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PE3IOME

PaboTata e nocseTeHa Ha u3cnefBaHe BIMSHMETO HA HUCKOYECTOTHa 3BykoBa 06paboTka BbpXy MPUPOAEH KITMHOMTWIOMMT, MO-TOYHO BbPXY COPOLIMOHHMTE MY
CBOVCTBA OTHOCHO HSIKOW Hal-4eCTO CPELLaHu KaTWOHM Ha TEXKUTE MeTanu B pyAHWYHWUTE OTNafgHM BOAM. HanpaBeHO e cpaBHeHWe Mexay KaTMOHHMS oBMeHeH
KanauuTeT, KoeduUmMeHTa Ha pasnpeaeneHre u u3BnuYaHnsTa Ha HeobpaboTeH M 06paboTeH C HUCKOYECTOTEH 3ByK 3e0nuT cnpsmo Konute Ha Cu, Fe u Zn ot
MOofienHK pa3TBopy B cyndatHa dopma. MpocneaeHo e 1 BIMSHUETO Ha KOHLEHTPaLMATa Ha U3CneaBaHUTe HOHN BbPXY CbLUMTE NoKasaTeny.

BBbBEJEHVE

Bonrapus e ctpaHa C OrpaHMYeHM BOZHM MPUPOAHM
[aeHOCTM, Mopaau KoeTo ¢ ocobeHa OCTpoTa CTOM BbMpoca
33 CbXpaHsIBAHETO W OMa3BaHETO UM OT PasNWYHK BPELHU
Bb3geiicTeus. OT apyra cTpaHa BogaTa e Han-ysseuMaTta KbM
3aMbpCsBaHUA KOMMOHEHTA Ha OKONHaTa cpeja M Oka3sa
CUIMHO Bb3JENCTBIE BbPXY CBbP3aHuTe C Hes coropa 1 dhayHa.
ETO 3alWo, CbXxpaHEHWETO Ha BOOHMTE 3anacu e CBbp3aHo
OCBEH C paLMOHarnHOTO UM M3MOn3BaHe U C NpeyncTBaHe Ha
oTnagHuTe GUTOBM M 0COBEHO Ha MPOMULLNIEHWUTE BOAM NPeau
TAXHOTO NOBTOPHO M3MON3BaHE UMK 3ayCTBaHe.

EavH OT LUMPOKO M3NON3BaHUTE METOAM 3a MPEeYNCTBaHE Ha
otnagHu Bogu (OB) e apcopbumonHms. Mpes nocnegHute 10-
15 TrogWMHM MHTEPECHT KbM 3€0NMUTWUTE, KaTo MPUPOAEH
afncopOeHT 3a NpeuncTBaHe Ha 0TNaJHN BOAM € U3BbHAPEAHO
ronsM. B TO3M cMuCbn Te ca efHa HOBA CypoBMHA U
obrnactute Ha npunoxexue npu npeuucteaHe Ha OB po
ronsiMa CTeneH ca HeM3BECTH 3a TEXHONO3W 1 NoTpebuten.

OBLUM CBELEHMA 3A 3EONIUTUTE

1. 3eonuTtoBU ckanu

3eonuTute [OHEC ce MpueMat, Kato [MaBHM CKano-
obpasyBal MuHeparM B MPOMEHEHU MWUPOKNACTUYHM
cegumeHTu. Mopagm nunca Ha eauHCTBO Mpu ynoTpebaTa Ha
Ha3BaHWS 3a eHN 1 cblum ckanu (Anekcnes b., [xyposa EB.,
1975) paspaboTBat npuMepHa knacudmkauus, cropes KosTo
MO4 3€ONMTOBM CKanmW Ce O3HayaBaT BCUYKM CEAUMEHTHU
ckanu, konto cbabpkaT Hag 10% seonwmtu. Jo 1980r. ca
ycTaHoBeHW 40 pa3HOBMOHOCTM Ha MPUPOAHM 3E0NMUTU U Hag
100 moaudmumpanu 3eonuta. Haxoguwa € MKOHOMMYECKM
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WM3rOfIHW KOHLEeHTpaLmm 0bpasyBaT 0CEM 3€0MUTHU MUHepana-
KNMHONTUAONNT, Waba3nut, MOPAEHUT, UAMNICUT U EPUOHMUT
(cnab wHTEpec, nopagu CbOOLEHMS 3@  KaHLEepPOreHH
NposiBu), heprepuT N aHanLUMKT.

2. XuMHUYecKku CbCTaB M CBOMCTBA Ha 3e0NUTUTE

3eonuTuTe NpeacTaBnsBaT KPUCTANHM anyMOCUIMKaTHU Mu-
Hepanu CbabpXal MeTanHW KkaTuoHu v Boga. KpucranHata
peLLeTKa e CbCTaBEHA OT CUIMKATHW U anyMUHATHW TeTpaeapu
CBbp3aHM NOMEXZy CY MO PasnnyeH HaumH oDeduHeHW oT
obwy BbpxoOBE, KaTo 0OpasyBaT KOMMMEKCHN TpUpas3MepHW
KpUCTarHW CTPYKTYpU C PasnofioXeHn B onpedeneH pen
MUKPOKYXMHW U KaHanu C pas3Mepu OT HSKONIKO A0 HSIKOSKO
[eCeTKn MUKPOMETPM.

