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C ~en~~ KOH~eHTPHPOBaHHA CneAOBWX KOnH4eCT8 TA*enWX 
MeTannoa HS rHAPOTepM Hcnon~sosanac~ HX cnoco6HOCT~ co
oca*AaT~c~ c rHAPOOKHC~MH PAAa 3neMeHTOB /Mg , Ca , Mn, 
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4eneKeH H 80AaX OCTpoaa KyHawHp. 6narOpoAHWH xapaK-
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BBEAEHHE 

B pa6oTe1 11 8 pe3ynbTaTe x~M~4ecKoro KOH4eHTp~poeaH~R YAa
nocb o6Hapy•~Tb 8 r~APOTepMax nonyocTpoea 4eneKeH He~38eCTH~H 
cnoHTaHHO AenR~~HCR HyKn~A. np~HaAne•a~HH, 8epoRTHO, K o6nacT~ 
ceepxTR•en~x 3neMeHT08 /CT3/. nocKonbKY ero KOH4eHTpau~R 4pe3-
B~4aHHO Mana /no-8~A~MOMY, nopRAKa ~ 1Q-H r I r 8 11CXOAHOM pac
cone/, TO noTpe6o8ancR 3~eKT~8H~H cnoco6 , KOTOP~H no3eon~n 
6~ CKOHUeHTp~poeaTb 3Ty aKT~8HOCTb AO He06XOA~MOrO ypOBHR, 
4T06~ ~MeTb 803MO*HOCTb AeTanbHO ~ccneAOBaTb ee RAePHo-¢~3~-
4ecK~e ~ X~M~4eCK~e CBOHCTBa. B CBR3~ C 3T~M HaM~ npoBOA~n~Cb 
MeTOA~4eCK~e pa3pa60TK~ C ~CnOnb308aH~eM, B 4aCTHOCTI1, ~OHHO
ro 06MeHa ~ 3KCTpaK4~11 / 2.3/. 

0AH~M ~3 Ha~6onee pacnpOCTpaHeHH~X MeTOA08 KOH4eHTp~p08aH~R 
np~MeceH TR*en~x 3neMeHT08 RanReT CR ~x oca•AeH~e ~ cooca•AeH~e 

c pa3n~4H~M~ TPYAHO pacTeop~M~M~ coeA~HeH~RM~. 3aMeT~M, 4TO 
3Ha4~TenbH~e KOHUeHTpau~~ 8 r~APOTepMax Mg , Ca , Mn ~ Fe 
no3eonR~T e KOHKpeTH~x ycno8~Rx ~cnonb308aTb cooca•AeH~e, Ha 
np~Mep, C r~APOOK~CRM~ 3T~X 3neMeHTOB. 

Ba•Hoe 3Ha4eH~e np~o6peTaeT ~ MeTOA caMonpo~3eonbHOro B~Ae

neH~R 3neMeHT08 Ha MeTannax, ~Me~u~~x 6onee 3neKTpooTp~uaTenbH~H 
noTeHu~an.06a 3T~ MeTOAa He o6naAa~T B~COKOH ~36~paTenbHOCTb~, 
~ C ~X nOMO~biO MO*HO B~Aen~Tb OTAenbHble rpynn~ 3neMeHTOB, X~M~-
4eCK~e CBOHCTBa KOTOp~X no aHanor~~ 6n~3K~ K npeACKa3aHH~M 
CBOHCTBaM ceepXTR*en~X 3neMeHTOB. no3TOMY MeTOA~ KOH4eHTp~po
BaH~R 3TOrO T~na MOryT OKa3aTbCR OnT~ManbH~M~ Ha nepB~X 3Ta
nax ~3ene4eH~R TR•en~x 3neMeHTOB ~ ~x c8epxrR•en~x aHanoroe 
113 npi1POAH~X BOA , COAep•a~~X 60nbw~e KOn~4eCTBa ~en04H~X 

11 ~en04H0-3eMenbH~X 3neMeHTOB. 
CaMonpoi13BOnbHoe 8NAeneHI1e 3neMeHT08 /ueMeHT11P08aH~e/ npo~c

