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Paboma noceawiena uzyueHur0 npoyeccos 60CCMAHO061eHUs COPOUUOHHBIX CEOIICHE OUa-
momuma, 3azpaznenno2o negpmenpooykmamu (HII), npu oopadbomke ezo 6 Ousnekmpuueckom oa-
poveprom paspsoe (/IBP). Onpedenenvl 3asucumocmu copouUOHHOU EMKOCHLU OM HAYATILHOT KOH-
yeHmpayuu Hepmenpooykmos 01s mpex 6uooe copoennmos (Ouamomum, WyHZUNL, UeOIUm) U
ycmanosieHnvl padouue ouanazonvt konyeumpauuii HII ons uccneoosannvix copobenmos. lloka-
3aH0, Umo npeosapumenvHan 00padomka nezazpasnennozo ouamomuma ¢ /[bP npueoouna K yse-
JUYEHUIO €20 COPOUUOHHOI eMKOCIU, M.e. NPOUCXO0UNA <AKMUBAUUA» COPOEHMA, C6A3AHHAA C
U3MeHeHUeM C8OIICHE €20 NOBEPXHOCHIU, A UMEHHO C Y8eTUYeHIeM NOBEPXHOCIU AKIMUBHBIX UeH-
mpoe. MakcumanvHoe Yucio yukioe pezenepayuu copoenma ¢ /[bP, npu Komopuwix on ne mepsem
ceoux puszuueckux ceolicme, cocmaennem ¢ocemsv Yuknoe. bvinu ycmanognenvt onmumanvusle
napamempul oopadbomku 3azpaznénnozo HII ouamomuma 6 /IbP. epemsa oopabomku — 1 mun,
pacxod naazmoobpazyiouezo 2aza — La/mun, mowgnocms, éxnaovieaemasn é pazpad — 8,9Bmlcm’.
Ilocne obpadomku copbenma é nAAIMOXUMUYECKOM PeaKmope npu ORMUMATLHBIX YCI0GUAX
copoyuonnan émkocms ouamomuma yeenuuugaemcsa 6 2,4 paza. Takum odpazom, no pe3yivma-
mam npoeedeHHbIX UCC1e006aHUIL 8bIABTICHO, YO NPU 0OPADOMKe 3a2PAZHEHHBIX COPOEHM O Ou-
INEKMpuUecKuil 6apvepuuvlil papao 0d1aoaem cunepzemuieckum Ihhexmom. akmueupyem no-
6EPXHOCMb COPOUUOHHO20 MAMEPUANA U RPUBOOUM K 0eCMPYKUUU HehmenpooyKkmoes, npucym-
cmeyruiux 6 copbenme, m.e. OAGHHBLIL CROCOO MoOdHcem Oblmb IPPeKkmusHo ucnoivL3oean npu
ouucmKe 3azpA3HEHHbIX HepmenpooyKmamu 00beKmoe OKpyHcaouieil cpeobl.
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The work is devoted to the study of the recovergaasses of the sorption properties of
diatomite contaminated with oil products (NP) whéns processed in a dielectric barrier discharge
(DBD). Dependences of the sorption capacity on theial concentration of petroleum products
(PP) for the three types of sorbents (diatomitehwsagite, zeolite) were determined and working
ranges of PP concentrations for the investigatedtsnts were established. It was shown that pre-
treatment of uncontaminated diatomite in DBP led&o increase in its sorption capacity, i.e. there
was an "activation" of the sorbent, associated welithange in the properties of its surface, namely,
with an increase in the surface of the active cersteThe maximum number of cycles of regenera-
tion of the sorbent in DBD, under which it does ndise its physical properties, is eight cycles.
Optimum parameters of treatment of contaminated ERtomite in DBD were established: pro-
cessing time - 1 min, flow rate of plasma formingg- 1 | / min, power input into discharge - 8.9
Wi/cnt. After treatment of the sorbent in the plasma-chiead reactor under optimal conditions, the
sorption capacity of diatomite increases by 2.4dgn Thus, based on the results of the conducted
studies, it was revealed that when treating contaated sorbents, the dielectric barrier discharge
has a synergistic effect: activates the surfacetlud sorption material and leads to the destruction
of oil products presenting in the sorbent, i.e. $hinethod can be effectively used for the purificati
of environmentally objects polluted with oil.
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INTRODUCTION the waste water containing mixture of substancas, a
the recovery of these compounds [6].
The wastewater purification from hydrocar-
@Qns with DBD and ozonation is quite studied method
o, for example, in article [7] the data on pusfion
of real wastewater from organics and heavy metals
ere presented under application of DBD.
One of prospective method of oil products re-
tmoving at low concentrations is their destructioder