O6obLieHata hopmyna Ha XMMUYECKMS] CbCTaB Ha
3€0MUTUTE €:

MZ/nO'A1203 .XSiOz yH20 ,

KbaeTo: M e KaTWOHBT Ha ankaneH Unu ankano3emeH enemeHT
C BarneHTHOCT N, X Bapupa mexay 2+10, a y mexay 2+7.

AnKanHUTE W ankano3eMHUTE KaTUOHM Ca Pa3noNOXeH! B
MUKDOKYXMHA M Ca CPaBHUTENHO cnao 3aKpeneHu KbM
pelLeTKaTa, nopayn KoeTo MoraT aa GbaaT 0GMEHSIHU C apyTi.

Criopep; pa3Mepa Ha KpUCTaliHUTE NOpM 3e0NUTUTE Ce AeNsT
Ha LUMPOKO-, CPeAHO- M TEecHonmopectT T.e. “‘CBOGOAHMAT
AvaMeTbp” Ha KaHamuTe Ce SIBiBA OCHOBEH KOHTpOMMpalLy
hakTop Ha BnM3aHe Ha “BbHILHK’ eguHULM. Cbr3MepumocTTa
Ha EKBWBANEHTUHWS OMamMeTbp Ha KPUCTanHUTe MOpU Ha
3€ONUTUTE C pas3Mepa Ha peauua MOMeKynu onpegens



CnocobHOCTTa CenekTUBHO Aa 1 aacopbupar, a ¢ ToBa cu
CBOWCTBO Te CE OTHACAT KbM rpynara Ha MOMEKYNHUTE cuTa.

B 3aBucuMmMocT OT CboTHOLWEHMETO Si:Al 3eonuTuTe ce aensTt
Ha BWCOKO-, CPEOHO- M ManKoCuIuumeBu, koeto obycnaes
TAXHaTa YCTONYMBOCT NpK pasnnyHo pH.

Te npuTexaBaT BUCOKA TEPMOYCTOMYMBOCT, KaTO BbTPELL-
HaTa NopbO3HO-KyXWUHHa CTPYKTypa ce Hapywasa Hag 1000° C.

[MpuUpoaHUTE 3E0NUTU NPUTEXABAT BUCOKA MEXaHUYHA SKOCT
(3+4.5 no Moc) u BbMpeku, Ye OTCTLNBAT Ha KeapLa MoraT
YCMeLLHO [a ce U3Mon3Bat kato unTpyBaLyy matepuany.

3. PasnpocTtpaHeH1e Ha 3e0NIMTOBUTE CKaln Yy Hac

WsBecthu ca Hag 1000 Haxoguwa B pasfvMyHM YacTu Ha
ceeta- CAL, Pycus, Anonns, Kyba, Pymbhus, Wrtanus,
Mekcuko, YHrapus, Bbnrapus v ap.

3a MbpBK MbT Y HAC 3€ONUTOBW CKamM Ca YCTAHOBEHM
W3TOYHO OT rp.Kbpmkanu, npu xn cnupka “YKenesHu Bparta’”.
Cera B TO3W paiiloH Ce HamupaT Hai-3HauMTenHUTE
Haxopuwarta: “XKenesnu Bpata’, “benu nnact”, “benn 6aup”,
‘Tono6bpao”, “Moct”, Nsackosey’ u ‘“Tlepnepuk’. OcHoBeH
MWHepan B Te3u Haxoaulla e KIuHonTMRonuTsT. MopaeHut
uvma B pailoHa Ha c. Manko [lonoso, a cununcuT Kpan c.

OBpounLe.

4. M3non3BaHe Ha 3e0NUTM NpU NPeYUCTBaHE Ha OTNAfHM
NPOMMULLIIEHN BOAM.

MpeuncteaHeto Ha OB € eauH OT Hal-pa3npoCTpaHeHUTe
TEXHOMIOMMYHM MPOLIECH, €TO 3alo e Taka ronsm uacneno-
BaTENCKMs UHTEPEC 3a M3MON3BaHETO Ha NPUPOAHM 3€0MNTU B
ka4yecTBOTO Ha unTpyBawm (Tapacesud, KpaByeHko u ap.
1985; Tapacesud v gp. 1982), iioHoobmeHsiwy (Ctoes, 1991;
Monskoe u Aap. 1979), apcopbumonHu (Komarneni, 1985;
Papachristou et al. 1993) n katanutuHm (Xiao et al. 1998;
Corma et al. 1994) maTepuanu.

KnuHonTunonuta nokasea BIUCOKA KUCEMMHOYCTOMYMBOCT U
[OCTaTb4yHa YCTOMYMBOCT KbM [ENCTBUETO HA OCHOBUTE
(MonsikoB n gp. 1979; Barrer et al. 1964), ot gpyra cTpaHa
OMeKoTsIBa npeyncTeHata Boaa (Kovacheva et al. 1995).

lpe3 nocrnegHuTe TOAMHW 33 MOBWLIABAHE Ha
MOHOOOMEHHMS KanaLuUTET Ha 3e0nUTUTE, Te ce MoauduMumpaTt
C Pa3TBOPW Ha Pa3nUuHM BELLECTBA, CbAbPXaLly OHM, KOUTO
Ce HacTaHABaT B KPUCTaNHUTE MOPW U NpUTEXaBaT MO-ronsm
acuHuTeT KbM MoHMTe Ha OB (Papachristou et al. 1993;
Bowman et al. 1994).

