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Bima TAJTHIII, 3
Bozdan ITACAJIBCBKHUU,
Oaena CEBACTBAHOBA

BHUCOKOE®EKTHBHI COPBEHTH
3 ITPOAYKTIB IIEPEPOBKH
CIABCBKOT'OCITIOAPCHEKOI CHPOBHHH

Ooepoicano copbeHmu 3 poOCIUHHUX 8i0X00i8 CLIbCbKO20 20CNO0APCMEA, 30Kpema
3 WKAPANYNU B0JIOCbKO20 20pixd, MOOUDIKYBAHHAM 6 cepedosulyi emano8oi KUCiIomu,
a MAaKodic CymMiuuio emanosoi Kkuciomu ma 2iopozen nepoxcudy. logedeno, wjo ymosu
MOOUPDIKYB8AHHS 3HAUHOIO MIPOIO 6NAUBAIOMb HA CHPYKMYPHO-COPOYIHI 61ACMUBOCH
pocaunHux copbenmisa. Jlocniodceno copOyitiny 30amuicmes 00epACanux copoenmis ujooo
OP2aHIMHUX OAPEHUKIE (MEMULEHOBUN CUHIT, Memuaosull (ioremosull, Mypexcuo) i UoHie
saockux memanie (Fe'* ma Cu’").

Knwuosi croea: nemonoza, 0apBHUK, HOHM BaXKUX METAJiB, JICHIH, TOpiX,
copOtrist, eheKTUBHICTH COPOILii.

Tanvuu B.,, Ilacanvckun b., Cesacmvanosa E.  Bvicokorgppexkmuenvie
copbenmul U3 NPoOOyKmoe nepepadomiKu ceabCcKoxXo3aicmeennozo colpva. llonyueHvl
copbenmbl U3 PACMUMENbHLIX OMX0008 CENbCKO2O XO3AUCMEd, 6 YACMHOCMU U3
CKODIYNbL 2peyKoeo opexa, Moougurayuell 8 cpede YKCYCHOU KUCIOMblL, d MAKdice
CMecbl0  YKCYCHOU  KUCAOMbL U nepoxkcuda 600opooa. Jlokazawo, umo yciogus
MOOUDUYUPOBAHUSL 8 3HAYUMETbHOU CMENeHU GIUSIONM HA CMPYKMYPHO-COPOYUOHHbIE
ceolicmea  pacmumenvHvlx copboenmos. Hccredosana copoyuounas cnocoOHoOCmb
HOMYYEHHBIX COPOEHMO8 NO OMHOUWIEHUN) K OP2AHUYECKUM KpACUMmeam (MemuileHOosbll
cunuti, Memunoswlil huonemosbiii, mypexcud) u uornam maxcenvix memannos (Fe* ™ u Cu’”).

Knioueswvie cnoea: 1emnon03a, KpaCUTENb, HOHBI TSDKEITBIX METAIUIOB, JIUTHHUH,
opex, copommst, 3 PEeKTUBHOCTH COPOITHH.

IlocTanoBka mpodsaeMu. Y Cy4acHOMY CBITI MOCTIHHO 3pOCTalOTh
€KOJIOT14YH1 BUMOTH I1I0JI0 PO3BUTKY HAyKOBO-TEXHIYHOT'O MPOTPECY, aKLIEHTY-
€TbCS yBara Ha palfioHajibHe MPUPOJOKOPUCTYBAHHS, 3aCTOCYBaHHS MaJjo-
BiJIXOHUX 1 0€3BIAXOMHUX BUPOOHUIITB, TOOTO iX ekomorizamito. OmHuM i3
TAaKMX HaNpsMiB MOXE CIyT'yBaTH OJIEP>KAHHS JEHIEBUX COPOEHTIB 13 IO-
O1YHHX MPOAYKTIB MEePepoOKHU ClILCHKOTOCIIOAAPCHKOT CHPOBUHU TSI OUH-
IICHHS BOJJHUX CEPEIOBUII] BiJl OPraHIYHHUX 1 HEOPraHIYHUX 3a0pyTHIOBAYIB.

