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NOVI TEHNOLOSKI POSTUPAK ZA ODRZIVU PRERADU
RUDARSKOG TEHNOGENOG OTPADA™

Izvod

Rezultati istrazivanja pokazuju, tehnolosku mogucnost i ekonomsku opravdanost zajednicke prerade
dve tehnogene otpadne sirovine koje nastaju u procesima prerade rude bakra. Sljaka plamene peci
Topionice bakra u Boru i flotacijska jalovina Rudnika bakra Bor, Srbija su dve tehnogene otpadne
sirovine skladirane na deponijama i u permanentnom nastajanju. One predstavijaju velike zagadivace
Zivotne sredine, a shodno sadrzaju korisnih komponenti u istim, i potencijalne sirovinske resurse. Zbog
specificnih fizicko-hemijskih i mineraloskih karakteristika pojedinacna prerada ovih otpadnih sirovina
ne garantuje profitabilnu delatnost. Zajednicku preradu topionicke Sljake i stare flotacijske jalovine u
masenom odnosu 90 % Sljake i 10 % flotacijske jalovine, u originalnom tehnoloskom postupku
povecava se iskoris¢enje bakra u procesu flotiranja za oko 15 %, istovremeno povecava efikasnost
procesa mlevenja i klasiranja, time smanjuje potrosnju energije za 10-15 %, cineci da prerada ovih
otpadnih sirovina, pored ekoloskog, ima i pozitivan ekonomski efekat.

Kljucne reci: topionicka sljaka, flotacijska jalovina, tehnogeni otpadi, flotacija, iskoris¢enje bakra

UvOoD

Rudarsko-topioni¢arski basen Bor, u sirovina [1]. Ve¢i broj istih, u gasovitom,
slozenim tehnologijama proizvodnje bakra, tecnom ili ¢vrstom stanju, sadrze znacajne
od eksploatacije do elektrolitickog preci-  koncentracije korisnih komponenata, koje
S¢avanja, produkuje nekolino desetina ra- se, uz primenu savremenih tehnologija
zlicitih, zagadujucih, tehnogenih otpadnih mogu valorizovati. Rezultati istrazivanja

" Univerzitet u Beogradu, Tehnicki fakultet u Boru
Katedra za mineralne i reciklazne tehnologije

™ U ovom radu su prikazani rezultati projekata TR 33038 ,, Usavriavanje tehnologija eksploatacije i
prerade rude bakra sa monitoringom Zivotne i radne sredine u RTB Bor Grupa® i TR 33007
,,Implementacija savremenijih tehnicko-tehnoloskih i ekoloskih resenja u postojec¢im proizvodnim
sistemima Rudnika bakra Bor i Rudnika bakra Majdanpek* finansiranih od strane Ministarstva za
prosvetu i nauku Republike Srbije. Autori se zahvaljuju pomenutom Ministarstvu.

Broj 1,2012. 61 RUDARSKI RADOVI



prerade topionicke $ljake, najzastupljenijeg
tehnogenog otpada u metalurgiji bakra,
upucuju na tehnolosku moguénost prerade
[2,3]. Zbog povecane otpornosti prema
usitnjavanju, povecane gustine i odsustva
aluminata [4-7], pulpa formirana od
topionicke Sljake poseduje smanjenu
viskoznost 1 stabilitet. Ove karakteristike
topionicke $ljake i pulpe formirane od iste,
uslovljavaju brzu sedimentaciju ¢vrste faze,
§to negativno uti¢e na efikasnost
najznacajnijih procesa prerade, mlevenje i
klasiranje, kao i proces flotacijske koncen-
tracije. Povecana potrosnja energije u
procesu mlevenja, odnosno poveéanje
troSkova prerade i smanjeno iskoriSéenje
korisnih komponenti u procesu flotiranja,
dovode u pitanje ekonomicnosti prerade
ovog tehnogenog otpada.

Istrazivanja poboljSanja viskoziteta i
stabilnosti pulpe, dodavanjem flotacijske
jalovine u procesu mlevenja §ljake trebalo
bi da daju pozitivne rezultate. Primena
flotacijske  jalovine, najzastupljenijeg
tehnogenog otpada i najveceg zagadivaca
zivotne sredine u procesima prerade rude
bakra, ¢e poboljsati karakteristike pulpe, a
time 1 efikasnost najznacajnijih faza
procesa. Zahvaljujuéi manjoj gustini
¢vrste faze flotacijske jalovine, kao i
prisustvu finozrnih aluminata i alumo-
silikata, pulpa formirana od definisanog
masenog odnosa navedenih otpadnih
sirovina, ima povecanu viskoznost i
stabilitet $to uslovljava vecéu efikasnost
procesa mlevenja i1 klasiranja, odnosno
manju potroSnju energije u procesu
prerade, kao i povecano iskoriS¢enje
korisnih komponenti u procesu flotiranja.
Povecano iskoriS¢enje bakra iz meSavine
topionicke Sljake i flotacijske jalovine
moglo bi biti rezultat kako veceg
iskoris¢enja bakra iz §ljake zbog boljih
hidrodinamickih uslova flotiranja Cestica
veée krupnoce i gustine, tako i dodatnog
iskori$¢enja bakra sadrzanog u flotacijskoj
jalovini. Veca viskoznost pulpe pozitivno
utic¢e na efikasnost mlevenja u mlinu sa

kuglama, zbog boljeg prijanjanja sirovine
za meljuca tela, a povecana efikasnost
hidrauli¢ne klasifikacije u hidrociklonu,
kao posledica vece stabilnosti pulpe
smanjuje nepotrebno vracanje dovoljno
usitnjenih Cestica za proces flotiranja, kroz
pesak hidrociklona na ponovno mlevenje
u mlinu sa kuglama.

Smanjenje cirkulativne Sarze do opti-
malne granice, odnosno smanjeno ucesce
dovoljno usitnjenim cCesticama u pesku
hidrociklona, ima  viSestruki  tehno-
ekonomski znacaj. Pored povecanja
kapaciteta i smanjenja potrosnje energije u
procesu mlevenja, kao najveceg troska u
procesu prerade, manje preusitnjavanje
Cestica korisnih komponenti uslovljava
vece iskoris¢enje istih u procesu flotiranja.

