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OCOBJIUBOCTI EJIEKTPOXIMIYHOI 3MIHU pH MPU
OYULLIEHHI METAJIOBMICHUX CTIYHHUX BOA

Po3rnaHyTto npouecu, siki npu3BoaATb A0 3MiHM pH B eneKTpoaHMX Ka-
Mepax aiadpparMoBOro eNieKTposisepy nig Yac eNleKTpPoxXiMi4HOro oum-
LWEeHHA CTIYHUX BOA Bif BaXXKMX MeTaniB.

Knroyosi cnosa. piapparmoBuin enekTponisep, eNeKTPpoaHi Kamepm,
3MmiHa pH, BaXki meTanu.

EnekTpoxiMiuHa 3MiHa BeNMYMHU aKTUBHOI peakuil (pH) npu oun-
LWEeHHI MeTanoBMICHUX CTIYHMX BOA MA€E psf nepeBar Hah peareHTHUM
METOAOM, TaKUX SIK 3HMXKEHHS abo BiACYTHICTb BUKOPUCTAHHA XiMiYHUX
peareHTiB, 3anobiraHHs HAKOMWYEHHIO COMIEN, YCKNALHEHHK (OHO-
MOJIEKYNSAPHOro cknagy BogHol ¢pasu. [Mpu enekTpoxiMiyHin 3miHi pH Kn-
CNOTW, NYrn oAepXylTb 6e3nocepeaHbO 3 CTIYHOI BOAW 3@ PaxyHOK il
KOMMOHEHTIB, L0 BUKJIHOYAE HEOOXIAHICTb BBEAEHHS B CTiYHY BOAY XiMiy-
HUX PEYOBWH | MAE NEPCNEKTUBY HA Cy4aCHOMY eTani PO3BUTKY NPOMMUC-
NOBOCTI Ta B YMOBAX 3HAYHOro NOAOPOXKYAHHSA peareHTiB.

Hanbinbw edpeKTUBHMM € 3aCTOCYBaHHSA €NEKTPONi3y BOAU i3 po3-
NOAINEHHSAM MPOOYKTIB KAaTOOHUX i aHOOHUX peakuin y giadpparmMoBoMmy
eneKkTponisepi. ¥ KaTogHin Kamepi NpoTiKae npouec nigBuweHHs pH Ka-
TONITY, BHAC/NiQOK YOro 0CafXXyrTbCs BaXKKi MeTanu y BUrnaai rigpokcu-
AiB, @ Y aHOOHIN KaMepi CyMiXXHUIK npouec — 3HMXeHHS pH aHonity. [ns
efleKTPoNi3y BOAM MOXKYTb 3acTOCOBYBaTUCb PO3YMHHI (3anizo, Miab,
aNoMiHiN Ta iH.) a6o Hepo34uMHHi (NnaTuHa, rpadit, OPTA) aHoam [1].

Ha paHmi yac getanbHO BMBYEHI 3aKOHOMIPHOCTI eNeKTPOXiMivHOI
3MiHM pH BogHOro cepenoBumLLa AN BOAHUX PO3YMHIB, LLO BMILLYOTb CU-
NbHi €NeKTPoNiTM Ta ioHW Baxkkux MeTanie [2]. OgHaK rofIoBHMM Mpu
OYMLLEHHI METaNOBMICHMUX CTIYHUX BOL € MOXJ/IMBICTb €NEeKTPOXiMI4YHOIO
HAKOMUYEHHA HEOOXIQHUX AN OCAMXKEHHSA BAaXKKMX MeTaniB KOHLEHTpa-
uin nyry abo kucnotu. KpiMm T0ro, He BU3Ha4eHo BNAMB Ha 3MiHy pH pi3-
HMUX KOHLUEHTPaLi aHIOHIB | KaTiOHIB B MPUENEKTPOAHMX 30HAX eNeKTPo-
ni3epy B HEMPOTOYHMX i MPOTOYHUX YMOBAX PobOTU eNeKTPOOHMX Ka-
mep.
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MeTolo oaHoi po6oTm € Nnopanblue BUBYEHHA 3aKOHOMIPHOCTEN Ha-
KOMMYEHHA KUCNOTU Ta nyry B AiadpparMoBOMy eneKTponisepi nig Aieto
MOCTINHOrO eNIEKTPMUYHOI0 CTPYMY Npu 06pobui CTIYHHUX BOA 3 BAaXKKMMMU
MeTanamu.

