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AHHOTALUMNA

BeeaeHwue. Mpy ouncTke NPMPOAHbLIX OOLEKTOB OT TSXKENbIX METANMoB ONpeaensioLLyo poflb UrpaloT COPOLMOHHbIE Tex-
HOMornK, ANS pasBUTUS KOTOPbIX HEOOXOAUMbI HOBble BUAbI COpbeHToB. Llenb nccnepoBaHns — oueHKa COpOLIMOHHON
CMOCOBHOCTU rpaHyNMPOBaHHOTO NEHOCTEKNA NPV OYNCTKE MOBEPXHOCTHBIX CTOYHBIX BOA, (CB) ¢ ypbaHn3npoBaHHbIX Teppu-
TOpUIA OT TsxXenbix Mmetannos (Ha npumepe Co, Cr, Cu, Fe, Ni, Pb n Zn).

MaTtepuanbl n metoabl. B kayectBe copbeHTa 1cnonb3oBanu rpaHynupoBaHHoe neHoctekno. CopbaTtom SBNSNNUCH NO-
BepXHOCTHble CB ypbaHusupoBaHHo Tepputopum . YensibnHcka. Midyyanock B3aMmoaencTamne B cucteme «CopbeHT — cop-
6aT» B NabopaTopHbIX YCNOBUSX METOAOM OrpaHUY4eHHOro obbema npu cratnyeckon copbumm, Korga NonmnioTaHTbl Haxo-
OVNVCh B XUAKOW base 1 NpMBOANMNCH B KOHTAKT C HENOABWKHBIM COpOeHTOM. BapbypoBanu Bpemst kKoHTakTa copbeHTa ¢
copbatom ot 3 fo 168 4 1 Temnepatypy okpyxatower cpeabl oT 0 Ao 20 °C. CTpyKTypy ¥ COCTaB NOBEPXHOCTUN COPOEHTOB
uccrnegoBany Ha 3rNeKTPOHHOM pacTpoBoM Mukpockone JEOL JSM-6460LV ¢ npucTaBkol AN MUKPOPEHTrEHOCNEKTparb-
Horo aHanmsa. MiameHeHue coctaBa copbaTa npv B3anMoAenCcTBMK ¢ copbeHTamu onpeaensny MeToaoM aTOMHO-3MUCCU-
OHHOW cnekTpoMeTpuu Ha npubope OPTIMA 2100 DV (Perkin Elmer). BogopoaHsiii nokasaTernb ycTaHaBnmBanv Ha MUKpo-
npoueccopHom pH-metpe pH-150MA.

PesynbraTtbl. /3yyeHbl CTpykTypa U COCTaB MOBEPXHOCTU FPaHynMpOBaHHOMO neHocTekna. BbisiBneHa addeKkTMBHOCTb
copbunm rpaHynNMpPoOBaHHOIO NEHOCTEKNa Tsxenblx meTannos n3 CB ypbaHnampoBaHHOW TEpPUTOPUN.

BbiBogbl. [NonyyeHHble pe3ynbTaThl NOKa3blBakoT, YTO UCCMeA0BaHHOE rpaHyNMpoBaHHOE MEHOCTEKNO — 3PMEKTUBHbIN
COPOUMOHHBIN MaTepuarn, No3BONSIOLWLMIN 3BMNeKaTb Txenble MeTanmbl (KoGanbT, XpoM, Mefb, Keneso, HUKernb, CBUHEL,
LIVHK) 13 NOBEPXHOCTHOrO CTOKa ropofoB.
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ABSTRACT

Introduction. When purifying natural objects from heavy metals a decisive role is played by sorption technologies, for
the development of which new kinds of sorbents are required. The aim of the study is to evaluate the sorption capacity
of granulated foam glass in the treatment of surface wastewater (SW) from urbanized areas from heavy metals (on
the example of Co, Cr, Cu, Fe, Ni, Pb and Zn).

Materials and methods. Granulated foam glass was used as a sorbent. The sorbate was urban surface wastewater from
the city of Chelyabinsk. The interaction in the sorbent-sorbate system was studied in laboratory conditions by the limited
volume method of static sorption when the pollutants were in the liquid phase and brought into contact with a stationary
sorbent. The contact time of the sorbent with the sorbate was varied from 3 to 168 hours and the ambient temperature from
0to 20 °C. The structure and surface composition of the sorbents were studied using a JEOL JSM-6460LV scanning electron
microscope with an attachment for micro X-ray spectral analysis. Changes in the sorbate composition during interaction
with the sorbents were determined by atomic emission spectrometry on an OPTIMA 2100 DV spectrometer (Perkin Elmer).
Hydrogen index was determined on a pH-meter microprocessor pH-150MA.

Results. The structure and surface composition of granulated cellular glass has been studied. The efficiency of sorption of
granulated foam glass of heavy metals from urban surface wastewater has been revealed.

Conclusions. The results show that the investigated granulated foam glass is an effective sorption material and allows
the extraction of heavy metals (cobalt, chromium, copper, iron, nickel, lead, zinc) from urban surface wastewater.
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BBEJIEHUE

