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NCCIENJOBAHUE U ITOJYYEHUE
COPBLHMOHHBIX MATEPHUAJIOB HA OCHOBE TEXHOJIOT'A
PEIIUKJIMHTA OTXO/JOB TEIUVIODHEPTETHYECKOM
MNPOMBILIVIEHHOCTH

yopoeckasa O.I, Invoapsaoe 3.A., Anopynax HU.B.

OcHosHotl 3a0aueti, HanpasieHHol Ha CHUJICEHUE IKOI0SULECKO2O0
8030eticmsust cmounslx 600 npeonpusmuil TOK, sensemces paspabom-
Ka cucmem 060pomuo2o 6000nob3oeanus. OOHAKo 6036pamHble 600bl
4acmo He Mo2ym Oblmb UCNOTL306AHBL 015 RUMAHUSL NAPO2EHEPAMO-
P06 Oavice Nocie OYUCMKU, MAK KAK 6 JIyHuleM CIyude npoucxooum
yoanenue u3z KOHOeHCAma HedIMYTbUPOBAHHBIX He(hmenpooyKmos, OK-
cu0086 dicenesa U KamuoHo8 pacmeopeHHbIxX collell memannos. Ho, kax
npasuio, mMu 036paAAeMble C NPOUZBOOCHE KOHOEHCANbL COOEPIHCAN
8eWecmad, COBEPUICHHO He 3a0epicugaembvle Hi KAmUOHUPOBAHUEM,
HU copoyuetl, maxKum nPuUMepoM MO2Yn CILYAHCUMb IMYTbSUPOBAHHbLE
HeghmenpooyKkmol, 2an02eHONPOU3BOOHbIE OPAHUYECKUe Geujecad.
Ecnu oice u npoucxooum nesHauumenvHdas copoyus dmux eeujecms,
Mo eMKOCMb MAKUX MAMeEPUALos Cmoib Maud, Ymo nPUHUMAams ee
80 gHuManue He npuxooumcs. Copoc maxux 600 8 OPEHAN’C 8bI308eM
JUUD IKOHOMUYECKUe NOmepU, MAax Kaxk 0e3 muyamenvbHol OYUCIKU U
npeosapumenbHo20 OX1aNcoeHust on 3anpewet. Basicno, umo obwbiu-
HbLMU XUMUYeckum u npubopuvim konmponem na TOC npucymcemeue
IMUX BeUyecme He OOHAPYHCUBACMCS, MAK KAK OHU He MEHSIOMm 3HA-
yenust pH u anekmponpogoonocmu pacmeopa. Taxue coedunenust Mo-
2ym 6bI3b18AMb HE2AMUBHOE 8030eUCmaue Ha padomy UHIHCEHEPHBIX
KOMMYHUKAYUL U MENI0CULO8020 000PYOOSAHUsL: 8 NAPO2eHepamo-
Pax, no08ep2ascy cUOPOIU3Y, OHU MO2YM OeUCmBO8AMb KAK CUTbHBIE
KUCTIOMbL, YCUTUBAMb BCNEHUBAHUE U GbI3bIEAMb 3A2PA3HEeHUe Napda,
yuacmeosamsv 6 hopmuposanuu waxunei [1].
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Lenv: nonyuums u ucciedosams cOpOYUOHHBLE CEOLICMBA 3A2PY304-
HO20 Mamepuana u3 omxooa yenedobviuu. MooepHusuposams cmar-
oapmuyio cucmemy GuUILMPAYUOHHO20 DIOKA nymem 6HeOpeHUsl KaK
HOBLIX KOHCTNPYKYUOHHBIX NAPAMEMPO8 (PUIbIMPOBATLHBIX YCIMAHOBOK,
MAax u UCNOAL30BAHUS PUTLIMPAYUOHHBIX 3A2PY30K C GbLCOKUMU COPO-
yuonuviMuy noxasamenamu. QO60CHO8AMb ¢ MOUKU 3PEHUsL IKOTO2UYEC-
HOCMuU u pecypcocbepedcenusi 0aHHO20 Mamepuad.

