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PROPOLSKI D. E., ROMANOVSKII V. ., ROMANOVSKAIA E. V. Modified activated carbon for underground water defferisation
The results of the analysis of the original and modified activated carbon for the catalytic removal of iron from groundwater are presented. The selec-
tion of the optimal dose of reagents for the effective process of the solution combustion synthesis was carried out. Influence of iron‘concentration of the

modified coal surface on the iron oxidation efficiency was carried out.
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OcuHuH M. C., PomaHoseckul B. U., Jluxasuykuu B. B., PomaHoeckKasi E. B.

KUCJIOTHOE BbIWENAYUBAHUE XKEJIE3A U3 OCAOKOB KOAIynAauunn
NMPUPOOHBIX BOA

Beepenue. B npolecce BofoNoAroToBKA Ans OYUCTKA BOABI, Mpe-
MMYLLECTBEHHO W3 MOBEPXHOCTHBIX MCTOMHMKOB, MCMOMb3yIOTCS Koary-
naHTbI. [laHHble oTXodbl B Knaccudukatope oTxogos, obpasylolLmxcs B
Pecnybruke Benapych, umetot kog 8410500 u otHocsTes k 3 knaccy
onacHocTh [1]. OBbém 0bpa3oBaHns AaHHbIX 0TxoAoB 3a 5 net (2010-
2014) npefcTaBneH Ha ructorpamMme puc. 1.
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PucyHok 1- O6bembl 06pa3oBaHnst 0CaakoB XMMBOAOMOATOTOBKM

3HaumnTenbHOe CHIKeHne 06bEMOB 0Opa3oBaHUS AaHHbLIX 0CAAKOB B
2010-2011 rogax cBsi3aHO C MEPeBOLOM WCTOYHWKOB MUTHEBOrO BOLO-
CHaDXeHWs C NOBEPXHOCTHbIX Ha MOA3EMHBIE.

B Haluel cTpaHe AaHHble 0TXOAbI NOE3HO, He MemonbaytoTes. OnHa-
KO Ha CErofHsILUHMIA AeHb NPEAnoXeHsl pasfndHble BapuaHTbl WX UC-
nonb3oBaHus. MpuopUTET HanpaBneHWA MCNONb30BaHUS OTXOLOB CHU-
XaeTcs B psigy: COKpallieHWe OTXOAOB ByMCTOYHWKE UX 0bpa3oBaHus,
MOBTOPHOE WCMOMb30BAHWE, CXuraHue, 3aXOpoHeHue. B Halleln ctpaHe
MPeUMyLLECTBO OTAAETCA HampaBieHWsM, Fae TpebyeTcs MUHUMAasbHas
obpaboTka 0TX0LOB NepeaMx NoAe3HbIM UCMomnb3oBaHMEM. 1115 ocaakoB
KoarynsauMmn TakuMu HanpaBreHnsIMiA, MOTYT ObiTb: M3TOTOBMNEHWE M3Be-
cTi, fo6aBka B NOYBY A5l €€MMOLLENaYMBaHHS, NOMyYeHe LieMeHTa. B
CBSI3M C 3TUM AnsiAaHHbIX OTXOMOB NPeUMyLLECTBEHHO 1 npopaboTaHbl
HanpaBneHns WX | UCTONMb30BaHUS MPU MONMYYEHUM Pa3nUYHbIX CTPOU-
TENbHbIX MaTepuanoB. B 10 xe Bpems cyllecTByeT psg nybnukauui,
MOCBSAIEHHBIX | UCCTIEJ0BAHMIO MPOLECCOB MONYYEHUsT KOarynsiHTOB W3
[aHHBIX,0TX0A0B. B AaHHOM HanpaBneHun BaxHenLwen cTagnen sSBnseT-
CS1 KUCIOTHOE BbiLLena4nBaHue.

Llenbto ‘paboTbl SIBNSETCA M3yyeHWe 3aKOHOMEPHOCTEN MpOLEecCoB
KUCNOTHOTO BbILLENauMBaHNs Xenesa U3 0CaakoB Koarynsuuu.