Bropas nosmoBuna XX B. B pa3BUTBHIX CTpaHax
0O3HAaMEHOBaJlaCh CMEHOW MPOMBILIJIEHHON 3MOXHU
Ha 310Xy OOCITYXKHBAaHHUS, KOHIICHTPALIUS TOTPeOICHUS
TOBapOB ¥ yCIYT yKa3bIBaeT HA BOSHUKHOBEHHE «00-
miecTBa moTpedieHus». OCHOBHOW IETbI0 «O0IIecTBa
MOTPEOICHUS» ABISACTCS MOBBIIICHIE YPOBHS KU3HU.
[TocTostHHOE TOBBIIICHUE YPOBHS JKU3HU BO3MOKHO
TOJIBKO TIPH BBICOKOM TEMITE Pa3BUTHS IKOHOMHKH, UTO
B pe3yibTaTe MPUBEIO K HEKOHTPOIUPYEMOMY POCTY
MIPOM3BOJICTBA PA3IMYHBIX TOBAPOB U, KaK CIICJACTBHE,
HaKOIUICHHIO OOJIBIIOr0 KOJHMYECTBA OTXOA0B. Harie
0011ecTBO YUCHBIC KIACCU(UIUPYIOT KaK [IHBHIN3A-
U0 0TX00B. COTIIaCHO HEKOTOPHIM HCCIICIOBAHUSM,
YEIIOBEYCCTBO MOXKET CTONKHYThCS C PECYPCHOM KaTa-
cTpooii yike Yepe3 HECKOIBbKO IECATKOB JieT' 2. MIMeH-
HO MMOATOMY B2)KHOC 3HAYCHUC MMECT PAIIMOHAIBHOE
HCIOJB30BaHKE CYIICCTBYIOIINX PECYPCOB U MEPEXO]
K DKOHOMHKE «3aMKHYTOTO IHKJIa» MPH MPUMCHCHUU
MPUPOIOMOAOOHBIX TEXHOIOTUH. B MpUpOAHBIX CH-
cTeMax HET OTXOJOB, OTXOIBI OJHHX CHCTEM — 3TO
ChIpbe s pa3BUTHs Apyrux. OQHO W3 HampaBleHUM
Pa3BUTHS TPUPOONIOTOOHBIX OC30TXOJHBIX TEXHOJIO-
I'Mif — KCIIOIb30BaHKE OTXOIOB MPOU3BOICTBA B Kaye-
CTBE CBIPHEBBIX MaTEPUaIoOB. B mepuom skoIoru3aium
YeJIOBEYECKOT0 00IecTBa 0COOCHHO aKTyaJbHO MPH-
MEHEHHE OTXOJ0B MPOMBIIIJIEHHOCTH, 3aTrPA3HIIONIUX
OKPYKAIOIIyI0 Cpeny, A ee BoCcCTaHOBICHH. [lpn
OUYHCTKE MPUPOTHBIX OOBEKTOB OT TSDKEIBIX METAJIIIOB
OTIPENIEIIAIONIYIO POJIb UTPAIOT COPOIIMOHHBIE TEXHOIIO-
THH, 7151 pa3BUTHS KOTOPBIX HEOOXOANMBI HOBBIC BHIIBI
copbernToB. OTHUM U3 TaKUX COPOITMOHHBIX MaTepHa-
JIOB MOJKET OBITh IICHOCTEKIIO.

[leHOCTEKTI0O — MONHOCTHIO HEOpPTaHWYECKUH
MIPOYHBIA MaTepraj ¢ XOPOIIUMHU TETLTOM3OJISITHOH-
HBIMU XapaKTepUCTUKaMU. JJaHHBIA MaTepuaa ObLI
nosydyeH B 30-x rogax XX B. COBETCKMM aKaJIE€MUKOM
N.N. Kuraiiropoackum. M3roraBnupaercst N€HOCTEKIIO
13 OOBIYHOTO CTEKJIA IyTEM €ro pa3Molia A0 TOHKOTO
nopouika, Jo0aBiIeHus1 ra3000pazoBares/nopoodpa-

30Baresst (0OBIYHO MOPOIIKA YIS WM MeJa) U TePMO-
o0paboTku nosyyenHoii cmecu npu 750-850 °C. Ipu
TIOBBIIIICHHON TeMIEeparype MOPOIIOK CTEKIIa CIIeKaeT-
Cs1, CTAHOBUTCSI TUTACTUYHBIM, & BBIICJISIOIINECS U3 T10-
pooOpa3oBaTenst Ta3bl PACHIUPSIOTCA U BCICHUBAIOT
Marepuaj, KOTOPbIH Mociie OXJIaXICHUsT COXpaHseT
nony4yeHHyto ¢opmy. IleHOCTEKII0 — 3KO0IOTHYECKU
Oe3omacHbI MaTepuaj, HE BBIACISIOMUNA BpPeIHBIX
BEIIECTB Jla’ke MPH BO3JACHCTBUN BBICOKHX TEMIIEpa-
Typ. YCTOHYMBOCTb K TEMIIEPATYPHOMY BO3JECHCTBUIO
OYCHB BBICOKA, IIEHOCTEKJIO HE TOPUT M BBLACPKUBACT
Harpes 10 600 °C. IleHOCTEKIIO HE TTOABEPKEHO paz-
PYIICHHIO Ha MPOTSDKEHUH BCETO CPOKa IKCILTyaTallny,
OHO HE KPOUINTCS, HE HACHIIIACTCS BIAroil U He Mo-
BEpIKeHO Koppo3uu™ *°. ['paHyIbl MEHOCTEKIIA — ITO
MeJIpganme YaCTHUIbl BCLICHCHHOTO CTEKJIA, KOTOPBIC
OCTalOTCs B BUJIE OTXOIOB (KPOUIKH) TIOCIIE TIPOU3BOI-
CTBA MEHOCTEKONBHBIX IUTUT ¥ 1eOHs. Takxke 3TOT Ma-
TepHa NMoy4yaroT U3 OTXOJOB CTEKIIa, KOTOPOE I0 pas-
JIMYHBIM TIPUYMHAM, B IIEPBYIO OYepeIb TEXHUIECKUM,
HEJITb3$1 UCTIONb30BaTh B CTEKOJIBHOM IPOMBIIUIEHHOCTH
JUISl TIPOU3BOJICTBA HOBBIX CTEKJISIHHBIX U3/ICIIUH.

Ji1s HEKOTOPBIX TIPOMU3BOAICTB IPAHYITHMPOBAHHOE
MEHOCTEKJIO M3TOTABIMBACTCS CHEIHAIBHO B arpera-
Tax, IJIe paciuiaB CTEKJI000s, MOCTY AN B pabouyio
KOJIOHHY, OXJIaX/Ia€TCsS BCTPEYHBIM ITOTOKOM BO3JyXa.
I'panynupoBaHHOE TEHOCTEKIIO, TTOTYYEHHOE 110 3TOH
TEXHOJIOTHH, 3TO HEOPTaHWYECKHUH, JIETKHA, TIOPUCTHIN
Mmarepuan B (hopMe NMPaBUIBHBIX IAPUKOB CBETIIO-CE-
poro 1gera’. JIpyroii BapHaHT MOJTYUCHUS TPAHYIHPO-
BaHHOTO TIEHOCTEKJIa — MHOTOCTaAMHHBIN METOI, TpH
KOTOPOM KYCKHM CTEKJIa IPEBapUTEIbHO IIepeMallbl-
BAIOTCS B MEJKHUN MOPOIIOK. 3aTeM B CMECUTEIbHON
YCTaHOBKE K IMOPOIIKY J00aBISIOT BOAY, CBI3YIOLICEe
BeriecTBo 1 nopogop. Ilpunanue chepruaeckoir popMsI
YJacTUIaM MOJIyYeHHON CMECH U3 CTEKJIa OCYIIECTBIIsI-
eTcs B UCKOBOM Tpanynsarope. Ilocie atoro rpanymsr
BCIICHMBAETCS] BO BPAIAIOIIEHCS [e4n NP TeMIIepa-
Type okoso 900 °C. Ilpouecc BcyuynBaHusl MO3BOJIS-
€T MOJIYYUTh MEIKOTIOPUCTHIN c(hepuiecKnii TpanymsaT

