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¥ CTapguv papMoXMMUYECKOro aHann3a

Obpaseu;: TBEPAbIN UTN KUOKUN

MoarotoBKka obpasua:

- MpeaBapuTeNIbHOE KOHUEHTPUPOBAHUE }KUAKUX 06pa3LoB

- PacTtBOpEHME MM BbilleNa4YnBaHue aaa TBepAabix 06pasuos

p

PaspeneHue:
- OcaxkpgeHune

- MOHHbIN 0O6MmeH
- DKCTpPaKLmA

- DKCTPAKUMOHHaA XxpomaTorpadpums

anI'OTOBI'IEHMG CHETHOrO o6pa3L|,a

N3mepeHue




, MeToabl pa3aeneHus x b s

[1Byxda3Hble reTeporeHHble CUCTEMBI

ol ':::

XNAOKOCTb — TBEPOOE
METOAbl COOCAXAOEHUA
XPOMATOIPA®UA

XKXNAOKOCTb — XNOKOCTb
OKCTPAKLUUA

A3 — TBEPOOE
METOAbl AOCOPBLUU TA30B




JKCTPAKUWNA

* IKCMPAKUUA — N3BJIEYEHNE KAaKOro-1Mbo BeLLecTBa
XUAKOCTbIO U3 APYron XUAKOCTU Unun Teepaoun dasbl.

* }K\UOKOCMHOA 9KCMPAKYUA — U3BJIeYEeHME U3 BOAHOTO
PacTBOPaA B }KMAKYIO opraHuyeckyto ¢pasy, He
CMeLlMBatoLLYyoCA C BOAOW.

* PesakcmpaKuyusa — obpaTHbIXM NPOoLLEecc — U3BNeYeHue
3KCTParnpoBaHHbIX COeAUHEHUN U3 OPraHNYECKOM
da3bl B BOAHY, KOTOPbIN ODObIYHO cneayeT 3a
3KCTpaKUmen.

P



, MMNAKOCTHAA 3KCTPaKUMUA x b s

[lpumeHeHune

B nabopatopuu B npombiWNEHHOCTH

o A

* AHanutunyeckaa xmummsa * [uwesan
* OpraHuyecKaa xmumma * BuotexHonorus

* bnoxmmwma * [mnapometannypruma

"W (LWKO/MbHbIN» NPUMEpP — BblaeNeHne
KodeunHa




, MMNAKOCTHAA 3KCTPaKUMUA x b s

Obuwee paccmoTpeHue

[NlepepacnpeneneHmne KOMNOHEHTA MeXay ABYMS HeECMELLINBAOLWMMUCA
KUAKMMU pa3amm, nepBOHAYA/IbHO PaCcTBOPEHHOIO B BOAHOW da3e:

A

KoHTaKT a3 PaspeneHue ¢das

P



, TepmmnHonorus b,

JKCTpaKUUA PeaKkcTpaKuus

= g o

-

PeaKCTpaKT

g o



, MUNAKOCTHAA 3KCTPaKUMA ; r“1 '

TepmunHonorua

= ¥

NMpombiBKa




7 MexaHusmbl

3KCTPAKL MM

* du3myeckoe pacnpegeneHune

e ConbBaTHbIN (MApPaTHO-CONbBATHbLIN )

* NoHoOBMeHHbIN (KaTMOHOOOMEHHbIN,
AHNOHOOOMEHHbIN)




, MexaHWU3Mbl IKCTPaKLUK b

dusnyeckoe pacnpegeneHue
[1BMKyLLasa cMna — conbBaTauma

OpPraHMYeCcKMM pPacTBOpUTENEM
Taknm obpasom

SKCTParnpyroTca:
HenonApHble coeaAnHeHnA
MOJ1IEKYTIAPHOIo CTPOEHUA
Hanpumep: manononapHble

OpraHn4yeckue coegmnHeHus,
ranoreHsbl, 0OsO,

JKCTpaKUMA noaa

IZ(B)H IZ(O) TONYyO/10M

[To TaKOMY MeXaHM3MY MOXKET 3KCTParMpoBaTbca BOAa, a

SKCTPareHT MOXeT nepexoanTb B BOAHYIO a3y
g 12



, MexaHWU3Mbl IKCTPaKLUK b

ConbBaTHbIK MeXaHU3M

XapaKTepHble rpynnbl:

