHlkg NO •. 

Capacity 
< 2000- > 20000 m3/h. 

Others 
Calorific value of waste < 750 kJ/m3 (ca. 35% of LEL). 

Remove particles by pretreatment (filtration) if more than 
2g/m3 gas. 

Performance 
Removal rate 

90-99.9%. 

EjJluent concentration 
Hydrocarbons< 200 mgC/m'. CO negligible. 

I:nergy consumption 
Electricity 0.001-0.002 kWhlm' gas. Fuel 0-IOOO kJ/m3 gas 

(depends on degree of heal recovery and calorific value of 
contaminants). 

Fmi.~sions 

NO. < 15 ppm. COi. solid residue containing (hea\'y) 
metals. 

Bottleneck.~ 

Blockages by dust. fibres. highly-polymerised: organic com
pounds. soot. ash and metal oxides. Efficiency is reduced as 
catalyst ages (rcplaccmenl) necessary after 2-5 years. 

7 



T ~ c h n o I o g y Upd11t~ 

Costs 
lm·estment 

Caral}·tic afterburner Dfl 3041/m 'lh. Cata!}· st malerial Dfl 
3-35/m'lh. 

<Jperation 
DO 2.50-2011000 m' gas 

Range of applications 
Treatment of waste process gases. and emissions from combus
tion engines. 

Practical experience 
Used in treating waste gases from soh·ent processing indusuics. 
sludge processing_ food and leisure indus1rics. dcsulphurisation 
works (Claus units). treatment of hydrocarbons. combustion 
engines. incinerators and chemical industries. 

It.FABRIC 
FILTRATION 

Principle of the procen 
Waste gases arc passed through wo\"en or felt-type fabric fillers. 
trapping solid particles. Filter operation is based on the ten
dency of particles 10 adhere to filler fibres and other particles. 
The particles arc then rcrno\"ed from the filter fabric and can 
often be reused. 

Aim of processing, pollution(s), waste 
. ~tream(s) 
To separate/concentrate and rcco\"er solid panicles from wasle 
gases. Particles may be organic. inorganic or metallic. 

Technological precondition.~ 
Influent concentration 

Ui; to 200 glm'. At concentrations > 50 g/m' mechanical 
separation techniques arc used first. 

Temperature 
Up to .J50° C depending on filter material. 

/'re.'i!iure 
Usually atmospheric. Pressure drop across filter 11.5- 2 

kPa. 

Additive.'i 
Filter fabric. precoating malcrial if nccessal} (e.g. calcium. 

alwninium oxide. pul\'eriscd coal). 

Capacity 
< IOOO- > IOOOOO m 1/h. 

Others 
Paniclc diameter> O.fl I µm. 

Per/ ormance 
Removal rate 

95-99%. 

II 

IJ]luent rnnce11trat11HJ 
l-75 mg.Im'. 

!·-:11erJ.:y consumption 
0.5-2.0 kWh!ltKIO m' gas. 

l:i11i.'isio11s 

Sol id residue oflrapped particles-often rcco' crcd for reuse. 

Bottlt·necks 
filter blockage b~ stick~. hygroscopic. strongly agglomer

ated and/or snL1ll panicles or at lempcraturcs around the dew 
point. (e.g. at process start-up). 

Co.~ts 
lnn•.'ifmmt 

Dfl 1-25/m' gaslh. Higher if S} stem is thermally ins1dated in 
stainless steel. or if special fabric filter required 

Operation 
Dfl 0.511-J/)CKKI m3 gas. 

Range of applications 
Treatment of gases from industrial processes and incinera
tion 

Practical experience 
Widcl~ used . 

12.SELECTIVE 
CATALYTIC 
REDUCTION 

(for NO, contro in 
combustion processes) 

Principle of the process 
Ammonia. usually in solution. reacts with nitrogen oxides to 
produce molecular nilrogen and water \·apour. as follO\\S: 
.JNO + .JNH.1 + 01 implies .JN1 +- 6H10 <>NO:+ RNH, implies 
7N: + I 2H:O. In the presence of a mclallic oxide catal~st. e g. 
vanadium pcntoxidc or tungsten trioxide. the reac1ion takes 
place al a lower temperature (2511-1110° C). 

Aim of proceuing, pollutfon(.'i}, ff.'a.He 
stream(.'i) 
To con, en NO and NO: in flue gases into N: and H:O. 

Techn1Jlogical precomlition.'i 
lnjl111•nt concenlrntm11 

No slricl limits. b111 in praclicc: NO, 600-2000 mglm' (al 
1.5% O:J: SO~ 71Ml-2600 mg!m' (al 2 5% 0 1); high dust 5-25 
glm': lou dusl o.Cll g!m'. 

Tempemtur<' 

250-JOC1° C. Low tempernrure units (I KO"C> underconstn1c
tion. 

l·TM I ··!':nvcmhcr l'J'J4 
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l'ns.\-ure 1990. also DSM (~ lonitrilc wurks). others planned or under 
Usuall~- atmospheric or slight o,·cr pressure (tenths of construction. 

barl. 
13.COMPOSTING 

.-lcklitire5 
Ammonia (gas) ca.1137 ton'ton NO.. 25~oammonia (solu- Principle of the process 

tion) ca. I. I ton/ton NO .. Catalyst ca_ 11-12 ton/year. Composting is the aerobic biological degradation of organic 
waste resulting in a usable product (compost). 

('apacity 
Power stations up tc 2000000 m'lh. Waste incineration ltXl

IJO m'lh. 

Performance 
Remomlrate 

75-908/o. 

Fffiuent concentration 
Existing installations I00-200 mg/m; NO.. New installa

tions 70 mg/m'. Pilot plants 20-70 mgim'. 

Fne'1{\" con:r11111ption 
6000-IOIXXl kWh/ton NO,. Estimate for low-dust installa

tion in waste incineration l.UKl kWh/h incl. J-6 t/h steam. 

1-."mi.t.'iions 
N. H-0 plus N-0 if reaction temperature too high. Armnonia 

max. 5 mg/m'. Solid rcsiducs~monium sulphate and bisul
phatc. Fly ash. Spenl catalyst. 

Hottlenech 
Irregular distribution of NO, in flue gas. Deposition of am

monium salts or fly ash in pipes. Blockage cf catalyst pores. 
Equipment erosion in high-du!it units. 

Cods 
Power station.~ 
/m·estmcnt 

DM66.3/kW 

<Jperation 
OM I00-170/kW. 

Waste incineration 
/nl'e ... tment fe ... timatedJ 

Dfl l«lOO - I JIXXl/ton NO. removed ( Dfl 6'KIO for activated 
carbon catalytic reduction) 

Range of applications 
T~·~afment of flue ga.-; from power s1ations and wasle incincra-
1ion installations 

Practical experience 
Power stations-used in Germany. SwitJ.erland. Austna. Japan. 
Netherlands. EPON (Nijmcgcn)-coal-lircd power slation. 
manufacturer ESTS. 6~MW. nue gas corn;umption 211KXlO 
nm/h. honeycomb ca1alys1. rcmo"al rate 76% (planned 80%) 
Wasle incincrntion plant: Vien0.1-Spi11ela11 in operation since 

Aim of processing, poll11tion(s), waste 
stream(s) 
To obtain an organic compost. reduce t}le ,-olume of waste and 
destroy weeds and disease germ.<; in organic waste. 

Technological preconditions 
plf range 

Initially 5-5.5. rising to 9 then falling to 7-3. 

Temperature 
Rises to 55-80° C during heating phase. 

.-lclditi\'es 
D~pending on consiste~· of waste-d~· matter. bulk (e.g. 

wood sha\·ings). straw and paper. 

Capacity 
Examples of closed S)·stem: DANO-system 30-90 ton/day: 

Thysscn Engineering ma'I:. 300 ton/day. 

Others 
CIN ratio < 30 depending on composition of waste. Size of 

heap up to .J-5 m high. Ch-ygen required for microbial acti\'ity. 
D~· matter cortent at least 40%. Moisture content 30-700/o 
(a\'erage 40-50%). 20-80% organic material in waste. 

Performance 
( "ompo.'il yield 

.J0-50% of starting material. 

Emi.mons 
CO: and H:O from degradation process. Waste paper etc may 

be blown by wind. Hea\'y metals and non-biodegradable com
pounds leached irto soil and percolation waler. Ammonia gas 
emission. sometimes HiS and mcrcaptans if anaerobic 1.oncs 
arc formed. 

llottleneck." 
Porosity too low. Insufficient aeration. 

Cost., 
<>perntmn 

Household waste Dfl JO-I I00/1on: \'egetable. fruit and gar
&n wasle Dfl I.JO/ton: closed rota!)· drum method DO HXl/ton. 

Range of application., 
Reduction of organic household and garden waste. 

., 
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Practical experience 
Open ~·stem-heaps e.g. BcltS\·ille. Rutgers Uni,·ersity. 
Closed systems cell systcra<;-Knecr reactor. household waste 
and sluny. 10 - 1-1~-s&.8 weeks mahlring. Dmm ~-stems
e.g. DANO small capacity. 3-6 days. Multifloor ~·stcms--e.g. 
Multibacto and Carel-Fouche. 2-6 ~-s. 

14.ELECTROLYTIC 
SEPARATION OF 

METALS 

Principle of the process 
Using two electrodes connected to a direct \-Oltage soun:e. an 
electric cunent is passed tluough the waste water. Electro
chemical reactions occur at the electrodes whereby at the anode 
chemical substances are oxidised and at the cathode metal ions 
are n:duccd as metal. 

Aim of processing, poll•tion(s), waste 
stream(s) 
Remonl of impurities and concentration of impurities from 
polluted water. liquid waste and sluny. Mcials. metalloids and 
their compounds may be separated. 

Technological preconditions 
Influent concentration 

:<? 0.1 mg/I. Upper limit depends on solubili~· of metal. 

pll ranf{e 
>5. 

.:ldditive.'i 
Sometimes necessary to alter pH 

Capacity 
1-IO mJ/h. 

Others 
Presence of salts for good conducti,·ity. 

Performance 
Removal rate 

> 99.'>°lo. 

' olume-:flux 
1-3 mJ/h 

Effluent concentration 
< 0.1 ppm-I OOppm. 

f'actor concentration (i.e. concentrate concen:ratmn mflu· 
ent) 

1-10. 

Ener[zy con.'iumption 
I0.1-IOkWhlmJ. 

10 

Emi.uions 
Salts. acids present in waste \\ater. H~·drogen. o~·ygcn and 

chlorine depending on waste content. 

Costs 
/m·estment 

Capaci~· I m'/h Dfl 100000 

Operation 
lO m~/day wastewater containing IOOpprn Cll(ll) purified to 

I ppm Dfl 3.00-Dfi 5.50. 

Benefits 
Some metals. e.g. sil\-cr in photographic ind~_ can be 

reused. 

Range of applications 
Obtaining metals from raw materials. surface treatment of 
metals and reclaiming metals. 

Practical experience 
Obtaining metals from raw materials: clectrorefining of Al. Na 
Li. Mg from molten salts: Cu. Zn and others from solutions in 
water. Surface treatment: metals in galvanic industry: layers of 
pure metals. allo~·s and composites (metals containing PTFE or 
\VC2). Reclaiming metals: Hg. Cd from batteries: Ni. Pt etc. 
from cata~ats: Au. Pt. Ag from precious metal working and 
photographic industr)·: Cu. Ni. Zn. Cd. Pb and Co from rinsing 
water from galvanic indus~·. 

IS.LEACHING WITH 
ACID/ALKALI/ 

COMPLEXING AGENTS 
(dissolving) 

Principle of the process 
Impurities arc dissoh·ed from solid waste using water. acid. 
alkali. complexing or oxidising soh·ents. They can then be 
removed from the sol\·ent and both impurities and purified solid 
1113}. be reused. 

Aim of processing, pollution(s), waste 
stream(s) 
To remove/concentrate impurities from solid waste in i>'l'"lcr. 
granular or pellet form. generally inorganic. metallic and not 
inert. In principle all inorganic compounds. and certain organ!c 
salts. acids and bases can be removed. 

Technological precondition.~ 
Influent co11centratinn 

No upper or lower limits. 

pllran~t' 

No limits set 

ETM l··No11cmhcr 1'194 
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Temperatu~ 

Generally room temper.nu _ 10° C Can be raised to boiling 
plint of soh-c.-. In pressure-suspension~ stem. temperatures 
of'J0-150° C :uc used. 

Prr.••.:i;11re 
For pcn:olation and suspension ~ stcms-llll1l0Sphcric. For 

pressure-suspension ~stems-up to 2000 kPa. 

. ltltlitin· ... 
Sol\"cnt dcrznding on compound to be disoh cd Acid alkali. 

comple:"'ing agent. \\ater. O:"'idising soh·ents may be used. 

< "apncity 
Ranges from gr.uns to hundreds of tons per hour. 

Other5 
Fluid content must be reduced if suspension or slu~· is to be 

processed. 

Performance 
R1•mm·a/ rate 

95~{.. 

Ffflu<•nt concentration 
Optim.11~ a few ppm. 

/·."ne'1{\ · con.<>umption 
Low unless carried out at high temperature. 

Fmi·oions 
Some harmful gas m.~· be produced in pressure-suspension 

s~stem. 

Costs 
Depend on t~·pe and quantit~ of chemicals used. Example: 
rcmo,·ing Al from nuidin:d bed from coal<ombustion: 

lnn• ... tmenf.'i: 
on 2101c 

<Jperntion 
on 70.581 ~earcon +JllJ/tonash1. 

lkntflts 
Reuse of sulphuric acid reduces costs. 

Range of application.~ 
Obtaining metals from ores and waste. 

Pr11cticnl experience 
OLtaining meL1ls from ore: widely u~d. Reco\cl) or metals 
from "as1c: Hoboken-0\crpcll Co. Ni. Cu. Cd. Zn. clc Metal 
\\astc from mctal-\\orking mdnstries II~ dro:\idc sludi;e Rc
~earch into treatment or coal ash. spenl catalyst balleries & 
clcctror.ic waste. 

I I ,\I l··""'~ml...:r 1'11·1 

16.SOLVENT 
EXTRACTION 

Principle of the process 
Impurities. mainly met.al ions. arc separated from a water phase 
and conccntrnted. The result of the soh ent extraction process 
is a second stn:am of "atcr contlining the extrdCled compo
nc.-( s ). Aficr treatment of this strcan1 to 51..-parale the desired 
romponcnts. the fluid can be reused 

Aim of processing, poll•tion(s), waste 
stream(s) 
To rcmon~/conccntrate metals and theircompoWlds (c~luding 
alkali ( canh) metals) metalloids and I heir compounds and acids 
from wastewater and liquid \\astC. 

Technological preconditions 
lnjluent concentration 

No limits in principle 

pl/ range 
< 0- > I II depending on extractant used. 

Temperature 
Gcrcrally 20~>° C. 

l'res ... ure 
Atmospheric. 

-ldditi\·es 
fa1ractanl solvent and additi\·cs comprising the organic 

phase acids. bases or salts for rcgenraling extraction medium. 
Oxidising or reducing agents or complexing agents to cx1ract 
the separated impurities. 

( ·a.'1aci~1; 

Mixer-settlcrcombination0.2-21KKI m '/hour. Separators and 
centrifugal e:\tractors 1-ll!Om'lhour. Column extractors 0.1-
(iCKK> m '!hour. 

Per/ ormance 
Uemrwal ratr 

60-')CJ";;,_ 

/}fluent conn·ntralwm: 
ppm IC\cl. 

Fnrrl(.\' consumptwn 
Centrifugal C:\tractor 11.25-'> kW/m'. Column C:\tractor 0.1-

o J kW/m1
. Mi:\er-scttlcrcombination 0.2~1.8 kW/m1

. 

l·.i111.um11J 
Tn:a1cd fluid and regeneration flmd. 

/11111/en!'Ch 
Suspended particles. precipitation of c g. iron hydroxide. 

'alc111m !iulphate and mang.1nesc O:\ide 

11, 
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Explicit plu.'t-points 
High sclecli\·ity possible. 

Costs 
Depend greall~· or. apparatus t~·pc. C'.\lrJCtanl and process 

conditioM. 

bn-estment 
USS 60-200k ( 197.f). 

Operatilm 
USS I000-2000/1000 m' water (197.f). 

Range of applications 
fa-traction of metals. rt:e0\·e~ of metals from waste \\atcr. ash. 
spent ca~·sts and batteries. 

