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tcOL HjdzjdzedWw COIdtsdetse 3 IsOdzdzse o totd @3 jFdEld] )y dz'd -
Fe(ll), Cu(ll)  Cf(l).

ltedd3j dzgj dz2dj HOdedz" = ftsteB j dzglstse ff tsL o tsdzd dzts
of MsC sy dzj CIlsdo de J B4 Bt § § Bde ts fy Chssftedfpyy dinsCdisiptss
ndBdUujMSdr 1 dzj di3j delsse d tjhdls! L OH Oydzdzte,
ZORBHWh oMy o tOLddquyds 2 Misjfjdvn ¢dMmdzj
dMfsdz! LsoOdzed j 5 Ho kR Csdzsdesydzes?2 M Mlsj dir € 5o

K j dz OB HIOL OBBISCO dsoatsets fSSHABSHO ¢
dzj S50 Odzj dzlsdese s  ff sfydzj His9 Ols j die ~daswfitsls d d3tsoa g tafen
s¢MdHse f t5dzd 34 todz’ d3d f sdzdf@zdd dz@ ddde B tscf- fr) dfif ktedt
ColBf dzj SMssBOL ¥ N dRr BeeOddyj MSdn tj O dzls
SftejHjd]ddY ~dBdudmMcédna { dzj di3j dalstso .

sfmisdy d ddd yddd ftejHEZMBOEAM@ s 6 J dd

-sftejHjdzjded] GYlsdBOd d'n kfmdasesd?2 dL o d
fsdzd Bjtedzr R §osdzdOBddss dzO0 § o j ton dzsfls df dzdzj
COtBBSMIftetsdL o sH dz' R CtRf dzj SMstsBteOL 28 M R
fted Ho Oted Isj dz' dzts O d3d dzddejsts OLABPR U Jf iED ¢ Ac - SASTfdsH ts

dfmfmdzi Hise Odzd J ~n OtOCIsj tod I qd u d i tefedgddzls e
dfMmfMdzy Hise Odzd v ;
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dMmMmdzj Hse Odzd j o tsL Iy desMls dmf sdz L ts9
BsHIW dydtcse Odzdz” ~ i tsdzd O d3d dzO o3 , ) COygj mls
MisteB Y d ts dzdjtsiglasic dUctisdzp dzd v OCKY I desly) = SEVB e d3 - dztste d
O dzd ts dzdz" ~ Cdtf dzj S Mseo f dzOlsddetse ' A B Is O dzdzts o
Ldzj i3 delstse ) BSteOded ud MEddsd tej Oc j dzls OB ;

- dMmMmdzj His9 Oded § L OC sdetsdzj todatsmls j 2 mMtsteB Yd
Yyo jlsdzr n, dsWw g ge@c BtctsH dz' ~ dB3d Is O dzdzts o O IsOC
S¢CMdHOB], dzj Stso Odzj delsdets BsH W d yd tetse Odzdz - d3d
d dzd COwBEMdf tetsdL o sH dz" d3( CodiBf dzj S MssB G OL
MsOdui MEsds d HJZOBdU) MEBA )y ddB3On;

-tcOL tcOBSEEQ@ MO A Is 5 H d-E3ts dg js %o e gt s Gidstasts M ¢ 1 «
(M jStesMC s dw HgW W EL dzese s BlstcOy j dAflevts eidits ©
MteB Y dosdiipitfs) C stesdzj stcd yj M sets tsftej HJ dzj ded W
B SBHJ-6 j Misdzj dzd W d 5 dzDdzlsdg)rls OppdgEeats 99" o A t&dO d
stclzB ¢ .

1 Oz ydzOw distejgH diz®©y j dz detse ' 2 My tsmtss § sdzkzy
dzj stec Odzgd yj MSdr tCMdHBte fEklsjd §sMmdzj He Olsj
tcOMlilso tstc ©d3d f sdzd o3 tedz’ = f tsdird d3d UaBste B ts Yy ¢ tité
Cofif dzj SMstsBtcOL 28 N drR Bt Odduj MSdrn toj O j dzlst

{ftejnjdjd-~dBdugdhHsd, nOOCIsjtedMmisdscd
BsHdW dydtese Odedz" 7 ff sdzd d3j tedz" &3  ts dzd O di3d dzO d3q
fsdzd 3 tedz" = f sdzd Odzd dzts @ O f tso j ton dztafrdsdgts, dzj
LOCtej fdzj dedz" 2 dz2O0O ftseo jtorndesmisd Ctoj dgdzaj L j B3O { t
M jets fso jtorndesfisd B tcBHCEISC 2 cstewyj?2 (50

JftwjHjdzj dzs o dzdWdedy Mbtetsy dedw dstsdzj € Iz dzr
tcj O j dzZls O, ftodtesH dehbizflusMe® MmO dgzr 7z
2O o jtorndetsMmisd ftojHO Otedlsj dzt dets O] dad tots 9 O dac
o dzd ud dzd § Csdzdyj Mo © Mezdz Wsctelzff o B
HJOf OL sdz0@ 6 d Emists?2 ydo tsmisd sijlscds Q. dgafCatm ] tat
dzj stec Odzgd yj MSdrmr BECMdHtse. 1 Odzduyd| -of BEEHEBS
ftedotsHdls € Ehdjddese HJOfOLBARZO ty Jets Cfs
ftesydesmisd L OSte fdzjdedw t6jOGjdesO L O Mmydls
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MewL j2 M ORJdtsctkzff Odizd f tsdzd Odzd dztsoe , L OC te g
sCMdHe .

1 sCOL Odzts, Yls ts ) ftesyd Mg ¢LO@SS tsjS tindf it deds
stec Oded Wd MS d n tcj OGJ dzlstso MsrtcOdzy & Ismw dn
Mo s2Milse O.

LMIsOdzts 9 dzj dz’ L OCS sdesdzj tedetsMmis d MsteB yd sdz
~dBdud MSda 1 dzj i3 delstse  dzj Stec Oded Ud MEdazd s
fsdzd i3 tedz" d©3d f sdzd OBBd zOdZRd, 1SOC d f§ sMdzi His9 Ol
f sdzd ORd dzO3d - off ndrtelr tfAshoffdede-d NofisH- [SMtsH | o) ON
Clif dzj S MstsBtcOL 28 N dri BteeOdzd yi MSdr toj Ocj dalst
9 LOoadMmMddsMmisd s ftodtesHT dgj stecgOdedyj MS sets
JeB o jtorndzsMmisdes? Ctsdzyj dzlstcOyd df, Jtctesd tff tdsrorj tot
Ctsdzyj dzZlstcOydd, ftocdtotsHT d Myt jdd BCdmdzj c
Isj B j cOlskzter , otj di3jdd CtsdzlsOCIsO WOL.

1 O sfdetso Odzd d dMmmdzj H s Odzdz" n L OC sdzts d3d t
fsdzd Odsd detseo dzO § s9 j ton dzsmisd dzidt€ t©de®@ dzch Wpid fif Geds
Cdif dzj SMstsBteOL 28 h dn tcj OGJ dzlstso 0 (o jten
sCMdHtse, MteBydddesets S dgyj dzlstcdtotso Odzgd W to(
Ctedlsjtedd ftotscdetsL qetso Odzedw MmMtsteBydsdzdzr = d O
dzj 8@dzed yj MSdr ECMdHBO .

lfjtcoar j By ssHtsdz €1 mils ©dztbe(lidzj dzBEe(ll) dz@s ts
ftso jtorndesfylsd MmtsteB j dzlstse fm W EkdS ydtsdzOdz! dz' dzd
Fell) , © dz0 e jtomndesfisd MiteB j dzlstseo ) W EkdzS yo
dzd Is toe 5 L 5 dz@ WslsiFY diAfel i) T

[ftejH]dzj dzts o dzd v dzd J ftoedtotsHT dzj stcc Odzd
Csdzyj dzlstcOydd W izdz€ yd sdzOdz! dzf - ozt f , BRBO fr
~n O OS HEdd MIsd&3j IstsH d & Wiy e dag MC sc s - d
dzs B3 dzj My J delsdetsets tsftej HJ dzj degdwW | dzj d3j delstso  dzj
Isigtcj Hjdzj dedw 1 dzj d3j dzlstso .

[ dzv o dzzlstcdetclztf f sotsets twOLHJdzj dedVw dsdatso
(Cr,As,SeFeCufftcj Hdzsy J d&ZO Ho kznm C Bz dets ydzOW mdmlisj d3¢
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1 sodL dz20 ftojHIESY j ddzBe s fSHABHO € Mmddzlsj
sftcjHjdjddy "ddduyujmMSdn { dzj &3j dzelstse f tsHIso j toy

vd ey bdud MEoOv d (O sdiisyBawdssroadioss
f sdzlz yj da&f J dzlsfstete dz@ tsMdatse | dzj st Oded yd MS f A
~d &Bdud MS d Bd q QdzOdzd Isd ud M& d &3d n OO I
BsHdWdydetso Oded j &5 d = ftsojtorndesMmisd  s-dzq dzg te
COoteesSMdftesdL osHdy &3 Stdif dzj SMsseEPEsy B dj
L z2Oyd ditsmils: tOBBlsT tftcjHjdwjlsmvw IsOCYj] kMl
ftso jterndesfylsd tsECMMdHBse Ctoj gdedw d tECMdHBO d&j
f sdzd d3d tedzr &3d f 5dzd © i3 dzO A3 , sO¢ d MmMkzdz ¥t
fjtobsyjtejH', SIdmMizstsSHmMEHjtey O d®kd § &Y dj S
odzdwded] Yo jterndesflsdets? Ctsdgyj delstcOydd toj Oc g
BjilstesdsecdujMSd] ROLOSls]tedmlsdWdls =Sag)LSdOfBys) S
Mtes Y ddes digg=izj My J dzls de'd & dsdf lestg H J dzj dad v ~ d &3d Y

dzj f sftej HMiso j dzdats ) oL MsteB j dzlstso . 1 ©

ftcj H Ay j dg fSHOGH!' ¢ MmddsiLk d dhftsd
BsHdW dydtose Odzdz” A f sdzd d3j tc dzr di3q f sdzd O d3d dzO ¢
f tsf)dzj pdz'o @is BsHd% dydtse Odadzr o f tsdzd By tc dz

mMdz WsftesdL otHd dizgd S tdi3f dzj SMstsBtcOL 28 h R st
fsmdzj Hize M jets ftejH]jdjddy VWsted ~dddud M dn
1 toj Hdztsy j dzF¥ MtsteB j dzlsT dz0 tshdzse j dzj stee O
Bswd ydtetse Odzdz" ~ ff sdzd B4 tedz" d3q d dzdfs dztf Otz HAOTRY § tet
Cedif dzj SMssBOL ¥ R Bt Oddyj MSdr tj O j dzls
sftej HY dzj dedwv L dzj 3 dzelsseo d dr W tsteds.
sWstcdBdzdzdtctso Odgr toj SRR dZHOYdd s or Btok
fsdzd Oz detse d OdeBE dftesdL oasHdr 7 C A dzj € f
tcj OGJ dzlstso , Emdztse d 2 dn LOCte] ¢ dzj ded W H dzw
MsteByddzdzr 3 d OdzOdzdlsdyj MSddsd Mo 2 fMmise O] .
it OLtcOBBISOdz Ctsditf dzj $ M -Mzj B s §) < oo gz
Ldz 34 dzlstso - do3 s dpgeiS” ldotetassin € s f ud M ¢ d i3 5§ tsday
- By ssHdSd Mmiss wdisiszdasu M ¢ s R, SH(is)) Syl )zEudid, v
Co(ll), Ni(ll), Pdll)  d s tedzsydfdsdizatdisy § dzls dats ¢ Bu(l)s Ag@)) @ufl)dzd o
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Pt(1l), Eu(lll), Th(lll), Zn(ll),Cd(ll) fy ftj H j zOd3d tsB dab B &n} ik ve
&ZO 0,1 ¢ MMt j dzls O;

-3 s s H d Sf tds) jrfg IRl )oE( ), Cu(l), Co(ll), PAIl) M § 6 HJ dzOBd
sB dzOtclz ) j ded vl Nl PR & dzflzO 0, 1 ¢ fMmtsteB j dzls O;
-d3d ssHdCd MBlB ddils dzdzd s dzdzts ¢ s -dJO ififs jo B I3t s digpdsts
(M ddzHzCIsdo dzts Mo W L O dzddeAl, GudZ®, CdzRb2N), Mrs Fdid) Ing) dz]
ftocdqtocsHdzr = o9BHOR M ftojH| dzddR] disg ddDtclzy jJ dad Vv

- B ssHdCd te@dayjdgldimfitis s Oded W d S tej HJ dz
1 dzj d3j dilgs@r, S¢ As, Cu , M dMftsd LsoOddidz Hok
HddzOd3d uj MSsets Ctsdzyj dzlsted tetso Oda R fi difiststhgizizids k
My JdShtesdzsd sStedud MSdds M ddzH kS Isd o dzd Y is@dedpts:
cOfmlso steOn .

[ issHBdEZEEedW d djlssHT Hd MMJ tels Q@ yafts dzzB G t
B ssHsdZcedd MddzlsjL © MmMtstee j dzlstse  dMme sH d dzd
mMdz YsftesdLoHd » BtecOdduyjmMédns tj Ocj dzistse
di Osa L Od d@3dzts G 5 slsls ©dzE d @ Odzd W mMkdz Wsctokzf
ftso jtorndesmisdegr 7 cdHtesS Msctelzy . VMisteOdzl dzd 4
LOCtojfdzjdeadj a3 dzg©@ ftso jtern desfylsd dgj tstce Oded yj ¢
BT ftedHOo Oz 5ol desBisdL Offcdetsy dtsg j M § Wd e
LOCtj fdzj dzef §f BPwsBBEMJftesdL oBHd » e Oded YJ
ftoesdzj Yy zlssydets@ s fndztsw ftoj HdztsY § dg i tsdzd d3.
LOCtejfdzwe hdjmw dzO ftso jtorn desfisd dzgj tstcc Oded yJ
fsdzsy dIsj dz¢ dzr 2 L OteW H . 10 ftojHO OtedIsj dz¢ dzts
LWWiClsdoeadetsy L OC-tdj fCdditadrsiC Miqlf de'sWts o sHdzr = § tofs
tcj OGJ dzlstso , Cslstster j or Mskzf Ols o COyJ Mlso j
Stec Odzed ud MS dm B OGJG WabepME dr ddzd Mmjdzj Slsdoc
L dzy a3 dzlstse , fsLotsdzv jIs MsL HO9 Ols! Msslse j Istr
mMsteB j dzls ™ . 1dNd MsCtsj LOCte] § dzj dzd § mMzdz' W sy
Odzd dzd te ts © O dzdzts 2 fsojten dztsisd dzjtststy gj Asdzd WisH C@E
nlo BV Stedz J d SC(tifdjSmMssBtcOL iz Mo s2 Ml
d sdzts o d3d Is O dzdzts o fn L OC teg § dzj dzdzr d3d dzO ftso
sBdMfjudoOrls orMsCdj Mmisjfjdd dn dLodzjyjd
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fsL otEfEhs] Miseadls! odkktedectczfftsotsy tOL HJ dzj «
sCMmdH" , BsHdW dydtetse Odzdzr j f tsdzd O dzd dzO d3d , :
fsLosdzwels 1 WWJjCIsdodes CBdzyj dzstcdtctso Ols 0Odz
O dzd s dz' CdMmMAzstesHMtsH j O d & & dgplsisr, F dzBlsd
O dzq ts dzdz" | Codi3f dzj ¢ Mmr nd BB ud M& dn Lodzj d3g dalst
O B dzd etso Odzdz" § € toj dzdfitndgyly’ dzls i i/ B ARWY, ISgVI)
slsH j dzd IsCr(ligf As(IB s SHIV) . 1 v §shdzj HEs " j Al 5 dn
SqIV) dmMf sdz' L s Odzg® dr MsteBYydWw o odHJ Odzd
dL o dzj i€ tej dddzj L j 5, § sMdzj Hs9 Olsj dz! dats RBSHJ
e dzOL 5

l sdzsy Jdedw, orf desipddsr § dzO L Oh dlIlskz:

-sBtsMdzso Odzdj o' BBt O dzj tcf @dzd AL i df@ d3dsdeth):
qzd COwBBSCMdftesdLottHd 7 Ct®fdj CMcsBEOL b |
MsteB j dzlsts 9 ;

GjLEd SOl dMmMmdj Hso Odad W L O tsdzts Bj to dz
fsdzd O3 deso 20 o jtndesiisd dzj stec Oded Y idn S «
CBasCMdftesdL o sH dg" R stec Odzd yd ME dn tcJ] OG J dzlst
dzj stce Odzd yj M dr tCMdHBSO ;

-tojLlzdz IsOIsT dgimmdzj Hse Oded W L OF dats d3j te dzts fiy
dsdzseo ~dBdud MSdr 1 dzj &3 dzlstse dzj stee Odzd i MS d
f sdzd 3J clrzBO B 2O d § sMdzj Hise Olsj dz dets BsH
Mzdztdf € O S MY esdLosHd B BEOddUjMSdR t

¢ sy dzj € BjlstHdW s Eysidstabgdusdeifss ¢
dz¢ ai3d dzj My J delsfacjtsy, j dig jodgly 4 dzj B3] delstse MO 4 S
Ols ts g ddis] ) i d s dzdzts ¢ 5 -dgO #ffijifs jo & lsjt e dgiidstc d Y j MS s M
f ZOL i3ts2 S tejHjdjddy {djdjdsss d do ¥ sted.

ulsjfjd¢ HeMbse jtdshisd ©jLkzd l&Eisass ftd
ftej HMIsOo dzj dgdz" = toj L dz sOIstse ®BEsMBNNH yd P s dE'
WdL etdEd yd MSdna B stsHtse dMmMdzj Hise Oded™ d O
kjtescteO@oddjlstedd JMCOGREFEl gz d OWwO datstc d d3j Is
OdzOdzdL © Hdzw tsftcjHjdzj dedW Csdzdyj Mo © L OF &
OOz z® wftcjHjdzjddy WOLBeatets MsMisOo O B
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mMdmisj @32 BJSCtesOdzOdzdL © HdzwW st HJ dzj dedWw  d3t
mMesmisOe @ff j CRsstesMC s d d H dzw f sHIse jJ e Hj dedW
fso jtorndzsisd dzj Stec Odzdzyy B G 6 d SE W) de's®d H tc dNO dzc
OBBddzd tetso Odedzts?2 Y tso jtemndetsmisd dzgj st Odzd yd Ms d =
ZO (o jterndesmisd MBGHsE G tdastpd 5 dzdz® B3 d dgilsirgiHis<?
My JSbtesdsj stedd M dqdznlkSCIsdo dzs Mmoad Odzd@aB)d tc Jf 1O
rdBdud MSdnr 1 dzj di3j destse By HE MmMtes jdsodkd d
SlsteOy § ddv d dz¢¥ 3ddzaj My deydd Hdzw st H] dzj da
MesdHddzj dzd?2 dtodetseo B sOdzdzse M Wk dz§ yd tsdzOdz' d
B3 S BHG | Hgfdzy dzedWw EH j dz0 dets? 9 jterdesisd d ¢ s
fts dedL Ctslsj i3 J cOskztedzs?2 OHMBteBYdd OL B8SO.

1 O ddz! detsfls! ftsdzzyj dedz’ = twjL zdz IsOIstse  {ft
1 dzj 3j delsse o tBtOL YyoOs tOL ddydtsets o jh fzijlo
fsHIso jto H ] d20 OdzOdzdL sd3 MIsOdzH Otelsdz" = B OL Y|
fn tejL Edz sOIOM], i sdzlz yd dedzr o3d Htolze d d&3d dz
dimtf sdz’ L s9 Odzd § o3 -ddf) AsHsjHAAS ;.90 © j H J dzts

[ mMdzts o dz" § tcjL zdz SOIsT tc OB tsIs'IX df to jwH ) iz &
CtosdaW jtod dzydwv e ¢coddzOdzdIsdC O wdedtcd d [ Odzd dzj Gt
1 OtedzOkzdz, 2016), VIII uvStOddmss? dOkydtts?
2008), VII, vilI, IX, X d XI | mj esmimd2 mM¢ dn CtodaV J to dzyd W -
sCtolzy O h j 2 Mtcj HT ¢ ¢ ¢ 50 dz0O dzd Is 2pABBQ dz6( judis MiECQ
HoJldztse stefrple,dzd 210 142,016, 1 j ted3 2019) , |1
CoOdzOdzdIsdC O (smMmdde M di3j yHEZdzZOtesH Hzr 5] Z B HpO1
sOLORMbBENTBMS 52 (dw jojdzydd 5 ~dBdd d
2012) , ]l ststetsd3, stejls jd&3 d Y jbejtlstsdy Mmi jLH
2022), XX [ JYHEdOtBH dzts 2 yJtodew joMmCts2 ¢ ts
Isj ~ddsss dd § dzOlsddzseor n 3 Is Odzdzts o (stOMmMdetsw e ¢
B YHERZOteSHDZ @3 EyoOmlsdidd ¢dSClskzOdz dzr | o s tot
sCtokzy Osh j2 MmMtejH" & (-th jnemdtidpn@ @nferenceNelv #9nctionat
Materials and High Technology ( v d @ Ols Y j cdztsettsds d ¥ J ) R2EOAEGt
MdBfsLdEezdk] cmddBd” d ~ddi3dud Mé s b bienatonad dz
Chugaev Conference on Coordination Chemistry ( 1 d 3 dzd 2 1 S9GBciSH
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I'fmjtesmMid2 s s2  dOkzydts?2 ¢ tsuals| dgd daudodnls § jnd3) d3
f tctsB dzj d3" Isj sted d d ftcOCIsd¢d GJIsj tetsG j dadz
skr! B dt O, s thisttsldin] tassfifind,? M2 GBIZ8 )Md B sL d 2z
ZyOmilsdy &3 ¢{ OLHJdzjdd) d SCtdyd delstcdtetseo Odzad J
( sGdndztsH Ote, -tt2 hterBajional cdnférenceon chemistry and the environment
( @zsdzed & 1 te J hflnternati@n@l CaparicaChdistmasConferenceon Sample
Treatment( s Of Otcd ¢ O, 1 s e/l cfOjdydHY 7 dzC2te0s2HO03E, & O WdOdz vy id:
CtodeW Jtoj deydd ¢ o’ j fodddtd § (sBftsLdydsec

lzedzd S OYd. BBOIj ted OdzO 3 HdMMJ telsOydd s
ted yd dzL qtelzj &3 7 Y EtedzOzOR, ontHWHh A o HBeopag .
dWebof Science ftsdzkyj dzts 13 f§ Olsj dzlstse t A.

