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1.1 s»®»H0\BHTIH60TFTUIGHID

1.1.1 @Qparuiennd »BIDHABTIH0HNT

weiar Braflasder (Wwaeomag masHesTHN yrldl (1750 - 1850) wmmid @JeRiLToug b
Oamom yrld (1870 - 1914 oie0evgl 1850 - 1940) etenr @enmISTeILILIL (H6TT6N STeVLILIGHS
s6fled 2 _mugdHl urmig (mode of production) wmmid 2 musd eusy (force of production)
Spdlwer OHTLTN60 urflu TMHmEISET goul L. Wwelsfler SnglusnLwmer GHeneudsener
SlgluenL wnas 0smeni(h LsLauaEUILGSBUILLL. FhHend 6I6ewTemnIbhs([hHBEHL 6T 2 _MLIGHHHEHLD
GremeumEnd GeomuSL QuieTy 2 6085 lenaled 2 MuSHHEET OCFuleug HIFIHLOMLHSHI.
SIHNBTHL  ULBam euehHaswTer OFHTPORHILLUF FTHIMBIGEHL 2 MHUSHSH  (LPHMEHEHLD
o meuruier. BEHmasHOHTI60 LOUIDTEEHEHIL T QeNihd HISBT6e| eUTHL LT SHTJ6uilom s
Glo60 LOMID Fepsll IFSemetsen QHTLIUTES (P 2 60B(WD Heusleh CFaHHdH CHTLEIE
Werengl. maHOSTHE0 LOWIDTEHEBHHILST @GN LFFHemeansend Fepsll  LyFSHenendsempLd
2 mauTG Curs@sh Caxmalwgl. eaiGal @Gm LUFFSamensen LoMMILD 60T SHHEIH6NIT60
BaHTEIMID DHUHMBE (GHMMBHE0, alnAHHMMAF Sl BemeoliuB HHe0, alenemdlmensst
GubuBHH0 BuTaimensl GHMISHHIH Houaich CFVIHHINE AHHBFHDH. BN leneTeuTHsH
mBHOBTPL 2 NuUHHF CQFweaiwempuisd @rsTwersd maHHTH0 FAplurer QL HmsLl
QuDDSHILST FnL Bou @ramwien ehHATAIULID 6TOID Fhendd HMOOWTEIN SHTLISOTE I
asnlurgl iz WFuOWD aTWIHS @ BDMDHH SHMDWTHS STEULILIGEETDS.

2 ey 2 6Tenn LIFSHTIOTRT 60 @IaFTwed meHOSTH0HNTES @HDY, SComesiw,
Fooyflésievd, embHHflealleown, aflGFTLT 2 PusHs MHBHOSTOHMETUILD  LOMMILD
QumBpTeiws masHeHTIHmeownd GPUILeTD. @Goiiurs, QuHBCDTeiws maHOHTLE0
(psuld Quud BFgHendF CaFyemeusemen JQLILDLWLITHS OCBTEmIL 03 EH0HTLI60H 6T BT 6o
fov o FTIEMIEIGENTS LO(HHSH 6UMBHET, @[ UGHWBISHT, LeOLGHWBIS6NT, LoF6sH6u
Qewrut woMId BFHer HMUOUTHET 2 _PuSHHE MBHOHTIVEHMENE GHMILLILVTLD. DIEBTDHTL
AUMPEMBUTD LWSTUGSHID NenTHHEEH, @nUuUTtQUTHeTHET, UTFMETULL 19H6T, FouJd
STID, SWSHBBHNB6T, QL (HOUT[HeTH6T, HTHHD, Sewiewimy, Smle L, Feoll Gumeim
FH6L 2_MUGHHBEHD RQTFTWETS MBHOBTIHE0HEHHHTET Gouml 2 HTTEIHIGENTTGHLID. HL 6V
Byl uwWsTUGSHS M 2 Ly 2 _musHd QFuiheomeugl 61ogl BTLIQE 2 _6T6m @F @JFTuleis
0B HEBH TGO GHLD.

o udled 2 Musd OCFuwuiuG dysteromer @rsTwer QuUTmeTdemeT LWaTUBSHF
QFuiwiupl FuTsaTy 2 _MusHd, Gupenswmer  Goliujlurenevd Osmesi(h LWeTLH-
HHF QFuiwuG ueBeum OQUTHETEHET LOHMID LML 2 _MusHd, Fobs 2 Mmusd),
UFS eUmBEH6T MM Hewienimly 2 musHd Gumeimenel 61ogl HTLIgeL L bOumId Fev

AuaFTwend mEHHOHTIN60H6NTGLD.

2 60 Sjemaled LTS STUBLTSW|ETEN QraTwend meHoHTHe0H6T LIeOGaumILIL L eneuulT-
GWw. Crzem @raTwer QUTGHTEMET o HusHH QFLILD QraTweid MHEH0HTIHH6T,
SIBFmen @raTweil QuTheTEamen 2 _Mushd CFuILd RTFTuetd mHHOHTL0HENT 616TMEIIT-
prEaybd  HCHTH, eleusTw GraTwien, @6TLSH, WFGHLU QUITHeTH6T, HMHUIGLIT[HETHET,
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o BeumamIE6T, eJemerl QUITHOTHET CTIMTEUTHTSHA|D DUMemD UMBLIL(HGHSHE0TD. Ll

Sfeneuu|d QST LGHMBUILD SHgLILNL WITHS OBTeniL Fev HHHOHTL0H6T LOTHHTEL
© FHTIEMIEIGEHSBTE @EIG SOHHMIUTLILUGEDS.  Bseuenguleomer o 6085 el
EUTEN  @lp60, SHBTHTT WOMID Fepsll LyFHenenser OHTLIUTSS Housich CFevsH @b
BTL(BHGU QUTHHHLOTET MBHOBT0HEHHHTH Jiseuplanel (PSTenD CFWIeISHD ST @I
S PmMWTEB6 nBHOBTINITFTWEID OFHTLIUTE BB H6uaid CFeVSHUILL (HeT6ngl.

1.1.2 @Qysmuwicond MBHABTWVBMNMDB STILIHHovV STLIUTHD 366l 6h
AFNIHD Gouswrnqui GHemaULILIT(HhBHAGT.
Ararwes mHeH0HTN0EMmNS STUIGH0 OHTLIUTES Heusich CFaIsHs Goustigul GHemeul
UT(HSBET L6LAUTGHWD. SeummieT 60 6U(HLOTM):
®  (LPELSHEVILD
e cpeoLIOUIT(HETSH6IT
° 2 aIpLiL
o QOaTOHIL UL
o 2 NUGHF CFwETPEMUIET LITHISTLILISSHEETNLD
o OFTLIBGID BLHH UHOUSMBTET LITHIBTLIL|SHSH66HLD
o HPUOUTHETHEHD SWOLIQOUTHET (LPBHTMOSHHIO (LPDMUTUIEOSHETHLD
o MBHHOBHTPVHET FTIHS @GP0 LTFTHHBET 2 (HoUTHMeVsd HalJLUILSDEHTHE
MBWTONS HEdH 2_SHHH6l
o m&H05THMmVEG HTIHGW NFBHFLD
o LWRTUGBSSHID uIFSHUIST SHestenow|d (2 uljFaaul (b erflOuTmeT, ETUIDMIFFSHS,
SWHHHFFHH, 2 uljsHHlenie]) GFead
o CUTEHGUISHGH UFHBEDHD FHENSHU|LD
o BlasEamgw aludhsHsseflal Satenwulld aludhHssmensd HaljlusnsTss
MBWTNSHHHD 2_HHBHETHLD
o oF FLLALEISEHD CHT6eTendDEHD
2 NHuSHHF CFWTLPmDUINT LTHISTUILTRT HETMOU|D, lUSSHIHHT BlE(peuamss SaljLiu-
HIb @raTweralwum meH0HTIN0H6N QFHTLIUTS We (LPoHESUDTETMOILTGD. AHDHTH
@raTwend maHOHTIN0H6T FTJUTEHSE HLbGH BTLEIGND HHWPbHH CudleyseT GHmls-
&b doueleh CFSHSHIUSH DuFlwom@. Cmjweiuled ‘@luure (oppau) GeugliilerTsd
(1921 Q@&ugywuy 21) 500 - 600 Guy eueny =2 UIfPBHSHET. eUETDTSEBET 2 MLIGHDHHTHH
BVBBLILLL o BT 4500 Ozrenr SBwreiww mbpSHSHCIHM, HCwTellww FeOGumms
BV HTTIOTS BhdH aludbdl BawhaHs. Gwsd wsCrer Rt CaxyGearmied iemis
BHFFHH 2 _MusHd Bleweow Geugliys (1986 glUFed 26) &HMFewIOTS gmHSTY 4000 Guiy
o ulflippaen. @hdHwumaled Bawhs Gurumsd Guyfley (1984 QFWDUT 27) SHTTMILTE @H
UMy STEVHHNG6T gmeHST 8000 Cuy o ulflphseny. o &dlywrear @m hFaF Cayemeuwtm
Hw Qzsuled mBsrswemen (hed 5B Rbd NUSHHIGHTRT (P60 HTFOIOTE WS 6160166
@ramwend maHHTHGTEINET 2 venwwimer GxHameu oMM g OHTLIUTE L 1DGUMILD
TF W60, Fepd, QUTHOMTHTY LOMID GHLP60 LTHDEIGMET HG oclenmidd CaTeToug)
s WasHwrarsTG. Gueid 2 MusHF QFWEI(PmMENUIL UTHISTUUTET  6emHEHUTE0
BLHHF QFeLeuBNBTHS HLIOLID, 2 NUSHHEF QFLSTILemDnUW aleaThHNaTTHaD clenerT
FHmemsa|d Buewt 6uHBH0 GBHTLIUTET eleModH(PD e  (LpdbESIUILDTETEN6UWITGLD.
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1.1.3 @Qyamuwieond »®HHoBTHVBEHBBTH APGOLIGIIT(HENATLI LILIGTLI(HDHHIHG6V.

AraTwend maHOHTPOBEHEHHTHI UnHCHUNHHSH aupmISILBL WwOHMID 2 mushHF CFuwiet
wpemmuied umIGOsTeTEHLD QUTHeTEB6T cWeolIOUT[HETH6T eTaIlILBS RN, Fev RTFTulieT
M BHHTP0HNSTBUTSH  ceolIOUT(HETHT SFFTWET LTHDEIBEDHDHE 2 6TeNTGHWw. BHM
sren 2 gigeomsentes NaHCO,, H,SO, Gureapn Gsjmeausallear o pusdamws @Gmideomid.
oo @raTwend ndHOHT0H6M60 ceoliGUT[HeTH6T0 JLEIEUNBHHS STFTUIES FnnIH6T,
2 MUGHL Oummeied QUIHBHS @ DmWLYS FapTHd STeOIILBUSHIE(H. Seunnle0
@rarwen LTHOEIGET BleaiHeoensv. IMTE Guendls rHmEEGeT Bla@ow. MBI FEH

2 _MusHm BHNETET @J 2 _SHTTEOIOTHS (GHMIULIL6VTLD.

AraTwend meHOHTP0HEHHSTHL LM cLeolIOUT[HeTHT LUWSTLGSSLILBLD. RHMET
&l U6 (peY (IPHe0&H6T LWaTUBSSIUBLD. 2 STrenions, Creiwur 2 musHadHs CHem-
QUIWITET @ (LPeOLIQUTHEMTS MBSTFET 6uTW] LUWSTUGSMS. Dbd MBSFFNAIL GQUDILD
(e (PH0BHTMmIeUTUI, eueilioemiLey  euafl op@&HW. eueailloewiLey  eueflenwis Hyeuoms
sw deien] uGHuLs &TuIFs ealgssHed peld mbsIsar (N,) autwemen Capreas oig
SBwrellwr 2 _musFHsGU LwauBSSUIUBL. aaimid mbsHfes v 2 DHusHHdbsTs
siBwrallumemer @ #Gwmm NO, eurwjemeut GUDIIBHETS, PLFFST  AIDEIGHMISDSTHS
sTw @ULAFaT eumweyds@Gl udeons euefieniiev eueflCGuw Grrywrsl uweTubBHSIUBLD.
SBwrailwur 2 PHusHIHEGHSH (guj Oswei(wenm) CoHemeuwiTenr @@  WEVLIGILIT (6T 60T
obgrsar (N)) eurujemeult QUMb pew WHed eualioewiLev  euelluime @mbHEUTSeID
mbBHIHfE blev 2 PHUSHBBTET @ cpevll QUITEHeNTE eueriloewiLev suafluled @HbHa
0, m Gaprasll U LwauGHSILGMSOMm. BbS 2 SIS Lig LpeolIGUT e
BFFemeusemen 61hd 6UIYaUHHD LWTU(BHHIUS 6TRTLMBH STLTRIIUSDETS QL (HOLTHS
o2 MusHF GFwerpemmenwd HL LB s, 0F60a], 6bhdH Di6Me ZTUINDWTS B([HHH60

Gouemi(hld eTevTLIEN BGUITElTm I WIMBIHET LIWLIGDIENL UIENEIUWITGHLD.

epeolIQUTHeNTe, @wmend  euemOTaIenaIll LWSTUGSHIDBUTH Uaeumd el wWkise
@MNSHHIS Beustieh CFISHHIOUSH LWL WISTGLD.
o cpLQUTHETHET, BMLBTOHHGGU LWaTUbhSSHSamgpweuTorsl  umflu
Crrasmiset SmeurliL(bhg60.

o BuTeGauTHH 6UFH
® FHIulenLD

@Mlursll QuEHLUTETET (pSHaTmWTel Camams CaFyemeusemen 2 _MuUsHH OCFUIUSDEHTS,
CPEV(PSHEOTHS HTeuILIL(heudl UsiLBHST 6T6wibemiul o @H. Gevid m&HGTTaSTL6SHm6N
2 LU cpsvld QUDUILBLD |MSTFT euTUeuTerigl, SCLTANWT 2 _MushHsGs CHemeuulmen
@@ epeoliQuTmenTsl uwaubhSSUIUGHEDS. RmLY 2 MHusbHeasrall uweaTuBhHSUILGLD
‘amafl (coke) WemlipUiss (PYWTH @@ LPEOLIGUTHETTEHLD.
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flov maH0HTIND 2 MuHHédsTall LWSTUBSSUIUBLD PeOLIQUTHeTHT OHTL U6

GheHI0Ter alugd S8l Sriul (HeTeng.
ouaf

(@) By Jf56s6UY, mpsdfle ufe o puss wHoID Feoufls Slm 2 DuSHbasTe
® Csmlnu® sapre gL dlsa (O,) sufuprdaing. FHETE QalebhUshdseri-
aTCuUTHl eueiloewiL6v euell @ cLPEOLIGUTHEMTHL LWeTUHSDSI.

(b) epsysar (N) OunsHETE @F QUDMEe (PeIPSHTE CoThmieuTul euefloammi 6
ouefl LWSTLBRSSIDSI. euafioewiLev sueilenwid Heuwmsdul Heteny UGHULE sTuIFS
oS 60 apeuld Gupid empsIsa eurul (N,) SGuoralur 2 HusHsGs ChameuuiTe
@@ apeoll QuTGenTal uwWSTUGEDG. eueliaiev aefulel®mBba obsTFa (N,)
eutwemey Baupra @ GFwenwenpulaiGuragl cuefoemiL 60 cueril HHFOCFUIST(LPENME ST 60T
Q@ ool QuTmeTTal LWSTUBEDSI.

AraFTwend mBHOBTII0BEHHBTET AT 60 aueflenwll LWaTUBSHIDLCUTHI, DHSH)F6T

(N) eumujemen eUDEIGID @b (POIPSTE lvevgl @Ldlsa (0,) amumel aPEBIGLD @

CP6Y (IPHEVTH DIHeN6T D GIEIHEIH OBTATEMT6VTLD.

auel — Hyeu euelll >N, euruy
H, sumryy
: NH,
L)
NO, suryy » HNO,

By

GamywensQrTLngl (B, mbHIfld ideow, Feouflés blevwd LHMID SHeOFWenLD-
SOITLema (B 2 _MushHéasras B LWETUBhSSULBLD. REHmEBHOHTIN0HEHEHHBTRT B (LPH6V-
TéHdH &L60 BJ UWSTUGSSLIUBHe0mev. HL6O Bifled DLmiSulenen LeLGeum 2 LiydbaoeT
STTIOTS 2 _MUSHF QFWTI(LHPHMUTD HLBIHED GFOUL VD, SenLdH@GHID 2 MubHU GuTeien
SleUeUIYEHH6T SILBIE ulHHHVIGLD DISNEHTERT HTT6IIEIGENTGLID. 6160166 eLP6OLIQLIT (6T 6N
Oxmewngmbas Geuswigul HJD QFHTLIUTHS Seuaiech QFeSHleus W& (PHSWLDTET @

I WILDm(@GHLD.

GamquimigGBanmremyr_(y - NaCl

BLEOBMT  epeOLIQUTHEMTHL  LWTUBRHHIOUSIT (PO  DIeV6VGH  LIga H6Tled  STemiliLhLd
urenm 2 Ulelmbal - Rock Salt) GamgwimigBenmengl(p (NaCl) Quplin. GamiguimigGenm
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engLlenL (NaCl) epsoliQummentads Qamewi(h erfl@FmLm (Caustic soda) 2 pugd GaFuiwin(Lo.

Gueyid BGamguid (Na) 2_Georasll Ufls0sGLHYUSETE @@ cpeoliQurentad NaCl uwetu®
Hoal. NaCl 2_pusHesrear @ cpeoliQUT[HeMTEHS SLOBMIL LWaLUbBHS (Wiguwruleid,
aflBFTLT 2 _MushHbaETen @ PeoLIOUTHNTEHE SLOBMIL LUWSUBHSHS (LPIQUITS.

3 60T UIGIdH GV

‘ BAMWmIBET WemImiiss (WPQUITSH @ 6UMGBWITET SUINeNd UGNLDTEHID. @ (HLbY, OFLDL, HoHsev,
SIOeflwid, engsHCheflwd Cursim 2 Geomsmisensl LIflH0sHHULSMETET  cLpeoLIGILIT([H6IT
HENMTH 31616 GeOTHMBIBET DL mISlUeTen seflwmissT LWaLBHSLILBL. Gwsvid QuUITHGUMMIL
uFemen 2 PusHHEHHTH, QuUTHBUDYM ILEISujeTen sSelwmiseT uweaTUBGSSLILUGL.
‘salwmser  Wemlygilss (pRWms euend QUMeNd  6UETLOTENSUITED  H6oTULIEIGS6N 6L
uweTubhsH 2 PusHdH G o mushHdl QurmeTsamenl uweTuhHIHW  Lleter), Wemi(HLd
sumenm  eapmd CQFuid @ OCFwerwpsny STauliubhHs0 Geusmi(hd. Geid Hevwwr
BTVHFHIHGL LWRTHTHIngWl 2 _HusHsenensd QFUleubmaTaBeu  DIDLPeOLIGLIT([H6TH6M 6L

LweTUBSSHIHe0 Geussvi(hLd.

BHovDH B

Blevasfl Wemlygsiilss WQWTEH @@ euenomTGw. @& Ursmeions @F eflQummenT-
sl uweuhdmal. Sy Wfs0sbulsiCurgsl @m eflQurmentaan ChyQwmeT @
sTpsHwuTsad rster @ sSTnsHurdu stuBammOrmlengl (b (CO) Wpudiusmn smes
epeoll QUITHEMTHLD @& UWeTUBHASTDSI.

LewiL(hhHTH el6sialemrul (Crude Oil)

uemTU(hSHSTSH eTewiGemiul  WemiysIldes (WPRWTsH @@  euemoT@Gw. GuDHBmTed, legFed
Gurmeripy eTflQUT(HeTHMET QUDIUSMHBTET LITHTER LPEV(LPHOTH /| CHTHmICUTWITS LIGRTLH-
HBHTH 616wl LWSTUGSSIDH. LOUGHWBISEHHGHSH CHemeuwmen @ UGHIHWRISHET,
WHbHSHIHET WLOHMID  (WHevmen Capend CaFjemeusemen 2 _mMusid CFUleumdNBTET  Lp6vLl
QummeTasemenl QuMID ewev (WHeoTsll / CaToHmeuTwTes UeTU(hSHBTSH elewtGemTul LwleTu(h
Hepal. @z Werlldplléds (pYuWTsh @ UeMTHemed iF Caulamieusar alanermeurs
IIG FTIHS 2 NUSHEBMmeNdS OBHTLIHSHID BLHHF QFeauHed OQBHEBDY HENELEMD 2 (HEUT-
@L. ueTubBSHST eTentOeruIuled RmbaHI QUMD eTFEUT[HET HBTenL W WCUTEHI LIDLITsasL
uGw srueiCrTl sl B (CO,) uBsmend GQENILMLISNHTH @ STTEUILDTES DIENLOHE

LOMIOWTEH CBHSHY HENELENHLOWIT(GLD.

SHT6MJHRISHGNT
ueLBeumi eTewTOemTUl (QBUT) UMBH6NT, LIT6L (@MUUT UTeL), Qe 6UmBHT LOMMILD LOHBHS
AUMSB 2 _MUSHBEHEBGHSH HTOUTEIGT S (LPSHEWILDTET @(F 6UETLOTGLD. HTeuFll QUIT([H6TH6NT

2 _uijsdHenieyseir (Bio Mass) eteiuGeuGsr(h, ig enas0STIO60SEHSBHT6 6THOLIT(HEMTHELD
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ueLBaum BaFmel QUTHaTHET 2 _MusHd CFUIISDHHTSE LPEOLIOUTHEMTHD LW6TLHS DS

sreugd eIl lessanigul @ EUETLOTMBUWITED, GOV RUINeNS AU L BIS6T UTHLILSSE
2 ATeNTHTHUTY (WHTW CFLILSHHS @ (LPEOLPH0 DLGHLD. U FoHd 2 MUSHHHHT-
&1 QuOBmTeilw eTemTOemIUl AUEmBHM6NL LWTURSHW »HEBHOHTIN0HaT HHBUTH LOTHM
aIF Fod cweopHeons 2 ulfsHeilenall uwasUBHSHSH CHTLEIEU|eTener. 610 BT (Hdb
M BHOHTP0HMST BouI(PD i OHTLIUTS FFHSIULH 6U[HBSTMSEI.

1.2 waseafsfunbd (Mg) IfHABmOL - Lei (Dow) apsmm

‘Loit’ (Dow) apsmBuUiev 10H6fFuID LTFHASHOIUSBHDH CH6mAMUITGT APGLLIGNLIT(HEVTIHGIT:

W&HATAWD  SILEISWeTen  cpeoliQUTHeTEeT LalGwmliged STeuronsd  SmeuiliubEaima.

aeilaid &L60 BHedmba wasaidww (Mg) UflsesGUUCs QUigGID @eVTUSTLOTEIS.

sLeoBfled Na™ @me 2Gsss1e Mg? sppwaisCm oiHs oenelsd oL mdueaieorer.
asLevbfled Blenmmiiug gméHsTy 0.13% waeeffluw siLmidueiongl. sLeOBIleNmHbBSH 2 Ly
2 MusHd G @mIFHl ugupenpuist CGurg GeauefCupmid semysed Lmmest (bittern)
eTeuILBLD. LIDmesT HmIFedlsd HENFIOTET D66 LDHETFUID DTS DL MBISUETETENLOUIT6D,
waaiFwd fsH0sbGUYSSTE TN SmIFamell UWaTUBSHIG sl QUIT[HSHSHLOTEIGH!.
BLEOVBT 6LV BLeVBem] el Lygmyenwgdler (reverse osmosis) Lesten) SlenLd@L. &Lld
OargIBGWw Upmer (bittern) @am@l QUTHSHSLOTEIH. BFOCFUISTLPENMHUNST (LpSH68TEHLOWIT 6B

@ueni(h LIQLpenmBMENULD F(HoHSOTHL LI6TeuHLOTM| &L L 6VTLD.

qapemm : 1
g penpuist (wpaeremwwner Grrssd seofww glendl (B (Ca0)2_pusHd GFuigeomGL.
aewienibae0emns0 GeuliuiiflnaswenLwdF Gauig CaO GQupluip. Resnars GLTevenLmenm
W LWeTUBHSHSHEVITLD. A

CaCO,(s) === CaO(s) + COL(g)

CaCO, + MgCO,(s) —2_= CaO(s) + MgO(s) + CO,(g)

BHaresd @, WEphsToeELTHMT0, CO, @mar OCauelCuppodsnuiciTprs  Geuliul
dflenss OQsweaipemmenwd S LGeuspear cpsold  Geuliuiiflenss  GQgwestpenmullest
almengpenet oiFaflHais Gsraierend. dmLs@l CaO o wreres CaCO, o mdui-
®GUUG @@ Lydlane0m@L.

uqapsms : 2

@ligupenmnuls (paetenwwirear Crrasd Mg Simidueien Hmyaedsdmba) Mg(OH),
2 _MmusHd QFuIHeomG. WPHEOTD Ugupenmuisd 2 musHd GFuwiul L  Uendl (héaEeT,

(Ca0O, CaO+*MgO) Ummest &HHFFNILIT  HTHHBUPMF QFUIWNUGLD. DISHTCUTSHI B (HL 66T
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Ca0 smes pmieugted Ca(OH), Carammib. orbg Ca(OH), B0 QGonsTas SHmIhs

Ca?’, OH sweismens  Smid. Mg(OH), @ma smgper Qumssw Ca(OH), Qg
soIHna OuBGsessHmE alLs dnugtmawrs, Ca(OH), @ohg dmLsegwn OH apsbd
smraedled o_eiten Mg?" oiueaEen Mg(OH), @ps aiipuigus Qeuiuin@Go. salGa Guoeuid
Guweub Ca(OH), smybg OH oweismen alpalsgn. Ca(OH), afipuge| aehdulyrgeaumm)
SOIUD. BmTFelesd AMmbE ey Mg> @enen afipLigwF CFUIMSNEGHS CHmeuLTT 66
Ca0 Gsyssuup. Mg(OH), 2 e sagu Ca(OH), efibugad smesiiubGeug BT @

Ay &lam evlom@Ld.
CaO (s) + H,O () = Ca(OH),(s) .ccovrvrene. (1)
Ca(OH),(s) == Ca’"(aq) + 20H" (aq) ........... 2)
Mg* (aq) + 20H"(aq) == Mg(OH), (5) ......... 3)
ugpsnsB : 3

Careim> Mg(OH), @emen augsg Goupradl, OsPbs HCl 2 L& sréswpps GQsuig
MgCl, 2_puggl Geuwiuid. >
Mg(OH), (s) + 2 HCl(aq) MgCl(aq) + 2H,0 (1)

Oeutiu@uompiiu’L /&L Gumsvemwmy MgO-«CaO nweu@ssuuiorular CaO  opeig)
Cup@III_Leuty Brésmygede 2 een Mg SiweiasepL el &rbsd Lflub. eefaino MgO
Bfled smreuglevensy wirgeomed Ggmemid Mg(OH), afipuge et MgO 2 1b sebdmeELb.

qaps»m : 4
ReamIFen HhHemwwns GeuluGummiul(h B pelwrTssiu@G. pelBlensy Biflear Siemey
BUISTD 66 GMMEUTS BHBGW UMBUTL 2 0FHSLILGBL. 2 sufBlensy 2 (1l 16%
(W/w) sientey B SILEISUNHSGLD.

MgCl,«6H,0(s) — MgClL +4H O(s) + 2H,0(])

MgCl,+4H,0(s) ——— MgClL *2H O(s) + 2H,0(])

HMLBHGW HWISHMSB 2_(hdbGHd QBmerTsaCTamaneT 2 (héd WauGluys GeuiuiiudbLo.
o U 2 (héGHaudNaETs QauliuBummibCursdl iHe0 LEISWeTen BF  (POHNIPLLSTS
Spelwrdl QeuefGuimid. Gameisevaiaer Geuliumened 700 - 800 °C  QeuliuBlensy aiFdle0
sremiuG. MgCl @aigl 2 m@Blae 714 °C 2 1b waafflugHar o wm@Hame 650 °C
2 1D IYGLTHEVTED 66 (HSGHIMeVBEHHE GumulL GsuliumBlemeoulsd o HAW 2 lenuLl
Guewl eumpev Gouewi(bd. RbH 2 (HABHW 2 Usmu WeuGluys CFuiywlurgl ealenen
Qumrmenmenr Mg o Beomald Hyeu mHlensvuled smewilLBSSTDenLWTeY H605H6hHbE CeueiGu
ablugdl GeuGeuraigl. Mg Qaigl 2 HmGHemeouwlarBursl Hyeu Mg Qeig LjsHd 1.584
gem® o b, o &AW MgCl, @eangl (2-mEBmeoulsd) L jsd gmssmp 1.68 gcm” o 1b
apeTen Caraimid Mg 2 Georewraig o ®élw MgCL g1 166@1D.
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BT (hd@ (dTfwid) SHBH HTHBLD:
2C1r(1) — 4 Cl(g) +2e

Caremud Cl, euruy, HCI 2_pusdlésral uwaiuGssuuew. sibg HCl B Mg(OH),

o L&l respps Gewiwiu’ G MgCl) 2 pusdéssrsal uwauGSSUILGLD.

HCHT_(HdHEG (2-HdH@E) AHCH HTHHLD:
Mg () +2c_, Mg()

Gxmeimid Hyeu Mg sevsHemHHaH CouprasliupGw. BsaBurs 99.8% oieney Mg
alemenenalll GQumeLTd. WaTFWSHET 2 [HGHmeL gmsaTe 650 °C opmeomso 700 °C

Gumeriy Qeuliumlensouled oigh SHyeuonss STeIlILI(HLD.

SLBTW AIDTEIRIEET, 6UTHMImIGE6T CUTETDEne 2 MusH CFWiugnsTer 2 miHidlss GBeoaTest
o GoumamIGHaT DEUFWIDTGWD. SieUeuTmTe QulsOLHemenl QUDIISDHS BHeweuwimenr SHevLl

YBeumasmisenen 2 _musHd QFuieusnate Mg o Beomsd W (LpoHSUIDTeT @esTmim@GLD.

smfw (Hyemumm) G (B
dyeu Mg AmiGamenmigsen
y S

&CHML 196 Hienenseflen em mHsF
— Gssogid fml ComTenmIS6T

i

1
|

o pdwu MgClL,—] 92 &GS Gataiaam (6T (H)

™~ e

QeuliLorsdsE rOUTH6T SiLmIdw
GUTU6M6U  GULDTBIEGHLD  (HLOMUIH6NT

2 m: 1.1 sevsdHar Geul (b (PsHBHTHMLD

ks 2 PusHUaECuTgID eausfibaigsde Guoeges CO,Csise0 @@ JSgneom@Lb.
FHETINHH0 D6V6VH GLTevemomeny GeuliuGmmiFeoTaYid WSTUGLILS HevHHe0 2 Wiy
Qeuliu Hemevemwwil QumeusNaTE QUDHBLTEIw erflOuTHeTEemen eTfILILGTEVID UATLOERIL 605

giLen CO, Gaid.

1.3 eaf@GamLr (NaOH) 2_BuUHIH

grw @FPibs NaCl segged Wenger (brine) eterliu@d. eueurpmenr NaCl  sengs
Qeumestemm (brine) Wssu@LYF GQFwisugsted NaOH 2 _musd QFuiwiiub. usselenene senTd

s8aM_(bs® <2AMGs H, aurwepd o9Gam bé@ wGs Cl, aurwjaud GeuelGuimid.

NaCl(s) + By » NaCl(aq)
e LY
2 H,0(l) + 2NaCl(aq) —— 2NaOH(aq) + CL(g) +H,(g)
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Hewiayiug 50% eflGFmLr o mdlueien BIsH smyFQeomeiniest 2025 Gl flé QFHTeTenest
2 MugHdH QFLWDBUTEH DSDILST Fnl B gmsHaTe @M OFTear &Gemmfar suTueaw,
gmssry 30 kg maysain o pusHwur@. Hanley FHuled @eteurmrer LOsd060HeaMeumet
Coupur(p sTewiul L GUTHID, (wed Slemasmend &HSIDOUTWE Cl, (psd SiemoauTeIg)

H, aped oieneys@ siemiamienounasd gwowmaigl. Carium’ (G fHulsd Cl, H, apsd oieneyse
gowori@id L, aurtwanes Csafigan Gupsaagu Cl, H, apsd oieneser sowreieme
S0, B 1w FTéEs om &sH0 Cleaumy Sfisene] &mIujorgeomed euruy Bleneouled
Coaflagis Osmeremasngu Cl, aped oiemeureig H) cped oienemen alllé spmis &emeun-

OIBHTHH STWILLL S (LPewi(h.

WSTu@GLY  eweod  6TfIGFTLT 2 _musHd OCFuleusdmarsll ULSTUGSHID SEVRIGET  STJH
&CoNMys HEVMIBAT 6TOILILIHLD. SleN6U (LPETM 6UMSLILIHLD.

(a) @res a0 YPMD

(b) fCweIMEL(hd H60 (LPeMHM

(c) Gueigelad &60 (PO

SLTDL  BTVHHD @TFdH H6v  (WeoPenw! gttt winedsd OCareniGL NaOH o musd)
QiU Lg). eeflaid Gellsd @rab alhalsalu®Gl FTSHWNUTEH STauTluBaETNenLOU|LD
NaOH @60 Wass Garpu senaled @rsd L msSulmlugid ysreromet Lysdn comisenT-
@Ww. Wfowenal (hd Heo(pd GosiiFalad Heo(p GUHLETEDE @RETMMOWTIN @SHH60.
dysrerorer Caumiur® OCwsigaiayds e0sHHe0 NHOWaIma. (HoGHl udheons, CeaTTLenL b
sCasTLamLwd Caumrs@asnaers Na' ot 2mBOsasamigwl Qg LWTLGHS
SUULYHSHHOTGHIWD. OaiFalad S0HHILST @UUEIGWOUTH fOwamesl (hed H605H 60
SIBeT (5 siewmuiest Hyeu WL LD HCHTL(H empulest Hyeu wLLGHHS el 2 wijeur-
OHTGHL. 610Gy Hevtenimy  LNfQeinsl (hé@ 2L mH, BIbeneouluwed i(pHEOLTRIN
SIBTL(h Siewmd BMIFVL BHBH HCHTL(H dME SmIFeL 1BH OHTPOMHUBLD.
BT (B ompulembg SCHTLH mméEE Na™ oweaisst QUWFE Qsuisuded ibBBT
Bleneoulwied Si(pésd CF0aTEHGHEF CFMIHHID. HCHTL(hd HmMIFaled RHbAHI NG (Hhdb
asmygFe0 auemy OH™ oweiset GQuwFeuengd HaITHILSHEGHD AHHBTBmE0UNLIED Di(LpdHHHl6u
QF6L6UTHG STTMIDTGLD. cTalenid GLosiiFela)d H60HH0 BB DWTH6T THHTD CFe060DH
galgwl Qeigaialet BTl (b &CHTL(Hd Beupmdhalul (heTengl. CLOGIF6IOH HEVEIGHM6IL
LWISTU(BHSHSHIUBRT DIIFn6VmISNTE 2 MushdHwm@Gd NaOH @engl sruieny o wijeurensms
BHBH0, GHMMHSH 6ne] WeTFTIGL alFuwomHe0, @GP0 FTihEH UTHLLSSHT SLleUTH60
Gureimeupenmas  GHMIULIL6VTLD.

@rs Veiugluys OCsweaiwampwWlaiGurgs Welu@lyssrtsl UwWRTUGSHHIL W6t
SWSHBHD wHMID WissteuTws Gumurlier @l ugliuere] cpeold 0@ BrrsHdled Geuer
AILUUGBL gnmd @@ (WHHW STTFIWT@GHW. NSTeUHL SILLaueneniuled DibHd SHeVRIGHENT

STULIL (H6IT6T60T.
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S Leuenevor: 1.1 afiGamTLT 2 MuHHEETHI LWETUBSHID H6UEIB6TD DL EISU6iTen
BT U B 6N,
QyFbdeviD  LTFONDIIBBI (hdb IH6VID QUDaIIFoNdH IHVID
BV DWHBHW / V -4.4 -3.45 -2.95
PLL SILTHS /Acm? 1 0.2 0.4
NaOH sisnwiiy (w/w%) 50 12 35

OUDIF6IND HGVIPNB

Queigalayd &6  (Wemmuled uvweau®Gl Uenger (brine) &emyged WaF SHHBHOTHIHTD
Bnssm Gaumipn. dmgs somgseie Mg, Ca’’, SO, swesst sLmHulbsSs
oOMTeNIg 2 MUSHHF QFLETI(PMDMHGHS HHOLWTH DMU|D. HMIF6D (LP60HHeND GUMILD
Gurgyl BHHE BHOHWATIHT AIDPUYMISTED, HVHHNT CHTPINUT. (HEHGHS SLMBISH6ED gnubLD.
Bnhs swerse NaOH semyselsd oiLmi@ulmlugsmed siflGarLmaler gHruieno @snmeuenL -
&0 @ Uydlameoom@id. eleiBeu, 2 musHF QFwaTIpenmeSETHLI LWSTLGSHSLILUBLD Lenyest
(brine) semggeled @b wTa Sweisellar QFne) e @QWleuTsHed Couswi(HLd. HLVBHEMTSH
Qamewi(h HWTfléasluiB Wenger smyFedlsd QhbdH BbHd DTG SIUCTHM6N [HbESHHUHNEHTH
@rarwenr FHuled uflafliys QFuieug WS (PeHBWLTET @ LIQLPeHOWT@GLD. GUTHILOT6T
slenays@ BaCl) Gsyliugmed SO42' sweaismen BaSO, ope alibuigwis Qsuig BH&e0TLD.
Gurgioren Sieneys@ NaOH wpmib Na,CO, Gejiiugmed Mg™, Ca* sweisener Mg(OH),
asa)d CaCO, gpaab allbugus CFUIH HoHSE0TLD.

Mg*'(aq) + 20H (aq) _, Mg(OH)z(S)l

Ca’(aq) + CO,*(aq) , CaCO,(s) l

Ba*'(aq) + SO,*(aq) ,» BaSO,(s) l

&Bemmifest MBI F60

t t
I

QFNHD 2 LIL|EHEHMTF6) =i = B 2 L 0FahaIHe0
(Demyest Hemyaev)
2 I QFVISHSHIH0
LWSTUGSSW 2 LIEHENTFE) = GFmuwImHQITLmFL (hd HENTF6L
QeuemGui QeuemGui
. . . . @ S . . .
mHHCHeNwD 1OeTeuTU] Blésed WeTeumul

Cxiyey GLosFeie]

2 ®: 1.2 Owearigaias 60w

BT B ompuled o _6ien smFseded ouTbusSHe0 1ysTenors Na', ClI' ouweisen
sTeILBACHTH, Was GFTmu enalsd B anl LinlflmswmLaugre @amLésgn H wpmib
OH sweisepn 2 elemeal. ACT.(hé® 2ABGs OH oweaiser gl HGwmmwemLpba O,
m Geusflel(housmars eupmis Geuswigw Bwiw Wersiwsdsw 0.4 V o 1b Cl oweissmen
eLFACwmM Cl, ope alpGallugners apmisGamigul Bluio W iwsHe 13.6 V o 1b

11
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2@, aaGa Cl, alGalssliubGaugsne Cuoeadswrs O, o 1b alGalssiuGd sTHLNILTH

2 _eitengl. O, alpalssiubGamss GmDULGHeTE CeuaiGam 2 SHE6T ma&uTemiUL (HeTerme.
40H (aq) —— O,(g) + 2H,0(l) + 4¢
2CI'(aq) —» Cl(g) +2¢

afl@FmLr o pussléarasll vweaiuGsHaIw Uemger (brine) semyaeiler NaCl Ganley
gmjuenealsd o WFeuTeigl. Frjuenalsd wWsdh GHemmeurer OH™ Qapfleyd Ws o wijeumes
Cl' ower Qapeyd o eten Fhgjlumseaied mBrerg OH  sweiser eeuruiest g
Caibal @ g@Ldlsar (0, wedamampud @reih B (pessmmismenud Cormmeliugm
BTN [HBDBHH6| FTTUNMAIED (FHMMEUTEIHTGW. ACETL(Hh Sewmdb HMTFede0 FTTU6TaI6ED
o wy CI' Gspley sramiuGeusted ClI' sweassr U dCwppwemLpbg Cl, aurwameus
BxrTHmIONILSDETHT HBOHHE| FTTUTOND 2 UWITEUTETISHTGHLD.

WeugUleCurgl Cl sweaiseier Gamley GQuilgiw @GemmeuenLujw@urgd OH ojwueiser
@LACwmpwmL B O, Bmer alGalsGld BHepSHSe| 2 @IILTaSHT, LIMmIaT HJF6D
(WpemwwiTs WeTL@GULEE 2 6TenTeudlevensv. sieniBeu BT (h iempulaien QT FFFuIms
QFMhs 2 Uys smyFed ubUluGUBCHTH, OsTLIFAWTE ACHTL(H SHMES SHMTF60
(LweTuGSHW smrFev) GeauafCummiiu@p. GaTEHulsd Cl' sweaiseiear Gamle] @enmeur-
asTuleid Na* ouwe Qene] @emmeusmL Tl Lrg. OsT@&Huled (@U.BOWTSS S605me
W smHINBUTD) WO HBHBMVSHEMD  BTLIUBMSH @F (PHITEHLOWITET  @uleOUT-
&w. aaBa CI' gwessr Cl, ope ACETLG mDeE smIFalalGhe BEIGHLEUTS
CGoumi wemm Swer aumBOWTaIN HCHTL(H DWME SHOIFVIHEG 6UHBH60 Geustor(hLd
sevevg Na' gueaiset &CaTL(H Simms &mFFaSGI GULUTSH GCouaiph. &CsTL (B
SImOUICLBW FHTDHHEL HIBHIPLD. LTOLGHHED HCHTL(h ewmuled QHHLH 2 HHHs0 NaCl
BEOMELWITHEOTED iFlev 2_6ien LIFHTeT Fnml B DLGSGWD. BF cPevSImIEefet Fnl Lilflens
ulest QuMIBuDTAW H' oweaisst OsTLIBSID STHSHSILBMISTE B (LPev&HsnmIEH6T LEHLD
aemauled gal Lm UflmaswenLbs Cueni eubd FOBeN6L GHmeOUW|D. BT  (LP6VHInMIBH6VI60T
gl Lpiflvswre Horss H' sweisst H) ops QeusfGumbBurg B apevdanmisel
OaTLjFSwnss gal LpUiflmawemnsugser almeneursds BHTLH ewpulsd OH™ owsiseafet
Qanley oFHsfaGw. OaTLFFfwme Wau@Glemu BawsHHIn6ursl ChIsHHHE ienowd
&BFHTL(H sempuileier OH Qe ihafleE@L.

Biepevdsgmmer FalLpUflensullears Foailmend Fhailubmasd Fweur® (1)  epsow
STLL6VMLD.
H,O () ===H"(aq) + OH(aq) ....ccco.c.... (1)

H' swet H, o455 sMdssiuGaustesd Fwealln @mebaleist hailiusmss Foaun®
(2) @eT6L HTLL6VITLD.
H,O (I) — H'(aq) + OH(aq) .....ccc.e... (2)

12
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BT (5 aiempuied Cl sweaise gl HGwmmwemLBa Cl, Caramid aigsg oS swwme

aissHe0 HCaTLH ommulsd H owsiser H, ov85 smosHsiuph. @sa alameneurs
RLBOWLTHHOTHS BHFHIMBUID HCaTL (hd SemIgelled ClI° DwetEeT  (GenmeuenL ujLd
aipsHIBGU QUTHSHSTaIUTN HCHTL(H Dmmuled 2 _6Ten B OBHTLIBHID Fnl LDHIflens
wenL g OH dpludssiup. @sar alanetauns (Wipd QHT@GHWW Weatgmjurs bHmBlens0

WIm(&LD.

Qeigeile)s HevHHe0 WaTL@GLY Bawbas ACamL(h empullsd ClI° oweiseilar Qamley
GmmeusnLwjorulest Na® ouwet Qe &mmeusmLaudledamnsy. iaiaumCm &8sT (B Siemm
ulsnie B epevdsnmiseian sl Lm Lflmaulamsd dmLs@nd H oweaisst sripsHsiiube-
&160, OH  oswer Qe oiHafle@n. aaBoa OosaigaaseEns@ 26 ms  LaNpHH
alsHuTgCoram o mHeaur@w. HCHTLH dAmpulaiet Qmbs OH siweriser oiCGerml B
SmPEGU QuuidoTuler omig 2 eien Cl, 2 a1 OH sweisat srésn yflujw. seaflaid
Oweaigaen)s HevsdHar GoearFaals oa 1 OH owersst GFedsud sumuili] Ge0eneowlrs

eueL QLosiiFela s HevHHaT HCHTL(H DMMB HMIFL FTTUTS RHBTHBLD Hlab(LDEUSHE06M60V.

Gosiigsios HeasHar ACETLH dmmud &CsTLH emmud G oweisst (Na) om®
QF6v6vEBInW @ Geaigaalammed Geummdasliul (heTener. @OwaIFaaled WsF Fpw
FImeNHeT HTelLBICHT(H, DISHHIMENBENIGT 6TELENEVHENMED LDENM DHUIGTHET G em6wTH S (h-
B&W. 1By DiHHIMeNBMENE GloaeTen Geuefluies enm LOSTLEVHHDITED  FHIH6THEM6N
Grrad BB DWIHT SHeUFLILUBD. LMD DWSIEHET HeTemiuBLD. 2 W SHTUIEHLOW|ETEN
NaCl =ewgged (Uewpen) wWSLGUYSE o LuGHsUuGBL. SCHTLH enmulaieTr @
Gruiar auflGw QaTLFFdwns By Cajasluheaulst(h mHmEWTEH GTulemmsd NaOH
SILEISU6Ten SmyFed GeueilliuBsHBULHLD.