CraBa fICHO, Y& M3MOM3BaHETO Ha 360MUTU U ThPCEHETO Ha
METoAM 3a MoBULABaHEe Ha copGLMOHHATa My CrocoGHOCT e
MHOTO aKTyanHo HanpasrneHie npyu npedncTeaHeTo Ha OB.

EKCMEPUMEHTAINHA YACT

W3cnenBaHusTa ca HacoueHM KbM 13yyaBaHe Ha (U3NYecKo
Bb3felicTBE BbPXy COpPOLMOHHUTE CBOWCTBA Ha 3€0nUTa W
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MO-TOYHO HWUCKOYECTOTHO 3BYKOBO MOME, C LiEN MOBWLLABAHE
KaTWOHHWSI OBMEHEH KanauuMTeT Ha NPUPOAEH 3E0MUT.

1. XapakTepucTMKa U NoKa3aTenu Ha 3eonura.
3a M3BbPLUBAHE Ha EKCMEPUMEHTUTE € U3NON3BaH 3e0NUT 0T
“beHTOHNT’AL] - rp.Kbpakanu cbC CrieaHUTe XapakTepUCTUKK:

1.1. Xumu4ecku cbcmae Ha 3eonuma (1abn.1).

Tabnmua 1. XumMnyeckn CbCTaB Ha 3eonuTa

1.2. CObpxaHue Ha 3aMbpcsigawju enemeHmu (1abn.2).

Tabnmua 2. 3aMbpcsBalLy eNeMeHTH B 3e0nuTa

1.3. KauecmeeHu nokasamenu Ha 3eonuma:

a) CbAbpXaH1e Ha KNMHONTUNONMT - 70%;

6) cyma Ha obmeHHuTe ioHu K, Na, Ca, Mg (onpegeneHa no
NH; ¢ wusnonsssaHe Ha NH,Cl), T.e. nbneH oOMeHeH
copbumoreH kanauutet (IMOCK) - min 100 mgeq/100g;

B) Bnara - max 10%.

2. OnpepensiHe Ha MNMOCK otHocHo Cu, Zn u Fe MoHu ot
MogenHu cyndaTH1 pa3TBopH

MbpBOHAYanHoO ca onpeaeneHi cOpOLMOHHMTE NoKasaTenu
npu MoCTUraHe Ha MbIIHO PaBHOHECME MeXy COPOeHT u
W13CreaBaHUTE eNeMeHTI OT Pa3TBOpUTE.

2.1. Memoduka Ha npoeexdaHe Ha ekcnepumeHmume; Tpu
npobu ot 5g 3eormt knaca 0.8-2.5 mm ce noctasaT B
MMOCKOABHHA KOMBW M Bcska efHa OT TAX Ce 3anMBa C
MoZeneH pasTBop ¢ koHueHTpauus 1 g/l ot CuSO,, ZnSO, 1
FeSO, B cboTHOWEHME TeuHO:TBbpAo=10:1. KoHTakTbT Mexay
pa3TBOp W 3e0NUT Ce OCbLUECTBSABA MOCPEACTBOM KraTayHa
MawmHa CITRON npu o6opotn 150 min™ B npogbikeHne Ha
1.5 yaca, cneg koeto konbute ce OCTaBAT B MOKOM 3a
[OCTUraHe Ha paBHoBecwe A0 72 vaca.

M3xogHaTa n octaTbyHaTa KoHueHTpaums Ha Cu, Zn u Fe
ilOHM B MOAENHUTE pa3TBOpM € onpefensiHa, Ypes CrekTpo-
METBbP C MHOYKTUBHO CBbp3aHa nnasma ICP B mg/l.



2.2. OnpedensiHe Ha I10CK, usenuyaHe “€” u KoegpuyueHm
Ha pa3npedeneHue “k”. MocoyeHnTe COPOLIMOHHM MOKa3a-
TENW ca ONpeAernsHu No cnegHuTe opmynu:

MOCK = HMHV cg= ‘1_C2 100,% -
O0m.1000 c

(- faseg s,
Cl m

KbOeTo: Ci-
pasteop, mg/l;

C, - OCTaTbyHa KOHLEHTpaLuWs Ha erneMeHTa B
pasteopa, mg/;

V - 0bem Ha uscrnegsaHus pasrsop, mi;

m - Terno Ha cyx copbeHT, g;

MOCK - nbneH obmeHeH copbuMOHEH KanauuTer,
mgelm/g copbeHT;

€ - U3BNMYaHe Ha enemexta, %;

K - koeULUMEHT Ha pa3npeseneHye.

KOHUEHTpauUna Ha eneMeHTa B U3XOOHWUA

2.3. Pesynmamu om nposedeHume onumu. [lonyyeHnTe
COpOLMOHHM NOKa3aTenn Ha 3eonuTa CrpsMO M3crneaBaHuTe
enemeHTa ca npeacTasexu B Tabn.3.

Tabnuua 3. CopbumoHHM nokasaTenu Ha 3eonuta cnpsmo Cu,
Zn v Fe OHW OT MOZENHN pa3TBOPYU.