Hlopiuro Ha TepuTopii YKpaiHH CIIOCTEPIraeThCsl MOTIPIICHHS €KO-
JIOTIYHOTO CTaHy BOJHMX 00’€KTIB HABKOJHUIIHBOTO CEPEOBUIIA, OCKUIBKU
BiI0OyBa€ThCs iX 3a0pyJHEHHS COJAMH BaXXKKHUX METaiB 1 OpPTaHIYHHUMU
CHOJyKaMH, 30KpeMa 3a paXyHOK HE3aI0BUIBHOTO OYHUILEHHS IPOMHUCIOBUX
cTiunmx BoA. MOHH BaKKMX METAIiB HAJIEKaTh 0 XiMiYHHX 3a6pyIHIO-
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BauiB 13 TOKCHYHMMH BiacTuBOCTAMH [1]. IloTpamistoun y Boay, BOHU
B32€MOJIIIOTh 3 IHIIUMU KOMIIOHEHTaMU CEPEIOBUIIA, YTBOPIOIOTH T1JIpaTo-
BaHi1 HOHHU, OKCHUTIApaTH, HOHHI Mapy, KOMIUIEKCHI HEOPTraHiYHi i opraHivHi
CTIOTYKH.

3a0py/IHEHHSI BOJOMMHUII COJISIMM Ba)KKMX METANIB € aKTyaJlbHOIO
€KOJIOT1YHOI0 TPOo0IeMOor0 chorojicHHs. [loBeniHka HOHIB BaXKKUX METaTIB
y peaIbHUX CepelloBHINAX € HemepeadauyBaHO. 3aBIsSKU 37aTHOCTI 3B’s-
3yBaTHUCA 3 cyabdoriapuibHuMu, GochaTHIMU, KapOOKCHIBHUMU TpyHaMu
010MOJIEKYJI, 110 MPU3BOAUTH /10 3HWKEHHS aKTUBHOCTI (DEpMEHTIB 1 MO-
ripuieHHss 0araThbOX TMPOIECIiB MeTabomi3My, BOHM 3[aTHI BUKIHKATH
CWJIbHY 1IHTOKCHKAILIIF0 OPraHi3MiB, LIUTOJII3, IEYIHKOBO-KJIITUHHY HEJIOCTAT-
HICTb Ta 1HIII 3aXBOPIOBaHHI [2; 3].

OpHuM 13 NUISXIB 3MEHIIEHHS KUIBKOCTI 3a0pyAHIOIOYUX PEYOBHH
y CTIYHHX BOJaX € BUKOPUCTAHHA COPOIIIHOrO METOIy OYHMCTKH, SKHMA
IPYHTY€EThCSI Ha BUJIYUYCHHI TOKCHUKAHTIB PI3HOTO MOXO/KEHHS 3a JOTO-
MOTOI0 COPOEHTIB pizHOMaHITHOT npupoau [4; 5]. CyuacHi copOLiiiHI TeXHO-
Jorii 3a3BrUYail 0a3yroThcsi Ha OaraToCTyNEeHEBOMY OYHINEHHI CTIYHHX BOJI,
[0 nependavyae MOCIIIOBHE BUKOPUCTAHHS JEKIIBKOX THUIIB COPOIIMHUX
MarepiajiB 13 MEBHOI CEJIEKTHBHOIO €0 00 OKPEMOi 3a0pyaHIOI0YOT
pedoBUHU. BUNbIIICTh 13 TaKUX COPOEHTIB € JOCUTh BAPTICHUMHU, iX edek-
TUBHE 3aCTOCYBaHHsI IOB’Si3aHE TAKOX 13 HEOOXIIHICTIO pereHeparii s
MOBTOPHOTO BUKOPHUCTAHHS, B pe3yJbTaTi YOTO TOCTPO MOCTAE MUTAHHS
yTHIII3aIli1 BIAIPAllbOBAHUX PO3UMHIB IMICIsl pereHepartii.

