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B HacTosilee Bpems akTyanbHON Npobrnemon SBnseTcs UCMOoMb30BaHNe MECTHOTO Cbipbs B CTPOUTENbHOWM OTpacnu.
MpeameTom nccrnenoBaHUA SBNSIOTCA antoOMOCUKaTbl, BEHTOHWTBI KanbLUMsa U HaTpusi. BeHTOHWTOBbIE MUHBLI 0bnaaarT
BbICOKOW CTEMEHbI0 ANCNepCHOCTU. OCHOBHBIM MOPOA006PAa3YOLLMM MUHEPANOM BEHTOHUTOBBIX MNH ABNSETCA MOHTMOPWIT-
nonut. CylecTBeHHas fons 6eHTOHMTOB B MecTopoxaeHusx Poccurickon ®egepaumn npeacrasneHa kanbuyveBbiMu 6eH-
TOHUTaMW. BeHTOHNTBI Kanbumsa nMetoT 6onee HM3kne COpPOLMOHHBIE XapakTepUCTHKN, YeM HaTpuesble. [1ns paclumpeHus
obrnacTi NPYMEHEHNS LLENOYHO3EeMENbHbIX OEHTOHNTOB MCMOSb3YOTCA Pa3fnMyHble METOALI MOAUMDUKALIMA.

Llenu: nsy4eHve BNUSHUS HU3KOTEMNEpPaTYPHON HEPABHOBECHOW Mia3Mbl Ha COpPOLIMOHHbIE cBOMCTBA 6eHTOHMTOB. MNpun
nnas3MoxnMmyeckor Moandukaumm npeobpasyeTcsi TONbKO MOBEPXHOCTHbLIN criort matepuana. ObbemHble cBONCTBa MaTe-
pvana He N3MeHSTCA. OTO NPENMYLLECTBO NNa3MEHHbIX XMMUYECKUX TEXHOMONIA.

PesynbTaTthbl: nccnegoBaHo MoanUUMPYOLLEE BIMSHNE HU3KOTEMMNEePaTypHOM HEPaBHOBECHOW NMa3Mbl Ha MOBbILLEHNE
COPOLIMOHHON eMKOCTW, akTUBHOCTU 1 AeCOPOLMOHHbIE CBOMCTBa GEHTOHMTOB HeKpbINOBCKOro y4acTtka TapacoBCKOro me-
CTOPOXAEHUS.

BbiBoAbI: 3KCNeprMeHTanbLHO NOATBEPXAEHA BbICOKas 3 (HEKTUBHOCTb HU3KOTEMMNEPATYPHOV HEPaABHOBECHOW Masmbl, 06-
napatoLLent KOMNIEeKCoM U3NYECKUX U XUMUYECKNX BO3AENCTBUN Ha KMHETVKY COPOLIMOHHBIX 1 AECOPOLIMOHHBIX MPOLIECCOB
MO OTHOLLEHUIO K Pa3nnyHblM Tunam copbartos.

KNIOYEBbBIE CITOBA: Hu3koTemMnepaTypHas HepaBHOBECHAs nna3ma, CopoLMOHHas eMKOCTb, copbums, aecopbuus,
BOeHTOHUTBI, copbeHT, copbat, Moandukauns

bnazodapHocmu. PaboTa BeinonHeHa npu nogaepxke ®oHaa coaencTemsa passutuio Marnbix opm NpeanpusiTuin B Hay4Ho-
TeXHn4yecKkon cdepe AN nporpaMmmbl nobeanTtenent nporpaMmmbl «YMHUKY.

ana UMTUPOBAHWA: Mpuropeesa A.W., Mpuropeesa J1.C., bpysko M.I. 3ddekTmBHbIE COPOEHTHI HA OCHOBE Nnas-
MOMOANMULMPOBaHHBIX BEHTOHNTOB HeKpbINOBCKOro y4acTka TapacoBckoro mectopoxaenus // CTpouTenbCcTBO: Hayka u
obpasosaHue. 2018. T. 8. Buin. 1 (27) Ct. 7. Pexxum goctyna: http://nso-journal.ru.

DYNAMIC PLASMA-MODIFIED BENTONITE-BASED
SORBENTS OF NEKRYLOVSKY SITE OF THE TARASOVSKY
FIELD DEPOSIT
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Moscow State University of Civil Engineering (National Research University) (MGSU),
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Currently, the topical issue is the use of domestically-produced raw materials in the construction engineering sector.

The subject of research are aluminosilicates, calcium and sodium bentonites. Bentonite clays have a high dispersion degree.
The main rock-forming mineral of bentonite clays is montmorillonite. A significant proportion of bentonites in the field deposits
of the Russian Federation is represented by calcium bentonites. Calcium bentonites have lower sorption characteristics
than the sodium ones. To expand the scope of use of alkaline-earth bentonites, various methods of modification are used.
Objectives: studying the influence of low-temperature nonequilibrium plasma on the sorption properties of bentonites. Upon
the application of plasma-chemical modification, only the surface layer of the material is transformed. The bulk properties of
the material are not changed. This is the advantage of plasma chemical technologies.

