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W3CNEQBAHE HA AICOPELIMOHHUTE CBOMCTBA HA MPUPOOHWUTE ANCOPBEHTU
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WacnefsaHa e Bb3MOKHOCTTA 3a M3NOM3BaHe Ha GbArapcki NPUPOAHM aacopGeHTV BEHTOHMT U 3e0MUT 3a MPEYMCTBaHe Ha MOAenHW pa3Teopu oT Cu® npu
CbOTHOLLEHME Ha TeyHa (Te) kbM TBbpaa daan (T), Te:Te=100:1. HamepeHo e, ye cneuumduryHaTa NOBLPXHOCT HA ABaTa MUTEpana urpae ChbLyecTBeHa pons npy
ancopbumsata Ha Cu® OT MOLENHM PasTBOPU C KOHLEHTpauwsi no-sucoka or 70 mg/dm?®. KaTuoHHMsi afcopbLMOHEH kamauuTeT e Hai-BUCOK Mpu pasmep Ha
yacTuumTe ¥ 3a aata agcopenta -0,071+0mm. OnucaHa e TepMoauHaMMKaTa Ha afacopbuUna ¢ Hal-NOAXOASILMTE M30TEPMM Ha NOrMbilaHe Ha Cu® oT paanuyH
pasmepu Ha yacTuumte apcopbentn. OTyeTeHo e, Ye ABaTa NpUPOLHW afcopbeHTa MoraT Aa ce Wanonaear 3a u3enudade Ha Cu® OT MogemHu pasTeopu C
KOHLIEHTPaLuM He no-sucoku ot 10-20 mg/dm® ¢ eouH CTagui Ha MpeyncTBaHe, Npu BpeMe Ha aacopbuua 5 min 3a 4OCTUraHe CTaHAapTUTE 3a NUTEMHN BOAM.
OnTumanHuTe CTOMHOCTY Ha pH Npu TOBa 3a 3e0MnMUTa ca B NO-LUMPOKM rpaHmMum oT 4,6 0 8, a 3a GeHToHMTa 4,6.

KntoyoBu aymu: 3e0mMT, GEHTOHUT, aAcoPBLMS Ha MEHM OHM, AACOPBLMOHHN M30TEpPMU

BBLBEAEHME

ObembT Ha OTnagHUTE BOAM B CBETOBEH Mawab foctura
okono 440 km3/rof1, nopaay ToBa NPEYNCTBAHETO HA ChLUTE €
€OWH OT Han-pasnpoCTPaHEHUTE TEXHOMOTUYHM MPOLECH.
lMepcnekTvBeH MeTO4 3a O4YMCTBAHE Ha OTMagHW BOAM €
apcopbumonnmar. Mpu Hero apcopbeHTnte TpsbBa Aa
OTrOBapsT Ha peauua W3uckBaHus, B ToBa uucrno ga Gvpar
aKTMBHM, CTabunHW, [OCTBMHW, €BTUHW, NECHO pJa ce
pereHepupat M Hal-BaXHOTO OOMeHAMTE WOHW Aa ca
BesBpedHu 1 Ja He NpeausBUKBaT BTOPUYHO 3aMbpCsBaHe Ha
BoauTe. Ha Tesn U3NCKBaHWS OTroBapsT MPUPOSHUTE
MWHEPanM 3e0MNT 1 BEHTOHNT.

FonemuTe 3anmexu Ha 3e0nMUT W GEHTOHUT  Kpail
rp.Kbpmxanu, Huckata um CeBEeCTOHOCT, YHUKAMHUTE UM
MOHOOOMEHHM UM aacopOUMOHHM  CBOWCTBA M MPaBAT
aTpaKTVBHM 3a MepeyncTBaHe Ha OTMafgHM BOAM OT WOHW Ha
TEXKUTE METanN.

3HaunTenHM KoNnMYecTBa PyAHUYHU U OPEHaXHW BOAW OT
MegHUTe  MWHHO-oboraTUTenHu  npegnpustus  “Acapen-
Meget’Al n “Enauute-Men’All cbabpxaT npeumyLLecTBEHO
MeJHU AOHW, KaKTO W XEenesHu, LMHKOBHW, anyMWHUEBN U Ap.
IOHU B NO-MasKW KOnM4ecTBa.

Mopaay ToBa LienTa Ha W3CneaBaHEeTo e: a) Aa Ce CpaBHAT
ancopbuMoHHUTe CBOICTBA Ha ABaTa MPUPOAHM MUHepana B
3aBMCUMOCT OT pasMmepa Ha vactuuute um; 6) ga ce Hamepu
Hall-NOAXOASLLOTO YpaBHEHWE OMMCBALLO TEPMOAWHAMMKATa
Ha agcopbums; B) [a ce U3yun KMHETUKaTa Ha agcopbums npu
€[H1 M CbLUM YCNOBUS 33 ABaTa MUHepana; r) Aa ce uacneasa

BMMsHMETO Ha pH Ha pasTBopuTe BbPXY aacopbumsaTa Ha
ME[IHM AOHN OT MOAENHU PasTBOpY.