Practical experience 
fatl'3Ction of mclals such as copper and g~ld. Rcco\·c~ of 
metals from waste: from metalworking operations. gal\·anisa
tion and metallurgical industries. Separation of fine from~·on 
manufacture waste: AKZO (fibre and Pol) mer Di\·ision). ca
pacity .fO mJhour. Zn conccntrdtion influent 8(Kl mg/I. effiucnt 
15-20 mg/I. Sol\"cnl Sol\·csso 15 and extractam DEHPA. 

17.PRECIPITATION 

Principle of the process 
A chemical process in which components arc scpar.u~d from 
waste water b~- fonning an insoluble compound "ith an addi
tive. 

Aim of proceuing, pollution(s), K•aste 
stream(s) 
To rcmo\·c/conccntrate substances such as alkaline canh met
als. hca'J metals. semi-precious and precious metals. other 
metals. mctalloids and treir compounds from waste water. 

Technological precondition.Ii 
Influent concentration 

No limits specified. 

p/l ran~e 
Depends on IOC effect of pH on compound solubilil). Gen

erally not acid. 

Temperarure: 

Usually 0-25° C. 

Pre.f.fure 
Not applicable. 

12, ' 

.·ldditi\"f.'.( 
Substance required to fom1 insoluble compound \\ ith cksircd 

impurity. Otrers ~ be required to alter pH or break do\\ 11 

sequestering agents. 

< ·apacity 
Can be carried out on an~ scale. 

Performance 
Rl!moral rate 

Ch-er W.5%. 

Process time 
< I min. to sneral hours depending on distribution o! 

solids. 

F[/luent concl!nimtion 
A fC\\ mg/I cdcpcnding on treatment process). 

l:nerJ!.y con..,11mption 
Low. 

J-:1111.'i ... i1m . ., 
Besides prccipi1a1cd substances. emissions to air can <Y.:cur 

depending on cremicals used. 

Hottll!nech 
Pipework blockages. e.g. by c.,lcium deposits. fonnation of 

undesired iffi<llublc product~. 

Cod.Ii 
Depend on technique. chemicals u~'d and \\astc ~oncentrn

tion. Examples: 

/-i1r w·a ... 11• "·att'r c1111ta111i11g 113 111J.! /In 
/m·e.\tme111 

on 21K1k 111J7R1 

< Jpera111111 
on o.2wm' 

For cimct•llfr11t1•d c lwm/C 11/ 11 (1.'ifl' 

< Jperntum 
DO llK1-1111Kliton \\astc ( 11JK1J) on 11111-lfHl/ton on lhc 

a\"cragc 

Range of application.Ii 
Separation and rcco\·cf)· of metals and metalloids from waste 
water and liquid waste. 

Practical experience 
Treatment of wasle water containing mctab from metals and 
surface treatment indus1ries. Separation of cadmmm from 
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\\asle \\:tier. W:tter purification-reducing h.,rdncss or drink
ing\\ :tier and rcmo,·al or phosph.,tcs. Precipitation or gold b~
reduction with Fc(ll) sulphate solution. Cemcnt11ion or copper 
or lead with iron. 

I 8 . I l\f 1\1 0 B I L I S A T I 0 N 

Principle of the rrncess 
lmmobiliS:ttion is lhc solut11ication of liquid waste products b~
physical confim:menl c - " pn..--cedcd b~ chemical stabilisation 
or the impurities. 

Ainr of rrocessinK. pollution(s), waste 
stream(s) 
To solidi~· impuri1ics '' 1th a ,-iew to remo,·ing or reusing waste 
products. Impurities are general!~ inorganic and ionogenic such 
as metal and metalloid compounds and inorganic 53lts. acids 
aoo bases. Soil. slu~. silt and solid or liquid waste can be 
treated. 

Technological prec1mditions 
influent concentratmn 

Too lo\\ to be olhcmisc J'CCO\·ered but too high to be sarc1~
dumpcd. 

pll rangt! 
6-11. 

1i.·mperatur;.> 
P~ sical confinement I0-20" C Chemical stabilisation up 

10 50° C. 

Pre."-'> lire 
Atmospheric. 

.·!dtl1tm• ... 
Binding agents such as lime. cement and n~ ash 100 to llMKl 

kg/Ion. Chemical stabilisers such as acids. b:&--s. oxidising 
reducing or precipitation agents arc in the region or kg per 
ton. 

C ·apac1~i· 

I 0-llKlm '!hour. 

< Jtht•r.~ 
Minim.,! moisture content desired (usu.,11~ I0-5fl°ol but 

liquid wa.~t"' can be immobilised if extr.t binding agents arc 
used Concentration or organic compcncnts 1s .,,. 20-,0% 

Performance 
F(ll11,•nt conn''1frat"'n·' 

Similar to influent concentration 

hwrgy nm.nm1ptmn 
Max. '" Whllon for cap.1Cll~ I Oil ton wa.~lc/d.,~. 

1-.;,,;,._,.ion ... 
In some cases small amoonts or ,-olatilc organic components. 

Hotrlmech 
Blockages in uanspon ~·stem. 

PnKe.'>s tune 
Mixing lime 2-5 mirotcs. hardening time SC\·eral d.~ s to 

SC\·eraJ weeks. 

Costs 
For capacity of ~nooo ton 1t·astt• n·ar 
lm-estment 

on IOM. 

Operation 
Ofl 205/ton \\a'ite tDfl -4.100 kJ~car) 

/)umping cost." 
Ofl 1011-350/lon immobilisatc 

Range of applications 
Treatment or industrial \\3Stc Water purification. 

Practical experience 
Treatment or soil containing hca\} metals.~ anidc or oils: solid 
m.1tl<. r such as spent catal~ SIS. fl~ ash. asbestos \\ asle: slurries. 
silts and filter beds including h;ubour silt. ~droxidc silt. \\aste 
from pharmaceutical. prinling and ~-e industries and water 
purification installations; liquid \\astc. mainly containing acids 
and metal (ions). Capacities range from IOOUO to IOOIKIO 

to®) car. 

19.GRINDING/ 
SIZE REDl:CTION 

Principle tJf the pr11ce.u 
Reduction or the particle siJ'C or solid materials. to en.ible 
optimal suitabili~· for further processing and lowering or trans
port costs The term griming is used for Jllrticlc reduction to a 
Sil'eor< :'i mm 

Aim tJf proce:uing, p11/lutfon(s), w1ute 
stream(.'i) 
To reduce the particle sil'e of a 'iOhd. non-cla~tic. low ductility 
maten.11. "uh s1.1rtmg sue O\ er 111 mm 

TechntJfogical prec11nditfon.'i 
lnflu,·nt nmct•ntratum 

Not apph ;able as \:Omponcnts 001 scparmcd. 

. ltld111n·., 
Water 1f \\Ct gnndtnj! 1\ rcqmrcd Gr.tplute. oil~ liquids. 

\Olalllc ~Ub'iL1DCCS aM \\31Cr \aponr among others 

II 
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('apacity 
Up to 250 ton/h_ 

Others 
Dampl\,·et material preferred. 

Performance 
Redudion ratio 

.J: I to 100: I deperding on process. Final particle sil.C: I cm 

to< IOµm 

Energy crm..'>'.Dnption 
0-5-IO k Whiton (higher for ultrafinc reduction) 

Enussion.'> 
Sometimes upour and dust 

&nlenecks 
Blockage of mill grating. 

Costs 
/m·e.'ftnrent 

Capacity 5 tonlh Dn 500 k. Capacity 200 tonlh Dn IOOO. 

Operatwn 
Capacity 5 ton/h Dfl 15.0.l/ton. Capacil)· 21KI tonlh Dn 

1.10/ton. 

Benefits 
Lower uanspon costs of \\aste. 

Range of applications 
Reduction of waste prior to ~cling 

Practical experience 
Waste from building and demolition work_ car breaking_ holL'iC
hold waste. packaging. hospital \\ astc_ '' ood. 'chicle I) res. 
Rcscart:h into use in ~"Cling of batteries 

20.PYROLYSIS 

Principle of the proce.u 
Pyrolysis is the thennal splitting of organic materials in the 
absence of o~ gen. With the rise in temperature. water and 
organic matter is C\·aporatcd. follo\\ed by the splitting of higher 
hydrocad>ons into lower ~·drocarbon..; 

Aim of proceuing, poll11tion(s), waste 
stream(s) 
To n:mo,·c impurities from solid. liquid. chemical or sili/sluny 
waste. This can lead to a reduction in dumping ,·olumc. and the 
production of encr~ carrier; in the form of pyrolysis gas and 
cok~s. and (pctro >chemical r.l\\ materials ( py ml~ sis oil/tar>. 
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Technological preconditions 
Influent conantratwn 

Varies by substance. e.g. maximum h~drocarbons 100°0 
maximum Cl. S. N. F < 1%_ 

Temrerature 
500-l000° C. 

Pressure 
AutocJa\-c processes lll-100 bar. other processes atmos-

pheric. 

.-lclditi\·es 
Sometimes fuel. air. additional material to prc,·cnt sintering 

cleaning agents. 

Capacity 
< 2()(Kl0- >I 00000 ton/year. 

Performance 
Remm·a/ rate 

>99%. 

Effluent ccrrcentration 
Depends on composition of waste and Yarics by subst.,ncc. 

f)1e'1{\· consumption 
5-20 KWc/MWthofwastc. 

Process wne 
Up to 120 minutes depending on reactor type 

f)nis.'>ions 
Pyro~·sis gases. rinsing \\atcr. 

/lot1/enecks 
Blockages and corrosion b~· deposits. Siutcring at high tem-

peratures 

Costs 
Varies according to reactor type and capacit~. faamplc: 
n11idi1.cd bed reactor. c.,p.,cit~ 15000 tonl)·car: 

<>peratinn 
Dfl U<>lton 

lknefit.{ 
DO .JIJ.l/ton 

Range of application., 
Treatment of organic "astc. 

Practical experience 
Treatment of household. industrial. hospital. agricul111rnl and 
forest~ waste including t~ res and plastics 

FTM 1--~ovcmhcr 1?94 
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21.THERMAL 
PROCESSING IN 

ROTARY DRUM KILN 

Principle of the process 
As "aste matter is healed in a rotary drum kiln to temperatures 
of up to 1200° C water and organic matter is C\·aporated. Furtt.:r 
organic maner and solid cad>on bum in t:le kiln and tre post
combustion chamber. and Lfte non-combustible components 
(sani. ash. slag) remain in solid fonn. 

Aim of processing, pollution(s), waste 
stream(s) 
To remo..-.: or dcstro~ harmful er unusable organic impurities 
in polluted soil. solid or liquid waste. sludge and slurries. tl:aJs 
reducing ti.: ,·olume of solid residue. In some cases the released 
encrg_..- can be utilised. Impurities~- include pesticides. diox
ins. oils and benzene. Waste iocludcs metal components. ~-res. 
and filter cake. 

Technological preconditions 
Impurity conct'ntration 

Polluted soil/water< 1%. Solid and liquid waste including 
sluny > 50 - > •)~{.. Limits on certain substances. 

Temperature 
900-IJll0° C. 

l're.uure 
Atmospreric. 

. ltfditi1·e.'i 
Fuels. air and cleaning agents. 

< ·apnc:i~1· 
< _1- > 12 tonsihour. 

< >tht•r_., 

No e'-plosi,·e or radioacti,·e material. Certain other sub
stances limited. 

Performance 
R<•mon.I rate 

•)t) _ ')t)tJO/n. 

/'roce.u lune 
Volatile substances :'i seconds in rota') kiln and posH:om

busrion chamber. Solid subsrances 111- 90 minutes in rota')· 
kiln and post-combustion chamber. 

Ff/l111•nt conn·ntmflon 

Depends on substance. 

Fnagy c11n ... 11mp1wn 
1-1 K Wc/MWth 

VI \I 1 .. \.,,~mh.:r l'J'J·I 

Emi..'ision.<r 
Besides solid residue. concentrations of emissions to water. 

air and soil arc less than tre A VR reconur.cndcd maximum. 
Treatment nf combustion gas is neccssa~·. 

Ronlenecks 
lnen and combustible solids (dust. soot coke). 

Explicit plus-points 
Enc~· can be recovered in some cases. No prc-trealment of 

waste nccessal) . No strict requirements for waste. 

Costs 
Depend on '.nstallation sii:e. 

lnrestment 

On8-60M. 

Operation 
on 60-270/ton waste (lowest at higher capacit~"). 

/Jenefit.'i 
on 0-21 Oiton. 

Range of applications 
Treatment of industrial waste with chemical impurity con
tent. 

Practical experience 
Example: A VR Chemic capacity 6 ton/hour 

/m·e ... tment 
On8oM. 

Net costs 
on 500/ton. 

22.DRYING 

Principle of the process 
Air is heated. then p;tSSed through paper and plastic wasre. 
removing the wa er content in the fonn of vapour. 

Aim of proce:uing, pnllution(.f), wa.fte 
ftream(s) 
To remove the mo!sture content of paperand plastic layers from 
household waste. This reduces 1hc potenlial fc r micro-organism 
dc\-clopmcnt. and the solid residue may be used as refuse 
derived fuel. 

Technological precon1/ition.f 
.\ fmsture cont<'nf 

Paper :i0-55%. Pla.~ric 20-25% 

1empt•rar11n•: 

Air input .UO-JIKI~ C for paper in dmm dl)er 100° C for 
plastic in belt df)·er. 

I~ 
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l're ... sure 
Atmospheric. 

. ldcl1ti\ l".\" 
None. 

('opacity 
Drum dryer IOO kg/h to 311<1 ton/h. Usu..11 capaci~· for P3J>Cr 

fraction is-' ton/h. 

Performance 
Remm·al rate 

IOOo/o. 

Dr:,1ng time 
5-IO minutes. 

Final moi.'flurc conte111 
Plastic 0%. Paper usually dried to normal 10% moisture 

conte1 ••. 

f:nerxy con.'iumption 
Per ton dried papcr-115 m' natural gas. 311 kWh clcctric

it~· (125 m~ natural gas equi,·alcn:\ No data a\ailable for 
plastics. 

J-jnission.'i 
Water \"apour and dust 

llolllenecks 
Accidental combustion caused by sparks. 

Costs 
Investment 

Capacit~· " ton/h drum dryer on 4600CKI. 

( )p<'ration 
on 56 per ton. 

Range of application.f 
Treatment of household \\aste. 

Practical experience 
Treatment of household wa.'ite: di) ing p.1pcr \\aste in drum 
df)·er. capacity-' ton/h. process time 10 minutes; drying plastic 
foil waste in belt df)·cr. capacity 11 . .J ton/h. df\ing time 711 
minutes. 

23.DISTILLATION 

Principle of the proceu 
Distillation is a method of scp;irating two or more components 
with different boiling points/rnlatility. The mixturc is heated 
until one component evaporates and can be rem<n-cd and con
densed. 1llc process can be repc;itcd as different fractions arc 
released from the mixture. 
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Aim of pr11ceuing, p11/lution(s). waste 
stream(s) 
To separate organic compounds or mixtun..-s of organic com
pounds and water. from organic fluid \\ aste and polhacd 
water. 

Technological preconditions 
lnjluent nmamtratio11 

Depend on differences in boiling points of fractions. 

pl/ range 
Only signiricant in coml\.'Ction \\ ith conosion degree of 

apparatus. 

frmperalllre 
Generally .~5-:moo C. depending on boilmg pomt of kast 

rnlatile component. 

/'res ... ure 
0.111-2 bar. 

.-ldcl1ti1·e.~ 

Used in :vcotropic and extracti\e distillation onl~. 

c ·apacity 
IOOO to I04l<Kltonl~ car. 

( )thax 
Matenal should be thcm1all~ stable. 

Performance 
Uemm ·al rate 

< 75%-> 90'%. 

l:j]luent wnantratum 
0.01% or ppm region achic,·ablc. depending on difference~ 

in boiling points of fractions. 

1-."ner!{r consumption 

Depends on type and conce111rn1ion of components. 

Fm i .u ion.\ 

Besides rccO\ered componc111s and residue. none 

/Jot1/eneck.~ 

Presence of solid matter. ,·i-;cous or c;olid rc!>1d11e. pol~ men· 
sation of components 

Cost.f 
< Jp<'ratwn 

on .J()(l....(100/ton 

7 rt'atmmt of re.Hc/111• 
on .J00-700/ton 

Range of application.'> 
Treatment o~ organic wa.o;lc. W;ilcr punfkfllion 

l·.T\I J •• :"nvcmhcr I ??·I 
' 
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Pr11ctif.."al experience 
T rcaum:nt of o~aruc '' asll~ halogcnak'Ci h~ drocarbons used as 
<k!!n.-:tSing :1gcnts llr soh cnts. 11011-ddori11;1tcd soh ents sue: has 
akohols and \..'Stcrs_ or ls such as motoroils Pun!ication of" atcr 
from production of dichloromcth.1nc_ chl<'rofomL freon I n. 
L!-d1Lhloroprop;mc_ ~le .. using steam strippm!!. 