Results: the modifying effect of low-temperature nonequilibrium plasma on the increase of the sorption capacity, strength
and desorption properties of bentonites of the Nekrylovsky site of the Tarasovsky field deposit.

Conclusions: the high efficiency of a low-temperature nonequilibrium plasma having a complex of physical and chemical
effects on the kinetics of sorption and desorption processes with respect to various types of sorbates has been experimentally
confirmed.
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BBEJIEHUE

le/IpOILHI)Ie AJIIOMOCHJIMKATBl HaXOAAT MpUMEC-
HEHHUE B PA3JIMYHBbIX OTPACIIAX HAPOAHOIO XO34MCTBa.
OJIHUM U3 MEPCIEeKTUBHBIX HAIPaBICHUH B 00JacTh
3aJICICTBOBAHUS CHIPBEBBIX PECYPCOB SABIIIECTCS MIPU-
BJICUCHUEC UCTOYHUKOB MECTHBIX CHIPBEBBIX PECYPCOB.
K takuMm crippeBbIM HcToOUHMKAaM B Poccuiickoit dene-
panuur, HalpuMep, MOKHO OTHECTU aJTFOMOCHUIIMKATHBIC
TOpHBIC TOPOAbI, PACIIOJOXKCHHBIC B PA3JIMYHBIX I'€O-
rpa(bnqecxux 30Hax, B TOM 4YHCJIE€ U B TEX PEruoHax,
e HaOMFOAeTCsl YCTOMYUBBIN POCT MOTPEOICHUS ITPO-
JIYKITMH CTPOUTEIbHBIX MarepuaioB. OHAKO ClieayeT
OTMETUTh HE3HAYUTEIILHOE KOJUYECCTBO HCIIOIH30BA-
HUA TMPUPOAHBIX AJTIOMOCHUJIMKATHBIX T'OPHBIX IMOPOJ
B 0011IeM 00beMe pa3BeaHHBIX 3allacOB, B YaCTHOCTHU
B IPOMBIIIIJICHHOCTH CTPOUTEJILHBIX MaTCpUajoB. 9T0
00YCJIOBJICHO B 3HAYUTEJIHLHON CTCIIEHU HEOAUHAKOBBI-
MU CBOMCTBaMH MMPUPOAHBIX LHCOJIUTOB U 6eHTOHI/lTOB
1 aJTIOMOCUJIMKATHBIX TOPHBIX IMOPOJ pa3JIM4YHbIX ME-
CTOPOXKJICHUH.

OB30P JIUTEPATYPBI

Oco0eHHOCTH yCII0BUI 00pa30BaHuUs IPUPOIAHBIX
AIIFOMOCHJTMKATOB O00YCJIOBJIMBAIOT UX MOMH(YHKIIHO-
HAJIbHOCTb M OTCYTCTBHE Y3KOW CEJIEKTHBHOM COpOIH-
OHHOH crocoOHOCTH [1], uTO 0OecreunBaeT UM OJTHO
M3 IMEPBBIX MECT MO UCIIOJIB30BAHUIO B pa3JIMYHBIX OT-
paciigX MPOMBINIJICHHOCTH, B TOM YHCJIE U CTPOUTEJIb-
HOHU [2-4]. Tak, npuMeHEHUE CYXUX CTPOUTEIbHBIX
cMeceill B CTpOUTENIbHOW oTpaciu siBisieTcs: dddek-
THUBHBIM CHOCO6OM IMOBBINICHUA Ka4€CTBa MPOU3BOAN-
MBIX CTPOUTCIIbHBIX pa60T 1 BEACT K 3HAYUTCIbHOMY
CHMXKEHMIO Tpyzno3arpar. B Hacrosiniee Bpems B CBA3U
C BBICOKOH PEHTA0EIbHOCTHIO UCIIOJIB30BAaHHS CYyXHX
CTPOUTCIIBHBIX cMecen 60.]'[])11106 BHUMAHUC YICIACT-
csl pa3paboTke HOBBIX 3(P(PEKTUBHBIX COCTABOB CYyXHX
CTPOMTEJIbHBIX CMECEH C pacIIUpEeHHBIMU (YHKLIHO-
HaJIbBHBIMHU BO3MOXXHOCTIMMU C LECJIBIO ITOBBIIIICHUS 3KC-
IUTyaTallMOHHBIX XapaKTePUCTHK M paclUIMpeHus ooa-
CTH UX MIPUMCHCHUA.

Cpenu ajOMOCWIMKAaTOB BBHJy OCOOCHHOCTEH
CTPYKTYPbI, XHMUYECKOTO U MHUHEPaJOrHYECKOT0 CO-
CTaBOB 0CO00E MECTO 3aHMMAIOT KaJIbIIUEBbIE U HATPH-
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eBble OCHTOHUTHI. BEHTOHUTOBBIE TIIMHBI UMEIOT BbI-
COKYIO CTENEeHb JMCHEePCHOCTH. B uX cocraB BXomsT
MHHEpaJIbl TPYIIIBI CMEKTHTOB: MOHTMOPHJIJIOHHT, HOH-
TPOHUT, CaroHuT, Oeiaesut; bonee 70 % cocrasisier
MOHTMOPHJUIOHHUT.