Pozitivni efekti primene nove tehno-
logije, zajednicke prerade topionicke $ljake i
flotacijske jalovine, izrazeni kroz smanjenje
troskova prerade i povecano iskoris¢enje
korisnih komponenti, omogucéavaju profita-
bilnu delatnost i ekonomsku odrzivost
zastite zivotne sredine.

EKSPERIMENTALNI DEO

Eksperimentalna istrazivanja su sadrzana
u dve faze. U prvoj fazi su vrSena
laboratorijska  ispitivanja  karakteristika
topionicke Sljake i flotacijske jalovine i
pulpe formirane od istih, znacajnih za
predvidene postupke prerade. U drugoj fazi
eksperimenata izvedeni su paralelni opiti
flotacijske koncentracije bakra iz topionicke
Sljake, i meSavine Sljake i flotacijske
jalovine, ¢iji rezultati treba da potvrde
predhodna teoretska razmatranja o tehno-
loskoj opravdanosti zajednicke prerade ovih
tehnogenih otpadnih sirovina.

Sva laboratorijska ispitivanja vrSena su
u akreditovanim i licenciranim labora-
torijama Tehnickog fakulteta u Boru i
Institutu za rudarstvo i metalurgiju Bor.

Mikroskopska i mineraloska ispitiva-
nja vrSena su na mikroskopu tipa Carl
Zeiss-Jena "JENAPOL-U".
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Hemijske analize uzoraka vrSene su
primenom razli¢itith analitickih metoda
(tabela 2).

Karakteristike topionicke sljake

Za odabrani proces koncentracije
bakra iz topionicke S$ljake, flotacijsku
koncentraciju, od posebnog znaaja su
mineraloski i hemijski sastav sirovine. U
tabelama 1. i 2. prikazane su ove ka-
rakteristike Sljake.

Tabela 1. Mineraloski sastav topionicke

Sljake
Minerali Zastupljenost (%)
Fajalit 60,00
Magnetit 30,00
Bornit 6,50
Halkopirit 1,50
Elem.bakar 0,50
Bakrenac 0,30
Hrizokola 0,15
Kovelin 0,05
Pirit 1,00
> 100,00
Tabela 2. Hemijski sastav topionicke
Sljake
. . Analiticka
Elementi Sadrzaj (%) metoda
Feu. 37,05 VT
SiO, 32,77 G
Fe;0, 9,68 A-Fe 304
ALO; 4,86 ICP-AES
Fe u Fe,O3 3,02 R
S 0,81 G
Ca 3,21 AAS
Mg 0,62 AAS
Cuy 0,84 SF
CUglem 0,38 G
Cugy 0,30 R
Cu,, 0,16 PO
Ag 33 g/t FA
Au 0,5 g/t FA

Mineraloski i hemijski sastav topio-
nicke §ljake potvrduju mogucénost primene
flotacijske koncentracije kao metode za
koncentraciju korisnih komponenti. Sa-
drzaj bakra od 0,84 % i plemenitih metala,
zlata od 0,5 g/t i srebra od 3,3 gft,
povrduje konstataciju da ovaj tehnogeni
otpad sadrzi 2-3 puta vecu koncentraciju
navedenih korisnih komponenti od sa-
drzaja istih u primarnim rudama bakra,
oko 0,25 - 0,35 % Cu, koje se sada
eksploatisu. Ova ¢injenica upucuje na
zakljucak da ovaj tehnogeni otpad pred-
stavlja sirovinski resurs i opravdava
istrazivanja mogucnosti prerade istog.

Gustina topionicke S$ljake odredena
staklenim piknometrom iznosi p: ~ 3500
kg/m®. Sama &injenica da je gustina ovog
tehnogenog otpada za oko 500 — 700 kg/m’
veca od gustine rude bakra upucuje na
zakljucak o vecoj brzini sedimentacije Ce-
stica §ljake u pulpi u odnosu na brzinu sedi-
mentacije Cestica rude bakra iste krupnode.

Meljivost, odnosno otpornost prema
usitnjavanju, kinetika mlevenja i garnulo-
metrijski sastav su fizicke karakteristike
sirovine od kojih u najveéoj meri zavise
troskovi prerade iste.

Bond-ov indeks meljivosti u mlinu sa
kuglama za topionic¢ku Sljaku iznosi W=
31 kWh/t, §to je oko 2 puta veca vrednost
od istog za rudu bakra. Ova cCinjenica
upuéuje na ocekivanu veliku potrosnju
energije u procesu usitnjavanja. Na slici 1,
dijagramima su prikazane kinetike
mlevenja topionicke Sljake i rude bakra,
gde se jasno uocdava viSestruko duze
vreme mlevenja topionicke Sljake u
odnosu na rudu bakra za postizanje iste
finoce proizvoda mlevenja.

Broj 1,2012.
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SL. 1. Efikasnost mlevenja topionicke sljake i rude bakra

Rezultati istrazivanja nedvosmisleno
ukazuju na veliku otpornost usitnjavanja
ovog tehnogenog otpada, Sto povrduje
predhodnu konstataciju o velikoj potrosnji
energije u procesu usitnjavanja, a time i
povecanim troSkovima prerade.

Karakteristike flotacijske jalovine

Istrazivanja su vrSena na “staroj” flota-
ijskoj jalovini produkovanoj u procesu
flotiranja rude bakra u prvoj polovini
proslog veka. Za ovu tehnogenu otpadnu
sirovinu smo se opredelili s obzirom na
povecani sadrzaj korisnih komponenti u
istoj, 0,15 — 0,4% Cu, uslovljen visokim
sadrzajem bakra u rudi koje je u tom
periodu preradivana oko 2,5-3% Cu, kao i
efikasno$cu tada primenjivane tehnologije
flotacijske koncentracije.

Mineraloski sastavi flotacijske jalovine
odredeni na uzorcima iz razli¢itih dubina

starog flotacijskog jalovista prikazani su u
tabeli 3, a hemijski sastavi jalovine odre-
deni na uzorcima sa razlicitih, za flotaciju
karakteristi¢nih delova deponije, prikazani
su u tabeli 4.