] ¢ dzOH Oo s tsti@B tsis T o' § tsdzdzj dzdz" J ) MsOs
HdMMJ clsOyds , Memisswdz o Wtttddttseo Odzed d s dat
f smisOdztse ¢ j§ f etsB dzj d3, cOL tcOBSISE § f SHRSHEH
sipgsodzr = LOHOY, dzgjftsmtcjHMmlse jdzdesds EyOmilsdd
L OH Oy, 1 CMY j tod d3d dzls Odz! dats 2 tcOB tsils T H S O dz(
i sdzlz 4 dzdz" n H Odzdz" n . r dmmd tcls Oy d ts dzdzO W tc OB
tcjLzdz IsOIstse dMmmdazHniso QaddBicsdgsdzif ygets d Mmtso d3.
[ A ddzts 2 d ¢. u. [tesB! ¥V 952, Misizn j dzsOd3d d
dzj stec Odzd yj MEts?2 "ddddd, tteOddyjmMits2 d 0dzOc
zdzde j tdilssO ftd daj f sMic] HMifshiz@Eage zjyOfgly
WBBtedzdteso Odzedd o' BtsSttO dOftcOo dzj dedw dMmMmdzj His8O
l.1. [JtMmjoe.

dlstczClsztce® d tsBir jddy Mg GEs®layd ts dzdzO W 388 s dRd ¢
BOM ddesf ddesets Isj CMisO, B2I1Qsedydius.  2r3cB My dedskod
o9jHjddw, hjifMmlsd cd&zOs, or o tsH 5945 depfdddady Sdads o Dddi
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1fele 1 rveoltdierrylfasrra soés  Idiwcdlerr v
gftrrrosflrRvrt dvotrgs 11 1)

ltodd3j dgj dzdj HtojHO Otedlsj dz' desets MisteB Y d s dadat
dr §ofazjHkzs"dd tftjHjdjddjdB tomhdtwjis
~ndBdyud MEdr dBilssHtss OdzOdzdL O, C0O0¢ 6 yYiBp Ml
ltojHdzsy jdz ndesC bt ddPdishdtss j OCIsdo
YJ dzdzs dzts -1 3 9, f ddkd di3j tedz' Al 8BQ Is jHedif) detdsen dfr 174 dzO
BOGcdzdIsdzr 7 YOMKEdYBIdS L fGalazdils dBgOIs j tod Odzts o -2[72] 1 , ¢
oW HO Hickze dn BOIstcd y, tsfip SO P & RS 2 - Shtetfisty fig
dLBdOIlsj dz¢ desfyls & i ts tslsdztsh j dzd ¢ 9" HJ dz
WEdS ydsdzOdz dzF o5 cekff Ok d MfshMssOd o L OF &
ltcd o' BfStey MsteB j dzgls © H dzw Csdeyd dzlstcd tets @
L dzj o3 dzlsts 9 dzj sBrtsHd B3 tydlsf s @PltsH 7@V W 2 dACAL]S
MtsteB j dzgls ©, ftedtesHEz d Wtttk dzOrRtsyHjdedWw 1 dzj
Hdzv MsOldujMStsets ddd HIOBI U] MSsEs teoj y d dsl
B sBHESR §shdjHEzEMN jets st H]jdj dpPL ji disdgp dals
tcOMmMlsoatste] YtsMmdz HjMBtBYdd), HBMIskzy dshmils: Mt
l1ted twOfmMmdidtslstcj dedd MtsteB j delstse t©OL dzd ydes?2
WOCIlsstetses Hdzvw CBdzyj dzstcdtetso Odedw d tsftejHJ dz
ftejdBzh jmMbsets dd3j ¢ s ftstes Q diabyj igAOd 4s MEAsfg g H B2 .
1 4 8 Odd yj Mcdy sEMdur o sldaduydy bk
ktjBksls MfjydoOd ds? tetOBtlsSd fMttsj dste
Cdeyj dzZlstcdtetso Odedw d §sfdzjHlkzeh jets tsftcjHjd
5B j MYQjwdo skMklsilse dj Wy dzj dzd W qdn dfmisdtO
4t Bi"doOddy o MbsOduimMitd wixddd d &
HA 2O ud MEtsd3  tej  dd3j . {smizlsmise dJ MsB Mise
dzj stec Odzd yj M<C dna sCMdHBe fsL o sdzv jjlsH ts WGt
MydSbesWslss®j stedd d dzf Bddej My dzydd daj Istsad
Wislstsdj sted yj MS tse-tks ofd o dfap Wessiasgss s toj Hj dzj dac
difmdzj Hise Odzed d ftesyj Mitse oLOdBsHj2Mlso dw
WEdC yd s dzOdz dddzdnsdetel idtfs@ o . 1 so j ton detsisdetsj to
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ok ®BiMfjudeOjlk o' mMsCdj MSswshsd Lk
&j cCtmis! 1 d qeso Odzgdv Mt Jletso Odgdy’ & 4 dzj dgj
tOL OB IS j Ctse g dzd tetso Odzdgf "2 {BEiSABHABIES o - (5 §f
MyfdStesMisfdud M ddd ¢ dyOdd™ Bq.

1.1 md®d™Y o jwidisfisd daj secOdeduj MS R &

dstcjHd dgj stecOdzeduyj M<Cdn sCMdHBe 9 COy4J f
tcOMYf tesMistc Odzj ded | fsdzeyddzd sEMdHT Ctoj dzdad W
ydtes tsded vy, dpjGximpr Odzd yd MSdy BEMdHT Pt HTES
zj eS8 dBsekzls B Is! i sdzlz yd dz’ 9 zOB st Ols s te
1 dzj d3j dzlstso . o2 Mlse O dzd stec Odzd yud M< d n tsC fiy
ftseojtorndesmisd OCIsdoe dz =~ EqHipsEidUas ldas e r & tolz @ ¢
dzj stce Odzd yj MEséets sCMdJHO d MYsMsBO jcets f tsdzk

stej dgdzj LJakledydJj Btsdz! hsets o BBGO Ctoj d3dzj L
tcOL dzlz ® fstcd mMlssmlis: | cOL BB &6 yoOmsdy d or Mt
sBEmMdzso dzd 9o Oj Is JdisdzirdefigsCas ] C g ME2] . Mt GE
BsHdWdydtetseo Odzgdw ftso jtomndesmisd tOL dzd ydz' dsd W |
BsdescteOW 2 -37]2.3, w888 ydtsdads j Mo s2Milse O ¢
ftsoj ten dzsfls de” d3d fij)d dz@ tzts iz @A G ) O Yy g d Pz
ftso jtondesfylsd Ctoj dzdzj L jig@LY Y so f R B gzdzy ¥ B MV
O dLbdzdtese Odzdz" § ( 5HJ desydz” § ) feuOxfisferr ) (stsdi
O BdzdL dzgj ysser j octwkzfdfr [1 (cj B3ddeOdz’ dz" j Td
Ctej Bdedw (tcdfm. 1. 18B) ,

O odyddzOdz' dz'@ j ctekzffr [1, MowL Odadz j oBj Y HLE
MddzOdsdge Wiy W \dsd, 6 J d3d dzO-fgb vzl ¥ Bdwcff = MBWE o d3
(tedfm. 1. 19) .

1 O ftsoj ton difstindshigilz sTjlsd ¥ Is  so0 j torn detsflsdzr j
1. r8)cedHtcOIsdtetseo Odzdz" §j tSEMdHT ddzd dBsMisdsd |
sOC Y j Btsdzj € &z dz o BHT Mo w L Odzdz" J o SHBE
M zOdetsdz! dzr &3d ctelkzff ORd (tedfm. 1. 1H) [ 38].
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s OB d ek’ &sckls fMdkydls: $0¢  yj
Mfdudvdud Métsds oL OddBsHj2Mlsadd f OHMBEB OIS
ndBd U MSC B oL OdksHj2Mlsady [ 37, 38].

NS
A A NN o 8
o 0 o_ © RN \
? \/ ? ? ? {”g/\{ H H\/H/ﬁ
i Si Si Si Si A ! y
A /N AN NEEANA A ? 9
] ; . . AR

o

tdmezdzese 1. 1. wvdfr (¢teoj cPRB}eesMmisdzr = Gctok

1 so jterndzsiis! Cto] dzdzp j RPMeze dzs 3 SH;BY ) ePigy ©§
ofMiskzfOl: o ©jOSydd tBdj &O. | tOBSKOS [ 32
[1Cteffr ©BBE&OHOSIS Bsd "j2 Sdmdsksdshk! s {t
CdHtesSCMddzse wodzw jIsw tsB 3] dedg’'dds dz@tBd. o r O dz
mMotseBtHAE gthr CIdMmMdzslsde i3d Mo 2 Mise Od3 dzj B &

g lzh j Milse j dzdzr § tcOL dzd ydw 9 BB~ Odzd L BZO A 9
sB dzOtclz ) J dz ftcd BsHdWdydtese Odzd d fso jton
O dz¢ d dzr dzts te fn d dzO dzts 3, 1 ls j to dOVdddSj@lz) d f|f 3 2d] dzd 1 ctefdzts «
ftesdmMrHdls tsBd] dz Odzd sdzdetsc 5 ( s H dzizts Qdiad dsHz g ¢
lted {1t MkzOBsSdmMdskd j cdHesSMdd o 4|
Mddds o j dv Mfdweloddd fwsdmrtsudls (s d
[sHdW dydieso Odzdj MddzdSOcjdv kOCd®R] tj Oc  da
sHdsotcj d5j dedets 5 Hobkzds OCIsdods ds yj dzlstcOdz: O«
COdtdzdzO" cCtokff O IStedh desteid ZORZO L Odsj h Oj Is

utstslsdatsh | dzdjls o O dgff WO dzts dz! dzr =7 d  fd dzts € ) O dzt:
CtojdBBdzj L j BBO © L OadMmddsmisd sls Mmlsjtfjded ¢ dHTK
L dj dzvls' qw. | tOBtlsj [38] &O sihdase Odedd t
Mddzd SO jdzv Y tsCOL Odats, sylsdz’ T sigaff dzQ dgtisdeitsdz'f As o § ¢
BjlssHE®RE BB®Rj 2O Hj2kjtedjd, §sddshls' s cdHs
d dzls j tc o ®&zPHAG 24 ¥ / dad3

) tod dzOctejoOdedd Stej BdzjL j BO Stdzdyj mlse
ftso jtondetsisd fded OGSty | - detefgfls @ 0B j ¢ d Mistcd to bz
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[1\ctezffr, O tdzdesj] HjEdHtEBSMddzdtctse Odzd j - ft
1250 As . VHOdzj dzad j cdHtesSMddz dg = ctekdff fm
o jddyjdds jet cdHtsWtBdtsMmisd [ 33, 38].

1 so jton desfipisiiz” BC i doHEO Ctoj dgdzedw L Qo dMmdls wsls
dtsdzdzr = yYyoOMmisdy dhad sty @PE&EgO.ftcj HMisOo dzj dets d3dz
o § dzd sdsdaiS d dzkz dzj st gi&te § B HPRQ, ¢ dzizyj dede’ -
[41-43] . 1 dOuyudddd vi)1 BEMdHO 30 upad Gukgumkr) d
Hts 4&Bi03% d(tc dgigmaAldrich) . rdzv tsHdzedre d Isjnmr 34 CtoJ
tcOL dzr = dMmlssyded € Or Blsdzd Yy G ghiprO  ofs {f el o1 ¢ iiaf digd
Cted dgdad L 4 BO. | Of ted 3 Hitca gek6s107  WifBhdRda) a @02, O
Merck tt©9 dzO 6. 1l sdzt h s o dzd W dzd J zO0 U1 ) s ¢
fsfOHOshd] LEHO o sy mMimj ftesdLesHMiss O |

l1ted o6 Btsdzr hj uvYmheapd@gapy sflieslssdatse Mmd
ftso jtondetsisd Cted dgdzj L 4 BO, Yls ts ftcdoeatsHdls ¢
fsojterndzsmisd [ 44] :

[ Si OH "% BO'H®:0

I hjasyd = Mtej HOr Ypdd Ofgiso b tc QpKeKEal' BU ¢ 1
Cqmdzslsr , dzOBdz* HOjlsfw ©OMottej ddj SSMIHO ¢

SiO, + OH z SIO(OH)s™ + H20

[btedyOlsjdz' dgf 2 L OtewH Ctoj dsdgj L j 3O 1 € MY tsdzj

{S¢Mdr"  Odzs &3 dzd v, Idls0OdzO s yd el STOY] sl
[45-5 3 ] d wsiplsd sdzzyj ddw Mt {pd-GlHzdz  1nts daBQ Is jtdgic
ftedd3j dzj dzedj MmowL Odes g djde "j2, yYyidg k& Stej
o jdzdydde Hjdz2 des?2 o jten detsflsd, AL@®slS B@H JiOofm dzc
[ bdzd ydlsj dz' dets? tsfytsB j dedetsils! ¥ H Odzdz" 7 dzj Bt.G Oc
dz0 dzd y d J &z dn ftso jton detsfyls d OCIsdoedz =~ Y J
sBkMdzOs dzd o O h R dzj Stsdzstesddtelzj B j ] otwOh
fsylsd dzj 2 IstcOdz'sdgE@ LISOHeWHED dzlz dzj o

[ SMdH O dzt 3@ dzdfs. dzdzts i ls & CdHtesSC Md dzd tes 9 OC
Odes B dzed™ Gedmkzkmsoaksls §wis: sdftse CEdHEE
CoststoH d dzOy didfs RO @ dedf@ j MSC 52 d dzd 1LULY[ARJe O Hted Y g
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H H H

OH OH 0 0 0
[ s N [N R N I N N

Al Al Al Al Al Al . y
RN A PARNEVARN ARV RN s \“/|\

Ia Ie Ila IIe III

t dfzdetsS 1.2. wilstetsjddj odH @lESE diEa Fdzd tdzdt 2
[ Ols dzO[BRD d3d

LdHEBS fdd disif Oy & shv fistekS sktody &Bd,
Oz B dzd™ toj" jlsCd d ©B®&OHOY s ©hdss dit WH Y e
onBSHWh ] ©» MBMisOs tIdf yjddsttss, ©OCY,] 6B
CqHEBCHMEGET O MoweL Odr M HB BEH]S O] &dB&d
OBt slsjtods B3 Mo 2 flse O . Illdslst O bty dzOfdz’ ¢ di tist
Oz B dzd™ tojh jlsCd d BekOHOsI Cdhmaskd & e

( Mdzd Ho O MmisjmBdedjnH dddavdzG@s iy, ) Bt OL ts9 Odzq
fso jtendesiisd SrEmamskus® J shdsEizs? yj dstr |

H\ /H
(TH O|H T— (|)+ T-
Al—O—Al— —» — A= O0—Al— —» —Al—O—A|

-H:0 1 2 THO 3 4

lide s iseMC d2 € dfdshdets?d dzy j dspipgiglso figls j3H 5o M S 2

sskzduj &Y 1 020 § 0 B Eihb g dzAlzdzsj tcOL d
o Otc! diolzj s okl YiBERER & lay §(63d@E] . vo j dzd ud ded §
ftosCOdzdo Odzedww HtodotsHdIls € Mmdedy jdeds Ctsdzdyj fr
Al,OsftsH jtey dls 2, 46 dBRsdd, 4| BEgsdz0 fidc 6D6Ap.

10 e jtorndetsmisd BECMdHO Odzs zddedw o CdM
6] OCHeEdosHWh ] COC ¢ dL dsjdgjdedd ¢ 50 ] ter desl
[ 44, 66] . )| Cdmdzs?2 Mmtej Hj d/cdcdid)r EDHs o tf s}
O dzs d3df dzd W

[ AIOH + H"Z AIOH2>"

0,5 Al03+ 3H*Z Al**+ 1,5 H.0O

lted Btsdzj§ o' MsCtd pdMfHtsy by d e S ists df®
sCMdHO Odzt di3d dzd W :
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[ Al OH "# @H+MH0

0,5A1:03 Is) H04AQH52z Al(OH)d

1 d2Oyjdedw pH v1 )] BEMdHtses Odzs dsddedw™ o Otc! ¢
HES pH 9,6), d&ts f§kjddges] M) ddszds O § dts &8
Odz¥ d3d dzd v .

rdsCmdH fisaflsjiOis® jls o odHj bktejn StodmlsOd
(OdkzOIOL, twklsdd d BttkSdl), otHdhdset SiMdHC
Wisted3 (ftotsd3r hdzj dedz" 2 ddzd dzOB tstec@ls TdsddC2 Jfyd kIO
ftso j tor AOfIs gzOR SH s mMrasdstdzp - C ststeH d dzd tots 9 O dzdz'
TiO, Ti:O, ThkO, SCtlstster j dadRjtls L WWjiClkdodz 2 L OteWH
[67] . vtej nCtststcHddzd totseo Odzdz’ 2  Obtsds € d fi)tzts teots
HdOf OL sdzgj t1 37T 12. tOMmudlsOdzdzOw ¢ tsdzfyls O el
OtsdikO CdMdzstesHO dd3j jIs or MsCtsj L dzOyg dedw (
jeéts o' MsCtsd3 MesuMmlsa] ¢ Hwtslstsdkz d fftd ¢ tsdz
fjtojddssHe Cctokftflz Ti OH, sttdj Istsets, sHASC
sBtcOL s’ 9 Ols! HoJ OCyJjflttdsy J otSHBtEBHOM |
(tedfy). 1.3). uvOSCdd® GBEOLH, &O o jtn dish
CdHtsC Mdd! dsjqte dstiietdf sz § © d Bts fiplsaflytfort. § 1tq
Ot Ti o j2fsElEs Bi ©O0C CdMmdztslsdz j yj dzlstsr
OHfMmtsteBYyd® CcGdHtetsSCMddz dzr = ctolzff f , sseHO ¢ OC
foslstsdyr o Hj2Mlseakjls, OCdd BSBKOL A, ¢OC ¢t

O O—H & 0 — 0

pH < pHyy pH = pHysr pH > pHpy

{dikzdtsS 1.3. ovftesh jddovw Ma jasd Qdeis ssiddHddsoCChyk
{50 jtcn dztsf@®d Ti O

stsdeyj delstc@ucf f [ 1d20 f tso jtorn desfylsd BECMdHTse
fstewWHCO &[8BkYfJAdeBY]) dadf ] S vYy Tzj B2 ©OL &
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9 Otc! dqtelzj Isfmw ,875H O] QOdENdIs ls dz2Odzd ydw f§tod
tcOMlso sBO] [ 6Vicd ftsorhjddd Isj &3 JjtcOlskzter H s
e " Of Isfqw ¢ &jdz "dd3 L dzOyd dzdw dz, Ut Mo WL
dzj stec Oded yj MY BAc OB &g Osd sBif ®BF BastisOdsd, MEH | |
ddzd #PfGcsdotsHdls ¢ BKOLtss Odzds HBY tsdzdzed s j dz' oz
CdMmdzsilsdzgr 7 yj dzlstetse [ 2d7 Mtsd t5€ B gy Jndzls t ¢ tc HaDO did
Ctsdzd yj Mlso ts OCIsdodz n [ +4 @MY BE § &~ datf fn tzlezy
ficdosHWwh jets ¢ WOONLitc'p s @@ LLxfo Oded ®H: Ho R Mo w

H Ho

| |
\T,/O A\ —

/ | I\O/Tl\

rdsSmdr yduwsbgdegidesimils! HIBSSMdHO OYd €Y hdaf
sO¢ d thdtsedzr § yd dzlster , dzs fcdtesHO d Ctsdz
MistckzC skl XN ©  sdzlz yj dzed v , 9 Cdzg yovw 1bkOC(q
HOo dzjdzdj ddzd MtsMisOs cOL o tsPo WL dzd[ yd? |7, M
ZORsHWIsMW: WdL dud MSddzGrpa! Wdz' Qjdzdg0 v o3 s il dELy tols jts ¢
Bsckzls f totsls ts dzd tadst®IOsdzdife'ts od@is]* fmvj,f s toj BF, @3F v L

[ Zr OH'Z+ZrOH" /H H

[ Zr @QHrO + H*. o ‘
| O
Zr Zr Zr

vdyr GdHtGBéfn(erj oz

l s9 jton detsfyls HgsSCMdHO ydteC tszd v O @sJold Jslaw ,
CGtozAr-PHJZr-OHMBsMIsOoa dzw jIs 11 d 13 Mmtstslsoe jalsdidsfotj d
ftso jtondesfylsd sCMdHtse yYdtos tsded w2 MislsOQo dzv j Is

[sdzdydjy ¢MdHO yYydtitsddw s Htkzedr dzj
Emists2ydesfisd cdHiesSMdd dsets € ipddeOds @ ¢
s¢MdHtse yYydeisddw fsdzdsmls: 8 otmilsOdzOe dzd 9 O,
ftoed @O0 tso jterndesMisj 2 § OOBd otsHTN . [ HABOSCT
Isj B j cOIls BtgO R H j(cBPOHOte 5 ¢ Md dzd tetso Odzd j H teslsj SO |
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fsCtctse sOCdrn o jtondatsMisj 2 otMMisOdzOo dzd o O
sBtcOBtSIsCd oBHEIS. vl ) HAsSMdHO yYydtes tsdzd v,
fbjdydsd sedyud MEdd3 o&Gj IssH OBd, fted ¢ $56Gdz0]
[74, 75].

s O0Cddp e 503, dzO ftsojton dzsfilsd dzj BteG OC
ItejdmisjHsemScdy d [-shddgsaedan dy) et gazsls @i to-j H
sfdztso dzr j Mo s2 Mlsoi@. f B d tchlais IO d6 ZrO; L OtewW ¥ §
slsted yOlsj dz' dats, O Hdzv B Sdz! Olg falg'lsde’©? ¢ uc@ tdydaj L
OB dzs HOj Isw 9 TH IO OL sdzj te] 3

1.2 uwftsmMse’ dsHdWJydese Odzdw ff so j ton desmls

1 d BSHIW dyd eI, Q208" JiO>, d ZrO, dMmYf sdz! L 28 Ismyw €
fsteB j dzls 5 Hazv  Ctsdzyj destedtetseo Oded™w  dtsdatse ¢
dLBdOIlsj dz desfyls & . dzv ftedHOdzdwV dzj St Odad 1
Slsdztsh j ded ® ¢ dLoadzj COj B &3 dodzOd3 &) Is Odzdzts o
dzj S50 Odzj s des  tegisHls tOL dzd Ydz© a3 toj Oc j dzls O iz .
WEdS ydsdzOdz dzF 7 cCtekzff fesdmMasHdls L O mujl
Ctokzf f Oz -dIsHAN JJRIOBstcO d (o jton dtsisde dizd ¢
o bsstetgidzssB ddzd L Oydqdvw toj Gsdnjsdils Odzj dz@ ¢ O ted j| b F) s 6
sSBteOL 59 Odzd W 9 SHBtBH 2 MmMeovweLd, L dzj Clstetsmls C
oLOddBsHj2Mse dw d&3d Y H Iz Ctelzf § Odzd stce Odzd Ud
CcdHiesSCMddz! dgr B3 ctolzf f OB €eBf, BOEF. Oded yd MSdr ¢

md Bdingis j BsHIdVJydtetse Oded j fsejtendasMmisd
WEdS ydsdzOdz dz' i3 ckffORd Wodw jkmy HEMsOIls:
MewLd daj t©WOLWEZh OjlsMmw o ©OL B O dzj dzdB7,80]tc Ofls ¢

dtejHd ~ddB3dud MS&d d&tsHJ Vo udietsp -0 dzdz's & d Hixg ets
tOMf tesMisteOdzj dedj §odzzyuddd ~dddudmséd BsHd
st d &8 MyfshseOdk SddduimSises &EsHd%dy
SHdzsMIsOH d 2 dzOW ftedode ¢ O, Zj IstsH ftso j ton dats
BeHdY S OsB®] of jstOfis o j ¢t5 § sfydzj Hizs h dd5 L OC t
fsmdzjHdzj j otejd" d&OBd&sHOjIsMY dJdasjtejfm ¢
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dzj stce Odzd yj M dr BECMdHtses L O Muyjl §tsdzddj todL ¢
fsojtendzsmis (.

{ HdzsMIsOH d 2 dzOW { I &5 d oddof§ich) b glzdzts | ~d i3dyd m¢
Cslssotsets KsHJYJCOLste® ¢ (o jtwodtsimisd Ste
ftej dBzh jMsosd SHEREMSOHd2 dsets ftesyj MMO we
ftedodlssegts yjdzjotsets o jh jMmlse O, ts H dats to tdsHo d@tsthls
hJiesS s ©OMYsMisteOdzj dzdz" 7 S BRBj ey MSda B
BsHJY S Oltstese JBHABHYIS St Odsy zZds ydsdod
Fdzd C Oz dets?2 M stsBdesfls! ¢ CtdzS Etedtetse Ols! iy
1 tod o3j dzj dzd § - fasfiplin@ a@Siisai(y InO3 ) sBd Mfdude Ojls
fMlsjfjd YsSter sdw o jteodsMmisd, BHEOSCE, yd
ndzstefd dzd dz! dets?2 Stk qteso S22, BEtOdad yj dats.

