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N290INVNI 03931 DIINN QIINN NN
<OP-FTIR 03991 ¥12-99 9ynam nYIN Myynng

1D ,11200 5NN DTN SRNDYN 0N R AP
D9, UINROT - NPOSIN 11V FYN MY 1N N

i ez
v buov i OP-FTIR (Open Path - Fourier Transform Infra Red Spectroscopy) - N N3N

Y DRTPNN DMV MYINND NNHPNI NN 1B NNV BITN-NNA DINNT PN TPUN NN
(VOC's - 983 mam neRmN maIm 02100 N 0 APy Awn nn mxipd ,mms
CAA - 1 pn 1090 MXINI PINY PPN 1D INND ¥DY 3 volatile organic compounds)
DN NP5 NN ,PIND PPN OWNHN DNITIND YN 189 1an ornn a9 (Clean Air Act)
1270 NON NYY2 NP RO MY 1 125 .OP-FTIR - 1 novyna Yapnnn o1opovn Y¢ oyTN-nnn
DOWIT? DITIDMI ININY DINY IMIVPIT Y MM MY ,DMLN 600 - 5 HY mm‘é TV 08D NNY

) TIYNI
N2 NUY MNP0oN M9T MNVIN NN DY I0WDAN 138D NOIYNY NIV 9901 1NN KM NINNY

PN NPT DIPNHR N0 NN 0PI DYYapa mouyvan (Fugitive Sources) o»1pin
NYNNMNRUD MPINI iy 0y nwy) NoR Mmwwa OP-FTIR - 1 noayna vy mysnxa ,nnytn
SY APRIIN-IND TPYIT MONIN PN TON MY .N0WON A8P NYIPY MIN BOE 11Dy YT
TP NOT ROV PR Y DY DIPONN VDN NIVNN 1 DY NVYON 1AXP NYIAPYY ,AVYN MPD
A1 AW N3 ,OP-FTIR - 1 n2yn Y¥ ipsmipanpa o Yy nooann »nian 793 mmTmn” now
19017 PINKD DT MY NNPIS 232 UNAN YTPIN-NIN NOYA NPHRHD NN TN DPHN PUNIN
DY MPNOV SUNIN DTIBN MY TIIRY DONPINDN APIP MMPH 9900 YT-5Y DM DIV
DPINN NVMON YANP AN N 11D NN, DNDIN NDEY DYTIN MYPNOHN ,MVHNND TPOIMPN
090N NOYN NPN SY oY

-NUN ROV NPN LNTYA TISDI0 N0 D) NHYIN DURST DY qRIVN ApnNa 1IN0 N 1t o
MNP N MR NOYm WwPInY SEg 10 DY oMpan nouba yTein nviaw -y anTn VSN 1M
MYNIND NN TN ,D0NDYHD DNNY NYIYYA 02720518 DPNNY TN DY MITTH DM .ApyTHn
YOIRIN DVINIYIAN NVMYAN ANP TV DIPaRh DY inn Yo nvbon »ayp .OP-FTIR - n novwn
JPSDINON NN WNIIY M 13, PN NVYon 1P oo 30 % 1y ,no

mIN P2 2302 ,OP-FTIR - 0 noyn mysnNa 0017 07 TH MY 037170 »INNI M7/ nowa
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DY NN NTPIDINUVNI AT BMIFNN OFYNN JY IPTHZ PININ YN MOIWYNI IpPhnn
DPSFVPNT APNPIDND APIWIN P-DY 1ANNY NI DY NN PN TIND MININND
MY T MIDP LIDVIR-ANT YN NN 0on1vpss) OP-FTIR- n noypy qona ,opo
DNMD MM ATTAZ NMIVAN MDWHNI PN TPONN VN DU AVPIPEY MWD
DIAL (Differential myipn ANINI-D MIPKY 0¥ RODIIND NDWH : DY PAVINON
(Differential Optical Absorption MPav momvpac noym ,Absorption Lidar)

ROT) ,TPIDIMONY PINID NN AN NN DY 0w amwnin DOAS Spectroscopy)
ANING WP NOAPY ,TTMIN 17 DX 200 PIRN DY ATIPY NN TNY PRY DTN
AN NP
119N MOUMNN PN TPVAIND ILPNN MWD MW

ANIHN NN MYH NPN DY OATIPY NPT RN 1D DY ININD N .2

LD NPN DY NTHON TR NN NMN PPN

TN 119771 Y0P T TTOIN MDY 1IN IR Y MAND INNTI TN PN .2

AN DT AL

BT DXTINN NTTH MIWAN T2 IR PT IR IV TN, PN 0117 Nap ¥t .3

Ropd 3 aRd i b iVl

H¢ MMYH 1 1PAD ,NPIVON 1D IN NWP DNYYN NYINIY DX DNT DYPTD DY TUIN 4

DM AYI09 INRND 020100 BMININI DHBIMHN DX NTN IN MiTA) MANN

L0011 9900 YV MNODIND MTTN DY MIVIN .5
NIDPH IVNTI N3N NP PINID TPOANN NN MWH NMYIHNA DTN 1D ,PN2 INTD
PON MYIHD 00N XY MIMUNT MZ2I03 ATTHN NOND 1PN .MWHN P¥an DY NI
NRVPNN (MN2I0N SY NNND IYYTEN ORPMIDRD Moy EPA - v naon y pbn pn
JPATPIN  APIPIIMMNIPN MO NPOIPNPND PINID MUNN NN DY MDY TN
MINRYIN IVND NYPY 11D ,2070 THNN 1N 1NYY 191 MPODPIPRN NN TO7 4o
ANP NPV PNTR PTY P TIIND IPYNOPN MTTH TN DY DNTH YRY NPNMp)
AYIN RN MYNHND DN AT MY 05N, DMIAAN MIIWHN YPHN NNX P¥Y v Ao
PN NPT YW 27 190D DV RN SV 17 1800 DY YD NPOUH ,pInin Moo
PPN PYDIN BYNAND T .OPDIPIIMP tvvmru PUND I NOV YT D) o
112 ,OP-FTIR- 1 no7yn I, M1 Ny NHp? N12N1 NPN,PINID FPOIN IV Nl
IYAWNY NPT ITPTHN MESXT ,DINN 011 0D YTRD TTHN 1N P2 MIIVPID MIIRNN
1NN TYHRNA PIT? TN 2Y DOPITINONN DXRINN
TIIND MO IR DWINY D27 DVIPDY Y D110 THIODN NOIPIH TDNNIOPND
,LDYTR-ANN DINN D13 Y¥ 0N MTTHT FONMSIONRD DY VIOWN .00Y 100 - p a9y
IINND FONIVPITA F1IIIN SONNT 1IN KIM DXVYN NHY PIHN IND MPNNI NNSIN



WK NN-0PONN NI ONopn oxavhnn nnynn oy (FTIR) oyvin-nna ns
MVN TV N ,NTIVNI 0I0PIDN YW TOTYN NYIP MVIR INURIN NIRSDIN
(Griffiths and YyTEN PYNPN NYVP  IVOAND OO YW APMYTD T

PRI VTN NWH NTaYN 033 FTIR - 1 noayn nx deHaseth, 1986)
CINNDY TAYHN YO NIWHN HNNN ,0MNYN DY NPNNI 12-INNI DAY MY NN
Ynn (Hanst, 1970; Herget and Brasher, 1980) 0»0axn DMIAND APNAD AAHDKNN

NMIVOIT NN DTTH TN TIND NPADINOVNI DHMD M Y NTY NN NP
DXANV TPIDIDONI D) 21177 2¥ NPMNI MTPTHY NIWHN NN DU NDND VN ,NoN

219 N 1t XONow nnd (Long-Path Open-Path FTIR) meainn npoomox1 oIN
OXNR MDTPNN DN OMNDYN DVY THNHNI 00N BDYNN PNIIA0N VNN PN an
(Russwurm Nwnn 2v nopbn mwnnn nnn ,omnen MY 91021 ,7m90501 Y nynap)

.and McClenny, 1990; McClenny et al., 1991)

L2010 0283 I3 NIV TIPNY PINIY AN ML .2

sob 2.1

DITN-NND O»PI0PAD DN »wa nva ninnin ,CAAA - 1 Dyamn opnnn 1Y
CO,- Yy o0 IR OT-DY Yoan oM oI , oo 8 - 13.3 -1 3.3 - 42 anpn
mMexy ndya nnw OP-FTIR - 0 nown DX THyn ¢t 1im O0n 1983 3090000 nrn
{Grant et al.,1992) PN NN NOLNT YV IPNNN NN ,NOND DHDINNA FPYOIN
INNYN 23207 2¥ 0NN 2nna o) MTTInn DOAS - m DIAL - 1 moayvn oy 13
1 "ava N ,PINID PUHSN NYINN NDWH vidY pa bYo

FTIR - nnawn 2.2
TIUNIY 23N UN NODPHH YonNouex w0 FTIR - 1 1wona »pyn sosnn 29900

AN DOMNMANN NI POBPH YoMNEIVPN {Russwurm and Childers, 1995) 1881 swa
PN DY ATIVDANND PPN Y1-DY NIDINNT OXPPBN DIVHMIVIVYN DY N¥IP Yan
DR DYIAPH IMINILPRN YW NP9 HIBRAN 2 AN NP INND O YN .N0IN
INNDI D27 XD 230 TN DY MNP IPORNMIVPIND NPIPN AW MP ,0010psen
JPDIMIVOR DI 0PN DN AYWap Hv NI NOYPRN  TONNIVPKRD
SV MTTNY POOPYN WHNOPN ,UHYN NNTNKD . MONH NN DR ININIY MTHTH
NYN) NZN D21 .OYTN-NNT DINNA IPOIMIOPIND PP OYNIN Y ©9P10 110N
NPHDINUNIY DN DXANVA PIN DN 1M SY ML MINYS Y0¥ T0ONMIAIVIND

JNINON



DOVING POYPIN TODIIIOPN DY NPT FVIVAN AN PVPPID IR MININN 1 VI
WP MIPHNI TRAD M IV YR D INXRY DN PAYI PP PO NN
LPIVD HNN DY NP MNP NINIBNONY TONMSIVIRD DV POIIND PN TIND
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Pty
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*

ulfrds
QTR DN

MY P IMPVIIND DIIVIN WISN NTIPYH WNNOPN Y Y000 NWON ~ 1 VI
NP Y ANV AN FYIP NN IR YT-5Y I8 L0001 NONanD PPN NIwD
NN DYTANIAM MYIWHN MDY P MDARNNN DVNINN T2 ,yiap

