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HauioHanbHUn  TexHiYHMA  yHiBepcuTeT YKpaiHuM "KWIBCbKMW  MNONITEXHIYHMI
iHCTUTYT iMeHi Iropst Cikopcbkoro"

COPBUIVHE BUOANEHHSA IOHIB Cu(ll) COCHOBOIO TUPCOIO,
MOAOUDPIKOBAHOIO TIOKAPBEAMIAOM | NTAPA®OPMOM

OmpumaHo niegHouesntono3Hult copbeHm winsixom o6pobku depesHoIi mupcu
pPO34YuUHOM cymiwi miokapbamidy i napagopmy. [ocnidxeHo 3anexHicmb copbuii
Cu(ll) 8id yacy kKoHmMakmy npu pi3HUX memrepamypax, rnobydoeaHo i3omepmu
copbuii. BcmaHoerneHi  genu4yuHuU  epaHU4YyHOi  MumMomoi  eMHocmi O
HemoducpikosaHoi mupcu 7,5 me/e; Onsa moougbikosaHoi — 19,3 ma/e. [Mpouyec
copbuii Halkpawe onucyembcs KiHEMUYHUM PIBHSIHHSIM  r1ceed0-repuoao
rnopsiOKy i pieHAHHAM isomepmu JleHamopa. [ocnidxeHo ernnue 080- |
mpu3apsiOHUX KamiOHi8-CMOPOHHIX efleKmposiimie Ha copbuito 8axkux memariie 3
B800HUX po34yuHig. [MadiHHs numomoi copbuii y npucymHocmi coned Kasnbuito Ha
ModupikogaHoMy copbeHmi y 3 pa3u MeHwe, rMopieHHO 3 BUXIOHOK CUPOBUHOIO.
lMpucymHicmb mpboxeanieHmMHo20 3ariza 3Ha4yHO rpu2Hidye copbuito midi Ha 060x
3paskax copbeHmie ax 00 MOBHO20 i MPUNUHEHHS.

Knro4oBi cnoBa: nirHouentonosHmn copbeHT, moaudikauis, Tiokapbamia,
napacdopm, Baxki metanu, copbuis.

[MonyyeH nueHouenntno3Hbix copbeHm obpabomkol Ope8ecHbIX OrnusioK
pacmeopomMm cmecu muokapbamuda u napaghopma. ViccrnedosaHa 3asucuMOCMb
copbuyuu Cu(ll) om epemeHu KOHmMakma rpu pasfiuyHbIX memrepamypax,
ocmpoeHbl  U3omepMbl  copbuyuu. YcmaHo8reHbl 8e/UYUHbI  rpedesibHOoUl
yoernbHOU emKocmu Ofid  HeMoouguuyupoeaHHbIX onunok 7,5 male; 0ns
ModucpuyuposaHHbix — 19,3 me/2. lNpouecc copbyuu nydwe sceao ornuckieaemcsi
KUHemMuU4eCcKUM ypasHeHuUeM riceel0o-repe8ozo nopsidka u ypasHeHUeM U30mepmeol
JleHemropa. UccnedosaHo ernusiHUe 08yx U mpex3apsiOHbIX KamuoOHO8-CMOPOHHUX
3/71IeKMpoIuUMo8 Ha copbyuo msKenbiXx Memarnsioe U3 600HbIX pPacmeopos.
[MadeHue yOenbHOU copbuyuu 8 npucymcmeuu cosieli  Kanbyus  Ha
ModoughuyupogaHHoOM copbeHme 8 3 pasa MeHbWe M0 CPaBHEHUK C UCXOOHbLIM
coipbem. [Npucymcmeue mpexsanieHmMHO20 Xesie3a 3HadyumersibHO rodasrsgem
copbuyuro medu Ha oboux obpasyax copbeHmos 00 MosIHO20 ee rnpeKkpaweHusl.

