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3aBUCHMOCTDH CTEeNIeHH OUYHCTKHU BOJbI OT YJICJIBbHOI'0 KOJIUYIECTBA
AIEKTPUIECCTBA, HANPIKCHHOCTH JICKTPUYECKOT O IMOJIsA
H BPEMECHHU OTCTAUBAHUHA
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CuOupCcKui rocy1apCTBEHHBIN YHUBEPCUTET HAYKH U TEXHOJIOTMiI nMeHH akagemuka M. @. PemerHeBa
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H3zeecmmuvle Memoovl OYUCMKU CTNOYHBIX 800, 00PA3YVIOWUXCS 8 NPOU3BOOCMEE PAKETNHO-KOCMUYECKOU
MEXHUKYU C NpUMEHEHUEeM 2alb8AHUYEeCKUX TMeXHONOoUU, He NO360asiom obecneyums npeoesbHO
O00NYCMUMYI0 KOHYEHMPAYUio UOHO8 MeMAllo8 8 OYUWEHHOU 800e TUO0 AGTAOMCA 00PO2OCHOSUUMU UTU
cnodchvimu 8 axcnayamayuu. Obuemoxkcuynbill, IMOPUOMPONHBILL U MYMALCHHLII IPpeKkm Memaiios
XOpowo usyuer. Smu Memaiivl, 8 MOM YUce U JHceae30, Nonaods eMecme ¢ 000U K NPOOYKMAM RUMAHUSL
8 JICUBLIE OP2AHUBMBI, CNOCODHBL 8 HUX KYMYIUPOBAMLCS, Gbl3bl6ds Y nt00ell namozenes bonesnell cepoya,
Mo3ea, neyenu, paKogvie Onyxoi.

Honwt oicenesa, 6xodsm 8 cocmag cmouHwvlx 600 OONLULUHCIMEA OMPACACl NPOMBIUIEHHOCHU, YMO
mpebdyem noeblUUeHH020 KOHMPOJA U pa3pabomKu d@GEKmusHbIX Memo008 OUUCIKI CHOYHBIX 800.

B cmamve npedcmasnena memoouxa nposedenus IKCHEPUMEHINO8, PACCMOMPEH  Memoo
KOMOUHUPOBAHHOU OYUCIKU 800bl, GKIIOUAIOWULL IIeKMPOXuMu4eckoe 6osoelicmaue u aocopoyuio.
Ilpedocmasnenuvl pe3ynomamul UCCIO008AHUL DMO20 MeMOOd OYUCMKU 800bl OM UOHO8 dicene3d. Buvisgnena
3A6UCUMOCTNL  CINENEHU OYUCMKU Om  YOeabHO20 KOMUYeCmB8d 2NeKmpU4ecmed, npoxoosauieco uepes
oyuwaemyro 800y, HANPSACEHHOCMU INEKMPULECKo20 nois u epemenu omemausanus. Ilpu Qo = 4,7 Ku/a,
E = 1058 B/m, ucnonvzoganuu keapyeoco necka 8 xaiecmee aocopbeHma u epemenu OmcmaudaHus 8
mewenuu 24 u KoOHyeHmpayus UoHo8 dcenesa ymewvuiuaacoy ¢ 1,65 0o 0,82 me/n. Ilpeonacaemviii
KOMOUHUPOBAHHbIIL MemoO OouUCmKYU mpebyem Hedopocux u OOCMYNHbIX Mamepudanos u npocm 8
IKCHIYamayuu.

Kmiouesvie cnosa: KOM6uHup06aHHbllz Memod, ya€]le0€ KoJsiuyecmeo ojieKkmpudecmeda, HanpsAajdCeHHocnb
INIeKMpuU4ecKoco noJjiid, ixcene3o, CmeneHb OYUCnKu, nepemeHan? MOK, NOCMOSIHHbLU MOK, COp6€HMbl.
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The known methods of treatment of wastewater generated in rocket and space technology production

using electroplating technologies do not allow to ensure the maximum permissible concentration of metal
ions in treated water, or are expensive or difficult to operate. The general toxic, embryotropic and muta-
genic effect of metals is well studied. These metals, getting together with water to food products in living
organisms, are able to accumulate in them, causing the pathogenesis of heart diseases, brain, liver, and
cancerous tumors in people.

Iron ions are part of wastewater of most industries, which requires increased control and development
of effective methods of wastewater treatment.

The article presents a technique for conducting experiments, a method of combined water purification,
including electrochemical action and adsorption, is considered. The results of studies of this method of wa-
ter purification from iron ions are presented. The dependence of the degree of purification on the specific
amount of electricity passing through the purified water, the strength of the electric field and the settling
time is revealed. With Qay = 4.7 Kl/I, E = 1058 V/m, using quartz sand as an adsorbent and settling time
for 24 hours, the concentration of iron ions decreased from 1.65 to 0, 82 mg/l. The proposed combined
cleaning method requires inexpensive and affordable materials and is easy to operate.

Keywords: combined method, specific amount of electricity, electric field strength, iron, degree of puri-
fication, alternating current, direct current, sorbents.