Mpu enekTponisi BOAN KiNbKICHO OLHUTM HAaKOMUYEHHS KUCNOTH
abo nyry Mo>xnvMBo 3a gornoMorot yucen nepeHocy [3]. Mpu ubomy Heob-
XiAHO BPaxoBYyBaTW po3psif Ha eNIeKTPoAax KpiM MOneKyn Boaun abo ioHiB
H" i OH TaKo» iHWWX iOHIB Ta BUKOPUCTAHHA PO3YMHHUX aHOAIB, WO He
PO3rnspaETbca NPy MoAeNoBaHHI 3MiHM pH y BinoMux poboTax.

B 3aranbHoMy Burnagi uncno nepeHocy ioHy () 3anexuTb Big KOH-
ueHTpauii (C;), yncen nepeHocy (lj) Bcix ioHiB, LLO 3HaX0AATLCSA B PO3UUHI,
3MiHM KOHLEHTpaUi/ aHIOHIB Ta KaTIOHIB NpW IX Mirpauil 4o aHOA4HOI Ta
KaToAHOI 30H, BeNIMYnHM cTpyMmy (I) Ta TpuBanocTi 06pobku (t) cTiyHoT BO-
an

(C; ¥1.036 110 °n; It) I,

i T m (1)
> (ci +1.036 10 °n, |t)|i
i=1
MNpun 06pobui cTiyHOT BOAW B piadparMOBOMY efieKTponisepi NpoTi-
Ka€ TaKa 3MiHA KOHLEHTpaUin ioHIB:

- Y KaTogHin Kamepi

G =G +C . - ; (2)
-y aHOAHIN KaMepi 3 HEPO3YMHHUMN aHOL4AMM
e =CgH_ +UCo, —DCZ_; (3)
-y aHOAHIN KaMepi 3 PO3YMHHMMM aHOOAMM
a _ a _ a _ a
UGy, =Cop *UCq —HC, —LC,. (4)
ne C/.,C._ - nouaTkoBi KoHueHTpauii H' i OH ioHis,

bc,.,0c,,-,
OH', W0 yTBOPHOTLCS B NPUAHOAHIN | NPUKATOAHIN 30HAX, KOHUEHTpauil
KaTiOHIB Ta aHIOHIB, WO BUAINAKTLCA HA KATOLI i aHOAI, KOHUEeHTpauis
iOHIB MeTany aHogy, Wo NepexoaaTb B PO34YMH NPU eNeKTPONi3i.

Tomi npu enekTponisi HakKonuMyeHHs Kucnotm abo  nyry
(AC, r-ekB/n) y po3umHi 06'eMom (W), wo Bmiye m pisHux katioHis (k) Ta
aHioHiB (a) 6yae 3anexaTtu Bif KOHUEHTpaLil KaTioHiB Ta aHioHiB i 3 ypa-
XyBaHHsSIM yncen nepexocy (n;) 6yae Bu3HayaTUCh 3a GOpPMynoHo

DCEHDCZ_,DC;’M — BiANOBIAHO KOHUeHTpauii ioHiB H' i

ne :1.036E10_5%( dncEdn). (5)
i=1 i=1
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BionosigHo
- HaAKOMWYEHHS Nyry B KaToAHiN KaMepi (kaToniTi)
~ It
G =103610° (. +1f, ~rf), (6)

Ae Ny, — KiNbKiCTb KaTioHiB (Ny,), WO po3psaaKaloTbCa Ha KaToAi;
— HAKOMUYEHHS KUCNOTU B aHOOHIN Kamepi (aHONITI) 3 HEPO3UMH-
HMM aHOAOM
5 It
0C;, =1,036 10 SW(nE+ + nf\_ - ngp), (7)
ne Ny, — KiNbKICTb @aHIOHIB, L0 PO3PpAAXalTbCs Ha aHoAj;

— HAKOMWUYEHHS KUCNOTK B aHOAHIN KaMepi (aHONITi) 3 PO3YNHHUM
aHOA0M 3 MaE€ BiNblU CKNaAHUM XapaKTep i BA3HAYAETbCSA 3 YpaxyBaHHAM
BMxoAy no cTpyMy (B) npw ioHi3aLil pO3YMHHOrO aHOAY i e/IeKTPOXiMiYHO-
ro ekBiBaneHty (q) meTtany
a — 5 It k a a

=1.036[10 W(n*“ +n’ —n; —B0Q). (8)

op

EkcnepvMeHTanbHi AaHi NokasyoTb, WO B AiadparMoOBOMY eeKT-
poni3epi BeNIMYNHA HAKOMUYEHHS KUCJIOTU | YTy 3aNeXnTb Bifi KOHLEH-
Tpauii iHgudepeHTHUX eNneKTPoNiTiB i noyaTkoBoro pH posuunHy (puc. 1).