Kno4yeBble cnoBa: §UrHOLENMIOMNO3HbLIM  COpBEeHT, mMoaundukaums,
TMokapbamma, napadopm, TXxKenble MeTannbl, copoums.
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A lignocellulosic sorbent was obtained by treating wood sawdust with a
solution of thiocarbamide and paraform mixture. The dependence of Cu(ll)
sorption on the contact time at different temperatures was investigated, sorption
isoterms were built. The values of the maximum specific sorption capacity were
7.5 mg/g for unmodified sawdust and 19.3 mg/g for modified sawdust. The
sorption process was best described by the pseudo-first order kinetic equation and
the equation of the Langmuir isotherm. The influence of divalent and threevalent
cations-extraneous electrolytes on the sorption of heavy metals from aqueous
solutions was also investigated. Drop of the specific sorption in the presence of
calcium salts on the modified sorbent was 3 times less than in case of initial
material. The presence of trivalent iron significantly inhibited the copper sorption
by both samples of sorbents up to its complete termination.

Key words: lignocellulose sorbent, modification, thiocarbamide, paraform,
heavy metals, sorption.

NMoctaHoBka npo6nemu. OunEHHA NPOMUCAOBUX BOA Bid BaXKKUX
MeTaniB € akTyaribHUM 3aBAaHHAM, WO BMMAarae 3acToCyBaHHS HOBUX MNigxonis, B
TOMY 4nchi pecypcosbepiratoumx TEXHOMOrIN, AKi 4O3BOMNSATb BUKOPUCTOBYBATU Y
BUPOOHMYMX MpoLecax OYULLLEHY BOAY, TUM CaMUM 3HMXKYHUM CMOXUBAHHS CBIXKOI.

Mpobrema y BUNyYeHHi HEBEMUKNX KiNTIbKOCTEN iOHIB BaXXKMX MeTanis 3 BOAM
nonarae y Tomy, WO Taki Boan € 6araTOKOMNOHEHTHUMW 3a KaTiOHHWUM CKNagoM i
MICTSATb CORMi NYXHUX | NY)KHO3EMESIbHUX MeTaniB, B nepuly 4epry Kanbuito, Y
KOHUEHTpaUisX, gKi y AeCATKW, a TO i COTHi pasiB MepeBULLYHOTb KOHLUEHTpaLito
BaXkux metanis. Came TOoMy TpaguuinHi MeToaW, siKi BUKOPUCTOBYHOTLCS OS5
BUSTYYEHHS KaTiOHIB — iIOHHUIN OOMIH i MeMOpaHHi MeToan — € ManoeeKTUBHUMM.
3a X BUKOPUCTAHHA 3 BOAW BUNYYalOTbCA HE TifIbKW iOHW BaXKMx meTanis, ane
TaKoX, iHOAI B 3HAYHO BinbLUii Mipi, coni KanbLito, MarHito, HaTpito, WO TArHe 3a
cobolo 3Ha4Hi BUTpaTM Ha obcCryroByBaHHS i 3abe3neyeHHsi cTabinbHOT poboTn
Takoro obnagHaHHsA. TobTo, oueBMaHa Npobrema CenekTMBHOCTI BUIyYEHHS came
iOHIB BaXXKnx meTanis.

OgHMM 3 Hanbinbw edEeKTUBHUX METOAIB OYMLLUEHHSI CTiYHMX BOL4 Bif
HU3bKNX KOHLIEHTpaLUin nontoTaHTiB € copbuinHi. MMpyn uboMy TpaguuinHi Buau
copbeHTiB (akTMBOBaHE BYriNMgA, LEONiTU) 4YacTo 3aMiHIOKTbCA Ha Martepianu,
OTpPMMaHi 3 BTOPUHHOI CUPOBMHU, 30KpeEMa, Biaxoais BUpOobHMUTBA.