Memoo unu memooonozus npoeedeHus padomol: npu UCCieoo-
BAHUL UCNONL30BATUCH CIMAHOAPTHbIE MEMOOUKU OYEHKU KaYecmea
800bl MEMOObl AHATUZA COPOYUOHHBIX CBOUCME Mamepuanos. Memo-
Obl MEPMOPAPUUECKO20 AHATUZA COCMABA 2IUEHCA, MEMOObL MAme-
MAmMuyecko2o MOOeIupo8aHus U UHMePNPemayuu pe3yibmanos uc-
C1edosanus.

Pezynvmamut: nonyuen copoyuonHbIl Mamepua, UcCied08aHbl ON-
MUMATIbHBLE PENHCUMbL AKIUBAYUY cOpOeHma, dPHeKmusHoCcms u ce-
JIEKMUBHOCMb COPOYUL NPU PA3TUYHBIX memnepamypax u pH.

Oobnacme npumenenun pesynbmamos: Pe3yiomamosl 0anno2o uc-
C1e008aHUs MO2Yym Oblmb NPUMEHEHbL 8 PUIbMPAYUOHHBIX YCTNAHOG-
kax npeonpusimuii TOK ¢ yenvio owucmru cmounoi 600vl om Heghme-
nPPOOYKMOS U MANCENIX MEMALILO8.

Knwuesnvie cnosa: copbyus,; copbenm,; akmusayus,; KaGUmMayus,
KABUMAYUOHHBIE TEXHOL02UU, 2TUeHC; MBEepOble OMX00bl Ye1edodvl-
YU, peYUKIUHe.

INVESTIGATION AND PRODUCTION OF SORPTION
MATERIALS BASED ON RECYCLING TECHNOLOGY
OF WASTE OF HEAT AND ENERGY INDUSTRY

Dubrovskaya O.G., Eldarzade E.A., Andrunyak LV,

The main objective, aimed at reducing the environmental impact of
waste water from the enterprises of the fuel and energy complex, is the
development of recycling water use systems. However, recycled water
can often not be used to power steam generators even after purification,
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since in the best case, un-emulsified petroleum products, iron oxides
and cations of dissolved metal salts are removed from the condensate.

But, as a rule, these condensates returned from production contain sub-

stances that are not completely retained by cationization or sorption,

such as emulsified petroleum products, halogenated organic substances.

If there is an insignificant sorption of these substances, the capacity of
such materials is so small that it is not necessary to take it into account.

The discharge of such waters into the drainage will cause only economic
losses, since without thorough cleaning and pre-cooling it is prohibited.

1t is important that the presence of these substances is not detected by
conventional chemical and instrumental monitoring at TPPs, since they
do not change the pH and electrical conductivity of the solution. Such

compounds can cause a negative impact on the work of utilities and
heat-power equipment: in steam generators, undergoing hydrolysis, they
can act as strong acids, enhance foaming and cause steam pollution, and
participate in the formation of scale [1].

Purpose: To obtain and investigate the sorption properties of the feed
material from the coal mining waste. Upgrade the standard filtration
block system by introducing both new design parameters of the filtration
units and the use of filtration loads with high sorption characteristics.
Justify from the point of view of environmental and resource conserva-
tion of this material.

Methodology: standard methods of water quality assessment were
used to analyze sorption properties of materials. Methods for thermo-
graphic analysis of the composition of the glaze, methods of mathemat-
ical modeling and interpretation of the results of the study.

Results: sorption material was obtained, optimum sorbent activation
regimes, efficiency and selectivity of sorption at various temperatures
and pH.