3. CpaBHeHue Mexay kaTuoHeH obmeHeH kanauuteT (KOK)
Ha 3e0nuUT HeobpaboTeH U 0OpaboTeH C HUCKOYECTOTEH
3BYK, cnpsamo Cu, Zn u Fe MOHM OT MogenHu cyndatHu
pasTtBopm.

3.1. Memoduxka Ha npoeexdaHe Ha eKcnepumeHmume.
3eonut ¢ Ternmo 5g Ce noctaBd B MMOCKOAbHHA Yala C
pectunupaHa Boga ¢ obem 200 ml u ce nognara Ha
HWUCKOYECTOTHa 3BykoBa 0bpaboTka npu amnnutyga 0.4 mm u
vectota 30 Hz 3a Bpeme 15 wmuHyTM. Anapatypata 3a
Cb3JjaBaHe Ha HMCKOYECTOTHOTO 3BYKOBO MOME € LeTairiHo
onucaHa B (Kovatcheva et al. 1995), kato rmaBHa vacT Ha
cuctemata npeacTaBnsiBa 3BYKOBMS M3MbuBaTen MOTOMEH B
NNOCKOLbHHA Yala ¢ AecTurvMpaHa Boja. 3a Ja ce M3BbpLuK
CpaBHeHWe HeobpaboTeHWs 3e0nuT Ce NOCTaBs 3a CbLIOTO
BpeMe B Yalla ¢ JecTunupaHa Bogda Cbe Cbluus obem. Creg
KoeTo ABaTa 3eonuta ce unTpysaT W ce noctassat B 50 ml
MozeneH pa3Tsop ¢ koHueHTpaums 1g/l ot CuSO,, ZnSO, nnu
FeSO,. AncopbumsiTa ce M3BbpLUIBA C MOMOLUTA HA KnaTayHa
MalumHa CITRON npu o6opotn 150 min™ 1 Bpeme ot 5 go 45
MUHYTH.

KoHueHTpauumTe Ha uacrneaBaHuTe eNeMeHTU B MOAENHUTE
pa3TBOPM e onpeaensiHa, kakTo Belle NocoYeHo no-rope, Ypes
ICP B mgll.
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3.2. Pesaynmamu om npoeedeHume eKcnepumeHmu.
a) KOK Ha HeoBpaboTeH 1 06paboTeH 3e0nuT oTHoCHO Cu?
KoHueHTpauumTe, M3BNMYaHUSTa U KOBUUMEHTUTE Ha
pasnpenenenue Ha Cu? ca aageny B Tabn.4, a KOK Ha dur.1.
Kakto ce Bmxga oT Tabnd wu dur.1 copbunoHHuTe
nokasatenu Ha obpaboteH cbe 3Byk 3eomuT o 30-Ta MUHyTa
ca Mo-BUCOKKM CnpsiMo HeoBpaboTeH 3€0MMUT NO OTHOLUEHME Ha
Cu noHu. Hait-Bucoka copbuus ce noctura go 10-ta MuHyTa,
kaTo 3BykoBaTa 0bpabotka Ha 3eormta nosuilasa KOK ¢ 1.3
nbTU U ce gocTura 75.43% ot mbnnns copbumoreH KOK Ha Cu
oHM cnpsimo 59.48% Ha CbLums npu HeobpaboTeH 3e0nnT.

Tabnuua 4. CopBLMOHHM NokasaTenu Ha HEO3BYYEH W 03BYYEH
3eonuT cnpsamo Cu?* oT MofieneH pasTeop.

1,80 /\K
—e—0e3
%D L0 4 3BYK
% 140 A j
o
S 120 ——Ccne
3BYK
1,00
5 10 15 20 30 45
Bpeme Ha

agcop6ums, min

Queypa 1. KamuoHeH obMeHeH Kanayumem Ha HeobpabomeH
U 0bpabomeH CbC 38yK 3€0/1UM CNPSIMO
Cu tioHu om pasmeop Ha CuSO,.

6) KOK Ha HeobpaboTeH 1 06paboTeH 3e0nM1T oTHoCHO Fe?
CopbLUMOHHUTE MOKa3aTenu W3BMMYAHE M KOeUUMEHT Ha
pasnpenenexue cnpsamo Fe? ca nokasaHu B Tabn.5, a KOK Ha
ur.2.



OTHOBO COp6LMOHHUTE NOKa3aTeni Ha 3BYKOBO 0bpaboTeH
3e0nuT ca no-Bucokn Ao 30-Ta MuHyTa, cnpsmo Fe own ot
cyndateH MoaeneH pasTeop. Hait-Bucoka copbums ¢ 03By4yeH
3eorMT Cce noctura [0 15-Ta MMHyTa, Kato 3BykoBaTa
obpaboTka nosuwaesa 1.2 nbtn KOK n ce poctura 77.4% ot
mbiHusa copbumoHeH KOK Ha Fe ioHu cnpsmo 63.3% npu
HeoOpaboTeH 3eonuT.

B) KOK Ha HeoGpaGoTeH 1 06paboTeH 3e0nuT OTHOCHO Zn?".
CToiHOCTUTE Ha COpOLMOHHUTE MOKa3aTenu W3BMNYaHE 1
KoehMLMEHT Ha paspensiHe cnpsMo Zn 1OHM ca nokasaHu B
Tabn.6, a Ha KOK Ha cour.3.