ANIDN P OMINTN VISN DY IPNPNND NPIPN NN NN TN FTIR - n n0y0 DY '8N0
YD ¥ Y9I ANINNOPND NIP) Nt ©HS JOMNVIND TINT NYIPT IRIDM NYIN
1WA YHIAN M PHNN S0HRN DMOPITN NN HIPD MDY (Klein, 1986) N9 nnnn
300N ¢ Mnnn Wnen FTIR - 1 moyn Ax mryann avnnn nuom *-Hy MIPY

PYPNAT NATIITIOPND NYAIN 23NN 2910 1233 NDNMNINOPRN SV MVPY DN NN
PPN NI NMDPH .Mt ANPNN VAPHNN DVPIVL DOMPID Ry -y PPN



(Richardson et al., 1995, 27 Mwn MY MYPNAN NPNAY % NIDY IHNNNDY PPN
YXIN P-IDI TIOIN D1 DINAY NN DY NANHN NPT 1230 Russwurm, 1996)

MINT IDINIDTOPND P MPY DN MNP AR YNIYT M9 MBNn Y YHoa T
APY OAIN LMD MUYNND AR NDIPHN XD NN MDD MINSIN AN NN PV

FTIR - 1 n27ynh aNDomn nuomn piv 993 1wnv fnoennn

YDINN ONVPITN 0NN MHAPY TV OIWN DMIYWA SV DM DWIN PN 2 OVIN
N3 NG Japnn (wavenumber) 230 190D YY PNPNAd NPIPN ISy N L (V)
YUY DN DN MM PY2 ININY NTTHN NPENPP 92 AN LiP'Ne Nnn
53 "800 PV PNPNAD NYDIAN MWW NN ININN (absorbance) MYan 01vPaD nNya
PNID Y212 TN SN IPOINIVEIR TP 32 YIPN ©1IHY 92 PIND NYIPIN AWYIN
Y2020 TNAN 2w NyeDan nm C yonIn Tnn meas/om oy SETNSINSOPN TonT L

1) = I (v)e” @)L oY
TNNA 92¥NN INND NXIPN Ix 1(), N3 Yawmn NPPNa NPn N 1 (V) WND

VNN 230 19003 10 YY whan o1pn av) Yoan

SNV 1921 OMSDPRN DY 0IDMINT VINIDD TIWI NVTIN A nwban

e o7 = 1| IV
A(V)=aCL = ln[{o(v)] {2

VD TITA 2WNY I TYIHD ¥ myhan DIOPIY AN Y1IPY Mn-YY 2 Yapnn 2 nNNWHD
ANV MVLHD 1 DV MNDH NOD NPRN DY PN sy wav 1, (L) oropoon NN

o0wD  APvAN MYW vivwa nysan I SRYNRNN DNOVPITN MHPIAP IN DT .ATTHN
JEPA-N  JONPYINND MDD ST-HY NSTMIB NIPRY TOWN . NDNDMY NMINM 1N NN
NS PPN NPH WK 031NN 0pmnn 1 NN (Russwurm and Childers, 1993)
NNAN 2T 2TO NYIINT JOP 777 ISPN PHINDN 9 DY DN TN0PNY 090NN 1373

NOW NOTI T NVOY DY Y0 MISINY ITDIVI IPYAN ATTHN DY IMHKD PRI TIY 11oMb
NN NIND YT NOWHN DY DONIA DM MISNY 10D NOYNZ NPND AN THNND 1

(Russwurm and Childers, 121 xd 0711070 507 YT Y Mwn ,%910%09INND pRInn
WIOPADN NITIANN WD DR VYN MVYH OMY NNV INTTH > DTN NS 1995)

OOP OMIOY NN SIPODV DX NNYIN DY IMIPR HY DY 0D APIND INXIND NN
DY DY RYYMN PN PV OXT1DMD NRHPLAN IHNN N OOMYHYN OOV O NON

EPA-nT
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LOP-FTIR - 1 R9yn mysnnNg npTnn ANv 7KDY onoin nbap

DIV MPHRYI D21 PP 0N 11 PN NN AZ¥NL ITIO PN MIAVHN MWD
MTIPI TN Y SOPNN S0UPY DIIVIPID M 07 TTN DININ JY NYIUR TP NO
2y NOVIARN NV .mwj PEHOIOPR NIBN WHRPH NYIIN 112 2001 DITOPID TIND
»pn 1 (1992) Kricks Y9 nsiap > by ngyin 2o 19181 DINYHD MIVPav X1°N
DINN OYIPaY nvap wan (Giese-Bogdan, 1995) My inag ainw Minin noPw NP
OY P ARY TY NI N DO PIPHN I TIND NIONM DIT) DIVPID 9o v by
TIOND MY N ,DPIPHN DTN N MY NI 173NN N VY DN LOPMONDD 0
S HT ADINT NYYID NN UK T FIOW DINH DNVPID DY 01T IN D00 017201

JUNIVIN JPINT YNINNT IDIN DI DNVPID
Q08PN 112N DY ONPNS NPRY ,NWPYIN D NNINN DY DUIND NN M PN
MY PR 0.1-0.2 YU Y TV MDD 108NN TP 0Y NI PN NN
MY 0IVPAD DY DXHN NP 01VPsY Nk (Russwurm and Childers, 1995)
MPPIT YT INNOA FI0IHN 1IN DK PAUH IIT NNV 108D N1 NTIYRI 03NV
PP O13 NN HY NPON DY 0NN Y0 nyban YV qON TIY0 1Ay ONVPLIDN M

vapy (Least Square Fit) »ppoyni 0312297 DRIPH AXIN WODIND OZIN NMYSHNI



NN (Haaland and Esterling, 1982) DNVPALI DNV Y2 MNP ITTOIV DN MM
1PN ,DIPNN 17 NYRN DMIYN ToNNI .OMNYN ANY Torn1 0N NPV NNIY B
DIPND .0IPAN NTAYD MR MTTY %1 MW P70 MDY NOTIIBN NoIN
O»PoNN ONIPPHIT DBININ,INT MINNDA NNTIN YW PTIVNI PP NN ONID NON
oUrnn oM (PLS-Partial Least Square, Haaland and Thomas, 1988)
novn -0y (ILS-Inverse Least Square, Griffiths and DeHaseth,1986) mnv29v1

- (Xiao et al., 1989) (CLS-Classical Least Square)monopn
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N1 (Russwurm and Childers, 1995) movwan sowpa oow oapnn Hw P
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VORI TNN N¥PANYDY DPIPN NPH SN DM (3 0wan IRY) NNvn Y wn
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PPIPN NP NSD) @ 0UIN DN PVVDINHNN N2WNI - VVLLDINHAN PSNNaNDPD
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1T P9 PN NTPTND IRV UHO-DYN 0MINNI NN NOWHN YU NDITIN NnnYyn
o maMIon (Grant and Menzies, 1983) mo05 »TNY 1PN Mymnn , MY NN
DINNI NWI NTTHN NI OPPIVINOX DXNINT DAY MLAT ,NNNAOND ,290 PPN
D ¥ 27 1900 ¥ TN 1D IR DVIN-NINN DINNI DPXPEANn AvhN NN AN

272 YADINW 293 23 71 737IN W 1100 20DI0 HY NPATINOND HMOIID MPY Yv OPYUp)

DOAS -nnvwp 2.4
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M ONN O] OYTR NIOPRN OINNI MY MNP DNV PRY OYDILON-ITI DPDION DN
,(Hartman and Leston, 1994) o>ProR 112 , 1IN, JPINN M IBAR ,NIENN 1717 At
mp on? vwv (Wallin, 1994) 1y imnnx a0 9T, TnTon™19 ,5us ,(Toluene) wivio
{6 DWIN) N NN NMVOIT IN L O1TN NIDNA 03 iyeha

) DPOYY
R N ( ( o LT
- il
Py Pl / / Call
N
N
41—
WoNoFse T— X7
Y
AN - awwnn
¢ 0INO{To0 Y
oDt Bo
E
2
=
. 711N

DMIVSNN DMIDMN NYAP TUOR DY) DTINN IXNPMP YV NN OV - 5 oI
DOAS -1 noyn mMyNnxa TR ANY TIRY

11



NANID DTTHN THN ZVW NN NXP 1IN IR NYDD PNV T0NTIVPSTH I NOWHN
own 0 ANON DOAS - 1 novwns .ny»apn Mpnd vre 01opse mya mun
TINYNL PN 9P DPNN 23 2NN DY D7 PDINNT DNRYHF BPI9DIBVRN OPRINN
DTN ANO NN ADWY PN JOP 0% 1900 DY DY MIVEN) ,OP-FTIR - NN
- 11 29 NN DTTHD ANLH BIY 391 INY TN NNV ,HPP 2-H YD YD NoWHN v
N anon nown EPA - i r1-by e ,OP-FTIR - n noawnd 1 .OP-FTIR
NG, OO0 PIR NHND DY PN DTN nownd (OPSIS nasinn) DOAS - n nown
NPIVIIMP DTTH MO NN P 1I9WIY MY AIPARNVYN MPrTa nNDYN NINY
713 03 .(Stevens et al., 1990; Hallstadius et al., 1994, Allegrini and Febo, 1994)
JTUNNN DN 0D o0t) 190n My (Wallin, 1994) »men y9xa OPSIS- n noayn meN
IR D NN DOAS - 1 noayn DY Nome mand D N0 v L PRTonme
-OP - 1 7090 13 AV DA DY 37 1BON TITHY NYNON NON NIWHN ,APTHN PPN

FTIR

NI TITHY I INYENNT YN PINIB NPOAIN YN MWD v Y1 INNWH - 1 8530
DIVVLON NPNIAM NTINN HY ONY DIVHY NPNID ,NTPITINONI OMIMND BN)
JHNY2 0NN PN INoRN

TOVNOY Y0PV NN TN DO NaoD

(ypon) WI0PID MONINO DYOLVY

FTIR  2-5and 8-133 0.5-2cm’ many commercially availiable

standard method TO-16
in reveiw

DOAS 0.24-0.68 1 nm several commercially availiable
EPA approved systems

DIAL 0.2-11 not one or few mostly research

applicable commercially availiable in

Germany
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OP-FTIR D22 MYSINI 1700 Mmaa spnpn men 3