OUBUKOXNMUYHI XAPAKTEPUCTUKA HA 3EOTTUTA I
BEHTOHUTA

3eonut

KnuHonTunonutoBuTe 3€0MMTM Ca Hal-LUMPOKO pasnpocT-
paHeHu B CMPogonu. KnuHONTUAONWTBT € OCHOBHUS MWHE-
pan, kato HeroBoTo konnyecTBo goctura go 90% ot cbeTasa
Ha ckanaTa. EppuwHata Ha 3bpHaTa My Bapupat OT XWUNsiHM
yactT Ha Mmunumetbpa o 0.05-0.08 mm. 3eormtute ca
usrpagenu ot (AlO,) u (SiO,) TeTpaeapu, kouTo ce peaysart B
3bpHecTa TpUM3MEpHa CTPyKTypa. TeTpaefpuTte MoraT fa ca
CBbp3aHM MO pasnuyeH HauuH, HO obedMHeHM OT 0By
BbpXOBE, KaTo MO TO3W HauuH ce obpa3yBaT KOMMIEKCHU
KpUCTarnHu CTPYKTYpU C pasrnofiokeHW B ONpedeneH peg
MWKPOKYXMHW W KaHanu (nopu) C OMameTbp OT MOIeKyneH
nopsgbk. CTpykTypHata chopmyna Ha KIMHONMTMIONMTa €
Nae[(AlO2)e(Si02)30].24H,0, kato 6pos Ha TeTpaegpute B
npbcTeHute e 8 cnopen Anaponukawsunu, Kupos “w gp.”
(1985). Bucokarta CenekTMBHOCT Ha 3€0NUTUTE NO OTHOLLEHME
Ha MeTanHWTe KaTWOHW C ronMemMu pasmepu Ce ObITKM Ha
HanuuueTo B CTPYKTypaTa UM Ha OCEMYUCTIEHW CUNWLMEBO-
KACTOpOLHW MpbCTeHa. KnuHONMTUMONMTBLT npuTtexasa creg-
HUTE NO-BaXHM (PU3MKOXUMMYHM XapakTepucTuku: gobpa
MexaHuyHa skocT (o Mooc 3.5-4); nmbTHocT 2.16 g/em®;
110HOOOMEHALL, KanaumuTeT= 2.16 mgeq/q.

AncopbumoHHaTa cnocobHOCT Ha 3e0UTa CNpsSIMO OHNTE Ha
TEXKUTe MeTanu e pasnuyeH. Cnopeg Obal,Rozman “et al.”



(1991) apcopbUMOHHMAT ped No OTHOLLEHWe Ha u3BbpoeHuTe
vetanun e cnegHus:  Pb>Cu>Zn>Ni>Fe>Cr. Pega Ha
CENEKTMBHOCT 3a KMUHOMTUNONWTA KbM CbLUMTE WOHM Cce
3anassa u cnopeq Yenmwes, bepHwrenn ‘u gp.” (1977):
Pb#*>Cd?>Cu*>Zn?>>Na*. U3noxeHuTe AaHHW nokaseat, ye
KNWHONTUNONUTOBMTE ~ 3€0NUTU  MposiBsBaT edHa Aobpa
CeneKTUBHOCT N0 OTHOLLIEHWe Ha MeJHUTE OHH.

BeHTOHUT

BEHTOHUTOBUTE HaXOAMLIA OCHOBHO Ca KOHLEHTpUpaHM
oKono rp. Kbpmkanu. BEHTOHUTLT € rnuHa, B KOSTO OCHOBHUS
[MWHECT MWHepan € MOHTMOpWNOHWT. KpuctanHata my
CTPyKTypa Ce omnpegens OT [Ba CNOS Ha CUIMLMEBM
TETPaeapy C BMECTEH MEXAY TSX €AUH CrOi OT anyMUHWEBN
OKTaenpw, T.e. GEHTOHUTBLT CbLUO € anyMUHUEB CUNMKAT, HO 3a
pasnuka OT 3e0NWTa MpuTexaBa Croecta CTpykTypa. B
MOHTMOPWIIOHUTOBMS  KPUCTan y4yacTBaT pasiMyHn W B
PasfMYHO CLOTHOLLEHWE OOMEHHM KaTUOHM- MOHOBANEHTHU
(Na*, K, H) u psysaneHthu (Ca®u Mg?). OBmeHHarta
CnocobHOCT Ha BEeHTOHUTa ce onpepenst He camo OT Buaa U
KONMYEeCTBOTO Ha Te3u 1OHWM, HO W OT pasfBWKeHaTa
KpucTarHa pelleTka Ha MOHTMOpuroHuTa. [lopagu koeTo
0OMEHbLT CTaBa He Camo MO BBHLUHKM MOBLPXHOCTU M CPE30Be,
HO 1 MO BbTPELIHUTE MOBLPXHOCTW. MgeanHata xumudecka
chopmyna Ha MOHTMOPUIIOHNTA €
[Sig(A|3y34Mgovss)020(OH)4]M0Y65.Hzo, KbAEeTo M-ioHn Ha Na, Ca,
H n Mg cnopeg [MupoHkoB, CtoeB “u gp.” (1991).
lMoBemeHneTo Ha OEHTOHWTA 3aBWUCKM TBBbpPAE MHOMO OT
npeobnapaBalums obmeHeH ioH, Hamp. Na-BeHTOHUT ako ce
nocTaBn BbB Bofa yBennyasa obema cu 4o 14 mbTu, JoKaTo
Ca-OeHTOHMT  npakThyeckn He HabbbBa. Kanumeswst
OEHTORMT umMa no-gobpy  M3pas3eHn  apcopOUMOHHM 1
n3bensal CNOCOBHOCTM B CpaBHEHWE C  HaTpueBus.
BeHTOHMTa MOXe Ja 6bae m3non3BaH 3a M3BNMYaHe Ha Pb,
Cd, Cu 1 Zn inonm oT BoaHu pasteopu cnoped Bereket, Aroguz
“etal.” (1997).

EKCMNEPUMEHTAJTHA YACT
Martepuanu n MeTogmkn

[Mp1POAHMS KIUHONTUONNUT € OT roNsMOTO Haxoauie “benu
nnact” B C/Poponun. XUMWUYECKMAT cbCTaB B TernoBHN % e:
Si0,-66,16%, Al,0;-11,41%, Fe,03-0,8%, Ti0,,-0,15%, MgO—
0,06%, Ca0-2,8%, Na,0-0,22%, K,0-2,9%. CwbobpxaHueto
Ha knuHonTononut e =70%, a MbNHMAT 0OMeHeH kanauuTeT e
MuHMym 100mgeq/100g. choTHowweHneTo Ha SitAl e 5, T.e.
3€0MUTa € BUCOKOCUMULIMEB U € MHOMO YCTOMYMB Ha KUCENM U
OCHOBHY pa3sTBOpM.

MpUPOAHNAT BeHTOHUT e OT Haxoguwe Eruep,
Kbpmkanuiicko. XUMUYECKUST CbCTaB Ha cpefHa npoba B
TernoBun % e cneghust: Si0-52,7%, AlOs-15,9%, Fe 05
45%, Mg0-3,5%, Ca0-4,3%, Na)0-0,9%, K,0-1,1%.
CoobpxaHneto Ha CaO u MgO e cboTBETHO noseye oT 1% u
2,5%, a cvotHoweHneto Na,0:Ca0 e mHoro manko. Tosa
roBopu, Ye HabbOBALLOTO CBOWCTBO Ha BEHTOHMTA BbB BOAA
HAMa fa ce nposeu. [bTHOCTTA Ha OEHTOHUTA € OMUTHO
onpegaeneHa u e 2,03 g/lcm?.