24.SIE\"ll'iG 
MATTER 

OF WASTE 
(DRY) 

Princ:iple 11f the prm·e.'i.'i 
Panicks :ire scpar.llcd according to si1.c b~ p.1Ssmg through a 
si"'"·c. "hik the panidcs ar.: nl<wing in rdation lo the sic,·e. 

Aim •'f processing, p11/lution(s). waste 
stream(s) 
To separate p.'trtidcs according lo si1.e_ in order 10 rcmo\"c 
;mpuritics from solid waste. to concentrate p.'trticlc si1.c frac
tions for further processing or to fabricate fractions according 
to spccificatmns 

Technologicttl precontlitfons 
/'artuI· .•i::<' 

n . .5 mm to 05 m. 

\/msflw1• coflfcnl 

:'l.1atcrial should not be \\Cl. but up to .JO";. moisture is 
possible in n:uur.111~ moist matter e.g. household wa.cte. 

( .tlf'llCI~\· 

Up 10 1.5'1 ton:h dependmg on type of material and particle 
sr,..: 

Perji1rm11nce 
l "0!111111• r1·cl11cf11111 

'70-')0"n for constmctron \\astc. 

Fn<'rgy '"'"'·''"''f'/11111 
Fl:Jt sic\e ca. II .5 k\\"h/ton. Dmm SIC\C 1-~ kWh/ton. 

!-.1111.\".\ /( "'·' 

Dust 111.1~ be produced m addition 10 sic' ed n1.11tcr. 

H111t/1•11t•< ks 
Rlock:i!!es in sic\e mesh 

Ct1.'iU 
/11n•.,tmt'nl 

Dn -10-"''"'" 
1 >r•1·r1,1um 

Fial s1c\e capacll~ 100 1011/h Dn I no/ton Dnan sien; ca
pa...:11\ 25 ton/h Dn ~ 1211011 

Range of 11pplic111ion.'i 
-;cpar.111on a11d concentration of organic and inorJ!amc frac11ons 
from 'iOlid \\;JSIC 

Pra -:tic11/ experience 
CSl..'tl in tn:atmcnt of household. L-Onstn11.:lion and demoli1io1t 
\\ood. mdustrial. shredder and indusaial \\:tste. compost and 
combustion residue. e.g ho.1schold \\:tste. p.1niclc si1.c 10-2511 
mnL capacity Ill- 1.5 ton/h. 

25.llYDROC\'CLONES 

Principle of the pmcess 
:\ stream of mailer in suspension enters the conical or ~-lindri
cal ~ droc~clonc tangentiall~ . and centrifugal force causes 
hca' ier paniclcs to grJ\ italc don nwards "hi le lighter paniclcs 
arc separated up" ams. 

Aim of processing, pol/ution(s), waste 
.'ilream(s) 
To separatc/conccntr.tte solid impurities in suspension from 
polluted soil. \\:tier. sludge or slul"l)-. 

Techn11"1gical preconclitions 
In.fluent c-onn•ntra/1011 

.5-2.5~;. '' t suspended m.·mcr 

pl I -range 
Depends on material. 

I 're.uure 
Maximum 1 bar . 

. ldd11i.·l'.'i 
Water for dilution 

( •tlf''ICll\" 

Depends on ~paration diameter. Diameter Ill µm. capacity 
I m'/h Oi.uncter .5 µm. capacil~ 1110 m'/h. 

\ /o1.\lltrl' crmll'lll 

\fininmm 75°·n. 

< Jthers 

Sic' ing necess;tl! to pre,cnt blockages. Separation diameter 
5-2511 µm al 2700 kg/m' suspended mailer. 

Perf11rmance 
/· fll1u•111 nmn·111rat11111 

DI') m.11tcr con1en1 of upper stream l-l 5°n. Orv matter 
..:olllcnt of lower stn:am 60-X5°·n 

F111·1xy c1111.,11111p111m 
o 2-41117 kWh/m' 

/· 1111.\ ''""·' 

\\; a~hmg '' at.:r. slur~ fra...t m ns 1 in some cases). 

Hott/1 ,,.., b 

Olockagcs. \\Car of c~ clone \\:tll 
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Costs 
Capac.ity JOOm~ hr. 
Jm .. estment 

on. 400 -5<x>_ 

Operation 
on. 120-1so1m~. 

Capacity 1000 m) hr. 
/m-estment 

on. 1000-16<x>. 

Operation 
on. 320-380/m~. 

Range of applications 
Waterniquid waste purification. Sand e,1raction. Sludge proc
essing. 

Practical experience 
Used in: S3J'd extraction. c~· processing. food and processing 
industries: extractive soil purification (capacit~· tell'i of m)/hr): 
processing c n:dgcd sludge (capacity hundreds of m'lhr): waste
water purif<cation: sewage sludge processing. 

26.SIEVING OF SOIL 

Principle of the process 
Particles of different sizes arc separated in a gravitational field 
using a sieve. sometimes wilh shaking or vibration of the sieve. 
Wet or dry methods arc possible. 

Aim of processing, pollution(.f), waste 
stream(s) 
To separate waste sucam into two or more pans with different 
particle si1.c distribution. Reasons include the rcmo\·al of 
(large) particles which cause blockages or cannot be processed. 
separation of hcavil~· polluted particles. optimal processing 
treatments and achiC\·ing desired product specifications. 

Technological precondition~ 
Influent concentratmn 

Unlimited for non-fluid impurities. 

Aclclitivc.f 
Some processes rcquire water or air. Wet sieving 5-20 m' 

water/m' solid material. Other methods 1-5 m' water/n1' solid 
material. 

Capacity 
1-50 m'lhrlmi sieve surface. For slufT} maximum JOO 

m'lhr/m width of siC\·e. 

Othf'r.f 
A\'oid material which will ·stick· due to moisiure. humus. 

tar. etc. content. 

111 

Performance 
S1et. ·e efficiency 

90-95%. Wet sic\ing 95-99%. 

I i1/ume-jlux 
Forslu~· 3m/s. 

fJ]111en1 concentration 
Depends on impurity distribution o,·er different particle 

Sil.CS. 

Energy cons11.mption 
< I kWh/t soil (often< ti. I k\Vh/t). Static sie\"ing uses no 

energy. 

!·:.missions 
Particles of dust to air. soluble impurities to water. 

Hott/enecks 
Blockage of mesh by fibrous or adhcsi,·c particles. high 

moisture or clay content. 

Costs 
/m·e.~tment 

Up to on. 25k/m: sie\e surface. 

<Jperation 
Dry SiC\·ing. capacity 25 t/hr. on 11.W/t. Slum s1enng. 

capacity 60 m' sluny/hr. on 0.11/m '. 

Range of application.f 
Soil cleaning and separation of polluted p.1rticles. 

Practical experience 
Soil cleaning-particle sil".c I IKl-JIKI mm using static or \"ibrat
ing mesh siC\·es 411-llKI mm using rod siC\·es. 5-40 mm using 
oscillating siC\es. Separation of oil and sand in coastal pollu
tion-influent concentration 5-Jo%wt. oil effluent concentra
tion 0.25% wt. oil. 

27.PROCESS
MODERATED 
EXTRACTIVE 

SOIL PURIFICATION 

Principle of the prt1ceu 
The htghl)· polluted fine fraction of the soil (diameter< 0.11511 
mm) is dissol\"cd or dispeiscd in an extraction medium. which 
can then be separated b)· sedimentation or in a hydrocyclone. 
The extraction medium can be purified for reuse. 

Aim of proce.uing, pollution(s), wa.fte 
.~tream(.f) 

To rcmo\"e impurities such as hca\") metals. cyanide. aliphatic 
and aromatic hydrocarbons. chlorinated hydrocarbons ~nd pes
ticides from sandy soil or sand containing peat or loam with a 
fine particle content of< 311%. 

ETM l··Nn•·emhcr l??·I 
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Techn11fogical pret'ontlitfon.f 
/n/1111:"1 concl'llfration 

C ontenl of fine particles I< o 050 mm I ~II";,_ lmpurit~ con
tent thcorcticall~ unlimited. 

pl l-rangl' 
For uncoated installation minimum pH 5 for coaled ins!."llla

tion minimum pH 2. 

Tt'1"(1t'rtlf11re 

0-llM1° C 

I 'rt'.'i.\l/Tc! 

Atmospheric. In high pressure \\alerjct process I 50-2CMI bar. 

. I dditm:s 
Releasing agents (c.g.soapst pH regulator (e.g. HCL. 

FeCh): e11iulsifiers/demulsifiers (e.g. NaOH): coagtdants (e.g. 
FeCh): nocculants (e.g. pol~ electrol~tcs): -Jll-51!0 g N:iOH/ton 
soil. 

< 'apac1~1· 
< IO- > 20 ton/hr. 

( Jtht•r.'i 

Moisture content < 200-;, for cla~ soils. 

Performance 
Rl'mm·al raft• 

511-')')%. 

l}flm•llf conn·11trat1011 

No limits set. 

F111·1xy co11.,11mption 

211-111 kWh/ton soil. For them1ocoil installations ca. 2110 
kWh/ton. 

Fm1.uim1s 

Sometimes '.olatilc components 10 air: \\aler \\ ith high con
centration of dissolved salts (ca 200 g!m'. mosll~ sulph.1tes) 

Uouln1ech 
Too much coarse mauer can cause blockages. 100 much fine 

material can lengthen proces,.mg time 

Cn.fts 
/111 ·1•.\(llll'llf 

on 2510-.W511 I\. pcqear(MM-IOl/1on1 

< Jpaa111m 

Dn 21> 511-1 °l'J/lon. 

Range of llpplicfltion.f 
Purification of poll111cd soil and '.;and 

Practical experience 
High pressure \\:tter jcl installation 1 Bodcmsancring Nederland 
BV). cap..ici~ 150 lld.1~ for oil. hc:n~· met.al. organochloridc 
compounds aoo ~anide. Thcmiocoil installation 1Eco1cch
nick)-<leaning fuel oil from coastal saoo Alkali e:\1r.iction 
1Hcymans Milieutcchniek BV. Hollandsc \\'egcmou\\ Zancn 
BV>. NaOh solution used. Acid extraction 1Hey mans). 

28.FLOTATION 
TAMINATED 

Principle of the prtJcess 

OF CON
SOIL 

Contaminated sod is mixed\\ ith "aterto fom1 a slurry \\ ith d~ 
matter content 20-30%. Surface-acti\·c chemicals arc added to 
dc\·clop differences in surface properties so that impurities will 
adsorb air. Air bubbles arc passed through the mixture aoo the 
impurities adhere to the bubbles to fonn a foam l~cr which is 
then rcmo\·cd. 

Aim of proceuing. pollutimr(s), waste 
.ftream(s) 
In principle all types of components can be scp;arated. In soil 
purification. has been used for rcnt0,·ing Pb. Cu. cy·anidcs. 
certaina1omaticcompounds. pol~~ die hydrocarbons. chlorin
ated hydrocarbons and mineral oils. 

TechntJfogical prectJntlitfon.f 
/11fl111'11f cimcenfratw11 

No limits. 

rll-ran.l!t' 

1-11. 

I n11perat11n• 

E11\ ironmcntal temperature. If outdoors no more th.1n a fc,, 
degrees of frost. 

. I dd1 r ll't's 

Air as floL1tion gas: \\ater 15n;,: chemicals (0.115 -05 kg)
colle~tors. regulating reagents: frothcrs. 

< ·apacitr 

15-111 tonlhr. 

( )fhl'T.\ 

D~ mailer content 20-.111" ;,_ Impurity grain diameter 11.5-1 
111111. depending on grain densil~ 

Perff1rmance 
Rl'moml rate 

Maxi111um 1J5-1J1J~;, 

/}fllll'llf c1111n•ntrnt11111 

Depends on innuent concentralion and ty pc of m.1tcrial. e g.: 
c~ anide 5 mg/kg; lead 511-1511 mg/kg; oil 511 mg/kg. 

I'> 
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Fnergy consumption 
I0-15 kWh'ton soil 

Hni.<t'iions 

Volatile impurities ma~ f:>c emiued to air. 

flot1/enecb 
Blockages can occur i:t pipes and sie,·es. 

Cnsts 
Depend on capacity and degree of difficult~ . e.g. ca~cit~ 

l 20JMlO ton/yr (.JO ton/hr) 

lm·e ... rment 

on. 68-lo. 

Operation 
Ofl. IOO/ton. 

Range of applications 
Decontamination of soil. 

Practical experience 
Mosmans Mincraaitcchruck BV-instalL"ltion capacity IS ton/hr 
pius ptlot plant 11.S ton/hr. Hc1demij lJit\"ocring BV milieutcch
niek - two flotation installations '' ith capacity 15-JO ton/hr. 
JaartS\·eld &. Groen Milieutechnick-no information. 

29.THERMAL 
TREATMENT 
OF SOIL IN 

INCINERATORS 

Principle of the prllcess 
After siC\·ing (if ncces~a~) soil is heatc<f to Jll0-700 ° r. 
whereby cyanides and organic compounds arc separated and 
C\·aporated. the ,·apour then being treated in an afterburner 

Aim fJf proceuing, pllllution(s), wa.~te 
.~tream(s) 
To rcmo\"e conmmimnts such as complex~~ anides. oils. aro
matic ~drocarbons. pol~cyclic aromatic hydrocalbons. phe
nols and alkaliJ'.Cd bcrvr.ncs from soil 

TechntJlngical preconditions 
lnjluent concentratwn 

Maximum a few %. 

Temperature 
JfKl-700° C (usu:tll~ SIK>-<>50° C) 

l're ...... ure 
I bar. 

.. ldd1111·e.~ 
Fuels Coil. gas) 

20 

< ·apc1a ty 
5-50 tonrnr. 

.\/mstur.· conf<•nl 
Maximum :-5°;,_ 

Performance 
Rt•mm·af rate 

> l)<)~·O. 

F(iluent concentratmn 
A-\ alucs achiC\·cd for a.II components 

f.11cr~y u111.\11mp1111n 
~.I-711 liter:; oiL'ton soil 

f'.ml.\.\i0'1." 

CO:. H:O. somctim..:s HCL SO:. NO, and otlrr toxic com
ponents if chlorin.-itcd hydrocarbons present 

Cost.~ 
C Jpt•ration 

on. 75-250/ton soil. 

Range of applications 
Cleamng of soil contaminated b~ chemical spillages or 

'' aste. 

Practical experience 
Cleaning of soil from around gas \\Orks. petrol stations from 
sites of leak~ fuel tanks and soil contaminated'' ith non-chlo
rinated pesticides. Use of rota~· dmm kilns'' ith indirect. direct 
and combined direct and indirect heating Fluidised bed method 
used in pilot plant (no longer opcratio1L11l. 

JO.SECONDARY 
C 0 M B tr S T I 0 ~ 0 F F L l' t: 

GAS IN SOIL 
DECONTAMISATION 

Principle of the proce.u 
Gases produced during the them1al treatment of soil together 
n ith fuel (if ncccssaf) I and air arc mi,ed together in II.: 
aftelbumcr and heated to ignition. During combu'>lion. hamtful 
components arc destroyed. if necessa~. particle scpara:ion 
using cyclones or fillers and gas scmbbing to remo\ e remaining 
impurities. arc undertaken before the gas 1s emiucd. 

Aim of proce.uing, pollution(.~). waste 
stream(.~) 
To con\"crt harmful components remaining in flue gas after the 
thermal treatment of sv1I into non-ham1ful or lcss-ham1f11l 
prorJucLo;. lmpuri1ies include aliphatic compounds. aromatic 
compounds. polyqclic h~drocalbons and chlorinated com
pounds. 
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Technofogical ptutJntlitfon.'i 
;11/l111'nt concl'ntratwn 

Must be bct\\ecn upper and IO\\er C\plosion limits for the 
particular substance. 

1i:mp.:ratur<' 
For non<hlorinatl..'d pollutants 7110> C or higher. For com

pounds diffiadt to decompose or lO\.ic c~m('X'tmds > 121111° C. 

l'n•s.\ 11re 
Atmospheric. 

. ldditll"l!S 
Fuel (oil or gas): air for combustion: caustic soda or calcium 

for gas scmbbcr 

<"apact~l" 
< 51100-> 20JIOO m;/hr. 

Others 
O\.} gen content 1-10%. 

Per/ or ma nee 
Remm ·a/ rate 

99-99. 9999%. 