Tabnuua 5. CopBLMOHHM NOKA3ATENN Ha HEO3BYYEH 11 03BYYEH
3e0NMT cnpsiMo Fe?' oT MoaeneH pasTeop.

2,20
2,00 —o— 0e3
z;in 1,80 l£.>.7£.;‘.<. 3BYK

2 1,60 +—4<]

%” 1,40 7/ —— CbC

~ 1,20 3BYK
1,00

5 15 30 45 60 90

Bpewme nHa
ancopOums, min

Queypa 2. KamuoHeH 0bMeHeH kanayumem Ha HeobpabomeH
U 0b6pabomeH CbC 38yK 3€0/UM CNPAMO
Fe tioHu om pasmeop Ha FeSO,.

lMonyyeHuTe pesynTaTyi nokaseart, Ye copbupmara Ha Zn foHM
OT 3BykoBO 0OpabOoTEH 3€0MMT OTHOBO € Mo-BuUcoka 4o 30-Ta
MWHYTa B CpaBHeHWe C HeobpaboteH 3eonuT. Hait-Bucoka
copbums ce nmoctura C 03By4eH 3e0rMT 4O 15-Ta MuHyTa,
[OKaTO CbLyWUTe CTOWHOCTM ce mocTurat npu 60-Ta MuHyTa C
Heo3ByueH. B 15-Ta muHyTa KOK Ha obpaboteH 3eonut e 1.2
MbTU NO-BUCOKA B CpaBHEHWE ¢ HeobpaboTeH, mpu ToBa ce
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noctura 64.2% ot mbnHna copbumnoHeH KOK Ha nscneasaHus
€NEMEHT 3a 03BYYeH 3e0nuT Cnpamo 55.4% 3a Heo3ByueEH.

Tabnmua 6. CopbLMOHHM NoKa3aTenu Ha He03BYYeH U 03BYYEH
380NUT CNPAMO Zn?* 0T MOAENeH pasTBop.

2,00
1,80 —o— Ge3
Nvi=aain]Re

= 1,60

£ ¥ /

5,

E 140 ¢ ——cbe

=~

S 120 3BYK
1,00

5 15 30 45 60 90

Bpeme ua agcop6iust, min

Queypa 3. KamuoHeH obMeHeH kanayumem Ha HeobpabomeH
u 06pabomeH cbC 38yK 3e0/1Um cnpsiMo Zn (ioHu om pa3meop
Ha ZnSO,.

4, CpaBHeHWe Mexay COpPOLMOHHM noKasaTenu Ha
HeO3BYYEH U 03BY4YeH 3eonut, cnpamo Cu, Zn u Fe ioHu
npu HamansiBaHe Ha KOHLEHTpauuuTe UM B MOAESTHUTE
cyndaTHU pa3TBOpM.

4.1. Memoduka Ha npoeexdaHe Ha ekcnepumeHmume.
MeToaukaTa Ha NpoBeXzaaHe Ha eKCriepUMEHTUTE e CbluaTaTta
kakTo T.3.1 npu Bpeme Ha agcopbumst 30 MuHyTH.

4.2. Pesynmamu om nposedeHume ekcnepumeHmu. Cop6-
LMOHHUTE NOKA3aTeNW NpW HamarsBaHe Ha KOHLEHTpauusTa
Ha Cu?, Fe*n Zn* B MofienHuTe pasTBOpU Ca MokasaHu B
Tabn.7.



Pesyntatute ot Tabn.7 nokaseat egHakBu TEHAEHLWW W 3a
Tpute enemeHTa. C HamansBaHe Ha KOHLEHTpauuuTe Ha
€NEMEHTUTE B M3XOAHUTE MOMENHU pasTBOpU Ce yBenuyasa
TAXHOTO W3BMMYaHE, KaKTO W KoeduumMeHTa Ha pasnpe-
AenetHue, Ho Hamansea cronHocTTa Ha KOK. Tasu TeHaeHuus
ce 3anasea ¥ npu copbuus C 03By4eH 3eonuT. ToBa
NoATBbPXAABa (hakTa, Ye NPUPOLHNS 3€0NUT KaTo COpOEHT e
NOAXOAALY 33 MPeyncTBaHe Ha CpefHo M cnabo 3aMbpceH
OTNagHN BOAU.

380N

Bb3 ocHoBa Ha M3BbpLUEeHaTa eKcnepumeHTalHa pa60Ta
mMorat Aa Ce HanpaBAT cneaHuTe U3Boaun:

1. MNoatebpxgaBa ce, Ye KIMHONTUNIONUTOBUTE 3E€0NNTH
YCMELLHO MoraT Aa Ce W3non3ear 3a npeunctBaHe Ha Cu, Fe
Zn 0HM OT cpeaHo 1 cnabo sambpcenn OB.

2. YcTaHoBeHa € Bb3MOXHOCTTA 3a MHTEH3MdMLMpaHe Ha
copbuMoHHaTa CnocoBbHOCT Ha 3eonuT, Ypes obpaboTkata My ¢
HWCKOYECTOTEH 3BYK.

3. YcraHoBEHO €, 4Ye MOMOXMTENHOTO BRUSIHUE Ha
HWUCKOYECTOTHOTO ~ 3BYKOBO MONe  BbpXy  COPOLMOHHMTE
nokasaTternu Ha seonuta e B pamkute Ha 30-45 MUHYTW cnej
obpabotkata u unTpauusTa my.