Tabela 3. Mineraloski sastavi uzoraka
stare flotacijske jalovine

Broj 1,2012.

64

Zastupljenost (%)
Minerali Uzorak 1 Uzorak
(0-16 m) (16-40m)
Halkopirit 0,16 0,12
Kovelin 0,03 0,11
Energit 0,01 0,02
Halkozin 0,01 0,01
Bornit U tragu 0,01
Azurit U tragu 0,03
Kuprit 0,01 0,04
Pirit 14,27 22,20
Minerali 80,63 71,96
jalovine
Ostalo 4,88 5,50
) 100,00 100,00
RUDARSKI RADOVI



Tabela 4. Hemijski sastavi uzoraka stare

Sflotacijske jalovine [3]

Brana Unutrasnjost

Kom- jalovista jalovista Analit.

ponenta Zastupljenos | Zastupljenos metoda
t(%) (g/Y) t(%) (g/t)

Cuy 0,155 0,370
Cuox 0,033 0,120
Cugyy, 0,122 0,250
S 9,870 12,260
Fe 8,860 10,270
Si0, 58,030 59,710
ALOs 12,040 12,630
Au 0,300" 0,600
Ag 2,140 1,300

Rezultati istrazivanja pokazuju da je u
jalovini sadrzana znaCajna koncentracija
korisnih komponenti u mineralosSkom obliku
pogodnom za primenu procesa flotiranja.

Medutim, shodno osnovnom razlogu
koriS¢enja jalovine u procesu prerade topi-
onicke Sljake, a ista je poboljSanje ka-
rakteristika pulpe, odnosno povecéanje
viskoznosti i stabiliteta do optimalnih vre-
dnosti, od veéeg znacaja su fizicke kara-
kteristike ovog tehnogenog otpada.

Gustina flotacijske jalovine odredena je
na veéem broju uzoraka uzorkovanim na
razli¢itim mestima flotacijskog jalovista.
Potreba uzimanja uzoraka sa vise razli¢itih
mesta flotacijskog jalovista, od brane do
plaZe istog, uslovljena je nac¢inom formiranja
flotacijskog jalovista i distribucije peska i
preliva hidrociklona. Vrednosti gustine
pojedinih uzoraka kao i srednja gustina
flotacijske jalovine koja je koriS¢ena u
daljim istrazivanjima date su u tabeli 5.

Tabela 5. Vrednosti gustine uzoraka stare flotacijske jalovine [3]

Flotacijska Uzorak 1 Uzorak 2 Uzorak 3 Kompozitni
jalovina (brana jalovista) | (centralni deo jaloviSta) | (obodni deo jaloviSta) uzorak
p (kg/m®) 2 650 3070 2814 2 844

Znatno manja gustina flotacijske jalovine
od gustine topioni¢ke $ljake uslovljena je
razliCitim  mineraloskim 1  hemijskim
sastavom istth. Dok u topionickoj Sljaci
dominantno ucesée imaju fero-silikati vecih
gustina, cca 3700-3900 kg/m®, dotle u
flotacijskoj jalovini najvece uceS¢e imaju
alumo-silikati znatno manjih gustina, oko
2500-2600 kg/m”.

Otpornost prema usitnjavanju finozrnog
materijala flotacijske jalovine nije moguce
odredivati standardnom Bond-ovom meto-

dom, medutim, ista se moZe poistovetiti sa
otporno$¢u prema usitnjavanja primarne
rude bakra, koja je za preradivanu rudu u
tom periodu iznosila od 10 — 15 kWh/t.

Shodno prakti¢noj primeni rezultata
istrazivanja, a ista je zajedniCka prerada
topionicke Sljake i flotacijske jalovine, koja
zapocinje mlevenjem mesavine, na slici 2,
dijagramima su prikazane uporedne vredno-
sti kinetike mlevenja ova dva tehnogena
otpada sa realnim — industrijskim pocetnim
krupno¢ama materijala.
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SL. 2. Efikasnost mlevenja topionicke Sljake i stare flotacijske jalovine
realnih pocetnih krupnoca

Znatno kraée vreme potrebno za
ostvarivanje odredene finoce proizvoda
mlevenja flotacijske jalovine u odnosu na
vreme potrebno za ostvarivanje iste finoce
mlevenja topionicke S§ljake, upucuju na
logican zaklju¢ak o ocekivanoj boljoj
meljivosti meSavine ova dva tehnogena
otpada u odnosu na meljivost Ciste
topionicke Sljake.

EKSPERIMENTI MLEVENJA
TOPIONICKE SLJAKE I MESAVINE
TOPIONICKE SLJAKE I
FLOTACIJSKE JALOVINE

Istrazivanja meljivosti sirovina izvr-
Sena su postupkom mokrog mlevenja u
mlinu sa kuglama. U prvoj fazi istra-
zivanja izvedene su tri serije laborato-
rijskih opita, na topionic¢koj §ljaci i mesa-
vini topionicke Sljake i stare flotacijske
jalovine u odredenim masenim odnosima,

sa ciljem definisanja efikasnosti procesa
mlevenja pojedinih uzoraka.

Druga faza istrazivanja odnosila se na
ispitivanje uticaja gustine pulpe, odnosno
odnosa C:T, na efikasnost procesa mlevenja
u mlinu sa kuglama. Opiti su izvedeni na
topionickoj Sljaci, kao i na meSavinama
topionicke $ljake i stare flotacijske jalovine
definisanih masenih odnosa.