Rc.,iclence t1111e 
(in bum:r) 0.2-2 seconds 

F/fluent concentratum 
\'cry low concentrations possible. 

Fnergy con.mmptum 
Fuel 0-2000 kJ/m' gas depending on concentration of com

bustible components. Elcctricir,- 11.IHll-O.flO:l k\Vh/m' gas. 

1-.missioll~ 

Exhaust gases: calcium or'' ater from scmbbing. if tL<;ed: and 
solid noncombustible particles 

/Iott I ena-h 
Blockages may be caused b~ inert. non<ombustible particles 

<dust. soot). 

Co.'it.'i 
/m·estment 

on .J5-711/m' gas. 

( Jperat111n 
on 10-25/IOIKI m I gas 

Range of application.'i 
Trr~.tm~·nt of gases produced from them1al comlmslion of con
taminated soil 

I I\ I J •• ""' ~mh.:r I 'N·I 

Practical experience 
Used in treatment of soil contaminated with oil. po~·~·chc 
aromatic h~ drocarbons. cyanides and non-chlorinated sub
stances. 

31.STEAM 
STRIPPING 

Principle of the process 
Contaminated soil is heated by contact with steam. either in-situ 
or ex-situ. \\hereby contaminants which are relati\·ely \"olatile 
at about I 00° C transfer to the ,·apour phase and are discharged 
together with the steam. The contaminants are then remo\"ed by 
condensation. 

Aim of procening, pt11lution(s), waste 
stream(s) 
To separate/concentrate \·olatile impurities. usually organic 
but also some inorganic e.g. NH,. H:S and Hg from soil. 

Technological preconditions 
Influent concelllralion 

Theoretically no limits but other techniques more cost efTec
ti\"C o\·er 5% wt. concentrations. 

Temperature 
l!Kl° C (in-situ)-21Kl° C (ex-situ). depending on pressure. 

l'ressure 
In-situ: overpressure ca. :lO kPa. undcrpressurc < 20 kpa. 

fa-situ depends on equipment and materi.11. 

.ldditn·es 
Steam e.g.: O. I kg/kg soil contaminated with pcrchlo

rocthylcnc: il.25 kg/kg soil contamin.·ued with kerosene. Cool
ing medium ( 15-50 m' naterlton steam) 

< "apacil\' 
1-20 m' soil/hr. 

< Jther.~ 
In-situ process minimum depth 1-2 m. Unsuitable for da) 

soils or \\ater-saturatcd soils. 

Performance 
Uemm·a/ rntl' 

Up to> 99% possible. often much less 

Fl]liwnl concenlrn/1011 
O. I mgikg-lcn~ of mg/kg 

Fnaxv con.mmpt11111 
1000 MJ to generate I ton steam. Actual consumption to -

20%higher. 
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Emissions 
Condensate: emitted air cr.n co.llain pollutants so purifica

tion ~-. In-situ methods potential percolation of pol
luted condemate. 

Bottlenecks 
Blockage by particles carried with steam: fa~· components 

ia cold parts of system e.g_ condemer. 

Costs 
ln-silll capacity 5 m3 hr 
Jnvestmmt 

Dfl. 1380k, 

Operation 
Dfl. 143/rn3 

Ex-silll capaci(v 5 m3 hr 
Investment 

Dfl 2000k 

Operation 
DO. 216/m3 

Range of applications 
Purification of contaminated soil. Theoretically also solid. 
liquid and slurry waste. 

Practical experience 
Only in de\·elopmcnt and pilot-plant stage at prcsert. In-situ: 
stratified soil with layers of cirdcrs. clay. peat ard sand. Lighter 
aromatic compounds 95-99% separated in sand and cinder 
layers. other pollutants 50-90% separation. 20-70% separation 
in peat ard clay layers. Ex-situ: 40 kg batches of soil cortami
nated with perchlorocthylcne or kerosene. ca. 90% separation. 

32.SUPERCRITICAL 
OXIDATION 

Principle of the process 
At high temperatures (500-700° C) and pressure(> 221 bar). 
organic materials arc oxidised to fonn HiO. CO: and other 
products. Inorganic salts and oxides arc separated as sediment 
and other inorganic components such as sulphides and phos
phor arc converted to acids then deposited as salts. 

Aim of processing, pol/ution(s), wast1. 
stream(s) 
To com·ert toxic organic compounds fourd in chemical waste 
water. e.g. PCBs. DDT. lindanc. dioxins to less harmful sub
stances. 

Technt;logical precondition., 
Influent concentration 

Chemical oxygen consurnpeion of material I Hl-310 g/1. 

22 

pH-range 
NOl important for process_ Limited by material of reactor and 

heat exchanger_ 

Temperature 
500-700° c_ 

Pressure 
250bar. 

Additives 
Oxygen/air: 1',lj(h (for sediment separation): NaOH (lo raise 

pH. pR:\·ent scdimcrt formation). 

Capacity 
Onl~- pilot-plant scale at present. -4-<> ton1day wastewater of 

which ca. 0.2 ton1day organic waste. 

Performance 
Removal rate 

99. 995'10 for PCBs: other components 99.5-100"/o. 

J "o/ume-flux 
231/hr. 

Energy consumption 
Heat of reaction is RX) cled \"ia a heat exchanger so linlc 

input energy required. 

En1iss1ons 
Oxidation products. COi. H20 ard other gases. deposited 

salts. 

Bottlenecks 
Possible blockages by deposited salts 

Explicit plu.'i-pmnts 
Closed ~·stem. no catalyst nee~-. lugh oxidation speeds 

Costs 
Investment 

Capacity IO ton/day. USS 5M. Capacity IOO ton/day USS 
15M. 

Operation 
Ca!Jacity to ton/day USS 650/m~. Capacity IOO ton/day USS 

IJ5/m~. 

Range of applications 
Purification of chemical wastewater. In principle also sludge 
and clay soils and waste stn::ams that can be brought into 
suspension in water. 

Practical experience 
Modar-pilot plant. capacity 4~ ton/day wastewater. Experi
ments with waste streams containing chlorinated hydrocarbons. 
transfonncr oil contaminated with PCBs. Laboratory cxpcri· 

f.'™'l··Nnvcmber 1?94 
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mcnlS wi1h 3liphatic compounds.. h3logcna1cd (aromatic)~-- Costs 
droc:ubons. dioxins. niUOlolucnc. lm-rstment 

33.FLUIDIZED BED 
INCINERATORS 

Principle of the process 
Waste. pretreated if~-. is fluidin:d b~· ~ing air 
through. using fuel if necessary· to reach a temperature of 700 -
900° C. Organic components arc buml to produce m and H:O. 
,·olatilc components are C\·aporatcd. and olhcrcomponcnts arc 
remo,·cd during purification of emission gases. Solid matter 
can be passed through the process again. 

Aim of processing, polllllion(s), waste 
stream(s) 
To break down and remo,·e rnlatile and combustible compo
nents. mainly organic. from solid or sludge waste streams. 

Technological preconditions 
Influent concentration 

No limits. If calorific ,·aJuc of waste low .. then fuel needed. 
If calorific \-aluc high. incn material e.g. waler nccdcd. 

Temperature 
700-900° c. 

l're:r.'>ure 
Atmospheric. 

.·I cldllin~.'i 
Fuel if necessary. Calcium (2.5 kg/kg waste) to limit acid gas 

formation.NaOH for gas scrubber. Coagulation/flocculation 
agents for \\ater purification. 

< 'apnci~1,· 
o-30 ton/hr. 

Others 
High moisture con1ent to be avoided. 

Performance 
Remoml rate 

Depends on influent concentration. 

FJJ1uent concentration 
A-\·alucs achieved. 

Fnerl{y con.<1umption 
Fuel amount depends on organic matter content and moisture 

content. 0-4.S liters oil/ton waste. 

/lottlenech 
Blockages in input/output pipes. pollution of water coolant 

ET\I l··So\·cmhcr 1??4 

Capaci~· 5 ton/hr. DO. I SM. Capacity 30 ton/hr. Dfl . .i5M_ 

<>prration 
Capac~· 15 ton/hr. Dfl. 300-1350/ton soil. Capaci~· 30 

ton/hr. Dfl. I 1~1200/ton soil. 

Range of applirations 
Treatment of household waste. contaminated soil. mineral 
sludge organic sludge. 

Practical experience 
Household waste treatmclll-uscd widely in Japan (1900 in
slallations) Sludge from water puriftcation-~·ssen. Lurgi. 
Scghers. Stork and others. Contaminated soil-Boskalis Esdex. 
Babcock. ~·sscn Engineering: pilot ;>lant with stationary 
fluid bed installation for treatment of soil contaminated with 
cyanide. oil or chlorinated hydrocarbons. 

34.PLASMA 
TECHNOLOGIES 

Principle of the process 
A plasma is gcneralcd by causing a ,·oltagc difference m·er an 
oxidizing. reducing or neutral carrier gas. If the plasma comes 
into contact with cold material (gas. liquid or solid). ~- is 
released resulting in high temperatures. thus causing organic 
compounds to break down. 

Aim of proc:essing, pollution(s), waste 
stream(s) 
To remove organic compounds. particularly chlorinated com
pounds. from gaseous. liquid or solid waste. Solid organic 
waste is ~·roliml. and heavy metals can be immobili7.cd in a 
matrix. 

Technological preconditions 
Influent concentration 

No limits. 

Temperature 
Can reach -'5<Kl0° C in \·oltage an:. Free plasma 3000-5<KX>0 

C. Temperature in reactor area 121Xl-1650° C. 

.-ldditi\'eJ 
Carrier gas. c g. hydrogen. oxygen. nitrogen. Calcium for 

cleaning Ouc gases. Carbon or coke for reduction of metals. 

('apaci~v 

0-15 ton/hr. 

Per/ ormance 
Remrwal rate 

> 9?. 99?"/,, for organic components. 

l'.ffluent concentration 
< A-,·alucs. 
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/:ift?X_\ · cun.,.11mptwn 
Electrical encrg~ n:quin:d for pl:ism.-i lun:h. Fncrg~ m;1~ be 

m.--o\·en:d from P\ rol~ sis process. 

!·.ini ... siom 

Flue gases. Camon conlamimtcd "ith hca' ~ mctlls. if used 
in a n:ducing atmosphere 

11011/enech 
Heterogeneous materials can cal15C proNems in inpurs'out

puts. 

Re ... idenn• timt• 
Fluids a few seconds. solid-; ca 111 mmutcs 

Costs 
/n.,.tallation ji1.- ilqmd tn•atmt•111 1t·.,t11'1<11t·1/i: 

/m·est;nent 
on. t5-5oM. 

Range of applicatfons 
Processing of industrial and household \\astc 

Practira/ experience 
Various systems 3\·ailablc. experience" ilh 1rc;11mcn1 of liquid 
\\astc containing PCBs. rcco\cry of hc.n·~ mc1als from iron 
\\Orks fl~ ash. Reports of production of ROF from household 
\\aste. 

JS.HYDRO THERMAL 
DECOMPOSITION 

Principle of the prtJce.u 
A liquid or solid \\:istc s1rcam is mixed \\itha h~droh~ndonor 
at high temperature and pressure. lllC h~ dmgcn reacts "ith 
organochloride compounds to fom1 h~ drochloric acid :md sim
ple gases such as methane and ethane" hich in lar~c quantities 
can be rcclaiwed and reused. 

Aim of proce.f.fing, pt11/ution(s), wa.ue 
stream(.f) 
To dechlorinate organic compounds occurring m \\astc In 
practice only liquid \\aste is processed. allhough theoretical!~ 
soils and sludge can be lreated using f':1iid11cd bed~. 

Technological precondition.Ii 
lnj111rnt concentrat/fJn 

No limils sci. With high comcnt of 1..:hlonn.11cdl organic 
compounds. the production of usable gas products is an a<h·an
tagc. 

"frmprraturt' 

7:i;0-9fKl0 
(' 

l'rr.~sllr<' 

:lll-1 Rll bar. 

. ldditl\'l'.,. 
!l~drogcn donor. us•L-ill~ h~dwgcn gas_ .. --:m be a m1,t11l".: ~•f 

h~ drogcn and incn !!'ts or ~ ng;1s c;1 -' m<.•I H- ~r mo! U 
Cakium to pre\ en: H(I fom1all(•111f ncc'"""Ssa~. 

( ··lf'llCl ~·. 
11-111 m'/hr 

Performant·e 
R.:mm-a/ rclt<' 

Depends on mnuc.1t conccn1ration-•)')_•l5° .. for(" -Cl l:xmck 
9'>. 9'N9<,"r o for compounds "uh .t Cl-bonds 

/-.mi.~.~/IJll.\ 

C1:n1amina!cd ";lier and sludge from g:L'- 'ru~r :ind \\ a1.:r 
purifier Sm:ill chance of cmin.:d dioxins. 

Uouit·11e<.J\., 

Blockages in feed p1p..-s 

E~pltc1t plu~-r11m1., 

Usable products produced 

CtJsts (e.Himate1l) 
/m·estmclll 

Capacity 25 ton:hr (220CMI toni~ n. on .~11\1 

( )pt•rat1011 

on. 21111-51111.ton liquid <higher for soi: and sludge u-;:11-
mcnt: 

Range "/ "pplfrt1tion.'i 
Treatment of chlorinated compounds in lilJUid and solid 
"astc. 

Pral"lict1l experience 
Onl~ on labor.no~ sc.1lc Dl..--chlori11.111on of 1i,1uid,-ri.:m\l,:1l 
rate ?'J ')'J'J'J";, for l.2J...J-1ctrachloro-dibc1vo-p-dioxin le:-1 
installation based on n111di1cd bed under dC\ clopmcnl at Tl. 
Delli 

36.PARTICtt: 
SEPARATIO~ 

TECll~OLOGIES 

Principle of the proce.'i.'i 
Sohd partidcs \\ ith a high concentration of impunt1cs an: 
scparared from soil and mmcr:tl \\ a.1;1cs b~ µra\ ital I\ c separa
tion. based ona difference 111 dens it~ bctnecn contanunalcd a11d 
uncontamma1cd part1dc!i. A \ancl~ of nic1hod.,-:11g. shalmJ! 
t.-iblc. spiral. tilling frame Vanner. and Banlcs-Mo1I~ tech
nique<;. arc available. Particles arc brought imo srn;pcrLo;ion \\ ith 
\\atcr. and agit.-ited causing hca,·1cr pan1clcs 10 sink 



fec:h n olog_,. l' p d o I l' 

.-1 i m 11/ p rm· t.' :Hing. p11/I u ti" n (.\). ••·tu te 
streunr(s) 
To ..:on-:c111n1.: and rcnk1\C co111;mnn;ircd part1d..-.. from ~rb 
and o;ti.:r nun.:ral \\ a.;;1c~ I mpunuc~ mdu<k h..::rn mctals. sL1g. 
Ne or ccr:m1K p;midcs. (lr (\f_!!;mi.: 1111pun111.' su..:h as. c:ubon 
"r solid pol~c~ ch..: arom:i:i-. h~ drr..:;1mon..;_ '' l'k::rc !h.: Cllll{am1-
1L1tcd panick~ h:t\;.; lu_!!h..:r ~'r kmcr dcll'il~ 1h;111 ck:m S(\11 

p.1rticlcs 

Tet.·hnofogfrul preetmtlitions 
fnr[11.·1:t' ,.,;,.,.,;;ra/11111 

~· ,·1•1p•..>ri1l:1n: 

11-llllf C llm111cd t-~ h.."'1hn:: and fo.:c1m!! ~f,,;11cn 

W;11cr. 

1 ·,,r.u 111 

J1~ pnxc:>-; l'l-lilfl :cm hr Other- o l-t111on·hr dcpcndm~ 
,m pr.xc..;s 

1 >rh,·n 
Paruck s11c -11 0111 mm. pr.:fcr:1hl~ · o 117" mm Dcn

,ll~ difference bet\\ ccn clean and c0111:1111111a11:J particles 
mrn•mum I rnill l~. m 

Pt•rf11r11111 n ce 
!?c·m11111f rrlf,• 

:;o-'J-" .. 

