FogvwHuk Ha MuHHO-reonoxkma yHmsepeutet "CB. UBaH Punckun"
ToM 44-45, cuThK I, lobuB 1 npepaboTka Ha MuHepanHu cypoBuHu, Codus, 2002, cTp. 67-71

HOB CEJIEKTUBEH CBbBEUPATEN 3A ®JNIOTALUA HA CYNOUOHU PYU

AHTOaHeTa BoTeBa

MWHHO-TEONOXKM YHUBEPCUTET
“Cs. ViBaH Puncku”
Codwmst 1700, Bbnrapus

bnaroBecta BnagkoBa

MWHHO-TEOMOXKM YHUBEPCUTET
“Cs. ViBaH Puncku”
Codwms 1700, Bbnrapus

e-mail: b_vladkova@yahoo.com

PE3IOME

Kato pombnHuTeneH cvbupaten npu notauusiTa Ha KOMNAEKCHW CynduaHA pyou € W3MOn3BaH CrieLnanto CUHTE3UpaH 3a LenTa peareHT. Mscneasanusta ca
U3BbPLLEHI BbPXY pearnHa pyaa B NabopaTopHu YCroBUS B OTBOPEH LKb. MPOBEPEHM Ca TEXHONMOMMYHUTE KauecTBa Ha HOBMS peareHT Npu pasnuyHa NitbTHOCT Ha
nynna u pexuM Ha cMUnaHe. YCTaHOBEHO e, Ye Ypes3 M3Non3BaHeTo My KaTo [OMbIHUTENEH peareHn cbOupaTten, nojasaH B CMUNAHETO Ha pyAaTa e Bb3MOXHO
3HAUMTENHO A CE YBENWYM U3BNUYAHETO Ha 3M1ATOTO B KOMEKTUBHUS MEAHO — MMPUTEH KOHLIEHTPAT.

Kntouosu gymu: 3naro, cwbupaten, notauus
BbBEJEHME

ObLwarta TexHonor1s Ha dnoTaums Ha cynduaHuTe 3nato-
CbAbpXally pyau CbAbpka WM3NON3BAHETO Ha KCaHTOreHar,
KaTo OocHOBeH cbbupaten. MMpUTBLT Mpu TO3M TMN pyau ce
[enpecupa CbC 3HAYMTENHM KonudyecTBa Bap. Kakto e
WN3BECTHO TONEMMTE KOMMYECTBA KanuMeB OKWUC, HaMUpaLLy ce
BbB (HNIOTALMOHHIS MyNn AenpecvpaT enemMeHTapHOTO 3nato
W HamanseaT CUMHO M3BMWYAHETO My B MefHUTE CynduaHu
koHueHTpaTh (Boteva A., 1992). W3nonssaHeTo Ha Aombri-
HUTENHM cbOMpaTenu 3a NOBULLABAHE M3BMMYAHETO HA 3MaTo
B CYNMAHUTE KOHLEHTpaTW Ce npakTukyea psako. Mpu Tesu
YCNOBWSl U3BNNYAHETO Ha 3MATOTO € HUCKO. BucokmsaT pasxog
Ha Bap ro Aenpecupa, a KCaHTOreHaTuTe ca HEeAoCTaTbYHO
edekTMBHM cbbupaTenu Ha 3natoTo, ocobeHo B Cnyyaute,
KOraTO YaCTWYKUTE HA ENEMEHTAapHOTO 3MaTo ca MOKPUTK C
KeneseH X1apOOoKMC.

3a oTCTpaHsiBaHe Ha MOCOYEHUTE HeJoCTaTbun B
NPOW3BOACTBEHATA TEXHOMOTUS 3a CEnekTMBHA hroTaums Ha
CyNuaHM, 3NaTOCHAbPKALM PyaM € CUHTe3MpaH HoB
peareHT cbbupaten. CuHTE3bT Ce OCblyecTBsBa Ha 6asa Ha
€BTUHM XUMUKann, npouseexnaHu B ronemu konuvyecrtea OT
XMMUYeckaTa NpoOMULLNEHOCT. PeareTsbT e BOOOpasTBOPUM W
CbbpXa Hall — BEpOSITHO ABe (hyHUMOHanHW rpynu. [ieete
(OYHKLMOHAMHM TPYMM  OCUrypsiBaT BWUCOKO WM3BNMYAHE Ha
3natoTo B CynduOHWTE KOHLEHTpaTu, kato obpasyBa Hai-
BEPOSITHO XeraTeH MPbCTEH C METarHWs KaToH. PbcTa Ha
W3BMMYAHETO Ha 3N1aTOTO He e CbMPOBOAEH C HamarsiBaHe
W3BMIMYAHETO HA MeAHUTE CYNGMAHA MUHepanu. TexHo-
NOMMYHUTE KayecTBa Ha HOBMSI CbOMpaTen ca M3cneaBaHu B
nabopaTopHM YCMOBUSATA C ONMUTI B OTBOPEH LIMKBIT.

MOCTAHOBKA HA EKCMNEPUMEHTA

CUHTE3WpaHUsT HOB peareHT — cbbupaTen e aHanmampaH ¢
Y cnektpockoncu metoam (cur. 1). Ha aHanms e noanoxeH B
HaTypanes Bug. MscneasaH e B oBnactra 5 go 40x100 cm™
Ta3u obnact cneapa fa ce npossat Bpwb3kute C=S, C-S, SH,
N-C, N-C-O.