XOA~T TOrAa, KOrAa nOTeHu~an BCeH CI1CTeM~ 3neMeHT - paCT BOP -
3neKTPOA npee~waeT noTeH411an pacTeopeHI1R MeTanna 3neKTPOAa 
(E) B 3TOM *e pacreope. 3Ha4eH~R E MOryT 6~Tb AOCTaT04HO XOPOWO 
pacC411TaH~ no ypaeHeH~IO HepHcra 141 c y4e roM o6~eH KOHUeHTpa-
411~ MeTanna v creneH~ A~ccou~au~~ e ro KOMnneKcoe. B Ta6n. 1 
np~BeAeH~ HopManbH~e OKHcn~renbHo-eoccTaHOB~renbH~e noreHu~an~ 

HccneAye~g~~ 
1 

HaMH 3neMeHTOB AI , Zn , Fe , 11 , Pb , Bi , llg , 
Ir ~ Pt ' . 

~l!Ciif.olt ~.d alcmyT 
t!lt ~~.:;:_ .J4 .!f!Jo.&ul 

_..litru·., Jiv '~ JT§H~ 
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Al / Al3+ 

Zn/ zn2+ 

Fe / Fe 2+ 

Tl / Tl + 

Pl>/ P b2+ 

Bi / Bi 3+ 

Hg/ Hg2+ 

Ir I Ir 3+ 

Pt/ Pt2+ 

- 1 , 66 

- 0 , 76 3 

- 0,441 

- 0,335 

-o. 126 

+0,2 

+0 , 798 

+ 1,0 

+ 1, 2 

Ta6n1-1~a 1. HopMan bH~e OKHCnHTen bHO
BoccTaHOBHTen b H~e noTeH~Han~ E , [ Bl 
HCCneAyeM~X 3neMeHTOB 

Ta K KaK ceepxTR~en~e 3JleMeHT~ no 
n peACKa3aHH~ AOJlM<H~ HMeT b 6naropoA
H~~ xapaKTep , TO HHTepeCHO non~TaTbCR 

B~AenHT b HX nyTeM ~eMeHTa~HH ' 7 / . 

HeCMOTPR Ha 04e Hb HH3KyO KOHUeH 
Tpa ~H~ CT3 a T epManb H~x BOAax 
"' 6on bwy~ cTa6Hn bHOCTb Hx rano re
HHAH~x KOMnne KcoB, noTeH~Han E A11R 
CT3 , no- aHAHMOMy, 6yAeT sHa4HTeJ1bHO 
a~we noTeH~Hana Al , Zn , Fe H Hg. 

04eBHAHO , 4TO Ha ¢aKTOp B~AeneHHR 6yAeT OKa3~BaTb onpeAeneHHOe 
BJlHRHHe "' KHHeTHKa ace ro cyMMa pHo ro n po~ecca . 

3KCnEPHHEHTAnbHAR 4ACTb 

Hcnonb soaanHc b paAHOa KTHBHble OTMe T41-1 KH Ir , Pt , Tl , P b 
H Di B 6e3HOCHTeJ1bHOM COCTORHHI-1, 4T06~ H36eM<aTb H3MeHeHHR KOH
~eHTpa~HH 3THX 3n eMeHTOB a pacconax. CHHTe 3 paAHOaKTHBH~x Hso
TonoB, HX B~AeneHHe H nOArOTOBKa pa604HX pacT BOpOB - pa CCOJlOB 
npOBOAHJlaCb TaKHM M<e cnoco6oM, Ka K H B pa6oTax l2 ,3/ . HCXOAH~e 
xapaKTePHCTHKH o6pa3~0B BOA~ 4eneKeHCKHX H KyHaWHPCKHX rHApo
TepM, Hcnonb3osaHH~x a on~Tax, 6~111-1: 4ene KeH -260 r/n cone~ . 
OKHCJlHTen b Ho-aoccTaHOBHTf'n b H~~ noTeHuHan Eh "'1 60 MB , pH = 6111

