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Jlocniooiceno aocopbyitine euoanennss Cr(VI) i3 mooenbHUX 600HUX PO3UUHIE 3PA3KAMU
Komnosumis enaykouim/nonianinin (I'/I[1An) 3a pisnoeo macosoeo cnigsionowenns In:I14n.
Ompumani pe3yromamu NOpi6HAHO 3 pe3yaivmamamu adcopoyiinozo eudanenus Cr(VI)
spaskom IIAn. Komnosumu I'n/TIAn ompumyeanru o00HOCmaoitinum cunme3om in situ
WASXOM OKUCHEHHs, anininy (Awn) amonitinepoxcooucynvgpamom (AIIC) y 600nux posuunax
H>804 30 naasnocmi enayxonimy.

Hocnioocennss aocopbyiiinozo eudanennss Cr(VI) i3 MoOenbHux 600HUX PO3UUHIG 3PAZKAMU
xomnozumie In/[IAn 3a piznoco cnigsionowenns In:11An npodemoncmpysanu, wo 3i
soinvuiennam emicmy In 6 komnosumax i xonyeumpayiv Cr(VI) smenwyemocs 8idcomox
sudanenus. 36invutenns novamxosux konyenmpayii Cr(VI) y euxionux posuunax npuseo-
oumb 00 Oeszacpecysanns komnosumie In/[IAn 6 npoyeci aocopbyii. E/IXC ananiz
eleMeHMH020 CKIady 3pasKié nicis adcopoyii niomeepous, wo GOHU MICMAMb XPOM.
Amnaniz xapm po3nooiny eiemenmis y 3paskax 6UABUS, WO GOHU NPAKMUYHO PIBHOMIDHO
po3noodineni no ixuitl nogepxui. Y yvbomy 6unaoky OuchepcHi 4acmuHKu 2AayKOHimy
NOKpUmMi NONAHIIIHOM Yy NPOYeCi CUHME3Y KOMNO3UmIig. 30iibuleH s 6MICmy 21AyKOHIMY Y
CKNIAOI KOMNO3UMIG NPU3B00UMb 00 3MEHUEHHsL 6MICINY NONIAHLIHY OCHOBHO20 A0CopbeHma
Cr(VI).

3a pesynomamamu YD-B cnekmpanbhux 00Cniodicenb, a came 3MiHU HMEHCUBHOCMI
abcopbyii 6 uaci, susnaueno yaemi koncmanmu copoyii Cr(VI) spazkamu aocopbenmis.

Kniouosi cnosa: enaykonim, noniauiniu, 2AayKoHim/Noaianinii, Xpom, eU0aieHHs.

Beryn

[Mpuponui minepamu (ITM), abo sk iX I1e Ha3WBAIOTH NPUPOJHI TIIMHUCTI MiHEpaIH
(II'M), cepen skux mIapyBati (GiIOCHITIKATH, € MTOMYJISIPHAMHI Ta e()EKTHUBHUMH KOMIIO-
HEHTaMH JUIS CHHTe3y KoMNo3uTHuX MatepianiB (KM) i3 TpaguuiiiHumu nomimepamu
[1], mpupogarMu momimepamu [2], a Takoxk i3 enekTpornpoBigaumu monimepamu (EIIT),
30kpema nomianininom (ITAR) [3].
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[MonianiniH aKTUBHO JOCTIDKYIOTH Y PI3HUX cepax MOMKIMBOTO 3aCTOCYBaHHS [4—
6], BaXXJIMBHUM 3 SIKUX € BHIAJIICHHS BaXKuX MetaiiB (BM) i3 Box pi3HOTO MOXOMKEHHS
[7]. OcobnuBoro cepen nporiecie Buganenns BM e aacoporrist Cr(VI) i3 Boa mosiaHimiHOM
i [IAn BmicanMu kommosutamu [8]. KoMrmoHeHTaMH KOMIO3UTHHUX aJCOPOCHTIB 4acTo
BukopucToBytoTs [II'M un [IM, BBeJeHHS SKMX 10 CKJIa[ly KOMIO3UTIB 3 MOJIaHLTiIHOM
MOKJINKaHEe TOCHINTH edekT ancopOrmiitHoro BumamneHHs BM Ta okcianioniB Cr(VI)
30kpeMa. [HmmM acnekroM 3actocyBanHst [IM uu I1I'M € iXxHE BUKOPHCTaHHS SIK MaTPHILIb-
HOCIiB HaHO- Ta MIKpOYacTHHOK [TAH.

3a3BU4ail NPUPOJIHI TIIMHKUCTI MIHEPAIH € CKIaAHUMH CyMilllaMH 1 MOXYTb MICTUTH,
KpiM OCHOBHHX KOMIIOHEHTIB, pi3Hi momimkwn, 30kpeMa Si0O,, TiO,, Fe,Os; tomo [9].
I[II'M ximiuyHO CTaOiNbHI B PI3HHUX CEPEHOBHINAX, SKIi BUKOPHUCTOBYIOTH IUIsI CHHTE3Y
KOMITO3UTHHX MartepianiB i3 rmoiiaHiaiHOM. [lyisi cuHTE3y KOMITO3MTHHMX a1COpOCHTIB
Cr(VI), ocHOBHOIO [if040I0 pe4OBHHOK B skux € [IAH, mocmimkeno kinbka I1I'M, a
came: Oerronit [10]; Bepmukymit [11]; ranoizut [12]; kaomin (kaominiT) [13]; MOHTMO-
punosit [14], maneropeskit [15] i cemionit [16]. 3a3Buuail HAKOULIBII TOCITIIKYBaHUM
KOMIIOHEHTOM Pi3HHX KOMITO3UTHHUX MaTepialliB i aicOpOEHTIB, 30KpeMa € MOHTMOPHIIOHIT
[17, 18]. Ilepeniueni Buite III'M npakTHYHO HE MICTITh 3ai3a, SKE K BiJOMO, BXOIAHUTh
J0 ckiany rinaykoity ('), mo MeHm nommpeHuid y npupoxi minepan [19]. Bigmin-
HicTh 1 Bif IHIIMX IIapyBaTUX CHIIIKATIB MOJSITA€ y 3HAYHOMY BMICTI 3aii3a, L0
CIPUYUHA Horo BiamosinHe 3abapBieHHA [19]. [maykoHiT y cTporomMy 3HaveHHi — Oarara
Ha Fe ta K miokraeapuuna cmona 3 terpacapuunnum (T) Al (a6o Fe*™), 3a3euuaii >0,2
atoMa Ha (QopMyneHY OAWHHIIO, i okTacapuaHuM (O) R3*>1,2 aroma, BimmoBimHO.
3azBuuail 5-12% 3aranpHoro 3amiza ¢ gsosaneHTHUM (Fe?'), mo namae I'nm 3enene
3abapsneHHs. bynosa 71 31e011b110T0, SIK 1 MYCKOBITY, CKIaJa€ThCs 3 TIOKTACAPHIHNX
mapiB T-O-T (puc. 1). CtpykrypHa opmyna ['n Moxxe OyTH 3anucaHa siK

K(x:y)(Si4,x,A]x)~4(Fe3+,A],Mg,F62+)~2010(OH)2 .

ne x nopieatoe 0,2-0,6, a y (cyMa ABOBaJICHTHUX OKTaCAPUYHHX KaTiOHIB), IO CTAHOBHUTH
0,4-0,6 [19]. Ximiuny dopmyiny I'n mogano B [20] sik
(K,Na)(Fe**,Al,Mg,Fe?")(Si,Al)4010(OH),.

OkraeapuuHi By3nu 3a3Bu4ail micTarte Oinbme Fe’t, mik AIP* i 3Hauni kimbkocri
Mg? i Fe*. B CprKTypl I'n € meBHa KinbKicTh moBepxHeBnx —OH TpyI.

HasiBHicTh y ckiami rnayKomTa Fe** i Fe’" Bukimkae TIeBHY 3aIKABJICHICTh 3 OTJISILY
MOXKJIMBOTO BIUIMBY Ha JesiKi (Di3MKO-XIMIUHI BJIaCTUBOCTI KOMIIO3MTIB, JIO CKJIay SKHX
BXO/IUThH MOJIIaHTIH. BIpo0Bk MEBHOTO Yacy MU MPOBOJAMIIN JIOCIIDKEHHS MOMKIIUBOC-
Teil cuHTE3y Ta (Pi3MKO-XIMIYHMX BIIACTUBOCTEH KOMITO3MTIB Ha OCHOBI TJIAYKOHITY Ta
nojianininy [22-27].

