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PE3IOME

HacTosLoTo 13cnessaHe “ma 3a Lien onpeaensHeTo Ha ToBa [0 KOMKO pe3ynTaTiTe OT OnuTH 3a MexaHuama Ha aacopbums Ha Aepo3on 22 BbpXy OKCUAKM MoraT Aa
Obpar n3nonasann B NpakTukaTa Ha kanaeHa cnotauus. MpoBeAeHn ca ONuTy C Kanaii, XeMaTuT, TypManuH 1 kBapL. MuHepanuTe ca u3cneaBaHn No OTAENHO 3a
noBEeAEHNETO UM Npy (roTaLms Npy NpomsHa Ha pH, KoHLeHTpaLmsTa Ha cbbupaten 1 TemnepaTypata Ha nynna. B cpaBHerme ¢ xenesHuTe MUHepanu xematut u
TypManuH, kanasT nokasa cvupHu cnoTauuoHHu ceolicTaa npu pH 2. OT cBosi CTpaHa TypmanuHa u xematuta cnoTupat gobpe npu pH 6. Hakpas 6e ycTaHoBeHo, ye
C yBenM4aBaLLua ce pa3xof Ha cbbupaTen MOHOTOHHO HapacTBa M3BMWYAHETO Ha MUHepanuTe. Tean pesynTaTi ce AoKa3BaT camo 4pe3 (roTaLnoHHN ONUTK Ha
CMeCcK OT MMHepanu, 3a Aa Ce YCTaHOBM Aanu Ce MOBMUSBA CENEKTMBHOCTTA B CMIEACTBIME B3aUMOAENCTBINETO Mexay MuHepanuTe. Pasnukata B apcopbuumaTa npu
pa3nuyHa TemnepaTypa Ha Nnynna ce yCTaHOBSBA AOMbAHUTENHO. M3uncneHmnsiTa 3a peHTabunHocTTa NokassaT, Ye yBenuyaBaHeTo Ha M3BMMYAHETO Ha Sn Bb3
OCHOBA Ha W3non3BaHuTe peareHTy e Aoseae Ao bpyTHa nevanba ot 1,2 MaH. DM rogumwHo 3a nHetanaums ¢ nponssogutentoct 300 t/d.

KnioqoBn aymu: noTaums, cenexkTeHoCT, Temnepartypa, pH, cebupaten.

BbBEJEHME B pamkute Ha u3cnegpaHeTo TpsbBalle Aa Ce YCTaHOBM
[OKOMKO Pe3ynTaTuTe OT KAYECTBEHWUTE M KONUYECTBEHUTE
dnoTauusTa Ha MbPBUYHW KanaeHu pyan npugobuea Bee no- Npoy4BaHus Ha afCOPOLIMOHHMAT MexaHU3bM Ca MpUnoxuMn
ronsMo 3HauyeHue B CreACTBMe HapacTBallata KOMMIEKCHOCT 32 kanaeHa dnotauus. ®notauuoHHuTe onuti  bsxa
Ha fobuBaHaTa pyaa 4 CBbp3aHata C Hesl HeoDXo4MMOCT 3a npoBeAeHN ¢ OTAenHUTe MiHepany. MpuopuTeT Ha HauTe
M0 HATaThYHO CMUMAAHE. nscrnensanus Helwe nogobpsBaHeTo Ha kanaeHata gnoTauns
npean BCWYKO YpEe3 TbPCEHETO Ha MOAXOASALM W Hal-Beue
Bb3 ocHOBa Ha aKkTMBHaTa w3crnepoBaTericka paboTa CenekTBHM peareHT cbbupatenn. Cneghute  dakTopu
nocregHUTe TOAMHW BCE OLUE He e YCTaHOBEH reHepareH BB3NPensaacTBaT A0 U3BECTHA CTENEH LienTa:
cnotaumorHeH metop (Arbiter, 1977; Wottgen, 1980). Tosa 1. MuHepanoxXkusT CbCTaB Ha kanaexata pyAa B
kacae NMpeau BCWYKO BMOa Ha M3non3saHuTe cbbupartenu. B PasnuU4HUTE Haxofulla € CUITHO NPOMEHINB;
bBonvBus - Hal-roneMMsT NPOW3BOAMTEN HA  MbPBUYHM 2. Tonama 4act OT CbibTCTBALUTE MuHepanu
KanaeHn pyau BbB BCUYKW (PNOTaUMOHHW habpuku ce MposiBSiBAT CXO/HY (PrIOTALMOHHN CBOACTBA;
usnonssa  Aeposon 22  (Caemmmc, 1997,  2001). 3. XapakTepHuTe 3a pailoHa [afEHOCTV U Hail-
ViHbpauepBeHuUTe cnekTpockoncku npoyyeanus (Berger, 1980) BE4e MHOTO BUCOKATa  KOHLEHTpauMA  Ha
3a HacnosiBaHeTo Ha Aepo3on 22 BbpXy kanas W fpyrute METarHn VOHM CUMHO MNpeyn Ha KaraeHara
CbMbTCTBALM MUHEpanW XemaTuT, TypManuH U KBapl ca cprioTaLys.
nocryxunu 3a obsicHeHe Ha afCOPBLIMOHHNST MEXaHU3bM Ha
TE3W PeareHTn BbPXy OKUCIIEHU MUHEPANHU NOBLPXHOCTU. Be VisnonssaHute B MMHanoto kapbokcunatit peicTsat
HanpaBeH onNMT 3a noaobpsiBaHe CeNeKTMBHOCTTA Ha HECEeNeKTMBHO W pearvpat MHOT0 4yBCTBUTEITHO CMpSMO
prIOTALMOHHMS POLIEC C MOMOLLA Ha MOAXOASILY PEareHTH viorute B nynna (LLy6ept, 1977). M3secTHo nogobpenue ce
pexumn (Casuaue, 1997, 2001). OT Tean npoydsaHus ce Habniogasa ot 3ubept (1971) n CeHapo (1975) npu
nomyynxa Hacoku 3a ONTUManHUTE YCNoBIUS Ha HATpynBaHe Ha cybeTuTyLMsTa Ha MOHO-, AW- U NONUKApBOHOBU KMCENMMHM C
cvbupartens, kouto obaye He CbBMagaT M3LUANO CbC Bpom. ToBa oBeEXaa [0 YBENMYaBaHE HA CENEKTBHOCTTA.

