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Mpw oBorataBaHETO (PUHHM KanaeHn pyan A0 TO3W MOMEHT BbB BCUYKN (PNIOTALMOHHN CbOPBXEHUS Ce paboTi Ha MPUHLMNA HA MHOroeTanHo obeslunamseaHqe ¢ Len
oTAensHe Ha uHHaTa knaca. B Tosn cnydait 3arybute Ha kanait Bbanu3at Ao 40% OT nocTbnunata u3xoAHa CyposiHa. B pamkuTe Ha npoyysaHeTo ce uenu aa
Obpar HamaneHy 3arybute Ha kanail ypes ¢noTauus Ha wnamoseTe. poBeaeHn ca (roTaLumoHHM oNuTY B WaiboBN 1 NPbLTOBM (PrIOTALMOHHW MHCTanaumu 3a Aa
moraT fia ce OnTUMUpaT ycnosusiTa Ha cnotaumsi. CTOMHOCTUTE Ha W3BMWUYaHETO Npy noTaLus, NpoBeAeHa BbB BTOPUS BUA cucTeMn Bapupat okono 60%. Mpu
wainbosms umnenep Te ca mexay 65-80%. Morat ga ce oyaksaT Aobpu pesynTaTi B M3BNNYAHETO, KOraTo B NPeABAPUTENHUAT CTaAUA Ha drioTauus ce unonssat
LWanbosm MMNenepu ¢ ronsma ckonoct — 5,65 m/s, a B cnefBaLyuTe CTaaun Ha NPEYnCTHI OnepaLiuv ce u3nonasat Hucku 06opoTi. MofobHM pesynTaTi MoraT fa ce
ovakeaT 1 npu ynotpebata Ha NPBLTOBK MMNENepU, KOraTo B NPeABapUTENHUTE CTaaUW Ha (rioTaLus ce M3nonasa HUCKa CKOPOCT Ha UMMenepa, a B NpeyncTHuTe
onepauyumn — Bucoka. Tpsbea Aa ce otbenexu, 4e ocobeHo npu roTaums ¢ Boga ce Habniofasa pasTBapsiHe Ha TEXKW MUHEpanu U CKMOHHOCT Ha nymnna KbM
koarynauus. B Toau cryyait ce Hanara MHTEH3VBHa aruTaLus Ha Mynna ypes BIUCOKa CKOPOCT Ha poTopa. Bucokute 060poTh Ha poTopa npu NpbCTOB MMNENep BOAAT
0 HUCKM CTOMHOCTM B U3BNUYaHETO. BHepsABaHeTo Ha MoaMULMPaHK uMnenepy oT To3un TN e MHoro obelLaBallo OT rneaHa TouKa Ha pyav ¢ Manka eapuka. Ot
NpOBEAEHNTE U34UCTIEHNS 3a PEHTaBUNHOCTTa MOXE Aa Ce kaxe, Ye eaHa (hnoTaumuoHHa MHCTanauus We 6bae edekTuBHa camo Toraea, Korato ChAabpkaHusaTa Ha

KOHLieHTpaTa ca no-ronemu ot 7,5% Sn, a usenuyaxeto e Hag 70%.
KrtoyoBu aymu: dhnotausi, CENeKTMBHOCT, LUNaMOBE

BBLBEAEHME

Mpu oboraTABaHETO Ha TEXKM MUHEPanM YeCTo MbTu Ce
13MON3BaT MOKPU TPaBUMETPUYHN METOAM Ha COPTUPOBKA,
KOMTO crnopef NIbTHOCTTA M pasnukuTe B MITbTHOCTTA Ha
pasfensiiuTe ce MUHepanu aaeat Han-gobpu pesyntatu npu
eopuHa Ha knacute 20 — 100 pm u CbLOTBETHO Ca
MKOHOMMYECKM u3rogHu. Mpu paboTta ¢ maTepuan nog Tasu
eopvHa MO NPWHUMN Ce W3non3BaT [ApyrM MeToau, Ho
npeanMHo cpnotauus. MpeanoctaBka 3a ToBa PNOTALMOHHMS
METOO4 [fa Ce HanoXu € MNPOMEHNMBMA Xapaktep Ha
CYpOBMHHUTE.

lMoBeYeTo OT AHELLHUTE Haxoaulla Ce XapakTepuaupar
(DMHHO CpacTBaHe Ha PyaHUTE CbC CKANHUTE MUHEPAnu, KOeTo
OT CBOSI CTpaHa Hanara (oMHHO CMUMaHe, 3a [a ce rapaHTupa
po6po paskpuTMe Ha MuHepanuTe. Tbil kKaTo Heobxognmara
CTENEH Ha pasKpMBaHE Ha MWHepanuTe 4ecTo MbTW € MOA
e[puHata, [JoCTUrHata npuM COpTMpPaHe NO NABTHOCT,
(*)J'IOTaLU/IOHHVITe MeToan Hamupat CUNHO NPUNoXeHue Kato
COpTMPOBaYeH MeToz 3a knacu ¢ eapuHa no 100 pm.