Lle noB'A3aHO 3 TUM, WO NPWN OOCATHEHHI AEeAKOl KOHLEHTpaLil ioHIB
H' i OH B eneKTPOAHWUX KaMepax CTPYM B PO3UMHi MEPEHOCUTLCA TiIbKM
LMK iOHaMW, WO NPMBOANTL 00 TX B3aEMHOI HEMTPanisauii i npouec Ha-
KOMWYEHHSA KUCNOTU | NYry 3yNUHSAETLCS.

[na enexkTponizepy 3 MOPUCTO HeaKTUBHOK Aiadpparmoto (6pe-
3€HT, 6eNbTUHI, XJIOPUH, Pi3Hi GiNbTpyBanbHi TKAHUHKU) rPaHUYHE 3Ha-
YEeHHS HAKOMWYEHOI KMCNOTM abo Nyry B 3aseXHOCTi Big MiHepanizauil
BogHoil ¢asu (C,, Mr/n) MoxkHa BU3HA4YMUTU 3a GOPMYJI0H

[C =(0011-0013C,,, mr-eks/n. 9)

3anexHicTtb (9) cnpaBeanMBa TiNbKKU B TUX BUMAQKaX, AKLLO B efeK-
TPOAHUX KaMepax fiadparmMoBoro enekTposizepa obpobnaeTbCcsa CTiYHa
Boaa (abo BoAHI pO34MHM) 3 0QHAKOBOK MiHepani3auielo.

AKLWo B eNeKTpoaHUX Kamepax 06pobnsieTbcs Boga abo po3ynHu 3
pi3HOl MiHepanizauielo, To MaKCUManbHa KOHLUEHTpauis nyry (kucnotu),
fKa MoXKe ByT! HaKoNn4yeHa y KaTtogHin (abo aHoAHI) KaMepi, BU3Haya-
E€TbCSA CYMOK KOHLIEHTPaALi aHiOHIB, LLO 3HAaX0AATbLCSA B PiAMHI B KaTog-

m
Hin kamepi > C{ i CyMO KOHLEHTpaLi/ KaTioHiB, WO 3HAaXoAsATbCsA B pi-
i=1

n
AVHI B aHoAHIN kamepi Y C). :
i=1
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0C,,) =(0011-0.013 (3 C;, +> C.), mr-eks/n. (10)
i=1 i=1

Tob6T0, MakCMManbHa KOHLEHTPALis iOHIB Ba)XXKUX MeTaniB, fKa
MoXe ByTn ocapyKeHa i3 CTiYHOI BOAW NPU eNeKTPOXiMiyHin 3MiHi pH ce-
penoBuLLA B KaToOHiIM KaMepi, byae 3anexaTtu Bif CyMapHOI KOHLEHTpa-
il aHioHiB B KaToAHiM KaMepi i KaTioHiB B aHOAHIN kKamepi (puc. 2).

JIVTV ), MI-€KB/TI

0 0.9 1.8 2.7 3.6 4.5x10°
[TrrToMa KITBKICTE CTPYMY, KII/TT

KontieHTparis KHCITOTH (

Puc. 1. EkcnepuMeHTanbHa 3aneXHicTb HAaKONMYeHHsa KucnoTtu (nyry) Big nuto-
MOIT KifIbKOCTi CTPyMy npu 06pobLi CTiIHHOT BOAW 3 KOHLeHTPaUiEt iHoudepeHT-
Horo enekTponity 15000 mr/n (1), 10000 mr/n (2), 7000 mr/n (3), 2000 (4),
500 mr/n (5) npun nouatkosin pH 7.0 B niadparMoBoMy eneKkTposisepi 3 HeaKTu-
BHOIO (xnopuHoBoI0) Aiadpparmoro