; 
KyHawHp - 5 r/n cone~, Eh ,. 430 MB ,p H =1, 6 18 1 , 

On~T~ npOBOAHJlHCb cneAYIOUIHM o6pa30M: 
B npo6HpKH BHOCHJlH no 20 MJ1 pa ccona , MapKH POBaHHor o paAHo

a KTHBH~MH H30TonaMH Ir , P t , Tl , Pb "' Bi, "' Harpe aanH AO 
70° C / 4eneKeHC KHH paccon/ HJlH AO 100 ° C /KyHa WH PCKaR BOAa/. 
3aTeM, npH HHTeHCHBHOM nepeMewH s aHHH Man~MH nop~HRMH, Ao6a anRn
CR pacT BOp NaOH AO AOCTH~eHHR saAa HHOro pH OT 7 , 5+ 10. H3-
MepeHHe pH npOBOAHJ10C b B r opR4eM pa CTBOpe C nOM~b~ CTeKJlRH
HOr O 3neKTPOAa . B APy roH cepHH on~TOB nepeA oca~AeHHeM pacT
Bop~ OKHCJlRJlHCb ra3oo6pa3H~M xnopOM B Te4eHHe Tpex MHHYT AO 
AOCTH~eHHR Eh = 1000 MB "' p H =2 "' B~AeP~HBanHcb a Te 4eHHe 
10 MHH npH TeMnepaType 500 C. nocne OCal4<AeHHR OCaAOK C pac T
BOpOM 0CTa BJ1RJ1CR Ha 15 MHH npH 50 °C /~ BeT OCaAKOB rHAPOOKHCeH 
6e3 OKHCneHHR xnopOM - CBeTn~~. C OKHCJle HHeM - KOPH4HeB~H/. 
AJlHKBOTH~e 4aCTH ~eHTPH¢yraTa H HCXOAHOrO paCT BOpa ynapHBaJlHCb 
H H3MepRnHCb Ha Oe(Li ) - y -AeTe KTope / o6"beM 35 CM 3 , pas - · 
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peWeHH e 2 ,5 K38 npH 3HeprHH 661 K38/ . 0T ~eHT PH¢yrHposaHH~~ 
OCaAOK B~CYWHBanCR npH TeMnepaType"' 200° C AO nOCTORHHOr O BeCa. 
OnpeAeneHHe cocTaBa ocaAKa npoBOAHnocb peHTreHo¢n~opec~eHT H~M 
aHanH30M, a KTHsa~HOHH~M (Na , Cl , Mg) "' XHMH4eCKHM aHanHsOM 
(Mg,Ca). JlnR 4ene KeHcKoro paccona npH pH = 8, 3 Mbl nony4HnH 
cneAY~~ee npo~eHTHOe coAep~aHHe 3neMeHTOB B ocaAKe: Ca/9%/ , 
Mg /7%/, Na /30%/ , Cl /50%/ , Mn /0 , 10%/ , Zn /0 , 28%/, Sr /0 , 29%/, 
Fe / 0 , 19%/ , As /0 , 0 1%/ "' Dr /0 , 25%/. YBenH4eHHe KOJ1H4eCT Ba 
OCaAKa C yBeJ1H4eHHeM pH HAeT s a C4eT oca~AeHHR rHAPOOKHCe~ 
Ca 1-1 Mg. CocTaB ocaAKOB , s~naAaiOUIHX np~-1 Eh= 1000 MB, oTnH4aeT
C R TeM, 4TO Mn H Fe nOJlHOCT b~ oca~Aa!OTCR, a Br OTCYTCT ByeT. 

B Ta6n.2 npHBeAeH~ cpeAHHe s Ha4eHHR pesyn bTaTo B HeC KOJl bKHX 
on~Toa no B~AeneHH~ MeTannoa H3 paccona 4eneKeHa 1-1 KyHaWHPCKO~ 
BOA~ · Hs T a6nH~~ cneAyeT, 4TO caM~MH nOAXOAR~HMH ycnoBHRMH A11R 
B~AeneHHR TR~en~x 3JleMeHTOB RBJlR~T CR Eh = 1000 MB 1-1 pH =8 , 3 , np~-1 
KOTOp~x B~AenReT CR 6onee 94% P t , Tl , Pb "' Di a HaHMeHbWeM 
KOJ1H4eCTBe OCaAKa. 

