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INFLUENCE OF A CONSTANT ELECTRIC FIELD ON THE ADSORPTION PURIFICATION
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Using electrochemical action (ECA) to treat water was first proposed in UK in 1889. At present, many methods of
ECA are known (electro flotation, electro coagulation, electro osmosis, electrophoresis, etc.).

In the production of rocket and space technology, galvanic technologies are used, as a result of which waste water
is contaminated with metal ions. Known methods of wastewater treatment do not allow to ensure the maximum permis-
sible concentration of metal ions in treated water, or are expensive or difficult to operate in industry. Iron ions are
among the most polluting components of wastewater of most industries. So increased control and the development of
effective methods of wastewater treatment are necessary. Iron affects the intensity of phytoplankton development and
the qualitative composition of microflora in reservoirs. The toxicity of iron compounds in water depends on the hydro-
gen index of water. The alkaline environment dramatically increases the risk of fish poisoning, as in such conditions,
iron hydroxides are formed, which are deposited on the gills, clog and corrode them. In addition, iron compounds bind
oxygen dissolved in water, which leads to the mass death of fish and other hydrobionts.

The article presents the method of conducting experiments, the methods of sorption, electrochemical and combined
water treatment, including electrochemical action and adsorption. The results of studies of these methods of water puri-
fication from iron ions are presented. The dependence of the degree of purification on the electric field strength, inte-
relectrode distance and water treatment time is revealed. With an electric field strength of 5.16 V/mm, a temperature of
20-22 °C using quartz sand as an adsorbent and a processing time of 1 minute, the concentration of iron ions decreased
from 2.5 to 0.25 mg/l (at MPC = 0.3 mg/l). The proposed combined cleaning method requires inexpensive and afford-
able materials and is easy to operate.

Keywords: electrochemical method, iron, degree of purification, alternating current, direct current, sorbent.
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Hcnonvzosanue snexmpoxumuueckozo ozodeucmeus (IXB) 051 0bpabomku 600bl enepavie OblIo npednodceHo  Be-
auxkoopumanuu 6 1889 2. B Hacmosuee epems uzgecmuo MHo20 Memooos IXB (anexmpogromayus, snekmporoazyis-
Yus, 21eKmMpoocMoc, daekmpogopes u op.).

B npouszeoocmee pakemuo-kocmMuueckoli mexHuKy NPUMEHAIOMCA 2alb8aAHUYECKUe MEXHON02UY, 8 pe3yIbmame Ko-
MOPLIX NPOUCXOOUM 3ASPA3HEHUE CIOUHBIX 600 UOHAMU Memannos. H3eecmuvie Memoobl O4UCKU CIMOYHBIX 800 He
no380A10M 0becneuums npeoeibHo-00NnyCIMUMYI0 KOHYEHMPAyuo UOHO8 MEMAil0s 8 OUUIEeHHOU 800e TUDO ABNAIMCA
00pO2OCMOAWUMY UTU CTIONCHBIMU 8 IKCHAYAmMmayuu 8 npomviusieHHocmu. OOHUM U3 YACTNO 8CMPEUAIOWUXCA 3A2PA3-
HAIOWUX KOMNOHEHMO8 ABNAEMCA UOHbL Jcene3d, 8X00Aue0 8 cOCmas CMoYHbIX 600 OOTLWUHCINGA ompaciel npo-
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MBIUUACHHOCIU, YMO mpedyem NOSbIUEHHO20 KOHMPOJA U pa3padbomru dQhexmueHbix Memooo8 OYUCMKU CHOYHbIX
600. JKeneso enusiem Ha UHMEHCUBHOCMb PA3GUMUS PUMONIAHKIMOHA U KAYECMBEHHbII COCMAE MUKPOGDAOpbL 8 8000-
emax. Toxcuunocms coeduHeHull Jcenesa 6 800e 3a8uUcUm om 6000POOHO20 noKkazamenis 600vl. llenounas cpeda pesxo
yeeruuugaenm OnacHoOCHb OMpPAGiIeHUst pblh, MAK KaK 8 MAKUXx YCio8usix 00pazyiomcst 2uOPOKCUObL Jicele3d, KOmopble
ocadicoalomest Ha Jcabpax, 3aKynopueaiom u pazvedaiom ux. Kpome moeo, coedunenus scenesa cesisvbleéarom pacmeo-
PEHHbLIL 8 800€ KUCIOPOO, YMO NPUBOOUM K MACCOBOU eubenu pbib u opyeux euopooUoHmos.