[Momianinin OyB 1 3aJMIIAETHCS CaMHUM JIOCITIPKYBaHHM Ta 3aCTOCOBYBAHUM IIPEa-
CTaBHHMKOM KJIACy eJIEKTporpoBinHux nosiimepis [28]. Cepen 6araTtbox pi3HHX 3aCTOCY-
BaHb [IAH — xommosutu [II'M i [IM i3 momiaHUTIHOM, SIKi aKTHBHO IOCHIDKYIOTH SIK
agcopbertn BM Ta iHmmMX 3a0pynHIOBaYiB CTiYHUX 1 mpupomHux Box [17, 18].
3anikaBienictb 3actocyBaHHsIM IIAH sk ancopOeHTa 3yMOBIIEHAa HacamIiepesn Horo
arperaTHAM CTaHOM i XiMI9HOIO Oy/IOBOIO, a caMe HasBHICTIO B CKJIaZi MaKpOMOJEKY-
JSIpHUX J1aHOK aMiHo— (—NHy) Ta imiHo— (—N=) rpym, siKi 3anexxHo Bix pH cepenoBuima i
€ anmcopOitHIMH TIeHTpaMu i To BM, un opraniuanx 6apBHUKiB 3, 17, 18, 29].
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Puc. 1. CTpykTypHi 0COOJIMBOCTI INIAYKOHITY: @ — OCHOBHA CTPYKTYpHA OJWHULS OynoBu [;
6 — dpparment O6ynoBu ['71; 6 — IpoEKIIis TeTpaeapuaHOTro mapy ['1;
2 — MpOoeKLis okTaeapuuHoro mapy ['m [21].

Fig. 1. Structural features of glauconite: a — the main structural unit of the Gl structure;
b — a fragment of the Gl structure; ¢ — projection of the tetrahedral Gl sheet;
d — projection of the octahedral Gl sheet [21].

Tokcuunicts BM Ta Cr(VI), 30kpema, mosisirae B TeHACHIIT HAKOITMYYBaHHS B Xap4o-
BOMY JIHI[I031, 1110 TOTIPIIIy€e CTaH HABKOJIMIITHBOTO CEPEIOBHINA 1 TIPU3BOJNUTH 10 BAXKKNX
HACJIJIKIB ISl )KMBUX OpraHi3MiB. BuOip epexTnBHHX crioco0iB 3HemKkopkeHHs: BM e
Ba)XJIMBUM JUIs 30€peKEHHsI €KOJIOTTYHOT CUCTEMH Ta 3/I0pPOB’S JIIOJJMHH SIK MEIIKAHIIS Ta
cnoxusaya [30]. Xpowm y crani Cr(VI), sikoMy y IpUpOJHHUX YMOBax 3a3BHYail BiJIIOBI-
naroTh 1adimpHI HoHH CrO42” ta CroO7% € omHMM i3 HaHOLTBII TOKCHYHUX BUIIB BM,
OCOOJIMBO 3Ba)KAIOUM HA TXHIO PO3YMHHICTB 1 3MATHICTH 10 BITHOBJICHHS/OKMCHEHHS 3
¢opmu Cr(VID) y dopmy Cr(Ill) ta 3 dopmu Cr(Ill) y dopmy Cr(VI), BiamosigHo.
HaiicrabinpHimmmu ¢opmamu xpomy € Tpusaientauil (Cr(Ill)) i mectuBaneHTHHNA
(Cr(VD)) crann. lllectiBaneHTHNH XPOM BBKAETHCSI TOKCHYHIIIMM HIXK TPHBAJICHTHUH,
00 1oro JieTaabHa 103a KoJauBaeThes Big 80 mo 160 mr/im mopiBHIHO 3 103010 Big 160 10
320 mr/n g Cr(IIl) [1, 3]. 3nauyne 3acToCcyBaHHS XpOMY y PI3HHX TEXHOJOTIYHHX
npoliecax € OJIHIEI 3 MPUYMH 3a0py/JHEHb NPUPOTHHMX BOJ| HacaMmIiepe] 4Yepe3 CTiuHi
BOJIY DI3HMX BHPOOHMITB 1 HENOCTaTHE iXHE OYMIIECHHS. BapTo 3a3HaumTH, IO
ancopOuiitai Bupanenus BM i Cr(VI) 3a momomororo III'M i1 IIM He € Haaro
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epexTuBHUMHU. Kpammx pe3ynabTaTiB BAAETBCS JOCATHYTH 3aBJISKH KOMIIO3UTaM
TIT'M/TTAH gu [IM/ITAH [31-33]. 3aranom noBHe abo dactkoBe BumaneHHs Cr(VI) 3i
CTIYHMX BOJI i 3a0pyJHEHOI MPUPOIHOI BOAM Ma€ Ba)KIIMBE 3HAYCHHS ISl 3a0€3MeUeHHs
CTIMKOCTI €eKOCHCTEMH Ta 3amo0iraHHs MOTEeHIIIHHNM TipobieMaM 3i 310poB’° M [34].

[TpoGnema ounIIEHHS TPUPOIHKX 1 CTIYHUX BOJ| CTAE BCE aKTYAIBHINIOW, 0COOINBO
4yepes 3MiHy KIIMAaTHYHUX YMOB 1 3MEHIIEHHS IPUPOJIHUX BOTHIX PECYpPCiB MPUAATHIX
JUIsl CTIOKUBaHHS. TOMy TOIIYK HOBHX €KOHOMIYHO €()eKTHBHHX, JOCTYIHUX, IPOCTHX Y
BUKOPHCTAHHI ¥ €KOJIOTIYHO YHCTHX aacopOeHTiB Ha ocHOBI [II'M i [IM e aktyansHIM
3aBJaHHSM /Il CIIUTBHOTH BYeHHX. [[ikaBUMH 3 HaIIOro MOTJIsy MOXYTh OYyTH KOMIO-
3UTH Ha OCHOBI TJIAYKOHITY Ta MOJIaHITiHY. 3 METOI0 BH3HAYEHHS ONTHMAIBHOTO CITiB-
BIJTHOIICHHS KOMITOHEHTIB B Kommo3uTax [J/[IAH Tpeba mocaiauTy iXHIO aacopOiiHy
e(EeKTUBHICTH 3a PI3HMUX CHiBBITHOIIEHD | 1: AH B3STHX /ISl CHHTE3Y.

EKCHepI/IMeHTaJILHa YacTHHA

Peaxmusu ma mamepianu

JIyist cMHTE3y MM BUKOPHCTOBYBAJIM: MEPErHAHUM MTiJl BAKYYMOM aHiNiH (AH); aMOHiit
nepokcoaucynbdar (AIIC) 6e3 nepexpucranizauii (Cdepa Cim); Boguuit 0,5 M pozunn
H,S04, mpurorosnenuii 3 ¢ikcanamis ¢ipmu «Merck». Pozunman K,>Cr,O; rotyBamm 3
(ikcananiB UYepkacbKoro 3aBoJy XIMIYHHX peakTHBiB. 11 CHHTE3y KOMIIO3UTIB
BUKOPHCTOBYBAJIH TONIIUCICPCHUHN TIIAYKOHIT POAOBHINA AIaMiBChKe-2 (XMeTbHHITbKA
0071.) 13 po3MipoM yacTHHOK MeHIre 20 MkM 1 mpocymienuit 3a 300°C BpooBxk 3 roJ.
EnementHuit cknax ' onricanuii B mparli HIDKYE.

Memoouka cunmesy [1An (PAn) ma xomnosumis I'n/I1An (Gl/PAn)

Jnsa cuaresy 3paskiB [TAH (PAn) ta ['n/ITAH (GI/PAn) rotyBamu BomHi po3unHA 1 T
animiny B 80 mi 0,5 M H>SO4. 3pasku [TAH cuHTe3yBanu 6e3 HasiBHOCTI B peakiiiHOMY
po3umnHi mopomkononionoro I'n. Jlo po3unHiB Ax momaBamm: 1,0 r abo 2,0 r, a6o 3 T,
a6o0 4 1, abo 5 r ') 1 mepeminTyBany MarHiTHOK MIITAJIKO YIIPOIOBK TOJMHH, JOJATKOBO
mucriepryBanu BrponoBx 10 xB ymeTpasBykoMm. HaBaxky AIIC (2,67 T) po3unHsIM B
20 M1 0,5 M H»SO4 1 BOpoJOBXK HACTYIHOI TOAWHM TPHUKAITYBaIN 10 pO3UMHY AH, abo
cycren3ii I'm y posumai AH Ta mepemimyBanu mme roauHy. CycIeH3ii0 3eJIeHOTr0
3a0apBIICHHS 3aIUIIaIH HA 24 TOJ | MPOMHBAIIM AUCTUIILOBAHOIO BOJIOIO JI0 6€30apBHOTO
¢inpTpaTy, cymiayn y BakyyMmHii madi 3a remneparypu 50 °C ynponosx 24 roj, BUKO-
pucroByBaiu aist gociimkensb [27]. Tlomianinin B xomnosutax ['1/[TAH mepebyBaB y
nonoBaHomy H,SOy4 crani B porieci cuHTesy.