MuHepabl Ipynmbl CMEKTUTOB 00JIaaloT ClIo-
UCTOW CTPYKTYpOH: THUI CTpYyKTypsI (2:1). IBa cios
NPEACTABJICHBI TETPAdIPUYECKUMH KPEMHEKUCIOPO-
HBIMHU CETKaMU, OJJUH CJION — OKTa3IpUYECKOI CETKOH,
B LIEHTPE MOTYT HaXOJHUTHCS aTOMBI aJIFOMHHUSL, JKeJle-
3a MJIM MarHusi, 4To o0yCIIOBIMBaET 0coObIe CBOWCTBA
OCHTOHUTOBBIX IJIUH — COPOIMOHHBIC, BSDKYIIUE, KOJI-
JIOUJTHO-XUMHUYECKHE [5, 6].

Esxeromubiii 00beM MHPOBOIt 10OBIYH OCHTOHUTO-
BBIX IJIMH COCTaBJISAET OKOJI0 10 MIIH T, U3 KOTOPOTO JI0
80 % 3a7eiicTBOBaHO B CTPOUTEIBLHON oTpaciu [7].

OcHoBHas /10J151 OSGHTOHUTOB B MECTOPOXKICHHSIX
Poccuiickoit Penepanuu npeacraBicHa KajlbLIUEBBI-
MU OCHTOHHUTAMH, KOTOPbIC 00J1a1al0T 00JIee HU3KUMU
COpPOIIMOHHBIMU XapaKTEPUCTUKAMU 110 CPABHEHUIO
C HAaTPUEBBIMHU. YUYHUTHIBAsI IPEUMYIIECTBEHHOE pac-
NPOCTPaHEHNE MECTOPOXKICHUH KaJIbIINEBBIX OCHTOHU-
TOB, HEOOXOAMMO pa3zpadboTarTh APpPeKTHBHBIE CIIOCOOBI
MoAM(UKALUHA JJ1s1 pacuIMpeHust 00J1acTH UX PUMEHe-
HHSI, B TOM YHUCJIE ¥ B IPOU3BOJICTBE CTPOUTEIBHBIX Ma-
TEpUasIoB, 00JaJa0IINX COPOIIMOHHBIMUA CBOUCTBAMHU.

Pabotel 1o noBblneHuo 3G PeKkTuBHOCTH MpH-
MEHEHHsI NMPUPOTHBIX AJIOMOCHINKATOB B KaueCTBE
COpOEHTOB ITPU MPOU3BOJICTBE CTPOUTEIBHBIX MaTEPH-
aJIOB B IEJIOM CBOJSATCSI K OCHOBHBIM METOAAM HUX MO-
JuduKanuu: XUMU4ecKuM [8], MexaHOXUMHUUecKuM [9],
TepMU4ecKuM, TepMoxumudeckuMm [10—12]. Onnako Ha
CErOJHSIIHUI MOMEHT TEXHOJIOTHH, 0a3zupyrolnecs
Ha BBIIICIIEPEYHCICHHBIX METO/aX, HEeJIb3sl OTHECTH
K 3¢ (EeKTUBHBIM BBHY UX CJIOKHOCTH M 3HAYNTEIBHON
9HEPro3arpaTHOCTH.

MexaHn4ecKasl aKTUBAIHsI CIIOCOOCTBYET yBEJIH-
YEHUIO CTENEHH JMUCIEPCHOCTH YACTHIl, TEM CaMbIM
MOBBIIIAETCS PEAKLIMOHHAsI CIOCOOHOCTh OEHTOHHUTO-
BBIX IVIHH.

[Ipu xumMuueckoM MOIUGUIMPOBAHUH PaCIIpPO-
CTPaHEHHBIM TpPUEMOM sBisieTcs o0paboTka OeHTo-
HUTOB coisMu HaTtpus. Kak mokasanu umccienosa-
Hust [13, 14], Takue GEHTOHUTHI 00J1a1al0T BHICOKMMU
CTPYKTYPHO-MEXaHHYECKHUMHU U TUKCOTPOITHBIMH CBO¥i-



OppekmusHbie copbeHmMbl Ha OCHO8e MIasMoMoOUUUUPO8aHHbIX beHMoHUMo8 Hekpbiioeckoz2o

yyacmka Tapacoecko2o MecmopoXOeHUs C.83-94

CTBaMH, TaKKEC y IIEJIOYHO3EMCIIbHBIX 6eHTOHl/ITOB I10-
ciie 00pabOTKK COJSIMEM HATPUsT YBEIMYUBACTCS COPO-
IUOHHAasA aKTUBHOCTbD.