Practical implications: The results of this study can be applied in
filtration plants of energy companies for the purpose of purifying water
from oil products and heavy metals

Keywords: sorption; sorbent; activation, cavitation; cavitation tech-
nologies, glue; solid waste of coal mining; recycling.
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Brenenmne

Y4uuThIBast AOCTATOYHO OOMBINON 00BeM cTOUHBIX Boa TOK — ycpen-
HeHHbI# pacxon 16—17 m* /¢ ast TOI] ¢ mpor3BOAUTEILHOCTBIO TEILIA
1o 3140 teic 'kan B roj, nenecooOpa3Hee BCEro ¢ 3KOHOMHUECKOU H
AKOJIOTHUECKON TOYKH 3PEHUS KOHIUIIMOHUPOBATH JAaHHBIC CTOUHBIC
BOJIBI JUIS TAJTbHEHUIIIETO MOBTOPHOTO MPUMEHEHHS M 3aMKHYTOTO LUK
BOJIONIOIB30BaHUS. B mpom3BoncTBEHHBIX Mporieccax TOC MHOKECTBO
oreparuii TpeOyeT UCIOIb30BaHMS TEXHUYECKON BOjIbl. Cpein HUX:

— TEIUI00OMEH B CHCTEMaX OTOTUICHHS, TAPOKOH ICHCAITNH, OXJTaXK-

JICHUSI JKUJIKUX U TBEPJIbIX TEIT;

— TIPOMBIBKA OT TBEP/BIX YaCTHUI[ Ha (PUITBTPaX OYMCTKH r'a30B;

— TIOBEPXHOCTHOM 00pabOTKHM TETJIOCHIIOBOTO 000PYI0BAHNUS;

— THUAPO30JI0yIAICHUE;

C y4eToM MHOYKECTBA MTPON3BOACTBEHHBIX IPOIIECCOB TEXHMIECKOE
Ka4eCTBO BOJIBI JIJISI HUX TpeOyeTcs pa3HOe U, CIIENOBATeIbHO, B Ka-
JKJIOM KOHKPETHOM CITy4ae JUIsl OYMCTKH CTOYHBIX BOJ IPUMEHSIOTCS
pa3HbIe TEXHOJIOTHUECKUE CUCTEMBI.

JLJ1s IOBBINIIEHNS CTETIEHN OYMUCTKHU CTOYHBIX BOJI OT HETETIPOIYK-
TOB, TIOCTYMAaEMbIX OT 0OMBIBKH TEILIOCUIOBOTO 000PYI0BaHUS HEOO-
XOJIMMO MOJICPHU3UPOBATh CTAHIAPTHYIO CUCTEMY (PHIIBTPAIMOHHOTO
0JI0Ka TIyTeM BHEAPEHUS KaK HOBBIX KOHCTPYKI[HOHHBIX [apaMeTPOB
(bMITBTPOBAIILHBIX YCTAHOBOK, TAaK U UCIIOJIh30BaHUSI (PHIIBTPAIIHOHHBIX
3arpy30K ¢ BEICOKUMH COPOITMOHHBIMA ITOKA3aTEIISIMH.

[Inpoko npUMeHsIeMbIe JIBYXCIOWHBIC YTOIbHO-KBAPIICBBIC (PUITb-
TPBI Ha CETONHAIIHUHN JIEeHb HE MOTYT 00ECIeuYnTh TpedyeMoe Kade-
CTBO OYUCTKH HEPTECOMEPIKAIIETO CTOKA HU B COOTBETCTBHE C Tpe-
ooBanusamu ['H.2015 U ¢ TpeOoBaHUSAMH K TEXHUYECKOU BOJBI.
[TomMuMO 3TOrO JJaHHBIC (GUITBTPBI BECbMa TPOMO3/IKH, CJIOKHBI B 9KC-
IJTyaTaluy | MPaKTUYSCKHA HE MOIIERKAT YKOHOMUYECKU BBITOTHOM
percHeparum.

CrangapTHasi cXeMa OYHCTKH BOJIbI MOXKET OBITh ONTUMHU3UPOBA-
Ha CICAYIOMNMH KOHCTPYKTHBHO-TEXHOJOTHYCCKUMH JIEMEHTAMMU:
(GUITBTpalMOHHBIM OJIOKOM C IPUMEHEHHEM CMEHHBIX KaCCET, C 3arpy3-
KOM SKCTIEpUMEHTAIIEHO MTOTy4YeHHBIM COPOSHTOM Ha OCHOBE TIIHEXKA.
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MarepuaJjibl 1 METObI

