Texnonozuueckue npoyeccost u mamepuaiiol

UDC 628.16.087
Doi: 10.31772/2587-6066-2019-20-4-497-501

For citation: Shestakov I. Y., Vasilyeva Y. A. Water cleaning from metal ions by electrochemical treatment by
using the diaphragm using of a diagram electrolyzer for cleaning sewage from hexavalent chromium. Siberian Journal
of Science and Technology. 2019, Vol. 20, No. 4, P. 497-501. Doi: 10.31772/2587-6066-2019-20-4-497-501

Jas nutupoBanus: IllecrakoB U. 5., BacumseBa E. A. Mcnonp3oBanue muagparMeHHOTO BIIEKTPONU3EpA UL
OYUCTKH CTOYHBIX BOJ OT IIECTUBAIICHTHOTO XpoMa // CHOmpcKkuii skxypHan Hayku u TexHomoruit. 2019. T. 20, Ne 4.
C. 497-501. Doi: 10.31772/2587-6066-2019-20-4-497-501

WATER CLEANING FROM METAL IONS BY ELECTROCHEMICAL TREATMENT
BY USING THE DIAPHRAGM USING OF A DIAGRAM ELECTROLYZER FOR CLEANING
SEWAGE FROM HEXAVALENT CHROMIUM

I. Y. Shestakov', Y. A.Vasilyeva®

'Reshetnev Siberian State University of Science and Technology
31, Krasnoyarsky Rabochy Av., Krasnoyarsk, 660037, Russian Federation
*JSC “Academician M. F. Reshetnev “Information Satellite Systems”
52, Lenin St., Zheleznogorsk, Krasnoyarsk region, 662972, Russian Federation
E -mail: yakovlevish@mail.ru

In the production of space rocket technology, electrochemical processes are used, as a result there is pollution of
sewage by metal ions. The strict requirements of environmental authorities do not allow sewage, containing metal ions
with concentration exceeding the maximum permissible values, to be discharged directly into reservoir or sewers. The
greatest difficulties are caused by the purification of water from hexavalent chromium.

The proposed methods for purifying from hexavalent chromium, electrocoagulation method, galvanocoagulation
method, sorption methods, combined methods, have some disadvantages, such as: significant energy consumption,
significant consumption of soluble metal anodes, passivation of the anodes, need for large excesses of reagent (iron
salts), large amounts of precipitate and the complexity of its dehydration, high cost and scarcity of sorbents, high
consumption of reagents for the regeneration of sorbents, and others.

This work shows equipment for experiments, including a diaphragm electrolyzer with a coaxial arrangement of
electrodes. Formulas for calculating the chromium ions flux due to migration and diffusion are presented. The
difference between the calculated amperage from the practical one is 25 %, and the theoretical degree of purification
from the real one is 4 %, which confirms the effectiveness of the proposed cleaning method.

The concentration of chromium anions was determined by atomic absorption spectroscopy. The degree of
purification of water from chromium ranged from 84 to 96 %. The highest degree of purification (96 %) was obtained
with an electrolysis duration of 29 minutes.

Keywords: electroplatings wastes, hexavalent chromium, diaphragm electrolyzer, electrochemical effect, direct
current.
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B np0u36000mse paKemHO—KOCMuHeCKOIJ MEXHUKU NPUMEHAIOMCA INEKMPOXUMUUECKUE npoyeccsl, 6 pesybmame
Komopblx npoucxodum 3aepA3HeHue Cmo4Hblx 600 UOHAMU MEMAllos. Cmpoeue mpe606aHu;z Op2aHo6 OXpaHvl OKpPY-
chaiou;eﬁ Cpe()bl He no360JAnm C6paCb16amb Henocpez)cmeelmo 6 6000eMbl UL KaHaiuzayuro cmodrvie 600bl, codep-
acawmyue UOHbl Memaiiloe, KOHYyeHmpayusli Komopsvlx npeesviuiaent I’lp€0€]le0 donycmuMble 3uavenus. Haubonvuue
mpdeocmu BbI3bLBACH OHUCIKA 800blL OM ULECMUBANCHIMHO20 xpoma.