AHania nonepepgHix gocnigxeHb. JlirHouenonosHi matepianu (aepesHa
TMpca) € Bigxogamu OepeBoobpOobHOT NPOMUCIIOBOCTI i MalTb HU3bKY BapTiCTb;
AOCNIMKEHHIO X copbuiiHMX BNacTMBOCTEN K COPOEHTIB, WO MakTb HU3bKY
BapTiCTb (low-cost sorbents) npuainseTbca Garato yeBarm y pamkax OOCHigKeHb
HaykoBoI cninbHoTK [1,113;2,6]. HaykoBi nybnikauii BkadyoTb, LLO NMMTOMA EMHICTb
UMx maTtepianiB Mo BiAHOLWIEHHK A0 iOHIB BaXXKMX MeTasniB BiAHOCHO HU3bKa. 3
[3,2;4,49]. Kpim TOro, BOHM € XiMiYHHO HEe HaATO CTINKUMW i NPU KOHTaKTI 3 BOAOHO
BUAINAIOTL NOMiIPEHOSbHI CNOMYKKM, SKi BUKNUKaoTb papbyBaHHS BOAWN.
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OgHnm  3i cnocobGiB  noOKpalleHHss  agcopbuinHMx  BNacTUBOCTEN
nirHoUentno3HNX MaTtepianis € BBeAEHHSA a30Ty B MOBEPXHEBI rpynu copbeHTy
00po6KO MOro pPo3dYnMHOM amiaky abo CUMHTE3OM/MPUBUTTAM Ha WOro MNOBEPXHI
noniMepy, wWo MiCTUTb amiHo-rpynn [5,1745]. BBegeHHa B  CTPYKTypy
NirHoUentno3HNX MaTepiania amiHO-BMICHMX Fpyn 3MiHKO€E X XiMiYHI BIacTUBOCTI,
nepetBoplooun  Ha noniamconit [6,4;7,169]. OOGpobKod COCHOBOI TUPCU
pPO34nMHOM Kapbamigy BOanocs 3HayHo MigBULLMTK XiMiYHY CTabinNbHICTL MaTepiany
i y niBTOpa pasun MigHATU MOro CopOUiINHY EMHICTb MO Baxkmx meTtanax [8,607].
lMepcnekTuBHUM € XiMiyHE MOAMIKyBaHHSA  LLeNtoro30MIiCTKMX — MaTepianis
riapodinbHUMN  a30TOBMICHUMM  NOfliMepaMn, TakUMW  SK  NOSIBIHINNIPONiAOH,
nonienektponit BINK-402 [9,1070].

MeToto pob60TH € CUHTE3 MOAUMIKOBAHOIO MirHOLENtONIO3HOrO0 COpOEeHTY,
WO MIiCTUTb reTepoaTtoMm asoTy i CipKu, Ta OuiHka copOuiMHMX BracTUBOCTEN
oTpumMaHoro maTtepiany no BigHoweHwo A0 Cu(ll) y MOHO- i AMKOMMOHEHTHUX
pPO34MHaX y NPUCYTHOCTI CONen KanbLio Ta 3anisa.

Buknaa ocHoBHoro matepiany. CocHoBy TUpCy MoaundikyBann po3vymHOM
cymiwi Tiokapbamigy i napadgopmy. [na mogudikauii 20 r Tmpcn moaudikyroda
cymiw mictuna 0,77 r napcdopmy Ta 1,4 r Tiokap6amigy, posunHeHa y 200 cm?®
anctuneoBaHoi Boau. MNMapadopm nepemiwysanu 3 Bogot npy pH 9 Ao nosHoro
PO34YMHEHHS (nigirpisatoum 3a HeobxigHocTi) i gopaBanu Tiokapbamig. Cymiw
nepemiwyBanu NpoTarom 3 roguH, nicnsi Yoro 3Hmxysanu pH oo 5 gogaBaHHAM
H3POg4. lMoTiM y cymilw nomiwany HaBaxKy COCHOBOI TUPCU i 3anuwianu Ha ogHy
Aoby, nepiognyHo nepemiwytoun. Hepes [oOy MOOUIKYHOUYMA PO3YUH 3nMBanu,
TUPCY NpOMMBAnuM Ta BUCYLYyBanun Ha NoBiTpi. OTpuMaHi 3paskun TMPCK NO3HAYEHI
MTTTT.