Hapsiny ¢ xumuueckoit Mogudukanueit pacnpo-
CTpaHCHHBIM METOIOM aKTHUBAIlUN 66HTOHI/ITOB SIBJIACT-
Cia U TCPMHUUCCKas aKTUBalMs. le/l U3MCHCHUU TCMIIC-
pPaTypHOTO pPeKUMa MPOUCXOIAT (HU3UKO-XUMHUCCKHE
IPOIIECChl, MTPUBOJSIIINE K U3MEHEHHUIO a/ICOPOLIMOH-
HBIX XapaKTECPUCTUK 66HTOHI/ITOBI)IX NIMH. YBeJIMYeHue
TEMIIEPATYPHI IPUBOJMUT K IIOTEPE BJIArd, M3MEHEHUIO
XHUMHYECKOTO COCTaBa B CBA3M C PA3JIOKEHUEM, CTo-
paHHEeM OPraHUYEeCKUX COCAMHEHHUH, Pa3pyLIEHUIO
ctpykrypsl. [Ipu temneparypax 600...800 °C terpan-
apel SiO, u oxrasapel AlO, cTaHoBsATCs Bee 6osiee uc-
Ka>XCHHBIMHU, YBCJIIMYUBACTCS CTCIICHDb 6ecnopﬂ}101m0—
CTH, HO 9TO HE IPHUBOIUT K 00Pa30BAHUIO KaKO-1100
MeTactabuiabHOH (assl [15]. [Ipu 6osee BBICOKUX TeM-
neparypax 1000...1100 °C cTpykTypa MOBEepXHOCTHOTO
CJI0sI IIMH pa3pyuraercs. MakcuMasbHas peakliMOHHAs
CIIOCOOHOCTB B 3aBUCHMOCTH OT TEMIIEpaTypbl HarpeBa
nocturaercst mpu 800 °C.

B noucke n pa3paboTKe HOBBIX TEXHOJIOTUYECKUX
pelIeHUH B CTPOUTENILCTBE BO3HUKIIO HOBOE HAIPaB-
JieHHe (PU3MYCCKON XUMHUH U XUMUYCCKON TEXHOJOTHH
wiasmoxumuu (I1X), rae ocynecTBIeHHEe XMMUYSCKIX
peakiuii MpoucXoauT B cpese mia3msl [16—18].

IInasMoXxuMHUYECKHE TEXHOJIOTMU OKOJIOTUYHBI,
3KOHOMUYHBI. [Ipu BO31eiCTBUM IJ1a3Mbl U3MEHEHUS
IMPOUCXOAAT Ha MOBEPXHOCTHU, IIPU 3TOM IIPOUYHOCTHBIC
CBOMCTBA MaTepHaja COXPaHSIIOTCS.

MATEPHAJIBI U METO/JbI

C menplo pacmupeHus o0nacTd MPUMEHEHUS
KaJIbI[MEBBIX OCHTOHUTOB 3a CUET MOBBIIIECHUS COPOIH-
OHHBIX CBOMCTB ITPOBEJICHBI UCCIIEOBAHUS 110 UX MO-
JTU(pUKALNN.

[To XxumMHYECKOMY COCTaBY MPUPOIHBIE OEHTOHH-
TOBBIE TJIMHBI PA3IUYHBIX MECTOPOXKICHUHN U TJIMHBI
B MIpeieNax OJHOTO U TOTO K€ MECTOPOXKICHHUS MOTYT
3HAYMTEIBHO OTJIMYAThCs APYr ot apyra [19]. Haubo-
Jiee KPYMHBIM MECTOPOKICHUEM OCHTOHUTOBBIX IVTHH
B eBponeiickor yactu PO saBnsercsa TapacoBckoe Me-
CTOpOXKJIEHHE, cocTosiiee U3 12 pa3oOlIEeHHBIX 10
IUIOLIA/IA Y4aCTKOB, @ HEeKpbUIOBCKUI yYaCTOK SIBIISET-
csl HanOoJiee KPYIHBIM U U3Y4YeHHbIM. B cBs3M ¢ 3THM
B KauecTBe 00bEKTa UCCIIeI0BAHNUS BEIOpaHbl OCHTOHH-
TOBBIE MIMHBI HekphlToBCKOro yuacTka TapacoBckoro
mecTopoxaeHust Pocrosekoii oonactu [20]. Xumuye-
CKHii cocTaB OeHTOHNTOB Hekpbu1oBCcKOTo yuacTtka (1o-
TepU TP NPOKATUBAHUU 5,43) ClIeAyIOMIHNIA:

Coengunenne Conepxanue, %
SiO, 70,18
AL,0, 13,04
MnO 0,02
Fe O,+ FeO 5,40
Na,O 0,22

CoeauHeHne Copepxxanue, %
K,0 1,47
CaO 1,45
TiO, 0,67
SO, 0,33
H,0 6,09
SiO,/AlLO, 5,4

MuHepanornueckuii cocraB 0eHTOHUTOB Hekpbi-
JIOBCKOTO y4acTKa CJIEIyOIIUI:

Munepan Conepxanue, %

MOHTMOPWIITIOHHT:

MHHUMAJIBHOE 36

MaKCHUMaJIbHOE 88

cpenHee 64
3epHa KBapua:

MHHUMAJIbHOE 2

MaKCHMAaJILHOE 14

cpenHee 5
I'unpoxcums! xenesa 10 0,5
KapOonatst 1o 0,5
I'mayxonut:

MHHUMAaJIbHOE 1

MaKCUMaJIbHOE 10

cpenHee 2
OpraHn4eckuil KpeMHUIL:

MHHHMAaJIbHOE 0

MaKCHMAaJIbHOE 60

cpenHee 29
[unc 1o 0,5
L{eonuthr 10 0,5

DKcriepuMeHTalIbHbIE 00pa3Ibl OCHTOHUTOB MPE-
CTaBJISUTA COOOM TOHKOAMCIICPCHBIN TOPOIIOK C YIEIb-
HOU moBepxHOCTHIO 28,0...30,0 M*/T.

