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BUNYYEHHA IOHIB BAXKUX METAIJIB 3 BOAU $OCPOPUIIBOBAHUM
BYIMELEBWUM COPEEHTOM B MPUCYTHOCTI CONEW XXOPCTKOCTI

CuHme3oeaHo pocghoposmicHUll  8yerneuesuli copbeHm mepMIidYHOH
06pobkoro cocHosoi mupcu, rnornepedHbOo rMPOcsikHymoi posdyuHamu (NH4)3PO4 ma
cymiwwiro (NH4)3PO4 i kapbamidy. OmpumaHut copbeHm rposienisie ioHOObMIHHI
erracmueocmi. [JocnioxeHo to2o copbyitiHy 30amHicmb o 8i0HOWEeHHK 00 iOHI8
MiOi 3 MOOesibHUX pPO34YUHIi8, MpPU20mMo8aHUX Ha Oucmurnbo8aHiti 800i ma y
npucymHocmi ioHi8 Karsbuito.

KnouyoBi cnoBa: cocHoBa Tupca, agcopbuia, Baxki metanu, docdar
aMOHito, hocopuntoBaHH4, kapbamig,.

CuHme3suposaH gocopcodepxxkawiuti yarnepooHbIl copbeHm
mepmu4veckol obpabomkoli COCHO8bIX OMUJSIOK, rnpedsapumesibHO MponuMmMaHHbIX
pacmeopamu (NH4)3PO4 u cmecbro (NH)3PO, u kapbamuda. [lornydeHHsIU
copbeHm nposienss UOHOObMeHHbIe ceolicmea. MccriedogaHa €20 copbyUOHHas
criocobHocmb MO OMHOWEHUK K UOHaM Medu U3 MOOesIbHbIX Pacmeopos,
rpueomoesieHHbIX Ha OucmunnuposaHHolU 800e U 8 [pucymcmeuu UOHO8
Kanbyus.

KnioueBble cnoBa: COCHOBLIE ONUIKW, agcopbuus, Tskenble MeTannbl,
docdat ammoHus, pocopunuposaHmne, kKapdbamumg.

Phosphorus-containing carbon sorbent was synthesized by heat treatment
of pine sawdust, pre-impregnated with (NH4)3sPO,4 solutions and a mixture of
(NH4)3sPOs and carbamide. The resulting sorbent revealed ion-exchange
properties. Its sorption capacity to copper ions was investigated from model
solutions in distilled water and in the presence of calcium ions.

Key words: pine sawdust, adsorption, heavy metals, ammonium
phosphate, phosphorylation, carbamide.

Bctyn

PauioHanbHe BMKOPUCTaHHA BOAHWX PECYPCIB € OAHIE 3 aKTyanbHUX
3agad  ekonorii, y BWPIWEHHI $SKUX 3HaA4YyHa PoOSfb BIiABOOUTBLCA OYULLEHHIO
NPOMMUCIIOBUX OBOPOTHUX i CTiYHMX BoA. lMpun UbOMYy OCOBGNMBE 3HAYEHHS Mae
KOHTPONb 3a BMIiCTOM BaXKux MeTaniB, €ki € ogHuMm 3 OBionoriyHo
HanHebe3neyHiwmnx KomnoHeHTiB. CopOuiHe Ou4MLLEeHHs BOA Bi4 MeTanis €
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HanOinbw AiesMm crnocobom, WO A03BOMSIE HE TiflbKM 3HELWKOAUTU MPOMUCIOBI
CTOKW, @ 1 MOBEPHYTM Y BUPOOBHULTBO OYMLLEHY BOAY i LliHHI KOMMOHEHTMW.

AKTMBOBaHe BYriNAA LWIMPOKO BUKOPUCTOBYETLCA B MPAKTULI OYULLEHHS
npupoaHuX i cTiyHMx BoAd. Oesiki coptn Byrinns, Hanpuknag, BAY [1,350], moxHa
BUKOPUCTOBYBATU AN BUOANeHHs 3 BOAW IOHIB BaXKuMx MeTarsniB. AKTMBOBaHe
BYINNA OTPUMYIOTb BMUCOKOTEMMEPATYPHUM MipOSIi3OM CUPOBUHU — 30Kpema,
AEPEBUHMU, LLKaparynm KOKOCOBOIO ropixa, 6itymy.