Mpu roTaumaTa Ha MbPBUYHU KanaeHU pyam YecTo MbTu
Bb3HMKBAT MpobremMu, KOUTO Ce pasrmexpaT B pamkuTe Ha

TOBa W3cnensaHe. Bbnpeku, ye B bonmmeus, a Cblwo U B
Anrnms, Asctpanus, FOAP u npepmwHata [P cbljectsyBaT
noaxofswy noTtaunorHm uHetanaumm (Moncrief et al. 1977;
Arbiter, N., 1977) npobnemsT 3a dnoTtaupsta Ha kanam He e
HambHO peLleH. ToBa ce NOTBbPXKAABA OT (haKTa, Ye BbPEKn
WHTEH3WBHWUTE U3CnedBaHWs W HOBWUTE MPEAMNOXeHus 3a
meToau u peareHTn (Savvidis 1996) 1o TO3M MOMEHT BCe oLue
He e pa3BuTa KOHUENUWs 3a (rioTauus Ha kanaeHu pyan ¢
n3nonagaHe Ha crneuuduaMpaH U CEneKTUBHO [AeiCTBaLY
cvbupaten. ToBa e Taka nopagu OCODEHMTE CBOMCTBA W
pasnuyHuTe GopMM Ha kanasi. M3BecTHO €, Ye TPOoLLnMBOCTTa
Ha kanas ynecHsBa obpasyBaHETO Ha (HWUHHM Kpacw npu
cMurnaHe, Ho Harpumep B bonuens ce cpewar 4ecto
WFMOBMOHN 1 NMPECEYHU (HOPMU Ha KPUCTarHWUTE CTPYKTYpH,
03HaYeHu KaTo MUrMecT Unu gbpBeH kanai. Mrnenns kanan npu
obpaboTka NecHo Ce nMpecuya HaMpeyHo no ocTa Ha
Ab/KMHATA, KaTto Mo TO3M HauuH obpasyBa  ronsmo
KONMYecTBo uHHW Knacu. “[bpBeHUAT” kanaw, nonyyeH Ot
oTnaraHe WnM U3BeTpsiBaHe Ha CyndocTaHaTh B MOBEYETO
cnyyau obpasyBa (WHHM, KOMMMEKCHM CPacTbLM, KOMTO ca
TPYAHO pasgenumu. KonowgHUST kanam, Kakto U Urnexus nma
CKMOHHOCT KbM MpecMuraHxe.

YCTaHOBEHO €, Ye Mpu Mo-rofsiMaTta YacT oT bonueuiickute
KaraeHu pyau e Bb3MOXHO HaboraTsiBaHe Ha karas mpu
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cuHHnTe Knacu (Savvidis 1996, Savvidis et al., 2001). [Jo To3u
MOMeHT GoraTuTe Ha Kamnaih ¢uHHM LwnamoBe B Bonusus
NPeauMHO ca Bunn U3XBbPNSAHW, Thit KaTo HE € CbLeCTByBar
NOAXOASILY, METOA Ha COPTMPOBKA.

AKUEHTMTE Ha HacTOSWOTO M3cnefBaHe ca BbPXY
npoyyBaHus 3a [OOMB Ha UHHMTE Kracu 4pe3 dnoTauns ¢
Len nopobpsiBaHe Ha M3BMMYAHETO KaTo LANO, a Cblo U
peHTabunHocTTa Ha 1o6KBa Ha kanau.

MOCTAHOBKA HA EKCMNEPUMEHTA
Brnusxve nnbTHOCTTa Ha nynna

Onutute 6s1ixa npoBegeHn ¢ Npoba OT NpenuBa Ha LMKIMOH
OT XyaHyHW C Len onTuMupaHe Ha prioTaLumoHHUTE YCroBus
BbB BMOTALMOHHUTE KNETKW. 3a ONTUMAnHOTO ChabpXaHue Ha
TBbPLO B Nynna npu notauus Ha UHHM YacTuuM uma
pasnuyHn MHeHus. Imhof (1975) oTkpuBa, Ye npu ¢noTauusTa
Ha CynuaHN pPyOHW LUNaMoBE CbObPXaHUETO Ha TBBPAO He
Tpsibea ga Hagsuwaea 25 gll. Topfer (1964) obpaTHo Ha ToBa
npegnara WHHATE YacTWukM fa hroTMpaT npu  BUCOKA
MITTHOCT Ha nynna. MHOro BUCOKMTE CbAbpXaHWs Ha TBbPLO
BellecTBO B nynna Tpsiba ga Obaat m3bsArBaHW, Thil KaTo
BMCKO3WTETa Ha Mynna cTaBa MHOTO ronsM. 3a uacrnegsaHusra
OTHOCHO BMMSHMETO MITbTHOCTTA Ha nynna Bsxa ycTaHOBEeHU
CneHNTE YCroBMS:
OnotaumoHHa  KneTka:
umnenep
Pa3xoa Ha Bb3gyx: 30 cm®/cm?min
Coabpxanue Ha TBbpAo B nynna: 30 — 500 g/l
Cubuparten: ®occoHosa kucenuHa P-184 (750 git)
lMeHoobppa3sysaten: Flotigol CS/MK, 50 mg/l
pH: 5,8
Bpeme Ha koHauumoHupaHe: 20 min
Bpeme Ha cnotaums: 15 min (5 koHUeHTpaTa)