One of the global environmental problems i
the problem of pollution of water and water resesrc
and, consequently, reduce the amount of availa
drinking water [1]. Problems of oil pollution aggede
more and more every year and begin to take ontmblo
scale. Therefore, development of technologies fer ok
spill elimination, new technological methods fowse

age purification from oil pollution becomes urgen

These methods should correspond to modern requil"@-a a(étlcan of f]trgng oxidants. _Among "‘[hgm thedr”nos.t
ments — be easily accessible, convenient, envirnnm%Xten € mgt_o S ?re ozolnatlpn and “advance .Or)]("
tally friendly and economically feasible, whichpar- dation consisting of complex impact on water wit

ticular applies to the discharge realized at athesp strong ecolqgical!y pure oxidant§ [8]. - .
pressure [2]. But in spite of destruction efficiency of oll

Pollution of natural waters with oil products isProducts by DBD is well studied the desorption poss

observed almost everywhere, and their concentratighity of them from the sorbent surface is poorlyes-

varies widely. Removal of OP to values correspogldir{'gated' o . _
regulatory requirements is a difficult task [3]. The Oble.Ct'V?S of this work are:

One of the effective methods of wastewater ) D_etermlnatlon of t_he dependenc_e of the Sorp-
treatment is adsorption of organic compounds whidfP" c?pﬁcny ongoncentorlgtlon Qf the scl).lunon(;p:ﬂ:a?-
allows achieving a high degree of purificationraduis- tion of three sorbents — diatomite, zeolite andhgits,

trial waste water [4, 5]. The advantage of thishodt A Determinatio_n of the optima_l con_ditions of
is its effectiveness (95%), and the possibilitytrizat the sorbent regeneration process of diatomite besr
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processing time in the DBR, the power input todise Sorbents efficiency for oil collection is firstly
charge, the optimal frequency of the applied vatagestimated on a value of sorption capacity on abpr
and the flow rate of the plasma-forming gas; ucts [10].
- Determination of possible number of sorption The study included the contamination of dif-
cycles at multiple processing in the DBD. ferent sorbents (diatomite of SMD mark, seolite of
Chuguev field, shungite of Zanezhensk field) with t
EXPERIMENTAL model solution of OP (1-450 mg/L) at dynamic condi-
For the study we used the experimental setyjpns followed by solution treatment in DBD. In a
for regenerating spent sorbents in DBD, a schematigurse of experiments, the sorbent sorption capanit

representation of which is shown in Fig. 1. OP was determined before and after treatment.
The adsorption capacity (mg/g) was calculated
EEEEeD A according to the formula:
—
J =Vo [@CO,i _Cu)

m
where \b — volume of the solution, L; m — mass of ad-
sorbent, mg; & and G — initial and final equilibrium
concentrations, mg/L.

2 —
RESULTS AND DISCUSSION

0, 3 $ L’E r] _ The correlation between adsorption capacity
{3 é S u‘"‘ and the initial concentration OP was found for ¢hre

’ ' types of sorbents: diatomite, zeolite and shungita-

Fig. 1. The experimental setup. 1 — plasma—chemseator; 2 —gas der to determine the operating level of contamimadif

flow meter; 3 — laboratory transformer; 4 — hightage trans-  the sorbent, as well as a priority object of st(Flg. 2).
former; 5 — voltmeter; 6 — sorbent
Puc. 1.DkcnepuMeHTanbHas ycTaHOBKA. 1 —IIa3MOXUMHUYECKUI 16-
peakTop; 2 —ra30Bblif pacxogomep; 3 —aabopaTOpHBIN TpaHc-
¢bopmarop; 4 —BBICOKOBOJIBTHBIN TpaHchopMaTop; 5 —BOJIBT-
Mmetp; 6 —copbeHT