3a u3BbpLUBaHE Ha ekcriepuMeHTuTe BsXa U3nonaBaHu Tpu
Knacu NpupoaHM MUHEpanu CbOTBETHO 3a 3e0MnuTa:
-2,0+1,0; -1,0+0,071 n -0,071+0 mm, a 3a 6eHToHuTa: +0,315;
-0,315+0,071 n -0,071+0 mm. OnuTuTe ca NpPOBEOEHN C
mogenHn pastBopu Ha CuSO,.5H;O, kato Heobxoaumute
KOHLeHTpauum Ha Cu ioHM ca momnyyaBaHu C paspexgaHe C
pecturvMpaHa Boga. KOHTakTbT Mexmy npupogHuTe agcop-
BeHTM W pa3TBOpUTE € OCBLLUECTBEH B CTATWYHW YCMOBUS C
nomowTa Ha knatayda MmawwuHa CITRON, 150 min', B
cboTHoweHne Te:Te= 100:1 3a Bcuukm onuT. KaTMOHHMAT
afcopbumoreH kanauutet (KAK) cnpsamo Cu oW 3a Tpute
knacu apcopbeHTW e onpedensH Npu BpeMe Ha KOHTaKT 24
yaca, kaTo B MbpBUTE 2 4Yaca € M3NON3BaHa KnaTayHaTta
MalumHa. W3non3saHa e komnioTbpHa nporpama “CURVE FIT
424’ naBalla BL3MOXHOCT OT 24 Tuna ypaBHeHUs fa ce
n3bepe Hait-0obpus mogen onuceal, aacopOUMOHHMTE
nsotepmu Ha Cu?" 3a Tpute Kknacu agcopbentu. Excriepw-
MEHTUTe ca W3BbpweHn npu Temnepatypa 17 °C.
CroiHocTuTe Ha pH Ha pa3TBopuTe ca onpegensHu ¢ Metrohn
E588 pH-mV meTbp v ca moaenupanu ¢ pa3topyn Ha H,SO, 1
NaOH. KoHueHtpauusta Ha Cu WoHM B pasTBopute €
onpegensHa ¢ ICP-AES aHanus.

KAK Ha npupopHute agcopbeHtn cnpsmo Cu 1oHu e
N34nCneH no dopmynara:
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KbAETO, Ci- KOHLEHTPaLWS Ha eneMeHTa B U3XOAHWS pasTBop,
mg/dm?® c, OCTaTbyHa KOHLEHTPALUMs Ha enemMeHTa B
pa3teopa, mg/dm?® c- Konu4ecTBo afcopbupaHo BELECTBo,
mg/dm?, V- oBem Ha uacnegsaHus pasteop, dm?; m- Terno Ha
cyx copbeHt, g; KAK- kaTuoHeH apcopbuUMOHEH kanauwuTer,
mgelm/g copbeHT.

MONYYEHWN PE3YNTATH

BnusiHne Ha pa3mepa Ha yactuuuTe Ha agcopbeHTUTe BbpXy
TexHust KAK cnpsmo Cu i0Hm

3a BnMsSHMETO Ha pasMepa Ha OEHTOHMTOBUTE W
3€0/IUTOBMTE YacTuUmMTE BbPXY aacopbumsaTa Ha Cu ioHm ce
Cbay no cToHocTTa Ha KAK, nocturHat npu Bpeme Ha KOHTaKT
24 vaca. Cuuta ce, Ye 3a TOBa BpeMe € MOCTUTHATO MbIHO
paBHOBeCWe Mexay TBbpfata M TeyHata asu. 3a uenta 1g
OT TPM PasfNYHN Knacu 3eonuT u BeHTOHNT KoHTakTyBa ¢ 100
cm® MopmeneH pasteop Ha CuSQ.5H,0 ¢ pasnuyHa
KOHLeHTpaLus Ha Cu?".

Ha ¢our.1 e nokasaHo BNUSIHMETO Ha pa3mepa Ha yactuuuTe
BEHTOHMT, a Ha ¢ur.2 Ha 3eonuT, BbPXY KAK B 3aBMCMMOCT OT
KOHLeHTpauwusaTa Ha Cu ioHu B n3xogHuTe pasteopu. dur.1 u
2 nokasgat, Ye Mpu MO-HUCKUTE CbAbpkaHus Ha Cu NOHW B
u3xogHuTe pastBopu (00 72,6 mg/dm®), egpuHata Ha
yactuuuTe apcopbeHT He OkasBaT CbLUECTBEHO BWSHWE
Bbpxy KAK. Ho, ¢ nosuwuaBaHe cbabpxaHueto Ha Cu 1oHM B
usxogHute pasteopu, KAK Ha pgBata muHepana pacte C
HamansBaHe efpuWHaTa Ha YyacTuuuTe UM, T.€. C yBenuyaBaHe
Ha cneuudmyHaTa UM NoBbPXHOCT. CpaBHSBaiKM AaHHUTE OT
rpadmkiTe Ha [BaTa MUHepana, Habnogasame no-Bucok KAK



Ha 3eonuTa cnpsamo OeHTOHUTa W 3a TpWTe Krnacu, npu
KOHLieHTpaLmM Ha Cu MOHM Mo-BUCOKW OT 72,6 mg/dm?. MMpu
W3XOOHM KOHUEHTpauun Ha Cu® go 10-20 mg/dm® B
pasTBOpUTE crneg agcopbuMs ca MoMyyeHu OCTaTbyHM
KOHLieHTpauum Ha Cu?* <0,2 mg/dm®. Tosa nokassa, Ye ABaTa
MWHepana moraT fa ObgaT u3nonsBaH 3a MpeyMcTBaHe Ha
BOAM CbAbPXally TakuBa konudectsa Cu®* ¢ eauH cTaaui Ha
npeuncteaHe. [pu TOBa LWe Ce mnocTuraT CTaHAApTV 3a
CbbpkaHue Ha Med B oTnagHu Boau (<0,2 mg/dm?), npu
KOMTO Te MoraT Aa 6baar 3ayCcTBaHM B pPekM W OTKPUTK
BOJOEMM .