CTOMHOCTMTE OT (prioTaLMOHHaTa NpaKTmKa.
3a notauusTa Ha anTeHbGeprcky pyau U KanaeHn pyau B

TacmaHus hocopHUTE U apCeHOBUTE KUCENMHW Moka3saTt
pobpn  CBOWCTBA Kato CUMHO  CrieunduyHO  AeicTBaly
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cbbupaten. Te HambnHO pa3TBapAT kapbokcunmatute. 3a
cnoTauusiTa Ha GonuBuIiCKa kanaeHa pyaa Te He ca TONKoBa
nogxogsawy. B cnabo kucena cpepa v gBaTa BUAa KNCEMUHM
pearpat XeMUCOPBTMBHO C KanaeHuTe W  XenesHuTe
MuHepanm (Qutue, 1975). MpuunHata B chbpa3mepHaTa BUCOKa
CENEKTMBHOCT € B TOBa, Ye aacopbumsita BbPXy KanaeHuTte
MWHEpanu e 3HauuTenHo no-6bpaa, OTKOMKOTO MPW CKanHUTE
MWUHepanu.

MOCTAHOBKA HA EKCMNEPUMEHTA

KanaeHa cpnotauus c Aeposon 22

C BbBEXAAHETO Ha CyndocyKuMaHamMaTuTe kato cbbuparen
3a kanaeHa pyga (Apbutep, 1977) Be HamepeH peareHT C,
KOMTO JOPW W B MPUCHCTBMETO HA rOMSIMO KONMYECTBO YYXAM
MoHu morat da ©baat nocturHatM Bobpn  PNOTaLMOHHN
pesyntatu. Mpu Aeposon 22 cTaBa BbNPOC 3a TETPaHATPUEB
N - (1, 2 AnkapbokcuneTun - N -
oKTafeuuncyndocykuaHamat Ha amepukaHckata upma
Cyanamid. CrpykTypHaTa opmyna Ha TO3M peareHT e
nokasaHa Ha cpurypa 1.
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Q@ueypa 1. CmpykmypHa ghopmyna Ha Aepo3on 22

3HaumMTENEH NPUHOC 3@ M3SICHSIBAHETO Ha aacopPOUMOHHMAT
MEeXaHM3bM Ha Aepo3os 22 BbpXy MUHEpanHaTa MoBbPXHOCT
nma Beprep (1981). OT oueHkaTa Ha KOMMYECTBEHUTE
afgcopbUMOHHM  M3MepBaHWst  Ce  MonyyaBaT — CrieaHuTe
NOAXOAAWM ycrnoBus 3a cpnotaums: npu obuyainHute B
npakTukaTa koHUeHTpauum okono 10* molll ce nonyyasa
ancopbunoHeH MuHumyM. Mpu Temnepatypa Ha nynna 35°C
ce aacopbupa no-ronsamo konu4ecTso cubupaten, OT KOMKOTO
npu 20°C. Mo aHanornyeH HaunH ce Habniogasa yBenuyeHa
apcopbuus Ha cbbupaten ¢ HapacTBaHe KOHLUEHTpauusiTa Ha
BOLOPOAHM MOHM M aKTUBHOCTTA, KaKTO U C yBenuyaBaHeTo
KOHLEHTpauusTa Ha MHOrOBANeHTHUTEe MeTanHu KoHu. B
HAKOM OT (bnoTauUMOHHUTE OnMTH TpsbBa da Ce npoy4u
BMMSIHWETO HA KOHUEHTpauusta Ha cbbupaten, pH u
Temneparypara.

OnucaHue Ha u3cneaBaHus MaTepuan

3a onutute B HacTosiwata paboTta Osxa M3NOn3BaHu
kanaeHa pyaa, XematuT, TypmanuH u keap,. Mpobata kanaeHa
pyga e mnonyyeHa KaTo KarnaeH KOHLEHTpaT OT BTOPUYHO
HaxoguLe B Vicnanusi B 6nnsocT o Manara cbe chbpxaHue
Ha Sn okono 69% wu cbobpxaHue Ha Fe okono 2%.
OcraHanuTe npumecy Ha pygata ca KBapL, 1 Apyru CUnMKaTy.

XemaTuTbT e AobuT oT pyaHo Tano ot Minas Gerais 1 e cbe
cbabpxaHue Ha Fe 66%. Pygata cbabpxa Cblio Marko
KONMYECTBO MPUMECH OT KBapL|, MarHETUT W JIMMOHMT.

V3BECTHUAT CbLIO U NOA UMETO EN3eHTYPMaruH LWopn uma
rpybu cpacTBaHus ¢ kBapl. Matepuanst e gobut ot Kaatiala
— ®uHNaHana v uMa cbabpxanue Ha Fe 9,9%.

KapubT e gobut oT keapuosuTe Haxomuwa Frechen u
coabpxa 99,9% cunuuueB ABYOKUC, KaTO CbabpXa U Manku
NPUMECH Kens3o.

®noTauMoHHUTe ONMMTU ca MPOBEdEHU B MHEBMATUYHA
mukpodriotaumonHa knetka 100 ccm. CbabpxaHueTo Ha
TBbPAO B nynna npu arutauus e 100 g/l, a B HayanoTo Ha
cdnotaumsita e 50 g/l. Bpemeto Ha arutaums e 5 min.
M33emaHeTo Ha NEHHUAT NPOAYKT Ce ocbluecTBsBa B 4
KOHUeHTpaTa. Bpemeto Ha otgenHute cnotaumm  3a
noryyaBaHe Ha CbOTBETHUTE KOHUeHTpaTh € 1; 1,5; 3 1 5 min.
CbabpxaHusTa Ha Sn 1 Fe ce onpefensT ypes KONMYecTBEH
PEHTTEHOB (PrYOPUCLIEHTEH aHanm3.

PE3YNTATL OT ®NNOTALMOHHNTE OMAUTK

BnusHue cTonHocTUTe Ha pH

Ot (noTtauMoHHaTa npakTvka, a W OT peguua
u3crnenoBaTencku paboTtu e M3BECTHO, Ye Aepo3on 22 nokasea
Han-gobpu  cbOupaTenHM CBOMCTBA CMIPSMO  KanaeHuTe
MWHepanu B CUMHO kucenata obnact npu pH 2,5 (Breuer,
1960; Barbery et al., 1977; Sawvidis, 1997).