OcranniMu pokamu yBara HaykoBIiB — C. JI. AmxnaxmeToBoi 3i
cniBaBropamu, T. M. byausk Ta 1H., M. Rinaudo, J. Wang and C. Chen —
CIIpSIMOBaHAa Ha OJIepKaHHSA COPOCHTIB 1 €HTEPOCOPOCHTIB 13 JOCTYIHOI
CUPOBHMHH, a CaM€ — KOMIIOHEHTIB POCIIMH 1 KMBHUX OpraHi3miB. J[o Takux
MOTJIMHAYIB MOYKHA BiTHECTH TIEKTUHU (BOJIOPO3UYMHHUY TOJIicaXapu/l, sSIKUi
OTPUMYIOTh 13 COKY (PYKTIB 1 OBOUIB) [6], XITMHH (TOJiCaxapyuau, IO
MICTATBCS B MaHIMPAaX MOPCHKUX paKOMOAIOHMX, a TaKoX Komaxax 1
rpubax) [7; 8], ambrinatu (monicaxapuau MOpchbkux Bojpopocteit) [9]. Ixmi
BHUCOKI COpPOLIMHI BJIACTUBOCTI OOYMOBJIEHI HAsIBHICTIO HM3KU (DYHKIIIO-
HaJbHUX TPYN (TIAPOKCUIBLHUX, KapOOKCHIBHUX, aMIHO-, alleTUJIaMiJIHUX
Ta iH.), 10 BU3HAYAIOTh iX KOMILJIEKCOTBOPHI Ta HOHOOOMIHHI BIaCTHBOCTI.
OpHak TEXHOJIOTIT OJepXKaHHS 3a3HAYEHUX IOJIICAXapHUIHUX MaTepiaiiB
€ JIOCUTh €Hepro3aTpaTHUMHU Ta 0araTocTaJiMHHUMH, a HU3bKAa MeXaHI4Ha
MIIHICTb 1 BUCOKA BApPTICTh OOMEXKYE iXHE MUPOKE BUKOPUCTAHHS.

[TepciekTBHUM WIOJI0 €KoJoTi3amii Ta 0e3BiAX0MHOT TepepoOKH
€ BUKOPUCTAaHHA COPOEHTIB 13 TBEPAMX POCIUMHHUX BIAXOMAIB CLIHCHKOTO
rocroAapcTBa Ta XapyoBOi MPOMUCIOBOCTI, OCHOBHUMH KOMIIOHEHTaMHU
SKUX € IIeJI0JI03a Ta JITHIH, 3B’sA3aHl B OlomojiiMepHi komruiekcu. Taki
MaTepianu MarTh HU3bKY (iOpHIbOBaHy CTPYKTYypy, HEBHCOKY IOpY-
BaTICTh 1 HEBENUKY KUIBKICTh BIUIbHUX (YHKIIOHATBHUX Trpyn. Jlms
MiBUIICHHS COPOIHOI 3AaTHOCTI POCIMHHUX MaTepialiiB BUKOPHUCTO-
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BYIOTh Pi3HI CIIOCOOM iX aKTHMBYBaHHS — MEXaHI4YHI, (i3W4HI, XIMI4HIi, aje
HalyacTime — ixHe nmoegHanus [10—12].

Mema pobomu — onepxaHHsI COPOEHTIB 13 MIKapaIylyd BOJIOCHKOTO
ropixa OpraHOCOJbBEHTHHM 1 OKHCHO-OPTaHOCOJIbBEHTHUM MOJIU(DIKY-
BaHHSM, JOCIHIIKEHHS 1XHBOI COPOIIHHOI 3MaTHOCTI HIOJ0 OpPTraHIYHUX
1 HEOPTaHIYHUX E€KOTOKCUKAHTIB 13 MOJEIBHUX PO3UMHIB, SIKI MOJETIOIOThH
iX 3a pi3HOT XIMIYHOI IPUPOIH.