Jns mMonudukanuu o0pasnoB BbIOpaHa TEXHO-
JIOTHsI BO3JIEMCTBUSL HU3KOTEMIIEpAaTYpHOU HEpaBHO-
BecHoi mia3moit (HTHIT). Momudukanus 6eHToHnTa
OCYIIECTBJISUIaCh Ha J1a0OpPaTOPHOM yCTaHOBKE KOH-
crpykiuu MOTU-MI'CY (puc. 1).

B ycraHOBKE MCTOYHMKOM NMUTAHUS TIEPEMEHHO-
ro TOKa Ha 3JIEKTPOABI IIa3MaTpoHa IO/aeTCs K-
Tpuueckuil Tok HanpsbkeHueM 10 8000 B u wacroroii
1o 40 k', Mexay anekTpomaMu co3maercs o01acThb
HU3KOTEMIIepaTypHOH HEPaBHOBECHOH IJIa3MbI CO 3Ha-
uyeHuneM mapamerpa E/N = B/cm?, rae E — HampsikeH-
HOCTB JIEKTPHYECKOTO NOJIst; N — KOHIEHTpPAIHs MO-
JIEKyJI rasa.

B kadecTBe HccieayeMbIX COeAMHEeHUH-copOaToB
HCIIOJIB30BaHbl (CHOII, POPMAIIHH, KEPOCHH.

deHon  COOTBETCTBYEeT TpebOBaHUAM
I'OCT 23519-93!. ®opmasiuH COOTBETCTBYET TpeOOBa-

I TOCT 23519-93. deHOoN CUHTETHYECKUH TEXHUYECKHIA.
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Puc. 1. Cxema nabopatopHoii yCTaHOBKH: / — IOJa4a ChIPbHS;
2 — xomnpeccop AWC-3040; 3 — BBICOKOBOJIBTHBIA UCTOY-
Huk (reHeparop) HTHII; 4 — nna3sMoXuMHUYECKUil peakTop;
5 — nmpueMHBII HAaKONHUTEIBHBIN KOHTEHHEp A 0OpaboTaH-
HBIX CHIPHEBBIX MAaTEPUAIOB 00BEMOM 5 JI

ausiMm [TOCT 1625-892. KepocuH coOTBETCTBYET Tpebo-
BauusimM TY 2319-004-71371272-2006°.

Onpenenenue copbrmonHoi emxocTH (CE) mpoBe-
JICHO 3KCHKATOPHBIM METOJIOM B PABHOBECHON CHCTEME

2 TOCT 1625-89. ®opmainun Texuuueckuil. TexHuueckue

YCIIOBHSI.
3 TV 2319-004-71371272-2006. Kepocun. @acoBka. Yia-
KoBKa. MapkupoBka. TpaHCIIOPTHPOBAHHUE M XPAHECHHE

copbent—copoar [21]. MonuduurpoBaHHbIil OGEHTO-
HUT BBICTYIIaeT B Ka4eCTBE COPOCHTA.

DKCIIEpUMEHTAIBHOE UCCIIEI0BAaHUE TPOBEJICHO
B TPEX PAaBHOBECHBIX cHcTeMax: (peHoI-0eHTOHUT, Bop-
MaJIMH-OCHTOHUT, KEPOCHH-OCHTOHUT. DKCIEPUMEH-
TaJgbHBIA 00paser moasepraics BozaeicTeuro HTHIT
B Teuenue 1,5 mun. Onpenenenue CE mpoBogunoch
B TeueHue 7 cyt uepes 1, 2,4, 6 u 7 cyT.

PE3YJIBTATBI HCCJIEJOBAHUA

Ha puc. 2 npezcraBiieHbl pe3ynnbTraTsl HCCIea0Ba-
HUi B cucteMe popMannH—OeHToHUT. Monuduumpo-
BaHHBIN 0Opazer oonasiaer 6onpiieit CE no cpaBHeHH O
C KOHTPOJILHBIM 00pa3iom. Hanbounbliee yBennueHue
CE npoucxonut B nepssle cyTku U coctasisietr 70 %,
B MOCJIEAYIOIEe BPeMsi HJIET TUIABHBIH ITPUPOCT B Ipe-
nenax 20...30 %.

PaBHoBecHas cucrema ¢peHoar—o0eHTOHUT. Mo-
nudukanys odpasiia npoBeicHa B 1a00paToOpHON ycTa-
HoBke (puc. 1). CopOIHOHHbBIE CBOHCTBA MPUPOIAHOTO
(KOHTpOJIBHBIN 00pazel) 1 MoAu(UIMPOBAHHOTO OEH-
TOHHUTOB K (P)eHOJTY Ipe/cTaBlIeHbI B Ta0. 1.