Hpe()ﬂaeaesze Memoobl OHUCKU OM xpoma wecmueaileHmnozco — Mmemoo INEeKmMpoKoazyIAyuu, Memoo 2alb8aHo-
Koaeyniayuu, COp6uu0HHbl€ M€m0()bl, KOM6uHup0661HHbl€ Memoovbl — umerom Hedocmamku, maxue Kax 3HauumenbHolil
pacxod INIEKMPOIHEpcUU, MemailudeCKux pacmeopumsblx anodoe, naccueayus CIHO()OS, Heobxo00uMocms  OONLUUX
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u366IMK08 peazenma (conel Jcene3a), DoabUIUEe KOMUYECBA 0CAOKA U CLOICHOCMb €20 00€380JCUBAHUSL, O0PO2OBUZHA
u depuyum copbermos, OOILUION Pacxo0 peazeHmos 0Jisl peceHepayuu copoeHmos u op.

B pabome nokazano obopyodosamue 01s nposedeHuss onvimos, eKuOUArOWee OUAPPASMEHHbIN NeKMPOIUIED
€ KOAKCUATIbHBIM PACNONONCEHUeM 311eKmpodos. [Ipedcmagnenvt (popmynvt 0ns pacuéma nomoka uoHo8 Xpoma noo
Oeticmeuem muepayuu u ouggysuu. Omauyue pacuémuol cuibl Moka om npakmuieckol cocmaeisiem 25 %, meope-
MUYeCKol CMenenu OYUCmKy om peanvHol — 4 %, umo noomeepoicoaem 3¢h@exmusHoCms NPedioNCeHH020 Chocoba

OYUCMKU.

Konyenmpayuio uornog xpoma onpeoensiiu Memooom amomHo-abcopoyuonnoi cnekmpockonuu. Cmenens ouucmsu
60061 om xpoma cocmasuia om 84 0o 96 %. Haubonvwas cmenenv ouucmku (96 %) nonyuena npu npooonxicumenvHo-

cmu anexmponuza 29 mun.

Kniouegvie cnosa: eanb8anocmoxu, wecmuganeHmusiil Xpom, ouappacmentslil 21eKmpoau3ep, d1eKmpoxumMuyeckoe

8030eticmeue, NOCMOSIHHbII MOK.

Introduction. Due to the constantly increasing
requirements for standards for the concentration of
harmful substances (in particular, for substances of the
first hazard class — hexavalent chromium) in industrial
effluents (in particular, in electroplatings wastes), interest
in various cleaning methods has always been relevant.

In the production of aircraft parts, galvanic
technologies are used, as a result of which electroplatings
wastes of electroplating shop contaminated with metal
ions are formed. The requirements of environmental au-
thorities do not allow direct discharge into reservoirs or
sewers of electroplatings wastes containing high concen-
tration of chromium, for example, in the form of chromic
acid, metal chromates, etc. In addition, chromium is an
expensive metal and its extraction from chromium-
containing electroplatings wastes is also desirable from an
economic point of view. For a long time there is a need
for an economical and efficient way to remove chromium
from industrial wastewater and its subsequent regenera-
tion [1-7].

Currently, there are a large number of ways to purify
industrial water from chromium — mechanical, chemical,
electrical, physical, biological, combined, etc. The pro-
posed methods for purifying hexavalent chromium — elec-
trocoagulation method, galvanocoagulation method, sorp-
tion methods, combined methods have their drawbacks,
such as: high power consumption, significant consump-
tion of soluble metal anodes, passivation of the anodes,
the need to use a reagent (iron salts), the formation of a
large amount of precipitate and the complexity of its sub-
sequent dehydration, the high cost and scarcity of sor-
bents, the use of reagents for the regeneration of sorbents,
and others [8; 9]. SibSAU staff have developed a com-
bined method of purifying water from anions and cations,
including hexavalent chromium [10; 11]. However, the
proposed method requires prolonged water precipitation
(8-10 hours), which is not always possible under produc-
tion conditions. Therefore, the development of an effec-
tive method of purifying water from hexavalent chro-
mium is an urgent problem.

Diaphragm electrolyzers are used to change the active
reaction and redox potential of the medium [12]. In this
work, it is noted that when using a diaphragm electrolyzer
due to the migration of hexavalent chromium ions from
the cathode chambers, their concentration in catholyte
decreases. However, this phenomenon has not been inves-
tigated with the aim of using chromium ions to purify
water.
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Work Description. Fig. 1 shows the experimental
setup with the help of which water was purified from
hexavalent chromium.