Marepiasiu Ta MetoaM. SIK BUXIAHMN MaTepiall BHUKOPHUCTAHO
noJpiOHEeHy /10 po3MipiB 1-2 MM mIKapairymy BoJockKoro ropixa. CopOiriiiHi
MaTepiand OJepX,aHO CIOCOOOM O0OpOOKM BHXITHOI CUPOBHHU €TaHOBOIO
KHCJIOTOIO, @ TAKOXK CYMIIIIIIO €TaHOBOI KUCJIOTH Ta T1ApOreH nepokcuay (5:1)
3a temmneparypu 90 °C. Ximiunuii cknajg BuXigHuxX 1 MOIU(iKOBaHMX
MaTepialiB BCTAHOBIIEHO 32 3araJIbHONPUMHITUMH MeToAuKamu [13].

CopOmito OapBHHMKIB Ha BUXIIHUX 1 MOAM(]DIKOBAHHMX MaTepiajax
BU3HaueHO 3a Temneparypu 25 °C. Po3unHu OapBHHKIB KOHIIEHTpAIISIMU
100 mr/mm® roryBamu Ha 0.15 1. dochartromy Gydepi 3 pH 6.0. Hapaxka
copbenty — 0.20 T, 06’eM po3unHy — 25 cM°. BUXiaHY Ta piBHOBaXHY KOH-
LEHTpaLlii OapBHUKIB BCTAHOBJIEHO CIEKTPO(OTOMETPUYHIM MeTo0M. CrieKTpu
MIPOMYCKaHHsI PO3UMHIB peecTpyBaiu Ha Specord M-4() 3a TOBXUHU XBUI (HM)
JUIT METHJICHOBOTO CHHBOTO — 664, MeTmiioBoro ¢ioneToBoro — 576,
Mypekcuay — S15.

JlocnipkeHHsT KIHETUKM TOTJIMHAHHS METUJIEHOBOIO CHHBOIO Ha
BUXIJTHOMY Ta OJIEpKaHUX MaTepiaiax MPoBEICHO BiIOOPOM uepe3 MeBHI Mpo-
MDKKH 9acy Ipob po3duHy 06°€MOM 4 CM’, B SIKMX BH3HAYEHO KOHIICHTpA-
10 OapBHUKA, MICJISI YOTO BIAIOpaHUd PO3UYMH MOBEPTAIM Ha COPOLILO.

Copbrito ionis Fe’ i Cu®’ mpoBeeHo 3 MOJEIbHIX PO3UHHIB COICH
(NH4)Fe(S04),-12H20 i CuSO4-5H20 3 koHIeHTpaIisiMi 3a3HAYEHUX KaTi-
onie 10-50 ta 50-250 Mr/aM’ BiMOBiAHO, HABAXKKA COPOCHTY MPH IIHOMY
craHoBmia 0.5T, 06’eM posumHy — 50 cM’, TpHBamicTh COpOLii HOHIB
metaniB — 30 xB. Konnenrtparii BUXITHHX pPO3YMHIB 1 PO3UMHIB TMicCIA
cop6ii ionis Fe’* BusHaueno crexrpodoromerpmannm merogom (CP 101)
3a oBkuHA xBrwt 510 um [14], a fonis Cu® — HonomeTpuyHuM [12].

PesyabTraTin pochaimkennsi. Ilin yac moaudikyBaHHS IIKapamymnu
BOJIOCHKOTO TOpiXa 3a MiJABUINEHOI TEMIIEpaTypu B CEPEAOBHUIII €TaHOBOI
KHUCJIOTU BiJI0YBA€ThCS TIAPOJII3 HU3bKO- Ta BUCOKOMOJEKYJSPHUX TOJIi-
caxapHuJIHUX KOMIIOHEHTIB POCIMHHUX BIAXOMIB, B pe3yJbTaTi YOro JITHO-
LEJIFOJIO3HUI COPOCHT (copOenm 1) 30arauyeTbcsi HA apOMATUYHY CKIIAJIOBY —
JITHIH, BMICT sikoro csarae 48.3 % (mabnuys). OKpiM TOro, KUCIOTHUN
TIApOJi3 CIpuUs€e BUAAJCHHIO MiHEpaJIbHUX KOMIOHEHTIB. lle, BoueBUIb,
Ma€ TMO3UTUBHUI BIUIMB Ha 00’€M TOp COpPOEHTY, OCKUIBKH MOTJIMHAJIbHA
3MIaTHICTh MIOJI0 OCHOBHUX (METWJICHOBUW CUHIN, METHIIOBUHN (HiOJIETOBUIA)
Ta KHUCJIOTHOro (Mypekcua) OapBHUKIB, Kl € MapKepaMH HHU3bKOMOJIe-
KyJSIPHUX TOKCUKAHTIB OPTraHIvYHO1 MPUPOIH, TTOPIBHSIHO 3 BUXITHOIO CHPO-
BUHOIO 3pOCTa€ OuIbIle HIX YIBiUl (puc. 1).
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XapakTepucTHKa BUXiZHOr0 MaTepiaay il yTBOpEHMX POCTUHHUX COpPOEHTIB