/-/fhwm c1111< ,·11rrat:•111 

l.o\\cr :\-\allies flO'''"k for <;011 p11nlic:111on 

/· llt'l\.'.I. Cfll/\/111/{'fit II/ 

A fc\\ k \\.h Inn soil 

Pmccs' \\ a1cr can 01: rcc1rc11la1cd aflcr dcamn)! Small 
a111011n1 or rc~1d11c co111;11111n!! impunucs. 111 "oni.: ca .. c~ c;m he 
rcprocco;..,cd 

Co.'lits 
.f1_1!. ,f111Jlll.I! ft1i>/,· \r;ra/ /!'( '11111/llt"\. If t nmh11•,·tf II 11/i t'\"//"/1( -

/11111 f!nftl/1"11 

r Jr, ·ro111111 

r>n 75-15011on soil. 1>n 1 ~11-2 :'11:1011 

r Jtlwr /1•c l11111111n. 111111h111n! 11lfii1·rtroc 111111 !l11faf11111 

r Jraafl11n 

r>n 1 oo-loo.1on 

Range 11/ appliL·atfoni 
Scparalion of ~t\~ mcttls ;ind o~amc particles from soil 
Scpar:tlion of nnocrals rr.,m MC 

Practical experience 
Soil uc;umcnt· usinl!Jig 1cdlmquc "ith tfot.111oa. carbon pam
cks scpar.111..'d "n!t 9:'" .. r.:1110' al rare. p:inidc si/c 11 11-5 • 11N1 

m111 Other methods used for scparaling nuncrals from On! 

37.EXTRACTIO~ WITH 
c 0 :\1 p l F. x 0 ~ r. s 

Principle of the prtJcess 
In a heap kachmg orb:t~in ka-.:hin!! process_ he;i\~ mct;ds fl!~t 
\\ ith a complcxonc su.:h a._.; EDT..\ to fomt a complex u ltich 1s 
then rcmo' cd Th: ..:\.tractitlO:t!!Cll{ is punficd b~ ocu1rahs.111on 
and ckctrol~ SIS and ICU~d. 

Aim fl/ pr11cening. pollutfon(.'li). w11ste 
.'litre a nr(.~) 
r o rcmo' c ntcl:tls such as k;1d. cadnuum. mcrcu~. /JllC . ..:opJ>l:r 
and mdi.cl from s.>il llr \\alcr beds Arsenic can be n:mmcd 
u:rcr rdn .. 1ion condllion.<>. 

Techn11"1gic11/ precondition.\ 
/l:ilu.·nr '1111< t•ntr•lfl•lll 

'.\o limits set. Ai high hc:t\ ! mcL1l conccnrr:111on.c;. lugh 
EDT:\ concc111r:11ion n:quin:d 

r! !-rtlll_l!t' 

:!-I:!. uc;uall~ 6-.'< (al pH .2 corrosion of cq111pm.:n1 can 
occur) 

"J C!llf't"l'll/lll'<' 

Fm ironmcnlal 

idd11n·.·· 
FOTA-<\.lrac1ion l111111d n uh :'m"., LDT:\ 111 '';lier '' pre

pared 11c;111!! a ~ol1111on r.f .io",, on;1111 m \\alcr llCI for pH 
con1rol '.\aOlf and CaOll for pll rn111ml and <.edin11.:lll.llhlll 

( .tlf'•IC If\ 

0-1:' 1on•lir 

/'art:c fr .'1:1' 
· :' mm If· 1l O:\O mm pr..:1rca1111cn1 nccl·~,;ir~ h~ ,_oa)!11l:t-

1m11 and nocculalwn 

Pc•rf(Jrm11 nc·c• 
J?, 111111·n/ r1111· 

511-XO"" In ~11nplc ~ac;c~ ·'JO"., 

r ;,f11mc-f/in 
.i ... 100 l/111· /hr 

/· fr'lucnr <one 1·nrr11t111n 

T~ p1Call~ B·\alu..:s ach1c,cd 



T~cla 11 o lory Update 

En~· ronsumption 
.&5 kWhfton wet ID3lerial. ca 100 kWh/ton~ material. 

Emissions 
Follo\\ing e~n agent purification. residue with high 

salt concc.-iation. Zn/Fe ~·droxide sludge. Olher metals sepa
rated in mc:tallic form. 

Bon/enrcks 
Possible bkdagcs in feed pipes and soil bed 

Costs (estimated) 
Cnpaci~· I :!000 ton .lT •• roil sludf.!e containin!l hem")-· metals 
Operation 

on. 1.so-1101ton. 

lf hemy met'lls and arsenic prrsen: 
Operatit>n 

on. 170-195/ton. 

Range of applications 
Purification of soil or water beds. 

.-IJJitn-rs 
Water. ch:mical conditiorrrs. salts. acids. acidified \\3lcr. 

a:cording to l)"pc or impurities :ind soil. 

Copcrc*· 
In-situ trcatmenl time "eeks to months. c.g .t,:;o tond~ soil 

o\-c:r 3 mo.-hs. On semi-technical scale 1-5 m'lhr 

Performance 
ReMoml rate 
~/._ 

F..f)luent concentration 
Depends on ~-pc and h:terogencil)· or soil. mcnsturc contcnL 

etc. 

Enerx_v am.-rwnpt10n 
I00-500 kWMon soil. 

Emi.'f.rions 
Practical experience Filter cake treated before disposal. Possible e\·aporation of 
Only at laboratorJ stage. Research b~- Project Bureau wor ,-olatile components in soil. 
lndustriecl Avfal. (PBI). 

38.ELECTRO 
RECLAMATION 

Principle of the process 
Electrically charged impurities are separated in an electric field 
by elccmH>smosis. electrophoresis or electro)) sis. 

Aim of processing, pollution(s), waste 
stream(s) 
:o remO\·e electrically charged particles such as ions and ion 
compk;xcs from clay soil. sand containing peat or sludge. etc .. 
also possibly from groundwater and industrial sludge. lmpuri· 
tics separated include copper. lead. cadmium. nickel. zinc etc. 
Metals bonded in apolar form cannot be separated. The removal 
of organic impurities e.g. PCBs al'd polycyclic aromatic hydro· 
carbons is under im·estigation 

Technological precondition.'i 
Influent concentration 

In principle no limits. Al high concentrations other processes 
more suilable. 

pll-range 
In some ~s HCI solutior. with pH 1-J tLo;cd to ii1Crcasc 

separation efficiency. 

Temperature 
0-70° C. usuall~· rises to ::a. -W' C (locally up 10 70'' C). 

26 

/Ion le necks 
Sedimcrt formation in electrode casing. 

Costs 
Operation 

A\·erage Ofl 150-270/ton soil. 

Costs increase with shorter treatment time. 

Range of applications 
In.situ treatment of contaminated land. 

Practical experience 
Loppcrswn project: 50 kg As separated from .t50 tons clay soil 
O\"Cr J months. 

39.CHEMICAL 
OXIDATION 

Principle of the prt1cen 
TilC wa<;te stream (gas or liquid) is mixed wi1h an o-;id.11ion 
agent such thal electron transfer takes place. 0-;idmion usuall~ 
takes place in stagc..o;. using a catalyst. 

Aim of proce.uing, pollutfon(.'i), wa.'ite 
stream(.'i) 
To break down disso:,-cd impurities in waste water. or odour 
components in waste gases. lmpuri11cs include cyanides. or
ganic compounds such ar, phenols. chlorina1cd h~drocarbon~ 
and baocidcs, metal complc"es. and organic microimpurilic!t 

f.T~f l··l'nvcmhcr l?'J4 
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T ed11w/ogical puc11nditions 
/njlumt cr111o·nlr.11wn 

In principle no limns. Due lo costs_ m:mmum re" l:undred 
ppm. If oronc used mnumum fC\, ppm 

pll-rtmge 
Usual~· lou. For~ :midc pH '}_ 

. fcftftll\'f.'S 
Oxidinng agcnt. usuaIJ~- chlorine bleach. ~ drogcn peroxick 

wilh iron calaayst .lr oxinc \\ ith L"\" \.-:11.al~ st 

( ·apacl~L· 
Up lo SC\·cral m'/d:n" 

Otlit!n 
Waler requin:d.. apart from oxldalion of gases using 010nc 

For C VOX ~-slcm. lranSp:lrClll reactor\\ all musl be kepi dean 

Performance 
Remoml rate 

C~-anidc I om.._ Gas S\:rubbmg 'J5° a of odour component 

Ldluent nmn•ntratmn 
Phenols 1-ICIO ppm 

f:"nerxy con.mmptwn 
ProduClion and oxid1tion of ozone.it;\' 2 5 kWtvm' waste 

"atcr dosing of oxidation agcn1 11.01-0.1 t..Whim Mixmg 
11.l-0.5 kWh. 

/-_.,,,,_,._non_,. 

Oxidation products H:O. CO:. somct.mcs salts. Some unde
sirable organic compounds ma~ occur m 1hc case of orµnic 
impurities. Unused oxidation agent or i1s reduced form 

Hotrlenl'Ch 
Din~ing of rcaclor \\all in U\'OX s~stcm lJndcsirablc 

byproducts e g. chlorinated hydrocarbons. can affect proc · 
css. 

Fxpltc1t p/11.\-{'fllnt.\ 
Simple process. 

CtJ.'it.'i 
O::om• I ·1 ·pron"'·'· '"'f'll' l~l' 25 m' hr f"'l/11tc•cf 1rnter 
lnw . .;tmem 

on 2 .JOO OIKI. 

( Jperafion 
on 4.5/m' \\ater 

O:ridati"'' agmt~ 
Chlorine bleach on 11 25-o •>t>lkg. H~dro~en pcrmmk DO 

1 JO/kg solution. 01onc DO 51Kl/kg. 

J.'l"\I l··:"n\cmhcr l?'J.I 

Ra11~e of applications 
DismfC\.'tion. Purification of mdustnal ":ISIC \\ 31Cr. Gas scrub
butg. 

Practical expierie11ce 
PunflC3laon of induslrial \\3SlC "alcr-pnanic indust~. 
breakdown of ~:midcs to CO: and N: (agent Cl bleach or 
H:t>. ). Rcmonl of phenols in de proccs.sing_ oil n:fming_ l3r 

proccssing~nfiuett ccn:cmrabOn too ppm. cmucm conccn
ua11on < I ppm(~ H:O: ). Gas scrubbing--> 95~• retnO\·al 
of mcn:ap1ans_ H:S and olla:r odour componcnlS lagenl chlo
rine bleach. H-0:- OJ.Ore). 

40.FREEZE 
CONCENTRATION 

Principle of tire process 
Water is IClllO\·cd from a waslC stream b~ cooling unul ice 
~S1als are formed.. \\hich can be scpru:llcd ~· solid-liquid 
scpar:nm 1CClnques such as a wash-column. and mcltiOO. The 
waste sucam is 1tus separated illlo pun: \\atcr and a conccn
uarcd waste stream. 

Aim of prucessing, pollution(sJ, waste 
stream(s) 
To co11:cntrate •Plpurilics such as metals. metallolds and their 
compounds. salts. aods. bases and organic smsranccs from 
waste waler. b~ reco\·ering pure \\ater. 

Technological preconditions 
Influent concentratton 

10-Jo'h \\1. dissohed matter. Musl be lo\\ Cf than lh.-it at the 
eutectic pomt. 

1 emperature 
-20~>" C. 

.·lddttll"t'.~ 

Cooling agent 1f dJrCl:t cooling used. 

c ·apactW 
11.1-25 ton rcmo\ed \\atcr/hr 

< Jther.~ 
Remo,·c inwlublc panicles to prC\ent their separation" i1h 

ice c~ stals. 

Performance 
Remoml rate 

;..C)•J.9% 

Fffe11en1 concentratmn 

ppm IC\·cl. 

/·actor concc•ntrntum f1.1•. cnnCC'nlraf1• nmantratwn mfl11-
rntJ 

I0-511. 

27 ' 
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1-ir"!{\ · cuns'llM['ll•»n 
I0-25 kWh'ton n:mo,-cd \\3lct. 

Fm1.\.~Wll.\ 

BcsidL.--s pure \\:!ler and residue oone. 

Fxpllt:11 plu.~-pmnts 

Tn::llmcnl of rclatiu:~ COrlL.-cnlr3lcd \\3~C possible r-i;ol 
dqk.--Olbnl on ~pc or dissoh·cd mancr. Pure "arcr produced. 

Costs 
/mn1mnrt 
Ca~- 251/hr. on 12 million. 

Opr!'"atmn 
Ca. on 50iton n:mo,-cd \\ater_ 

Ran1:e of applications 
Trcauncnt of drinking \\3tcr and waste \\31er. Conccnlr.1led 
waste streams. e.g. from membrane filtration proccsscs. can be 
treated. 

Practical experience 
Pilot plart scale. lmpurit~J conccntralcd iocludc organic acids 
.!.g.acctic.1-3~•"1. lnorgamcsalts.organiccompound::.. hca\-y 
metal solutions e.g. from mordant baths. 

41.PERVAPORATION 

Principle of the process 
Pcn·apora1ion is a membrane separation tcchniquc. "hereby 
lhe conccrtrale side or the membrane is in a liquid phase. the 
pcnncale side in a \·apour phase. The dm ing force is a clx.mical 
po1cnlial difference (usually· partial pressure difference) across 
the membrane. The waste stream is scparalcd imo (Xlrificd 
water and a concentrate \\aste "luch can be funhcr processed 
for reuse or combustion. 

Aim of processing, pollution(s), waste 
stream(s) 
To scparatc/conce111ratc soluble. relati\-cly ,-ot:uite impurities 
from w3Slc waler. 

Technological preconditions 
Influent concentration 

No lechnical limi1a1ions. On economic grounds < too 
mg!I. 

pll-N111Re 
Depends on mc'llbranc 1y pc 

Temperature 
Depends on membrane lypc. mmall~ :'ill-711'' C 

211 

Conccntral~ side :t£nlQSphcrk Qr sli~hl O\Crprcssurc e.g 
bar Pcl1Dl.'31e side :mnosphcric or \3cuum '' acuum pcn.ape
r.tlion) 

_ lddmn.·.• 

~one. 

( ·llf"l<-tfl• 

5-50 m'lhr cstirr.atcd for ground wa1er punfication_ 

(}dJtTS 

Rctn(WC suspended and colloidal paniclcs. Conccntr.llion 
polarisation ~ be significant under hmin.1r no" condi
tions 

Performance 
Remo\·al rate 

No details gi\·en. 

1-Jjluent cor:centratwn 
Depends on influent conccntr:tlion. May require SC\er:tl 

modules in series 10 achi~e desired concer1lration. Ma.ximum 
conccntralion in pcnncatc depends on solubilil~ . 

Fne'J{_l· con'iumpcion 
Pump ca o I kWIVm\\\3lcr. Heal ifncccss:uy.ca. ti kWh'm' 

water. 

Fm1.'i."i1on.'i 

In \·acuum pcf\·aporation some ,-0L11ilc compounds ma~ be 
ernincd ,-ia rncuum pump. Othcm isc none besides rc1cn1atc 
and permeate_ 

IJottlenech 
Membrane fouling. Sharp ,-ariauons in innuncnl conccnlra· 

tion may aITccl performance. Frcc.tjng of pcmicatc al low 
condcnsor tcmpcrnlurcs. 

Co.~ts 
/m·e.'itment 

Capaci1y x m 1/hr: on 6011000. 

Operatum 
Dn t . .J6-t .R5im' water. 

Range a/ application.~ 
Dcwa1cring of alcohols: rcc<Wel) of organic soh·ems from 
gaseous cmucn1s: p11nfica1ion of groundnatcr 

Practical experience 
Technique is sull under dc\elopment DC\\atcrmg alcohols 
using compos11c membranes of pnl~ acl) lonitril '' 11h 1hin la~ er 
of pol~\·in~·I alcohol Punfica1ion of J.!ro1111dna1cr-1111l11en1 
conccnlralion :'iO g;m rnlaulc hydroc;;rhons. Flo\\ ralc I g.'nr' 

I. r\I I·· -.;,,wml"'r I '>'>·I 
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hr Rctcma1c cone I g'm '. pcnne:11c coniams -. Ill" .. " I h'.\dro
c:trbons 

42.[LECTRO 
DIALYSIS 

Princ:iple of the process 
A number of membranes. alternate!~ cation- aoo anion-sclcc
li\C. are placed bcn\ecn l\\O ek.--ctrodcs. l!ndcr the influence of 
an electric field ions arc separated from a \\3SlC\\3lt.'t' strca.""11 

so th.11 a high-ion and a lo\\ -ion strc:tm arc produced. Either or 
tx>th of these streams m.,'.\ he reused. 

Aini 11/ prt1ce.uin;:, pollutfon(s). waste 
.'\tre11n1(s) 
ro s...-paratc wnic subst.;nccs from \\:t..,lc \\atcr. to concentrate 
and rcco\ er ion5. or to scp.-uatc ionic'non-i(lnic cor •• pounds. 

Technofogin1/ prrcontlitfon!t 
/11/lm·.11 cu11c.·nrraf1011 

Wide r:m_!!c possible. but forccono1mc rca~:t<; ca 1-:" g!I 

rlf-ra11gc 

1-11. 