Oprema KkoriS¢ena u eksperimentima

Opiti su izvodeni u laboratorijskom
mlinu tipa ,Denver”, pri sledeéim
tehnicko-tehnoloskim uslovima:

e karakteristike mlina

- zapremina mlina: 13,8 1

- masa Sarze: 10,5 kg

- broj obrtaja 56 min™

- dimenzije mlina: DxL=370x130 mm

- granulometrijski sastav meljuce
Sarze kugli
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Tabela 6. Granulometrijski sastav sarze

meljucih kugli
151; ‘l‘l"(“n‘:f;‘) Masa (%) D (%)
+50 15,30 100,00
-50+40 43,99 84,70
-40+30 27,64 40,71
-30+0 13,07 13,07
100,00 -

o karakteristike mlina karakteristike
sirovine
- izdrobljena $ljaka do
GGK - 3,327 mm
- flotacijska jalovina
GGK - 0,833mm sa procentualnim
uceScem 5% 1 10%

Tehnolo$ki rezim laboratoriskih opita
mlevenja

Svi eksperimenti su izvodjeni pri pret-
hodno definisanim reZimom opita mleve-
nja koji podrazumevaju:

- masa Cvrstog u opitu mlevenja

m=1,0 kg

- sadrzaj ¢vrstog u pulpi u prvoj fazi

istrazivanja je p=75%

- sadrzaj cvrstog u pulpi u drugoj fazi

istrazivanja je p=70-80%

- koeficijent punjenja mlina SarZom

©o=15%

Rezultati istraZivanja

Efikasnost mlevenja topionicke Sljake i
meSavine topionicke Sljake i stare flota-
cijske jalovine u definisanim masenim
odnosima prikazana je na dijagramima na
slici 3.

G
--. .'f.
=] . "
| 1_.’ ! '.,uf"""
EE N .{’f.ﬂ"'d‘
2 0 /{/
-': “' /
1 J
LI .
=
53 -
4 —n— Topionicka sljaka
=T ‘("r —=— Flataciska jalovina
H: i— Mesavina 95% slaka 5% jakvina
—w— Mesavina 90% slaka 10% jalovina
‘- L] I L] : - ' L] I L] ' - I L} I -
. i =3 H 4 i 2l tu ] 3
T s e

SL. 3. Efikasnost mlevenja sirovine u mlinu sa kuglama
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Na slici 4, dijagramom je prikazana
zavisnost efikasnosti procesa mlevenja u
mlinu sa kuglama od gustine pulpe,

odnosno odnosa C:T, pri mlevenju
topionicke §ljake i meSavine Cljake i stare
flotacijske jalovine u trajanju od 20 minuta.

L]
[ T
<A .
? 5 f- I -""‘—'—‘I;.
1 .
H
k] o
—®—=Topwnicka slaka
» —#— Sinteticki uzorak
Kompozitni uzorak
= w T . w

.

LY
n

“-

S Svrping. 5w

SL 4. Efikasnost mlevenja sirovine u funkciji gustine pulpe

Rezultati istrazivanja efikasnosti mle-
venja topionicke Sljake i meSavine Sljake i
flotacijske jalovine u razli¢itim masenim
odnosima, prikazani dijagramima na slici 3,
pokazuju pretpostavku o pozitivnom uticaju
flotacijske jalovine, odnosno prisustvu alu-
minata na bolju efikasnost mlevenja. Za
ostvarivanje finoce proizvoda mlevenja me-
Savine $ljake i flotacijske jalovine od 60 %
klase - 0,074 mm, potrebno je 7 % krace
vreme mlevenja za meSavinu 95 % Sljake i
5 % jalovine, odnosno 18 % za meSavinu
90 % sljake i 10 % jalovine, u odnosu na isto
vreme potrebno za mlevenje topionicke
Sljake, ¢ime se vrsi adekvatna usteda
energije. RazliCit uticaj sadrzaja Cvrstog u
pulpi, kao i razli¢ite vrednosti istog poka-
zatelja pri kojem se ostvaruju najbolji efekti
mlevenja topionicke $ljake i meSavina iste sa
flotacijskom jalovinom, potvrduju konsta-

taciju o pozitivnom uticaju aluminata na
efikasnost mlevenja.

EKSPERIMENTI ODREDIVANJA
STABILITETA PULPE

Istrazivanja uticaja flotacijske jalovine
na stabilitet pulpe formirane od topionicke
Sljake vrSena su paralelnim opitima
merenja brzine sedimentacije, odnosno
visine istaloZene Cvrste faze u menzuri, u
pulpama formiranim od topionicke $ljake i
mesSavina razli¢itih masenih odnosa sljake
i flotacijske jalovine.

Oprema KkoriS¢ena u eksperimentima

Opiti su izvodeni na indenti¢noj opremi,
§to podrazumeva staklenu menzuru od 1000
ml i mehani¢ku mesalicu tipa TEHNICA
ZELEZNIKI UM 405.
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Tehnoloski rezim izvodenja opita

Eksperimenti su izvodeni na sobnoj
temperaturi od 20° C, na uzorcima iste finoce
proizvoda mlevenja, 60 % ucesc¢a klase —
0,074 mm, kao i istom odnosu Cvrste i tecne
faze 30% C, sa konstantnim brojem obrtaja
mesalice, 1000 o/min i pH vrednosti pulpe 8.

Rezultati istraZivanja

Rezultati istrazivanja brzine taloZenja
¢vrste faze u pulpi formiranoj od topio-
nicke Sljake 1 meSavina §ljake i flotacijske
jalovine u razli€itim masenim odnosima,
prikazani su dijagramima na slici 5.

80
70 4
60
’E\ 50 4
£
T 40 4
©
[=
)
S 30 A
20 | —e— 60%-0.074; 100%Sljaka
60%-0.074; 97%Sljaka-3%Jalovina
10 —e— 60%-0.074; 95%Sljaka-5%Jalovina
—=— 60%-0.074;91%Sljaka-9%Jalovina
0 . —+— 60%-0.074; 85%Sljaka-15%Jalovina
0 1 2 3 4 5
Vreme t(min)

SL. 5. Zavisnost visine formiranog taloga od vremena talozenja topionicke Sljake,
bez i sa dodatkom jalovine

Zbog specificnosti procesa flotiranja
koji zahteva odrzavanje Cvrste faze pulpe
u disperznom stanju, odnosno obezbe-
divanju hidrodinamickih uslova koji one-
mogucuju taloZzenje Cvrste faze, eksperi-
menti  odredivanja  stabiliteta  pulpe
formirane od topionic¢ke §ljake i meSavina
iste sa flotacijskom jalovinom izvodeni su
merenjem visine istalozene ¢vrste faze u
funkciji vremena taloZenja. Rezultati
istrazivanja prikazani dijagramima na slici
5, nedvosmisleno potvrduju teoretsku
pretpostavku da ¢e prisustvo flotacijske
jalovine, odnosno finozrnih aluminata i

alumosilikata u pulpi topionicke Sljake
usloviti povecanu stabilnost iste. Pove-
¢anje duzine vremena potrebnog da se u
statickim uslovima procesa sedimentiranja
istalozi ista visina taloga Cvrste faze u
svim vremenskim intervalima i za sve
visine istalozene Cvrste faze sa sigurnoscéu
potvrduju pozitivan uticaj flotacijske
jalovine na stabilnost pulpe.