! Unvun A.H. Tlorpe6ienue u ero rmobaibHble nocneactsus / @unocodus u o6mectso. 2013. Ne 2 (70). C. 83-99. URL:
https://cyberleninka.ru/article/n/potreblenie-i-ego-globalnye-posledstviya
2 MupoBbIe 3amachl IPHPOIHBIX PECYPCOB: HA CKOJIBKO JIeT 3eMile XBAaTUT MoNe3HbIX uckomaeMbix? URL: https:/lindeal.com/

trends/mirovye-zapasy-prirodnykh-resursov-na-skolko-let-zemle-khvatit-poleznykh-iskopaemykh

3 CBoifcTBa M XapaKTePHCTHKHU TIEHOCTEKIA: HEJOCTATKU M JNOCTOMHCTBA JaHHOTO MaTepmana. URL: https:/rcycle-net.
turbopages.org/rcycle.net/s/steklo/produktsiya-iz-vtorichnogo/penosteklo
4 ITenoctexno. TpaauuoHHkIe U HoBeiime Texnomorui. URL: https:/forumhouse-ru.turbopages.org/forumhouse.ru/s/journal/

articles/4705-penosteklo-tradicionnye-i-novejshie-tehnologii

5 CpaBHMTENbHBII aHAIIM3 IEHOCTEKOIBHOIO rpanyisTa ¢ ananoramu. URL: https://penosytal-com.turbopages.org/penosytal.

com/s/compare_gravel.html

¢ T'panynuposannoe nenoctekao. URL: https://pandia.ru/text/80/144/28899.php
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KpEeMOBO-0€JI0ro 1[BeTa, BHYTPH YaCTHIl KOTOPOTO 3a-
KJIFOUCHBI MEJIKUE My3bIPbKH BO3yXa'.

I'pamynbl meHOCTEKIIA TPUMEHSIOTCS B KAa4eCTBE
3aCBHIITHOTO YTEIUTMTENS. ¥ HAITOJHUTEIS I JIETKUX
06eTOoHOB [ 1—6]; TETUTOM30IAIMOHHON 3aCHIITKH B CTPO-
uTenbCeTBe [7-9], B TOM yMciie HEroprodel i CKBa-
skuH [10]; yremnsromei npucaaky B pa3iudHbIX cMe-
cAX; UX J00aBIAIOT B KJIAJIOUYHBIE PACTBOPHI, CMECH
JUISL CTSDKEK W TaMITOHaXa, IITyKaTypHBIE ¥ TUIMTOYHbIC
KJIEEBBIE COCTABHI. | paHYIHPOBaHHOE TTIEHOCTEKIIO HE-
PEIKO CIYXHUT B KaueCTBE OTIEIOYHOTO MaTepuana
IUIs TOMOB pasnugHoro tuna [11, 12], mpumensercs
MpY U3TOTOBJICHHUH IUIMTOYHO-KJIeeBoW cmecu [13].
Mcnonp3yIoT MEHOCTEKIIO U KaK J0OAaBKY B CTPOUTEIb-
HBI PacTBOP WJIM B BUIE 3AIOJHUTENIS B MIPOMBIBOY-
HBIX JKHJIKOCTSIX, KOTOpBIE TPEOYIOTCs, HAlpUMep, st
MIPOMBIBKH OypPOBBIX CKBaXKIH, HMMOOHUIH3HUPYIOIIETO
HOCHTENSI B OMOTEXHOJIOTHHU®; B KaYeCTBE BBICOKO-
MPOYHBIX MCKYCCTBEHHBIX MOPHUCTHIX 3aMOIHUTENICH
¢ WIOTHOCTRIO 0T 400 10 970 KT/M> M IPOYHOCTHIO TIPH
cxaruu 3,8—17,0 MIla [14]; st moaydeHns KOMITO3H-
LUOHHBIX MaTepuasnos [15]; U3roToBIEeHUsI KAPKACHBIX
KOMITO3HUTOB [16]; KaKk MOATIOKKY IS SKpPAaHHUPOBAHUS
UCTIApEHHs ITPOJIMBA JIETKOBOCIIIAMEHSIOIIUXCS JKHJIKO-
cteif (abcopOrust HePTEPOIYKTOB, TIOMABIINX B BOAY
1 Ha 3eMtro) [17]; ¢ menpro MOJydYeHHs] TaMIIOHAXK-
HOTO pacTBOpa IS IEMEHTHUPOBAaHUS CKBakHH [18];
B KaueCTBE TEIUIOM3OJAIIMOHHOTO MaTepuaia i co-
XpaHEHUS! OCHOBAaHHWH B MEP3JIOM COCTOSIHUM W CHH-
JKeHHS PUCKOB KPHOTEHHBIX JeopMannii (B yCIOBUAX
Apxkrukn) [19]. B HacTosmiee BpeMsi IpOBECHBI UC-
CJIETOBAHUS I10 OLIEHKE BO3MOXXHOCTH MCIIOTH30BAHUS
MEHOCTEKJIa B BUJIE (DMIIBTPYIOILETO MaTepHasa, 4ToObl
MIOATBEPIUTH MPUMEHIUMOCTD B KaueCTBE (PHIIBTPYFOIIE-
ro Marepuaa B JOXkIeBbIX canax [20].

HccnenoBanus 1 myOIMKaIMU MO IPUMEHEHHIO T1e-
HOCTEKJIa B KadecTBe copOeHTa ctounsx Box (CB) mis
yaaJleHUs TSDKENBIX METaJUIOB B OTEUECTBEHHOM nuTe-
patype OTCYTCTBYIOT, HECMOTPS Ha €ro SKOJIOTHYHOCTH,
BOJIOCTOMKOCTB U IpyTHE MOJNE3HbIE XapaKTePUCTUKH.

enp nanHOM pabOTH — OIEHKAa COPOIIMOHHON
CIIOCOOHOCTH TPAaHYITHPOBAHHOTO MEHOCTEKJIA MPH
OYHCTKE MOBEpXHOCTHBIX CB ¢ ypOaHM3npOBaHHBIX
TEPPUTOPUH.

MATEPHAJIBI I METO/IbI

OOBEKTOM HCCIIEIOBAHUS SIBISIETCS CHCTEMA T'pa-
HYJIHPOBAHHOE MEHOCTEKIIO (COPOCHT) M TIOBEPXHOCT-
uble CB ¢ ypbaHn3npoBaHHbIX TeppUTOpHii I. UenssOnH-
cka (copbar).

[TosepxuoctHBIe CB ¢ ypOaHM3NPOBaHHBIX TEPPH-
TopHii . YenmssOMHCKa 0TOMPATN COTIIACHO OOIIENpPUHS-
TBIM METOJIUKAM.