Barrier discharge was excited by a high-volt- =
age transformer. The magnitude of the voltage agdpli >
to the electrodes was varied in the range of 18\30 E
(used transformer allows to generate a frequency of
0.5-2.0 kHz). Control of primary voltage values was 4.
carried out by the voltmeter of D 5015 trade maiie

distance between the sorbent layer and the bace ele
trode during the experiments was 3 mm. Oxygen was

used as a plasma-forming gas. The flow rate ofezarr 0 100 280 r 300 400
gas was recorded using a gas flow meter and vari$d &, mgit -y
f 0.2 to 2 L/min. To increase the contact swgfac 9. 2..Dependence of sorpFlon capacny on theaa!nmnqentra-
rom . : . tion of OP (1 — shungite; 2 — zeolite; 3 — diat@hit
square of the sorbent with the plasma zone thees0rb pyc. 2. 3asncumocts copbumonHOit eMKocTH 0T HAvATEHOI KOH-
is automatically mixed. nenrpanuyi HIT (1 —mrynrur, 2 —1eonuT, 3 —IMaToMuT)
A glass vessel of a cylindrical shape with an The results show that the most effective

inner diameter of 60 mm was used as plasma-chemig%lr
reactor. The vessel was sealed with a lid made frcirgs

polytetrafiuoroethylene (PTFE) in which the eledeo uration limit. For zeolite and shungite the inceeas

tmuzgengzrglzlouem'ﬂlijmg d3v(\)/i mT&gvﬁZ;gseirtig' tglo \lljerconcentration of oil in the solution in the rand560-
quipp 9 bip YUPD 06 mg/L does not cause a significant change in ad-

and remove the plasma-forming gas. OP concentration .. : ) )
orption capacity. The evaluation of sorption prepe

was determined by fluorimetric method based on trie

extraction of OP from the sample by low polarity-so es inclu_ded prior pollution of initial sc_)rbent h}od!al
vent (hexane) and measuring the fluorescence itytensoP solution (to create a model solution the engihe

of the extract on the device of type "Flyuorat-0&'

bent is diatomite since its sorption capacityhi@
ted concentration range of oil does not reaels i
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M8-B was used) by passing 100 mL of the model so-
lution. An working concentration of the OP in the s
lution was 70 mg/L. The dependence of the sorption
capacity of diatomite treated with the discharge on @3'
power inputted to the discharge is shown in Fig. 3. g
,_;
3,44 2-
3,2
\@ 4 1 T T T T T T T T T
£ 0 5 10 15 20
= 3,0 t, min
| Fig. 4. The dependence of the sorption capacithe@fiatomite
165 treated by OP on the processing time (treatmenditions: the
' power deposited to the discharge — 0.18 kW, plagasdlow rate
""""""""""""""""" - 1 L/min, the frequency of the applied voltage5 kKHz)
1.2 Puc. 4.3aBucumocts COp6HI/IOHHOﬁ C€MKOCTHU InaTOMUTA, COACPIKa-
' tero HIT, ot BpemeHn 00paboTKH (YCIoBHst 00pabOTKU: MOLIHOCT,
T T T T T T 1 otBoxuMast Ha paspsiz - 0,18kBT, pacxon raza mia3MeHHOTO TIOTOKA -
20 40 3 60 8( 1 n/muH, yactoTta nprIIoKeHHoro Hanpspkerus - 0,5k1 1)
P, Wicn
Fig. 3. The dependence of the sorption capacithe@tiatomite Thus, the optimal processing time for restoring

treated by OP on the value of the power inputtetieadischarge : - - . - A
(treatment conditions: the plasma gas flow ratditei/min, pro- contaminated diatomite of its sorption propersesmin.