P10 A3 FTIR n993993 11991 5 S I00INI DS IIoNg mms 3.1

TIIND D DY 1308H 11 NTNY NIND NPNI YHYI AYHAYN - NXDONIN DPYNPINPN
PP NV HY NDOAND N ,OPNANPI NV PN NTTNY N YHYY NDWHN PAY TNNN
T WHVN MYNHDNI MTTH NP 9P ¥PI 09 2 MY MN0Io00a 0T D2 b
TN 95 TNy (Vazquez, 1994) nnnnn vpan ) dHIDMa 0M9wn IR P
VXA N PN PP TN NIPHY PPN WOV ,NDDS MNPH DY MTITRA I PIDIDOND
MY IONAN NYSINY N TSNP LTTOIN 1D DY D70I00N AN Maph v D
AN oMY 3 NOW eon ovd nbapn neN (Herget and Brasher,1982) omnpwin
SVMOR NP PN MZAPANN MRNINM DN DY HI0PID NI90Y T1THIN DIVPION
MMNPHRY TIN0I DTN 21D X NPV MIAPY NN ATTHN MY MPHT NINY NN

.(Demirgian et al., 1992; Chaffin et al., 1994) o»1pn

9NN MYSONE DIIDN MYNINIe 3.2

L0397 D213 YW NTTINN MYA DN TN DY 0DI0pID NN DY YD ,Winbv nbava
D70 MR MNP ,NYava osinn ooy (Grant et al., 1992 o>yonnprn 8-13.3 onna
NN ,NIR 0PN ,N2203 WOINY 1INV MHYIN MNP .0 MY MTPR DY 2N DNNI
TIONY 293 1 TTH MY .NYR 0711 NI NP PN P> ONP DN TTHN 2DPHN
15 , NN ANPIRN Nav 3 eanpn oy FTIR moayna 'mypen 1981 mnvn ,nbava
TYTRD RPN NWHNVY SHHPNN HPIN NN AVNAD PITAY AT DO NN 723 YNV
NNOA ¥ ININA WY L2 1YA0A VAPV %92 MUIN NN ATTRN DV DINN0HRN 0NN
ONY ONY MDA NN MADKR 1N NDIWHN WD I21THN DI0PITH DINNA YIN RTTHN
NP RD PN MIND DY 7Han b WY 1D MRNY 10N YN vyl MIND
bV 2TV NTTHN MY npr1ab (Pescatore et al., 1992) nodw nNMo MMNND myoa
MY VI Y IDTT 1M MTTN NNTO DI MPZAN WY KTTH DY NDDINDN NOYHDN
APATN NPN NITTHN MYA ,NZ30N 1P DI 9D, DNN0N D1 MY .2 N2I0IY 07
nn-y (Russwurm et al,, 1994) 5015 0pbnb 19 AYWHN NWOLIT NN DXTaN2 PN NN

J00MmoNa VOCs bv 079N 0711223 Phand Dowmw
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O»0PION YN NN S OP-FTIR - 11 n99yna N TR myea Yy ooy - 2 noeav

AP0 8-13.3 DYTR-NNA >D70PHDN NN 0%’ DT NI HY

Gas Name Spectral Range Minimal Detection Concentration
[em™] [ppb in 200m)]
L0 ov VI0PID BINN TTION MY
1,1,2-Trichloroethane 726-758 80
1,4- Dioxane 857-906 32
1-3 Butadiene 909 24
Acetonitrile 1042 320
Acrolein 962 80
Acryonnitrile 954 54
Allyl chloride 756.5 580
Analine 945 260
Benzene* 1040 80
Carbon tetrachloride* 1283 2
Carbonyl sulfide 1040 280
Chlorform* 1221 22
Chlorobenzene 1092 30
Chloromethane 1020 180
Chloroprene 974.6 56
Dichloromethane* 1268 48
Ethy! acrylate 1073.3 34
Ethyl chloride 975 200
Ethylene oxide 872 100
Hydrazine 9414 66
m-Xylene* 768 22
Methanol 1033 10
Methyl bromide 981 640
Methy! chloroform 1090 168
Methy! ethyl ketone* 1170 40
Methyl isobutyl ketone* 1170 140
Methyl tert butyl ether 1096.9 44
Methylhydrazine 888.3 48
o-Xylene* 724-763 74
p-Xylene* 795 80
Phosgene 857 12
Phosphine 992 260
Propylene oxide 839 120
Styrene 910 60
Tetrachloroethylene* 782 140
Tetracycloethylene 897-931 16
Toluene* 729 94
Trichloroethylene 945 34
Vinyl acetate 1226 10
Vinyl bromide 942.4 120
Vinyle chloride 942 40
Vinylidene chloride 1086 19
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010N 01> onna (Hanst and Hanst, 1992) nranenh by amw 01205 93 pin 2 now
011297 DY TN 2220 NDIWHN MO DY P30 APV T2 ,00112770 BY NPT MPOoN M)
DINNI YNINND MAPN MTTHM ,TIDIN VD000 110 AN NPT 1t NN OTH 0¥

(Clark, 1993; Griffiths et al., 1994; 7703 1a 53 May ,myHab ¥ oN*a DIRYNIN DXNIN
Richardson et al., 1995)

EPA = 51 37-58 NN INIDI N2 WHN 515 3.3

MOWNN SV PP 37 NDND YPYID L,1990-1 PN PIND PINY PPN RPPPn oY
NMTTN MRMIND 2¢ NMPOIPNPNN nnon PP (Russwurm and Childers, 1993)
mmaya EPA - 07y mvINgi Maomn AvRMIN ATInn mMown 2w nbNd ,nowna
(Hommrich et al., 1992, Russwurm and McClenny, 1990, Draves et al., 1992) ypoyw
29 DTN MY TNND OPNTIPY OMHNT DY wp ton v LFTIR -1 moawn bvoa
oY L, MONNI-1A] NHIND ODVIAPNNY ,DXHNTN Y¥ DNRIDMIN HYNIND NI NN
DXVINN MY S NP 2apnn FTIR -3 7700 N0 THIN DYNIN0DN 0R1577 9500
{Canisters, TO-14 nW) MIVINDR NTTHN MWD 0 .APTHN MO SNV Pa DTN
1>ﬁ nxwnn mprraa (McClenny et al,, 1991) NPOT NNV 72,037 AMNON NYa
YA NPOONN Y12 N EPA - nHOT1-0y v innn avkhivsnmp mowb FTIR noqvn
JNNNIND DY T3 NP TIND NINTI APOOY 01T NN 00 1 NTIW TN DY MV

HY MODAND MIVINDD NV .NUN PRINT MNIVP MOWN P2 NNIYNI MDY Ny
- 1100 PINHD FPVANRD NYOIND MOWN WY ,TIIN YOt P92 PING S SRNp) T

TIRY TN YDOPR AT, 7MY Y 51 1To1R ,N1nn Nt Yy movann OP-FTIR
VYT ,OPNTIPY DNNT MYINKA MNP TNOPR NMNDT2 MM 1Y n-Hy .mTmen P
mya AN (Thomas et al., 1992) no>wnn Hv ATIIN 7 TIND ODNT DV NN MaN
TUR2 NP W OP-FTIR - 0 n2yn mipro Y 27 1900 YN ST-DY 1IN0 1% yorn
LOPNTIPIN DONTH AT
MPOTI MW PN Y N 20,0003 NMYN MOWN P IRNYNIN D NPILYan apy
ANNYN LPIYI DYDY NIBPR IYINTHN MIDWHBR YA APRINNYD
(Hudson et al, OP-FTIR nmoyn wibw pa nowy (Intercomparability) msyvrayn-pa
(Piccot et al., 1994) OP-FTIR ndyp pa nONIPN MWD 1D -1 .1992)
MIYY B NPLYL OF MRYIN 1IN TON MRNYD .NWHN P APOLON NN TIWN2 Mvna
MIVINDT MO MY 1D APATIVD P IPARNYHD MPYTad Tl 001112 DMINN

(Thomas 972101D1719-13 *1°-DY NPYLINY BMIVYNP NYNHNA AT D EPA - n>1-Dy ovd
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(Russwurm and 0»¢ TR PHY D01 by MBI NY¥ann P-mo .et al, 1992)
IID PV MINDIN NN AMINOHN MDWHN v pa axnwn  Childers, 1995)
maan pond EPA - 1o 5y ;o n nown (ETG - 1 Midac) nins nwoa ooty nrn
NPANIYIN Mpr1aa (Standard Method TO -16, Russwurm, 1996) TO-16 npn noow
03 NON ,ANON TN 130800 11N NINW ,IPAI0N NINSIND N2Y P9 XY MU WK NOND
TIANN P MY MIWHN P2 NPODN 23 LIPNN NN NN v oadwn Y3 May
P31 00TIN APTIV MDWNH PRV PAY 70N OHTINN 1 N3 MNORN 0NN NI
D5 7aN DY LY ,DINPH X2 D¥YAN YP-DY NIDINN DI DY ,NMVN NN
IPNIN N2 MPYN AVNTIVO-PIN MRNYH MRNINY 23 PH0 PN .MOWHN P2 0¥MYHYH
TN NIPY TN-02Y XD MYHNI) TUND MIBN NZRI MPPTL 9 NOWHNN SW vsn MPnN
nowl NnoYMm EPA- 0 »1-by nowwn Mo axoph OP-FTIR - 1 mown bv ymasy
MOXY NIWHN MYEBNI MTPTHN APOVIIMNIPR DN K2 PYIY 2,180 NN .DNOmn
DIVVOI NPV MININ N2,V MY MY 033 Mash v EPA - 1 nynam , mwingh
MWODD PN NV TNEORI DY a0V IPANT APXPMIBND IVIVIN D PN .O»PN
NN FIDWN IN TP NN ONPNN KDY L,ADND MOWN by pwvan May (Russwurm, 1996)
DWNN YWANI MITNAN NYIT .NPN DINI TITHY IWIRY DDIDN DY IN INN
PVNND ,MTHAN NN ,ATAR DN Yv DHNOVPID N0 IPLINTIN NN
VY ¥ DITHD NN TN 2Y ,DNMN TIVY TONND (D130 RZAPDY MMV MInnnd