7 Poraver. URL: https://poraver.com/us/

D dHekTHBHOCTH COPOIIMOHHOTO MPOIIECCa OICHH-
BAJIM B CTAaTHYECKHUX yCIOBHAX. VIcronb30Baim METON
OTpaHMYEHHOT0 00beMa MPH COOTHOLIECHUH TBEpHas
(haza:xuakocTh, paBHOM 1:20. Temmeparypy cucTeMBbI
u3mensu ot 0 1o 20 °. Bpems skcno3unuu cocTaBUIO0
3-168 u.

[Tpu npoBeieHNY McCIIeI0BaHNH IPUMEHSIIN JJIeK-
TPOHHBIN pacTpoBbiil Mukpockon JEOL JSM-6460LV
C MPHUCTAaBKOH UISI MUKPOPEHTTEHOCIEKTPAJIBHOTO
aHaJIN3a, YMUCCHOHHBII CIIEKTPOMETP C WHIYKTHBHO-
ceszanaoi asmMoit OPTIMA 2100 DV (Perkin Elmer,
CIIA). B kauectBe (poHOBOTO pacTBOpa NCIOIB30BAIN
BOJIy 0CO00i1 CTENEHU OUYUCTKH, MOJTYYCHHYIO Ha TPH-
6ope Simplicity UV (®pannus), pH-metp 150MU.

DIeKTPOHHO-MHUKPOCKOIIMYECKUI aHalu3 Tpa-
HYJIMPOBAHHOTO MEHOCTEK/IA MO0Ka3all, YTO I'PAHYIIBI
MMEIOT OKPYIIyIo (hopMy ¢ IIepiIaBoii MoBEpXHOCTBHIO.
Pasmep rpanyn mensercs ot 0,1 o 0,4 mm. Uccneno-
BaHHE MHUKpOpeibeda IOBEPXHOCTH MPOBOAMIOCH IIPH
Pa3IUYHON CTEIICHU YBEIUYCHUS, BEpDXHUM CHUMOK —
yBenmuenue oopasma B 100 pas, cpeqanit — B 500 pas,
HIDKHUH pucyHOK — yBenuuenue B 2000 pas. Ilpu yse-
smuaennu B 2000 pa3 (HIKHUE CHUMOK) OTYETIIMBO BH/I-
HBI TTOpBI pazmepoMm 1,39-3,23 mm (puc. 1).

Mukpodororpadus rpaHyl npuBeaeHa Ha puc. 1.

Puc. 1. Mukpodororpaduu rpaHyIHpOBaHHOTO NIEHOCTEKIIA

1 JaHHBIC MUKPOPCHTTCHOCIICKTPAJIbHOTO aHaIn3a

ITo maHHBIM MUKpPOPEHTTEHOCIEKTPAILHOTO aHa-
JM3a uccaeayeMble Tpanyisl coctodar u3 Na, S, Mg, O,
Si, C, Ca, Al, K, Ti, Fe. Pe3ynsrarsl MUKpOPEHTTEHO-
CICKTPAIBHOTO aHAJIN3a IIOBEPXHOCTH 00pasiia MpUBe-
JieHsl B Ta0m. 1.

XUMHUYECKUH COCTaB CMEITAHHOW MPOOBI CTOYHBIX
(mBHEBHIX) BoA T. YenssOMHCKa mpeicTaBlieH B Ta0m. 2.
Bona B mpo0e uMeeT 3HaueHHe BOIOPOIHOTO ITOKa3aTe-
151 6,66, T.e. SIBISIETCS HEUTPATHLHOM.

JlanHbIe TabJ1. 2 MOKAa3bIBAIOT, YTO CTOYHBIE JIUBHE-
BbIC BOJBI 3aTPSI3HEHBI TSHKEITBIMU METaJIaMH.

8 Marent RU Ne 2514070 C2, MIIK C03B 19/08, E21B 43/267. Cioco6 M3roTOBIEHHS IPaHyIATa U3 MIEHOCTEKIA, a TAKKE
TPaHyJIAT U3 IEHOCTEKIA U ero nmpuMenenue / P. Yupw, M. [lImubepm, A. Kyne, FO. /I[pucnep; narenrooon. JIUABEP 'MBX
YHJ KO. KT'; 3asBn. Ne 2012134279/03 ot 06.01.2011; omy6s. 27.04.2014.
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Taéu. 1. Pe3ynbTaTbl MUKPOPEHTI€HOCIIEKTPAIbHOTO aHanIu3a o0pasua, %

Homep 1\, S Mg 0 Si C Ca Al K Ti Fe
crieKkTpa
1 46,73 | 2371 | 699 | 14,02 | 3725 2,45 0,79 | 0,73 0,52 0,52 | 029
2 50,58 | 34.68 | 472 | 304 | 3,19 | 212 | 066 0,6 0,41 0 0
3 45,18 | 3833 6,2 0 4,61 3,31 1,02 | 0,95 0 0,4 0
4 4291 | 3733 | 595 0 427 | 639 1,92 0 0,52 | 071 0
5 50,82 | 2521 | 7,09 | 9,79 | 285 1.8 0,66 0 0,81 0,51 0,36
Taou. 2. Xummdeckuii coctas copdara
DieMeHT Co Cr Cu Fe Ni Pb Zn pH
Conepxanue B ropozickom 0,004 | 0,002 | 0,028 | 2,624 | 0,01 0,02 0,286 6,66
HOBerHOCTHOM CTOKC, MF/JI

PE3YJIBTATHI UCCJIEJOBAHUA

B tabn. 3 npuBeneHsl pe3ybTarThl HCCIIEA0BAHMUS
3¢ (HEeKTHBHOCTH COPOIIMOHHOTO MPOIECcCa B CHCTEME
«TpaHyIMPOBAHHOE MEHOCTEKIIO — CTOYHAs (JINBHEBAS)
BOAa» B CTaTUYCCKUX YCJIOBUAX.

[NoydeHHbIe pe3ynbTaThl OKa3bIBAIOT, YTO COPO-
us KobanbTa, cBUHIA U Menn paBHa 100 % u He 3a-
BHCHUT OT TEMIIEPATYPHOTO PEXUMa U BPEMEHU KOHTAK-
Ta copbenTa ¢ copbatom. [lomHOE M3BICUECHUE XpOoMa
13 TUBHEBOTO CTOKA MPOMCXOAUT IPU KOHTAKTE C COp-
Garom B TeueHue 6 4 npu temneparype 0—10 °C, npu
temrieparype 20 © C Bpems yBennuuBaetcst 10 168 u.