Ancop6ums Ha Cu” ¢ GeHTOHNT
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Queypa 1. BnusiHue Ha pasmepa Ha 6eHmoHuUmosama
yacmuya ebpxy KAK cnpsimo Cu?* om modeniHu pazmeopu Ha
CuS 045H20

TepMoguHamuka Ha apcopbunata Ha Cu® oT nmpupoaHuTe
ancopbeHTV BEHTOHUT W 3e0nUT

Kakto agcopbuusita, Taka u gecopbuusita 3aBUCST OCHOBHO
OT  TepMOAWHAMUYHUTE  MapaMeTpu, Temneparypa W
KOHUeHTpauus Ha agcopbTMBa M OT CbCTOSHWETO Ha
NOBBPXHOCTTa Ha agcopbenTa. IMpu gapeHa Temnepatypa u
YCTaHOBEHO afCopOLMOHHO  paBHOBECME,  KOMMYECTBOTO
TpaiiHo  apcopbupaH  agcopbar  3aBucM  camO  OT
KOHLeHTpauusTa Ha agcopbTuea. Tasw 3aBUCMMOCT MEXay
KONMYeCTBOTO afcopbupaHo BELLECTBO W KOHLEHTpaLmMsTa Ha
agcopbTiBa ce wu3passBa MOCPEACTBOM aacopbuUMOHHaTa
n3otepma. ALCOpOLMOHHUTE U30TEPMM Ha NormbLyaHe Ha Cu?
oT npupopHuTe apcopbeHtn npu 17 °C ca HamepeHu ¢
nomoLLTa Ha komnioTbpHa nporpama “CURVE FIT-424". Ot 24
TMNa ypaBHeHWs ca u3bpaHW Hail-noaxoasluMTe, OMUCBALLM
afcopbumsaTa Ha Cu? OT pasnuyHy Knack GEHTOHUT U 3€0KT.
M3bpaHuTe ypaBHeHUs OaBaT HaR-BUCOK KOE(ULMEHT Ha
kopenaums (r) Ha 3aBuCUMOCTTa:

y=f(c2),

Kba€eTo, y € KONN4eCTBO aacopbrpaHo BELECTBO (C) OTHECEHO
cnpsiMo 1g GEHTOHWT WAM 3€0MUT 3@ BPeEMe Ha KOHTaKT 24
yaca, mgCulg

y=c/m;
C, € paBHOBECHA KOHLieHTpauns Ha Cu?, gocturHata cneq 24
yaca, mg/dm®,

Aacopbuus Ha Cu2+ cbe 3eonut
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Queypa 2. BnusHue Ha pasmepa Ha 3eoiumosama Yacmuuya
8bpxy KAK cnpsmo Cu? om ModenHu pasmeopu Ha
CuS O45Hzo

Ancop6uUmoHHM 130TepMu Ha Cu® NOrbIHATY OT GEHTOHMT:
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AncopbuUmoHHM U30TepMu Ha Cu® norbnHaTH OT 3e0NNT:
3a knaca —0,071+0 mm
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KuHetuka Ha apcopbums Ha Cu?
ancopOeHTy OEHTOHMT 1 3eaonnT

OT MpUPOaHUTE

3a u3yyaBaHe KMHeTMKaTa Ha agcopbuus Ha Cu® e nsbpaHa
knacata -0,071+0 mm u 3a geata agcopbeHTa. KoHueHTpa-
umata Ha Cu? B w3xogHuTe MofenHn pasteopu e 11,46
mg/dm?®. EKcriepuMeHTTE Ca NpoBeaeHM npu Temnepatypa 17
°C u pH Ha pasteopute 4,62. BpeMeTo Ha KOHTaKT Mexay
TBbpAATa M TeYHaTa asm e cboTBeTHO: 5, 10, 25, 40 1 60 min
npu pa3bbpkeaHe ¢ 150 min™. M36opbT Ha ChAbPXKAHUETO Ha
Cu* B U3XogHWUTE pa3TBOpW e Ha GasaTa Ha NocTUrHatata
ocTaTbyHa koHUeHTpauuss <02 mgCu/dm® 3a  BCUuKK
npepaboTeHn pa3TBOpU C eAMH CTaguu Ha NpeuncTBaHe u 3a
pBata agcopbeHta. lMocTurHatata ocTaTbyHa KOHLEHTpaLms
(<0,02 mgCu/dm?), oTroBaps Ha W3UCKBaHWATA Ha
Bbnrapckute cTaHgapTvt 3a nuTteitHi sogm (<0,05 mgCu/dm?)
W M3NyCKaHe Ha OTMagHW BOAM OT MUHHO-OBoraTuTenHuTe
npeanpusTus B pekute W oTkputuTe Bogoemn (<0,2
mgCu/dmd).

Ha ¢ur.3 e nokasaHa kuHetukata Ha agcopbuus Ha Cu?,
KaTo 3aBWCUMOCT MEXOy OCTaTbyHa KOHLEHTpauus U Bpeme
Ha KOHTaKT.

2
KuHer uka Ha agcopbuus Ha Cu®™
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Queypa 3. Kunemuka Ha adcopbuyus Ha Cu** om GeHmoHum u
3eonum

KakTo ce Buxaa ot durypata, kuHeTukaTa Ha agcopbums Ha
Cu* e mHoro 6bp3a 1 3a 1BaTa MUHepana 1 ca [oCTaTbyHu 5
min 3a JOCTUraHe Ha OcTaTb4Ha KoHLEHTpaLmsa <0,02 mg/dm?®.
Cnen 10-ta min ce HabntogaBa HesHaunTenHa aecopbums Ha
MeaHWTe NOHM OT BeHTOHWUTA, a npyu 3eonuta cneg 40-ta min.
Moxe fja ce Hanpasu 3akmiodeHue, e aacopOunsata Ha Cu® e
cTaburHa 1 3a ABaTa MiHeparna npu NoCOMEeHUTE YCHoBHS.