MogaBaHeTo Ha cbbupaten ce M3BbpLIBA MOETAMHO.
BapuaHta 3a nocTosHHO nogaBaHe Ha peareHTH bele
OTXBbPMEH 3a A3 MOXEe Aa Ce MNpeLeHu BRMSHUETO Ha
NTBTHOCTTA Ha mynna oT Apyru aktopu. PrioTaumoHHUTE
pesynTaTi ca nokasaHu Ha curypa 1.
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KakTo ce Bmxaa OT duryparta BNMSHUETO HA MITTHOCTTA Ha
nynna BbpXy M3BMMYAHETO U ChAbPKAHMETO Ha Sn € Marko.
W3BnuyaHeto Ha kanain e okono 80% wu npu cpegHo
cbabpxaHue Ha TBbPHO B mynna — 250 g/l ce Habntopasa
cnab makcumym. ChobpkaHusTa Ha Kanan B KOHUEHTpaTa ca
HUCKM M MPW HUCKO CbbpXaHWe Ha TBbPAO B nynna — 50 +
150 g/l wmat Ham-Bucoka cromHocT 1,2%. Hait-BeposTHO
LUNamMbT Ce M3BNMYA HecenekTuaHo. Mpeanonara ce, Ye B 1031
cryyai npu noTauNoHHUTE ONUTK CE KOHKYPUpaT CreaHuTe
e(eKTU: NMpU HUCKA KOHLIEHTPALMS MeHHaTa KOHCUCTEHUMS e
cnabo crabunHa; n3notupanuTe LiEHHU MUHEpani YacTU4Ho
ocTaBaT B MEHHUS NpoaykT. BucokuTe KoHLEHTpauun Ha
TBBPAO YBENWYaBaT BUCKO3WTETA Ha Mynna; He Moxe Aa ce
[OCTUTHE HeoOxogumarta 3a MWUHEpanu3aunsTa
TypBoneHTHOCT. Ha dourypa 2 ca npeacTaBeHn ChAabpKaHusATa
Ha Kanai B KOHLEHTpaTMTE MpU pasnuyHa NiTbTHOCT Ha nynna
B 3aBMCMMOCT OT BPEMETO Ha hroTauus.
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Queypa 2. Sn-cbObpxaHue npu pasnuYHU NITbMHOCMU Ha
nynna 8 3aeucumMocm om 8pemMemo Ha
¢rnomauyus,cebupamen: P-184, 750 g/t, pH 5.8

Buxpa ce, ye cnoTauusTa Ha kanai e onTumarnHa camo npu
HWUCKO ChabpaHue Ha TebpAo (4o 50 gfl), kato npu HopManHo
NpOTUYaHe CENEKTUBHOCTTA € Hucka. [pyu BUCOKO ChAbpKaHue
Ha TBBHPAO B NyNna Hain-BEPOSTHO MbPBOHAYANHO M3dnoTupat
Hal-OMHHUTE YacTMYKM, M MO TO3M HauuH Cce 3abaes
cenekTMBHOCTTa Ha npoueca. Wollmann (1981) ycraHoBsiBa,
ye MpM BMCOKA MITBTHOCT Ha Mynna Hai-(OMHHATE YaCTUYKKM
W3nnyeaT C Bb3dyXxa Harope, a Manko OT TAX Ce BpbliaT
obpatHo B nynna. Mo TO3M HaumH ce GnaronpusTcTea
HECEeNeKTUBHOTO M3BNWUYaHe Ha LUNamoBe.

BnuusiHne Ha ckopocTTa Ha poTopa

3a Tean onuTK He Be NPOMEHSHO CbAbPXaHWUETO Ha TBHPAO
B nynna (50 g/l); Hai-BepPOSATHO NO CXOLEH HAYMH Cce NOBMUsBa
CEneKTUBHOCTTa. [TbpBOHaYanHo onuTuTe Osxa NpoBedeHu
npu pasnuyHa ckopocT Ha pa3bbpkeaHe NOCPEACTBOM Luainbos
nmnenep. Ha dmrypa 3 ca npeactaBeHn ChabPXaHWETO U
M3BMMYAHETO Ha Sn B 3aBMUCUMOCT OT Bposi Ha 0BoOpOTUTE Ha
poTopa.

Queypa 1. Sn-cbObpxKaHUe U Sn-UssnuyaHes 3agLcuUMocm - 1:2 ‘ /i/ = ?6 =
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Queypa 3. Sn-cvdbpxaHue u Sn-usenudaHe 8 3agucumMocm
mcKopocmma Ha pomopa hpu waiibog umnesnep, cebupamen:
P-184, 750 g/t, pH 5.

[TbpBOHAYANHO C YBENWUYABAHETO Ha CKOPOCTTA 3HAYUTENHO
Ce yBenuuuxa CTOMHOCTUTE B W3BNMuaHeTo. Mpu 2,4 m/s 10
bewe 60%, a npu 55 m/s — 90%. ColueBpeMeHHO
CbbPXaHNeTo B KOHLEHTpaTa Hamans ot 1,4 Ha 0,8%.