MaxcumanpHO€ 3HAUYCHHE CTEMEeHU COopOmmu
MOHOB >kene3a 93 % gocTuraercst Ipu TeMIepaType
0 °C gyepe3 168 1 KOHTaKTa CTOYHOH BOJIBI ¢ COPOCHTOM.
[Ipu moBeIIIeHNH TeMTIepaTypbl BOABI 3(pPEeKTUBHOCTD
yaaneHus xkenesza coctapisieT 5S1-85 % B 3aBUCHUMOCTH
OT BpEMEHH AKCIIO3UINH. HuKenb 13 cTOKa IMOJIHOCTHIO
M3BIICKACTCS JIUIIH TP MaKCHMaJIbHOM BPEMEHH KOH-
TakTa 168 4, TeMmepaTypHBIM peKUM HE OKa3bIBAET
BJIMSIHUSL Ha €T0 COPOIIHIO.

1 MOHOB IWHKA ONTHMANbHBIMH yCIOBHAMHU
100 % cop6uuu siBisiercs temmneparypa 0 © C u Bpemst
KoHTaKTa ¢ copbenToM 3 u. C yBeIn4YeHnEeM TeMIepa-
TypBl YCHUIINBACTCS BIMSHUE PEaKIIUH JeCOpOIIH, 1To-
3TOMY 3(h(HEeKTUBHOCTH TPOIIeCcCa CHIKACTCS.

Ha puc. 2 noka3aHa 3aBUCHMOCTb BOJOPOIHOIO
MOKAa3aTelsl OT TEeMIIepaTyphl M BPEeMEHH KOHTAKTa B CH-
CTeMe «COpOeHT — copOary.

Uepes 3 4 KOHTaKTa B MHTEpBaJIe TEMIIEpaTyp
0-20 °C nabmromaeTcs MOBBIIIEHHE BOJIOPOIHOTO TTO-
KazareJisi, CBSI3aHHOE C aJIcCOpOLIMel KAaTHOHOB TSKEIIBIX
METAaJUIOB IICHOCTEKIIOM. YBEITHYCHHE BPEMEHH KOHTAK-
Ta copbeHTa ¢ cOpOATOM MPUBOIUT K POCTY BOAOPOIHO-
TO TTOKa3aTessl W3-3a AIbHEHIIero mepexoaa 3arpsa3Hu-
Tenel B CTPYKTYpy cOpOeHTa.

[NoyueHHBIC JaHHBIC TOKA3BIBAOT, YTO TPAHYITHUPO-
BaHHOE TICHOCTEKJIO 00ECIIeUnBALT MOJHOE M3BJICUCHHE
TSOKETBIX METAJUIOB (KoOanpTa, XpoMa, MeIH, HUKEIS,
CBHUHIIA ¥ IMHKA) 3 CTOYHON JTMBHEBOI Bosbl. KoHIleH-
Tpalys KaTHOHOB JkeJie3a cHmkaeres Ha 93 %. B mpo-
1ecce OUMCTKH Habmronanock ocsetiaenue CB (puc. 3).

Ha puc. 4 npuBenena mukpodotorpadus moBepx-
HOCTH TPaHyJIbl TIEHOCTEKIIA MTOCIIe TPOIecca COPOLIUH.
ITepen mccnemoBaHueM TOBEPXHOCTH TIPOMBIBAIH JIHC-
TUJUIMPOBAHHOM BOJOW MJIsI UCKJIFOUEHHUS TTONalaHus
copbara. Pe3ynmpraThl MUKpOpPEHTICHOCIIEKTPATHLHOTO
aHaJIM3a NpeJICTaBIeHbI B Ta0II. 4.

W3 Tabmn. 4 BUAHO, 4TO TOCTE TIpoIiecca copOIuu
Ha TOBEPXHOCTH NEHOCTEKJIA YBEIUYUBACTCS COJEP-
JKaHHE JKelle3a, MOSBISACTCS IUHK. TsDKeTble MeTaJUIbI,
koTopsie B CB MMeI0T HU3KYI0 KOHIIEHTPAIIHIO, Ha I0-
BEPXHOCTH MEHOCTEKJIA METOIOM MHUKPOPEHTI€HOCTICK-
TPaJBHOTO aHaJIN3a OOHAPYKUTH HE YIAJIOCh.

[IpoBeneHHBIC UCCIIEAOBAHMS TTOKA3ATH BEICOKYIO
3P PEKTUBHOCTH I'PaHYIMPOBAHHOTO MEHOCTEKIIA MPH
OYHCTKE TOPOJICKUX CTOYHBIX JINBHEBBIX BOJ| OT KaTHO-
HOB TSDKEJBIX METAJUIOB B CTATUYECKOM PEKUME.

Tabn. 3. AHanu3 CTeTrieH! W3BJICUCHUS MTOJTIOTAHTOR U3 HpO6BI npu pa3J'IPI‘{HOﬁ TEMIIEPAType U BpEMCHU KOHTAKTa, %

D hHeKkTHBHOCTH OYUCTKY MPU TEMIIEPATYPe U BPEMEHH KOHTAKTa, %
Iloxasarens t=0°C t=10°C t=20°C
34 6u 168 u 34 6u 168 u 34 6 g 168 1
Kobassr 100 100 100 100 100 100 100 100 100
Xpom 0 100 100 0 100 100 0 0 100
Menb 100 100 100 100 100 100 100 100 100
Keneso 80 85 93 51 73 83 68 75 83
Huxkens 0 0 100 0 0 100 0 0 100
CauHel 100 100 100 100 100 100 100 100 100
uuk 100 100 100 50 83 83 50 67 100
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0°C 10 °C 20 °C

9,4

8,9

8.4

pH

7.9
7,4
6,9

6,4
0 3 6 9 24 168 u

Puc. 2. Usmenenune pH 1ipy i3MEHEHUH TEMIIEPATYPBI U BPEMEHH KOHTAaKTa COpOeHTa (TpaHyIMpOBaHHOTO IEHOCTEKIIA) C COp-
Oarom (CTo4YHas BOjIa)

Puc. 3. Mzyuenne copOIMH NOLTFOTAHTOB M3 MPOOBL: @ — MPU KOHTAKTe copOeHTa ¢ copdaroM 0 4; b — npu KOHTaKTe copOeHTa
¢ copbarom 24 4

ZakL

Puc. 4. Muxpodotorpadusi HOBEpXHOCTH I'PaHyITHPOBAHHOTO IEHOCTEKIIA U JTAHHBIC MUKPOPEHTTEHOCTICKTPAIILHOTO aHaIN3a