S0NYNN PO O AYAP DY NLPND HNVIAN IMNRaa YD n S nnpn
DMV DMVHID YV DIYOWN NPNIAY D17 DXIPNHN 139 MIPPHN IOWN YY MR DINIPY
D12 NP ,22APANN 0N MINY MPHN DY ,DIIMN MNP PIN JVI N1V DTTHN DY
VI, 0NYN DNVPID INNT NPT WIN ,APTHN A0 DX NPYH P8 129nn 2yon
-5y ,(Russwurm, 1992; Kricks et al, 1992; Childers et al., 1994) s5>rvopaon nTonn
NWAYNI NYNDNNY MI0PION NN DY 12150 . TYTAZ MDD NMN NXRNINN Yapnnve mb
»1N) (Russwurm et al. 1994) m9 >1718 N ,(Russwurm, 1992) onopavin mind wvwe

TOIN TN PN M1 OMX NN DY (Russwurm, 1993; Webb et al.,, 1994) oon
02N NI

WY TIN-D¥ IR NI FPSTOITIOT D) PPRY TNNN NS TOYa ) ,Pav PN
IWATT 21020 D07 PN . MRYIND NN MDD MOND NP MM NP0 VN Yypd N
LTTHN TN N YNNANPM NNND PR 1D MDWHN DY PN NN M)
S Lapna ATTR NPT PI VTN I VIO M2 AP0/ RVIHDN AT
OMLPITN 1N IWIONN PN YPIN DIIVPID DX TITHY NYAITY ,DMPN21NNOD DMIVNIH
{Russwurm and Childers, 1995) 11w
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OP-FTIR - 7 199y MIYSONS D302930 029ph0 3.4

NN NWNDNA PTY NMTTH DY IPNNN NN OXNNNN IPNHN MONN 282 0N NNy Ty
YU MY NPENMPNPI NTTHN IV NP 1 owp tox opnmt OP-FTIR - »
NHLYN L0 HMIVPID DY NP HNON DIAP T-DY STPTHN PYTA NS N0WHn
DY MY AWAVN D901 DT MNINN NTIYD RN VINVD OPNIVPIT DV HPIIDN
SJMIND PTIVHIMP MO BY NN YYD Y10V TN PYT APYTa ,0MNINN MON
a2 OP-FTIR - n noayna AR widel mZaam 0oXmN NANM AT*TH0N MYl 9w
NDYN NOYYNA DTTTHAT NN VIOV PYW [ ONN J20% ,0MPNN DY KaN 2w .DTY

NIV YPOTIDUN IPNN DV N DDIIND ,NDNONM
Y¥1 Y99 PVIND NIYINN DY NPMION DIV 1PN M2 DYANTN 0PN1XA0N BNV THN
,(VOCs) 091 0091 D¥RIN O DY M9 1o 2582 v191 OP-FTIR - » nown
Y993 NMIPYN NDAVD LAY MAVYN NYIDH NN NIV NN TPYYN NN N1A03
DXY¥IN DN SV DN AN TTHY 107,007 01 NAY 23 Ky L(Kagan et al,, 1993)
N9 MOYPRI N2 MIVIN K2 P27V Nownw mMand g rkhal oophn bv oMo Ty nt-1a

M HY DXI7 OMIPNH YEINTY VNN ,NTTHN HOW DTOIN X2 PXIYI 79720 MNIND
TPINOHN NIWHN DY 0793 IMUIN NN KO DHMH O DY NP PHNDOR

(Kump and Hommrich, ©opva »01709 Syan 5w 37 TIN2 MTTND VINY MmWwrIN
DPIN DVWHNN NG DV DM DX DMNIN OXIMIN DWYD NN DY T, 1992)

P Y0 TN 10N, 000N YN DY 0PN YT D3 DR NIYN NPD N2 Ot Nyl gead
0 VNGB MVT ODDPHR NLYNY DY N0 TINRD MTTH DY ANT UKD ThNa 0P

N9 NHRND VY wasn ,nmpn nmnn (Spellicy et al, 1992) popoa NN 17517109 HYIN
TYNZ W) NoX MY PR .SO;3 2 R b OP-FTIR nowm DOAS -n ndayn mvm ya
OINNT PINNY FINDN-IT NI ,TNINN DY oi’bxvn OMPYN ITTHN DY 250 Sv NMv
YU MTTIZ MNND SV D197 PAY NIIND 7T P9199 1Al opbn MIvy b oM
(Lamp et al., n>wyn »nn Y900y OP-FTIR - n 10 yn npwy imnna wonar opin
TN ,0°TNI YPPAY OPYN 120D TY YV DXHIDM OINNI TNHND VM TN ,1994)
MYINAY SPOIP IPTHA P99 PPAK ,MAIN TN P21IY OpHN MIND YV D1 inna
DINN3 ,0°%) M Wy-nepn bv mmnd OP-FTIR - f noayn AR 0»Ma 130, man
Sv ©May DV 17T Haa (Ckakraborty, 1994) y»ad opbn mnwy Dv oo
DX9¥1) DMRNN OO YW 27 79010 e 0 Ponn any ooy 1pad oXpon mnND
ONPYN 127102 .(Néves et al., 1994) NPTNA INPI LITIN NPIDIVHN IMUIYNN NN

YANAN NZIAN THY INAD PNIN D ,OPPNIN 023 NND ¥ DPPPN 0N 1P

17



PN N NOWHRN 2V NN Pavn viw (Russwurm et al., 1994, Weber et al.,, 1994)
NIV NYNIAND DN OIIPVIN DX INKIY ,0NY >T-DY MSYAIHRN NI NINNI THIYAN MDY
THD YINIM MNNHN-ITN YINID P NN Y1-DY MW 7YIN MY avna phr v
WY N DO 9D PN MDY sHpa .omea o ny*ap) (Lindner et al., 1994) »snn
M0 DY 12TN DYY NNT NI .ONTNN AOYS ONHEY NINY OpYT HY hawa Tony
JMYVYN N2202 PIND 0D onnnn 7°NaY (Gibbs et al., 1994) ovao by muodbs
SPOAN YN MDWH P T-DY OPIVYN DIANRIT IX VYN 3NN 071N HY 19PN NYNa
PPOMMON HOW PR Nyan ,OP-FTIR - 1 novyn 15 10anan n1390 w1 89Y pinn
020N OO DY IIPTHN  NOMMK KT DN NTY INHYY ,7D0I0N NPopnn
bv mapn »ona (Wilkinson et al., 1995) anxn Nk ©¥poY 013 IO NNV TINS
NMMPHN TIPXD ¥ Mwm o TPMm Hen ,SFe 13 9910 191 TN 1Y3InD nown
2N PIAVNI NP2 DINIININOVHN OIROND YD NI ND TN VIIVHD NN IODON AN
DXNDIN TIND NN 2P
(Bennet et al., 1984) navmmm iP93miv 2¢ Moo mne»nh MMT MO ,INYT 19IN2
NP XN IPNHNI 0PI MNRYN 0P MT NTIY MMPHI DN DTV DX MNRNUHIN
JTHI ,MNIPR DY DIPIN OXRN DY DPYITY DXRNI NNITN MO NITO NI NN IPND
won oinn (Drescher et al.,1994; Yost et al,, 1994 ; Park et al., 1994) 5y y1n bv
(Fischer et al.,0mvn 100 7Y ¢ 901 Y13 DTH-MIPY 93YHR7 OPNINM NWITN NN 1NN
NPNY FPAYNOON DWW DY NNNAN N NFIAP .OMPIAD TNPN NN P>TY TN ,1994)
pya npown Nsap DN (Yost, 1996) 0ophT NOMNY OXINANT 1D N DN MNPD
nhava (indoor air pollution) ©INE NTIAY MDMPNI NIAXN MNIAD) TPIUYN PPN
D1 DV DM DTN IP-DY D2IPH NTIYN MNND MPIN NR ARIND APYND NOWH
TOEPIT TPYYNI NION PUIN N0, 0971 IMINNIN

(Malachowski et al.,, 1994; Xiao and Levine, 1993; Todd and Ramachandram, 1994,

Arindam and Todd, 1994; Bhattacharyya and Todd, 1994).

MNVAZ OVNN SV OMHBPN NN PHIY OXIVNNMPR NTIHN SYNHNA 7PN PIYP OPH 1Y
NNPHH AP OHMD NNV IPNY PN TPVNN NN PYNNRI THTID L IN DD

IN NOY NNPN N3 XY TR (Moore et al., 1988) mminKn mvn 0>wya 199y 02NN
DX 23pY 1IN0 NN OTTIN NPNIAL TPTN MOYN DY PSP .OPTPID N2 NV Mpn
(Ivancic et al.,,0>M3v8H OPAML DX MTTINY MWH ANWD ,ANINT PN NTY
NNOVININ DXIMHAT N TN DR PHAZ 113 nwys nxe mand .OP-FTIR - n 15 ,1994)
AN DXWIND 0NN YV oYSMBN 0NN AT -5y OP-FTIR - 1 noyn mysnNa
PN AN IVAND 1N ANIN 01N PR PAgNY NDWND DY NN ON NN N9
OPANY 01177 5S¢ MITTH NMPSHNIT NIVMINDNDN 9NN NP0 MR, 10D 21N
MON Q9T .OXDMND NEY DYTIND Y INY IPHN NPOTA WONN NTY NN DIV
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YT-2Y OO MTXTHD NMYNDBND DPIPIN NI MNPHHD NOXLan »asp maph y»od oy
.OP-FTIR - i1 nown

SN2 OP-FTIR 1191993 1PN0N M08 4

NPHRH OHNMHN NOMVA AYP NOWND MO INMH POOM YR P GMIVN IPNNI
NMYNHDNI PHOY NPH DY NYDaN MNP DU HNeN NPIYHN IR MmN NY hov
OP-FTIR nonyn nwoin 75 0w .0MMN M 2790 AOWHN Y TN AvsSvanp
YV DTN TN ,O7I0DINOVN DIRMN 11977 YNOAN YW ANOLINPDY HVIMN NTITHY
YHIND 1M DY DMIPO MIVT WARN NIV AOWH N Nnd TIin ANt 92 prp 1-0 1y
WM A0 PIPOY DINND,NOMN YANP NIPNY ,MNMANY MVN DM BN PIN
JINYTOY IPVYM