BT meHsHChallgHamaw &CHTL(H MlEased @ameld S&BLUUL (BTG
Owaigaiea)s sevddeammsd NaOH o musgdHenwgs QTLjsdwner @m OFwesi(penmursdF
i (pydameny @ FApUuwFor@Gw. OsTLFFAwrs 26% Gadeysten Newyer (brine)
sIFL G (h emmuilenien ubUlIUGBHTH, ULGHH &TLiguieTeneurm iCeml (h
ampuiedmBgH Geuedl Quibsaslupy senggelsr enger (brine) Qamey gmssmy 24%
UM (G mMeUmLbHHBGW. @EIG HCHTL(H mmuie Cl™ sweiseat gLl SCwmmLOeL b
Cl, o8 GeueliGumid Geusmen 1pFCe &CHTL(H  mDUldHHS H" sweiset gL d
CuppwemLbg H, ops QeueflGupid. e &CxTL(h mpuilaiet OH ower Gamley
afsfdEd. aiesHssE euuTaaTm, CaoTl (G ompulsed Gmbs Na' s
&BFHTL(H emmeGHU Quuwim. 611G &BHTL(H emmuianisn NaOH Qanley 2 meum@Lo.
Na" e Quwijey sTyaoTs, bHSHS AdDUIDIT WEHGHRMOSSHFTMID D _(HEITEGLD.
WGy BeweugiL el Fal Gou RFOQFWTIIPeHD OHTLIHHID BlHoLD.

B (h aemmuied 2 eaten Cl° sweniset Qsiigalad@ 2 ms SCHTL(H dHenmUlen6rn
QFsvaudlevemeowirmeomed Caxmeimitd NaOH o Leit @@m wwna: eieinm euswaullsd NaCl seoliu-
FHevemev.
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SICT_(hd FHTHHL: (CHI(LPeN6)
2CI'(aq) — Cl(g) + 2¢

HCHTL(hg HTHHLD: (LDEMM (LPEDIGH )
2H,0(l) + 2¢ —» 20H'(aq) + H/(g)

RLBOWLTHBHSH HTHHLD:
2NaCl(aq) +2H,0(1) —» 2NaOH(aq) + Cl(g) + H,(g)

QwadiFaand BHevapsmmuisv NaOH 2 Bushg e\Fuienmkedr umiFsFB GCasmi (hriib

NaCl semyae0

}
Hengen SHenyaed gyeu Cl,

} T @i
Hengeil semyged SHHHaHHH0  D(PpSHBLILHH0
(Ca*, Mg*, SO,?

SILIGTIHEN6N  [15EH60)

) SPYEEERS
SIWIHWTSSIUL L 1N6ny 65T smrFe0  (Bymell [56@&HSH60)

o

: B B emp ey Cl, euruy (G (b iempuledmBba)
dengenr | (24%(w/w) dewyest &.smg&ei))
etapmAILGH HH60 Na siwer Qsigeln|s s

261_THF

| SIBaT (B Siemm QiF606060 LY
24% (W/ngﬂsmus&rd—(24%(w/w) Wenyest &mu&sb)_,F S Ea?acﬁg_u_lgasgﬁ 1
BMTFED HHBEV | (BBHTL(Hd HMTF6L) I

WleBTLIE LIy L__ o :

sCsT (h oom — » H amyy  + | OH(aq) suweiaset |
(88T _(H | (86T (hé &.GUJU&@Z)I)
swpuisiope) - —— ——— — — |

FOUTHBMT 2 MUSHBBTH, < wywwioresr NaOH
yemLenel 2 _mushHbats 32% (w/w)
SN &BH60
99%(w/w) NaOH
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NaOH ioB@BIb L1HH alenaTa|BbaTesl LILIGH dBb6NT

NaOH @1 Lweisar:

1. FUTHSTT 2 _MUSHHHBEHTH

2. a1dzw, QFuPensiIUl(h LHNID FTwd meHOHTIHMGBE (paint)
3. QPUIGnLmIST6D @ 6USTCLPEVLDTEL LILIGSTLIL 6.
4

. sl uflefla@d GFwe(pempuilsd ury 2 Geonsmibener aipLUIF QFUINISNSTS

SCaTTFeolesT LILIGH FBH6NT:

yewLened, SIfiogd oPpmid &Tdss dnlp 2 pusHnG (Ceuslhmid smelwrs)
GeBHled upBFuTeme APILSHE

HCI 2_pusdlés

e e

GCenmmfCeummiw @miiLy, UFHQBTEOIBOT, FTW 6UMBHT LOMHNID LOHBHI
UMBHOT 2_MLGHH DS

5. PVC Gumeip ueou@gdwl Qummentsensn 2 pusdl OQaulausm@GHs Comemeuwime
meuemeted (GBenmenyl(h 2 _mushd QFuieusm@

WHJFOT6HT LIULIGH H6IT:
1. HCl 2_pusdé@
2. NH, 2 _pugdles
3. smeuy elewiQemiul MHTCIMMEL clp6vld TMFlST 2 MU
4. erflQuUT(HeNTTEH

1.4 sajsa1y 2 BUDHI

FoujssTy 2 _musHulearCurgl, eflCarLma e cpdeflgenyl (b BIUUGLIYS HTHEHLD (Feuyd
BMIOTEHSH60) HaWwhad Sallg@rmed wmHmid mHewiL gFmiESel sTOurl delldsLdlevd de
Gamguwid o lysser CapmeimeuBs @ysmwies FHuled FBlapeusT@GL. @eualidbaeT Faujd
SMPD TRILULGSRINHI. FUTHBTT (LPEVHIM60 HTLGHT OMHMID MBTFET DIEWIBHOT DL RIS
BIGeumILILeTen euTemeOW|D BIBTLL S Hemevenwu|d CamewiL @m UyGsHab o ewih. BIBTLLS
smeouled Na” gwenser, K gweiser wmmw -COO” swer gl L o eawi(h. Feujshsmy
o mugdHuiest Bumgl ceOLIOUTHETHEHOT QEIMTS HTEUT 6TewTQEmMIUI  I6V6VG  OTl6VEIE
sTemtGemorus LweTtu(bLd. menmpu! cpeoliGuTmeT NaOH o0 KOH oy @ib.

BrGeumiLiLeier eured BIBTL L S5Hm60
{ﬁ_ﬂ_ Na'
O

2 @ 1.3 Fussny cpevsdnomrarer BFoeumiileTen eumed BIBTLLS HED6LU|LD
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FUTHBTY 2 MUSHUTIL BTeri(h eumBWITET CFWSILPEMEBET 2 _6iTeNmel. Diemeuwimalet: GeuliLF

Gsweiwenm (Hot Process), @efljF Gawenupsnm (Cold Process) opdweneum@o. @efjF
Qawet(penmuilsr Curg Faujsanypd HefaGrrad GeoummesliLBeudedemeD. FeuTdHETyd-
Hev HaMaFBrmed LQUD. FouFsasmy 2 _musbdHuler Geuling GFweiwsenm ysTer HTarG (4)
LpenmEBeT GHTLIUTSE L (HBW @G Heuaieh 0FaSSLILBEDSI.

(1) Feujssmyonsssy (Safonication)

(2) ussaimeneurd HefFfenet 5@ H60

(3) FUTHEHITSHMBE &HHHB(5H60

(4) FuTassMIsHmS (W uumrmenTall GumeL

FOUTHBM] (LPEVDHFn QTR0 2_61Tem HTURT DHemIHH6M6 eTewienibensd 12, 14, 16 wmmid 18
eTetmeuT e Geumiubd. BGhmisTOweienamiuiuled cwdeflFenyl (b FTIbHS 61HHHT LNenewiliL
sonmmed  Geomfléd  odlevd, Wfledds dlevwd, Hwfldslevw, @GeUISHLOLD ) dlules
Uenemibgienenet. Saleurmnsds cpdaflaemyl(h algeudhded 2 efen HewiL Fmidled SruTL
feld oiflev (Qasmuplidlevd) o6 FHaisLTHS STLLLILGLD. ReunmisE GCeodsmsd
OarTludeomiser FnFp enasenled 61HHHT LIS  DMIDSHBTSH|  FUITH6
Oarwluleomsentad (free fatty acid) srewiu@p. CxmiasTOwemienamuiuled gmsHsTy 44
-52% oieney  Geormfls oidlevd SILEIFUETENE. DHL 12 SHTUST DIEWIHHET 2 _6ITET6NT.
SlupmieT 11 sigmisbsen BIGeumiliyeTen 6uTedsd DMDBHIOTENH. 14 HTUST DIG)IHH6N
siLmFweien ewifléd ofleowd 14% oeney  siLmISwereng). CaHmismGulemTenssuTuIulle0
SILmISWemen umilmniles SIOeVSHHST 16 SHTURT DIGNIGBHET 2 666, 18 HTUST DIgm)IdhH6N
o aten Hwifld odleowd 3% sLmSweTengl. 18 SHTUST DEWIHBEDHLD @F ST eHLL
Uememrigid @Geoullds dlevsHed 2 eteng). CapmisrOuwemiensmiuiulsd 5 - 8% @Geouils
Slbleod SILmIFweTengl. CamiaTOWwesIOauienwll LWaTUBSSH 2 MusH CFUIsH FeuJebsmyLD

eIl @eueuToren @(h Siblevd @eolilent Camguid o LSseien HeVeneulT@LD.

TR IUNED SILEISU|eTen HBIMUIQUT(HETHENETUID LOTEHBHENETUID [Hd(EHUHNHTH, 6JeuliLL L
yeosvy gJs (Activated fuller earth) stemin(pdlenin elCGFLomen @@k cuendd Heflule g
SI@IULIUGL. et QeutiuBened gmssTe 90 °C oyl Guesiiu@d. Neeny  eTewt Qe
ufled oISV HEBBEHIPU Heilld HIWNHMBHMENT HoHHW LT DiFl FoUTHBTT 2 MUSHHD
&Tal uweTu(hsHSUUBLD. FoufaaTy 2 musbdemwds QHTLFFHwmer CFweatpenmuimasGeurt

(Continuous Process) Qam@dF Gawenpsnpwins@sur (Batch Process) mLggeomid.

OFTGHHEF QFweT(pemm UTTLUFIWLOTET (WPmDWTGW. UGS (WwempuleatGurdl FH60 cpevLl
QUITHET SieTTEYBEBHLD J& HTEVSHHVL HTHH ewpUiaieT LUl (b HTésW Yflw SLwefls
aslupL. Uerter elemeneyset Geauprsdlsd Gameteniu®pd. QsmLjFfuwmer QFwentpenmuilest
Gurgl HTHH MDEGHH CHTLIFIWLTHS HTHED6T eUPEISLLGMCHTH, elen6rTe|HEHLD
OaTLFFfwrs GeusafGummlin(Ld.
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1) FoUJHBITIOTH BV (Safonication)

ApnaTds, asIHafedsiul L sreuy eewiCeoius Byww NaOH sempssvrer BGsjsHs Geuliu
Gumplupw. FHTHEs dAmpUiaIeT, SHHHBfeHH SHTeuy sewiGeuiud (2 gTyeuin: CHmisT
Quewmi@erorul) mwow NaOH (efi@gmLns) sengaaib ievevgd KOH senggan Lbuliu@io.
afIGamLT Bifled BMIHL @H YnOeulIuSSTHHIOTGHIWD. 6160186 6TfIGFTLTemE BHifl6d HWITahEHLD

QFweipenn R HONF CFUSIPMHOWTS HLHBHLULIHLD.

areiQemrwiugd  Byww NaOH 2 16 @emi e SeoossTsh QIeni(h  6UVWRISETT(GHL0D.
gD @bd Quewi(h LmLBTaIGID S (SN0 BB FoUTHBTIIOTHHE0 HTHHHD-
FHeavr epeold HeflFflenid Foujbarypd CHTaimid. RHHTHHUPL @@ UmOeULILSSHTHEBLON-
@w. NaOH meBleneownssliubhadesd @amaner UFsrer STJeuion@Gl. STodd BHe0eneuuiler
Geuin Blemevenwt 70 °C opsil CuamieuBsr(h, eUaL &SID HaIE SH60HBLILBLD. 6T63TO6wTU]
foipiefsents wIMeusTe0 Comuriyll ugliuere] JHBFHGW. BB almenaurs @@L (b

OWTHHH HTHBH HEVENEUDH HEEUETE| FTTUTS HTHHD FITH [HIEB(OLD.

FOUTHBMTLOTHH0 HTHBHMBL LNGToUHLOTD] ST L VTLD.

n
(8] A
I + 3NaOH —_— JRCOONa + CH—OH
R—C—0O—CH
CH,—OH
I
R—C—0—CH, goujsaryd  SfgCrmed (Hefafer)

R=C_H../CH, /C H, /C.H

177735 157731 117723 137727

Q) FHalFfemeot 15db b6V

FOUTHBMTIOTHHE06I L1631601T oML H@GLD BFLOW aUEVWISHH6D BTTHHETNID (FHNMEUDL HHIGTENH].
BIw  euewGHe0 Hefgflest HMIHSHIGTENH. @66 FOUTHBTI(PL HMIHSHIGTENH. B
AUOWISHH6D BHMTHHIGNON FOUTHBMT CLPVDHIMIHOT SIUITTHBLOMLHHIOTENCHT(H LesTeu(hHLOmm)
Faflensy GuemtliLBd. BILOW aIWSHHED FaUTHBTIHHE SHMTHMMNDIH  (FHMDMUILBNEHTSD
NaCl Wemgest (brine) senyged GFyohasliL(bD. DBIG Na" Swear GFle] 2 WITeUTaTSHTenSUITED
Ble0 BMIHHIOTEN SIURTTHBIOMLbFH FOUJHBTIHIED @HHSH BHILOW LOENMD DIUI6HTSHEIHL 63T
Na" sweiset GFJeumsmed GCHTAIMID FOUTHBTT (LPEVSHIaMIBET BFLOUI  6UEOUISHHEOHHE
Goupm@. o2 (ys semyFellsd Heflaflar senguyw. NaCl Gaylughmed Biwowl eueowigdles
SILTHS FBfldb@Gw0. Srulenwmmn FauFssTyupd B eusow(pd Ceummdlw eteny dlefaflest

SILmIEWeTen 1Y eusowid ubulLL (B Couprssliupd. baemyged “Spent lye” sterlin(pLo.
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s ur (el ponums: ows 1
by + RCOONa“(s) ————= RCOO"(aq) + Na'(aq)
Na" ot Qapleneu F & @GH0EUTSH)

Pl
«

STWIenLWmHD FouTHBTISHH60 SHewlFomer Sene] Fredly (BF) SILESUNmHOIUSTeID
GeutiuBleney 70 °C ops @muustaid, ubll GeusflGuwmmieug Gev@Goureig. BEHemest *FyF
FOUTHBTILD  6TeT6VMD. HTHH AmOUIIHHH OCeuefGummid BIow 2 (ys SmFFedlen
HeMFfenid SILmSUNHBGW. 611G udbs  aleneneurs SeiFfenet Goumme@HaBNHTH
SRS HMTF60 HEVEVOBT([H CLPEIOTGHD. DHBMTFND @ (HHH HeMFBrmensy B
OQupm smyFaLear Cxhemeuwnen oieney NaCl ygis smysmev Wend GFjsHal WeTspmalll
ubSHIUSNGHS CoHemeuwmeaieury SWTeHEH CaTaTeniu@Gd. HTUIHIOWDD FoUJHBT)&HH 60
SILmIEween HeflFfenen BHGHUSNEG BHS 2 s SmIFe0 LWSTLUBSSLUUBL. BbHSH 2 LIs
smyFeley Haflaflar senguruiamid FauFoHETTD HmTadHeame. @mIG 2 LI HnJFaIL 65T
FOUTHBTTHND B HVHGMH 0E (PSHAWITERIH. 6T60T66u HTUIMIDWIMD FoUJHBTYHH 60
o eitenn Heflaflenen B, @reneyds@HF asHEfHHIS OCHmeTenmeomd. QITeT FoujdasTysHdHeo
o eienn dHeflFflent SLmISUjeTen 2 LId BmIFMID Sl FeuFshsmr GeaupmeaiuBLd. iy
Qe FouFHBTIHMS 2 LILdh HMTFI60 HLOUBHTEL IFH60 SILEIFUNHHS HeflFflen o iy
aueLWHFHIL T CFHD. BFOQFWTIIPeHD cpsvld Hupalw FeuFssTIpd @rene| HefFfemend
OxTewIL 2 LIdH SmIFNID aleneneuTsd HmLbGw. Qbsd 2 Lys semyse0 “half spent
lye” steriu(pld. @b 2 LIdH SHTFEOMTENSH FoUTHBTILONHH6060 Llesieun] Slenafenen 156 @ 6u-

SN&ETHI LWeTUBSBULGBLD. BHET STTIOTE 2 LId SHMIF6O LO6THIPME DG 6N GLD.

3) FMTHBIPIID FiDHIHBF D IH6V

Heflgfer HoHd @reneysHF HSHBHH FoujsaTrsded BmW, NaCl o b 2 eTener.
o IYbHeNLRISW FIF FoUJHBTID MW BEEHHIHEG 2 L UBSHISLIUBLD. DAHET ln6reuTs
Biow o (yssel FaujssrrsHelmba Coupm@w. Faujsstysdled L mdEulmbs NaCl

@engl sLLenwly 0.5% (W/W) sueny (&enmenLujLb.

FoujsamrsHSed NaOH oLmiduilmsseoneans masjCurmebddh Suiamais. eflGFmLm
SiFHBenaled 2 _aTenLmd FoujbEsTID STyenoTsd CxHmells0 gnley gmUbBLD. HevwideT GUTem
OLOGTEMLOWITET EENIPWIEI BEhébGHW UTHIY gnuL. L (pewi(h. a1amBau  WssF QFTHU ienad
Govemid siLmIFUeTen NaOH @emert BHHensowITdhGHoudsnarss FeHfleaidleow, QuraGur-
flaslleod Devevd CarmisTOwemGeuul FTihs awndeas Oamuwliudeomseat (Fatty acid)

Garssun(pLo.

4) FUMJHBIIHMND IPI)MUIALITHATTHLI GILIBGVL

o lIyssmen Hhadw Leien], SiFFaJosasTyhdey 2 efen BHeny GeuafGuibmieugs Sieufluiom@Lp.
BrLeasms 12% euemguled (W/w%) @emplusmars, 120 °C eueny QeutiuGumplus Feujd
ST GOOHS A(WHH eueowGomemed FmigiefsenTal UFWIF QFevsvomm HelpiuLd
(spray). @aaiCung BT pelumsEsTe Ceuliubmal QUIFETNEMWTE FouTshsTrdF Fml
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glofseflar CQeuliuBlensy GemmeuenL WD, GHMMbSH D(PHHBP6TeN UTHHTHH6D FouJoHBTILD

uguyb. BrTel QeuefGwimmiuBL. 2 _efbhs FaufssTyn Gauprsdll GuUDUUGL. 2 60FkHS
FOUTHBTIH HILeT Byl QuT(heTseT, BMeL 19H6l, esuielpl lgdaT BGumatmeumenmd CFJhHIs
Bhemeuwlmen 6UIgaUSHHED FouTHBTY (PR IQUT(HeT 2 Mmudbhd GFwwiuLD.

FoUJhBTISHIH6eoT TFM QLIBNOTGOIID

FUTHBTIHH0 2 6iten QrHss Gamepuyl GQurmetseier oenBGsu (Total Fatty Matter)
@& cpeold BHBLUUBIGMSE. DBTouGH Foussnrs sLliguied 2 eten RCOONa(goujshsmy)
FHAIBHID DLGID. FvemeuF FauJbaTyoHsL 1IgLuwimeer TFM Qumioreid 54 - 56% susnyuwimeigi.
B uGd Bridiurmetser, Feoeneu GbUGSHH®6NT, BMepLi9HeT GUITETNEUMMTEOTEIGI.

QUSTENTFle0 FOUTHBMTLD HENFUWITENOUID HIENTHBTEMOUID FoUTHBTTHH @ L1J&HFnevLomGLD.
FOUTHBM (LPEVBIMIBET BFIST UGTENLODHGEHE STTEIIOTHU SMHMUIETHEDHLET HTHHD Ufha
alpuIHB60 @HMBTET HTT6IUILON GHLD.

2RCOO™Na" +M*" ___» (RCOO),M l + 2Na*

M = Ca*, Mg*', Fe*" Gurmeiin Siwesise

SIUYTeuTsHHen eusiaifled ailpugeudleiemen. QFwmmasd SIUTeuToHseled 2 6menm ysm-
eiomest Faml GFmuid SNemauled QueFeT FeOBUDMI D ELD.

I
CH 3—(cH3}n—CH3—©—rﬁ—D Na’

O
FUTHBITHBH I DIIPDHBBHBSID GAFUIBLIT(H
II(WBHG 61U 6TeTQemTUIll UL 0QTETMDE @S HIWIL HTEHSH HWNHMBHET LOHMILD
Brzpas BFjeneusefla SevmeUTGWL. Bfler UFLNpemel 2 WITeUTHISTISHUITED, [HeD]
LTSHHTD BBHOUSTEO D(IPHE BHHIGMHM6. FouThaTIoHHar cpeod Biflest Comuriiniipsne
@mDEBSLILGUCHTH BHpsusd GFwevd GowuBSHBLILIHLD.

SLSTTUUML U BHSH Coupmd BIaueowSHms DML GG,
cTeuTQemILl FTTHS D(PHGHBN6eNSH OBTeRIL OHTEIH60
6T60TQ6mIULI FTITHS
SWHGHH HMM

Na "00C COO™ Na

+ E-COONa —»

:\ﬂum_ Na™ "00C COO™ Na”
S 2 ®: 1.4 gujsEaTIsHHa H1paled GFuwed

FUTHBMTY (PLHammBen, el Cewuis FmgieaflaepLear CuMasTL QueTOTS @

OxTEIEmenS CHTHMOIILSTED DI(PHE BREIGLD.
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1.5 NaCO, 2 Bughzg (AFmesvBen apemp / IGwIeTLT GFTLT Aps»B)

Gamgwisl sTUGIMMI, UGN @TFTWEIS MBHOHTIOBEHDHGHS CHEMUWTET @ CLP6VL
Qur@enmd. areGeu Na,CO, 2_pusdunengl 2 eodlar eeaemwwre ramueii Cumber
MBHOHTPOHEHOT @BMTHDS HTILILUBEMH. SHCUTH 2 _60dle0 DLTOLTRIMISES JMo-
&1 20 Wevelwer Ggresr Na, CO, 2 pusd GeuwuiuGEps.

Na,CO, 2 puggl OsrLjurer NIsTen @remuais STHSBIGET aHLOTDI:
NH, + H O ——= NH,OH
eSS
NH,OH + CO, — NHH CO,
NaCl + NH,HCO, — NaHCO, + NH,C]
2NaHCO, _A , Na,CO, + CO, + H,0

Na,CO, o musdaegsd Gzemeuwrer NH, guj wemulsd GupiU@GLD. &iewientseseenen

CautuiiflmasE 2 Lupsd CO, 2 _pusgdh GsuiwuiuG wpempw HiFsrear apeolGLIT e

Ca*, Mg* wpmid SO, * Bésiu’ L gru Gemibg NaCl opeb. @g1 et semiuLo.
CaCO, __& - CaO + CO,

BFQFweI(penDUileT DQLILIEHL WITET LIQ(LPeNMBHN6NTL LI6STeUHLOTN) SITL L 6OMLD.

qapsmm : 1 DICTHILIToMTHBHID (Ammonification)

Weeled Memger &mrsed Caryy semwiniear Cupuegd em e oi@uiuGausTh NH euruy
Gamyy oiemwliler SpuGdHuier oo re S@IOUIUGLD. aFHfsHmaselled  HTohdlsenen
S UBTED Siew6ed alenahHmains QaimL Camaim &0bsdF Cauieugpmer (WpyGermlL
/ eiFBrmLL  wewm eeliuBGdeaingl. Henger Gwreflwl  QuUmSGSHTRIH @ LD
Qauliuggrasn@d. amBa Wmrea smyseia Geuluplemsd 2 wimorulsr NH, samyujb.
alemenhHmer GemmeusnLuld. Geuliull ufiormmE GQFweTIpenm cpsod Gamyy DiewLoliesr
QaulIuGHend HdHGHSBERT (LPeVD SHTPeUTeT Geuliumlenevenuwill Cuamiaigl (PoHEUWILDTEIHI.

Henret Hengged — _l-\

£ & &

L mieI(hemen QETewiL &6flldh HB[H

IJ’J’{.I'.FJ'

£ & £ £

NH,(g) .,

L_ . NH, @enimed mlybugupm enger semnjee0

2 ®m: 1.5 SBwreilwreurssd Camyy Sjenioliy
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uqusms : 2 HTUGsIBBsvL (Carbonation)

SIBwrallwmalemed BIFUmLbBS Nenger Hemnyss0 @QyewiLmd Bsryyshdler Gomui@dlulle
ool 16 S@INUNUGMGCSTH, SwiuGHulsr sam ts CO, aumy @IOUlLGD. @EIE ST
&6, WrGerml L (enmuist S almarisHnans QaimiL CaTaim H60d@Gw. iGwraiwureai
@Te0  FHiFbuerssiulL Umys smised @, pe 2 swrGb. CO, @F oulev euruy
SpGID. G B0 smIaus @b UnGaliugsrsswngd. Guoeid NH,OH o Lear pijow CO,
srasb Lfibg NH,HCO, msé smausid @k UnOalussTason@lb. eaiGa e meuge
R Camyy semwlemusd GeMfFAwuns meudhSmiug W (WpoHEWILDTeIE).

CO, aurwy Bfled smIous @® UDOILSSHTESITHTE BTeni(h Caryy oiemiolisbaeiaid

GeuliuEBleney FHTDEUTS MEUSHH(HESLILIHLD.

NH, @aimed BFibusemLbBs
Henyest &enyaeo ;1 |\

Y = BL06) AUTW|SB6NT

SRS

!'l. H\

F”--_-\'\

_.-"'_""n.:—gueoﬁr@ansn OareiL &6ls 556H
T Tt

=

- 5

AR !

‘ﬁ' "\_‘

=— .. NH HCO, + NaCl oi_midlujeion &mysed

2 ®m: 1.6 &TuCammed Camyy oiemioliy

NH, aury flenswre Bfled semyujoruigid CO, aurwelar Biled seyujd Hmer Friyuen
alled Gmpaur@b. CO, Bfled asmyaugmed Caremid HCO, swear Geple) Bles &ammeurer
HTGW. STUCHNNSHSIHES Weie] CTeilwTaTssD Sryewors e NH,(g) smyseder
CO,aury pai® iessMEHsILGMCHTH, 2wy HCO, gwer Ggmle) gnuLo.

ugepsnp : 3 NaHCO, 631 Gouprdxev

SBwreflwmeurssnd semLbSH LHenger (brine) senyged STUGHIMHMUILIBOUBTED DiHHMTF6Vl60
NH, HCO, Qs oiflafla@n. @bsl Hama smyseisd srjuamalsd o wijeumer Na® oiuwier
Qsplemeusds OaTawigramswre, Na® ower wpod HCO,” ower Gefleureig NaHCO,
Bybued erevemevenuls SmesiBGurg NaHCO, ualmi@sens wré smiseleikhal BRIGLD.
Bbd PLHOWLTHHSH BHTHHHMBL LIET6UHOTN SHTLLEOTLD.

Na'(aq) + HCO,(aq) » NaHCO,(s)

Careapid> NaHCO, glawiow smyseledpbs Cauprasdiln GQupiuLb.

@spamow NaHCO, 2 _pugdun@d gruw srésd aieumonm Blaipw. ismasemioul,
NaHCO, 2 pusdlés Caameuwrner cpeoli@urmersenta NH,, CO,, NaCl, H,O opdweum
mmé (GO 6vTLD.

NH,(g) + CO,(g) + NaCl(aq) + H,O(I) —___, NaHCO,(s) + NH,Cl(aq)
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ugesnp : 4  NaHCO, @emeot QeuiiuGopy Na,CO, Qupsv

Couprsall Gupm NaHCO, @emen Wemaswns GeuliuGupmieuge cpsod Na,CO, Qupliu(id.
Caremid CO, aurwy ewi(ho &TUGEIHME imoliHEG D@INUnLGLD.
2NaHCO,(s) » Na,CO,(s) + CO,(g) + H,0O()

ks 2 PusHuial uss ealmenanas sHmLagd NH,Cl opamg deeumorm NH, et
Upuitugpaersl uweuGHsIUGL. @gnere NH,Cl smrsa siaviansssd Uiflenauim -
ugmed FmLb@Gw CaO o Let HrdswpmdF Gauiuiu@L.

CaO(s) + 2NH,Cl(aq) —» 2NH (g) + CaCl,(aq) +H,O(1)

Cameimd> NH,, <iGoreiwr Gasryy oimwili@e’ o@iuiu®Gld. SshEmiowl (P&
CswearwempsGwilw GBasriurl(h FHwurer L GOwTeHSdH HTdasHmal  Uareumworm
siwdls amiLeomb. eeusumpruiaid ewio CaCO, gmupb Biow NaCl @enetuyd GyliLgTeD
Na,CO, 2_puggd Gsuiwu 1puingi.

CaCO,(s) +2NaCl(aq) » CaCl,(aq) + Na,CO,(s)

@F0sweapwmpuiaiCurg Caramid SniFl ussaimenes CaCl, op@b. igmeiud Coup)

M BHOBTHE0BEHHBTHL  LIWGTLIHESHSHEVMLD.

detteupd el wmiset smyewions GFms0Beu (wemm (Solvay Method) Qum@menmary  Fhlulleo
SI60)|Fn GULDITGOTHIT (FHLD.
(1) NaCl, CaCO, spdwaupenms Gmmhe OGFalsd @e@eailsd Gup (WiElGIpanLo.
(2) NH, algwioreaugleoemev; eeiGo upmens &meluGHSe0 (peld  OHTLIHSID
Wemi(hD Wi LWSTUGSHS (LPIg&eTmenLo.
3) CO, @& 9 ugdHmuud el LWETLGSSETLD.

KHCO, @z pfled senjupbdimes NaHCO, @eigl Biled smjubgsmener ol o wijeume
srTemawme Caryy simwii@iear afipugeadsme. s KHCO, swrfliugpasrs Guompuig
(pemMEDWL LWeTUBSHS (LPIQUITS.

Na2C03 GN6T LIUIGHTTHGNT
(1) BfleT euaTemDENUW [H(ESH60.
(2) saFsHETIL WOMID HLYFeuTsHseT 2 MusHulaurg i(PSSSHMID CFLm6D
alHeHFH QFLsNBTHE CFJHBELILIBSHEV.
(3) gFevemeus GamLmeursll LIWETLHSHSH6V.
@) ardssd maHOHTHN0 FHam (LT CFJ&HH60.
(5) eIty 2 _MUSHHEG
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1.6 9ICwrefIT 2 BUBHIH (JUT - AITR] AP6HDB)

QFwpPpensll ugemen euemwrd &sufled Cwrellwur =2 Pughal Wles (e Slwwmer
REOTGHL. HHCUTMBHW 2 608 FaH0HTmE JNHBTY 7.3 Wevellwenr ops QHULCHTH 2050
Slenaled g 9.0 Uevellwear eueny iFHsfles GL(wpewi(h  erer AL LU (HeTeng.
IHBfHHIF CFeOaID FaHOHTMHHCHNL 2 _6wie] 2 HUSHUD AHBFILSH DU UIOTGLD.
aeiBeu, LFmET 2 HUSHWLTEIGH WS (WoHHWwTer @F @IFTWET 2 MUSHHHINOUWITHS

SHBLULBI TS|

RLBOwTHs ACwTelwT 2 PusHHUIST gnsaTy 83% CQFuDmSL LFmeT 2 MUSHDHHT-
&B6 LWRTUBSSILGHEDE. GOIUTS, PLBOWLTHs Cwrelwr 2 MHusHulaT gnsHHTL
80% wflwr o _pusd FuiugsmaETaBe LWRTLGSHSILBS TSI

SBwrellwr 2 mushd QFHTLIUTET RTFTWNIH SHTHSD 6UTHLOTN):
N,(g) + 3H2(g)é2NH3(g) + Geuliud
1 : 3 2

9ICiTHRTIIT 2 BUHDHHHDH GHeMMUITGT APSVLIGILIT(HNTIHGNT

iBworelwur 2 HuSHEGS CHmeuutean (pHaiemwwrer cpelurmersst N, o 10 H, o 1b
2GD. auaflodwg Frouorsdw U] uGHuLsd sTUIFS eagsHHe peod N,  euruy

Couprsaiu®d. eaBo N, autwesstear o pusdls Geee] (SFwid) 2 eieg.

MFHCITHBTUSIBMN (BLUST) 2 enLLUSTeD Bievevd Bwmend euruwjeden (Natural gas) 1ysmes
gapral GBH&ET aumwmeull twaTUGSSIMNSTE mETFa (H) eury GupliuGang. 2 ulljs
gaul(h erflOuT(HeT 6Teiim euemBUTL Uyl FHd 2 MUHHHEG SWmensd euTu] UWETUHSHSLI
ubdIIMEl. BHH BWnHend auTu] dAHB Semalled yaluleniem LIgeUTHE STeTlILbEEImG.
Bupema euruy epeod H, 2 puggl Gguiged SMR (Steam - Methane - Reforming) eteniu
#pgl. Gupma aurwaled Gempu Setaled H S i midlujsmenemowmed gl pHlbsed omedls
Qswp uT (eSS SLEIHNTE JAMU|D. aTaGa Gupems eurwaled o eien H.S g Baasll

Uestenj omédld Srésb aped H) dpiissiuiio.

H. S @emen Bo@ag QSTLIUTE STHSD aUHLOTD):
H,S(g) + ZnO(s) — ZnS(s) + H,O(g)

SMR Qawssipenmulle (pgeomd Ligpenm 700 °C - 800 °C Qeauriumensouied GoGzent, msymeal
Fwepemmnsd sreaswmns Gsuig CO 210 H) 210 surfisgongn. @& @0 s
Qeuling HTHBLOMGLD.

+200 kJ mol!
CH,(g) + H,0(g) — CO(g) + 3H,(g) —— (1)

@rewiLmD LpenmUlsTCUTEH euTubHenTed OHTLIHHID BITEIUL 8T HTHHLPME GFILLILIHLD.

Gurg CO aunwjeurenigl CO, surwjeunas wrmid. @& @G YoGaulug SHTHSOMGLD.

-41 kJ mol"!
CO(g) + H,0(g) — CO,(g) + H)(g) ——— (2)
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Baipaly Uealumb Sr1bsb Bswad (APg) SLwsmi.
CH,(g) +2H,0(g) —» 4H, (g) + CO(g) —— (3)

prmel mawns QmeEsF CFuiugar cpsold L CLTHHSH STHHHMS 6I60FH LMLOTEH
paws Osuign mersar (H)) 2 pusdow oigsflegss Gsmaiemeomip.

SMR @evng Qeauliuelwissg Heeno QHTLIUTE Ui FHuled @remGsuaid elendsd GLmie-
asnars, AG= AH-TAS @arLjenull uweiubshgseonp. Guomuy Geuliuelwssds QemLyieLig,
ymOeuliug HTHHOTESW QTERILTID STHBOTRIH, FTueTaled SHTpeurer Geuliumplensouleyid
FaLd STTHCeu BlHO. 6UTU] DeUSHMBUIRT cLpevdHInmIHere eremtennbemaulsd Ceumum®
JMUBHEUHOMEVWITHEVTED D(WHBHHe 155 CFeveuTsCazmid HemLwingl. eeutCm, AG
wWestumed TAS @6t QFeLoUTHGHID VN6V 6TITGVMLD.

SIBOCILUS SHTHEBBIGENMTHU  (PHEVTLD CLPEINTLD HTHBBIGET FTyuenaled o wj Geuliu
BlemeuseiBeuBuw Hlap. (PerBamadi HenaFuled 6uTu] DIEUSHMBUIT  LPEVESTn DI 61T68
cTeenlbensd SHGFUUSHTEL ThIHTIN FsfEEHW. 6116 Qeuliupleney DiHsfle @G0T
TAS @eng QupsasHer CrIUGUDILTEILD dHsFEEGHW. a1 AG = AH - TAS @eug,
BhF (Do ) BHTEHBEIGEHHSTH, 2 W Geuliuplensoullsd AG @iz LDMEHHTENLD
aFsfioy Beuww. 2 wi Geutumemeoulsd (1800 °C - 1000 °C) (paeomeugl HTéHsD Bl
BLefEsIUBD. EIG CPSIDTOIG STHEBD BiE euruilys SHenLwingl. elenemeurdlul
autwelesl sevemeuuled 2 eten CO autwellest Geplemeus GmmoHa H, almensamen oig-
sAUUSDETH, QTWILMD HTHHEHHIHGHF FTjUTsd ST GQeuliuBlamesouled (200 °C - 400 °C)
Baw @Lwsissiuiw. CO, wppid H, 2_pugdmw GeauliGuplu surusseameiuer Brmel
BFyHBH0 cpevld BHvemen Ulss QeuliumBlensvenws (200 °C - 400°C sueny) (&HMMBHEVMLD.
@RUeRILTD HTHHD YnOeullugh HTHBOTHMED LWI(HLD (PHeVTD SHTHBHHIHGHU QUIT([hHS-
somer 2wy Geuliuplenevenwitl QUNIUSHBTE QTERILTLD HToHHHHen cpeold HpUIsaUILHLD

@eutiud vweTUBHSLIUBLD.

S0wflés meHws Guurdaig Qupens ety 2 pusHulear gmssme 60% iGumeflwim

o pusdestsl vwauGEng. mpust (CH ) @mer 2 emLiugsr apeoupd H, eurujeneuls

14
Qumeomd. g6 (LD auaTieaiLegdled CO, allalsbasliuBd. DB HSIDD STHEHMBIHEN
QUHLOTM):

CH,(2) + 6H,0(g) —> 6CO(g) + 13H,(g)

CO(g) + H,0(g) —> CO,(g) + H,(g)

DBSIFDID MBTF@ID STHHD Ufhs NH, ms s s1ésb 9 UnOaulugsrasoeu-
ST G @ WBEHHITHHPLOTGW. aaflad Qurgl Qeulil, Si(WHs HUbHmanseilar S
DIGHTHHLD [BlH(PUFH VN6 6TET6VMD. DIHMEHTET HTT6WILD eJounFsHd FTuenaled 2 uifeur-
OBHTH  B(HHHEVTGLD.

H,, N, stomsuBBsV®bam NH, 2 Bubg cFuigpev

mBHEHTP0 FHuled Bomaiiwm 2 _musd GEuiuw (wewm guy - Curad (wemm eleriiulb
Haimgl. SHCBUTH mBH0HTIH0 FHuled Fpbs pBlubsmearsents 450 °C - 500°C
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Oeuliuplensy aiFa wmumid 250 - 400 atm Cunesim (WEs aiFfer S easbHuns GHLOLLD

grewngwire K O wppid ALO, gguid twsiuGHSUILGESTDS.

N,(g) + 3H\(g) Ml 2NH,(g) + Geulib

450 - 500°C

Opmedu FTad amyssme samsd Cuopuriler eres Osam NH, ops  wrmibd.
BHBTHHID 5EHHSTHHOTHTE omebd GHurlmus STavihld euTus seoameuuisd NH,
@M@ CGueglawons N wppw H, aumujssend o mdulmesn. Ssbscmeauiledmbgs NH,
aumy] Geuprasiu@Gd. gmésTe -33.34 °C eueny GeflfggisTed NH, eutwy Syer Mlensvenuws
SmLW. mbsHyFaisr GardBlme -195.8 °C 2 1b magraaiar QasrdBlamen -252.9 °C o_wb
BT BLMAUDWS  GMTHSHIUSE  (lpod RevGeuted NH, @ener wrgdlyd  Feu-
wrs wrpPl N, H, eumysé scmeamug sréess scmeuulsimphs Cauprads Osemeren
eomb. 2 wj wsssFHa S NH,, H,, N, gpdlweupemms Osmeil eurujs Seoemeusmnul
woOMIGLTT DMHMUIEd D(WWHBHMBH SHleQraid GHMmMUUSET cpeld GefyF GQFUILeOTLD.
SIBuTg SCwrelwT eutwy Hyeu Henevemwt SewLujd. steiBeu euruy Hleweouled 6TEhHa
weten N, H, eumwssen euid sréas mpulmier ubuiu@Go. NH, Caraimieougnes
Qseveurdl senaye@w N, wppid H, eutwsseiar emeys@ QuI®mssona sena] N,
o 10 Hyo b wrgdlyn grées smpul@men ydstes Gsjssiuio.

Aesteupld aflensaliuLsdHer cpeold RFQFWTI(Lpemmen! 61(hoHHiS SBTLLEVTLD.

Ben&pMAIUGSHSNNEHTES a6l

o I QeasgId bl
@ FS1HH dmmuiaieen euer
2 I QFsa b ubl

Qeauiutt Lo pp — Qeuliull ufloTHm SIVG

NH, opDID  STESPDHTS 3IVG

@b b
» 2O (450 - 500 °C)
LILDL|&6V. G o

. GaJHEID Diev&

|_—Geuing e

OBHBEW  uTU|SHBH6VME
(200 atm )

2 m: 1.7 oBwrailur 2 _puibdHsF LQFwe(penm

Hyen 2iGwrafwmremes GeuefGumdlw teiery, erehdlweion srésuwmrs N,, H, (-33.34
°C Geutiupleneoulevieion) wpmid yHsres Csisgw N,, H owmdu sovemeu 450 °C -
500 °C suewy QeuiuGuopiiuG. @bs 2 Musd CFweai(WemndHGHs BCHmeuwmesr QeuliLFdd-
Hemvwl THOUT[HOT HBETHHET CLPEVPLD AULDBIHEVTD. DIH6I leN6NTeUTS  EUETILDEITIL 60860
CO, Gg@w. sGwralur o pusduies Curg H, Qumid uguwepuisiGurgid guy wWemm
uled 2wy Geuliuplenevenwl QuNIISDHSTSE 6FCUTMHeT HEeEh GewuiuGaugrenn CO,
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Apidésin®Gw. Bbhs @UBOWLTSHHEF QFUSI(OMD SHTTIDTS UL 0HHED UFMF

il aumwssepet gamréaw CO, alGalssiupn. 2 osmralu FHuled @LGOWLTSS
o pusHulsiug, @m Oarer SBwrailwum o mughd QFUIUDCUTE suafoasiL cohHIL 66T BGF(HLD
CO, Qg ey gonssme 2.9 Orar GWw. aeibaiLgdhsn CO, Csjoa@h gamew
OasmOpurGaerLa UEHmasulsd SCwrailwrT o MusSd STFaEuIoTE  eUaTLOETIL 608 d%IL 631
Cemw CO, Beig e gnssie 1.4% oLGLw.

SiBwralur 2 pusdulaiGurgl N,, H, sutwsse, supmise @emLuleoner ewrer alblss
A& (1:3) SimwauTEB6u HVSBUILBLD. MBBSTFAT UTU|ENEUUD MSHTF6T uUTUjeneUUD LML
Giugners Sjww (OFeve)) gmUBHSETNmLWITED, cweoliQUT[HT aiaualyusmaesd SalTLiu-
snarad Ugwrear aldassHms alehdld @e0baluheudleoemnsv. Gad @ auTu] gnbHHeomsLl
uweTuBSSIuboTuler, SeueuTujeurerg 2esdSuler Gumuriiled ymsHinehFiubBeusmeo
ey HE GComurly (WOHNI(WWSTS LemEHSLILUL @ (ewi(h. 2maéds Gourliumeidl @
euTWellenTmed LOTSHATLD eMMSSLILBLOTUIET SHTHBD HHUBMBTE UTUINILS (FNMEUENHL ULLD.
oagd Gupurliiilen g @yewi(h euTwHsEnD UmsHIMeEhFiubhseo Gouemwi(hd. 2emdbElser
LwaTUBSHIUSET aleneneuTsd Foalmevenul 6L (heudmamear GBI 66| (&HeNmeusnHL U|LD.
B6106ueveoTS BTFMIBEHSHSID SMOWEF SMUUTe BUbSmaETes dmweigh N, oomid
H, aumujssevemeuuiest alldlgid 1 : 3 ops @S0 CouewmiBlo.

RHHTHHD @ YnLeaulugssraswngdeored AH oueig  wenpluumiorsisamsl  GQumid.
STHBLD HBHUPLBUTE| (LPEVSHInMIHETET  TERINHMD (& NMEUML SETMENLOWITED  6THATLIL
@mpud. etedl AS  wenplumiorend QsmeniLsT@. e1e@eu TAS (1) oL@ LTHe0med
-TAS ooz CrIUGUEILTaISmS QUUID. TG Qeuliuplemevenwt HHsflab@Gwurg AG
Qe1g MG HmWTeIH GChIsHHereno eueny IMHowsHLUw. Gwed = wij Geulu
BleNeOWITEIH| (PBT(PSH STHSHHMGL UTHHBLOTIGH 61aTLUH BevFamellCuiuilest Gamlumi igest

CLPEV(LPLD  AIGITEGHEVTLD.

Gauiulenevenw DHEHHGHWCUTSH HTHBHHET HTCT HHIYD HSIEWID (HWHEN60SH HETTENLD)
GmpeusnLd. Geulin Quids FHUD HTCOT HTHBLD HIBHIPLD SHAENLD (FENMHEUML USHT6D
alemendaed  GHsmmeuenL Wb, alemenenel IHSFUUSDETS CeuliLFBlmevenuwls (& MMESH60
Beusmwi(hlo. GeuliLmBlensvemwid HMMBHGEUTH HTHEHAIHID (HMMeUMLUBTO QL (HOLTHHE
Qwepenmpullsr allenarsHmer GHemmeusnLujd. Fmlurer eallenersHmenetll CuentGouesi(h
wrenaswimed 450 °C - 500 °C suenyulevmen GeuliuBleney GuemtiiLBD. SBHILGESHMmEIST6 SLDd
demLs@d NH, a1 2 pusdl almene) smjuetaled @GemeuTeigl. 6IN@ID SHToHSWMTS
N, gupdp H, gguyd 18ewiGid 15emiBld 2mabel aul L miselled LmIE Osmerens QFuIugSSHssMTD)
o2 MusHF QFwerpenm S LWL LU (BeTengl. @ Sl LIQUPenm 616TM 6UmBUTeD SHlenL &
&b NH, 2 pusgl ompaumi@id s, @lBOwrsss Gewsipammamul GUTDISSLoLigeD
2 Wy elmenFsFed QUNHFQPUISTES SHLUIUSDETH STT6NID, 260HE UL LEIGS6T Lieveumlest
B FTEHHMNSH BHHHHHIUSNCEHM (Wenmulled H LWL LUl YHHH0 pGW. @RCsuFFmn)
VICWuleorg Camiumligeruy o W SPHED WPICMTHEL HTHBHHHGHF FTHBHLOTRIH].
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GIllamIld 2 W S(pHBHMEHF FHbbHImQUl 2 LBTaumIEaTaT uFTofiiyg CFeve] 2 WIFeumer-

FST&L. e1601B6u pMaTevHHe0 250 - 300 atm S(psHaCL LWETLHSHSUILBE RTINS, HTHE D6
Qanleney 2 _wiflw Wl LHH0 Buewl aumHBH60, CaHTaimid elenen@QuTHenen GeuafGuimn)
weurm iFHST QFMleneu HTpeumen L LGHe Guemil auhHe0 pHWes eLpeVD  Fn (HH6EVT60T
Slene] allewenenalll QuD (W&l iHmear R0e0FFHMeICuuleargl BGHTLUTL 96T (LpevLD
alensaseomd. s1és smpulmiet @emLulmLCGu N, 2.1 H, 210 a@iuiuGautst®
NH, oiLmdwu aumys some @eLulamLCuw Gelfssiul(h SyeauomssiubGagbear (peold
NH, GeousflGuppliinGeugmed @sCsmeauliun®h ujssumLSlaimgi.