cessing time —1 mim — 0.5 kHz;o — 0.8 kHz;e — 1.5 kHz; _ Study of the dependence of adsorption capac-
o — 2.0 kHz; - — the initial sorption capacity) ity of sorbent treated by OP on the volumetric fiate

Puc. 3.3aBucuMocTh COPOLIMOHHON EMKOCTH TUATOMUTA, COJIEP- of the plasma-forming gas showed that the incraase

Kamero HH, OT BCJIIMYHWHBI MOIITHOCTH, BK.HaZ[LIBaeMOﬁ B paspsang the gas ﬂOW from 1 L/mln to 2 L/mln results lnl@bt
(yenosus oGpaGoricn: pacxoz iiasmooGpasyroero rasa — decrease of the sorption capacity. This is probebby

1 i/mun. Bpemst o6pabotku —1 mun; m — 0,5k 1; 0 — 0,8k 1; h fth . N | et
o — 1,5kTi; © — 2,0KT; - — HAYATBHAS COPOIHORHAS EMKOCTH) tq the carryover of t _e active particles gener_aid e _
discharge. Thus, optimum plasma gas flow is 1 L/min

The data presented in Fig. 3 show after the To evaluate the number of cycles of "sorption-
treatment of the sorbent in plasma chemical readtor desorption” of adsorbent under study experimente we
atomite’s sorption capacity is increased by a facfo conducted at multiple treatments in the DBD (table)
2.4, i.e. sorbent modification occurs that causes a It was found that at the regeneration of contam-
change in the surface properties and likely impties inated adsorbent its sorption properties decreased.
increase in the concentration of active centersnAt However, even with the maximum number of regener-
creasing in the power inputted to the dischargeyedls ation cycles sorption capacity decreased by 1.4gim
as at change in the frequency of the applied veltag @S compared with the activated adsorbent, butesdo
sorption capacity of sorbent insignificantly reddgce NOt réach the magnitude of sorption capacity tyara

which may be associated with combustion of pasicldnitial diatomite (1.44 mg/g).

created at high voltages. Due to combustion thé- coo

. . Table 1
ing of the Surfgce Iaygrs due to adsorption of It_néat The dependence of the sorption capacity on the number
the endothermic reactions on the sample surfacénand of sor ption/desor ption cycles

the surface pores (with micro pores burnout to onadi Taénuya. 3aBHCAMOCTD COPOLMOHHOI eMKOCTH OT
and macro sizes) [11]. Optimum power deposited to 9HCJIA NHKJIOB COpOumu/necopdmun

the discharge at which the diatomite modificati@a o The initial

curs was 8.9 W/ci(0.5 kHz AC frequency). Ne Cycle | sorption| 1| 2| 3| 4/ 5/ 6/ 7| 8

The dependence of the sorption capacity of the capacity

spent sorbent by OP on the processing time is shopHdicator
in fig. 4. With the increase of treatment time frarto | 20s0rPtion
e ; ; . capacity of 14 3.43.323.33.2|3.2/3.0(2.7|2.4
5 min, sorption capacity remains unchanged, anld Wity sorbent
further change in time it decreases insignificafribyn mg/g

3.4 10 3.2 mg/g.
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The results obtained allow making conclusioVariation of different processing parameters (power
on possibility of multiple regeneration of adsorberdeposited to the discharge, time of the treatntéet,
with the maintenance of its sorption propertiesclhi carrier gas flow rate) results in a slight decreassd-
are necessary for sewage treatment from petrolewwrption capacity. The estimation of the numbeyas-
products. sible sorbent regeneration cycles showed thatdige s

CONCLUSION tion qapacity decreases With each.cycle, but even o
the eighth cycle the sorption capacity of procested

Research has shown that treatment in DBD uatomite is higher than of initial 1.4 times.
contaminated OP diatomite increases sorption capac- Acknowledgements. This study was supported
ity. This means that in addition to adsorbent regen by Ministry of Education and Science of the Russian

tion in DBD, the surface modification occurs whichFederation (the project Ne 4.1385.2014/K).
causes an increase in the surface activity of oheo
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