Memoou docniocens

Mopdororiro Ta po3moAlT XIMIYHMX €JEeMEHTIB aacopOeHTy Ta ajacopbary Ha
noBepxHi 3pazkiB ['1/TIAH pochimkyBamu 3a pomnomororo CEM-EIXC  anamizy
(TESCAN VEGA3 3 BSE ta SE nerekropamu). CTpyKTypy 3pa3kiB KOMIO3HTIB 710 Ta
micnst ancop6uii Cr(VI) mocnipkyBanu 3a 10MOMOror iH(payepBOHOI CIEKTPOCKOTIii 3
®yp’e neperBopenasam (I4Y-PIT) (SHIMADZU QATR-S). AncopOumiiine BumaneHHs
Cr(VI) BuBuamu 3a ponomoro enektponHoi crnektpockomnii (CADAC 100) B mexax
350-600 um 3a metoaukoto [31, 32, 35].

Jns Bu3HaueHHs: popmu-crany [TAH y 3pa3kax KOMIIO3UTIB JI0 Ta Miciis ancopOrii
npoBomwn nociimkeras Y ®-B crnektpiB BogHux amcrepciit 3paskiB [TAH ta [/I1AH.
s Toro 5,0+0,5 mr 3pa3ka BHOCWIM Y Biany, nogaBayiu 10 M TUCTHIBOBAHOI BOIH 1
JUCIepryBanu BOpoJoBxk 10 XB 3a JOMOMOror ynbTpa3BYKOBOro reHeparopa. Y ®-B
CHEKTPH IIMX PO34MHIB 3amucyBaiu B Mexax 350-900 um 3 kpokom 10 HM.
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Memoouka Oocnidxcenv adcopbyitinozo sudanenns oxcianiotnie Cr(VI)

Bunanennst Cr(VI) i3 MomenpbHHX BOAHHX PO3YMHIB JOCTIHKYBAIH B CTaTHYHUX
yMOBax 3a MeToaukoro [31, 32]" HaBaxky (0,1 ) kommosura I'n/ITAH) 3anuBamm 50 min
pozunny K,Cr,07 KOHueHTpaum (50 abo 100, abo 150, a6o 200, a6o 250 wmr/m),
(ikcyBanu 4ac i 4yepe3 NEBHI HpOMl)KKI/I yacy Binoupanu npobu o6’emom 500 wmxi,
BHOCWJIM B KBapLOBY KioBeTy 1 QoromerpyBamu. TemmepaTypa IOCIHiTy CTaHOBHJIA
20£1°C. Kinpkictp BumaneHoro Cr(VI) Bu3Hauamm 3a TpagyrOBalbHOI KpPUBOIO,
moO0yTOBaHOIO 32 3HAYEHHSIMH BeNMIMH abcopOii criekTpiB [35], a BiACOTOK BHOATCHHS
(B, %) Cr(VI) 3 po3unHiB po3paxoByBaiy 3a piBHIHHIM

B, % =100 (Co— Cp) / Co, )
ne Cyp i C, —nouaTkoBa Ta piBHOBakHa KoHueHTpauii Cr(VI), mr/mn, BignosigHo.

Konrpons 3a xoHuentpaniero Cr(VI) BUKOHYBany 3a MOJOKEHHSAM abcopOIiifHOro
nika 3a 350 HM. Moro 3MmileHHs y 4epBOHY HiNAHKY CIIEKTPa € 03HAKOK TIEPETBOPEHHS
6ixpomart ioHy B Xxpomart ioH [35]. BB HasBHOCTI AnCIEpCcHOCTI y pobax Ha iHTEH-
CUBHICTh mika 3a 350 HM KOHTPOJIIOBANW 32 30UIBbIICHHSM IHTEHCUBHOCTI CIIEKTpa B
Mexxax 550-600 HM, IO BpaxoByBaJM MiJ 4ac BH3HaueHHs KoHueHrtpauiii Cr(VI) B
npoOax mics ancoporii.

Kineruky nornunanus okcianioniB Cr(VI) BuBuaiu 3a 3miHor0 iHTeHCHBHOCTEH YD-B
cnektpis. Kinernuni nmapamerpu cop6mii Cr(VI), a came ysBHI KOHCTaHTH (kysps) BU3HA-
Yaju 3a piBHAHHIM [36]

ln[At/Ao] ysmnt (2)

ne Ai 1 A, — inTencuBHicTh adcopOii Cr(VI) B Oynb-sknii KOHKpETHHI MOMEHT 4acy (7) i
MOYAaTKOBUH MOMEHT 4acy (1=0) mpu Amax. SHAYCHHS Ayspy, BU3HAYAIH 32 HAXUIIOM 3aJIEK-
HoOcTell moOymoBaHUX B KoopauHaTax In(4y/A4o) — ¢ [36].

Pesynomamu ma 062060pennsn

CEM — EJIX ananiz 3paskie 0o ma nicis aocopoyii

Ha puc. 2 nokxazano CEM-300paxxenns 3paskis ['n, I[TAx 1 xomnosutis I'/ITIAH no
ancop6u11 Cr(VI). Sk 6auumo 3 puc. 2, a, 3pa3ok [ € onHocpaaoBMM 1 TOJTAUCTICPCHUM
3 PO3MIpOM YacCTHHOK, 5IKi HE TepeBepIIyIOTh 20 MKM. 3pa301< ITAH Takox € OZLHO(ba30-
BUM, aMOP(HUM 1 CKJIaJaeThcsl 3 MiKpoarperaTiB 3 po3mMipoM 10 3 MKM, NOOY/I0BaHUX 13
cpeprunnx HanowdacTHHOK ITAH (puc. 2, 6). CEM-300pakeHHs1 3pa3KiB KOMIIO3HTIB
I'n/TIAH (puc. 2, 6—¢) MiATBEPIKYIOTh, IO 30UIBIICHHS BMicTy ['71 y KOMIO3HUTaxX HE
MPU3BOINTE IO 3MiH, 3YMOBICHHX 3MeHIIeHHSAM BMicTy I[IAH. I3 300paxens BSE
(npaBe) BUIHO, 1110 AMCHEPCHI YaCTUHKH [ J1 MOKPHTI MIapoM motiaiiiny (puc. 2, 6—e).

Ha puc. 3 306paxxeno EJIX cnexrpu 3paskiB ['n, [TAu i xomnosutis I'/IIAH no
aacopo6iii Cr(VI) Ta eneMeHTHHUH 1 OKCHIHUI CKJIa TJIayKOHITY.

Sk 6aunmo 3 puc. 3, EJIX-criekTpu 3pa3kiB 1eMOCTpyIoTh, mo KoMmnosutu ['n/I[1Ax
MICTSITh TJIAYKOHIT 1 MOJIIaHUIIH, BMICT SIKUX 3aJICKUTh BijJ criBBimHomenHs [ : [TAH.
Ha puc. 3, € 300paxeHO eNeMEHTHUI Ta OKCHIHHMH CKJaJl, BUKOPUCTOBYBAaHOTO HAMH
MiHepaiy Ui cuHTe3y komno3utis [/[1AH.

Kinemuxa aocopbyitinozo suoanenns Cr(VI) spaskamu ITAn ma [n/IIAH

Ha puc. 4 300paxeni kinetnuni kpusi Buaanenus Cr(VI) spaszkamu [1An ta Tn/ITAH
ynpoaoBx 24 rox nepediry nociipkeHHs. Sk 6aunmo 3 puc. 4, a, Bunanenns Cr(VI) 3
po3unHiB 3paskamu [1AH Ta ['/[IAH € OaratocTagifiHUM IIPOIECOM, SKHH CKIAJA€THCI
npuHaiMHi 3 2—4 craaii.
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Puc. 2. CEM—300pakenns 3paskiB: a — ['m; 6 — [1AH Ta 6—e — ['/I1AH 3a MacoBoro
chiBBiHOMmEHHS, I'T: ¢ — 1:1;2 —2:1; 7 —3:1; 0 — 4:1; e —5:1 mo ancop6mii Cr(VI).
JliBe 306paxenns SE, a mpase BSE. 36inemenns 10 700 pasis.

Fig. 2. SEM—images of samples: a — Gl; b — PAn and c—g — GI/PAn at mass ratios, g:g:
c—1:1;d-2:1;e—-3:1; f— 4:1; g — 5:1 before Cr(VI) adsorption.

Left image SE, right BSE. Magnification 10 700 times.