[MaporasoBa akTmBauis BYrinnsi, oTpumaHoro kapboHisauielo ByrreueBol
CUPOBUHW, CMpuUsie NiABULLEHHIO Woro aacopbuinHoi  34aTHOCTI  BHACRI4oK
306iMblUEHHA MOro MNOPUCTOCTI | MMTOMOI MOBEpxHi. AKTMBOBaHe BYrinns €
HecenekTMBHMM  agcopbeHToMm, TOMy ANna  NiABUWEHHS  CENEeKTUBHOCTI
BMKOPUCTOBYIOTb Pi3Hi cnocobun moaudikyBaHHA, WO Npu3BoAUTb A0 WNOro
NoOOPOXYaAHHS.

[Ons 36inblWeHHA NOPUCTOCTi, MILUHOCTI, copbuifHOl 34aTHOCTI, BMXO4y
BYFiNNS, 3HWKEHHA Temnepatypu KapboHisauil BMXigHI mMaTtepiann npocoYvyloTb
niponiTu4HUM gobaekamMu, HambinNbL 4YacTo 3 SKUX 3aCTOCOBYOTb (POCGOpHY
kncnoty [2,255; 3,525; 4,209; 5,2857]. B pesynbrtati kKapboHisauii y NnpucyTHOCTI
aKTMBaTopa B CTPYKTYpy BYrfeueBOi NOBEpXHi BMNPOBaXyTbCA retepoaTtomMu
docopy, WO NpM3BOANTL OO 3HAYHOrO NOKpaLEeHHS COpOUINHMX BlaCTUBOCTEN
BYrfeu BHACMIQOK 3POCTaHHSA KiflbKOCTI KMCMOTHUX MOBEPXHEBUX rpyn [6,265;
7,245].

3acTtocyBaHHs OCHOPHOI KACIIOTU SIK aKTUBaTopa Mae iCTOTHUI HeJonikK —
Le arpecmBHa piguHa, sika noTpedye npu NOBOMKEHHI 3 HEKO MiABULLEHUX 3aXOAiB
Ge3nekn. 3asHayeHOro Hegoniky nNo3baBreHi amoHivHI coni uiel kucnoTtu. [daHa
poboTa npucBAYEeHa AOChILXKEHHIO COpOUiHMX BRNAacTUBOCTEN BYrNeLeBux
copbeHTIB, OTPMMaAHMUX 3 NIFHOLLENONO3HOT CUPOBUHM i3 3acTocyBaHHAM (NH4)3PO4
B SIKOCTi aKTMBaTOpa kapOoHi3auil.

MeToauku npoBeAeHHA eKCNEePUMEHTY

BuxigHoi cupoBuHM ONa OTpUMaHHS Byrneuesoro copbeHTy 6yna Tupca
cocHu Pinus sylvestris. HaBaxku Ttnpcu npocodvyBanu posdnHamu (NH4)3PO4 3
KoHUeHTpauieto 2...14% (cniBBiAHOWEHHA Tupca:po3ynH = 1:6) npoTarom
24 rogvH. B okpemux gocnigax po3ymH anga npocovyBaHHA MicTuB 10% (NH4)3PO4
i 5% kapbamigy. Micna ysoro 3pasku sucywysanu npu 105°C i BUTpuMyBanu npu
170°C npotarom 2 roguH. [licna oOXxonomKeHHs 3pas3ku BigMMBANU rapsiyoro
ANCTUINBOBAHOK BOLOK A0 HenTpanbHol pH i BigCyTHOCTI bocdaTiB B NPOMUBHUX
BoAax (BM3Ha4anu 3a peakuieto 3 MonibgaTtom amoHito), BucyLwwyBanu i 3éepiranu B
eKcuKaTopi.