Kakto ce Buxga Ha courypa 3 npu 1200 min ce nonyyasat
Han-pobpu ycnoswus. B To3u crnyyail ce focTUra Cbabpxanue
Ha Sn 1,2% npn 80% wssnuyaHe. Oka3a ce, Ye KakTo ypes
NpOMsHa Ha CbObPKAHWETO Ha TBbPAO, Taka M uypes
perynupaHe Ha obopoTute Ha poTopa He MOxa fa ce
[OCTUrHE 3HaYUTENTHO NOZOOpPSIBaHE Ha CENEKTUBHOCTTA.

MpOTMBHO Ha ToBa NoO-gobpU pesynTaTi ce monyyuxa npu
HaMansBaHeTO Ha cneumduyHus pasxog Ha Bb3gyx — 20
cm¥/cm?min 1 napanenHo yeenuuaBaHe KOHLEHTpaUusTa Ha
cvbupaten Ha 1250 g/t, kato ce 3abenssa ocesaTenHo
yBenu4YaBaHe Ha CENeKTUBHOCTTA.

Mpu 3anassaHe Ha Te3n ycnosus bsxa NPOBEAEHN ONUTY 3a
OTYNTaHe BNWSHWETO CKOPOCTTa Ha potopa npw ynoTpebata
Ha nanuosa pa3bbpkBalia cuctema. Pesyntatute ce
nokasaHu Ha curypa 4.
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Queypa 4. Sn-cbObpxaHue u Sn-u3gnuqaHe 8 3a8UCUMOCm
0m ckopocmma Ha pomopa npu waiibos umnenep,
cwbupamen: P-184, 750 g/t, pH 5.8

3a pasnuka OT pesynTaTUTe, MOMyveHn C LainboBusT
MMMEenep cera U3BNMYAHETO Ha Sn B KOHLIEHTpaTa Hamarsiea ¢
YBENM4YABAHETO CKOPOCTTa Ha poTopa. CblUeBpeMEHHO ce
HabnopaBa yBenuyaBaHe Ha CbObpXaHWeTo Ha Sn po 2,5%
npvu oBopotu 850 min™!, Ho M3BMUYaAHETO & camo 45%.

Pasnuunara B pesyntatute, NONy4YeHW Npu U3MOM3BaHETO Ha
pasnuyHi BUOOBE uMNenepu ce 0BsACHSBaT C pasnuyHaTa
creneH Ha TypboneHTtHocT. Cnopen LWybept (1977, 1979,
1979, 1982) TouHO TypOGOneHTHoCTTa npu noTauns ¢
MeXaHW4yHu roTaUMOHHM anapaTu € BaxeH akTop.

MpoydyBaHMATa C pasnuyHM Umnenepu nokassar (LLlyGept 5

3.
4.

1982), ye npu notauus Ha egpu YacTMYKM CUIBUH C
YBENN4YaBaHETO Ha MOLHOCTTAa B KreTkata, MpW BMCOKa
CKOPOCT Ha poTOpa Ce YBenuyaBa W CbAbPKAHWETO Ha LiEHeH
KOMMOHEHT B KoHLeHTpaTa. OT Apyra cTpaHa e YCTaHOBEHO 3a
(OVHHM KNacu kanaeHa pyga, Yye C yBenuyaBaHeTo CKOpoCTTa
Ha poTopa Ha MpbCTOB MMNenep ce HabniogaeaT 3aBULLIEHN
CTOMHOCTM B W3BMWYAHETO NpW  HamansBaHe Ha
cbabpxanueto (Lybept 1977).

ABTOpUTE CTUraT A0 3aKMKYEHUETO, Ye 3a (rioTauusTa Ha
eapy YacTUuKK € HeoBXoAMMa HICka cneLdmryHa MOLLHOCT, a
3a (rotaunaTa Ha (DUHHA YaCTUYKM Ce M3MCKBA BMCOKA
CKOpOCT, 3a fa MoraT Aa Ce MonyyaT BUCOKM CTOMHOCTU B
W3BNMYaHETO. Kato usrno pesynTatute U 3aKmioueHusTa ot
MPOYYBAHETO He CbBMaAAT U3LAMNO C OTAENHUTE PesynTaTy.

[Mpu onutute C WaiboB nMnenep Moxe Aa ce Habnopasa,
4e Npu CKOPOCT Ha poTopa A0 5,5 m/s He ce nonyyasa CUMHO
pa3bbpkBaHe Ha MOBBLPXHOCTTa Ha nynna. B HenocpeacTBeHa
6nu3ocT 4O opTopa NpoTMYa CuUMHa aruTaumus Ha nynna,
nognomaralla AuCrnepripaHeTo Ha nofafeHus Bb3gyX U
TBBPAOTO BELLECTBO, KAKTO W MHTEH3UBHOTO OCHLLECTBSBAHE
Ha cOMbCbka YacTuyka — Mexypye.