[Mepa crazis agcopOuii 3paskom [TAH 3 pi3HHX PO3UMHIB BiOyBa€ThCS IHTEHCHBHO
yrpojioBxk ~20 xB i gocsrae 3HaueHb 90-92 % 3a xounenTpariii 50 Mr/n. 3i 30UTbIICHHAM
konnentparii Cr(VI) (300paxena Ha 1o puc. 4, @) BiICOTOK HOTO BUIAJICHHS B MIEPIITii
cTajii piBHOMIPHO 3MEHIIYEThCs 1 3a KoHUeHTpauii 250 mr/n cranoButh ~50 %. Take
3MeHmeHHs Bincorka BunaneHHs Cr(VI) B mepmriif crazii 3yMOBIEHO BHCOKOIO KOH-
LEHTpaIi€l0 po3unHy. 3aranoM 3a yac crocrepexenHs 1440 XB cyMapHUil BiJICOTOK
Bupanenas Cr(VI) 3paskom [1Au cranoButs 90-100 % (muB. puc. 4, a). 3MeHIICHHS
BIZICOTKIB BUAJICHHS Ta CIIOBUIbHEHHS Ipoliecy 3i 30inbinenHsM konnentpanii Cr(VI) B
pO34YMHAX 3YMOBJIEHO HASBHICTIO a/JCOpOIIMHUX ILEHTPIB Ha IOBEpPXHI ajcopOeHTa,
HOBEpXHEBa KOHLEHTpAMisl SKUX NMPAaKTHYHO OJHAKOBA B 3pa3Kax, B3ATHX VI aacopo-
MiAHUX TocimKeHb. [lics HacHYeHHS MOBEPXHI aJCOPOCHTY YaCTHHKAMH aacopOary
BiI0yBaeThest npoHUKHEHHst okciaHioHiB Cr(VI) y MiXk4acTHHKOBI POCTOPH 3arperoBaHmux
Mikpo- Ta HaHodacTHHOK [TAH. Ile#i mporec 3yMOBIIIO€ 3HaYHE 3MEHIIECHHS IIBUAKOCTI
ajicopOIiitHOr0 BUIaNeHHs (IUB. puc. 4, a).

Kinernuni kpusi Bunanenns Cr(VI) 3pazkamu ['/I[TAH MatoTs Takox Gararocrasiii-
HHH, OJIHAK JIeUIO IHIIMI HDK KpUBI BUAANEHHS OKCiaHiOHIB 3paskoMm IIAH, xapakrtep
(puc. 4, 6—0). Ha nouarkosiii crazii TpuBamictio ~20-30 xB ancopOyerscst ~55-60 %
MONIOTaHTa 3pa3kaMH 3 MeHImuM cmiBBigHomeHHsM [IIAH (puc. 4, 6—2) 3a
KOHLIeHTpawiil 3adbpyantoBaya 50 Ta 150 mr/n. 3a Oinpmmx konuentpauii Cr(VI) y
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BuXigHUX po3unHax (200 ta 250 mr/i) BifcoTOK BUIaJICHHS 3a 4ac ~20 XB 3MEHIIY€ThCS
i 3a konuenTpariii Cr(VI) y posunni 250 mr/i cranoButh ~20 % (puc. 4, 0).

B Map Sum Spectrum B Map Sum Spectrum

r/e o/f

EneMeHTHMI Ta OKCUIHHMIA CKJIaJ TJIAYKOHITY
Enement Oxcny Oxcun, %
3] _ _
Mg MgO 3,91
Al ALO; 9,68
Si SiO2 59,05
K K>O 5,92
Ca CaO 5,26
Fe FeO 16,18
CymMma 100
e/g e/h

Puc. 3. E[1X-cniektpu 3paskis: a — I'm; 6 — [1AH Ta 6—e — [1/I1AH 32 MacoBOTO CIiBBiJHOIICHHS,
rrie—1:1;2 —2:1;1 —3:1;0—4:1; e —5:1 no ancop6uii Cr(VI);
€ — eIIEMEHTHHI Ta OKCHIHUN CKJIAJl IIAyKOHITY.
Fig. 3. EDX-spectra of samples: @« — Gl; b — PAn and c—g — GI/PAn at mass ratios, g:g:
c—1:1;d-2:1;e—-3:1; f— 4:1; g — 5:1 before Cr(VI) adsorption;
h — elemental and oxide composition of glauconite.

[Ticns mBrakoi nepioi craaii HacTymae Apyra crajis, sika BiiOyBaeThCsl 3 MEHILOO
mBuakicTio BupaieHHs Cr(VI), mo B1acTHBO Ui BCiX 3pa3KiB afcOpOEHTIB Ta KOHIICHT-
pariii ancopbary. Hanami mBumkicts Buganensst Cr(VI) cropineHIOeThes 132 1 440 xB
(24 ron) nocsirae 3HaueHb ~90 % 3a BuXigHUX KoHIeHTpamiid 50 1 100 mr/i (puc. 4, a, 6).
36inbmenns konuenrpauii Cr(VI) B po3unmHax NMpuU3BOIUTH A0 3MEHILIEHHS BiJICOTKIB
Horo BUAANICHHS Ha MEPIIii cTanii Ta HACTYIHHUX CTadifIX aacopOrii.
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Puc. 4. Kineruka unanenns Cr(VI) 3paskamu: a — [1AH; 6 — ['/TTAH 3a ciiBBiTHOIIICHHS
I'mIIAH, rir: 6 — 1:1; 6 — 2:1; 2 — 3:1; r— 4:1; 0 — 5:1 3a pi3HUX MOYATKOBHUX KOHIICHTPAIIii, MI/JT:
1-50;2-100; 3 —150; 4 —200; 5 —250.

Fig. 4. Kinetics of Cr(VI) removal by samples: a — PAn; b — Gl/PAn for the ratio Gl:PAn, g:g:
b—1:1;¢—-2:1;d—3:1; e— 4:1; f— 5:1 for different initial concentrations mg/L:
1-50;2-100; 3—150; 4—200; 5 —250.
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Ha puc. 5, a, kpusa 1 306paxeno [Y—®DII cniekTp rinayKoHITy, SIKMA MICTHTh Xapak-
TepucTHuHi cMyTH 3a: 3 559,8; 1 634,4; 1423.4; 981,2; 676; 601,9; 490,6 i 426,4 cm™!

BJIACTHUBI JIJIS IIOTO MiHepana [22, 23, 37].
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Puc. 5. [Y-®II criextpu 3paskis: a — [ — ['m; 2 —T1An; 3 — T1w/IlAH (1:1); 4 - Tn/T1A=H (2:1); 5 —
I'n/TIA= (3:1); 6 — IT'n/TI1A=H (4:1); 7 — Tnw/ITA= (5:1) mo ancop6buii Cr(VI). 6 — [TAH micns
ancop6uii. 3pasku I'n/I1An: 6¢—1, 2, 3 —Tn/TIAH (1:1); 4,5, 6 —Tn/TIAn (2:1); 2 -1, 2, 3 —
I'n/TIAH (3:1); 4, 5, 6 — Tn/T1AH (4:1); 7, 8, 9 — I'n/T1AH (5:1) micns ancop6uii Cr(VI).
Konnenrpauii Cr(VI), mr/n: 61, 2, 3, 4, 5, 6 — 50, 100, 150, 200 i 250; ¢— 1, 2, 3 — 50, 150,
250; 4, 5, 6—50, 150, 250; 2 -1, 2, 3 - 50, 150, 250; 4, 5, 6 — 50, 150, 250; 7, 8, 9— 50, 150, 250.
Fig. 5. FT-IR spectra of samples: a — I — Gl; 2 — PAn; 3 — GI/PAn (1:1); 4 — GI/PAn (2:1); 5 —
Gl/PAn (3:1); 6 — GI/PAn (4:1); 7— Gl/PAn (5:1) before Cr(VI) adsorption; b — PAn after
adsorption. Samples of GI/PAn: ¢ — 1, 2, 3 - GI/PAn (1:1); 4, 5, 6 — GlI/PAn 2:1);d -1, 2, 3 -
Gl/PAn (3:1); 4, 5, 6 — GI/PAn (4:1); 7, 8, 9 — GI/PAn (5:1) after Cr(VI) adsorption. Cr(VI)
concentrations, mg/L: b— 1, 2, 3, 4, 5, 6 —50, 100, 150, 2001 250; ¢ — 1, 2, 3—-50, 150, 250; 4, 5,
6-50, 150, 250;d -1, 2, 3-50, 150, 250; 4, 5, 6 - 50, 150, 250; 7, 8, 9 — 50, 150, 250.
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Haii6inpm iHTeHCHBHAMHE € cMyTH 3a 981 i 426 cM™!, ki BiAOBigAIOTh BalECHTHHM
KonuBaHHAM 3B’sa3Ky Si-O-Si [37]. Cmabka cmyra 3a ~1634 cm! Bigmosimae
konmBaHHsAM Mouiekyn Boau (H-O—H) [22, 23, 37]. Ha puc. 5, a, kpusa 2 306paxeno [U—
®IT ciektpu [TAH i komnosutiB ['/TIAH (puc. 5, a, kpusi 3—7) no amcopouii Cr(VI).
[Y-@IT ciextp TTAH MiCTUTB XapaKTEPUCTHYHI CMyTH 3 MiKaMu 3a ~1 556 Ta ~1 480 cm ™!,
SKi BIAMIOBINAIOTH BAJICHTHUM KONWBAHHAM XiHOimHOro ((J) Ta OeH3eHoigHOTO (B)
UKTiB, a cMmyrd 3a ~1 292 Tta ~1 245 cM~' BIINOBIZAIOTH BaJEHTHHUM KOJMBAHHIM
BropuHHOTO aminy (C—N) makpomonexyn ITAH 1 6imoIasIpOHHOT CTPYKTYPH, TIOB’SI3aHUX 3
BasieHTHUMH KosmBaHHssmu C—N rpy, Bianosigxo [22, 23, 37].