Ona pgocnigpkeHHsa copbuivHMX BNacTUBOCTENM OTPUMaHUK  ByrneueBux
MaTtepianis HaBaxku Byrinng no 1 r nomiwann y mogenbHi po3unHn CuSO,
o6’emom 100 cM® 3 pisHUMM KOHLEHTpaLisMM i nepemilyBany 2 rof, NiCns Yoro
pPO34YMHMN PINbTPYBaANM i BU3HaAYanu 3anuvLlLKOBY KOHLUEHTpauito migi y dinbtparti
OoTOMETPUYHMM MeToAOoM 3 dieTungutiokapbamatom Hatpito [8,133], a Takox
BUMiptoBanu pH. Ha ocHOBI oTpuMaHnx gaHuUX po3paxoByBanu BENMUYUHU MUTOMOI
copbuii (mr/r).
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Pe3ynbTat Ta iXx 06roBOopeHHs

3anexHo Big KOHUEeHTpauii gocdaTy amoHio, oTpuMaHuin copbeHT maB
YOpHUI Konip abo BKpanneHHA YaCTUHOK YOPHOro KONbOpy B pe3ynbTarTi
OOBYIMIOBAHHA  OEpPEeBWHW,  OCKIfIbKM  BUCYLUYBaAHHA  MPOCOYEHOI  TMpCKU
CYNnpOBOKYBaANOCH TEPMIYHUM pPO3KNagoOM aMOHIMHUX COoflel 3 YTBOPEHHSIM
Kncnmx conen (rigpodocdat, aurigpodocdart) i doChopHOI KUCOTU, SAKa Mae
BOAOBIAHIMAlO4Yi BNAacTMBOCTI. 3as3HayveHi npouecyn OMUCYTbCA HACTYMHUMMU

peakuiamu:
(NH4)3PO4 — NH31 + (NH4)2HPO4 (no 40°C)
(NH4)2HPO4—> NH3T + NH4H2PO4 (,D,O 7OOC)
NH4H,PO,4 — NH3t + H3PO4 (155°C)

OcHoBHa gia H3PO,4 3BoguTbhCcs Ao kaTtanidy peakuii gerigpatadii. Kpim Toro,
H3PO,4 MOXxe BCTynaTtu B peakuito eTepudikadii 3 YaCTUHO MAPOKCUNBbHUX rpyn 3
YTBOPEHHAM KUCNMX edipiB. YTBOPEHHS ras3onofibHMx npoaykTiB po3knagy
(NH4)3PO4 cnpusie chopmyBaHHO MOpUCTOi CTPYyKTypu. OTpMMaHuUn BYrrieuesui
COpBEHT NPOSAIBNSAB BUPAXKEHI BNACTUBOCTI KaTiOHITY.

3i 36inbweHHsaM koHueHTpauil mogudikatopa (NH4)3PO, copbuinHi
BNacTMBOCTI hOCOpPOBMICHMX BYrNELLEBOro maTtepiany 3poctanu (puc. 1).
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Puc. 1. Bnnus koHueHTpauii (NH;):PO4 npn kapboHisauii COCHOBOT TUPCKU Ha BENUYNHY
nuTomoi copbuii Cu?* (Cpou. = 137 Mr/am®)

B npoueci copbuii pH posuunHiB migi 3HmxyBanocsa 3 5,35 go 3,8...34 B
3anexHoCTi Big KOHUeHTpauil mogudikaTtopa. Ockinbku B NPOLECI BUITYYEHHSI IOHIB
Midi  3afifHi  Kinbka MeXaHi3MiB, OCHOBHUMW 3 $SKUX € I(OHHMA OOMIH i
KOMMMEKCOYTBOPEHHS, 3a 3HWKEHHAM pH B npoueci copOuii MOXXHa BU3HAYMTH, LLO
y Bunagky 2%-ro (NH4)3sPO4 Ha ioHHUn obmiH npunagae 8% copboBaHoi Migi i 3i
30iNblWEHHAM KOHUeHTpauil ua yactka 3poctae o 11,4% y sunagky 14%-ro
(NH,4)3PO,.

MiaBuLEHHS KoHUeHTpauil mogudikatopa Buwe 10% He npu3BoauTb OO
3Ha4yHOro pocTty nuToMOI copbuii, ane cyTTeBo 36inblye BUTpaTy BOAM Ha
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NPOMMBKY, TOMY ANfS noganblunx AocnifiB ByrneueBun copbeHT rotysanun 3
BukopuctaHHAaM 10%-ro (NH4)3PO,.

TpaguuivHo  ana  docopunioBaHHs  OEPEBUHN  BUKOPUCTOBYHOTb
OpTOOCHOPHY KUCNOTY Yy CyMili 3 Kapbamigom Ansa 3HWKEHHA AeCTPYKTUBHOI Al
KACNOTU Ha nirHouenwonosHmn wmatepian [9,1585]. Tomy 4acTuHy HaBaXokK
COCHoBOI Tupcu 6yno moaudikosaHo cymiwwto 10%-ro (NH4)3sPOs 5%-ro
kapbamigy i BunpobyBaHO coOpbUiNHI BNacTMBOCTI OTPUMAHOro BYIMELEBOro
mMarepiany.