NZTT NOYN NPN DY ONY DPIND NOUDEN 2INP NOWNY DXITT INMYNIA IPNHDD MYN
ONP TIRD DT DTN DY SANIHBN NOIN YA 0D PO AN N0 on
NOTI DWDI MMPHND ONMHNN DN NYYS daxp YY smnd YR bapnn ,ome
TINA NITIPI DY 27 90002 I NI NPHNN DY DP2I0a TN NOY PN 9N 0N Tom
DY NPN DY NOHAN 238P NN PYYN 1PIND .OPNNPI DONT MYIHRI NP
JOP-FTIR- 112 Pinan nwen mMoyn NMYNHNND P I1IWAN 07 TP NN

M0 T oYrpd oy ,OP-FTIR- /1 m2yn mysnNa Ty n11n nvie mindg
N2 IN DN DY AN PIN DNPY AN 2aph qwann 9003 HNIwa PIND 0t
N OIND T ND DD TV N0 Yo OINN n22ava, VOC's 110 o»hivsnmp
(1996 RMVN

19903 NI PI20S INN3 OP-FTIR oywss 8

mr»ren nNns.d

Non OP-FTIR nonwn »1-5), 25.7.95 -1 10.7.95 D¥PINNT , D701 TUHA 129 HYDINN
IR 233 Y AR ADIINLD RN RPN INNa D7NeY v BOMEM MB-155
TVIANON TPIT YTTNI 12-100 M NI NN MDD PRI ATTHVY 00 2.5 -5 Nane
o1 AN PPIY 023¥) YN 73D PPV T2 1IN DTIONONP ATTHN YIRI MO
DYNWINT DININD DTN MNP) INNRN DI HY 310 N0 LA MPTHON I NV DIN3VY
YAPRDY MPT 2 - 5 TYNI MYSINDN NIIWHN DY MPMID 64 -D NADMM NTPINTD (8-37
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D¥OD 200 -2 50 P2 W) ATIHN NNC .DMIPAON 64 YW YSIDD WAY DIIVPID
ANDN NN PAND PPI NN OPI PPN 0 YYD wp 1 - Y 0.3 P31 0N

2% DN C 1on M mamopa  mnYnINesn mnn1 mrTon THO 2¥ DNINUDH
B IR A =300 MmN o921 19N TNes-Dnpoa

bala ]

10.7.95 NITOIN
"3 DN
OP-FTA

PPN R0 P12 N1 OP-FTIR - 0 10990 MYSHNI 1A ADTOn Mp - 7 oown
.10.7.95 TONM

AVVIN 12 NN 111D AWND P1NnN NV DY DTTHN MPN TAN N2 NYN MTTHD O]
AR INND 2V MMTHN 12 NODON 3P S1D VIV YTRN YIpnn P2 MTTHN b
YN NVUN MTTON 0PI 7272 PATHN P VI 13 1PN Nt 1P TTIY I YWon

Oy HIDMIN ANNYN 2230 T Yaph M-y ¥PIpn Syn qon 3.5 -5 Y 1Nl TTD 03
20N



mnn

25295 nonn
30 own
OPFIR

N0 Pire anna OP-FTIR - 7 noayn NYsSnN 1mmw ammn mp - 8§ owan
. 25.7.95 PINM PN

meroirmaymns.2

1 VDN MMM DEPNID IPPYI PIN DUPAT DINIUR OUY 1T PURIN Dva
NWNT NP0 DY MO0 WA DX MTIN ova nTavna (GC) msonid
DTN MW APHINP PN AN MPTDY POD TR WP TIND MM yaNa
9 ©9IN2 M GC - N MINGON .MPTHN P DOT AN NN NWH S HNPN
OO MTPTHN NV MWL DN LY MRNINN PA N0 YR Y Aunasn
EPA-N nYmn »9-Dy 1wy 18nn 11979 0Nopaon e mbInn nory  noawnn
NV MY NN 29T NN D MTTHN MNN .(Russwurm and Childers, 1995)
DXPoNN NVADAN 3P HY DXIANONN TN ABNNNT 4 -1 3 MDAV NI NPTHN M
ONIAY ATITHN 1P 1IN NYNINN IANI MTTH NOW MYNHNNT PPN INN HY O
INNINDYN NN ;WYY AT NP 10 TIND 7) DTTHN P2 230 290 PP 7D MDD N2

{1996
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Concentration OP-FTIR [ppm]

25

- P ADWH SV ATTHN NN TINT IRNNN 13 HY YSI0DD 110 12 sONp - ¢ oan

YO IMNI DITIV ANO NN TNRD NITIPY Y32 ¥y¥mnn vom OP-FTIR
AIMOHMD 1 T-5Y AN

- 10.7.95 paxna mwyn anxa OP-FTIR - 7129903 YT10W INDD Y13 DIDY0 ~ 3 25310

YNION IO Inom 210 1nvo nmvo W e
[ppm] (ppm] [ppm] [ppm] fm] PTIO
18.1 - 14.9 213 130 3 0845
21.5 . - 215 130 3 09:45
16.6 - 17.4 15.7 130 1 10:00
18.0 : 18.2 17.8 130 1 10:15
18.3 - 20.1 16.5 105 2 11215
15.8 - 16.7 14.9 105 2 1135
25.9 25.7 25.3 26.6 100 4 13:00
20.7 21.8 21.1 19.3 155 5  13:25
11.4 10.3 113 12.6 145 6  14:00

22




TAIRND PPN NN FTPTON NDWH MYNHNI ITTIY NN I D0 ~ 4 A3

.25.7.95

IO 3o 2v0M 1vom nho 2 e

y¥ID 3 2 1 [m] 7P

[ppm] [ppm] [ppm] [ppm]

502 533 43.6 53.5 210 1***  08:30
17.6 133 15.6 238 200 1 09:00
14.7 13.8 18.7 11.7 210 1 09:45
13.6 17.6 9.0 14.1 200 1*  10:30
10.4 9.8 10.3 112 185 2 11:00
1.1 13.9 9.5 10.0 120 3 11:15
13.4 14.2 12.5 13.4 165 4  11:30
17.8 16.8 19.1 17.6 220 5% 1315
22.6 23.7 . 208 23.2 360 6%*  13:45
43.4 . - 43.4 50 7 14:30

Ypn o byn on 3.5 0w naa N
NMIYY SY NIV DONSD IPTHN NIV DY 0D OXPDN TWRD MV AN N1 TN **
IPIPN N OYN BN

ANTON Y2 DIOLAN ANP NPT

VNI M TN TPV DIV 5.3

NN INAHDN MO NP NOWN TN DMIPWN MTTHN N MWW § Nrava
2300 -9 5y T AN NN WD INRD Y AMTTTHH P IRNND AUV AP PN
DN O IMNI WAPMIY NOXDAN dA3P (1996 PNNNYN)  YATID W0ND PNT 0PN
ONVMPPH 2000 - NOYND LY YINY WIAYN IR MWOUN YIPNT DI II0 N20aN

Jann aond nnvh

YR AR TIWND VL0010 0¥ 00I) 4NN NV YN NOD9N I8P AN TN D oy
1P HN DPA0NIN ANITON MNOYI NIV AV DPOINN DXHVYN 1Y DXOINN DHVYN
YNIDNN VDN ANP NNNNA 20% - Y 40% - 3, 40% - D ODWID NN BYON> .NTTHN
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ANP YD W0NY PNYY BANIPD 1840 - 5 WD IV NYIVST DIDIINKR DNOYNN
109N AP PO YAH 0NT YD 0MIPM 2300 -D TN MNYTHN P NHeSan
TW 3310 005 YD DINIPPN 60 1T 19V DN DALY NN NYII 9V NOWHND
AP D31 DTN ITON NN 0P PN 90 19Y MDD dhya DNLYH NYYan I8P Y m
ANNIY TI DY YA T NI .I0N ANIDIN MINR NMMITHN MINN NIY VIR VDan

A0 NOWUND XMINDY MNVTHN MINRND NN NVDAN AP

JVVN N0 PO INND NI 13 DY 0D YANP NN DY « K AFI0

noYHs aNp YN 1M nan antal asn N TIRN
Twm 7Y pARDal may
Z; RN
[ug/s*m’] [ug/m’) [m [m]
1220 11300 9.0 500 D 10:15 10.7.95
1020 11200 12.0 500 C 11:35  10.7.95
2030 17000 75 300 D 13:00 10.7.95
2300 32900 7.0 100 A 08:30 25.7.95
400 11500 17.0 500 A 09:00 25.7.95
330 9600 17.0 500 A 09:45 25.7.95
2000 28400 10.5 300 B 1430 25795

2V DNOVN 0N AVIN PPN NN DD O,7 909N NN 33P 2N TNYY

AJAL =04 mommomn.l

AyJAr = 0.4 W0 MNP MK .2

Az [Ar = 0.2 >310 19y N MK 3
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Excerpt from the reference list of DURR abatement systems