Brnanue Ha pH Ha pasTeopa Bbpxy agcopbuuaTa Ha Cu? ot
GEHTOHMT 1 3e0NNT

EkcnepumeHTUTe Cca W3BLPLUEHU NPU CMEAHUTE YCROBUS:
Temnepatypa 17 °C; uaxomHa KoHueHTpauma Ha Cu® B
pasteopute 11,46 mg/dm®; pH - 2, 4, 4,62, 6, 8, 10; Bpeme Ha
KOHTaKT 5 min 1 paamep Ha JyacTnuute GEHTOHWUT 1 3€0NMUT
-0,071+0 mm. Huckute cToMHOCTW Ha pH ca nocturaxu, Ypes
nogkucnseaHe ¢ pasteop Ha H,SO,, a no-ucokute ot 4,62 ¢
pasteop Ha NaOH. BrnusiHneTto Ha pH Ha pastBopuTe BBPXY
ancopbuuaTa Ha Cu®* e nokasaHo Ha cur.4. MpocnegeHo e
U3MEHEHMETO Ha OCTaTbYHUTE KOHLEHTpauuu Ha Cu®* BbB
¢yHkuma ot pH Ha pasteopute. OT ¢urypata ce Buxaa, e
ocTaTbyHaTa KOHLEHTpaLms crnep npoTuyaHe Ha agcopbumsTa
3anoysa Ja Hamansea ¢ yBenuyaBaHe Ha pH Ha pasTBopuTe.
3a 3eonuta Ta € Hai-Hucka npu pH ot 4,62 po 8 (c<0,02
mg/dm®), a 3a GeHtoHuTa oT 4,62 10 6 (c; oT 0,02 o 0,13
mg/dm®). ToBa ce ObMKM Ha (hakTa, Ye OCBEH npoLeca
ancopbuus mpotuya u npeuunuTauua Ha Cu® npu pH>5, B
pesynTaT Ha M3MeCTBaHe Ha PaBHOBECWETO Ha peakuusiTa Ha
BSICHO:

Cu?+2H,0 o Cu(OH)+2H"

W 3a gBata agcopbeHta ce Habniopasa yBenuyaBaHe Ha
ocTaTbyHaTa KoHUeHTpauma Ha Cu? npu pH>8, koeto
BEpPOSITHO CE [Ob/KM Ha YacTuyHata WM gaecopbuus oT
afcopbeHTUTe U HanuumeTo Ha Heapcopbupan Cu(OH)l B
pasTBopa.

¢, mg/dm®
.

e
"l )] ==
I\ /
RN o

2 4 4,62 6 8 10 pH

Queypa 4. BnusiHue Ha pH Ha pasmgopume 8bpxy
adcopbuyusima Ha Cu*.

OntumanHaTta CTOMHOCT Ha pH Ha pasTBopuTe npu
ancopbuunsata Ha Cu?* OT 3€0NUT € B MO-LUNPOKK rPaHULM OT
4,62 0o 8 , a 0T BEHTOHWUT € B MO-TECHM rpaHuLM OT 4,62 1o 6.
Pesyntatnte nokaseaTt, 4e 3e€onMTa NpuUTEXaBa No-gobpw
ancopBbUMOHHM KauyecTBa OT OEHTOHMTA.

3AKNMIOYEHNE



1. Bwnrapckute npupoaHu afcopOeHTH 3e0nUT U BEHTOHUT
moraT fa Obaar uanorssaHu 3a w3sruyaHe Ha Cu® ¢
KoHLeHTpauus mexay 10-20 mg/dm® B otnagHuTe BOAW,
MpV U3BbPLUBAHE HA eauH CTagWi Ha NpeyncTBaHe U npu
cboTHowweHre Te:Te=100:1. [IBata npupogHM MuHepana
nputexasaT [obpu  aAcopbuUWOHHM  CBOWCTBA MO
oTHoLLeHe Ha Cu? ¢ nek npesec Ha 3eonura.

2. CneuuduyHaTa noBbPXHOCT Ha NpUPOAHUTE aacopOeHTH
npu KoHUeHTpauwumn Ha Cu® B pasteopute go 70 mg/dm®
He uUrpae CbLEeCTBEHa ponsi Bbpxy agcopbuusita. Mpu
MO-BUCOKA  KOHLEHTpauuW peobT Ha agcopbuus B
3aBMCMMOCT OT pa3Mepa Ha yacTuuuTe 3e0nuT e
-0,071+0>+1,0-2,0>-1,042,0 mm, a Ha 6eHTOHUT €
-0,071+0>+0,071-0,315>+0,315 mm.

3. TepmoauHamukaTa Ha aACOPOLMOHHMS Mpouec npu
pasnuyHu pasMepu Ha yacTuuuTe Ha ABaTa agcopbeHTa
€ oOnMcaHa C  Han-nogxogsdwmuTe  afacopBuMOHHN
M30TEPMM, MOSyYeHM C TMOMoWTa Ha KOMMIOTbPHA
nporpama “CurveFit 424",

4. AncopGUMOHHUAT NpoLIeC Npu ChAbpXaHue Ha Cu? mexay
10-20 mg/dm® u pH Ha Bogute 4,6 € MHOrO 6bp3.
BpemeTo Ha KOHTaKT e He noBeye OT 5 min 3a JoCTUraHe
cTaHgapTa 3a MUTeMHW BOAM MO ChabpxaHue Ha Cu?,
kouto e 0,05 mg/dm®,