1.7 o»pHHid onfev 2 BLSHS (RFMTEVL. 1PsHB)

@smere NH, euru), euefloewiie euefl, BF op&lwe peolQUTHETSMTSI  LWETLHS-
sUUBL. SBwralwras@Gw @UFFar urwab@GL RemLuleomer HThshHer cpeold GUUILD
NO, outwemeu BoLT STobswns GFuig HNO,QupiuG. igsTohsemismentl Laiaumwrm)
STLL60MLD.

4NH, (g) +50,(g) — 4NO(g) +6H,0(I) (-907 kJ mol™)

2NO(g) + O,(g) — 2NO,(g) (-114 kJ mol™)

3NO,(g) +H,0(l) — 2HNO,(aq) +NO(g)

2NO(g) + O,(g) — 2NO,(g)

4NO,(g) +2H,0(l) +0O,(g) — 4HNO,(aq)

RFQFweTpenmenwll LeTeuhd allensbslLL GHler (peuld eleflenLOWITeTeUTN)| &I L 6VTLD.
wsoTag smpulled omsalseaflal Wl afllmeulled NH, gLl #lGwpmliuG.
BrewiLmeoug iemmuled NO euru) @l dGwmmin@Gid. apsimreug siempuisd NO, euru| BmLes
STHH(PMEF QFuwiuLD.

r._-ﬁ'ﬁ

— BI06) UTU|DH6IT

NO (_‘ &
&
T LIg &
s (Quartz)
=]
-+
" :
&
| — BSHflBsL60LD
| vol. NH:  @Ué&Gwmp SIBSHSHIN(6hF 60
+ 8 vol. O, Siemm SIHM

2 ®m: 1.8 HNO, 2 pugdlsF Gsweipenm

&&, Brmel pduaupamn Bealu euefwemiev euaflemwl uweuhs s NH, o HCGwpmiuGid.
QurgleuTas eueioewiL6v euaiulled sereusnayliug 78% N, o 1b, 21% O,2 10 imiduyeiener.

BTEBHHIHGHS CHMAUWTT o6y L FFIT DILmIEW6Ten euaioeiev euefld Hesteausm@euTeim)
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FTHH SmOUIEIeT LDULLUGLD. @ HeTeUeTe| v ACTalwmabsTs 9 - 12 SHelalene

VG eTamid euefloewiev euaflule oiemey Guentiiu@w. GeuliumBleney 810 °C - 850 °C aiFdlev
Guemtliu(Bd. @pHubsemenseie S NO euru] 97% suemyuled Gumeomd. SiGomesiuiF
Qanley siFsfla@omuiest Geugliy Baw S (pei(h. sarBa SGreiwm suefioamsi e euru|d
seteleneyseilen aldlshengd o Flweury Cueamieud (WoHEWITEIG. @ReleuTuld SHevemeu Pt/
Rh eangdlé@ omnes wésssHdarn S QFodCurgd NO ops wrgw. HeomLsgw NO
eutw] 150 °C suemy @efifssiuiGw. GeuuBlemer 150 °C @3 siewLpsgid NO - surugeur-
gl OsTLibsd NO, o8 @l ACwmmamLsorag @lfCumm mpuimier Blewid.
255SINEHs0 mpuilmiet BoLar NO, ety sTéswpéd CFuwiul Geiag. @mIGLD
BeturwiFem Camiurligaiug, BeW NO, aumwebd srésupms Qeuiwiul (Berengl. gL slger
auryemeus Gamemi NO, eumwssevemner S - 10 atm oiupésbd Bleoajomm eSS Mlehaev
Smpuiaiem LUILGL. BS5HINEHFO CaTUIEISBEHLD SraTwer FHuled FLSHHI6ULDTeT
QureTEaTed WeMeSILL BeTeTemwwred BoLET NO, srésd yflujb stsiuiun® oig-
sflssiul(hetengl. SnHuled gmsaTw 96% almendged HemLdb@GLb.
MBbHBHTH DNOeVEHI I LILIGH BHGVT
(1) ugenen 2 _MusHHHGW CeuguUTHeT 2 MLgHd @G0
2)  oasbsnfosmses Cameaurtar opsACINNI 2 DUSHEES

KNO, - Goagwebs 2-hussdss

AgNO, - galiuLs mas0sTHMsE (Photography)

3)  ons £ o pusdee (Aqua - regia)
)] o2 Geomasll uppTad: WigsHelsar CGurgsl Gumurlesmud &#SHBFILSDEG

1.8 gsoupfdbmsidevid @ BLHSH AFUIHL (ABT(HeNH ILPMB)

Foupfbamidov (H,S0) 2 Bushyd@d GHemenuimedn ApsOLIGILIT([HolTHaT:

BHHBD VVFH BHBHHD LB eTen 2 BeonassHeTH, BT pSwenBeu FeOuflés
v 2 MusHEHSTe  eoliQUTHeTHMTaI LWeUGSSIUGW. Pbs, Cus, Zns iLmidlujeiten
o Bounad HTEHIGH6N cweod Pb, Cu, Zn BGuneiipy o Georsmisenenll 11f505HE@GW0 QF w6 (penm
WerGurgl uss almenanas oL SO, umtweud H SO, 2 pusd GQeuicugmerst
vweTUGSSUUGWL. CuDCDTEIWE FHHHBANISTCUTH LbBImTaTES HenLHGHD BHHBHMDH
(Fe0uf) Sievevgl LUalulelmba QUDUUBL BHHBHMH RBMEHTHLU LUWETUBHSHHE0TLD.

gooyflaale 2 MusHulaBurg sbHHEHL Vg 2 BGeord FeOMUL(HEHET SHBHO(PHF
Ceuwiu’ G SO, swrflssiu@n. auefloewie O, o Lar SO, srésuwms Qe uiwiul (b
SO, swrfliugl @yewiLmeugl ugwapur@w. CFfibs H,SO, 2 Lar SO, ms sréswpns
Qswig Gupiu@Gw euGpr gFeyfles oulew (oleum H,S O.) @emen Biluglys GFuisuger
epsord H SO, Qupin@io.
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latm, 450 °C
8 + 049) —5_—* SO,@)
2 75(g)
2802 + Oz(g) S — 2803 + QeuLliLd

SO, +H,S0,(aq) === H,S,0,(aq)
H,S,0.(aq) + H,O() — 2H,SO,(aq)

BhSE WVESMSS SEM(WPMF Qeuig SO, 2 MHusd CFUISHHN SENWTETOSTEH CFWETLPmMD
WT@GLW. UTLFTN6D SpUla)dnl S0 e @RevGHoTssd &hHHdH SO TETNNme  LIeTF6u
sLIGUI e1flda SO, it Gupeomid. eeiaid maH0HTIfled FEulsd SO, 2 MHusd CFuIgHeD
IbDH J6N6YHEG 6IaMDIWTRIHN. (PHeIe0 ShHHBHMS CeuliuBumy 140 °C ufsd Hyeu
TEBLUUBL.  HIaupBlensvd ShoHHHHe0 LeOGaM HwIoBleney LoTHoBEH6T 2 6Temereuruie
SIUNEDD HHGHUSDETH aIQHBLILBLD. HIeud BHBHBHHD DOV LUSTTHSHBISET 26166
auTwieT oleumenm HaGHausnaETEs CaO BFjssluBL. HIaubBlenevd &hHoeHMBHH CHTemI(H
OFeosuild 2 Beomdd GHWTUlH CFHTGHH, VL USTTHSEBISET STTEOIOTS  IAFILILEGS
©_GITEMTGLOTHEVTE0 SHUDMDM [HHEGHIFH DU (GHLD.

Gsming H,SO,

Hyeus
P S{)j + (]_‘- ) .
Lo & (& LD
o-onp ovafl = Th&HBAULO6VLD
(Olium) (H,S,0,)
sbHHd 2 m6ev (Furnace) oméd Guopuyiy ' . .
CamamiL STHS DD soofésifevid
— (HZSO4)

2 ®: 1.9 Ozrhma Wweop Feoyflesiend swmiiy OaTE@GHHUIST el

Qeuli@GLommeD
Hewiod esg'r;g;&mb—mr Ayoud HHHHLD a0 p HEWILD LOTFHBHEMLBIS LI

(140 °C) BEBDOUTESD  fHr6)d; gk 5L

U9 SHFH60

. . . . ST DemHMUIeN6ENT LILDLSH6D ) . .
eflujd Hyeus HbHSHHLD) SO(g2) < 2 e H Hyeus HhHBHHLD

BB L SHHIeN Hreud ShHHIPD euelowiLev eueilujd LubUIUBLD. Hyeud &hHHHD OHEF
Aw FleMsenTas HHaTFnLSHanlem LDULLBHLD. AFHM GleMsen s eTafded HBHEDEMLUJLD.
BbBHBH SHBAID @ UNOeUILSSTEHHIONG. SHHEID (LPeOD HeMLHGLD 6161 SH606meUUT68

SO, senemeu 8 - 9% sl Lemwiniled Cuamiped Gouewi(BLo.

abhHd 2_emevuler &HmItilm Geuliueney gmssmy 830 °C op@w. Bbs 2 ameoulaien 2 een

SO,, O,, N, aurwsscemeiuied LGy Hewiog glalbamese (FTOUT) STEILILLEVTLD.
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SlUNmM HEHGHaG WE (LPHBWIDTEIH. HTHF eVevdl FTbuj MBeneoulsd LsOCaum Hiewld

maHeT SreaulLGLTUIET dimeu V,0, smébdl Cuopurinied ughgs om&HF OCFweTemm
56 HLEIGOTS ST, SO, SILBIEW TSSO (WS SiSSsflbaiupBLd.
BhBHBPOUTLmF. (h 2 MuUSHHUTGWD CFweaT(penm @b UnOsulil L5EHhBTHBIOMG0. QL
FDBGID BHBHBMOTTLmFL (HIHGW @emLulevmen Eesieuena] alds 1 : 1 (epsd aldHd 1
1) 93 meusHHEHsIU(HLD.

250,(g) + 0,(8) =———= 2S0,(g) + Geulibd

Al SHHNEIL BT HTHBHMS BHHWHHUSDETE Holurer @ Bubsamenurs 400 - 500 °C
Oeuliuplensy GuemtiiLpd. FHTeasHeng Geuliud UplissinGaamenowrsd @Gruiguirs,
PLBOWwTEs eme SO, 210 O, 2 L&l sréesuwmid amsulsd 2 HusHsls CFweiwemm
AL iuGoruier, oiFle e Qeuliud Upilssiul (h, Wesihod NeS(pSHSHTEHSLID
2 HHUULB allenene| GmmelmL s &TIauoT@Ld. aaGo gl GOwTss e SO, g
BIa@ ugpemmaeian aufiGw SO, ops wrHpULGD. @G LgmDUlEICUTGID omee)]
Gupurliie W& euTwssmed SEILLLLHLD.

Bbs BEpheTEesmSU GUfigId aeg usHLTe Wemalynisdh SO, almenme iGlafiu
FSNETH UATLDEITTIL 6V aueTlenUl AULPEIGHS6 (pevld QL dFaT Gamdeneu DiHaflhme0 Geusmi(hib.
aueloewiL6v euerl W& edleuTes @ eLPeOLIGUIT[HEMTTENBHUITED AUETILDEITIL 60 6U6TTlenU 6ULPMEIS)
Lflgar QFpemeu SiFaflsHeonain 2 MubHF QFeve]| AHSFILSDEGHS STTEILOTHLIOML
Lrgl. dsworaisdeig, SO,: 0, aldsd 2 : 1 @b. pnpasmow @ (s SO, @nE@Ld
Capmeuwmenr O, Qa1 oieney 0.5 cped pGLD. eI, 2 HuSHSUTECUTHI (1psd aldlgLd
L1 appeored @m aped SO, @marer O, aped Seneaumangl 0.5 (ped SIS 2_6iT6NgG|.
aueloewiL6v euerl LoeleuranisTulenid, Caemeuwiner U dlFar Gafemel alehd 2w gL e
Qanleneull CGuamiseomeng 2 MusHF CFweTenMUleT allenaThHHMET (& eMMEUEDL UL BT 65T
wrTGw. Hpiurer seneneu alehd L Fgar GaPamen DiHafleEGCUTHI, 2e1éHd Gmuriiy
18& oiFe sleney gldlsal UnsaIMichaliuGeaugear alameteurs SO, euruy sasas Gopuyliy
a1 YodaMehFluheusnarer auTUIlLS (GHMDeUDLUSTOIH HTHHD HHIPW BEHLDSHH6]
(GHMDEUMLOUHM@EHE HTJEWIOND  SIEMHLOU|LD.

B5HTHHD @[ UnOeUILSHTHHLOTH0T6V, &MTHHIOCUTHI alenenFFed DHEFHGID 6T6TUG|
Aev&FFpmedlBuuiest Gamium(®  cweod 61FT6Y FmapUuBEmal. eaflan  Geuliumplensvenwid
GHMDHGLEUTH HTHH AIHLD (GHMMEUML ST 2 MUSHHF GFweTpenmuilest allenssrsHmest
GMMEUNL WIS STTeIoTGLd. 6B HAmiumenr Geuiumensy 400 - 500 °C erevig Siomeiles

SLUL (HeTeng).

IWPID FBFHGWLOUTH 6uTu] DUSHMBUISBT LOEHLD HTHBLOTRIH  (LPEVESHTn MIH6NT60
cTeTemBema GemmeuTen Henguled Hawd CursE@ Hafla@ e BOsuFamnmedlGuiulet
Gamiunr(h e1dj6y FnmISSIMGI.
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BHBTHEHIHGEHTE N(WHEHMS AHSFHGW0UTH  (WPaPesHTHew 2 Heuul G SO,
allemene] Haflb@GHw. eoflad RbHHsd HTEEHHHHHTE @@ eueilwswiLed (1 atm)

AWPEHHFNID gal  alewene] 99% eney 2 wjeurendl. eaiGol HH 2 wiFeumen
SlWd&HD LIFBWTHHH0 DleudluIDaTm).

Aesteupd  euflliuLG&Hed  sTlguleTeneurprsd  @elQeum@m  Lgpsnmuiid  LIpliiilssiu@Ld
QauliuGHend BEHGHUSNBTH GQeuliull uFoTHM VST (LP6VLD BTETF LIQUPenMB6T Boummd

SUULIQHLIUG] STLLLIUL (HeTerng).

417°C, SO, O,,
N, eurusaeir

K@g,eomb 26MHDH MM \

so;% 0,—» SO, + Gauiud
| grAGWHDIL 890 K, -70% SO, ,
p| UTU|6M6US
G6TMTSSH60
@QTEWILTD 2NHH MM
SO, +L 0,—» SO, + Geutinp
2 | oL HBuppIb 770K, -95% S0,
I &1y SHBH60
CLPVTIDTLD D6NHH  SienM
soz+% 0,—» SO, + Geutiuid
| QU AGWHmD 720 K, -98% SO, _ @Bl
QUTWEDOUS|  |sqeneney
AUTU|EM6UH &1y SHBH60 H,SO,(1)
BTRIHTEUSE| DMHH DIHM QaulIGLomed ‘Gl@cfﬂu_l SO,2_1b SO, 2 1b |
so;% 0,—» SO, + Gauiud )
[
K /
H,S,0,(1)
Ly}
8mg
H,S0,(1)

2 ®: 1.10 HSO, 2 pugdl Gsmijuren dgsmer Geuliul uflordmi Ligse

(W TD Sempuigiel Y& sualuls QeuliuBlensy gmésmy 690 K (417 °C) oy @b, oméd
sofler 1551 GeeoibBurg Geuiumplens 890 K (617 °C) eueny oiflsflsgistenCGsr®h, SO,

ezl gmaaTe 70% @l ACwmmenL hHaieTengl. Geuliul ufliormm Seodler cseold LewT(HLD
gmaaTe 700 K (527 °C) Ganiuilene aueny @&effFdwenLbs euell, rewimbd Sienmuiaien
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sms&Elsaian 188 CFSsIUGL. BF shaTuusHe o eren SO, iena] FTjuamalsad &M

aureisT&. Qeuliuplensy 770 K (417 °C) eueny oifafle@oBuirg sumuyds H60emeuwmeig)
@rewiLmd Qeuliull uflommm Sie0G cpeod gMHHTY 770 K euemny @eljsHsiul (Hereng).
@bplameouled opyibu SO, BTG HENFIOTE 66| STHBHLOMLHSHIGTENGI. (LPSIMTLD DIEHM
ufled smsal 188 OGFsdeugmed opgbu SO, @aig 98% SO, ops WwIHOOLGLD.

aweiprd  ugwepuler aped SmLagd SO, aeod H,SO, 2 puggdl GeuiwiuiGe
Car®, omEw gL SO, semaurais 100% HSO, oy wwrmieug @mLwngl.  eehsid
SO, wppid B@pd> saiemo sTFewions Wes Qemhu Senaled @ramiubGd SO, Gsmei
auTWdH Heveneusnwl Wewm(Ho GeuliuBumy HreTsTDd Semmulsd 2 6Ten 2asd 165 CFISHS,
Bwrs o eiten SO, gpeig SO, 9ps wIHLUILGD. Sieuauny SoLs@ SO, 2 1b ek
H,SO, oy& wrpmiuio.

BpHSGWL SO, @ @mLulona srésd e Gauswora, iGs YnOalusSTeEsonGLd.
a1eiBou B SpeIWTGWw. AHCHTH FeouFlebsidevd YsmmLd CHTRIMID. R HFHLEIGH60HM6NSH
saljiugnens GG eluflssiul L Geswsiwampuls aplGw SO, eurweureig H,SO,
<& rppiu@Gn. 70 °C GautiuBleneouisd Gembs H,SO, @emmed SO, oisssimehssd o &5
SATUTOIHTGLD. 610G SipBlubsmeauls S Gefbs H,SO, @ammed SO, Gmen oiss-
aifehss Qewig B Gsyuuger apeodb H,S O, o pusdl GQeuiwiuGio.

ahHHPCauTL ewaFl (b OCefphs ooy flasbleoupd WeaiutuwiFgey GCamliuml b G
SmwaITE86  FHTHHWPMF QFUIWILGL. DiH UnsaHehFsd GCamyrsHHGsuBw mlewpLb.
R5C6xsmyID  euewetQuUTmeT GQurpui®  Gummedenmed (Ceramic packing material) @iyl
u_Geengl. eaBeu Gepibe H,SO, whg sFuiled Carursdle Guwelmba SWEHTHSEF
Cse0auBsr(h, QumPuillp Gurmer sryewions H, SO, et Gumugiyl ugliuee] iHsFs
gleTengl. sheHeOaT ma B Cualhrasls OFaqud. gren H SO, @eaig Gupuriyl
ugiuene] SHSFSS0 WLOHOID hS SHuled uTwieuger almeneaursad SO, euruy Goed
Crrasls Geaaugraid Gefibs H,SO, @@iat SO, issaiilchasd almasHneains Hlelb.
@saiGurg SO, oyeg H,.SO, 2 Lea grésn yfibal ymes sbssaisw (Olium-H,S 0.)
CaTaimid. UmesGld ShHeablSSIL T seauaions B Gsylugen aped Gednbs H,SO,
o _musd CFuiwiu@Lo.

FoulpJdh DOV 5601 LIGIINL|dH NI

QuraBuomIt ugemen (sueMoTed) 2 MUGHS)

SIBwraflwd FeoGuDMIL uFenen (6ueTOTHS) 2 MUGHS

QrCGwrment 2 _LuL QFwmensd BTJ MWD WenTeHHEE 2 _musbHd

SiMemaEUiled MM ifled FeoUGINMI SILEISWeTen HIIYTeUTHHBT 2 _MUSHH)

FgTw euemad QUITHeTH6T OeugQUT(HETHET MMID @PETLHEIGHT 2 MLGHS

Wetsevauhad@ idlsod (Battery acid) 2_pugd)

A o

auty 2 jsgIHe0 2 +1: (Cl)
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1.9 9 mpdHemmpev (Rutile) apsvid mBHHBHeoTund FAFT DFL(H

(Titanium dioxide) 2 BuUDHF AFulIFHev

mHHBHANWLD SILEISU|6Ten LNFHTEIOTHT SHRNWUBISENTS S60NBIDMI, 2 (HHMBED U
aumenma GMILLsomd. TiO, augeausdHad mesEsalun o Gersd GLbLaTaTD DL miguleien
sl 2 _mhHmee0 pGD. Bevwamenm eeiug TiO,, FeO opdlu @rewip @l sl (hs
SMIGID Sevmau G Bevwamemmsd STlSE TiO, sgaisd 70% @eud Gupul L
FhHTUUL uemIuled HSHBFHHHE LIS D6VVHI 2 _(hGHMBMUWIL  LIWGTLHSHSHI6MH60T
apeold  gruwiemo  10es 2 wifeuten TiO, o Musgd Geuiweomd. @elanhusss CQEweipamm

&CenmremyL_(hF OCFwes(pemD 6T6TLILIHLD.

TiO, @61 LIGTI BT
(1) TiO, @e1 whlasGemshd e 2 WTTEISTMSWTE iH  CeTEHIDOTEISTGLD.
o1e0Bou &S, enmeHHb@GU uTeuenssill QUT[heTE6T, dTéHD CuTameummied LF&mFLomest

Qeuswmienoenw gouBGsSsiusHaTs TiO, uwaTuGSDS.

(2) @porwen FHuled FLHHoUH HeMD OBTEMILBHTMHWIT6D LO(HHSH 6UMBHET, LDLIHF

Gurestmeumlent Geuswtenioull’ (hLd BPUGUTHeTTHL LwaTUBHE DS

3) Gfws sHisefed s0WETS BHiH6T HTFewions Cxmelled 6fle) gmubBalensdd SHalf
Ougpersl ueah usurmeismen 2 musd Oewngpnets TiO, nwauGESIDS.

TiO, @eimed sYlwETe: BFHTH6T HHSSUILGBLD.

4) 8o auemas ETuipmis sevmiser (Solar Cells) 2 pugsd Qswisugsn@ TiO, LWSTLGS DS

2 _HmHmBUGHBH Ti0, 2 _Bubhuiesr @QrFTuiesIdF AFuwissiapenDB: (SHCMTEDYI (HF
Q\FULIGHT (1P6DB)
o _HHmH0 SLmISUeTen UGB DCFHem THESEMET BHS, o wiflu  Grulento
Qsmewi TiO, 2_pugdl GsuinGs Guwammuie CHTHSIMGLD. UG BTai( LIgLPenMEMm6rd:
QB TEWILF).

¢)) &BenmfGearmmLD

(2) L FACWMHMLD

@& CarmFGaori3mID

2 _mHHmBHeL, sNHF (Cars) pdweunmled 2 6Ten FFeIlIeNL BHHEGHMUSNBTEH 260 HHI0U]
aisHwmeudwioresgl. sieBGou 200 °C - 300 °C susmwyulevmesr GeuliuBlenevd@ GeuliuGomp)
B 2 60JHSLLBLD.

GCeTFCMMMF QFWSTI(LPMMEHTE 2_(hHMH60 LHMID HMEF SILHBISUW H6VENEUMWI M-
s 950 °C Qeuliuplenevd@ GQeuliuGuommin@Gd. sipear g CL aumws sreny sigiiuiu®Lo.
2LBurg snafl Qaig paialmeulsy TiO, o Lar Cl, srésd Yflougar alamenourds e
TiCl, dewL @1, SFHTESD @ UDOMILSSTESIONGLD. JASHSTE LITSHTE STTEID SN
@LACwHPwmLBEH CO, 948 LINIGH AGD. ASSTEESMSL LNGIOUGHIOTN ST L6VTLD.
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TiO,(s) + C(s) — Ti(s) +CO,(g)
Ti(s) + 2CL(g) — TiCl,(g)

Bbd PLHOWLTHHH HTHHHMBL LISTIEUHLOTN HTLLEVTLD:
TiO,(s) + C(s) +2CL(g)_250"C | TiCl(g) +CO,(g)

TiCl, @engl Gardplenso 134 °C ou@ib. sianGeu grés mmuisimha Ceuefliu@Gd eumu)s
sevemeauuled Ugsmenors TiCl, 2 10 Cl, 2 1b o midlueienst. s5Cs1H Fov QML SHSTHEHME!
soflar alemeneuras HCl, CO opdlul aunwésEpd HTas 5H6mbmBadEHd  STeILILIL 6OMLD.
amBou @mig TiO, Blphe CsFHm WNHGHS6 CouUDPTHESUILGL. SMGS GIDHMBEHM6N
Baa Ueier) leleumuls sememuls Gelisaiouger ape dreu TiCl, Cauprssiuid.
oueury Couprsalu gyeu TiCl, opeig Cuoad grulswwrssiul L Heie) el dGwm
oL,
R_FCuIBBID
Bmig, wHoTag ugpmpule ellmetaursul TiCl, 2 Lear O, sréswns OFuig Weawi(Hld
TiO, dpidssiuGd. eaBa 2 (hHmzeled o eien BsFHm T&GESMHD HTuwl Ti0,
o2 pusd CQewiugnE BFCFwEIIPmD WaHEWITEE. @mIE almeranss @mLsgw Cl,
eurwjeuresigl Wewi(ho (&CemmFBammaEHIssTal LWaTLGBLD. 6oy @miE &Genmifer sumuy
GmFAULGSSLIUBLD.

TiCl,(g) +0O,(g) — > TiO(s) +2Cl(g)

TiO,(s) +C(s) +2Cl(g) —TiCl,(g) +CO.(g)

LTS MALILIBESHE0 O,(g) 1000°C
Cl(g) + TiO(s)

@F0swawmp e anafl QU ACWHMmLBSI, euell g CO, alGailsasl
upw. BHGCammeylBGF OCFwaiwpsmoww LBHsmTemd QeuliuwenLaumsd AHSFLIuge0
wr@aseid umIseMUyEF GaFuIuw. 2006 60 BEHMBHOBHTIOD SHTTEMIOTE CUETILOGITIL 60560
alalssiu’L @l GOwrsgs CO, @ar oieney 3.6 Wedelwer Gphles OFTar oLGD. Bge
Siemyiurd Qeuliugensll pliiliusnsrsll LWaTUBHSSUULL 6THOUT[HET HHEILD SHITJ6uuTLDN-

s LFHwmen SmIlLGSH 2 PusHsF CFwenwenn STyaioTaad UnUNssiIul (Bemeng.

1.10 @®miby 1T§Se%min]

By 2 MusHFH QFHTLIUTES 610 eUFEOTN LDDMWTIS. SHBTLIQE 6UTHHS 610G
WHTmSHW] BDmDeEE oo puigd SpGHEDSES WGy @y UfSesGIY uhi
NHFH  MUSHBHHHMD CBHTEOOUTHET DLUINHT (6O MWL (HETENGl.  DIeUTH6NT
astppler FaHenwud (wind power), elpewas eflsgHl Guppm  sfewujd  LweTLHSS
Smwenull Tfls0x5BaEeTeNTy. @EISeonbha BITL(H, 6THOVL]T LeOEHMmeVEHLSSH CFHTeoaum
mefweomengraluws &led 23°Geven (Gill Juleff) etemid allehepmariill Guemioemd, LeVTEIGOSTENL
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sewteuruill uGHuled uemiewLw Ry WfS0s5GHY 2 meoQuTaileneill LT enodhg

@pbpTigs @owy Hf50560US OsTfiai ugms 2 pFiuGSSwsTe]. sisiomiuGs
seomengl, ‘An ancient wind - powered iron smelt in technoligy” etenid gemevrnied “Nature”

Cr&ay) Fehdamauled GeusfuiLliul (HeTengi.

Amiby 2 BUSHHHHD CHsnaUUITeT DidIUWITHMFUIDTEIT LPGVLIGILIT (FH GV &6V
* BBLYSSTHI
®  GEUUI6NIE 60
o smaifl (coke)
* cueril

AUGuTmeTHmeTl LWeTUBSSH SHDY 2 MusHd CFWesNE@GHI LUWeTUBHLD 2 _mev, ‘ 2amgiene0”
(Blast furnace) ereiupw. 2wy GeuluBlenevemwF SHTRIGHIQU @ UMEBF OCFEIBD
HONMTeL 2agieneoulsst 2 L ULl tul (heTengl (SILflLiul (heteng)). 2amgleneoulsst GomuE
Huiled 2 _eitenm eurullelledt oem T SHOUSHTHI, HUTINIHH0, SNHH 6TOTLUMINT H6VEM6
o 6T1@erm @LUL(LD. 2agieneoulent SWU UGHuler 2 ma euell eupmISILHLD. 2emg|eneoullest
BHs SpuuGHuler aulflBw Hyeu Gmoy GeuefBGuimid. Gupu@dHulesr o Tesd sy
eury] elpelssiubw. Hyou Gmby CeueflCumiw 2 wy wlLsHseE Fom GuoulL o uwyg-
SFHev “Mlevd” (Slag - 2 _melw sW0eyGuT[HeT) GeuefBuimid. 2ageneoulaier LeluTyiiiesr
&, Cuelmbal SWHOHETHE Hemlayt uTLIFFO Blew. ACHCBIHHN SWHHH Geo@HhT
& OpmebaIULL  euell QFVSHHULUBL. @IMGOBTEIN HTHHmFHaM60 (SO HHS
Guevmasayd BwelmHbaH SwTsad) CuTmHeTEeT UFTHUIUBHSTEO HEWID  Di6USHMNHDGHLD
T SIUSHMBEGWL BMLCW FHToHs BlaweusnGlw e sHsfledang. Geuliumplaneo
uguelet uysSHmenaill Cuenl aumHeaUsDHEH DG HTTERIOTEU|ETENSI.

@mwy 2 pusHsF CawerwempuilearBursl seueich OCFsHdH Geuswigw FHev el wmiseT

QU(HLOT]:

(1) @mwYUssTal, snafl OHMID SHeuesHe S duleumsar seumeuuled 2 etem @eubeum
FmIHGHL GenLuleomen aldlgd

(2) @evemeuulled 2 _eiTemeummles FHIewTNdBemaLl LI(HLD6ST

3) oBHVMeUMW g imevulest Gupu@dHulen oen taF CaFyéHslLBLD aisLd.

(4) BP®HSH UTUW 6UEG HEIOTET OIGHIPLD D(LPSHSH(LPLD

apafluier QsTODHUTLMLES HHIHIMmBUI6D,
| . LR,
(1) eflQurmenTas QHTPDHUBHLD
C(s) +O,(g) CO,(g) + Geuld A H=-393.5 kJ mol’!
(2) 2wy GeuiuBlemeoulsd BmJ FHTHHHWTES QHTHHUBLD.
FeO(s) + C(s) Fe(l) + CO(g)

3) Wrsmen srpsHursw CO(g) mu Wpinisas@Lo.
CO,(g) +C(s) 2CO(g) +COL(g) AH=1725Kk]
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AmYSHFSTHO SiLmidweren felsGsmm wHmId OCHTHMIT QUIT(HETEHEHLD LOTHBHENTS

Bmwied LyamEHs Halfes0 G, igmaTs CaCO, Gauiuiniflmns cped Sl -
&s@w CaO uweru@L.

CaCO,(s) » CaO(s) +CO,(g)

CaO(s) +8Si0,(s) —__, CaSiO(s)

CaO(s) +ALO,(s) » Ca(AlO,),(s)

BHLSSTH + snafl + SeTmIGH0 galbl| QeSS SHTID

—aifle) eury

Sosefemienilsd QFuiz
QFBISDHETTET  Si6UT

Hyeu (slag) sefby
(e_mdw s0eLIGUT[H6IT)
QeuefBuimid Hyeu @HLOL] ~—

2 ®m: 1.11 2azm60

@saiBurg Gsmeimid CaSiO,, Ca(AlO,)), <palwen (slag) seflby ereiuGw.  Hlyeu
AmwLlaT L FHHmw ol BHHST LTSS Gmmeurengl. e1eBeu Hyeu SwdLler 15g)
(slag) flsaé@ib. slag o Geors Gupmurliy wepésluGaugTed @mwyLar O, sréasb Lfle-

SMBTH UTUILIL| (GHEDMEUTEISH.

oaglemeouien SpriLGdHuler eullGw Geuliuomer OpHEHW euefll 2agiensoulamieT OCFais-
sUu@G. UCUTEH SMEF SHHAOMLUSBIL 6T, DSHBHHOMF CFWI(enD FHIfiHLOTE BHEHLOLD.
Geuin sueiluflest QeuliLFBlensv, Di(WPEHHD, BMEHFH GHlWbmBHMNST LIHLONT pdEWweumest
Bal saand QFwerpenpuier Geausd SHHEISUNHSESLD.

BBNF QFWTI(PeND BoumbloTamSTMHWTMID, SNDF HEHAIDMLSHOTOH ANHH Un Geulig
SHTHBTMBHUIDTID GMIFW BTevHH DHd Seney Geuliud GeuedlaiL B, sTeTGeu
anafl HHEIwmLWD oamgemeoulsa SgliLGHuled QeuliuBlensy o L eamguiras 1700 °C sueny
o wHw. @B SlYliuGd GeuliuBlemevenut LOTHTH meUSHBHLUUSDEBTH, HEHETH BT 60
AlBpD HBIDnL WD SNSFUleT Semad We (IPSHEUWITET  HTJelEaT@GHD. RBHNEHTH
auelll SWPmHHSH CeoCrTsHEl uTWL aiGHmBUD BDES DILEISU6Ten Hevensu SHCHTHESIL
utwd eigsHmasud dpiy wlLsHeo Guamieugdl Sieudlwiom@Ld.

saasHaturg Cameamid Geutu CO, aumu @mbys srdar om e CoaGhrads (FesID.

o wf Geuiupleneouled smafl (Clurear CO, gpagl BEpbaTesn (e COms Hmib.
CO,(g) + C(s)==—=2CO0(g)

® QUTWHEN6Y (LPEVEHFMIBEMET 6TEITENHEMS DIH B S G LD.
e ATl oifsflaELb.
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BHHTEHHHIGBHTE AS peng CrIuumiored op@w (176.5]). Gauliuplensy DiHHHd@EHI0D

Gurg TAS Qengl eewignihsd GuDLTEISHT LWL AHBHEGHW. a16amBeu smafl (C)
o _atenGurgl 2wy Gauluplameoulsd CO, euryy CO opas SMpsSUILGLD Curs@ 2 6.
2wy Qeulupleney Mubgemenseaiet S CO suruy Geulin Quisas FHuled grjustaisd 2 mid
wreng elend sameomd. gmssmp 1000 °C Geuliupleneouled CO, opemz 100% wiigsd CO
3% rmid. S6p 2 @ 1.12 60 @ wrmed STLLUUL (HeTeng|.

Qrewi(h HTHBMIGBEHD LUnOeuliLg HToHemISeNTmnsWTed AH enig QUOIDTEID oM i GLD.
Oeouliupleney sFHsfEGHWeUTEH T AS Quurotengdled QHeTengoserileuren wwIHMD 2 LD
FTEHBHHCCW  smewiiu(po. OGeuliuplemeoujLar AG @eaigl WwamHBETmLUIST  CFheTend
Opafeurenr SFBFIY 2 S HTEHHHNETH aHTUTTHBUUGISTNSE. GQeuliumlensy (Femm
susmLwbGurg CO @egl Geauliualuss 2 miFplme GemausmLun. CO, Geaigl Geuliu
BQuss 2 _mIFBmed H@fEEGLI0.

100 T

&0

(13

% OO

40

200 Loy

i i 4

0 400 500 300 1000 1200

Geutiuplenev /°C
2 @ 1.12 Geuluplensoujrer CO(g) oienalsd gOUBL LOTHMBEISENT
oagleneoullen SliIuGHuled Qeutiumened 1700 °C eueny o wijeumengTenswimed GHTaImiDd
CO, aurwy pemigl, snafl - BBOUSSHTHS Sevmeaiular GgehELmear (Red hot) amefls
glewlsmasEpLar Corgiugte Geuliud dpidsgerm CO,.CO opas sMbsSsLILGLD.
O,(g) + C(s) » CO(g) +0Qauib ... (1)

QUTU] (LP6VBHInMIBH6EVIE  6T60T6NNHENS LOT DTG

n
»

semiFonet eihHTIT Coumur® 2_ewi(.

0,(g) + 2C(s) L 2CO(g) + Qautiud (-221 KJ) covvrrrr )

QUMW (LPEVEHIFnMIBENET 6T6TEmNSMNE DNHBIFSH G LD.

H AT DiFBflebEHLD. um@mﬂu&,,&,n&&,wn@m.t

Guopung, (1) gupb (2) gud UIGWGUTE 2wy Gautiuplensouisd CO, 2 L&l @UIGLEUTS)
CO 2_pugdwngeoreng Geulin Guids FHulsd GQUlgID HTeTs BlHW @ CFWT(LPeHMD
wr@. Gbplubsmaseiea S CO, @mer ol CO aumu] 2 mFumaism@Lo.
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pagiemeoulsd 2wy GQeuliupleneouied 2 eiten SWLLGHUTD CxHresilut CO surw], SHLOYHBT-

&b Hevemeuuiest oo mh BB GFIDBUTEH GeuliuBlensy GemmeusnLeugpred CO Reng)
o _piFplemey GemmeusnLujb. e CO euryy CO, o8 wrmd CurdE iHsFobELD.
sagimeouimier snafl seamLud UrCsssssE BB o el FCsssHE0 O, euru]
Bevemeowngeoned Fe O, ms smpsggweurm CO eurwy CO, sutujeurs @l fGUmMMIDMmLULD.
e alemeneutas Fe, O, ugliuguinsg STbgHsUIuBLD.

Gamyrsder eufllBw BBsv GFaaIDBUTEH Geuliuplensy GsmmeusnLuwBurg CO @ermsd

@mwusareisd o2 sten Fe O, smpgsiupn. saGau 1000 °C @ed @enmeurer GeuliL

Bleneouled UgIpenm URIPenmWTE QL FHGWMMIOML 6ueHSLI LN6ST6UTHLOTM] SHTLL 60TLD.
3Fe,0,(s) +CO(g) ————» 2Fe,0,(g) +COL(g)

Fe.O, aieiug) FeO @engud Fe,O, @angid sevemeu (QuyGsmOufles®) op@wb. Fe,0, Qeg
+3 @LACwHM mMlewsoulsd Bmbd eney QHWLeT gneHHT 33% FaHaisbd +2 aumy @Ld

CummLoenL HGI6Ten ).
2Fe,0,(s) +2CO(g) ———— 6FeO(g) +2CO,(g)
SI606VF)
Fe,O,(s) +CO(g) y» 3FeO(g) +CO,(g)
FeO(s) +CO(g) » Fe(s) + CO,(g)

Fe,O, ugdwenaied smpssiu’ L Fe,O, ops wommiaBsrh, OSTLjhaid sagimeouls Smbs
soemel SPCHTHE aumd. IBuTg GsTLiBad CO, aumweal srésd Ufibe oimIG
+3 Blemevuled @HHH BHOY SemIsHeT 2 Blene eueny STHSSULBLD. DIGTI6IIETeUTS
FeO GamLjbgin CO eaumwa et $résb Ufihg Swmder Gmoy eusnguled ST SUILHLD.

2156z16G CaCo, iflmaweamLgeomearg 1000 °C @b Genmeurear Geauliuplensoulsd (898 °C)
Blawd. e apsod UmiissiuG CO, amuas@d sl é spasfluj e sTosd Ufibs
CO spwil Mpiis@w pHOed 2 6wH.
1000 °C ;s srewigugid Sievevd 2agemeoulet FOHmis &Swpmer  L@G&Huled NeeumLd
BHTHBLD Bl (LOLD.

2FeO(g) + C(s) ——— 2Fe(s) + CO(g)

CO,(g) +C(s) ———»2CO(g)
2C0(g) +0,(g) —» 2CO,(g) AH = -566 kJ

oagimeowlaien QrsHs eneys asnaFlulest @ UGH HBOH HTHSHHE0 UEIGOLMI6-
levemev. wpmGoT® uGH CO, 2 Lar sréasw Ufibg CO mu Upiniiugled um@GubmiD.
BueiGom uGdH FeO ms smwsaieudled umiGuUDMILD. eueflwmeidl LU aCuwmmwnss Oamdin
UG sasms Qewpur®h apeod Geutud Upidiugens CO, dpiituged umiGuDDILD.
aiFls sene| euell aupmisiu@GoTuia sagmeouimiet CO autweuraig Fe,O, o L6 grésbd
Ufleugn@ Cuegdawns O, 2 Laid sresd yfibg CO, 9ps wrmougnE Geaulu Guiss
FHuled eumuiliy o etengl. g @ LFdHgacowm@. eeiBGeu @y LifleH0sHHaETEUT )
eueullest sevromentl umuwley eiswmengl (Volumatric flow rate) GuGsoulpba BmHOUSBTHI
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SILEIHW FHewiod sevenel LFeurdlsal aumd aidhamnsd Smlumer wiLsHe CuamiausdnE

1Ble  (Weasluraigl. samgimeulsr SPluGHuled ssaid sryaores O, Qe SlemeaTaigi
@CrupuTes GOPaGCHTH HS masE CuTmssoTa lene CO, dpilssiu
damenowne @Cruurss CO, Gafley iFaflsE. Goid igs Galuwd Hpilsst
uGw. 2wy Qaluplmey o eien UFCsssdH Bmbe CO, aurtweunaig SWCHETHE amLD
Hewiod seveneuulen 2a 1h GeOBHTHEF CFeO6D (HMETU|LD. DB leneTeuUTs HEmILod
sovmauled spafluLear CO, grasw yfigeomag, sagimeoulsd o wf Geuliuplensouled
sTeulu(GLD SPIuGSHuled Blauww. G CO, Ggplay LlLRLITES GmDealenL ujbGUTS
CO Q&fley oFHsFleGw. SwiugHuled Upidssiulr CO sutweb dnLd SHEHTEHS
U Hewiod Hevemeauuilesr o mas BeBETHHF GFsoeid. @UGuTH BB GFsOMILD
Gurg Geuliuplensy GenmeusnL dlsimenowimed CO sutweler GQeuliualwss 2 miFHiHlenso &snm
aumLaiBsTh, CO,ops wmmib GursE Fsflegn. O,ru) @evemsowrgeomsd Fe,O,
Bmhg gldgme Qupm aurtweurearigs CO, oy @LAGWDHDLMmLUD. 6B 2mgImev
ufled GwBev GesdIdBUTEI CO Gemley GmpaumLbal e CO, Gedle) iFsfab@Lb.

saglmeouled sH&f LWRTLGSSILGS@DLWTE AFOBHS alGalssiuGd CO, auru]
yel GeuliuwenLwid sTyewiondaingl. s1emCa anafla@l udeons Werll Upllsss Fnigul
wrmm  euflsenens Caipwinieug Goed FHulled (wohHwiomergl. Gaid BTeuSAWIOTS
@mwenull LWSTUBSHIMSSH SANTLUIUGID (PSHSEWLDTGLD.

1.11 vevug umisai (Polymers)

R(H UGHWEIST etiliu@GLD FTjuenalsd FPw Sramwer (pevdbanmiseT QUHbHOHTmHUNe0
R GeTeim @yaFTwien FHulled @ememieusbTed LeOLGHHWRISET 2 (HeUTEGHLD.

nCH,~CH, —CH;—CH;—CH,—CH,—
DEARDEE QurederdeSenr (PE)
Cl Cl
nCH,=~CHCl —— —Cllg—{le—CIIg—CII—

emeueTuled (&GemmenyLl (h Guredemsucuisd &Cenmengl (B (PVC)

CH=CH, —CH;—CH—CH,—CH—
@5 emsiflest Qurelgemaflesr (PS)
(Styrene)
HCF2=CF2 _LFZ_CFE_L FZ_CFE_

ueoBTHLGemm@ym  e1dheSeut
(Qured@yL_ymyGemm@ymerdSesr)
(PTFE) - QpeuQsvment)

BIHYGenm@ym  e186S6wt
(QrLymyGenmGrmergSest
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R LUGHW cpevdamIBeT QUHBHOHTMHUID SeUeUTHTE REMEIOUBTEO @H LGS W Hes
STUST FLL BTG LOLGHW (pevdbdnmmled Wemi(hou(hd albsHe0 SienDbHIHI6TNS. @ (H

UGHW STUST FLLBHMBHDH QamTewiL LG Wewi(h eumL ev@ (Repeating unit) ereriiudb

EA S

CH;=CH, —6{' Hg—('Hﬁ—n
61860601 QuedlerdeSent

Quredaiglelet —CH,—CH,~ @eigl BaiiGoud 0@ pGWw. Seueumpmer a1 Beub
SlVGB6T QUHBOSTEMBWTET (1) LEOLGHWTES (pevdHdnMled SILEISUINBHUUSTED ‘N’ 6TEILD
SLEBIE  6TISHHT  LpeULD  JDePLEBFa  (GNEBSILGERIDG. Fev o FHryewmiseT S6L

S Leuenentulled HrUuL (HeTerment.