IBdzj j hPduesSts] ©OBPpteshyltOdzg tdzd] [ B8 sB 6]
Oz s d Oy j S Md mddzd dz' dzr @BdzY ¢ ORRH fHaf tetse OO .
detsfdlsj dzj 2 d2Odetsdzjj hdesSt] ©LOM{ st Oz d
O3 dzts f te st d dzls to NG MY RFeHebe0 dz:

dzv "ddiduyj MEsets BsHdWdydtotse Odedw ff so j tor
sdlsO&O®S Y | ftod d3j dgv & Is Ste ¢ Odzts iy dzO dz" 0 dz0
BsHdWdydtetse Odzed d Ctod dzgdzj L § d30. lLOdditsH j 2
Ctod B3z 2 stec Oded Uy MECdBd Mtsj Hddej ded™ B tsizh j Ml

. I
=Ali [ 1 Jrsfm ¥ AliOISiR+THX
2 Tii OH + [Si(CH3)s]NH[Si(CHz)s]  YTii @i Si(CHs)s + NH3

lted {tstsd3 fesydzsmils! SBtOL 28 M daMmw HiOVSE § 2
d kd3j dz' h O] ISIHOISi» ZriOWSH¥Tii Oi Si >AITOISI[ 37] . ] dHtets
Emlsts?2 ydoe sfls ftcdodlsr a Bs des W z dz€ y d s dz© filpd Hzts |
Yydueétsddy dd IsdsOdzO dzj o MsCO. 1 Of tod d3j ts, ]
HIBSMdHO yYydesStsddy d&GilsOdksdztsd ftwdotsHdls ¢
ftso jton dztsisd [ 84] . thd S H dats 2 ftotsB dzj d3ts 2
ftsojtendzsiisd dap Shgd Otkzef Yy Mz g s oL O di3stsH j 2 M
ey O¢ydd ftwd ftwedeadesy fm [ dMmsemSddd ¢ dfmdzt
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[ 83] dzOBdz6 HOzsM! oL OddIsHJ2Mlseadj M dzr 6 d Mtse
ORBdOC O, Clstste’ 2 o 1 dytdsjLdaty] 2Amlsdrdjlsds ol s CCd R

stso Odzj dzls dzts § ftod Mtsj Hddaj ded | tcOL dzd ydz ~ t
Ctoj Bdzj L j B3O M d Bs X stz jdae® jnds s B tc Oa tz1s d3tH 5 dzts totizff d
M smtsB 5. J tcOB tsls j [ 85] dmmdzj Hise Odzd O
Mse j dzlsts o M ~dBdui MSd Mo w L Odzdz’ d3qd O dzO dzd Is
d 3sB d dzd L @2fddétc d HA dzOL f5) o J2fEdafHEFRADI WEY s dzO -
CdHEeSCMdr Jdesdzd dzO@ ftetso sHddzd 5 Mmdzj HEzE M j2 ¢

AN
==SiOH + (H5C20); Si CH,CH,CH;NH, + (CH,0),, + —

l N
=5ioTi CH,CH,CH,NH m

] LIstsdz Mz yoyj O zd dzts d3j Is d dzd s ts as@iddefsjo to jioqg.
Ctsdzn j dzlMOyd 4 2 L IssCmdmd dzd dz' dgr = CGtelzt {f fn fi
Ctod dzgdzd L § di30. ssdzdyj mMlsoets tcj Ocj dzsso Colsster
setcOdzd yj dz@ tcOfMmlse stcd digsfls: & .

1 MBsistew  dzO0 tewH dzj s sted ds’ ~ f teq dddglq Jj fpkL
BsHdWdydtetse OdzdwY tseteOdzdyud dz L Sdds Jtej ydad d
Mow L Odets M dzj otsL dztsy detsfyls! & ftcdodoeCd MmMtsj H
WizdC yd sdzOdzr dz § Ctelzf ¢ r , dzj Mtso d3J Misd di3" § fn
5B d&zOH O h  j wWXfitpldcodDCEYPH, (DE, &SO:H d Hts. ) .

[ JlssH o jtorndtshisdts?2 Meteld shdses Od dO
WEzdeC ydsdzOdz! dets?2 Gctelzffr dzO Y tseo jtemdatsmisd St
Ctod d3dzj L J BO LOCtjfdverls fshiss) Mts)ddddy fizd ]
el OCydodzdesmtf sisBdzr 2 WtcOcedzj dzls A, daj toj Oc dt

[ SIOH+ XSi(CH)RA Y SIOS(CH)RA  + 1 m

] femdjHkzshdn MsOHdws fdddsjL O Il Wt
WdeC ydsdzOdz dzgks ctkf il A *.

[ SIOS(CH)RA  ¥Y  SiOS(CH2)RA *
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l so jton detsyls dzlz ® Mtz ftoddzd dwels I[SOCy |
BsHdWJSOstste Mdzsy dzj 4 MddalsjiL dtetse OlsH 9 G B3t
dzj S SIstster R fn dzts 3 dzts f sSHtsBtOIs! tcOMmlse stcd s j dz
BsHdWVdydtetse Odzd j € teg BdegBO By | o C Kb
&zOd B sdzj | Yyomists dmf sdz' L 28 Isfw Ctoj dzdaj L § O3'
COdztsg j ded3j Isd dz! dgr s ddzd + I sSCMdetekzyff Odsd [ 23,

| ZOo dz" 2 dzj HsMIsOItsS HOdzdese s dB3j ssHO B IZ
ftso jterndglds  j @) f toslsj COJIs HB Clusdak@ dfiy ¢+ o 'sfpts
BsHdW dydtetse Odzdzlz 8 ftso jten detsfyls B Is BHASD i@
ftsojtorndesfylsd SCOLT 90jIsfmw dzj MEtsdzr €5 tOL dzd W
osLiOMIsOjIs (s sStcyd hdz@zkz'] dd® g/ Hzd Yigllte@sHo dRPdzc
sCMdHtse Odzt Bddedw, ydeSssddy dd IdlsO0dzO H Odzdz
FdBdUiMS I3 toj OF yd widls tsde@s 2 § iR jHissAdstOfMsldsct.  H O dzdz
stsd3, Ut efmdzjHMmlseadj daj Mmdzdh RIS MHBERED dH
MojHddzgjdedj, fHtwdmatsHdlsMw dLBJGOI! {§tsojtcn dafs
Eidzse dw R .

Il e Mmdzsy desils! BesectsMisOHd2 des? ftesyj HEzter
zO0 ftedd3j toj f sz yd dedw SCtej didzj L J 3O W sdED
fsMmdzj His9 Ols j dz! dgts 2 tcj OCydgj 2 Mddzd ¢ ©Oc j dzv f)
CdHWOLddsdz o tiodzjydzl ~4 Ntej HOR
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(hd sHdedd3 M sMsefipeiics § teziza|j daflwdesmw s
fsdzd CsdzH j ZMOYds HBodsdj ese dzO § o jten dsmlsd
Bsds®j tO® ©&O o jtenidshlsd f§sH Hj2Miss dj o
fsdzd Bj tedes? §dzj deS d, CbsOw &syjls dd) gz
cOMmlso stedlsj &z s ISOC k% §dzj deC bk daj o BL By dzts,
fsdzd Bj edzs? ©kBONGCj [86].

[fdzd BsHdY¥dydietse Odzdj dzj stee Odzd Wy MS 2 s t5€
fesosHdl! o fwdmklshmsoadd o d&Ocd ddd oHOEE®g d
bHOdY" LB SO BsHdWJSOsrO, -disex de y df tststz:
st j dls, MBHjEYONd2 d2©® {§ojtendssmisd =R dds
fskd®kjt®) (tedfm. 1.

t dmMzdesS | BiedL sdels Odz! dzOW (O) d 9 Jjwlsds Odzt o
fso J ton dztsisd [Fej dBdzd L § BO

lted j &3 dzOdzj j dzdv HtesHEZC s I &BUzf L tsdidn tf Ealg'C
f sz yj dzedv ftsdzd i3j tedese s Mdzsw . om0 dzff {8 fHE Asdgts
Mt jEAsisYY § udo Of sy ko j ddyd ddj &3 Istsdh dd" {
C mded 3 J ded & MEstetsMmis d ZMmls Odzts 9 dzj dzds O & drds tc By ds
f tsdzlz yj dzr BsHW Jdydtetso Odzdz j BOIs j ted Odzr |
ndzstef tetsf d dz' dz" J , cdzdydussSimdyftetsy] ddz' dz" § , yd
ctkzfqr .

[ dz¥ tsHg W d Y Ve fotsdpfdehjdf sdzd ted L 28 M  d3d W fnts
ftod d3J das ® Usdzqd Wad'L d uyjj MO Ylsstc o7 L " jo OEdo Oyds dzt
dzj f sMmtej H @G o jfdedzty teflaifts dsefezdis d SOC B3 WL dud M&
slsdetsmwilsmw M jydodz d& §| ©OHJSOdz dzr §j ddedydOol
dqdzddtcizy fodsL H jW® fisp @dzdzr 2 el §f ®yd sddd  §
hdtesCd2 dzOBtste RBsHW dydtetse Odzdz” 7 &3d dzj tc O dz!
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MtsHj ey Oded § d3 tstcc Oded Uk BE § & 5 i3B W i3H tzfsdzls O € OE
CdMmazslsO, o Isd dzBi s @f o ddfads,dztf ety i dftsizizd Is to
VHJjtey do Odzd j ZO0 (o jtorndesfisd dBsHdWdydts
OHMtsteB Yyd tsdadz’ n mMddz ddzd Gitsdgj stedyj M¢ dn
d 3s B d dzd L ON4(¢-G O W esEAff) o W J dad dz) B S OS t6d ZOB] H O]
[87]:

CH3

.0
CH:=C—CLNH@000H — —ECH:—(:.?LJ—
|
CHs cr"NH@—C—UH

DA

OHOH -
OH OH

Si02

[BOL 5o Odzd j cdHtesddlsdyj MSd flsosdd dz
ftso jtendzsfils: ¥  Ctoj Bdzj L j BBO  dzls O ScfigtsH] dniS dswi df tists o
dzts f d Isfj wizpRtc dz" B tc O fif bcaf o tsdh e Jsdr @y tdfd 3j 6O M ¢ s
[ v ftsdzzyj ddw fmisos dd Wz &t 1ttt tsrfPls ¢ dzj fipts:
ZC OL Odzdzr ~ Bsdes B3| tots 0 i BdW kzdzC yd sdzOdz! o
Hdoddzd dzB j dzL 5 dzts O3,

bz sjtedzOlsdodzr &5 fklsjdg Wodwjlsfmw ftojHo Ot
Ctoj @3dzd 2 stec Odzd yd MEdd3 Misj Hddzj ded™ B, MY tshtsas
csMlsO® ftsddkjtedts?2 yjfd. 1ted {3 ¢cOtOdlsd
fMowLd §odd®jted® f dshdsjdjd o HfisdcO]Is!
ftso jton dzsflsdzsds fdztsj . | ddzd dzOyjlsOls [88]
ftso jtendetsfyls  Soig Heg@Is JsBE! dets BSHAW d yd tetse Odadz
BjssHisSdB MotsBBHMSKEOHdC O d-igist? ts difdftsii cheds-P- jotkOLSBt]t
tsC O dztsjpembady C Ot S M d dzZOIs O qd Hteze dj ftetsd
BRjlOljLdmdts?2 §sddBjtedL Oydj sdfL HoOTH ter isdy
mMstcB j dzlsse, B ZOH-BOG o df HastHE]. 2 ©3 7, 90

[ Mdzts o dzOW fdztsy desfyls! {5zl i Jsded ' dztisfPIE ! & € 83
fteslsjCOddjds fodzddjtedL Oydd o0 o jtel datsflsc
fsCter Isdvw ff so j teld dastdQlydf.Is j dzd] W2OW HtsdzvW G dHSC T
dazd ftdodlsra Ctoj Blzd2stee Odzd yj MSda MmtsjHddzj
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tsMisO §odddjted = Yjfj2. ltsdmotsHdls ¢ slst
skt jj (St sdv e Orgdlayf ¢ fdds dzif st
BsHJW JS OO, lted 1t dzOBdzs HOJ Isfw  dzj § t
TOtOCljtedmisdS ftedflsr s BOIjted Odztso o 5
Pdsj dz' h Ojidfgw tee®L2 f3d fylsd OSBdR 3j bkdgjdz h

1 sdg'j dz d¥fj tsdslziy j dzd W MsteB § dzlsts o zO0 Mmdzso
(sCfMdHBse GCtoj Bdedw, Odzs BJded™v, IdlsOdz®, Yydte
hqtesCd2 My jShkte stesh CssBteOL dz' & BOIsj tod Odzts ¢
BsteW sdksedj 2, §stdhliadiddsfiflsosdzedasmis: s, yls
shdeso dzr = jets HBMistsddzmise. 1 ttsyj M §tsdzkzyj dz
sfdatse j Stoj d3dag j zBO B sk sz Bsy dzgs e j HMlsOo d |
FtcOo dzj dzed W i3, tOMMBOIsted o OWis o dzCofsifmfysfihdz’ 26 tedj Qi
By jls dkjls! MORz: tOL dkz ftedtesHkz: s fte
EMisOKLSO CBRfdj SMO fjtoj icHbdEeE &) sOdkdkzO) [ ¢

SiORj+ ( 440X )Y HEHP; 2% 4ROH

{jOSydw fslsjCOjls flklsjd ¢dHEBEYEONdnE ¢
[SIbOR+H,OY $ibOH+ROH

[SibOR+HOBLSIY &ibObLSI ROH

1 OdBtsdzj § Yyofmists dMmy sdz £ ZI§ M35 1 O d3ff ldety X fipcfeh
sjlbtcOl ssSMdMd zOdz Md3j " doOsls f oeBHEB2 d Mist
f sdzlzyow Gt ¢ j dzddrdl  Ldts dzif 15 dzdSoiHdmity) dzfif Oy d t
fSHABHWH 2 CdMmdslsd 2 ddzd Ghdss ds?2 €O0kOd
ftesdmMrBHdIls sMisjfjdzdetsy Ekojdduyjdedd owLSCtsml
oLOddBsMowL Odzdz” 2 G j dz' . 1 ts)dzjts 2 lds@ et dpcfeO Isdz tef |
CMjtesegjd, Ctltster 2 &y jl B! HY sdddls, d
AL dECdsBdyi MSdy Moets2MmMlso O §tsdzzyj degdeseéts @ j dzw
ftoj CEtested®, HtodtesH' d C tsdzyj dzlsteOyd 08¢ SR dzc
PHEEOMlso ste®, IsdfO MwOmMlssstdlsj dv, IsjdifjtcOl
ftedmzlsmilse dw dzj cdtelzs h d A ojh jfmlse. [ Oy J
Cjdzj sBtOL o Odzd W RBisy jls COL' 90! fd des jlakj
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BOIjtcd Oz&MisY sted ffdsh OH ! ftseo jten dzsfisd, fsC O
BjrOddyj mMScdj Mets2MmMlsa® [ 93, 94].

1 Cdzé yj dedj Btec OdatsW z dz$ y delsjdedd dz! 3P Ishj twchaedifrff t=
O wOL dzdyder 7 1 sOf OF Mmddalsj L O: 99 JHJded J i3
ZOyod# 8ty f tsdzkzeyjjdizd W B3Qldsidte d O dzts 9 , -, ) © W34 wapOdzd]
B e Of sistczedj ctkzffr [94], O OS] HBBOS®
[95-100].

l1 jtor 2 dBilbsH bktejBlkjl ftedd3j dgj dzgdvw o j My o
OdzS sCMdMmd dzf esBes?2 v OBk HdzZv Mddzlsj L © Odd dets € te
Isj steOl Ists¢ M dzP @& ¢ 6hd Bd dzd dzff e s  dzt IsfdiinjdrdgH dfipka
HiSB Qo dzV j s gz Olglsa sE tfH @dz' O L Ols j d3s dsdz o2 OB d3¢
NaBHa.

It olbttesdy fdzk @iE Otzd YEMOdzH j toj Oc j delstso
BirOdd yi MEets LORo OO (S Of Medzdtetseo Odzed j )
Wsttddiekz j B2 ftod ¢ dzj sBOL S0 Odedd. [ Odedz 2
C dBsdzj CkzOd dzjBsdz ' scts WPBL®SEBY YEls g dij -
17 dzd fdzwjd Wedgpdtd Ctoj igdzjL J BO, ddz€ Of Mk
ydoOdeddz R [95], ¢ Mmddzj dztsdetfor talts S 5 of-Sftfdrafe ozt] teigizts
CdMmdztsis ts2 [97], f stef dicd cef dgOL $)9 8] foj-LOF|R Y ¢
RAzsB ddzd L 5o Odzgdz | toj Ocjdzlsr ftod L Istsdz Mtsn tc Oz
s Sldsh jdds ¢ o' Hjd BBz O0dOd&dkEk.

RIZEGHO cBottewls d 8 ktjls' jd& M shmsesy dif
GOk jtedOdkss, CBEHO MdOYO&O {§ sdziz YO ke st Etsd fyl
tcOfMlso stetsd3, MBHjtey O dd3 tsted Oded yj MS d2 toj O J c
daiisseddzdL Oydd (dBftej cddtetso Oded § ) .

RBYtcjcdzdtctso Odedj tstcc OdalfQ j & g to AedptOfgly ‘dzls tiz
sS¢MdHtse WodzW jlsfmy MOB & fteshis’ drzdd Hishdslz
LOoadMmMddissmisd tsls ftodtetsHT d MmMbtezClskzter st G C
ftsojtendzsfilsd d3tsy jls WdtatsdiunjnisiHddnls ' o LLGA] dffswidls? fls o
sk’ BOstdy"r Mttes j dzsO, ftesyd MQY j Quf & foud d
( Hiss to@@Ey jiafztststs) oL OddBtsH j2Mlsoadw. RBBsSBddzdL O
stec Odzd ug MS d 7 ttj OGj dzlsts o bz yh ©jls  d~ oY
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Cdi3f dzj S MssBtOL 28 h dn mMsteB j dzlsts o ) tcj L 2z dz
Ctoj Bdzd L §j Bse  d  Md dzsn te S dgftalpd O IsConuig) thpS ta{@ig of
dLEkyjdede dr MmMot2Mmlse §tsmewhhipks Btsdz "t ydHt

RA3BsBddZdL OYyd*® tcd OGJ dzlstso smikh j Mise dzv 8 Is
tcOMmlso stod IsGazy BsC T ddzesdzddz B dz dB3Y toj 6 dzd tots 9 (
ftosMmis &3 tHHoOEgdd dj et ttOMlsostc® M ftoj HO Oted s
Ctejdgdzedw [ 109] d BEMdHBAE IsdsOdzO [ 110] TiOl
HdW j ded dzC OtcB OL sdetsd3 f jtoj Bd " doaOdedjd&3 o Isj yj &
ZOstcdwsHdWdydtetse Odad j + telf T @RS hdzw yj tede’ &5 v
fJteJ BJhdoOdedj &3 Mz Md J e L sOdesdz dgsets tOMm
[ *udcj dzd-Mec3j(lsedddiP ¢ ted H g dzd v  dzd steOls) BM dz  d d3ck
Ctej dBdzi L § ;BO (L Jets otHMeEer ttOMmlso S)c PLLI2]H dz
1dIsdesydsddud MEdeg W -2y s jd Hiadz t5) B2 dstdedyrofddaizO L
zO W Is 5 dz) Br dzd ddzdstse ddzdL tso Odg ZzO0 Mmddzd ¢ 06
mMesteBydd dL okdzOdddJjHedlastcOmiseo steseo [ 106 8,

) tcOBBIs-OI 6] 1wz dddsL Oydd tOL dzd ydz" = d3O«
Odz0dzdIsdyd Ms dn tcl OG j dzlstso ftoj HdztsY § dats 5B t
tcOMlilso tstc ©d3d 1 Isdn tcj OGJ dzlstso ) GJ CMOdzj . z
BsHIW dydtetso-GgztzC O Is 2B | dzL IsofjCe Ss@iflais B | d22 d &% H O
Hd d3j tc SO #dsdSOH d OL s dzts d3, n-Hsdff dgjddOff @ dsdizizts B j dzL d dzd H
dzd Is te2=dz@s Is ts dzts 3, 9" M sditsdzj € &z dzw todz" d3q Y d
sMmdzats o Oded W@EEZO dads teIsblzd dzsd3, HJIlsdL & des@ls d O H  dzdf dz
2-dz0W Is s dzts d3.  wdzddjfiolf el o tgsHot@N g L isteefMBR S dd f € C
Hdf sidf'f sdz! dzg" - B3 ) BBsdzj € zdzw tedzr n oL OddBsHj 2
EHjtoydoOdzdj toj OGj dzlstse dzO ftso jtonm desmisd o dets
Hisdzestoedz" i3 OlstsBOBRI toj Oc j dzlstf ds 0 § toff dlakr®@)dzH dz! dzr

[ dzw LOCtej § dzj ded v o sHBOMIse Sted d3" - tstc @
tcj OGJ dzlstso , gizjshdas o MmMotjdd MsipisOdj, Cidtdfia

Ui tedz 2 v, COodr yd tdz kqlsOdzssor 2y j dzlsr 2,
SB©OB O’ 0 Oz R dtesi stedkd &3 L CMsOSsd (6 da
ThsedHEdR  BjlsddstedS Of tod &zO dsdsts dzd v f tsf)dzj

o’ Mkh deo Oded d7]. MsteB j dals © |
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[ cze 5] dzOff tc©o dzj dzd J i sdzlz yj ded W mMstcB j dal
stee Odzd i MSdr o] OGJ dzlstseo dzO ¢ W sty as'B [ L ) g @z
( Y-y, 3| H1p) [ 7, 112] . [ Mdzts 9 dzts 2 9 C d&zOH ¢
CdHicW sBdL B9 Odzdz” BMiffso jc@Mdetela Y zd sdgedz! dzr 2 3.
fsojHjdedj toj Ocjdzstse o 1 CMstcOC ydtsdadzo 8H &d M
ftcOadadzs, fm ko jozdydddjdi cdHtsW sBdetsMmisd ¢ 59
Olstsditss 9 k¢ dzjViasYHudgs 2 j] d3Q HlsGe jindfjd2 (5 tstc e Odzqd
ftsor hOQjlsmw, Il silstsdgz 1 WW jCIsde dzOwW  d dzd3ts B d dz«
tcj OGJ dzlstso gqizi e hdr dedL S k¥ t©OMIse sted dRzsMmlis
Mosjda MtsMmMisOe j CdMmdztsls dgr n ctolzt {f . | 2 yhoj
CcdHisW sBdL 59 Odzdz" n f s jtondztslsw ) MdzOB 56
Hsdzd ded telzs 8 Is dstsdzj € zdzw tcdz" W stcd3r tc] OG J dzls ts
tcj O] dzstse HEtsMIsOItsydets o™ MsSCO. wtsteB j dzlsT o' +

vindzse dw € tsdzy jdddisste d tdsjoleOdigtrs oz' L s Odzd j &3 Is C
sftcjHjdYjlsiMw ftoedtotsH 2 gkt ddzdL 5o Odzdzts G 5
Emdzsoedwdsd dr oL OddtsHj2fMisadw M daj d disditsB d dzd 1
Yysts fsLotdwjls ftotscdtsL qtetso Ode" d3 MarjsA il Ols Cfif
mMsteB j dzlstse wodzw jIsmw dzj o MBS OW GcdHtesddIsd yd
stee Odzd yj MSdr tj Ocj dzlstse dzO ftso jton desfilsd € to]

