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KasakcmaH Pecrniybriukacbl Ynmmbik fbinibiM  akademusicel "KP ¥FA Xabapnapbl. Xumusi XoHe
mexHorsoausi cepusicbl” fblnbiMU XypHanbiHbiH Web of Science-miH xaHanaHfaH Hyckacel Emerging
Sources Citation Index-me uHOekcmeryee KabblndaHraHbiH xabapralobl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH opi the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday moaceneciH
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ELECTROFLOTATION EXTRACTION OF POWDERED
CARBON-BASED MATERIALS FROM AQUEOUS SOLUTION
WITH USING OF SURFACTANTS

Abstract. Comparative electroflotation studies of powdered carbon materials from an aqueous solution of
sodium sulfate electrolyte were carried out.

Kinetic electroflotation dependences of various carbon materials particles (carbon nanoflakes and activated
carbons OU-B and BAU-A) are shown. It is established that the particles of carbon nanoflakes are most effectively
extracted in the presence of nonionic surfactants. Whereas the extraction degree of activated carbons does not reach
20% in the same conditions.

Electroflotation studies of powdered carbon materials from aqueous solutions with the addition of coagulants
AI** and Fe®* were carried out to improve the efficiency and intensity of particles extraction. We studied aqueous
solutions containing different types of surfactants: anionic, cationic and nonionic. Studies have shown that carbon
nanoflakes are extracted quite effectively regardless of nature either the coagulants or the surfactants.

The extraction degree of activated carbon particles OU-B reached 90-95% if iron ions were present in an
aqueous solution of cationic or nonionic surfactant. But the efficiency of the process was reduced in the presence of
AIP* due to the formation of a large amount of insoluble aluminum hydroxide.

We also studied the surface characteristics of powdered carbon materials (electrokinetic potential ({-potential)
and hydrodynamic radius of the particles) for a better understanding of the electroflotation process.

Keywords: carbon materials, electroflotation, surfactants, coagulant, {-potential, hydrodynamic radius.

Introduction. Activated carbon is a highly porous carbon adsorbent, which is obtained from various
carbon-containing organic materials [1]. Activated carbon is widely used for treatment, separating and
extracting gaseous and liquid substances [2-6]. In the Russian Federation and Kazakhstan, as well as in
world practice, the largest share in the consumption of activated carbon is a processing of drinking and
technical water.

Activated carbons are unique adsorbents [7-9] due to their hydrophobic properties in comparison with
such adsorption materials as silica gels, zeolites, ionites and etc.

Activated carbons with a particle size less than 0.1 mm are considered powdered materials. This type
of coal is often used for the liquid phase; it is thoroughly mixed with the liquid to be purified. After
adsorption of impurities, the coal is removed from the solution by filtration or precipitation [10, 11].

The particle size distribution, which is carefully controlled by modern grinding processes, greatly
influences the rate of adsorption, filtration, and precipitation. In addition, the small particle size makes it
difficult to extract the formed dispersed phase "carbon material - adsorbate".

One of the most popular methods of particle extraction is presently flotation [12-16]. Studies of the
electroflotation extraction of powdered carbon materials, such as activated carbons [17], and carbon
nanomaterials [18-20] have been published before.
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This article presents the experimental results of electroflotation extraction of powdered carbon
materials, namely, activated carbons BAU-A and OU-B, as well as carbon nanoflakes (CNF), from
aqueous solutions of different composition.

Methods and researching objects. Carbon nanoflakes (bulk density 0.27 g/cm?; ash content 0.5%;
specific surface 243 m?/g), activated carbon OU-B (GOST 4453-74) and BAU-A (GOST 6217-74) were
selected as objects of research. Colloid-dispersed systems of carbon materials in agueous solutions with
surfactants (anionic surfactant — NaDDS; cationic surfactant — Katinol; nonionic surfactant — Triton X-
100), metals salts Alx(SO4)s, Fex(SO4)s and electrolytes Na,SO4, NaCl were prepared for conducting
experiments.

Laboratory studies of the efficiency of the electroflotation extraction were carried out in a non-
flowing electroflotation unit with an insoluble anode at a constant pH. The column of electroflotation unit
is made of glass with the cross-sectional area 10 cm? and the volume of the treated solution 500 ml. The
height of the unit is 800 mm, the sampling valve is located at a height of 40 mm above the electrode unit.