ToBa ce NOTBbPXKAABA W HAKOM ONUTHU, KOUTO Ca rpadnyHoO
nokasaHu Ha curypa 2a.
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Queypa 2a. N3snuyaHemo Ha kanall 8 3agucumocm om pH.

lNpeacTaBeHO € M3BMMYAHETO Ha Kanai Npu ABE pasfnyHu
KOHLiEHTpaLn Ha cbbupaten B 3aBucumMoct ot pH. /3bpanute
KoHLeHTpauum ot 1,5 1 3,0.10* mol/l cboTBeTCTBaT Ha Hait-
4ecTO M3NoN3BaHMTE B NpakTuKkaTa. M 3a gBeTe KOHLEHTpaLmm
Ha cbbupaTens ce nonyyaBa MakCUMyMm B U3BMWMYAHETO Npw
CTOMHOCTM Ha pH 1,5 1 2,5. TBbpae BUCOKUTE CTOMHOCTM Ha
pH CUNHO MOHMXaBAT U3BNWUYAHETO U TO HamarnsBa C noBeye
ot 10%. Mpu KoHLieHTpaLusa Ha chbupaTens 3.10 mol/l n pH 2
CTOMHOCTTa Ha U3BNWYaHeTo e Hait-ronsma — 90%. Mpu pH 1,5
uvame otnagbk ¢ 78%. M3acneapaHeTo Ha BMMSIHUETO Ha
KOHLIEHTpauusaTa Ha cbbupaTen e pasrnefaHa oLie BeHbX B
Mo HaTaTbyHUTE U3crneaBaHns. GnoTauroHHOTO NOBEAEHNE Ha
OCTaHanuTe MWUHEpPanM Mpu CbLNTE YCTOBKS € MOKa3aHO Ha
turypu 2b, 2¢ n 2d.
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Queypa 2b. NzenudaHemo 8 3agucumocm om pH.
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Queypa 2c. N3enuyaHemo g 3agucumocm om pH.

mypMarnuH 8 3a8ucuMocm om epeMemo Ha ghromayusi npu
pH 2,5

B Ta3u obnact Ha pH xemaTuTa nMaLLie U3KMOYNTENHM JTOWN
(bnoTaumMoHHn CBOWCTBA. WM3BnNWYaHeTO Ha TynManuH W
xematut nexo ce nosuwu ¢ okono 10% npwm pH 4 v npn pH 6
cnagHa Ha 50%, TypmanuHa Ha 20%. B TO3n chyusm
KEMe3HWTe  yacTMYKM B MMHEpanuTe  pearupar
XeMUCopbLMOHHO C kapbokcunaTHUTE rpynu Ha cwbuparens.
Hait-BeposiTHO B Tasn obract Ha pH ce obpasyBaT xugpaTHu
cbeauHenns. C  HamansiBaHeTo Ha pH ce yBenuvasa
pa3TBOPUMOCTTA Ha XENSA30TO, Y4acTBallO0 B TypMmanuHa U
XemaTtuTa, Kato C TOBa [OMBbJHUTENHO CE MOBMWSBAT
(broTaLMOHHMTE pesynTaTy.

BnusHue KoHUeHTpauusTa Ha cbbuparten

Pa3xoabT Ha Aeposon 22 Bapupa mexay 500 u 1000 git.
ToBa CbOTBETCTBA Ha MOMEKYNAPEH Pa3TBOP Ha Cbbupatens
1,53 po 3,06 10 molll npu nnbTHocT Ha mynna 200 gll.
Bcnepnctaue npoyysaHusiTa Ha beprep (1980) ce yctaHosiBa
HamansisaHe Ha afcopbupaHoTO KOMMYecTBO Cbbupaten B
obnactra 10* go 10 mol/l. dnoTauMoHHOTO NoBeAeHMe Ha
YeTMpWUTE MUHepana B 3aBMUCMMOCT OT KOHLEHTpauusTa Ha
Aeposon 22 3a obnactta 10* go 10° mol/l e nokasaHo Ha
curypu 3a, 3b, 3c n 3d. Onutute ca HanpaBeHu npu pH 2 n
25.

¢) 3a xemamum
004 3a dnotauusaTa Ha kanait ce Habniogasa NoBWLLEHWE Ha
8z | _ U3BINYAHETO M NPpK ABETe CTONHOCTU Ha pH, KaTo Hai-ronsmo
5 ® A 22 - Konzentration 4
8 moll n3BnMYaHe umame npu koHueHTpaums 5.10* mol/l. Ot curypa
% " e 1500 3b ce Bukga cnoTauusTa Ha KBapy MpW HapacTBalia
4 —— o KOHLIGHTpaLMs Ha chBupatens. MakcuManHoTO M3BMAYaHe-
g . KOHLeHTRAMA 22% e pocTurHaTo npu pH 2 1 KOHUEHTpaums Ha cbbupaten
e \ 10°molll.
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3a ugnata obnact Ha pH ¥ nNpu ABeTe KOHUEHTpaLuu ) /
M3BNUYaHETO Ha kBapL He Bewe noseye ot 20%. B kucenata 5 /
3
obnact Ha pH mexgy 1,5 1 3,0 ce ycTaHOBM NEKO NOBULLEHME. < LA
ToBa ce 06sCHsBA C YBENMYEHOTO KONTMYECTBO Ha (hM3N4eCcKu /
NpUKPeNuUnns ce cbbuparen. Xemmcopbuus BbpXy YMCT KBapL 0
He MOXe [a ce Habrniogasa. TypMaruMHLT W XemaTtuTa 0 A 22 Konzentration *10* mon 10
nokasaxa CXOQHO NOBedeHMe B Ugnata obmact Ha pH.
XemaTuTbT UmaLle fobpo nasnnyaHe okono 90% npu pH 2, a (a)
nomu pH 15 n 25 psasko cnaga. Purypa 5 nokassa
1
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Queypa 5. N3snuyaHemo Ha kanat, xemamum, keapy u