/ ,·mr":raim-.· 
111-15° C. dcp:ndin!! on membrane I~ pc 

Lo\\ Dwp <'f I-:" har can o.:cur aero-;, mcmbr:mc stack 

. l dd11r:n 

In prc1r1:atmcn1-nocculation agl.'nls. acids ac1i\atcd carb
on For membrane cleanmg-a..:ids. alk.ihs 

c 'apac ,,,. 

For drinkm_!! \\alcr produciion > -\1111 m;.'hr Wastc \later 
trc:ttmcnt up 10 fc,, m ;fhr. :\todular construction. so almo•t :hi\ 

capacil~ pcissihle 

< >tlwn 

RcmO\ c colloid~. or~anic compound.;. msoluhlc salts. iron 
and m1n}!ancsc n\ldcs 1,) prc\ent memhr.ix fouling or da111.1gc 

P1•r/or11111nc·e 
Uc11111n1t rate 

Xll-'J:\'"i, 

l-.lfl1u•nt < "'" cllfr1111011 

f:ire"Kl-· c:ansumrt111n 
1-5 kWh/m' \\3SlC \\atcr. or I-:" kWh·'kg scpar.ucd nl\.-t11. 

l-ims.•:11ns 
Bc;idt.-s cooccntr.tte and purified \\;JICr. somcti1~--s sm.,11 

w:istc stream from membrane deaning. 

Uottl.:nech 
Membrane fouling. biological fouling. Hard paniclcs ~ 

danogc membrane. 

f-~'"f'lic:1 pfa..,.r111n1' 
\ toduL"lr constr\11.·tion so scaling up quire simple 

Ct1sts 
c 'apaet~,- .JflfH)..../ (10(}0() m' dm· 
< Jpt•ratmn 

S0.25-0.511'm; I drinking waler prcpararionl 

Ut•n.1ir ... 
Less use of chemical~ and ";Her. lo\\ er d1schar,!!C ra:xcs 

and sludge rcmonl costs. 

Range 11/ applications 
Obtainin,!! s.,11 from sca\\alcr: preparation of drinking \\:tier 
from brae!.. ish \\ atcr: food industry. c g dcs.11in:11ion of cht."CSC 
\\he~. rcco\·e~· of mcL1ls from \\astc water. treatment of rem er 
st.11ion cooling \\ater. 

Practic·a/ experience 
P~paration of salt from seawater iargcst :tpplica1ion. maml~ 
in Japan Prcp.,ration of drinking \\ater-0\ er IOOCI inst.1lla-
11ons. tot:?I capacily > 1110000 m ;/d.~ 

Separation of mct.11 f mm waste "atcr Ni nnsmg halh. cap.1.::1t~ 
1155 m 1/hr. inOucnt conccn1ra11on 1 h g/1 ?\1. cffiucnt 15 I 
..:oncentrah~. 515 I purified \\atcr!1Jr 

!111-." f/11(' 111 
S IO llKI!! 

r >rcrafi1J11 
~211651\r 

lit'lll'/if.\ 
4j I i X 11110 s:1\·mg.'i on ch..:nucals 

Aquatcch s~ stc m purification mordant '' astc "atcr. 6-lOO 111 ;1~ 1. 

0.1-1 ~'I Concentrate maximum I00-200 ).'.11 Wider range lnn•\1"11'111 

po<isihlc but unccononm: $2 2M 

I-'" for < 1111n·ntrn11r111 , / , • <mu c11trt1f1• < 1111< 1•111raf 1011 m/l111•11f 1 

20-1110 for Ni 

I l"\I I··'"' .-ml..-r J')').j 

< Jpt•rnf1'm 

SIM/year 

/ic1w/ih 

Sl:'iM/~car 
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43.WET AIR 
OXIDATION 

Principle of tire process 
A waste stream is p;mcd. together with an o~-gcl'l3led gas. at 
high pn:ssun: through a heat exchanger. then into a reactor 
"hen: oxidation takes place. Output gag:s are discharged after 
L-catmcrt if neccssa~·. and cfflucnt is returned to the heat 
c.'changcr. 

Aim of processing. pollation(s), wasu 
stream(s) 
To break down organic mokcules in soil. water. sludge and 
slurries.. by ~drol:!-·sis. ~rol:!-·sis and (partial) oxidation. Cer
tain ioorganic compounds. e.g. qanides. sulphides and ammo
nia can also be proccssc:d. 

Teclrnological preconditions 
/njlumt c:oncmtration 
Ma'imum~-ndsonapparatus and Ox}· gen source--under

ground pipe reactor with heat exchanger 50 g/I: underground 
pipe n:actor withoul heat exchanger 20 g/I: abo,-e ground 
§:!-·stem at least 100 g/I. 

p/1-ran~e 

Depends on impur;l:!---

Temperature 
2.W-3-10° C. lo\\ er for sludge conditioning. 

J>ressure 
.W-250 bar. lower for sludge conditiGning. 

. ldditiW.f 
(Air) ox·ygcn. nitric acid (deposit separation): NaOH (deposit 

pn:\'ertion): Catal~·st if ncccs~·. 

<'opacity 
1.3~5 m '/hr. dcpcndir.g c.n reactor type. 

Others 
Remo\'e sail deposits regularly. High chlorine contenl can 

cause corrosion. 

Performance 
Remnml rate 

99.9"/o. 

ffjluenl cnncentratum 
Depends on impurity. temperature. process lime_ In principle 

in 1he order of mg/1. bnl often nol economical. 

Fnerf{l-' cnn.fumption 
For pump and comprcssois. dependin~ on pressure and per

formance. 11-25 kWhlm' wasle . 

. lo 

Elni.~ioru 

Depend on applica1ions. Effiuc:rt and oulpu~ g.is usu."111~ 
require treatment. loorganic ash from sludgc!slul'l). dissol,·cd 
nrtals. suspended maner. 

Botll~neclcr 

Salt deposition on JC1Clor \\all and heat exchanger. Some
times deposits of organic mauer_ 

Costs 
.-lbon~ ground S)':<item: capacity 15500 1 _1T. 

lm-rstment 
S.25M 

(}~ration 

$ 130-530/l \\3Ste \\aler 

&/o11· ground -~':<item: carac11y ::tJOOO t~ u~r 
/m·e!ttmmt 

S 16.21 M 

l)peration 
s 150-250/1000 kg impuri~--

Range of applications 
Conditioning of sewage sludge: oxidation of purification 
sludge and ·niglt soil": regeneration of acti\-alcd carbon: oxi
dation of paper siudge: wasle water purific.1tion: chemical 
waste processing_ 

Practical experience 
Conditioning sewage sludge: ZimprofPass:1,·an1 ca. Kil insralla
tions. oxidation efficiency 5-to~i ... IK0-220" C. Oxidation 
sludge and ·rught soil": Zimpro/Pass;nan1 ca . .JO instalL1tions . 
50-80°/o rcductiorl organic matter ')(~,.._ 2 I0-280° C. Waste 
water purification: Osaka Gas. trcalmcnl of waler containing 
cyanide. from gasification of hca,-~- crude oil. 

44.HIGH GRADIENT 
MAGNETIC 

SEPARATION 

Principle of the process 
Waste water or slurry is passed throug!1 an inhomogenous 
magnetic field. wilh or \\ ithoul a fi11e1 ma1rix. to produce a 
purified effiuenl stream and a magnclic sludge 

Aim of proce.uing, pollution(.'i), wa.'ite 
.'itream(.'i) 
To scpara1e/conccn1ra1e ferromagnetic. ferrimagnc•ic or 
paramagnetic (or m.1gnc1i1.ablc1 particles from pollt11cd waler. 
sludge or slul'l)-. Dissol\cd or suspended non·m.1gnetic impu
rities can be separated if prc1rca1ed by coagulath1n. nocculalion 
or (co)-prccipitarion. e.g. ''ith Fe(OHh 

fT~I 1--Sovcmhcr J•)<).t 



T~c:linolog)" llpdote 

TechntJfogit·al prec1mditfon.'i 
/n.lli1t·n1 c011n•t11rat1•>11 

No tlicoretic:tl limits. Suit.iblc for l:lr!,.'C sucants "ith rcL'l
ti\·d~ fC\\ p:inidcs to be rcmowd For separ.tlion of mag-
111..'lic:non-m."lgnclic p:tn1cks < :!5°;, 

pll-r1u1gt• 

Dl.-pcnds on filler m;11erial. 

Tt•mpt•rat11rt' 

1"01 significmt 

/'rc.\_,11n• 
Gener.ti!~ a1mosphcric High pressure used for pnx.-css \\ater 

pnrific;ition. 

. ltklllln•s 
Magnc1ite1ifuscdl m:r' I kg!m'. P.E 1-5 gim':Fordcphos

ph."lling SC\\3!-'C effi11cn1 hnic ca ::!OO g!m'. 

' ·ar11011 · 

IO-::!INNI m''hr 

( ,,,,,.,._. 
Pan1dc Sl/C o 1-1 n1 For filler ma1rh s~ stem. p."lrtick si/e 

.:a :!II";. of ."l\ cr:t~ dislance bcl\\CCn filter openings. 

Perf11rn1t1nc:e 
Uc111on1l rat.· 

~ «J"i"n 

l}ll11cn: cone n11r11rum 
· to mg/I. For phosphate scpara1ion - o 2 lllJ!.'1 

,..actor c 1111< ,·111rat11m 
Ii c. conccntratc/c(ll11:cn1ra1ion mnncnll <•IHlO 

/· ·,,l'rgy um\111111•111111 
Capac it~ ::!25 m 'ihr. m.1gnc11c mduction 1-2T -H '> - I. K 

k\\'h/m' for dl'phosph;uin!! SC\\aj!e \\atcr. fl flK-11 OCJ I. Whim' 

F1111.'·'""'' 
\1a)!1tet1c slud!!c. 'iohd rnntcnt ca lo" .. : d1cmical'i. e g lime. 

if used. cooling agent 

Hot1/e111"C h 
Open gradient s~ stem-none Filter maim "~ s1c111--hlo~k

age by large par11des 

Co.ft.Ii 
< 'h~r proc 1•.umg. < "!'"' 111 : :5111

1 

lw 
/111'1'.\fll/1'1/I 

\ XIKMJOO 

.\1•11 fl>!<' IHl(1•r. ( t1pt1< If\ ./'11111, fir 

/11w.·: !!•w111 
D n 260110011 

< >rl'ra111111 

on 0.2~/m' nt.1g.nctic effiuem. 

Range of applications 
Purification of kaolin (cb~ t tl'C."llment of industri.'11 and house
hold waste: ore purification. 

Practical experience 
Purification of kaolin: 2 µm p:tnidcs ~"Ontaining iron. separated 
from ~,,.,. slu~ -cap."lCi~ 60 I df'.\· clay/hr Industrial \\aste: 
used in paper indust~·- power slations. steel indt1Stf'.\·- others 
under rcscan:h. Dcphosphaling of iio1Lc;chold \\ aste: at research 
St."lgc. 

4 5 . C E N T R I F (T G A L 
PARTICLE 

SEPARATION 

Principle of the prtJcess 
Mechanical scp."lralion of p."lrtidcs takes place under the influ
ence of centrifugal force. according 10 the density differential. 
Pretreatment b~ coagul"ltion or OoccuL1tion m.~· be ncccs~ 
to iocreasc p:iniclc si/e and scp.1r.ttion efficienc~ 

Aim of proce.uing. pullutitJn(s). waste 
.ftream(s) 
To scparatc/conccnlr.lle suspended particles such as mcials and 
their compounds. salts :ind organic impurities. from polluted 
\\ ater. sludge or slu~. to produce a purified \\ ater stream and 
a concentrated waste stream. 

Techn,,fogical precomlitfon.f 
/nfl11e111 cm1c<'nlra1u111 

Fe\\ mg/1 to SC\er:tl tens kgtm'. 

frmpemlllre 
Depends on equipotent H1gi1 temperatures could IL1\ c ad

,·antage of ca1t'iin~ IO\\Cr \ iscosit~ 

f 'r<'.Hlll't' 

Usnall~ atmosphenc Slight O\ er- or under-pressure possible 
\\ ilh decanter ccnlrifugc 

.ldd11m·.' 
Onl~ if conditioning required Add1ti\cs ma~ be inorganic. 

e g FeCl1. or or)!anic. c g pol~ electro I~ tes Amounts depend 
on t~ pc of\\ astc. 

< '11pan11· 

I -'JO m '/hr. 

f Jf/wn 

RcmO\c abra~i'e panu.:lcs. cg sand 

Performance 
Ncmow1/ rafl' 

~%%for sludge conccntralion 

II 
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1-:lJluent concl'ntration 
Minimum Ill mg/I for sludge conccntr:ition < I mg/l for 

clarification applications 

Fm·"K'· consumption 
Sludge conccnlr3tion 1-2.5 k\\'h'm' sludge. 

Fmis .. nons 
Solid residue. treated as chemical waste. Water m~· contain 

non-separated particles. salts if chemical conditioning used. 
Noise: 80-85 <l>A at l.fOO f'C\'/minimum. '>7-102 dbA at 2700 

f'C\·/minimum. 

Rortlenech 
Fat deposits. coarse particles More like I~ "ith disc ::cntri

fugcs. 

Costs 
Jm·estment 

Capacit~· 1 m '/hr. on <JIK>Oo. Capaci~· .f0-50 m3 /hr. on 
650(K)0. 

Operation 
Dfl I 50-2tKl/ton dry content sludge. 

Range of applications 
Concentration of commuml and industrial sludge. 

Practical experience 
No details gn·en. 

46.FILTRATION 

Principle of the proces.f 
Suspended particles arc separated from a waste stream b~ 
passing through a filter bed or siC\ e. Pressure is necessary to 
ensure a continuous now of waste. 

Aim of proce.uing, pollution(.f), waste 
stream(s) 
To separate/concentrate suspended particles. such as metals and 
their compounds. salts and organic substances. from polluted 
water. liquids. sludge or shm). Dissolved. colloidal and emul
sified particles may be also separated if first brought into 
suspen.<;ion by pretreatment. 

:ldd111n·.~ 

Pol~ mcrs and inorg;mi.: no.:.:ulation a~..:nts For dnnking 
\later prepar:ition. puhcris...-d 1..-oal. potassium ~nnanganatc. 
filler aids. alkali or lime. 

< "apadty 
25-125 m '!hr depending on process l~ pc. 

Others 
Regular cleaning of filler nccr..-ssa~ . 

Perfornrance 
Remm·al raft• 

> 99'!'0. 

f;Oluent conce'1tration 
Foremucnt polishing< I mg:I 

l:nergy c11n.;;umptw11 
< 2 k\Vh!m'. Fonacuum fillers h-12 k\\"h!m'. 

l:inis.'iiiuns 
Jl.:on-scp.113tcd. suspenck.-d particles in filtrate. Acid from 

filter cleaning. Solid icsiduc 

Rottlenech 
SiC\ c/filter fouling. pump blockage. biological gro\\ th in 

sand filters. 

Costs 
Sl11tlK'! proce,.sinJZ. caraci~\· 3()1Jllf) t yr. 
< )perntion 

on Joo1t 

Sluc~<,!e dry content .. mnd.filtratwn, c arac1f\· .JOOOOOIJ m' \1" 

()peration 
Dfl <O.Jll/m' 

Range of application.Ii 
Concentration of sewage and industnal \\astc \\atcr purifica
tion sludge. Waste \\atcr purification (efnucnt polishing) 
Ground\\ ater pt· ~1fication. 

Practical experience 
Industrial \\:l.'ite sludge concentration~scd u1 e.g. gal\ anic. 
leather and food industries. slaughtcrhouc;cs No details 

Technological precondition.'i gi\cn. 
Jnjluenf concentratwn 

From a few m!! suspended solids/I (e.g. Lmucnt polishmg>. 4 7 . F. \' A P 0 I~ ' T I 0 N 
to sc\·eral IOs kgtm' (sludge concentration). 

frmper<1f1tr<' 
Up to fC\\· 111'>° C 

f'rl'.UllTI' 

O . .f-10 bar dependrng on eqmpmcnt :\ix: 

Principle of the proa.u 
A sol1111011 of non-\ ola1ilc componcnl(s) 111 a 'olalilc sol\ cnt 
(m;uall~· \\aler). 1s heated 10 boil111g poin: so that the sol\Cnl 
con\ en<, to the rnponr phase The 'apour is c;eparatcd and 
condcn.c;ed. 