O: -OH(R), P=0, C=0,

— COAEPXUT INEKTPOHO- 5=0
[LIOHOPHbIE aTOMbI, HEUTPasibHOEe N:-N Hz, -NHR, -N Rz, Py

[1BunKyLLas cmna — obpasoBaHue
OPraHOPacTBOPMMOTO KOMMIEKCa

coeiuHeHne . -SH, C=S, P=§,
Taknm obpasom TModeH
3KCTParnpytoTca:

Conun MeTannoB 1 KUCNOTbI
YpaBHEHME 3KCTPaKLUKUK B 0bLem Buae:

Me"™ g+ DA™ 5 +m3IKcTpareHT o =[MeA (3KcTpareHT), ] o

g 13

M™ +nA- + mL « (MA,)L,,




, ConbBaTHbLIM MEXaHU3M x b s

TUNUYHbIE SKCTPareHTbl

0 O
||:|> CH |
@ N g CH.~ P\C H
\/\/O o o
TpuoKtTunpochuH
TpM6y(TTMBﬂqcl>)0C¢aT okcug (TOPO)
O
H4C C;!—'
| 7
H,C < N\C;!—!,y
CH, !
MeTnnn3obyTUaKeToH TPuoKTANAMAH

(MWUBK), lekcoH

g 14



' ConbBaTHbI MexaHU3M il

KpayH-3punpbl N KaNANKC-apeHbl

CynpamoneKypHaa XMmMmnA, «KroCTb-XO3ANH»

H,C—CH, HC—CH;
H,C—0 0—CHy
o 0 S
— — N
Hzi Li EHE HEC/\\H Ma' F/,CHE
Hz HD — Hz ¢ D\".l
2 CHj
H,C —CH, Roizcge:c
Hgf{C— CH,
HyC— 0 0__CH;
E ,
H5 N CHs
:p------f'zé ...... o’ LLInpoKue BO3MOXKHOCTM
A
BSOS ana moamndukaumnm
Hg[::—ﬂ’\ 0 —CH,
HQC—CHE

PasgeneHune WenoyHbIX U
LLLE/TOYHO3EMEJIbHbBIX META/1/10B

g 15



, MexaHWU3Mbl IKCTPaKLUK b

[MAPATHO-CONbBATHbLIN MEXAHU3M

[1BnKyLLas cmna — obpasoBaHue

OpraHoOPacTBOPUMOTO KOMMJIEKCa

B KomnieKc obasaTenibHO
— COOEPHUT 3/IeKTPOHO- nepexogut H;0"
JOHOPHbIE aTOMbl, HEUTPAabHOE

coegunHeHue
TakMm 06pasom KoHueHTpupoBaHHbie(>1M)
pactBopbl HHal Kucnor:

Komnnexchbte / H[InCl,] H[SbCI],H,[TeCl]
KomnneKkcHble KUCNOoThbI ’
HReO,

Hanpumep: - In, Sn, As, Sb,
Te, Re
H*+ mH,0+SbCl,+n3kcTparenT = [H(H,0),, (3KkcTparenT) SbCl]

16




, MexaHn3mbl SKCTpaKLMK b

KaTMOHOOOMEHHbIM MexaHM3m

[1BunKyLLas cmna — obpasoBaHue
OPraHoOPacTBOPMMOM COMU

— OpPraHOpPacTBOPMMbIE KUCNOTbI:

O ﬂ) Pl 0
ROp_ Rop - Repl A
RO CH Ro  OH R~ OH | | |

dochopHble dochoHoBbIE docohdmHoBbIE KapboHosble

Taknm 0bpa3om aKCTParnpyroTcs:
KaTMOHbI MeTannoB, CONN METAN/IOB

17



, KaTMoHOOOMEHHbIN MEeXaHU3M x b s

YpaBHEeHMe 3KCTpaKunu
M™ + nHL < ML, + nH* M™ + n(HL),< M(HL), L, + nH*

Me™ g) +n(HA)y0)=Me(HA,) o) nH" g
& ) c(H) M B

R BOAHOM dase

Anmepbl KUCNOT B HENONAPHbBIX OPr. 0 &
pacTBoputensax a)




, KaTMoHOOOMEHHbIN MEXaHN3M

iwy

TUNUYHbIE SKCTPareHTbl

MoHo-(2-3Tnnrekcunosoro) apupa (2-

Aun(2-stunrekcun)dpocdopHas 3TUAreKcnn)-pocGoHOBOM KUCNOTbI.
kucnota ([423PK) PC-88A, HEH(EHP)
R2
R 1 —|—<
Ry Of