Sk 6aunmo 3i [Y-DII cnexrpis [1AnH, cmyra 3a ~1 043 ¢cM™!, ska HasBHa B crieTpax
gucroro I[TAu i BimmoBimae S=O 3i 30inbmeHHsiM KoHneHTparii Cr(VI) B posumnHax
BHJI03MIHIOETHCS, TIPAKTHYHO, 3HUKAE (PHC. 5, 6), 0 MOXE 3aCBiAUyBAaTH MPO OOMiHHY
ajcopOuiro. 3HMKHEHHS! cMyrd S=0 CyNpPOBOIKYETHCS 3POCTAHHSIM IHTEHCUBHOCTI CMYT
3a ~825 cM™!, Ky mpunucyroTs KommBaruam Cr=0 [38, 39].

3HauyeHHS XBWJIBOBHX 4YHCEN TIKIB XapaKTEPUCTHYHUX CMYT KOJMBaHb Ta iXHs
BiJMIOBiTHICT TPyIIaM aTOMiB HaBezeHi B Ta0u. 1 i Tadm. 2.

Tabnuys 1
XBHIbOBI YNC/Ia XaPAKTEPUCTHYHHX CMYT KOJIMBAHb IPYN aTOMIB
B I'Y—®II cnexrpax 3paskis I1AH i komnosutie I'i/ITAH 10 aacopouii Cr(VI)
Table 1

‘Wavenumbers of characteristic vibration bands of atomic groups in FT-IR spectra of PAn samples and
GIl/PAn composites before Cr(VI) adsorption

XBUIIBOBI 9MCIa KOJMMBAHB TPYII aTOMIB, CM ™!
3pazku N=0=N*, | N-B-N, | C-N, C-N", | C-N% | C-Hum
MAH 1561,7 14833 | 12936 | 12480 | 1117, 788,7
I'/MAH (1:1) 1561,7 14818 | 12922 | 12465 | 11176 | 7873
I/TIAH (2:1) 1560,3 14818 | 1293,6 | 12437 | 11173 | 7873
Tw/IIAH (3:1) 1557,4 1486,1 | 12922 | 12451 | 11172 | 790,1
T/IIAH (4:1) 15603 1481,8 | 12907 | 12451 | 11367 | 793,0
T/IAH (5:1) 1563,1 1486,1 | 12922 | 12451 | 1138, 790,1

* @ — BAJIGHTHI; 11 — MO3AIUIOIUHHI; () — XIHOTIHUH UKIT; B — OEH3EHOITHUI UK.

Ha puc. 5, 6 306paxkeno [Y—®II cnexrpu ITAH micns axcop6uii Cr(VI) i3 Bogamx
po3umHiB koHmentpanii 50, 100, 150, 200 i 250 mr/m, a 3Ha4eHHS XBHJIBOBHX YHCET
rpyn aromiB 3anucaHo 1o tabi. 2. [MopiBusaans [Y-®II cnekrpis [TAH micast axcopOumii
31 crektpamu ITAH 1m0 amcopOmii MiATBEPIKYE, IO OCHOBHI XapaKTEPUCTHYHI CMYTH
N=0=N,, N-B—N,, C-N,, C-N*,, C-N*, ta C—H,, cnekrpiB micis anacopOuii €
3MIIIEHUMH B OiK OLTBIIMX 3HaU€Hb XBMIBOBHX 4Hcell Ha ~10—25 cM !, mo € 03HaKO0
3HAYHOT'O BIUTUBY a/ICOPOOBAHOTO XpoMy Ha MoJeKysapHuil ctad [TAH. IHTEeHCHBHICTD
XapaKTepPUCTHYHUX MiKiB Makpomoinekyn ITAH micisa amcopbuii 30imbIyeThes, a cami
KA 3BYXYIOTBCS, IO CBimauTh mpo Te, mo —NH'— i =N"— rpymu xiHOHOIIHHX
tdparmenrtiB [1AH (puc. 5, 6), 6ynu ocHoBHUME neHTpamu afcop6ii Cr(VI) [38].
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Tabnuya 2
XBHJIBOBI YHCJIa XAPAKTEPHCTHYHHX CMYT KOJIMBAHb FPyN aTOMIB
B [4Y-®II cnekrpax 3paskiB [IAH micas agcopouii Cr(VI)
Table 2
Wavenumbers of characteristic vibration bands of atomic groups
in FT-IR spectra of PAn samples after Cr(VI) adsorption
Konuenrparis XBWIbOBI UMCIIa KOJMBAHb IPYI aTOMiB, cM~!
CT(V[), MT/T N=Q=N*g N—B—Ns C—Ns C-N*, C—N*, C-Hum | Cr=0
— 15574 1 480,4 1289,3 12422 1117,1 788,7 —
50 1 568,8 1 489,0 12978 1 245,1 1138,1 7973 | 7973
100 1574,5 1495,1 1305,0 12479 1140,5 800,1 | 8244
150 15774 1 498.8 1309,3 12479 11438 801,3 | 8258
200 1574,5 14977 1312,1 1250,8 11453 830,1 | 828,6
250 1576,0 1493,2 1313,5 12494 1145,8 831,6 | 8316

* @ — BaJIGHTHI; 17 — MO3AIUIOIMHHI; O — XIHOTIHUH UKIT; B — OEH3EeHOITHUI UK.

Sk Gaurmo 3 Tabi1. 2, OCHOBHI MiKM XapakteprucTHIHNX cMyT [H-DIT criekTpiB 3pa3kiB
ITAH micnsa agcopOii (puc. 5, 6) 3MilIeHi CTOCOBHO 3HA4Y€Hb IIKIB CMYT BHXITHOTO
3pas3ka [TAH y Oik BUIIMX 3HaYEHb XBHJILOBUX YHCEJI, 110 3yMOBJIEHO BILTUBOM aJCcop0Oo-
BaHMX YaCTHHOK XPOMY, SIKI pO3TallIOBaHi B MOBEPXHEBOMY MIApi MaKpOMOJIEKYISIPHUX
kiayOkiB ITAH i Bcepenuni kinyOkiB nomimepy [38]. Ilicms cop6buii Cr, Ha crekTpax
MOSIBUIIACh aJcopOLiiiHa cMyra 3 mikoMm 3a ~825 cM ™!, sIKy NPUIHCYIOTh BaJICHTHHM
konmuBaHHAM Tpynu Cr=0, mo moxe o3Hauatu ajacop6miro Cr(VI) Ha mnoBepxHsx
arperaTiB [IAH i B MiDKarperaTHAX MPOCTOPax Ta BHYTPi MOJEKYIAPHUX KIyOKiB.

Ha puc. 5, 6, 2 300paxeno [Y-®I1 ciektpu 3paskiB I'/[TAH micns agcopouii Cr(VI) i3
po3umnHiB koHMEHTparii 50, 150 i 250 Mr/n, a 3HaYeHHS XBIIIBOBUX YUCET TPYII aTOMIB
3anucaHo 70 Tabn. 3. J[ns mopiBHsSHHS HaBeneHO Takox crmektp ITAH (puc. 5, 6), a
3HAYCHHS MapaMeTpiB CIIEKTpa 3allUCaHo 10 Tab. 2.

Mopisusans [U-DIT cnektpis 3paskiB ['/TIAH micns agcop6irii Cr(VI) (puc. 5, 6, 2)
31 ciektpamu komno3uTiB ['T/IIAH mo ancopOrii 3paskiB (puc. 5, a) maTBepIKye, MO
OocHOBHa xapaktepuctuuna cmyra (N=0=N) crnekTpiB micis amcopOuii 3mimeHa B 0ik
OiMBIIMX 3HAYEHL XBHJILOBUX YMCEN TpuOIM3HO Ha 15-20 cm, a Bei inmni cMyrH K OT
N-B-N, C-N, C-N", C-N* ta C—H 3mimeni npubnuszno na 8-10 cm™!, mo 3ymoBieHo
HasBHICTIO Ta 3HAYHUM BIUIMBOM ajacopOoBaHoro Cr Ha MoJekyssipHUA cran [IAH.
InTeHcuBHICTD XapakTepucTHyHUX cMyT ciekTpiB ['1/ITAH micns agcopOrii 301161y eThCs,
a caMi MIiKU 3BYXKYIOTHCS, IO CBIAYUTH PO TE, IO OCHOBHUMH ILEHTPaMH aJCcOpOMii
Cr(VI) e -NH*— i =N*- rpynu makpomosnekyi [TAH (puc. 5, 6, 2) [38]. OnHak iHTEHCUB-
HICTh XapakTepuCTHYHHUX cMyT IIAH y KOMIO3UTax MEHIIA 32 MOIiOHI CMYTH B CIIEKTpax
[TAH, mo 3ymoBieHo MeHIIMME BMictamu [IAH y KoMmmo3utax. 3Ha4€HHsS XBHIIBOBUX
YHCeJ XapaKTePUCTHYHUX CMYT crieKTpiB 3paskiB [1/IIAn micns ancop6buii Cr(VI) Ta
TXHs BIAMOBIHICTh I'pyIIaM aTOMIB HaBeeHi B TabI. 3.