J'Ia6opaTopHMTe u3cnenBaHWs Ha TEXHONOMMYHUTE CBOMCTBA
Ha HOBOCUHTE3MpPaHUA peaFeHT-CBGVIpaTEJ'I Ca npoBedeHn ¢
peanHa pyaa B yCroBuATa Ha OTBOPEH LUKbI1 MO CXEMUTE Ha

turypu 2 - 4.

Vlanon3saHu ca Tpu Tuna pyaw: CbOTBETHO OT HaxoauLwia
“Enauute”’, Yenoney” n “Acapen’.

MuHepanoxka xapakmepucmuka Ha u3cnedeaHama
npoba om Haxoduuje “Enayume”. B pyaute Ha Haxoguiie
“Enaunte” ca ycraHoBeHu 0610 61 MuHepana, OT kouto 48
pyaHu u 13 HepyaHu. Te ce [ensT Ha rMaBHW, BTOPOCTENEHHM
W peaks. [naBHU pyOHWM MUHEpanu ca XamnkonupuT W MUPHT;
BTOPOCTENEeHHM ca BOpHWT, MONMBAEHNT, CaMOPOAHO 3MaTo,
€neKTpyM, XeMmaTWT W [p; HepyaHWTe ca MpeAcTaBeHu OT
kBapLl, kanes centwnar, GuoTuT u ap.

Pyaute B Haxopuwe Enauute ca pasgenexu Ha Tpu copra:
cyndunaHu cxokucHa meq go 10%, CMeceHmn — okucHa meg, ot
10 oo 30 % wn okucHu ¢ okucHa meg Hag 30%. CpegHoto
CbObpXaHue Ha Meg B pasnuyHUTe COPTOBE pyau € CIEeAHOTO:
CyndomagHw pyou B rpaHOANYPHUTOBN CKasu: 0.43%
CynchuaHn pyam B WNCTOBM CKasM; 0.38%
CwmeceHu pyau B rpaHoLNypUTOBM CKanu: 0.32%
CMeceHm pyau B LIMCTOBK CKanu: 0.32%



[NaBeH U3TOYHWK Ha Mef B CynduaHuTe pyau e Xankonupura
— okono 78%, cneapa 6opHuta — 22%.
ChbAbpkaH1eTo Ha 3naTo e:

banaHcosu cyndugHu pyau: 0.14 g/t
banaHcoBu cMeceru pyau: 0.13 g/t
13BbHOANaHCOBM OKUCHM pyau: 0.18 g/t

CoabpxaHneTo Ha capa 1 nuput apupa ot 0.1 3o 2.3%.

Munepanoxka xapakmepucmuka Ha u3cnedeaHama
npoba om Haxoduuje “Yesmoney”. OcHOBHaTa MKOHOMMUYECKA
LEHHOCT Ha HaxoguweTo ce Onpefens OT MWHeparHaTta
acoumauns men-apceH-anato. Ts e TUNMMYHA C BMCOKaTa
KOHLEHTpaLWst Ha cyndoconu. OCHOBHU MUHEpari ca: NupuT,
€HapruT, GOPHWT TEHAHTWUT, XankoMUPWUT, CbMLTCTBAHU OT
3NaTo W 3NaToCchabpXaLW MUHEpanu. Hali-pasnpocTpaHeHust
MUHEpan B HaxoguweTo e nuputa. [peacTaBeH e of
[peBHO3bPHECTM arperatit, @ MAPUTHU KpUCTanM ce cpeLlat
psgko. CchanepuTsT ce Cpella kakTo BbBBUL Ha M30MMpaHU
BNPbCNELYW B MPOMEHEHUTE Tydu, Taka 1 B KOMMAKTHU Macy,
CbBMECTHO C Apyrv MUHepanu. [aneHuTsT € B nepudiepHuTe
4acTh Ha PYAHOTO TANO, KbAeTOo CbBMECTHO C NupUTa WU
chapepuTa M3rpaxaa ONoBHO-LMHKOBN 3amnexu. TEHaHTUTBT e
CBbp3aH B I'IVIpI/IT-60pHVIT-XaJ'IKOI'II/IpVITHaTa acoumauua  u
CbObpka OCBEH Med, apceH W cspa, e Tenyp u
TENYpoChAbPXKALLM Cyncdoconu. Tasm acoumalnsi e OCHOBHHS!
HOCUTEN Ha 3naToTo.

OCHOBHM cKkanoobpasyBaly MuHepanu: ksapl, 6apuT.
KeapubT 0bpasyBa 3bpHECTW arperati ¢ pasMep Ha 3bpHaTa
OT MopsiabKa Ha HAKOMKO MUKPOHa. BapuTbT € pasnpocTpaHeH
B USANOTO Haxogumwie KaTo CaMOCTOSITENHM, €APO3bPHECTH,
MOYT MOHOMMHEpasTHW 3anexy, obpasyBaHu B CTPaHW U Haf
pyOHUTE Tera.