AHanu3 martepuanoB. OnemeHTHbIi cocTaB obpasla Xenesoco-
Jepxallero ocagka koarynsiyuu Obin UccnesoBaH ¢ MOMOLLBIO PeHTre-

HoboopecLeHTHOR0 ‘aHann3a (XRF), ina BbilenaumBaHvs xenesa u3
0bpa3La ocajka MCronb3oBanvCh CEPHas KMCMOTa C KOHLEHTpaLuami 5,
10, 15, 20, 33% m.consHas kucnoTa ¢ koHueHTpauuamu 1,8, 3,5, 5, 7,5 u
12%. Kaxpas kucnota 6panack B ABYKpaTHOM M3BbiTke OT CTEXMOMET-
puyeckoro. Bpems Boitenadusanus: 5, 10, 20, 30 u 60 muH. Ha ocHoBa-
HUM 3KCTIEPUMEHTANBHBIX [aHHbIX BbILLENAaYnBaHNs NP MexaHNYeckom
nepemeLLMBaHun Gbinv MomyyeHbl YpaBHEHWS! PErpeccuy C MOMOLLbH
nporpammHoro naketa MatLab.

Pe3ynbTarbl. Mukpodotorpadms xenesocoaepxallero ocagka ko-
arynauuv npu yeenuyennn 1000x npeacrasneHa Ha puc. 2.

; 1. coc “‘ B3 ; ? -?Fa;’

PucyHok 2 — MukpodpoTorpadms 'oEauKa Koarynsuuv

Mo pesynbTaTam AMEMEHTHOTO aHanusa obpasupl Copepxar npe-
“MyLLeCcTBEHHO (B Mac.%): kucnopop — 20,391, marHuit — 2,380, KpemHuiA
- 0,910, kanbumin — 39,990, xeneso — 3,0563, yrnepoa He nokasaH. Uc-
X0[s M3 COCTaBa, 0cafjok NpeacTaBnseT coboil NpeuMyLLECTBEHHO Kap-
GoHaT KanbLms W MMapPOKCHE Xenesa.

OCHOBHble peakLym ocagka koarynsuum ¢ ConsHOM KUCMOTON Npea-
CTaBNEHbI HIKE:

Fe(OH)s + 3HCI = FeCl3 + 3H20 (N
2CaCOj3 + 4HCI = 2CaClz + 2C0O2 + 2H20 2

Kak BMOHO W3 ypaBHEHWIA, KATUOHbI Xene3a U KamnbLns NEPEXoasT B
pacTBOp B Bufe XNOpULOB, 4To GyaeT NPMBOAUTL K MPAKTUYECKW MOMHOMY
pacTBOpeHuto ocagka. Ha puc. 3 npuBefeHb! MonyyeHHble SKCMEPUMEH-
TarbHble JaHHble MPOLecca BhilenadnBaHus xenesa U3 ocagkoB koary-

OcuHuH Makcum Cepzeesuy, acnupaqm YypexdeHus 0bpa3osaHus «benopycckull HayUoHambHbIU MeXHUYecKul yHusepcumems.
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NAUMN MPY MEXaHMYECKOM MEPEMELLMBAHAM U MCTONb30BAHNM CONSHOM
kucnoThl (puc. 3, a), a Takke No pesyrnbTatam MogenMposaHus (puc. 3, 6).

Bpema, muH

Bpems, mMuH

2 3 4 5 6 7 8 g 10 1" 12
6) KoHueHTpaymua, %
a — aKcnepuMeHTanbHble AaHHble; 6 — pe3ynbTaTsl MOAENMPOBaHHs!
PucyHok 3 - NoTeps Macchbl ocagka OT KOHLEHTPaLW UCHONb3yeMOi
COISIHOI KMCINOTbI M BPEMEHN BblLLeNaYnBaHNs

Mo n3onuHuaMm (puc. 3) BUAHO, YTO MakcumarbHas CTEMEHb BblLLe-
naynBaHNs [OCTUrAeTCs MPU KOHLEHTPaLMK CONSHON KUCMOTbI [0 5% K
BpeMeHn 00paboTku He MeHee 30 MUHYT, YTOBEPOSITHO CBSI3aHO C Orpa-
HWYEHHON PaCTBOPUMOCTbIO MOMyYaeMbIX XIOPWAOB KaMbLMA 1 Xenesa.