On~T~ no ~eMeHTHpoBaHH~ H3 pacconoB npoBOAHJlHCb np~-1 Tex 
~e HCXOAH~x napaMeTpax . K 5 MJl paccona c a~weyKasaHH~MH paAHO
aKTHBH~MH OTMeT4H KaMH A06aBJ1RJ1H Cb: 1 r Hg , 100 Mr cTpyM<KH AI , 
Zn 1-1111-1 Fe. Pa cTBOP HHT eHCHBHO nepeMeWHBancR a KOHH4eCKHX Kon-
6ax c noM~bO BH6POB36anT ~BaTenR . 3a TeM nocne ~eHTPH¢yrHpoBa
HHR OT6HpaJ10Cb 3 Mn paCT BOpa 1-1 onpeAeJlRJlaC b ero a KTHBHOCTb no 
cpaBHeHH~ C H CXOAH~M pa CiBOPOM. n po~e HT B~AelleHHR HCCJleAyeM~X 

3neMeHTOB Ha Hg , Zn 1-1 Fe np ~-1 BeAeH B T a6n . 3. 
Jln R Al pe3 y11 b TaT~ 3aBHCRT OT cTeneHH 04HCTKH noBepxHOCTH 

MeTanna . TaK, Ha npHMe p, A11R Bi npo~eHT H3Bne4eHHR H3 4ene KeH
cKoro paccona Ha Al cTpyM<Ke c Heo6pa6oTaHHO~ noBepxHOCT b ~ np ~-1 
TeMnepaType 20 - 70° C 6~11 He 6onbwe 40. nocne o6pa6oTKH MeTanna 
o6e3}:HpHaaHHeM B CC14 1-1 Tpa aneHHeM B 10% HCl I 3 5 MHH ./ ' 9 npo
ueHT H3Bne4eHHR 6~n OT 75 AO 85. no3TOMY n p~-1 B~6ope MeTaJlJlOB 
AnR npos eAeHHR on~T OB no ~eMeHTHpoBaHH~ KPOMe HX nonoM< eHHR 
B PRAY HanpR~eHH~ He06 XOAHMO Y4HT~BaT b 1-1 BJlHRHHe BTOPH4H~X 

¢aKTOPOB, KaK, HanpHMep, xapa KTepa noBepXHOCTH , ee MHKpOCTpyK
Typ~ , HCTHHHO~ BenH4HH~ nno~aAH aKTH BH~X UeHTpOB H T.A. He-
06XOAH MO Ta K~e 3aMeTH Tb, 4TO np04H~e H HHepTH~e KOMnJle K C~, 

KOTop~e MoryT o6pasoB~ saT b TaKHe 3neMeHT~ , KaK Ir "' P t. Bos 
MO~Ho, saTPYAHR~T BOCCTaHOBJleHHe AO MeTanna . 

H3Me He HHe BpeMe HH KOHTa KTa OT 70 AO 120 MHH He yBe J1H4HBa-
eT B~XOAa, TaK M<e , KaK H ys eJ1H 4eHHe TeMnepa Typ~ B~We 40° C. 
On~T~ c noHH~eHHeM TeMnepaTyp~ /c 70 AO 20° C H OT 100 AO 20° C/ 
npOBOAHJlHCb C ~eJl b~ npH6J1H~eHHR K yCJlOBHRM pa60T~, KOTOp~e 
HMeJlH 6~ MeCTO npH HCnOJ1 b30BaHHH Me TOAa B noneB~X yCJlOBHRX 
Ha nonyOCTpOBe 4eneKeH H OCTPOBe KyHawHp, rAe BOAa B~TeKaeT 

1-13 CKBa~HH npH TeMnepaType 70 H 1QQ° C COOT BeTCTBeHHO, H saTeM 
B npo~ecce on~Ta oxna~Aanac b 6~ AO TeMnepaTyp~ OKpy~a~~ero 

sosAyxa . 
3 



Ta6m14a 2 

B~AeneHHe TA~en~x MeTannoe H3 paccona 4eneKeHa .., H3 KyHaWHpCKOi1 BOA~ npH OCa~AeHHH 
rHAPOOKHCei1 

1-icxo,D.Hiie ,D.aKHhle 0 c a lit e H H e 
BOA KonHQeCTBO OCaAKa CoAe p!laHMe ;)JJe MeHTQB 8 OC!!,llKe (a· % MCXOAl!OrO) 

Eh pH pH 
a r. 8 % MCX. 