MuHepanoxka xapakmepucmuka Ha u3cnedsaHama
npo6a om Haxoduwie “Acapen”. HaxoguwieTo e 0T MeAHO —
nopcmpeH Tvn. PygHoTe 3anacu ca W34MCIeHM B TpU CopTa:
OKMCHW, CMECEHM CynWUOHO - OKCUOHM W MbPBUYHO —
cyndmaHu. Opymi MegHU MuHepamu ca GOpHMT, XanKonupwr,
KOBENWH, MegHW okuCKW W cyndatu. [naBeH NpOMULLAEH
KOMMOMHETHT Ha HaxoaMLLeTo e MeaTa. B HaxopmweTo ce cpe-
LaT HAKOMKO mapareHesn. Bve denTwinar — 6uoTUT — MarHe-
TMUTOBaTa MapareHe3a [MaBHUTE MMHepanu ca Kanues
cenTwnar, GUOTUT M MaTHETUT; BTOPOCTENEHHUTE Ca enuaoT,
agyap, XMnopuT, Cnekynaput, kBapy. B kBapu-cepuuuT-
nupuTOBaTa napareHesa EeAWHCTBHUS ELMHCTBEHWS pyLeH
MuHepan e nuputa. Cpella Ce kaTo (OUHW MPOXMIKA U
rHe3nOoBWUAHM CTpynBaHus. B kBapu-nupuT-xankonuputosata
napareHesa rmaBH1 MUHEpanu ca NUPMT, XankonupuT 1 KBapL,
a BTOPOCTENeHHUTe ca MONMWUOAEH, TEHaHTUT, TeTpaeapuT u
Ap. [NaBeH MbpBUYEH PyLEH MAHEPAN B HAXOAMLLETO € XarKo-
nupuTa.Toi € NOBCEMECTHO Pa3npoCTPaHeH M ce CpeLla nog
chopmata Ha NPOXUITHW BNPLCMELM, KaKTO Cpef CepuLnTOBUTE
ckanu, Taka u cped cnabo NMPOMEHeHUTE MPONUIUTU3MPAHU
ANOPUTOBM NOPGUPUTH.

[MaBeH BTOpPMYEH PYAEH MWHEpan € XankosuHa, ¢
NPOMULUIEHO 3HayYeHWe € M nupuTa. Xamnko3uHbT € Haii-
LUMPOKO Pa3npPOCTPaHEH MUHEpPan B CMeCeHUTE CynduaHo-
okucHu pyau. OCBeH Taka B HaXoOWLLETO ce cpeLlat 6opHuT,

KOBEMWH, Maraxut, asypuT, CaMopogHa Mef W CaMOpPOAHO
3naro.

TexHuyecku napamempu. ®notauMoHHUTE oOMMTK ca
npoBeAeHN BbB (hnoTauMoHHa MawmHa Tun “densbp”, 1500
000op./MIH. C BMECTUMOCT Ha KreTkata 4 nnTpa 3a OCHOBHA W
2 nTpa 3a NpeymncTHa rotauums.

MnbTHOCTTAa Ha nynna e pasnuyHa Choped BuAa Ha
MaTepuana W KOHKDETHUTE yCroBus Ha  donoTaums.
CmunaHeTo Ce OCbLieCTBABa B TOmkoBa MenHuua cbe 105
060p./MuH. CbOTHOLLEHMETO TBBPAO — TeyHo € 1:1 no obem.
TonKoBMAT TOBAp Ha MENHULATA € CIEAHNSAT:

Ta6nv|ua 1. 3promepr4eH CbCTaB Ha TOMKOBNA TOBAp Ha
MenHuuaTa

MpuunHaTa nabopatopHuTe onuTk Aa 6baaT NPOBEHM C TpK
TMNa cyndmaHa pyaa: CbOTBETHO OT Haxoguwa ‘Enauute’,
“Uenoney” u “Acapen” e ga ce npocrneau NOBEAEHUETO Ha
HOBOCMHTE3VPaHWS peareHT MpWU pasnnyeH MUHEpanoXKu
CbCTaB Ha pyaarta.

OMUTHW PE3YNTATHU

Ha 6asata Ha HSKOMKO M3XOAHW BELLECTBA € CUHTE3NpaHo
HOBO CbeduHeHWe, xapaktepusupaHo ¢ WY cnektpu

(cpurypar).
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Queypa 1. Y cnekmbp Ha HOBOCUHME3UPaHUS peaseHm —
cvbupamern.

HoBoTO CbeanHeHe e BOJOPa3TBOPUMO, KPUCTANM3NpaLLO B
MpaBUiHA POMBOEAPUYHM, MPO3PAYHM, CBETIIOKBLITU KpUC-



Tanu. WY cnekTpute nokassat HanuumeTo Ha S=C, -S-H, CH;, -
S - CH, , HO- CH, Bpb3ku. Hannuneto Ha Te3u Bpb3KM
npegnonara HanuuMeTo Ha [Be (YHKUMOHAMHM  rpynu,
3aKkpeneHu kbM 06l BbrnesogopoaeH pagukan. MNocnegHoto
npegnonara Jobpo TEXHOMOMMYHO MoBedeHue npu droTa-
LUMsATa Ha CynduaHN MeHM 3naToChabpXally pyaum, ocobeHo
Mo OTHOLEHME Ha 3MaTHWTE METanHW KaTloHW, C KOWUTO
cregga Aa obpasyBa xenaTHu mpbCTeHw. o Tasw npuumHa
n3cnefBaHnaTa 3a yCTaHOBSBAHE TEXHOMOTUYHWTE KayecTsa
Ha peareHTa ca W3BbpLIEHN C PyauM OT MECTOPOXAEHMS
Yenoney n Enauute n Acapen.