Bbnpekyn BUCOKaTa MOLLHOCT € Bb3MOXHO Ha MOBBLPXHOCTTA
Ha nynna ga ce obpa3syBa CMOKOEH MEHEH CrOW, TbAl KaTo
OVPEKTHO Haj cratopa npoTWYa CbBCEM  HE3HAYNTENHO
noBnusABaHe Ha MWHepanuanpaHu BB3OYLWHU MeXypyeTa.
YBennyaBaHeTo Ha CKOPOCTTa NMpu LWainbos Mnenep Boan 4o
yBenuyeHa BEPOATHOCT Ha cOmbCBbK Mexay mexypyetata U
YaCTUYKUTE BCMEACTBME yBenuueHata MOWHOCT. Tbid KaTo B

obractta Hapg cratopa ce HabniogaBa  3HAYMTENHO
HamanaBaHe Ha Typ60]'|eHTHOCTTa, B TOpHaTa 4acT Ha
KneTkaTa Bb3AENCTBUETO BbpXy MWHEpanu3npaHnTe

Mexyp4yeTa CMNHO HaMansasa. Tosa mMoxe ga 6ﬂaFOHpMﬂTCTBa
M3BJTMHAHETO B NAHATA Ha CKalnHW YaCTUYKK, KOUTO Ca CbBCEM
JIEKO NPUKpeneHn KbM Bb3YLUHUTE MEXypYETa.

ObpatHo Ha ToBa Npu hroTaumsTa CbC NPLCTOB UMMNENEP
NyNMbT Ce CMECBa MO CUMHO TYpPOOMEHTEH HaYMH HE camo B
obnactTa Ha cTatopa, HO M Ha MOBbpPXHOCTTa. CenHo
B3aMMOJENCTBME HA MUHEpanu3npaHuTe Mexypyeta npoTuya
B Lenus obeM Ha kneTkata M B CNeACTBME Ha TOBa ce
yBeNn4aBa C yBenu4aBaHETO CKOPOCTTa Ha pa3bbpkeaHe.

ToBa Boau 40 YBENMYEHO NpUMenBaHe Ha (OUHHI YaCTUYKM
no MWHepanuaupaHuTe Bb3OYWHM Mexypyeta M Ao
yBennyaBaHe Ha pfobwea. Tbil kato B TO3M crnyyan ce
npuKayBaT 1 NIeKo 3aXBaHaTW CKanHu YacTuyku ce Habnsaasa
W yBENM4aBaHe Ha CeNeKTUBHOCTTA.

PasrnexpaHe Ha peHTabunHocTTa

WacnegsaHa e peHTabunHocTTa Ha dnotauusta Ha uHHL
kanaeHW YacTU4Kk1 B MHCTanaums ¢ kanauutet 100 t/d.

MHBeCTULIMOHHM pa3xoam: MsnH.DM
MatumHu 1 anapaty 0,875
EnektpoTexHuyecko obopyasaHe

BKIIOYUTENHO M3MepBaTenHa TeXHUKa 0,26
Tpbbonposoay 1 BOLONPOBOAY 0,085
Crpagu u cTOMaHeHM KOHCTPYKLMK 0,485
MOHTaXEH UBBTPELLHONPOMMLLIIEH HAA30p 0,221
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WHKeHepuHr 0,26
M3BBbHpeaHM 0,085
Pasxoam 3a cbopbXKeHUs 2,271
OnakoBka, TPaHCMOPT 1

ocuryposka (5% o1 1+4) 0,085
O6wo pa3xoau 2,356

3a NpoM3BOACTBEHM Pa3xoaM U3YMCREHNSTa Ca HanpaBeHu
Bb3 ocHoBa Ha 300 paboTHM OHW B roguHaTa npu cnegHata
kanutanoBa pamka (15% OT MHBECTULMOHHUTE pa3xoau)
11,78 DMI.

EHepruitnu pasxoau

3a bnoTaumoHHaTa MHCTanaums, BKITIOYATENHO arnTaTopy,
nomnu, obe3BoHsABaHe e Heobxoauma MoLWHOCT okono 170
KW. Mpwn n3xogHa ueHa Ha Toka 0,15 DM/KWh ca n3uncnenu
cneundunyHuTe pas3xoam 3a eHeprust okono 14 KWhit, T.e. 2,1
DMt