Ocekivane posledice ove pojave su pre
svega vece efikasnosti procesa hidrauli¢ne
klasifikacije u hidrociklonu i flotacijske
koncentracije sa svim prethodno obja-
$njenim pozitivnim efektima.
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EKSPERIMENTI FLOTIRANJA

Istrazivanja perocesa flotacijske kon-
centracije bakra iz topionicke Sljake
vr$ena su u pet serija laboratorijskih opita.

Pri istom, prethodno utvrdenom opti-
malnom tehnoloskom rezimu, laboratorijski
opiti flotacijske koncentracije vrSeni su na
uzorku topionicke S$ljake i Cetiri uzorka
mesavine Sljake i stare flotacijske jalovine u
razli¢itim masenim odnosima.

Oprema koriS¢ena u eksperimentima

Eksperimenti flotiranja vrSeni su u
laboratorijskoj flotacionoj masini tipa
»DENVER DR-12 zapremine celije 2,6 1.
Broj obrtaja rotora je 1600 o/min, sa
samousisanom zapreminom vazduha 260
I/min, odnosno 4,33 1/s.

Kontrola pH vrsena je pH metromtipa
MA 5705, Iskra Kranj, sa kombinovanom
elektrodom, tip SENTIX 50.

Tehnolo$ki rezim opita flotiranja

Tehnoloska mogucnost zajednicke
prerade tehnogenih otpada, topionicke
Sljake 1 flotacijske jalovine eksplicitno se
moze povrditi rezultatima koncentracije
korisnih komponenti iz istih, kinetikom
procesa flotiranja i tehnoloskim iskori-
$¢enjem korisnih komponenti.

Efekat uticaja flotacijske jalovine na
tehnoloske pokazatelje procesa flotiranja
topionicke S§ljake bice sagledani upo-
redivanjem rezultata paralelnih labo-
ratorijskih opita flotiranja topionicke
Sljake 1 meSavina $ljake i flotacijske
jalovine, u razli¢itim masenim odnosima,
pri indenti¢noj Semi i rezimu flotiranja.

Sema i rezim laboratorijskih opita
osnovnog flotiranja, prikazani na slici 6,
definisani su na osnovu obimnih istrazivanja
optimizacije parametara procesa.

Uzoraklkg: GGK 4,165mm, [Fip T 37 Eksp. | pH {ia?} pH
Voda 428 ml, C:T=1:0,43 20 1000 50 [ 80z | 20 1154
N 21. | 95:5 |21 | 779 | 35 [1195
22 | 919 | 22 ] 730 | 35 [11,9
[ Eksperiment [ D-250(g/t) [ 5 [5[5] 5 |
1=10min
] | 1 ]
D0 ]—" " | 2 3 A A g |
(% | | l | |
Y YYYY
tw=16,25 min K, K: K; K Ks
0,074 mn=00% —_ l _
K
Eksperiment [ NalPX | D-250 n Pm
(gt) | (g | (min")| (%)
2.0 60 | 15 | 1600 | 3
2.1 60 } 15 | 1600 | 30
2, 60 15 | 1600 | 30
SL. 6. Tehnoloska sema izvodjenja eksperimenata
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Rezultati istraZivanja

Na slici 7, dijagramima su prikazane
kinetike flotacijske koncentracije bakra iz
topionicke Sljake i meSavina Sljake i

100

razliC¢itth masenih
laboratorijski  opit

flotacijske jalovine
odnosa, za svaki
posebno.

Iskoriscenje bakra, (%)
()
1

-

—m— Topionicka sljaka
—®— Mesavina 95:5
Mesavina 90:10

10 12 14 16 18 20

Vreme flotiranja, (min)

SL. 7. Kinetike flotiranja topionicke sljake i meSavina sljake i jalovine u
odnosima 95:51 90:10

Rezultati istazivanja kinetike flotiranja
bakra iz topionicke Sljake i meSavina
Sljake i flotacijske jalovine, prikazani na
slici 7, potvrduju pozitivan uticaj
stabilnosti i viskoziteta pulpe na iskori-
S¢enje bakra. Razlika u iskori§é¢enju osno-
vne korisne komponente, bakra za oko
17%, odnosno 24%, pri opitu flotiranja u
trajanju od 20 minuta su iznad svih

ocekivanja. Neophodno je ista¢i, da su
uzrok povec¢anom iskoris¢enju bakra kako
bolji hidrodinamicki uslovi flotiranja kao
posledica veée stabilnosti i viskoziteta
pulpe, tako i dodatno iskoris¢enje bakra iz
same flotacijske jalovine.

Rezultati laboratorijskih istraZivanja i
zakljucci doneti na osnovu istih, potvrdeni
su snimanjem industrijskog procesa
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prerade topioni¢ke $ljake u RTB-u Bor,
Srbija. Nezadovoljavajuca efikasnost kla-
sifikacije u hidrociklonu definisana preko
iskoriS¢enja obracunske klase krupnoce
— 0,074 mm u prelivu od 60 %, kao i
vrednost cirkulativne Sarze od oko 750—
950 % to najbolje potvrduju. Zbog male
stabilnosti pulpe i neodgovarajuéeg hidro-
dinamizma iste u flotacionim maSinama,
iskoris¢enje bakra u procesu osnovnog
flotiranja je takode nezadovoljavajuca i
iznosi oko 56 %.

Sadrzaj obracCunske klase krupnoée u
pesku hidrociklona 6%.

Rezultati prikazanih i drugih istra-
zivanja [2,8,9] bili su osnova za kreaciju
idejnog reSenja nove tehnologije za
zajednicku preradu topionicke $ljake i
stare flotacijske jalovine. Nova tehno-
logija zajednicke prerade dva tehnogena
otpada, velika zagadivaca zivotne sredine,
prikazana je na slici 8.