[MB) M3l n CO,D.e~MM Tl Pb Bi Ir Pt 
cone 

4eneKeHCKHR e!CCOn 
7,5 0,3 0 ,12 12 t!3 ~ 20 29 

160 6 t;,3 3,5 1,3 17 % 90 2.3 t:l8 
9,0 6, 7 2,6 21 93 96 3!> 84 

10 z 13 5 46 94 100 46 88 
'7 , !> 1,3 0,5 92 75 94 36 9t; 

1000 2 !;l, :3 4,b 1, 9 IOU 99 97 39 96 
:1 ,0 10 4 100 99 9tl ~ If) 

10,2 JO 12 98 99 99 25 If) 

/iYH8JDH 12£ K8JI BO,!la 
d 0 , 50 7 35 80 94 04 92 

4~ 2 9 0 ,65 ~ 37 bl 9:3 d4 If) 
tj 0,50 7 % 99 95 tx; 94 

1000 <: \} l./ , 6!> 9 76 96 94 91 9:3 

-~-

Ta6JlH4a 3 

L.le MeHTHpoeaHHe TR~e!l~X 3JleMeHTOB Ha pa3H~X MeTannax 

J..(eM, oc SpeiUI l13BJ!BQBHH.!t_ ~neweHTOB % 
weT. KOHT8KTa 

Tl Pb Bi Ir Pt WHH. 

~eneKeHCKHR ~ccon 

20 70 90 100 tl5 70 38 

Zn 40 70 90 100 ~ 00 ?0 
70 70 100 100 7u 73 9() 

70-20 120 97 96 82 69 86 

Fe ?0-20 120 f:f7 00 82 32 ?6 

Hg ?0-20 120 10 10 56 l!:l 75 

t\vH8JDK'PCK8JI BO,!la 

Zn 100- 20 120 100 9? 93 70 ?2 

Hg 100- 20 120 0 0 5 J 60 



3AKI104EHI1E 

0ony4eHH~e pe3yJlbTaT~ CB~AeTeJlbCTBY~T 0 B~COKO~ CTeneH~ 
B~AeneH~R 3lleMeHTOB Ir • Pt • n . Pb ~ Bi ~3 pacconoe np~ 
oca~AeH~~ NaOH . OnT~MallbH~M~ ycnoe~RM~ oca~AeH~R, KOrAa 
np~ He60JlbWOM KOJ1~4eCTBe OCaAKa AOCT~raeTCR xopowee ~3Bne-
4eH~e TR~en~x aneMeHTOB H3 4eneKeHcKoro paccona H KyHawHp
cKoi1 BOA~, RBnR~TCR pH = 8 H Eh = 1000 MB. 3axeaT M~KpoaneMeHTOB 
OCaAKOM 8 3TOM cny4ae B~We 96% /KpOMe lr /, a KOJlH4eCTBO no
ny4aeMOfO ocaAKa cocTaenReT ~ 1,9% OT Mace~ ecex cone~. 
HaXOAR~~XCR B f~APOTepMaX nonyOCTPOBa 4eneKeH, H 7% - OT 
COlle~ KyHaWHPCKO~ BOA~· 

Pe3~MHPYR peaynbTaT~, nony4eHH~e npH npoeeAeH~H ~eMeHTH
poeaHHR, MO~HO CKa3aTb, 4TO Ha ~~HKOBO~ CTPY~Ke B~AenReTCR 
6onbWHHCTeo TR~en~x MeTannoe /oT 70% Pt AO 100% T1 /. 

B 3aKn~weHHe aeTOp~ e~pa~a~T np~3HaTellbHOCTb aKaAeMHKY 
r.H.~nepOBy 3a nOCTORHH~i1 HHTepec K pa60Te. 
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