Pa3xopu 3a peareHTu

Bup peareHt  Pasxop Ha pearenT, g/t Llena, DM/kg Pasxoa,
DM/t

P-184 750 13,5 10,13

H.S0, 15.000 0,12 1,80

CneuwndnyHu pasxoam 3a peareHtu: 11,93 DM/t

00w npoMULLNEHN pa3xoam

Kanutanxu pasxogu: 11,78 DM/t

EHepruiHn pasxoau: 2,10 DM/t

Pasxogu 3a peareHTu: 11,93 DM/t

06wo: 25,81 DMt

OUCKYCUA HA PE3YNTATUTE

Mpw oboraTsBaHETO Ha (PUHHW KanaeHW pyau BbB BCUYKN
paboTewy 4O TO3M MOMEHT (hOTaUMOHHM MHCTanauum Ge
npunaraHo MHOrOCTENeHHo obeslnamsBaHe 3a OTAENSHETO
Ha PUHHWTE YacTWUYKK Npu rioTauusTa Ha kanai. Mpu ToBa
Bb3HWKBAT 3arybu oT nopsgbka Ha 40% OT u3xopHaTa
CypoBWHa. B pamkuTe Ha u3cregpaHeTo be HanpaBeH onuT Aa
ce HamandaT 3arybute upes chnotauws Ha wnamoseTe. 3a
uenta 6sxa npoBedeHN OMUTW C (PrIOTALMOHHM MaLUUHW C
nanuoBs v Wanbos MMnenep, 3a 4a ce ONTUMMUPAT YCoBUSTa
Ha cnotauns. CTONHOCTUTE B W3BMUYAHETO Npu dnoTaumsTa
¢ nanuoB umnenep 6sxa B obnactta okono 60%. MMpu
Wwanbosus umnenep Te BbanmM3aT Ha 65 — 80%. MoraT aa ce
MOCTUTHAT BUCOKM CTOWMHOCTM B M3BMINYAHETO, aKko mnpw
croTaums ¢ warnbos UMnenep ce npurara BMCOKa CKOPOCT Ha
poTtopa — 5,65 m/s, a MpeuncTHMTE onepauuy NpoTuyaT npu
HMCkn oBopoTtn. CxofgHW pesynTaTi MoraT [a Ce OvakBaT U
npu ynoTpebaTta Ha manuoB MMMeEnep, Korato 3a OCHOBHA
croTaums ce u3non3sat HUCKM 0BOpPOTH, a 3a MPeuncTHUTE
onepaummn — Bucoku. Tpsabea ga ce cvobpasssa u dakta, Ye

[Mpenopbyara 3a nybnukysaqe om

Mpyu hroTauus ¢ Bofa Ce YBENYaBa CbabpKaHUETO Ha TEXKN
MeTafHW  /ioHW, KOMTO OriarompusTcTBaT YCroBUsiTa 3a
Koarynauus Ha nynna. B cnyyas ce Hanara WHTEH3uBHa
arvTauus Ha mynna Ypes yBenuyaBaHe CKOPOCTUTE Ha poTopa.
BucokuTe 06OPOTM MpK NPBLCTOBUST MMNENep BOAST KaKTO ce
BKOA OT pesynTaTuTe [0 HaManeHu CTOMHOCTM Ha
nsenuyaHeTo. C mo-ronsiM ycnex Moxe fa Ce MpuroxXm

MoauduumMpaH nanuoB  umnenep 3a  drioTaunATa  Ha
(OMHHO3BPHECTM pyaN.
OT HanmpaBeHaTa MKOHOMWYECka OLeHKa Ha

peHTabWUNHOCTTa Ce OKa3Ba, Ye MKOHOMMYECKM ompaBhaHo €
CbLUECTBYBAHETO Ha (hrOTaLMOHHA MHCTanaLUMs camo ToraBa,
KOraTo KOHLIEHTPaTbT e CbC ChbpXaHWe Ha Kanail noseye OT
7,5%, a usBnunyaHeTo e Hag 70%.
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ABSTRACT

The principle of multistage de-sliming to be separated the fine class is used up to now in all flotation plants in the process of the fine tin ore dressing. In this case the
losses of tin amounts of up to 40% from the used initial ore material. A decrease of these losses of tin by using of slim flotation is the main aim in the present
investigations. Flotation tests in washer and rod flotation plants were performed to optimize the flotation conditions. The recovery values in the flotation process
performed in the second type of the plants mentioned above vary in the range about 60%. They are between 65-80% in the case of washer impeller. Good results in
the recovery process could be expected when washer impellers with a high speed (5,65 m/s) are used during the preliminary flotation stage and after that low
revolutions are used during the following stages of purification activities. Similar results could be expected also in usage of rod impellers when during the preliminary
flotation stages is used a low speed and during the purification stages — a high speed. It should be mentioned that a heavy minerals dissolving and tendency of the
slurry to a coagulation is observed especially in the case of water flotation. In this case an intensive agitation of the slurry is necessary by using of a high rotor speed.
The high revolutions in the case of finger impeller usage lead to low recovery losses. The introduction of modified impellers of that type is very promising in respect to
the low grinding size ores. It could be concluded from the performed calculations for the profitableness that a flotation plant will be effective only in the case when the
concentrate contents are higher than 7,5% Sn and the recovery is more than 70%.

INTRODUCTION

Wetting gravimetric methods of grading are used very often
in the process of dressing which ones depending on the
density and the density differences of the minerals to be
separated give the best results in processing of the classes
grading of 20 — 100 um and are economically profitable
respectively. Other methods are used in principle in the
processing of a material of a lower size than the mentioned
above but usually they used the flotation. A premise for
establishing of the flotation method is the variable character of
the ore materials.

The most of the present deposits are characterized by a fine
accretion of the ore and rock minerals and which requires by
itself a fine grinding to be guaranteed a good outcropping of
the minerals. As the necessary grade of outcropping of the
minerals is often less than the grinding achieved by using of
density grinding the flotation methods find a great application
as of a grinding method for the classes of size less than 100

pm.