Quan- - Company Place" Coun- | Ind, branch Product - Type.of jExh.air quantity
tity. o B try . system. | persystem
g . ' R INm'h]
1 Sandoz-Quinn Leinfelden D Chem./pharm. |Paints + inks RTO 21,000
2 |Fiat Arese | Paint finishing  |Car RTO 120,000
1 Freudenberg Weinheim ] Coating Adhesive foils RTO 35,000
1 Harley Davidson York USA  |Piant finishing  |Motorcycles RTO 100,000
2  [Sandoz Basel CH Chem./pharm. |Faints + inks RTOQ 25,000
1 Ebert Wiesbaden D Printing Foils RTO 70,000
1 Mercedes Benz Sindelfingen D Paint finishing  |Small parts RTO 25,000
1 Teich Obergrafendorf A Printing Packing RTC 125,000
1 Mercedes Benz WWirth D Paint finishing [Car RTO 44 400
1 Nummi Fremont USA Paint finishing Car RTO 32,0060
1 Fiat 1Rivaita 1 Paint finishing |Car RTO 300,000
1 Fiat Rivaita ! Paint finishing [Car CTO 20,000
1 Ford Louisville, Kentucky {USA Paint finishing |Car RTO 140,000
1 Mehnert + Veeck Nernberg - D Chem./pharm, [Paints + inks RTO 25,600
1 Sunpor 8t. Polten A Chem./pharm. |Exp. polystyrene RTC 22,000
1 Euroflocr Wiltz L Caating Foils RTC 200,000
1 Ford Norfolk, Virginia USA Paint finishing Car RTO 56,000
1 Ford Nerfotk, Virginia USA  iPaint finishing [Car RTO 28,000
1 MW Spartanburg, $.C. {USA Paint finishing  [Car RTO 7,000
1 Toyota Lang Beach, Califor. JUSA Paint finishing  |Car CTO 19,000
1 Florida Production Dayton, Ohio USA Paint finishing [ Smail parts CTO 18,000
1 Polychrome Clark, New Jersey 1USA Qthers Fitm CTO 10,000
1 Clark-Schwebel Sherborhe GBe Coating Fibre glass CTC 20,000
1 AKZC Coating Stuttgart D Chem.pharm. [Paints + inks RTOQ 40,000
1 Morton Strullendorf D Chem./pharm. Paints + inks CTC 5,000
1 Sublistatic Henin-Beau F Printing Offset prod. CTQ 12,500
1 Metro Machine Nerfolk USA Paint finishing  [Ship CTO 20,000
1 Neste Resins Co, Eugene UsA Chem./pharm. [Paints + inks CTO 23,000
1 Ford Wayne usa Paint finishing  [Car RTO 32,000
1 BASF Munster D Chem./pharm. [Paints + inks RTO 30,000
1 Reichhold Wien A Chem /pharm. Paints + inks CTO . 7,500
1 Fiat Termini Imerese 1 Paint finishing  |Car RTO 240,000
1 Fiat Cassing 1 Paint fintshing Car RTOQ 400,000
1 Jacabs Suchard Lorrach ] Others Food CTO 4,000
1 Peugeot Coventry G8 Paint finishing  |{Car RTO 37,000
1 Fiat Betis BR Paint finishing  {Car RTO 55,000
1 Haendler+Natermann [Hann. MGnden D Printing Packing mat. RTO 100,000
1 Handtmann Biberach D Others Engine parts RTO 25,000
2 RAM Engin. Wane, New Jersey |USA Others Sludge incin. CTO 21,000
1 Mich.Carm.Compr. |Parma, Michigan USA Paint finishing Compressors CTO 4,000
1 Merck Darmstadt 0 Chem./pharm. jMedicines CTO 8,000
2 [Mercedes Benz Sindelfingen D Paint finishing  |Car RTO 18,000
1 Ford Ontario CON  |Paint finishing |Car RTO 140,000
1 Neste Resins Louisiana UsA Chem./pharm. Resins CTO 14,000
1 Neste Resins Alabama USA  [Chem./pharm. |Resitis CTO 14,000
1 Neste Resins North Carolina USA  [Chem.pharm. |Resins CcTO 14,000
1 Mercedes Benz Vance, Alabama USA  {Paint finishing {Car RTO 32,000
1 Ford Loraine, Ohio USA Paint finishing {Car RTO 56,000
1 Ford Lorain, Chio USA Paint finishing {Car RTO 17,000
1 CMC Yang Mei ROC  [Paint finishing  [Car RTO 54,000




Summary

In air purification we have to distinguish clearly between two cases:

Will new production facilities be installed, that meet environmental legislation,
or will existing production lines be equipped with end-of-pipe (EOP) air
purification solutions?

New lines can be supplied more easily with optimum environmental equipment.
Maybe the production facility can be modified so as to make EOPs unnecessary.

On existing lines, the solution is usually more difficult and more expensive.

We have seen that there are different methods of air purification, but always only
one optimum way for one specific case.

For this reason it is especially important for the customer to have a partner who
can supply all these methods, and who can judge the production - air purification
system.

A supplier of single air purification components will always try to sell only this
component, and cannot submit an optimum system to the customer.

We as DURR have supplied 1,200 systems for exhaust air purification through-out

the world in the last few years, and will be pleased to solve your air purification
problems.
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More Economy by more Ecology

Even today the cost of purification of exhaust air and waste water and the
management of wastes in production processes is expensive. These costs will
continue to increase in coming years.

Environmental issues will be developing more and more into a major cost factor,
and it is already now foreseeable that in future the only way to remain competitive
is to incorporate both economical and ecologicaf aspects in production.

The eco-concept for production: avoidance, recycling management of waste.

Each eco-concept can be sub-divided into primary and secondary measures.

1.

andr li i rm r

Primary measures include all methods for cutting the input of resources, and
the avoidance of emissions produced during the production process, such as
exhaust air, waste water, solid waste matter, noise and waste heat, or at least
to reduce the same.

Such measures are for example:

Optimisation of production by optimising the process technology and
equipment. :

Utilisation of all recycling means.

Waste management by secondary measures

The problem can be solved by means of specific processes and process
combinations.

Secondary measures, e. g. include the following areas:

Exhaust air purification
Waste water treatment
Waste treatment
Noise reduction



DURR Ecopure - International quality standard for exhaust air purification
plant and equipment

A wide range of criteria are decisive for the selection of the processes and the use
of individual process combinations in exhaust air purification.

The DURR range of adsorptive and thermal processes offers a wide variety of
possible solutions for many different branches of industry.

luti I ] i

pollutants

In most cases the ecological and economical requirements can only be met by
systems solutions. A combination of adsorptive and thermal processes, often with
units for exhaust air conditioning and for heat recovery installed up- or downstream
of the main processes provide the future-oriented solutions with high recovery rates
of material and energy for recycling.

DURR's vast know-how gained from the construction of a wide variety of plants all
over the world especially complex overall solutions - offer high reliability to the
customer, and the best possible solution to the customer's individual problem.



The most important fields of application for Ecopure exhaust air

purification systems
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Industrial exhaust air and flue gas problems

a) Exhaust air with smell annoyance

b) Exhaust air with CH up to 1.5 g/Nm®
c) Exhaust air with CH 1.5 up to 6.0 g/Nm°
d) Exhaust air with CH 6.0 g/Nm® up to 50% LEL

&) Exhaust air with CH or flue gas in the explosive range
f) Exhaust air or flue gas with CO

g) Exhaust air or flue gas with NO,

h) Exhaust air or flue gas with S-contents

I) Exhaust air or flue gas with Cl-contents

j} Exhaust air or flue gas with dust contents

k) Exhaust air or flue gas with particular solids
(e. g. paint sticking risk, silicone obstruction risk)

) Exhaust air or flue gas with substances with polymerisation risk
(e. g. phenol / formaldehyde / styrene)

Definition here; Exhaustair. 21+ 17%0,
Flue gas: 17 + 0% 0,



Processes available
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Ecopure Air Purification Products
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Since 1970
1,200 plants
in more than 30 countries

for more than 30 branches, e. g.:

Chemical/pharmaceutical
industries

BASF
Hoechst
Bayer
Schering
Boehringer
Ciba Geigy
Sandoz
Huls

Automobile industry

Mercedes Benz
Porsche

BMW

VW

Ford

GM

Volvo

Printing and coating
industries

Eurofioor
Oeser
Nordenia
Stork

Mehler
Bausch
Benecke
Freudenberg

Special processing
techniques

Galvanic exhaust air

Mining exhaust gases
Computer technology
Impregnation of seals

Sewage works exhaust air

Tobacco drying
Bitumen production

Foundry / Core moulder

Polystyrene manufacture

Hazardous waste pyrolysis

Carbon fibre manufacture
Glass flbre impregnation
Motor insulation

Textile coating

Copier manufacture

Lsludge drying

ITT

BKB

IBM

Elring
Stuttgart town
BAT

Bauder
Mercedes
Sunpor
University Stuttgart
AKZO
Dynamit Nobel
Miele

Helly Hansen
Canon
Volkswagen




Thermal recuperative air purification

Objective
In many production facilities gases, odours and vapours are produced which, if not
purified, would pollute the environment. For this reason the exhaust air has to be

cleaned before it is discharged into the atmosphere. The main tasks of such a
purification (or abatement) process are:

* The removal of solvent vapours, crack products, and unpleasant smells from the
exhaust a discharged by the production processes.

Today in many countries the directives and limits are imposed by legislation.

Demands on an abatement system for purification of exhaust air
Such a system must meet numerous criteria such as:

* the ability to adapt to fluctuating exhaust air quantities, concentrations and
compositions

* insensitivity to different temperatures

* it must be suitable for gases, vapours, aerosols

it must have a high pollutant removal efficiency of as much as 99% and more

investment and operating costs must be low

Methods and applications

If the process exhaust air has to be cleaned, and process heating is also required
then thermal exhaust air purification systems are the most suitable method of
abatement, as they fulfill both tasks at the same time. The TAR-unit practically
becomes a component of the production line.

This is the concept that would immediately be chosen for new lines. Existing lines
would have be checked as to whether a modification of the production facility by
integrating a thermal air purification system is cost-effective.



Thermal exhaust air purification - TAR

Thermal exhaust air purification is a process in which the volatile organic

compounds {(VOCs) contained in the process exhaust air are destroyed. This takes
place at temperatures of approx. 750- 800°C.

The combustion temperature depends on the requirements imposed by legislation
and on the VOCs contained in the exhaust air. Gas or oil are used as additional
fuel. Thermal energy from heat recovery systems specifically matched to the
requirements of the production plant can be used for production of hot air, warm or
hot water, saturated steam and/or for heating thermal oil.

Thermal exhaust air purification is one of the most universal methods of
abatement;. which is able to meet the strictest legal requirements. There are no
secondary problems such as wastewater. The systems operate with the same high
removal efficiency throughout their lifetime. These systems can operate fully
automatically, and require minimum maintenance. The best solution is a heat
recovery system that is well suited to the factory's demands, and which can t fuily
integrated in the production line.

TAR-units are used in many different industries, for example

* painting processes

* coating processes

* printing processes and

» generally for all VOC-emissions

The units are normalily full steel constructions. As a result, TAR-units have a
relatively low volumetric weight, and can be installed anywhere, on top of ovens or
above roof.

Sometimes TAR-units are equipped with additional lances for combustion of
combustible liquid wastes that are destroyed without leaving any residues.

TAR-units are not suitable for the treatment of e.g. halogenated pollutants or any
other pollutants contained in the exhaust air that are not destroyed completely
without leaving residues.

For these cases Durr offer the VAR-system.



The individual components of an ECOPURE®TAR-unit

The DURR-TAR-unit is a modular system, and is therefore flexible and easy to extend.
Individual modules are combined to form custom-made abatement systems.