Ockinbkn hocgopunnboBaHmii copbeHT, sik Byno BkaszaHo BuULLE, NPOSABNSE
KaTioHOOOMIiHHI BRacTMBOCTI, Micns BigMMBaHHA OO0 HeWTpanbHoro pH BiH
3HaxoamTbca B H'-cpopmi. KoxHy nopuito pocdoprnboBaHoro copbeHTy ainmnu
HaBnin i ogHy 3 nonosuH Butpumysanu y 10%-my posudnHi NaCl onsa nepesefeHHs
y Na*-cpopmy, nicna yoro BigMmBanu i Bucywysanu. Takum YHOM OTpUManu psag
copbeHTiB, OTpMMaHnX ocopunioBaHHAM B NPUCYTHOCTI kapbamigy i 6e3 Hboro
B H'- i Na*-cbopmi, BnacTMBoCTi SIKMX NOPIBHIOBANM Mo ePeKTUBHOCTI BUMYYEHHS
IOHIB Migi 3 pO34YMHIB 3 OOHAKOBOK MOYATKOBOK KOHLUEHTpauietn. PesynbTaTtu
AocnigXeHb HaBedeHi y Tabn. 1.

Tabnuys 1
MopiBHAHHA copOUiMHMX BnacTuBocTen 3pa3kiB chochopunboBaHoro
Byrneuesoro cop6eHTy B H'- i Na'-chopmi.

. C(CU2+)noq.1
Ne MogudikaTop dopma M/ PH:ou. pPHiu. a, mr/r
1 . H* 3,37 8,86
10%-1n (NH4)3PO4 T
2 Na 3,98 9,76
. - 153 5,43
3 | 10%-1 (NH4)3PO,4 H 3,66 9,58
4 | +5%-in kapbamin Na* 4,73 10,66

Mpu nepexopi 3 H-dpopmn B Na*-dpopmy nutoma copbuis AeLlo 3pocTae
npu ogHOYaCHOMY MeHLWOoMy nagiHHi BenudnHn pH. lMpucyTHicte kapbamigy nig
yac moaudikauil TakoX NO3UTMBHO BNAMBAE Ha COpPOLiNHI BNAaCTUBOCTI OTPMMaHMX
mMatepianis. MeHLWwa KMUCMOTHICTb OYMLLEHOI BOAW O3HA4ya€e MeHLWy HeobXigHICTb
KopekKuii pH nepea noBepHEHHAM Yy BOA0OOOBOPOTHMI LUK abo nepen CKUAOoM.

AK BiAOMO, MPUCYTHICTb IHWIMX €NEeKTPOoniTiB, 0COBMMBO iOHIB XOPCTKOCTI,
CYTTEBO BMMMBAE Ha CTYyNiHb BUJTYYEHHS IOHIB BaXXKMX MeTaniB y rnpouecax, ne
OAHUM 3 MeXaHi3aMiB € iOHHMM OBOMiH. 3a 3Ha4yHOro HaasfMLLKYy Ccorlen KanbLito
AOCATHYTU MOMITHOTO 3HWKEHHS BMICTY iOHIB Mifi y KaTioOHOOBMIHHMKY MpakTU4HO
HEMOXXINBO.

Bbyna BuM3HadeHa 3aaTHICTb 3paskiB (pocopunbLOBaHOro BYIIELEBOro
copbeHTy, OTpMMaHuX y nonepenHiv cepii 4ocnigis, BUNy4YaTu ioHN Migi 3 pO34NHIB
CuCl; B npnCyTHOCTI iOHIB Kanbuito, Wo MicTunmn ~1 r/om°® kanbL;to y surnsagi CaCls.
3anuwkoBuii  BMicT Ca?*  BM3HaAYanM MeToAOM  KOMMIEKCOHOMETPUYHOTO
TUTpYBaHHA Npy pH = 12 3 mypekcugom. Pe3ynbtatu HaBegeHi y Tabn. 2.
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Tabnuuys 2
BunyueHHs ioHiB Cu®* ¢phoccpopmnboBaHuM ByrneLeBuM copoeHTOM
B H'- i Na*-chopmi B npucyTHocTi ioHiB Ca®* (Crou, = 970 mr/iam®)