[sHdWdydtetse Odzqd | ftsojtendzsmbtn dW { t5dzg tRg
dzj stec Odzed ud MSdrm o4 N j fiylsdgd  ofry tfy o oftsoirt3 tsoldrfj WC diprfolz & dlz
EHJdvjlsiw eofj Bd N j odzd d3Odzdw, ylsts Meaw L Oc
Isj mndetsdzse v n . 10Ctej fdzjdedy Ytsdzddsd tetseo dBsyJls
mMetcCd toj Ocj dzls O, sO¢ d LO Mmyflise m®J usdsiindz
dzj f sfted HMise j dzdzOW =~ ddi3d yui MECOWw MowrL !+ dBBHdWJEC

RMMdzj Hiso OdzO OHMmMBteB ydw dzO fse jton datsfls

f sdzd &3 tstso ¢co¢ f s dztf & dzde] eztf 3§ f @@ dzts L Is
fsdzd O bd &zso 52 C dMmdzsleft,ls d dzis dad 656 0@ | de@ , G124, &
10detsdzjj GijtemMfjShdods j tjLkd O ftsdk:

fsdd! dzj CktesddksO, vyt MmMewLOdks M jet or f
ftsojtndsimisd desmdlsj dzj 2 .
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rdzv  fserhjddw MisOsddz datsflf b€ teff st Is f dzg
ftojHo Oted s dz' dzts ~dBdud ME sy BsHIVJyd et
Ctoj dgded 2 st Oded ud MS d B Md vddz dzd v &3q , H,
MfsmMtsedzg | ¢ oLOddBsHj2Mlsads f 1 CrR. CWW,jiCls
(CH:0)sSi(CHy)sc tczf f , BBWOLEZ®*NhNdAr fHtod tjOCydd m
MewiLd. [fdMOdO Mhde ¢ O OH MR JfctsdedPiiddaizE y ddts
Oc¢j dZbodidf sCMdH", HdBESBORZS Ode" d HIts.

vjtelsr o, cdeso MGC O d M2WollsBistet ¢ o ff tffry otavdlstsgh
Ad By MEsdBE dBsHdW dydtese Odzede SCtej d3ddzj L j BO e C
dL 2y dzd dn Mo s2 Mise: f tsdzd ¢ $1€2PQ d3j Is d @zg3
fsdzdeJ S MOd3J Isd dzj dzG z O dzd Hiflsitbdz jdo =30 d&j difglels®ids 2  [d1
[125, 131].

ltoj HAztsY j dedes yjofif§dfs Jr fiig W L r 9 Odzd j 1 1 f | dzO
sfmih jMlsodzvwdzd o Isted § sMmdzj HsS9 Olsj dz! dz" = 1 IsOf (
fsojtendzsiisd $ toj dze@jdpdjdesdf tetdsffiyflaipistidafts ds X d i d dzO
¢ tBtOL 59 Odzd & O di3d dzts M s g Otc Yol 5 tettsz Cltdsj@iYdgj L @ d
fsojterndtsiils! €t d3dzj L Jsdp@ ~-@liEstsen] ® ] dodzte @ dzd y @ O dzlz &
stejIs' jdBB 1 O0f] n~dRdujmitsy MmewiLroeoOddj 1|
Ctoj RBdzj L § BO MMEh jMlsodzvdzd oL OddisH j 2 Mised] j fig
fsdzd 3] tcdz” &z BOCtosdBsdzj SEdzOBBd 5 fmn j BB :

Hs‘CzT HeCol

0
| b
e
=8—0—S8 —CH;—CH,—CH, =8—0—S8i — CH;—CH;—CH; l| e
\NH | N TH
NH
HsCs0 HgC20
’ =N . x—N\ clsz
N, —cis H30~FLCH21I.; —N—C— N}CHr N
&—N’f H | HA v i L] e
/ NH; CHg

H:C,0 H:C20

NH
‘ ,f’ | /
= Si—0—8i — CH;—CH;—CH, = Si—O0—8i — CH;—CH;—CH;

HC,0 HsC20

] ftsmdzjHdzjj otejdw, dOyuddkowy f 2012 ¢,
dL zyd ded ¥ WL dud mEasdEdsd uddin ¢ siedsL d Sots O d3tsH § 2 f
o' MC®Rsdzj CbdzWtedzr R MisjHddzj dzad 2 ) f 5532188 dzts
[IsdBj yojlsmw MmO ddz dzsfls! fsdzd di3j edetsets ff €t
oLOdBsH j2Mlsodj i3 fsdzsy disj dz! dets L Otew 3 j dzdats 2

BOltedy"r . 10 BGhdtseo Odzedd wWOMMBsSIsStj dzd™  dBSH g
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tcOL dzd ydzr d3d4 te O3 dzd d3f sdzd ¢ 53 to O iz ( f st
o ddzd dzlstcd OL tsdzts o3, Hd1 Isd dzOdid detst s dzff tetsd L o tsSH dz
fMH] &ZOdes L OCdzs yjdedy © §jtemfjSCilsdedesmisd dfy
tjLzdz sOIsy LOCte] §f dzj dzgdw yYyOfMmls® tsfipled jfls fifwts dige
M smMBdets?2 ¢ oL OddsH j2Mlsads M tOL dzd Yydzr d3qd
BN dzts dMmMfsdz! L so Odets Hdz" RtetsBBOtsctcOW dyj ME sct
mMsd Hddzj ded 2 .

[ irOddL & OHfMBteB Yydd L OteWw ) § dzdz’ = dzd)?2 Mmisde
teOL dzd ydz' = &KEOlted yoOr tOMMdzOIstedo OjIsmw ¢ OC Ist
ftsojterndesMmis! , ftedCtejtfdzidedi ¢ tso]jtendesfls(d
1 sMmdzj H dzd 2 ftetsyd M Htso tsdz dets d3j H dzj dzdz 2, 1
dzj 5B teCHed EBORA M ydd f§ sSdzd1 4 L Is et dagfdsstls 5 L JL 4
fskzd i3j edzscts BOjtedOdkO dz® o jten desfylsd o
Sfmizbmbsodi XdMbis2 ~dBdul GEJER UunNHEEzY, M
BOIs § tod OdzO. fsHdWdydtetse Ol j 5odzj &6 dzQ dggf 16 P fipe
hdqesyO2h dj oL By dtsfisd HiFEH dfH df dzls[ Jeius® Ol f to
kOl jted Odzso teOL dzd ydetse s dzgOL dzOyj ded v .

10Cdzs yjdedjy ¢ cedz0oj 1

{dzso dzr &3 Gtej ddsz jMilse ORd dzj stec Oded uj <.
MsteB j dzlstse W o desnisfipg'Odeg czdzs @iy d HEMiskzY desls!
slsdzd yos h demMw t6OL dzd ydz" d3d MlstezCIlskztedz" d3d =~ Ofts
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0 40 80 120
Chpc, MKMONB/M

{ dfMkzdsS 2. 4. RLBjtd Mt ydd-tfel) @ fifdasip
sBteOBISC d2i® [ HCI (

4 SteB yd sdzdzOW ) d3€ ¢s Mt SCied) IOBS 2?2 tsBtcOB SIS d 6
fts Gldtsh jddtr ¢ BeOddu M@z ttj Ocj dzlskz dz
mMsteBydd BTM dzd dHJ dalsd ydz .

) sMdzj SBEOBGISSd Mttej dlsO ) dOdzj Mj dedzr o3
21 1 ul fesdmMratsHdIls jJets yoOmlsdydzOw HJjMtsteB yd
MsteB yd sdedzOw j 3C tsfls! 5 lsdetsh j ded ¥ ~20 %itstiwBEd dac
df d3ts dz' B2aEdystslz’ / ¢ M azf | S G@dMisl 20 1@ dzifry/ ¢ »H dz
lrrqa4 QRtedf) .

[BdjSkd 16R, d&jshdj RBOCM]EBOd ds tOL
fl ftsojten detsiIPEOEN SRz tep j e @ j ¢ 5 5 H dztsk, IBIS[daE®S
sBtOL 53, Hdzw ftosydesets L OC togef tizp dz@ dzd W jdn ¢ ol
BjsBRtsHd®BS dMfsd L s Ok’ § sddokddr dddzj 2 dat
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MKMOnb/T 1 MKMOTB/ 1
02
120 —4 3
m L
60
30
1 1 1 | 0 1 1 1 |
00 06 12 18 24 00 06 12 18 24
C s, MMONBL/N C piani» MMONB/T
O] B
tdmizdesS 2. 5. R J & ts b B@:-1daDtsite KGR0, rAry  ( B) dH t

f smdzy 5B OB HIDS RaCDS e[ JYdE(® : tWisw5 10 o3d dz

v O dd3 BBtOL tsSd3, §f Sdr Yip datizs o O dzedodflzdz’ = d3tsy dzts
Hdzv fsdzzyj dedW Mstes jdelstses ) fesydzss L OCtej § ¢
dzj sBRoBH B dMftsdz! L s9 Ols! o' MsC sdBisdzj ¢ Iz dzv tc dz'
ftosydets] L OCtojtfidzjdzadj BOS totsd3tsdzys Ortatf y P i< d&O
fsLotddls ftsotsHdls! Bdtse sS 160 dist ¢ @tsoujirCyddd
fsmdzd Jet HifmMtseBYydd.

2.3 1 dzd W dzd J EPLcOEBEdzd Hisd S dzj s tacEDdzd 4z
dLedzj ujdedj ¢ sdzdOd3d dzso

1 &2Oydlsj dzt detsy o dzdwWdedj dzO Mmazjs® s ® @d dnjshitpis
ftsejton dztsls Cshtstesets nOLOSISjtedL zjIsmw t©OL
f dzsh OH ' & fsojterndzsmisd d tOLBjtesdz f tstc. d t
tcOMmMf esMistcOdzj dzdj o GCOyjmlsej tmdesoer Hdzw
stej dgdzj L § B3  fesdLoetsHWIismw o odHj HIMYJ e
Isji SMiskztedz =~ ~nOOCIsjtedmisd ¢ d o o dHJ Ctoj o3
~nOtOCIsjtedMmMlsds dz2O0 dLoedzj yjdedj ¢ sdzd Od3d dztso
Cted qBdzj L § Bdzr 7 BOBEGY Yo hdztzlg 'd» dds® GOHgBBHBBE
HS 50 dzd3 (lsOBdz. 2. 3) .
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vsOBdEJYO 2. 3. MmOOSCIjtedMmisdSd HdMY J temdz =
1 OcOd3d e d dztsm~ o d dzts Silicagel Silicagel  Silicagel Silica gel
C-80 C-120 60 Dauvisil Dauvisil L 100/400
Grade645 Grade636
AtcO¢ ydY0,10i0,20 0,10i0,20 0,060,20 0,150,25 0,250,50 0,1010,40
LHJ dz' dz(80 140 270 300 480 600
ftso j ten (
& G
o toj H dad {4550 40 12 15 6 8
Hd Od3j Ist
dzd3
vlsjfjdz drLodzjuyjdedVw JsdzdOdzddztse G tcj HJ dzw
w oL ts2 d o jtendesiis! & dzd st Oded Y4 M s ts
hjdzsydets?2 MtejH] M sdshi v Odzdtsdedetsets fiyls OdzH C

BtosdBY j desdztse sE s fd dzj ¢ s
M tOL dzd yde ddggf Iz odgcfe -~ Ot OC Isj tedMisd S OB ftedo |

9

COud mise

ddzH d € Ols ts

HAO®R] steO Yt d kojddyjddjd dn

s OB dZdyo 2. 4. tls jRI%)dz' 1 ydfLie dzp QY ded Y dzg?2 € tsdzyd «
o d3dzj Lsi@gOBYG, 725 d3dz

g4 tstsils dztsh R, %

f5 ®BOMMyddsh|uddsa]Siicagel | Silicagel | Silicagel | Silica gel

11§ 5G| ca80 C-120 60 Dauvisil Davisil L 100/400

Grade645 | Grade636

1:10 47 55 60 60 32 37

1:4 29 33 27 32 13 15

1:1 21 23 22 20 10

2:1 6 6 7 8 7

l1tcj HiMlsOo dzj dzdz" | o Is OB dzd Yy J 2. 4 tcj L kzdz

Codeyj deBle Py VYo dMatHdsd twOMlssaste] Jjaets Mmisj
fjtejntHj t5Is-80 d dkts htdtsiaig 2@ tDdifisibGrade6 4 5, yYlsts dzO
Msslse jlsmisodd M dhn EHjd dts?2 4§ dzsh OH! 8 59
Ctcj d3dzj DavigEmHmdgb 3 6Sidl i ca gel L) MmMisjijdz dL o
dzj Mdstslstew dz@ ko jdzdyjdedj BkHjd des?2  dztsh OH(
Fojdduyjddj bkEnjd! ds?2 o jtrndsilsd SCtoj dgdzj L J

Ctsdzd y4 Mlso O.
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s0O¢ wsEEfiHYOs T, d&O (o jtndshsd dj stcOd
st ek kv Skdctdkjted j Wsted 14f4, -0LO
BOMMEB2 ¢, Moslse jlshlse j ddas, Hdozdds?2, Cslttwr
bLSd)] f§ter Ctof dsdzaj uj kB, { ¥ W jieSils drotlz®O s f 50 j tor
LOCtjfdzjded” 1 1[4 GSSOLTo0jlkMw L dOydlsj d' dat
Ctojdgdaj L j 3O (tedfm. 2.6).

W=V —=\

‘}42 S0,
(C "o oh429 Silica gel L 100/400
M MoJsleKkyna
: nrmr

tdmkzdzsS 2. 6. { OMY sdztsy § ded § d3tstdi jSdpddg LY jtsogsfeO diyf d
HJOdj btesds § Ste

1 t.od zo J dzd 4 ded d dfMmna tsH dats 2 Csdeyd dzlstcOyd d
mMded y OJ smw , Yls ts sB kMmdtse dzj dzts ftoj Jd3zh J Mise
Ctoj Bdzj L j BO Bsdzj Sdz M BOSC M BOdz dets?2 igsdzj € ¢

vtcOQodzj dzdj 1 dzj Slstetsuzirigj dzizO B3z H dzv  tcOMmis o Ste
2O ftso jtorndesfisd Ctoj dzdzj L J BBO M tOL dz" d3d H d Ok
Btsdzr "ddz HJORB] stesdz  ste MsteB Jtolzy Ismw ftoj d
Bsdzy Cdzv tedzts?2 BOMMBs2, O &0 Md dREGH® P - €5 lsd
ts Is dzts MSilisafrgel Davisil Grade 6 3 6 Silida gel L 100/400,i MtstcB Jtelzé Ismw
sdzdesdizj tef M BOds?2 (cdzjeSdje diodzj Ckzdzr) d
Is j o3, Ylsts dEsdzj € kz dzr B dzt hjets tcOL i3 toc @ toff fizEA
Il sHtsBdzr 2 1 WWJjCls dOBd&zEHOZMNW fted MtsteBydd
Y gzt dzsL 52 ) HdORj Istetsds ftste 80 | [ 149, 152]

RLodzj yjdedy dedL CtsdiBdtsdzj Skdzvtcde 1 dBsdzj € 2 dz
dzj EfMists2 yde sz L O tej fodfjHfas(fr dz jagla uff 3 te 1§ Bof diats s @ fr
o M 82 dtodedets? M. dAs 21 tcd 80 HigiddE Iz dzf LOR IdcjtsteiAgica dagr
gel Davisil Grade6 3 6Silich gel L 100/400 &sHdW dydtese Odzdzse s tcOf
f smdzy MmMddzls J ued s t@e Iydzls @rdydaj” jj cts BtcOB BIEY d
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(tedf. 2.2V s dz§efdeed j Mt y dOsBfdsls sjp disislsd ¢ tej |
2.7, QUudhsjtsldsddedsdz Sftwd jet B sds B i dsot
Hy MtsteBYydj 2 dedL € sdzbsaz] § bdpr tfdsjolizd W stddg dzdets 2 . g
SO odH MY tc] f AUl oz dzig® dzjsB'tcd®B EOGHE o St ts 3
St d3dzd L § BO n~ O tedxffis. j St ddoR) t5isd) ey dgd dzm™  d  f te-f H
sBtoOL dzgz¥ Ctedoelkzy, ybt MowL Odes ) f oz d3) L .
2O o jtodtsiisd Ctoj dgdzj L j BO.

a, a,
MKMOTb/T 2 zamgnonb;‘r

16 r

16
12 ¢
12

0 05 1 15 2 0 05 1 15 2
Cpass, MMONB/N Cpaen MMONb/N

{ d Mk des S 2.97. RL@satstqmﬁgDz-lmtjstgasuquuq fsfdzj 6Bt
10 MaCl@z2) : ROt C O tsDplis Gradedde ASijicezed 100/40Q B ) to] 3

eteB Yy sdedzOWzj g€ BlpFyJ MSC dr BEMduse 5 1
cdHCMddzdteseo Odzd™w fso j tem dztsisd . hPsof s§ G B!
cdHEeBSMdd d@ 7 ctekzff, fodmkzsmsokels &aMmisdst
M smtse dzr j C oL OddBsHJ 2 Mfstedfd ¢ i dz ezq dets & tc b oA
ORBEsdzd j o7 i3] thdss Oddwdd I rr ¢ d SidketsO st s
hjdtsyd?2 ddd dj sttc odid sHidd e OMG fpdztsly j § Wi dizts
ftc] sBtcOLtsoa Odzdj dr o Mmd dzOdatsdz! dz" | ,dezty fifrijdftss ez \f
Yyj dzstese &0 fo jtendsMmisd Stoj kdajL j BO. 1 OdB
tOMmlso steOd3d " jdztsyd 2 dadzd S dMmdzsistezPy g j dehted
dLrodzj yjdedj ftsdzdOdzsddetse dzOB dzs HOJ Isfyw  Hdzv € tg ]
ftoed or g Udd tcOkztcOR, Yysts ftwwdosHdls ¢ dzd L
ftsojtendztsis(d . RMMdzj Hise Odg sted odHO € toj d3dzj
BZOIs j tSdpérsitS- SS( 6 0 0% ,¢ / legez®dr'j tc O tzC d1 1s u( 39 OP$HE00 d3
(43®). ¢/ &



v OB dzd yuOIs j21. j5dz
sBtcOBBISCd tOL dzd ydzr &3d tcOMilso stc ©dzd

ikt oH q-u-dmsﬁg)dz

1 Odd3j desgv mMdzso v B OB S R, %
5 ¢ Odeg Yol rrord
SS [ BtcOBESISCO Oyjlstl2 7
SS 10 yOftse 2 [ H(35 10
s vl1l 26 8
PS600 11 6
SS 10 yoOmse 2 [ pH|55 28
s ull 9 (NaCH) 44 18
PS600 23 10

SsO¢ odHdts dL ftwwdojHJddz" » L EZAd IsOB9,
tcOMmls o NaOsidyls j f j dz dLodzj yd dzgdw  sdzd @ =0 dz® H ded?
Vo jddudddi Mmisjqjdd dLedzjudded®” { tsdzdc RaOidzd H
dzOB dazsif) Hdzv Hcbhdag StefgPdEE o = sCMHdHBGO .

24 AdLdTdEE] W) MSdJ nOEOCljtedmisdCd  dajt
BsHA¥ dydtetse Odzdzr 7 t5dzd O B dzO B

RfMAtsHW qL § i Gedlzdg’] dzdz" ~H dzV f sdzlkz yg ded W n
% tEc 0k Uj MSds BChMdHtse M &EOCHdEOd ds L W
f sz O] 20, Odetidlsd BsHI¥ Jydss Odzd ™ dzj Ste
ftejnmisOodls! o odHj fdjHkehj2 Mojd :

[ AKTWBaLMA NOBEPXHOCTH ]
npwu pH 8,5-9,0; 1yac

pacTteopom [1A, T= 20-25 oC,

MoguduumposaHmue 5-10 % BogHbIM
B TeyeHue 1,5-2 yacos

cnabo 3akpenaeHHbIX MA ¢ ManbIMKU MONEKYNAPHBIM
mMaccamu

|

MpombiBKa AUCTUA. BOAOM ]

[ O6paboTka pactsopom 10 r/n NaCl gna yaaneHus ]
"

Cywka copbeHTa Si0,-MNA npm 25-40°C
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4hj BOdEBEOREELO o jtn dtsisd Stoj dsdaj L j ¢
f @B dzOdsd o HilsOo dzj 2O dz® tdfkdeCj 2. 8:

SiOz-) | [

(\NHZ l/-\NH/\/NHz
H,N /\/N\/\NH/\/N\/\N /\/NH \/\NH

2

H3N+ N -._/-..NI_I;

p¢ 7
50 Y O N SN
O 0 O O
7 7

0O O
Il Il

SiOz-]l ¢ R

{ MkdsS 2.8. wbtelzSbkzicO fojtendshisd ¢ toj ddz

[ftejH]dzj dzd EHj d dats? f so J tcOdys figds[ds ts 0 @ d
dzj stec Odzd yi ME.drm MBEdYlajsted Misd € d dfmatsHdz - dz
BsHdW dydtecse Odzgdz" = f sdzd ORd dzOdzd s toj H j dzv dzd
fsoJten dzsisd NOVA 3200e (Quant achr ome |
(¢cMicromer i tjilsassHas,d3 waq ) sdg] BY j cOlsktedzs?2 OH M
COyd mMise j ftcdd3jtcO ftedo jH]ds smdats e dzr j i Of
BsHIWdydtetseo Odzdz" = 1 4 f 1 . [ dzv  dzgj stee Oded yd MS d
f sdzd Oz dzOdsd, dzOB dzt H O s MBAEOdztse d Yydzr j] L OC ¢

s OC 9 dH dzt§H jdrdz" thtc Hp@sdgdzjs BSH W dydtetse Odad W
sCMdHO Odzs d3ddedw 1 1 [ 1, dzj L dzOydlsj dz' daets fydzd
9o CZOH dBJStwesftstec. | &8 B8HHGH Hyg seOdzd P HO Y Is
fste f§tsdj  dsEddy d 4 ¢y OB dzokd, TiOLO R LddSdigs dr
Isi SMlsktedz" =« =~ OtcOS Isj BiG-Mdshg~ ts H s iste - fizts ) Is &) dzj (
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111 sftcjHjddls! -Ld dfH Qdssfy' LdzOyj dzd W ZHj
fsted mlstsmlisd .

vsOBdZzdyO 2.6. [l G iogigdSilsdng sHdzr 7 dz
dzj stcc Odzd yd M¢dr tEMJdHSO, BsHdWdydiese Odedz" =}

disteB j dzls |[S Y %dg 1l CdzOH B Stetr d O, |

S & ¢ V, 140z sto, (

SIO, 143 137 0,99 29,7

Siorl | f 4 134 129 0,98 27,3

Al2Os3 93 90 0,23 10,1

AlOs) | 4 |91 87 0,21 9,5

yA(®)) 13 13 0,08 15,6

Zros) | f | 13 13 0,08 13,4

TiO2 11

TiO2-} | [ 4 11

Ul §r & sOdzOdzd L dzj stee Odzd yd4 Mm< d n sCMdHBo

f sdzd OB pla@rezd s tej HJ dzj dedwVv BOMMBse 82 HEBdZd dOd
tcjedMmMstcd bz BORB JMn SHAd » dHiGicAd0:0Z00 j M
TiOo) d dBsHdWdydtesse Odedz” = ff tsdzd Od3d dzO dzq . v J ted
ftosotsHddzd dzO OdzOdzdL Olststej STA 449 C ( Net
My jStesdzd Istclz  Nidaaslj ¢tV | 2 BOR GATclFdr mo Sci ent
ANzte! j] Mg jSlter dMmftsdy L ks lsmw Hdv dL digj tej dzad W
sBtOL YBd, ZOGtejlsr d3 o  d&zOlsddztso sy Isd ¢ Azjitso
mMestesMmiss 8 10 s/ B3ddz, MC OtctuFgdd ‘GZdlactsH zo € d o 5L

1 tod dzOcGtcj o Odzd d 2, opfgR sAHQ@E TO. 8O A6 0dzj B '
LOtjedMmMistedtetso Odets -daf'BHs] dzg e s . C OGS B dzj stcG
BsHdW dydtcse Odzdz” ~ i tsdzd O d3d dzO o3q fsCOL Odz,
fsdzd Ozd dztso dz0 9 j Gl Bk M s 6 Adadsy M- SH
qdzls jtco Odzj b j4BAHcOBHE. 120 9) .