Ta6u. 4. Pe3ynsTaTbl MUKPOPEHTIEHOCIICKTPAIBHOTO aHaIu3a o0pasiua, %

DeMeHT Na S Mg (0] Si C Ca Al K Ti Fe Zn Pb

Conepxanme, Mac. % | 40,2 | 19,44 | 4,09 | 791 | 4,11 | 2,76 | 1,31 | 091 | 0,65 | 0,74 | 1,34 | 0,16 | O
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B HacTosmuii MOMEHT NPOBOAATCS HCCIEN0Ba-
HUS COPOIMOHHON CTIOCOOHOCTH AaHHOTO MarepHala
B TUHAMUYCCKHUX YCIOBUSAX, IPH PA3INIHBIX TEMIIEpa-
Typax M CKOPOCTH (PHIBTPOBAHUSI C UCIOIb30BAHHEM
cop06aToB, COMEPKAITIX THKEIBIE METAJITBI B ITHPOKOM
WHTEpBaJie KoHIeHTparmid. [IpeamonaraeTcst UCIoNb30-
BaHHE MEHOCTEKJIA TP CO3JaHUH KOMITO3UTHOTO COp-
OcHTa C MeThI0 CHIKEHHUS CTOMMOCTH COPOIIMOHHOTO
MaTepuaia, Tak Kak I[eHa IMeHOCTEeKJa ceidvyac JocTa-
TOYHO BBICOKAasl.

SJAK/IIOYEHUE U OBCYXJAEHUE

Hccnenosana 3h(heKTHBHOCTH COPOILIMOHHON CII0-
COOHOCTH I'PaHyIMPOBAHHOTO MEHOCTEKJIA MIPU OYHUCTKE
moBepxHOCTHBIX CB ¢ ypOaHU3MPOBaHHBIX TEPPUTOPHIA.

YCcTaHOBJIEHO, YTO B CHCTEME «TPaHYJIUPOBAHHOE
MEHOCTEKJIO — CTOYHAsl BOJa» IPH CTAaTUYECKOM PEKH-
Me 3¢ (HeKTHBHOCT cOpOIMN K0OaabpTa, CBUHITA U MEAH
paBHa 100 % ¥ He 3aBUCHUT OT TEMIIEPATyPHOTO PEKUMA
1 BPEMEHH KOHTAKTa COpOCHTa ¢ copOaTOM.

ITomHOE M3BIIEUEHNE XpOMa U3 JIMBHEBOTO CTOKA
MIPOMCXOJNUT NP KOHTAKTE C COpOATOM B TedeHne 6 4
pu Temneparype 0—10 °C.

MakcuManbHOE 3HAYEHHE CTENEHH cOopOIun
HOHOB xene3a 93 % mocTuraercs mpu TeMIeparype
0 °C gepe3 168 u konrakra CB ¢ copbeHTOM.

Hukenp 3 CTOKa MONHOCTHIO M3BIEKACTCS JIHIIH
TIPU MaKCUMaJIbHOM BpEeMEHH KOHTakTa 168 4, Temmepa-
TYPHBIN PEKUM HE OKa3bIBACT BIMSHUS HA €r0 COPOIHUIO.

715t mnoHOB 1IMHKA onTUMalibHbIe ycinoBus 100%-
HOH copbumn — temmneparypa 0 °C u BpeMsi KOHTaKTa
¢ copbeHTOM 3 U.

HOJ’IyquHBIe OKCIICPUMEHTAJIBHBIC JTAHHBIC I1O-
Ka3ajJH, 9YTO TPaHYIHPOBAHHOE MEHOCTEKIO CIYKHT
MEePCIEKTUBHEIM COPOIMOHHBIM MaTEPUANOM s
MOHOB TSDKEJIBIX METaJUIOB. B paHee mpoBeneHHBIX
UCCIEAOBAHUAX 10 COPOITMOHHON CIIOCOOHOCTH Iie-
HOCTEKJIa pa3In4yHON npupoas! [21-24] paccmarpuBa-
JIMCHh BOIIPOCHI MOITIOMICHUA He(i)TerO}IyKTOB U3 BOABI.
B paborax sKCIepUMEHTAIBFHO YCTAHOBIEHO, YTO ME-
XaHU3M TIOTJIONMEHUS HEPTETIPOITYKTOB ITEHOCTEKIOM
OCHOBAH Ha ACHCTBUH KaIMUIIPHBIX CHII, T.€. IPOMCXO-
JIIT 3aIl0JTHEHUE TT0P MTEHOCTEeKJIa OPraHNYECKUMH 3a-
TPS3HUTEISIMU, KOTOPOE Helb3sl OTHECTH K Ipoleccam
(dbu3udeckod WM XUMHYeckod agcopouuu. [Tloatomy
MOJIYY€HHE TaHHBIX O COPOLIMOHHOM B3aMMOJICHCTBUH
B CHCTEME IEHOCTEKJIO — MOBEPXHOCTHBIN CTOK C
ypOaHU3UPOBAHHBIX TEPPUTOPHI» SIBIAETCS HOBBIM
paHee HE M3BECTHBIM pe3yabraTtoM. [Ipu mampHeHImx
UCCIIEJOBAHMSAX IIJIAHUPYETCSI OTPEICIIUTD TEXHOIOTH-
YecKHe ITapaMeTpbl HOBOTO MaTepHaia (COpOLMOHHYIO
€MKOCTb, IICPUOJAUIHOCTD 3aMeHbI).
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INTRODUCTION

The second half of the twentieth century in de-
veloped countries was marked by the change from
the industrial to the service age, the concentration
of consumption of goods and services pointing to
the emergence of a “consumer society”. The main
aim of “consumer society” is to raise living standards.
A permanent improvement in living standards is only
possible at a high rate of economic development, which
has resulted in an uncontrolled increase in the produc-
tion of various goods and the consequent accumulation
of large amounts of waste. Scientists classify our soci-
ety as a waste civilization. According to some studies,
humanity could face a resource catastrophe in just a few
decades'-2. This is why the rational use of existing re-
sources and the transition to a “closed cycle” economy
using nature-like technologies is important. There is
no waste in natural systems; the waste of one system
is a raw material for the development of others. One
of the directions of development of nature-like non-
waste technologies is the use of production wastes as
raw materials. At the time of ecologization of human
society the use of industrial wastes, polluting the envi-
ronment, for its restoration is especially urgent. When
purifying natural objects from heavy metals, sorption
technologies play a decisive role, for the development
of which new kinds of sorbents are needed. One of such
sorption materials can be foam glass.