B nepsbie cyrku CE monudunupoBanHoro oopas-
na Bo3pocna Ha 80 %, yto npessimaer CE B cucteme
(hopManMH—OEHTOHHUT 3a TOT K€ IEPUOL BPEMEHH.

PaBHOBecHass cucTeMa KepOCHH—OEHTOHUT
(puc. 3). AHann3 NMONY4YEHHBIX KPUBBIX, ITOKA3BIBAET,
4TO B 3TOH cucteMe Haubosbiiee ypeauueHue CE mpo-
HCXO/UT B NIEPBbIEC CYTKH, KaK U B cucremax (heHom—
OeHTOHUT, (hOpMaTNH—OCHTOHMT.
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Puc. 2. Usmenenune CE B cucteme GpopMainH—OCHTOHUT: / — KOHTPOJIbHBIN 00paselr; 2 — MOTu(pHUIUPOBaHHbII 00pa3err
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Ta6a. 1. Pesynsrare! ucnbiranuii Ha CE cuctemsl GpeHo—06

CHTOHUT

B Maccosas nois, %
eMms, CyT
P Y KonTposbHbIit 00paser MoauduimpoBaHHblii 00paser
1 4,15 7,56
2 7,6 11,31
4 10,11 14,19
6 11,05 14,93
7 11,38 15
12
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Puc. 3. smenenne CE B cucteMe KepoCHH—OCHTOHUT: / — KOHTPOJIBbHBIN 00paselr; 2 — MoAu(UIIMPOBAHHBI 00pa3ser]

Ta6a. 2. KommaectBo necopbupoBaHHOrO BemecTa Am Ha 1

r OEHTOHHUTA, T

BemectBo
Bpewms, 4 *Denon— Denonr— *Dopmanna— dopmanuH— *Kepocun— Kepocun—
OCHTOHUT OEHTOHUT OCHTOHUT OEHTOHUT OCHTOHUT OCHTOHUT
1 0,0493 0,0799 0,129 0,187 0,0391 0,0683
2 0,0224 0,0453 0,0643 0,129 0,0247 0,049
6 0,0021 0,0244 0,0104 0,047 0,0162 0,016
7 0,0018 0,0228 0,0096 0,04 0,0157 0,041
* — KOHTpOJIbHBIE 00pa3IIbl.
Hapsiny ¢ uzyuenuem copOimonHoi cniocooHoctd  BbIBO/I bl

MPOBENICHBI UCCIICIOBAHM 0 JecopOiuu (Tabdm. 2).
KonunuecTBo 1ecopOHPOBAHHOTO BEIIECTBA OIPEIEIs-
M Kak U30BITOK BEIIECTBA HA IPaHHuIle pasaena (a3 mo
CPABHEHUIO C PABHOBECHBIM KOJMUYECTBOM, ITO KOJIHUE-
CTBO OTHECEHO K 1 T copOeHTa.

Ha ocHoBaHMU pe3yabTaTOB MPOBEICHHBIX HCCIIE-
JIOBAaHHMI MOXKHO CJIeJIaTh BBIBOJ O TOM, 4TO MOAU(U-
Kalus B HU3KOTEMIIEpaTypHOI HEpaBHOBECHOI! Ma3me
CHOCOOCTBYET 3HAYUTEILHOMY TTOBBIIICHUIO COPOLIMOH-
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HOMW CIIOCOOHOCTH NMPUPOAHBIX OEHTOHNUTOB Tapacos-
CKOI'0O MECTOPOXKACHUSA 110 OTHOLMICHUIO K UCCIIEAYCMbIM
OopraHuueckum copbaram.

O/IHOBPEMEHHO aHAJIU3 PE3yJIBTaTOB IO OIpee-
JICHUIO JIECOPOLMOHHBIX ITPOLECCOB IO3BOJISIET Clie-
JIaTh BBIBOJI O TOM, YTO Hapsiy ¢ (hu3nveckor copouuei
NPOTEKAIOT U XUMHYECKHE ITPOLIECCHI.

K npeumyriectsam mopudukamuu HTHIT cienyer
OTHECTHU OTCYTCTBUC HEOOXOAUMOCTH HCIIOJIL30BAHUS XH-
MMYECKHX BellecTB, Bbicokuid aHeproBkian HTHIT ais
00pabOTKK UCXOHOTO CHIPbSI IPH HE3HAYUTEIIBHBIX SHEP-
ro3arparax, 4to MPUBOHUT K TEXHOJIOTMYHOCTH IpoIiecca,
MOOMJIBHOCTh YCTAaHOBKU U BO3MOXKHOCTH BCTPAUBAHHS €€
B JIFOOO! TEXHOJIOTHUCSCKUH Iporece 6e3 ero H3MEHEHHSI.
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INTRODUCTION

Natural aluminosilicates are used in various
branches of the national economy. One of the prom-
ising directions in the area of the use of the used raw
materials is the attraction of sources of local raw ma-
terials. Such sources of raw materials in the Russian
Federation, for example, include aluminosilicate rocks,
located in different geographical areas, including those
in regions where there is a steady increase in consump-
tion of construction materials. However, it should be
noted that the use of natural aluminosilicate rocks in
the total amount of explored reserves, in particular in
the construction materials industry, is negligible. This is
due, to a considerable extent, to the unequal properties
of natural zeolites and bentonites and aluminosilicate
rocks of various field deposits.