U B jteOskztcO, ftcd Ctltstets? dzOB dz6 HOj Ismw
111 dO0 e jtemndetsMmisd daj stecOdzed yd MEdm tEMJH
f tsdzd O dgdfsdz@s, i) ISk’ j dzd uj ded § d3 J ¢ ts5 S tsdzd U ise @,
294 Asds @RB1GETIOr] | [ HiS A9 MG | [ |1). RMABHW -dL
ANzteimf j SIstetsea, 1 1 [ |] ©OL &ZOGOjIlsmw 9 cOL ot W
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ssdzdud mMisets 1 11, LOVdEM&oPdedesc 5 B3@O
dimrtHds?2 SCdyj dstctOydd o tOMmksoatste] ftod dBSH:
o J dzd y§ tedzlgzdzlstcOydd! s dzf @ Be@Otsor 7 kMmdzse W
dzj stec Odzgd yi MEdrmr BEMdHBe fdzdej S MOMB] Isd dzj dzc &
O (e jten dzsMmisd, Z d3d dz' hSiFlis fifw) tsddsdz®fm & e . ¢
1111 (loBdylst®. ZPrtsHdlsmw o tstsfcdegis®isod d {f &
ded sSt66 Oded ud MSdm SEMdhBd i 6i~ 6F6jkdHEGSHE e - t
60 Ctdzduyd Mlsets LOCtj f dzj dzdzsets 1 [ ) bkd3ddz " OJ

lted tOLEsyjJddd Irr4 © 6OLBoat2 WOLJ W(d!
JqOoBdOS. ©vO¢ i ¢€0O0¢ d o MmMdzEyoi 1 1[4, & Bdz
M kejddyjddjd jcects dMotHds?2 Cdyj dsttOydd
HsMisdc Oj Isfmw BOC Md 3O dz' dzOW M stetsmis Jets
or mMsC dn Is j fagdf S Medds@rds . dzts j Csdzdyd mMsots 11714,
MeMlsQoadzw jIs 3,3 &BOM. % fted dhmf sd L tso=Duzflef). o
lted tOMmMmMdiislstcj dzgdd MsteB j dzZlstse M tOL dats?2 s dat
OS] kdjde " Ojb@Y dzeg-WBYH | | SOQAIT | >V Fr O >
TiO>Y 111 .

1 weogdzj dadz" j LOS sdes g tedesmisd dL d3j dzj ded v C
ftsojtorndetsisd dzj stec Oded yd MSEdn sCMdHSe tcOL dz
BsHdWVWdydesoOdzdd 1 rr ¢ d 11 ftwd tey >7.

t OLdzsy jdedd I rr ¢ Htd dzOctcj o 0Odedd §tetsdmnt
CGOLBsoats?2 WOL,] WstedOdzd dzO, B sOdetsdzO d HIBEC T
f sdzd O dzd dzO, LOCted fdzj dedetsets 2O (59 j ten desisd
1udted ©OL dztsy § dpdolefr § bW o B3y s dradxdif J G H d dpssisc
tcOMisSI&ic) sy = 1: 1 Ctsdzdyjmsets L OCte] f z] &éets a3®
lted &sHWJydese Odap@h ZtOisdh | & H BEAD ©Od3d dzOBd, Mt
Ud se jtelsdyds § ORdistsdzd § o " § s Mhelzts o PiAfftats o | HYjto
sjtcd3dsctcOoa ddzi sted yd ME sets Oaf@ded L OOL as'9H j dizj dad v
dL d3j dej ded v BOMMr Mmistes j dzls Ok dzfs  § to s A3 5 tlz® tf bzt b (
tsls izdsdnd &3 ff sdzd O3] detso  dzO MY asjo dpdent Mdasdndsdf , ¢ dsipdzts Id
f giotem dzsMisd HOdzdz" = SEMdHBe tOMISjls ydmdzs [
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ltod dzOGtej AlGdrd df S5 ddnr sHdls j et tOL disyj dad
mlsondd, M dFcchafedpdis a0 §odh lsd &f.§ BOkzie]

ltcd BHdRZOCSoTBsHERd&y B Odzd W Cto d3dad L 4§
Ctsdzd yj Mise s, LOCte) §fdzj dedetsy 2O (59 j ton dzsfylsd,
(~3,43, 6 ®&BOM. %) > lrry1 (2,8 ®&BOM. %) > 1.1 (0,

RMaBHY dL f§tdazkzyj ddz" = HOdzdz" = U ¢, tc Oy
Yd dels thsdc B | @hls(sfo. | Of tod B4 te, Cdzdud Mbeats 1 4
HdBSCMdH] Ctoj dddzedw, MtsmMlsQoaddzs 2, 3 &BOM. %, Y
H Zyj s disdzj ¢ &z dzv tc dats 2 BOMMmr Bs dets i3 o dzts 6
Csdzd yud Mlsoa © L OF tej tf dzglzadpgztizts tepOf tidirdrd G dsch dp@ ~ zts M) Is «
MsMmlsOe dzv j Is 162 BEC Bsdz' / G . ¢ ZOizts e d ydzr 2 i
Csdzd yp heotazrc dr Mskkc@g dzls s . 7))

s OB dZdyo 2. 7. stsdzd yd Msoets L OCte] §f dzj dedese s ff t5¢
Yy dzstetse (¢ [RAd i@ fdigejtde Odzd i MSdr BEMdHBO

4 steB j dzls stdzdyj [ Bdzj Skdzs tsdzd yJ fis sday, ¢
s Ok BOMMO oA o ydw o]
dzBi0x-] ¢ , dizlats d3j te dz d3ts dzts d3J t d3C d3ts dzf
BOM. %WttOcd3j dzWtcOc dzd ¢

G/ d3ts dz

Sio- L) ( |34 142 1 240

SiO-) 1 [ ) ( 2,3 142 1 162

SiO- 1 [ ¥ ( 1,4 142 1 96

SiO-l 11 9( 2,8 230 1 122

SiO-l 11 ) ( 3,6 126 1 285

SioAl rr ¥ (|21 126 1 167

SiO1 1 0,85 214 2 80

SiO-1 € R 3,5 473 4 (NH?1) 316

A0 | [ D 1,2 142 1 84

A0z 1 [ D( 0,8 142 1 63

A0l 11 ¢ tl - G-

Zroxl 1 [ @ 051 142 1 36

TiO2) | [ () 0,41 142 1 30

fMistslsdatsh j dzdzj 1} O MtcOMBe stej f i @ddslj@ip:l Mstes
1 .Bdzj tSftejHjdzvjlsmw dzOodzdydy 1 ¢ dO e jtorn detstr
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ddzj HRIS W IsdIs! , Yylsts o LOsadMmdditsMmisd ls { tot
f sdzd Odzq dets o fted GHJEZOCtSesT 7 EfMdzteodwan dtsH
BIsckzls f sdzeEyOls! mMw MtsteB | ¢zk AdzOMm ftis@ Lj de'~ ddzsSgsdfd y J
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CstcdL sdzls Odz! dz" » EZyOfmlsC so dnusthls Otk §) dgts exfylgld
BEC Bsdz! / G, Mo f 4 MISa flESlsd yd MSd Mot OHOJ
Odzd sdztsts B d3j dzdz" = \BjOshkls)ty tsjal35RE s jizdzls @

st Yyd sdedzOMtstg el3Si@d @) [ f f S, G tcj H | dzj dBOW
Msmis O zv 3G GBI dz! / ¢, HYds® tf BBLJ@3j dpidatz' Mo ff s B D ailiat
Mtstes j dzls PletdftaigfrMsd s tej HJ dzj dedetsd | e lf deif) @, 5
s dzj € z dzr GdHteSC Mddz dzOY W GHe jziff tf ©Is (s tzg © 5 g GelizO
LOCtej f dzw j Isfyw 2O e jten detsfisd mMsteB § dzs © 0z
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oL OddBsHj2MsadY Mkd Wsctekffr toj OcjdsO d O
MeovwiLd &@iHE H]fdektsdhistdc@ddzts? e Odd dztsG o
oLOd®sHj2Msodj ftedotsudls € § d&smS i @ @d) d
f o jtorn dztsls d SiOHtS|tgBY . dzls @ dzw fsHIse j o HJ ded W H (
st HY dzj dzO Mmtstes yd 5 dBED-Y | [ B3N lsts dzipts s &is®
tc ©Oo &@ B¢ s dz / ¢, ysts ftwOClsdy mscd o Ho O
s tej HJ dzj dzdzts 2 fted e 3,5. [ Odzdz" j o] L
ftoesMistcOdzMise j dedets] tOMf sdzsy jded] toj OGj dzlstso
LOodMmMd dissMisd c®Is tc1 tOMlsoe ts

CCMYf jtedd3j des Oz dz' j] dLBskjtedd ftesOdzOddL
mMesteBydd [ Jdeds O d Atcj 2 dgH dzd - O. stsi WWdy
OV dud M dd3 Lo o s fklEsTde § H dndd” dzgf)| n®  =o) & (
(s toj H Kedzf dzch ) ftcde jHjdz ) IsOB dzd y J 3. 3.
EHso dzj seo stedlsj dz dets s dMmMr 9a0jls dL slsj ted s
fklsjd, vyt MmModHuHjlkjd Mkokjls & oL Odd&sHj2MI
YJ dzstc OB f tso j ton detsdndg s HE8etB g (dels jGe cfiff B LOL 59
B dzts iy dzts v .

vsOBdZdyoO 3.3 stiWWdydj dals tcOo dgj ded ™ [ J daG d3®
fesdL o st QA d R B dztsSigeldz0r 0z0

t 4 O6 j 0Ogn [ BHjdz [ jdeed3® O |[ sHjdz2 Ate] 2 dzH
&3¢ B3t d g, s, dz/ (R? n KF, R?
B¢ i35 dz! BE B C
I s 121 125 2,14 0,997 2,23 97 0,901
AJ tetem 115 114 2,59 0,989 2,56 80 0,858
[ G 60 64 3,06 0,998 3,31 41 0,932

Il fsyd M MmMtstes ysdd A dedswidzcpds® di) hite B8] dzls €
Yyojls, "OtOCIsjtedzr 2 HdzW HOdzdzr = toj Ocj dzstso o

3.2.3 10Ctsdetsczj tcdzsmBytfHy @Y @ o dzj tripe Oflzd fud fr

stjHd CHisegn®h 7 d&JcOdHss, dzOh juh dn
OOddlsdyj MSs2 (©0CldSsj, COS ckffwsorj
o7 Hjddls! MmEkzd ¥ Mo a3 didatkeds W dScdsiyDetistz 2 O dz0 dz



ftetsd L 8 5H-@dzls tc OL-, d8dzts dzO
CdMmzslslz d

Tt Bslsts 5o k28

v OB dzd Yy O -BG AO dzH[ ) t Hisj e GBI WS f s teg W g B S o'
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d d

ftosdL & sHdg j

t 4 ©OG 4 dzls d
sB L dzOyJ dzd §

jcs

A Gt BBz dzO

[ BtsL dfoyd dz
mMsteB J dzlsts o

sd WsmOoddyd &se
(CRCR:

OH
COOH

SO,0H

SIO-l | [-Hus

45Hd e dHtetsC g8 j dal
Hd Mz dz2 W s §@Mntettsdz O

NaOsS

SO} | 0260

HOGABBEqHEES MG
O dzls ts © R tzkzezY 5§ d fi
(b dzs B o

SiOx-1 | [ - dzs te y

Ote i) ts dats W jOARMWHOB )
H Mk d WS dhdfrsion
b )

[(1,2-H d 52 d o Mo SiO-1 | |- dzs 5d
Odzls te O R ( dzts dzd dz) d3j |
fdzOow Coddipdydsio  ( O‘O __CH.COOH

0 (‘HJ\\ CH,COOH
1,8H d € M d dz&BW6ls O dzd ¢ <|3H OH SIO-) | [ms
HdMEzdz WisC dMmdztsIls ©
MRl s] s OW )¢ C

NaOsS SOsNa

1,8H Cf G q H @-@ Q ﬁ q (HO),0As SIO-} 1 I -{q) tb

OH OH
“\—CO N=N——-<\ >
HO3S SO3H

md asdyd m¢ sy
so jtoHT A BOIsted y
WlzdzeC yd tsdzOdz! dzts ?
f sdzlz yj der
XAD-2
dlzdzr W Jtetso Odadz 2
d BtOLEZzs M2

L OCte] ¢ dzj dzd §

Ctokzffr  dzO

CGtelzf § Odsd

fi) dzts ¥ dzlz

(OdzdL Otcd dzts o "-Qts BY tizP ) fip

(k

fdtesC Olsjnddod d
ftoj HMisOo dzw ¥ Is

d

Ped] cn dgsOdedp’ A3
Ud dzdgd dzsin O BsHIW Jydiese OdedzOv
fwededlsr &g

fdt
fesC Ok R ddo
OROUBZHEEFEOEJ @l | n RS & ©O

sCteOh j dedz” § 1I)C sdEY diff) @me(Jifif 53 Od
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BsHdWdydtetR@sdigs iz ted d3j dzj dets  f tod WikdC yds
dsdetstsB d3j dedets? fMdstsdzr o' HjteydoOdedjds jj o tcOf
sO¢YyJ ®BEMdHO Odz¢ d3d dzd Vv FedltgWTi(I\F) s\Wad),J Cikls)icfolid s © @ c
Znll) d dnr mMdzjHEkzsh je tjdalscj desW dzztstej Myj dz
214] . [ dzw  f sdzkz Y J ded V¥V -tiiftsiioBH] Qlzls @ @® geiaity igzfzts dsjo
LOCtejfdzwdzd dL otHdAz n tOMlsetstecse L O Myjls 1 c

md 3 i MS s L OOtz @&F dzdas dz®@, 820 f 5o j tof datsfls
Ho zd3W MISOHdY i3 : i dXORPOY totfsty dfedz) ds@ifd Is €3S fd
OdzOlstcOr ddetsdz © tOMlseattcy HJ!1 Isd dztso Gt Otc Y dets
CtcOMmdese s o, dJdg MséE®og Mz Wsctokzff 2z, {§totse
OB jtedzdls4 WADtjHo Otedlsj dz' dzgs OF Is d NH- t5 &z P tlz@et
[218].

MicsBsIstetstf so OW Cdmdzsls © d J d ftetsdL © tSH
dimMmdzj Hise Odzdzr = tstec Oded YJ MS d As Ists 3P ds jedglsg 90, BiffEe
SBEOLEjlk Ctodifd ¢ ki BrOos®wH dondsdss  dj
AN, Fell) , d Hte. [193]. 14 mMEwsny @O tsda@dyNg J |
d oL sy desfis! SCtifdjSnNssetcoL t5o Oz Y@ kO
oLOdBsHj2Misadw, dOdetdij ftsydy j Ct&fdjc
B ls Odzdzs@O0-oj OFBsH j2AMlsoad]. micoh@clstesf salzs €
ftcj Ho OQtcdlsjdz' das HJOL slsdtotseo Odedasdz f j detsif sdzd &z
Whlso stese dz0 wOdEEOL d&3j tedz’ 2 S MdH Odzs &&d dzd v

1 OC sdets 3 todets fyls d OREBPdjdzd Mzd ¥ sMOddyd
dlsjfjdz drLoedzjyjdedw waws d vO2tetsdzO Ctoj dzgdzj L
sls Ctsdayj delstceOydd toj Oc j dzgls ©. 0,1 3 Rits/dzyg j CAKEBHOWY iC
WBwMisjfjdd jets dLodzj uj dzd W) dz@B,d® H Ot gy 1.
4 ko jdzduyj ddj 3 §dyzi dodg @SR gafudoszzezoy M)
dLodzj yj dedw dzOB dz¢iBQpls e WHsl® tefyls 2§ Higated f L &gz
MsMisQoadzv jIs (Nu < C. BB.% [CAdf odjver jj dedfj € tsdz
vO2tetsdz® HEts 1,28 &f/ &z ftedeotsHdls € kZzdgd dz hj
LOodMmd Btsmisd Mmisj §Jded dL ofdmidun. dedd™. Atdls & te diptLht

l1ted Jupdedd wus SPetgsfjl|dzlsdz@B dzt H OJ Isfyw B B dzj
to] sézd yj Mlse j dedetsets dLodzj yjdedw s fMtcOo dgj did
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6,0 fHtod SCtdzyjdesteOYdd tjOcjdzsO dzgj ftejor ho
fodesHE? Cctokzff ] DHFaBEON oo L Bd dsdiddzdicss O
Ctod dddzj L § BO. s sdeMils Odalsd 7d =2dzd@ 6@ YLAHEI20d]0 s : s
10 Mt ydsddetsy Ctsdzyj destcdtetso Odedy toj OG J
Lz StesMisOldyd MSdr fewe j2, L dzO WO de ClE)is ts
odHdes dL ftodoe jHJ damezC@) HED,dzdzn) » z slzpdzde jndzd j &3 d
(SCtdzyj ddbas®@yd® 0,1 [) HtesdmMoisHdls L dOydlsj d
t6j Ocj dzs®O. 1td {Itsd dtddzOvw fddz0 tofls sHgo
dLoedzj ydidedj tcj OcjdzlsO ftcd toy 3 5 MtcOo dzj dzd

R,% R, %
100 | 100 - TpH3
o mpH 6

® s

60 | e
60 -

4 i
40 r @

20 B
20 | ==

1 2 3 4 5 6 7 8 9 0 :=:=:=

pH oM 01M  05M 1MNacl

t d M dzsC 3.15. 10odt dibdesS 3. 16. 1 ded?
Lo djujdzdy v 0280 H0f it tOMse 5O O Mlsj § j da
tGI B 02 tQBdZOCB:[ : 1)00’32 @)1 q’64 6)1 tG]. 3 q HIG@F 6!' 0 & dﬁfgﬁ(
128 ), Myses O VdesC 1 Otnsdgd, o3¢0, Wuud, 1 Otnedselz,5 o3q dz

4 steB ydtsdzdzOW HABLSMIs 5 Siv@? tosdzlz d Hu s
CtcdL BdzlsOdz dzf = Eyombksitse dLtslsjtdy MsteBydd |
B BBsdz' / ¢ ftod S3tafS dFs,d® / Ff FJHdd te1 6, 0 HdzW v O2
(tedm. 3.17, 3.18).

t OLdzduydy o MmMtstes Mo WdzrZs Clsifiplsd ylsts o
tcOfMmlse stetse M to) 3,0 o9LOddsHj2Msodj ki OLJ
ftesdmMrtsHdls L O Muyjlk {dzj ShtesmisOIsdyj mMSda M
ORddetsctoclztf f Odzd 1 1 [ |, LOCte] §f dzJ dzdztsects dzO s
Bsdzj Sz v O2dz0O d wus BGedj dsdtetse Odzr  j to
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o] 6, 0 L O Getg JOfedpjdaleddj] f etsdmmatsH IS co¢ L O
oLOd®BEHj2MIse dw- (dfj YSHAS BftptE g OB tj O j dzls s o
Y111, sOE d LO Mydls o9LOdBBHj2MIsoadY cdHtt
Yyt ftwedosHdl ¢ f ksis sy OO dfd] dkeazize Iz dis Ot
ftso jton dzsfilsd Mt j dzsO, o (It Mozzyd] &isdzj
COS (COL GHMEMEL)cHBB @] ©OMf sy jddj &t
{so jton desisd Mstes j dzls O fde@ms dzid 1f O datoOi} 'tc 5 oiz0 ) dz® y
[215].
a, a,
MKMOnb/ MKMOnb/T

80
80 -

60 60

40 | 40

20 20

0 05 1 15 0 0,5 1 1,5
Cpags, MM/ CpasH, MM/n

tdmkezdzes¢ 3. 17. RLESIS] { diMkzdzse 3. 18. RL SIS
Mot j BB, 4 f§wd ©OLftwtd w1 )3, {12 6,
tcOMsdtEO: 2710, B ftstes ftso jton desllsk| Si O

v O2ttsdzO fted tey 6, O,

Cls ftojHftsdtsyjdd HoHIsejtyHOjIsMw Isj d3,
SiO-) 1 1 ©OMseasteOdRRd uvOQtesdzO MdZOYOdZO M te
Hisf sdzdzd Isj dz# dzOwW MtsteBydwyw d dhtsetso OV fmsteB Y(g
BEBsdz! / ¢ 7( B O03d 1 Msoaf OHOjIs M Mste ydtsdz
f sz yj dedztsets fted toy 3,0. ltcd fjtejrBH] s
Stedj dzsOydd dissdzj Ok gy b O3 & s dz@stistsisstindfdsty sl Qiztsd Vf
mMste j SEB-D [ | tsls i O tc O dfdgjjlfizHdeftL2z dz'¢ to dadse? j, M g 6
L OC toj Jrdjfdisfdzdzd Is j dz' dz" = dsdzj Sz v O2 tets5dz0.