S Leuenewor: 1.2 RHLGHWBIHEMTeOTHBUILBLD LIsOLGHWBIHaT6T LawT(HeUHLD DI60GHSH6NT
R(H LIGIHUID 156301 (haM(HID DIGVGHBATTGVTGI LIGULIG)I5 WD
CHs—CHs- —fCHz—CHﬂLn
Llrl (l,‘]
CH,=CH ~CHy—CH-J
CH7~CH < CH—CH},
CF2=CF2 +CF2_CF2+H

R(H UGIHWEIS6T cLpe0ld LOLGHWmIBmeN 2 Mughd GFuisBe oL@ Hweursasd(Polymer-
ization) eTILILGBASDIME. BEIG BHWW STHIHHILY galLm usuGHwmiser (Additive),

absal usu@GdHwmiser (Contensation) etenn Slumenm @ewi(h cueNBHENMTHL LNflbHe0MLD.

gl L6d HTHBD (VD @ UGHWUEIGT QML Qemeim Lenemibdl  LsOLIEGSHWIBIS6NT
© ([Houm@ OLoeflssr, SieUUTMTE LIGOLIGHWBISET dnl LD LOLGHWEIST eTenrliL(bld. RBmaETaH
R UGHWSHHST BFOUTL LNenemtliLobael (WaEUWTaIeN6. @ LGHWSHT cped Hewieyd
alenemauTas FHemL oG LeOLGHWSHHe L(BoUHL D6V (60 Hewloyd FLOLOTEIG).
R UGSHUSHIIGHID LOWI(HoUHLD DVH@HID (PULIFIOTERNT DHIOLILWD  STUST  Sigmielest
&eolIyF FhaTiU Ceumin(Lo.
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CH,~=CH, CH,=CH, CH,=CH,

_'CH E_CH E_CH E_CH E_CH j_CH T

@BdaL uLGHW 2 NuGSHWISTBUTE @HEHDH SHTHHLD BlHOSSTMENLOWITED  LOLGHH WS-
&lH& Cevdsions Hawle] Gemmeurer FP (PVSIMIBEHD 2 DHUSIWTGHWD. 2_SHTT6sl-
s, -COOH anl Lgaia@w waiemrsHais@enruleonst (-OH gal Lb) sT1assHenmed 6s:sH T
WemewmiQurerm CamemibGurgl H,O apevssnOpreaim Csomemid. earGo  QuTalersisgeD
2 MusHWIeTBUTs Bhs @bhoHeM HTHELD HHIPW. B (PedHIamideT alhealdsliubw. Cah-
@MW THSHT LIS HM6ET 6160w HmBHEHF FIOOTE  6IGBINNSMS [T CLP6VSHTn Wi 6N
alpelssiiup. CeusflGumid Bis sareusneneud Fflwms Sends (Wipu|Gweiler Bgmesn)
wjeiren 61&:HHT Lenewiliydbsefler ecremwienilbansemul BHiler SLTHE oPmID cped Hewiley eLpsold

BNGHHIH QBTETETEVTLD.

QrugedsE idlevld e1gleSen  BlemenaBamimed
i i
HU—CQC—DH HO—CH;—CHs—O0H
H>0 H,0 H,0
1&:5HST LNenevoriiL] T1&:SHBT LlenevoriiL 61&:5HBT LlenevoriiL]
I i i
—0—C H:—CHE—D—C@E‘—D—CH:—CHE—D—E @C—D—
. J
Y

SemT(heU(HLD DIEV(&)

0 |
0=C @{T —0—CH,—CH,

Qurelerdlelert OafldaBsommi (PET) @enigl oiewwlenu ewi(heauhld i60@& cpsold GoGev

n

9 GTEmTeUTm| ST L 6VTLD.
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L &BTOUTL Felds0e0CTaTNE@GHD ML AMO@IBEGHD RenL_Gul LGS UGS HTHEHID HTTY6uT-

wrs QuTelegemiol (hd FemLSGLW. BEELTET 616U DiUeUTDTeT @(h GUTed gJemLol Lm@LD.

BB 2 MUSHWWD @ RHHHD HTHBHLOTGLD.

HOOC—(CH,),—COOH  +  H,N—(CH,)s—NH,
H,0

i i i

empbGeumest 6, 6

N

ML IO60 QHHSH  HTLICHT L BTOUTL HeldbasllendhHe0 R (HHSH
DI HEV60T 61600163015 60 B BT DI H6M6I  6T6mT6u01 60 &

BB 6, 6 B LU  LOI(HEUHLD DIV (LP6VLD  LISTEUHLOTN| ST L 6VTLD.
@mIG (PHEVTLD 61611 ML SbeNe0 SILBIBUNBHS STUST DiemIdbH6N6 616016801 60 & EMUIULLD
@uewiLmd 616wt mLBTOUTL Felldbs0e05H60 @(hHSH BTUST DIEIHH6T6IT 61605160018 603 60)-

wud GrdBds sIeiuGSSISTTDSI.

I I
+N H—[L'Hz)ﬁ—NH—L'—(L'I'I:h_f+

n

@gleuenyuleomen aleufllilobasEhoHHTRT 2 HTTERIMBIGm6TL LWETUGHSHHUW LeOLGHW (LpevSdn
H6flesl SiMWILTERIH Q@h HNFFRIFWTS 2 (HeurdlujeTenend GFHefeurdeingl. HemTGsv-

Gw seuuTpTen LeOLGHWEIS6T ‘BLLMHUsOLGHwmsear (Linear polymers) starli(Balesiment.

fov FhsTIuUmSETN0 (WUUFoTenT auemeLBUTEIMI LEOUGHWBIHET 2 (HEUTGID. DIHMSBT60T
STTEOILD  SIULOLGHWEIGBTNED HTHBIPMIHHETMIOU|6TeN  RTeni(hd@ Gumul L  GLEiseT
AHBHOTGW. 2_FTrewions, LIBamed @emend HHHIDCUTH DHT QUTFT B[ FTTUTSHLI
ArHui’ b SHTEEEIST BlEWPoHInlgul GLBIS6T paim SpGWw. LGamaH@GW BUTLDEOIQ M-
s (HeHGW PmLuleonear HTEBHHET  PeOD  (PLLFIOTERT  suemeOWITEW  LISOLIGHSHWBIS6NT

2 (HeuTsHasLUbBL. g CusGemsumml eTerlLBL. DASHOD RJ RBHHHE0 STHBLOMGLD.
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OH
0
+ H ,..rc'\., H —_— GU&@WGD!D@] -+ Hz(}
OH
H
H
Y
H
H
I\_/ H,0
OH OH OH
CH, CH, CH, OH
OH
CH, CH,
OH

2 @ 1.13 JCameys@d Bumoellyensl (hé@GHWw @enLuleome
FTHBHHN clpevld BUGHMEVMMI 2 (HEUTH60.

@eueurpren @h FhHTIUSHE0 S LUl Lomer Lewi(heu(hd HeLOBTEImeT  (L6iTen6UdhD

(pRumgl.

ueUGHW  pevEBInMlasT  DMWLIYS SHIMLSHCBMU, DHTEUH BLLED D606V I  Hlenen
OQameniL Se0evg euemev Gumeim etew  euemaLiu(psHHeomw. PS, PVC, PTFE, PET

GurerimeumMlest LOLGHW (evdHaamisen FmiIFe) GUTSRIM BLLTSH HMLDHSHIET66.
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.-.._-‘--""l-.___f
———
— S
. M
BLL6D L6OLI@GEHWIBISH6IT Hemenn QBTEWIL LIOUGHWEIBET  6uemenm GUTEIM LIGOLIEGH S WIBIS6T

2 @ 1.14 uuGHW pevSHInmIBeTes eMIOLILS HETenLD

BLL6D LPMID SHenemQsTemIL  LeOLUGHW  cpevddnmidseT  @amledmbosTearm Geupmalw
(pevdFny HenTd CeuaiBGoum elgonsll QuTHbgleTener. FeoGUTSH (LPVBFMIHET QEITNIS
Oarem) Wes CBHEBHOTEHAD QEEIBTHID QUTHbeTeNn LNFCHFmEIHEHLD 2 awi(h. DiGL6UTMDET
UrBsamiser usfmiGml LFCsamsst eaeliu@BL. FHev @Lmsefller cpeubammEBaT QaTmiL -
Qemmeim @Lligll Ueielll Uenewibdl (PMIHGHBMIL6OT STwIlILL60TD. Sfeusuroren  LyCs
gmigen Uefm@Gmeupm UrGsamimet ererliu@pL. Fev UOUGHWL QUITHOTHET LPHMILOLY-
el uafmIGmeupmensuiT@G. Gweyd Hev usLGHWEISeND @Teneydb@Gl  UeimIEmL
UyCapamimen sTewiluBL. U USTIHSEISET (GenoLueisi@meysten (Semicrystalline)
LUeOLGHWL UBTTSHSEIHET eTallIL(BLD. QpnaTen o HTreuons Gurelerdlelenerd @G
Leomd. uefiBiGmeumm usLGHW HTeTsEnshE (Sheet) 2o mas @efl BaIG LGoudleoensv.
ueimigGBU UrCsammented @efldadiser Famliup (Scattering). etenBou @eriluy,(Hysal(HLd

SHONLD FMMIS  (FHEMMEUSHLU|LD.

LeMEI@meumm —,-\/_\
& '1 ueiBIGHU  IFGsHaLD

2 @ 1.15 pLLed wpmid Hemen@QaTeni LeOLGHW (Wevdbanmisen QUTHbleTen alsd

QurelerdeSent CaT@GHHLILBLD MeHEHIBCHNL, Hemen QBT DML HMLHGH NS
Weod o mugd Qauiweord. BLLed GQuTelerdleSst cpevdammisen W& HEINTS @BIMIL -
Qe OBHEBHLTHI GQUTHBHIGTOTMLWTD DLTHSH dalpw NFChramiIseT HsfloE@Lw.
seueurpres  GQumrelerdelesr 2wy oLfsHd GumelsideSssr (High Density Poly Ethylene -
HDPE) stenn oiempsasiinbo. Senen 1fbS16TenCUTHI SIDepevsanmisel Sisieusne] Qb ([hHHELo-
&l QurdHeudlevemev. 616086y IILTHH GHmmeurengl. SEIG UafmGmeupm LyCahamismern
HBOTHS STwILILGL. Deueurmmer QuTelsidelet T SILFHH Guredlerdlesssr (Low
Density Poly Ethylene - LDPE) eteniiu(po. uefimi@gml QyGsamiser o eiten e ddd e
@efuw,(byselBd QUIeOL (&MMEUTISTGLD.

1.11.1 @Blumid 1TorTdH 35 HHID

Wewi(po ewi(hd e 2 _wiFeumest wWellwedenud ST (HO LeOLGHWL USTTHSBIST Sy
eeru(bo. @puuy Gsmeni(heren Wellwebenud &L (BUUBSS (PYUD. @ UGS WEIH6T6e0
SLTOUSHSH, @OUUT 660l DIMPSBLILBLD LOLGHWEIGMeNT 2 MUsHd QFUILIEOTID. Diene
OQFwpmens @] et (2 _SHTFeid: nbHHmIe0 @MULF). Smiuy wriureded Smba
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2wy eTgerenoujenen usoLGHWD (@miuy) GupiubGdos. D& Sumens @Smiuy
(Natural Rubber / NR) etedriini(pLo.

auemgwenmUul L  Weflwedenusd QsmewiL UsOUGHWLI USTFHSEIGMeTL NenTsHHs G
erevteud. 2 gnyewions PVC, PET, PP, PE Gurneiy usdu@Hwill ugsnissmiser LenmsdsE
arelu(hEmSH. Seupmlent eusenFwenmiLl L Weflwedy eTebemsvenwt allghFF QFeOaVIOTM DieH6M
BWaaLILBLTUIT, LEeMTHSHETMUMLWSTS 6lgasHe0 Gaumium@p gmuBL. LemTadls@L
QummeTsemen Geulit MGG euema  (thermosetting), QeuliLdleng @ (thermoplastics)
auemad 6101 GLosuid euem&ELILI(HHH6OTD. Geuliuflens@Gw LenTsHode0 eauflioment L@ W
(peLBanMIEBenm Hemenm QdmewwiL LOLUGHW (pevdHInmisBenm S, Ceuliudimis @Ld
LIOLIGSHWBIH6ETE0 U6V al6d SMIDHS (LPeVEHIaMMI DML BTeIlILBD. NenTSHHd@EL
Qummersemen  QeuliuBumy  GoaTenowTdEeomd.  61aT@o  GQeuliuGmn)  GoaTeEnowTHds
Bxpemeuwimen aueuSHmHL GuMIeUs RevGeutengl. Leien] @Gefllfs CFuig ieueugaIsms
o miFunsdls Gsmetereond. @ansrer o gryevmisentas PVC, PE, PS Guraimsupenmd @GpiL
dLeomd. Geuliudmis@Gw usduGHWL QUTHaTEmeT SisusuTy OLOSTEMOWITGHS  (LPIQUITSHI.

o gnyewions LiGamed Bumweligensl enL. (Budb@Gemeopmi) (GMIIIL 60mLD.

1.11.2 QuiBsmnas @Dy

@muuy wysHer (Heve a Braziliensis) umed 2 _emmeugmed dHmLb@d siHs  eflweoy
QamewiL usTiSHBL Gumens @muuy (Natural Rubber/NR) erewliu(G&leimg.

@miuy wrsHer UlmLmwEF FITaF Faleudhar cpeod @muuj ured CGFsflédsliupd. umedeo
gmaaT 60% - 65% Bmw, 30% - 35% euemdy @WUUHL SiLESueTener. @oUuF uTedled
WagF AP glemisamossenTer @mULT Hienllobamaser LFDLIWLETETENOWTE g Fnldd HMIF
OMHS HTILIUBLD. BHanlpd HMIFeOled 66l GQUeDEVBIBEHID 2 LIl 6UMBHEHD HMJHSD

Blemeoulled smemIiL(BLD. Lrsh / @6t Gl LsoL

@muiuy

2 m: 1.16 @miuj glewlbems

Soiujsh FlelbmsmwF G S (LD YIsIpd ILBISUeTen @@ UsdL STeiliu(BLo.
IiGeT 2_6TGenm @MULT cpevdhanmiHeT 2 ewi(h. SmUuT glewlbamnaulsr Geuafiliymi LenLulsd
-COO gnlLmim6m 2w mgheomed GeuafGomuriiy wennEWMHMIPHLWISTGLW. HHDLOHDHEWMMLD
QBT HlewEmBHEHHEH RMLBW Bmeollar Helenemnsd alengsel CsTHuBEETmenLD
WIT60 DIGHSHIMNBMBHET HMTFL (LPIDEUSID LTINS STewIlIL(BLD.

2 ®m: 1.17 @piuj siewismnasulsr GeuafiymiusnLuled wenmBuimmmkiseaT Uyl
sTeilu(bLD  alHLd
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wemmBwimmd C&mewiL GLmUTlYGEEEhHEH QL UleOTer HeEhHmnd alend HTJ6IONE N6

e Qeaim Genemisudlevensn. Siflevd CaFlugsTed H sweaisenmsd -COO gal L migsei
BHBMOWTEBLIUBEUSTED, DHHIWNBMBHT  LOIHBHIEND HEMEVENLOMU DIHLUJD. i
HlendmaseT @Il Oermeain Sememibdl @ Hewleursll uuib. g @oUuF uTed HFemeo

6TeOTLILI(BLD.

@mliuy uTed Hyemed
(Coagulation)

Slyewi @mriuy
(Coagulant)

2 @ 1.18  @miuj umed Hyepw elsd

@miuy urelled 2 _eiten 2 _LIys®EeT, Geusdevld, OCIT SflevmEiseT BuUTEImenal DL hid)
W6TTEMemLOWITEY Dig| Hiewienimidseienr QHTONUT. BEH@GHW QUTHSHSOTET @J 26ML_HLOT(GHLD.
miewiewEISS OasTOnuTh sTremwions alhaldslubnd SO6VEIET STT6uIOTE GMULT UT60
Hren. e1eBeu @piuy urtensvd Bsaflss Laiay o musHF QFweaipenmsE 2 L ubhs-
SUUBLD euemyuiled miewTenhISS CHTWONHUT mL BmisHs meusbHHLILSET (Lpsvd LMD HTEm
MBS HHHHVMD. BTSIWT HMIFe0 GFFUUSTED, LT HEMTFEV6D (LPEVSHHEIENLOENUL
JOLUBSSHIUBE (LP6VLD LITeL FHTEheuensds HljHaldh OaTeTenemd. 26 &b eV SH6TenLo
OQumieuengd SBwralwm HHUUSTEL @OULT HINHMBHMENE GLOAOIGTEN LDEDM  JMHMEBIHENT
o2 mHOumID. RBS (WeLSHHEINIOUTET BTTEIOTS Hieweubidsaiea QHTONUTH HenLLUHLD.

@wuuy  ogLd

@Uuy umev
l
@muiuy urrei)*&,mu&ma) @muiuy ured A QUERY
SlgliuenL Wnedd QHBTewiL 2 mudhaHsHein

@iy smem (Sheet)
@oiuy enaswjenm (Gloves)
HewIomBlened @MUILT EUENBHEIT
(2_smyewib:- Lewsull lgul @mung smet (SSR)
gewio @oUL FTIHS 2 DUSSlH6T
LWy, @muuj srmgienLiun, & mLiy
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Qupensd  @OUT  epevdFamien aI(HeU(HD VG FTIhSHHTE QUL emLl  Nenesiliyd

sruaied @rewis —CH, enliLmisepd @@® —CH, &alLupd 2 aiener. i (peusenmled
—CH, snlLgdla1 mwlysGamu siemeu dev—1 (cis), 4-CumalmGsrildiflar aemiuGio.
Fymeiterd —1, 4— QuredmOaTinifler stemiuBl Suinensll LeOLGHWID WellwedenLd ST (He
Hlovemev. iFed 2 6N GHSGSS —CH, snl Lmisel QrenihsE SemLuleorar anl Geuer

2 _FF II6NEUTEIG.

MOaFTuIfler eTIIU(BL @H UGHWSMSL LOUGHUTEESHIHEG 2 LubhdHd, umedim
Qarulflenend OHTEGHHH60MD. SeueuTm GQupliuBL @oiuy CFwmensd @MUUT UMEHMUIF

CFIbHHHTGW. NFCFwMens @Gmuugmengl IR - [Soprine Rubber eteliuBio.
G

CH2=C_CH=CH1
mOaTifleu

Qwpemall QurelmGaTiulflamers @muEGHww mGaTilfleam@Gowallan Qunemns
@oiufler @ uGHWLTE JiFHMensd GOUIL  Wwrgl. @ouuj STeursdHled WsF
fbseomen 2 ulflFmwensd SToHBmEIBNET peOd @MULT (WpevdHFamIben 2 mushd GFuiwuiiudb

HIMEMOCW DIBHMBHTE  HITJEHILOM (G LD.

1.11.3 QuiBemnad @BIILIGNT 63363601 BBINILI(HD FH6V

Bumens @miufler GuubBd Quedyd@GHs @rgenid cis—eurelmOaTiiflear Fmidedsern
sTeILLBEUSTGW. eaianid Gmiufler Welweoenu masHeHTINe FHuled wrmplwienolLgsmEHLD
susVlemLouLl (heugsm@Lona Henpluy 1% - 3% euenguled apbsaw CFiHg GeulinGummiudL.
SIHI6u @oiuj eunBMRTOMILILGSHH0 eTILBASIDSHI. ASHTCUTH  CuTeOFTUILNF6wT
Uewemiliysasens@d RoLBW SHHBHHMTO  GHMISGU  LNenewililybseT  ienlodaLiubhel-
&T60 seupmlent Weflwed GHemmeuswLeuCGasr®H, BwsHd eien] Wewi(hld SpJoU Hlensveni
SIMLULD FHeenld FHBFB@Gw. Blemmiiug 25% - 35% eueny ShHHHD CFTUILSTEL 6TLHIMM)
L sHGImGI. sTusmHINM LeflWeO L WSHETMI. DSMBTET STT6RID SMUILT  LPEVSFn M-
oflear @rienL i demewitiyssen Fmibhs OSTONHUBSETMID STTRIDOTE HhHHBHBHILOT GCLHb
OFHTHWTRT  GHMIGBGH LmenilbHeneT  DMHH0 SpGWD. FHUuTeTr ene| Hh HHLD
Gximhal supssmeImHMILUGSHIHW Soiuj QU (bd SHeatenwmmgl; Fmbs Wellwedenuuynd 2 wiflul
Qumrplwpenm BWEO BMETULD OBTERILFHl. HHHBS GHNIHGLU LeneililebseT cpeold @mUuy

(peLBInMIB6T Lemenidaliul (hemen alsbd 6 uLSHH60 STLLUUL (HeTeng.
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S
5

s
=

CH; H CHy H CH; H CHyl H CH, H
~CH, CH,—CH, | CH,—CH, CH,—CH, CH,—CH, CH,~.
2 :

CH;, H CH,l H CH, H CH/ H CH, H
-::21_< CH,— L‘;H)z_< CHI—C5:<CHI—CH? CH,— L‘:H)z_< CH~
S S

@miuy cevdHFamIsen Lenensalul(heTen alsd

1.11.4 usvLGFHUKIBNT FIJHD 2 BLHDH BTV LILSTLI(HGHSUILIHID CFFLOTTRISNT
(Additives)

ueUGH WL QurmeT 2 pusHWIETCUTE 2 mushdl QurmeTsaie @uwedlsenen GWUBHS
AUBDBTHAD 2 _MuSHHF OCFveneud GMDUUSHSTEHD LWTUGRSSUUGL CuTmHeTaBen
gl LD UusTiSdmIEeT eelubBdemmer. @Goiurs pliyidser (Fillers) Gayliugen  cpsvld
wyat GQurmeier = flu umweT (Beteuene)) GQupiuBL. Goiuenyl LweTu®GSHS Lwy
o pusd QewiuwCurg miFildll Gummentasd smuet Mevés  (Carbon black) vweuBg-
SUuBLD. sruet Wevd BFFULSTED HeO6D RUIOLBEDHD DHBFHGID. 2 _FHTTewIons 2 mid
SFHBfHH6e0, FTTUTaIld GHmmeauTssd BpuleuemnLHe0 GuUTaTNEUDENMS GHMILIIL60TD. 6T6dl-
@i, Lwi CawieusnLuwbBurg @ésTuet levd Hiellbmdasern @ellsd GFTeudbmed (@ Lp6v
Fihs LFFfemensel gOUBOISNEG DG STTEWILTS HENOUID. eUMSNETMHMILILIHSHSHISHE068
alemasFHmenet dF&FIL snBTE UGB CFmem smedlseEpw ZnO Gumery om&édls
Grewnigll USTISHSHBISEHD LWaTLUGSSLIUBLD. Seleutoren Camen oambdlsener GLHLOUT6OT-
aTeM6U HFFHSHHIEMOUW ML Wenel. NenTeHHeE 2 musdHulsvid usdBeaum Bl Quirmeser
LweTUBSSUIUGBLD. SHe0FWD STUCRIDMI DIUNMIET REIMTGHL. NenTHHHGHI QUTHaT 2 Mg
HuleGurg OCBELSHaEIMDmU / auemenujd SHeatenwenw! AHsFIusnsTes ensddl (Plas-
ficizer) Gggemeuser GaFysalupd. 2 grgewionsd PVC @i uweuGsHs swmflésiub
BISGLTUIS6T allenpluTarenal. Seunmier OBEDHETENID/ UENETUILD HITENLD (G ENMEUTEITG.
aaiaid PVC @emerll vweiupsHd 2 pusd G unuiup el et sl miseiler ynds-
ouFlD QBB / eumeTULD HITENIOU|MLUIFZ]. DAHDBTET SHTT6WILD DS UL RIS6TST Lme
saugHmak PVC @emend OQamewmi(h 2 musHd Qauiuwurg sis@miler @enddll Qum et
BFjasaUULRHHHTGHWD. Bensdll QumTmeT GFFULSTED eUMTBHHIMD SN HHBIMSI.
SHCHT(H SUUNMSFQUl SHITMWOMUWS GHMDOUUSNBTHS BFJmarmsat GCFyobalLBHLD.
Guaid &PWETH BHTH6T STTIOTS JHUbBL UTHIYSEMeNSH SHHUUSHBTHOD LGN
gl Ly Qurmerset BFjésslubL. BsnaeTs BFjwmaimisaT QFTmu emayseaied CFjoHsLl
uGw. demmeHsE o MusHulsd vweauG Geusurprer GQuELUTsOTET  GFFLOTEIEIS6NT
sCoommiE Gajemeusenm@w. UenmsHea@l Qurmer 2 pusHulaiGurs uwaTUBHHSLILGLD
QupbureoTest  GFJLOTMIBIGHT DBEHHFTHGHWD CHTGHHWET CHTPDUT L UTH &G
QuTHeTHeNTE GevmIBTERILILL (heTener. 61aBou 2 _ewiea)ll QUTHLBM6NTES SN EhAWLILBSHS
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emeuliugmaTe  QurHul®n OCurmeTsenTall WenThHed@Gl QUTHeTEmeTl  LweTL(HSHSHI0-

sTulenr @eualLwid @GNS0 QUlHID Heueieh CFISHIMG DeuFWOTGW. CFJTLOMEUIEIHENT
Qupemalsd LWSTLUBHSSILBLD enTeHGE 2 musHHF QFwsiwempwrs PVC ol uweu®-
&FH WenmiHe@l QUTheTEmen 2 _MusHd QFUIHMeVE GO EOTD. HMSBTET HTT6IILD
PVC wevsammizeilsd Cl oigmiasel Hemewd STUSGT QIO 6T  Senemlbd(HLLSTGLD.
aiaTuar C—-Cl  Uenewiliyssen seflldhed o enLouamspd SHaljlusmats usGeouym GFjLom-
@IEIG6T LWSTUGSSLIUGLD. 2 musbdHF QFweaipenmuisr Curgs mevalw GCeuliumBlensvd @,
3I6V6VG| ILCOUTHeTHeT R sflsns ady stéasshidng 2 erenm@ Gurg PVC cpsudanm
s6efMelmbad HCl GeuafGuimiLd.

1.12 meouy cpevmibal FTJbhd IFFTUIoN D BLIGI BT

1.12.1 afemmayf (Vinegar) 2 BusHz

alenmdfluflesr OasTOnub @rsTwetl QuITmeT IFHMSHLOD DLGW. H6MTEH 2 MubHHuileo
HewL sz alemenurmenet Gueyd miewienwmids CsTOHUT . (héE 2 L ubBSHHIUBTEO DG
SiFDHMdsileons @l ACwmmoenLujw. 61eatBsa sdlev siene] 48% eusnguled HsHloEGLW0.
@eueutm 2 _musd OFuims alemdf Gupens elemdlfl eerium. QuDBoTEIw MH&BH
Oamhe0 cpeold QuUUID cpelIGUTHeTHmeNns OCaTewi(h HWTHs aHCameamen @ FGw-
ool Quuid SIFHNMSBLOSMBL  QUTHSHSIOTETITH MHTHGSTEL OCFwMensd  allermadlf
o2 _musd QFuwiup. Fupens alleamdfluled 2 LsEeT, eailul GleucdeVmIS6T, 615D H6NT,

SIMaBCHTeL BuTaTmene QFTHU Diemeysefed DL ISl [HEGLD.

1.12.2 150860160 2 _BLISH I

aUTFmeS HIalmiEeT, euTFameTull 19seT GumTaTneumMed SHMTLILTEITES 6THEEITEL  LILIGTT
ubEmGl. BTETWETSH HTHEBIBEHEHBTET 26ML_SLOTEHAID il LWSTLHEGTMSHI. GL60 CrBuiLomest
WBerliygIiNsssanigul  erflQuThenTaald  HGamelest uweaUTh AHBFHH  6UHISTDSI.
o ulysh dewleneull LWTUGSHSH Hiewewimds OsTPOHUTH cweod 2 _MusHd Gauiwliu@d
a5Ceamed 2 uly e15Beimed (Bio ethanol) ereiuipLo.

a1deSert HEFMMLD cLPVLD DI6LEVGI LOGIUSHHT (LpeiTarilensvuled GQeusdeVD DIe06VGHI LOTLIQUIT(HENT
OBTHAUUSSIT cpevld DeV6VHI QFHTPeL (pewm FHuled e1HCamed 2 Mushd GFuIwuBLD.
SINBCHTL UTTRIH6T60 SILBISWeTen DMBCHTeLTH CeusuBouml HTeuy  cLpsvmIB6T6
mbH GupULGBLD.

o _FHIJewID:- HITLNF (2_en6edT)

eurmBasrgieno (uryefl - 1wiy)

Oxmeopemm FHuled Geusdevlium@ OGmeomFed (molasses) WHMILD HTENWBISET  (LPEVLD
SNHCHML 2 _Mushdl Qauiiu@Gw. OFdbs 1HCEITE0 HEMTFeiled LOFHIBISETT60 2 UNFeuTLd

(WRUTHHTmSWTE0 6158amed Game] gmeHsTy 12% opsll GuemtliuBLo.
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OBTAUY cpeod QUDD BIsHMIFMeVE STUIFSFIQHH cpeold 2 ulflued MBCHTeD

L LGHMBHH QameniL 2 _musdHser GumiLEHLD.
o gugewin:- Lmewig (gméHsmp 40%) - eneuet STUIFS 6l9HH60 (LPEVLD
grgmwid (godare 40%) - OFHSIamISeTEn STUIFS 61QHH60 FLPEVLD

BIow 61HBaTensvll UGHULS BTUIFS augHHe0 cpevld QuUMEFnw 2 &F a5Baimed Gamley

96.5% oy@w. Bz arusTsdw wgeTyw (Rectified spirit) sterin(Lo.

@etemmul 2 _0de0 G I uWsUTH GSNSHI ChTHGILSSH FTITWD WOSL LWMBISTLOT60T
@(H HIUTRIOTEGHID 6TID meusbHwl Blewisene dgmmennm BmiG GMUIL60TD. Fhenduieo
ML SHGD ‘FTITWLD’ 6TeTug Wl eTevt BT GUCUTH CBHTeHEGHGMD. FTITWSHHD SiLEIS)
wjeiren LIFSTeromen Fnml 6THCRITEL S GD. HMBTEV 2_6udled 61HBemed 2 Mudhd GFuiub
(LPEMMEBET LIV 2_6T6ent. Sieummie o0 (emm&E6Ta epeold Gevmienasulsd 6THBeImed 2 Mmushd)
Qruiwiupdamgl. FULFHwumear el a58ammed 2 musbHs CFUILD (LPEnMSETTS
OBpTHGHSH OHearamiEaTenNel(hhEID, SMHULEhFa] 2 DHusHHular ubsalmenaTss Slenl & @Ld
@eusvevliumadled (Molasses) mbEID 1H8ame0 2 _musHd CFuihenevd GHMILIL60TLD.

OFemen LoFHHe0 2 _6ien e OFHID UbhHewengs Falll QumId FTHMD DSTEUG
ugeieny OpBTHEHF CFuIau e (PevBl OHIRTRIGENTEH 2 MusHd CFuIwlLbGHEImE.

aueiluled HHS MHemeoullsd sSmewIlLBLD geud GCuTey URBS aleHeen useifler g
uPBH DiFHev 2 616N QeUeLEVHMS DLBHTTU LML WTHS CBTewi(h eueTJFHumL HID, DI
OFI6UdS HEVMIBENMTEL 2 MUGHSH OQEFuiwiupGy CBRTHWLEIENTED UGV  LIQLILIQUITS
LOGHIFTIOTSHAD HTUSTOTTLNFL LTS THmenL 5860 OBTHHse0 GFwerpemmullsiGumg)
BlBD6UST (GHLD.

3G
C12H22011 + Hzo ﬂ» C6H1206 + C6H1206

5@ By e (&epsBara) (UrmBmma)
(@M FHsEmILH GeusvsuLD)

CHO,______ ,2CHOH + 2CO,
615 Beo1m60

uSTTTeng SeUauTmTs gnHBTY Breni(h (2) BTL.SEHeT OBTHHHIG HeTenTs TMID CH
BGeusmen GeusvevEF GFMey UIQLILIQUITGSS (& NMeUHL U|LD.

OBpTHHDH H6NTeN6NdH CHTLIHFHID MEUSHHUILSTEO LUDHBFWLTHSNTED H6Taled 2 66 Lo IFTILD
RLFACWOHMmL WG OFHTLEIGHMST6D, DiFHl LQUUIQUITS FDMSSO6VNSE TN S TIDLSEL0.
SIBHTOUGH| HFTTEF FHAHWD GHMMaUmLaBCHT(H SdevF FHaimd UQLUQWITS NHESEESLD.
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BIONIeISLD
Z
5
2.
2}
B

CH,COOH

2 @ 1.20 OprHHH0aCUTH uSHaiflar Demwlinflsd gHuBLD LOTHMEISHET
UGSULSD STUIFSF gD IH6v

CardBlmey @amIECaETaEm Goumpiul'L, RO QTN HAlEG HVHBHIIQUI  FnDISH6NTT
eomen HmIFLETRIMENHHSH DibHFnMIBM6T GounTe&GHasNHTHL LWaTU(BHSSLILBL STUIFS
aupdHse0 mILL (Technics) (wenpBw uGHULS STUIFS auYHH60 6TETLILIHLD.

S Leuenewor: 1.3 fov Gayemeusmserilesr QBT HMHlenev
Gaiyemon AsTHBemev / °C
OLoaBeotTe0 64.6
618 BeuTm60 78.5
yOgmiuer - 1 - @60 97.1
yOgmiuer - 2 - @60 82.4
Huwymmested 74.7
AuwymmGevrmest 79.5
aenguiled 615CeTCrmm 77.2

OFEISHNTEDH HMNTHHMLHGH STEUTMEUSCIHMIGHET DILBIFW|6TeN SHTeuFll LGHHEHm6rLl
vweTu(hSHHWLD  aHBaTed 2 _musSdh CFuwiuGHSIDE. 2 STrewions LTDmSSIpEIE,
2 _(Hewend HlIpmIG, upmiEeT, Sflf Gumeaipeupenmsd GDOUILTD. @eueuTment STeuyLl
UGHB6eT OBTHHGWLEUTH LHFTISHIHGH GCHEITE 61HEHHTHET, DVIMBL (HhHH6NT,
snBmreider Gumein GFFemeusEHld 2 _MUSHUTGD. DMEUWD B HeVEneUU|L BT BF(HLD.
Reumnlest QarTHBlemeoud 6158l CaTHBmeL aiFHoH@EH6T DILmIGLOTUNST 615 G60TTEVIL 65T
gL Bou opalwnd e15BaImed SiLmISlueTen euHTeushHIL a1 GF(HLd.

RFQFwetpenmuller (pHeomeug STUIFS euguied (distillete) Nysmeons oim&SulmHLUILG
OHBITEL DLGHLD. MEUST LOFHIFTTHHD LEIEUNHEBGW CLSHBITED HFHiGHBHETMLOU|EDL LIS
STWIFS eugHHelesr @TewiLmd uU@GHuled LrsTenors SiLmSWImLULG 1HCame0 D @LD.
s 2wy Geuliuplemeoulled SlemLb@GHID cpaipTeaugl LGSHUled dnlguienalled LOGHIFTILD SiLHid)
Wma@w. o1 Twged semiGeus (Fusel oil) steorin(io.
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1.12.3 siBBISmBevmibar (Essential Oils)

sTeugll uSTISHSEIGMHHS Lfls0sbBsaIUGL Bifled SmIWTs SpaliupLLeTen HiFeunise
FTMHMISHENSH6VMIHENT  6T6dTLILI(HLD.

BILO6TT QBUIHET DIHTOUGH FTHMIHENHEVBIHET 2 _600161HEhdH(E) HMILDETTLPL (HEUBHTED DI6L6|EmTI6)]
soMent  pTe ey iFaflE@GHw. Guaid, 2 Lejled eurgmensd Hralwmiser LS
Qameenevnedl HoUfFF SiFafEd FHIUTGHWD. ReTenmul 2 _60F60 euanildsHImMuiled eurF-
med HIaIWmIEaT DHMID FHMeUULL 19 EhHE Hevew GoeTal 2 _6Tendl. LeRIenL U DIJFJTHer

gL euTFmend SHrelwmiseT uweaubsHWUSTS eugeormmled uHeuraluereng.

ReleuTHIT  UTFMTS SHFallwmaseT STeugmisel wWOHMIL  6ilevml G s 6l 6l |k Hiw
Qupiiup  eefiFeomralwm@Gd Heenouleen  ereniOemiuisemens Oamewi(h Huwmflasiulb
Hamal. OCeusuBeoumi FTOMIS MBHVEIBNT DuDMIHCHE 2 feHHmen FHPUIUTeT Lo6wTHMBHDH
QB TETIY (HE(GHLD.

SWIGUT, HJTIDL, 6TewTQeTUINIL6D, eJevdaTul, alemadifar Cureain sTeugmiseier LEGHseafed
®hHHID fev alevmiGaeielmbaId FTODamIGsI QuDLILGHETDE. STeugmisamen GuraiGn

alevmIGaaTad Seupplen al8FL 2 L HuGHE6T FTOMETTOmIUISM6TES O\HT6wTI(HeT6T6.

SIL L auenewor:1.4 FTOMemIGeRIUI DILBIEU6TeN LIGHBEDHD, SIUDMIHSHTET SV 2 HTJEUIBISETHLD

HBILDGOT GYBLUI 2 FHTJ6I0ILD
SI_BISujeiar LG

Geuiy smieuT, GeulpGeury

&H6w1(h FhSHE0TLD

UL emL SmI6UT

Benev HomGertsvsvr, BMIeUT, WBHHe0ITeD, CFallwiliysd (Lemon grass), Gamuiwm
LL,6U(HLOL STLDL

u wevelens, Grmam

STl BzmemL, sIIFmTF

VY] geud, FTHbHmUl

FTOB6INIU LTJH6\H(HhHGSID 1LPsB BT

(1) Oardprrails sTuiFd eugly (Steam distillation)
() smyuurer Wfs0smGly (solvent extraction)

3) SWHHIH0 (Pressing)

ABTHBITID STUIFS MQIIL]

QuepbumevTe FTOMETOEIL eumBH6T GeuliLD STyeoTall LflenauwlenLwGeur, LD LGHWITES
BHHIHEG 2 L UL EHInguienal. 61eiBal Seumenm 2 wif QeuliuBlemevset aueny Geulin Gommieug
QUTHHBHLTETHV6V. 616086 ReCeuaTOemIUIEaT OCBETHBITOlHWS HTUIFS 6UYHBH6VIHE
o Lu(psHd, MY Gaulupamevsaien f&0sbGSSILGL. RHCHTOHOILTL ML LGHUI(PEHS
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aldulen epeuld alemeseomd. FTOMETOEITUI SILBISWeTen SHTEUTL LGHEBMEMUID BHenFujLd

QamewiL. OaT@Henw QeuluBLmmibBurgl, SieualmpukiEseT GFHLOMLHH 6TemdHe0malum@HLD
Bxyemeumsein al(halbsll LUBL. DHOHTGHHUIET euTu] sueowIGHH0 BITalujd eTamdsomallwim@GLd
BryemeusEnpld 2 _6wi(h. OHTGHSH CardHésG Geuliuplameoulsd BrTalulemmsynd Fromest
Qewiul gpelulenmeid gmubHBHI UG D(PSEEIETET Fnl (HHOSHTNS LM  euafoswiL 60
SWPEBHHMGHF FTaIgH. 61e1Ba SieuGsauliupleneoulso,

prrealulel uGHuwssd (BiFwlw opelussd) =P,
FTOmewOeul pelullear LGHwpssd (BFwliwu Spei 2@1@&\&5&3) =P,
REMIL BT QAW HVHBTH QHTGHUleT Qorhs Di(pdHew =P
sThmeie UGHwpss aldliug, CTeHEH D(IPSHELD P=PH20+PA
P(Qorgs oi(posb) auafoswi v i(WWEEHHIHGHF FOMGLOUTH Hevenen QsmdHd@Lomuler,
sevemeluien GarHblemeowinangl, sTw Hiegin FTOnesCmulagD CaTHBamevenus ail &
@mmeurengl. e1aiGou 100 °C @m@d pmiwewt Gpuiuier CsrdBlensy pdu GyesienL ujwb
alLses Gemmeuren Geuliumlensouied mmiwewt GBUImWES STUIFS auSHSHIL GUDETLD.
_ Safety tube Condensed

unglsmigs Gasmed | ater vapour

@bmEAW ByTal

By GeueMBGuimed
Water ﬂIl:l 13

Steam

generator
g;gfrf;"‘"ﬂ i £ 2 1 Gaeeosd

Water inlet

S

2 @ 1.21 Gardpymels sTusdd eugliy cpsod Boiwswt QiU Wfle0sHHH0

FTODeTOeTUI  SILEISUW6TEN  SHTUTLILGHH6T 2 6o UTHHTHHemIeT GCoupms 606G
Oardpyral Wnliursd cpeold 2 musbd QFuwiu@Gl CsTHBITal SeEIiuliubGn. @eleur-
e Coupma ievevg CaTdBrmal UnpliurTsdulemmsd GardHBrTalenw S@IliLeusTe0 CaTd)
BrTalules SeloTerl UTWIFFNeE S BUUGSHS (PYIFH @F DIIFn60TGHLW. SeUauTmTs,
STaurll UGHE6T 2 _6ien UTSHHTSHmIeT CaTHBITAN aUHEUBTED, DHQBTABITONUIET cLP6LLD
ML BHGW GeUlILD SHTTEOIOTHS HTEUTH H6LmIENT JPbHH eefdeoralwm@Gd CaFyeneuser
alpealsslu@pd. el PBEIGMBT PIemaysHE: G Brmal @am Cxmw. OBTLIHSID
pymel eumwCursl Hyeu Gumuriier Gumu@gduled Brmel, FTOMERIOIUI Spal &l
Famiseier Spelw(psEmIEaTar Fnl (hH0HTmHUINIH CLOTHDH DI(PSHBLOTEIH 6U6TLOGTIL 60
IA(WEBHHIHGF FwwLTGL Burgh 0xTEGHH CETHHHH OFTLEIEGWL. ICUTH SHTeugll
ugdHsefled o eaten FTOMEBIOEIWILILD BHLET el uOWSHHIL ST BFHD. sTeueuTMTUI-
@ID, QHTLFFHwTes BITels STewT UTWaSTe UTHHTHHD BmbaH CeueflGumid sumuysh
srenguied Brmalujw FTOmeRIGeUl Spelujd LESHUNHEBSGW. b dpelmwl @BHHWT
it a1 TaF OFasHs GHeflfdq QFwleuset cpeold sTWIFS ealgdHd BF, FTOMEHIO 6T
AW Qe Heull LemLB6T HenLdH@GLW. JLLNLBHemeN 6leNBTe Coupmohdld G meTensumLb.
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SHBIGMT 6T630I6TUIUTEY I BISUeTOT LTFHT6T FnBIH6IT

o @mev elewiCeroiul - BuldIBemed
o ulenL etewiGemwiul -  FleoeOigen L (h
e Gouy ereu01Gl6TOTU - BOUJL

FBHBJCNGIMGLVT 6163IN6IIUIUTEY DI BIFSUujeiTon 1TFST61 6lesiclewiilibdnml -  OxraflGuimed

HMJLILITGT (IPeNBUTGL FTGIBINGITUI LTFD 63 (hdhBH6v

FTOMTOIUI HeEH ST HFUUTOTEIN HmIHs et LUflh0sGUUECsS BW(penm
wiesr GamiurLm@w. Biled QFFTOnewOauuiseillar SmIHmer WHsH (GHMMeUTaTSHTUIDILD,
Brmpans SmLUTEIHaMe (2 _gHTyenid:- QunBmmelwid F&J, &GCenm@ymGumd, GHTaveier,
aHBT60, ...... ) e Qu@GHaTds IHD eMaled HEDFUID SHETENLOU|EHL UIITEUT GLD.

STUTL U@GHBenen @ReeuTnTd @ HMIUIUTN0 QL (Hhd (GHMNSHGHMUBHTEL, SeUNMed DL I
wjerten  FTOMETOTULI SiSSmTUUTEND Sengujd. ey, semyluTenet opellwimasaGuim

Goum (wemmulBeor GeuliuGmmiw e FTODevTGeTUWIenWw Geummadll GQuUDeLTLD.

SIS HIH6v (Press)
sreugll Qur@meflar Wg OQurmsswrear Seney s sw UFwrsliugser cpeowd
SumPled  sILmEIS U eTen  eTefiFeomalwm@  erewmGemuwienwitl  Nfls0sbBESMD.  UnSHHIN
EhFHIQW @ QUTHEBLST BFTHH DWHHIUSTED FTOMETIGTUIWLTERIS G 6N
eITe0  LmSHHIMEhFILBLD. (2 _sryenid:- @ sSLealw sevenimyd S (hobbenyeni(hs @
BmLBW FTeugll LUGHEBMmT MEUSHFH I(PHHIOBTEL DeuMPled SILmIdluleTen BHmioswr Gbul
Owdlermsd LnaaiMiehaliup.) Wetery UNesTm semyuuraied (FeJ) semgwd QaFuiglilet
poioswt Qpul Nfs0sBEEILGBL. DWWHHIH0 (Wemm DifleTaBear LWETUTL 96D 2 _6T6Tg).
SISMBTE  HTJEOIBIGHET 6U(HLOTM):

(1) dmLs@D alenene] GMDEUTHIHTES S([HHH6V.

(2) grOpewTEevTLIL LT Coum GFHell QUTHOTHET HEVHH (HHHEV.

geuasaTUl alggibHaMellHbHE eTemt@emiul fleH0HHUILUSHBTE D(PSHHIHED (LENMULD  LILI6ST
UGB SSLILBHeUGHIEI(H.

Oz WTETGMmEF CFIhs SibuTHIOSTHL afldsbhame, UHBHHm Bumeim LIFCs
FmIBsefGBw Ursreronss smeutr @emev  eteniGenuil  Ufls0sGUY  GupGsTereriiulb
Aogl. BSHBTH (PHeVled HMIUT FEN6VEH6T HIpeoTen @F RLHHED 2 I6LEVEH 3 [BTETHEIT
auemy RenmisTmHNleL 2 607 alLliub. Remevsener Q6w sTHMeL 2 FHHI uweTubhs
HOUBDBTR  HTJewID, aUPMehHHEH Bev@GHeaurs seniOeniul Wf505H5S  (LPYHEOTEGLD.
BTG UHw Bensvdeiled Bmbad Gumaums ol Reo@Gaums 2 ofbheh BenevsafledmHba
eTentQewTut L1505 (HSBSH6VTLD.