There are problems arising very often in the process of the
primary tin ores flotation and which are a subject to the present
paper. In spite of the fact that there are appropriate flotation
plants existing in Bolivia as well as in England, Australia, South
Africa and the former DDR (Moncrief et al. 1977; Arbiter, N.,
1977) the problem of the tin flotation is not fully solved yet. The
last one is proved by the fact that independently of the
intensive investigations performed and the made new
proposals about usage of new methods and reagents (Savvidis

The experiments were performed by using of a sample of the
cyclone weir form Huanuny aiming an optimization of the
flotation conditions in the flotation cells. There are different
opinions about the optimal slurry solid content. Imhof (1975)
realizes that in the process of the sulphide ore slimes
flotation the solid content should not exceed 25 g/l. Topfer
(1964) to the opposite of that proposes the fine fragments to

1996), up to the moment there is not a tin ore flotation
conception developed yet which uses a specific and selectively
acting collector. It is like that because of the specific properties
and the different forms of the tin.

It is well-known that the friableness of the tin facilitates the fine
classes formation during the grinding, but for example in
Bolivia could be to meet very needle-shaped and crossed
forms of the crystal structures, noted as needle-shaped or
wood tin. The needle-shaped tin could be easily transversally
in respect to its length axis during the processing and therefore
it forms a big amount of fine classes. The “wood” tin being
formed by weathering of sulphostanates forms in the most of
the cases fine complex aggregates which are difficult to be
separated. The colloidal tin as well as the needle-shaped one
have a tendency to over-grinding.

It is established that the most part of the Bolivian tin ores
tends to possibility for tin enrichment for the fine classes
(Savvidis 1996, Savvidis et al., 2001). For the moment the rich
of tin fine slimes in Bolivia were predominantly thrown out,
because there were not an existing method of grading.

The accents of the present investigation are aimed on the
investigations of a fine classes extraction by the flotation
aiming an extraction improvement as whole as well as the tin
extraction profitableness.

EXPERIMENT CONDITION

Influence of the slurry density

float in conditions of high slurry density. The very high solid
fragment contents in the slurry should be avoided as the
slurry viscosity becomes very high. The following conditions
were established for the investigations in respect of the slurry
density influence:

Flotation cell: 1,4 - laboratorial, with a washer impeller

Air consumption: 30 cm®/cm?min



Solid content in the slurry: 30 — 500 g/l
Collector: Phosphonic acid P-184 (750 g/t)
Foam generator: Flotigol CS/MK, 50 mg/ |
pH: 5,8

Conditioning time: 20 min

Flotation time: 15 min (5 concentrates)

The collector feed was made on the base of each stage. The
variant of a continuous reagent feeding was rejected to be
estimated how the slurry density is influenced by the other
factors

The flotation results are shown in the figure 1.
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1Figuire 1. Sn content and Sn-recovery in dependence on
the slurry density, collector: P-184, 750 g/t, pH 5.8.

As it could be seen in the figure, the slurry density
influence on the Sn recovery and content is small. The tin
recovery is about 80% and in case of an average slurry solid
content— 250 g/l a slight maximum is observed. The tin
contents in the concentrate are low and at low slurry solid
content - 50 + 150 g/l they have a highest value of 1,2%.
Probably, the slime is recovered unselectively. It is supposed
that in that case in flotation tests the following effects are
competitive to each other: the foaming consistence is slightly
stabile at at its low concentration; the floated out valued
minerals leave partly in the foaming product; the high solid
contents increase the slurry viscosity; the turbulence needed
for the mineralization could be not achieved. The tin
concentrates contents at different slurry density are
presented in respect to the flotation times are presented in
the Figure 2.
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Figure 2. Sn content in respect to the flotation
times, collector: P-184, 750 g/t, pH 5.8

As it is obviously seen the tin flotation is optimal only at low

weo§lig fraction content (up to 50 g/l) as in conditions of a

normal processing of the test the selectivity is low. Initially,
the most of the fine fragments are floated out at high slurry
solid content ant that is why the selectivity of the process is
delayed. Wollmann (1981) has established that at high slurry
density the finest fragments emerge with the air upward and
a only a small number of them go back to the slurry.
Therefore, the unselective slime recovery is stimulated.

The rotor speed influence

The slurry solid content was not changed in those tests (50

g/l); Most probably, the selectivity is influenced in the same
way.
Initially, the tests were performed in conditions of different
speed of mixing by washer impeller. The tin content and
recovery in dependence on the rotor revolutions are
presented in Figure 3
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rotor speed of washer impeller, collector: P-184, 750 g/t, pH
5.

Initially, the recovery values were scientifically increased by
increasing of the speed. It was 60% at 2,4 m/s and at 5,5 m/s
— 90%. Simultaneously, the concentrate content decreased
from1,4 to 0,8%.

As it could be seen in the figure 3 the best conditions are
obtained at 1200 min. In that case the achieved Sn content is
1,2% at 80% of recovery. It appears that a significant
improvement of the selectivity is not possible to achieve as
by solid content change as by rotor revolutions adjustment.
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In contrast of that , the better results were obtained by
specific air consumption decrease — 20 cm*/cm?min and the
parallel collector concentration increases up to 1250 gft,
accompanied by a tangible selectivity increase.