1 Odzd ud Jd or M ssmdztso~dz" nl 3 )c o O] f(sSteg tor dz
sBkzfmMzsco dzdo Ojls oL OddisH j2MisedJ B3 ¥ HE OWBd dz
vO2ttsdz0 ftod hBjd "der L dHOUjdedkE 7152 ] QEE
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O OdsE dyds j wodzj dedw CzOBdzt HOS sfyw o fdzz YO
CdHEBCMecekff Cokssets f Odddsctbkyf Oodd !
el &3d dz' "d~ L de@yP@qry. Jjet tes
sOCdd GBEOL®BEJ]§od? Bsded §td 1 3, 0
BOSC Mg BOdz dzets?2 5o jteR desilsdats? S tsdzy dzlsteOyd § 2

tdmMzdzB8SC 8] BO tOMY t5dztOR jledsdi?O dgEddz jCidiaizyr dz
fso jtondatsiisd dzj tstc® O daddg J finS tsltstd) Istef ¢ fipdsH @&

1 O¢ 5dzts d34 tad@stfipdsidyf dzj dzd W ftetsd L o 5H drdD dztEdglsu
LOC Sdetsd3j tedetsmisd dzOB dzé H @izdsL® te off dztdf otaxfc 30 @ofatey e
CliRf dz S MtsdzO SiIPHE gl JldzlssAEOY OL tsdz 3] BOS Md di3C
toj Ocjdzstse L OadMmdl Bl dn dMAatHds?2 ¢tsdzy,j dalst
fted Ctdzyj dzlstceOydd toj OcjdzsO < 0, 3 s ds / wi
b dzs sa3f di6tcp BAB ¢ dzstow ( @&,dFn. Bszp)) SwifsC
fMisyfjdd dLodzj ujdzdvw ¢ddzsteed o CdMmdzs?2 B dZOF
B4 dz' " B L dzGrred lzfy B 8 s ls deeiydisd T2ded ] . 1 ted
Ctsdzyj dzZlstcOydd tstecOdzdyd Médr t6j OGJ dzstse B tsdz
HdOf OL sdz® e dr Sdzduyd Mise j dedets e, d if ssdzj Wit
ZMlsOdzso dzj dgd W MtsteB ydsdzdzse s twwOo dzso § M Vv, dzj

dtstoB Yyd sdzdzOVinsjcag MAIs { [ I Stcj OOfzlssf tej H j dzj «
CotedL Bdels Odz detse s Eyomksec O dLtslsjteds MtsteB ydd,
BE BBsdz' / ¢ Hdzw flzs S o @i fiff. BT .dFsdz' / ¢ I Az o &
2).1ted AMBYcB yd sdzdzOW J BEtsMmilsy 5 ¢dzstew oL G
BE Bs@ze/ddy. 3. 3.1, Q tefflo®Olyj otz BukOBDdYH O Ismw d
f dzOIs ts, Mtsslse jIsMlsea zs h j1j 6 %4 az0vigsQizz'/dzjR®BJ ).
Ctdayj dzste Oy dd Ishp dzdety BYf teal o thbsTels Y& tsteasidipl iz | 3¢ tsfls
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R,% a,
MKMOnNb/T
100 1 120

80 3

60

—&— AnKomnn
40

—@&— An KpacH

20 —O— An Kpac 0,6
MKMONb,/ M
° 1 3 g 7 0 0,2 04 06 0,8 1
pH Cpagn, MMONB/N
t d Mk dzs € 3.20. 100 [ dMbds®R LBk d Mies

dLodjujdd D) ¢dfs sds@s B (L4 d ¢ &sIsu GO (] 4
MsteB jSBIs B3 | Gls to] to( toOL dzd ydz' =3, 4¢1 d 1,B), tiHs =6
bt josFahd6 (L, 2, 0,328 BRmas d&3d dz
= 0VE d0tys®Belz,5 &qd dz

vO0CB] o jHjdd] Btec Odzed ud MSIT | B4 Odp tzls ©a
Wsted3Od3d dzORtsy Hjdzedw o t©OMmilsa ®J Mdd3tsglisd dzs B
Bsy jls Mkh jMmlse so Ols+ 9 f wWisd- atc Oy jd=d yalz' ~2) .(Wtdsticy
OHfMteBYydd ¢dzitficdd Ppp&®sdsj Ocj dzls © dzOR tSH W Is fiypw
Wstcdzy 5 fjttoats? Mk jdd. 1ted 1 Istd3 ¢OHw®aEE
oLOddisHj2Mlse dw Hiftoolstsded F OO gedels © ff sitzls oz d Y61
O™ ¥ §5dedz O d3q dats df slp fj @ das s | dzd Q [Ji. O R L o dzj yf dzc
fted dBOdzr °» CBdzyd dzstcOydwr IsOCyj fJtosdmatsHdIs
SHdts?2 € Otes tsCHpdjcdedzjfdzd j dg € t5 daf p dzldct@©@usch ds tedi dzst't
dzOfmr h j ded § fsojterndesfisd Mtste j dzlsO® ) HOdz dzj
Mzsjo LO Mujls BBtOL 59 Oded V-6 toAtfHtsAosH dafs 2 ¢ B)te &
tcj OG,jdBO tjL zdz IsOIsj yj ctgi fASMGEsHA]S tdzjoQ cdg
Ctod ghOw

-

f — @ﬁ%ﬁr e fiL::L g @Jmlg’“

tcg= 0, 8NO teg= 5, 5Ntwg= 12, 1NO,

tdmEzdzes¢ 3. 22 (0) 1 dmmtsydaag g ®tcd dzdzf 5 d t5 dzO WzO fiptiz
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tog= 2, ¢ tcg= 5,2 tssz 10, 1N0,
a—l:"‘-“--] —CO0H

(Iﬁ I‘CW = r”,l:jf\[ —

+H I =0H
3

tcg= 11, 5N0,
tdmkezdeRe¢ B3 . r AMMsydOydy W z@zy y Ostzddizor gz 2Bt d0

L3 dz' M jdedd Mtstes yd serdgd? Jfds sls dats "Sji day o
dbdzs sk fted toy 5,5, SOC d o MmMkkzyo] M v0O2tet
9 twOMmlsotste] © HdMMsyd sdo Odzdztf ) dz¥f s BF i 1 dzj
tej Ocj dzZs© tMEzh j figls sOdfdgsistiny das@ dgif U fF OB &I Hd
oL Od BsH HY i lcasds's dzd & 6 b B cAfEH Bocjtd ¢ ) dzls @@disf dzts ¢ to iz ff
ftso jtondesflss ftocdotsHdls € dL d3fegeddzg tizls Gc O 5 6 2
fso jtrndshsflshctten ] zfPEsslgg j2dy HOjls d OdzOdzd L
SlstcO) ez flso j ton dzgsmisd Mistes j dz2s ©  sdzj& o dzs dz x
otsHd & tOMmMboBte@d( .’ "I dB d to] ¢ ts®MHG dak
(sox 420<teleS5 I YJ 64 L owsbatc OFnN2flz © dzdg teff teld?2 ,55,)5 o Iz
(o= 550, 60CA2¢dE) 1 )ted dLodzj yjdedd ¢ dzstow
stsdzr ¢ 5 <WPBods SwqOh do O Isfw ages 34 s r ddds yo jdsr () H dzv
Hd My d ¢ Bifse Otizdzhls 2 § PidkHz .16 j10EE BN KLE j dals € 6
CtoOffpdits j dzj o7 2 Yo jls, SO®OCIjtdz 2 HEBY s
dzO B dz¢ HiPE dzEEO ¢ Mdsdifztdsd 1520 dzds. u [z j dzd yj dzd j o
fdpfittd 600 dey d RBOSMHJdszadsd) Jted | S5HO0 W alatigy j(Ist
Ste Odzed Ud M ¢ d d3f distn difiste e0jdief~ dlts O G dzf s @glps @d j L d
1, ftod ¢ tsiststeh ¢ i tetpd Gpdafieg @10 dzd ud MS d ~d disitdke
9 Yomlsdzatsmlis d



89
O Z2Odzts ¢ d Wgglztlzj dzd V¥ BCtcOME d MisteB j dals O f dessts{dgp-
[BtcOLtso Odad ] N Jj dzbts?2 CttOMSd dzO ftso j ton datsdnlsc
d 1 [dzOB dzt H DB IO C M dsdifztdzef= 4 20  dzds. 4 [zte Q flds ayty
BOC M dfdidzddtstn Md3j M Oj Isw o H dzd dedzts o sdzdztseo ¥ 5B
MsteB j degs © Mo dHjlsjdz Misakz¥ s s dzOR sy H jRIRf. toj C

A F(R)
pH 13 2,5 - pH9

0,8 -
2 -

06 H3
1,5

H9,5
0,4 -
pH 3 11

0,2 05 - pH2

TN N —

380 480 580 680 A, Hm 380 480 580 680 A, HM
tdmkzdese 3. 23. wffjSltcf dMizdats®C 3.24. gt J
bdzstce o L OadMmMddisMmisd slstceOy j dzd VW S fof- dztsti
b ws 50,0 Bs dz! /| dz dL o dzj yJ dedmec s#hp@izs Ic @

1 OC sdetsd3j todets s d cORElsEozy e 82 - Dt f)ezBL
stsdzd yd Miso j dzdztsj 1940 Boytgusiaitgsy DB  (Qednfy dadis 'ts
Ctej dBdzj L j i3s3, BsHIdW Jydtotse Odedz” a3 1 | [ |7, dOH dB
3.25) fftod otej d&3j dzgd LkMlsOdatse dzj dedw MmtsteB yd s dzdzt

H4SteB yd sdzdzOv j dBi@-Nsf | MbEB g s Fslsetsf 59 52
MtsMis Qo dzv j I 67 6 ORY dtsflz'telfC dfs,d® / ¢ (tedfm. 3. 26) .
[, ftsH jtey Oh A stee Odzd yud MS d = tcj OGJ dzlstso f
HdMMs Yy fr mgs= (85 06,= I, 6 [223]) d
sBtcOL tso Odzd j oBHBISHdS?2 MmMewrd d&iyHE cdHts
Y0, ftcdotsuwh jj € §dcmSs] OtcOdzdzj dz! daets 3z
MtsteB j dzls©. 1 ted f j toj mIdHsjte Byl srglzO® § d3figjgdz@an ts i
mMdedy OjIsmMw Hts 21 &S @sdz / ¢, Ylsts Meow L Odes
Motslse j sMise j dzdzts, f dzsh OH d, L Odzd B3O J d3ts 2 d d3
MsteB Yy tsdedz” 7 j BSSHTlsy R Mifste B {p dztle®n j dzds ¢ R tots
fted to) 3B dedn HjsH 5 MstckzSlskztej tcJ OG J dzls ts
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mMsteB ydtsdaedz J J BSC sMmisd, sf toj HJ dzj dadz" j ftod to
HOdzdz' = toj OCG j dalstso .

100 - 80 -
80
2 60
60 | <
x®
3 240
40 i
50 20
i 1
0 1 1 1 1 O
1 3 5 7 o] 0 0,2 0,4 0,6 0,8
pH Cpearr MMoONDb/N
t Mz dets € 3.25. 1 0 t difdesS 3. 26. RL ©ls)

dLodzj ui BdvVdl @etc @@ | [ .d H® &) | [ |thsss 10
Sl toq; oc FMROIBBE A Ledz0, 6] 3) 0 ©R 36, 0 (
V=10 dsdz

} sdzzyj dedz" § dL slsj tdf iy ts 16 BlaPd d fr) smeSiCh-tels ¢y tc f
fes0dz0ddL qietse Odzr 20 M tls oj jdishls ot  dd3tsmtg jd2v o
3.5). stiWd¥dydjdasr btcOo dzj dzed2, tftejHjdyj
foj HilsOo dzj dzr ¢ MdsPs s jydp! fRs o5z % s 5 ffstdss jj e
[ j dze 3% 6O,

vOBdZdyO 3.5 siW¥Wduydd dalsr EteOo dzj dzd Wit tgBdzEddsf to
¢ o) j daBO tsf) ts SO dglef j4

{JOcj|0qn SELWWdyd) dEls' kwOdssi WWdguyudy dzls’
e &3¢ d3ts ¢ ANtgd 2 dgH dzd = O
Om, &S dis, dz/ BR? n KF, R2
BC ds3ts dz!
MS , tc176 74 73 0,997 [1,70 63 0,98
MS , tc1 36 32 200 0,999 [1,09 45 0,87
¢ th tc| 21 21 235 0,999 |0,33 11,3 0,64

3.2.4 10Ctdtsdk] tdeiise] tPOted T df e ® dzd yj M

Rdzls j 0SS 6y O dds Btec Oded yj MSdds toj Oc j dzls ¢
Cdsf dzj CMscBEOL 56 Odzgd®s ) B sOdkzdzOdsd 1 dzOls  dats
Ldzj Bj delsOcsd. 1 SCOuyifmlsej t]jOcjdidstses HdY BSH
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Ctoj Bdzj L j Bse of BteOdr  HEd &KijeSO Qs P dz2.6 &6
Hd d3j 6C OF kliizias ff BE(dlREsEE.0 3. 6) .
v OB dzd YSH) 3. jBley OF d | 15 t6 ¢ O didiasiHipSHAdjS Qdsjtsay j dals T

td Ocj dals d i 6t A BBz dzo [ BL dzOyj dzd ™
5BGL dZOYJ dzd

2-d3] S Of IstsB J L d d3d H| Hoss § SiO-l 1 [-f 1R
Mkd' WECHingskso | ﬁ%%

N

23H 5] 6C OF HSf 5] O S SOt 11D &
Ml ' W5 € o Bpcls B ®gz( | S~ SO:H

mdd@dud Mésy LOSY fdzjdd] d&3jwsOflstse | deL da3
oL sy dets AMFgETT R 1M 1 CLBYyds dzdyj mS d dz 0 Ots s @3t
Gilsjtetsyd®C dzj . P2t @INO@ER24MBsHdWY S OYydwy
ez € dzj sW ddz' dese s L O3 M jdzdw Obtsdiite - dzscO da
yqedzsej CMOdetsdzO fted Isj B J cOIlskztey sls 80 H
B teCOfIssB j @L d dgPH OLIOEK tesj s yOlsts2 fn e =lddjo A
ftcj Ho OQtcd Isj dz' dzts HOL slsqdtetse Odzd [ 227] . [ O
Bdese sMisOHd2dz" 2 MddesjL M dMmftsd LsoOdka j B ©
5% ) d fsLetsdvjls LOSCtjfdls! [ 1Irtstoy j totg @B tBls] djl
ftese sH d dzd dfif tcj e dzd tetso Odzd § ftseojton desfylsd
B tcCOfIstsBj dzL BJHOL sdzsds 8 MtejH] OYJIlstsdzO o
IS J OCfd GOd wOv sy
20 Mtes j dzS&d3 | [ | HsMisd e O
Hd Of OL tsdap, Bazjd 5§ tBj or h
glsjfjdz dLodzj yd ded WSiQs-«
Vi ke jdduyjddid
Msmis@odzw jls O 95%/58RL
Gtsted L tsdzls Odz! dz" - ZyoOmls
0 100 200 300 or BY®iHjddd Mt ydsdd
BC ks B3OS d o d &On tf isd3 tsds dztsR
tdfMzdets¢ 3. 27. RLBE) vdtsdpsdzktslststcOW Mtsmis O
far (2) dCOMBYEL &S] fyssise jIsTise j dzdes (o ).

30

20t

10
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3.2.5 Jddwvdd] SCtddyujmlse0 Mbkd Yocwkf:
L OF s dats &3 cherdztoli@Cdte j f dzj ded W Ctej Bdzj L § B3, CBSHJ W

ltod LOCtjffdzjdzdd dzdlstetsL sdzOW stsdztse, ddgj & h
9 Btsdzj Ckdzj tj Oc ] dzlsO, slsdsj yj des fkzd3j dz@ b j dzq
qdsj s h j2 Hdkz Mzd Wtsctwikzdtfkz, § RdimeciOw daf deg s o
FPojadyjddjd® StsdzdyjfmsesO Htkzddn Hj{tlstddts
o OcJ dals©O BlsBj ud des 1sOS X J Mmded ¥ § dzdIO-1 M tg B YYft
slsdztsh jdzd s & HOdzdzts Bz , dtedrsOey.dzls i ,dzv  dzf tstel dsd jj ts >
ftoj HY sdztsy j dzgd ™ dMmMdzj Hse Odz® MsteBYydw fkde ¥ s
ttOL dzd ydz' o3 CSfeefakziffifise sdgf ddizies " dr o MmMotjd3 Mt
(sOBdz. 3.7).

vsOBdZdyod 3. 7. wlstekzCIskzteds jo QldEftedzidmr dz’ iy thifftedtta@ ho jtch
1 OLoOdzdj tj OG 4 dzls © dlstclzC Islz tc dzOW

1-dzO W Is O dzd dzfn &z dzlz® st off et SONa
(B deslz dz W 5 dzOW Is(Ddzo[dz
1,5dz20% Is Odzd dzH d iz dz' ¥ t5€ ¢ SoNa

Hd dzOls t d j (o O fi) nds'da! ts dzO ‘O

1,3,6dz20%W s Odzd dzlsted iz dz' W 3 SO:Na
Isted dzOIstc d J ¢ ®\Y Mg dzelzW ts &
NaOsS SO;Na

b dzs 6 © Stz W & € ) dzs s @ 0 e
) ts degts dgtiz dz! W 15 O dizls 16 O & qda

g
b dzs 6 Onlplglade W 5C d MG s

SO;Na
n |
HdzOlted j o O Msdr ( H ‘O

s sdzd yd mlse j dedats § dLoedzj ud deqd J Bts dzBip-kz gizf ¥ ts
ZOBdz* HOjIsfw iFed } Yy PitejritsHy S HIMkd
stedMbd % s5dzOW sOdkzddzz HJOY OL sdz  te] € tsdzd yi fl



fpdsd h ©4 sMw o
¢ 2O dzts ¢ Y dzOW

Odzls e O n d dzts dzO

dLedzj yg dad "

R, %
100

80
60
40
20

0
0 2 - 6

O
t dikz dzts ¢

4 s5tcB yd tsdedzOWw
dLslsjted3 M ydd
it nBH]
(tedfm. 3.

9" 9 tsH 5
yJ dzlsffetsalzj tcn (das@asds.

vsOBdZd yo® 3. 8.

B sdzj j
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¢ d fijdziz 4
L OC ts dztg dgjinwy dzts fitf Idc' d
Odzlstc Or J dzB fizOL tsdizdtap] M RFEFGHESTEU) (dL o dzj yJ ded W

Btsdz0i$0) " 4 tsts MdcD o @dgdzd 2 M
Bsdzs iz dz! ¥ qugBid)Odzdzsc 5 Odzlstc On d dats dz

R, %

20 |

0

8
pH

100

80

60

40 |

2

8§ dzCsssls o v tis s j
@Q e azj Q@ dzd d

1

3

T T
5 7

B
3.28. 10admddssmisd Mmisj § jl¥ed dL o
HdMizdz W dtcdo Qdzds e f(lz dz! B) z® & b O dzdztizts &5
fMtste j SIS Bils tagsd o1 0 Agdsh0dz, Vs 1 0

(0)

J 3¢ mHAiffles § H §e gz P dzde@zls s af L

3.8)

ZOW sOdzd dz2@ d Odzlste OF d dzts &zO

S H dats 2

Bsdzj Skdz ¢

fMd % sctelky

4 5 to ESIPAI | dpdzO Y f t§ BB iEs N | dzd

[cOddyj MSd2 WL OLY Hue s KBEBSd[ GBS M,
B hz d' W & dOW Is| -1 135 115
HgMEzdz % sdzOW s Odf -2 135 72
stedmizd ¥ 5dzOW Is O -3 135 45
Bsdd ¥ sOdstor -1 96 90
HfMizd ¥ 50OdzsteOR|-2 96 44

Hd O OL E

pH

d3dz

Gisted L
LOodMmdls tsls ydmdzO MmMkzdz' ¥ ts5¢
sls btedmizdz WJtetso Odzedz” -
29 )Vo dz) lzd d MBE ifig] MIso © Odzd sdztstsB d3 d
MtstesoSwad | [ | Csdzd yd Mise © Mizdz ¥dstE def2 YA adzts ) thfglg
oLOdosHj2Miseodd
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a, MMonb/r

012
1o
0,09 -
0,06 |
0,03
[ X}
0 . | | | | |
0 05 1 15 2 25
Crane; MMONb/N

t dmMzdets¢ 3. 29. R & datisfy bodf3" W dntigtices Qufifsle dz' Y A tots ¢
d Ited Mz dz ¥ BleEeyAsdpddtxBidslo( [ jto] 4nsd:, 1 0 d&3d dz

3.3 1 dzd v dzd | ftoedtctsHT d ¢ ts dfdtudpdn@sdg dodzts a
mMeteBydsdedetsy dLodzi yd dedy BecOddudi mMédn tj OGJ

] sdzd O dzd dz" MeHjtyOhdj] o MmMeatsjdz MtsMisOo j
11) ftojumsOpEalzf Js MEezsdz | sMhdese Oded W, Ud &3
cozffOdd (1414, Vtrra). d¥lstsdaf wafddHdedy S dzO
tcj OG J dzlsT d ¢ dzj L dzOydlsj dz' dzts 3kz mosd M j ded &
StecOdd Ui MSdr tojOcjdastse o Bdjj SdMakzs
Ctsdzduj Mise j dedzgsets dLodzj yj dedv tstec Sided uj PO -
lrréd MHodeOjlsmw o BBdzjj SdMmdzzs tsB d&ZOMIs+ ( t

1 0 MsiPdsdn Si@) 714 &OBds HOjIsMw L dzOyd
StecOded Ui MS R o] Wik (oG Kdhdskst) d i9 50
0, 5 HCI, Yylsts MowL Odes ) tBte@OWwadOdafj sz otsH®
LOCte]j §f dzj dzdzr d3d 1 ts dzd O &Gz d3fizO B1d2® H @ ts ) Jv dzls js dzj
o] SCStodzdyjfMmlse jdedesets dLodzj yjdedw oeofmjnrm dL EZyj
d3d dz' M d d3 Ctsdzd yj Mo s LOCtcj §f dzj dzdzts G s i tsdz
O dzd tBddgitsdzdz” = yJ dzlstetso .
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R, %
100 3

80

60

40 |

20

0

0 2 4 6 pH
t dMmizdzsC 3. 30. wlisj 1,23 dzqdl (3phco tizls U 6 dzd #REO®IB 1) [¢al, B)(dk2
SiO-l 11 ©),%0-1 1 d:ejsd, 08 Adpgsed ,/ Wzes 1 0 Bz

10 BEIY. 31 ftde jHjd LOodMmd Bsmisd Mmlsj
mteB jSwASr 1 4 , f sdztg tqg dzderOj dzd ydes?2 dMmemtsHdzs?2 ¢
tcOMmlse tstej . SsO¢ oadHdts dqL tdhkzdtO, M ko j ddy
G/ d keojddydeOjlsmw Mmisjfjd’ dLodzj ud dptfivjcsy
Ctsdzd yj Mise j dzdets G s gL o dzj yJ dzq v . tfh tedfd O d3é) Bz@ H dA
BOSC Md B3O dz dzOW Mlsj  § d& dLodzj yd dzdw A j tetetsdzO
Cdzyj delstcOydd 12,5 ¢/ &z Stsdzdyj Mlso jdedzsj dL o
3,55,0.