Ticns cop6mii Cr, Ha [Y-®PII criekTpax KOMITO3HTIB 3’ sIBUJIAach aacopOriiiHa cMyra 3
mikom 3a ~828 cMm! (puc. 5, 0, 6, 2, Taba. 3), SAKY NPUIKCYIOTH BaJICHTHUM KOJMBAHHIM
rpyrmu Cr=0, mo moxe o3Havaty, mo Cr(VI) ancopOyBaBcsi Ha IOBEpXHSIX KOMIIO3UTIB
I'n/TIAH nuIsXoM MOBEPXHEBOTO KoMIUIekcyBaHHs [38]. 3a Hammmu ymoBamu (pH ~5,6)
nposenerHs copouii Cr(VI) oqanm i3 MexaHi3MiB MoXke OyTH IOBEPXHEBE KOMIIIEKCO-
yrBopenHsi Cr(VI) 3 imiHo- Ta aminorpynamu ITAH. Cmix 3ayBakuTH, 110 B HpoLECi
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ancop6mii Cr(VI) cyTTeBo NMpUrHIYyeThCS IHTEHCHBHICTh CMYTH 3a ~1 245 cm™' y Beix
BUKOPHCTAaHUX aAcopOeHTaxX, 3i 301MBIIEHHSAM KOHIEHTpalii po3umHiB. Lle Takox
miaTBepKye, mo rpyna NH* € ocHoBauM Mictem agcop6iii Cr(VI) a6o Cr(IIT) [39].

Tabauys 3

XBHJIbOBI YHC/Ia XapPAKTePHCTHYHUX CMYT KOJHBAHbL OCHOBHHX IpyIl aTOMIB, ileHTH(]iK0OBaHi B
IY-®II cnexkrpax 3pa3kiB komnosutis I'1/ITAH nicas agcopouii Cr(VI)

Table 3

Wavenumbers of characteristic vibration bands of atomic of the main groups identified in FT-IR spectra
of samples GI/PAn composites after Cr(VI) adsorption

KOHH?HT' XBHIJILOBI UKMCJIa KOJIMBAHb TPYII aTOMiB, CM ™!
3pazku é’r 2(1%119[) e b 3 - o B _
. | N=O=N*,[N-B-N.| C-N. | C-N". | C-N*, | C-Hum | Cr=0
Mr/J1
50 15730 |14932] 1302,1 [ 12522 ] 11167 | 800,1 | 8215
FI(I{HSH 150 15788 |1497,5| 1312,1 | 12480 | 11481 | 800,1 | 8286
250 15788 [1497,5] 13135 | 12508 | 1148,1 | 800,1 | 8286
50 15574 [14932] 1307,8 | 124655 | 11595 | 800,1 | 82538
“é‘?{?“ 150 15774 14918 13135 | 12494 | 11495 | 8029 | 830,1
250 15774 |14918] 13135 | 12494 | 11481 | 8028 | 830.1
50 15760 |1491.8] 13093 | 12465 | 11438 | 7987 | 8258
FI(IQHSH 150 15774 [1493,1] 13093 | 12508 | 11453 | 801,5 | 8256
250 15760 |1491,8] 13135 | 12470 | 11440 | 8000 | 8286
50 15745 [14932] 1307,8 | 12470 | 11462 | 8015 | 82538
“Ef{?“ 150 15745 14947 13107 | 12508 | 11453 | 8044 | 8272
250 15744 |1491.8] 13093 | 12494 | 11438 | 800,1 | 8286
50 15745 |14947] 13121 | 12451 | 11438 | 800,1 | 8286
FI(IQHSH 150 1576,0 |14950| 13121 | 12470 | 11453 | 800,1 | 8301
250 15774 |14951] 1312,1 | 12494 | 11453 | 800,1 | 8286

* @ — BaJIGHTHI; /71 — MO3AIUIOMKHHI; O — XIHOTIHUH IUKIT; B — OEH3eHOITHII UK.

Ha puc. 6 nmokazano CEM-300paxenns 3paskiB I[TAH micas ancop6nii Cr(VI) i3
PO3UYHMHIB 3 MOYATKOBMMHU KoOHIeHTparisimu 50, 150 ta 250 mr/m. Sk Gaunmo, 3pa3ku
ITAn 6inpm 3arperoBani B mporeci ancop6uii Cr(VI) mix 3pasok ITAH no ancopOmii
(puc. 6, 6 ta 2, 6). Ognak Mikpoarperatu [IAH puxJii, 1110 MOKE OYTH 3yMOBJICHO BILTHBOM
a71copOOBaHNX XPOMOBMICHHUX YaCTHHOK.

Ha puc. 7 nokazano CEM-300pakeHHs 3pa3kiB komno3utiB I'1/ITAH micis agcopOrii
Cr(VI) 3 Bomaux po3umHiB. Sk 6aurmo 3 puc. 7, 3pa3Ku KOMITO3UTIB TaKOK PUXJI 1 OLTBII
ne3arperoBani HiK 3pasku [IAH micns ancop6uii Cr(VI). INonepenni mocmimxeHHs
MPOJIEMOHCTPYBAIM, IIO 3pa30K TJIAyKOHITYy 32 YMOB MPOBEICHHS EKCIIEPUMEHTY He
aacop6ye Cr(VI) [27].
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6/c

Puc. 6. CEM-300paxenns 3pa3kiB [1AH micnsa agcop6uii Cr(VI) i3 po3unHiB 13 KOHIIEHTpAIi€lo,

mr/n: a— 50;6 — 150; 6 — 250. JliBe 300paxenus SE, a mpase BSE. 30inbimenns 10 700 pasis.

Fig. 6. SEM—-images of PAn samples after adsorption Cr(VI) from concentration solutions: mg/L:
a—50; b —150; ¢ — 250. Left image is SE, right image is BSE. Magnification 10 700 times.

3i 30uTBmIeHHAM BMIcTy 71 y KOMIIO3UTaxX MPOCTEKYIOTHCA OKPEMi 3epHa MiHEpaiy,
Ha sikux ocapkeHuit [IAH. Yactunok ', HemokpuTux mapom [TAH, y mporieci CHHTE3y
Ha BSE CEM-300pakeHHSIX IPaKTUYHO HE CTIocTepiraerbes (puc. 7).

Ha puc. 8 mokasano, six npukiaj, EJIX-cnekrpu Ta enementHi kaptu Cr 3paskiB
komrozuta ['/ITAH (1:1) micns cop6uii Cr(VI) 3 BogHUX pO3UMHIB 3 KOHLEHTPALISIMA
50, 150, 250 mr/n. Sk 6aunmo 3 puc. 8, 3pazku ['/ITAH micnst agcop6uii mictsats Cr,
SKAH pIBHOMIPHO PO3IOIIICHHH 11O OBEPXHI aJICOPOCHTY.

3i 30unbinenHsiM koHueHTpanii Cr(VI) 36inbiryersest BmMicT Cr Ha ajgcopOeHTi (puc. 8,
a, 6, T) Ta TyCTUHA PO3IIOJIUTY 110 TIOBepXHi 3pa3ka (puc. 8, 6, 2, 0). [lonibHi 3akoHOMIp-
HOCTI MPOCTEXYIOThCS 1 Ha IHIIMX AOCIIKYBaHUX 3pa3Kax ajcopOeHTIB.

Ha puc. 9, a 306paxeno Y®-B criekTpn BomHHUX JIuctiepciit 3pa3ka yucroro [1AH i
3paskiB [TAH micns amcop6uii Cr(VI), Ha puc. 9, 6 — 3paskiB ['W/IIAH mo anpcopOii
Cr(V]), a Ha puc. 9, 6—1 — criektpu 3paskiB [ /ITA#H micns agcop6mii Cr(VI). Sk 6aunmo
3 puc. 9, a, i cnexrpa uucroro [TAH BracTHBa HasBHICTH TPbOX XapaKTEPUCTUYHHX
cmyr 3a ~350, 450 Ta ~900 aM, o BinnoBinaroTh [IAH y dopMi emepambAUHOBOI coi
(EmMC) [40, 41].
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m ,  i/n x/0
Puc. 7. CEM—306pasxenust 3pa3kiB ['1/I[IAH 3a pi3HOT0 MacoBOTO CIiBBiHOLICHHS, I'T: &, 0, 6 —
I:l;2,1,0 —2:1; e, € oc —3:1; 3, u,i— 4:1; 1, %1, k —5:1 micnst agcop6buii Cr(VI) i3 po3unHiB i3
KOHIIGHTpAIII€I0, MI/I: @, 2, e,3, i — 50; 6,1, ¢, u, i —150; 6, 9, ac, i, k — 250. JliBe 300pakeHHS
SE, a mpase BSE. 36inpmenss 10 700 pasis.