Ha ocHose nonyyeHHon mogenm (puct 3, 6) 6b1n0 MOCTPOEHO ypaBHe-
HWe perpecciy, No3BonsoLLee OnpeaenuTs NOTEPH Macckl 0caaka Koary-
naun (11, %) npu BbILena4vBaHni-Br3aBUCUMOGTI OT BPEMEHN BbiLLena-
unBaHms (T, MAH) W KOHLEHTpaLWIk a30THOW KUCMOTbI. YpaBHEHWE NoCTpo-
€HO [in1a crieaytoLLero uHtepaana 3HaveHui; T = 0-60 muH, C = 1,8-12%.
[1=90,96 - 0,9935-C - 0,1637:T.+ 0,0754-C2 + 0,0088-C-T +
+0,0115-72 - 0,0080-C? #0,0014+C2: T - 0,00023-C- T2- 0,00013- T3,
rAe C — KOHLEHTpaLus COnsiHOM KcrnoTkl, Mac.%; T — Bpems Bbllenayu-
BaHMS, MUH.

3HaveHne K03bULimeHTa AeTepMMHALMM MOZENW cocTaBnseT
0,953, yT0 ABASETCA NOKa3aTenem BbICOKOW CTEMEHM annpoKcUMaLym
MOZEeMM C 3KCMEPUMEHTANBHBIMI JaHHBIMA U CBULOETENbCTBYET O CUlb-
HOI1 IONOKUTENBHON CBA3M, KOTOPas BnMaka K hyHKLMOHANBHO.

Mo pesynbTaTam anemMeHTHOro aHanuaa obpasupbl ocTaTka Bbillena-
UMBaHMS COMSHON KUCMOTOI COAEpXaT MpenmyLecTBeHHO (B % Mac.):
kucnopop — 26-28%, kpemuuin — 6-13%, kansuuit — 36-41%, xeneso —
12-14%.

Mpu Mcnonb3oBaHUM CEPHON KUCMOTbI AN BblLLENauMBaHs xenesa
Oynet npoucxoauTb 06pa3oBaHNe HEPacTBOPUMOTO CymnbdaTa kamnbuus,
KOTOpbIIt MOCre BbICYLIMBAHUA NpefcTasnseT cobol kpuctannorugpat
CaS04:2H20. 310 OyaeT NpuBOANUTL K YBENUYEHMIO Macchl ocagka. [la-
Has peakuus 6ydeT HeraTMBHO CKa3bIBATbCA Ha BbllLENa4MBaHUM Xene-
3a. JTOT 3(DDEKT MOXHO CHM3UTH MYTEM YMEHbLUEHUSI YacTuL Ocaaka
koarynsumu. Mo mukpodboTorpacdpmm (puc. 2) BUOHO, YTO YacTuLpbl BO3-

BYLIHO-CYX0ro ocagka umetoT pasmepbl okono 10-30 mkm. Ha puc. 4
NpUBEAEHbI MOMyYEHHbIE SKCMEPUMEHTaMbHbIE AaHHblE MpoLecca Bbl-
LienaynBaHns xenesa 13 OCaAKoB KOArynsLun npu MeXaHU4eckoMm ne-
PeMeLLMBaHNM 1 NCTIONB30BAHMM CEPHOI KUCTOThI (puC. 4, a), a Takke Mo
pesynbTatam MofienupoBaHus (puc. 4, 6).
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a — 9KCrepuMeHTanbHble AaHHble; 6 — pesynbTaThl MOAEnUpoBaHNs
PucyHok 4 — lMpupocT Maccsl ocagka OT KOHLEHTpaLmm UCnomnb3yemon
CEPHOI KUCMOTbI M BPEMEHM BblLLENa4NBaHNA

Mo n3onuHusm (puc. 4) BUOHO, YTO MaKkcMarnbHas 3 EKTUBHOCTb
npoLecca BbILENAYMBAHNS [OCTUrAETCA MPU KOHLEHTpaLWUW CepHOI
kucnoTbl 7,5-15% v BpemeHn 06paboTkm He MeHee 45 MUHYT.

