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B p860T8X /l, 2/ C006Uj8nOCb 0 KOHl\eHTpV1p088Ht-H1 MVIKp03neMeHT08 -

soaMomHwx 8H8noro8 C8epxTAmenwx 3neMeHT08 - Vl3 TepM8nbHWX pac
cono8 nonyocTp088 4eneKeH c noMOil1b~ neHHO~ $noTal\VIVI, B Ka4eCT8e 

~08ep~HOCTH0-8KTVIBHOrO 8eUjeCT88 /nAB/ npVIMeHAn8Cb men8TVIH8, 
KOTOP8A ABnAeTCA OAH08peMeHHO VI KonneKTOPOM T8epAOH $83bl VI ne
H006p83088TeneM. AnA nony4eHVIA noTOK8 r8308biX ny3biPbK08 Vlc
nonb3088nVIcb B03AYX It/ VI 80AOPOA, o6p83Y~Il1VI~CA H8 KaTOAe np~ 
3neKTponVIae p8ccono8 121 • 

B npol.lecce 3ne~TponVI38 pacT8opo8 npoVICXOAVIT T8Kme 3neKTpo
KoarynAl\VIA OCaAK08~ 3neKTPO$Ope3 VI T.A. 131• EcnVI l\eHTpOM KOary
nAl\VIVI 4aCTVIl\ 6yAeT .RBnATbCA ny3blpeK rasa, 8b1Aenfi~UjerOCA, HanpVI

Mep, Ha KaTOAe, TO AOnmeH Ha6n~A8TbC.R $nOTal\VIOHHbl~ 3$$eKT, 3TOMY 
CnOC06CT8yeT VI 3neKTpOCTaTVI4eCKVI~ 3$$eKT 83aVIMOAe~CT8VI.R aap.RmeH
HWX ny3WPbK08 rasa VI OCaAKOB, B TaKOM cny4ae He06XOAVIMOCTb npVI-

MeHeHVI.R nAB OTnaAaeT, , 
B H8CTOAUje~ CTaTbe npV180ARTCA peaynbTaTW p860TW no KOHl\eHT

PVIPOB8HVI~ MVIKp03neMeHT08 VI VIX paAVIOaKTV18HWX VI30TOn08 C rVIApo

OKVICnaMVI meneaa MeTOAOM $nOTal\VIVI npVI 3neKTpOnVI3e TepM8nbHWX 
paccono8 6ea npVIMeHeHVIA nAB, 

, 3KCnEP~MEHTAnbHA~ 4ACTb 

PaAVIOaKTVI8HWe V130TOnW, KOTOpWe VICnOnb3088nVICb 8 OnWTaX, 
non)'4anVI cneAY~Il1VIMVI cnoco6aMVI: 99 Mo - nyTeM o6ny4eHVIR MVIWeHVI 

Vl3 MOnVI6AeH8 TOPM03HWM Vl3ny4eHVIeM MVIKPOTPOHa n~P MT-22; 
tSe,lSSlr, , lSS,iB 9 pt - o6ny4eHVIeM MVIWeHVI V13 TaHTana VIOH8MVI 12 C 

c 3HeprVIe~ 110 M3B Ha ycKOPVITene Y-200. MeTOAVIKa VI3Bne4eHVIR 

paAVIOVI30TOnOB, nony4~HHWX H8 l\VIKnOTPOHe MHOr03aPRAHWX VIOH08, 
onVICaHa 8 pa6oTe 111 • 91 Y, 196Au, 203 Hg- npOAYKl\VIfl $VIPMbi 11 ~30TOn 11 • 