. C(CU™)nou., C(Ca*)san.,
Ne | Moaudikatop | ®Popma M/ PHrou. | PHin. I a, mr/r
1 | 10%-i H* 3,21 920 7,66
2 | (NH4)3PO4 Na* 3,33 900 8,38
3 | 10%-n H* 150 5,98 | 322 920 8,29
(NH4)3PO4 + +
4 | eop capGamiz Na 3,95 890 9,11

MopiBHIOKOYM gaHi y Tabn. 1§ 2 BMAHO, WO y BUNaaKy copbuii B NPUCyTHOCTI
Kanbuito nagiHHa pH B ouumweHnMx po3ynHax Ginblue, ogHaK 3HWXKEHHSI MUTOMOI
copbuii Migi, nopiBHsAHO 3 copbuieto y BiACYTHOCTI Kanbuito, 6yno Ha 13,5...14,5%,
Lo NpubnmsHo BignoBigae YacTui Migi, BUNy4YeHoi 3a ioHOOOMIHHUM MexaHi3MOM.
OyeBMAHO, LS OBMiHHA €MHICTb 3anoBHunacs ioHamm Ca’*, a Cu® BUNyYaBCs
nepeBaXKHO 3a MexXaHi3MOM XenaToyTBOPEHHS.

loHn wmigi, copboBaHi ochopunboBaHMM BYrneuesMMm COpOBeHTOM,
NPaKTUYHO He nepexoasaTb Has3ad Yy PO34MH Npu TPMBANOMY KOHTAKTI 3 BOAOK. Tak
HaBaXKot copbeHTy 1 r, oTpumMaHoro 3 BukopuctaHHAM 10%-ro (NH4)sPO4, npu
copbuii migi 3i 100 cm® MOJENbHOIo PO34YMHY 3 NMOYaTKOBOK KOHUeHTpauie 137
Mr/am® Gyno BunydeHo 8,13 Mr ioHiB Migi, a npu HacTynHoMy ii kKoHTakTi 3 20 cm®
ANCTUIBOBAHOT BOAN MPOTArOM TUXHA NPU NepioguyHOMY CTPYLUYBaAHHI Y PO34MH
nepenwsno nuwe 2,3 MKr, wo ctaHoButb 0,03% Big agcopboBaHOI KiNbKOCTI.

BucHoBkuM

OCHOBHUM MEXaHi3MOM Yy BWIYYEeHHi iOHIB Migi € doctopnnboBaHNM
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0.B. YAPHWW, kananaoat TeXHIYHNX Hayk
IHCTUTYT BOoAHUX npobnem i meniopauii HAAH YkpaiHn

CTBOPEHHS1 HOBUX PECYPCO3BEPIFAOYUX TEXHOJOINX OYNLLEHHSA
| BAKOPUCTAHHA BOAUN B CUCTEMAX ClUJIbCbKOIOCNMOAAPCBLKOIO
BOOOMNOCTAYAHHA

Poskpumo  nioxodu 3  b6e3peaceHMHOI  MEXHOMo2ii  OYUWEHHS
6a2amoKoMnoHeHMHuUX id3eMHUX 600 3 Mi08UWEHUM 8MICMOM PO3YUHHUX
CrionyK 3arisza, Mapa2aHUr0 ma CipKOBOOHK, a maKOX [ogepxHesux 600, WO
3asHanu  ernuey  cy4YaCcHux  KiiMamu4Hux 3MIiH ma  aHmporno2eHHOo20
HasaHmMaxeHHs. TexHonoeii 6asyrombcsi Ha 6io-ghi3uKo-XiMiyHOMY MemoOi
ropyweHHs1 mepmMoOUHaMIiYHOI pieHoB8azau 8uXxiOHOI 800U. Pe3yribmamamu makozao
nidxol0y cmarno ompumMaHHs bespeaceHMHUX pileHb 3 0OHOYacHoOI 0emaHeaaHauji i
Oecbepusauii i 3 napasesibHUM OompUMaHHsIM HOB020 (biflbmpyr4o20 Mamepiany
3 Kamarnimu4yHO-OKUCHUMU eriacmusocmsamu Ha 6a3i nosiMmepHux epaHyr,
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