The experimental procedure was similar to that de-
scribed in [13]. The difference is that the number of holes
in a small tank (3) is increased and the water of the elec-
troplating shop taken from the bath with rinsing water
following the chromium bath with chromium-containing
solution in the manufacture (coating) of aircraft parts was
cleaned.

Based on the calculations given in article [13], the
electrolysis time is 29 minutes. In this case, the degree of
purification should be equal to 100 %.

The degree of purification was calculated by the for-
mula

y = [ S =S |00,
C

o

where C,, C, — initial and final concentration of the re-

moved metal ion, mg/l;

Y=(%)100%:96%

where C, [CrO,]* = 7.0 mg/l; C, [CrO,]* =0.29 mg/l.

The results of the experiments are presented in fig. 2.

Thus, the discrepancy with the estimated degree of pu-
rification is 4 %.

To confirm the correctness of the selected calculation
method described in [13], it is necessary to compare
the values of the calculated amperage (theoretical) I,
and average, measured in the process of electrolysis
(practical) Iexpmedium-

It is known that the flow of dissolved particles in the
electrolyzer consists of three terms [14; 15]:

Ni:_Zi' U,F C,«‘VQD—D,«'VC,--PC,»'V,
flow migration diffusion  convection

where N,— component i flow, mol/(cm® s); Z;— ion charge
in proton charge units; U; — component mobility i,
cm’mol/(J s); F'— Faraday constant, C/mol; C;— concen-
tration of component i, mol/cm’; Vd — voltage between
electrodes, V; D;— diffusion coefficient, cm*/s; VC;— con-
centration gradient, mol/cm’.

We neglect the third term since the electrolysis mode
is stationary and, accordingly, the convective component
is negligible.
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After data substitution, the migration flow will be

equal to:

~Z,-U"F -C- VD =7.655-10"

mol

= D;-VC;=2677-10"

S - cm S -

Fig. 1. Experimental setup:
1 — fluoroplastic tank; 2 — cathode (stainless steel 12X18H10T);
3 — fluoroplastic glass (small tank) with holes; 4 — tarpaulin diaphragm;
5 — graphite anode; 6 — DC source; 7 — multimeter

Puc. 1. DxcnepiuMeHTaIbHAS YCTaHOBKA:
1 — émxocts u3 droporutacra; 2 — katon (Hepxaseromas ctans 12X18H10T);
3 — ¢roporiacToBbIi cTakaH (Manasi EMKOCTb) C OTBEPCTHAMHE; 4 — Auadparma u3 Ope3eHTOBOM
TKaHH; 5 — aHOJ U3 TpaduTa; 6 — ICTOYHHK ITOCTOSHHOIO TOKA; 7 — MyJIETUMETP

The diffusion component is determined:
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Dependence of the degree of purification on the time
of electrolysis
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Fig. 2. Dependence of the degree of purification on the time of electrolysis

Puc. 2. 3aBUCHMOCTD CTENIEHN OYUCTKH OT BPEMEHH IPOBEICHNUS HIEKTPOIIN3a
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Thus, the flux of chromium ions will be equal to:

mol

7 -
cm

N;=10.3-10"
S .

The amperage will be:

Lo =N;* F-8=993950 - 107" iz ©323.106 cm® =
cm

=32-102A=0.032 A,

where N; — component i flow, mol/(cm?*s); F — Faraday
constant, C/mol; S — surface area of the cathode (anode)
involved in electrolysis, cm®.

The average value of amperage during electrolysis
in 29 minutes made up: Zexp medium = 0.043A.

Conclusion. The highest degree of purification (96 %)
was obtained with an electrolysis duration of 29 minutes.
The process was carried out at a voltage of 50 V.

The difference between the calculated amperage from
the practical one is about 25 %, and the theoretical degree
of purification from the real one is 4 %, which confirms
the effectiveness of the proposed cleaning method and the
correct calculation method.

Further experiments are required, followed by practi-
cal testing under industrial conditions with an increased
rate of electrochemical reactions in order to reduce
electrolysis time.
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