Ha ocHoBe nonyyeHHon mogenu (puc. 4, 6) 6bIn0 NOCTPOEHO ypas-
HEHWe perpeccuu, No3BONSIOLLEE OMpeaenuTb MPUPOCT Macchl ocagka
koarynsuuu ([1, %) npu BbilienaumMBaHM B 3aBUCUMOCTU OT BPEMEHU
Bbilyenaumanns (T, MUH) 1 KOHLIEHTPALMK a30THOM KUCMOThI. YpaBHe-
HWe MOCTPOEHO ANS criedytoLero HTepeana sHaderuit: T = 0-60 muH,
C =5-35%.
1=0,0183 + 0,0641-C - 0,0051-T - 0,0054-C2 + 0,0030-C- T -
-0,00019-72+0,00017-C® - 0,00016-C? T - 6,038:105-C- T2 +
+2,914-10-6-7° - 1,814-10-6-C* + 2,325-10-5-C3- T +
+2,485-10-7-C2: T2 - 7,24-108-C- T3,
rae C — KOHLEHTpaLms CepHol KUCnoTsl, Mac.%; T — Bpems Bbilyenayu-
BaHWsl, MUH.

3HayeHre KoaMLMEHTa [eTepMuHaUMn MOLenu cocTaenset
0,919, uto ABNSIETCA MOKa3aTenem BbICOKOA CTEMEeHU annpoKcUMaLM
MOZENN C 3KCrepUMEHTanbHLIMU AaHHBIMU U CBUOETENLCTBYET O CUfb-
HOJ MONOXWTENbHON CBA3M, KoTopas 6rmaka K yHKLMOHANbHON.

o pesynbTaTam anemeHTHOro aHanu3sa obpasLipl 0cTaTka BblLenayu-
BaHWs CEPHOM KICMOTOM copepkaT npenuMyLLecTBeHHO (B Mac.%): kucno-
pon — 46%, cepa — 17%, kanbuuit — 36%, a Takke NPUMECH KPEMHUS U
xenesa MeHee 1% kaxgoro. [laHHbI COCTaB NOATBEPXKAAET MpenmyLie-
CTBEHHOE COfepXaHue Cynbhara KanbLys B Nony4eHHbIX 00pasuax.
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3aknioueHue. MonyyeHHble pe3ymnbTaTbl UCCNIEAOBaAHMIA MOXHO WMC-
nomnb30BaTh Mpu Pa3paboTke TEXHOMOWA MO BTOPUYHOMY UCMOMNb30Ba-
HUIO OCafIKOB Koarynsiuuy MpupopHbIX BoA. Hanpumep, nonyyenus koa-
TYNSHTOB, MpY BblENAYnNBaHUN CepHON KucnoToil. OBpasytolmics
0CTaTOoK Mocrie CEPHOKMCIIOTHOTO BhiLLernauMBaHus NpescTaBnseT cobon
TUNC C He3HAYMTEmNbHBIMU MPUMECAMI MOHOB KPEMHUS W xenesa. [ng
HEro BO3MOXHbI CrieAylolne HanpasneHUs UCNoMNb3oBaHMs: U3roToBNe-

HU1e rMMNCOBbIX (hOPM, B KauecTBe YA0BPEHUs, BSKYLLEro MaTepuana npu
W3TOTOBJIEHUN CTPOUTENBHBIX CMECEH.

CMUCOK LIUTUPOBAHHbIX UICTOYHUKOB
1. Knaccudukatop oTxogos, obpasytowmxcs B Pecnybnuke benapyce.
MoctaHoBneHne MuHWCTEPCTBA MPUPOAHBIX PECYPCOB M OXPaHbl
oKpyxatoLel cpeabl Pecnybnukv Benapyce. 30 utons 2009 r. Ne 48.
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OSININ M. S., ROMANOVSKII V. I, LYKHAVITSKI V. V., ROMANOVSKAIA E. V. Acid leaching of iron from iron-containing sludge of defferisa-

tion stations

The analyses the elemental composition of iron-containing sediments of natural waters coagulation are presented in the paper. The results of acid
leaching using sulfuric acid (range of concentration 5-33%) and hydrochloric acid (range of concentration 1.8-12%) are presented. The studied leaching
time was 5-60 min with mechanical agitation. Depending on the type of acid used, based on the analysis of chemical reactions taking place during leaching,
as well as the results of elemental analysis of solid residues, the directions of use for both liquid leaching products andsolid residues are:proposed.
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KWCINOTHOE BbILLENTAYNBAHUE XXEJE3A U3 XXEJIE3OCOAEPXALLUX OCAOKOB
CTAHLUWNUN OBE3XEJIE3UBAHUA