Ansa nobyposu isoTepm copbuii HaBaxku copbeHTiB No 2 r nomiwann y
moenbHi po3unHn Cu(ll) o6’emom 100 cm® y pianasoHi koHueHTpauin 50...7000
mr/gM3 i nepemillyBanM Ha MarHiTHUX Miwankax, nicns 4Yoro po34mHu
QinbTpyBann, BU3HaYanM 3anuWKOBY KOHLUEHTpauilo MeTanis y inbTpari
NnogoMeTpUYHUM TUTpyBaHHAM [10, 125].

[ocnigkeHHs BNAMBY BMICTY PO34YMHEHMX CONel Ha npouec copOuii ioHIB
Migi npoBoaAUNMCL B MPUCYTHOCTI KaTioHiB Ca?* Ta Fe3* y Burnagi ix xnopuaHux
coneii. HaBaxkn copbeHTiB no 2 r nomiwanu y 100 cm® mMoaenbHUX po3yuHiB
Cu(ll) npu noyaTkoBI KOHUeHTpauii 100 mr/am3 i pi3HUX KoHUeHTpauiax Ca?*
(50...1000 mr/gm®) Ta Fe** (5...100 mr/gm?® ). Yepes 3 roanHn nepemillyBaHHs Ha
MarHiTHMX Milankax cycneHsii BigdinbTpoByBanuM i BU3HaYanuM pPiBHOBAaXKHY
koHueHTpauito Cu(ll).

AHaniz otpumMaHux pesynbTaTiB. ATOMU HITpOreHy Ta cynbdypy MawTb
HenoAineHy enekTpOoHHY napy i TOMy 34aTHi OO KOMMNEKCOYTBOPEHHSA 3 iOHaMu
BaXKUX MeTaniB (d-metanu) 3a AOHOPHO-aKUENTOPHUM MexaHiaMoM. XiMidHa
MoAmikauis TMpCcK NpoTikana 3a HacTYMHUMU peakUisiMu:
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[ns BM3HA4YeHHs Yacy HacTaHHsA copbuiHOl piBHOBArM Ta poO3paxyHKYy
eHeprii  akTuMBauil copbuii npu BunydyeHHi  Migi  HemoaudikoBaHow Ta
MoandikoBaHow Tiokapbamigom i napdopcom TUpPCo Bynn OoTpuMaHi KpuBi 3MiHK
KOHUEeHTpauil meTany Big Yacy KoHTakTy. KiHeTu4Hi KpuBi HaBeaeHi Ha puc. 1.
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Puc. 1. 3miHa 3anuwkoBoi koHueHTpauii Cu(ll) Big uvacy copbuii Ha
HemogudikosaHin (HMT) ta moaudikoBaHih (MTTIT) Tupci (Meops. = 27T,
Crou. = 240 mr/am®, V = 200 cm®, pH = 5,5)

PisHoBara BcTtaHoBntoBanacsa 4epe3 3 roguMHu, TOMY TakMh 4ac KOHTaKTy
copbeHTy 3 pO34YMHOM BMKOPUCTOBYBaNW OS5 BCiX nogansmx gocnigis. Ha puc. 2
npeacTtaBneHo  i3otepmu  copbuii  ioHiB  Cu?* Ha MoaudikoBaHi  Ta
HeMoaudikoBaHin TMpCi cocHU. Nutoma copbuia moandikoBaHoT TMpPCK B 2,5 pasu
BULWA, MOPIBHAHO 3 HeobpobneHow Tupcowo — 19,3 mr/r i 7,5 mr/r BignosigHo.
Tiokapbamig-dopmanbaerigHMn - KOMMNIEKC BHACNIAOK  peakuii  koHaeHcauil
3aKPINIIETLCA Ha MOBEPXHi NirHOUENONo3HoOro matepiany. TakuMm  YMHOM,
NPUBKUTI B NOBEPXHEBIN CTPYKTYpi copbeHTy akTuBHUi O-, S- i N-MiCTKi LeHTpu €
A00aTKOBMMW LleHTpaMmn YTBOPEHHS KOMMSEKCiB cybcTpaTy 3 ioHamu Migi.
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Puc. 2. Isotepmu copbuii ioHiB Cu(ll) Ta mogenbHi isoTepmu JleHrmiopa Ha
moamdikosaHin (MTTI) Ta HemoaudikoBaHii (HMT) Tupci

Bnnue ioHie Ca?* Ha npouec copbuii Miai HaBaXxkaMu TUPCK 2 T 3 PO3YUHIB
o6’emom 100 cm3 npm noyvaTkoBin KoHUeHTpauii Cu?* 100 mr/am® npeactaBneHuin
Ha puc. 3.