R, %
100
80
60 |

40

20 | 1

pH
fdimkzdess¢ 3.31. 1 OadMmddsmis! Mmisj§j ddiOA r p dzd U
thyryw G/ dZ = 2, 5;ukdapd, 1 20EO@ VNI 10 wRdz 110 od d
dteB Yd s dadz0Si0r) S BRylsslsdzsh j dzd¥ € ted Oded W
o dzd Ud ded § o3 € tsdzy | delsiab3QBd2d de@ . ff tg dozjteadifn A j tetet
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Med Ysctekefflkz, ftdojHjdd Jjcet Skl WoE [ Mt
fted dMAosHd & Stdyj dstOydw s §sddokddss s
BN dzd f sdzzyd dz" SiOldgOf [SEdels [j das.O -

a, MMOIIB/T

4 a, MMOJIB/T
0.12 . . .4

5 0 e I I I I
0 1 2 3 4

C sz MMOIIB/IT

Cpagx. MMOJIB/IT

© B
t dmMizdzBC 13dzgfBw dzd § CBdeyd dzsteOydd ¢ sdzd O d3d dzO
SiOx} 1 (S0} dr 4 (B) ¢/ €4),50;.75@)(10,0 @);

thirn G/ dd);50@;750)(1256) ; Binssx 10 &d de;

[ BB vl ¢ ftejHJdzds Csdzduyd mlsets L OFC
Odzd sdztstsB d3j dzde’ = Y Jj delstetse &0 f $ 950k dgs@GiOd 1S
1 5C OL Odzts, ylsts m kZojddyd ddy &3 Sdzdyd Mlse O
MteB yd sdzdzOv | BE sMis! Mste jdzlstse 5 tstce Odad YJd

v OB dzd yO 3.09. stsdzyj dzlstcOydw O dzd ts dzts sB@RBY (zdfr -
Mtes ydtddOw | aowils Al eddzsh | dz

dteB j dzls|s sdzd yj Mis{bors BRSO eusdw
f sdzd d3j tc O B¢ d3ts dz' /
Sio- | f 4 |23 162 126
SiOA 11 |28 122 110
SIO-l r1r ¢ |21 167 160
SiOx-1 1 0,85 80 80
0,70 65 62

stej dzdzj L § @3, BsHJWdydtetse Odedz" 2 1 | [ |, Voo
MsteBYydisdzdz' | Mot2Mlso® 5 Gldtsh jdzgds ¢ ted O
otej B3j dzed. v OS¢ ftod RtOdzjdzdd o Isjujdedj-lughn
d vddzsRIROB B[y ddz3j dz2d dzd M+ 5 slsdatsh jdeds € 1 ¢
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3.4 Jddwddj fdiesHr’ dj stec Odzd uj M< d A
LOCtj fdzj dedv BcOddyjmMSdrn tj Oc¢ dzstso

lted dqLEzyjdedd L OCBdesdzj tedetsisj 2 dL o dzj yj da
Oizddzd tetso Odzdzts 2 ff 59 j to~ dztfirHissio  dedgSBcROEIdUE N € 7 v ¢
MOdBs2 ®Osedy’ , fsmMSsd S fttd L OS] dj
dzj stcc Odzed yj M¢dr ECMdHBe MisOjlsmMw o B tSH dal
oLOdBsHj2Mise W stec Odzd 4 MS dn tcj OGJ dzlstso
Cddiiislsdzr d3d d BGMmdzsoe dzr d3d ADOeAQe P, 50 J tor dztsMis

] zdls j tOlsztcj gdsj v Isfpw tcOB IsT f sfme wh
Odz¢ Bz dzd v tcOL dzd ydgr 3d Btece Odzed yi MSddBBd tcoj Oc j dal
COBBISOR, daj WYodwsIsfw ©HABE RZOYddd ds] GEoe
SCMdHO Ods BJded™” vOQtetsdesds M vyjdz ¢ MsOB.
CjteOBIUSMS I &BOLjtcdOdss. 1 SCOL Oz, d ybsf ot
OB OC O) v02tsdz L OCt) f dzA O WO dgQ Isf s dsjBis
odze MW j edgsets Sl dzj CMO. 1 Ikt 3j otj kY C
dLeodzj yidedjy uvO2tetsdzO tC(MdHHR -DA8 i3d dzdsy M9 s HC
1 dzj SbtesMisOlsduyui MSdr oL OdhBsHj2Misa 2. Lo j dzd
fMded ) j ded ¥ fMstcBYybth OTBHFdd,cHIso jtoy HOjIs dgj n (
Loz SlIstesmMisOIsd yd Mm& d - mowreL j2. [ dr0OdzdL B L C
CEdf dzj SMssBteOL s h di Mots2Mmlse tojlOe jdizis, . Hf d¥( t
d3dzj dzd Oolststctso 9 -9 JOf Gnt=apjy P\ @B HBEa] Is
Mydud¥dud MSdn oL OddtsH] 2Mise dHz"  @dzOfdzis d y df'L
df steisdd d oddzstw [214, 236]. ) tilsdkz,
dzj stec Odzd Ui MSdn GSMdHBe d&O L OS sdsdj tedatsfls
dzj 5B - tOH HffElzd Is' Ho ] ctlkzffr tj Ocj dalstso :

~dzj BBELOLEsh R kffss2yder n SCtdf djls mte
dzj s Oded yj MSdr sSCMdutse d dLodzj§COshdnmw
oLOdBsHj2Msdgdkd HedkekEGiHdtcj Ocj disse i Odd dzd |
dzj stce Odzd yj M dr tCMdHBO ;

- My smtse dz' = ¢ OoLOdAisHj2MIse dHs M OCIsdo d
ydteC tsded w d sdlsO0dzO M GBttOLBosOddjd&z3 kst
L dzy a3 dzlstse .
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S RmnOtOC QdpaizlsOds jf j tco 52 Hmtzd uf § s Hsdz'dzjs Mdzds 1)
dN-G jjlestsyd ¢ dzd ydz' jSushydzticay @de{wj , 0% J @ F @ alglsdzls Od3 o Is
{ . IsHjty O dj tj 0G| dasT Mmd - ff das diad alz2®n dzr j 8

3.4.1 10Ctdtsd3jtedzsmisd L OStjffdzjddv ftesdL
2O o jtordesmisd ORzddzdtctse Odadz" = dzj stec Odzd yj MS

1 OC sdets A3 toedetsfyls d LOCtej tf dzj ded W Stec Oded yd fr
b2 yder 7 StifdjShss M 1 dj &3j dZsOdkd OISt
ANjtotetsL ddzO d A e sizzdy |, d  eetfigltitdass Lists

[ OCTd BOdz dzOw flsj i j dz2 dLodzj Wi ded W dz@ j ts g izt
SiO, A0 Zr0;, dBsHdW dydtetse Odzdzr = 1 1 f 4, HEBMISEH,G O
mMste j dzlstseo WD f sifdettenjd, 3, 0 ysts MmMow L Odes ) &
Odzd sdztstsB d3d dzdz" = yYJ dzBiOHoe) [dgQ § B9 j torn dztsMis

lted ¢ tjSiOeHy /[ sAS0s) | [ 4 HOd2g0F) &f | Tid) 4 | 4
fsteB yd sdzdzOW j RS tsfls! 5 wlsdash jdzds € ttec(
ZOSsHdlmMY o MmeskejlsMisodd f Ctdduyj Mlse sd
mMeteB j dzZlstsea. [ OCMd B3Oz dzOW Mmtstes yd ts dzdzOWd Gj @F<Iash
Hdzv Ms8@&] dgb® (tedfm. 3. 33 A0:N jtefdy g thotg & sch g dzadkC
fs toJ O] dzZlsOds Mded y OJ smw dzO 30 %. Clsts B
Btsdzr hs] ydmdzts L SCdrmr ftste (8 dzdg) , Cslstster |
jeos f@fdzdd dzO ftso jtendesMmisd dBwBOISLdZ 0 fip i) e
4045 dzds d dsdzj Skzdzr 1 4 f )1, LOCtejffdzwwi dO
Ld3j dg' " jdedj Mtstes ydmEddadzsP | J 36 shddsfdetsh j dzd s €
] OC j dzls @5 %dzO 20d fteZBp-zj flzy , KOS j O tsHJIsmy
dL d3j dzj ded j d3 kH j dz' des? f dzsh OHd f§ 9 jten detsfylsd

lted 1Issds oMy dzd stec Odzd ud MS d 4 sCMmdHT
111 d ANjtesLddtsd ddad Ajtid o, ftsn tc Odgw
o 52 flsds@ztsth § dzd & 1Y o j bgj, b BK(OS § S OL Odzts HOdzj j

l sdzlz yJ dzdz" J L OC tsdetsdzj tedats s fted Bis H C
dzj stec Odzgd yj MEdr BECMdHtse ftoesdLoBHA @3 Istcd OL
dn fojtendtsiisd Mizd ¥ i ot ddzd ksteysk tesgef © dzdds -fsdzd. Is
fMtsdz! ® . O OL tsdz  te Csdzd yj Mlso j degdetse s dL o dz
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MteB Ji@HIQ [ | daij L dz2Oydlsj dz! dzts Mk 04 sMWSIOftg [MigC
Al2Os-1 4 [ 1ZtO} 1 1 d Mmils@b A9 J sdzis | Dy b Hislgw 3,15

a, a,
MKMONb/T MKMOnNb/T 1

30 r
50 r )

40 |

20 |, 2

30

20 ;

)

10

0 0.1 0.2 03 0.4 0 0,25 05 0,75 1 1,25
C, mmonb/n C, mmons/n

O] B
t dMkdesS 3.33. RLBjEdE Mty A f ), 4O
111 (@,2r0>) 1 [ (3),TiO>} | [ 1):thseee 5 d3ddz, t1 5
RLO3J dzgj dzdj MBteB ydtsdadaets? | d3¢ sMmisd §HiS>BlOdzts h
> 710, > TiO2 sOCyj Mtsc&OfmEs kMw ) 8 L WW%jClgdo
Ctotetej dzdtelzjls ) dL d3j dzaj dedj o3 Stz aiimlseo B. Qda) 5

a, a,
MKMOnb/T 1 MMOnb/T 1
40 +
30 F
20
10 |
O | | 1 1 | O | L |
0 0,3 0,6 09 1,2 1.5 0 02 0,4 06

CHHC: MMOJ‘IbI’J‘I CHPC! MMOJ‘Ibe'I

O] B

t dmkzdes¢ 3. 34. RLBIsjtodyr MtsteBydd 118 (C
BsHdW dyddtetso O&MR (LY, Al3O4(2),£r02(3), TIO2 (4): thsee 1 0  d3d dz
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342) OCdzsd3j odetsfisd L OCtej § dzj ded™ OdzdL Ot d dat
sCMdHse Ods BJded™ d vydeSsddy, &sHd¥dydiess o

lted dqLiyjdedd LOStdsd) tedetsmlsj 2 tste¢ Oded uj fr
Emiss2yder § Soifditmr Mm KGCzEdQEd dtpeids j Gt
sBtcOL kN2 © otHdtdR twOMmMsettt] EMmMiss2ydoer j
ANJtototsdz, BBteOL 28 h § Y j dz€ dgdfizdie i)  dhtc 2z ¥y O dz# dzd dzd J
2411 . 1M sd ¢ RAL@GEArOYfdsdg jstds-fifats iide'des d Mseo ME dj ¢
Cbtste’ § MismMtsedzr tBKOL O™ 9 Ols! Emlss2ydoar j
Ists H dzw 9" Weodzj ded W BBy ~n Odzd L BsSO dn dL o dzj yJ
i tsdzd O d3d dzO dzqd dzj st Oded Ud MG d d s ¢ MA@ d ZAfO.. dz
[sHdW dydtetse Odaths§f Zrd: £ fisilzd W j Mls o j dzdzts 1 9P 1% dzjdpSebste
HdOYf OL tsdzf,2(tdqd Ml ,35uL®p dzj dzdj L O dMmddismisg 2 Mmls
o tc OL dzd ydz' d3d mMsteB § dzls ©d3d fsCOL" 8I@) Isf | 1
dzOB dz¥ HOj Isfw B @f OL tdzdz € 62 Cdzd yd Mlse j dzdzts ¢ ts
MicOo dzj APl 1 | Zr@1 1 f 1. 1 Ists % otj idv AtE:dEGH
ZrolsOC )y J dLodzj COsls ¢ddzstewr MBIMIsgy j datsk dzf E o tiz
te1 15, D dibg10,1 ,fipsslse jIsfilse j dzdats.
R,%
100
80 |-

60 -

40 |

20 - ——AI203 ——AI203-MNMIr
—e—Si02-NrMr —a—ZrO2-NrMr
O 1 1 1 1 |
1 3 5 7 9 11
pH

{ dApes € 3. 35. gilsd §4dz dL Aldds wlioded "l (FiQEs 1ok | Mist
ZrOx) | [ | i, &Fesd, 10 mgedgls dz0 [V, d Otyedgcz,5 3 dz

] ftesyd My Mstesydd o¢dstts fesdmatsHdls
gL Ekyj dd » MtsteB j dzlstsea. Ao jls MtsteB j dzlsO L Oodf
b dzs telited dL o dzj yd dedd o¢aep-lcy| Mtsee | kOEmEEo stetso
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ftso jtorn dsMmis! BLw@fds Qiény 2 yoil. wfjCister
fted {Issdd ftejHMsOodzwes s Msets?2 hdsChkzy §dts
3.36). 44 kZeojdzdyjddjd tt1 > 4 tOMmlseostcO dzOB
MsteB J dZs© § tsfdzj dL o dzhtHdzpY Mefdegiteag od 2J Yo Jste
HOWW EZL desets BlstcOy jdzedwW ko j dzdyde Oj Isfmw d dzls j dzf

@, @ o

2 F

15 r

TRNRSSRNSNNSONNS Sy Zr0,

380 480 580 680 5 um

t diAiflzts €3 . 3 6 vtf jClster t JHAE8.37.CR j (30 L OC toj  dzj
slstc Oy 4 dzd W O drdiby [ |d2O0 f 5o j tondifsiied toy 1, 5
tcOL dzd Yy dz'y ms =i610:, Su d3C djis

= 5 ddz

vOCy dJLdjdej dedy BCwOMSd d a5 M dL &
Bd ~nOded L d3sd3 L OCtej fdzj dedWw ¢ dzstey dzO f B89 § ton dzfs
b dzs o  dzj 3B H d W Znpgtdsa @ dzdgydf tc s 0 O dzdz” d3 TR,Qf o W uf @so
l SBWOLBoOdzdjdz Stscdsf dzj CMO tojcecjdesO f yYydiel &
oLOddBsH] 2Misedw M dz ¥ ditse MC d Bd ¢ d ) bzekzlS gilz'3 B
o BHdsd3 ttOMise stej Zr(Vizs tswB to i O3 HARZE & ' fn 5 #HzAO 9 (OG Hz
HoA i ¢ dzs tew ) ) tsQushousisOgzsobs= Is4[9 | Higlfl , 8, [239] .
HgWWEZL dzsets BSlsteOy j dedw, § tsdzlzyd dede’ J Zr@-sinflzd  6f
ZrO, d d3j ¥ Is dHj delsdydz' 2 Clzo gf ézd (| Jedpdng d3 3 ted@ 8 Jdtdfpisoouin
CdMmdztsls dzr & Yy j dzls tets o ZrOpz@ B jfds ohj Agjnlsttte'iy s L OS o j
fso jthdetsfylsd Zrpbtd j dzls @ totsd 2 Eisd s dzda sy €2 ddg Y,
L dzj SstesmisOlsduj MSCsets oL Od dtswg R Ifsth Gasd Mz 1
ModHujlsjd Mlselzjls ko jddyjddj ddzsj dzfijdoe dzsfmlsd
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fdjuo fttd 560 dzds. 1 Odzdudj Ywsdshm" M RBEO§MHd
d dzls j dzidf o detiz@ B dz H Odztsf)! d Hd&zw MtsteB j delstse  dzO
dLrodzj yidedj ¢dzstcu dzO o jtorndetsisd Ctltstoets
oLOdBsHj2Msoadw.

# BSteB Y d 5 dzdzO WZrOzf) dgSf t5 i By, s toj HJj dzj dedzOW dL
Eyomis¢tse dudEfls j tfds fddaissy j dzd ¢ ¢ ¢ dzs e Mtsfis
339 .RMABHW dL Itséts, Yylsts oL Oz} 2 MEBEH M
mMstslsdzsh jdedd 1: 1, ss Ctdzdyj Misdr®, migtsts® J ts tf) 4
Cosdzduyd Mselz dz ¥ dimse M d § 5§ ¢ fgadtisteyEs JdzlsyQ dzis tefipts fr
BE Bsdz' / 6. vOSdd3 tsB@hstky i tsgsQgizefsizg ) siagH
BC Bsdz ) Ocj dzsO EkyOfMmkokjlk o CwdfdjCmsss
mMsteBdtclkzjlsmw L O Mudls 1 dzj C IstcsthdsOlistffy j st 4
ctokff Odkd ) 4 f |, Yylsts Mssks jlshmsokjl ¢ tdz
sftej HJ dzj dedz" = d8j6ls sBSsdsdz' /¢ (fted tey > 5, 5
tcOMmMlsotstcj] ©® ©dH] HokLOWWHMAREES OddtdO, Isj d

F(R) a,
7 — Zro2 MKMOnb/T 1

Zr02-PB

30

.....

20

10

O | | |
7. HM 0 100 200 300
C, mkmone/n

{ Mk detS8s 38 . s jClter t dMEzBs89. RLIj dr
slstcOy j dad W @iRsltoe | dZADx: dz0 Mts eeQe-alsfj 11) ( ZfO: (2):
Howsew 0, 7 B¢ B@Bsdhded ,51 dette] tihsize 5 d3d dz

380 480 580 680

b dZzOdzse dydze" § dBj - OdedL d3" L OCtej f dzj dedw ¢ dzs t
ftstes j AOBIE| [ | s JABd dLodzj uj dedd ¢ dzgOsley [fyts tock
Al,Osf tod 1©B1830dkOB dz¥ HOj Isffw Bt OL s Odzd j € tstc O dzdzt
3.40, 3.41). dfjSlter HWWEZL desets BIstcOy j dad "
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fMste j dz2@:d | JA] HtesdmMrtsHdl §jtejrtH CttOMSd

o j dzdud ddd t1 { tcd offidhtaljlsdziCo kB ta<ChL aDfifXded ) § ts dz

ftcd 520 dzdz, Mtstslse jlsMisoekzs N jets HokaL OtcW H dasC
lted dLoedzj uj dzdd ¢ dzOstdfde d ) thetp B j>0zIsGs d3dz@dE dzé H O

Bisdzj j] CtOfmMdes? BCteOMSd ) BHso toj d3j dads’ d3 1 dac

F(R) F(R) . N
pH 1,5 pH 7 Sr pH 1,5 pH 8

t dmMkzdzt8C 40 .4 j Cbter Hd t dMizdze8S 4 1. v jClster
SlsteOy j dzd W O Az [ 120 BlstcOy j ded Vv ¢ Mplficad dOOL .
teOL dzd Yy dz'p s 51610:, Sa BE dffsd t61 ‘pwstsn O, 5 B dgsEz’ 5 0 ¢z
= 5 &ddz

sYysc O dzkdzj o s ®dzt @3Jad® EHAOBFEHT s M® fftod dbo
e tcOfMmlse stc © ¢ dzs toc dzd dzv 5 Isfmw ftod ddi3kzh j Mise
dLodzj yd ded2031 |1 @ Abzs tcu ftcd o7 Btsdz! M § U
1 dzj CtesMlsOIsdyj MSsets oL OddisH j2Misadw 1 aztsyd
slsted yOlsj dz! dzts L Otew 3 § dzdets?2 Mmbkdz' Wits6 tolo@atpr H aiziz
B dZzOMled s\ Isdzj J oMjets, fHtwsdmMatsHdls L O Mmydls
CdMmdzslsdzr » yYyj destcORF d LO fmyjls 1 dzj ClstesfisOlsd
fod dLodzjyjdedd o¢dzstcy OdesHde B3 BECMJHBSAER Odzs
BOSCMd BB fted 478 dads, Mts&IE)o idlstfigldcalz ¥ Npdols =Q
tcOB SIS Blsdj yodzd jets drLedzjyjdedjy LO Mmyjlb
YJ dzstcOd3d ff so ptodesfiplaaj. 3wl ols W H| t©OBBIs ¢
OdzsHdtetso Odedes?2 ftso jtorndesisd ECMIJHO 0Odzs dzd dac
ftoj Hils OAIHSO)OH'OC L O Muyjls 1 dzj StetsMmisOlsdyj MS d-
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lBinibdsydddd & bsd, UEEa jOE i il
fesdmMAitsHdl! 5 Hobkd &BjROdILBOB: L O Mmyj!
Ldzj StesMisOlduj MSsets oL Od B fp2 ddsd Yjscf Wz js% fis
) ¢dzstts o tOMotstej d wrf, foizkzyjde @ dsf
sCMdHtsd Ods dddded™ fted t1 3,5 (tedfm. 3.42).
qai3i i s fodshez §scdsh | dds dyls OS ISR ¢t J
ur { Bl smdd dLodujddv ¢dzs B de@aldgs H G 1R,
BOC Md Bz Bs B3 detstedf F o ytsds fted 470 deds. I jtetsy
ftod dzOHdzj ) dls €& d]C iz @QEshaudizis dgjtedt Miclj ¢ fd
MOoBsdlz tjOcjdlsz ¢ dzsten, OH MisteB d2@sts 8 O dzdzy T3
Ldzj SstesMisOldyj MSsets oL OddsH j2Misedw.

FIR)

t dimkzdtsS uF . jE&BtLer s
f dztslsdetsmis d 1) ¢ dzg to us ¢
11T A f ¢o@steas t6OMlss
Cif dzj SO M1 (¢ dzs o+
dLodzj ud dedw 03B J dal
O mwws 0,31V IOtyedgelz,5 ¢

380 440 500, 560 620 680

A, HM

1 OCte §dzj dedj ¢ dzstew SOmEtcfif HIsof o @ O ek
Ctodsf dzj SMssBtOL 26 h j2 MmMishsedshmisd ¢dHtesC M
Bj Okt dL tcOMls:048 tgtfap diptidan j( dplsstiy A5 ) .

g tsteB Yy d s dzdzOW J BE BMpBsl | [MstePdzBtsB Y A IH j dzj C
Ctstod L sdzls Odz! dz' 5] tizdg Offpist€ BsYd ff,L s 5 Slsdesh j deds €
BC Bsdz' / ¢, Mstslse jIsMmise j dedets.

343 1 OCdets ] todztslsd L OStejfdzj dgdw A J totetsdz
Oz B dzdv, BsHIW dydtese Odzdese s f ts5dzd O A3 dz® B

JS€MdH Odz¥ dzd dzd v , BsHIWdydtetso Odzdz 2 1 1 [ 4
o Bdz n tcOMmilso stctsopH &8,009H PO Y OBdsigzy tcPigtd.i 1 d QHOL
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Ctsdzdyj Mlse j dzdetse s dLodzj yddedw A jtotesdzO® dzj L O:
d dzOB dz¢ HOJ IsMPH3D8H @O @1 EzdzgH d W Al APsfdta oodfY d@dD jAs A
Bsdzj ] BELSSApHHGOT OL Sdd]M.Cte®o.@vWA jtotetsdz W o dzv
CdMmAzslsts?2 d MmMkh jmMsekzjls o o dotgd 2,d40)dz0[ 22 X]o
ftsojtorAlBfMIsd dMdz" = d dzj 2stcOdz! dz = W©WOMBY sSgGH
fsdzsy dlsj dz' degts L Otew y j dgdz" - Btoj demis j Hiso MC d n

oL By dets oL OddiEsH j2Mlsoad] AjtesdzO COC L O
oLOdBsHj2Mlsad?2, 1sOC d LO Mujl Stdfdj s MssE

) a, 3
R, % MMonp/r 2 4

02 r

0,15 r

01 r

—a—NrMmr

——aar
ol | = —=nwr 7 0,05 .
/ ——MAar  —o—AI203 EX) o AROS
O | | | | | O 1 1 1 1 |
0 2 4 6 8 10 0 0,2 0,4 06 0,8 1
pH Cpassy MMONb/N
t dMMkz dets € 3.43. 1o ctdimdese 3.44. RLBIS]

dLodz yj dedw njtotetsdz® sk dz@l203(1)dAI0) 4 [ 12), Al203) 11 4
Al2O0z (1)  AlOs- 4 | 12), Al2Os) 11 4 (3),Al20s} 1 4 (0 telmsEd, D5 ]
Al20s-) 1 4) (CyjdkeF0 0, 1  dgeEgdseD, 1/

€ Vees 10 nudgelz; 15t d3d dz

g4 s5teB Y d s dzdzOALOFIAE sits ' A sE@Bdzle O sy L dzOyd
Yd @3 Cosdzdud Mlse s dzOdzed M dedzsc s 4 dzd Ry Ist®  f( dise
oLOddsHj2Mlsodj &3 t6j OcjdzlsO M OBRddesctelzf § ©d3d
sS¢MdHO  Odzs &3 ded v , d fp  dzr ¥ dimtse M dd3d ¢d
1 BHIseo jtey Hjded j O3 wo dzw j Isfpyw HisMils Ols sy dats )
dzj BsH W dyd ks OdafiAts.dz 3. 4)4.,, WKcdfpWivdzdzr | dL s,
MsteB j daB:@ | [ ¢ 120sH 1 1 | AlPs) 1 BB Ols 'zadc@dzrdizj dzd v diz3d |
d Atej2dzHdzd~ O 9 dzd dzj Oted L 59 Odzgdzsd3 o d H J . S
ANtej 2 dzHdzd m O, BHtejHjdzjddzr § 5 OV dud MSEdads L
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RMABHY dL fodkzyjdd 7 tjLEzd sObtss, oty ds
f soizz yJ dedz’ § Mfics iy f g izdestcs j dzissAfdzsdzp S MHdHO
FPHtso dzj sotstedlsj dz' dets s dfr o O sfw  EkteOs dzj ded j o
ftod HY sdztsy jJ ded§ 5 dzOdzd ydd dzO AlfOs 0 j W@ Sdztsdds ded oS
Mstes yd sdedz’ = dfyy daEse tHote oidg™= HAz .