LITERATURE REVIEW

The peculiarities of the formation conditions of
natural aluminosilicates are due to their polyfunctional-
ity and the absence of a narrow selective sorption capac-
ity [1], which provides them one of the first places for
use in various industries, including construction [2—4].
Thus, the use of dry building mixes in the construction
industry is an effective way to improve the quality of
construction work and leads to a significant reduction
in labor costs. Currently, due to the high profitability
of using dry building mixes, much attention is paid to
the development of new effective compositions of dry
building mixes with enhanced functional capabilities in
order to improve the performance characteristics and
expand the field of their application.

Among aluminosilicates, due to structural features,
chemical and mineralogical compositions, calcium and
sodium bentonites occupy a special place. Bentonite
clays have a high degree of dispersion. They include
minerals of smectite group: montmorillonite, nontron-
ite, saponite, beidellite; more than 70 % is montmo-
rillonite.

Minerals of the smectite group have laminated
structure: type of structure (2:1). Two layers are rep-
resented by tetrahedral silicon-oxygen grids, one lay-
ers — by an octahedral grid, in the center there can be
atoms of aluminum, iron or magnesium, which deter-
mines special properties of bentonite clays — sorption,
astringent, colloidal-chemical [5, 6].

The annual volume of world production of ben-
tonite clays is about 10 million tons, and 80 % from
this amount is involved in the construction industry [7].

The main share of bentonites in the field depos-
its of the Russian Federation is represented by calcium
bentonites, which have lower sorption characteristics
than sodium ones. Taking into account the preferred de-
velopment of field deposits of calcium bentonites, there
is a need to develop effective modification methods to
expand the field of their application, including in the
production of construction materials that have sorption
properties.

The work on increasing the efficiency of natural
aluminosilicates as sorbents in the production of con-
struction materials is mainly reduced to the basic meth-
ods of their modification: chemical [8], mechanochemi-
cal [9], thermal, thermochemical [10-12]. However, at
the present time, technologies based on the above meth-
ods cannot be attributed to the effective ones because of
their complexity and significant energy costs.

Mechanical activation promotes an increase in the
degree of dispersion of particles, thereby increasing the
reactive capability of bentonite clays.

Upon the application of chemical modification,
a common technique is the treatment of bentonites with
sodium salts. As shown by the studies [13, 14], such
bentonites have high structural-mechanical and thixo-
tropic properties; also, the alkaline-earth bentonites
after treatment with sodium salts increase the sorption
strength.

Along with chemical modifications, a common
method of activation of bentonites is also a thermal ac-
tivation. When the temperature conditions change, there
are physical and chemical processes leading to a change
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in the adsorption characteristics of bentonite clays.
An increase in temperature leads to loss of moisture,
a change in the chemical composition due to decompo-
sition, combustion of organic compounds, destruction
of the structure. At temperatures of 600...800 °C, SiO,
tetrahedra and AlO, octahedra become increasingly
distorted, the degree of disorderliness increases, but
this does not lead to the formation of any metastable
phase [15]. At higher temperatures of 1000...1100 °C,
the structure of the surface layer of clay is destroyed.
The maximum reactive capability, depending on the
heating temperature, is reached at 800 °C.

In the search and development of new technologi-
cal solutions in construction, a new direction of physi-
cal chemistry and chemical technology of plasmochem-
istry (PC) occurred, where chemical reactions occur in
the plasma medium [16—18].

Plasma-chemical technologies are environmental-
ly friendly and economical. Under the influence of plas-
ma, changes occur on the surface, while the strength
properties of the material are preserved.

MATERIALS AND TECHNIQUES

In order to expand the field of application of cal-
cium bentonites due to an increase in sorption proper-
ties, studies have been carried out on their modification.

According to the chemical composition, natural
bentonite clays of various field deposits and clays with-
in the same field deposit can differ significantly from
one another [19]. The largest field deposit of bentonite
clays in the European part of the Russian Federation is
the Tarasovsky field deposit, which consists of 12 sites
that are disaggregated by area, and the Nekrylovsky site
is the largest and most studied. In connection with this,
bentonite clays of the Nekrylovsky site of the Taraso-
vsky field deposit of the Rostov region were chosen as
the object of the study [20]. The chemical composition
of the bentonites of the Nekrylovsky site (losses on ig-
nition 5.43) is as follows:

Molecular entity Mass content, %

Sio, 70.18
ALO, 13.04
MnO 0.02
Fe 0.+ FeO 5.40
Na,0 0.22
K,0 1.47
Ca0 1.45
TiO, 0.67
SO, 033
H,0 6.09
Si0,/Al0, 5.4

Mineralogical composition of the bentonites of the
Nekrylovsky site is as follows:
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Mineral Mass content, %

Montmorillonite:

minimum 36

maximum 88

average 64
Quartz grains:

minimum 2

maximum 14

average 5
Ferrum hydroxides up to 0.5
Carbonates up to 0.5
Glauconite:

minimum 1

maximum 10

average 2
Organosilicon:

minimum 0

maximum 60

average 29
Calcium sulphate up to 0.5
Zeolites up to 0.5

The experimental samples of bentonites were rep-
resented by finely divided powder with a specific sur-
face area of 28.0...30.0 m%/g.