2 Vihe @mevdeie LnSHCHTe0 2 emLeumpmed, STUIFS  eaugdhHellarBurs Sev@HauTs
gTOpewiCemuienw Goupradled O@meaTenemd. @eMd Gemevden MWD (WHFFF WL HH
Bemevaemen alL BbHSHT euwgleren smieur SenevsBen sramiGeriul LNfls0sHBLULSNE LOSL

QUIT([HSHBLOTETTEN6L.
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Hlov BTEVBIBEHDHEG (LPOTANT 6UMT HMIGUT 6TenTOemIul STUIFS lRHHNIGHTEF CFlIH

OaTHB0IH6T  LWETUBRSSUILLL6T. SmieUT  cleniOemiuiuled SiLmidujeien  GuyFGermeor-
g QFIYLST HTHHD Lfleummed sramiGemiul SHeny Hnwons wrmeus @ Lydgneoons
SIMHHH. 61186 FMETELHHD CFliys OCaTHBmIBGI UHTE HOMUID 2 (HHE

3lV6VGH SiIdleiuis QBTHBEVMIHET LUWIETUTLIQED 2 _61T6IT6l.

HAmmOereveom  (eTewT@ewTUIIge0) Gumgieurs DUTBHEHTL L meul LHHC0CW  uulflLL
ubdImaEl. FHMOTE060T 6TamTETUINILED NTHTEIOTS (PTm uenELIL(HLD.

(1)  AmLmewTGemTUILILED

(2) Gevertul (h 616001 ETITUILIL|EV

B) BuGremtGemTuILiLeD

Reupmien (PpHeITeni(h umBHEHD BevmInsHBH 2 _flul HTeuFmIGemT@HWw. CuOTaTOamIUILILED
dedlenuest BT gedhBa dAP(WHEh CFUIWNILLL @@ 6uMSBWTGLW. 616TGleuTuIlILs06060
OxraflGwmed ereiupBl BFFemeuulsd SLmiIFlujeTen iemeysaiBeoBuw iHaT GuMILd FHmid
werrengl. OrefGwimed eaugl BFLUTH deuPPieEdH ANBCHTL D GHW. BGuOTeRTGaIUIL
yeoellesr OxyeflGuwimed SIL&HHD 2 WTUTRIGTNSWTD DFHmETen  BHenal o uwijeursd

sTeulu(bE S|

1.12.4 2 uiy 1vgev (Bio Diesel)

QumBmTeiw erflOuTHeTsemen alenershSmeTet eflQUTHEMTHI LWTUHSHHDHInIQUI 6T(6HS 60T
&6 2 _musHd CFuiwiul L Uy Gura@aursald Hiwm Hifld (WaTGammd &6l Gl
maier Braflasdear ysmer euel (pHed GuDHBmTedw erflOUTHEMTGHW. H6VGHMUTHALD
UTHIBTUUTSOD UWSTUGSSHHHEESTEHAID RHEHH0 Reueuend erflOuTmenseaier alGFL
Buieour . @sar alleweneurasll QuDBmrelwl V056U siflswrs alifleuenL HHgl.

QumBmTedlwid erflQUTHeTEaT WemIyHIIleEs (PYUTH @ FbH (PHOTEGLD. 61186 eI
S leTen  e1HTETLHHD 2 0dle0 QUDBMTEIW erflOuTmHeTseT HIbHHICUTHHIIQUI  Hlenev
asreuilu(bhEmal. Buad QuHBmTaiw aflourmeT SeaSHECUTH 2 ulFFsHaIHHMTHD
STIIUL L STUSITENS STURTOTTL HFL LTS LOTHMLOMLUID. DIHT aleN6T6EUTH 6U6TILOEIITL 60
CO, @a1 oiene] 2 wieuBsrlh, YGsmend GeulLmLH60 GUITEHID GONID NFHMISHHEOTE
SIMWLUD GHLoev LIFFFlenendend 2 meurdluerener. ser@su snHGUTE enliygnlssdbanigul
aueMmRIGMETL LWeTU(hSHF Fod 2 _pusd CFUIHe OHTLIUTES SHeusich CFeGHSLILL(H

QUMHEBIIMGH. 2 U] leF6d 6ITLSHI DsueuTmren LemUILSHIINSSHImIQUI QF 6TFEUITHETTGLD.

aefieomalwnsnrs sTeuy  ereniQemiuisemenl LWSTUGRSHCW 2 uliflued raFed 2 muss)
QruiwiupGdemgl. HTeuy erewiCemuisaT WeamlyBIUINSEHInQul RUINENE  6UNTRISETT (GHLD.
amBou ipamen aflsseonang euefloamiieo CO, @61 oene oHsfles s& STTEIOTS

LOTLLTG].
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6ueTLO6IDTL 6V CO,

HeMFBrmed
o
Gl @ QoG s6d)

o Uiy leF6v

SHITEUTBIHENT
\J /Z Qg GsmeD
SHreuy 616801 0l6voTL

2 ®m: 1.22 o2 ulflwed e&Fed 2 _mushd)

o uilfj Fed 2 MusHHHG OwxsBamed eufluwraig. QuDBprellws Hs5H0HTIH 6
b Oumid CayemeuseflelmbCs GasBamed GQupliuGHma. 6B  GgkBeaTed
uweuhsH 2 musd GFuwiu@d 2 ulf wegeomeg 100% Wenligiln1badhanigul elI6NTERIG6IL
vwetubhsHd 2 musd QFuiwiuG 2 ulj 1Fed DieIm. eTeTG6u  [hI6TTEwIEIESE ML
vweTubhsH sTBUTmaSHBIMenm Sievevd Couml 2 uljsHenlleysenens Qamemsi(h CLosGeTen
o2 _MusHdH QFuieugml GNSHIS Seussich CFIGHSILL (HeTengl. @eueummnrs 2 musd CFuiwlu@GLD
OagBearmed 2 _ulflwed OsBamsd eeaiu@GL. =2 ulflued GasBamensol uweaTUbHHS
o2 MugHd QFuwiupy 2 uly wegeomerg 100% Werlygssssanigul epsoliQUITHeTHN6NTES

Qamewi(h 2 _Musd GFuwiulL 2 ulf eFed GLD.

sTeuy  eteniGemibened SILmIEweTen cpdlefFamrl (hbmen cpeoB 2 ulj lFed 2 MuUSHE
euiwinpdeaingl. wcpdefigenyligsd SiLmIFLeTen  Gameouulleol u@gdHenw  Godlsd
aasd] FAME - Fattay Acid Methyl Ester ops wwmpmid  QFweiwpenm Hymeid  6&HH
ITHSS SHTHBLD eaealuBL. @R 61&FHS] wHOmTm 6&:HSITE  wIHMUUBaCsH SmIE
BlawausT@w. easdwrs NaOH vweu@iHsiu@w. Cohremmid o ulj e, deflg@rmepid
ReIMIL QeI Hevlil HeLMEOWITHE0TED, BTewi(h DiaUSHMBBNMTES Goupmdld SmewiliLBLD.
@b 2 _NusHF GFwer wempulst Ursren uss alenenea] Hafla@rmed S GHW. HNHEMLOW
o2 Ulj lege etaiug Gamupliudleomisafer GQguled 61gHSHSHTHeT FeoeumesT HEVEMEUUITEGHLD.
ILTHH Gmmeurerr 2 ulfluied egeomeng Heflg@Grmed uewL g OHEH@GWD. SHT6uy  eT6mwr
@eruwiuiso RCOOH eugeu swngen GQamupliudeomisst siLmidlujerenersuruiest NaOH o et
s1sab Ufha Faujsaty wrs (RCOONa) orm QL (pewi(h. Sieusurm Feujsbsmyd o mus
Hwm@Oweied miewy Caraim uCGxsm(h, easduler OHTOHUTL (HEHEGHW SHLEISN GoHubLD.
aeBou @FHMETHI LWSTLUBHSHID HTeUy eTemiGenuiseied &wmder Gamuoludey DL &HsLd
2% (W/w) @suid GemmeunasTad QhHH60 Geuswi(hd. Siflevt GQumpomend (acid volume)
0.1 mg (KOH)g'ops BmsHs560 Gouswi(HLb.
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2 Ul g0 2 _musHuler SigliuenLwimed Fe0 LIQLPeNME6T 2 _6iT6T6l.

ugenm: 1 epeoliQUThHeNTEL LWRTUGSSHID SHTeu] elewtOemuienwill Lflaflghaev.

ugpemm: 2 omEdHld Hevened HWMHESH60.

ugpenm: 3 cpdeflgenyl (hoH@GHw CaHBamals@GHL G Buwmear HToas BedF CFuise.
ugpenm: 4  alememeysenen Geummdame0.

ugpenm: 5  wrassenLmIEW 2 ulflu eFmev Gevd FisHHBHEH60.

qapemns : 1

sreuy  etewiQevuwiulled oILmEweren sFwrgHer QasTIPLULIVEISEDHLD FoufaHETILOmS
BNHG 2 6TenT@GHL CFFeneumsEHd HHBLULBLD. RHET (PeOD HITET06IGHHBHITHSSH HTHEHLD
epeold 2wy elleweneydser QuUDPYaIBHTH, HMLHGW 2 ulflued wFeled 2 WFsydoHs

gruisnoenwiujb GuemteomLd.

LgupemB : 2

OwzgCamellsd NaOH eoasd]l semyosslinbheaus @UugwsanpulsiCurgl QFuiwtiubBausm@L.
Hestenny @dbpeveneu SHengdleiaenyl HLeT (HTeuy erentOemtuiulL ) CFyséalubLD. BiseauTs
OxBaITed o1d RHGHH0 W (poHdlwnmargl. LWSTUGSHID CxhCamelear enad WS
wpaAwreigl. CgBeammsd : cpdaflgemylB aldlaw 1 : 3 guimid @miE CsGermed
QaFmpu  Slene] FabFonsF GFJHaEUUBLD HTHBD LSEHHSTHHOTE SHHSHMID alener-
meu  IFHBFILH0 i UmBaIUYF QFUISMIGL DIHDEHTERT  STTEIIBIGETTGLID.  6TeflenILd
OzBeamed mawnasdF BFFsalLfBHaHmen. GLogBammsd Wemaswimrs L liubwomuler, 2 uly
eFelled BmHHH CLHBaTensy GounToGeusl FNMIS BQRIDTHTGHWD. FTHTTET cpdleflFenyL
b&aMa QuTgiauTs Ml UGS CwsBamed GCFysbalUBLD. HaTausTajluly @@ HIAI6T6]
OLogGeut sIL6iT 4 Heviaueney cLpdeFenyl (b CaasiBo. NaOH @ixg Gusodsores KOH, Gamguib
Qulstiemsl (h (NaOCH,) Gurein Gsjemeusal goala smsélsamel LWETLGSSILGLD.

Guweytp MgO, ZnO Guneiip CFFemeuseT LsOeVIed 2ambdlHenTall LWSTLBHSHSLILIBLD.

uqups»s : 3
LOGHIFTTPL HTeUT 6TenICeTUIULD @eTmIL QeTTeiy SHevLliLgHe0meVWITHE0TeD, QHTLFFALTHS
sevadweurm Qeultiuilenevenuwt 50 - 60 °C aiFdled emeubdmaosiubd. HBuTEl SrTeaigeiads

ITeheS HTHHD STIeRIonsd 2 ulflued weaaid @leflF@rmen elemenasenTad HenLdé@Lb.
qapemB : 4

dysren  alenenesel @M QITEIm  H60LILHEOMEVUWITH0TED, RT6WIH  H6UHMHBHETHLD
Goupras smewiuB. Gumuentulled 2 uly wFMIb, STEHHWYOTS wdellFeanribh, B
eyl (b wOMID QFTHU  SleeyHeriled  HeFBrmed, OGomBarTed pFlwest  iLmISud-
MmB@SLD. SPpuumLuled Hefla@rmevier Goevded GCLomBaITed 2amebdlEEHD DL mIESul([hHoEL0.
SluGHMmS CaupmesssdHar et @liuenL e Geummadlil GQupUUEBLD.
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Lqupe»®B : 5

2 ullf KFd JeuHmBMHW BHFld HUOEUSHRT (PEOLD  IjelalaSHmBUlled BMTHDH
Blemeouled 2 eitenn HlelF@rmed, GLHBeITed 2amsHHeT SpFweumenn HBHHLTD. @MIFHWITH

3P0 sILmISUWeTen BT GeuelGuipmiu®BLd.

o musHUTGD 2 ulf g, HalaCrmed ol Qrewi(h UHLB6VID LOTHHHEMTSH
Bglwrsaeien CHOH oimslulpss QLwsni(h. SuuomLomw Gaprssll GQupmp
Qeuliu GuPmiusen cpeod Pl SLmISUWeTeN QLHCRTMED HoHHeOMD. BbHSH
OwazBamemey  ewi(hd UWSTILUGSHHTD. 2 ullf leFeled wreHGHeNTE 2 6iten NaOH,
HeaBrmed pdlweupenm BoEHW S ASHTLTS Bosd GUINSEF QFUIH FeHHsHH
sUuB. Wetenry 2 ulj legeled Gzpmidlujeten BT (FFellly) BaésUubBLDd.

0
CcH—0——r
I 0 ; {i,'HE—'DH
cH—o—— +3cH,on NaOH __ 5 p—C—0—CH; + CH —OH
| 0 2 _uilifluied tessd CH,—OH
3 _ ._!l_ - -
CH,—0—L—R (FAME) SefisGynst

2 ulj g rHflowraemensd swrfliugsnars gssTe 0.75 ¢ NaOH genenr 25 g Gog

Genimeley &mIHHIL GuUDM HemFFemeouwjd 250 g GFmwim steTGemTwIeNWILLD LWSTLIHSHHE0MLD.

QumBmmedlwid erflOurpeTseT Wemlysilss (wiwrg (Nonrenewable) @ F&8 (pHeom@GLD.
UMTWMDSGULL @ Fohd euenondlw QupBmmedwid, yeluiwed FHuled 2 ev6EmiELd
Fymal ugwblld smeuiuLaleoensv. sanBou LmUBGSHST eTeuiCemuiwTeisl FFeuGss CaTLIY
sofleuid FFouCahF IFFweleVId 6uellenoSES HTHBLOTHI @[ STTERILTHS SHTLILGSMSI.
DIETTEMLOSHBT60  6UFeLTMAN6D FImesr, FIma, FHflwmr Gumetn BT(HEemen enwwionsd QHment(h
WSHSHEIH6T, GTHeVH6T JOLL L MIDHBTEN (LP6Y HTJewid LeniU(BHHT 61601060l O (FHLD.
uewTu(bHHT etent@emruiwmendl QuHECDTeiwLD eflOuTReTHaT 2 MHusHd CFUiusHEGHL UHD
aleneneysenTad HLbGWw Crmad Gayemeusel WHHH 2 MusHd, LemTsHsE 2 HusHd)
Spdlwenr QFiwiu@Geugib, CFwumens @DUUT 2 PusHHeEGHs BCHemeuwmen @ LGS WmIS6T
o2 _musd GeuiwliubGausnG uwasuhSSIUbGHamenwTed QuDHBmTelwds nadhHOHTIlev-
g Beier wald BTaflesHar Bubss FoaHuTs 2 HOBSHHITNHl. BTURTOITTL DFL 1960t
3leN6] AFHBHHHIEF CFeveusTe0 LGHTeMD QeuliLbenL Heomenngl Haen weld BTEfla 68T

OaTeni(heTen LIFSTOIOTET @H FoUTEVTGLD.
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Cuovd'» DIBPNHBTH ...

Bemlyasiss (wpwrgs (Nonrenewable) @@ euemondlw @pbsd QupBmmedllw euendhems
welsar HEHL CaTevdgibamouwl g BauleumLbg COFOMId alsw CHTLIUTS
seuMHF 61b. Bs. amjul etamid Quendsailwied Hiewm alehepTel aleuflGHieaTenTy. Sieuy
(weemeuggleen  Qametensuleiuy (Hurbert Peak Theory) aseuenggdlm Gametemiiulbw
wrBsemid yaludwm NyCsasded GUMBDTeiw eTemtOemiul 2 MuSH IHLOTEIH HTeVSHHIL 68T
LTNIHeOTeS el augeus BameusdBeoBur (bell shaped) Blaupld. FandhosTens HHT-
&H60, e1flOUThHeT HIBTEY NHBHGHH0 Spdlweummi et Fnl Geu QuUDHBMTEIwID erflQUITH
endaTer Caeral FHafliusTed UmLBHBT emibeul 2 HusHHmW (RH 6UHLSHHE0
2 _musHd CFuiwiu@ uesiubBSST el Tiuruiseaie elenienisameemnul) DiHsHT-
&5 CrFBL. 2 PusSH aissHmd DHBFHBNIL T Fnl Bou eTemtOemiuIsh SlewimisaT FTihd
UeRTUBSST 6TenTOeTUIUTET D66 auenTWMUILBUSST alenenaurs, 2 MusHd aisHms
Gueid SiFsfEs (PRWITH WL LGHms / Bamevenw SenLujb. 61ea1Bel, @ 6UHLSHH60
2 MHusd QFwlu@L usuBSHST Gl iuTwisellear aeauelomas 2 FFsHhms
LB Gxetall smewrliul L Gurdaid UeBTLBHSHST 6TeRTEsmIUT CUETLD 6UEMTUINHME@GHLLILL -
SHTMSBWTEL 2_MUGHFH aihHend LTOHTH 2 FF L LGHe0 Guewt suy (pwing Blened emu(bLd.
Bl @ eUBLHHL 2 MmusHd QFUWIUBL UmTUGSHST eTewtGesuil  HliuTuiseie
eTeTenildbend LIQLILIQUITES GDMeUmL b 2 musd aisshdled allpFd (@mésd) gmulblbd.
S0wfléds Mmedwds GRurs 2 musHd QFUILD uesubBSST eretGeuruil Hlumuiseie
sTewtenibemd 1965 - 1970 Heriled 2 FFHend eHLUD 6161 1965 Camiul e1(hdHHisH STLIg-
emy. 1970 sWlubCural Bbs adljeysmmed o miHwurdwgl. u8smen FHulsd, uTLBSHST
eTeaT@emTll 2 MU S 2000 LD DLEWIED 2 _FFHMS 61 (HLD 61601 BHOBTETNE FnMlueTeng).
Sipet Ueien], opemiGLTemisb@ 2 mushd QFuiwin@G LesiubaHsT elent@eniuiule oieme]
GMMEUML G QFOMID. sTeveuTTUIID 1995 BT Levtenr] LBTL(hHST 6T6miGemrl 2 M-
&F aisorais @bs WrHflow dlumLwTess CsTani(h, 5flalss alasdHein Fnmi
Goumu L. Gurdsuid Sigliuentufled Bxpulsuent b CFONID aIOWSHMSBW BTD HTMI
BLbHFH OFein euswienierT@enmd. GHPIuTss Go:memowl FFuied STIewiG6T, LTHDI
uIFHS, rflOuTmeT alenensdHmen Wes aehdaisen 2 musd QFuwiulLenw Gureim
alLwmriseT, Gumuy GCaxuwieuswLujd ez Fnm CoumUL LendEGHs  STT6ILOTSU6T6NS].
&6 2 _m 1.23 (a) @60 uewiu(BGHHT GBUI 2 _MusHH CHTLIUTS (LpeTemeudbasliul L Camiyul

o2 Fg OpUI eusmenull STLLUUL (HeTeNg.
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s (HLilgdsUUL (HeiTen  eTewTGeuTUILILIg6) & 6iT

250 = 10" BBLS
15

® [250 %00’ 1. THTBTVSHH60 BT (HLIYSSILHLIEN6Y
S |BBLS b L~ 910 = 10° BBLS
E 1 1 1 1 1
& 1 1.‘
B { Y
; [}

. _ R 5 q

Freawi 2 puss & N,
90 = 10° BBLS ™ 3 T—— ‘\_\
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2008 |.D|_|s;s\)
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uemiLBSST CBUW / CLTsE o MHusSd
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1920 1955 195H) 2025 2060
2bomiB
2 ®m: 1.23 (b)

SWIB UNFSH 2 _PusHHF QFummilL CsTLIurs @edhemeu Gsmetensule (Olduvai
theory) Lg (peitemeudssILLL @ suswyy 2 h: 1.23 (b) uled smlLiul’ BeTeng). GLUHLDUTeYID
1930 @ai1 2 _pusHud 100 pemihEEnHGHU ey isTeug 2030 Qe 2 pusSHujd 100
II(hBEHBGL LIy igTeug 2030 oo 2 musHd GFuiwinbd eer stdHumyaobslin(BLd
auIFHS 2 MuSHHUD GUHLDETEHEDHL FOWTS AL (Pewi(h 6115 SHSLILGIBTDSH. DH60T
asryenionsGea Wenlyg I lEssH55EH cpeoliGUT[HeTHmen LWaTLBSHSH cunFHd QbhHHDY-
BGHSH HJ6y STWIUSHGW BemUYHIUNESEFnQW  POLIQUTHOTHMET  SQLILIENL WITHEH
Oamewi(h UeLBoum Camans GaFyemsusenen 2 _MusHd GFuw (WenmulwedseT OHTLFUTHLD

2 _euasamaill Slenaled HEUTD FHELILL (HeT6ndl.
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1.13 s»BHASTHVHMTEV GlauaTGUIBBLILIHLIGHG HTJGRIDTH [H&HAPID

MATIDTFML_FH6V6s E)J FTUIGTATUIGV

1.13.1 9pdsv 106mIP

LML 6TTUG| BT UL LSHT (FoHBTHH6T) @ Famm@Gw. Yyal Cumurliied o eten GeusiGsum
BT (WPH0B6M60([HHH DLONUTHED SHTTEOIOTS BHITEIH GUETILDENIL 60HMSB DML UILD. DIGUEUTU]
Blenev BITeIg euafoewiLevbHe0 CeuaiGoum &TreniEeT @Trewions @bBmidb Wewiho el
Gupurlieny SimLBD Uy aipdFd (precipitation) sterliuBd. Lge| eiHFH L0 eugeuEIsm-
efled Mlaspw. BF SHyeuors LYalGLHUTLmL DML G0 MaIpFS srerliLbLD. ig Hlevwio
Blemeouled Lellemw SiemLgHe0 wempliuei (snow) wmmid ueiwsnlp (hails) steriuG. Gemeu
saly Guetep@uet, Geustenenmusl s fm Hewismasents (acrosol) @BHEIGHMSTILD
B7 yel Gumurlenu SienLujd. Gumuy amhs euduled yalemw SienLbsBUTHeD, euefl-
LewTL 605 HeHbaE LalbGd HmLb@G HOT BeulLsHe0 0EF HHHOTT B SpGLW. euel-
LOGWTL 0SHH60 266N HeWiog, HIWNHMBHEHD SHMTHS HemeouTled 2 _6ienm Fev EUTU|HBHETT60T
0,, N,, CO, epdweayd sailjbs Goum absl usrissupn il Bfled oL mEid
wWmliudlevemev. @eleumTmied HMIHS Heneoulled 2 _6Tem euTUHHEH6T HTURTOTTL ehal GL
Quflgid SHeuaGHMG 2 _6TenTdluleTengl. eUaMeIL6D HTUSTQITLmFL(H BfleL SMIHIA,
pmLer CFibhgl Geiandey Qumeaiprdlu sruaissllleosmaesd CaToHmIOIIUCsH DiHMETe
STTEWID D (GHLD.
CO,(g) + H,0(I) —— H,CO,(aq)

sTuaidsilevd FDmid (heleurad) Fnl LmlflenswenLbg BmLet H siwaisaneand CFjsh@Lb.
H,CO,(aq) ==——=H'(aq) + HCO,(aq)

@zt alemeneurs wempkHHlear pH Gumioneiorensl, BEHBmeowns Bilear pH Gumiomers-

Hevlld FDMISH  (HMMEUTHS  HTETLILI(HLD.

FHBUTE susfluled oiLmdlusien sTusiGIT el (he sl Lenwliurdw 400 mg dm™sisdevg
pH (0.004%) maé smawBung) wenwpbilear @wle pH Quuiorend 5.6 op@w. SisTeug Geum
hHF QFeLEUTHGD RevevTHOUTHID LOMPBT FNMI HLOVHBHETMOWMLLISTSGHLWD. RbHSH
QFmoHU SIOEVHBHERTMD BT 6UTLD DEIFHBEHHCHT, allHaisCsT, gemenut B O&HTL U

QFWSI(PMDBEHEHCHT LUTHBLONE SMDUHVMED. QHl @H FTHTTEN HIENEVENLD DY EGHLD.

oeflemid, usLBeum SQuiPpenaswmer WOMID Wellssh CHTWYNHUTHST SHTFEUIOTS VS
SHETMID 2_WIT6UTET 6UTUWHB6T UL 60SHIL6ST BF(HID. MBBHIFaNeET b @Lendl (h
(NO,) aumwss@pid Feouflen (shsHesdlan) e @Uemsl B aumusseEpBo (SO, ) omeuwn-
@W. wBBHIFNET L RLMFL(H euTwEHeTH, mbsIHfleaTimal (b (NO), nbsyaet
Qrriensl (B (NO,) opdwaumenms &mGHeonid. seouflal (BhssSH6) AOEVSHSEMIOU]GT6N
UTWBme  @Lensl hboseme &hasaiormimsl b (SO,), sbsswparioms ik (SO,)
S WUDEMS B ([HBHEVLD.
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MBBTFATOI DOV MTU|HBAT GMATIDGINL VDHIH6I DUIBENHF  GNFUIGH 1PGIMBL_63T

Crmib oM FHaT

DUIBNBF  GYFULIGH (PGB b 6IT

WestenrelladIBUTEH eueiluled 2 6o emBHIFST 2 W Geuliupleney HUbHmeTHerier S euef-
ewiLev @LalF@iarn srésd Yfiba NO, NO, spdw aumwssments UMUIS@GLD.
N,(@ + 0,8 — 2NO()

2NO(g) + O,(g) ——» 2NO(g)

Geaid 6Tfloemev GeugliLy, @GLeVs0 euTIP MBSIFNINSS UDPflwraseT cpeoapd  NO,
NO, e pugdurésiuio.

Gueid srHMieTw BlubsHamenseiler S mbHIFar SLmISuleTen CFeneusemen BFJeneudsei
BlewiemSl  Oflossed o emmaugte o pusdurgw iCwreiwur sty (NH,) euefl
LOETL 605H60 L FCUDHMLOMLUBHTED SILOGVHHETEMIOWITE  GUTWBIENE DHSHTFI  BFTemeu-

&6 BHTHmIaN& @LD.

BHSH FHeL QUDMBF QFWST(LPNMEBET HTTIOTS UL 605HIHHD HenLbGHW D6V
SHETMIOWITET auTWBlenevd CaFemeuseflasr e 106F QFTHULOTEIHI. DIH6IT HTTEIIOTS 66N
LOEWTL 60SHH 60 @eleUTmTeT RUINNEBWTES 2 MHUSHWTEW BHSTFONST DLO6VSSHE0TeNLOU|ETEN
aurwsseilar sl Lenwoly Wasd HAvw CQumionatomeuCsT(h, DiH WMIPBT  DLOEVSHHETENLD
wenLauded GO 5HEH eaydsGHF CFeoaTHGHF CFaIHHISH0Mm6V.

DT HF GNFUIBLIT (k36T

MBBIFST  SILHEISU6TEN auTWBleney blevd BFFemeusenet eauafioenieushHe0 alHalld @
Aysrenoret welsd QFwumurd euTsaimsmeansd CFISHIUSNBTEH 6TflOUTHMETS HH6I(6H
QFIHOTGID. 2 L HEan slghFlafled (eursmen elehFlarilled) s 2 wWiTeuTear (PSHBHH60 auerilujd
FHreu erflOurmend 2w GeuliuBlensouist S saaiosnLwd QFuuiul (b FhHaet GQuL
u@Gw. QurgleuTen Bubsmaiseiar &b, STHSHWOTH @G euTujeurau N, euruy Geueur-
prer 2wy Geulin SwEs Blubsmeaisaiar S @l Ao srasw Yfihg LTsTenons
WBHHEEGH @LenFlamLsd Caxrmmels@w. SbmbsIHfleGd @Leangl (b suaflowL 605360
Gueyd @LABCWMM ML HH MBBHIFAICITLmFenL g CaHTomials@Lb.
N(@ + 09 —> 2NO(@

2NO(g) + O,(g — 2NO,(g)

wellss QewpurGoer sTrewoTss Coramid sl NO, aurwsser, BT ibles-

Heend QUME SHTTEmILOT (GLD.
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BHBHBDHH QDL MNFIL_(hHBAT MATIDGINL 6VHHov CFHID Il b6t

UM BUITOT ML FH6NT

e1floensy  QeauglileGurg FmbumBL SHHHIQITLNFLBHO SLEISW euTudEeT GLHL6T

aled suafioeniLsudhdlev GeuafulL L. @ealeuruibset CrruiTs cuafioesiL susS L 6T G HLD.

Goeapd sTHMlEdw  Blubsmaiseflar S FWHATEIGT LOHMID BIHENOBEMNET Q-
SNMGHHL ML WIETe0L BlHPLD. miewiewimIds OFTHDUTH STTRIOTS MSHTFIT FeoenLL (h
auTwemey o Musd QaFuiub. @eiauene] eueiioemiLs0sH0 QLU FCUDDIOML USHTED HHBHH6
QrrienslemL g Carhmels@ib. aeeumpruiamib afliveme Gangliy saljbsall Sg H S euruy
sueioawiL 05860 @l FBWMHMImL U aleneneurs, o pugbdwm@d SO, euru] euefloami 6v-
HI0 9 GMSS FHSIILGHM SO, Gedle Bas GmPHS CUDITESMSCW GUDILD.
Baa8urg QUIDMEWTE UL VSHHILST CFHLD ShHHHATICTTLMF.(H MBI JiLblevd
seiemo Qumieudled Qeuiujd umselly WeWss GmpeuTasT@. (sTflensy Geuglifes
Hevtenr], oigFTiHS dev LyCaamiseied ibflevweny QUTOBHSHTED UHeuTdluleTeng.)

WHTHF GNFUIBLIT(HIHATTEV

URTL(B ST 6TeTQemUINWIF HSHHBFLILSTEO HMLBHGW  sTafldHeomTalum@Gd HeaTeno (& enm
oumedt 6TFIQUT(HET eUMBHENTE, o6V, 61fl sclewr@Qemrul GUTSTMEUMNN6D LOTHBBENTS &HhHBHHLD
SILEIFW CFFemeusme STeILILBL. BHHHD DLmSU|eTen CFFeneumeilens HHID SHTeIIoN S

B5CaTemeuset HHHHAIOTTLmFL LTE Lo 6ueToewIL 0SS 66T GF(HLD.

GBI HeVSBFIUIL 68T OTFSHHNMTHS STEOILILBLD (LPEVBHIEN6VH BHBHB(PID, BhHBF BFJenerd-
@nd (FeS) plevdafl saamomLubCurg U dlCumppwamLbg SO, 96 ML 6085860
Csmb. @by walss QewpurGeeT sTFeauiors 2 PusHUTGWL SO, g WTCH@ID
GMNss BLéH e oHs Senaled euefioenieudhgiler GFmD. @Her  alleneneuns,
@&MNHH BLHMHF (2 _FHTFenild: Blevdsf OETaIMUSSH MHens0UID) G666 aIEMLDERIL 608561
sl Lmwile ofhs oenaled SO, smevliuLend. @& alss QewmuTHS6T STJEuITSS

Caramid ouflev SO, opaig WMPET llessame CUDS STTEILONGLD.

NbevF GaJemaudbai weWhFssi pH QUBIOTITHMNBDH SHMBHSBHID ML BT

elehdefled Mawd HaasHaCurg NO eutu] o musHHwm@GLD.
Ny(g + 0,8 — 2NO(g)

euraeill LemauwL e GeuefGuimid NO oz suafioemilsugdlsd Gsvid el SGWMMLOHL hHF)
NO, ms Gsmpmieis@Lb.
2NO(g) + O(g) —> 2NO,(g)
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sTHOILpsienGurgl @k NO, autw] BoLeT Csiba sTaewnm eusieieowraul HNO,m

o2 _musd CaFuiui.

4NO,(g) + 2H,0(I) +0,(g) —» 4HNO,(aq)
256510H aueluLar Gsmw SO, eumweurerg Goeud @l dCwmmemLbg SO, euTujeme
o2 _musd CaFuiui.

280,(g) + O,(g — 2S0,(g)

@eueurm Careimid SO, poLal Caibgl srésd Ufiba H,SO,msé Csrpmiais@n. G,
sTHCoT L eitenGurg SO, eutwy BrmelujLer sréasw yfibe H,SO, oise wrmibd.
SO,(g) + HO() ——— H,SO, (aq)

GuwBev &@mLgss HNO, , H SO, o8l Gajemeuse suaiandeomsm@d. FCHTmeuser
BT LLTemIoTS SIWSITEHEBOMLBS HHLAT JHE ienaied H30+ Slwensenend GFJah@LD.
HNO,(aq) + H,O() — 5 H,0"(aq) +NO,(aq)
H,SO,(aq) + 2H,0(I) —_ 2H,0"(aq) + SO, (aq)

BeUeUTHTE  CUSTILOVEIHET (LP6VLD HHL T GF(HLD H3O+ SIeIH6T STyewions Hifler pH
Quuuorenoreig CO, &mIse &Tjauionss GaTaimid sTuails Sifleod (P  GmD-

auenLbd pH QuUDILTEISHID GHemmeuTer GQUDIDTRIGHMS DML U|LD.

Beueurmna WenBHHLET suaiaidleomiser GFjeusmed pH Quuomerd 5.6 @D GHMDbHSH
QUMITETHNDH DML FHEVTEIHI 6U6N DIOEVHHETMIOUIML FH6O SBTEUH SOV GIMLIL 6D
eleiu(ho. @eueurTore B SiHdE Semalled BSHSHaTmD CUDIUSHTEL LD LIFFFeneumer
Bz mevpiuyeiteredt.

B DDV FH6IT6NIOUIGNL_MIH6IT LITI5 L 36T
Byeum) omidsen BHifler pH Quuiomen wrmey-
&5& SFs 2 _euHmeneid ST (HD. 61616
pfler pH Gumiomend Sl ojemel Cevenid
GHMDH6L BIGUTD SIRISBEHHEGL LTHBLOM6I-
STGHW. BB leN6NeUTS LOGHIHEHLD 6J6eN6ITUI
BIeuT) SIEIFEMNSIHID BLHMHDH BBHMTELRIH6NT
LOTOMLOML H60, 2 _MILLHH6MST euenFs HemL L
UBSHD, WLMLBEHD WPHIFFH wenLwmsh
IIEISBEHD  PHO GuTeTmemen  [HlaLD.

SIFTeug 2 ulfl usdeueNBMLD LUTHSSLIUBLD.

GBI (LPHMBDH BHUTHMHMET 2 (HeUTHGHHe0 LURISIILF QFUILD (WpHemasl Qumeil
ysem Gumeim elevmiGEeT @mUUST aleneneurs, (PHMBH SOHUTHMSHT GHTaTmioug

SOLUUBUSIL T Qeuaflmevis @ 16T GLD.
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Gueud, a&m (bl UyCaamiseaied QHTLIHSHID Sidevweny QuTIdeugser elenereuTs SHTeuy

Aemevaeriled 2 _6iten GHBemTOImIed SIPUBTED DIGHSHTOUTRIGET LIQULIQUITES SME@GLD. BT (HdH-
ofled FTeugmisen GelHbgH SOTHI LIQULIQUITE BMBHHEOTEIH HOGVLDENLD  HIT[JEILOT S
STOUTEIGET Sfuendd GNHH BDHGD @F SueOUTGLD.

Gueyid, SIBVIDENLY  HTTENIOTEH  LDEWT
SIO6VSH  HETENLOWIENL USHTED  LOGIICTNED BT
WIS, LD6WT SIEnLOLILL 65T SmIcbaLomall Leneuh-
FHloeN HFHG SHevrenowinel 2 Geors DjuIeTH-
emd (AlF, Cd*, Cr**, Hg*") opmid Geumi &8
SHITEMIDWITE DU  UMBBEHLD  LO6VG
HHTENLD BHTTEWIOTHD HEMTHSHI HHL6T BGFHLD.

@sar  allemenaurd Hifled 1666 &6l 6ot

Qe HBFIUSTED DBBITETH DIBISSH6M- _
b WalSMFHID HST @Gl GQUT[HSHSHLHM 2 ® 1.25 - &G Siflpe
SIBHTOUGH UTHBOME [HleneVenUl SieNLU|LD.
9 STJ6u0ILD:-
o Bfled AP, Fe** wmpmid ury o Geonamiseaiar OCFmMe iHsfsse0. @eleurmmer
AP Fe* 2wy Qafley Bioump Simdsens@ Quflgid uwliueeur@L.

o Gued LoewuTenNled SiLmidluleien HiewIGUITFememt cpsvsmisenTen Fe**, Zn**, Cu** Gumeiim
2 Boumad SlWeIE6T kil 2wy ibevssarenoulst (weraflensouled allenyeursd
BMIHGH LewTenlel(hHbeH CeueflGuMIEUBTeD Lo 6UEITLD (FHENMEUHL UJLD.

o GEID 2 W IIOVHHETMID HTJERIDTE OGN0 2 _6TeN HELFWILD, ST
oML SlVIOleTwD SILEIEUeTen LUTEMMHEHD HENULMBISEHD SHMTHEH AHHBLOHBOTH
BhHLeT BFFeusmmed HiflesT eueienld DFHBfleHELD.

o 9IUTBM, JIOVSHHETMID BTT6IOTE 2 BeomTdsHTevmen BiFomeuiliysefer ifliy
siflswenLoumpre0  Seupdlar  QuTmlwpenms Fé8 BelleuanLauBHT(H UL STEV(LPLD
(&HEMMEUMLU|LD.

o Guaid, Fevemeudssed (millem) Gumeim &e0AwID STUGEIHMIL UTMHMHETE0 B(HHSH
2 meurdaslulL Fenevdel /| FDHUBIGeT MDD eenetwl HiFwreniliysser Hiflsors
SIfilysbE 2 _6TenmaubT@GD. Seummled 2 6Tl HIEMISHIOTET  QFHIBH0 Bousnsvll
urset HMiba Cumeu GxmlH SieumMiasT sugsommHmIL QUNITEIIPLD (G 6TMILD.

o GuaID HawesH0 GFJHEH FIHMBUD SFHMHSWL vweTUubh S BiFoTenieal
ulL eiB®eT Gumeiim SLLLMIG6T oML Bjwrenilysseisr euelenw / 2 mids
HETENLD (HMMEUMLUD. FThGHl, FobFH GUTETNEUDMED 2 _6Tem HMTHMETT (& ENMEUT 6T
sTUBsIMMIF CFFemeumssT ILOl6VDMID LOMMILD OGO 6UTU|EHEHET HTTEWILOTE HEVI(G HED]
Wb sHestenouleren FeoBumml wOHMID MHBSHHCTOMIF CFJeneusenTd LOTHMLOENL HGTMET.

2CaCO, +280,+0,+2H,0 —, 2CaSO,.2H,0 +2CO,
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SNH6ev 1enipsnUl RNEMTHGHMBBEH BL HHDInIQUI AFUIBLIT(HIHGNT

(1) plevdasfl - L&D auNFsHS 2 Musd) 5165 6V WLITEI & 6111 60 &b HD SIL & BLD

GmmeuTen Blevdssfl MM leFed LWTLHSHHIH6V.

(2) auEsd 2 Husd Blmeowmsalelmba GeuelGumid SO,Curain oifle auTu|SEMmen
QeuafGWIMMICUBDEHTHL QUIT[HSHSHLOTET (LPENMBEN6TEH  ENHUITET6D.
(i) SO, eLea1 gréasbd yYflwssgu usTissmamans GCsiss Bevsaflmus
BHBMNHH60.
(CaCO, Fliclized bed combustion)
CaCO,(s) —* CaO(s) + CO,(g)
CaO(s) + SO,(g) —— CaSO,(s)

(i) Vei@pusgs BHmeow  GeuafliuG  eurulelsd siLmiglujsien SO, @mens
glewio BlenevdE wrmmiseo. (Ca(OH), o Lear grédspns CFuigHed apeold
Lime slurry process)

Ca(OH),(aq) +SO,(g) CaSO,(s) + H,O(I)

(3) Mevaafl, aed SpFwPMIBSGH UHTE @60 Cowiomer eflOUTHETHEMET DIE0VSHI
LTHMI UNIFSS cLpeLmIGB6TTET EHTUIDMIFFHS, BTHNIFFHS, BLVMVFFHS, LalGeulLF
Fad, BsHFFHH BuTSIDeUDMDL LWSTLI(HSHSHIH60.

1.13.2 1158&sTam Qeulind 2 uiyHev

@ Ueluled e FH60 QUIDMBWITET QFW6T(LPemMESaT HMID eigeanmed GauiuliL@Gr
FH60 QUISHaIWe0 CFWMHUT(HBHEHHESGT FhHHMUW MUPRIGLD LITSHTR FHd (PHeD @ Flies
GW. Gflwmis@ yal 2 LuL a0 Camersens@h @enLBuw Geumieniowimer GeueilGuw
srenill LGNS QB alewenours, Gflw FoHumerg sHFOY augausHHBuBW Lailenw
SIMLABNGH. BSHHHTILTOIE LNFSHTEOIOTS, HLLevTGHW HHTIY, CFmSpssHTIL LHMILD
aPwsTsd HTILTSC Lalmw mLdGmsgl. Seueumprss SHmLos@Gw sHIUYF FoHd
wrenrgl Heluled uevBeum sFoHdHblemev LOTHMEISEHSHE 2 6eTenmdl, wWewi(hw Leluledmbal
OeuefCwpsF GFeveid. DiFTeugkl Laluled FoHHF Foelensv STenTlIL(HESTDSI.

Aeueummrall Yald@Gsd SHmLb@Gd aHJuys Fodwumeng Lalulsd uLsOBeaum OTMHMEISHEDHEE
o eTenmeusat alleneneurs Laluled Geuliund 2 HouT@GauBsmH  DieuGeuliuD STFeRIOTS L6
GeulioemLhgh WTCHMID GeuliLBlensvenl SenLU|D. G FlweledmbaH HenLSG0 FoHHWLTEIG
@eleuTm WTHMEIGBEHEEG 2 _6tenmd), Weni(ho GeuefGuinsd GCFaim FoaNemevenUl DN 6l-
se1 alememeutd, Uall CeuliuBGuomid Siene| WIMTEH STERILGES RTINS, RHaT alaneneauns,
RLB Owrszswrsds SHAHMBUID Ualulsr gFrrsfl Geuliumenso wwTHTL GQUOILLTETSHMSLI
OuDIFSGIWSE. SLEQUMIOTEID Sewiewieneurs 15 GFeodwed utenas (15°C) gy@b. ereleur-
pTWieid, el SHengh SFHLeT STL (B 23.5 uTenaddF FTule] LMMID DIEHEOTEIEE DI
Sieme] sryewions  Laluler GeusuGeoum LIF8HemIBEHHGHE SHMLEGI Gilw  Foddlule
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Qanley Geaumium(p, umeusTev Geumium(h Cumssim LOBsuM BTFewIEIGETTE0 Laluler GeusiGeum

WyCxamisend@ OeusuBoum &TevaiFsisseilsd Geauliumensy GeusuBeum GUMILDTEIEIEEM 6L

Qumjb.

o gnyewid:- wWwHAW GCaTlenL ewidshs FCxHamisailed 2 wieumer Geullu  Blenev
asreiliuheuCsr(h, G (B WWeISew @ FITess sTewiluBL. LSS
Barligelphad Hd wHsoTs HiHaul NFCssmsamen BrHTHHF OFe0aIDBUTHI LIHEUBT6ED
wrmod Qufigid Haly WL aiCHT(H pewiged GeulluBlmey AHB leNaled HEMDLIEYIH S,
o eaTenm@. (CaTenL HTevHH0 GEID HiHeukisamen ewidw LIFBHamiseiled i ewi(h

wwadain oigls Gellj mleveyd.)

yelulesr agmafl GeutinBlensowmduw 15 Qaeddwend unena (15°C) eisiug 2 ulfler @mliys@EF
FTHBOMRT  HEnLMOWTGW. Lalulled @beHF FTHsTRT Geulluplensy  SmerliubEaimenLo-
&@LU Ugsten sryenid Uelulsd Bla@pw usFengai (h alenene Sp@w. yaluled uFengeil (B
alenenallest euellenowTaigl, SEIG 2 ulflar BeveymassGF Fraswmer Fplurer Geuliub-

Iemevenwill Cuemi UHEUSDGHSH HIMEWIWTS SIENLOULD.

uFsnFail_(h alenane)]

uFmaail(h eleneney umMls SMS (P ‘UFmFaIlh eITUB WTH 6160 elenmidld
Qamem@eumd. BID SMTUHD DPHH  MEUSHIGTONHHEEIBIS, aleuFTwill LUNTHM6NTE
OQFuwienad uetiaw) 6UISNBTH, GNGS UWIflar euTpHemndsH STV (WPLauHsid WTCHamid
Hptiurer Geuliuplemed sTeliuheausd Sudwwr@ . BIW yaiuller wgalw
GamLliIged BHHG WHHW DHOTEIGL LITCHFEIBEHDHHF CFOMIDLCUTSH Lm0 RHHF
Aoliuresr  Geuliu Blewev sSTewIIUBL STVl UGS URQLUQWITES  (GHMDbHSH OCFOILD.
HIHEUBIBMET eilHs LTCHamIsemen GBmHEIGD CuTg HTeuy euenjFHeGHdh Chemeuulmen
Aoliuren Qeuliuplenevenwids QamewiL &TelIuGd Wad GHnSwsTenswTed SLNFCHamEI
&6iMed  QUTHIUTHSH HTEUTEIBET  EUETT6U-
HeLeM6V. QUENIHLD HTEOUTEIGBAT dal  LOHH
GnFW UL BTVHMmBH OBTENIL M6
wr@w. (2_smyewid:- gibHym (Tundra)
NyBxamiseafled euem(pld  HT6UTEIH 6N 63
SLULBTEVLD 2 - 3 eUTPMmISET oTHAFGLowT-
@&L). G wemevpTL (U1 LNyCxhamimaien
B (PWLUHNID GHMDHS GeuliLpleneo-
G &mewIll LBLD. (2_HTF6esuID:- HlieuGiyeolw,

uewiLmyeuenen Gumesty LIyCsHamiIsHeT).