g 05

T 04l 1
9w 03
28 T 2
g g -
ﬁ = 0.2
o % 0.1

g _ _I- | : I- I_

0 0.5 1.0 15 20

] feed
Cyma (3C7 +3C% ). v/n
i=i i=1
Puc. 2. CepenHsa cyMapHa KOHLEHTPaLis iOHIB BaXXKUX MeTaniB, ika Moxe byTu
BUJTy4YeHa 3 CTIYHOT BOOM B 3aJIEXKHOCTI Bif, CyMapHOI KOHLLEHTPaLiT aHIOHIB B
KaTo4Hi KaMepi i KaTiOHIB B aHOAOHIN KaMepi fiadparMoBOro enekTposisepy:
1 - AN ABOXBAaNIEHTHUX MeTaniB, 2 — 419 TPbOXBaNIEHTHUX MeTaniB
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AKWOo B KOCTi 4ONOMIXKHOT PiANHN B aHOLHIM KaMepi 3aCTOCOBYOTb
KMCAuU po3umH (abo B KaToOHIN KaMepi — NYXXHUIN PO3YMH), TO MaKCUMa-
NbHAa KOHUEHTpauia nyry (kucnotu), ska Moxke 6yTU HaKonMyeHa, BU3Ha-

YAETbCH:
- B poboyin KaTOOHIN KaMepi CYMOK KOHLEHTPALiN aHIOHIB, L0 3Ha-

m
XOAATbLCS B PiAMHI B KaTogHin kamepi Y Co
i=1

m
DC"H(K): (0.011-0.013 ZCZK , Mr-eks/n; (11)
i=1
- B poboyin aHOAHIN KaMepi CyMOI KOHLEHTPALiN KaTioOHIB, WO 3Ha-

n
XOOATbCS B PiAMHI B aHogHin kamepi Y C/.
i=1

n
DC.;"(K) =(0-011_0-0132C§K , Mr-ekB/n. (12)
i=1

Y BigoMux poboTax, 3okpeMa [4; 5], oe po3rnapaeTbcs BUMKOpUC-
TaHHS OiadparMoBOro eneKkTponisy onas 06pobKku BoAU, B OCHOBHOMY BU-
CBiT/IEHA MOXX/UBICTb 3MiHM pH BoAM TinbKK B pobouyin KaMepi, irHopyto-
YN HEeOOXiAHICTb BUKOPUCTAHHA B CYMiXKHiN eNeKTPOAHIN Kamepi goaar-
KOBOI PiAnHWN, Ky He0bXiAHO B NOAaNbLIOMY HEMTPANi30BYBATK peareH-
Tamu. Ue ¢akTMyHO pobUTb BUKOPUCTAHHS €NEKTPOXiMiYHOI 06pobKu
CKNagHUM ANsa NPaKTUYHOro 3aCTOCYBAHHS.

Binbw nepcnekTMBHUM € BUKOPUCTAHHSA B OOMOMIDXKHIN Kamepi BU-
xigHoT a6o 06pobneHoi cTiuHoi Boan [6]. OoHAK NOMUNKOBO BBaXA€EThCH,
L0 NiCNS 3MillyBaHHA MOTOKIB CTiYHOI BOAW 3 pob0oY0il i JOMOMIXKHOT Ka-
mep pH i Eh 3aranbHoro notoky cTiyHol BOAM He byae 3MiHIOBATUCH.

Po3rnaHeMo OCHOBHI BapiaHTy pyxy BOAW B €NEKTPOAHUX Kamepax
piapparmoBoro enektponisepy i BignosigHy 3MmiHy pH (kucnotHocTi abo
NY>KHOCTI) 3MillaHOro NoToKy BOAMW.

MNpu 06pobui B AiadpparMoBOMY eneKTposii3epi CTiYHA BOAA MOXe
NPOTiKaTU NOCNIAOBHMM NOTOKOM 3 BUTpaToto Q B JONOMIXKHIN KaMepi ni-
cns BuBopy il 3 poboyol kaMepu abo YacTuHa 1i MOXKe nogaBaTUCb B Oo-
MOMDKHY KaMepy OAHO4YacHO 3 nogadyel y pobouy kamepy (mapa-
nenbHUMK noTokamu 3 BuTpatammn Q, i Q,) 3 HACTYMHMUM 3MilLYBaHHSM
06po6NEHMX NOTOKIB.