Preliv KAX (KAX+Z-96)
| Ca0
i O el
1 " ' # D-250 5 ] 1 D-250
n 6
Topionitka | Pesak T
Sljaka .
|
|
|
KAX (2-96) : '-
T BER e e | oA
Flotacijska : 3
jalovina ) L
KAX
? Ca0
z L & Jalovina
'
LEGENDA:

1. Miin sa Sipkama

2. Miin sa kuglama

3. Hidrociklonska pumpa
4. Hidrociklon

5. Kondicioner

B. Osnovno flotiranje

7. | prediséavanje

8. |l predidéavanje

9. Il predidtavanje

9 f % Koncentrat

SL. 8. Tehnoloska Sema zajednicke prerade topionicke sljake i flotacijske jalovine [2,8,9]
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ZAKLJUCAK

Rezultati eksperimentalnih istrazivanja
pojedinih fenomena i pojava koji uticu na
najznacCajnije faze procesa topionicke
Sljake, potvrduju naSa teoretska raz-
matranja.

Na osnovu ostvarenih rezultata u
laboratorijskim istrazivanjima, a koji su
prezentovani u radu, u industrijskim
uslovima prerade topionicke Sljake, pri-
menom predlozene tehnologije zajednicke
prerade Sljake i stare flotacijske jalovine,
mogu se ocekivati znatno bolji tehno-
ekonomski pokazatelji procesa. Smanjenje
potros$nje energije i Celika u industrijskom
procesu mlevenja, i povecanje kapaciteta
prerade, doprineli bi smanjenju troskova
za oko 10 — 15 %, a povoljniji granu-
lometrijski sastav proizvoda mlevenja i
veca stabilnost pulpe u procesu flotiranja
uslovili bi povecanje iskori§¢enja za oko
15 %. Ostvareni efekti znacajno bi uticali
na poveéanje ekonomicnosti prerade
navedenih tehnogenih otpadnih sirovina, i
ucinili bi je ekonomski odrzivom.
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NEW TECHNOLOGICAL PROCEDURE FOR SUSTAINABLE
PROCESSING OF MINING TECHNOLOGICAL WASTE™

Abstract

The results show technological possibility and economical feasibility for joint processing of two
technological waste materials generated in the process of copper ore treatment. Smelter slag and
flotation tailings from the Mining and Smelting Basin - RTB Bor, Serbia, are two technological
waste materials stored on dumps and emerging permanently. They represent the major polluters of
the environment, but also the potential raw material resources, according to the content of useful
components. Due to the specific physical, chemical and mineralogical characteristics, individual
processing of these waste materials do not guarantee a profitable business. Joint processing of
smelter slag and old flotation tailings, in mass ratio 90% of slag and 10% of flotation tailings, in
the original process technology, increases recovery of copper in the flotation process for approxi-
mately 15%, efficiency of grinding and classification processes are also increasing, thereby power
consumption is reduced 10 -15%, making the processing of these waste materials to have both the
positive economic and ecological effect.

Key words: smelter slag, flotation tailings, technological wastes, flotation, copper recovery

INTRODUCTION

Mining and Smelting Basin RTB Bor, technglogies of copper pro.ductiog, from
produces dozens of different polluting, ~—exploitation to the electrolytic refining [1].
technological waste materials in complex A number of them, in gaseous, liquid or
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pek”, funded by Ministry of Education and Science of the Republic of Serbia. The authors
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solid form, contain significant concentra-
tions of useful components, which could
be valorized using the modern technolo-
gies. The research results of processing
the smelter slag, the most common waste
in copper metallurgy, indicate the possi-
bility of technological processing [2,3].
Due to the increased resistance to com-
minution, increased density and lack of
aluminates [4-7], the formed pulp from
smelter slag has the reduced viscosity and
stability. These characteristics of smelter
slag and pulp, formed from slag condition,
have caused the rapid sedimentation of the
solid, which negatively affects the effi-
ciency of the most important processes,
grinding and classification, as well as the
process of flotation concentration. In-
creased energy consumption in grinding
process, i.e. increased processing costs
and reduced recovery of useful compo-
nents in the flotation process have called a
question to the economy of this techno-
logical waste processing.

Researches to improve viscosity and
stability of the pulp, by adding flotation
tailings in the process of grinding slag
should yield the positive results. The use
of flotation tailings, the most common
technological waste and also the biggest
polluter in the process of copper ore proc-
essing, will improve the pulp characteris-
tics, and thus the efficiency of the most
important phases of the process. Thanks to
lesser density of flotation tailings, and the
presence of fine particles of aluminates
and aluminosilicates, the pulp formed
from 90% of slag and 10% of tailings, has
the increased viscosity and stability which
creates higher efficiency and lower power
consumption in the processes of grinding
and classification, and also increased re-
covery of useful components in the flota-
tion process. Increased recovery of copper
from mixture of smelter slag and flotation
tailings could be the result of higher re-
covery of copper from slag because of

better hydrodynamic conditions of flota-
tion, and also recovery of copper from
flotation tailings. Higher pulp viscosity
has the positive effect on grinding effi-
ciency in the ball mill, due to better adher-
ing of material on grinding balls. In-
creased efficiency of hydraulic classifica-
tion in hydrocyclones, as the result of
higher pulp stability, reduces the unneces-
sary circulation of enough comminuted
particles for the flotation process, through
hydrocyclone underflow to regrinding in
the ball mill.

Reducing the circulative charge to the
optimal limit, i.e. reducing the share of
enough grained particles in the hydrocyc-
lone underflow, has multiple technical and
economic importance. Besides increasing
capacity and reducing energy consump-
tion in the grinding process, less over
grinding of useful components particles
causes their better recovery in the flotation
process.

The positive effects of applying the new
technology for common processing of
smelter slag and flotation tailings, ex-
pressed through reduction of processing
costs and increased recovery of useful
components, allow a profitable activity and
economic sustainability of the environment.