) BwMicT xoMoHEeHTIB, %
Martepian/copOeHT Buxiz . :
copOenry, % LEN0I03a | JIICHIH MIUFCpaIbHL IHIIT
pEYOBHUHU
[MIxapanyna
BOJIOCHKOTO TOpixa - 41.2 37.5 2.3 19.0
Copbenm 1 86.0 27.3 48.3 0.3 24.1
Copbenm 2 40.2 76.8 0.8 1.2 21.2

3a pesynbTaraMu JOCIHIHPKCHb TAKOXX BCTAHOBJICHO, 110 BUKOPHC-
TaHHS CyMIIIl €TaHOBOI KMCJIOTH Ta TIAPOTeH MEPOKCUAY (KOHIIEHTpALis
9 %) s MoaudikyBaHHS LMIKAPAIYIU TOpiXa CHpHsIE BUAAICHHIO OLIBIIOT
YaCTKU PEUOBHMH apOMATHUHOTO XapaKTepy, TOOTO BiOyBaeTbcs AeNirHidi-
Kallisi BUXITHOTO MaTepiaiy, 1 BMICT JITHIHY B OJIEp)KaHOMY LIETIOJI03HOMY
copOeHTi (copbenm 2) 3HAYHO 3HWKYETHCA. OKpIM TOTO, CIIOCTEPITaeThCs
3MEHILIEHHSI BUXO/Y KiHIIEBOro MpoAyKTy 10 40.2 %, a BMICT mosicaxapumy
B copOeHTi mijBuiyeTbes. Lle BiOyBaeThCs 3aBISKM TOMY, IO TiIpOTeH
NEePOKCH]I M1 Yac MOAM(IKyBaHHS 3a MIABUIICHOI TEMIIEPATypH YaCTKOBO
BUTPAYAEThCS HAa YTBOPECHHS TMEPETAHOBOI KUCJIOTH, fKa € AeNrHi(iKy-
IOYUM PEareHToOM, II0 OKHCHIOE JITHIH 1 MEePEeBOAUTHh HOro A0 pPO3UYHUHY.
BwmicT MiHepanbHUX KOMIOHEHTIB 3HM)KYEThCS BABIYi. [IopiBHSHO 3 BUXIJ-
HOIO CHUPOBUHOIO €(EKTUBHICTh BWJIyYEHHS OapBHUKIB MpPU LOMY 30171b-
HIY€THCS, IPOTE 3ATUIIAETHCS JCII0 MEHIIIOK BIIHOCHO copbermy 1.
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Puc. 1. EdbexTuBHICTB cOpOI11ii OapBHUKIB BUX1THIM MaTepiaioM
1 pOCTMHHUMU COpOCHTaMU