Mpn nocnigoBHOMY pyXxy yepe3 KaTogHy Ta aHOOHY Kamepu BOAM
KiHLeBa 3MiHa Nny>kHocTi (KkucnoTHocTi) 3MilwaHnx notokis Boau (C,) byae
BM3HavaTucb BuxigHow (C,) i yTBOpeHow B KaToAHin (pobouin) Kamepi
(Cp) nyxHicTio, BUTpaTOHO ii HA YTBOPEHHS HEPO3UYUHHUX cnonyK (C,,) Ta
YTBOPEHO B aHOAHIM (BonoMmixkHin) kamepi knucnotHicTio (C,) | BUTpaTOO
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il Ha PO3YMHEHHS HEPO3UYNHHUX cnonyK (C,ys). OCKiNbKM BUXOAM MO CTPY-
MY KaQTOAHOr0 Ta aHOAHOIo Npouecy NPakTUYHO OAHAKOBI | Y BOAI NPOTi-
KaloTb 3BOPOTHI xiMiuHi npouecu, To C, =C,i C,, =C,,,. ToAi KiHueBy
3MiHY JTY>XHOCTi MOXXHa BU3HAuUTW:
noc —
CK _Ce +(C Hep) (C

pos)

3
+(_Zni_ Hep) (_Zni Hep e (1 )

B pe3ynbTaTi npu I'IOCJ'II,D,OBHOMy pyC| BO,D,I/I 6e3 BUTy4YEHHS HEPO3-
YMHHUX CMONYK MOKA3HWUKM NYXKHOCTI (KMCNOTHOCTI) Bogu He ByayTb Mi-
HATUCB. AKLWO nicns BUBoAY BOAW 3 pob0o40l KaMepu HepPO34YMHHI Npoay-
KTV BUNY4YaloTbCS 3 BOAM, TO KiHLEBE 3HAYEHHS NYXHOCTI Oyae MeHWwum
Ha 11 KINbKICTb, W0 BUTPATUACb HA YTBOPEHHSA BUYYEHUX HEPO3UYMHHUNX
cnonyk

CI:ZOC = CH +(C HLp) C =

| & . 14
+(_Zn —_ HLp a:Zl:n :CH _CHep ( )

Mpwn napaneanOMy pyC| MOTOKIB Yepe3 KaMepu KiHLeBe 3HAYEHHS
NYXHOCTi (KMCNOTHOCTI) BOAM Nicna 3MillyBaHHSA KaToNiTy i aHoniTy 6yae
BM3Ha4daTuCb GOPMYIOH

m

I
G =C P i _CHe CHe
"R O (g oG (9

a NPV BUTYYEHHI HEPO3YMHHUX NPOAYKTIB Nepen 3MilyBaHHAM KaToNITy
i aHoniTy 3anexHicTio (14).

TakMM YMHOM, HEe3aNIeXXHOo Bif TOro, SIKUM LWISXOM 06pobnsieTbes
CTiYHa BoAa B piadparMoBOMY eneKTposnisepi, BUNYYEHHS HEPO3YNHHUX
NPOAYKTIB NPOBOAMTLCA AK 61 32 PaxXyHOK «BHYTPILLIHbOI» JTY>KHOCTi (Ku-
C/IOTHOCTI) BOAM, KiHLEBe 3HaYeHHA Kol 6yae MeHLle BUXiQHOro Ha Be-
NNYNHY EKBIBANEHTHOI KiNbKOCTI, WO BUTPaTUiaCb Ha YTBOPEHHSA LMX
NpoayKTiB. AHANOriYHO MOXHa A0BECTH, L0 Te X caMme byae cnocTepira-
TUCb Npun 06pobUi CTiYHOI BOAM B OEKINbKOX AiapparMoBux enekTponile-
pax, 6yab-aKux KOMBiHaUisX pyxy BOAM i 3MillyBaHHI 06pobneHoi i BUXi-
AHOI CTIYHOT BOAW B Pi3HUX Mpouecax TEXHONOMNYHMUX CXEM OYULLEHHS |
T.0. Lle 6yae cnpaBeanvMBuM TaKoX Y BUNAAKY, KONIM B AIKOCTi JOMNOMIXKHOI
PiOVHM B [OMOMIDKHIN KaMepi 3aCTOCOBYOTbLCA CrewiasbHi KOHLEHTPATH
ab0 po34MHUK, NpMPOLHA, CTiYHA BOOA Ta iH., SKi 3MilWyTbCA 3 0bpobne-
HOW B pob0YiN Kamepi CTIYHO BOJOM.