0TMeT4VIKVI 880AVInVI 8 ~eneKeHCKVI~ paccon VI 8WAepmV188nVI 24 4aCa 

AnA ycTaHo8neHVIA VI30TOnHoro pa8H08eCVIR, 3aTeM K pacT8opy A06a8-
nAnVI 40 Mr/n Fe 3+ VI c noMOU1b~ eAKOro H8TP8 ycT8H88nVI88nVI onpeAe

neHHoe pH. ~nOT8l\VIOHHOe KOHl\eHTpV1p088HVIe MVIKp03neMeHT08 npVI 
3neKTpOnVI3e 50 Mn p8CT80p8 np080AVInVI 8 AenVITenbHO~ BOpOHKe 
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o6beMoM 200 Mn. K8TOA,6wn 8wnonHeH e BVIAe ceTKVI Vl3 Hepmaee~111e~ / 11 
CT8nVI, rp8$VIT08W~ 8HOA noMeUj8nVI 8 CTeKnAHHY~ Tpy6Ky C ~enb~ ~\1 
OT80A8 r830B, 8WAenR~UjVIXCA Ha aHOAe npVI 3neKTpOnVI3e, 3n~KTpOnVI3 'I 
paccona npo80AVInVI npVI K8TOAHO~ nnoTHOCTVI TOK8, P88HO~ 0,014 A/cM2 

8 Te4eHVIe 1 MVIH, nocne 3neKTpOnVI38 CMeCb 8WAepmV188nVI 1 MVIH 

AnA YAaneHVI.R ny3biPbK08 r838, 38TeM npoBOAVInVI P83AeneHVI~ p8CT80P8 

VI $nOT8l\VIOHHOrO KOHl\eHTp8T8, 

2 

npVI VICnOnb30B8HVIVI P8AVIOHYKnVIA08 VICXOAHW~ P8CT80p VI p~CT80p 
nocne $nOT8l\VIOHHO~ o6p860TKVI 8H8nVI3VIP088nVI cneKTpOMeTpOM 
y -VIany4eHVIA c Ge (Li) AeTeKTopoM. 

KpoMe Taro, VICCneA0~8nVI P8CnpeAeneHVIe l\VIHK8, MWWbRK8 VI C8VIH
l\8 8 npOl\eCCe $nOT8l\VIVI, npVI 3TOM 8 50 Mn p8CTBOp8 880AVInVI no 

50 MKr K8mAOrO 3neMeHT8, ~X COAepm8HVIe onpeAenRnVI 80 $nOT8l\VIOH
HOM KOHl\eHTp8Te nyTeM peHTreHO$n~OpeCl\eHTHOrO 8H8nVI3a, 

PE3YnbTATW ~ 05CYIAEH~E 

C l\enb~ OnpeAeneHVIA OnTVIManbHWX ycnOBVI~ ¢nOT8l\VIOHHOrO KOHl\eH
TPVIP088HVIA MVIKp03neMeHTOB npVI 3neKTpOnVI3e paCT80p8 VICCneAOB8nVI 
P8CnpeAeneHVIe VITTPVIA 8 38BVICVIMOCTVI OT K8TOAHO~ nnOTHOCTVI TOK8 

VI BpeMeHVI npOl\eCC8 npVI pH =6, 3TVI peaynbT8Tbl nOK838Hbl H8 PVIC, 1, 
npVI Ik =0,00]70,014 A/cM 2 H8CbiUjeHVIe P8CT80P8 K8TOAHbiM r830M 
npOVICXOAVIT 38 20 C,, $nOT8l\VIOHHW~ KOHl\eHTpaT o6paayeTCR 3a 

60 .;- 70 c. no8biWeHVIe I k AO 0' 02 .;- 0' 028 A/eM 2 npV180AVIT K HaCbi
UjeHVI~ paCTBOpa ra30M 3a 5 c~, VI o6pa308aHVIe $nOTal\VIOHHOrO 
KOHl\eHTp8T8 3a8epwaeTCA 38 20 C, np111 3TOM VITTpVI~ VI3BneKaeTCR 

Ha 95%. Y8enVI4eHHe 8peMeHVI aneKTponH3a npVI noBblllleHHbiX nnoTHOCTRX 
TOKa yMeHbWaeT KOnVI4eCTBO C$nOTVIpOB8HHOro KOHl\eHTp8T8 38 C4eT 
VIHTeHCVIBHoro nepeMeWVI88HVIR cMecVI r8308biMVI ny3biPbK8MVI, AnA Vlc
cneA088HVI.R npol.lecc8 Vl38ne4eHVIR MVIKpo3neMeHT08 6wn8 8W6p8H8 