EXPERIMENTAL PART

Experimental studies were carried out
in two phases. The first phase was aimed
to determine the characteristics of smelter
slag and flotation tailings and the pulp
formed from these materials, which are
significant for intended processing proce-
dures. In the second phase, parallel ex-
periments of flotation concentration of
copper from smelter slag, and mixtures of
slag and flotation tailings, were carried
out. The results should be verified by pre-
vious theoretical considerations of techno-
logical feasibility the common processing
of these technological waste materials.
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Smelter Slag Characteristics

For selected process of copper concen-
tration from smelter slag, the flotation
concentration, the mineralogical and
chemical compositions of materials have
particular importance.

Microscopic and mineralogical studies
were carried out on microscope Carl
Zeiss-Jena "JENAPOL-U". The results of
these studies are shown in Table 1.

Chemical analysis of the samples was
carried out using different analytical meth-
ods (Table 2).

Table 1. Mineralogical composition of
smelter slag

Minerals Content (%)
Fayalite 60.00
Magnetite 30.00
Bornite 6.50
Chalcopyrite 1.50
Metallic copper 0.50
Copper matte 0.30
Chrysocolla 0.15
Covellite 0.05
Pyrite 1.00
> 100.00

Table 2. Chemical composition of
smelter slag

Mineralogical and chemical composi-
tions of smelter slag confirm the possibil-
ity of use the flotation concentration as the
method for concentration of useful com-
ponents. The contents of copper 0.84%
and precious metals, gold 0.5 g/t and sil-
ver 3.3 g/t, confirms the statement that this
technological waste contains 2-3 times
higher concentration of these useful com-
ponents comparing to their contents in the
primary copper ores which are now ex-
ploited (0,25 - 0,35% Cu). This fact indi-
cates that this technological waste repre-
sents the raw material resource and justi-
fies the research possibilities for its proc-
essing.

Density of smelter slag is approxi-
mately 3500 kg/m’. The fact that density
of this technological waste is about 500-
700 kg/m® higher than density of copper
ore leads to a conclusion that the sedimen-
tation rate of slag particles in the pulp is
higher compared to the sedimentation rate
of copper ore particles of the same size.

Grindability, i.e. the resistance to
comminution, grinding kinetics and grain
size composition are physical characteris-
tics of the material that largely influence
the processing costs.

Bond’s work index in the ball mill for
smelter slag is Wi = 31 kWh/t, what is
about two times higher comparing to the
copper ore. This fact points out to the ex-
pected high energy consumption in the
grinding process. Diagrams in Figure 1
show the grinding kinetics for smelter slag
and copper ore. It can be seen that much
longer time is needed for grinding the
smelter slag compared to copper ore, in
order to achieve the same fineness of
grinding products.

Element Content Analytical
Compound (%) method
Fey 37.05 VT
Si0O, 32.77 G
Fe;04 9.68 A-Fe 304
Al O, 4.86 ICP-AES
Fe in Fe,04 3.02 R
S 0.81 G
Ca 3.21 AAS
Mg 0.62 AAS
Cuy 0.84 SF
CUgjem 0.38 G
Cugy 0.30 R
Cu,y 0.16 PO
Ag 33 g/t FA
Au 0.5 g/t FA
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Fig. 1. Efficiency of grinding smelter slag and copper ore

The research results clearly indicate
the high resistance to comminution of this
technological waste that confirms the pre-
vious observation of high energy con-
sumption in the process of fragmentation
and, hence, the increased processing costs.

Flotation Tailings Characteristics

Studies were performed on the “old”
flotation tailings produced in the process
of copper ore flotation in the first half of
the last century. This technological waste
material was chosen due to the increased
content of useful components, 0.15 — 0.4%
Cu, caused by high content of copper in
the ore that was processed in that period
(2.5-3% Cu), as well as the efficiency of
flotation concentration technology, ap-
plied at that time.

Mineralogical compositions of samples
from the old flotation tailings from differ-
ent depths of the old flotation tailing dump
are shown in Table 3, and the chemical

composition of samples from different parts
of dump, characteristic for the flotation
process, are shown in Table 4.

Table 3. Mineralogical composition of
samples from the old flotation
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tailings
Content (%)
Minerals | Sample 1 | Sample 2
(0-16 m) | (16-40 m)
Chalcopyrite 0.16 0.12
Covellite 0.03 0.11
Enargite 0.01 0.02
Chalcocite 0.01 0.01
Bornite in traces 0.01
Azurite in traces 0.03
Cuprite 0.01 0.04
Pyrite 14.27 22.20
Tailings 80.63 71.96
minerals
Other min- 4.88 5.50
erals
) 100.00 100.00
MINING ENGINEERING



Table 4. Chemical composition of
samples from the old flotation

tailing [3]
Dam of Inside of
flotation flotation Analytical
]él:::e:_t tailing tailing method
nenpt dump dump
Content* Content,
(%) (g/t) (%) (g/t)
Cug 0.155 0.370 SF
Cuox 0.033 0.120 PO
Cugy 0.122 0.250 R
S 9.870 12.260 G
Fe 8.860 10.270 VT
SiO, 58.030 59.710 G
Al,O4 12.040 12.630 ICP-AES
Au 0.300" 0.600 FA
Ag 2.140° 1.300 FA

The results show that flotation tailings
contain the significant concentrations of
useful components in mineralogical form
suitable for use in the flotation process.

However, according to the basic rea-
son for using the flotation tailings in the
process of smelter slag processing, to im-
prove the characteristics of the pulp, i.e. to
increase the viscosity and stability to the
optimal value, the physical characteristics
of this technological waste have a great
importance.

Density of flotation tailings was de-
termined on a number of samples taken
from different places of the flotation tail-
ing dump. The need of taking samples
from different places of the flotation tail-
ing dump, from dam to its beach, was
caused by the way of formation the flota-
tion tailing dump and distribution of hy-
drocyclone overflow and underflow. Den-
sity value of individual samples as well as
the mean density of flotation tailings, used
in further researches, is given in Table 5.

Table 5. Density values of samples of the old flotation tailings [3]

. Sample 1 Sample 2 Sample 3 .
Flotation (dam of flotation (central part of (peripheral part of Composite
tailings m flotation tailing periphera’ p sample
tailing dump) flotation tailing dump)

dump)
p (kg/m®) 2650 3070 2814 2 844

Much lower density of flotation tail-
ings from the density of smelter slag is
caused by different mineralogical and
chemical composition. While in the
smelter slag, the ferrosilicates with higher
densities (3700-3900 kg/m®) have domi-
nant participation, then aluminum silicates
with significantly lower densities (2500-
2600 kg/m’) have the highest participation
in the flotation tailings.