WU3cnepBanua ¢ pyaa ot mectopoxaeHue “Enauurte”

M3cneoBaHuata ¢ matepuan oT Haxoguwe ‘Enauute” ca
npoBefeHun No roTaLmoHHaTta cxema Ha cur.2. MonyyeHute
pesynTaTi ca NoMecTeHu B Tabnmua 2 1 rpachmyHo nokasaHm
Ha cur. 5. Te nokassaT pbCT B U3BNMYAHETO Ha 3naToTo, be3
TOBa [a Hapywu W3BMMYaHETO Ha MedTa Ka4yecTBOTO Ha
KOHLeHTpaTa npu pa3sxog 15 r/TOH, nojafeH B CMWNAHETO.
BriowaeaHeTo Ha pesyntatute npu pasxoaute Hag 15 r/ToH
Hall — BEPOSITHO € CBbP3aHO ¢ 06pa3yBaHETO Ha MOMNMCIONHO
MOKPUTUE OT HOBMS ChbupaTen.

WU3cnepBanua ¢ pyaa ot mectopoxaeHue “Yenoney”

LlenTa Ha n3cneaBaHusiTa € fa Ce MOBULIN M3BMIMYAHETO Ha
31aTo M Me[ B KONEKTUBHUS KOHLEHTpaT Ypes3 U3nonsaHe Ha
BOMbIHUTENEH peareHT-cbbupaten. OnuTuTe ca NpoBeAEHH
no cxemarta Ha cur. 3. NONyYeHUTe pe3ynTaTn ca JajeHu B
Tabrmua 3 w curypa 6. Han — pobpu pesyntatu no
OTHOLLEHME Ha 3MaToTo W MeATa ca NoNyYeHn Npu pasxos Ha
HOBOCUHTE3WUpaHus peareHT 20 r/TOH.

U3X0AHA PYAA

PEATEHT X: 01520:30g/4 BAP [Co(DH), ) 4o oH 85

Y

CMUAAHE | Uinin g0 62/ nosre Ho knoco - 0,08un

Mawepor 2002 - 20g/t KeowToreror oo - 309/t

2 kg

T = 40% 1 OCHOBHA 9/0TAUKS - 3 min

y y

[ TIPEYICTHA QAOTALI - 5 min 11 OCHOBHA 90TALUS - 9 rin

/ Y Y

KOHLEHTPAT [ vexanwen 11 vexauen 0TMAABK
NPOAKT MPOAYKT

Queypa 2. Cxema Ha hriomayusi ¢ pyda om Haxoduuwe
‘Enayume”.

U3XOAHA PYAA

PEATEHT X: 05,20;30g/t (0,1 go ol 10

\

CMUAAHE | o go 70% sos8 Ho kaoco - 008un

Nyopor 2002 - g/t KeowToresor o640 - 100g/t

T = 37/ (OCHOBHA QAOTALUY - 15 min

Myonor 2002 - 10g/t Keowrarerar osuo - 10g/t

KOHTPOAA 9AOTALIE - 12 min

KOHUEHTPAT 1 Mexatven QTS
TROLYKT

Queypa 3. Cxema Ha cromayusi ¢ pyda om Haxoduuye
“Yenoney’”.

H3KX0AHA PYAA
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Queypa 4. Cxema Ha cpriomayusi ¢ pyda om Haxoduuye
‘Acapen’.

WU3cnepBanua ¢ pyaa ot mectopoxaeHue “Acapen”

Onutute ca npoBedeHu Mo cxemata Ha durypa 4.
lMonyyeHuTe pesynTaTi ca fafeHu B Tanuua 4 u Ha curypa 7.
Han — pobpu pesyntat no OTHOLIEHWE W3BAMYAHETO Ha
3MatotTo W MegTa Cca  MOMy4YeHM npu  pas3xog Ha
HOBOCKHTE3MpaHus peareHT 20 r/ToH.

Tabnuua 2. Pesyntatu, nonyyeHn oT roTaUuMOHHUTE ONUTH,
npoBedeHn C MaTepuan OT Haxoguwe "Enauute” npw
n3nonaBaHe Ha HOBOCMHTE3WPaHWS peareHT C pasnuyeH
pasxog.
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KOHLEH-T.| 2,67 5,65 16,9 | 21,97 | 5066 | 67,12 | 61,36
odl | m.np. 2,86 0,86 186 | 280 8,25 790 | 836
t
g lImnp. [ 503 0,68 126 | 220 11,48 942 | 1157
oTnagbk | 63,00 0,14 0,166 | 0,284 29,59 15,54 | 18,69
KOHUeH-T.| 3,09 5,82 14,35 185 83,33 7385 | 71,16
| m.np. 2,70 0,16 143 | 2,02 1,99 642 | 6,78
159t | ymmp. | 370 035 1,06 | 1,35 599 652 | 620
oTnagbk | 62,50 0,03 0,127 | 0,204 8,67 13,20 | 15,84
KOHUeH-T.| 2,225 5,25 1357 | 16,85 | 7044 | 60,01 | 67,83
| m.np. 2,90 0,24 1,88 2,35 419 10,83 | 12,33
209t | immp. | 375 0,55 1,39 | 2,00 12,43 | 10,36 | 13,56
otnambk | 63,00 0,034 0,15 | 0,055 | 12,91 18,78 | 6,26
KOHUeH-T.| 2,10 5,87 16,5 20,8 77,20 79,37 | 88,40
| m.np. 2,65 0,24 0,94 | 140 3,98 570 | 7,50
309/t | jmnp. | 2925 0,35 015 | 037 6,41 1,00 | 219
oTnagek | 66,00 0,03 0,09 | 0,01 12,40 | 13,91 | 1,89
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Tabnuua 3. Pesyntaty, nonyyeHn npu GrnoTaLMoHHUTE ONUTY,
NpoBeAeHN C MaTepuan oT Haxoauile “Yenoney”
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K-T 4893 | 903 | 914 | 462 | 9374 | 9808 | 98,10
0 M.Ip. 936 | 199 | 05 | 462 | 395 | 114 | 187
glt
omnagek | 41,71 | 026 | 008 | 001 | 230 | 076 | 002
K-T 5114 | 940 | 414 | 2177 | 9528 | 97,03 | 9757
15 1 wm. [ 900 | 117 | 033 | 297 | 210 | 137 | 236
git
omnagek | 39,77 | 033 | 0087 | 001 | 260 | 158 [ 006
K-T 5157 | 97 | 361 | 1062 | 9812 | 97,58 | 97,51
20 M.p. 566 | 12 | 046 | 367 | 133 | 136 | 200
glt
omnagek | 4277 | 0,08 | 0047 | 011 | 054 | 105 [ 047
K-T 50,30 | 10,04 | 408 | 215 | 9462 | 97,5 | 9465
32 M.Ip. 59 | 289 | 038 | 407 | 324 | 108 | 213
g
Omams | 4371 | o026 | 0065 | 084 | 212 | 135 | 321
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1.