80,0
“s 70,0 4
o0 —-=-MTTN
=
Z 60,0
=~ —a— HMT
'3 50,0
e £
Uﬂ 4ﬂrﬂW

SG,D T L] L] T L]

0 200 400 600 800 1000

c(Cca®), mrigm®

Puc. 3. 3anexHicTb 3anuwkoBoi koHueHTpauii ioHiB Cu(ll) npu copbuil
MOAMMIKOBAHOIO Ta HEeMOoAMMIKOBaHOI TUPCOK (MoyaTkoBa KOHLEHTpauis
Cu(ll) 100 mr/am?®) Big BMmicTy ioHiB Ca?*

I3 3pocTaHHAM KOHLEHTpaUii iOHIB KanbLilo Y pO34MHi 3pOoCcTae 3anuviuKoBa
KOHUEHTpauis migi, TobT1o, copbuinHa 3gaTHICTb HEMOoAMMIKOBAHOT TUPCK Nagae.
Kanbuin, €k [Bo3apsagHWiA KaTioH, BCTyNae B peakuito 3 KapboKCUNbHUMU
KaTiOHOOOMIHHMMM  rpynamMu  NirHOLENIONO3HOro  mMatepiany, TakMM  YUHOM
OnoKy4YM akTUBHI LeHTpwn, 3aaTHi dikcysatu Cu(ll).

3HWKEHHs  copbuinHOT  3gaTHOCTI Ha  MoaudikoBaHiM  TUpCE  npu
AecATMKpaTHOMY HaanuLIKy ioHiB Ca?* noMiTHO MeHLua (Tabn. 1), ockinbky nig Yyac
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Moamikauil B TMpCY BBOOATLCA A0OATKOBI aKTUBHI a30T- Ta CiPKOBMICHI LleHTpU
copbuii, 40 AKMX iOHM Migi MalTb CNOPIgHEHICTb, Ha BiAMIHY Bif IOHIB Kanbujto.
Ans HemogmdikoBaHOT TUPCY NafiHHA MUTOMOT EMHOCTI Byno BTpudi BinbLUmMMm, HixX
Ans Tmpcu, moandikoBaHoi TiokapbamigHo-napagopMoBOLO cyMillwio. Lle MmoxHa
NOSICHUTM 3MEHLLUEHHSIM  KiNIbKOCTi  KUCIMOTHUX KaTiOHOOOMIHHMX LEHTpiB 3a
paxyHoK X peakuil 3 mogudikatopom. Tob6To, KaTiOHOOOMiIHHA EMHICTb, OCTYMHa
ANs iOHIB KanbLito, BHAcNigok mogudikadii 3MeHLwyBanacs.

Tabnuus 1

EMHicTb copbeHTy i koedpiuieHTn posnogainy (Kd) Cu(ll) npu pisHux
KOHUeHTpauisx Ca?* (noyaTkoBa koHUueHTpauis Cu(ll) 100 mr/am?)

C Ca?, Koed. HMT MTTI

mr/am? | Haan. Ca?* | acumy, MA/F Kd acu(lny, Mrfr Kd
0 0 2,01 33.5 3:.17 86.6
50 0,5 1,88 30,1 3,09 80,9
100 1 1,75 27,0 3,01 75,6
200 2 1.55 22,5 2,92 69.9
500 5 1.29 17.4 2,79 63.1
1000 10 1,09 13,9 2,69 58,5