Aim of prm·ening. pallution(sJ. wa.fte 
... tre11nr(.'t} 
To .:011'.--entr.uc impuriues pn.'Senl m ,, atcr. s111:h :is s:ihs. and 
,•t'-:r ino'!!-,nic or or!!:inic comp...""11111ds if 111 SC1lulllc fom1 ;md 
kss \·olalilc th.,n "alcr 

Technologict1/ precon1litions 
!nflm·111 'ot1< c1tlr,11t1111 

Depends on impuriucs 

pll-rm1gt• 
Depends on impuril~ Cm aff .. -cl \Obtiiit~. 

li.·1111'11.'ra111r,• 

1....rsu:11l~ 711-11 II" C 

/'rt'.\\Urf' 

l'su.alh 11-I b:ir 

. lddilll"t'.\ 
Condi1ioncrs to pn:n:nt scalm!!. c !! m dcs:ilmation; a.:id. 

cJOling \\atero.x-o_•) m':m' 

< ·aptrc·1~r 

1-1000 Ill' :1tr 

Performt1nce 
lfrmon1/ rate 

Depends on t~ pc and' olatilit_, of componcnl Up 10 10011
;, 

ljil11l'flf <one ellfr, :ti• m 
Oep-:nds on component For morgani.: salts can be I mg/I. 

F11crg1· ">11.,w11p111111 
Depends on number of .,tagcs-sin)!k-'.'taµe 1.1-1.'.!5 kg 

steam/kg e'aporatcd \\:tter. 5-sta~e 11 :!:' k!!fkg C\·aporated 
\\:tier. 

f- 111/.\ \j1 II/.\ 

Oissoh ed. 'nlatik component~ C\ aporatcd '' ith \\alcr. 
odourous µascs ma~ be produced 

/{nlfft•m•< h 
Foulin!! of healed ~urfacc mm hinckr heat transfer and 

.:,·aporat ion cap;K II~ 

Co ... ts 
!111 ·1•st11w111 

nn •5110110-111M1orn"1 

( Jpcroflrm 

on .J I M per ~car 

I 1\1 l··'""ml11:r l'l'l·I 

Range 11/ applications 
Iksalina1ion Treatment of \\ash: \\at er Concenlr.ltion of proc
ess \\3Ste 

Pral'lical experient·e 
t: s..'\1 in food industries. e.g. dai~. and chemical pro.."CSs indus
tl} (\.l111..--cn1ration of metal salts in g;tl\'aruc indust~. W as1c
u atcr from tcxulc industry pilol plant cap.'lCit~· 2511 m.'day. 
O~nic \\aste from ~cast and akol10I industl}. 71~5°o waste 
concentrated. Ammonium sulpt-.11c separation from caprolac-
111111 production--cap.ici1~· 25-1.10 m/hr. 

48.SOLID ION 
EXCHANGER 

Principle 11/ the process 
An ion exchanger COffiists of solid m.,tcrial (most!~ s~nthclic) 
\\ hich is able to combine. more or less strong!~-. with ions. 
Solid. chargoo groups 1mostly~111hctic)_ arc bonded to the base 
ma1criaL and the strength of the dcc1rochcmical bonding 
causes t0ns 10 be exchanged 

Aini 11/ processing, pollution(-<t), wa.fte 
stream(s) 
To separa1ctconcemratc dissoh·cd. ionic particles from \\astc 
\\:tier. 

Technological precontlitions 
b~tlut•lll concenlratwn 

l'.lax1mum ion concentration I0-211 g/I water. 

rf 1-ran.ce 
Strongly basic or acidic iCln C\ch:mger 0-1.J Wcakh basic 

ion exchanger·~ 10. Wcakl~ acid1..: ion C\Changer • .J 

li•mrwrnture 
(al ion C\Changer (pol~ sulphon:ttc I I :!O r •\mon n

changer (pol~ st~ rcnc-bascd> 0-100~ C 

/'rn.rnre 

o 15-0 25 MPa 

ldd111n·,· 
Rcgeneralion solution-\\ ilh high ..:on..:cntr.111011 of ..::it1ons or 

aniorn;_ c.g HCI. H:SO,. NaCl. ~aOll. ~IL 

< ·apac m· 
0.5-25 eq/kg 1011 C\ch.,nge matcnal 

Performt1nce 
Uc•111111·al ra/1• 

MO- .• C)C/'!1o 

l'}!lu<'llf conn·ntratum 
To (!luh) ppm lc\'el 

.l.l 
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Energy consumption 
Lc.w. mainly clectrici~· for pump dri,·e. 

Emission." 
Waste water from regeneration: metallic ions com-crted to 

solid residue by eL'Ctrolysis or chemical precipitation: possibly 
radio3Ctive components. 

Bonlenedis 
Blockages by· suspended particles. precipitation of calcium 

sulphate. iron oxide. manganese oxide. bacterial growth. or 
certain organic material. e.g. aromatic compounds. 

Costs 
/m•estment 

Cation exchanger Ofl J000-4000/m3 
• Anion exchanger Ofl 

8000-13 OOO/m3
• Chelaring exchanger Ofl 25000/m3 

Operation 
DO 1-IO/m3 water 

Range of applications 
Purification of industrial waste water. Scparation/recc)\·ery nf 
metal ions in industrial processes. 

Practical experience 
Purification of industrial waste water used in: food. phannaceu
tical. JUJClcar. galvanic industries. Industrial processes include: 
separation of metal ions. phenols and ammonium bisul?hidc. 
ammonium nitrate. cyanide complexes. and reclamation of 
,·aluablc metal ions. Treatment of drinking wa~er. 

49.SEDIMENTATION 
UNDER THE 

INFLUENCE OF 
GRAVITY 

Principle of the process 
Particles arc separated from a liquid in a gravitational field. the 
separation taking place according to differences in densit}· or 
volumic mass between particles and liquid. or mutually be
tween particles. Aocculants may l>c needed to cause sedimen
tation of small particles. 

Aim of processing, pollution(.f), waste 
stream(s) 
To separate solid particles. e.g. metals. mctalloids and their 
compounds. salts. organic impurities. from water (clarifier) or 
to concentrate solid particles (thickener). 

Technological precondition.f 
Influent concentration 

Solid content-clarifier< 5% wt. thikcncr < ~0% wt. 

p/1-range 
Only of significance if pol}elcctrolyte nocculants used. 

14 

Additfres 
Poly·mcrs and inorganic nocculants (e.g. AICh. FeSO •. 

Fc:tSO~h. and polyelectrolytes). in solid. liquid. emulsion or 
suspens' . fonn. 

Capacity 
In princip:e no limits. 

Others 
Particle si1.e and density is signific nt. Ve!} small particles 

are not separated unless flocculants us d. 

Performance 
Remo,ul rate 

50-99%. 

Effluent concentration 
Clarifier< 0.5% \\1 solid matter. Thickener< 5% wt solid 

matter. 

Energy consumption 
Ca. 12 kW for thickener with diameter 60 m. 

Emissions 
Unscparated dissol\ed and suspended particles. Precipitated 

sludge residue. 

Bottleneck." 
Blockages in pipes. problems in pump system. corrosiort 

erosion. leakage. flotation occurrence. 

Costs 
Investment 

Of10 . .J25-1 I k/m1 (depends on type and amount of waste). 

Operation 
Ofl fi.05-30/mJ waste water (occasionally> Dfl 100) 

Range of app/ication.'i 
Waler purification. Metal ore processing. lndus1rial wasle treat
ment 

Practical experience 
Pretreatment in household waste waler 1rcatmen1 (scparatioP 
60-80%). Industrial uses include: potato processing (rcmo••al 
of starch). iron ore processing and uses in the paper industry. 

SO.ADSORPTION 

Principle of the proce.u 
Waste water is brought into con1ac1 with a sohd adsorbcnt 
(usually in granular or powder fom1) Dissol\cd impurities are 
adsorbcd and concentrated on the surface of the adsorbent. by 
mean.~ of Van der Waal. dipole or ionic bonding forces The 
aJsorbant is uslL111y acti\ ated carbon.'' ith rcsir. lessoften used. 
Regeneration of 1he adsorbent is possible in some cases 

E 1"\I 1--~ov~mh~r l'>'J4 
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Aim of procening. pollutfon(s). waste 
.~tream(s) 
To scp:uatciconc:cntrate d1ssoh·cd impurities from" aste "ater. 
Enmlsificd matter. if prcscnl in lo\\ coocentr:111ons. can also be 
scp:uated lmpuritil.'S arc main!~ organic. also hca\y meials. 
metalloids and ti-cir compounds. Cl compounds and H:S. 

Technofogictli precontlitfons 
b~llm'llt concenlralion 

For actiYatcd carbon. a fc" gjm'. For resin. up to ltKI g/m '. 

pl/-ran.ce 
Acid or alkah pH c;m increase polarit~ of organi'- mailer. 

lo\\cring .1dsorption 

frmperafllrc 
High tcmpcr.1111rcs decrca'iC adsorption of \olatilc com

pounds 

. :t1d111n·,· 
Besides adsorhcnl. coagulationiflocculat1on agents if re

qmred Regener.Ilion agents--stcams. acids or ba~cs. sol

' ents. 

l ·a pan tr 
\1a\im11m 11111 111 '/h. 

I' er Jo r 111t1n C"t! 

Ht•m111·a/ rare 
Inorganic m;lller · •Jll" i .. lug her for org;um.: matter 

IJ/l11c111 c ""' c11trn/11111 
Orgamc mailer. a fc\\ ppb Inorganic man er. a re,, hundred 

mg.Im' 

1-"nt'lx_r c ""'"'''i•/1011 
1'11111pinc. ca 11 I k\\'h:'m' \\aste ''ater 

F1111.\\ /II/I.\ 

Some cm1,,1011~ 10 :m or'' a1er ma~ 0ccur during rcgcner.1· 
11011. dqx-ncimc on malenal~ and e<1111pmc111. 

/111((/i•111•1 (' 

Bloi.:kagc' h' ,11-;pc11ded or emulsified mailer or bacteria 
Pre~cncc of .:ompcllll\ d~ adsorbent ""b'id1a~ 1111pur111cs Dc
ai.:11\ a11on h~ .:arho11-rnn1ar11111a1111).! ~11bo;1d1a~ imp11n1ic., 

Ct1.\IS 
1 'ap11ntr ff1111

1 Ii 
fnn .. ,fmr/I/ 

Dll 10011/111' I 11011-rcgcncrablc act I\ alcd carhon 1 Dll 
.J llH!/111 1 crcgcncr:1blc acl1\alcd carhon1 

f Jr11•r11/11111 

1>11 I M'J/111 1 \\:tier IDll I M'J/1-.g o;cparatcd impunl~ I 

I fl.I J .. \. .. -.·ml~·r f'l'l·I 

Range of applications 
Treatment of\\aste \\ater. drinking \\ater and ground\\aler. 

PraL"tical experience 
Acti,·atcd carbon adsorption main!~ used in water purifica1ion. 
Resin adsorption used in pc1rochcmical and related industries 
for rcco,·e~ of ,·aJuablc materials e.g. phenols from process and 
waste \\ater. 1'o detailed information gi,cn 

51.ULTRA
FILTRATION/ 

MICROFILTRATION 

Prindple of the proceu 
Waste water is separated into a small conccntr.ite stream and a 
large purified stream by passing through a scmi-pcm1cable 
membrane. 1ltc dri,ing force is the pressure difference across 
the membrane. 

Aim llf processing. pollution(s), waste 
stream(s) 
To scpar:11c/concen1ra1c colloidal and suspended molecules 
such as org.1nic components n ith molccuL·u weight > 5011_ 

metal h~droxidcs. and other particles> o Ill µm in diameter. 
Mela I ions ma~ be remo,·ed after precipitation ash~ dro\idcs or 
sulphides. or complexing. 

Technt1logical prect1ntlititJns 
fll/l11e11t c. mn•llfratttm 

Up to,, llHI g/I. No lower limit. 

p/l-rm1gc 
ii - I .J depending on membrane t~ pc 

frmperalurt' 

Organic membranes up lo •Jll" (' Inorganic mcmbr:mc-; too 
- l'i0° C. 

/'rcssure 
l\.1icrofiltra11on II 1-2 bar Ll1rafiltr.111011 1-111 har 

.1cf,/it1n·s 
l.1111i1cd use acids 10 prC\ cnt dcpo.,111011. NaOH. CaOll to 

separate hea\~ 11telals. dclcrgcnl~ .. add,_ i.:ornplcxmJ! agc111., 10 
clean membranes 

I '11p11c1t1· 

II 'i 111 1/d;t~ - · I 00 Ill 
1/h 

I Jtlicn 

I lard paniclcs. Cl. sol\ cnls. 0'\1d1s111~ compounds. m;i~ dam
age membrane. Par1rclc si1c 111trafil1ra11on 0.1105-0.2 ~Lill 1 mo
lcculan\ I 5110-IOOOOll)~ microfiltrat1011 o 1-111 µm 

Perform11nc·e 
Rl'm11rnl raft' 

IJO-'JCJ% 



T ~ ~ h n o I o g y l..'pdote 

I (>/ume:/lux 
20-1111.MJ Um:1'h. 

l:f_ilue11t nmcentration 

fC\\ mg/I to SC\·eraJ hundred mg/I. 

Factor concentratum fi.e. cimcentrdtt' concentration 111.fluent.1 

Up to SC\·eral hundred. 

1-'.nt•r-gy er.msumption 
0.5-20 k\Vh/m' wastewater. 

fjnis.mm ... 

Besides concentrate and purified water mnc. 

/Jott/enech 

Membrane fouling. leakages 

Costs 
Capacity I,,,; h 

/m·e.'itment 
On llMIO- 10000/m: membrane surface. 

<Jperatwn 
Ofl < 1-> 20/m \\3Stc waler. 

Ilene jib 
S:n·ings in chemical and water consumption. LO\\er dis

charge taxes. 

Range of application'i 
Elcctrophoretic deposition. Purification of waste water and 
rcco,·el} of ,·aluablc components 

Practical experience 
Purification of industrial waste \\ater: oil-contaminated \\atcr 
concentrated to > factor 100. concentrate containing J0....(10°'0 
oil. Also used in food. textile. paper. electronics. pham1aceuti
cal industries. etc. Separation of hea,·~· metals. 

52.REVERSE OSMOSIS 

Principle of the process 
RC\·ersc osmosis is a filtration process whereby separation 
takes place across a semi-permeable membrane. with high 
pressure (20 - !IHI bar) as the driving force Waste water is 
separated into a concentrate and a pcm1eate. In some cases 
permeate and concentrate can be reused. 

Aim nf proce.'i.'iing, potlution(.'i), wa.'ite 
stream(s) 
To remo,·cfscparate small panicles <up to ca o I nm). such a~ 
metals. mctalloids and their compounds. salts. acids. base~ and 
organic substances from wa~tc waler. Larger pan1cles \\ill also 
be removed 

Technofogfral pret:ontlitfon.'i 
frrlluent omn•11trat111n 

~o lo\\ er limn. \fa,inmm uSlL'lll~ :'11-100 ~I 

pll-range 
2 - 13 depending on membrane t~ pc 

Tt•mpaature 
Ma.xi!:lum M0° C 

Pre ....... ure 

IO-IOO bar. 

. ldclltlre ... 

Limited use: acids to pr.::,cnt salt deposition~ sometimes 
complexing agcnls and po~ phosph.1tcs u~--d: detergents. acids. 
complexing agents in '"" concentration to clean membr.mes: 
sometimes disinfa.'tcd "1th chlon~ or bioc1dcs. 

C ·apactcy 

ll.5-llMllllHI m'tda~. 

l Jthcr.\ 

Pretreatment to rcmo\e larger 1..:ollo1dal. suspended; p.1n1-
dcs by e.g. ~--d1mcnL111on. coagulation. filtrJtion or dicmical 
means. Presence of h.1rd pan ides. chlorine. softeners. soh ems 
and oxidants must be limited to 3\ 01d damage to membrane 

Performance 
Rcmm·a/ r11t1• 

l)()J)'). f)<JO ~ 

I i>/u11u·-jlux 
5-511 vm: /hr. 

/})fu1•nt (IJllC t'nfrt:l/1111 

A few mgil to a fc\\ hundn:d mf)I. 

l-i1ctnr om(el/frnt1on 11 e nmc enrralt' c mu 1•11fl't1/1n11 111/luellf 1 

2 - 111. 

l:nerl{y c111i.-11111rt1011 
1-10 kWh/m 

Fmi.nions 

Besides concentrate and pem1e::11e none 

Uort/em•ck' 

Membrane fouling 

Frpl1nt p/11.\-po1111, 
Modular co1t.,1mctmn so scaling-up simple 

Costs 
< '11p11c1 ~r · I m; hr 
/m·ntmenr 

Dn I 01111 - ~oootm: membrane 'inrface. 
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( ){'t"'at:on 

Ofl I 50-IO/m' \\;istc \\atcr. 