The electrode unit includes an insoluble anode made of ORTA (titanium base with a film coating of
cobalt and ruthenium oxides caused by thermal decomposition of a mixture of their salts) and a cathode
made of stainless steel mesh with a cell size of 0.5 x 0.4 mm (wire thickness 0.3 mm). The cathode is
located above the anode in order to allow free passage of the anodic oxygen bubbles into the column of
electroflotation unit. A rubber packing separates electrodes. The device is powered by a DC power source
B5-48. The range of bulk current densities is 0.1-0.5 A/l. Gas saturation occurs due to hydrogen and
oxygen released at the cathode and anode.

In fine of the treatment, sampling is performed through the valve in order to determine the residual
concentration of the pollutant in the treated solution. When studying the kinetics of the process, sampling
is carried out every 5 min.

Electroflotation efficiency was evaluated by the degree of extraction (a, %), which was calculated as
the ratio of the difference between the initial (Co) and final (C1) content of pollutants in the solution to

their initial content; a = % x100%.

The analysis of the carbon material concentration was carried out using an adapted quantitative
analysis method (with calibration graph) on a PROMEKOLAB PE-5300B spectrophotometer. The
determination of the hydrodynamic radius of the particles and the electrokinetic potential was carried out
by the method of dynamic light scattering with the use of equipment PHOTOCOR Compact-Z.

The experiments were conducted using analytical equipment of the MUCTR resource-sharing center.

Experimental results and discussion. Figure 1 shows the kinetic dependence of the degree of
extraction of particles of carbon materials from an aqueous solution of the electrolyte Na,SO, in the
presence of a nonionic surfactant.

o, %
100
—8— CNF
80
OU-B

60

40 ——BAU-A
20 _a

0 / T, min.
0 5 10 15 20

Figure 1 - Kinetic dependence of the degree of extraction of particles of carbon materials from an aqueous solution
in the presence of a nonionic surfactant: C (CNF, OU-B) = 100 mg/L; C (BAU-A) = 1000 mg/L; C (TX-100) = 100 mg/L;
C (Na2S04) = 500 mg/L; iv= 0.2 A/l; pH 7.0
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The analysis showed that CNF particles are most efficiently extracted from an aqueous solution of a
nonionic surfactant — after 10 minutes of electroflotation the recovery rate is 69%. While the degree of
extraction of activated carbon reaches 5-20%.

Below are the studies of the electroflotation extraction of carbon materials from aqueous solutions of
electrolytes of different composition.

Table 1 shows the results of the study of electroflotation of carbon materials (CN) from an aqueous
solution of anionic surfactant in the presence of metal hydroxides AI** u Fe3*.

Table 1 - Effect of the nature of carbon materials on the degree of extraction of the floatation complex "CN-Me(OH)s" from
an aqueous solution in the presence of metal hydroxides and anionic surfactant NaDDS

Recovery rate "CN-Me(OH)z" o, %
Me3* CNF Ou-B BAU-A
5 min 30 min 5 min 30 min 5 min 30 min
*without Me3* 3 5 2 2 5 26
AI(I) 85 94 22 36 27 75
Fe(l11) 83 95 15 20 5 15

iv=0.2 A/L; pH 7.0; C(CNF, OU-B) = 100 mg/L; C(BAU-A) = 1000 mg/L;
C(NaDDS) = 100 mg/L; C(Na2S0a4) = 500 mg/L; *C(NazSO4) = 500 mg/L

Analysis of the experimental data showed that after 5 minutes of electroflotation, the degree of
extraction of ULF reaches 83-85% regardless of the nature of the added coagulant. After completion of the
extraction process, the recovery rate reached 94-95%.

Unlike carbon nanomaterial, OU-B activated carbon was not efficiently removed (20-36%). Whereas
the extraction process of BAU-A carbon in the presence of AlI** coagulant did not show effective results in
the first minutes, and upon completion of the purification process, the degree of particle recovery reached
75%.

The results of the study of the electroflotation of activated carbons and carbon nanoflakes from an
aqueous solution of a cationic surfactant in the presence of metal hydroxides AI** u Fe3* are presented in
Table 2.