B npucyTHOCTI HaBiTb HE3Ha4HOI KifbKOCTi iOHIB TPbOXBAarIEHTHOro 3anisa
copbuia Migi pi3ko 3HWXyBana (puc. 4, Tabn. 2).
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Puc. 4. 3anexHiCTb 3an1LLIKOBOT KOHLIEHTpaLii Ta nMTomoi copbuii ioHis Cu?*
MoandIKoBaHO TMPCOID (MoyaTkoBa KoHueHTpauisa Cu(ll) 100 mr/am®) Big
BMicTy ioHiB Fe3*
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Tabnuuys 2
EMHicTb copbeHTy i koedpiuieHTn po3noginy (Kd) Cu(ll) npu pisHux
KoHUeHTpauisx Fe3* (noyatkoBa koHueHTpauis Cu(ll) 100 mr/gm®)

C Fe¥, HMT MTTI

mriam® | acemy, Mrir Kd acu(iny, Mrir Kd
0 2,01 30,0 3,17 86.6
o 1,10 14,0 2,21 39,4
10 0.68 7.9 1,56 22,7
25 0,24 2.5 0,64 7.3
50 0,16 1.6 0,33 3.5
100 0,00 0,0 0 0,0

Ockinbky ioHn Fe3* MaloTb BULLMI 3apand | MEHLLWA iOHHWI pafiyc, HiX Y
Cu?* (0,064 i 0,073 HM BiONOBIAHO), BOHM € GiNbLU AKTUBHUMM Y KaTIOHOOBMIHHUX
peakuia i B nepwy 4epry 3anMmMaloTb iOHOOOMiHHI akTuBHI LeHTpu. Kpim TOro,
depymMm, SK i Kynpym, € d-mMeTanom i 3gaTeH yTBOpHBAaTM 3B’SA3KWM 3 CipKO- i
a30TOBMICHUMM aKTUBHUMW LIEHTpaMM 3a [OHOPHO-aKUENTOPHMM MEeXaHi3MOM,
TMM camMuMm KoHKypytoum 3 Cu(ll). Takox imoBipHO, wWo depym y Burnagi
rigpokcnaiB (BHacnigok rigponidy) copbyetbca npu BXoAi B MOPUCTY CTPYKTYpY
copbeHTy, Hagaum UMM AinsiHkam noBepxHi HaLMLWKOBOro NO3UTUBHOIO 3apsaay,
CTBOPIOIOYN €NEeKTPOCTaTUYHI YTPYOHEHHA Ana npoHukHeHHs Cu(ll) Bcepeguny
nop. Yci Ui YNHHUKN NpU3BOAATbL 4O MNOMITHOro noripweHHs copbuii Cu(ll) HaBiTb
Npu BiOHOCHO HEBENUKUX KOHLIeHTpauiax 3anisa (~5 wmr/gm3®). KoHcTaHTa
posanoginy Cu(ll) oo koHueHTpauii depymy < 50 mr/gm3 6yna B 2...2,5 pasu BuLle
ana MTTI, a npy BUWNX KOHUEHTpauisx copbuisa migi npunuHanaca. OgHak y
CTiYHMX Ta OBOPOTHMX BOAAX, SKi MPOWMLLNN NONEepeaHid OYUCTKY, KOHLEHTpauisa
Fe3* Oyne 3HauyHO MeHLla BHACMigOK MOro rigponidy i BMNagiHHA Yy BUrnagi
Marnopo34YNHHUX CrOMyK Ta nerkoi immobinisauii 3 pPoO3YMHEHMMU OpraHiYHUMU
crnonykamm, nepLu 3a Bce ryMmiHOBUMMU i (pyribBO-KUCIIOTaMM.

BucHoBKu

OTpumaHO MoaUMIKOBaHNUI  MIFHOLENIONO3HUA  COPOEHT, HKMW Mae
nokpaLleHi copOLiHi BNacTMBOCTI NO BiAHOLUEHHIO OO0 iOHIB BaXXKMX MeTaniB 3a
paxyHok npmButUX S- Ta N-micTkux rpyn. Cop6eHT Big3HayaeTbca B 2,5 pasu
BULLIOKO TPaHUYHOK NUTOMOK eMHICTiO no Cu(ll) i 3HAYHO MEHLLOK YyTRMBICTIO
npouecy copbuii 40 NPUCYTHOCTI conen kanbuito y 10-TMKpaTHOMY HaaINLLKY.
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