BuzHaueHHs KIHETUYHHMX XapaKTEPUCTUK COpOLIli KaTIOHHOTO OapBHUKA
NoKa3ye, M0 MaKCHUMajbHAa HOro MIBUAKICTh Ha OJCPXKAHUX POCIMHHHUX
copOeHTax BianoBigae nepumM 60 XB KOHTaKTy (puc. 2), NPOTATOM SIKHX
KOHIICHTPAIIisl METUJIEHOBOTO CHHBOTO B PO3YHHI 3MEHIITYETHCS OLIBIIE HIXK
yaBiui. [ToBHa copOriliHa piBHOBara Ha JOCTIIKEHUX 3pa3Kax JOCITaeThCs
npotsirom 180 xB.
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Puc. 2. EpexTuBHICTb cOpOLIIi METHIEHOBOTO CUHBOTO
3 BOJIHOT'O PO3UMHY Ha BUX1JIHOMY MaTepiaji Ta pOCIMHHUX COpOEHTax
3aJIeKHO BiJl TPHBAJIOCTI KOHTAKTY

PesynbraTin mocmimkeHHs: copOiii HOHIB Fe** i Cu® ma BUX1THOMY
Marepiaji Ta pOCIMHHUX COpOEHTax 13 MOJCIbHUX PO3UMHIB, HABEJICHI Ha
puc. 3 1 4, cBiIuaTh, 0 MaKCUMaJIbHOK COPOIIMHOK E€MHICTIO CTOCOBHO
HOHIB B@)XKMX METANlIB XapaKTEPU3YETbCA 3Pa30K BHUXIJHOTO MaTepiany
(HemomudikoBaHa IWIKapadyma BOJIOCBKOTO Topixa). MoaudikyBanHs
IIKapajdymny ropixa B CEpelOBHUILl €TaHOBOI KHCJIOTH, a TaKOX CYMIIIIIIIIO
€TAaHOBOI KHUCJIOTH Ta TIAPOreH MEPOKCHUIy NPHU3BOAHUTH J0 HE3HAUYHOTO
3HIDKEHHSI COpPOIIHHOT 34aTHOCTI OJIEp)KaHUX COPOCHTIB IMOAO JOCTiIKE-
HUX HEOPTaHIYHUX TOKCHUKAHTIB.
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Puc. 4. 3anexuicts copO1ii HoHIB Cu*" BiJl 1X KOHIIEHTpAllii B pO34HHI

BimoMo, 1m0 3aBASKM HAsABHOCTI PI3HUX (PYHKIIOHATBHUX TPYyI
(METOKCUIIBHUX, TIAPOKCWIBHHUX, KapOOHUIBHMX) POCIWHHI MaTtepiaiu
XapaKTepU3YIOThCS IEBHUMU COPOIITHUMU BJIACTUBOCTSIMU 111010 KATIOHIB
MeTaltiB. OKpiM 1IbOTO, HOHU BaKKHX METATIB MOXKYTh 3B’SI3yBaTH JIyOMIIbHI
PEUOBHMHH, SIKI MICTATHCS B HeMOU(IKOBaHIN HIKapaiymi ropixa, 3 yTBO-
PEHHSIM HEPO3YMHHUX CHONYK. BaXIuBy poib y MOHOOOMIHHUX BJIACTH-
BOCTSIX BIAIrpa€e TaKoK MIHEpalbHA CKJIAJI0Ba, a caMe — HasBHICTh Kaito,
Hatpito, Kanpuito, Martito Ta iHIIMX €JIE€MEHTIB, SIKI MOXKYTbh OpaTH y4acTh
y peakuisix oHHoro oominy [15; 16].

OCKUTbKH BUXITHUHN 3pa30K XapaKTEPHU3YEThCS MAaKCUMAJIBHUM BMIC-
TOM MiHEpAJIbHUX PEUOBHH 1 BUCOKUM — JIITHIHY Ta OPTaHIYHUX PEUOBHUH 13
pi3HUMH (DYHKIIOHATbHUMHU TpyHamH, HOMY BIAMOBiJIa€ MaKCHUMalbHa
cop6uiiina emuicts moxo Fe’™ i Cu®". Moaudikysanns mxapanymu ropixa
B CEPENOBUIII €TAHOBOi KHCIOTH TMPU3BOJIUTH IO 3HAYHOTO 3HIDKEHHS
BMICTY MiHEpaJIbHUX KOMIIOHEHTIB, MPOTE BITHOCHUHN BMICT JITHIHY JELIO
HiBUITY€ThCsI. MOXKIIMBO, caMe TOMY COpOIIiiiHa 31aTHICTh copbermy [ o0
KaTIOHIB BaXKMX METajiB HE3HAYHO 3HIKyeThca. HalimeHmia copOiiiiHa
3IaTHICTH MIOJI0 AOCTIHKYBAaHUX HOHIB BIAMOBIAA€E 3pa3Ky 3 MAaKCUMaIbLHUM
BMICTOM MOJIicaxapuaHOI CKIad0BO1.