Tests were performed in the same conditions for
establishing of the rotor speed influence by using of a pin
mixing system. The results are shown in the Figure
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Figure 4. Sn content and Sn recovery depending on the rotor
speed of pin impeller, collector: P-184, 750 g/t, pH 5.8

Here, for a difference of the results obtained for a washer
impeller, now the Sn recovery from the concentrate
decreases when the rotor speed increases. In the same time,
a Sn content increase is observed up to 2,5% at revolutions
of 850 min™* but the recovery here is only 45%.

The result differences obtained for the different impellers
could be explained by the different turbulence degree.
According to Shubert (1977, 1979, 1979, 1982) exactly the
turbulence is an important factor in the processing of the
flotation with mechanical flotation devices. The investigations
by different impellers show Shubert (1982) that in the
process of the flotation of fine fragments of silvine parallel to
the increasing the thickness in the cell at high rotor speed the
valuable component content in the concentrate increases.
From the other hand, it is established for the fine tin ore
classes the increased recovery values accompanied by
lowering of the content are observed with the increasing of
the rotor speed Shubert ( 1977).

The authors find the conclusion that a specific low power is
necessary for the coarse fragments flotation, and a high
speed is necessary for the fine fragments flotation for
achieving of high recovery values.

The investigation results and the conclusions do not fit the
separate results as whole.

It could be observed during the washer impeller tests that
there is not a strong agitation of the slurry surface at rotor
speed up to 5,5 m/s. There is strong slurry agitation is
running at the very near of the rotor which helps the fed air
and solid material dispersion as well as an intensive collision
in the solid — bubble system.

In spite of the high power it is possible a calm foam layer to
be formed at the slurry surface because directly on the stator
runs a negligible influence of mineralized air bubbles.

The speed increase of a washer impeller leads to an
increased possibility of collision between the bubbles and
solids caused by the increased power. The influence on the
mineralized bubbles strongly decreases in the upper part of
the cell because of a significant turbulence decrease
observed in the area over the stator. It could favour the rock
solids extraction in the foam and which are very slightly
attached to the air bubbles.

In a contrast of that the slurry is is mixed by means of
strong turbulence not only in the stator area but also on the
surface in the case of using of the finger impeller. A strong
interaction of the mineralized bubbles runs in the whole cell
volume and as a consequence it increases with the mixing
speed.

Te last leads to an increased coalescence of the fine solids
on the mineralized air bubbles and to an extraction increase.
There are also slightly attached rock fragments and therefore
a selectivity increase is observed.

Profitableness consideration

The flotation profitableness of fine tin solids is investigated
in a plant with capacity of 100 t/d.

Investment costs: mnH.DM
8. Machines and apparatuses 0,875
9. Electrical equipment

Including measurement devices 0,26
10. Pipes and water pipes 0,085
11. Buildings and steel constructions 0,485
12. Erection and internal industrial supervision 0,221
13. Engineering 0,26
14. Contingencies 0,085
Installation costs 2,271
9. Packing, transport and

Insurance (5% of 1+4) 0,085
Total costs 2,356

The production costs calculations are made on the base of
300 work days per annum in the following capital conditions
(15% of the investment costs), i.e. 11,78 DM/.

Energy consumption

The necessary electrical energy power for the flotation
plant, including agitators, pumps and dehydratation is about
170 KW
The specific costs for the energy consumption are calculated
on the base of an initial current price of 0,15 DM/KWh and
they amount of 14 KWht, i.e. 2,1 DM/.

Reagent costs
Type of Reagent consumption, Price, DM/kg Costs,
regent glt DMt
P-184 750 135 10,13
H2S0,4 15.000 0,12 1,80

Specific costs for reagents: 11,93 DM/t



Total industrial costs:

Capital costs: 11,78 DM/t

Energy costs: 2,10 DM/t

Reagent costs: 11,93 DM/t

Total: 25,81 DM/t
DISCUSSION OF THE RESULTS

The multistage de-sliming for a fine solid separation in the
process of the tin flotation is up to now applied in the all still
working flotation plants in the process of fine tin ores
dressing.

It is accompanied by losses which amount of about 40% of
the initial ore material. In the present investigation an attempt
was made to be decreased flotation losses of the slimes
For the purpose were performed tests with flotation machines
having finger and pin impellers for the optimization of the
flotation conditions. The values of the recovery in the pin
impeller flotation were about 60%. The same values amount
of 65 — 80% if a washer impeller is used. The high recovery
values could be achieved if the washer impeller flotation is
performed at high rotor speed — 5,65 m/s, and the impurities
removal operations run at low revolutions.

Similar results could be expected also by using of pin
impeller when for the basic flotation are used low revolutions
and the impurities removal operations are performed at high
revolutions.

A fact more should be taken into account that the heavy

metal ions content increases if the water flotation is used and
they stimulate the coagulation of the slurry.
An intensive agitation of the slurry by rotor speed increasing
is required in this case. The finger impeller high revolutions
lead to (as it is seen from the results) decreased recovery
values. A modified pin impeller could be applied more
successfully in the process of fine-grained ore flotation.

As it could be seen from the performed economic
estimation of the profitableness that the flotation plant
existing is economically reasonable only in the case if the tin
concentrate content is more than 7,5% and recovery is more
tham 70%.
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