Cmecu BbICLLIMX KapOOHOBbIX
Kucnot (Bepcatuk 10)




, MexaHWU3Mbl IKCTPaKLUK b

AHUOHOODOMEHHbIN MexaHU3M
[Buxkylas cuna — obpasoBaHMe OpraHOPaACTBOPMMOM COMM,

obMmeH aHMOHaMU
— COAEPKUT OPraHNYECKNIN KaTUOH:

H\ :
cl N
P R

HC

CHs

HsC

HYeTBEPTUYHOE aMMOHMEBOE KaTnoH nupunanHums KaTnoH nmunpaasonusa
ocHoBaHue (YAO)

Takvm 0bpa3om aKCTparnpyoTca:
AHWOHbI MeTannoB, aHnoHble komnnekcoi: 1¢0,~, Ln(NO;),

Men* &) nA" (B)+9+A'(O)=3+[IVIeA(n+1)]' )

(MAn+x)x_+mR4NL < (R4N)m(MAn+x) + mlﬁ



»

OnucaHue sKCTpaKUMOHHOTO rH1 n

PAaBHOBECUA
N3BeyeHuUe: Pa3sneneHue:
KoadduumeHT pacnpeaenenus (Kd, D): KoadduumeHt pasgenenus (SF, B):
_ Clopr] D(A)
D= Clsoa] SF(A/B) = 5(E)

npu paseHcmee Vope = Veoo
CreneHb n3sneyexHus (E):
Clopr] D

C(ucx) ~ D+1

E =

EMKOCTb 3KCTpareHTa:
MaKCMMaJibHaA KOHUEHTPaUUNA
3KCTparnmpyemoro selecrsa 8 opr.dase
NnpPpUn AaHHbIX YCZTIOBUAX

dakTop oborauweHua (S):

_ E(4) _ D(4) D(B)+1

E(B) D(B) D(A)+1

2



OnucaHme SKCTPAKUMOHHOIO 4 (b

ot PABHOBECHSA. 130TEepMa aKCTPaKL MM

MNo3sonsaer pPacCcy4nTaTb
TEXHOJIOTUYECKUN npouecc

&
Copr /
EMKocTb e

-

3aBUCUMOCTb pacnpeneneHma T

MeTanna oT BpemMeHm JInHeMHbIN y4acToK,

D=constant
7 .

Caop

N30Tepma aKCTpaKkuuu

«TpeTba dasza»
HepacTtBopumbie cOMn, KOMMEKCHI,
nosmmepbl

tga = D(Met)

g 2



Cnocobbl peanmsaumm b

3KCTPAKLMM

HamnbonbLwasn

o
OAHokpaTHas 3P PEKTUBHOCTb
* MHOrokpaTHasa «— U3BJIeYeHMA, HO BONbLLION

* [lpoTnBOTOUYHAA pacxo/, aKCTpareHTa

JKCTpa KTI

H EH HE B
H EH E B
lPa(I)I/IHaT

g 23



»

MHOrokpaTHaA 3KCTPaKLUMA x b s

_ c—1 c=D Vopr
P =17 V somn

_(et1D)"-1
E,= (e+1)"

& — ocTaTOYHanA A0/19 3/1eMeHTa B BOAHOM PacTBope
€ — CTEeNeHb 3KCTPAKLUM
N — KOZIMYECTBO CTYNEHEN IKCTPaAKL UK




,Cboplv\a 3KCTPArmpyemoro KOMI‘IOHEHTE}\JAL,L

JKCTparmpyembii KOMNOHEHT AO/IXKEH HAaXoAMTCA B
noaxodAlLen AN AaHHOro mexaHusma popme

Yto moxkeT BAMATL?
i> O6pa3oBaHue 0cajKos,
° rM,LI,pOnM3 (pH?) KON1/IONA08B rMap0oan30BaHHbIX

* KomnnekcoobpasoBaHne $oPMUTA.