Table 2 — Effect of the nature of carbon materials on the degree of extraction of the “CN-Me(OH)s” flotation complex
from an aqueous solution in the presence of metal hydroxides and a cationic surfactant Katinol

Recovery rate "CN-Me(OH)3" a, %
Me3* CNF OU-B BAU-A
5 min 30 min 5 min 30 min 5 min 30 min
*without Me3* 68 73 9 52 3 36
Al(I1) 90 95 14 81 3 51
Fe(l1) 92 96 71 94 23 81

iv=0.2 A/L; pH 7.0; C(CNF, OU-B) = 100 mg/L; C (BAU-A) = 1000 mg/L;
C(Katinol) = 100 mg/L; C(Na2S04) = 500 mg/L; *C(Na2S04) = 500 mg/L

It was established that, regardless of the nature of the particles in the presence of the Fe** coagulant,
the extraction degree reached 81-96%. However, the addition of AI** coagulant makes it possible to
efficiently remove only CNF and OU-B carbon after 30 minutes of the electroflotation.

Similar results were shown by experiments on the extraction of carbon materials from an aqueous
solution of nonionic surfactants in the presence of metal hydroxides AI** u Fe®* (Table 3).

Differences in the extraction of particles of carbon materials are primarily associated with the
methods of obtaining these materials, which affect their textural and surface characteristics. In addition,
the size of particles and their charge is important in electroflotation.

Table 4 presents the results of the study of the electrokinetic potential and the hydrodynamic radius of
the CNF particles.
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Table 3 — Effect of the nature of carbon materials on the degree of extraction of the "CN-Me(OH)s" flotation complex from
an aqueous solution in the presence of metal hydroxides and nonionic surfactant TX-100

Recovery rate "CN-Me(OH)s" o, %
Me3* CNF OU-B BAU-A

5 min 30 min 5 min 5 min 30 min 30 MuH
*without Me3* 69 71 3 4 4 25
Al(I11) 80 93 21 86 3 3
Fe(lIT) 94 95 58 92 66 91

iv= 0,2 A/l; pH 7.0; C(CNF, OU-B) = 100 mg/L; C(BAU-A) = 1000 mg/L;
C(TX-100) = 100 mg/L; C(Na2S04) = 500 mg/L; *C(Na2S04) = 500 mg/L

Table 4 — Effect of the nature of surfactants on the electrokinetic potential { and the hydrodynamic radius R
of CNF particles in an aqueous solution in the presence of metal hydroxides

SI%‘;gtg;t NaDDS Katinol TX-100

Additives NazSO4 | Fe(OH)s | AI(OH)s | NazSOs4 | Fe(OH)s | AI(OH)s | NaxSOs4 | Fe(OH)s | Al(OH)s
L mv 24 3 7 +1 +7 +12 18 +10 +12
R, um 14 28 57 11 67 10 22 39 69

C(CNF) =100 mg/L; C(surfactant) = 100 mg/L; C(element) = 500 mg/L; iv=0.2 A/l; pH 7.0; T (electroflot.) = 30 min

In the presence of cationic surfactant Katinol, CNF particles recharge ({=+1-12 mV) and acquire
more hydrophobic properties, which positively affects their electroflotation extraction. In addition, in the
presence of iron (111) coagulant, the particles have a maximum size of 69 microns.

The same results and changes in the particle surface properties were observed in the presence of
anionic surfactant and AI** coagulant, as well as in the presence of nonionic surfactant and Fe3*, Al
coagulants. In the absence of coagulants, the surface of the particles acquired a high negative charge,
which could complicate the electroflotation extraction of CNF.

The characteristics of OU-B activated carbon in the presence of various electrolytes were also studied
(Table 5).

Table 5 — The effect of the pH of the electrolyte solution on the magnitude
of the electrokinetic potential  and the hydrodynamic radius R of the particles of OU-B

Oou-B
Na2SO4 NaCl
H
Specifications 3 7 11 3 7 11
g, mV -5 -16 -37 -10 -18 -18
R, um 17 6 8 10 12 11

C(OU-B) = mg/L; C(electrolyte) = 1 mg/L

Analysis of the experimental data made it possible to establish that the maximum particle size of OU-
B (10-17 um) can be achieved in an acidic medium of sulfate background, as well as at any pH of the
chloride background. However, the high negative electrokinetic potential of the particles of activated
carbon can affect and hinder their extraction.