KOHL{eHTpaLus

Bpewme Ha chnoTaums
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Queyp 3. NzsnudaHemo e 3a8UCUMOCM OM KOHUEHmpayusma
Ha cwbupamen

a)3a kanatl; 8)3a keapu; c) 3aA&maitim; d) 3a mypmanuH

Mo cxofeH HauMH ce HabniogaBa HUCKO M3BMMYAHE Mpw
BMCOKA KOHLIEHTpaLus Ha cbbupartens v cpaBHUTENHO criabu
CbOTHOLUEHUS HA BPBL3KUTE MEXAy MOMeKyInTe  Ha
cubupatens M MuHeparnHata MOBBLPXHOCT. Haii-BeposTHO B
cnyyas ce Habniogaea 3aBUCEWO OT  KOHLEHTpauusita
(hU13N4YHO HaTpynBaHe Ha cbbupaTens, a CbLlo W agcopbuusTa
My BbpXy AeeKTW Ha kpucTanHata pelueTka. Mpn TypmanuHa
1 XeMaTuTa ca YCTAHOBEHM CXOLHW PE3yNTaTh npu crotaums.
[lzata MuHepana roTipaTt nouti uauano npu pH 2 n 5.10*
mol/l; npn pH 2,5 ce HabniopgaBa cnabo HapacTBaHe Ha
n3BnM4aHeTo, kakto 1 npu 10° mol/l. VsHeHagsallo e, ye
onncaHoto ot beprep (1980) HamansBaHe Ha afcopbata He
BNWsSIE HEraTMBHO BbPXY (PrOTALMOHHOTO MOBEAEHWE Ha
yeTMpUTE MWHepana. Hai-BeposiTHO CblyecTByBa Bpb3ka
Mexay OnWCaHoTO OT Hero obpasyBaHe Ha aumepu U
(bnoTaunoHHUTE pesynTatu. HamansBa ce KOnu4ecTBOTO
agcopbupaH cbbupaten Bb3 OCHOBA Ha  MO-ronemus
noTeHUMan Ha cOnbCbka Mexay MUHepanuTe W AUMEpHUTE
MOMEKynM Ha cbbupaTens, KaTo ChLUEBPEMEHHO HACMOEHUTE
Monekynu 3acuneaT xugpodobHocTTa. Toau edekT Ha
HapacTBaluuTe xuapodobusmpalm CBONCTBA Ha cbbupaTtens
Moxe Aa Obde CpaBHEH C AEACTBMETO Ha ObArOBEPWKHUTE
HENomnsipHW Monekynu. B pesyntar Ha omucaHuTe pesyntartu
ce CTura A0 W3B0fa, Ye CeneKkTUBHA kanaeHa (noTauns Moxe
pa npoteye npu pH 2,5. [dombnHuTtenHute omutn ca
MpoBeeH NpY KOHLEHTPaLWMs Ha cwbupaten 10 mol/l.

BnusiHwe Ha TemnepaTypata Ha nynna

V3BecTHa e 3aBUCUMOCTTa Ha afcopbLMOHHMTE npoueck oT
Temnepatypata Ha nynna. Ot ¢urypu 4a u 4b moxe fa ce
BMOM, Ye BbB BCUYKM Cryyan TemenepaTtypata BInsiE BbpXy
(broTauMoHHUTE pesynTaTu. [1okasaHo e W3BMMYaHeTo Ha
4eTUpUTE MUHEpPana B 3aBUCUMOCT OT TemnepaTtypata npu pH
2,25,416.
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3a perynupaHe Ha TemnepaTypaTa Cbfa 3a arutauus u
croTaumoHHaTa kneTka €leunepanpaaBeHu B LOMbIHUTENEH
Cbd, 3ambfHEeH C Boja. TemnepaTypata Ha BogaTa ce
perynupa ¢ Tepmoctat. OxnaxaaHeto o 5°C e Ha CblysT
npuHumn. Bogara bewwe oxnaxgaHa o 1 - 2°C ¢ kbeyeTa neg,
Taka 4ye B obema Ha kneTkata umu B 6EXepoBO CTHKIO Ce
nocutra Temnepatypa 5°C. Pesyntatute oT omuTuTe
Mnokasgar, 4Ye B kucanara obnact Ha pH 1 Haii-Beye npu pH 2,5
€ Bb3MOXHO CENEKTUBHO pasfensHe Ha KanaeHuTe MuHepanm
OT XENe3HWUTe Ype3 perynupaHe Ha Temnepartyparta. Kakro ce
BWXOa OT curypa 4b u3BnuMyaHeTo Ha KanaeHuTe MUHepanu
MOHOTOHHO HapacTBa C YBeNW4aBaHe Ha Temnepatypara.
Ensa npu 1m ot TemnepatypHata obnact ot 35 go 50°C ce
ycTaHoBsiBaT —nopobpeHn  hnoTauuMoHHM  pesynTatm  3a
ocTaHanuTe MuHepanu. Hait-BeposiTHO B kucenaTa obnact Ha
pH ce Habniogaea LANOCTHO akTMBMpaHe B pesynTaT Ha
BMCOKUTE TemnepaTypy. Mpn No-BUCOKN CTOMHOCTM Ha pH npu
yBennyaBaHe Ha Temnepatypata Ha 50°C ce HabmiopaBar
HeraTUBHU pe3ynTaTh, KakTo ce Bkaa Ha urypa 4d.
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(d)
Quzypa 4. V3enudaHemo 8 3agucumocm om
memnepamypama.
ajnpu pH 2 ; 8) npu pH 2,5, ¢) npu pH 4; d) npu pH 6

Hait-BeposiTHO Bpb3kaTa CbbupaTen MuHepan ce pasnaga
npu BUCOKM TemnepaTypu v B Tasn obnact Ha pH. Ha c¢urypa
6 e NpeAcTaBeHo U3BMMYAHETO Ha KanaeHn MUHepanu npu 5,
20,351 50°C n pH ot 2 go 6.
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Queypa 6. M3snuqaHe Ha kanal 8 3agucumocm om pH npu 5,
20, 35u 50 °C.

Ha ¢urypata e nokasaHo BMMSIHMETO Ha HapacTBaliaTa
TeMnepaTypa BbpXy BMAA Ha HATpynBaHeTO Ha cbbupaten.
Mpn 5°C 1 pH 2 n 2,5 nsnuyaneTo e Hucko — 42%. Mpu pH 6
W 3ana3BaHe Ha ApYruTe YCroBus, KakTO nokassa durypa 6
pesyntatute ca fowun. Haii-BeposTHO Mpu  HUCKUTE
TemnepaTtypyu XMMMYHaTa aKTMBHOCT HE € [JOCTaTbyHa 3a
Xemucopbums Ha MOBBPXHOCTTA Ha kanaeHuTe MuHepanu. B
TO3W  Cnyyal  MO-CWMHO  W3pa3eHM ca  (Pu3nyHUTe
afcopbLMOHHM MeXaHU3MK KaTo Mo TO3K HauuH cTabunHocTTa
Ha BPB3KWUTE € He JoCTaTbyHa.