Cellular glass is a completely inorganic, strong
material with good thermal insulation properties. This
material was obtained in the 1930s by the Soviet acade-
mician LI. Kitaygorodskiy. Foam glass is produced from
ordinary glass by grinding it to a fine powder, adding
a gasifier/forming agent (usually coal or chalk powder)
and treating the mixture thermally at 750-850 °C. At an
elevated temperature, the glass powder sintered and be-
comes malleable and the gases released from the blow-
ing agent expand and foam the material, which retains
its shape after cooling. Cellular glass is an environmen-

tally-sound material, which does not emit any harmful
substances even when exposed to high temperatures. Its
thermal shock resistance is very high, it does not catch
fire and withstands heat up to 600 °C. Cellular glass is
indestructible during its whole service life, it does not
crumble, does not become saturated with moisture and
is not prone to corrosion® * 3, Cellular glass granules
are the tiny particles of foamed glass which remain as
waste (crumb) after production of cellular glass slabs
and crushed stone. This material is also obtained from
waste glass, which for various reasons, primarily tech-
nical, cannot be used in the glass industry for the pro-
duction of new glass products.

For some production plants granulated foam glass
is produced specifically in units where the molten glass
fibre entering the working column is cooled by a coun-
ter flow of air. The granulated foam glass produced by
this process is an inorganic, lightweight, porous mate-
rial in the form of regular, light grey balls®. Another
possibility for producing granulated cellular glass is
the multistage method, in which pieces of glass are
first ground to a fine powder. Then water, binder and
phosphorus are added to the powder in a mixing plant.
A disc granulator is used to give a spherical shape to
the particles of the resulting glass mixture. The gran-
ulate is then foamed in a rotary kiln at about 900 °C.
The foaming process produces a fine spherical granu-
late with a creamy white colour and fine air bubbles
inside the particles’.

Cellular glass granules are used as bulk insula-
tion and filler for lightweight concrete [1-6]; thermal
insulating backfill in construction [7-9], including
non-combustible for wells [10]; insulating additive in
various mixtures; they are added to masonry mortars,
screed and grouting mixes, plaster and tile adhesive
compositions. The granulated cellular glass is often
used as finishing material for different kinds of houses
[11, 12], it is used in manufacturing of tile and adhesive
mixture [13]. It is also used as an additive to mortar

'lyin A.N. Consumption and its global consequences, Philosophy and Society. 2013; 2(70):83-99. URL: https://cyberleninka.

ru/article/n/potreblenie-i-ego-globalnye-posledstviya

2 The world's reserves of natural resources: how many years' worth of minerals will the Earth have? URL: https://lindeal.com/

trends/mirovye-zapasy-prirodnykh-resursov-na-skolko-let-zemle-khvatit-poleznykh-iskopaemykh

3 Properties and characteristics of cellular glass: advantages and disadvantages of the material. URL: https://rcycle-net.

turbopages.org/rcycle.net/s/steklo/produktsiya-iz-vtorichnogo/penosteklo

4 Cellular glass. Traditional and emerging technologies. URL: https://forumhouse-ru.turbopages.org/forumhouse.ru/s/journal/

articles/4705-penosteklo-tradicionnye-i-novejshie-tehnologii

5 Comparative analysis of expanded glass granulate with its counterparts. URL: https://penosytal-com.turbopages.org/penosytal.

com/s/compare_gravel.html

¢ Granulated foam glass. URL: https://pandia.ru/text/80/144/28899.php

7 Poraver. URL: https://poraver.com/us/
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or as an aggregate in flushing liquids required e.g. for
washing boreholes, immobilizing agent in biotechnol-
ogy?®; as high-strength artificial porous aggregates with
density from 400 up to 970 kg/m? and compressive
strength 3.8—17.0 MPa [14]; for obtaining composite
materials [15] production of frame composites [16]; as
a substrate for shielding evaporation of flammable lig-
uid spills (absorption of oil products released to water
and ground) [17]; for production of plugging mortar for
well cementation [18]; as a heat insulating material for
keeping substrates frozen and reducing risks of cryo-
genic deformation (in Arctic conditions) [19]. Current-
ly, studies have been carried out to assess the feasibility
of using foam glass as a filtering material to confirm its
applicability as a filtering material in rain gardens [20].

There are no studies and publications on the use
of cellular glass as a wastewater sorbent (WWS) for
heavy metal removal in the domestic literature, despite
its environmental friendliness, water resistance and other
useful characteristics.

The purpose of this work is to evaluate the sorp-
tion capacity of granulated cellular glass in the treat-
ment of surface wastewater from urbanized areas.

MATERIALS AND METHODS

The object of the study is a system of granulated
foam glass (sorbent) and surface wastewater from
urbanized areas of Chelyabinsk (sorbate).

Surface wastewater from urbanized areas of Chely-
abinsk was sampled according to generally accepted
methods.

The efficiency of the sorption process was evalu-
ated under static conditions. The limited volume meth-
od was used at a solid-liquid ratio of 1:20. The system
temperature was varied from 0 to 20 °C . The exposure
time was 3—168 h.

A JEOL JSM-6460LV electron scanning micro-
scope with a micro X-ray spectroscopy attachment,
an OPTIMA 2100 DV inductively coupled plasma
emission spectrometer (Perkin Elmer, USA) were used
for the studies. Specially purified water from Simplic-
ity UV (France) and a 150MI pH-meter were used as
a background solution.

Electron microscopic analysis of the granulated
cellular glass showed that the granules are round in
shape and have a rough surface. The size of the granules
varies from 0.1 to 0.4 mm. The surface micro-relief
was investigated at different magnification levels,
the upper picture being magnified 100 times, the middle
picture 500 times and the lower picture 2,000 times. At
a magnification of 2,000x (bottom image), pores with
a size of 1.39-3.23 mm are clearly visible (Fig. 1).

A microphotograph of the pellets is shown in Fig. 1.

Fig. 1. Microphotographs of granulated cellular glass and mi-

cro X-ray spectral analysis data

According to the micro X-ray spectral analysis
the investigated pellets consist of Na, S, Mg, O, Si, C,
Ca, Al, K, Ti, Fe. The results of the micro X-ray spectral
analysis of the sample surface are given in Table 1.

The chemical composition of the mixed wastewater
(stormwater) sample of Chelyabinsk is presented in
Table 2. The water in the sample has a hydrogen value
of 6.66, i.e. it is neutral.

Table 2 shows that stormwater runoff is polluted
with heavy metals.

RESEARCH RESULTS

Table 3 shows the results of the sorption process
in the system “granulated foam glass — waste (storm)
water” under static conditions.