B cmamve npedcmasnena memoouxa nposedenus 3KCNEPUMEHMO8, PACCMOMPEHRbl Memoobl COPOYUOHHOU, EeK-
MPOXUMUYECKOIL U KOMOUHUPOBAHHOU OUUCMKU 800bl, BKIIOUAIOWUe INeKMPOXUMUIecKoe 8o30elcmaue u aocopoyuro.
IIpedcmaenenvl pe3yromamol UCCIEO0BAHULL IMUX MEMOO08 OUUCMKU 800bl OM UOHO8 dicenesd. Buviseniena zasucu-
MOCMb CHMeneHy OYUCHKU OM HANPSNCEHHOCMU INEKMPULECKO20 NOTS, MENCINEKMPOOHO20 PACCMOSHUSL U 8PEeMEHU
o6pabomiu 600bl. Tlpu nanpsxcennocmu snekmpuyeckoeo nois 5,16 B/um, memnepamype 20-22 °C, ucnonszosanuu
K6apyeeozo necka 6 kawecmee adcopoOeHma u epemenu oopabomku 6 meuenue | MuH. KOHYEHMPAYUs UOHOB Jicene3a
ymervuunace ¢ 2,5 0o 0,25 me/n (npu IIJAK = 0,3 me/n). Ilpedrazaemvpiti KOMOUHUPOBAHHBILL MEMOO OYUCKU mpedyem
He 00po2ux U OOCMYRHBIX MAMEPUATIO8 U NPOCHL 8 IKCHILYAMAYULL.

Knrouesvie crosa: snekmpoxumuieckull Memoo, jHcene3o, cmenetb O4uUCnKu, nepemMertblil MoK, NOCMOAHHbBIU MOK,
copbenmul.

Introduction. In the production of space rocket where C,, Cy are the initial and final concentration of the
technology, galvanic technologies are used, as a result of removed metal ion, mg/L.
which sewage is contaminated with metal ions. Known The specific energy consumption W for purifying a
methods of wastewater treatment do not allow for the unit volume of water, (kW-h)/m3, was calculated by the
maximum permissible concentration of metal ions in  expression:
treated water, or are expensive or difficult to operate in W= 1oy, 1073
industry. Iron ions are among the most polluting compo- Ty
nents of wastewater of most industries. So increased
control and the development of effective methods of
wastewater treatment are necessary. The development of
a method for cleaning industrial wastewater from metals
is an actual area of research and assumes the presence of
not only a high cleaning result, but also optimal parame-
ters when introduced into the process [1; 2], which in-
cludes electricity costs, consumables and processing
time.

The methodology of the experiment. The effect of a
constant electric field on the adsorption treatment of water

from iron ions was studied in a cell using pairs of plate the distance between the electrodes (L, m), the voltage at

ellect.rodes (fig. 1). The gell ?S made o_f a dic?lectric mate-  ho terminals of the electrodes (U, V) and processing time
rial in the form of a cylindrical tube in which the anode (T, s).

and cathode are alternately mounted. The electrodes are

made of sta.lnless steel 12X18H10_T (4 plates 1 mm thick . Statgraphics experimental data processing program) of
each). The interelectrode distance is 12 and 25 mm. Spr- the dependence of the degree of water purification from
bents (quartz sand or natural zeolites) were poured into  Fe jons when the time of the action of a constant electric
the space between the electrodes. The electrodes were  .yrrent on quartz sand changes at different voltage on the
connected in parallel to a direct current source. The vol-  glectrodes.

ume of treated water is 1 liter. A voltage was applied to The temperature of the treated water was in the range
the terminals of the electrodes and water was passed  from 20 to 22 °C [6; 7] and the dispersion of quartz sand
through in a non-pressure way for 1 minute with stabiliza- particles was from 0.5-1.2 mm [8—11].

tion of the current strength of 0.025 A and a voltage at the When considering the response surface, it can be seen
terminals of the electrodes from 18 to 62 V. Fe (III) salts  that the total iron indicators (fig. 3) in purified water are
were dissolved in water at an average ion concentration  as close as possible to standard values with an increase in
of 2.5 mg/l. To record the process parameters, standard  processing time [12].

where [ is current, A; U is the voltage at the terminals of
the electrodes, V; ¢, — flow interval passing through the
treated water, h; V is the volume of filled water, m3; 10>
is the conversion factor from W to kW.