2 ® 1.26 - uFmaaiGLTaIm)

Sipmamowl WTCxHaid fCsssHHe0 wWTCsmid uulmebGsd Bhemeuwimen FHmliumen Geuliu
Blenev &ML BTevaiFa UUUIFST SPUL BTVHMS allld GmmeUTarSTulesT, GHniHs
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siuleny TFCsashdHe0 QFUImNs LGTIEDINIE BHIQEIDTEIH. 6lalamid, Dleusurmrest G-

HIFEIGBMED UTHIBTHBIULL enertGuwmemeniem Guomuly HAmiiurer Geuliuplensd &TewtiiLpLd
&mev aiFemndll UnsBasulmba Geuliund apmIsTsH Baneoulsd BsHies Camerals uFms
ailgenr epeuld QFUILILLGAUISTGW. LFMFILIgaIeTCT MHevald GeuliLmeneoWITaIH, AHNG
OeueBw smewitiLpd GeuliuBlemevenwt ol 2 - 6 GFeoFwed LUTENS 2 WITEUTRIBHTGHLD. BH6T
alememeurds, Um Geuliumlensy HAmiiy GeuliumBlensouleid @smmeuranSTulenin, UFamFail 1genleT
GMss Foliurer QeuliuBenevenwill Guemieugeomd. @FHeT alleneneurs, UFMF AL IQEDI6T
GMss Holurer GeuliuBlensd sTewIUBL &TevaiFendll QUITHIEUTHT Gemed ol 2 - 3

QUTY &HT6VD BIeHHIH QOBmeTenevTd. @& eTeueuTm HBHBEMEH 61601 GHTdEHG6uLD.

UFenFail 19601 G\BHTIOMBLIT(E

uFenFaih 61Tl JMSHSTLY (LOMIP(LSTHLI LUTHISTEHSIULL @ aILTH DIENLOUSBIL 6T, DIFH6T
FMIUD HOUTHEBHLD, G @6l 2mBUsaldampuieuTprs @eflulbUsalbd SHeTenLoueTern
QummOenTeeTed SpSBULULYHBGW. BHSH @efluybBysalbB SHearenuleren  QuUTmHerer
oL Tdh G Fleledl(hb&Hl eUHLD &L LEVRTTEGID MWD SPULSTE SHTH6T LFMHFAILIQEDI6T L|@GLD.
uFengail paiel 2 6ien Loewienllenmeyd Goum OQUTHeTHNMTID @eHHHTUY 2 MehFiuLd.
@eueury 2 MehFluB SHTIY, Fohd GmMeUTT SHPULHT Di6060FH SLLVITE SHHTLILTS
e sHFoasILBL. Beueurm Wend &HTHGWOUTH 2 Miehdw sHTUYF FoHuler @
ugd QFEISINEG SHTUIUTE Wend &HHTHBLILUMBD. LUFMHFAILIQRT Fnen] LOMMID  F6UJTHEhH-
&&MHl uweTubhSHSIUBLD WwemDOYL UL, SLLVEITE WOMID SWPOULSTE SHTLILSSET
oa(hLBHInlQUl UTMTEHAD, QFEIBIHS sHTsmens CaMess CFuiud aumasulBanBuw Osfleay
QFwiwiu®G. @eueurpres QFmSHE HTUYS6T Hsd GBI uFmFailigeneT QHMILILEGE
o _aTenm@GUTE uFmaailymist 2 eien CO, woHpid BITal (Weld JSBSTH6N BSS
Mehaliul’ B Geuliuwons wrHMIL uFengail e GeaulliuBlmevenuwl iHafedss QFuiun. &
uFengail Paiel HHIPL CFWSTIPHDMWTEGHW. 61og Leulsd 2 6item auailoswiL6u(Lpd @rer-
aBGU uFmagail et QHTODUTL L @bk CFwei(penmenwd ST (hElamal. Qg Lealulet

uFemaail(h elenene] ererliL(HLD.

Laluler uFenaail (h alenara]

Gflwelled Qmba UalsGsd HmLs@Gd Gilws sHTOY rsTenorss &0ULST LoMMILD
&L LevaT@GID SFHTUY aueoWSH@IGT SILBIGD. Seudmien SPOULST 6UEOWIGHHED DILMBIGHLD
asdHfuysseaier QuEmLUGH, 2w euefloewiLvsbHed 2 Mlehaiul (b  alHASTDENLOWITED
Was Fsene asATHCU yalmw DLW, FéF 1Wad Gemmeuter &PULETH SHHJHer
wrHATCL  DeueuToTHI Lalenw SenLujb. Selsummrsll Lalenwl DDLU HLL6VITE
BHTHEHD, GHMMeUTs Fobd OCaTewiL &P HTE SHTHEHD UFmFAI QN GuTem L6
Gumuriienmed (ewienillesmed) o mMehaliul (hdh GHemmeuren Fobd Q@mewiL HHTULHSENMTS
QeusflalLliu®d.  Seusurym QeuefGWImID &L LeVITE SHTHET HIFLOTET LOTMMEIHEHEE
o earenmangl, Ualulelmbag aunaieueflenwd OFaimenLujb. saiamid GeuefGuiplu CFmISpa
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sHTUYSB6T eueiluled 2 efen Fev euTwdHEenmed 2 Mlehglur L (pewi(h. DI EUFIOTH

yeiuled 2 _efen Uygren eurwssenter N, (78%), 0, (21%), Ar (1%) pdu aumtwsbsenTed Bbs
OFmIBpsS HHTsmen 2 Mlehd (WWTH. euautors Ual eueflloswileogbder 99% @m@ELd
Guweords 2 eiten GUITHTE auTWdHHen OCFmdSLHE BHTHMeN 2 Miehdld OQBTETEHLOTEIT6V,

6okl @lyeluiesr GeuliuBleney e 2 wifeurer GQUMILTEIHMSL QUM HESGLD.

UFenFail_(h 6MTU|dH 6T

AUEMDENTL 60SHHE0 2_6iTen QFEISINS BHTHMEN 2_MlEhFbdnlgUIBIAD, HEWILBHT6VLD 6U6TILDEIITL -

S0 2_MIBWITHS STEOILILIHEUOTOOTET euTWHHC LUFemFail (h euruldbae ererliLi(hadlaTmen.

IHBHOUT[H CLPTN DHEWIBHHMEN BeV6VH SAHWID GmHUL L SiemIbHmend QBTETIL. 6uTU]
alemeild QFmSIpdS BHTHemen 2_Mlehd (ipub. GoeIdD LT FFam OCBTERIL 6UTU|SE-
emted (CO) Qemsips sgljsmen o Miehs wud. s rran (N, O,) womibd @ran)
(Ar) sutws BEHEBGHD QFEISNS BHTHMN 2 _MlEhF (PQUITH. DISNDHEMIOW RTEW] BI6V60T
LOOMILD FLo FJEm S6V6VTSH 6IHSHOEUTTH euTwelameid CFmidbps sHTHemen 2 _Miehd (LPIQULD.
aeflenid yalulengl euafioemieusbHed uFmd auTweuTsd OGFWDHUHSHOBNET, SielsauTuy
Aesteumld @wieblsenend OamentgheHsHev Geouemsi(hLb.

(1) QFmEISpEd BHTHMEN 2 _MEhaHD HETMDmUIS BTN (HHDH60.

) AUETIDEITTL 6VHFHED  HILBTEOID 2 MIBHWTS B (HEHBHIIgU

HMLOMWIDH QBT 600TIY (T EHSH60.

aueloewiLsudhdHev 2 eifen OQFmISNs sHfsmen 2 _Mlehd ipujwruiain, mBlensoCummm
SIFTeUGH 2 MIHWUDHD De060FH GHmIBW  &TeVD  ISHTCD  SHTIILL HFnIgul  eUTU|HHENT
uFmFIL (H UTWHHNMTHS BHBLILBHeuSHevemev. Gomuly el wkisefsiug Laluled smemiu@Ld
dysren uFemaail (b euTubseT LeTeumLomm):

(1) Byred (H,0)

() sruaiOrm s B (CO,)

3) GuBger (CH,)

) ®BHATOFT ema B (N,0)

(5 LT ssH555 levger Cxjbs maGrréstust (CFC, HFC, HCFC)

aueoewIL 0SS0 @ranals@e smeuiul L Gurgend SO,, NO,, NO, CO Gureim eurujsbaeei
auefiloewTL 605 S0  Blevayld Tl (SpWLaTeud) WeF FNWSTnEWTeD  SleummleuTe0
OQFmIBpdS sHTHmen 2 _Mliehd (WpuwTuimid gal emeu LUFMHFAIL(H UTW|SHBNTHD &H(hH-
BluBeudlevensv. GomLIy FHev UTWHSEH6T DVFaICF] MBCITHBTUMIHNT HlTHSH 6JeneuiLl

6T6V6VT  GUTW|SHBEHLD RWMeNBUTED HTEOILLGBLD EUTUWHSET D (GLD.

CupeudliL usmsail(h eurwsser, Uslullemmsd wWend sdlyréssliupL OCaFmisSwhs
asFHisemen 2 _mMlehd yaluled oiHs GmIw umm meusHmHUILSET STTeons el Geuliuwn-
L. @eueurprs GQeuliuGomissd Fwelameuliubhealubousber alenenGeal, Laluller Fymafl
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GeuiuBleney 15 GFeodwed urtenaswrs (15 °C) Guemiiul B UGBS STDELWTGD. DIGHToUG|

yeluled smewmitiupl usengail(h olemeneurend, =2 ulfler @mUUsGHs CoHemeuwimer @
FTHBOME HTT6l DY &GHLD.

eiogl epTwimmis OFTGHHUTD 2 6afen Geuliud Wss gnuw Gsmer Gilwmisbg Higul
Gamenmdlw UsHeaT Seiml. waprs, GHwelled RmbEH RTEUILTUSTH  DIHLOMHh HI6T 6N
Qeustell Qeulild gnipwt GaTNMT@GID. USMISGHS HMLEGWD Gflw FoaHular gmoHsmp
25% oieney Hflw FEHCW Qeuseflb@Gd HenLsdlama). ealaib Geustenl GeuliLw gnigul
Camenmad HTILIL(HEUSDBTE SHTF6ID SiFHe0 HHIPD euelemiolbs LFmFail (b clenemeu@L.
Qeuaeiulleg eueiioewiLeusgder gmesTe 95% wrear ugd CO, aurwelamereag. @&er
alemenourd  Geuetell Gamefilear eueibewiLev Wasle SFs0TEsF QFEISHE SHTHM6N
o Mehdfld CameTaumTed mIG oeuelewwwinear uUFnFail(h elenene] STewIlLUBLD. SH6
alemenmourd  Qeusiterll Game, @GFlweailled SHHH BUIRILTEUBTE DMLOHSHIGTENCLTHEVILD
epTuInMIS CHTGHUle e Qeuliuwmer Bsmer sigid Fplenull QUDEIETEN).

6ol Yaluled o _eTen uFemaail (h eurtwssefllar FHais eneysenr $S6 SrluLl (HeTerer.

oI Lousmesn - 1.5: alulled 2 eten uFengai (b eurubaeflan FoHaismiser
UFenFail (h 6MTU] FHNMBID
wymel (%) 0.001 - 0.5
sTuetQrTLena B (ppm) 415
GBse1 (ppb) 1745
mbSHHTOFT emF (B (ppb) 315

SpallumLiyeTen SeFSICF] |&HBITHSHTLET
(CFC, HFC, HCFC) (ppt) 53.3

eiogl Ualuled usemngai (h eurwsseflen Fshaisn o wimorullsr wng Baw? Seueurmrs
ugFengail (b euTubsenen FHaisd 2 wimHorulesr, SLuFmFail (h UTUSHEMTD DIFEHIDHBHLOTS
QFmspsd aHTH6em 2 mMehaluhdamenowmsd Lalullsd Gwevdas Geuliud 2 MusHHuTss-
ul(®  euleutiun sFs srevaisFdamier yalulsd sn8mmlLiorssd CFsoaid. iFs Grrw
&nBmT L wresdF GFeoaid Raleuliun sryeviors yaluler GeuliuBlensy 2 wimauBs @&Heun

BmiF aleneneauTs SienLOULD.

mBHHTP0 alHHHULET Fnl Bou weidHesr QFuiun LsOBam mHBHOSHTOM CFwmuTHE6T
STTEOIOTHL LUFmFaIl (h euTudbsene S Lenwoly uglugurs IHEHEHHF CFe0HSTNEI.
Az ®aHESTYN YrlduyyLer oproliss STewiLmD 2 0% WHHhHer Leter eFmul L
MBHOHTPE0 MILTFALLET Fnl Bou Hiflsons HBFHHHI.
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SIC Lousnewn - 1.6: naH05THNYTLHHE (PTaIHL SNEHTVSHHMID LUFmHFaI B eUTu|dHs-

eflest sl Lenwliy Ceumium(haser
oumuy 1750 @6v ®Smewrii’ L SBOUTEMNSHUI GILIBIOTGIID
GILIBILOTGILD (BoTouaTa)] FHNMBID)

(BovTaranT®)] FHDHID)

CO, 0.028 0.041

CH, 0.00007 0.00018

N,O 0.000027 0.0000318
apeltupliyeien swer@Gsy msBrrésTuet 0 0.00000000533

Gupuy osilLaumeanullaiug, o Ursmer uFmsall (b auTWSHNMGID IFH
afad Vaws siFsflsaenenmwamus sren (pdSlatmgl. yealulleT euerloes L 6v-
60 o eien Brmal wler oene Gmaslw sTeofdSlulleww yellullwp  &my e
&BEHH @G egoueaw, Geum eumafllemevd STTallEsEnsd G dlmwauTsaw Caumul L
Gurdeuid HewiL&MeL FHuled &HMmHSHID Bumrg)
yalluenr U GOwreHs mBrrmalluller oeney
roTg  sTewiliubL. earBeu  Brralwmerg
uFma il (h euTweuTs QHHHCUTHID, DG
Gamenmowl Geuliumlensy 2 _WwiHeudled UMIBMLUILF
QFuwisuglevenev. Lalulest uFenFail (B euUTu]oHBHer

siFsfliuger afleneneurs yaluler Geuliumplenso

1750 o> pewigellBBHaH  0.95 GFs0Flwien > i

LUTensulemed 2 Wibsistens. Bbs iy 2 ® 1.27- yal GeulinwenL geder alenenGeursim)
1950 o> opewigen  Lletenry  SUGUDILOTETLD

0.65 utensd QFe0fwed Spd 2 6Tengl. @FmEemww LGHTem Qeuliud 2 _WIFeuenL GHe0TaIg],
&LbS e Fev HFTUSEISHM60 HIFISHOTS 2 WIhHHI6TeNH 6160TL MHHdH BT (LPlgd-

uUFengail (h MTUjHBATT CFBN] DIFHBFHHDOIDDHGHD BTYGITIDTHUJNTANT 1D60TDHF

QVFUBLIT (b FH6NT

@srusfyr_emai® (CO,)

FaHdH Capemeusemen FHOFWGDNETE DFHswHs0oTs 2 WIfFHLH 6rflOUTHaTHmeTs
SHHOMNHHV, HBOHBLTS Hlevdsfl wHmw CQUDHBMTEL erflOUTHeTBEMETS HH65HDH60
Guretimemey HTTERILOTS L6V LleLeVlWent Spemi(hdentad, Ualuler 2 em@em 2 ulyliieipd
Apbsd BhHd HTUST CHEHBEIHNT GHMIEW HTELHHD HEBenEh CFUILILLG e TomIL 608-
gleo CO, CaysaiiulL gl Reeurora e cusgi e CO,Caisaiiupn Caissmaail,
suelioewisvggledlpba CO, GeauelBGummiuGy Gausd GmDars GHUUSET almenares
suafloewisvggled CO, autu] @aim Cemw Hlameveno gmuLd.
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Guaid, siFswdsons L DOuUMID STLIPIYS STTauIoTEsS SNEHH alDSSIUBLD OIS

ofled LeL mHTM SLewi(h STeVD UABHHHSH BTUGT CHEHBMBIBENT, HICTIBIHG HITHHMRIGHEN
&MeIonsll LflenswenL b, Fov pewi(h BTELHHIOT AT 0SHIL T BCFTHeVID 6u6ril-

eIl evgFHe CO, aumws ssaisd JHHOTHS STTEUIDTS DS

ouoGBxeor (CH,)

G0l @umSam o H@GWw Cazerl QuTmeTseT @aim BFjeumsmed, FCFHeIL
Qumeseat srmmleniw upmflwrsset cpeod flealubBeousbanmsd QBHeT 6uTu] 2 Mud-
HumGLd. BBJH BLPeYBm6NL UTHW GHaNWeOEHNMTHE FHaIHH MEOUBSBHMID AHBTH GLoBH6T
o _MuSHHWTHES HTTUIOTGHWD. Gevd FHIIL BleVmIG6T WOHMID B FTIhHS eleusTwd (CBD
QFWIns) STFUIDTEHEAD CFsmel QuTheTseT sTHMEIIW Blensouled LIflendulenL auHbmeid

OBHT 2_MUSHWTGLD.

Gueid, orH, aubh, OFwom b Cursim TSl G alevmIGEMaT GL OB6TNEINT HTeuLl
Qumenseat sToPlamiw Blubsenaiseaier &S uphflwrsseileamsd NflédsliubGousraid G-
ST 2 _MuSHHUTHGIMG. DISDEHMIOW, ReleuTmTet aleVEIGHBMeT eUewld GbTdddHgHHTH
SIHBOHBINE UEMTULGID UL 6VHHIL BT DiFBHHETE CBHe eutuy CFFoumsmEHd
sMyeIoTdleingl. Gevd, UMILBSST 6lawiCemiul BWISTUTSHI, SIUUMILUGSHST 616510
GOIWIL LI BemeT Siewildld &Teurliubl. @umend euTuwjeuTssd STeilUBLD GLBHT sumuy

aueoewL6vd FHIL T BFFeusTeID 6UaTOERTL 05H 60 GLOBHT euTwallaT Diene] H®IfbEGLID.

MBBHIAFTLmFL(H (N,0)

mBHIFST SiLmEWeTen CFyensuser 5k upPflwrsseiesr GamOouT® sryewiorsBeu Ly-
SHTIIOTH  QUEIDIITIL VHFHIL T WBHTOFTLmFl (h CFTHaimal. eleugmwsHHearCursl LFenen
wWns  ewiamil a1 CaFysslu@Gl mbsIFar Cajameuser e ummflursseier Camdour

smyeoions NO ety 2 _MusSSum@Lb.

amuHenev DVFIICFITHH MHBIThsTUIHNT (CFC, HFC, HCFC)

IFIBFTHH MBHCITHBTUMIH6T, uellewOGBS UFMFOIL(H 6UTUHSHNMTG. Seumnlest
auedlenio srustOrTlengligeuid (CO,) uggmulgd (10 000) OLEBIG 2 WITeUTEIH. BHEIT6D
Slevgat BFihs MBBITHBTUMSET 6UATERILVHH60 WeF QFTHU Denaled STemILLLL -
Gurdsuid, SeupMlest 2 wieume euellento sTyewionsd LBHTeND GeuliuGomieudled Dieneu

semiFonen UkIsaflenudF CFuidlermenr.

SIVFSICFIHS MBHBITHBTUMHNT QUINmBUleD WsEH GmmeursBeu 2 eener. LGHTeN
Qeuliud 2 _wiFeudled umIsafiyF QFuiuw e0FaTCF] GFTemeUBET 6UHLOTM):

€)) &Cemm@ymyBenm@ym smuent (CFC)

2) maB8rm&CenmB@ymyBenm@ym smusst (HCFC)

3) maCrmyCenmGym smuenr (HFC)
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T T | L
| |
F—(|:—|-| F (|: (|: cl F—(|:—|-| F tl: tl: il
F F H F F H
HCFC 22 HCFC 123 HFC 32 HFC 134 a

2 ® 1.28 - FSFT] MHCITHTUST (LPEVSHInMIH6T F60

@bF cpem CFTemeu aUMBHEHLD LOMIGHEITEL OHTGHHBBLLBLD BFTeneudseMTGD. Beneu, euefll
ugemadseilevd GHaNGrmmaefed GHeNTHHID euTuHHeMTELI LIUWISTLHESTM6T. 6T (Hen 6
OamewiL NenmaHdb@ 2 musbHulaBurg CurmiesF QFuiud euTujeursaw, LTl Qsmeoed
wOmID FHalmId euend euTgenaid HrelwF Frgseied Faln eurujbaenTaad LUI6TLIH S 6ImeT.
Gmug 2 LSBTGS LSHUTTHGW FhHTIURISTNMID BPHOBTHIGEGHID Fh LRS-
oflevid @eeumTu|bEeT AT 60GHIL 6T BGF[HLD. 6UATDEIIL 605HH0 HeuMMIT UL &T6VLD

UeL mHIMI 46001 (KB (GLD.

LL,CHTAT Glouid DIFBFLILIST6N GIBLI(HID LITHBIDTT 636N 6)]3H6NT

° wBasmemr Qeuliuw 2 _WHeuHTed, Gi(heum &enen Jewilghs LyBsam aerfled
o eem UedELl (Bl UNLSEHD 2 Wy wrer weneoll LIFBhamiseiled 2 eten  uaildbslig
LOMEVBEHLD (DiBTeugk FHBendwyseEnd) (glaciers) 2 HGHougk STrewioTHaId 2 wij Geuliu
Blenev STIewIond FWpHHT BT alfleuenLeudben ealeneneursd b &mFGWITTEH HTIDHBI6OLI
WyCaxamise (LUEIGMTCHOG BT Iged &mend K - LFbysHrT pdHseiler slpaspd, aluil
BT BILH  1560smer &5 (P& (IpLD ).
gpSHy B0 s BLwai(. B
alemeneuns, GGl uGHBeT DML
Burzey, smIBWTTF GHLNHOMTGHH6T DP-
&6V, BLEVD B 2Tl Igenie LFeurdeHsHed I
SITJEIIONS DGO 6U6NLD  (HEIMIHED  LOMHMILD
uulyset  Sifleamised Bumeipens  HlaApLD.
Goguid TmEL FoyseEnd usile FWHH-
SHe0 smaiuBL FmFm Hey BTHSEHLD

. . ) . .2 ® 1.29 - SH(HEUEIGBMET SieuILOl
GOSSTD (OHMIPWLSTE BH6D (LPLDE6USHT60 Sy Gasrmeafsd o sien

2 agdH BCHFULLSHHHFH Sleneu HRISaIL UERSEL 9l LEOL ST 2_([5HES60.
AL (pswi(h.
° wGasmem Geuliuw 2 wjeusred Oasmerenen Cmruiser (GLmi@, e1@umeor (Ebola)

Bureimenel) AHBLHGBLOTHOID HIFIBHOTHEID UFELD.
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° @ opewiged 2 Wy Qeuliupleney 2 eitenm BT &eMeT eTewienllband  DiH®fH 60,

GoMFFFwTest BTl seMet 6T6mIemlobame® (& MMEUNLFH6D, aUeNleNLOWITET GQaulil DIENEVSH6IT
(GnIFw  sTevsH T WICsmid FGsssdled Qeauliupeney gHiflsons  nHsfEHH60)
HBLOHBLTHAD QHTLFFALTHED 6JHLIL 60.

° @mmeuafl, Gxmeam@Lm (Tornadoes) CuTalim MHleMNEVEMLOEET lgdHHlY FNLIBHEID, DiEN6U
s euelemwwins 2 (HOeUBHBHMILD.

. uGasmemd Geuliud 2 WIFeuSHest STFRIOTS SpHBTOLILS HTEUTRIGBEHD 6T6VMIEF S EHLD
SIUDNDINT SILTSHHUD (L6iTen] Dlemer STeIILLTS LITCHaFMIBEDHGD L DOLIWITSH60.
(umbyset, BaeGUITHeT Gumeiny @Ged OCeuliud GmEH mMensoweiten (cold blooded)
alevmiGEeT Qufigid GelFFdwmer LFCHaFmIBEHHEG SL1DOUWITSH60)

o 2 odler Fflov LUyCpamimaied oiFHs enalsd 2 fseId (OaMHEG SFAwm, wWHBW
o fleaT) Hfev ICHFmIBEDEHEH UHS WWMWIDFS SHMLUIUSHTEO DlgHslg  Hlelf
QeuaTemIOUHBEG ST FHLHHVILD.

o BewILBTe0 aupld gouULeID GmEW STeEHH0 iFs wemp HLIUSTeO Hief
QeuaTenlIOUHBGH6T DSy HLIL GVILD.

D VBB HTVHMVDH GHTGVRISHAT IDTHBBIDGML FH6V

o eudlet GQupbUTeLTen WelldF QFwmuThaer GNeHs TCsasHer smeumlensou et GHTLTL
UL Leneuwnedd STeurliuBESIDeT. 2 _HTTewIons aleudTuld, alevml@ 6uemjly / ST60hHmL
eueTILILY, SOMILILWeDS EHHEHTIE, H61l / uenaism maHOHTIN0 CUTETNEme HTLHlmMEVSH
BamevmIBEDHL6T GBHEIEW OHTLFemUS QoTemiherensr. 2 sodler LevBauml LNyCHFmIHEHDHEHS
HemLbw Giw sgaHuler sene CoupuGdsaienoulamGaBu RasTeumblanevd GHmevmismer
Gxpreimidlemen. LUBsTen Qeuliud 2 wWFeusHet eleneneursd FFHH &HCMTL LTS Geum

BLRBMNF CFTTIMEUMLEUBTED HTEVBIM6VE BHTELEIGAT LOTMMEIBEHDHE 266N GLD.

o flu Cunas &TeLHHL mp HmLESHTMWD, GUTE SHTEUD BIEVEVTH HTELEIGHENE LOEHLD
ML HH60, aupLFAwmen STEOLILGHH BT gOUL6D, (W) @mmeuefGuim GxmermGLTGeur

srewiliuLTg LFCaamiseiled Siemen gmuUL60 BGUTeTnENeUUL|D BlaLP6VTLD.

Geavid, BWILSTeL 6upl & smewiliuBausTed Fev LIFChamEsT LTmeveuaIoTaSl GuTsHev,
MG euTepd waHeT Geoum LFCxamsemen BTL  Cofl(hHe0 Gumeim mBlenevenLosEmLd
JMLIL 6VITLD.

Geid, BTEVHEN6VE BHTEVEIGET LOTNHMLOMLEUSHTEL LOMM(PHLOTS HT(HBEHHEGH RenL Gl
TS0 OB HBBYHEHD W|SHSBIHEHLD GFOHLILEVTID. 2 SHTTEIoTsS WTCHMID BT 1960 LDSHEH6IT
QLLOUWITEUSHEI  HTFEWILTS DUTHT AHCH DmBSHIOTON BT(HBEHHE Lo Guwly
GrFlL6vmD. DieUTHEDHHEG ATHWD FHUND UTHISTLL 6UPEIGHH60, BT(HH6T FeveuDNmIbESLI
Qurgleutenr BH@eMST BT D66 (GHMMEUMLAUBTED, DBBHMILU UBThHEH CHT6TET60
Gureipemey QHTLIUTS TFWed OBHEBBYBEDHD, WHSEISEHL gOUL @ (LPp6wi(h.
2 g Tyenionsd WTCHMID BTL(H oHH6T ST euTIp L EISm6T el (B Diw6ed BT (HEHEHEHEGLI
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yeobQuwITeugIent(h. DieueurmrTCaimhb@® ATFHuwed FHuled LysedLD eupmIGHHe0 WwoHmid Fev
BThBEHHGU QuTHIUTE BHEaTN (mbev, LFwoysHrT, WsOsTm) Bifler eme @&enm-
AUMLOUBHTED BHMIL USJHEH QBmeteaus QHTLIUTET DFFued OBHEHHIQH6T DL (HLO6T)
WSHBHEIBET dal Blap QL (Lpewi(h.

uBasmen Geuliud 2 _wieuendsd S (HUUGHHIHN 61aUS @F 2 _60al QuTgieuTer LyFsleneo
wr@. UCamend GeuliLwenLauged Genmeuren Sieey UmsaTULF CFuidlam, Sialmad)
WenL bl UG WHmID GHenmalhobHwenL haienen HThHBCem LBsTem GeuliLwenL &edlet L1-
STIoTs uUTHYHEG 2 eTenrdaimer. @Ha1 alemeneurs GQeullud 2 wjauemnsd &L BLUUbBS
FOUGNBTH 2 _0deT FH6D BTHBEHLD DBNGS STTWILTGW. LUFHFAIL (B euTw|dbH61 60
OeuefCupmsHmas BfleuTssd CHemeuwTear HLougHmEBHMmen GMHOETaTeTe0 Gouemi(hLD.

Bapans,

. o UlfFaeul (B e1flOuUThHeT HEailenu eusmFwenmLULbBSHS wwIHm fOUTHETHT (G
H3I5 saueich CFISHIUS BFDET @@ LINNIH Si6y PWTGL. e FHpbs
wrmm ol Gflw FaHemwll LwWaTUBSHIHOTGHW. JASCHTH, STOMIFFHS, HHF
gad GuTan supenmud LWeTLBSHS0TD. Gwevid SHBUTH ETewILGBGL GuibHCTTU-
syemimiseT Qurmlsensn @nenmliuhsd (update) sieupmlest eflOUTHeT aleneashBHmensst
A BB BH60TLD.

. Gued, eflouTmeTsenTd, 2 uljFsHeaul (B erflOuTmHeTsEns@GU udeoms Werl ol
Hass anigul eyl F&Hd cpeomisenTdiwl s1gBamme, o ulflu weged GuTsImsumenmL
uwaTubhSHIG QUTHSSIOTEIG. Seusurorer 2 ulflul eFemeoll LWETUHSHIUSHT60
UMD 6VHFHIL BT CF[HD HTW HTURTNST D66y L FAUWLTGLD.

° eTeflemowITest auTpSHmndd CHTVHMmBL UPSSHILUBSHG CBTETOUSHMT L6V Sy LDUIY
&a0UTE aUTDEHMBHGHH CHmaUILBD iF 2 wWFeurer auFsHd Cseatalenus @dlaurd
Hdb QasmeTenevmLd.

. STLINHHMEL RUOUTHB60, SHTOUTEIGOT HL(H 6UTTHH60, LOJHEHEMUTLBISET, alnG,
&BTEHID  BUTeTmeuNMIBHTET  LPeOLIOUTHT OCUDIUSNBTE BT(HEBMEN  AHOILHMHGLI
ufeons &ifls euenFSuwleen, BL(H 6UETTSHS LOJEIGEMETL LWGTLIHESHSHEVTLD.

. &106yIQUT[HeTEemen  (pemmwdm  eudlldseilsd GeuefGuPmIUSHGU UHTE DumMenm
Bl (WaHTemo QFuig CeuellCGummieusTed suafioenicushHe0 CBHer euTu] CFyeaums
B1OeUTSHSH60MTLD.

° MG D _GWITDOUNSH SIS D6MEYHGHDB (SHMMHFH DMTIMN 2 _63016|H6N6T D 65016301LI
LupsHEH BmeTausTed @emnFFHeats wTH, b, CFWM SpH GuUTETD LY 6T
all6VmBIGHOT GUETTLILENS RUO6UTSHSBEVMLD.

. @uaFTwetl uFmensEhdsGHl uHeoTs Fnl QL (heweull UWSTUGSHHI ULUITFFOFUIMNS
QewieumTed euafswiusdled N O alGalssliubGams SBibleurseeorip.

J suefl ugeTSSBMETUILD HMNBTDHMBMETUILD RUISTDETEY (HMMEUTHL LIWLSTL(HSHBHISEVILD,
GeMGrmmid eurTwdbsenTes GaNGrmMseiled LweaTUBhHSID euelenwwmer uFamFail (b
eurwssenmesr CFC, HCFC Gumetip eumwssens@l udeons suslleno @Gsmmeuresr HFO
(Hydrofluoroolefines) wommid gmBamiuj’ BLer(R600a), siGwreflwm Gureim &efGrma)
OUTW BT LIWeTUBSHSHINGH GUIT(HSHBHLOT G
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1.13.3 ®Gawsir LIemL B UlaM6eL FH6V

oiogl yeluled mlaupd etebeund QFwsi(penmEBEndHGLD Chemeuwiear FoHenuidF @ fluiGer
APEIGHEDG. F5H @FILHHOHHH LLOHMICLTILGHHIHGHF OCFOMID (PSTM  (LPENMEBEIT
o _eiTenen. HLHH6V, BomaETeyensd, SATUY SpSweaiGol DiemeuTGLD. SeudmIeT &L SHHev,
GupaTalmad LEW (PMHMB6T (pevld FoHd 2a(haL HHLUBMSNEG 26 HOWTaIm SHUUG
SuFwomG. eeflaid &HTUY  (Wwempulled Fod omEBaELHHUILGSNEG 26 SOLOT6Tm
BxpemeuliL(heudlevensv. 610&I EHTUINMISOSTGHHUND GFlweans@GHw ComeTsEhdH @G RenL Bu
Qaumitd QeuefGuw (QeupPILBo) sTewL(GE NG BB aleneneurs, GFlweaillsd SHbHS
yald@®Hs sLHH0 Guopatajms pd auflesefed Fod 2mBaL SHFHUUBMSDETET eTalals
FTHHW(D SenLwingl. etaBou Gl FoaHunangl, g 2mBELEHSUIUGMSNG 2L H6ILo-
gl CaxmeuuLrgs sHTUY WenmulGeoBuw yelemw enLujb. @Gflwellsd Smba 61L&

yeald@eHs sFodomws Qameni(h 6umD SHATUYEBT WOISTIHTHS SIeN6VH6NT 6TaTLILI(HLD.

WISTBTHSH SIMEVHET SUMMIEL SILEISU6TeNn FHHECHMU euenNBLILGSHSLILL (HETENT. DIHM
MW X SHTHT, BPULSTH BHTH6T, SLLVMTE BHTH6T, QFRISNS HHTHEN, [HIGHI6T6N-
VG BHTH6T, uTOITE) Sienevd BHTHET 6IGIMEUTH Diened  eUMBLILIHGHSLILIL (HETT66T.

QeuciiBoum LOETHTHS DML EUENBHENMET FUlevLH6eT HCLD S L euenemulsd Sl LUl (HeiTement.

S Louemewt - 1.7: OSBTHS DN60BEMEI GUIOLISH6IT

06T BTHDH DIGOIGV @e»L_Hemev HaTid  emi 1519 B6oT / DL FFHI /
st kJ mol™!

uTQeTell  Si6m6V 1 cm 3 x 10" 1.2 x 107

[HI6UT 63016060 1 mm 3 x 10" 1.2 x 10

QFmIBLD DIem6V 10 um 3x108 12

SLL6VETTE  DI6060 500 nm 6 x 10" 240

BIPULBHT D6V 250 nm 1.2 x 10" 479

X a4y Inm 6 x 10" 1.2 x10°

Reummien X aHiser, s0lusTed sHisel Spdweunmer FoHd e 2 UIFeUTETISTemEWIT6,
DNBSHTHEHHGE DLENTEUSTED 610FH 2 Leded 2 6Ten 2 UlJ (peVSImMIEaTed STFTulest
LOTMMBISET HlHAPW. 6160161 61105 2 L 60led 2 6T QHTOMUGHL 2 wiflul eLpevddn MIGemTaiw
DNA, RNA wpmid yys (Oprdw) (pevdsdnmiseiled Siemioliy Frjbgd LOTHMEISeNT eJmu(h-
SHHIOUBHHT eLp6VlD Sleummlest QHTPINUTL. BHEHGHS HLMBIGED gNUBSHSLILUBLD. BH6T alleneneuTs
6Togl 2_L6vled LsLBeuml euemaWwmen Fobseomen CHTenTmIEaT JMUBHLD. DIUGUTMTE &ldbd 606

Gamenmmmisen QsTLIUTHL Leiienny alfleurs Gnbmasea|emGermmiD.

Gflwelelmbal 610z Uald@ NFsTeions sflulsred sHIHeT, s Le0aTE SHTH6T LommILD
QsmsSps sHTHMTBC Fod DML SITINH. REBHTHEHOT S LSBT HHTHEHLD
QFmEISIPES HHTHEHD FoHd (GHMMEUTRTIMULTHVTED NHBHTHEHHEH DLENTEUBHTED  6TL0-
&G UTHUYSSET OULITLLTGE. WSTEThHS HHFWSHHED 61105 HERIHENMTED L6V6)|6wT)Fd
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Oupd Fnlw GITH MBS BHT, BLUMMITEG SHTHNMTOUCHT(H Dien6e 61L0dHE SH6ul-
uryened HeLeBSH Fleweumum@Gd. Buaid OCeugkiOeugilieny 2 _euifeudher sl BT

QFmsSIpEd BHTHEHHEG 2 6w Hoemend &l (HhdaGmmLD.

yelenw siewLud Gilws sdisefllear sarenwoujn Gafleoyn S6p uLSHH60 &mlLiiul (Heere.
SleuauensluLSHeruy yaluler eueiloeniL s Her  BGoed  eTevemevenUl  SienLUD @ Flu
FgaHulear seiFworer u@Gdh yel Guourlienu DLW  (LP6TRTT BRISWETENS  6TaTLMSHD
3 0 I A ) E

Gueyid, yeluler euefioemisvdema iemLwjwd sWwst (UV) sdiseier Qupbugs yal
Gupurlienu LW (peTedt] BRIFF QFSIMIOTETMWMWIUD UL SHMDH SleuHTeild@GuUmg|
BTN H BTG

@z eeueuTm Hlawdangl. @Gflws aHisenr Laluler eueiewiLevshdisb@ 20 ms Lai
Gupuglienu Bmmad aumHLBUTH aueilioewiLsusHHler GMUE@GHI LeHLB6Ie0 2 _6Tem sumuy

(LPEVBIFnMIBENMTED DHBHTH6T 2 MlehFliu(hHoauser alenenaiTsBol @& BB OIS

Gflws sATOY yaledmw DL G0
,:_____—-iM______?
| o 1290°C
>
Q. >
2% - 5
EE) f‘:_‘gl @
z5 ) % 3
9 3 B
B E g &
BB @
© 2
Eg=
27
6l 1B
S
| e 45 M= T —
B6NL  LOEWIL VLD
2
P— 0,4+ m::::-m-:-ﬂTT{,—__:}—___
LINL  LDETITL 60LD O
m._wm_,_-ﬂl'ﬂ'
LDIT 63T
LD6UTTL _6VLD 15°C
L6V LOL L LD, St

2 ® 1.30 - 6uailewIL 6056 LIeHL WENLOLILILD
SlLuenLseflent 2o TaF Gflws AT QF6060a)ID

MATIDGIINL_6VFH 35601 11631 ULIGIIDOLIL]

Yelulest  eueiioeliL 60 SMMBMUW BV GHUBSHIUSDHTH, JFH FeL LMLSBNTEH 6UGHDHS
CpraslupGdaipng. SAULNFCshamisefled Qeauliuplemsy wLTMISCHHL  euTwd s 6ifle

ILTHHmWS seuaisHn QasmeniCL @luenLser Uflesis srlLiul (heTee.
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TB6sr ewilovib:- LalGmuriiielmbg Gwed Chrad gmsHsmy 15 HBeomSmmy eueny

uflevredt LIFBxasH0 uFWeTengl. LaTulendl euemDesTL 60 6UTU|SE-
oflor QuUEBLUGH (gHHTY 99%) RAUIFCxHFHHBLEW 2 _6Teng).
yelBGum uriledmbaE BwBs GFeevF GFse GeulILFBm6eD (&emm-

6UEML_UJLD.

UemL wemiLeuiD:-  LelGupuritiedmpbal 15 km @m@w 50 km @n@ @evriul L y6-
&HFC UL WMLV SpGW. BluenLuled auTwF FHais WsH
Gopautengl. @miG BwBeo GFeevF GFsvev GeuliumBlensy HHIF)-

H@LD.

@ 1063IL 6VID:- @enL.  WewiLevd (L5BFT  wewiLeud) yelulelmba S0 km  @evid
Guoul L Uy@sFwT@HL. BHET uTU] JLHHD WHLOHSH &MDEUTEIS!.

GeuliuFBleney 2 WIFeUT6IG).

CFm6i1 LI :- LUEDL LRI 605HH60 DiemLohGleTen @F 2 L eusowlB @BaFmesr algHmesin/
@Camert uemL etLbBEDSH. @bs alsTerd LelCumurliledmba
20 km GamLésw 35 km susnyuieomen  LIFBxhasHHe0  uFDLluj6eTengi.
yeluled Quipenswinss sreuliuply @Gsmer surujalsr GQUHLOLIEGS
(gm&aTY 95%) AUIFCasasHHsd smemiiiLbhdainenoularmGsoBu g

@Gamert LWL sTaTIL(HE BTN

35

30

| LenL LDGITL_6V

25

@Camenr =

20

15

1045 cua LOT&6ML SHEVT6D 7 ._LDrrmGO"l LOGUBTL 6V

5 @CBame GHTamISHe0 : Gameu
@Camert Ganley
o2 ® 1.31 - @Gzmai lHTN(PD 6UATIDERIL 60 LIHL WIHLOLIL|LD

AUuemL UL uHFH0 PBFTRT LML susLwSHHe0 @BFTe euTwailest SMHULBHTE & fluiesieo
Amba FMLEGHWD HPWsTE BHTHeMeT QUEHLUGH CFeveurTdaing. Her alleneneuTs
GFlwelelmba GeueliliupGd urTsswTe SWULSTE BHTHeMe QUHLUEGSH yal Gmurlienu
SMLIG HTHBLUUGHMSI. wOHMICWTEH alewras FmmeusTulsT @BFTaT L WTasH RbH
SFHs Fohd QsTewiL HPuBTS SHTHMmeN algsl (B @ eugsl lg Gumeim OsTnul (b
SNBBHTHEHHG BID DLEMTEHTH UTHIBTUY aUPRIGISIDGH. Ualuled 2 ulflear mlysE
SiGHwmeuFlwiomest B STeulLGHe0, Fmiumer Qeuliuplensy STeuULGH0 SpFW Il WIBISH6T
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wasAwsgad Gumieug GureaiCn @bss CarTmmiumhw o ulfler @mUUsGHS SHIENETUI-
GW R QFWUSTILPEHDWITGLD.

RCFmeit Ls»LUTest G\GHMPBLIT(H
Gflwelelmbg HmLbGHD AHD FoH QaTawiL HPOULSHTE SHTHEMT LML  LOGRIL 05HNSH
SmLWDBUTE Semeu @LFFen eurwemeult LflwaswenLwdF QFUlg Swnder L FFenest
o2 _musd CaFuiuji.
hv
0,/ 0(9) + O(g) I9: X T (1)

@eloury 2 HUSHWLTGHLD DEDBN60 QRLFFET HTHBHIHMEV FnlgUIHEUWITHE0TEV, LOMHMIGLOMF
RLAFST cpsudanmiLe HTHaD Ufiha @Csremen o musHd GFuiulw.

00 + O@——> Ofg) A H<O0 e @)

@Camer eumw] @F 2 _mIFwPM euTu] BTV G UV sdljseier (wereflemsouled Wiflens

wenLbgl O, ops Wrmibd. hy
O,g) = * Oy +0(g) AH>0-mmmmmv 3)
Ofg) + O() — > 20,2) A H<Q-remmrrmrees (4)
(H+@2)x 2, 30,(g) — 20,(g); O, 2 _meursev.
(3) +(4), 20,(g) —* 30,(g); O, 2_mLze6v.

@CaTa algTangHs0 QeleuTnnes @GFTaT 2 mLub MM 2 HEuTGL CoudBmIGE6T FLOWTGHLD
CGurgl (Buass swalmemu dmLBS) WwinTe ate] O, UITCsesdle maushdlhaos-
Oup. iFTeusd CFTa alHTaIsHHe0 LISeUHLD FLOMNMEVHHTHBLD [HHILD.

20,() ===30,(»)

@Fswailemevemuwill BuamieudnaTs  Gflwealed @QmbeH HLEGW HiH6T Bhemeuliulh
HSMEMOWITED, UTHBOTS DHsHTH6T el Gopurlienu eubsemLeug HalJoHsliubaaingl.

@RCamait LML GHUIaML H6v / AILITEV MY FH6v

@Cgment usmLUTD &TewILLBL PCFTET UL HMSH DeNHGW LewildeT 1950 b Dy 6m1(H
L 1edhHbH euTallensy DeUBTT LsUTISNST HienauL T OHTLIFHWLTS (LpetGe (s
OulLer. SfeleuTy o@D LewilseT HenLQuOMIs QEBTenIghe@GL FHHTLLSH 1970
&6t BHLULGH OsTLEHD @GFTar alsmaisded @BFmer WL LW Spaw(h CHTmID GGemm-

UL HGH QFOBEIMNID SleuSTallbsULL L Gl
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OQungleuts @BFmer UmLUleST @GFTar WL L BTeTCHTMID LTMTH STILILHEUSE06M6L.

G160 QeulIuFBlen6D OTMMEIGHET, L[HeUSTL LoTHMEIGET Laluluwed smyenisat GuTemenel
STTMIOTH iF Ueneydhd GoumuBld. eTalaid g SpwIHCHTMID LIQLILQUITSS  (HeNM
auglevemsv. @eueummrs GFTa WL OFTLIFFWLTEHS GHmmeuenL Heonand @GCFTeT LenL
GzwisuemLgev (Ozone layer depletion) eieliuGdeimg). Seueurmrs @GaFmear LemL CapulalenL -

HeOmed| OBl UTTHITONET @h G LIFFdlenemuim@Lb.

@Camerr uemLulenT HLILTEIL UTHBLOTET SPULSHTS SHTH6T LeIGLoMUTLIENL eUbhHENL MBS
SheHTMH. dBToug  CMITCaHasHded @GaTalar ena GmmeuemLaugHe alenemeuraL
urgasnet UV sdjsel oidHswdswrsi HalGupurlenu aubsHemLUD. DiHar alenereurs
yelulwed eumpGeury ungsonen @bsd UV aHisend@ penmeuspmed UGy Hdbasevmet
GamenTmIBEHEHEH DpeTE Ghfl(HLD.