Mpu 20°C bnoTaUMOHHOTO NOBEAEHME HA KanaeHuTe
MUHepanu e cxoaHo ¢ Toea npu 5°C. Moxe ga ce otbenexu,
uYe C yBenuyaBaHe Ha TemnepatypaTa Ce Lienu akTuBupaHe Ha
PeaKLUMOHHOTO MOBEEHME Ha MWHEpanHaTa MOBbPXHOCT
wvnn monekyrute Ha cbbupatens. Toea ce u3passBa B
ABYKPATHOTO HapacTBaHe Ha u3enuyaHeTo npu pH 2 1 20°C B
cpaBHeHue ¢ 5°C. BUCOKMTE CTOMHOCTW Ha M3BIMYAHETO Ca
WOEHTWYHW MpK yCrioBMATa Ha noTauust 3a TypManuH W
XeMarTuT, KakTo ce Bkaa oT durypu 7 u 8.

UyBCTBMTENTHO HApacTBaHe Ha CENTEKTMBHOTO HATpynBaHe Ha
Aepo3on 22 Bbpxy KanaeHUTe MWHepann e Bb3MOXKHO Mpw
35°C u pH 2,5. npu Ta3n Temnepatypa 4OpW Ce yCTaHOBSBA
NeKo HapacTBaHe B M3BMMYAHETO HA KanaeHWTe MUHEpanm C

10% npw pH 6. Ecbekta Moxe aa ce 065CHM C akTMBaumsATa Ha
MIOHUTE Ha KanaeHMs XMapoKCuA.
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Queypa 7. V3enudyaHe Ha mypmanuH 8 3agucumocm om pH
npu 5, 20, 35 u 50 °C.
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Queypa 8. NsenuyaHe Ha xemamum & 3asucumocm om pH
npu 5, 20, 35 u 50 °C.

Pesyntatute oT cnotaumusta Ha TypMamMH M Xxematut
nokasaHn Ha curypn 7 n 8 ca cxogHu. [lsata MuHepana
¢rotupatr gobpe npu pH 2 u pH 6. AktvBupaHe upes
HapacTBaHe Ha TemnepaTtypaTa ce Lenu B kuceneta obnact
Ha pH 1 TemnepaTtypa 35%. ToBa cu nponnyasa ocobeHo npu
pH 6, npu koeTo umame akTuBauus 4pe3 obpa3yBaHe Ha
XeneseH xuppokeud. ToBa He Baxu B YCMOBUATA HA HUCKW
TEMNEPATYpU KaKTo Ce BMXOA OT KPUBMTE Ha TypMmanuHa W
xematuta.  Temnepatypata  Bnuse  cnabo  BbpXy
(broTaLMOHHOTO MOBEAEHWe Ha KBapua M Camo Mpu MHOro
BMCOKM TemnepaTypy 1 kuceno pH ce Habriogasa HapacTBaHe
Ha okono 37% npu 50 °C.

PasrnexpaHe Ha peHTabunHocTTa

HanpaBeH € onuT Aa ce u34ncnn HapacTBaHeTo Ha GpyTHaTa
nevan6a Ypes n34ncnsiBaHe Ha AOMbIHUTENHATA Nevanba npu
MPOW3BOACTBOTO MPY HapacTBaHE Ha W3BNMYAHETO Ha Kanai ¢
5% upes chnoTayus Ha wWnamose ¢ eapuHa nog 20 pm.

OcHOBM Ha oueHKaTa
1. MaxogHa cyposuHa: 300 t/d
- CobabpxaHue Ha Sn —0,75%
- UeHa Ha koHueHTpaTa: 3,25 US $/lb, unu 18
DM/kg
- LleHa Ha pearenTta Aeposon 22: 6,75 DM/kg
- [JombrHuTENHN pasxoam 3a peareHTu:
300 g/t Aeposon 22: 2,025 DM/t nnm 607,5 DM/d
- BpytHa neyanba ot HapacTBaHeTo Ha gobuBa: 5%
- CbabpxaHue Ha Sn B koHUeHTpata: 20%
2. [lombnHUTENHO KONMYeCTBO KoHLeHTpar: 0,5625 t/d
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3. CbabpxaHue Ha kanai: 0,1125 t
4. bpyTHa nevanba: 4.214,25 DM/d
- bpytHata nevyanba - pasxogu 3a peareHTu:
421425 - 607,5 = 3.516,75 (300 paboTHM
pHw/a: 1.237,275 DM/a)

JNCKYCUA HA PE3YNTATUTE

Upes Aeposon 22 Ge npoyyeH MOBBLPXHOCTHO aKTMBEH
peareHT, KOWTo BGrarogapeHne Ha KOMMIEKCHUS CM MOMEKYMEeH
CTPOEX UM YEeTMPUTE CM MONMSAIPHW TPYMM Hamupa LUMPOKO
NpUNoXeHue B NpakTuKaTa.

YKenesHute MuHepanu xematut u TypMmanuH npu pH 2,5
MMaT CUMHO HamaneHu (prioTaLUMOHHM CBOWCTBA B CPABHEHME
C kKanaeHute MuHepamu. [obpa notupyemoct umart
XenesHnte MmuHeparm npu pH 6. ToBa e B creacTeue Ha
BUCOKMAT admHuTeT Ha kapbokcunaTtHuTe rpynu  crpsamo
KeNnA30T0 M Ce [oka3Ba OT  afcopbLMOHHUTE  OnUTK.
lMoBulwaBaHe Ha W3BnMYaHeTo npu pH 6, gokato npu pH 4 He
ce Habniopasa pasnuka. Hai-sepositHo npu pH 4 1o ronsma
CTEMeH BMnUse Bpb3KaTa Ha KEME3HWAT XWAPOKCUA CbeC
cubupatens, KkoaTo B Mo-BUCOkMTE obmact Ha pH
NPOTUBOLENCTBA HA CUIHO MEXaHWYHWTe B3aUMOAENCTBMS
npw npoueca Ha gnoTayws.