Fig. 7. SEM—images of GI/PAn for different mass ratio, g:g: a, b,c—1: 1;d, e, f —2:1; g, h, i —
3:1;j, k, I — 4:1; m, n, 0o — 5: 1 after adsorption Cr(VI) from concentration solutions, mg/L: a, d , g,
j,m—50;b,¢e h k,n —150; ¢, f, i, [, o —250. Left image is SE, right image is BSE.

Magnification 10 700 times.

Y®-B cnexrpu 300paxkeHi Ha puc. 9, 6, 2, I, MICTATh TUTBKA JBI XapaKTepUCTHUIHI
cmyru 3a 350 i ~500-700 HM, 1m0 BiIacTHBI A1t NEepHirpaniaiHoBoi Gopmu ITAH, ToOTO
MOBHICTIO OKHCHEHOTo craHy [40]. 3mina dopmu Y®-B cnekTpa miATBEpIKYy€e y4acTb
1A y Bignosnenni Cr(VI) no Cr(Ill). HasBai B cTpykTypi Makpomosekyn [TAH iMiHHI
(EN'-) ta aminni (-NH'-) rpymnu mifoTh SIK JOHOPH EIEKTPOHIB IS BiTHOBICHHS
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Cr(VI) mo Cr(Ill) [39—42]. OnHovacHO 1i (QyHKIIOHANBHI T'PyNHU, KpiM aIcopOyroyoi,
MaroTh mme i xemarytouy ¢yskmiro ctocoHo Cr(VI) i Cr(Ill). Oxnak momiaHiTiHOBHMA
KOMITOHEHT MOJK€ 3a3BHYail arperyBaTH B PO3YMHI, II0 HPU3BOJMTH 1O 3MEHIICHHS
TUTOIIII TOBEPXHIi Ta HIDKYOI aIcOpOLiHOT 3aTHOCTI AJIS BUIAICHHS XPOMY.

B Map Sum Spectrum
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Puc. 8. EIX-cniektpu (a, 6, 1) 3pa3ka ['/I1AH (1:1) ta enementHi kaptu Cr (6, 2, 0) micist copOrii
Cr(VI) 3 po3unHy 3 KOHIEHTpaIi€tw, Mr/i: a, 6 — 50; 6, 2 — 150; 1, 0 — 250.
Fig. 8. EDX-spectra (a, ¢, e) of the GI/PAn (1:1) sample and elemental maps of Cr (b, d, f) after
sorption of Cr(VI) from a solution with a concentration, mg/L: a, b — 50; ¢, d — 150; e, f— 250.
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Puc. 9. YO-B cniextpu 3paskis: a — [TAH no Ta micns agcopo6uii Cr(VI) (koHnenTpanii po3unHiB
300paskeHi Ha o puc. a); 6 — ['/IIAH 1o agcopouii: 6, e, r — I'/I1AH micns ancopOmii.
Konuenrpaii po3uusis, mr/i: ¢ — 50; 2 — 150; r — 250.

(Cnissinnorenns ['m:ITAH 300paskeHo B 1O puUC.).

Fig. 9. UV-V spectra of samples: a — PAn before and after Cr(VI) adsorption (the concentrations
of the solutions are indicated in the field of Fig. a); & — GI/PAn before adsorption: ¢, d, e — GI/PAn
after adsorption. Concentrations of solutions, mg/L: ¢ — 50; d — 150; e — 250.

(The Gl:PAn ratio is indicated in the figure field.).
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Kinemuuni napamempu copoyii Cr(VI)

3a pesynpraramu YO-B crekTpanbHAX MOCTIIKEHb, a caMe 3MiHH IHTEHCHBHOCTI
abcopouii B yaci (puc. 10, @), My npoBeny BU3HAYEHHS KIHETUYHHUX MapaMeTpiB copOuii
Cr(VI) 3paskom ITAH i3 po3umniB 3 koHmnentpanismu 50, 100, 150, 200 i 250 mr/m, a
caMe Kyssn (JIMB. PIBHSHHS 2) 32 TOTIOMOTOIO 3aJIeXKHOCTEH 300pakeHnx Ha puc. 10, 6—0
(nuB. Tabn. 4). Ha puc. 10, a, 300paxeHo, sk npukian, Y ®-B cnexrpu abcoporii Cr(VI)
3pa3koM [TAH i3 po3unHy 3 KOHIICHTpaIliero 150 Mr/i.
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Puc. 10. a — 3anexHicTb Bij yacy cop0Ouii Cr(VI) 3pazkom [TAH 3 po3unHy 3 KOHIICHTPAIII€0
150 Mr/m; 6—0 — kxiHeTHKa copOuii y KoopauHartax In(A4v/Ao) — ¢ 1 BU3HAUCHHS] KOHCTAaHTH
LIBUIKOCTI peaKiii NCeBIONEePIIOro NOPSIKY.

Konuentpauisa Cr(VI), mr/n: 6 — 50; 6 — 100; 2 — 150; r—200; 0 — 250.

Fig. 10. a — dependence on time of Cr(VI) sorption by a PAn sample from a solution with
a concentration of 150 mg/L; b—d — sorption kinetics in the coordinates In(4+/A4o) — ¢ for
determining the pseudofirst order reaction rate constant.

Cr(VI) concentration, mg/L: b — 50; ¢ — 100; d — 150; e — 200; e — 250.
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PesynbraTil po3paxyHKIiB YSBHHX KOHCTAHT IIBHJKOCTI Ta 3HAYCHHS KOCQIIIEHTIB
xopessnii (R?) ms copbuii Cr(VI) 3paskom I1AH 3amucano g0 a6, 5.

Ha puc. 11, a 300paxeHo, sik npukna, 3atexHicts adcopouii Cr(VI) 3paskom ['/I1AH
(1:1) Bix wacy cop6mii Cr(VI) i3 po3unHy 3 KoHIEHTpalieo 50 mr/m, a Ha puc. 11, 6—0

kinetnuHi kpuBi copouii Cr(VI) y koopaunarax In(4/A4o) — ¢ (TuB. piBHSHHSA 2).
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Puc. 11. a — 3anexHicts Bia yacy cop6uii Cr(VI) 3pazkom [1/I1AH (1:1) 3 po3unHiB 3
KOHIIeHTpami€ero 50 Mr/i; 6—0 — KiHeTHka copOii y koopauHaTax In(A4v/Ao) — ¢ A7 BU3HAYECHHS
KOHCTaHTH LIBUJKOCTI peakuii neepomnepiuoro nopsaky. CriseigHomenHs I'm:ITAH cTaHOBUTH
1:1, xonuentpauisg Cr(VI), mr/m: 6 — 50; 6 — 100; 2 — 150; r—200; 0 — 250.
Fig. 11. a — Time dependence of absorption of Cr(VI) by the sample GI/PAn (1:1) from solutions
with a concentration of 50 mg/L; b—d — Sorption kinetics in the coordinates In(4v/Ao) — f to

determine the rate constant of the pseudo-first order reaction. The ratio Gl:PAn is 1:1, Cr(VI)
concentration, mg/L: b —50; ¢ — 100; d — 150; e — 200; f— 250.



AJICOPBLIMHE BUJIAJIEHHS Cr,072” KOMITO3UTAMMU TJIAYKOHIT/IIOJIAHUIIH 13 BOAHUX. .. 121

Tabnuys 4

Koncrantn mBuakocti npouecy copduii Cr(VI) 3paskom ITAH po3paxoBaHi meToaoM JiHiliHoi perpecii
AJIs1 MOJeJli IICeB/I0NepIIOoro NOpsIAKY

Table 4

The rate constants of the Cr(VI) sorption process by the PAn sample were calculated by the linear
regression method for the pseudo-first order model.

Komnnenrparis Cr(VI), mr/n kysenx103, xB7!1 R
50 5,45 0,9153
100 2,64 0,9775
150 2,14 0,9846
200 1,63 0,9836
250 1,52 0,9603

PesynbraTé po3paxyHKIiB YSIBHHX KOHCTAHT IIBHIKOCTI Ta 3HAYCHHA KOEQIIi€eHTIB
xopessuii (R?) mponecy cop6uii Cr(VI) spaskamu I'/ITAH 3anucano 10 tabi. 5.