To modify the samples, the technology of action of
low-temperature nonequilibrium plasma (LTNP). The
modification of bentonite was carried out on a laborato-
ry installation of the MIPT-MSUCE design (Figure 1).

AC power supply in the installation supplies an
electric current of up to 8000 V and a frequency of up
to 40 kHz to the electrodes of the plasmatron. An area
of low-temperature nonequilibrium plasma with a pa-
rameter value E/N =V/cm?, where F is the electric field
strength, N is the concentration of gas molecules is
formed between the electrodes.

As the studied compounds-sorbates, phenol, for-
malin and kerosene were used.

Figure 1. Scheme of laboratory installation: / — feedstock
supply; 2 — AWC-3040 compressor; 3 — LTNP high-volt-
age power supply (generator); 4 — plasma-chemical reactor;
5 — receiving storage container for processed raw materials
of 5 liters
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Phenol meets the requirements of GOST 23519-
934, Formalin meets the requirements of GOST 1625-
89°. Kerosene meets the requirements of TR 2319-004-
71371272-2006°.

Determination of the sorption capacity (SC) was
carried out by the desiccator method in the sorbent—
sorbate equilibrium system [21]. Modified bentonite
acts as a sorbent.

The experimental investigation was carried out in
three equilibrium systems: phenol-bentonite, formalin-
bentonite, kerosene-bentonite. The experimental sample
was exposed to LTNP for 1.5 min. The determination of
SC was carried out for 7 days in 1, 2, 4, 6 and 7 days.

4 GOST 23519-93. Synthetic technical phenol.

5 GOST 1625-89. Technical formalin. Technical requi-
rements.

¢ TR 2319-004-71371272-2006. Kerosene. Prepacking.
Packing. Labelling. Transportation and storage

RESEARCH RESULTS

Figure 2 represents the results of studies in the
formalin—bentonite system. The modified sample has
a greater sorption capacity than the reference sample.
The greatest increase in sorption capacity occurs on the
first day and is 70 %, in the subsequent time there is
a smooth increase in the range of 20...30 %.

Equilibrium phenol—bentonite system. The
modification of the sample was carried out in a labora-
tory facility (Figure 1). Sorption properties of natural
(reference sample) and modified bentonites to phenol
are presented in Table 1.

On the first day, the sorption capacity of the modi-
fied sample increased by 80 %, which exceeds SC in
the formalin—bentonite system over the same period
of time.

Equilibrium kerosene—bentonite system (Fi-
gure 3). Analysis of the obtained curves shows that in
this system the greatest increase in sorption capacity
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Figure 2. Change in the sorption capacity in the formalin—bentonite system: / — reference sample; 2 — modified sample

Table 1. Results of tests on the sorption capacity of the phenol—bentonite system

) Mass content, %
Time, days -
Reference sample Modified sample
1 4.15 7.56
2 7.6 11.31
4 10.11 14.19
6 11.05 14.93
7 11.38 15
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Figure 3. Change in the sorption capacity in the kerosene—bentonite system: / — reference sample; 2 — modified sample

Table 2. Amount of desorbed substance Am per 1g of bentonite, g

Time, Substance
hours *Phenol— Phenol— *Formalin— Formalin— *Kerosene— Kerosene—
bentonite bentonite bentonite bentonite bentonite bentonite
1 0.0493 0.0799 0.129 0.187 0.0391 0.0683
2 0.0224 0.0453 0.0643 0.129 0.0247 0.049
6 0.0021 0.0244 0.0104 0.047 0.0162 0.016
7 0.0018 0.0228 0.0096 0.04 0.0157 0.041

* — reference samples.

occurs in the first day, as in the phenol—bentonite and
formalin—bentonite systems.

Along with the study of sorption capacity, desorp-
tion studies have been carried out (Table 2). The amount
of desorbed material was determined as the excess of
the substance at the interface of the phases as compared
to the equilibrium amount, this amount is referred to 1
g of sorbent.

CONCLUSIONS
On the basis of the results of the conducted studies,

it can be concluded that the modification in low-temper-
ature nonequilibrium plasma contributes to a significant

increase in the sorption capacity of natural bentonites
of the Tarasovsky field deposit in relation to the organic
sorbates under study.

At the same time, analysis of the results of deter-
mination of desorption processes allows us to conclude
that along with physical sorption, chemical processes
also take place.

The advantages of LTNP modification include
the absence of the need for chemicals, the high energy
deposition of LTNP for the processing of feedstocks
at low energy costs, which leads to maintainability of
the process, mobility of the installation and the ability
to integrate it into any technological process without
changing it.
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