B BTN CHUlaemL Uldh HTFGIONOTEGHID ATL_UIKISHNT

@Cgmen algmend GxulsumLaudled BuiMendd STJeImISaT oL (Hoam eflldheiear Gawmu-
(b&6NT FMJhHSH HTJEOIBIBEHD LBIH6TGHH @M. SeunmIen GUINENEUWITET HITJEDIBIS6T HNH-
mTellaomeiensy WTauBshm(H, @eueurm GmHw STeushgleT Haww Bzuley ew(h @uisoy
Blenevenl DML UD.  6uelenoWITer  6Tflloemed  Qeugli&BeiT  STTeRIDTE  6UATLOERIL 605360
GFmw Feou] SILEIHW CFFemeuser @BFTa uUmLe»WL UTHEGHW. RH eCFmen aldTeid

GauwisumL ey GFevaTHGHF CFISHHID T BUnHensdF CFuUDHUTLTEGLD.

@Cgment UL aFHTIGHH60 UTFHIFLOTET WLHMID Wenmmd uTHly welsamGaluw gou®BE-
SUUBHEMGE. LaNHaTTeL  euafoemi05H60 CFyobaslupGd eeideoomalwum@Gn CFyeneusmser
RBHBTHT BMTJEVIOTGLID. ASMBTO F60 2_HTJEUOIRIGET 6U(HLOTD:

(1) &Benm@ymyGenm@ymamuest (chtorofluorocarbon)

Rasally yBrmiSer oILmI & Weien ereflFleomallwm@w B&1j 6 (61H LD
(bromofluorocarbon) wenmawTae DiFHTouk CHIQRULITHe0TH @CFTaT  aldHTerd
BxpUIeHHD HTEOIOTE BTG

(2) o wWrHBs euaillmILvsaIHE emiemwulsd uwels@G alwramisenmed  Geuefl
WetnGw eopsHfles @remsl(p (NO) sutuyw @Gsmenr ailsmend GzulsuenLsudled
QFeLUTHGHF CFNISHBHILD.

@Camenr  algmed GCauleumLeudled umiseilysd GQFwiww Jysrer GCFjemeud dgnl L LD

&Benmm@ym  yBenmBym  ®mmuenr oyGW. HCemmGym YyBenmBym  HMTUET 6TRILHI HTLET 6w

RETMN DI6VVE QTewTenL & QBT MmHCITHeTUMISaTET QUNIFEHMTGW. BHeH MEHGITH

&TUIHaMNED 2 6Ten FHev H Siamidssennd  &Genmfar wmmid yGemmifear Diam)idaenTen

Ardui® CeFuiwiul (Heemer.
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Cl i cl d F C

F—c—c F—C—C F—C—C—C F—C—C—F

F Cl F F F F
Freon 12 Freon 11 Freon 113 Freon 115

2 ® 1.32 - devo CFC epovdgnmisepd Sieummlest 60 &S mmGILIWLIT S ErpLD

@ns CFC Gayemsusmsel (pwoml (WWHTHSH QHTGHIBULLL BFTMEUBETTGLD. DSTEUSH Dien6N
Bumenasuied sreliuheaudsoemnsv. CFC dysmenonss enssosmifled giemmulsd Llsseumeuet
AUMMIBSTHL  LWSTLGSSLILBH S ST

(1) euafl ugemasdsaiin GHeMCrmPlsaiaid GeffhaHId eurujeursll LWSTLHSSTDSI.

(2) eoutgmensd AHralwd mBHOSTH0 2 W DAWPSEHHHEG 2 LubhsHaHId  FHalpliub
(spray) surgemengdHralwd Guriseoseisd Halpl usTisswrsl (Falp sralwmasL)
uweTUH A BTG

3) YenmsHeEGHd mBHOBTN0 GHMHH 2 _MusHI QUIT[HETHENED HITI(HEMETH HETEHLOENL
gmUBSSHIUBNBTHI QuTEIE smHalwnsl (blowing agent) LweTUBESIDGI. (2_HTF6vILD:-
OredGumb, Hpeuswemt - cussion, QLOGHenD)

(4) Guoed yGymberr siLmidlujeiien  CFyemeusenr grwowrssedevd (bromofluorocarbon)

SWeneTbHHalBeTend LW6TLHLD.

CFC 2_1p syemertuu GFjomaum@nid @CFTes1 alfBHmsoibhensd CpuinBF AFuiujd aifFpid

Gumuy ehsF Caxymeuwmuiamid eCarai el ChIYWTEd) HTHEHWD YFWDTL LTS 6IaILmS
BT werdHelmsHs Gamearensd Gouswmi(ho. BGum@MiI L CFC Ggjensuse e o miduwime
GxyemeumsenmeuBsr(h Sieweu Geuliul Wflmasds@w 2 ulflw Ifbslmaeds@Hd  adilys
HEIENLOUHL LIMEULITNBWITED Spellimes rml suafoemisusder Cumu@HosE disTaugs @6-
e elGHTend STEILILBLD LIeHL LOGIL 605HMS SemL U (PIQU|LD. Beueutonad RFCFT eneusel
@Cgment algmeill LICHFHMPH DMLHSH LIS S UL 0SHHe0 HTemids HlenL ST
eTadilenid Gosd euefoewIL suHH 60 HTWILILBLD HH FohHuleTen &WuLETES BHTH6eM6T HTHs
SING pNMTGWL. BeueuToTs 2 WJ FoHdH CarewiL sWPusTE sHTsefllar STHHHHME
aenTeausTe0 HFCFFemeu seilert C - Cl Wewewiliy galLm WflenswenL bHa) cr I &5601
(60BEIBM6NS (Fnl LEISN6NSH) CHTHmels@Hn. Rbd cr Gwngen cellamiseT @BFTaL 6ot
grésb yflyw. @bs Cl swrda apedsmisei RCFTeT 2 _mL6H HTHBHHMSB D616 6)H60
tpsold @Bamert 2 emLeuendd HIFISILBSHHID. ST almenaurs @GFTSI 2 enLujd @uim
mBF QFLSI(mMEEG Cosvdswrs CoaGr(m 2 mLea)F GFwei(penn BFTausTed @BaFmest
Gxramid GFwepenpulsvid uTjss eGamar o enLuww OFwsaiwampule Gousd HBFIL
ugpeiTed BT alFHTarsHed 2 oo @Gamer GxuWisuenLujb. @Hemell seurpomm F6v

eTefl FOTUT(H&BET (LP6VLD &HTL L 6VILD.
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Cl' swngen epedamimen 0,2 L&l sTésb Lflse.
‘Cl(g) + O,(g) — O, g +O Cl e (1)

@eueurm Cxmemlw "0Cl GWITHE  LPEOIBMBIGBET LGN DIETDISHBEMTEVTE  (LPEVEFn QIT-
QML @enenibghl Wemi(hd HWTHe cpeddmisamnens CaHTmmald@LD.
0,(g) —* O,(2) + O(»)

"OClg) +70(g) _____, O,(g) +'Clig)

(H+2)+(3),
20,(g) —» 30,(g)

cr gurger cpedasoramame O, apasamprain Ufldsiu’L detey Cl° swrger

(wedald splwng Weng BamamiujeTeng eaiug B&HemHE CHefeurdaima.

agTaug @bs ClI° swrder cpelsnd wOHMIOCWLTH STEHHHSGT (peod DiPHH CFeOaID
suemguiled QupBOsTmsWTE O, (edsmpsmeT g5 lféGw. AsTaug ClI° swmgen

welsd O, @men 2 mLUUGHETE 2asEUTesS OSTIHIHUL (BETS!.

RCFT6IT ATHTAID GHUIMGHL MBIV 6JBLIHID LITSHBIDTGT T6)6N 6 6NT

Gflweledmbal umHL UTHELTST DHs FobdH CaTeamiL  sPWSTE SHTH6T, AHD
GaayLer 4alGuwmurlemu el sB60 @BFmear LemL CaHUleemNL 6uSHeTT60 JHLIHLD LITSHEBLOM 6N
alemenmaunG. @GCamer algmend GCauwieuswLw (weiterry Ll Gumurlenu emLbs UV
asFTEmen el SiFsoTer eneysEG o Wi g QaremiL UV sdjser, @Bsmer alsmeid
CxwisumL b sty Lalenw! eubBHmLUD. DiHar aleneneurs Laluled eumipd imidlser
urgasme 2 Wi Fédh CareniL UV sdljselan s1sssiNG iHs denaled openmeusbme,
abs UV sdlisenmed gouBEHSUILUBL SHTEHDEIGBEHDHE AHD DNaled SL6mTeu].

SIUUTOTH FOUBLD UTHBLOTET 6N H6T 6U(HLOTM):

¢)) Bxpmelled LYMmMIGHTUISET eFmu(BLD.
UV sdlijsefllear 10 o wflw 68 sryemions SeummisE LemTausTed CoHmeneo
el sevmiseneo 2 etem DNA  Gumenipy  cpsuddnmisefled oiemwoliy  Fahluimen
wrppEiseT Baww. UV sdiseiar (peaeimeoulsd @bgh GQuilul  cpevdanmiseneo
o eifeNl MHTFaT LenewIlIysen 2 L b Wewi(ho GCouml elHLOTE QLDMISENLOEUSTED
B35 Blasuww. QaeuToTs BBHSH (PVHIMIBaTD BB ISTIEIGET STJEILOTSD,
UomICHTUIS HevmiEeT GHTa Sieneu Cxmelle g SIfisorTsl QUL LFaeUHT6ED
yomIGHTUI mMlewevenio eFMU(HLD.

2) Hemieniey GeusmiUL 60D (Yewy / &SL.sTFD) BHTeimidHev.
DNA wl(Bws)) 4yrsuphd msiFer Nensuilysen (peod Hog denwlienull Guemni
oumw. UV sdiser sryeuiors @Uimeniliyser o _enLeauspted NTChamiselent
SIEMOLIL LOTHMLOEHLU|LD. HEmTeNT60 LTTeNeUH @GS SHIMEILTGHLD H6wT aleveney qelf-
oa(h Ysal(Bd SHatenoweren Hyeu Blemeoll Ursssmeonangl. UV sHjsel smyemions
BHEBTIOTN60MEVH6MD 2_61T6eN LTHoHHeT WL LTDMSHSHIHE 2 _6enndl, g6 eefloam(h
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Usal(BhIHIeno LIQULIQUITSES &GHmmeusnLalB%h Heiawied GeueTenem LLFH60 el

IO (2_HTyewions: Bowmm (WLl Geussismensl CeuliuGummid Curgl igl
OeueTen6N HIMOTS LTMIUSMBTET SHTT6NID, (PL WL Ceuatidmaled 2 _6aTem Sie0LLOl6sT
UTSHSHHST Denioll LoTHDMLOENL HOTGHLW.) SeUeuTmTad Hemienilsd GleuaTenem LILJHeom
gl ellgfled WL (Bweml Hohs Ceusflluled oHas ChIw Fehafle@Gw LTHSH6NT,
a,BH6T Cureim allevmiGEaTad goUBLD.

3) Guaib, Gwevdlad UV sdljseiean SToe5H1HE 2 6T6MTaIBT60, SHTEUTEIE6T60 LFLD-
uemy Wev@ eNBTImIGemeNsd CBTEwIL SHTeuFmiEeT GHTRIMELTLD. ((HMET HTUTEIG6T,

Bemevam6 alBTILMLHSH STeUTmIGeT GuTanenel.)
4)  PouEurmerser GeuefnieudsTed 2 LseMer / Flewiseie SHIWD (GENDELHL H6V.

(5)  @wiuj cpevdgamiserLar @8smer FHThabd LUfbha @oUUTF FEIHedseT Hendhmdd
GmmeuenLWF QFud. Reieurm @PUUTF FRISeIH6T GHnIeUBHT60 @MULFU LITeUen6oILI

QUITHETHAMET LU BTEVLD  (FEMMEUEHLU|LD.
RCIFTT AMBTMBHNBI LITHIBTILUSBBTHD MDBUTANHDHHD GIFUIBLIT(HIH6NT

SNBTVHHE0 BlaWhHeH auHL ainsHC0CW @Bamar LumL / algmeaid CaulsusnL b COF606
oruiert, Gueid @@ Fev TS BTevd BHWPWDLBUTE 610zl Yel, 2 ulfler Rmlys@l Qumm
BN @ BLors wrPel®Bw. wHMGWT[H eISWTEs FnmeusTuller, Heutaisd GaueTener
uLIBBsTHL Camed LOMICHTUISE pFCWTHL CUBHHOSTHSWTSS STILILIHEIT.

aeBou @Gamenr elzmerd GapuwisuemLU|d 6IiFGHmBE (GHMOUUSDEBTS IeDIeUTS HLEUY-
sma 1(Bhlug euFworG. BsFTer alsTaismas HTHd Cxwieynd GFuiuwn LNFsmer-
wrenr &srgewl CFC opemawimsd  Ssusumuyeney 2 musd QFuigemeou|d oMM LILIeTLTL
LW BmiGHHIHe0 CeuswiBld. RHMEBTE JNHEBal HLoUYHMBHET 61(hdHLILL (HeTenCHT(H,
Qomerlflwed ewsasliiumligesr (Montreal Convention) eipeud CFC 2_musd 1996 6o Blmi-
Sauu’Lgl. CFC uwaiupsHsiul L enas0sT0 BLalbmesEndsTes SH6UTH Goum

TMHMI UTWEET LW6TLHSHSHLILIH ST,

CFC @m@u udeors waHelled uweuGssuulL wrmm euru] HCFC ( Hydrochloro fluro
canbon - mazGyT &HGemmGym YCenmm@ym HTUET) DY GLD.

HCFC apsvaanm Qumweneys@ CFC cpevdsamenm @iH5516 SmUuBsi@h, &Cenmifer, 46-
M6 SIIHBEDHLGT MBTFHT  HEIOCUTRIMID BTTILBEUSH DuDmIHEG RenLulevmest
CoumurLmGLb.

Cl F Cl H F F

F—C—H F—C—C—C F—C—H F—C—C—H

| || | ||
F F H = F H
HCFC 22 HCFC 123 HFC 32 HFC 134 a

(a) (b) (c) (d
2 ® 1.33 - (a), (b) HCFC epevsdanmimen Fev. (c), (d) HFC cpsvdanmisen Fev.
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BhF cpevdIamiseaiey sTewilu@Gw C - H demewily &S euefioemisosHed  smemriin(bLd

gnjuenailed FoHd Gemmeuner Gilwd sFHFsafen (peaflensouled LFlensuienLub. &6
alemeneutds RF Cajemeuuiest sewilFomer UGH @GFTar algmeail LTCHFHMS 61 L (Lp6l-
e LflenswenL b alBLD. eala@id 2 Wi ereNdeomalm @Gl HETeND STJ6IDTES E6i6UTU]
AleUIT60 LML LWL 60HmS SiemL W (peuBsrh sueutm Gsmer algmeid LyCsasHma
amLuwjoruiesr C - Cl Gewemituneng 2wy &85 UV sdisefar (wereilameouled Liflen-
BWNLHF| Cl FUTHEOT (LPLBEIBMENT 2_MUGHH QFUIH, @BFTeT MFTAIHMBH HTHEGLD
SLNOmevs OaTemiBeTengl. @CFTar alsmald GBxulsuemLeuensdd SHONTUILSDETE  LOTHN
eutweurasll Lwetu®SHSUUBL euru] HFC - maBymr yGemmBym smuet op@Ld. (2_SHmyesuiid:-
HFC wevdammizeailsd dev). HFC @60 Cl oiamidbsen demrwingl. sifed F, H wrgHyGo
o2 ewih. H oiemissel srenliuGASImenowne isear 2 midBlansy  GemmeuenLeuCGsr(h,
(HCFC @mBuneiim) Cl oigm @evemsowingdsomsd Gosd suefloeniisugdlsd Cl swmden cped-
&mIGeT 2 _musbd GFuiwl ubheudeoemev. e1erBeu HFC ullesimed @Gament elsmensaids@ 66l
allg uTHuyw gmubBeudleoensy. @ e alleweneurassd HHBUTH 2 60860 aueiluSHeaTToHE BTN EVILD
@efCrpmlenaflepd LweTLGSSUILGL Geflfsse0 sutwy HFC (HFC 134a) oy@Lb.

@iy:- @b HFC euty @Gsmen elstensder s eeuals urdlenuuwjd gnubBsHeHTsH
Gurdsuio HFC, CFC, HCFC opdlw 616060m 6umudba@HD usdlenowime UFenaFail (b eumu|d
HEMTGLD. @eueurwdsenen Lell Geuliuwent Hev pmmev (Global warming potential - GWP)
STURTOITLmF. (B euTweieid Spullld LOLBIE 2 WFeUTeTSHm@GLD.

S Lousmemn - 1.8: usmaall B aumtusse@d seuppler euedenouyd (CO, auruy srjurs)
Y0 (1] GWP augnoreonp
CO, 1
CH, 22
N,O 310
HFC 23 11 700
HFC 134 a 1300
CFC 12 10 600
HCFC 22 1 700

@6 smyewioTs Gosd eueiemiLsusbHe @eusuruibset Was fn Gameyseilso(ppt) smewl
Ul L Gurdevid seupmlenmed LCamen GeulILeNL B0 5 Hewigoner URsaflemus GFuiw
wuw. ey HFC oyeng @Gsmen elgmand GzulsuenLsuensd SIJUUSHSTEN @
doba roHm euTwjeuTs RHHSEUTHID g OHIGLTT o sl LFFfamenumdu LBsmermd
GeulILML 60 JHSFLLHed umsaTiLF QFUSSIDMLWTED DiFHeT LWeLTh @ CaeTals
GPwrs iy weTengl. @ almenours @Camar alsTaibmaess CaulsuamLwd QFuIwLTs,
agLBou 2 &b QeauliuwemLauded ad Gmmbe ene] umiseluys Cauidlarn @GefljsHs

UTWSHBMETL LWTLBSHSHIUH0 2 6085 HH6T Heualch 0FsHsH CHTLEISU6TemeT).
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@HHBTH @@ IHM euTWeUTS elafdeomalwm@Gd sHerenwuleten m&GrraTust - (R600a)

LOMID eUaTIL 0SH0 2 _miFHenw Wad Gemmeurs mBiFwursd yGemmBrm smuest BFjeneu
(Hydrofluroolefind) HFO - 1234 a opdlweumenmll LwaiL(bsHaleudled (wemeorliLdés &Ll
(boTengl. erefdeomalwn@Gw mHCITEETUMIGSTE MBFTIWL BLST LWTUGHSHSLILIGSSTNSI.
@z }Bamily BLesr (R600a) suruy et em&BHOHTD Hiewmmuled SiewPSHBLUILIGSSTDSI.

Guepid, Miywurgd YGemmByme asmuemes m&Grm LyGemmGrm @elaisr HFO uweu®ssioug)
dunyas Gauiwiu’ Getengl. HFO openg siemwiy §Hulsd HFC @mn@& FwwomeuBsrh, idlsd
@rlenLl UenswrliQurenty oL midluemengl. QrLlenLll Uenewiliys Qsmeni BFameuser iHs
srésGHnaeTenamawTemaswTed Ghgh HFC GFjemeusel S aueiosmiLsughdled allenyeurasL
flenswenL bl aueiewiLsvshHelmbal CeueflGumid. e16eBou Sieweu LYGaTeND Geuliuilo-
LD QFVIGHHID QFOTHEG WBH (FHMMEUTISHI.

e | ® H

H et e i e i e F_“ _}CM .,F
A c ¢
H—C—H H F F

(a) (b)
2 ® 1.34 - (a) ;BsmilymBmest (R600a) (b) maxCrmyGsmmGrmeeiiiesr (HFO-1234a)

1.13.4 @afulysFrwier L&sTy

bEIG6T auTdHen QBflFeolldas @ Bafled euTHdlarn @meurT? SieusuTmTUNST Bi6UETDIT6
BBIHEIG6T60  TmeEaIMmeTEHaTN FDMI 2 WIOTaT @ SLLLSHO QHHEH 2 RIH6NH|
baIGHmES CHTLLLAGLEUTEH 2 miseng &LLLEISEHDHE Geons, 2m(BSTL (B HSTEHLD
GMDEUTeT HLIVBIMIOTET Q(h LL60GHMBH HTWILTTHET. Hemwig MBS, OBTIPLDL LOTHSB]
UmaBasrienL, Qumysdeney, &HGeusmsv Gumeim UFCaamisaiey aTMHMI eiFeuH (& 6mMeuTe
BIaT&H6s0 BHCHTHMUILTL L& HTEIGUTD. GeLEImauled BbdH Hensvenio Fhml ifEHTHC6!
sTelu(hHGImCUTHMILD BBHwmTaled LHigeved, (WWDUTUI, H60BHHT, OQFaienet GUTETID
bayEIGefeD Farmalsd gmsul, Uedm Gurein marmiseaiai wGsdwmalsd GsmeumeulbLyy
BEINID @bH Bemevenomul DHD DleNaled HTeT6VTLD.

@eueutprall Lnused Geusmenseaied @efl 2mBUBIBHL HSTEND (GHMHMEUTHLD S HD-
OuLeod GaTeimieugsmaETen STFenid wrg? @UuLeod CaHTamIUsHEHS STTEOIOTGL Fldb-
sooment @efl Gramwens QFwsiwenm,  ‘@efullyFTwer ysTy” el SimpSSULBI DS
Gflws sFHjseafer (peraiameoulled @G LTFTHHS BHHaIH6T Fov QaTmIL QOTTEIM HTHEHLD
Ufleusmed Capmeimid @ramuieill QUITHeTsel, Hieweniul FHlenlbansseT wHmIb BiF FHmigieni
SHMBHOENTY GFld SHTH6T FHmgsslitbheumdmed (scattering) Blapb. 6ueTIDEIL 60568

(X3

el (bysalBsarm GHemmaumLH8 ‘‘geflullygrwei ysry” eerliubEeaimg.

RafulyFTueIl L sTj GHTaIBH SHTJNIOTGID QFFTUIT IOTFTHE HEDHID DIMNBI T
APSUAPH VB @BHID

geflulygrwert ysmy GCamaimeudlsd @yeni(h eumBWTET @JFTWET LOTFTHE  6UNBH6N
umisaiiyF Qauiuw. enpesHfECsT ma (B sutw] (NO), eefldeomralwm@d maGymdaTLest
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(HBABSHIHGTNTHTSH 61flOUTHeT) opHweiBGa Siemeuwim@G. ReumBmr(h GFlw @eaflujwomest

15 °C QeuliuBlensy SHUILGID DU ULILDT GLD.

geiulygTwe ysmj Csreaims ergauor@l @retwe Qur@meisst NO, CH,(CH, )nCH,
(n=1- 4) odlwieneum GLb.

@b Qrewi(h @rsTwer QUTHOTSEHL GJNHSTY (POHMIPURSTES euTseill GuTHGeur-
sa15 sTreursCa aueiluLer GFydaimen. maGrrasTust saug Hyar GUDECDTEIW
el QuTHeTHaTaT LITHTEIOTRT Q@ FnMTGLD. aUTHEI CUTHGITHBHI JOHBTY (PHMILDSHTH
FHreu QuDBmmelw erflOuTHeTHNBnEW  FHEISUuyeTongl. TS0 LWETUBHSHSUILIGLD
Bba sflouTmeTset GeusiGoum cudlseiled SHEamomLWTs TfOUTHEMTEF @G GF(HLD.
@Miurs ‘&sCamelar eflouTmeiseilar 2w Spellupliyd STTERIOTS, eUTHETHH 60T 6l
QurmeT GHTLIQuIedHBEHI DpeTWITS, aUATLOEIIL 60GHMBUWMLHHI FHHLOMIL 65T sTeldlevmalulm@Ld

MmeHCITE: STURTISMENE CFTHEGLD.

Gueyd sTUSIGF] SmHalules (carburettor) o TEHa D SHEWNFOTRT Di6eNey MSHCTTEHBTLIENT
apelwndF GFeoeid. etaiaid, eursansHer Geuailliubsalis (exhaust) Opm@GdHullesr 2emm
B0 GUNLET JHs Sleey MHCITHETUST BFHL. euTHen elghFalan 2 6TGem 61l
QuUITHET 2 W DWPHHHIHNID 2wy GeuliumBlensouleid HEHaIweLbhEH CUTHEID 616hdFeslewr
pBIMGEIT ((PFOSSEIGT) LG 616060T 6TflQUTHAT LpeVBIMIBEDLD (PODIPLSTES
HEANHHIHG 2_6TenTeudlevensv. GHMIUTS (WFev Siempuiest Qeuellliymé Foumad AHBH
2 6aTenm MBBITHBTURT (LPVHIMIBET  HBIIDML UHVM6V. BEUUTNTHS HBHEIOMLUITSH
maBrrasTuest (Wevddamiber Geuaflliu® eurtwelLer GCaxibgl Oeueliliubsial CFHm@SHulle

oL TH UMD 60GHIL 66T BF(HLD.

erfloummenemud eueflenwiuyd Hpiuret eldesHHe0 H60bH 2 W JA(WHBHHT S 6TflunpmE
QFuwieuge psvBLo euTHes 6TehFaien erflOUTHeT HBe(WMF CFIWLILGL. BHSCUTHI HHEILD
aryenons QeueflGwmid Geuliuw smyewions eehFlaiear o 6T6em 2w GeuliuFlensy wHMID
2 W PSS HUbHMT 2 HeUuTGHW. QUITFHeuTer BubsHamaiseaie S OHTODNULTS @
UTWEUTHS SHSUUBLD enbHIFer, Gumuy o wj Geuliu - DWsHs BubHmeaiseiler S
QLiFILe FTHHD Ufbha mbsIHfebaTimslomL o pushd OFuiuw. @eleurm o mu-
SHWUTGHWD »BHHHOHT enF (b eurw], eursaishHer OeueliliubiHs OCBHTGHHulST 261 TH
eueMemIL suHBIL6T BF(HD. ipmaemowl QeflulFFTweIl LsTHheHEGd STTEIOTGLW. LOTFT-
&G HmHeIB6T BImibD euTsaIl CUTEH@GHTHEH STTEILTSEa UL 60HH0 HHTLI

HrGsamiseaiey @eflulFamwel Hsmeny SiHH6emailed SHTemteomLD.

RATUTyFTUIGO LIBTF6oIZH G FTUIGHTID

@eflullyFTwerll HsTf 2 (hHeuTHeomeig eueiswiLevdhdled @Gl @efluler (peueisnsoulsd
Baww WasF Hbseomer @F @IFTWNS HTHE 6UMEOWMOLILTEGL. 6Iaflaid, SHMTUIEN6
B UBSHHINSDBTH, @enulyarwer o] Caraimieudlsd @LbOuUmId @TFTued SHTHEm!
semenll Lasteumonm W& eTefllenlowimest 6uemnauled &mL L 6VTLD.

o L& sighdalev Bmbal GQeusfiliu@G NO euru suafloswiLsogidled Gevid el FGWmmLD-
oLbE NO, aurwemeus Carpmiels@d. @bs NO, ety Gflu gefluilesr eralemeouled
dflewaswenLba Sl Henew @UdlFmen 2 musHd QFLILD.
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2NO(g) + O(8) ——» 2NO(g)

NO,(g) v NO(g) + O(g)

Bbs oign Bme @Lilgmmaig (paseammm @Ldga O, o Lar Csibal @eafluliyemwel

yarfler Nysreiomer @ wrFrsiumer @lsmener 2 musHd GFUuw.

P& +0,(g) —» O,(g)

"OH gungen apedsid Gamamzed: O(g) + H,0(g) — "OH(g)
BaunBor(p BwBe o pusHwrdluw *OH swrder (pelamsEbD DlamBleney L e
tweold Gamamid @BaFTaid sTefidHeomTalwm@ SHeaTenowleTen MEHCTTHBHTURIHEHLT HTHHLD
yiba Simenssd wwomid CuOrTldl simensed sFwnder cpelamisamensd GaHTHmIaild@LD.
Bps ommas (R') wpmd Gueym dl Smmssd (ROO™) swrngen apedamiser NO,
wpod O, o Lea gréasb Ufbg aefgoralures s Gndw smided sevgams (b
Gu@rTLH sismenmed enbHHCIHMI(PAN), Cupm d GQueisuled enpbsHCrmm (PBN) Gumeiim
ursasorer elenereyser Camemid. Guevibd, GG 2 MusHWTHW D0mSL(H LeOLIGSHWT-
samLBSH auefluled OFTEIHD Henevd Fml Siewllobmaser CHTEIMID. @5 36m1d6mHH60
Ba gr&, Brmel Gumaipeney LgeugsTed Senaln Cuilu sewlsmaser CaTaNaIGHT(H
IGHHINBHMBHET  (eVlD GFlw @efl fAemdaliuBeusred (scattering) &S eua oL 608-
Het @ofl oaBUBIBLD SHETMD (GHMMEUMLAIST alenenaurs HengliuLeobomery Gumerm
asTldwella@w. @ofl ulFsTwer ysmy eeug Ceummisaians Gl Levamm@G @Brhwmdm

ouell LOTFMLH60 FHSHTLILILOMGLD.

RafulyFTuIcornl L ST 6ol LITHBHIDTI 6366 60T

° eeflulliygTwer ysmfler dysmeiorer o olemeneurs @GCFmer o MuGHAHWTHSLILGH
Heaimgl. PCFT @ BFH euTuw] LGW. @GCFTme 2 I HeuTHULSHTED SHeuTFH
GamenmmideT, FeuTFll UTengulled FHLLmL DPaMIH60, BHLo60 GUTRTIMD Mlen6VEMLDS6IT
emu(BLD.

. G, @BFTelT Sz, 2 mHwmm, 2 Wil HTHEHSH HMENIeTeN @h 6UTUIEUTENHUITED
@Cament (avieilemevulsd FHTeurmiEafed GPUUTS Q6D BenevEailed LIFeNFUIoHLOGTNH6IT
SPeugHTed @emevdei 15 EhFeT HML CQuT.(heseT BHramid. R e aleneneurs
STOUTRIGH6T60 2_6wiey 2 MusHd UTHEEIUBUSTED euenfFHs GmmuT(hEHeT emulbeu-
Gxrp 2 _ewiey 2 musAHULD GmmenLujw. afleusTwil uuljHeilsd allewsn&asd (& enm-
aUeHLW @& 6JHIEUTGLD.

o Gosyid, @BFTeT DpedIg SMULT (LPeVSInMIB6TE0 BT eNL LI L1eneRILILSHHMET 2 ML d(@HLD
(@Camert 2_ewLLI). DiHeiT alemeneuTs @WMULT (PVSIMMIF FRISIH6T RWIEGHMBTE0
@miugred QFuls ureuensill GQurmeTsefer QUTPNDF Fobd (GHMMEUMLULD. DIGH6T
alemeneurs @muiufler Wellwedy GHenmeuenL 60, uTHel Lwfseafed Geugli] ML 60
Guresimensy MBlEpLD.
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. PAN, PBN wpmitd @miehamidlel Sie0emaL (hbE6T hIFaHHIenouleen GFjeneudsenme-

Gxm(h Siemeu UDMICHTUISEMETUD UTDUMTUIENEG BTIEIGM6TUD  MHLHSHHI6060-

60)6)L|LOIT(FLD.

. eeafulygTwer ysmy &rgenions Casmeimid eefldeomalumedanigul L SI60IQ M-
BL(HEHBHEI 2_6iTemet. Sjeunenm 2 L FeuTdlugTed sFeurad Guwipmnd Gumerm Camemmy
asmend OQamewiCLTfler GhTUI Hemeveno 2 &dlFwenLujd. Guaid RFCFTemeusemern

o L geaurdlliu HT60 @eleurento SuleolsEnld CHTeamild.

o @eflulygmwens ysry sryenionssd Caramid CUOITLE sigmenmed BFyemeusmsst (PAN,
PBN) ypmiGmruissmenmeuCsi(h, Semed UJDUMIWIENE ISTIEIGmenD goubBHsd
ausLeVemeL. Bsvild AFBFTemeuseT 2 L 6det OHTWPHHUG LTsmISeT wommid QbTaHuwimmis-
oMed @pamwie FHwmen THPEIEmeT gNUBSHHIUSHT aleneneuTs HibOBTHWEIS66

OaTHD uUTL LD UTHHSHHTnIQUIENEUWITGLD.

. @Came sryewions BUGUTHeT Geuaimid. 6T6erBeu Hiewlewlser, LML G6MeT HFLD
(&S MILD.

1.14 s> H BTN 60 BTV (Hb H Gl Guis B Ll LI(h L1636 BT JGIIIDT B
BB B OTFMOL H6V6H G)J FTUIGHIID.

By eeiugl yaluled o ulfler @miysEd oisHureudluonet @@ STIeium@G. g
BT HTJewID DG 2 ulflFgFTwes HTHEEIGMND UBIGOBTETOUHID, DIHHTHDBMRIGBEHDHH
Capemeuwimen  semyuUTemTaF OCFwuPUBSIOTGW. GLeb, BUNMHEBF G600 BlHIHLD
FHTHBEIBNMID DiFI HOTUUTRTHS CHTIONUGHMSEH. BF cevsdam QBmemsi(heren aluisHsE
AuieoyseT &TIenioTsBel ik Beueurtmrs 2 ulflyFmwer HMID @GP0 HTHEBMEIGH6T 60
sOIUUTEITSS QHTPONUGISTDSEI. BT cpevsFamer CoHATHIS eugaHmEH BBbTdEHms
ulled o1m1 @ Bamewt auyeusmsl QuNIFSIDenwamw P (WHamg (2_m: 1.34).

0
H’Q\H
104.5°
2 ®: 1.34 Bj cpeodssanear CashHrsemis algeald

By cpevdsgamesr HOH Gamemisder Gumpiomend 104.5° ou@b. BJ  cpevdbgaenm H, O
SBBWeTen Siemibaeiler Weiweammasearem Ceumur(h sTyewions B cpeodbaamer O—H
demewiliy (wemereyewL wigl. Qbsd (wenestey O—H denswiiys Camguwimeng Qeueiluled Gssmemt
AT SIMLDHGIMENLOWITED, BT (LPEVHIMIBE IMETUOT (LPENETESHHAIMLD HenL SbElaTnl.
Bwemeraysaaieny GLusd (debye) oieo@ 1.85 (1.85 D) susmyulleomenid). igHest &Tiyes-
OT&, B CLPEVBFMTEHI UEIEHLOWITE (LPENEITESHHRTENLIOUIGTEN (LP6VHIM DpGHLD 616015 H(H
GUMLD. BT (LPEVSFMINT RHSH EUEIENLOWITE (LPENEITEYHHOTENLD HTTEIILOTS  LP6VHTFn MIHEThH S
AL B suedemwwiten mErFear Leneniliysser CoHmamidlaimenowmed, QUHLDETR| BTG
(Bulk Water) oienmGesuliuplencouied dyeuonsd smeniliLbE@InEl. DiHTeud HITed suedlento
BB  (HMETEYHBHETMOWGTEN  @(h SHIeum@G.  Bfler @bs euelenowTer  (Leneteyd
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HHTENLD HTTEOIOTH B0 QUIHLDLITEVTEI (LPeaIa|F GFTeneudbeT HMIUID. DISHTeUH BTG

(pemesieyF BFTemeaUBEHHBTRT HeLLVOGHT(H HEMTLLITET DLEGHLD. 610FHI G660 2_6iTem GLIHLOUIT
e BUINensF CFTemaumeT (LPeMaiIa|dh HaTenou]enL Weneaum@Gd. Gueid 2 ulflyFrwens
QFwer(pemmuied umisefiysF Qauiuyw GQuELUTELTET GFTMEUBEGHLD  (LPENEIT6LE D68 MLD
OBTERILMEUWLTGID. @He  HMFewions Hymeng 2 ulflygmwer oMb  @ped GCFuwies
(ODEBENED @H SMIILTITSS QHTHDNUBEDME. RHET HTTEVILOTE GO STFTWISIOILIEND
BITEIH GOV (LPENEUT6LHHRTENLIOUETEN HENTLILITET 6163 eDLPSHBLILIHES SIS

BITEIGH BeUaITHTE (Penaie s BFTeneudsEHHBTRT @ HEV6L HMILILTRITSS OHTIOMLH6N-
Hev LIyHam6VmIBEHD 2_6TeN6T. HToUH LLGUMI UTHBLOTET (peneia)F GFTeneudsert Hifleo
BIG SMIUBTEO B HIfHOTE wTFmLWD. Beuaumtmrsll ueBeum GFjemeuser Hifled
BOTUSTEL ABBITOIH WICH@MID GHMHH Goumevd @Gl QUTHSHIOMM HMEVEMU DIHL -
&B6v BT LOTFMLFH6V 6TAILILGHIIMSEI. B LTFMLHOTIGH HewFl LWSTLGSHS OFwiwiiuGLd
Gouemevd @ iemowl GeaumuBd. 2 _STFewIDTS, GRBHITHEI UWaTUbhHS (PIQUITSHeUT
wrFmLbG eTen BHrreid eleugrwl uwWlljFOQswiensullear BFOuTFasHear CHemaudsTs
LOTFOLWTS B H(HSHHInlgWl FhHJLILMBIGEHD 2_6iener. GaID ndH6HTIN FHuled 2 _emia]
SWTFlliugsnN@GL QUT[HSHSLOMMEUTH] [HIGTIIRISSETTED LOTFMLHHIGTN HBITegl, CaTHBITa
QumieusNE&L QUITHHSHLOTETIHT (GLD.

BITeIg auellenoilss @ (PenaTa|dh HMILILTRITS QHHHEUTHEVID (Len6uT6|ddHeuenLowimm
BrFemeumEpld BFled QFTHU ieMeYBH6rled HemTUD. @eueuTmmen Flev (LPen6IT6HSH6TMLOUIDM
Bryemeumel F® HEFHRSHEHMOWMLWLMULTUICHT(H, WsF QFTHu Senaled DHTeug
Gaul Lenaled SmIhEIeTen Heneoulepid DS BIFHSHHIMOWTEIH Qe UTHS UL G-
HevIld 2_WTEUTETIHTHDH SHTIILILL6VTLD. 2_FHTT6wIoTH, euellenoldlds @ LUDmICHTWTSS S
asryemiwrdw Quenfeaier Bl semIud Hmear gmsHHTY Wevelweaidsg 1780 (1780 ppm)
UGH BT SpGWD. eTallenid Glgbflest ugoTeil QumoreTkisaiearuy, Bifled CQuaTFaT L ki)
WpesasHHHs 2 FF ene] evelwmisd @mbEH (5 ppb) ugdHset pauBshT(H, Gueseais
Bfled semgud Hmemeg Geualiflleyl QumiTaThHID 350 000 HLEMHEUBET 2 UIT6UTEIHT-
GLD. DHMBMIOW, (P66 HHeTenowlaTen Cajemeusenentl CuUTaIGm (Wenetald HeTenLoulmm
BFFemeumEHLD BHifled HMTUSTEOID BT TFMLFGIMGI 6160 BT (Wigl] GFUIwIeOTD. GLoEVILD,
(PONIPIRSTES (LPENEYHHITEMOWINMD @(H (Pe0SHImMTHW QUiFmid GaFrpu jemaisd (8
ppm) Bifled seMIWD. Beueurpias WsF QFTmHu enailed BHfled HenIhHleTen QL FFeanmerd)
Bfled eumpd FoHev SEIEBNMGHID 2 ulfsh OFHTHDUTHHEHDHEGH RETHWMLWITS QM HTF6wi
LG, IBTouH Geueummrad QFTmu Senaled BHfled smIbHHI6TeN QL fger HTreuioTsGo
Bioury omdEsefllar gae0 2 uljs CsTYNHUTHHEDHL Bl HeTmen.
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1.14.1 BJ ol Lapid BJ IOTFML HEVID

GV BT Ul LGHmHdH &TL(hD ealendasluLQwreim 2 (h: 1.35 60 Syuul(heTendl. b
ALLSH60 BITed Gloedled GeusuBoum uGHBEHHEGH RemLBw uFloTPHweLSngl. B
AL SHT FH6L HLLMEIGMNQID BT LOTFMLOBEG 2 6TenTGW. B Ul LSHHe0 2 6fen o
GMDHSH 66 LTFMLHS B euafoeniLev B ((Wwaéled, Brmal, Ger cphuet, GeusEnhsnm
ued, emp BJ) SpGW. Yaluled 2 etenm Blev BT SpeTwTHe0 pevBLD uaTOERIL 605315 S
B HoLEHIDH. Bfled HMIHHIGTN GQUIHLLITEOTET  (LPeN6ITEHSHETMLIOU6TEN  CFTen6uds-
ofleor (2_lyssenr Bumeimeumplest) GaTHBlensoll QUOILTEID 2 WIFEUTEIHTMHWTED, e
HF QFeoIDd BHLAIT IHFCFTMEUBT 6UATIDBIL VHMNDH DML UHEVEN6V. EFH68T HIT[JUILOT S
SLONITH6D Lp6eULlD 6UATLOETTL 0SHHIL 66T BF(HLD BT, BF SHSHFHoMen wHMID Rl6) LOTFML6HE
o _QTenmesl B SpGLD. sleusuTpruleEid spaltuplyeien (peneieyd Gafemeuse (H,S, NH,,
NO,) Bfled @emguyd. Goaid @eflulggrews CFWGTLPMMEBET STTEILOTES IATLOEIIL 605SI60
2 _pusgsunreld usdGaum @yemwens Gsyemeusenw (NO,, SO,, H,SO,, HNO,, NH NO, Gun-
&im) euafoewiLev BHifled Semyujd. Geid eueilioewiLsushHed 2 6iten WsF Hw CHTEIHED
Bleweouled o _6ien (HM&k, WSJHS ewiseT, upHflwr CuUTaTD) HIewTEmEBBEHLD EUETTILDEITTL 60
BHLET CFFousTed DHBI LOTFMLU|LD.

2 ®m: 1.35 BJ el (BJ&FFEHSILD)

@eueuaiioemiLev BImengl Lige| aipFd (Precipitation) eudlGuw wemip, emipliuesil, GeusiTEmenm
uell, Guoest ep(Buet wHmId ueisally wemwpwirs (Hale) yal Gumurlemu SiemLujw. @eieur-
ol YelGumurlenu semLwjn Bifler @ u@gd yalGumuriiesr suflCw @i aufleusmsd
GuaId TFMLOBE 2 6Tenm@w. Selyly Curmeiser LflenswenLeusred GHTearmid
o Nysaset (UTy 2 Beums 2 LLsHen) Loewenilsd 2 6Tem LeOGm 2 LIl 6UMEH6T, LS

imed 2 _MmusHdH CFuiwiulbF Gl e GFjaslup. usOBaum @ysmwetl QUIT[hHeTH6T
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(ugemen, m&HOHTIND @raTwett QuTHaTHeT, alleusFTw GraTwerl QUI[HETHET, ...... )

Gureimeneu HBFled BMToUBTEL BT GLOEID LOTFMLOYHE 2 _6TeNT@GHWD. eueuTmrsd GLom @G-
AL ugeeipsd epeod yell Gupurlenu SwLBS Bl @ uGd yelulesr umenmLl
UL BEHHG 2 s Ualular o L ugdHow semrujd (Ground Water). @eleurmrs Bym-
I  LoGwTEmNEN BT LML BEHBGID UTenmL UMLEBEHHGID 2L TeF OCFeoaidGumg|
SUmLB6T FIISEG 2_6TenTeubTeid LevCeuml Sl 2 LISE6T auiamil 61 GFTeuUbmen

yelulesr 2 6m@em 2 _efem [(HLD LOTFeHLUJLD.

1.14.2 pjer syiuyioresimidbaet (Water Quality Parameters)

BT gnaaBa GMUILLg Gumeiml, (peneTayeTen MWD (peneTeumm  GLHLDLITEVT6
Qurmeseat Bifled GeuaiGoum Siemeyseiled demguw. dev GQumrpeTseT (NaCl) oifhHs ienealsd
B HFHIOTENCUTHeVID FHhIBTaImeULIEO6. 6iallaid, Geoumi Hev QuTmeTseT (uTy 2 Geom-
&EIG6T) 106F QFTHU Jenaled SmIhEIeTeN Beneoulevid DHE HFFHSHHBIENLOWITETN6.
ABHBTH  BTIeWID, LWSTUBRSHID HHLSHIHEG Biler QUTHSHUUTL DL DleNbHMeUBM
&M1& Hifled HMTHGEIGTEN OHMID HMFWTSH Blemeouled Bifled 2 6o QUIT(HETHEHSHBTH 2 _FF
@6 UL SeVevd 6iFs SToraiasiiul (herengl. @enel BFleT SILUILTLOTEIRIGSETT GL0.
o _FHIIewid: GBflet @IFTwieil UFTaEIEeT oD sley Beny CeueflGuImmeId et
ugoTemEeT 616 GeusuGeuml uFTeIEIGEaT LsOBaM BT(HEHEMTEID FTeuCHF BimieUaImIs-
enmevid QeuefuiLli ul (Hetermest. @UUTLOTEIEIGONT GHNHDH AIFHEBMET DIBHTOUFH 61606060H6N6I

alehdlF QFeveumTed DHBT GNGS Couamevd @Gl QUTHHBHLOTEBIHEV6L 616TdH HHSBLILIBLD.

Hesteubld DI Leuenemiuled QevmIendd SLLenenEeT LslwssHanmed Geueflui (ul BeTeng.

oI Lousmesn - 1.9: Qevmienaulsd aihaefled LWSTUGSHIMUSHGL CUTHSHHLOTET  Hifled
SIL BB HBBHHHHUDMST 2 WwiTey / Qfley 66 ieV60FH aIFaH

STULL (HeT6ng).
LI LD 63151 & 6VT DIVG 2 _F01 IBNOTID / aiFd
BmLd Hazen Units 15
HEVBIHED SHEVT6MLD NTU 2
pH Qumjomesiid 6.5-8.5
@rsmwen @l dlFear Bsemal (COD) mg /1 10
OwTeHs HMIHS HEN6L HEILOEBIHEIT mg /1 500
Bl euatenio (CaCO, Blemeouled) mg /1 250
Quorss GursGumm (PO, Blansoulsd) mg /1 2.0
SpFafli@ (As’ Blensoulsd) mg /1 0.01
slblwd (Cd*" Mlemsvuied) mg /1 0.003
b (Pb* Blemevulsd) mg /1 0.01
@y (Hg" womo Hg?' mlemsvuied) mg /1 0.001
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1.14.3 s1fa Bfer SHyOuyioTeoimisbaT (Parameters)

@efl BTD BflesT SHFUUTOTRIMBISET SeveunenmdF F(HHHOTH BB EHEeumLb.

e pH Qumpnorsonb

pH eiamid @pewi(h pmidlev 61(HHIBHNMTL GMbalILBougs mBraFar HwWHHW (Potential
of Hydrogen) eistiugn@o. pH sienelen (pH Scale) eietiug senggelsn idleugseenioeniLl
DIVEVG|  CLPEVSHHIIEMOEMU!  FaMIeUSN@GHL LWTLBL  Di6MeYSHHL L IDTGW. HmFFOeumssmles
mayFear ower Ggnemeu (mol dm?) wenp wLSmaL Quuoteiorsd STLBUOLSSH B

pH Qumiomenid srerliL(BLd.

asmyF@sorainesr pH GQuupioreisms SausTalliusnCasnm Fev (LPewME6T 2_6T6rTel.