Conclusions

Consequently, conducted experiments show that electroflotation extraction of carbon materials
depends on their nature, method of preparation, as well as on texture and surface specifications (potential
and particle size).
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In addition, the presence of cationic and nonionic surfactants, AI**, Fe®* coagulants in solutions
contribute to the change of particle properties due to the formation of flotation complexes, which leads to
effective electroflotation extraction of carbon materials.

ACKNOWLEDGMENTS

This study was financially supported by the Ministry of Education and Science of the Russian
Federation as part of the implementation of the Federal Targeted Program “Research and Development in
Priority Areas for the Development of the Scientific and Technological Complex of Russia for 2014—
2020”. Agreement ID RFMEFI58317X0068.

V]IK 661.183.2; 66.087.4

A.B. Kosecuukos!, A.JI. Mumotunal, B.A. Konecaukon?,
M. Kypunos?, A. Baemos?, B.H. SIckepny?

! 1. . Menpenees aThiHaarsl Peceil XUMUA-TEXHOIOT USIIBIK yHHBepcuteTi, Mackey, PO;
2 J1.B.Coxonbckuii athingarsl JKanapMail, KaTanus sxoHe 3]IeKTPOXHMUs HHCTUTYThI, AnMathl, KazakcTan

KYPAMBIHJA BA3 BAP BOJIFAH CVYJIbI EPITIHAIVIEPAEH YHTAKTOPI3 I
KOMIPTEKTI MATEPUAJIJAPABI QJEKTPO®JIOTALOUAJBIK KOJIMEH AJ1Y

Annoranusi. Hatpuii cynpdaTbIHBIH CyJbl  3JIEKTPOJUTTEPIHEH 3JEKTPOQIIOTAlNS JKOJBIMEH allbIHFaH
YHTaKTopi3/1i KOMIPTEKTi MaTepuaiaapblH CalIbICTBIPMaIbl 3epTTeyIepi Kypriziiii.

OpTypill KOMIPTEKTI MaTepHUaapiaH TYPaThIH OeJIeKTep i OOl anyablH, SFHA KOMIPTEKTI HAHOKAOBIPIIAK
neH OY-b xxone BAY-A Oerncenai keMipiepaiH KHHETHKAIBIK TOyenautiri kepcetinmi. Monorenai emec BA3 0ap
Ke3Jle KOMIPTEKTI HaHOKAObIpIIaK OeJeKTepl eH THUIMJI aJbIHATBIHABIFBI, ajl OeJICeHAl KOMIp/iH ajbIHy JIopexeci
20 % >KeTHneUTiHAIrT aHBIKTaIIbI.

OnekTpoIOTAMSHBIH HHTCHCUBTUITH JKOHE THIMIUICIH JKOFapbUIaTy MaKCaThIHIA AI®* xome Fed*
KOAryJITHTTApbIH KOCBUIFAH CYJIBI CPITIHIUIEpAeH YHTAKTOPi3di KOMIPTEKTI MaTepuangapipl Oamim ary OoWbIHIIA
seprreynep kyprizinmi. Kypamerama optypini BA3 OonraH (aHHOHABI, KaTHOHIBI JKOHE HOHOTCHII €MecC) CYIIBI
epitigminep 3eprrenmi. 3eprreynep BA3  koHe KOAarymsHTTBHIH — Ta0WFaThlHA  KapamacTaH  KeOMIPTEKTi
HAaHOKAOBIPIIAKTAp aHAFYPIIBIM THIMi OOJIiHIN aNbIHATEIHIBIFEIH KOPCETT.

KypaMbiHZa KaTHOH/IBI HeMece MOHOTeHl eMec BA3 Oap GonraH Cynbl epiTiHAie TeMip MOHIApbl OOoNFaHaa
OV-b 6encenni kemip GenmieKxTepidiy aibiHy aopexeci 90-95 %-ra xkerti. AI** Gap GosFaH Kesje KMbIH €pUTIH
TIOMUHHIA THIPOKCHII TY3U1y ce0eOTi mporecc THIMIUTITT TOMEHACH I,

OnekTpodoTanus MPOLECCIH JKAKChl TYCIHY MaKCaTbhlH/AA YHTaKTaPi3/li KOMIPTEKTI MaTepuajiapAblH OeTTiK
CUIMATTaMachl, SFHU 3JEKTPOKHMHETHKAJbIK NoTeHIMan ({-moTeHIuan) j>koHe OeJIeKTepiH THIPOJHHAMHKAIBIK
PpaarycChl 3epTTEIN/Ii.