N3BOAM 1 ANCKYCUA HA MONYYEHWUTE PESYNTATUTE

MpoBefieH!Te 1 C TPUTE TUMA PyAa ONUTY NoKasaxa:

HOBWSIT peareHT MoBulLaBa M3BMUYAHETO HA 3nato W
3HauuTenHo no — cnabo u3BnuMYaHeTo Ha MeaTa, 6e3 aa
BIIOLLIW KAYECTBOTO Ha KOHLIGHTpaTHTE.

W Npu TpUTe cepun omuTK ce 3abendssa ONTUMYM Mo
OTHOLLEHWE Ha pa3xofa. Mpu pyauTe C No BUCOKO ChAbP-
XaHue Ha cynduoH1 MuHepanu (Yenoney) v Hanudme Ha
MHOTO (DUHHM LLINAMOBE, KOUTO YBEMMYaBaT MOrTbLIAHETO
Ha cbbupatens, nopagu Mo-BUCOKATA CW OTHOCUTENHA
MOBLPXHOCT, pa3xoda € Mo-BuCOK. ToBa MOTBLPXAaBa
HarnpaBeHOTO NPeanonoxeHue 3a nonucnoiHa agcopbima
Ha [OMbHUTENHUA ChbupaTen.

MOXe fia Ce mpeariorara, Ye npu onpegeneH pasxof Ha
cuBupaTens HanuYMeTo Ha NnoBeye OT efHa (yHKLMOHaMHA
rpyna uaMeHs CTpykTypaTa Ha aacopGLMOHHUTE CrIoeBe U
TOBa BOAM A0 XWAPOUNN3MPaHE Ha 3NATHUTE YaCTUYKA.
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Tabnuya 4. PeaynTati, nomnyyeHmn oT (hioTaLMoHHUTE ONKUTM, MPOBEAEHM C MaTepuman oT Haxoguiye "Acapen” npu n3nonasaHe Ha
HOBOCHHTE3MPAHWUSA PEareHT C PasnnyeH pasxoa.
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K-T 6,324 0,590 3,480 24,380 47,119 78,504 90,534
M., 7,601 0,030 0,170 0,830 2,880 4,609 3,705
0 git OTNambK 86,073 0,046 0,055 0,114 50,001 16,887 5,762
cnms ot 21,769 0,139 0,250 1,060 38,215 19,414 13,550
npenvea
K-T 6,870 0,787 3,570 25,170 65,941 84,104 92,679
M.p. 6,870 0,030 0,110 0,570 2,514 2,591 2,099
15 git OTNambK 86.218 0,030 0,045 0113 31,545 0,292 5,022
cnms ot 26,981 0,031 0,260 1,080 10,213 23,692 15,619
npenvea
K-T 7,292 0,920 3,670 25,980 71,911 84,668 92,608
2041 M.1Ip. 8,036 0,010 0,150 0,670 0,861 3,814 2,632
oTnambK 84,670 0,030 0,043 0,115 27,228 11,519 4,760
crme ot 24,500 0,030 0,300 1,110 7,885 23,255 13,202
npenunea.
K-T 6,430 1315 3,850 27,980 33,464 76,678 85,531
20t M. 3,890 1556 0,230 1140 23,955 2,771 2,108
9 OTNaIbK 89,660 0,120 0,074 0,290 42,581 20,551 12,361
cnms ot 23,390 0,109 0,270 1,150 10,093 19,564 12,788
npenvea
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NEW SELECTIVE COLECTOR FOR FLOTATION OF SULFIDE ORES

Antoaneta Boteva

University of Mining and Geology “St. Ilvan
Rilski”
Sofia 1700, Bulgaria

ABSTRACT

Blagovesta Vladkova
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e-mail: b_vladkova@yahoo.com