The obtained results show that the sorption
of cobalt, lead and copper is equal to 100 % and does

Table 1. Results of micro X-ray spectral analysis of the sample, %

Slfli‘;t{)‘;?l Na S Mg 0 Si C Ca Al K Ti Fe
1 4673 | 2371 | 699 | 1402 | 325 | 245 | 079 | 073 | 052 | 052 | 029
2 5058 | 3468 | 472 | 304 | 319 | 212 | 066 | 06 | 041 0 0
3 4518 | 3833 | 62 0 461 | 331 | 1.02 | 095 0 0.4
4 4291 | 3733 | 595 0 427 | 639 | 192 0 052 | 071
5 5082 | 2521 | 719 | 979 | 285 | 18 | o066 0 081 | 051 | 036

8 Patent RU No 2514070 C2, IPC CO3B 19/08, E21B 43/267. Method of making foam glass granulate and foam glass granulate
and its application / R. Chirsch, M. Stibert, A. Kuhne, J. Driesner; Patentobl. LIAVER GMBH & CO. KG; application. No.

2012134279/03 dated 06.01.2011; published 27.04.2014.
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Table 2. Chemical composition of sorbate

The element Co Cr Cu Fe Ni Pb Zn pH
Contentin “rb;‘;/sf“face run-off, 1 0004 | 0002 | 0028 | 2624 | 001 | 002 | 028 | 666
Table 3. Analysis of pollutant recovery from the sample at different temperature and contact times, %
Cleaning efficiency at temperature and contact time, %
Indicator 1=0°C 1=10°C 1=20°C
3h 6h 168 h 3h 6h 168 h 3h 6h 168 h
Cobalt 100 100 100 100 100 100 100 100 100
Chrome 0 100 100 0 100 100 0 0 100
Copper 100 100 100 100 100 100 100 100 100
Iron 80 85 93 51 73 83 68 75 83
Nickel 0 0 100 0 0 100 0 0 100
Lead 100 100 100 100 100 100 100 100 100
Zinc 100 100 100 50 83 83 50 67 100

not depend on the temperature regime and contact time
of the sorbent with the sorbate. Complete extraction
of chromium from storm water runoff occurs at contact
with sorbate for 6 hours at temperature 0—10 °C, at tem-
perature 20 ° C time increases to 168 h.

The maximum value of iron ions sorption degree
93 % is reached at temperature 0 °C after 168 hours
of contact of wastewater with the sorbent. With increas-
ing water temperature the efficiency of iron removal
is 51-85 % depending on the exposure time. Nickel is
completely removed from the effluent only at the maxi-
mum contact time of 168 hours, the temperature regime
has no effect on its sorption.

For zinc ions optimum conditions of 100 % sorp-
tion are temperature 0 ° C and contact time with sor-
bent 3 hours. With increasing temperature the effect
of the desorption reaction increases, so the efficiency
of the process decreases.

Fig. 2 shows the dependence of the hydrogen
index on temperature and contact time in the sorbent-
sorbate system.

—0 OC _10 OC

pH

After 3 hours of contact in the temperature range
of 0-20 °C an increase in the hydrogen index is observed
due to adsorption of heavy metal cations by the foam glass.
Increasing the contact time of the sorbent with the sorbate
leads to an increase in the hydrogen index due to further
transfer of pollutants into the structure of the sorbent.

The data show that the granulated foam glass pro-
vides complete removal of heavy metals (cobalt, chro-
mium, copper, nickel, lead and zinc) from storm water
runoff. The concentration of iron cations is reduced
by 93 %. During the treatment process, clarification
of the wastewater was observed (Fig. 3).

Fig. 4 shows a micrograph of the surface of the cel-
lular glass pellet after the sorption process. Before ex-
amination the surface was washed with distilled water
to exclude sorbate ingress. The results of the micro
X-ray spectral analysis are shown in Table 4.

Table 4 shows that after the sorption process iron
content increases on the surface of the foam glass and zinc
appears. Heavy metals which are of low concentration in
wastewater, were not detected on the surface of the foam
glass by means of micro-X-ray spectral analysis.

20 °C

9 24

168 h

Fig. 2. Changes in pH if the temperature and time of contact of the sorbent (granulated foamed glass) with the sorbate (waste-

water) change
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Fig. 3. Study of the sorption of pollutants from the sample: a — when the sorbent is in contact with the sorbate for 0 hour; b —

when the sorbent is in contact with the sorbate for 24 hours

B

Fig. 4. Microphotograph of the surface of granulated cellular glass and micro X-ray spectral analysis

Table 4. Results of micro X-ray spectral analysis of the sample, %

The element Na S Mg (0] Si

C Ca Al K Ti Fe Zn Pb

Content, wt. % 40.2 1944 | 409 | 791 | 411

Studies have shown the high efficiency of granu-
lated cellular glass in the treatment of municipal storm-
water from heavy metal cations in static mode.

The sorption capacity of this material is currently
being investigated under dynamic conditions, at differ-
ent temperatures and filtration rates using sorbates con-
taining heavy metals in a wide concentration range. It is
intended to use foam glass in the development of com-
posite sorbent in order to reduce the cost of sorption ma-
terial, as the price of foam glass is currently quite high.

CONCLUSION AND DISCUSSION

The effectiveness of the sorption capacity of gran-
ulated cellular glass in the treatment of surface waste-
water from urbanized areas has been investigated.

276 | 1.31 | 091 | 0.65 | 0.74 | 1.34 | 0.16 0

It is established that in the system “granulated
foam glass — waste water” in the static regime the sorp-
tion efficiency of cobalt, lead and copper is 100 % and
does not depend on the temperature regime and contact
time of sorbent with sorbate.

Complete extraction of chromium from stormwa-
ter runoff occurs on contact with sorbate for 6 hours at
0-10 °C.

The maximum iron ion sorption degree of 93 % is
reached at 0 °C after 168 hours of wastewater contact
with the sorbent.

Nickel is only fully extracted from the effluent
at a maximum contact time of 168 hours and the tem-
perature regime has no effect on its sorption.
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For zinc ions the optimum conditions for 100 %
sorption are a temperature of 0 °C and a contact time
with the sorbent of 3 hours.

The experimental data obtained showed that granu-
lated foam glass serves as a promising sorption material
for heavy metal ions. Earlier studies on the sorption ca-
pacity of cellular glass of different nature [21-24] con-
sidered the absorption of petroleum products from wa-
ter. In this paper it was experimentally established that

the mechanism of oil products absorption by foam glass
is based on capillary forces, i.e. pores of foam glass are
filled with organic pollutants, which cannot be attributed
to physical or chemical adsorption processes. Therefore,
getting data about sorption interaction in the system
“foam glass — surface runoff from urbanized territories” is
anew and unknown result. In further studies it is planned
to determine technological parameters of the new mate-
rial (sorption capacity, replacement frequency).
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