(1) Bundiiy ewpeod Siedevg LIMOSTMH (pemwm cpsuld: BemIFedest H' Gamenaus glenibgl,
IIGHET emm WLEMBL QuuoTeibmall Qumeuser — cped  Was Hmebsons pH
QUMITETHMHSH STLOTENGBSHEVTLD.

(2) pH asrigepwil LweTLBSSHIUST (peold: DiBTeug SengaFedenr H' ower Gamleyliig
BDWD THDWENLUD SHTeTHmen LWaUGHHIHN. BHmaETs = flu pH srenens
BHMIFEND HMNHH, DHBHTET QUMD BnHensd Blwwmer pH Bin SemeysHLLSHHIL 6t
UiGause cpeod UL LTer pH Quuioreigengll GQumeoTLd.

(3) pH wreflenwil vweETUGSSIUGET (weo:  BsEGurg  Biler H owen Qaplejesr
WHHD CoupuLdanpwl BTl  ETeuTQWITSTNET  DH(IDHBHHMS (HETTEITIY
Westeurullesr) mlwiowmer  WeteurQuimesilest (Ag / AgCl  WeteurQuimesipless)  Si(SHHSH
BHGF FTIUTS DNHSH DB pevpld QeuaiGoum Brssenygevsaien pH
QUEITETHMBHSH HIMINULIEVTLD.

BTD SISOTLLD LWSTUGSHID Fev BFssenTaFeosefen GumoTamIGeT 6 HriuLl (HeTeer.
Aevmiemauled Gunilar Apiurs pH eaiFs 6.5 - 8.5 eeigh Hywmeidsiul (Herengl.

umed G
SILUFGFTLT .
@englienus Fmm) Gamind - Gouetpy

il LpFFTY) 2 Glut H b

3|4 s & 7/ 8 9 40 T 213 W

0 1 2

14

EINES 0]
FHHBHLOTHE

16 7 8 9 10 11 12 13

WeTseval(bBEE@ SiLdlevld ofl0  sEETeRNF FUTSHBMILD

LoGMLp

MO grw wenp
@iyl umestLd SIOFeureas

2 ® 1.36 SOTL aumpaled LWRTUGHL BIssmIFeomet Feveupmlenr pH GQumiomemiseT
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* &L55H1mI (Conductivity)

BISEMIFOETEINST SHLSSTM 610TUH SBHILW 261 SHHeT 261 T LOeTHL HHLILBLD
LDDMEVE GNBG QT DMAILTGW. BHMEHTH BFled HWTHO DWSIH6T HT6wILILI(HH60
Gouswi(BLD. HTWHHle BLHHTN WOHH GMMEUTEIH. BITEIH HTTTHL LFensUINLSH60 CLPsULD
Caremw 1ss Gammu eneurest OH wpmid H® oweiaBen smwpifled emewriiun. (1x107
mol dm?3). Bilel sL&HSNGGI NTSTET SBTTEUIDTS MDA NHO HMTHGI6TeN 2 LIL]-
HH6MT DeTEUTGL. 2 LILSHEH6T BHfled HMTOUBTE0, HUOILIHHT GHMISHDH SNHMUICTSENTTH|LD
DIQISTIHENMTHAD Gouprdlul BEFMHMOMLHSH DLIGTHNMTHDS STEILILIBLD. BHH DIUISTHETTE0
Bfled SIEBIGIEIGLTEF QF6060 (PIQUIDTHETED D(PHSH alGHwmgd NFGuimdlesiiul L a6t
Slemel WeteuTwisenen BBradlsF QFeveumTed HLHBHTM BCHTaimid. BHifled HmIUID DICFHe0r
o lIyeH6T, BHfled DWaTseTad gnl LlflmawmL wdbamiguwl CFsHem 2 LIbaend BFFeneusm-
e (CFmea SIBLEIHET, (pevmIHaT GuUTamenel) BHfleT &LHBTHI g UBISeMULF QFuwiujb.
Bfle0 BTG SMIWSIIQU, 6TaNID WETHNMTHS Fnl LUTNflenswenLwng & eps8sma,
&&&Cyma Bureim GFmpeanF GFjemeusenTsd Hflel &LHITM WH gHUBSSIUBL CFedeur-
5@ Was Qemmu SiemeuTandl. SLSHSTM JeTlIUSDeTesS SLSSTM wrell (Conductivity
Cell) vwaTUGSHSLILGBLD. SLESTHD MBS V@G CQFafispmmeE Hosred (S cm™)
SGW. eaaflad BTD SPhBSeTen QUIHLDLUTEOTET BFbHEMIFH6TN0 RUGUMILTEID OS
HaF AP sTenswmed CFafHnmEE mwsHBrT wererd (1S cm™') @BBW &L SHHTHI

Qurgieursll ude] GauiwliulBLd.

BT  APHSH  weugglenen Feo BissmgFeOseilean SLSHSTHIL  GuUOTEIEIEaT S

S Leuenentulled HFLUUL (HeTerment.

oI Louemesnt - 1.10:  BTenTHS euTalsd LWSTLUBGSSEID oo BIHHMTFOBMET SLSHBHTNILI
QUMD IS 61T
BN F6V SLHHIHBI / L S em?!
SIWSTBOT BHSBIULL B 0.1-5
TIFS eugsds B 1-10
S9B 50 - 1 000
LIm60 1 000
0.01 M KCIl senyae0 1410
SLHBTBI BUNDd &H6MJF6V
Bevss B 100 - 8 000
BL6D B 2 000 - 60 000
SpldeT gy 10 000
CsliHs Sidlevmise 60 000 - 900 000

® &HovmIHevL SHevienid (Turbidity)

GSHHOT BT (WONIWPWSTE @eflenwl 2aBUSaILEFHMQUSTGL. ASTEUF Bl 26 ms,
aealals SLEISNIOEIM ol QFesyd. eaiaid BHmLen usBsaum CQuTmHeTEeT GFJeumbmev
e @6fl oapUsalBL HaTmw GmmeaumLuww. B OFHefleupm Hearenwsnwils QUDID.
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@eueurpna Bl geflenw 2mpBUSI(BLD SO GMeUmLHE STERILLBHC60 DibHHFle

HEVMBIBED HETWID TRLILBEMSHI. BFled HMIWTH OHTHIHE0 BNV HIWNHMBHENT DHTOUG
yeluiyiy eweod uwitgd FPw FHleflbensser STEILGSETTCOBW HEVEIHED HTENLD
gnubBAmg. BFFNW Hiemdamasen STOILLGUSTO Hiler 20 TeF GFeLsvd ol HHmid
(Scattering). oige alensneuns SibBY ISP (PpHe0 CuUTSIN lsve Hewy Gumeniy ST gl
weld@w. eueumprs OFHTEIGD Henevsd SHmGmEBHT STMILLBHOTEIH B LOTFML-
SIS BLLVRTESHBHHS @H FHSFLILILDTGLD.

BGuevid, Biled WaF FAMw Fnldd HiewNlbamadHaT STEILBHEVID, DIFH6ET HEVRIHED HEENLOHEHH
STTEILOTGHL. HFEHT HEVMIBED HIIEMHEG JHIUTGHWD OFHTEISHN Hlenevs HinlobmnBHNTS,
miewieniw  &efls; glemidmaser, WaF HAPw Cozmenr wPmID SCFHH HiEWNHMBDHET,
mlewTeniwl  Helbser JmSBeler FUPSTWEIG6T, WaF AN uduGHWS &lewTdemasamer
Guretmeumenma (GHMIILIL 60TLD.

Bl HELEIHED HETMDMU JGMILUSDBTH @6MbENmMOWITEIN B 261 TH 61HSH Di6N6)
famideingl (scatter) sievevg 2 OFe0daing (transmittance) 61U SieNSHBLILIBHLD.
ApECuTsl smIFelley @afl FAamIdD Sieney SMWOLLL HEVEIH HETND OCBHTERIL Q@
smIFILe GHNHS BITHflulsr @afl HAsmid Semey QUUILLLLH, ST H6VMEIHED H6TTeNLO
SIeNHBLILBLD. H6LEIBD HaTenoenw! s 0@ NTU (Nephelometric Turbidity Unit)
SLGL. BIULIDIOTE HEVEIHED HITENIOU|6TEN Fov HeMJFe0BeNMe QUUOTETBIGT SHC S

(HeiTeNenT.

TTITI’[TI’TT
\

l*““&*&;

4000 00 2000 1000 500 200 100 50 20

o2 ®m: 1.37 Flwiowmer HeUmIHD SHeTenLow|6iTern

asmyge0 QsTL@ymasr NTU QumiomeimiseT

@MHH L6L eaugvieuene] 2 BeoTdd SHOWAIHEDHLET Renewioudbreo Camaimid Gamepli
evsHHIT LId eusvieueTa) o Beomads smmuie o Lieigl  BHiled SmIwb SHmer &snmeur-
QIHTEMBWTED  aIPLIYaHE 2 6TenT@G. @hs albugels LTHS Biler LTHHuIeid
(SHDODEUTRIBHTMHWTED, FouJobsTy HIeMT (Soap Scum) ops Biled WHHGW. RbSH 616060T
ued eusledeNe] 2 BeoTdHs SMMUWITHEDHD BHEISF QFOMID UM FoUTHBTTHAH6T SHILILTeur-
HGHWD HoET DFNGHD HewL BT LTFH. Goaid uUed eusvaueTe] 2 BeoTdd HMHMUIETHENT
semeoouifler Gupurliied GuieoursBeu &TeIUBLD WewM (—) FMHMEIGBEHLIT ReNIHS
SIICUMMEIBM6T B(HHleNsOWITH@GHLD. SIBUTF (pevtenny GoMUTLILS SHMHMUIEITHET SHITJ6wTLON S
SOTOMIUL L HemeVoUNTHeT  JHMEIH6T Ge0eoTenowTed Weni(ho @M Cemmern Cajbal
QLB SN FNLBHHSHILD.
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® Bl 666D

BEIG6T @6VBIMBUTNT 2 60F 6U60WIGHH6D 6UTIPLD @HEUTT? DIGV6VHI 2 60F 6U6VWIH HlewImm)
BHmy eVevg Bouml Buimensd cweomiBeaTelBhgH QUM Bengl LmSweTeiyaenT? BrIG6iT
STy UGSW BileT &eweu UMM eTewTEIl UT(HRIEET. DBBT @HONS FoUTHETTSH
SHHTEMOMWSH QBTETIQHHHMD 2 _HIHEHHE BlenatalhbobsHdn(bo. GID, SBBFE0 MHBIT-
QW eTenl] 2 _MIB6NH HMEV(WPY @L(HL HETHWMHWUD &JL(HhS SHATENOMWIUD [HEIGH6NT
SIS TeNS HHFaBD. BbHS HENEVENIDHT JOHLL S HTEIID 616N FOUTHBMTE H6oTENLOWIT60T

HMEUHGLD HMEVOUTNTH6M6D PL(HLD HEIMENIDSHEGHLD HTTENIOTH DIHLOEUSH| [HFI60T 6UEBTENLOUWIT(GHLD.

‘Bflet FuTEBTISHMS alpueuTs@GHD Cametenene] eaUBsH BT cUaTENOGHSTET 6UEmT6S
VBBHEMIDTGLD. B UMD GHH HTTEIOTGHLD QraTwens BFFeneu Hifled HmIHSH MHlen6v
ulled o eitem U euevieueey GEmeniL 2 Gersd SmHpwEIEMT@GL. SiHTeug Ca?’, Mg,
Fe?, Mn*, A" o008 Gouml wrBGseid  usveusvieusnalsien 2 BeOmdd  HMMUIGHSH6T6
FLBOWTSHHF QFMle] SL@HD. QuDmaUTed STeRLLGLD Bifled UFaueOTs DILRISUNHSHEGHWD LD
eusleueaelTen @ Beumad smmweiset Ca’' 2 1b Mg* o 1b o@. seBeu Guimenasuwimen
Bie eussieno 18g gUSHSTY (WHMIWWSTEL ukiseliyd Quiueneu Ca?’, Mg* opdw
o Geourad sOHPWEIHT pGW. aafaid Wes oflste Mn*, Fe*', AP Gureiny  oiwesis-
e Biler eusienioullsd UBIEENILF QFUILD FHSTULBIGET 2 6TeN6l. FoUTHBTILD 6T6ITLIG]|
Oamliudeomiseaier Gamguid Sjevevdl GUIHDTHWD o LbsenT@Gw. Bbd 2 Lidboeiet
sTOUTLfelld@Hd Fnl LD 2 flu usdeusyalene] 2 Beomed SHMHMUIGTHEHL 6T  EeNETITEUST 6D
Cxmeimid Gamapl ulevgHar Lsveugialene] 2 Geomad smmuwie o Liiler Biflear Senyuld
AT (GMOMEUTET HTMBWTEL G eipUguld. @euaipeugalest LTHSH BT DILFSH-
Heow alLd (GHMDEUTET SHTEMHWTEL DFH FoUJHSTY LOT&H HIOFWTS (soap scum) Bifled
HBGW. 6160186 FouTHBTTHHBT H(PeUsD OFeveuTerIH BbFH FH6L LsvaUseU6Te| 2 Beomdhd
SHOWTHEHLD BRIGLD euengulsd FHlapeudleosnsv. Goevd @bsH UsdeUseUsTe| 2 Geomsd
SHOWETEHT Hemeoouly Gumuriinied GuwedurTsBa STeRIlILBLD GFHMHBIBEDHL T EREN6NTHSH|
SeUBauMMEIEM6T  HHBMOULUBGHHID. UBUTH  (pevteory GMUTLIL FDMBIHET STy 65T
T&S SHememiulL HeneooulyseT, gomEIEeT DML CuTeusTed WemIBHLD @eimIL QeTTeIm
G558l QLbssMMLMU JHLBSBID.

Bfled o midujeien Goum SenusiEEpEGn (CI, SO,>) Biar Bensoueisn cusienLod@Lb
eleuals OHTLIULD SenLwingl. Biler suaienoemnuis GMUNIHL Diev@ evedlwamshE H605 WD
sTuGmmml uGFHssn (ppm CaCoO,)oLGb. Bl suaien LSBT MIDSILGSSUILIL

Geitengl (U@HLLLTe UT@GHUTH).

I Louewesnn - 1.11: BT SQaIHSHaIen0 oL LLD
HovFund SHTuGsnBmI / mg L' BT 6M6UI63ILD
0- 50 QossTentiy
50 -100 bbhHST GLossefy

100 - 200 WHLomest  GuesTantiy
200 - 300 BOHSDHT  GUCT6TT
300 - 400 ouesTeNt iy
450+ SIHS  6ueT6DTT
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°* FZBHTUD cMasienIp (KomevuTsv aiestemin) (Temporary Hardness)

Bfled  Gomulg  uedeusIaUeTOeTeN 2 BeoTdd SHMWETHEDHLET D CreHsF OCaFmelsid
FmBoeomen  Qapalsd QHaETUCHIND DWSTHEDHLD STUCHIDN DIWSTIHEDHD ST IL(HLD
BlemeuBuw HNETedE 6uetiento 6IRILGHSIMG. HmTs QBTHEE MEUILSTED DI6U6U6ITENLOMUI
H&5H (PIRauSHaTCLBW BFH HNHTeNH auaTenld 6IRLULUBESEINSEH. HBMTH CBTHHE 61D EHLD
Gurgl 2 Beorad SHOWETHT Seummlest  sTUGIHMTE IDLIQULD.

Ca®* +2(HCO,), A CaCO, + CO, + H,0

Mg*" +2(HCO,), —_A _, MgCO, + CO, + H,0
°* HKomeuujaiaT alcitenip (He6vuiTesr 6lesiomin) (Permanent Hardness)

GNHs U auieusTaeTen o Beomads sppWaIsaiar CwrsHss CFfelaiw Wed @en-
meuTsd STUGEIHMI DieVeVH BHBTUCHTIDM DlW6TEaT SHTewUBL HeneoBui mensvuleTen

aueTenlD 6Tl IL(h M.

@mE@ sTuBamnI—QmaTuBaimn Sweisefllar Fwauad Fmleys@(Equivalent Concentration)
Guevdaonss sTemiiu(BL 2 CGoors Swear Gamemet, QeauliLGoOmIeusaT (weold eipuIguIF
QFIW  (PRWTHTHSWTEO BR&Hl HBleneoueren eusientd elelubEmS . UnHCHUImBSHI Hifle0
s Seatmwuleren sTUCmMHMIF Csyemeuser (Na,CO,) CFTULSTE GelauaTemnoamul -
&H6VILD. Ca®* + 2ClI' +Na,CO, _____, CaCO, + 2Na" + 2CI

o Bjsr @Qysmuien RIFFeI BGopaTal (Chemical Oxygen Demand)

piler @ygmwen @l dFar Gxeal eeugk Biled SmIHHIeTIN QUIACLDMBInIQUl USTTSH-
FEIBMENT QL FCWMHMIISNGHSH BCHemeuwimen @LUAFalar o6y DLGHW. B0 UFaIEOTHS
sTeuilu(bL UACWMMEFaw CFrensuseanten Bsmans BFjameusenm@G. Reneu GeusiGeum
RLACWOM Plemevaeailed aTemiiuBGeuCasr(h, BmiFHulsd umemmes STURTQTTL MFL LTS
(2160608 HTUCIHMTH) L FACWMMeLTID. FHEHHCHTEH, LImCmma: BGurein Geusdev cIMBH6T,
OaTull ulevEIEeT, JOCEIT OlVEIBET, LTUQUTMHET, LIHmseT Guraimenss @dled

SILBIGLD.

Guad oCzzmeF Gayemeusents Fe?', Mn?*
Guretn SIWETIHEBHL HiflesT @yFTwie L FFe
Bzpemailulled umiIsalliys GaFuwiujb. Bifler @yaFTule
@Ldlger Gsetal MWl cwpeod glewlwliLBLD.
auellemlas el JACwmpwrdlw oifleo QurpmT
fw WOm&CrmCwmmis smyFedsr Plwiul L
QT e L&, HTWIFS 6ugdHgl WBHWLTEH 2 6ien
Bm&GCrTBLmmI SiweTHeaMN6ET DieTenel HBIUILDLDT 6T
Fe'siwer saggeomaipler cpeod mluwbliyF

Qzwigl Bfler COD Gumiomesid glewlwliu(bLp.

COD wlLgmas Hlemige.
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Qu(pUTEID  mBHEHTPH6T weod  QeauafCGummiinpGy  sWeapflGCw miiler COD

LD Sendsliupw. sgmaren srgewd COD wirw o wijourer ey B Bleneosemend

QFIIMMLOUBTED BB LOTFMLEHE 2 _6T6MTEGIMENLOWIT(GLD.

AevmEImasUled WHAW FDMTLED HBTT Femuulermed GMdbgHlienTaaliuboug GeusiGeum
Gosefled alpaldsdsamyu &10le] BHifler COD wlLw Jdetaumbd i Lsusnemiuied
STULL (HeTeng].

I Louemewr - 1.12: @ 60E & L&l &M ML 6V 3G BTy Femuuflermed

@euefuiL L Beten sWle Bfler o FF COD ol LEise.

QeuafGuIBBID ALIT(HVT 2 55 COD QUIBIOTEND/ mg
L' Guouryiy miled QeusfCGumppiuiG sley B 250

priurger Biiled GeuefGumpluG &6y BT 400

FusHy Biilsd GeuefGumpliu®GLd &6y BT 250

@muuy CsmlinarTensvaeflelmbg CeueGummiubBL HWle| B 400

ymLeneugd Oamlhnamensvasaiel®mbg OeusflGupmiu@L sley B 250

o Bjev HdewIbhBHleniam I FFer wi_ LD (Dissolved Oxygen)

Bfled semymhaieTen @l fFear wiL (Dissolved Oxygen) openig Bilel Siev@Hd SHeseusalsd
2 aiten pevdsapl @Ldlgar (O,) olema] pGD 616 aIMTWMISSILL (H6TeNgl. eUATLO6NIL 6v-
sFe0 21 Fzeaisene sTewilLBL @UFFar autuy ChIuITe BHifled HMIH0, BHiFled uUTIPLD
RMNGOBTGLIY BLSHHID DHDMEVIETEN HISHBTEUTRISHET LOMMID JNEIUI DRIHHEMTID (DIGVHT,
gwBerm upPFflwm) @Gflw @efluler (eelemeoulsd 2 MusH QFLWLLGL @LUFFar BiFleo
BMIH60 IFWNCoU Bifled BMIHB Memev PLFFMBGHH HTTEUILOTHGIMEN. B (LP6VSHFn NIH6NT
(L EMEVELSHHEITEMLOU|EMLUIENEUITENSWTEVILD QL FF6T (LP6VSHFnMIBET (LPENEITEHSHETMLOWINMEN6
wrensulemmeld gLl daaflar Bfled @semgujd Hmer WasF ANWEST®H CUOILLTEILOTGLD.
© _FHTIENIONS HL6O L LGHE0 6ueToeniLoshHar @Uflgar surwjelsr LGHW(PSHHMBHH
as®mBImsulsd, 21 °C QeutiuBlensoulaid 1 atm euefoemiLey (PoHsHHNID Bfled SHmIHS
Bemev gL dlger wl L gnssme 9 mg 11 (9 ppm) oy@w. Bfled smybaision o Haer
L Lomegl, Biled Blaww usBum @rsTwen wHmID o uljF CFWSTLPMHMESET STy 6w
LOTHS  (HMDEUMLU|D. 2 _FHTTeNIoTH, Bl HmIbHHIeTeN @LdFar LLWL S5 ppm @evibd
GmmeuenL b Cursl, Bfled euTIpld JEIHEB6ET D(PSHHHHIHE(Stress) o _aTenT@GHw. HBHFe0
UT(PLD LSETEH6T, @EITHTRT D(PSHBHBHIHE 2 aTenTdHw FhHTLILEIG6T0 BT GmurliLsE
AbE euTemW  eUaTaEIL0SH60 HMbHH MEUSH([HBHBHMED DUBTENHHEOMD. SILEUMILOT-
eid 1 -2 ppm euewy GemmeusnLujoruilesr, DBHFEO euT(pw eideT @néssH OHTLEIGLD.
oo ameoliu@Hseied BT sT GeusiBoum LUCsamiseaied BIHensvsafed 6BHHTLHH 60
Wy SEemISHTRN aTHeT @aleumTmrs Gmbsemo upflwl euidsener n@laIComid. Bifleo
asmIbhe Hemeouled o eTen @LAFem wLLWD Wad sHTpeurer GuUUoTaSHms iMLBSH

BHBHNVMLOEHD  HTJEIILOT (GLD.
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Bfled smrhH Bewev @LFger L Was GemmeusnLwjwruier (0 ppm) sibBfled sTHM

@i Blemev GHTIMID. LTS BFBlenevEaTer SigliLGSHuled Eeueummmen &TmHMlETANL

Blenev STEmILILIHLD.

Biled smIhd Bemeoullsd o 6tenm QL dFer WL LSHMBHS SHiewlausn@Gl UweaLBL Fev (pen-

MEHET 26660,

(1) amIbhd Hew QLIAFMIGHEG 2 wTHaImmuld &TL(HD SmIHE Hlenew @LFFer
wrelCwramlenerl uweau®bsd Cwrgwns sinba Gsmetensd. (pH wrell Gumeim)

(2) PHwdy eweod  (aletdevf (wewm - Winkler Method) @wwenmuled et mlundliiy
(Back titration) cpsuld sempHEH Hlemev @LUEFeT WLLLD GHlewlwluBLd.

BpHaETE (PH00 &MIbS Mmew @Ldlsmen wrGHE meOIT ma Grer (Mn(OH),)
FSTHHWPMF QFUIg alpuywF GFuiwiuLd.

Bifle0
2Mn(OH,), + O, ———— 2MnO, + HO -----mmmmmmmeaee- (1)
1 mol 2 mol

Aeueutm CHTEIMID WEIGHTIHS FHHOTHIH SOV 26 HHHL DWMLL(BHLOGT HTHBIPME
Qauiwiu(LD.

MnO, +4H" +2IF —— Mn* + [, + 3HO - (2)

1 mol 1 mol

BsaGurg GeualGumid 1, opegl, Huiw HCwTFCUDMIS SHmIFLTHINIL T BlwiblsasiuLo.

I +280% ——» 2I' + S0~ 3)
1 mol 2 mol
BauUTg @F cped PLFFadbasTd BIa@ ped HOWTFOBUMHM OF6veuTGL. SpUl6dnL -
HFHev OCeuaiBoum BTHfEeler smIhd HBemev QL g WL LGHme Soupenmulle psold

HIEwNUI6LTLD.
(D), (2), (3) SpSweummlaiLg,
0, = MnO, = I, = 82032'
Imol : 2mol : 2mol : 4 mol

o Bjer BBGUTFemewt (Eutrophication)

Guraamenill UBHTTHBEIGET BHLIT CFJausTed IBBIL DHD D66 VBT 6UeTTFS

wenL &80 BMBUTFemewT 6Tl IL(BE BTG

BeUuTNTE DVBETHH6T FB lenaled auenjFHwenLouzpreo, BF Guomurlied BHYsHs
FUPSTWLO UHLWTHS STOIIL(BLD. QBT STIWILTS Gl @efl dBHT mHlensoullest &Ll
UL BEHHGHF CFe06UHDMEVWITHE0TED, DIGUUTHTET S LML SB6M60 @elldbOsT@lY Bl
srenoullameib, @UIFaT BB SHFUTMOUISITILD SWPLILML SN HMIHS Henev
RLAFST WL LD GHMMeUMLEUSTED BHFl6L 6UTIPLD HTOUTEIGBEHD  a6VEIGHHBEHD SHMeHEGHLD.
ReueuTm BMEGLD HTUTEIBEHLD AT6VBIGHBEHD STHMIEUT) UDNIflwmdsenTed iflenasulenL ujd
Gurgl smIbhd Henev L Fger LLWD GLEID GHHmeumLeUBHTe0 STHPEIMIU  [HlenevenLD
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Careamib. @bs sTHiaHu Bubsmasaia & H,S Gurain aurusest o Hughsluimeigmed

BiBemevenwl Senngwl LIFCHFmEIB6T DHS HITWewISHmHL QuUMID. @ oD HHEUTFen6sT
R  elememeum@Gd. e0HT euenjFloH@Gl LeoGoum CuTFememtll UBTTSHDHEIHNT ChHemeuwrul-
@I, QuBLLTETET SheTULEISEM sedemeolil® Cureements Fam GursGumm (PO,™)
SlaseT pGWb. Goed BSHCIHN SwesEpd (NO,) & Goumevseiled 61606m-
ool Gursenend sapTes Semwow QL (pewi(h. BHH Brewi(h CuUTFmes FnmiBEHLD
eTeVemEVLILI(HEUBHTEL BT Hlenevdelled ievaT auenFd GuimenaswnsBal &L (HUubBHBLILBLD.
eTeflenid, welgseafar ueGoum GFwmuThsen (aleugTwd, ..... ), ®mBHOSTHH SWeBT, il -
1960 LWTLGBL &5 wrsdser (Cleaning Products) Gumeimeneuy smyewionsll NyHTeons
Biemevseiled PO, oweisst Gsmb. Sipar almetaras @fiss GCursmemserfis eeem-
OLIL(BSHSINLD BREIGHUSTL HfIHOTH VBTHB6T QUHSBBLOMLUD. BHIB6u BHHGLTFem6wT
DGID. 2_FHTTEIONS, vsT aenjéflemws shuusHOsaisas Ghss Bflar PO, wlLsms
0.05 ppm L LD 6uemy GemmeurTent oL L G360 Guemil sugGeusmi(hd. srellgnid, GLIHLOLITELT6
BaIUYDES sPel Gurmetsefled GuTaBuUDM WL LW 25 ppm SenedsE 2 wijeurs GQuuor-
QHH60 BTTLILBHE MG

2 ®: 1.39 BOBUTFmeRT HMTTEUIOTS LOSIH6T BMEHEH60

Bfsv LTy 2 GouTd DIWSIHANT DI KISUTHDBH6V.

urty 2 Geomad e  eEIUMSS SIOTAIIUSDEG WHF FHWUTET @ 6UmIale0dHHeurd

AeveurHBUTHID, DSHDHHTHL LeTaU(HLD 6UMTaT60HHMIEIENT LIPSHDHHHED 2 _61T66l.

(1) 2 _Georasalweled umy o Geomsd ereiugl S gcm™ @evd  Guooul L  SILTHHujeen
S0V 5 @euid Bopul L. OHTLIULFSHS (FTILTSHSH) weimen 2 GeomEmBISET i@HLD.

(2) Quenglaailwelled amiGeuswi 20 @eiw GCwpulr 2o BorsmisBer wumy
2 BeuTHMIGENTGLD 6160 6UMTUIMIGBSLIL(HESMG.

3) @parwealweled Feoemul B (S¥) woHmid mesOrTLmsl (B (OH) SiweisenL et
SMOIWTSH IDLYMaISH HHD SHOUWSTHmeT 2 MUsHH QFUILD 2 BeuTHmISEmHLD
61601 UM UWIMISBLIL(BE BTG

Auuny 2 _Geors DIWeTHT Fev FhHTLILMIGBMN 61L0d5E RTMUIEHLOWITS HIGTTEUITF6m TS 6NIT-

GW. (Zn*", Fe*") gnl_Bou QU(HLDLITEOTET FhSTLILBIGATNED LITHBLIOTE, [hEFdHH6I6NIOUINL UID6I

wrg. (Hg*, Cd*, Pb*) Guend, dev Fhailumiseaisd @Gemmbs Gameled Sighdwimeudlw-
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OT& @ cpesTHab, 2wy CFMeled urTsswre cdpeoswrsayn (Cu*') BLESmSBMWS

sTLBW. HCHTH Fev umy 2 Gours Sweaiser, sbsd (V) 2 uljs QHTOHUTLIgeid
umiseiyg Cauisudevensv. umy 2 GeorsmisaT BFID, BIBlevEaMar DHQuled DML UWIEVT

sa|b (Sediment) srewriLBLD.

YeIGWITL 1960 LITENMBETTHAID HENUIMBISETTHAID DIOUDMTED LOTHSSEMTHED SHT6SuTLILIHLD. LT
o BeumamisaT euTaiflensowmeullousTed HHLMID Loaviamil b GFmw. umy 2 Geomsmise
Buipenaswmer Hifled HOIMHMOMLbHH ALSIHNMTHAID FHHe0 CFTMEUBNMTHAD HT6TLIL(HLD.
Bfled BTERILUBLD HFHHHETMIOUETEN UMY 2 Ge0THMBIH6NT FleLeUMMIE LPEVRIBEHLD Sieumnest

OFLOUTHGHHBEHD B i Leusneniulled UL (HerTermet.

o Leusmenn - 1.13: Bl sLmESlyeien BFHSEHRMmOWTEO UT) 2 Beomsmisen

FeveumMlest  cLPeLEIBEHD D6 BevTHEIGBaTET OF606UT (B ENHLD.

ury 2 GsurdmId BHL 6T GFHID clpsvID AFLMTHG)
As o ma50sTH sfle BF, GuUTHGUDMIL o UDHmIGBTWITSES)
(As,0,) augeuggled LFEmENSBEMED IOTSHBHENTH, BleVHBD B, o o FaidCardlm
uBIBE QBMe6l, BevSHATeiluisd Fnmiser. GrTwirdh.
Cd (Cd*) o maH0amsaled GeauaflGumbmiiLGuemel, o  OpBTHwsisere
FIRES sPeysel, 2 Geoons SHeHaFliys OamPOuTH SHenLLILL6D.
aleyser, Wen WeTGahmbanigul 660 o o U GBI PHBLD
aU(B D GH 6. o Appred Gamenmmisen
Pb (Pb*") o mBHEOFHTPN BWoysel, aImIs: Hhe D6, [ FHANBErawesTHenssH60,
rwud GFips sCsmelar (QUDGMTsD), FuWILD QenlICUmHBHS Camenm,
BFibd UFH oumd, 2 Geomsd (GHTUIL Hetenenaseilest ©_6iT6rmd
uPOTE g USTTHBBIHEN. Gebey eIHHH WML H6V,
SHHFCFTNSD,
rGLom@Genmiiest BT
Hg o ma5H0sMHN Bleyser, GQeusiBsum Seflm [ @  cpemen LTHSBILL6L.
(Hg, Hg*) H6Mled Foul Lemaled SmemiliuLed, Hlevdsf) o FleHemyullesienio
SHBEOID, BIFUID SILBISUW FTHOIBIH6. o Smprsd GsmenmTmimel
(CFL @pse, GQeuliuwmeiser, GQumm o WemomiLm Gmmul
FTHEIMBIH6N) (Minamata)

—a

(Arsenicosis) opgaflaCardwm Gprul (Menameta) Wesrom L Gpmul
2 ® 1.40 pFasHHImLWeTen uTy 2 Geomamisefer LTSI
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°* HmJbd Hamev GFHeotF BFFemoudbaernt (Dissolved Organic Compounds)

hFHS SHaenwowpm eaiaid o ulflfgrwer @l dgar Czxetal (BOD) oievevg @yamuiet
L flgar Gxetal (COD) s umsaiiys Gsuiujd Cspans GFjmeusBen &mIHH HENELSF
Grapeng GayemeumsenT@G. Seousuamaulsd Qeuedsv aumBH6T, HTBUTMEUSHCTHMI, eI (5,
OaTliysser, GaTrplullevmiseT, OCaT DblevmEeT, UIsHd, SmIbhd Blemev meGrmsH
BTUIH6NT, HTeUT (PpSHeflensy LoOHMID @yewiLmd Blewsv MIBsFuF CFyemeusmet, SieGFu
asWlayll QummeTseT Buraimeney SILEIGW. Biled BFCFFemeuser 2 etenGumg umpiflwi-
sxeflemed ieweu Lflasiu’ (B, Bilar @l fgar Czxetal HsAIUCHTH SMIHS Henev
LFlger wl L (DO) @emmeusnLujd. e1aiBGou BFBlemevuled 2 ulfsF GCFWTILPMMEHEDHEHSH
SHLEIGH6D 6JML(HLD.

°* BIFFihIHeoienwujataT / SUTWSHFTer (Toxic or Hazardous) GF®Heord G Jemeud et
R5Crmpams Cayemeusen WBF GFTHU enalGsuaid Bifled DI BIAUNHINT6T, DIBBT LWLGTUTL
bE&GU QUTHSHHLOTHIFHE06D. QUIBHLDUTEID 2 MIFWTS HWIL BTV @(HEHDHangul CFHens
BxyemeusBenr  (Persistent Organic Compounds) @eiieuensulled SLmIGW. o0 euenasll LHenL
O®TeLe0H6T, MBHOHTINOFTIHS RTFTWel QUTHeTH6T, DevFGammiul L CFsHmd BaFeneu
&6, LOwr Faser, Luwgmer, GQumreld@CenmfiGar Ll snmuliemensoser  (polychlorinated
biphenyls - PCB), GQureloiBymiopmléE msGrmésruet (polyaromatic hydrocarbon - PAH),
bisH QHTHNBHEE0 ubs alemeneysel (disinfection by products) CGumeiimeney @danl L G360
SILMBIGLD.

Hfled @eulLenalsd SILmISUNHBGD DNHD BFHHBHEIMOUIETEN / SUTWISTLOTE Fov CFsHenF

Bryemeumer HG HFULL (HeiTermet.

0 0 L )

L e
I
o
Benzo(a)pyrene(PAH) Furan DDT
o a
ol
o i
o<~ (¢ ot
o cHy” CHg
ol
cl ol
2,2°,4,5,5 - pentachlorobiphenyl Aldrin Tetra-n-bulylin
CHy
HyG
HC o
i
O—CG—HN__
CHy
Carbofuran
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BIs5 OBHTOMIBEHE0, UHD 6leN6a|B6T 61T HwIsh OCHTHMIBHEGHMISMBTHLI  LU6sTU(H-

HaiuGL  GGamfer (Cl) oievevg miGursGGammengl(h o lysset (NaOCI, Ca(OCl),
asnyenions Biled Cameimid OClIT opemg Bifled smIbHEH Hemeoulsd 2 eTen dev Camens
BryemeusEnLal HTHa Yfleusted Caraimid &Genmfer SLmISW BFFameusenT@Gld. @&
BFTemeus6l HFHS HETMOWMLIWME. BHIdH CHTHMIHEHH0 LSBIMETBNTHE HlenL -

s oo Cagemeuser HB SHFUILL (HeiTerment.

."\ h] H."N ‘\\.N \.,.1N
YL el HY ) el e gl CH,™ | Cl
H Cl Cl Cl
Monochloramine Dichloramine Trichloramine Dichloromethylamine
H H H H
e | | 4;
o™i el B | B c™ ] B B | ¢l
Cl Br Cl Br
Chloroform Bromoform Dichlorobromomethane Dibromochloromethane
Cl
»—C=N
N=C=—C} N=C=—Br Cl
Cyanogen chloride Cyanogen bromide Dichloroacetonitrile

o HammdhFHb@Hd Fnl LB UTmaisaer (Plastic Additives)

Beaiempuwl 2 _6udled eMTeHHbGLaT OBHTLILUULTS 61hH06UT[H HISTa LIS (WD SlenLwmg)
61601 GnMeVLD. 2 _ewiayll QUT(HeNTET dal Lev LenTeHHo@H QUT[hHeTEEHLT OHTLTYUL L 696
wr@w. WenmmsHed@ FTihd HIBTal UMILBISmeT 2 _MusHd QFuiusnaTs Fev auemsLl
ueOLGHWEISCeT  LWSTUBSSILGH DT  aaLMS  JnHaBeal BEIE6T AMHSHIETETTHET.
areflenid, @b LOLGHWEIGm6N LWeTU(hSHe0 LenTHHd@ HISTaYl L6ILEIGT 2 ML)
Qi BuTg SeummiL e LeBaM FnlLm QurTmeTseTr CajoaslLBEaImer. 2 musHHenul
BvGHUBSHHIHV, ATWHmE (QFWLME0)EH GHMMEHH60, LeoGam QUTMpenm GulIedL|Hen6emulLd
UWTUTL. (hbGHF FTHBMET @RUWEOBMETUD gHUbBHHIHE0, HIGTCUTMTSH HEUTHS]THSH60
GureipeupmISETRT Qdgnl LD OQurmeiser GFysalubdaimer. RéFalLm  QUThHeTH6T
Qurgieurs @ramwerl QumrmetsenTauCGasTH,  Heummer UweTUT(h MWL  LIULIESTLITL Q60T
Uestenr] oewieniled Siev6vgH B0 SBHH60 BMTEOIOTSH, Dbl LM QUIHeTHET LOhHS
&HUle0 SIITeNTHHEGHBEHLD HIBTo I QuTHefelhba SWbHnguaTeUTGWw. GaunmieT Fev
gl Lm) QUTHTHET DpUSHBTETMEULTGHW. UDMICHTWTSHSSH Haieno CsTasiLenel, @GLoTeT
OaT@Henwil urdlumel, 2 Lealar dev &rulsemen (FmiBbrsd Cumeim)l uTSHliuemel 6Test
@&Fml LD QUTHETHT DLUSHIGSMeNS GHOULILeomD. Goaibd usduGHWS T @I T6w
Gurg uvwaUBSHSL LB SUTWSTONRT 2HEN USHTTHSHBIS6T, QHUGHUW  LOTHSHEIT
Gurerimeneu Feul Lenmalled (Traces) @midH WenmeHeE mISToYl UL HH60 SiLmidSulmLiu
Cax1(h simeu Geusfldsflweyd AL (wewi®B. GCoaib enmmeHeE BieFal UL 2 mugaules
Gurgl Qumrplupenm Guwieoy e WwHMID LWSTUTL (hF OFmaflussissTEa b LeOGMMI Fnl LD
QuThHeTH6T CFFHBLILHLD. RAIUTDTERT LSTTHHEISEDHLD 610%H 2 L6060 CFy GL (pevi(h. GLosyid
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HenmsHd@ HIBTa LI BIS6T HeUMTeT LW6TUTH STT6RIOTEHAID SILUTWSTLOTET Fnl LM

USTTHSBIBT 2 Lelled GFmD. GHBFll BuTiHHe0HaMN DMLSSUUL (BTN BT HISTHDH

Hevtenry oIBuTsHe0Emen CpmisTOweniOeniul Gursimeumenm QU (H emeudbsll LweTu(hs-

Flouse allenenedTsd Biled HMIWINGS Heatenowlemen o0 dnl LM QUTHeTHeT LenTHhddE Ll

Qummeiled afbgl (pemerauTss wHM CxhmisTOWweemTamiul Guram HFeumisemneT DML HE,

Jest 6T0H 2 L ewev SemLwl S (peusi(h.

denmgHe@dHs gl Lm Qummentsentasl ugaersl LwaTUhSSUIUBL  Fev  Gramulell

QummesaieT LWTUT(HSHEDHD DleuDMesT SILUTWSFLOTET HeTenujd S6 i L aleneauruileo

STULIL (H6IT6T60T.

oI’ Louswewn -1.14: NenmsHea@Hd dmlLmn QuTmeTsenTal uFeusuTsl  UwaTUBSHSLILBLD

@uaTwer QummerseaT Feveunplest LWSTUTHLD SHUMMIST SLUTWSTE FHESTENLOULD

5Beumm (pthalates)
ML@HMIe0 HEeommI
(Dioctyl pthalate)

L @g5ulsd HGsomm
(Dimethyl pthalate)
mL6THUTV6TL emaFed HBevmmI
(Di (2-ethylhexyl phthalate)

Opdly deomédse (BaG
AUEMEITU|LD FH6IT6MLOU|EMLLI)
auemd 2 MuUGHGEGL
LWeITL(HSHSH60.

IIBEHHFTHGLD CBHTHHule0
QCLOTETHOT HTSHHME0SH
SMMBH60.

UDmIGBTwITESS

Q6o MmUIQUT[HeTS6N
PbCrO, (i0ghseit - yellow)
Pb,O, (Sleuliy - red)
PbCO, (Qeusitemen - white)

Hysrwmet Bnrisemends
OameniL  NenTHHbE
2 MubHe@GU uweTUbHSHSH60.

mLWBHIDYS COsTEGHemuw
UTHSHH60.

Netemenseailest 2 6 aueny&Fd
SSTMIFH60.

Snisysriser urddaiiuLed.
UDmIGBTwITESS

aUeNT&S BHTOBLOTHE0.
IIBEHHFTHGLD CBHTHHule0
QCLOTETHOT HTSHHME0SH
SMMBH60.

UGymiSest oMt FHuleneut
Cayemeusm 6T

QL &FTYBITGLTML Lim6sTsd FaHiy
(Decabromodiphenyl ether)

__ QLaymyGyrBumilaiGsimed A

(Tetrabromobisphenol A)

HenmrsHeE 2 enmase,
10651 L& STeue,
enmsHeE seugmisered
womib Mev alflliydbseied
Swienewt  GuwisdenL
JOUBSSIUBTS

@I (B BTl 2 ulflenip
wrRIBeMed @eiim GFTeusmed
BIbLS QeTSHuT enLLi
UTHSHH60.

IIBEHHFTHGLD CBHTHHule0
QCLOTETHOT HTSHHME0SH
SMMBH60.

WaniGemed A (Bisphenol A)

OurelsTuBammit enTHH G
QurpeTH6iT

(urLgTensoll eTenenseflest Bl
BUTHHE0H6NT, (GFHLDMHEMSHH6N 60T
Ulgss 2 Hudbduisd @oUESSHL
sl LWeTUBSHSHM0)

PVC 2_pusgduied g ACwmm
Qeudlfluwimesll LwIesTLIL 60.

2 Beourasll Bueniseafied

2 LypsBs Sifliy ety
UenLWmal UWeTLBSHSH60.
(2_sTyewid: et Guewi)

IIBEHHFTHGLD CBHTHHule0
QCLOTET WL L HMBHDH (&HMMBHE0.
roHHTes @Gmer Gumeiim)
QFwpul B FHHyesiest
QaTOHUT. BHGSH HLMEIHE
JOUBSSH60.

Soleenenseilen 2 miliy
alpHHUID HLEIBED FHLIBHSSH60.
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ol LB 6lLTHTHNT LIGIOTL] BT LITS'LIL] 3 BN

o NenmgHdbG o mushduied o LUGHW 2 DHubHHHTHL o 9D BFRHHSENOULHL LIS
WOT&HSSNTS LSHwmaluleTen uwiestu(BLd. o OWIBETWTESES.
RMHUGHW o> emsHlF | o usuGHW Grder 2 musdlenu o LTDUMTWENG NBTTLOTSHE
BFemeumb6l. 26155 60. (@OBUGHW)

RMHUGHWILTS RS f 6ot
meUmened (&HBenTenTL (B

oaGHd LTRSS [BILDL|HEM6IT
SIBHH60.

HaiGemmed A. o OWIBHETWTESES
o omEAWTS Gieul Lemalsd

oiLmidujsiten Cr, Pb, Cd

QareniL. GFyemeusme.
o QBazpen Qeusafwis e PVCuWled 2 mdllinGsHwuns UHIGHTWIT S

Cxyemeusmer
L Luwhenmed
Qeusiefuwid
Gayemeume.
HmgLLDHEned
Qeusiefuid
Gayemeume.

OurellusBmeir (Polyurethane)
2 MusHesrer sambSluirs.

UTLUMTWEE l&TILomSS)

IRVENE) Tl EAE)
mFHBrTHETUIHET enLflei
(Pyrene), Quest@amenuiflest
(benzopyrene)

HenmmgdHe@ Myl QumrmenTs
HenmrsdHe@ o musHF QFwes
waopmw BGUbBSHIUBNSTE

LFGUOUTHEMTHL LWTUBHSHSH60.

Flov Cagemeuset auellenioldds
UDmICHTWITSHH6MT(GHLD.
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