Ik =0,014 A/cM
2

, T.K. npVI 3TOM ~poUje nOAAepmV188Tb nocTORHHWe 
ycn08VIR onwTa. H8 pV1c,2 noK838HO Vl38ne4eHVIe C8VIH48 Vl3 p8ccon8 
BO $nOTVIpyeMbl~ OC8AOK npVI pH =] 8 388VICVIMOCTVI OT COAepmc!HVIR 

mene38 8 paccone. ~3 npeACT88neHHbiX pe3ynbT8TOB 6bin8 Bbi6P8Ha 
KOHl\eHTP8l\VIA Fe 3 +,pa8H8R 40 Mr/n. H8 pV1c.3-5 npVIBeAeHw 388VI
CVIMOCTVI V138ne4eHVIR 3neMeHT08 OT pH p8CT80pa, 

~ene3o. H848no o6p83088HVIA rVIAPOOKHcno8 mene3a H86n~A8eTcR 
npVI pH =2, 3 /pVIC. 3/ 1 4TO COOT8eTCT8yeT nVITepaTypHbiM A8HHbiM /4/, 

~00%-Hoe VI3Bne4eHVIe meneaa 

H86n~A8eTCR npVI pH= 5,4, 4TO 

% 
100 

0 

I. (A/eM') 
-0,007 
~a.o1Y 

__,_ 0.020 
-0,028 

npe8biW8eT pH nonHero oc8mAeHVIR 
rVIAPOOKVIOfi08 mene3a V13 MOpCKO~ 
BOAbl H8 1 ,4 eAVIHVIl\bl / 41, 3To 

MOmHO 06bACHVITb 8nVIAHVIeM VIOHOB 
xnop8, o6p83Y~U1VIX KOMnneKcHwe 
$OPMW C VIOH8MVI mene38, 

UVIHK /pV1c.3/ Ha4VIHaeT co
oc8mA8TbCR C rVIAPOOKVICn8MVI me~ 
ne38 npVI pH swwe 5. 

YO 60 t (COl<) 

PHc.J. 3aBHCHMOCTb H3Bne~eHHH 

HTTPHH OT KaTOAHOH rrnOTHOCTH 

TOKa (Jk) H BpeMeHH aneKTpOnHsa 

pacTBopa npH pH =6, . 
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Puc.2. 3asHCHMOCTb H3Bne~eHHH 
CBHH~a OT KOHneHTpanHH ~enesa 
npH pH =7. 
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Puc.3. 3aBHCHMOCTb ussne~eHHH 
~ene3a, nHHKa, Mb~bHKa, HT
T,PHH OT pH. 

' 

MwwbRK. KpHBaR H38fle4eHHR MWWbRKa /pHc.3/ nonHOCTb~ no8TOpReT 
KpHBY~ H3Bfle4eHHR menesa H3 paccona, 4TO yKa3WBaeT Ha COP64HOH
~W~ XapaKTep 83aHMOAe~CTBHR MWWbRKa C rHAPOOKHcnaMH menesa. 

MonH6AeH. MonH6AeH /pHc.4/ nepeXOAHT 80 ~nOTHpyeMw~ KOH4eHT
paT AO Ha4ana o6pa308aHHR rHAPOOKHCfl08 meneaa 3a C4eT 80CCTaH08~ 
fleHHR AO HH3WHX OKHCflHTeflbHWX COCTORHH~. npH pH BWWe 2,3 xapaK
Tep n08eAeHHR MOnH6AeHa COOT8eTCTBJeT H38fle4eHH~ ero C rHApO-
OKHCflaMH >Keneaa H3 MOPCKO~ 80Abl 16 • / 

HTTpH~. npH PH BWWe 2,3 HTTpH~ cop6HpyeTCR Ha rHAPOOKHCflaX 
meneaa, a 8b1We pH =5,8 - coocali<AaeTcR /pHc.3/. 