Research results. Fig. 2 shows the results of purifica-
tion of water from Fe ions with an initial concentration of
2.5 mg/1 at a constant electric current of different tensions
with sorbents

In the course of previous experiments at two plants
for wastewater treatment [3-5] the main parameters
that are most important in water treatment were analyzed:

Fig. 3 shows the results of the analysis (obtained using

instruments were used — a voltmeter (accuracy class 0.4), An analysis of the obtained experimental data showed
ammeter (0.5). that the efficiency of the electrochemical method using
The degree of purification was determined by the for-  direct electric current and alternating electric current of
mula, %: industrial frequency depends on the interelectrode dis-
C -C tance, voltage at the terminals of the electrodes, and proc-
Y =(u)100, essing time. The degree of purification improves with

0 increasing electric field strength [3-5; 13].
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Fig. 1. Experimental setup diagram:
1 —DC power supply with output voltage regulation; 2 — casing cell; 3 — the upper
container of water; 4 — purified water tank; 5 — steel electrodes-anodes; 6 — steel
electrodes-cathodes; 7 — current leads; 8 — valve (clamp); 9 — adsorbent

Puc. 1. Cxema 3KCiepMMEHTaIbHON YCTaHOBKH:

1 — ICTOYHHUK TIOCTOSIHHOTO TOKA C PETYJIMPOBAHUEM BBIXOJIHOTO HAMPSDKEHHUs; 2 — KOPITYC
sTYeUKHN; 3 — BEepXHsIst EMKOCTB C BOJIOH; 4 — EMKOCTB JUIsl OUMIIEHHON BOJIBI; 5 — CTaJIbHBIC
3JIEKTPOJIBI-aHOIbI; 6 — CTAJIbHBIE AIICKTPOABI-KATOAbI; 7 — TOKOBBOABL; § — BEHTHIIb
(3axuM); 9 — afcopOeHT

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

W E=1,5V/mm
WE=3,5V/mm

Quartz sand Natural zeolite

Fig. 2. Results of influence of input parameters of the process on the degree
of purification in a plant with direct current and sorbents

Puc. 2. Pe3yJ’[LTaTI)I BJIMAHHSA BXOAHBIX IMapaMETPOB IMPOLCCCa Ha CTCIICHb OYUCTKU
B YCTAHOBKE C IIOCTOSAHHBIM TOKOM U COp6eHTaMI/I
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Estimated Response Surface

Fig. 3. Dependence of the degree of water purification from Fe ions when changing the time
of exposure to direct electric current on quartz sand at different voltages on the electrodes

Puc. 3. 3aBuCUMOCTB CTENIEHN OYUCTKH BOJIBI OT HOHOB Fe IIpHU UBSMCHCHUHN BPEMCHU
B03I[ef/‘ICTBI/I${ TIOCTOSTHHOI'O DJICKTPUYECKOI'O TOKA Ha KBapL[eBBIﬁ NECOK IIPpU pa3jIMiHOM
HaIps’KCHUU Ha 3JICKTpOJAax

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
Combined method EKhl in alternating  Adsorption cleaning  EKhl direct current
current
W (=0,025m [@EL=0,012m
Fig. 4. Results of research on water treatment methods
Puc. 4. Pe3ynbpraThl Hcciae10BaHUH METOJJOB OUUCTKU BOJIBI
At the same voltage (U = 18 V) the cleaning technol- The specific energy consumption and the degree of
ogy with alternating electric current of industrial fre- purification of the electrochemical method based on the
quency turned out to be more effective. use of direct electric current were:
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_1,5-18-0,0167
0,001

The results of studies of water treatment methods at a
voltage of U = 18 V, processing time t py,c. = 60 s, and the
initial ion concentration Fe = 2.5 mg/m’ are presented in
fig. 4.

Conclusion. The specific energy consumption and the
degree of purification of the electrochemical method
using alternating electric current of industrial frequency:
W= 1.8 (kW-h)/m®, Y = 99 % [4]. However, this method
is based on the introduction of a coagulant after electro-
chemical exposure and settling of water for eight hours,
which reduces productivity and requires additional set-
tling tanks. In the electrochemical process, the formation
of iron hydroxide occurred in the volume of water without
sorbents, which led to an increase in the turbidity of the
water. To extract iron hydroxide, water settling is neces-
sary [4.14].

The combination of electrochemical action and the use
of adsorbents made it possible to raise the degree of puri-
fication to 80 %, while the specific energy consumption is
4.5 (kW-h)/m’. An increase in the electric field strength to
5.16 V/mm will allow purifying water from iron ions to
the MPC level (0.3 mg/l).

107 =4,5(kW-h)/m’

E

(25-05

Yl_

]100:80% -—atU=18V
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