He e ycTaHoBeHa e CuHa 3aBUCUMOCT Ha KOHLIGHTpaLusTa
B obriactta 10 - 10° mol/l ¢ HamansBaHe Ha ancopbUPaHOTO
konuyectBo cbbupaten. ToBa Moxe fga Obge CpaBHEHO ¢
YBEMWYAHWAT pasxog Ha Cbbupaten M MOHOTOHHOTO
HapacTBaHe Ha U3BMMYaHETO HAa MUHepanuTe. anI KanaeHaTta
thrnoTauus TpsibBa Ja ce 0YaKBa, Ye C HapacTBaHe pasxofa Ha
cbbupaten Hama Oa ce nogobpsaT apcopbuusTa U cToBa
CbbPXaHMETO Ha LEHEH KOMMOHEHT B  KOHLEHTpaTa.
YCTaHOBEHU Ca HE3HAYUTEmNHW Pasnuki B aacopbuuata npu
Pa3NUYHI TEMNEPaTYpU.

OT uKoHOMWYeckaTa OLeHKa Ce BuXOa, Ye BCMEACTBHe
YBENMMYEHOTO W3BMMYAHE, OTYETEHO MpU  W3MON3BaHuUTe
peareHTM Ou [OBENO [0 yBenM4yaBaHe Ha OpyTHaTa nevanba
Ha 1,2 MiH. DM roguiwiHo 3a MHCTanauus ¢ npoM3BOAUTENHOCT
300 t/neH.
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STUDIES ON THE SELECTIVITY AND FINANCIAL IMPROVEMENT IN THE PROCESS OF
TIN FLOTATION BY CHANGES OF THE pH, FLOTATION TIME AND
CONCENTRATION OF COLLECTOR

Karathanos A Savvidis S. Chatziaugustis Th., Brontzos I. Milonas Th.,

TEI of TEI of TEI of TEI of TEI of

West Macedonia West Macedonia West Macedonia West Macedonia West Macedonia

Greece Greece Greece Greece Greece
ABSTRACT

The main purpose of the present investigation is determining in which order the test results concerning the adsorption mechanism of the Aerosol 22 on the oxides
could be used in tin flotation practice. Tests were performed with tin hematite, tourmaline and quartz. The minerals are studied separately in respect to their behavior
in the flotation process in conditions of pH change, concentrations of the collector and slurry temperature. Differing from the ferrous minerals, hematite and tourmaline
tin shows strong flotation properties at pH 2. From their own hand, the tourmaline and the hematite show a good flotation at pH 6. It was established that the
increasing is the collector consumption the increasing monotonically is the mineral recovery. These results could be proved only by flotation tests of mineral mixtures
to be found whether the selectivity is influenced as a result of an interaction among the minerals. The difference in the adsorption at different slurry temperatures is
studied additionally. The calculations for financial profit show that the increase of the Sn recovery on the base of the reagents used will lead to a nominal

profitableness of 1,2 DM per annum in a case of plant productivity 300 t/d.
Key words: flotation, selectivity, temperature, pH, collector.

INTRODUCTION

The primary tin ore flotation attain more and more
significance as a result of the increasing complexity of the ore
mined and the related to it necessity of a further ore grinding.

In spite of the intensive research activity in the last years, a
general flotation method has not been found yet (Arbiter, 1977;
Wottgen, 1980). It concems most of all the type of the
collectors used. For example, in Bolivia - the greatest producer
of primary tin ores they use Aerosol 22 in all their flotation
plants (Savvidis, 1997, 2001). The infrared spectroscope
studies (Berger, 1980) of the Aerosol 22 deposition on the tin
and the other by-minerals such as hematite, tourmaline and
quartz have been used as an explanation of the adsorption
mechanism of those reagents on the oxidized mineral
surfaces. An attempt by using of appropriate reagent regimes
was made aiming a flotation process selectivity improvement
(Sawvidis, 1997, 2001). Some directions regarding the optimal
conditions of the collector accumulation were obtained as a
result of those investigations which however do not fit totally
with the values obtained in the flotation practice.

It should be found in the frame of the investigation performed
in which order the results of the qualitative and quantitative
studies of the adsorption mechanism are applicable to the tin
flotation. Using different minerals performed the flotation tests.
A priority in our investigations was the tin flotation improvement
by founding an appropriate and most of all selective reagent
collectors. The main aim is prevented in some order by the
following factors:

4. Mineralogical content of the tin ore in the
different deposits is highly variable;

5. A big amount of the by-products manifest similar
flotation abilities;

6. The facts characterizing the region and most of
all the very high concentration of the metal ions
disturbs strongly the tin flotation process.

The carboxylates used in the past act unselectively and react
very sensitively in respect to the ions in the slurry (Siebert,
1977). A relative improvement is observed by Siebert (1971)
and Serano (1975) in the case of a substitution of mono-, di-

and polycarbonic acids with brome. The last one leads to an
improvement of the selectivity.

The phosphoric and the arsenic acids have showed good
parameters as specifically operating collectors when they were
used for a flotation of the Althenberg ores and for the tin ores
in Tasmania. They dissolve fully the carboxylates. It should be
noted that they are not so appropriate for the flotation of the
Bolivian tin ore. The both type acids react in a poor acid media
with the tin and ferrous minerals by a hemi-sorption (Dietze,
1975). The reason for the proportionate high selectivity take
place in the fact that the adsorption on the tin minerals is
considerably faster than on the other rock minerals.

EXPERIMENT SETTINGS

Tin flotation with Aerosol 22

After introducing of the sulphosuccianamates as a collector
for the tin ore (Arbiter, 1977) a reagent was found by which
even in a case of a presence of large amount of alien ions
good flotation results could be achieved. In the case of Aerosol
22 the matter goes to the tetrasodium N — (1, 2 dicarboxyilethyl
- N - octadecilsulphosuccianamate — a product of the
American company Cyanamid. The structural formula of that
reagent is shown in the Figure 1.

H,~ COONa

CH-COONa

TZ- CON
c H

18 27

Na0,SO - CH - COONa

Figure 1. Structural formula of the Aerosol 22

Berger (1981) has an essential contribution to the
clarification of the adsorption mechanism of the Aerosol 22 on




the mineral surface. According to the quantitative adsorption
measurements the following suitable flotation conditions are
obtained: An adsorption minimum is obtained in the case of the
ordinary for the practice concentrates as of 10 mol/l. A higher
quantity of the collector is adsorbed at a slurry temperature of
35°C than at temperatures of 20°C. Analogically, an increased
collector adsorption is observed when the hydrogen ion
concentration and the activity increase as well as with the
polyvalent metal ion concentration increase. It should be noted
that the influence of the collector concentration, pH as well as
the temperature have to be studied in some flotation
experiments as well.