5. Mpu apcopbunst Cbc 3e0nuT, AManasoHa Ha pH Ha
0TNafHUTe BOAM CbC ChabpkaHue Ha Cu®* mexay 10-20

Mpenopvyaxa 3a nybnukysaHe om
kamedpa “MunepanHu mexHonoauu” Ha MT®

mg/dm® e wmpok ot 4,6 00 8, 3a HOCTUraHe CTaHaapTUTe
3a nuTeHn Boau. Bpemeto Ha apcopbuns e 5 min 3a
[OCTUraHe OCTaTbyHW KaHueHTpauwu Ha Cu?* nog 0,02
mg/dm®. Mpy ancopbLus cbe GEHTOHMT 3a ChLLOTO BpeMe
Ha KOHTaKT, CTaHAApTUTE 3a MUTEMHW BOZM Ce LocTurar
npv pH 4,6, a npn pH ot 4,6 go 8 ce gocTurat ctaHgapT!
3@ M3NyckaHe Ha OTNagHu BoaM Chabpxalm Cu® B
pek1Te 1 OTKPUTUTE BOAOEMM.
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INVESTIGATION THE ADSORPTION PROPERTIES OF THE NATURAL ADSORBENTS
ZEOLITE AND BENTONITE TOWARDS COPPER IONS
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ABSTRACT
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The possibilities for using Bulgarian natural adsorbents bentonite and zeolite is have been investigated for purification of model solution of Cu* at correlation of liquid
to solid phase, v:m=100:1. It has been found out, that the specific surface of the both minerals takes leading part at the adsorption of Cu? from model solutions with
concentration higher than 70 mg/dm®. The cation adsorption capacity is highest at size of the particles of both adsorbents —0,071+0 mm. The thermodynamics of
adsorption has been described with the most appropriate isotherms of uptake of Cu® from different particle sizes adsorbents. It has been reported, that the two
natural adsorbents can be used to remove Cu? from model solutions with concentrations not higher than 10-20 mg/dm?® with one stage of purification at adsorption
time 5 min for reaching the Bulgarian standards for drinking waters. Under t these conditions the optimum values of pH for the zeolite are in a wider interval from 4,6

to 8 and for the bentonite 4,6.

Key words: zeolite, bentonite, adsorption of copper ions, adsorption isotherms

INTRODUCTION

In world-wide scale the volume of waste water reaches about
440 km®/year. Due to that purification is one of the most wide
spread technological processes. A perspective method for
purification of waste water is adsorption. Using this method the
adsorbents have to answer to number of requirements to be
active, stable, accessible, cheap, easy to regenerate and most
important is that the exchange ions should be harmless and
should not provoke secondary water pollution. The natural
minerals zeolite and bentonite respond to these requirements.

The big deposits of zeolite and bentonite near the town of
Kurdjali, their low self value and their unique ion exchange and
adsorption properties, make them attractive for purification of
wastewater from ions of heavy metals.

Considerable amounts of mine and drain waters from the
copper mines and mineral dressing enterprises “Asarel-Medet”
and “Elazite-Med” contain mainly copper ions as well as iron,
zinc, aluminium and other ions in lower quantities.

Due to that the aim of the research is: a) to compare the
adsorption properties of both natural minerals depending on
the size of their particles; b) to find the most appropriate
equation describing the thermodynamics of the adsorption; c)
to investigate the kinetics of adsorption under the same
conditions for both minerals; d) to examine the influence of pH
of the solutions on the adsorption of Cu ions from model
solutions.

PHYSICOCHEMICAL CHARACTERISTICS OF ZEOLITE AND
BENTONITE

Zeolite
The clinoptilolite zeolites are most wide-spread in NE
Rodopi. The mian mineral is a clinoptilolite and its amount

reaches up to 90% from the composition of the rock. The size
of its grains vary from a thousand part of the millimeter up to
0.05-0.08 mm. The zeolites are built from (AlO,) and (SiO,)
tetrahedrons, which alternate in grainy three-dimensional
structure. The tetrahedrons can be connected in different
ways, unified by common tops. Complex crystal structures with
situated in determinate order micro-pores and canals with
diameter in molecular order are formed in this way. The
structural formula of cliniptilolite is Nag[(AlO,)e(SiO2)s0].24H,0
and the number of the tetrahedrons in the ring is 8 according to
Andronikashvili, Kirov “et al.” (1985). The high selection of
zeolite with respect to metal cations with large dimensions is
due to the existence in the structure of eight numerical
siliceousoxygen rings. The clinoptilolite possess the following
more important physicochemical characteristics:  good
mechanical strength (3,3-4 by Moos), density 2,16 g/cm?®, ion
exchange capacity =2.16 mgeq/g.

The adsorption ability of the zeolite is different in comparison
with the ions of the heavy metals. According to Obal, Rozman
“et al.” (1991) the adsorption order with respect to the counted
metals is following: Pb>Cu>Zn>Ni>Fe>Cr. The selectivity order
of the same ions for the clinoptilotite can be also observed in
the work of Chelischev, Bernshtein ‘et al.” (1977):
Pb#*>Cd?>Cu?>Zn*>>Na"*. The exposed data show that the
clinoptilolite zeolite reveal good selectivity with respect to the
copper ions.

Bentonite

The bentonite deposits mainly are concentrated around
Kardjali town. The bentonite is clay in which basic clay mineral
is the montmorilonite. The crystal structure of montmorilonite is
determinated by two layers of siliceous tetrahedrons with an
inserted layer of aluminium octahedrons between them, i.e. the
bentonite is also aluminium silicate but in contrast to zeolite
possesses bedded structure. In the montmorilonite crystal
different exchangeable cations take part - monovalence (Na*,
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K*, H") and divalence (Ca*u Mg?). The exchanging ability of
the bentonite is determinated not only by the kind and the
quantity of these ions, but also by the stirred crystal lattice of
montmorilonite. The ideal chemical formula of montmorilonite
is [Sis(Al; 3:Mgo.65)O020(OH)s]Mogs.H20, where M-ions of Na, Ca,
H and Mg according to Pironcov, Stoev ‘et al.”(1991). The
behavior of bentonite depends very much on the predominate
exchange ion, for example, if we put Na —bentonite in water it
increases his volume up to 14 times, while Ca-bentonite
practically does not swell. In comparison to Na-bentonite the
Ca-bentonite has better adsorption and discolouring properties.
The bentonite can be used for removing Pb, Cd, Cu and Zn
ions from water solutions according to Bereket, Aroguz “et al.”
(1997).

EXPERIMENTAL STUDIES

Materials and methods

The natural clinoptilolite is from a big deposit “Beli Past” in
NE Rodopi. The chemical composition by weight % is: SiO,-
66,16%, AlLOx-11,41%, Fe;05-0,8%, Ti0,-0,15%, MgO—
0,06%, Ca0-2,8%, Na,0-0,22%, K,0-2,9%. The content of
clinoptilolite is=70%, and the full exchange capacity is
minimum100mgeq/100g. The correlation of Si:Al is 5, i.e. the
zeolite is highly siliceous and is very stable to acid and basic
solutions.