AHai3y0ud pe3yabTaTh €KCIEPUMEHTAILHUX JOCIKEHb TOPIBHIHO
3 JITEpaTypHUMHU JTaHUMH, MOKHA CTBEP/KYBaTH, 110 OJACp>KaHl POCIUHHI
COpOCHTH XapaKTEePU3YIOThCS BHCOKOI COPOIIHHOI 3AaTHICTIO CTOCOBHO
HOHIB BaXKMX METAJIB 1 HE MOCTYMAIOThCS, @ HABITh JIEHIO MEPEBUIIYIOTh
y CcBOill eekTuBHOCTI pochopoBMmicHi Byrienesi copoentu [10].

BucnoBku. OznepxaHno HOBI COPOEHTH 3 POCIMHHUX BIAXOMIB CLIb-
CBKOTO TOCIIOJIapPCTBA, 30KpeMa IMOAPIOHEHOT IMIKapadylmu BOJOCHKOTO
ropixa, Ta BU3HAUEHO iXHIO €(QEKTUBHICTH IIOAO MOIVIMHAHHA E€KOTOKCH-
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KaHTIB OPraHIYHOTO W HEOPraHIYHOTO TMOXOKEHHS 3 MOJCIBHUX BOJHUX
po3unHiB. [loBemeHo, 1m0 copOIiiiHa 3MaTHICTh POCIMHHUX COPOCHTIB
3QJICKUTh BiJ iXHBOI CTPYKTYpH, sIKa BH3HAYA€ThCA yMOBaMU OOpPOOKH
BHUXIJTHUX POCIWHHUX BiJIXOJIB.

Taka mepepoOka mIkapaixynu BOJIOCHKOTO Tropixa 3amo0irae 3adpy-
HEHHIO JOBKUUIS BIAXOJAaMHU Ta BHUPINIy€e MPOOJIEMy BHTOTOBJICHHSA JEIle-
BUX COPOEHTIB 13 MOOIYHUX MPOIYKTIB MEPEPOOKU CLIBCHKOTOCHOIAPCHKOT
CHUPOBUHH.

[3 ornsimy Ha HM3KY IepeBar, a caMeé — BUCOKY COpPOLINHY €MHICTb,
JIEIIEBU3HY Ta JOCTYIHICTh CHUPOBMHHOI 0a3u, MNPOCTOTY YTWIiI3aLli,
010CYMICHICTh 1 HETOKCHYHICTh, — OJIep’KaHl COPOSHTH MOXKYTh MaTH IITHPOKE
MpPaKTUYHE BUKOPUCTAHHS: SK MOMI(QYHKIIIOHAIbHI COPOCHTH IJIsi BHUPI-
IICHHS €KOJIOTIYHUX TMpoOJeM, MOB’SI3aHUX 13 3a0pyJHEHHSM HABKOJIMIII-
HbOT'O CEPEOBHILA, TA IK EHTEPOCOPOEHTH B MEAMIIMHI i BETepUHaplii.
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Galysh V., Pasalskiy B., Sevastyanova O. Highly effective sorbents from
products after processing agriculture raw materials.

Background. In Ukraine, a deterioration of the ecological state of water objects
in the environment as a result of their contamination with heavy metals and organic
compounds and the poor subsequent treatment of industrial wastewater takes place. One
way to reduce the amount of pollutants in wastewater is to use purification methods based
on the application of sorbents of different nature for toxins removal. Modern sorption
technology usually consists of a multistage wastewater treatment, which involves the use
of several types of sorption materials with selective action towards specific pollutants.