AKWo noTpibHO 3MiHIOBATU KiHUEBe 3Ha4YeHHA NyXHocTi (Kucnot-
HOCTI) BOAM A0 MOTPIGHUX 3Ha4YeHb, TO HEObXiAHO 3acTOCOBYBaTU OKpe-
MU BUBIO, YaCTUHU 006p0o6NEHOT BOAU 3 eNEeKTPOAHUX KaMep 3 BUKOPUC-
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TaHHAM 11 B iHWMX, HE NOB'A3aHUX 3 JaHO TEXHOJIOME OYULLEHHS aB-
TOHOMHUX onepauiax. Toai KiHUeBe 3HAYeHHSA NYXKHOCTI (KMCNOTHOCTI)

O0yne BM3HA4YaTUCb 3aNI€XKHO Bif, 1T KiNbKOCTI, WO BUBOAUTLCA YaCTUHOM
(a) cTiyHOT BOAM 3 Npouecy eneKTpoxiMquoro OUYULLEHHSA

=G a)QFZﬂ - (16)

KoHueHTpauis ny»HocTi (KUCNoTHOCTI) BOAMW, L0 BUBOAUTLCA 3 aB-
TOHOMHWM NOTOKOM CTi4HOI BOAW byae BM3HAYaTUCh

Caem _C __Zni (1 7)

IMig 4yac ocamykeHHA BaXKMX MeTaniB (BM) y BUMNSA4I rigpoKkcuaie 3a
PaxyHOK eneKTpoxiMmiyHoro nignyxysaHHa no pH 9.8-10.5 ctiyHa Boaa
NpoTiKae y KaToAHin (pobouyin) Kamepi i Aani oYMLLAETLCS BiA4 Manopos-
YMHHUX CMNONYK Yy po3pdintoBadi ¢as (BigcTiHMKy, ¢inbTpi) (Tabn. 1,
puc. 3-4). MNpu cyMapHii BUXigHIN KOHUEHTpaUil BaXKUX MeTanie go
50-80 Mr/n enekTpoxiMiyHe NipNyXXyBaHHA LAE MOXI/MBICTb OTPUMATK
KiHLEBY KOHLEHTPAaLilo No KoXHoMy ioHy B Mexax 0,3-0,6 mr/n (tabn. 2),
WO B OCHOBHOMY aHajlOFyHO peareHTHOMY OCamXeHHw BM 3 cTiyHux
BOA. binblw BMUCOKI KOHLEHTpaLil ioHIB MeTaniB NoTpebyTb 3HAYHOI Ny-
XKHOCTI | BUTpPATU CTPYMy, LLO NPU3BOAUTb A0 3HMXKEHHA eeKTUBHOCTI
BUNTyYEHHS MeTanis..

B ponoMixHy (aHoaHYy) KaMepy HanpaBnATb BUXiQHY CTiYHY BOAY
abo cneuianbHy AOMNOMIXHY pigMHy B KinbkocTi 10-15% Big 3aranbHoro
noTtoky soawu. MNMpu uboMy aHONIT [OAATKOBO 3aOpyOHIOETLCA iIOHAMKN Ba-
XXKUX MeTaniB BHACcNigoK nepexoay niacTiBLiB BaXKKUx MeTanis 3 pobo-
4ol (KaToAHOI) KaMepu 3 HAaCTYMHMUM PO3UYMHEHHSAM IX B KUC/IOMY cepefo-
BULLi Npu 3HMXKeHHI pH po 2.6-3.4. Tak, npu nogadi [onoMixkHoi (4mcToi)
PiOVHM B aHOOHY KaMepy CyMapHM BMICT BaXXKKMX MeTaniB B HiM NiaBu-
wyetbes oo 0,3-1,8 mr/n.