Description of the material studied

In the present experimental study tin ore, hematite,
tourmaline and quartz were used. The sample of tin ore was
prepared as a tin concentrate from a secondary deposit in
Spain located near by Malaga. It has a content of 69% of Sn
and about 2% of Fe. The rest ore impurities are quartz and
some other silicates.

The hematite is extracted from the ore body of Minas Gerais
and has a content of Fe as of 66%. The ore contains also a
small quantity of impurities of quartz, magnetite and limonite.
The shorl that is also well-known as “elzen-tourmaline” has
coarse accretions with the quartz. The material is extracted
from Kaatiala in Finland and has a Fe content of 9,9%.

The quartz is extracted from the Frechen quartz deposits and
contains 99,9% of silica as well as small quantities of iron
impurities.

The flotation experiments were carried out in a pneumatic
micro flotation cell of 100 ccm. The slurry solid content in the
process of the agitation was 100 g/l and at the beginning of the
flotation process it was 50 g/l. The agitation time was 5 min.
The foam product is carried out in 4 concentrates. The times of
the separate flotation processes for obtaining of the respective
concentrates are e 1; 1,5; 3 and 5 min respectively. The Sn
and Fe contents were determined by the Quantitative X-ray
Fluorescent Analysis.

FLOTATION EXPERIMENT RESULTS

Influence of the pH values

It is well-known from the flotation practice as well as from a
number of investigations that the Aerosol 22 shows best
collector properties in respect to the tin minerals when the
process is carried out in the strongly acid area at pH 2,5
(Breuer, 1960; Barbery et al., 1977; Savvidis, 1997).

That fact is confirmed also on the base of some experiments
which are graphically expressed in the Figure 2a.
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Figure 2a. Tin recovery depending on pH.

Herein, the tin recovery is presented at two different collector
concentrations and depending on pH. The chosen
concentrations of 1,5 n 3,0.10* mol/l correspond to the most
used ones in the practice. Recovery maximums are obtained
for the both collector concentrations at pH values of 1,51 2,5
respectively. The quite high pH values decrease strongly the
recovery and it decreases with more than 10%. The amount of
the recovery is highest, i.e. - 90% at collector concentrations
as of 3.10* mol/l and pH 2. There is a waste product with 78%
at pH 1,5. The investigation of the collector concentration
influence is considered once more in the further investigations.
The flotation behavior of the rest of the minerals in the same
conditions is shown in the Figures 2b, 2¢ and 2d.
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Figure 2b. Recovery results depending on pH.

8) regarding the quartz;
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¢) regarding the hematite
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Figure 2d. Recovery results depending on pH.
d) regarding the tourmaline

The quartz recovery in the whole pH area and for the both
concentrations was not more than 20%. A slight increase was
found in the pH acidic area between 1,5 and 3,0. That could be
explained by the increased quantity of the physically attached
collector. A hemi-sorption on the clear quartz is not possible to
be observed. The tourmaline and the hematite showed a
similar behavior in the whole pH area. The hematite showed a
good recovery of about 90% at pH 2 and its recovery at pH 1,5
and 2,5 decreases rapidly.

The recovery of the four minerals depending on the flotation
time at pH 2,5 is shown in Figure 5.
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Figure 5. Recovery of the tin, hematite, quartz and the
tourmaline depending on the flotation time at pH 2,5

The hematite showed exifemaly baa flotation properties in
that pH area. The tourmaline and hematite recovery increased
slightly of about 10% at pH 4 and at pH 6 decreased to 50%
and the tourmaline one — to 20%. In that case, the iron
fragments in the minerals react in a hemi-sorption manner with
the carboxylate groups of the collector. Most probably, hydrate
compounds are formed in that pH area. The solubility of the
iron composing the tourmaline and the hematite increases with
the pH decrease and that leads to an additional influence on
the flotation results.

Influence of the collector concentration

The Aerosol 22 consumption varies between 500 and 1000
g/t. The last one corresponds to a collector molar solution from
1,53 up to 3,06 10** mol/l at a slurry density of 200 g/l. As a
result of the Berger's (1980) investigations it was found a
decrease of the collector quantity taken by the adsorption in
the range from 10* up to 10°* mol/l. The flotation behavior of
the four minerals depending on the Aerosol 22 concentration in
the range from 10* up to 10" mol/l is shown in Figures 3a, 3b,
3c and 3d. The experiments were performed at pH 2 and 2,5.

In the tin flotation case it is observed a recovery increase for
the both pH values and the highest recovery is found at a
concentration of 5.10 mol/l. The tin flotation in conditions of an
increasing collector concentration could be seen in the Figure
3b. A maximum recovery of 22% is achieved at pH 2 and a
collector concentration of 10° mol/l.

100

: I
8¢ > ?/

Re’

Ausbringes—s
IS

~

o

0 2 *10* moln 10

4 6
A 22 - Konzentration——

(a)
100 ‘
o .
% concentration
80 |
—a—:pH 2,5
% —e— pH 2
&0
x 88>
o
£
& 40
2
2 L
2 — ]
.\./
0
0 2 4 6 * -4 10
10" mol/l
A 22 - Konzentration——
100 S—
% —"
8 /./ concentration
80
—4a—:pH 2,5
—e— pH 2
RG) o o
e X o>
£/ =
2}
=)
<
20
A/L\A//A
0
0 4 6 *10% 10 10,5
10™ mol/l ”
A 22 - Konzentration ——
(c)
100
% —/J//
80 concentration
—A—:pH 2,5
—e— pH 2
822
o
£
& 40
g L ]
< —
20
-/ _”_A—’//
Al —*
0 1
0 2 6 *104m0|/| 10

4
A 22 - Konzentration ——

(d)
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A low recovery is observed in a similar way at a high
collector concentration and relatively worst rates of the
linkages between the collector molecules and the mineral
surface. Most probably, a collector physical accumulation is
observed depending on the concentration as well as its
adsorption on defects of the crystal lattice. Similar flotation
results are found for the tourmaline and the hematite. The both
minerals are undergone to a full flotation at pH 2 and 5.10*
mol/l. A slight recovery increase is observed at pH 2,5 as well
as at 10" mol/l. Surprisingly, the adsorbate decrease described
by Berger (1980) do not influence negatively on the flotation
behavior of the four minerals. Most probably, there are an
existing relation between the dimmer formation described by
him and the flotation results. There is an increase of the
quantity of the adsorbed collector on the base of the higher
potential of the collision between the minerals and the collector
dimmer molecules and in the same time the layered molecules
strengthen the hydrophobic properties. That effect of the
increasing collector hydrophobic ability properties could be
compared to the action of the long-chained non-polar
molecules.