Beepenue. lNpn ouncTke NPOMbIBHLIX BOA Ha CTaHLusx obedxene-
31BaHNA 00pasyloTCs Xenesocoaepxalime 0cadku, KOTopble B HACTOS-
Liee BpemMs He WCMOMb3YITCS, HECMOTPS Ha TO, YTO paspaboTaH psd
HanpasneHui ux nepepabotku. C KaxablM rogoM KONM4ecTBO HakommB-
LUIMXCS XeNne30CoAepkallix OCaaKkoB YBENMUWUBAETCS, YTO MPUBOANT K
U3BbATWIO 3eMenb, YCyryBnenmnio 3Konornieckoin 06CTaHoBKM 1 HepaLuo-
HarbHOMY MCMONb30BaHMIO MPUPOAHBLIX PecypcoB. [laHHble 0cagku Xa-
PaKTEepU3yloTCH [OCTATOMHO MOCTOSHHBIM Ka4eCTBEHHbIM COCTaBOM C
MPenMyLLIECTBEHHLIM COAEPXaHNEM Xenesa, YTo OnpedesnseT BO3MOX-
HOCTb X MONE3HOr0 Ucnonb3osanus. B To xe Bpems B Pecnybnuke Be-
napycb [aHHble ocagkin cbpacbiBalTCs B KaHanu3aLMOHHble CeTW U
MOBEPXHOCTHblE BOAHble 0ObeKTbl MO0 BbIBOAATCS Ha MOMUIOHB., I
LUNaMOBbIE HaKoMUTENM.

MpeaonaraemMble B HacTosyee BpeMsi TEXHOMOrMKW nepepaboTku
0cagkoB obe3xeneavBaHus, B OCHOBHOM, NpeanaraloT nepepabarbisarb
Xenesocofepxalle ocafku B MUIMeHTbl W JoBaBku B CTPONTENbHbIE
maTepuansl [1], ofHaKko [aHHbIE TEXHONOMMMU OCHOBaHbI Ha ANMUTENLHOM
BbICOKOTEMMepaTypHoit 06paboTke, koTopas SBNSIETCA, 3aTpaTtHo. [ns
oree 4MCTOro Kenesocoaepxallero npoaykta,MoXeT ObiTb Npeanoxe-
HO €ro KMCMOTHOE BbILLIENa4MBaHMe.

B kauecTBe BblilenaymBatoLLero areHTa B pabote BbibpaHa a3oTHas
KWCnoTa, Tak Kak ee conu obnapatoT A0CTaTAYHO XOpoLLel pacTBOPUMO-
CTbIO M MOTYT BbITb UCMONb30BaHbI BKaYECTBE. IPEKYPCOPOB NMpU CUHTE3E
KenesocoaepxaLynx Matepuanos pasnuiHoro yHKLMOHaNLHOro HasHa-
YeHusi [2—4]. Hanpumep, nepcnekTUBHbIM SBASETCS METO K30TepMuye-
ckoro ropeHust B pactopax«(Solution:Gembustion Synthesis) [5]. Metog
SCS xapakTepusyetcs HU3kUM - noTpebneHnem aHeprian, ObICTPOTON
(Bpems cuHTE3a HECKOMbKO,MUHYT), BbICOKUM KayecTBOM MOMyyYaembix
4acTUL, HU3KUM YPOBHEM,BO3AEICTBISA HA OKPYXalOLLY0 CPELY, HU3KMMM
obLLmMKM 3aTpaTaMi HafIPOU3BOACTBO (MPOCTOE U AeLueBoe obopyAoBa-
HWe, YHNBEepCanbHOe AN PasnnNyHbIX MaTepuanos), Manoe KonM4ecTBo
TEXHOMOFNYECKINX CTAAMIA:

Matepvanibl n metopbl uccneposBanus. Mopdonormio u coctas
0Ca/iKoB CTaHLih 0be3xenesnBaHns onNpeaensnm MeToA0M CKaHMPYIOLLEN
3MEKTPOHHOWN MUKPOCKONMM C BNOKOM 3NIEMEHTHOTO aHanusa. Pasosbiit
COCTaB OCaAKOB ONPEAENsnM peHTreHodasoBbIM aHanuoM. Boiwenaum-
BaHIe Xenesa 13 0TXOA0B NPOBOANIN MPY CMEAYIOLLMX NapameTpax: KoH-
LyeHTpauus kucnotbl 15-30 MuH, Bpems Bbiwenaunsanus 5-30 muH. Wc-
creayemble KOHLEeHTpaLmu Bblbupani u3 ananasoHa 15-30%, T. k. Bbilue
30% npoLecc NPoMCXOANT MeaseHHee 13-3a OrpaHNIEHHOCTH PacTBOpe-
HUS HUTpaTa xenesa, a Huxe 15% SBNSeTCA HepaLuoHanbHbIM, 13-3a

Bonbloro pasbasnenus uabTparta. MNepemeluBaHme NPOBOANUMIOCH Ha
MexaHu4eckon nabopatopHon mewanke npu 100 06./MuH. inst uccnego-
BaHWsA _BNUAHUS ynbTpasByka Ha 3EKTUBHOCTb BbILENAYMBaHNSA UC-
nonb30Banach YnbTpasBykoBasi BaHHa C rMOPOAMHAMUYECKUM W3nyyaTe-
nem. Maremarnyeckas obpaboTka ocyLiecTBnsnach ¢ MOMOLLb Mpo-
rpaMmHOro naketa MatLab.

PesynbTathl nccnenoBaHuin. JMEMEHTHbI aHanm3 OTXOA0B CTaH-
Uuin obe3xenesnBaHns nokasan, YTO COAEPXaHWe Xenesa B HUX Haxo-
auTes B avanasoHe 45-60%. Huskoe copepxanme xenesa 4acto obbsc-
HSETCS MOCTYNMEHMEM MNecka BHYTPb BOJ03aBGOPHON CKBaXWHbI, YTO
YMEHbLUAET COfepkaHWe Xernesa B KOHEYHOM ocafke. B HekoTopbix
obpasLax obHapyxeHo noBbieHHoe (~10%) copepxaHne KanbLus, 4To
0O BACHSETCS KOHTAKTOM NOA3EMHbIX BOL, C kKapboHaTHBIMI NOpoaamu.

[Mpumep peHTreHorpaMMbl Kene3ocoaepxallero ocagka npeacras-
neH Ha puc. 1.

PeHTreHoha3oBbIi aHann3 npencTaBNeHHOr0 ocagka nokasan, YTto
XENeso MpefcTaBNeHo B BUAE Pa3NNYHbIX KPUCTANMYECKUX CTPYKTYp:
roaTut FesOsH2 — 8,4%, meTtarugpokeny xenesa Fe2OsH2 — 48,5%, ne-
nuAoKpokuT FesOsHa — 41%.

*

20, rpax
+ —r03TUT; - — MEragpoKkcua xenesa, - NennaokpuT.
PucyHOK 1- PeHTreHorpamma Xenesocoaepxallero ocagka

Vicxops 3 mopdonorn npeAcTaBneHHoro ocapka obesxeneansa-
HWS 1 ANIEMEHTHOTO COCTaBa, MOXHO CAenaTth BbIBO, YTO 0cafok 0bes-
XenesnBaHus npeacTaBnseT coboil KPyMHbIe YacTuLbl OKCUAA KPEMHUS
pa3smepom okoro 0,1 MM 1 amopdHbIn MeTarngpokena xenesa FeOOH.

BnaxHocTb ocagkoB 00e3keneavBaHusl, XpaHALMXCS Ha Lmamo-
Xpanunuwax, coctaenset ot 60 o 80%, BNaXHOCTb BO3LYLIHO-CYXOro
ocagka coctasuna 5,5% (npu Temnepartype 20 °C).
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