A purposefully synthesized reagent was applied as an additional collector to the flotation of integral sulfide ores. Investigations were carried out with real ore under
laboratory conditions in an open and closed cycle. Technological properties of the new reagent were studied for different slurry density and different mode of grinding.
It was established that use of an additional reagent collector, supplied into the grinding process allows significant enhancement of gold recovery from collective

copper-pyrite concentrate.
Key words: flotation, gold, collector

INTRODUCTION

General technology for flotation of sulfide auriferous ores
employs xanthogenate as a main collector. Pyrite for this type
or ores is depressed with significant quantities of lime. As it is
known, large quantities of calcium oxide, available in the
flotation slurry depress the elementary gold and reduce its
recovery in copper pyrite concentrates (Boteva, 1992). Use of
additional collectors for enhancing gold recovery in sulfide
concentrates is rarely practiced. Gold recovery is low under
these conditions. The high rate of lime consumption depresses
it, and xanthogenates are insufficiently effective gold collectors,
especially in the cases, when particles of elementary gold are
covered with iron hydroxide.

A new reagent collector is synthesized for avoiding the above
disadvantages in the industrial technology for selective, gold-
containing ores. Synthesis is performed on the basis of cheep
chemicals, large quantities of which are produced by chemical
industry. The reagent is water-soluble and most probably
contains two functional groups. The two functional groups
provide high rate of gold recovery in sulfide concentrates,
forming most probably, a hepatic ring with the metallic catione.
Rate of gold recovery is not accompanied with reduction of
copper sulfide recovery. Technological properties of the new
collector were studied under laboratory conditions with tests in
the open cycle.

SETTING OF THE EXPERIMENT

The synthesized new reagent — collector is analyzed by
infrared spectroscopic methods (fig. 1). It is subjected to
analysis in its natural type. It is studied in the domain from 5 to
40x100 cm™. This is the field, where C=S, C-S, SH, N-C, N-C-
O connections will be revealed.

Laboratory investigations for technological properties of
newly synthesized reagent-collector are carried out with real
ore under conditions of open cycle according to the schemes
sin figures 2 - 4.

Three types of ore are investigated: from the Elatsite,
Chelopech and Asarel, respectively.

Mineralogical characteristic of the assay from Elatsite
deposit

A total of 61 minerals are established in the ores of the
Elatsite deposit, including 48 ore minerals and 13 non-ore
minerals. They are subdivided into major, secondary and rare.
Major ore minerals are chalcopyrite and pyrite, secondary
minerals are bornite, molybdenite, native gold, electrum,
hematite etc., non-ore minerals are presented as quartz,
potassium feldspar, biotite etc.

Ores in the Elatsite depsoit are divided into three sorts:
sulfide copper ores - not more than 10 %, mixed ores — oxide
copper from 10 to 30 % and oxides with oxide copper more
than 30 % Average copper content indifferent sorts of copper is
the following:

Sulfide ores in granodiorite rocks: 0.43%
Sulfide ores in schistous rocks: 0.38%
Mixed ores in granodiorite rocks: 0.32%
Mixed ores in sschistous rocks: 0.32%

Major source of copper in the sulfide ores is the chalcopyrite —
nearly 78%, then follows the bornite — 22%.
Content of gold is as follows:

Economic sulfide ores: 0.14 gl
Economic mixed ores: 0.13 gl
Non-economic oxide ores; 0.18 gt

Content of sulfur and pyrite varies from 0.1 to 2.3%.

Mineralogical characteristic of the assay from the
Chelopech deposit

The most important economic value of the deposit is
determined by the mineral association of copper-arsenic-gold.
It is characterized with the high concentration of sulfosalts. The
major minerals are: pyrite, enargite, bornite, tenantite,
chalcopyrite, accompanied by gold and gold-containing
minerals. Pyrite is the mostly available mineral. It is
represented by fine granular aggregate, and pyrite crystals are
rarely available. The sphalerite is available as isolated
injections in altered tuffs and compact masses, together with
other minerals, as well. The galena is available at periphery of
the ore body, where it is incorporated in lead-zinc deposits
together with pyrite and sphalerite. The tenantite is bound in a
pyrite-bornite-chalcopyrite association and contains not only
copper, arsenic and sulfur but also tellurium and tellurium-
containing sulfosalts. This association is the main carrier of
gold.
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Most important rock-forming minerals are quartz and barite.
The quartz forms granular aggregates of grain size of several
microns. The barite is distributed as natural, coarse granular,
almost mono-mineral deposits, formed in the marginal parts
and above the ore bodies.

Mineralogical characteristic of the assay from the Asarel
deposit

The deposit is of porphyry copper type. Ore reserves are
calculated in three sorts: oxides, mixed sulfide-oxide and
primarily — sulfide. Other copper minerals are bornite,
chalcopyrite, covelline, copper oxides and sulfates. Copper is
the major economic component of the deposit. There are
several parageneses at the deposit. Major minerals at the
feldspar — biotite — magnetite parageneses are potassium
feldspar, biotite and magentite, and the secondary are epidote,
aduare, chlorite, specularite, quartz. Pyrite is the only ore
mineral in the quartz-sericite-pyrite paragenesis. It is available
in fine veinlets or accumulations. Major minerals in the quartz-
pyrite-chalcopyrite paragenesis are pyrite, chalcopyrite and
quartz and secondary are molybdenite, tenantite, tetrahedrite
etc.

The major primary ore mineral in the deposit chalcopyrite. It
is totally available and appears as veinlet injections in both
sericite rocks and slightly changed propilitized diorite
porphyrites.