The natural bentonite is from deposit “Encher” near the town
of Kardjali. The chemical composition of average probe by
weight % is the folowing: SiO»-52,7%, Al,0;-15,9%, Fe,0s-
4,5%, Mg0-3,5%, Ca0-4,3%, Na,0-0,9%, K.0-1,1%. The
content of CaO and MgO is respectively more than 1% and
2,5% and the correlation Na,0:CaO0 is very little. This shows
that the swelling property of bentonite in water will not be
demonstrated. The density of bentonite is experimentally
determined and it is 2,03 g/cm?®

Three classes of natural minerals have been used for the
accomplishment of the experiments: for zeolite -2,0+1,0;
-1,0+0,071; -0,071+0 mm; and for the bentonite: +0,315;
-0,315+0,071; -0,071+0 mm. The experiments have been
carried out with model solutions of CuSO.5H,O. The
necessary concentrations of Cu ions are obtained by dilution
with distillated water. The contact between the natural
adsorbents and the solutions is realized in static conditions
with the help of shaking machine CITRON, 150 min”, in
correlation liquid:solid, v:m=100:1 for all experiments.

The cation adsorption capacity (CAC) for three classes
adsorbents towards Cu ions was determinated during 24
hours, while in the first two hours a shaking machine is used.

The computer program “CURVE FIT 424" was used giving
possibilities from 24 types equations to choose the best model
describing the adsorption isotherms of Cu® for the three
classes of adsorbents. The experiments were realized at the
temperature of 17 °C. The pH values of the solutions were
determinated with Metrohm E588 pH-mV meter and were
modeled with solutions of H,SO, and NaOH. The concentration
of Cu ion in solutions was determinated by ICP-AES analysis.

CAC of the natural adsorbents towards Cu ions was
calculated using the formula:

CAC:MBEV or CAC = £ v
Ore 1000 O m 1000

where, ¢, is the concentration of the element in initial solution,
mg/dm?; ¢ is the equilibrium concentration of the element in
solution, mg/dm®, ¢ is the quantity adsorbed substance,
mg/dm?, V is the volume of investigated solution, dm* m is the
weight of dry sorbent, g; CAC is cation exchange capacity,
mgelm/g sorbent.

RESULTS AND DISCUSSION

Influence of the adsorbents particle size upon their CAC
towards Cu

The value of CAC shows the influence of the bentonite and
zeolite particle size upon the adsorption of Cu ions, reached
during the time of contact 24 hours. It is considered, that during
that time full equilibrium between the solid and the liquid
phases is reached. For this purpose 1g from three different
classes of zeolite and bentonite contact with 100 cm® model
solution of CuSO,.5H,0 with different concentration of Cu?".

The influence of the bentonite particle sizes is showed in
fig.1 and of the zeolite in fig.2 on CAC depending on the
concentration of Cu ions in the initial solutions. Fig.1 and fig.2
show that at the lower contents of Cu ions in the initial
solutions ( up to 72,6 mg/dm?) the size of adsorbent particles
does not influence essentially on CAC. But, with raise of the
content of Cu ions in the initial solutions, CAC of both minerals
raises with decreasing their particle sizes, i.e. with increasing
their specific surface.

Comparing the dates from the figures of both minerals one
can observe higher CAC of the zeolite towards the bentonite
for the three classes at concentrations of Cu ions higher than
72,6 mg/dm®. At the initial concentrations of Cu®* in the
solutions up to 10-20 mg/dm? after adsorption are obtained
remaining concentrations of the same ions <0,2 mg/dm?®. That
shows, that both minerals can be used for purification of
waters, containing this quantity Cu® with one stage of
purification. Moreover, the standards of Cu content are
achieved in waste waters (<0,2 mg/dm?), at which they can be
released into rivers and into open-air reservoirs.

Bentonite adsorption of cu

=
>
(g)': 25 /}— —¢— Class-
0,071+0 mm
% 20 //
15 —m— class-

0,315+0,071

mm
5 —a— Class+0,315
/ mm
0

343

11.46 726 10944 17044 250 7565

Content of Cu? in initial solution, mg/dm3
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Figure 1. Influence of bentonite particles size on CAC towards
Cu? from model solutions of CuSQ,5H,0

Thermodynamics of the copper adsorption from the natural
adsorbents bentonite and zeolite

The adsorption such as desorption depends mainly on the
thermodynamic parameters, temperature and concentration of
adsorbtive and on the condition of the adsorbent surface. The
quantity of strongly adsorbed adsorbate depends only on the
concentration of adsorbtive, at certain temperature and
established adsorption equilibrium. This dependence between
the quantity adsorbed substance and the concentration of
adsorptive is expressed by the adsorption isotherm. The
adsorption isotherms of Cu? uptake from natural adsorbents
were obtained with the help of computer program “CURVE FIT-
424" at temperature 17 °C. From 24 types of equations the
most suitable were chosen, describing the Cu® adsorption
from different classes of bentonite and zeolite. The chosen
equations give highest coefficient of correlation (r) of the
dependence: y=f(c,),
where y is the quantity adsorbed substance (c) related to 1g
bentonite or zeolite for contact time 24 hours, mgCu/g
y=c/m;

c, is equilibrium Cu?" concentration, reached after 24 hours,
mg/dm?.

Zedlite adsorpion of Cu®*
%

30

2% K
. //}
5 V/4
0 =4

5 o

11,46

—e— 0lass-0,071+0 mm

CAC, mgCu/g

—m— ¢hss-1,0+0,071mm|

—aA— Chass-2,0+1,0 mm

343 726 10944 17044 250 7855

Content of Cu? in initial solution, mg/dm?®

Figure 2. Influence of zeolite particles size on CAC towards
Cu? from model solutions of CuSO,5H0.