Standard components are used for this purpose:

First component: compact unit

The basic module is the TAR compact unit. It represents the actual purification unit, and consists
of combustion chamber, burner and integrated heat exchanger for pre-heating the exhaust air
from production. DURR offer seven standard sizes, depending on the exhaust air volumes to be
treated. For large regulation ranges, the system can also be supplied with a multi-function
bypass.

by-pass
insulation
/ / post-reaction chamber

combustion chamber

raw gas 3

pure gas / exhaust air heat

L exchanger
/

Section of a compact incinerator unit.




The components subsequent to the compact unit are combined to suit the specific

production process. The order is selected according to the sinking temperature of
the thermal medium.

Second component: thermal oil boiler

Thermal oil is frequently heated with hot pure gases. The production facility can in
turn be heated with hot thermal oil. The thermal oil can, on the other hand, be
routed to other production facilities, or it can partly be used for steam generation,
i.e. in a separate oil-heated steam generator.

Linkage to an existing thermat oil network in the factory is possible any time.

Third component: steam boiler

Steam can also be generated for heat recovery. The waste heat boiler is very
similar in structure, in function and in instrumentation to a boiler with its own

burner. However, steam is generated with the hot, cleaned exhaust air, in other
words without a flame.

For some users the steam boiler is an aiternative to the thermal oil boiler.

Here also linkage to an existing factory network is possible.

Fourth component: fresh air heat exchanger

The user would like to cover as much of the heat contained in the cleaned exhaust
air as possible. For this purpose fresh air is frequently heated-up in a heat
exchanger, and is allowed to flow as hot supply air to the production facility.

Fifth component: water boiler

This unit is similar in structure to the thermal il boiler, and likewise contains the
complete monitoring and safety system. If a factory requires warm or hot water
throughout the year, then this module is a very cost-heat recovery system,
considering that the capital investment costs are also very low. For this reason a
water boiler is usually already profitable when the ho water heating is only required
during the cold months of the year. Finally, the water boiler can also be used as an
economiser if a steam boiler is included in the system, or when the factory has a
boiler system of its own, and has to pre-heat its feed water.

For regulation purposes when performance varies etc. the heat recovery
components can of course be equipped with bypasses.
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Thus the DURR-TARR-system offers a series of combinations, depending on the

demands of the individual user. A very efficient combination that is frequently
applied is the following:

TAR

» thermal oil boiler / steam boiler
¢ fresh air heat exchanger

« water boiler

Ancillary equipment

In order to represent a complete system, the abatement unit also includes the
following equipment:

« air-directing system

» exhaust air fan

» exhaust air stack

s emergency air fan, if required
 thermal insulation

e sound-proofing equipment

The electrical control system operates the system in fully automatic mode and
keeps operating costs to a minimum by regulating the abatement system to adapt it
to the fluctuating conditions of the production facility.

Production facility and TAR-unit = 1 system.

As a TAR-unit is used when heat recovery for heating the production facility is an
interesting issue apart from VOC-reduction, the TAR must be well-matched to the
production line. So the control system plays a leading role.

A solution for such a complex task can only be provided by a systems supplier who
has the know-how for designing a combined system.

The task is too complex for a components supplier!

17



Energy balance of the TAR-system

Example of a PVC coating facility

The destruction process takes place at 750-800°C in the combustion chamber of

the compact unit. The required energy to reach this temperature comes from 4
sources:

The exhaust air from the coatlng facility arrives in the compact unit at about
160 -200°C. An average of 180°C is assumed.

b) Inthe heat exchanger of the compact unit, the air can be pre heated by
At = 370°C to 550°C.

c) The pollutants in the exhaust air, e.g. plasticizers or solvents can be rated at
an average of 4 g/Nm3. This results in a temperature increase of the exhaust
air of 100°C, i.e. an increase from 550 to 650°C.

d) A At from 650°C to 750°C finally provides the energy that the burner must
supply. Usually a standby flame is produced with natural gas With a calorific
power of the natural gas of 8,600 kcal/m® approx. 4 m*/h natural gas per
1,000 Nm>/h are equivalent to this At = 100°C.

A 750 °C

7s0eC heat transmission for’
L natural gas consumption exhaust air pre-heating
850 °C Hrom pofiutants 380°C t. heat recovery
energy from po for production heat
8850 C = natural gas consumpt.
|
limit temperature  —J» 280 °C further heat recovery
pre-heating in 3 ) — .
— ) ystems with and for production heat
compact unit )
without abatement = profit
180 °C require the same 120°C
—— heat contained in axh. air amount of energy
g°c
Energy requirament of the TAR-systern Saving of energy by heat recovery

Example. PVC coating Example. PVC coating



The operation of a TAR abatement system can be absolutely economical, when
large quantities of VOC (pollutants) are contained in the exhaust air. Only tittle .
short of 14% of the energy necessary for heating-up from 120°C to 750°C must be
supplied by the burner.

What are the benefits of heat recovery?

First of all the heat from the 750°C hot, clean exhaust air is withdrawn, which is
required on the other hand for pre-heating the exhaust air from 1 80°C to 550°C.
The consequence is, that the clean exhaust air leaves the compact unit with
approx. 380°C.

Now, when a further 100°C are utilised, i.e. withdrawn in the thermal oil boiler, by
e.g. supplying hot thimble oil to the production line, then this is equivalent precisely
to the 4 m*/h natural gas per 1,000 Nm>/h that are consumed by the burner. This
means we have 280°C in the clean air and altogether utilise exactly the amount of
natural gas for the production line and the abatement system together, as would be
required for a production line without an abatement system.

Each further reduction of the temperature by additional modules brings a profit!

When the TAR-system supplies an optimum of 120°C of the clean air in the stack,
this means that put together (production facility and abatement system) 6 m*h of
natural gas per 1,000 Nm’/h less are consumed than for a production line without
abatement system.

730 °C
|-~ natural gas consumption
es0°c
energy froim poilutants
530 °C
imit temperatura
pre-heating in s with and
| compact unit Y h
without abatement
180 °C require the same
~—— heat contained in exh, air amount of energy
oc v

Saving of energy by heat recovery
Example: PVC coating

Energy requirement of the TAR-system
Example: PVC coating
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Rl flow chart of a TAR-system with compact unit and waste heat boiler

cleaned
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RI flow chart of a TAR-system with compact unit and waste heat boilar

The TAR standard range and location of equipment

The standard range of Ecopure®-TAR abatement systems

Modei 1103 1105 1108 1112 1118 1125 1140
Exhaust air 1,000 3,000 5000 8000 12,000 18,000 25,000
Volume range - - - - - - -

Nm’/h 3,000 5000 8,000 12,000 18,000 25000 40,000

The equipment can be located in the shop building, out-of-doors, or above roof.
The space requirements cannot be generally given. On the one hand this depends
on the exhaust air volume to be treated that determines which standard size will be
suitable; on the other hand space requirements depend on which modules are
chosen, and finally, it is possible to build the system in one line or in 2 levels or at
an angle, depending on the structural constraints in the factory.
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Emission levels in the exhaust stack of a TAR-system

Emission levels of total carbon C depending on the combustion chamber temperature

o - + . - .:H-
580 600 620 640 640 680 700 720
chomber temperature ['Cf $rg

Emission levels of carbon monoxide CO and nitrogen oxides NOX depending on the combustion chamber temperature



Ecopure®TAR - application example

Paint shop for small parts

Process: Paint curing

Exhaust air volume: 1,500 Nm?h

Pollutants: Paint solvents (approx. 1.5 g/Nm?)

Plant components: Compact unit / water boiler

Special features: 100% pre-assembled and tested before delivery

Pre-assembled compact TAR-unit with control panel



Offset printing press

Process: Offset drying
Abluftvolumenstrom: 28,000 Nm#h

Pollutants: Mineral oils (1 - 4 g/Nm?)

Plant components: Compact unit / water boiler
Special features: Installed out-of-doors above roof

4 ovens connected

Compact unit with thermal oil boiler



Excerpt from the reference list - DURR-abatement systems

T 1GM Flint USA |Paint finishing Car TAR 12,000
1 Klingspor Haiger D Others Abrasive paper TAR 18,000
1 AWSZ Zwickau D Paint finishing Car TAR 9,000
1 AWSZ Zwickau D Paint finishing Car TAR 20,000
1 AWSZ Zwickau C Paint finishing Car TAR 13,000
1 VEB / Stork Spitzkunnersdaorf D Coating | Wallpaper TAR 14,000
4 Nummi Fremont USA Faint finishing Car TAR 18,000
3 Nummi Fremont USA Paint finishing Car TAR 7,000
1 Lucky Chung-Ju Korea [Coating Wallpaper TAR 8,800
1 Sprimag / Montaplast |Mohrsbach -|D Paint finishing Small parts TAR 18,000
1 Isola Breitenbach CH Paint finishing Paper TAR 25,000
1 Grundig Wien A Paint finishing Smail parts TAR 24,000
1 Mercedes Benz Worth Paint finishing Car TAR 5,000
4 MAN Salzgilter Paint finishing Car TAR 8,000
1 SEAT Martorell £ Paint finishing Car TAR 24,000
4 VAZ Togliatti GUs Paint finishing Car TAR 26,000
2 Opel Eisenach D Pant finishing Car TAR 8,000
2 Opel Eisenach D Paint finishing Car TAR 6,000
1 Opet £isenach In} Paint finishing Car TAR 10,000
1 Thyssen Brackwede D Faint finishing Smali parts TAR 10,000
1 Volkswagen Kassel D Paint finishing Car TAR 8,000
2 |GAYA Matars Jakarta Py Paint finishing Car TAR 10,000
1 Nissan Aguascalientes Mexiko |Paint finishing Car TAR 9,000
3 Nummij Fremont Usa Paint finishing Car TAR 7,000
1 Gossnab / Stork Ussurisk GUSs Coating Coit coating TAR 14,000
1 bn international / Stork | Huizen NL Coating Wallpaper TAR 16,000
1 bn international / Stork |Huizen NL Coating Wallpaper TAR 23,000
1 Plannja Lulea S Coating Coil TAR 27,000
1 Plannja Lulea S Coating Cail TAR 24,000
1 Opel Eisenach D Paint finishing Car TAR 6,000
1 FIAT Pemigliano | Paint finishing Car TAR 5,500
1 Eiektromotorenwerke |Thurm o Impregnation E.-parts TAR 3,000
1 Essef Baiagny s. Terr £ Coating Wallpaper TAR 7,000
t IVECC Ulm D Paint finishing Car TAR 3,800
1 Landtechnix Schdnebeck D Paint finishing Agricult. machines TAR 6,000
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Thermal regenerative air purification

Problem to be solved

Pollution causing gases and vapours are produced in many production facilities.
The exhaust air must therefore be cleaned before it is discharged into the
atmosphere.