B kauectBe copOeHTa, mpeiaraeTcsi HCIOJIb30BaTh SKCIEPUMEH-
TaJHHO-TIOYYECHHYIO 3arpy3Ky Ha OCHOBe mHexa. ChIpbe IS MOoITy-
YCHMsI JIAHHOTO COPOCHTA SIBIIIETCSI «TOPEJIOi» MOopoI0ii, 00pa3oBaB-
mieiicss B pe3yabrare JoObMU KaMeHHOTo yriis. [Ipu odeHp OombIoi
Temreparype 6e3 JocTyra KHCIopo/ia B YTOJIbHBIX TIACTaX MPOUCXO-
JUT CIIEKaHHE psAla MOPOA U XMMUYECKHX JIEMEHTOB B TNIMEXK. Tak,
HamprMep, B COCTaB TIIHMEXa COMyTCTBYIOMIETO 100bue Mpia-bopo-
JUHCKHUX YIJIEH BXOAAT: 3eMJISTHbIE IIUTAKH, MOPLEJJIAHUT, TUIOTHBIE
(hapdopoBuIHBIE TOPHBIE TIOPOABI, 57% IITMHUCTHIE COCTABISIONIHE.
Ha nmpaxTuke ucnonb3yercs Inex, y KOTOporo cojiep>KaHue TIIMHBI He
meHee 50 mporierToB. COpOSHT, TTOMYUYSHHBIN Ta00paTOPHBIM ITyTeM
Obu1 anpoOupoBaH B MccnenoBarenbckoit taboparopun NukenepHo-
crpoutensHoro uHctutyTa COY (UJI CMuXAB) ¢ nenbio nzyyenus
3¢ (HEKTUBHOCTH OYUCTKH IMPOMBIIIICHHOTO HE()TECOAePIKAILETO CTO-
ka. CopOeHT noaBepraics MOAU(PUKALISIM, TAKUM KaK: TEPMOKHCIIOT-
Hast 00paboTKa, IeIouHas 00paboTKa, KABUTAIIMOHHASI aKTUBAITHS TIPH
3000 06/mun B Teuenue 90 c.

[Ipu pa3nuyHBIX THUMAaX aKTUBAIIMU OMPEAEISUINCH OCHOBHBIC (H-
3UKO-XMMHYECKHE MapaMeTpbl IpaHysl COpOIIMOHHOTO MaTepuana, a
TaKKe uccenoBanach d3QPEeKTHBHOCT U3BJICUCHHS He(PTETPOTyKTOB
U psizia TSOKENBIX METaNJIOB U3 CTOYHOM Bozibl. COpOEHT MpOSIBIII CTa-
OWIFHYIO aKTHBHOCTH K cienyromuM metamam: Fe, Cd, Mn, Pb, Zn.
B Mensb1eii crenenn k ciexyroumm Metamiam: As, Cu. K takum ane-
MeHTaM Kak P, Sr, Cr, Ni copOeHT He nposiBui akTuBHOCTH. Copo-
[IMOHHBIE CBOMCTBA JAHHOTO Marepuaja 3HAYUTEIHHO CHIDKAIOTCS B
KHCIIBIX Cpeaax, mpH 3HadeHn pH Gonee 8 copO1ms npoTekaeT B 30He
ontuMyma. J[j1st aHanmM3a Ka4ecTBEeHHOTO M KOJTMYEeCTBEHHOTO COCTaBa
3arpsI3HUTENICH B UCXOMHOM CTOUHOM BOJIC U B (DMIIBTPATE UCIOJIB30-
BaJINCh CTAaHAAPTHBIE METOJBI XUMUYEeCKOro aHanm3a, K- cnexrpo-
METpUsl, aTOMHO-3MHUCCHOHBIN CIIEKTpaJIbHbIN aHanu3. s Moxenu-
pOBaHUS TPOIECCa aKTUBAIMU COPOCHTA W HAXOXKICHUS ONTUMYyMa
pekrMa KaBUTAITMOHHOW aKTHBAIIUH TIPUMEHSIICS TPOTPaMMHBIN KOM-
wiekc MathLab.
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Pe3yabTarhl Hcciie0BaAHUS U UX 00CYxK/IeHUE

Pe3yJ'[I:TaTI:I MMpeABApUTECIILHOIO UCCIICA0OBAaHUS IPEACTABJICHLI B Ta-
Omurte 1.