4. focturHatuar KOK 3a 15 mMuHyTHa copbumst OT 03ByYeH
3€0MUT CMpsIMO TpuTe u3cneaBaHn enementa Cu, Fe n Zn e
cpefHo 1.2 MbTK NO BUCOK OT HEO3BYYEH, @ KoedULMeHTa Ha
pasnpegenenne 1.55 nvTu. MMpu ToBa ce poctura 75.43%,
77.4% wn 64.2% ot mbnHus copbumoHeH KOK Ha 03By4eH
seonut cnpsamo 59.48%, 63.3% u 55.4% Ha HeosByyeH
cboTBeTHO 3a Cu, Fe 1 Zn ioHu.

5. Heobxoanmo e MHOro no-marko Bpeme 3a AOCTUraHe Ha
eOHN W cblum cToHocTM Ha KOK oT 03ByyeH 3eomuT B
cpaBHeHue C Heo3ByyeH. CtoiHoctute Ha KOK Ha 03BydeH
3eonuT 3a 10-15 MUHYTHa copbuusi ce JOCTUraT OT HEO3BYYEH
3a 30 n noBeye MUHYTW, T.e. BpemMeTO Ha copbumus ce
CbKpallasa 2 v NoBeye MbTu.

6. CroitHoctute Ha KOK HamansBaT ¢ HamansBaHe Ha
KOHUeHTpauumute Ha u3cnegsaHute Cu, Fe u Zn iioHn B
MOZenHUTe pa3TBOpyM M TOBA CE 3ana3sa W Mpy U3NOoN3BaHETo
Ha 03ByYeH 3e0MUT, HO COpOLMOHHMTE MoKasaTenu ca no-
BMCOKM.

Tabnuua 7. CopBLMOHHI MOKa3aTenn Ha 3e0NUT B 3aBUCUMOCT OT KOHUEHTpauuuTte Ha Cu®, Fe* n Zn®* B cyndaThu MoaenHu

pasTBOpM.
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STUDIES THE IMPACT OF LOW-FREQUENCY ACOUSTIC FIELD UPON CATION
EXCHANGE CAPACITY OF NATURAL ZEOLITE

Valeria Kovatcheva-Ninova, D. Dimitrova

University of Mining and Geology
“St. Ivan Rilsky”
1700 Sofia

Bulgaria

ABSTRACT

The work is dedicated to investigation of the influence of low-frequency acoustic treatment upon natural clinoptilolite. More precisely
upon their sorbtion properties regarding some commonly meet heavy metal cations in the mine waste waters. A comparison is made
between the cation exchange capacity, the coefficient of distribution and the recovery of no treated and treated with low-frequency
sound zeolite towards the ions of Cu, Fe and Zn from model solutions in sulphate forms. The influence of the ions concentration
upon the same indexes is investigated.

INTRODUCTION

Bulgaria is a country with limited availability of natural waters
because of that with special stays a question for the water
presrevation and conservation from different damaging effects.
From the other hand, the water is the vulnerablest component
towards contamination of environment and exerts strong
influence on related flora and fauna. That's why the
preservation of the water supplies is connected besides with
the rational usage but with purification of domestic waste
waters and especially industrial waters before their over again
using or joining with river courses.

One of the wide used methods for waste waters purification
is adsorptional. In the last 10-15 years the interest in the
zeolites as natural adsorbent for waste waters purification is
exceptionally great. In this context they are a new raw material
and the field of application for waste waters purification to a
certain extent are unknown for technologists and

SUMMARY FOR THE ZEOLITES

1. Zeolite rocks

The zeolites today are accepted as main rock formed
minerals in modified piroclastic sediments. Because of lack of
unified system in the usage of names for one and the same
rocks (Alexiev and Djourova, 1975) develop exemplary
classification according which under zeolites rocks are marked
all sediment rocks containing over 10% the zeolites. Until 1980
year 40 variety of natural and over 100 modified zeolites are
established. A deposits with economically significant
concentrations form eight zeolite minerals - clinoptilolite,
shabazite, mordenite, filipsite, erionite (low interest because of
cancer behavior), ferierite and analcimite.

2. Chemical composition and property of the zeolites.

The zeolites represent crystal aluminium silicate minerals
containing metal cations and water. The crystal lattice is
composed of silicate and aluminate tetrahedryties bounded in
between at different manner and united by common peaks.

These tetrahedrites form three-dimensional complex crystal
structures with disposed in fixed order microcavities and
channels with dimensions from several to several of microns.
The generalized formula of zeolite chemical composition is:

Mz/nO.A1203 .XSi02 yH2O

where: M is the cation of alkali or alkali-earth element with
valence n, x vary between 2+10, and y between 2+7.

The alkali and alkali-earth cations are disposed in
microcavities and are relatively low fixed to the lattice, that's
why they could be exchanged with others.

The zeolites are divided according to crystal pore size into
wide-, middle- and narrow porosity i.e. “the free diameter” of
the channels appears to be the basic controlling factor at
entering of “outside” units. The commensurability of equivalent
diameter of the zeolite crystal pores with dimension of series
molecules define the ability for their selective adsorptions and
with this property they are related to the group of the molecular
sieves.