Major secondary ore mineral is the chalcosine, pyrite also
has economic importance. The chalcosine is the most widely
distributed mineral in the mixed sulfide-oxide ores.
Furthermore, in the deposit there are bornite, coveline,
malachite, azurite, natural copper and natural gold.

Technical characteristics

Flotation tests are carried out in a Denver flotation cell, 1500
revolutions/min with a cell capacity of 4 liters for the rough and
2 liters for the scavenge flotation.

Slurry density is different according to type of material and
particular flotation conditions. Grinding is performed in a ball
mill of 105 revolutions/min. The solid — liquid ratio is 1:1 in its
volume. Mill loading with balls is as follows:

Table 1. Granular composition of mill loading with balls

The reason for testing with three types of sulfide ores — from
the deposits of Elatsite, Chelopech and Asarel, respectively is
observing the behaviour of newly synthesized reagent for
different mineralogical composition of the ore.

RESULTS FROM EXPERIMENTS

A new compound characterized by the following infrared
spectrum is synthesized on the basis of several initial
substances (figure1).

w o =~EER] H v o=
Savo - 1 NSO
ZElg8e : S -
| D
EE(ES e
— v | = O —

Figure 1. Infra-red spectrum of newly synthesized reagent —
collector.

The new compound is water-soluble, crystallizing in regular
rhombohedral, transparent, light yellow crystals. The infra red
spectra show availability of S=C, -S-H, CH, - S - CH,, HO- CH;,
links. The availability of these links suggests availability of two
functional groups, fastened to a common hydrocarbonic -
radical. The last suggests good technical behaviour for flotation
of sulfide copper gold-containing ores, especially for gold
metallic cations, which are expected to form hepatic rings.
Investigations for establishing of technological characteristics
of the reagent are carried out with ores from the Chelopech,
Elatsite and Asarel deposit, respectively, for the above-
mentioned reason.

Experiments on ore from the Elatsite deposit

Experiments on assays from the Elatsite deposit are carried
out according to the flowsheet in fig. 2. Results are
represented in table 2 and graphically shown in fig. 5. They
reveal rate in gold recovery without disturbing the recovery of
copper for consumption 15 g/ton, fed into grinding.
Deterioration of output for consumption higher than 15 gfton is
most probably caused by the formation of poly-layered coating
of the new collector.

Experiments on ore from thee Chelopech deposit

Objective of experiment is improving the recovery of gold and
copper in the collective concentrate by the use of additional
reagent-collector. Tests are carried out according to the
scheme in fig. 3 and results are represented in table 3 and
figure 6. The best results for gold and copper are obtained for
consumption of newly synthesized reagent of 20g/ton.

FOANIIHWK Ha MurHo-2eonoxkus yHusepcumem “Ce. MeaH Puncku’, mom 44-45 (2002), ceumnk Il JOBMB U MIPEPABOTKA HA MUHEPAJIHW CYPOBUHN

7



bomesa A u Op. HOB CENTEKTUBEH CBBUPATEI 3A ®JIOTALMA ...

Initial ore

Ny rengent X: 0i520;30g/t

Miing | fisn - 81yl oss - 01 pn
Ksontate - g/t

CoCH ] - o 85

Hinfrot 2012 s Frather - 20/t

/Ekg

T =401 Rough flotation - 3 rin

1 Clearer flotacion - 3 in [ Control Flotafion - 9 fin

Cancentrote 1 lidding Corrion

roduct

11 Heing
prodct

Figure 2. Flowsheet for ore from the Elatsite deposit
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Figure 3. Flowsheet for ore from the Chelopech deposit
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Figure 4. Flowsheet for ore from the Asarel deposit

Experiments on ore from the Asarel deposit

Experiments are carried out according to the flowsheet in
figure 4. Results are shown in table 4 and figure 4. The best
results for recovery of gold and copper are obtained for
consumption of the newly synthesized reagent of 20 g/ton.

Table 2. Results from flotation tests on ores from the Elatsite
deposit for different consumption of newly synthesized reagent

Figure. 5. Recovery of Au, Cu and S as a funtion of new

collector addition - "Elazite" mine

CONCLUSIONS AND DISCUSSION OF RESULTS

Experiments with the three types of ore revealed:
1. The new reagent enhances recovery of gold and much
less recovery of copper, without deteriorating the quality of

concentrates.

g Content 3,% Recovery €, %
= 2 =
3 S > Au Cu S Au Cu S
< B8 =}
2 a o
3 = gt % % glt % %
Q
[&]
concentratel 2,67 5,65 16,9 | 21,97 50,66 67,12 | 61,36
0git .
I'middle | 2,86 0,86 1,86 | 2,80 8,25 7,90 8,36
product.
Il middle | 5,03 0,68 1,26 2,20 11,48 9,42 11,57
product..
waste 63,00 0,14 0,166 | 0,284 29,59 15,54 | 18,69
concentratel 3,09 5,82 14,35 18,5 83,33 73,85 | 71,16
15 g/t | I middle 2,70 0,16 1,43 2,02 1,99 6,42 6,78
product.
Il middle | 3,70 0,35 1,06 1,35 5,99 6,52 6,20
product..
waste | 62,50 0,03 0,127 | 0,204 8,67 13,20 | 15,84
oncentrate| 2,225 5,25 13,57 | 16,85 70,44 60,01 67,83
| middle 2,90 0,24 1,88 2,35 419 10,83 | 12,33
product.
20 g1t [N middle | 3,75 0,55 1,39 [ 200 | 1243 | 1036 [ 1356
product..
waste 63,00 0,034 0,15 | 0,055 12,91 18,78 6,26
concentratef 2,10 5,87 16,5 20,8 77,20 79,37 | 88,40
| middle | 2,65 0,24 0,94 1,40 3,98 5,70 7,50
304l product.
t n
9% Nmiddle | 5oo5 | 035 | o5 | 037 | 641 | 100 | 219
product..
waste 66,00 0,03 0,09 0,01 12,40 13,91 1,89
i Ju
® ,;4&
= __,,r_/—,!\,h*_\_\__,r.——:,
s W T s a -
E pd
3 o
o
()
o 20
0
ogt 159t 20 g/t 309t
Addition of collector, g/t
—«—Au —a—-Cu --A---S