HaubGonee a3 pexruBHOI okazanach MonupUKaIUs [IMEKA C KaBH-
TAIlMOHHON 00pabOTKOI. DKCIIepUMEHTATbHBIC TAHHBIC TPEACTABICHBI
Ha pucyHke 1.

Oco0oro BHUMaHUS 3aCITy)KUBAIOT PE3YJIbTAaThl UCCISIOBAHUS CO-
pOLIMOHHOM CIOCOOHOCTH aKTHBHPOBAHHOTO TIIHEXA MPU Pa3THIHBIX
TEMITEPaTyPHBIX PeKUMAaX. DKCIICPUMEHTAILHBIC IAHHBIC TIOKA3aJIH, YTO
HE3aBHCHUMO OT TeMIIepaTyphl MOJaBacMOM Ha OYHCTKY BOIBI S eK-
THBHOCTD IVINEXKA OCTAETCS HEU3MEHHO BLICOKOM M cocTaBisieT 86,7%.

Tabruya 1.
XapakTepucTHka copoeHTa
['muex [uex MoanGUIMPOBaHHBIH
IToka3zarenn TEPMOKHUCIIOTHOMN KaBUTAIIMOHHON 00paboTKO#
AKTHBALIIHI ¢ pexxumoM 3000 06/MuH
Mopdo-pusuueckne I'panynel cBoGonHOI | I'pamysbl cBoGOAHON GOPMEL,
IapaMeTpsl ¢dopwmsl, pazmepom | pazmepom 0,03—-0,3 mm, mBeT oT
1,15-1,3 mm, nBeT OT 0eJI0T0 10 KPEMOBOTO

6€J10r0 10 KPEMOBOTO

CopO1roHHast eMKOCTh
(mormomaromiast crnocod- 17,52-25,6 15,79-26,7
HOCTb) 110 MEJIH, MT/T

Temmeparypa npumeHe-

o +4..+25 +4...425
Hus, °C
CrerneHb H3BICUCHUS 81.2% 95.1%
TSDKEITBIX METAJLIOB
Cu 64% 86,9%
Fe 86,6% 98,9%
Pb 92,9% 99,7%
MaxkcumanbHas 103a 5-12.8 1/n 5-9.4 /1
copOeHTa
Jlo3a BBIrpy’kKaemMoro 0.7 mr/n 0,68 wr/n
copbeHTa
Pacuernas BbIcOTa CO- B 3aBucuMocTH OT B 3aBHCHMOCTH OT IHamMeTpa
pOuronHoit 3arpysku B | quamerpa (D) copbum- | (D) copOuponHoro GuibTpa
azcopoepe OHHOTO (HUIBTPa 0,45-0,60 m

0,80-1,50 m
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CpaBHUTENbHBIN aHaIu3 3(GEKTUBHOCTH COPOILIMU TPEACTABIICH
muarpammoii (Puc. 1).

120%
100% - —
80% B [NnexK, akTMBMPOBAHHBIN
TEPMOKUC/IOTHbLIM
60% cnoco6om
M [Nue, aKTUBUPOBAHHbLIN
40% — — — — ——  rMAPOTEPMOAUHAMUYECKU
m cnocobom
20%
0% T T T )
Cu Fe Pb Hedto
Puc. 1. DpPeKTUBHOCTS OYUCTKU MPOMBIIIIICHHBIX CTOYHBIX BOJI
Tabruya 2.
¢ PeKTHBHOCTH OUHCTKH
o HUcxonnast Koneunast kou- | Dddexr ounctku
nn- KOHIICHTPALUS VYenoBust neHTpanus (mex | (VIHeX MOIu-
— HeQTEPONYKTOB | (QUIBTpAH | MOAUPHUINPOBAH- | (HUINPOBAHHBII
B BOJIE HBIM KaBUTAIUEH ) KaBUTALIMEH )
Hopmans-
1 40 mr/om? HBIC yCIIOBHS 5,32 mr/mm? 86,7%
(20£2°C)
Harpes
2 40 mr/nm? 5,32 mr/nm? 86,79
a (4042°C) 2 Mrn 1%
OxJaxxaeHue 10
3 3 [
3 40 mr/om 10,1, 10.4°C 5,32 mr/oM 86,7%
3akiiiouenue