Tabauys 5

KoHCTaHTH IIBUAKOCTI 32 Pi3HUX eKCIePUMEHTAJILHUX YMOB, PO3PaX0BaHi MeTO10M JiHiiiHOT perpecii
IUTS1 MOJIeJIi TICEB/IOTIEPIIOro MOPSIIKY

Table 5

Rate constants of Cr(VI) sorption process by GI/PAn samples under different experimental conditions,
calculated by linear regression method for pseudo-first order model

Konnentpauis Cr(VI),

3pasku M/ k104, xg™! R?

50 19,1 0,9673

100 16,1 0,9768

F/TAH (1:1) 150 14,3 0,9806
200 14,8 0,9488

250 11,3 0,9327

50 31,9 0,9079

100 18,7 0,9616

T/TlAE (2:1) 150 9.7 0,8707
200 7,2 0,9435

250 5,5 0,8826

50 22,7 0,9519

100 8,3 0,9152

I'n/T1A=H (3:1) 150 3,7 0,8957
200 43 0.8725

250 42 0.9515

50 14.0 0.9739

100 10.2 0.9429

To/TAH (4:1) 150 5.5 0,9240
200 33 0,9225

250 3,5 0,8999

50 32,4 0,8324

100 10,3 0,8901

F/TAH (5:1) 150 47 0,9634
200 1,7 0,7884

250 1,2 0,5638




122 MAPISI CUJIOPKO, IOJI151 CTELIB, MUXAMJIO SLMILH, AHATOJIINA 3EJTHCHKUIA. ..

Sk 6aunmo 3 Tabn. 5, 3a HasBHOCTI ['11 1 301IBIICHHSAM HOTO BMICTY B KOMITO3HTaX, &
BIZIMOBiTHO, 3MEHIEHHSIM BMicTy ITAH, 3HaU€HHS Kyssn 3MEHIIYIOTHCSI BUIAJIICHHS OKCi-
anioniB Cr(VI) 3 po3unHiB 3MEHIIY€ETHCS, CTOCOBHO 3HAYEHB kyssy I [TAH (Talu. 4).
IToniGHa 3aJeXHICTH TMPOCTEXKYETHCA 1 UL KOHIEHTPAIii PO3YHHIB, IO 3YMOBJICHO
HEJIOCTaTHBOIO KUTBKICTIO a/IcCOPOIIHIX IEHTPIB Ha afcopOeHTax.

Bunanenns Cr(VI) 3paskamu [TAH Ta kommo3uramu [/IIAH ciogaTky BinOyBaeTbes
SK €JEKTpOCTaTH4Ha ajcopOllisi Ha MOBEpXHI KOMIMO3UTIB, OKpuTHX [IAH, BogHOUAC
BinmOyBaeTbcss wactkoBe BimHOBIeHHA Cr(VI) mo Cr(Ill) amimmmvu tpymamu [1AH.
Bignosnennit Cr(I1l) ancopOyerbcs MakpoMoieKyIsipHUMU arperatamMu [IAH 3aBasku
MPUTSTaHHIO aMiHOTPYaMH Ta KOMITIEKCY€EThCH.

BucHoBku

HocnimkenHs ancopOuiitHoro BunaneHHs okciaHioHiB Cr(VI) i3 MogenpsHUX BOTHUX
po3uuHiB 3pa3zkamu kommo3uTiB ['1/TIAH 3a pi3HOro Macooro criBsifgHomeHHs [ ITAH
3aCBIUMIIO0, MO 3pa3ku koMmno3uTiB [1/I[IAH edexTinBHO BunansatoTs okcianionn Cr(VI)
y Burysai Cr07%~. Onnak agcop6uiiine BUgadeHHs KOMIIO3UTAME MEHIN e(peKTHBHE Hik
Buganennas Cr(VI) 3pazkom [TAH.

3’sicOBaHO, 1O 30UIBLICHHSI BMICTY TJIAYKOHITY B KOMIO3WUTaX 3MEHIIYE BiJICOTOK
BUJIQJICHHS 4Yepe3 CYTTEBE 3MEHIICHHS BMICTy [IAH Ha MOJITUCIICpCHUX YaCTHHKAX
rinaykoHity. Ancop6uiiine Buaanenss Cr(VI) i3 MoaeabHUX BOIHHUX PO3YHHIB 3pa3kamMu
komno3utiB ['1/I1AH 3a pi3H0r0 criBBinHOmeHHs [:ITAH miaTBepauio, mo 30UIbIICHHS
MOYATKOBHUX KOHLIEHTpAIliit Cr(VI) y BUXIJJHUX PO3UYMHAX NPHU3BOAUTH O JIe3arperyBaHHs
komro3uTiB ['1/TTAH y nporeci anc0p6u11

Ananiz [Y-OI1 ta YO-B criexTpiB 3pa3kiB micis aacopOii BUSBHUB, 1[0 MAaKPOMOJIe-
kymu [TAH gactkoBo ancopOyrore Cr(VI), a Takok 4acTKOBO BiJHOBIIOIOTH HOTO 10O
Cr(IIT) nwsixom okucHeHHs1 eMepanbauHoBoi hopmu [TAH y nepHirpaniniHoBy Gopmy.

CEM-EIXC aHai3 eneMeHTHOTO cKIay 3pa3I<iB TicIs ancop6ui'1' MiITBEPANB, IO
BOHH MICTSTh XpOM. AHaIi3 KapT po3noz[1ny XIMIYHHX €JICMEHTIB ¥ 3paskax az[cop6eHTlB
BHSBHB, IO BOHH MPAKTHIHO plBHOMlpHO po3no;une}n o ixHiil moBepxHi. Y LbOMY
BUIAJKy IWCHEPCHI YaCTHHKHU TJIAYKOHITY MOKPHTI MOMIaHITIIHOM y TpOIECi CHHTE3Y
KOMITO3HMTIB.

Hanecenns [IAH Ha €KOHOMIYHO BHTITHHX MPHUPOIHHUX TMiAKIAAKaX MOXe OyTH
XOPOIIOIO CTpAaTETi€elo st AETOKCUKAlii CTIYHUX 1 mpupoaHuX BoA Big cronyk Cr(VI).

IMonsika

IMonani y widd cTaTTi pe3ynbTaTd AOCIIKEHb OTPUMAHO 3a (biHaHCOBo'l' MATPUMKH
MinicTepcTBa OCBITH 1 HayKH YKpaiH# HOMEp AepKaBHOI p€€CTpaII11 )Iep)l(6IO):[>K€TH01
TEMH: 0123U101857 “@i3uKo-xiMisi (YHKI[IOHAJBHUX HaHOMATEpialiB JJisi €JIEKTPO-
XIMIYHHX crcTeM”.
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SUMMARY

Mariia SYDORKO', Yuliia STETSIV', Mpykhaylo YA TSYSHYN!', Anatoliy ZELINSKIY',
Natalia DUMANCHUK?, Andriy BRYHAS', Oleksandr RESHETNYAK'

ADSORPTION REMOVAL OF Cr:07~ BY GLAUCONITE/POLYANILINE COMPOSITES
FROM AQUEOUS SOLUTIONS
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The adsorption removal of Cr(VI) from model aqueous solutions by glauconite/polyaniline (Gl/PAn)

composites at different mass ratios of Gl:PAn was studied. GI/PAn composites were obtained by one-step in
situ synthesis by oxidation of aniline (An) with ammonium peroxodisulfate (APS) in aqueous solutions of
sulfuric acid in the presence of glauconite. The results of the adsorption removal of Cr(VI) from model
aqueous solutions by GI/PAn composites were compared with the results of the removal of Cr(VI) by a PAn
sample. The main adsorbent of Cr(VI) is polyaniline, and glauconite is its matrix-carrier.
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The study of the adsorption removal of Cr(VI) from model aqueous solutions by samples of GI/PAn
composites at different ratios of Gl:PAn showed that with an increase in the Gl content, the percentage of
removal decreases. The increase in the initial concentrations of Cr(VI) in the initial solutions leads to the
disaggregation of the GI/PAn composites during the adsorption process. Energy-dispersive X-ray spectral
analysis of the elemental composition of the samples after adsorption confirmed that they contain chromium.
Analysis of the distribution maps of the elements in the samples revealed that they are almost evenly
distributed over their surface. At the same time, the dispersed particles of glauconite are covered with
polyaniline during the synthesis of the composites. With a high content of glauconite in the composition of the
composites, and, accordingly, a lower content of polyaniline, as the main adsorbent of Cr(VI), the percentage
of removal is low, which is due to an insufficient amount of adsorbent. The process of adsorption removal of
Cr(VI) is chemisorption and is accompanied by partial oxidation of the emeraldine form of polyaniline to the
pernigraniline form. Based on the results of UV-V spectral studies, namely changes in absorption intensity
over time, the apparent sorption constants of Cr(VI) by adsorbent samples were determined.

The study of adsorbent samples before and after adsorption was carried out using scanning electron
microscopy (SEM), EDX analysis, and chemical element mapping (CE).

Keywords: glauconite, polyaniline, glauconite/polyaniline, chromium, removal.
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