HPHAH~ /pHc.4/ coocamAaeTCR c rHAPOOKHcnaMH meneaa swwe 
pH =2, 3. B o6naCTH pH> 4, 5 H3Bfle4eHHe pa8HReTCR 70%. 

nnaTHHa /pHC. 4/ npH pH =4 7 6 H38fleKaeTCR Ha 50%, a 8b1We pH =6 
H38fle4eHHe yMeHbWaeTCR AO 40%, ~TO, no-BHAHMOMy, CBR3aHO C o6pa-
308aHHeM YCT0~4H8WX KOMnneKCHWX ~OpM ~naTHHbl B HCCfleAyeMbiX pac
conax Ill. 

30flOTO /pHc.5/ 4aCTH4HO nepeXOAHT 80 ~flOTHpyeMW~ KOH4eHTpaT 
npH pH HHme 2, 3. nocne o6paso8aHHR ocaAKa rHAPOOKHcno's menesa 
30flOTO H3BfleKaeTCR Ha 35%. B HHTepsane pH =3,8 -;-9,3 Ha6n~AaeTCR 
MHHHMYM H3Bfle4eHHR 30flOTa, XflOPHAHWe KOMnneKCW KOTOporo He 
cop6Hpy~TCR rHAPOOKHCflaMH meneaa /2/: 

PTyTb /pHc.5/ nepeXOAHT BO ~flOTHpyeMbl~ KOH4eHTpaT BO BCeM 
HCCfleAOBaHHOM AHana30He pH flHWb Ha 20%, 4TO yKa3biBaeT Ha npo4-
HOCTb ee XflOPHAHWX KOMnneKCHWX COeAHHeHH~. 

CBHHe4 /pHc.5/ cop6HpyeTcR Ha rHAPOOKHcnax meneaa c pH=5,4. 
npH pH > 8 Ha6niOAaeTCR ero coocamAeHHe. 
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Puc.4. 3asHCHMOCTb H3Bne~eHHH 
MOnH6AeHa, ~PHAHH, nnaTHHbl 
OT pH. 
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Puc.S. 3aBHCHMOCTb uasne~eHHH 
30flOTa, PTYTH, CBHHna OT pH. 

Ha pHc.3-5 BHAHO, 4TO npoBeAeHHe 3neKTpo¢noTa4HH, HanpHMep, 
npH pH =5 AaeT B03MOli<HOCTb H3BneKaTb H3 pacT80p08 Fe, 
As /100%/, Y /85%/, Ir /70%/, Pt /50%/, Mo /40%/; npH pH =2 -
Mo/80%/, Y /1 0%/, Au /20%/ ;· npH pH =8 - Pb /90%/, Zn /80%/, ~ 
Fe , As /100%/, Y /85%/, Mo, Pt /40%/, Ir /70%/, Au /35%/. Ha 
3THX pe3YflbT~TOB CfleAyeT, 4TO, H3MeHRfl pH paCTBopa ,MOl!<HO npO!j!O
I~HTb KaK rpynnosoe, TaK H pa3AeflbHOe KOH4eHTPHP08aHHe 3neMeH
TOB. 

npo8eAeHHe 3fleKTPO~flOTa4HH npH OTCYTCT8HH nAB ynpo~aer npo-
4eCC H3Bfle4eHHfl H3 paCCOflOB 3fleMeHTOB, o6pa3y~~HX KOMnneKCHWe 
COeAHHeHHfl, H onpeAenReTCR TOflbKO HX cop64HOHHbiMH C80~CTBaMH 
H pH OCa~AeHHR rHAPOOKHCHbiX ~OpM. 

KpH8ble H3Bne4eHHfl .paccMoTpeHHbiX swwe 3neMeHT08 c rHAPOOKHcna
MH meneaa npH 3fleKTp0flH3e TepMaflbHWX paCCOflOB B 3aBHCHMOCTH OT 
pH HMeiOT TaKOH me BHA, 4TO H COOTBeTCTBYIO~He KPHBble HX cop64HH 
Ha rHAPOOKHcnax M<eneaa 11,61. 