[IpenmymiectBoM BeIOOpa GuibTpa ¢ Uccae yeMol COpOIMOHHOM
3arpy3Koii SBIISETCS MPOCTOTA KOHCTPYKIIMHU U SKCIUTyaTalliH, MAaKCH-
MaJIbHOE HMCIOJIb30BaHHE 00beMa (DUIIBTPa, IKOHOMUIHOCTb, YTO He-
MaJIo BayKHO, BEICOKOE KadeCTBO OYMINEHHOH Bobl. B KadecTBe co-
POLMOHHOM 3arpy3Ku PEKOMEHI0BAaHO HUCIOJIb30BaTh BUJ COPOEHTA,
aKTUMPOBAHHOTO B KaBHTAIIMOHHOI YCTaHOBKE Ha OCHOBE I'MIPOTEP-
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MOJIMHAMHUYECKUX 3(eKTOB. [laHHBINA BUJ aKTUBAIIUU MO3BISET Pa3-
BHTH Ha ITOBEPXHOCTH COPOSHTA MUKPO-, M€30- U MAKPOTPEIIHHBI, YTO
0ECCIIOPHO TPUBOAUT K YBEITHMUEHUIO IIOIAINA PA3BUTON IIOBEPXHOCTH
Y KaK CJICJICTBHE ITPUBOJINUT K YBEIUUICHUIO COPOIIMOHHON eMKOCTH. B
T1ab0pATOPHBIX MCIIBITAHUSIX Ha ONBITHON (PUIIBTPAIMOHHON YCTaHOBKE
CTEICHb OYMCTKH HE(TEIPOIYKTOB cocTaBmia 86,7% (KoHeuHasi KOH-
neHTpanus HepTenpoaykToB — a0 0,05 mr/m).

JlaHHbBIC TEXHUYECKHE PEIICHUS TIO3BOJIIOT IOCTHYL TPeOyeMoro
Ka4eCTBa BOJIBI JIJIsl TOBTOPHOTO UCIIOIh30BaHMUs. [ TaBHBIMU TOCTOMH-
CTBaMU TpeIaraeMbIX COPOIIMOHHBIX MAaTEPHUAJIOB SIBJISIFOTCSI:

1. PerukimHT 0TX0/1a YTOJIbHOW MTPOMBIIIIEHHOCTH C 3371aBaeMbIMU
BapHAaTUBHBIMU NIapaMeTpaMy COPOLINH (TEPMOKHCIOTHAS, [IETIOYHAS
00paboTKa, KaBUTAI[IOHHAS aKTHBAIIWH )

2. Pa3nudHbIe THITBI aKTHBAITUH TTHEKa TIO3BOJISIOT 33/1aBaTh CEJIeK-
TUBHOCTh COPOIIUU C OJJTHOMOMEHTHBIM yBEIMYCHHEM COPOIIMOHHOM
eMKOCTH. Tak mpy MakCUMAaJIbHON acueTHOM J03¢ COpOeHTa CTEIeHb
n3BJICYCHUS] HEPTEPOAYKTOB cocTaBisieT 95%.

Brenenne 61oka cOpOIIMOHHBIX TTOJJOOHBIX (DUIBTPOB JIJIST OYHCT-
KU MPOMBINIJICHHOTO CTOKA W KOHJMIIMOHUPOBAHUHU TEXHUYECKOU
BOJIBI TTO3BOJIUT CPOPMUPOBATH 3aMKHYTHIH 0OOPOTHBIN K BOJIO-
TTOJTH30BAHMS M 3HAYUTEIIFHO CHU3UTH IKCIUIYaTAIIMOHHBIC 3aTPaThl
MIPEATPUSTHS.
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