Introduction

Galvanic technologies are used in the production of rocket and space technology, as a result, there
is pollution of waste water with metal ions [1; 2]. The known methods of wastewater treatment do not
allow to ensure the maximum permissible concentration of metal ions in the purified water or are ex-
pensive or difficult to operate in industry. One of the most common polluting components is iron ions,
which is a part of wastewater in most industries, including electroplating, which requires increased
control and the development of effective wastewater treatment methods. The problem of neutralization
of industrial wastewater from galvanic industries is one of the most urgent, largely determining the
environmental situation in the water basins of Russia [3-5] and risks to public health [6; 7], which im-
plies the presence of not only a high cleaning result, but also optimal parameters when introduced into
the technological process and includes the cost of electricity, consumables, processing time and set-
tling time.

Methodology of conducting an experiment

The study of the influence of a constant electric field and the specific amount of electricity on the
degree of water purification from iron ions by the combined method was carried out in a cell (Fig. 1)
using a graphite flat electrode with holes 3, which plays the role of an anode (100 mm thick) and a
grid of stainless steel 12X18H10T (1 mm thick) 7, acting as a cathode, arranged in series. Cell 1 is
made of a dielectric material in a form of a cylindrical tube. Sorbents (quartz sand) 5 were poured into
the space between the electrodes [8-13]. The volume of treated water is 1 liter. A voltage of 18 V was
applied to the electrodes, which provided a current of 0.034 A. With the help of clamp 6, the required
water flow through the adsorbent was set. Fe (111) salts were dissolved in water 2 at an average ion
concentration of 1.65 mg/l. To register the process parameters, standard devices were used: a voltme-
ter (accuracy class 0.4), an ammeter (0.5), a portable MW14 photometer for determining the total iron
content in water [14]. The degree of purification was determined by the formula,%
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where C,, C, —initial and final concentration of the removed metal ion, mg/I.
Specific energy consumption W for purification of a unit volume of water (kWh)/m?®was calculated
by expression

Ut
W=—"™21073
Vv

where | is electric power, A; U is voltage at the terminals of the electrodes, V; 1, is time of passing
electric current through purified water, h; V is volume of water to be poured, m*;, 10~ is conversion
factor from W to kW.
The electric field strength E, was calculated by the expression
E=U/L, Vim,

where U is voltage at the terminals of the electrodes, V; L is interelectrode distance.
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Puc. 1. Cxema sxcriepuMeHTaNbHON YCTAaHOBKH:
1 — kopmyc siueiKy; 2 — BOAa C MIOHAMHU METAJUIOB; 3 — aHOJ; 4 — pelieTka;
5 — ancopOenT; 6 — 3axuMm; 7 — katox (cetka); 8 — Boaa; 9 — émKkocTh

Fig. 1. The scheme of the experimental setup:
1 —cell body; 2 — water with metal ions; 3 — anode; 4 — grid;
5 — adsorbent; 6 — clamp; 7 — cathode (grid); 8 — water; 9 — capacity

Research results
Fig. 2 shows the dependence of degree of purification on the specific amount of electricity passing
through the water to be purified, the strength of the electric field and the time of melting.
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Puc. 2. 3aBHCHMOCTB CTEIICHN OYHCTKH OT YISIBHOTO KOIMYECTBA AIIEKTPHYECTBA (CPEeAHEE 3HAUCHHE),
MPOXO/IAIIETO Yepe3 BOAY, HAMPSHKEHHOCTH dJICKTPUIECKOrO MOJISl U BpEMEHH OTCTAMBaHHS

Fig. 2. Dependence of the degree of purification on the specific amount of electricity (average value)
passing through the water, the strength of the electric field and the settling time

The analysis of the obtained experimental data showed that the effectiveness of the combined
method depends on the specific amount of electricity passing through the purified water, the electric
field strength and the settling time. The degree of purification improves with an increase in the settling
time [5-7].

Specific energy consumption, electric field strength and degree of purification of the combined
method were:

W, = 0,035 KW *h/m?,
E = 1058 V/m,

Y =50 %.

Conclusion

With the specific amount of electricity (Q = 9,7 KI/I), electric field power (E = 1058 V/m) and set-
tling water for 24 hours, the degree of purification is 50%.

The dependence of the degree of purification on the amount of electricity is proportional to the
power of the electric field. In [15], a combined method of water purification was investigated using
stainless steel as an anode, which was subjected to anodic dissolution, therefore, the specific energy
consumption according to the calculation is higher than in the presented method. The degree of purifi-
cation in [15] was 80%, since there was a transition of dissolved iron from the anode to water into hy-
droxide, which acted as a coagulant.

An increase in the degree of purification is observed with an increase in the power of the electric
field or the specific amount of electricity. To achieve a purification degree equal to 50%, it is neces-
sary to settle for 24 hours, while the specific energy consumption will be 0.035 kWh/m?, which is sig-
nificantly less than in the previous method (0.45 kWh / m3). The closest in terms of results were the
data at 12 and 24 hours of retention time. To achieve a purification degree of more than 80%, it is nec-
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essary to increase the above parameters several times: the electric field strength, the specific amount of
electricity and the settling time, which ultimately will affect the specific energy consumption.
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