/k•ne_fits 

S:n·ings in use of cocmicals and water 
LO\\ Cr disch.1gc ta.xcs. 

Range of applications 
Desalination of drinking water. purification of industrial and 
household waste water. Purification of percolation \\atcr from 
rubbish dumps. 

Practical experience 
Purification of industrial \\astc \\atcr Used m: food. metal 
finishing. paper. 1cxtilc and petrochemical indUSlrics. No de
tailed information gn en. Purification of pe~olation water f mm 
rubbishdumps-\"A\1-Wijstcr. capa:it~ .>5 m'ibr. producing 27 
m '!hr purified "ater. K m' cofk.--cntrale. 

r )pt•ratwn 

Dfl IW6'm' purified natcr 

53.FLOTATION/FOA!\1 
SEPARATION 

Principle of the proce.u 
As air bubbles arc passed through was1c \\alcr. ~·drophobic 
impurities adhere prcfcrcntiall~ to the bubbles and arc concen
trated in a layer of foam on the surface The foam can then be 
scp.1r.11ed and rcmo,·cd. 

Aim of pr11ce:uing, pollution(s), n•aste 
.'itream(.'i) 
To scp.1rate/conccntratc from \\astc \\atcr. dissoh·cd. sus
pended. colloidal or floating paniclcs nhich arc surfacc-acti\e 
(or 1hus modified with Additi,·cs). Impurities include metals. 
mctalloids and their compounds. salts and organic com
pounds. 

Technological precontlition."i 
!n/lul'nt c onec•llfratwn 

No lower limit Maximum for paniclc and nakc separation 
I~·;. d~ matter (m/m). for sludge thickening :• 5 kg/m=,'hr; for 
diswh ed matter a fc\\ hundred mg/I 

pll-mnJ!1' 

. 'l-11 

Tl'mpt•ratrm· 

At > 50" C clcctronotataon or induced air nota11on belier 
th.in dissoh·ed air no1a1ion 

/ 'r1•.~.Hlf'<' 

OAF bubble ~cneration .JIKl-500 kPa 

.·ld1iitin•s 
Gas <usuall~· air. sometimes N:. CO:. O:IH:O): pH regula

tors: collectors: coagulants: flocculanlS: prccipitanlS: foam 
fom1Crs. 

'~1racity 
< IO- > 1110 m '!hr 

Uthen 
Specific dcnsi~ of impurities must be less than water. Dis

soh·ed salts can cause conosion. Limit macro-mixing as this 
lowers efficic~·. 

Performance 
Removal rate 

Depending on impuri~ 60~,o_ 

1-,l"ilent concentratton 
Usuall~ one or l\\O orders of siJ.C less than influent concen

tration 

Fnt·'1{.1·n1'1s11mption 

O.o2-l.8 kWb'm' fluid depending on proccsce;. 

/· i11i.{.'ii1 Jtt.{ 

Stripped impurities and odour components. Some flotation 
agents ~ remain in purified effluent. Chlorine released if 
present in \\atcr. 

llottlem•ck.\ 

Fat oil. fibres may cause pipe blockages 

Costs 
/nn• ... tment 

A\crage site system on 51KI0-200CKl/m'. Small units on 
21KKKl-(lllOIKl/m' 

( Jperaf11111 

on ot-2/m' 

Range of applications 
Purificauon of •ndustnal uaste \\lier. Acti\ated sludge proc
ec;smg 

Practical experience 
Purification of industrial \\astc \\ater Used in refineries. \\aSle 
oil processing. slaughtcrho11~s. food. metal. glass. paint paper . 
chemical. cosmetics. te,1ilc. brC\\ ing industries. etc . 

54.CARVER
GREENFIELD 

DRYING PROCESS 

Principle of the proce:u 
A multi-step C\ aporation prorcss in" hich a carrier oil is added 
10 lhc "astc stream before lhc fir.it evaporation Slcp. This 
mcrca.~s lhc \iscosi~ so that continuous pumping and heat 
transfer is possible Af1er df'.Ving the oil is separated in a 

J7 
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centrifuge :m.1 ~- steam stripping_ The oil can be recin."Ulatcd 
Vapour produced at each step is used to heal lhe ne:\.1 step. the 
final step \ apour being condensed. 

Aim of processing, pollution(s), K'aste 
stream(s) 
To concentrate dissol,-ed. colloidal. suspended or emulsified 
particles such as metals. mctalloids and their compounds. salts. 
acids. bases and organic impurities. in sludge. slurries. and 
waste water_ 

Technological preconditions 
Influent conantration 

.f-45~~dry malter_ 

pll-ratrl!I! 
In principle no limit. but depends on construction material 

Tl!mperature 
faaporalion stage ca. KO-I 00° C Hydrocxtractor and steam 

stripper 120-180° C 

Pressure 
O_.f-1 bar_ 

.-ldditiws 
Carrier oil (naturally present in animal waste)_ For other 

waste: 05 kg oiUm~ wet sludge for light oil: 5 kg oiUm 1 wd 
sludge for hea\1 oil. Cooling water_ 

Capacity 
K-265 t dry mauer/day _ 

Other.'i 
Limit presence of abrasn-e materials. 

Performance 
Removal rate 

Almost llM>%_ 

FJJTuent concentratwn 
98-99% dry matter. 

l'.nerg_tl con.'iumptmn 
For 4-stcp installation 320-6 75 BTIJ/lb C\·aporated water 

(745-1570 kJ/kg). Electrical energy 400 kW <2-' kWMon 
c-.·aporatcd water). Combustion of extracted oil can produce 
energy·. Combustion ,-aluc of sludge oil 415 MJ!kg 

Fmi.'i'iirm . ., 
Condensate can contain ,-olatilc components. \Olatile com

ponents and hydrocarbons emitted as gases. SO:. NO. and dus1 
from combustion of ex1rac1cd oil; dried product contain.-; non
\"Olatile components: dust ~ need processing for easier han
dling. 

.1!1 

Ronlened..,. 
At critical d~ colllent ~muls1on l."30 fomt (gummy ph.iscl. 

causing pipe blockages. Coars.: impuriucs in 100 ~ ~n

sion may al~ cause blod~:igcs 

Explicit pl11s-pt1ints 
Enc~· eflkient-cncrgy consumption lo\\l!r Lhan com~n

tional drying systems~- factor-' 

Costs 
/m·e.~tment 

Capacit~ 2<>5 1 ~- fl13lter/d-i~ S 2.fM 

<Jperation 
Capacity 265 t d~- mauer/d-i~ S J'>!t. 

Range of applications 
Processing animal wastes. SC\\er.tge. industri:il sludge. 

Practical experience 
Used in meat aud fish processing.. coffee. d1ocolatc. pharma
ceutical. dai~-. brewing.. paper industries. Treatment of SC\\ age 
sludge. Problems with HERS (Hyperion Enc~ Rcco\"e~· Sys
tem-sludge d~·ing t:SA). but Japanese experiences good. 

SS.PELLET REACTOR 

Principle of the process 
A qlindrical \"CSSCI is partially filled \\ilh pellets of sand or 
olher material. Wasle \\ater is added at speed so 1h.-it the pellets 
are fluidi7.cd. Soluble impurities are c~ stalil'.cd as salts on the 
pellets. with the help of chemicals as m.'Cessa~ . As lhe pellets 
increase in si1.e they sink and arc periodically rcmo,·cd Reuse 
of pellets is sometimes possible. Puri lied\\ at er is rcmo' cd from 
lhe top oflhe reactor. Filtering often impro'cs remO\aJ rate_ 

Aim of processing, pollution(s), wa.He 
stream(.~) 

To scparatc/rcco\·cr impurities such as '11:.1\")" mc1als. Ca. Mg. 
phosphates and fluorides from \\aste \\atcr. 

Teclrnological preconditions 
/njluent concentratwn 

Heal} metals 10-IOO<M>o ppr;1 Phosphates IO-llKrs ppm. 

pll-ranJ.!e 
For hea\} metals R-10. for phosph.-itcs 111-11 

r,•mp<•rarurt• 
En\ ironmental (> I 0 

() 

.·ldc/111n>.\ 
For ltca\y metals soda. Na:S or NaHS <;0l1111on for prec1p1-

ta1ton as sulphide For phosph.1tes Ca< OH): or l'aOH H:S01 if 
pH com:ct1on nccec;sary. Sand or other pclle1 matenal. ca 
"l-~g/inhabitant cqui\ alcnl ( 1 c )/day 
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<·apaoty 
Hea\) mctllsO. l-IOm'lhr:phosphatcs-pilOl plants0.3-15 

m '!hr.: operational plant 200 m'lhr: water sofiening-8500 
m:o/hr_ 

Othen 
Presence of (hi>carbonatcs (in poosph:!te rcntO\·aJ). sus

pended matter and ions (mctll separation) 5hould be limited. 

Performance 
Rnnm·al rate 

Less than 60- > lJtJ. tr,.;,_ 

I "olume-jlwc 
-10-125 m'h. 

1-Jjluent mncentratwn 
He:n)· metals 1-lfl mg/I(\\ ilh filtration< I m!;.'t) phosphates 

few mg/I (with filtration< 0.5 mg/I). 

Fnef"1{_\ · con.\umptu lfl 
Phosphate rcmo\al~l.I kWWm' effluent: hc3\} mctals

fC\\ kWh/kg separated metal. 

Fmt.\.wm:.'i 

Salt pellets. In some cases pellets rcco,ercd and reused 
Phosphate rcmO\al ca,(P01): Cl)"Slalliscd. CaCO; deposition. 
some organic components. Hc:n~· metals-metal salt pellets 
(carbonates. sulphides. phosphates). 

/Iott I en eeks 
Crystallil'.alion on suspended panicles. Presence of (bi)Car

bonatcs and ions. 

~-T~I 1--~n•·cmhcr 1??4 

Explicit plus-points 
Simple to operate. 

Costs 
Pho..'iplrate remoml from .Q.'1t·age eflluent. Installation 50000 
inhabitant equ1mlent fi.e.1 

lm"t!.~tment 

on 5.5 million. 

( >peration 
on 17.52/i.e.i}·car. 

l/em·y metal separatwn 
Operatmn 

on 5- > 5olkg mctll. 

&>nefit." 
Reuse of metal and water. !css chemical waste. lower purifi

cation costs. 

Range of applications 
Softening drinking water. Phosphate rcmo,-al from SC\\agc 
effluent Hc:n} metal rcco\-el)· from industrial waste. 

Practical experience 
Softening drinking water: municipal watcnvorks Amsterdam. 
Ill reactors. total capaci~· s;oo m'/hr_ Phosphate rcmo,al: 
Wcsterbork. capaci~· 200 m~/hr. Influent concentration 5-12 
mg P/I. effluent 0.75 - 3 mg/I. (after filtration 0.5 mgll). Hca,1· 
metals: Ni recovery from gah-anic waste. rcmo\·aJ rate 80-99%. 
Zn. Tc. Ni separation from rubber additive waste water. re
moval rate 60'% +. 
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EMrgy and Environment Seria 

• No. I: Energy Conservation in Industry, 1992 
No. 2: FJJluent Control in Industry. 1993• • 
No. 3: Hazardous Waste Man'!gement in Industry. 1994 
No. 4: Industrial Safety. 1994 
No. 5: Energy Conservation in Industry. 1994 

• 

Other Envir-onment Titles 

Environmental Technology .Monitor••• 
A Training Course on Ecological~v Sustainable Industrial Development 

• Available from Materials Information. Separate order form supplied. 
•• Available from Verlag Dr. Grob. Separate order form supplied 
••• Available from UNIDO. Separate order form supplied 

•••• 

•••• Available from United Nations Publications. Separate order fonn supplied 



To: 

Chief. Industrial Information Section 
UNIDO. PO Box 300 
A-1.tOO Vienna Austria 

Tel:(-431)21131-3697 
Fa~: (-43 l) 230 758.t 
Telex: 135612 uno a 
Cable: unido \ienna 

E-mail: S5853-H'ii.unido l .bitnet 

Pkase send me the following: 

ORDER FORM 

Of.in'iromnental Technology ;\/onitor 19'» Introductory mmber 
SUS JO 
Free for de\"cloping countries upon request 
0Environmental Technologv .\/onitor 1995 Subscription (four numbers) 
SUS -10 
Free for dc\"eloping countries upon request 
0Plcasc in\"oicc me or my company (Order No. ______ ) 
0Chcquc enclosed for SUS payable to UNIDO 

OUNESCO coupons enclosed for SUS ---------

Date ·······································································································-···············-·························································-····· 

Name/title ············································· ........................................................................................................................................ . 

Organi7ation ............................................................................................................................................................................................ 

Address ................................................................................................................ ······································································ 

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

Zip/postcode .......................................................................................................................................................................................... 

Country ........................................................................................................................................................................................ 

Telephone ........................................................................................................................................................................................ 

Telex/Telefax ............................................................................................................................................................................... . 

PLEASE TYPE OR PRINT 
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To: 

Materials lnfonnation 
11tc Institute of Materials 
I Carlton House T erracc 
London SW I 508 
U nitcd Kingdom 

Telephone: (071) 8.W -1071 
Telefax: (071) 8W 2289 
Telex: 881 -IKB 

PleaK send me the following: 

ORDER FORl\1 

Materials lnfomi;1tion 
ASM International 
Materials Park 
Ohio -l-I07J~MM12 
United S1.1tcs of America 

Telephone: (216> rn~ :'151 
Telefax: 1216) :ns .J63..t 
Telex: 980619 

D 1-.iie'Xl" ancl t:rnmmment Series 93 · -9-1 · Subscription (a set of four publications. including l.\"F< ~ I ./1111rna!. ml.:. Yo. I. Ue
cydmg ·91 and the /·.iier.I!,_\' anti l:"n\'lronment ."it•ries issues 1-3) 
£ 120/SUS 220 (SUS 1-15 in dC\·eloping countries) 

0 Em.>'Xl" ancl l:nrimnment Series 9-1- _95· Subscription (a set of fou:: publications. including the F11e~\· and l:inmmm<·m .'i<•
ries issues -1-7) 
£120/SUS no (SUS 1-15 in dC\·cloping countries) 

/·.iiergv and l:in-imnm<•nt .\/:ries (sec page iv for indi,·idual titles> 
£55/SUS llMI per copy (SUS 66 for dC\eloping countries) 

0No. I 0No.2 0No.3 

Please add £-I/SUS 7 lO\\ards the cost of shipping 
0 Please invoice me or my company 10rdcr No. ______ _ 

ONo.-1 

0Chcque enclosed for £/SUS payable to Materials lnfonna1ion 
0 UNESCO coupons enclosed for SUS 
Please charge my: 

OMasterCard 
D American Express 

0Disco\"ercard (US uni\) 
0Dincrs Club 1US onh-) 

Card Number ........................................................................................................... . 

Expil)· date 

Signature 

Date 

Name/title 

Organi1ation 

Address 

Zip/pos1code 

Country 

Telephone 

Tclexffclcfax ............. . 
PLEASEITPEOR PRINT 

4R 

0Visa 

uNo.5 



To: 
Verlag Dr Grub :\a..:hf. 
Olbcl'g'\Cg R 
D-7801 Bollsch\\cil 
Gcm1."l~ 

Tdcphonc 1"76) :n 711~.:' 
Telefax_ 176) :;3 821 29 
Telex: 7772 DO bros d_ 

Please send mt• the follollin~: 

ORDER FORl\1 

:: lndusrry and l:nnronmenl: .I < imcle 10 Soun e_, o//11ji 1rm11tro11 

cl'J911 ISBN No_ v;~.fi:'-t-17-9 
Ainmil Europe DM 125 
Aim1311 O\ersc:is DM 115 

_ ~Please in\ oicc me or my compan~ (0rdu 'o _ __ ) 
_ __:Cheque cnclCl-;cd for U$l:S ____________________ p.~ablc lo Verlag Dr_ Grub. Nachf 
CJ U !\ESCO coupons cn..:loscd fer SLS ___________________ _ 

Please cha~e my: 
=:J American Express 
~~]Mastercard 
:Jvis., 
:J Disco\ crcard I lJ S onh l 
~Diners Club 11JS onl~°i 

Card No_ 

bpil) date 

Sign.1turc 

Date 

Namc/utlc 

Organi.1ation 

Address 

····················································· .............. ·························· 

Zip!postcodc 

Count I)· 

Telephone 

Tclc:effclcfa." 
PLEASE TYPE OR PRINT 

49 