¢noTa4HOHHbiH 3¢~eKT B HCCfleAyeMWX ycnOBHflX COXpaHfleTCR npH 
pa6oTe c xnopHAHbiMH pacTsopaMH, coAepM<a~HMH NaCl oT 5 AO 
240 r/n H npHrOTOBfleHHWMH Ha AHCTHflnHpOBaHHOH BOAe. 

BbiBOAbl 

1 . noKa3aHa B03MOlKHOCTb ¢noTa4HOHHOrO KOH4eHTpHpOBaHHR MHKp0-
3neMeHTOB C rHAPOOKHCnaMH mene3a npH 3fleKTPOflH3e TepManb
HbiX paccono~ 6es npHMeHeHHR nAB. 
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2. HccnegosaHo nosegeH~e merre3a, ~~HKa, M~WbRKa, ~TTP~R, 
MOn~6AeHa, ~P~A~R, nnaT~Hbl, 30noTa, pTyT~ ~ CB~H~a B npo~ecce 
3neKTpo$nOTa~~~ B 3aB~C~MOCT~ OT pH. 

3. 3neKTpo¢noTa~~R MomeT 6b1Tb ~cnonb30BaHa KaK AnR rpynnoso-

' ro, TaK ~ AnR pa3AenbHOrO KOH~eHTp~pOBaH~R 3neMeHTOB, 

ABTOP~ B~pama~T rny6oKy~ 6rrarOAaPHOCTb aKaAeM~KY r.H.<I>neposy 
3a nocTORHH~A ~HTepec ~ nOAAepmKy, 4n.-Kopp. 4CAH H.H.3sape 
3a ~eHHble. coseTbl np~ o6cymAeH~~ pe3ynbTaToB pa6oTbl, 
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MacnaB 0.~., qocHoBcKa B. 12-82-831 
¢nOTaiJ;HOHHOe I<OHI~eHTPHPOBaHHe MHKp03fleMeHTOB C rH,D;pOOKHCnaMH 
JKenesa rrpH 3neKTponHse TepManhHbiX pacconoB rronyocTpoBa 
qenei<eH 

Hccne,o;oBaHO IIOBe,o;eHHe JKenesa, IJ;HHKa, MbllllbHKa, HTTPHH, 
MOITHO,D;eHa, HPH,D;HH, rrnaTHHbi, 30ITOTa, PTYTH H CBHHIJ;a B rrpou;ecce 
3ITeKTpO<iJITOTaiJ;Hli TepMaiTbHbiX paCCOITOB B 3aBHCHMOCTH OT pH. 
iloKa3aHa B03MOJKHOCTb <lJnoTaiJ;HOHHOro KOHIJ;eHTpHpOBaHHH MHKp03ne
MeHTOB C rH,D;POOKHCITaMH JKene3a IIPH 3ITeKTPOflH3e paCCOITOB oes 
IIPHMeHeHHH IIOBepxHOCTHO-aKTHBHbiX BetqeCTB /flAB/, 

PaooTa BbliiO.rJHeHa B naoopaTOPHH H,o;epHbiX peaKu;Hil: OlliiH. 

npenpHHT 06beAHHeHHOrO HHCTHTYTa flAePH~X HCCITeAOBaHHH, ny6Ha 1982 

Maslov O.D., Czosnowska W. 12-82-831 
Flotation Concentration of Trace Elements with Ferric 
Hydroxite in the Cheleken Peninsula Geothermal Waters 
by Electrolysis 

The effect of pH on the behaviour of a range of ions 
Fe, Zn, As, Y, Mo, Ir, Pt, Au, Hg and Pb) in the electro

flotation process of the geothermal waters is investigated. 
The possibility of the application of the flotation process 
without addition of surface active agent to concentrate trace 
elements with ferric hydroxide by the electrolysis of geother-

:mal waters is shown. 

The investigation has been performed at the Laboratory of 
,, Nuclear Reactions, JINR. 
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