Tyiiin ce3aep: KOMIPTEKTI MaTepHaIaap, MMEKTPOIOTAIUS, OCTTIK-aKTUBTI 3aTTap, KOATYJISIHT, {-TIOTCHIIHAI,
THAPOJMHAMHKAJIBIK PaiinycC
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SJEKTPO®JIOTAIIMOHHOE U3BJIEYEHUE ITOPOIIKOOBPA3HBIX YI'JIEPOJHBIX
MATEPHUAJIOB U3 BOJHBIX PACTBOPOB B ITPUCYTCTBUU IT1AB

Annortanus. [IpoBeieHbI CpaBHUTEIBHBIC UCCIICAOBAHUS AIEKTPOGIIOTAIIMOHHOTO U3BJICUYCHHSI IIOPOIIKO00pa3-
HBIX YTJICPOIHBIX MATEPUAIIOB U3 BOJHOTO PACTBOPA IEKTPOJIHTA CYJb(haTa HATPHSI.

IToka3aHbl KHHETHYECKHE 3aBUCHMOCTH U3BJICUCHHS YaCTHUI] PA3IMIHBIX YTIIEPOAHBIX MATEPHAIOB: YTIIEPOIHBIX
HaHOYeITyeK W akTHuBHpoBaHHBIX yriielk OY-b u BAY-A. YcraHoBiieHO, 94TO B MPUCYTCTBUU HermoHoreHHoro [TAB
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Hanbonee 3(P(EeKTHBHO H3BJIEKAIOTCS 4YaCTHIBl YIJIEPOJHBIX HAHOYEIIYeK, TOTAa Kak CTENeHb W3BJICYCHUS
aKTUBHPOBAHHBIX yriei He nocturana 20%.

Jnst moBbimenust 3(p¢GEKTUBHOCTH M MHTEHCUBHOCTU 3JIEKTPOQIIOTAlNN OBUIM MPOBENECHBI UCCIEJOBaHMS 110
W3BJICYEHUIO MOPOIIKOOOPA3HBIX YIJIEPOIHBIX MaTepUalioB U3 BOAHBIX PAacTBOPOB NpH J0O0ABICHUH KOArYJSHTOB
AP* u Fe®. Bpun u3yueHsl BOJHBIE PACTBOPHI, COJEpYKAIlMe pa3ivudHble TUNbI 1IAB: aHMOHHOE, KaTMOHHOE M
HEMOHOTCHHOE. VccienoBaHus MOKa3aiy, YTO YIJIEPOIHBIE HAHOYCIIYHKH M3BIEKAIOTCSA IOCTATOYHO 3((EKTHUBHO,
HE3aBHCHMO OT IpUpoJbl KoaryisHTa u [TIAB.

CreneHp W3BJICUCHHS YacTHI[ akTuBHpoBaHHOro yrias OY-b mocturama 90-95%, ecnm B BOOHOM pacTBOpe
KATHOHHOTO MIIM HeuoHoreHHoro IIAB mpucyTcTBOBamM MOHBI Kejde3a. Torga kak B nOpucyrcteuum  AlRY
3¢ (GEeKTHBHOCTH IpoIlecca CHIDKANIACh 32 CYeT 00pa3oBaHUs OONBIIOTO KOJIWYECTBA OCATKa TPYAHOPACTBOPHMOTO
THJPOKCU/IA aJIFOMUHMUSL.

Jns mydiiero HMOHMMaHHMS Tpollecca 3JeKTPOQIIOTaluK ObUIM HM3YYEHBl MOBEPXHOCTHHIE XapaKTCPHCTHKH
MOPOIIKOOOPa3HBIX  YIVIEPOAHBIX ~ MaTepualioB:  JJIEKTPOKMHETHYeCKWd  moreHnuan  ({-moreHuman) u
THIPOAMHAMHYECKUH paJuyC JacTHII.

KaroueBble cioBa: yriepoiHble MaTe€pHaNbl, 3JEKTPOQIIOTAlMs, IOBEPXHOCTHO-aKTHBHBIE BEIIECTBA,
KOaryJsHT, {-OoTeHIMal, THIPOANHAMUYECKHUH paguyc.
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