MNpwn ogHoYacHiIn nogadi BUXigHOT BOAW NapanesibHUMKN NOTOKaMu B
KaToAHY i aHOOHY KaMepu Ta 3MilWlyBaHHI aHONITY i OYMLLEHOrO KaToNITy
KOHLIEHTPAL,is iOHIB HIKEN B CyMilli TaKoX 36iNnblUyeTbCA | CKNagae gns
Hiken 0,9-2,1 mMr/n, unHky — 1,5-4,0 mr/n, migi — 1,4-3,0 mr/n, xpomy (l11)
- 0,8-4,5 Mr/n. Takun BapiaHT TEXHONOTIYHOT CXEMWN HaNBINbLL OOLINbHO
3aCTOCOBYBATU [OJ1 JIOKANIbHOMO OYMLLEHHS CTIYHMX BOA, WO BMIilLyE
OAMH BUA MeTany, OCKiJIbKM KOHUEHTpauis BIAMWBAEMOro KOMMNOHEHTY B
OYMLLEHIN BOAi, IKa NOBEPTAETHCSA NOBTOPHO B MPOMUBHY BaHHY, B 3ane-
XKHOCTI BiA npouecy ranbBaHOMOKPUTTA MOXEe He nepeBULyBaTn
0,5-2,0 mr/n. Mpn aBTOHOMHOMY BUBOAiI KUCAIMMA aHONIT MOXHA BUKOPUC-
TOBYBATW B iHWMX BUPOOHMUMX Npouecax (Hanpuknag, ona NpuroTyBaH-
HS KUCNIMX TPaBUbHUX PO3YMHIB Ta iH.).
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[Ons XpoMBMIiCHUX CTIYHUX BOA AiadparMoOBUIM eNeKTPOsi3 peKkome-
HOYETbCA 3aCTOCOBYBATM B OCHOBHOMY [J151 MOMEPeAHboro NigKUCIEHHSA
Bogu 0o pH < 3.0 3 MeTol NpoBedeHHs peakuii BigHoBNeHHA xpoMy (VI)
peareHTaMu B KUCNoMy cepegoBuLli (ame. Tabn. 1, puc. 5-6). Mpwu nporTi-
KaHHi XPOMBMICHOI CTiYHOI BOAW B aHOA4HIN Kamepi pH aHonity 3HuMXy-
€TbCA 0o 2-2.5, a pH kaTtonity nigBuwyetbcsa o 9.5-10, wo 3abesneuye
yTBOpeHHs rigpokcuais xpomy(lll) (puc. 6). NMpu ubomMy ioHn xpomy(VI) mi-
rPYOTb 3 KaTOAHOI KAMepW B aHOOHY, B Pe3ynbTaTi YOro iX KOHLEHTpaLuis
B KaToNiTi 3MeHWyeTbca Ao 1.5-3.3 Mr/n 3 NMTOMUM 3HWXKEHHSIM B cepe-
AHboMy 2.2-3.0 mr/n Ha 100 Kn/n ButpaTtu cTpyMmy.

Taébnuus 1

TexHonoriyHi cxemun Ta 0611aCTb 3aCTOCYBaHHSA AiadparMoBux

e/IeKTPoi3epiB ANs OYNLEHHS METANIOBMICHMUX CTIYHMX BOL,

Ne TexHonoriyHa cxema O6nacTb 3acTOoCyBaHHS
puc. OYMULLEHHSA
Ocap)KeHHs ioHIB BaXKKUX MeTaniB
3 1 2 Ina oTpuMaHHSA CTi4YHOT BOAM
BiJHOCHO BMCOKOI SAKOCTIi 0e3
—s] % BMKOPMCTaHHA NYTiB i3 CKMAOM
SN 15__—20% KMcnoi i BiAHOCHO umc-
> TOT JOMOMIXKHOT PigUHK
4 1 3 Ona oTpuMaHHSA CTi4YHOT BOAM
- i HEeBMCOKOI SIKOCTi 6e3 BMKOpUC-
- ﬁ \-'% TaHHA nyriB i3 ckugom 10-15%
—>|:z-_|: - ‘--,f\-E Kucnoi i 3abpynHeHOl CTivHOI
: BOOM
BigHoBneHHa xpomy(VI)
5 pimEoBEnE | L1 MONEpeaHboro nigKucieH-
YT 1 = HA CTIYHOI BOAM nepep BBeOeH-
i HAM peareHTiB-BiAHOBHUKIB
—s] +
6 Ina nonepem)XeHHS nacuBauil

4 3 T | 3ani3HUXx aHoAiB Npu eneKkTpo-
1 KoarynsiuimnHoMy  BigHOBJIEHHI
a|:i----- E’ f |£ xpomy(VI1)

Mpumitku: 1 — piapparMoBmin enekTponisep, 2 — posnoginoeay ¢as, 3 — peak-
TOp, 4 — eneKkTpoKoarynaTop.
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Tabnuus 2
3anexHicTb KoHUeHTpauii BM Big nMTOMOT KinbKocTi cTpyMy npu 06pobui
METaJIOBMiICHUX CTIYHUX BOA B KAaTOOHIN KaMepi

hiadparMoBoOro enekTponisepy

MNMoka3HuK Og. MNMuToMa KinbKicTb cTpyMy, Kn/n

Bumipy | 0 200 | 400 | 600 | 800 | 100 | 1200
0

pH Og. 7.2 | 845 | 916 | 9.34 | 9.59 | 9.96 | 10.52
Miaob Mr/n 10 | 0.72 | 0.56 | 0.55 | 0.51 | 0.44 | 0.38
UnHKk Mr/n 25 | 985 [ 1.70 | 0.36 | 0.18 | 0.24 | 0.62
Hikenb Mr/n 15 | 11.69 | 9.60 | 2.68 | 1.19 | 0.89 | 0.37
Xpowm(lll) Mr/n 15 | 10.24 | 3.42 | 1.16 | 0.39 | 0.31 | 0.36