Based upon the correlation Si:Al the zeolites are divided into
high-, middle- and less silica which determine their stability at
different pH values.

They possess high termostability, like internal pore-cavity
structure break over 1000° C.
The natural zeolites have high mechanical strength (3+4.5 at
Mos) and although behind quartz in this regard they may be
successful utilized as filtration materials.

3. Occurrence of the zeolite rocks in our country.

Over 1000 deposit are known in different parts of the world-
USA, Russia, Japan, Cuba, Romania, Italy, Mexico, Hungary,
Bulgaria and etc.

In our country zeolite rocks are established for the first time
eastern from Kardjali town, at railway station “Jelezni vrata”.
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Now in this region are situated the considerablest deposits:
“Jelezni vrata”, “Beli plast’, Beli bair’, “Goloburdo”, “Most’,
‘Liaskovez” and “Perpelik”. Clinoptilolite is a basic mineral in
this deposits. Mordenite is found in regions around Malko
Popovo village and filipsite around Obrochishte village.

4. Zeolite usage for industrial waste waters purification.
The purification of waste waters is one of the most widely
distributed technological processes, that's way research
interest is so big for the usage of natural zeolites as materials
for filtration (Tarasevich, Kravchenko et al. 1985; Tarasevich et
al. 1982), ion exchanging (Stoev, 1991; Poliakov et al. 1979),
adsorption (Komarneni, 1985; Papachristou et al. 1993) and
catalyzes (Xiao et al. 1998; Corma et al. 1994) materials.

The clinoptilolite shows high acid resistance and sufficient
stability to the action of the basis (Poliakov et al. 1979; Barrer
et al. 1964), from the other hand it softens the purified water
Kovacheva et al. 1995).

During the last years for increasing of zeolite ion exchange
capacity they are modified with solutions of different
substances containing ions which settle in crystal pores and
possess higher affinity to the waste water ions (Papachristou et
al. 1993; Bowman et al. 1994).

It is getting clear that the usage of zeolite and the search of
methods for increasing their sorbtional capacity is very actual
direction for waste waters purification.

EXPERIMENTAL

The investigations are aiming to study the effect of physical
impact upon the sorbtion properties of the zeolites and more
precise low-frequency acoustic field with the objective to
increase cation exchange capacity of natural zeolite.

1. Zeolite characterization and indexes.

For accomplishment of experiments was used a zeolite from
enterprise  “Bentonite™Kardjali  town  with  following
characteristics:

1.1.Chemical composition - table 1

Table 1. Zeolite chemical composition.

1.2. Content of impurity elements - table 2

Table 2. Impurity elements in the zeolites.

1.3. Zeolite quantity indexes

a) Clinoptilolite content- 70%;

b) Sum of exchange ions K, Na, Ca, Mg (defined by NH, with
usage of NH,CI), i.e. total exchange sorption capacity (TESC)-
min 100 mgeq/100g;

¢) Humidity- max 10%.

2. Determination of TESC as regard to Cu, Fe and Zn ions
from model sulphate solutions

The sorptional indexes during achievement of total
equilibrium between sorbent and the investigated elements
from the solutions were determinated.

2.1. Methods of experiments. Three samples of 5g zeolite,
class 0.8-2.5 mm are placed in Bunsen flask and each one of
them is filled with model solution with concentration 1g/l of
CuS0;,, ZnSO, and FeSOy in liquid:solid ratio 10:1. The contact
between the solution and zeolite is realized through shaking
machine CITRON at 150 min™' during 1.5 h, after that the flasks
are left for reaching equilibrium for 72 h.

The initial and remaining concentration of Cu, Fe and Zn ions
from model solutions is determinated by spectrometer with
inductive coupled plasma, ICP in mg/.

2.2. Determination of TESC, recovery “€” and coeficient of
distribution “k”. The indicated sorbtional indexes are
determined by the following formulaes:

S W) .
TESC= Emmoooﬁ '

SZECI ) Elooy%; K = Eﬁ%ﬁy
(4] (4] m

where:

¢ initial concentration of the element in solution, mg/l;

C,- remaining concentration of the element in solution, mg/;
V- volume of solution, ml;

2. weight of dry sorbent, g;

TESC- total exchange sorption capacity, mgelm/g sorbent;
€- recovery of the element, %;

K- distribution coefficient.

2.3. The obtained results. The obtained sorption indexes of
zeolite regarding the investigated elements are shown at table
3.
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Table 3. Zeolite sorptional indexes regarding Cu, Fe and Zn
ions from model solutions.

3. Comparison between cation exchange capacity (CEC) of
untreated and treated zeolite with low-frequency sound,
regarding Cu, Fe and Zn ions from model sulphate
solutions.

3.1. Methods of experiments. A zeolite with 5g weight is
placed in glass with distilled water with volume 200 ml and is
subjected to low frequency acoustic treatment at amplitude 0.4
mm and frequency 30 Hz for time 15 min. The apparatus for
creating of low frequency field is described in details
(Kovatcheva et al. 1995), main part of the system is the
acoustic emitter immersed into cup with distilled water. For
comparison untreated zeolite is put in glass with distilled water
with the same volume for the same time. After that both
zeolites are filtrated and are put in 50 ml model solution with
concentration 1 g/l of CuSQOy, ZnSO, or FeSO,. The adsorption
is realized with help of shaking machine CITRON at 150 min"*
time from 5 to 45 minutes.