In recent years, special attention of researchers is directed towards sorbents and entero-
sorbents derived from available raw materials such as components of plants and living
organisms. These absorbers include pectin, chitin, and alginates. However, the techno-
logies for such polysaccharide production are quite energy-consuming and multistage,
and the low mechanical strength and high cost limit their widespread use.

From an economic point of view, it is promising to use solid plant wastes from
agriculture and food industry as the sorbents.

The aim of current study is to obtain sorption materials from the walnut shell by
organosolv and oxide-organosolv modifications and to investigate their sorption capacity
towards organic and inorganic ecotoxicants.

Material and methods. Walnut shells, crushed to the size of 1-2 mm, were used
as the raw material. Sorbents were obtained by the treatment of the initial raw materials
with acetic acid and a mixture of acetic acid and hydrogen peroxide at the temperature of
90 °C and the ration solid to liquid 5: 1.

Sorption of dyes on initial and modified lignocellulosic materials was studied at
25 °C. Dyes solutions with the concentration of 100 mg/l were prepared on 0.15 N
phosphate buffer with pH 6.0. In each experiment, the amount of sorbent was 0.20 g and
the volume of solution was 25 ml. The initial and equilibrium concentration were
determined by spectrophotometric method. Transmission spectra were recorded by
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"Specord M-40"at 664 nm wavelength for the methylene blue, at 576 nm for methyl
violet and at 515 nm for murexide.

The study of absorption kinetics of methylene blue was performed by withdrawing at
regular intervals of 4 ml of sample, measuring quickly its concentration and returning the
sample back to the investigated solution to continue a sorption experiment.

Sorption of Fe’* and Cu®" was carried out by using the model solutions with
concentrations of 10-50 and 50-250 mg/l, respectively. The amount of sorbent in each
experiment was 0.50 g, the volume of metal solution was 50 ml and the length of sorption
was 30 min. Fe'" ions concentrations in initial solutions and in solutions after sorption
was determined by spectrophotometry and Cu*+ ions by iodometry.

Results. During the modification of nut shells at high temperature in a medium of
acetic acid, the hydrolysis of low and high molecular weight polysaccharide components
take place. Acid hydrolysis promotes also the removal of mineral components, which has
a positive impact on the pore volume of the sorbent. It was demonstrated that absorption
capacity of the modified sorbents towards basic (methylene blue, methyl violet) and acid
(murexide) dyes, which are markers of low molecular weight toxicants of organic nature ,
increases more than twice in comparison to the initial raw material.

As a result of treatment of nut shell with a mixture of acetic acid and hydrogen
peroxide (concentration 9 %), a significant decrease in the yield of lignocellulosic
material was observed. This was due to the removal of a significant part of substances of
aromatic nature, mostly lignin, from nut shells. As a result, the content of polysaccharides
in modified sorbent had increased. In addition, the content of mineral components was
reduced twice in comparison with initial material.

Investigation of kinetic characteristics of sorption of cationic dyes by modified
sorbent showed that the maximum absorption rate of the dye corresponds to the first
60 min of contact, during which the concentration of methylene blue in the solution is
reduced by more than two times. Full sorption equilibrium is reached within 180 min.

Obtained plant sorbents are characterized by high sorption capacity towards
heavy metal ions (Fe’” — 18-29 mg/g and Cu®" — 33-44 mg/g).

Conclusion. New sorbents derived from plant waste of food industry, namely
crushed walnut shell, were obtained and their high efficiency in the sorption of
ecotoxicants of organic and inorganic origin from the model aqueous solutions was
demonstrated. It was shown that the sorption capacity of plant sorbents depends on their
structure, which is determined by the conditions of processing the initial plant wastes.
Due to the number of advantages, such as high sorption capacity, low cost and
availability of raw materials, simplicity of disposal, biocompatibility, and nontoxicity, the
obtained natural materials can have a wide practical use as polifunctional soebents
solving thus environmental problems related to pollution of the environment.

Keywords: cellulose, dye, heavy metal ions, lignin, nut, sorption, sorption
efficiency.
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