B aHoniTi KoHUeHTpyeTbca Ao 85-95% Bcix ioHiB xpomy (VI), wo
cnpusie 6inblWw NOBHOMY BiQHOBMEHHI0 ioHiB xpoMy (VI) npu BBEAeHHI pea-
reHTiB-BiAHOBHUKIB. [logaya KNCNOro aHONITy B €/IeKTPOKOarynaTop no-
nepempKye nacusauilo 3anisHUX aHoAIB Npu KoHueHTpauil xpomy (VI) 20-
30 Mr/n i Buwe Ta 3abe3nevye noeHe BigHoBNeHHA xpoMy (VI) ioHamum
3aniza (1)

= 240 -

=5

= | -

g.=160

=

= 2 80}

2 &
- 127
= 3
2 8 -
s .
5 4}
&R

———y——a 4

v 1 2 3 4(x 10")
Inroma KuibKICTL cTpyMYy. K/

Puc. 6. 3anexHictb KoHueHTpauil xpomy (V1) (1, 2) i pH (4-7) aHonity (1, 6-8) i
KaTonity (2, 3-5) Bia NMTOMOT KinbKoCTi cTpyMy npu 06pobui B AiadparMoBoMy
efleKTponisepi XxpoMBMicHol cTiuHol Boau (1, 2, 5, 7) i po3uunny K,Cr,0; B gucTu-

nboBaHin (1, 2, 3, 8) i BoponposigHin (1, 2, 4, 6) Bogi

TaKuMM YMHOM, KiNbKICTb OCagXKEHUX BAXKKUX MeTasniB npu enekrt-
poxiMiYyHOMY peryfntoBaHHi pH BM3HAYaETLCA 3arasibHOK KOHUEHTpaLiet
KaTiOHIB Ta @HIOHIB Y CTIYHIN BOAI. 3aCTOCYBaHHS €NEKTPOXiIMIYHOI 3MiHM
BeNMYMHN pH ONa OYMLEHHS MEeTanoBMICHUX CTIYHMX BOA, Ma€ CKnag-
HOLLUI, W0 NOB'A3aHi i3 NPOTMNEXHOKW 3MiHOK pPH y CyMiXKHUX eneKTpo-
AHUX KaMmepax giadparMoBoro enektponisepy. [ns oCagXXeHHS BaXKKUX
MeTaniB Hanbinbw epeKTUBHUM € MapanesbHUM pyx BOAW B €NEKTPO-
AHUX Kamepax enektponizepa. lNoganbwmnM HaNpsAMKOM AOCAIAXEHb €
3aCTOCYBaHHSA €/IEKTPOXiMiYHOI 0O0pOoOKM ONs BMBYEHHS 0COBNMBOCTEMN
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FEATURES OF ELECTROCHEMICAL CHANGE OF pH AT CLEANING OF
METAL-CONTAINING SEWAGES

Processes that cause the change of pH in the electrode chambers of
diaphragm electrolyzer at the electrocleaning of effluents from heavy
metals are considered.

Keywords:. diaphragm electrolyzer, electrode chambers, change of
pH, heavy metals.

®dununuyk B. J1., a.T.H., npodeccop (HaumoHanbHUIN yHuBEpPCUTET
BOOHOM0 X035MCTBA U NPUPOAONOSIb30BaHMs, I. POBHO)

OCOBEHHOCTU IJIEKTPOXUMUYECKOIO U3SMEHEHUA pH NPU
OYUCTKE METAJIJICOAEPXALLMX CTOYHbIX BOA

PaccMmoTpeHbl npouecchl, KOTOpbie NPUBOAAT K U3MeHeHuto pH B anek-
TPOAHbIX KaMepax aMadparMeHHOro 3JIeKTposin3epa Npu 3J1IeKTPOXu-
MMYECKOMN OYMCTKE CTOYHbIX BOA OT TAXeJblX METaJJIoB.

Knroyesbie cs108a. pnadparMeHHbIN 3N1IEKTPONIN3Ep, AJIEKTPOAHDbIE Ka-
Mepbl, u3MeHeHue pH, Tsxxenbie MeTanns.l.
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