" 4 v

HeopraHunueckue OpraHunyeckue nuraHabl —

NraHAbl MOTYT coaepaTbCA B
npPUPoAHbIX Npobax, ocTaTkm
XpoOMaTorpapmyeckmx CMon u

T.A.
g 2




,anmHme GOHOBOrO 3/1eKTPONANTA HA 4 4 4

3KCTPAKLUMIO

BblcanneaTenb — He3KCTParypemasa co/ib, UMetoLlaa TOoT XKe aHNOH, YTO U

3KCTparyemoe coegnHeHune
Mouemy TaK npoucxoaut?
1. CaBUr XMmmn4yeckoro paBHoBecMA B CTOPOHY 06pa3oBaHMA OPraHOPacTBOPUMOTO

KOMMAEKCAa. (YBEJ’IW—IGHMFI KOHUEHTPaUUn aHI/IOHOB)

Me"™ g+ NA” g +m3KcTparenT ,,=[MeA (SkcTpareHT) ]

A

2. YMeHblueHne KoapduumMeHToB aKTUBHOCTM BOAbl

Me(H,0),™ g+ NA" g +m3IKcTpareHT o =[MeA (3KcTpareHT) ] o) + XH,04,

\ LHernapatayuna /

BbicannBaHue NpUBOAUT K yBeNUYeHUs KoadPULUMEHTOB

pacnpegeneHuns
ﬂ



,BJ‘IMFIHME KUCNOTHOCTM Ha 3KCTpaKLI,MPQ\JAL,L

KUCNOTHbIE 3KCTPareHT bl

KcTpakuua MoO,%* p-pom [23IDK n3 a30THOKUCAbIX cpes,

CmeHa mexaHun3ma
Ha CO/IbBATHbIN,
BblCa/MBaHUe

JKCTpareHT
NPOTOHUpPYeETCA,
3KCTpaKumA nagaet

MMAPONU3HbIE /._, 1 ! : '
dopmbl MoO,(OH), pH & 2 U

- r 7
He 3KCTparnpyeTcs i 3 & 7N !.r’q? J, PG 07T

BonboOmaH u 0p. OCHOB8bI SKCMPAKYUOHHbIX U UOHHOOOMEHHbIX
npoyeccos. Mockea. 1982. Cmp.124 27



»

BAanAHMe BTOPOro sKCTpareHTa x b s

CuHepreTudyeckmm adPpekxT

e «CnoxeHune» adpdeKkToB — KO3PPULUMNEHT pacnpeaeneHuns
yBeNn4YmMBaeTcsa nponopumoHanbHo (1+1=2)

* «YMHOXeHne» 3pPeKToB — KO3PPUUUNEHT
pacnpegeneHna (Mnmn pasageneHuns) pe3ko Bo3pacTatoT
(1+1>>2) — cMHepreTnyeckmnm appexT

(0obpa3oBaHMe CMeLaHHbIX OPraHNYECKMX KOMMNEKCOB)

* «BblYUTaHUE» 3PPEKTOB - KOIPPULUMEHT pacnpegeneHuns
(nnun pasgeneHuns) pesko nagarot (1+1<<2)
aHTUCUHEPreTUYECKNN SPPEKT

g 28



»

CuUHepreTu4yeckmnm sdPpekxT b

Otnenenune Cd ot Zn u Ni

oo SF(Cd/zn) = 5

coor Y@%OH/-F \E.:<_

[nnsonponnacannunnoBas K-Ta

[UN30NpOnNUACaNNLMA0BAA K-Ta Tpu-nzobytnndocouHcynbdug,
" b . “In Ni ] w b cd n Cdz N T
Hun3kaa cenekTMBHOCTb y
4
SF=100 6

. .
- 1 d
. -
[ ! L}
J -
-
) /
0o
(I

A I 1 I ' 'l '}
i 1 L I i L ! 3 A 5 6
] 3 L 5 6 2

Equilibrium pH

g 29



CoBpemeHHble TeHAeHUNN , rf\ ,

B SKCTPaKLMM

. VlOHHbIe XnaKocTu 3en1eHan Xnmus

F{:\NLC

~o~Nw E
F-
£

F
_F
N
F

Boaa nan yrnekucnbini ras B

* CBerKpMTMHECKMe
CBEPXKPUTUYECKOM COCTOAHMM KaK
(I)I'I HONbl pacTBopUTENY

° MI/IKpO(I)I'II'OI/I,EI,HaFI MuHuaTIOpU3aLmMa npoueccos And

XMMUYECKOIo aHa/iIn3a — KBagpaTHble

IKCTPaKUUA CaHTUMETPBb




Cnacu60 33 BHMMaHue!

K.X.H., aou. [leTtpos Baragnmup leHHagnesuny
vladimir.g.petrov@gmail.com
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