As a consequence of the results described it could be
concluded that the selective tin flotation can pass at pH 2,5.
The additional experiments are carried out at a collector
concentration of 10 mol/l.

Influence of the slurry temperature

There is a well-known relation of the adsorption processes
from the slurry temperature. It could be seen in the Figures 4a
and 4b that in all of the cases the temperature influence on the
flotation results. The four minerals recovery is shown
depending on the temperature and at pH 2, 2,5, 4 and 6
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The agitation tank and the flotation cell were set in an
additional tank full with wate Temreraiure.te their temperature. The
water temperature regulation was done by a thermostat. The
cooling of the water to 5°C was based on the same principle.
The water was cooled to 1 - 2°C by ice bits in such way that a
temperature of 5°C was achieved in the volumes of the cell or
Becker glass. The results show that a selective separation of

the tin minerals from the ferrous ones in the acid pH range and
especially at a pH 2,5 is possible by a temperature regulation.
As it could be seen in the Figure 4b, the tin minerals recovery
increases monotonically with the temperature increase.
Improved flotation results for the rest of the minerals are found
only at 1m of the temperature range from 35 up to 50°C. An
entire activation as a result from the high temperatures is
observed probably in the acid pH range. There are negative
results observed as it is shown in the Figure 4d at higher pH
values and a temperature increase of 50°C.
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Figure 4. Recovery results depending on the temperature.
a)atpH 2, 6) at pH 2,5, c) at pH 4; d) at pH 6

Most probably, the collector-mineral link is destroyed at high
temperatures and in the same pH range. The tin minerals
recovery at temperatures of 5, 20, 35 and 50°C as well as at
pH from 2 up to 6 is presented in the Figure 6.
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Figure 6. Recovery results depending on the pH at 5, 20, 35 u
50 “C.

The effect of the increasing temperature on the type of the
collector accumulation is shown in the figure. The recovery is
low (42%) at temperature 5°C and pH 2 and pH 2,5. As it is



shown in the Figure 6 the results are worst at pH 6 and a
maintaining of the same other conditions. Most probably, the
chemical activity is not enough for a hemi-sorption on the tin
minerals surface at the low temperatures. In that case, the
physical adsorption mechanisms are more strongly expressed
and in that way the linkages stability is not enough.

The tin minerals flotation behavior at 20°C is similar to that at
5°C. It could be noted here that usually a reaction behavior
activation of the mineral surface and or collector molecules are
aimed by the temperature increase. It is expressed by a double
increase of the recovery at pH 2 and 20°C in a comparison
with that at 5°C. The high recovery values are identical to
those in the conditions of tourmaline and hematite flotation as it
could be seen in the Figures 7 and 8.

A considerable increase of the Aerosol 22 selective
accumulation on the tin minerals is possible at 35°C and pH
2,5. There is even a slight 10% increase of the tin recovery
found at that temperature and at pH 6. That effect could be
explained by tin hydroxide ion activation.
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gure 7. Recovery of tourmaline depending on pH at 5, 20, 35
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Figure 8. Recovery of hematite depending on pH at 5, 20, 35 u
50 C.

The results of the flotation of the tourmaline and hematite
shown in the Figures 7 and 8 are similar. The flotation of the
both minerals is good at pH 2 and pH 6. Activation by
increasing the temperature is aimed in the acid range of the pH
and a temperature at 35 °C. It is obviously seen especially at
pH 6 at which we have activation by a ferrous oxide formation.
It is not valid in conditions of low temperatures as it could be
seen from the tourmaline and hematite curves. The
temperature influences slightly on the quartz flotation behavior
and there is an increase of 37% observed only at very high
temperatures (about 50°C) and an acid pH.

Consideration of the financial profit

An attempt is made for a calculation of the nominal profit by a
calculation of the additional profit in the case of an increased
productivity of the tin flotation with 5% of a recovery processing
of the slimes of a grind size less than 20 pm

Bases of the calculation
5. Initial ore material: 300 t/d
- Sn content - 0,75%
- Concentrate price: 3,25 US $/Ib, or 18 DM/kg
- Price of the reagent Aerosol 22: 6,75 DM/kg
- Additional costs for reagents:
300 g/t Aerosol 22: 2,025 DM/t or 607,5 DM/d
- Nominal profit following from the extraction
increase: 5%
- CoobpkaHue Ha Sn B koHUeHTpaTa: 20%
6. Additional concentrate quantity: 0,5625 t/d
7. Tin content: 0,1125 t
8. Nominal profit: 4.214,25 DM/d
- Nominal profit — reagent costs: 4.214,25 - 607,5 =
3.516,75 (300 work days/a: 1.237,275 DM/a)

DISSCUSIONN OF RESULTS

A surfactant reagent was investigated by the Aerosol 22,
which thanks to its complex molecular structure and its four
polar groups finds a large-scale application in the practice.

The ferrous minerals as hematite and tourmaline have a
highly reduced flotation properties at pH 2,5 in compared to the
tin minerals. The ferrous minerals have good flotation ability at
pHB6. It is a consequence of the high affinity of the carboxylate
group to the iron and it clearly proven by the adsorption
experiments. There is a recovery increase at pH 6 while there
is not a difference in its value at pH 4. Most probably, the
linkage between the ferrous hydroxide and the collector plays
at pH 4 a high order role which one opposes to the strongly
mechanic interactions in the flotation process in the higher pH
ranges.

There is no found a strong relation between the
concentration in the range 10* - 10° mol/l and the adsorbed
quantity of the collector. That could be compared to the
increased collector consumption and the monotonic increase of
the minerals recovery. It should be expected in the process of
the tin flotation that the adsorption improvement and thus the
valuable component content in the concentrate will be not
achieved by the collector consumption increase. There are
insignificant differences found in the adsorption at the different
temperatures.

It could be seen from the economical evaluation that the
increased recovery that is rendered in an account in the
reagent usage would led to a nominal profit increase up to 1,2
millions of DM annually in the case of the operating of an plant
with a productivity of 300 t per day.
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