Adsorption isotherms of Cu?* uptake of bentonite:

for class —0,071+0 mm

y= 5225378+ 0,1204.c, - 1,3929.10* 2 ;

m

( 7= 0,9941)

or

y = <= 2,2839.1,0009% 0%
m

(r = 0,9922)

for class =0,315+0,071 mm

y=5=37899+ 42935107, - 0’1269;
m c;

(¥ = 0,9902)

or

y= % = 1,9826.1,0016%.c3%7" ;

(r = 0,9896)
for class +0,315 mm

y= £ = 1,9928.0,9999% 227" ;
m

(= 0,9826)
or

y= % 1,9936.c07%% ;

r= 0,9826)

Adsorption isotherms of Cu?* uptake of zeolite:
for class -0,071+0 mm

y= L= exp%l,484l- 01769, 0,29581n(cz)%,
m 0 ¢ 0

(r = 0,9845)

or

y = 3,0068.c5°% ;

(= 0,9745)

for class —1,0+0,071 mm

yz £ 24115.077;
m

(r= 09827

or

y= < =2,4170.1,00007 27 ;
m

(r=09844)

for class —2,0+1,0 mm
¥ = 3,0191.1,00096% ¢33 ;

(r = 0,9840)

or

= £= 60039+ 2,9925.102, - 210,
m

2

(r= 0,9907)

Kinetics of Cu?* adsorption by the natural adsorbents bentonite
and zeolite

Class —0,071+0 mm for both adsorbents was chosen for
studing the kinetics of Cu?" adsorption. The concentration of
Cu® in the initial model solutions is 11,46 mg/dm®. The
experiments were carried out at temperature 17 °C and pH of
the solutions 4,62. The contact time between the solid and the
liquid phases is accordingly: 5, 10, 25, 40 and 60 min at
shaking with 150 min™. The selection of the content of Cu in
the initial solutions is based on the achieved remaining
concentration <0,2 mgCu/dm? for all treated solutions with one
stage of purification for both adsorbents. The achieved
remaining concentration (<0,02 mgCu/dm®) responds to the
requirements of Bulgarian standards for potable waters (<0,05
mgCu/dm?®) and releasing of waste waters from mines and
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mineral dressing enterprises into rivers and into open-air
reservoirs (<0,2 mgCu/dm?).

The kinetics of Cu? adsorption is shown in fig.3, as relation
between remaining concentration and contact time.

Kinetic of Cu” " adsorption

0,06

0,05

—e— bentonite
0,04

0,03

—m— zeolte

0,02 -

Remaining concentration of Cu 2+, mg/dm?

0,01

5 10 25 60

40
Contacttime, min

Figure 3. Kinetics of Cu* adsorption by bentonite and zeolite.

As we see in the figure, the kinetics of Cu?* adsorption is very
fast for both minerals and 5 min are sufficient for reaching the
remaining concentration <0,02 mg/dm®. An insignificant
desorption of the copper ions from the bentonite were
observed after the 10" min and form the zeolite after the 40"
min. A conclusion can be made, that the Cu?" adsorption is
stable for both minerals under the indicated conditions.

Influence of pH of solution on the Cu?* adsorption from
bentonite and zeolite

The experiments were realized at the following conditions:
temperature 17 °C; initial concentration of Cu? in the solutions
11,46 mg/dm®; pH- 2, 4, 4,62, 6, 8, 10; contact time 5 min and
size of the bentonite and zeolite particles —0,071+0 mm.

The low values of pH are reached by acidification with H,SO,
solution and the higher than 4,62 with a solution from NaOH.
The influence of pH of the solutions upon the adsorption of
Cu* is indicated in fig. 4. The change of the remaining
concentrations of Cu® in function from pH of the solutions has
been followed. It can be seen from the figure, that the
remaining concentration begins to decrease, increasing the pH
of the solutions after the process of adsorption. For the zeolite
it is lowest at pH from 4,62 to 8 (¢,<0,02 mg/dm®) and for the
bentonite from 4,62 to 6 (c, from 0,02 to 0,13 mg/dm?). It is due
to the fact, that besides the process of adsorption there also
runs precipitation of Cu? at pH>5 as a result of the removal of
the reaction equilibrium to the right:

Cu?+2H,0 o Cu(OH)+2H"
—>

An increase of the Cu® remaining concentration at pH >8 for
both adsorbents was observed, which was probably due to
their partial desorption from the adsorbents and the presence
of unadsorbed Cu(OH),! in solution.

The optimum pH value of the solutions at Cu?* adsorption for
zeolite is in wider range from 4,62 to 8 and for bentonite it is in
more narrow range from 4,62 to 6. The results show that the
zeolite has better adsorption qualities then bentonite.

“”E 14
% 12 n
/
08 //// —e— zedlite
0,6 L} bentonite
ool N\ /-
]\ J/
: —/
2 4 4,62 6 8 10
pH
Figure 4. Influence of pH of the solutions on the
Cu**adsorption.
CONCLUSION

6. The Bulgarian natural adsorbents zeolite and bentonite can
be used for recovering Cu?" with concentration between
10-20 mg/dm® in waste water, completing in one stage of
purification by correlation liquid:solid=100:1. Both natural
minerals have good adsorption properties towards Cu?
with little superiority of zeolite.

7. The specific surface of the natural adsorbents does not
play a significant role on the adsorption at concentrations
of Cu® in the solutions up to 70 mg/dm®. At higher
concentrations the order of adsorption, according to the
size of the particles of zeolite, is -0,071+0>+1,0-2,0>-
1,0+20 mm and of bentonite is -0,071+0>+0,071-
0,315>+0,315 mm.

8. The thermodynamics of the adsorption process at different
sizes of the particles of both adsorbents was described by
the most appropriate adsorption isotherms, obtained with
the help of the computer program “CurveFit 424",

9. The adsorption process at content of Cu® between 10-20
mg/dm® and pH of the solutions 4,6 is vary fast. The
contact time is not more than 5 min for reaching the
standard for potable waters, according to the content of
Cu*, which is 0,05 mg/dm*

10. At adsorption with zeolite, the pH range of the waste
waters containing Cu®* between 10-20 mg/dm? is wide
from 4,6 to 8, for reaching the standards of potable
waters. The time of adsorption is 5 min for achieving
remaining concentration of Cu? below 0,02 mg/dm?. At
adsorption with bentonite for the same contact time, the
standards for potable waters are reached at pH 4,6. At pH
value from 4,6 to 8 are reached the standards for
releasing waste waters containing Cu® in rivers and open
reservoirs.
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