2. The three rounds of experiments show an optimum for

rate of consumption. Rate of consumption is higher for ores of
higher content of sulfide minerals (Chelopech) or availability of
very fine slimes that increase adsorption of collector, due to its
larger relative surface. This confirms the suggestion for poly-
layered adsorption of additional collector.

3. It may be suggested that for a certain rate of collector
consumption the availability of more than one functional group
changes the structure of adsorption layers and brings to
hydrophilizatoin of gold particles.
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concentrate | 6,324 | 0590 |3480 | 24380 | 47,119 | 78,504 [90534
middle
orodu, | 7601 | 0030|0470 | 0830 | 2880 [ 4609 | 3,705
Dot " aste | 86073 | 0046 |0055| 0114 | 50,001 | 16,887 | 5762
100 overfow | 21,769 | 0,139 | 0,250 | 1,060 | 38215 | 19,414 | 13550
98 Table 4. Results after flotation experiments with ore from
*’é o6 = J~~ “Asarel” mine by using of diferent addition of a new reagent.
[ N ©
> 0, 0,
§ 04 \'\k g a < Content 3,% Recovery €, %
=1 >
4 92 g 3 5 Au Cu S Au Cu S
g = 2
90 o > g/t % % g/t % %
Q
0glt 15git 209t  30ghi
concentrate | 6,870 | 0,787 | 3570 | 25,170 | 65941 | 84,104 |92,679
Addition of collector, gt p”r‘(')‘éiﬁ 6870 | 0030 |o0110| 0570 | 2514 | 2501 | 2,009
o AU — _m —Cu ---a---S 159" ™ aste | 86218 | 0,030 | 0.045| 0413 | 31545 | 0202 | 5,222
overflow | 26981 | 0031 |0260| 1080 | 10213 | 23,692 | 15619
Figure. 6. Recovery of Au, Cu and S as a funtion of new concentrate | 7,292 | 0920 |3,670| 25980 | 71911 | 84,668 | 92,608
41, n n H n
collector addition - "Chelopech” mine gt midde o 0c | 0010 | 0150 0670 | ogst | 3814 | 2632
product.
Table 3. Results after flotation experiments with ore from waste | 84670 | 0030 |O0043] 0115 | 27228 | 11519 | 4760
“Chelopech” mine by using of diferent addition of a new overflow | 24500 | 0030 | 0300| 1110 | 7.885 | 23255 | 13,292
reagent” concentrate | 6430 | 1315 [3850 | 27,980 | 33464 | 76,678 | 85531
middle
3890 | 1,556 |0230| 1,140 | 23955 | 2771 | 2,108
°°”fe”‘ 5114 | 940 | 414 | 2177 | 9528 | 97,03 | 9757 BOG" | product
15 M’me waste | 89,660 [ 0120 [0074| 0290 | 42581 | 20551 | 12,361
ot | product | %09 | 117 | 033 | 287 | 210 | 137 | 236 overflow | 23,390 [ 0,109 [0,270| 1,150 | 10,003 | 19,564 | 12,788
waste | 3977 | 033 | 0087 | 001 | 260 | 158 | 006
°°;‘t’:”‘ 5157 | 97 | 361 | 1962 | 9812 | o758 | 97,51
20 i
gt Midde | 566 | 12 | o046 | 367 | 133 | 136 | 200
product S N N
waste | 4277 | 006 | 0047 | 011 | 054 | 105 | 047 5| . - Content B.% Recovery &, %
5|8 > | Au Cu S Au Cu S
concent | 5530 | 1004 | 408 | 215 | 9462 | 9756 | 94,65 |8 k=]
rate £ a )
30 i 8 = t 9 9 t 9 9
ot Midde | 599 | 280 | 038 | 407 | 324 | 108 | 213 = > ¢ " & 9 " *
product S
waste | 4371 | 026 | 0065 [ 084 | 212 | 135 | 321
mr’;ﬁee”t 4893 | 903 | 914 | 462 | 9374 | 9808 | 9810
Middle
ot | produst | 936 | 199 | 086 | 462 | 395 | 114 | 187
waste | 41,71 | 026 | 008 [ 001 | 230 | 076 [ 002
100 :
n| Focbedg
T 60 AN
g v
S 40
2 S
20
0
0 git 15 git 20 git 30 git
Addition of collector, g/t
—«—AU - & -Cu ---a--S
Figure. 7. Recovery of Au, Cu and S as a funtion of new
collector addition - "Asarel” mine
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