The main task of the abatement system is:

* The removal of solvent vapours, crack products and malodorous emissions from
the exhaust air generated by production processes.

To further complicate matters, directives and limits are imposed by legislation in
many countries

Requirements for exhaust air abatement systems

Such a system must meet numerous criteria:

* It must be insensitive to fluctuating exhaust air volumes and temperatures and to
varying pollutant concentrations and compositions.

+ It must be suitable for gases, vapours, and aerosols.
* It must have a high removal efficiency of 99 % and more.
+ Capital investment and operating costs must be low,

+ It must have a high reliability and long lifetime.

Application

- A close examination of the process exhaust air shows that the solvent composition,
the dust load of the exhaust air, or the condensation due to substances contained
in the air makes the use of such special procedures as catalytic, biological or
adsorptive exhaust air treatment impossible, or at least very expensive.

In contrast, the RTO procedure is an especially reliable process with low operating

costs. It is suitable for nearly all applications, irrespective of whether it is applied as
an individual or an overall solution.
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If the waste heat of an abatement system can be used to its full extent for heating

the production lines during the whole production time, then the TAR thermal
abatement system is ¢ appropriate alternative.

Regenerative Thermal Oxidator- RTO

The RTO system is one of the safest, most flexible and, above all, lowest cost
solutions for nearly any exhaust air problem.

The RTO unit destroys volatile organic compounds (VOCs) contained in the
process exhaust a at temperatures above 800°C. Yet the regenerative heat

exchanger requires only a small amount of primary energy such as gas or oil and
sometimes none at all.

The system features exceptional combustion efficiency, without creating secondary
problems, such as the production of waste water. Furthermore, the system
operates at a steadily high efficiency throughout its lifetime. The resulting low
concentrations of C, CO and NQOx in the clean air are well below the limits imposed
by legislation.

The available range of units treats exhaust air volumes from 1,000 to 400,000
Nm®h and pollutant concentrations of from 0 to 8 g/Nm°.

RTOs are used in many different branches of industry for all VOC emissions, but
particularly in the following industries:

* painting and coating

* paint and ink production
* printing

» chemical

Structure and components of an Ecopure ® RTO-unit
The RTO-system consists of lined steel tanks installed in line, with a ceramic
packed bed as heat exchanger. The type and size of the heat exchanger material

is determined for each specific process after analyzing the exhaust air stream.

The joint combustion chamber and the burner system connect the tank groups in
the hot top section of the system.

The air ducting system with the necessary valves and dampers, as well as the

exhaust air fan can be located in the cold section of the system underneath the
tanks.

1
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The number of tanks depends on the air volume to be treated. As a rulé, two or
three tanks are used. For large air volumes, five to seven tanks are used.

For treatment of exhaust air volumes of less than 20,000 Nm®/h, Durr has a range
of five compact system variants that require less space. In these units, the tanks,
which are otherwise installed separately, are combined to one unit and the ceramic
heat exchanger is sub-divided into internal segments.

regengrative
heat exchanger
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The RTO system is also equipped with safety and measuring devices, a clean gas
stack, and an operating platform for the burner system.

A wide variety of optional components are also available: for example, additional

external heat recovery or burn-out (a self-cleaning process) that can be integrated
into the system.

The electrical control system operating the system is full automatic, controlling the
fluctuations of the production facility to keep operating costs at a minimum.

Due to their modular structure, the RT0 units can be pre-assembled to a great

extent, so final assembly and commissioning are accomplished in a very short
time.

The RTO compact units for smaller exhaust air volumes:

Type 3004 3008 3012 3016 3020
Exhaust air 1,000 4,000 8,000 12,000 16,000
Volume range - - - - -
Nm®/h 4,000 8,00 12,000 16,000 20,000

The RTO-units for larger exhaust air volumes:

Type 3130 3140 3150 3170 3190 31150 31300 31400

Exhaust air 20,000 30,000 40,000 50,000 70,000 90,000 150,000 300,000

Volume range - - - - - - -
Nm°/ 30,000 40,000 50,000 70,000 90,000 150,000 300,000 400,000
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Functioning of the RTO-system

The system is designed to minimize fue! use for all operating points as far as
possible.

The energy required to heat the exhaust air to over 800° C is supplied to a large
extent (up to 97%) by the ceramic heat exchanger, and to a lesser extent by the
solvents in the exhaust air.

Autothermal operation of the system is possible from a pollutant concentration of
1.5 gle3 onwards.

The exhaust air outlet temperature is only about 30° C above the exhaust air inlet
temperature.
Energy sources for heating the process exhaust air to reaction temperature

Example of an eneray balance at 1g solvent per Nm?

Solvents ™
2.5 %

Regenerative
Heat Exchanger
97 %

Ex e of an ener alance at 2 g solvent Per Nm?

Burner
0%

Solvents
5%

Regenerative
Heat Exchanger
95 %
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Description of the two tank / segment system

The raw gas flows through the heat exchanger in tank 1 from bottom to top, and
while doing s is heated through heat transmission. In the top section of the ceramic
bed, the oxidation of the pollutants begins, which leads to a further increase in the

temperature.

l |
| | [ combustion chamber i
| autcthermat | | temperature
[ operation \/ ] |
| I
lw‘rth solvent / ! ,
P | 4 [
£ W, |
2 | |
g | | without i
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5 | |
2 | [ | outlet
| | i ftemperature
i , z | |
I E
1 21 |
intet | - | [ ' ™ l
termperature = | £l =
, 8| 3) 8|

If necessary, a burner heats the raw gas to final combustion temperature
{approximately 820°C), and the pollutants are fully oxidated. The clean gas then
flows through the heat exchanger in tank 2 from top to bottom, and while doing so
transmits its heat to a second ceramic bed. When the ceramic packed bed has
reached its optimum storage point and/or a cenrtain temperature, the system is
switched over. The raw gas then flows from bottom to top through tank 2, is
oxidated in the combustion chamber, and leaves the system as clean gas via tank
1. This means that the system is constantly switching over to optimize the heat
exchanger efficiency and for cleaning. The temperature of the clean gas is 25°C to

100°C higher, depending on the case of application.

The electrical control system determines the passage of the air through the system
by switching the valves and dampers.

As a concentration peak occurs with two tank and / or two segment operations,
these systems are used for the treatment of exhaust air steams with relatively low
poliutant concentrations. If legislation allows for calculation of an average over a
period of time, the half-hourly mean values can still be met, in spite of small clean

gas peaks in the stack.
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Three tank / segment operation

For higher inlet concentrations, it is absolutely necessary to use a system with three tanks or
segments. Thus each tank can be purged with clean air before switch over from the raw gas to
the clean gas phase for a few seconds, and short-term peaks in the stack can be avoided.

With very high concentrations, the excess heat can be fed-out, and used for secondary heat
recovery.

~ bumer __bumer air/ cooling air




To simplify matters, the use of RTO systems can be sub-divided into four areas:

5 3-tank compact RTO RTO with
'E. 3,5, and 7 tanks
©
3
&
8
2-tank compact RTO 2-tank RTQ

-

exhaust air volume

Even air flow through the system, the intensive contact with the hot surface of the
ceramic material, and sufficient residence time in the combustion chamber
guarantee a good combusted efficiency and low clean gas concentrations of
organically bound carbon (C) and carbon monoxide (CO).

As only a small amount of additional energy is required for RTQO units to maintain
operating temperature and due to the high heat exchanger efficiency, the burner
flame is very small. As result, only a small amount of nitrogen oxide (NOx), which
forms in the hot part of a flame, is created.

Example of an energy balance of the Ecopure® RTO

An exhaust air flux of 40,000 Nmh is allowed to flow into the system at
approximately 20°C and at a solvent concentration of 2 g/Nm”.

Taking into account the dissipation losses, the heat exchanger is designed in such
a way that the energy released by the oxidation of the solvents is sufficient to
operate the system without any additional fuel (autothermal operation).

combustion chamber temperature
energy from solvent-
reaction At =40 °C

820 °C

regenerative heat exchanger | 780 °C
thermal efficiency = 95 % At =760 °C
inlet temperature 20°C

regenerative heat exchan
Il

energy store for next cycl
At =760 °C

60 °C

outlet temperature

If the same exhaust air flux has a pollutant concentration of 5 g/Nm°, the
autothermal system produces additional thermal energy of approx. 1,000 kW which
can be used for an external heat recovery.
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Optional equipment

Ecopure® RTO systems are equipped with a series of components to match each
specific project. The following is a short description of the main options:

1. External heat recovery installed after the RTO-unit

When the RTO unit treats exhaust air with higher iniet temperatures, (for
example, 1560°C from ovens), the excess heat of the cleaned air (190°C) can
be used in subsequent heat exchangers (for example, warm water or air/air

heat exchangers). gas
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2. External heat recovery by heat feed-out

With high pollutant concentrations in the exhaust air, the of excess solvent
energy is always worthwhile, especially with {arge exhaust air volumes.

A small partial stream of air is taken directly from the combustion chamber, and
with this a thermal oil or a steam heat exchanger can be operated, for example.
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3. System burn-out

If the exhaust air contains pollutants or particles that may lead to deposits in

spite of filter installation, the RTO-system should be equipped with a bum-out
system.

In a burn-out system, the bottom, otherwise cold section, of the ceramic heat
exchanger is operated at certain intervals or, if required, at a previously

determined temperature (for example, 400°C), in order to remove the deposits
in the bed.

4, Safety equipment

In compliance with regulations and after obtaining the agreement of the owner

and the responsible authorities, the system is operated with the appropriate
safety equipment.
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Field of application of the Ecopure® RTO system

Process: Paint manufacture

Exhaust air volume: 40,000 Nm?h

Pollutants: Up to 3,000 different solvent mixtures




Process: Exhaust air from printing machines

Exhaust air volume: 12,500 Nm?¥h

Pollutants: Various solvents, e.g. isopropyl alcohol
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