The concentration of investigated elements in the model
solutions is determined as was mentioned above by ICP, in
mg/l.

3 3.2 The obtained results
a) CEC of untreated and treated zeolite regarding Cu ions

The concentrations, recovery and distribution coefficient of
Cu? are shown in table 4 and CEC in figure 1.

ﬁ\J\

W
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160 &
1.50
1.40
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1.20
1.10
1.00

—e— withou
t sound

—— with
sound
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5 10 15 20 30 45
Adsrption time, min

Figure 1. Cation exchange capacity of untreated and treated
zeolite with sound regarding Cu ions from

CuSOQq solution.

As we seen from table 4 and fig.1 the sorbtional indexes of
treated with sound zeolite up to 30" minute are higher in
comparison to untreated zeolite regarding Cu ions. Highest
sorption is achieved up to 10™ minute, as the acoustic
treatment of zeolite increases CEC with 1.3 times and reaches
75.43% from TESC of Cu ions towards 59.48% for untreated
zeolite.

Table 4. Sorbtional indexes of untreated and treated zeolite
regarding Cu® from model solution.

4 b) CEC of untreated and treated zeolite regarding Fe
ions
The concentrations, recovery and coefficient of distribution of
Fe? are shown in table 5 and CEC in figure 2.

Again the sorbtional indexes of treated with sound zeolite are
higher up to 30" minute in comparison to untreated zeolite
regarding Fe ions. Highest sorbtion is achieved up to 15™
minute as the acoustic treatment of zeolite increases CEC with
1.2 times and reaches up to 77.40% from TESC of Fe ions
towards 63.30% for untreated zeolite.

Table 5. Sorbtional indexes of untreated and treated zeolite
regarding Fe? from model solution.
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5 c) CEC of untreated and treated zeolite regarding Zn
ions

The concentrations, recovery and coefficient of distribution of
Zn? are shown in table 6 and CEC in figure 3.

The obtained results again show that the sorption of Zn ions
by acoustically treated zeolite is higher up to 30™ minute in
comparison to untreated. Highest sorption is obtained up to
15" minute with treated zeolite while the same values are
reached at 60™ minute for untreated. CEC of the treated
zeolite is 1.2 times higher in 15™ minute in comparison to
untreated and 64.2% of TSEC is obtained in comparison to
55.4% for untreated.

2.20
é‘” 2.00 —e— withou
- 1.80 %ﬁ t sound
) A
E 160 - .
o) /‘ —m— with
8 140 & sound

1.20

1.00

5 15 30 45 60 90

Adsorption time, min

Figure 2.. Cation exchange capacity of untreated and treated
zeolite with sound regarding Fe ions from FeSO, solution.
6
Table 6. Sorbtional indexes of untreated and treated zeolite
regarding Zn* from model solution.

4. Comparison between sorption indexes of untreated and
treated zeolite regarding Cu, Fe and Zn ions when their
concentration decreases in the model sulphate solutions.

4.1. Methods of experiments. The methods of the
experiments are the same as in point 3.7. at adsorption time
30 minutes.

4.2. The obtained results. The sorptional indexes are shown
in table 7 at decreasing of the Cu*, Fe* and Zn*
concentration.

The results from table 7 show identical tendencies for the
three elements. With decreasing of the element concentration
in initial model solutions, their recovery increases as well as
the distribution coefficient, but the value of CEC decreases.
This tendency is similar for treated zeolite. This fact confirms
that the natural zeolite as sorbent is suitable for purification of
low and medium contaminated waste water.

2,00
- 1,80 *\ﬁ —— without
E L6 ’,/‘ sound
S i
=
v 0¥ —m— with
8 120 sound
1,00

5 15 30 45 60 90

Adsorption time, min

Figure 3. Cation exchange capacity of untreated and treated
zeolite with sound regarding Zn ions from ZnSQ, solution.

CONCLUSIONS
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On the basis of the investigation work the following
conclusions are made:

1. ltis confirmed that the clinoptilolite zeolites could be
successfully utilized for purification of Cu, Fe and Zn
ions from low and medium contaminated waste
waters.

2. The possibility for intensification of the sorptional
ability of zeolite is established by their treatment with
low frequency sound.

3. The positive influence of acoustic field upon the
sorption indexes is within the framework of 30-45
minute after treatment and filtration.

4. The reached CEC for 15 minute sorption with treated
zeolite towards the three investigated elements Cu,
Fe and Zn is around 1.2 times higher in comparison
to untreated as well as for distribution coefficient 1.55

times. It is reaching for treated zeolite 75.43%,
7740% and 64.2% from TESC against 59.48%,
63.30% and 55.40% for untreated respectively for
Cu, Fe and Zn ions.

5. Less time is required for reaching same CEC values
for treated zeolite in comparison to untreated. The
CEC value is reached for 10-15 minutes sorption
from treated zeolite towards 30 and more minutes for
untreated i.e. the time of sorption is reduced two and
more times.

6. The CEC values decrease with decreasing of the
studied concentrations of Cu, Fe and Zn ions in
model solutions. This remains the same when
treated zeolite is used, but the sorptional indexes are
higher.

Table 7. The zeolite sorbtion indexes depending on the concentration of Cu*, Fe?* and Zn** in model sulphate solutions.
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