s OBdZzdy® 3. 10. stsi WWdydJ dalsr toOo dzj dzd v [ J dzG
A § 16 te 15 dE@Ds-Hizf

dutstoB jdgds i WWdydjdalsr Etedstsi WWdydjdalsr EkteO
| 4 dzG d3¥ 6 O At 2 dzH dzd = O
On, ®BBSs, dz/ ¢R? n Ke, d3d3ts R?
¢1,0:} | § 10,30 4,23 0,82 |2,54 0,261 0,98
012051 1 [ | 0,24 9,34 0,95 |2,54 0,258 0,97
$120s-1 1 0,23 7,98 0,94 2,37 0,241 0,99

1 B9 jton dztsis/AlOisdeB ff telg@j dL odzj yj dedw A j tets

sBdkyj dedd Lkd kOl dedjlstser & Mea jjledy dz dszé dyd
TOLOCk jtdy &5 HdzW Codf dzj Cfitse Odz® s ded ™ ) A Jj &

3.4.4 JEjeiprE@e®ClsjtedmisdS Citoj dgdaj L j o
j BSsMls: O®ddzdtetse Odzdz’ & dzgj stec Oded Uj MSda € M

SOC YsCOLOdts o ®GOLHJjA&I 3. 4.1, SiGked| 11 J &
Al20s-1 | [ 10 L Ols Zdd>-1 §€ [ 1d TiOx1 4 [ 4 dzOB dz¢ H O] Isfhw
Mstes ydsdzdzats2 j B pligdd § 5 Mk i sN-dislsj o tsy @4 d
stcc Odzd yj MSdds tMmdetse Odzd W d3 d dzd stesL s5dzOW Is ts
1L WWiClsdodets?2 f dzsh OHd ftse jtorndesmisd L O Muyjls &
BOCtsdBsdzy S 2dzO3d 1 1 [ | . [ dzw f SHIse j Bzl Hdzd\C
odzdwdedj BkHJjdz! des?2 f dzsh OHd o jterndesmisd d H
MsteBydtsdedz” | J BEtsMisd 5 tslsdatsh jdeds € 11 6- d
80 € od dz&lR2tds i3z dzCuts M ls ! fs 1t48 otLtOMISO]Is
mMoslsea ddmls) kHjdz dgf 3d § dztsh OHW B f s j torn datsfls
Silicagel6 0 S tdzdyj Mlsoets OHMtsteB Jtotso Odzdzts?2 1t & [zd3d
jots 1 WWjCldodets?2 ff dztsh OHd o jterndatsMmisd  tsfmdzj
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O dOdzsedydze j o' o Slsir diisy s OdndzjjdaP’ dL slsj
6OL dzd ydz' s CStoj Bdzj L j BOBG, BsHdW dydts Odedz
tdMkzdS O, &OSMdBOd OV Mtk ydsddzoy j &Sl
Haw fstes j dastse  dz0  shdats o j120Cdeywe3dB)5L0 ) 3B =68q dzd
B dBsdz / ¢). lted fjtejntH]j SSilitagd sIOMO0HRE T &
d Silicagel Davisil Grade636 @ysz 6 -de@B dzt H Oj Isfpw fdad ¥ J ded § 1
fts Glsdatsh jdzgds € uvO2tesdze Hts 55 df j4s4 S dg? &3t gzd
fstc Shdse’ Mttt ds0 &Eodj Cdodd 14§ 4 .

a, a,
MMOnNb/T MMOnb/T
1 0,08 !
0,04

0,06 |
0,03 f

0,02
4

0,01 0,02

0

O

Il Il Il ] L. L L |
0,05 0,1 0,15 0,2 0 0,5 1 1,5
Cpasy: MMONb/N Craipons MMONB/N

it dmMEzdzts € 3.45. RLESISjii dMEkzdzs¢C 3.46. RL SIS

SOl J [ 117 vddztsn tot828, 241 Od3d dzd to ts o WielgdatzddL j di30 d&3d :

# d dzts n 1e88,8- Slicagel 60 17 o d dzts #1203 27 Silica gel Davisil
Grade 645371 Silica gel L 100/4004 7 Silica
gel Davisil Grade 636

vsO0Cddz BBKEOL 53, H dzw HtsMmisd y J ded W BOC Md
Ctej dgdzj L j 3 @ fts slsdetsh j dad ¢ ¢ stec Odzd yd M¢
nOtcOC Isj toHLHrpls@ds' tfiidats o MsC 852 EZHj dz2 dats?2  ff tso
BjdajJ 15 deds. 1 tsi stsdsz o HOdz dzj 2" j 01 OB 5lsOcC

3.5 ufMbts2ydoetsmls: LOCte] §fdzj dzgdw tstec Odzd .
OBddzdtoso Ocedzr & Ctoj Bdzj L j Bse § o&dR@ERMishgi H ¢

1 06t § dzjedzddplzd AL S ddsp desO fsojtcDdtpf ftse O
dzj ste ¢ Odzd UJ fSYdicts d S g e f tstodzj © Is sl B O lod PjdfeEtsddj 2
sB tc OL tsep tOHls toisfimody .Lujz2 j Milse j dedets] o dzdwW dadj dzO@
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Bsclzls tsXQLijdf R o ' s fipthyjsidds © b Sfifidas 2y d o sMilss L
Stc ¢ Odzed Ug NA A jmdzls s o ZzO0 Od3d dzd tcts 9 O dzdzts 2 ftso jtc.
dLEzyOdzd ®BttOBBISC 2 mMistes j dzls $HHIO:. td Anfij Is o st @Az .
LOSsdes 3 tedetsmisd dzO Od3d dzd 8§ 46Q dedz™ &5 MY tc Jf d3dzOL H ¢

ldzdwdzedy fJtedtesH' §odzdOoOdzddsse dz2O0 Emlsts?2 yd
tcj OG j dilsWsbj. CIsd o dztsfyls LOCte] ff dzj dzd W stec Oded yd
or MesCsmMtsdzj oer v d SCdMmdzr 7 Mmjctgtets dgf@ zdy j Hz© d igddOdz
L @F ¢z dzdz" = dzO fs9jtcndatsmisd Ctoj dzgdzj L § oBO,
fesdzd Oz dzOd3d. [ B EfMmlsts2ydeotsmilsd L OCtej tf dzi ded W
(ted fm. 3.47) . sO¢ odHdts (L HdOG tc Od3dz, ftcd
dzOB dz H OJ Isw d {§lg sz dzdiydidsdejs yfdlsj Stee Oded U ME d -
ofmjn MmMtsteB J dzlstso . glilsj i J dz H] MtsteB ydd tcj O
BsHdWdydtetseo Odzdz" » f sdzd OB dzOd3d M vyjlse jtlsdy
Yrré), L dzOydlsj dz' dets o M j 5 ftcOdyaf teasfs O dAd
CkOdzdHddzsor &3 ctolkzf §f Od3d .

Rpec, % Rpecs %
100 -

80 -

60 F

40 -

20

0
1 10 C naci F/N 1 10 100
C yaci T/N

M Sio2-nrMr - msioz2-ngar . sio2-rne ESIO2-NTMI  @SIO2-N//IA 1 Si02-ME

O] B
t qdz897.6 ls j  j dz HiMmMpeesdz® (®) o bdmizd ¥ sdoOW
SiO-l ¢ftcd tSBOBBISSC ] MSNaElj dzZs© tcOMise s

4 o jton debkjdieteSsSdd Hj Mt diekj sy fiod
NaCl, ylt, ojtsvWisds, MmowLOdks Mt MdoOss2 ki
Skzdctdjtese 11, LOCt)fdjdde 7 &O §tojteh datsflk
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1 dzd w dzd § ftoedtotsHT d SCtdzdyjmbseo O Wkd€ ydt
tcj OGj dzZls O dzO EkMmlsts2ydetmists? JdBssnBC tcj O&jcded iz
ttj OGj dzlstse dzOSiffbbg § o1 das fifisdOB 5C dMdzr &= d o' i
LOoadMmdls s ftedtesH" d € sdzdyj fiidsjodc jCdldn@izts(lslsl |

lted ko jdzdud ded d HEl=[dbagl d@®©B @Y did j sfmw Mmisg f dzd
HifMstsydd o Mmjdh Heoj jOoEd) \glsdsch ). din z%as dzdsg jefipldf of © o
tcj OGj dzs O (wusVYu0O2 totsds, 1 1 WwYQ ¢ jut) dzj EAd s = 2ysofsol
L WWitktsHIse jtex HlJ dz2 dMMdzj Hse Odzdj &3 EMlsts2 ydo s
ZOW s Odzd dz0 d @ azls ot of jdutstizdts M 1SeD-) fnfs fe B J (dids@B dz.
VLMisOdets o dzj dets, yYlsts §QedHd @z pH§ bGEJqGrdsY d ot
flsj fjdz HiMstesydd MmMddy ojlsmy, O ftesydasls!
vOBdZd yo 3. 12. gilsj f J dz Hy M Yydd ( %) mkz dz W

50 jten desMis§ioNEER | dEs@ Oo M BsMisd I S t5dzd yj il
(VHJﬁ')ts-tG§. e 1 OtHJGBI%,B ) d3q dZ)

C dz¢ § dzls ltesdLotsHd J dG) tesdLotsHd §J O
1- SGs* 2-SOs* 3-SOs* 1-SOs* 2-SOs*
NacCl 1 ¢/ dz |15 8 3 12 5
5 ¢/ dz |27 19 16 30 19
10 6/ d47 39 24 43 34
100 6//90 84 85 80 78
HCI 0,01 [|40 5 0 19 15
0,1 [ |80 15 3 43 37
1 99 99 97 83 89

" Ckduj Mot Mkzd WECEikl o0 o | GE (

1 Odzdydy o MMmisOej teec Oded yj MS d - NHej QHE,j dz
O= d Ht.), mMismMsedzr =« & o9LOddisHj2Mlsods fn
HifmMstsydd tj Ocjdises MEEEMuBd) aj d Mifo dddthfdz' Ms
gz v h OwWYW e jy d sdzOdz! dzr ni) ctfztfHfory (fifpdzy W sctclzy
HifMsteBdtckzj sy M f o j ton dats Mls,d1HGIER: pri RIBSO %) tc
cOMsbaC ;% 19 %) . 1 Iss otcj 3v ¢ OCIdls jtftg jde r !
9% ffted otsLHjBNEJdEARBDoNGB @zdzOdzse d ydzr j] L OCt
9 kMmks2ydesmisd tj Ocj dzlstse dzO f tso j toem dzsisd
d Hdzw Ajtejdz & d AJjtoteL ddz0.



vOBdZzdyo 3.11. wbjfjd’ HiNMcCLEEGd] SEe©ds sl O i Bpsuiy Qg @s(sHCl o)
fsojternSBMISH (Vuilhses 1 Otw jdgelees S5 Bd dz)

Cdzs J dzls tsdzayJ Ru j ns%e
sSteOyYydWaus vOAtctsms 1t 158 114 Odzstetdpdzstsidptt AL A skt s
NaCl 1 ¢/ dz|34 16 8 1 2 5 2 0 0 20 8 2
56/ dz 97 53 19 10 12 17 5 3 0,2 41 33 8
10 @6/ dz 100 72 29 18 17 27 14 8 0,8 66 55 11
100 ¢/ 100 99 64 60 64 77 45 40 9 95 94 34
HNOs 0,01 [ - 11 14 32 - - - - -
0,1 | - 26 26 73 - - - - -
1 - 77 76 81 - - - - -
6 [ - 85 86 90 - - - - -
6 [ * - 99 99 99 - - - - -
HCI 0,01 [77 39 1,4 20 17 39 9 50 0,2 26 16 48
0,1 [ |98 75 28 46 50 71 32 83 0,4 63 44 22
1 100 96 90 79 81 85 76 95 18 91 88 0
2 99 96 99 98 99 83 - 22 97 92 0

6 [ HECLOAOY (Lod 00 cBLY yJd LOMSo 5E&Ed




10Cdz6 yjdedjy ¢ G dz0Ooj 3

RLodzj yj dzedJ BtecOdduyi MSdm toj OGJj dzlstse Odzd d
dZzOB dzs HOjIsfpw o T8 JOY @ddzjststlyy HF O OL sdz o] €t
LOo dMmdls dils Wizsdf yd sdzOdz? dzf = ctobkzff § . g ko j dz
Bsdzy Czdzj tj Ocj dzZsO® HJOY§ OL tsdz 6 et C sdzd

MHodcEOjlsmw o Bodjj CdfdkzY ©&B&OMIS' . wsks
SecOddyj MSdn tj Oc¢ ] dzisly Widts sy ORI jdSE] “O di dafss
Bsdzj ] EZLSBS® HJOfOLGd t1. Jtojdv Eflsodst

dLoedzj yiddd stecOddyj mM¢dr tj Ocjdzlstse, daj f tcj

g tsteB yd sdzdzOv  j BBCSEORIsY s teBtg @daBdd Y MSC dd3 toj
Codzduj BEg Qdzj @dzscts sdzdOBd &z@ d Mt ddw o
tcOL d&3j 6O dBsdzj € & dzr tcj] OG j-dgsd@d (¢ OQets dedk Wpid fig lscdz@
mMsteB yd sdzdzOv j d3¢ sMis Edzj dzt nOjlsfiqw. 10 o]
SCMHO oL iy dats € GC totg okl dafiiz j ssEtS § t5dzd Yy
6j OCj dzsO, dzgj ftjorhoOshjlz ydimdzd Oddtsdzstse d3j

g steB Y d s dzdzO8iOx-) RS t figls ‘s s dats M jndecfis] tc§ O d fiz tstcc
toj OcJj dzsOd3 d ucisifd »dsdEzzdiziz08 L 0o d Mdls fiysks] 3 @)
ftedBjtedzs o 2 ©OLO ftod fjtjntH] Bl tagteB]{
tcj O jdzlstse fted toy 6 d tBtoOL o Oded j d3 H S tsdzdac
LOCte] f dzj dedz" dzd dzO 59 j tom dzsfis d .

AloO3, ZrOp, TiO2 dd3j ¥ Is dzO ff so j ton dzgisdglistdr , O fistff to figz
oLOd®sH] 2Misads M  EM@CHG jtdMdDih ddddsddz d ts tefe, Qfdzd w4 M ¢
ftotsdL o 58 8 dz- & dzts dzd dz0O .

viists?2 ydoe sfmis! LOCte] fdzj dedw tstec Oded HiPMDJ -
LOodMmdls I ¢ tofddagj s Sk clitez § gz o d s fis © O fi)
o jdzdyjddd dJ te®ddyjmEgdp. tcj Ocj dals’ , L OCtej
ffujls COwLBBSMdd d 7 ctekf§r, djdjj Ekmlsts2yd
CdMmdzsls, yYyjdd dr Mkzdz Wdtcso Odede" | OdzOdztscjyj Is
ddz desC dmizslsdgts? ctekzy§r, Bdjj bkMss2yds' o
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1ol o 4 sf1vArYosRrRUIRILLVLTS  CF ¢ fsttvdpdcrycf of R
FI{rTRARART J 1 01V 3T ROURYL O R

10Ctjfdzj dgdr j| GzdORIdyr fdHOsl ot
fsdsy dlsj d d 2 i Opwemilsozlts dLodj uj ded  daj
SecOddyujMSdn (0RO Gt 8 d MdzstesH MsH j tey Oh g7
Cr(VIi), As(V), Se(Vl), Odkdsdss - dstsstdf.
Cdsf dzj CMse dudse o3 ls O dzgzezs OB ste € Odzd yj MS d d3c

4.1 10Ctdsdtedsiisd dLodjyjddY ¢dndst
~dBdUd MEdn L dzj B3j dzlstso

md d&zd yj Mmezg d3j dzlsr dzOn sSHWh R MW ) o rAB(V)d -
ar(VI),SgVIl)e otsHdzr 7 tOMlso tste@nts dzj M tefjdcitpR@REs oo HOjf
w s te d3:
C 2] BjABEEO te Oz B ASLHEO e J dlj 6O

dzOn S H j ¢ dzO - S) H §
gr(Vl)  HCroOf 0,74 Cr(ll) Cr(OHY" 596 [247
CrOs” 6,49 Cr(OH)x 6,84
As(V)  H.AsOs 224  As(lll)  HAsOs 9,29 [243
HAsOs* 6,96
AsOs> 11,5
Sg\Vl) HSeO,' -0,3  S4IV) HSeOs' 2,35 [244
Se04% 1,7 Se0s% 7,94

[ dzw dn dL o dzj yd ded w dL 9 BH dz" ~ tcOMmls ot
Odzed sdets ts B d3j dzdz" d3q OL slsMmtsH j ey Of d d&3d Wz dz€ y
Ctsdzyj dzlstcd Br/d) Odzdf e j H dztsy J dz ndlssL Odg, A~ d d3d 1
ndzstcd RPEAHtetsS MdL Isd dzlsted d3j Is  dzO dzd3ts dzd W [ 245] ,
fJStsdzd dzOdBZd dztsor d@3d Wk dzC ydsdzOdz! dz" d3d Gtz § O d3«
Ctej BBdzedw d GcteOW j dzO, BsHdW dydtots?d Doddzr | Mt tseiz
sfhdetso j Ctej dgdaj L § ®Bso ¢ d M disdzdi Y@ af jydiyelds,o Ollzgzze y O
oz f Odg§4].[ 251

CW¥WJSlsdodzatsy Mistes yd tsdzdats(y) CV)yH sty s de@ p 1©OF
dmf sdz' L s Odedd Mddz' destsmdatse dzr = O4lA] Gs dPROSEE, L
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256], Dowex X8 SAX [257], Spectra /GelIE x 8 [ 258] , MmMtsteB j dzlstso

Clolf §f Odkd261],[ @& d dzv d S fd H Ctej dgdzd v , BsH Y
Yjlsddzsteddsj s @6 BBEsBGBHK. [SMdH cwolj d0, &S
fsdzdt sqdzj ded B dzs s [ 264], dLodzjC OjlOCdL] oAss

mdlstsL Odz, Mhdlsr 2 HdLIsddzj dzsted Odsq dats o5,  Pe@d/t) &3
[265].

4.1.1stsdzyj dzls te d to BIP dzaqi(lll )eAs (V) d As (1 $€lV),
Ctej Bdzj L j Bsds, BsHdW Jydtetse Odzdz’ 8 § s dzd O d3q dz® s

stsdzyj dzlsted e mrfMD)dzaffj Cr ( Isltelj)d3dzj L J§ d3, BsHJW
GzOdzd H d detso " d3d SiOglte|Af Y8R 1 () Si@) ¢ R Cdzd ud M
dLodzj €Ol (Misi @goeE) Cr\f)L o oz uJ R OiTs,dR, ©Q M5
Ud o jtelsdydsy d3d Od3d3tsdzd Si0F g ¢ Sigigidtsia © decidd@d OL
307,0 (tdf. 4.1). ltd §jtejosuj 6k 15[y
shdes o dzes s ! ORddetsc oz ff f sdzd Od3d dzts o Yls ts
Csdzd yd Mlso j dedzse s YIL )8 tzfey j dz§ Y Mz tsB dZOMls: d
tc1d 6 ®s dzd wijfuszs ¢ 5 d. U dedfj wWjGdgdy =~ L dzOyj dedw -~ o)
MstcB ydsdzdzsets tcOodetseo j Mdw tod drLoedzj yjdedd Cr

] HJ Off OL tsdZj, Ote1 9@ 39 ®©H dz' Cr(Vik O fiflsedsidts-MiIs o & j
Slsted yOlsj dz' dzts L OtcHGrfjsdd@dsX]ts. Oldzd t8dz® Z dz! s Ols
Ctoj BBdzj L J BO Y sdzdOdR3Ed dzOd3d § 590 J torm desMils! MmsteB §
Mudl uYibejtlsdyder » ORBBsded ] or n thdtse Oded 2
ORdqdetsctezf f 14414 d ¥yrri1, C0O0C sC@) Odtstsg ME
fts OdzdtsdestsB dzj dedets sz d3j m OdzdL Bz L O Myjls oL
Oded Bl@zOs M § sdzsy dlIsj dz! dats L Otew y j dedets?2 ff so j ton dats

RiNHz + H* Z Ri NHs" (1)
RiNHsz*CI' + HCrO; Z R — NHF - HCrOg + Cl~ (2
R—NH,+0OH < R— NH, - OH™ (3)

Lo j dzd uj dQMmspsettatsHdls ¢ ko j dzd WjQHptclz § B
Colstster j ©SCOLM 908l CtsdeS ktedtelzs h jj & @zt @ jizj
(3). 1tilssdBz o wWOMsoatsteOr ftoed ty O 7 dzdB dz¥



t dmikz4zsT. 1 Oo H ;tf sdsdeth)Is d LCEMBLLLE) dzdIfl )6 10)
st j GOA MG ¢1,6)(SiO-) 1 2,9 SiO-) | [ 43,9( SiO-) 1 1 #4,9,Si0-1 ¢ R
(510 s ] wEOMEo WEOHOMyesk, 0 t4 EQ do3d dz

lted {stsd3 Sifslcd jdzgls" LGy CPc ) O jets dL
61 O 6 d®syjl Brls: MEMW) GGt § 5o jsthyDdpts fij Iz j b5t
dzj 2 stc O dz! dzts ¢ s Cr(c[dpeHifedak MifBs®B yd j 2 | G 5[248).dzd 5 @izt
sBteQLfstely] &S50 Hsflsdcec Of Isfiyw ¢ sdzd Y4 M) dzdatnii
MsteB J delsOd3d  f ted tds @@ mis(ote i . ftsde.By)d, Ybsts t
LWWJ Slsdeodetsy Mistes yuMb)dzdBell) tsds Hy Gafzdizd g EBfpdztse d W

atsteB yrl) w HCW i s Odzd Sdzts tsB 03] didztsigyiztc BifHi@RORIE
l1dftsHIso Jtey HOjIsmw dHJ dzlsd ydetsfls' ¢ r@¥istcdy  ofiftfH
cOMmlsoste] d MyjCliess HIWW kL desets /Oy j da
tOfmlse stetse ) 1y 5 (tdfm. 4.2). 1iLdOydlsj
HdWWEL dzse 5 HOH e @Y J walff dedzts o ts dzdzts o Iz & tsB dzOfls
CtotstcHd dzOy d sdzdets 2 rdly j tdfr tc d O dgdetlzOo LOd s H j 2 Mise
Odzd B dztstsB 3 dzdz’ o3af ts etz f HPRYlsteso HIW W kL des @t
BOC M Bzdse d ddzlsj dzido desils: dzgj L Oeadmwis ¢
C sdzyj dZHEPAHA] f S0 j 6R desfylsd Mstke j dzls O.
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t dMezdetsd j £ Is2er  Scor@s)j ded e @flseo stcj d M Jj Silster
Cr(VI)(2) dz0 t e jtornddbyg| MisteB §j dzls O
dor= 1 @ev/=dz1O0Ompesslz, 0, 1 @G

ReMYy j Slster Bi®MBifdels OH s ( Mddgv W  dzd ded 'CYVI) d
(L4 dzj dzOW  odzd dzd v ) i tAd. 93].H J iaf tc ECO W ts ddfirpizlsizSdgi d o dz
Mot FIBBQ [ »p HIJOT OLtsdz LIMP2Ae®dOs M3 GQasjHdgr
Ctsdzj BIOHE2 4 461 c g o Odzj dzls dz' - 1 HHs(e3]482CPd)d Q2 o3 s tiedz jtf |
2924 mM&8Y BIs MW sy TCH ik f DB HO YyOMissh j
slsdzsd Ismw C gl st HdyM®dad2 6 7] , O ftsdksmhmo
9 Odz] dzlIS izlagiB O dzdiNHMo ¥ isdhdzy Gr(Vb dzjormngdgd™istc O 1 5
mMdzOe " j fsdshr ftd POO0TGPretfZes.0 ids

t diMzdetsC M4 .jX steR s 8@k f dzels@ts ( d daw v dzd dad »
C sdeyd dzls tc CeMb)o O(dedjvdzj dzOW  dzd ded v )