Resistance to the comminution of fine-
grained flotation tailings material is not pos-
sible to determine by the standard Bond’s
method; however, the same can be identified
with resistance to the commi-nution of the
primary copper ore, that was 10-15 kWh/t
for processed ore in that period.

Diagrams in Figure 2 show the com-
parative value of grinding kinetics of two
types of technological waste.

No 1,2012.

79

MINING ENGINEERING



100

90

80

60
50
40—-
30—-
20—-

104

Content of grain size fraction -74 um, (%)

70—: /'

J—
° [ ]

—@— Old flotation tailing
—m— Smelter slag

20

T
30

T
40

T
50

T
60

T
70

T
80

Grindina time, (min)

Figure 2. Efficiency of grinding smelter slag and old flotation tailings

90

Much shorter time, required to achieve
the certain fineness of flotation tailing
grinding product in relation to the required
time to achieve the same fineness of
grinding smelter slag, points out to a logi-
cal conclusion on expected Dbetter
grindability of these two types of techno-
logical waste mixture in relation to the
grindability of pure smelter slag.

EXPERIMENTS OF GRINDING THE
SMELTER SLAG AND MIXTURE OF
SLAG AND FLOTATION TAILINGS

Grindability study was done by the wet
grinding method in a ball mill. In the first
phase of the study, three series of labora-
tory experiments were carried out: on
smelter slag and mixture of slag and old
flotation tailing in the certain mass ratios,
with the aim of defining the grinding effi-
ciency of individual samples.

The second phase of study was aimed
to investigate the effect of pulp density, or
solid/liquid ratio on the efficiency of
grinding process in the ball mill. Experi-
ments were carried out on smelter slag, as
well as mixtures of slag and old flotation
tailing.

The used equipment in experiments

Experiments were carried out in a
laboratory mill, type “Denver”, with the
following technical and technological
conditions:

o Characteristics of the mill

- Mill capacity: 13.8 1

- Charge mass: 10.5 kg

- Speed: 56 min™

- Mill size: DXL =370x130 mm

- Grain size distribution of grinding
balls charge (Table 6.)
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Table 6. Grain size composition of
charge of grinding balls

C{)’:{lss“(“lflisl)"f Mass (%) | D (%)

+50 15.30 100.00

-50+40 43.99 84.70

-40+30 27.64 40.71

23040 13.07 13.07
100.00 -

o Characteristics of raw materials
- Crushed smelter slag — 3.327 mm
- Flotation tailings — 0.833 mm
with percentage participatio of
5% and 10%

100

Technological regime of laboratory
grinding experiments

All experiments were carried out at
predefined regime of grinding:

- Mass of solid, m = 1.0 kg

- Solid content in the pulp in the first
phase of the study, p = 75%

- Solid content in the pulp in the second
phase of the study, p =70-80%

- Coefficient of mill charging with ball
charge, ¢ = 15%

Research results

The efficiency of grinding smelter slag
and mixture of slag and old flotation tail-
ings in defined mass ratio is shown in the
diagrams in Figure 3.

90 _—
80 4 PY

704 @

_ P
_ i

I/
/

s . v
~ 504 /
g . [
T 404
[a) | V/
30 /- —m— Smelter slag
: /;/ —0— Flptation tailing -
20+ /:/ Mixture 95% slag 5% tailing
10_' e —w— Mixture 90% slag 10% tailing
0 — T T T 1 — T T 1T T T
0 5 10 15 20 25 30 35 40

Grinding time, t (%)

Figure 3. Efficiency of grinding raw materials in ball mill
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Diagram in Figure 4 shows the de-
pendence of grinding efficiency in the ball
mill on pulp density, or solid/liquid ratio

in grinding the smelter slag and mixture of
slag and old flotation tailings for 20 min-
utes.

70
65 /. \
1 N [
s )
L 6o ><. A.
5‘ - /
- —m— Smelter slag
55 — / —@— Sintetical sample
- Composite sample
50 T T T

70 72 74

76 78 80

Content of solid, p (%)

Figure 4. Efficiency of grinding the raw materials in the function of pulp density

Study results on the efficiency of
grinding smelter slag and mixture of slag
and flotation tailings in different mass
ratios, Figure 3, show the positive impact
of flotation tailings, or presence of alumi-
nates, on better grinding efficiency. In
order to achieve 60% of grain size fraction
— 0.074 mm in the grinding product of
slag and flotation tailing mixture, 7% less
grinding time is needed for mixture 95%
of slag and 5% of tailings, and 18% for
mixture 90% of slag and 10% of tailings,
compared to the required time for only
smelter slag grinding, which made the
adequate energy savings. Different impact
of solid content in the pulp, as well as
various values of the same indicator at

which the best effects of grinding smelter
slag and mixture of slag and flotation tail-
ings are achieved, confirm the conclusion
on the positive impact of aluminates on
grinding efficiency.

EXPERIMENTS OF DETERMINING
THE PULP STABILITY

Investigations the impact of flotation
tailings on stability of formed pulp from
smelter slag were carried out by parallel
measurements of deposition rate, i.e. the
height of deposited solid phase, in the
formed pulp from smelter slag and mix-
tures of slag and flotation tailings in dif-
ferent mass ratios.
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The used equipment in experiments

Experiments were carried out on iden-
tical equipment, including a glass measur-
ing cylinder of 1000 ml and a mechanical
stirrer, type TECHNIQUE ZELEZNIKI
UM 405.

Technological regime of experiments

Experiments were carried out at room
temperature of 20°C, on samples with
same grinding product fineness, 60% of
grain size fraction — 0.074 mm, and with

30% of solid phase in the pulp, with a
constant rate of stirrer, 1000 rpm, and pH
value of the pulp of 8.

Experimental results

Experimental results of deposition rate
of solid phase in the formed pulp from
smelter slag and mixture of slag and flota-
tion tailings in different mass ratios are
shown on diagrams in Figure 5.

80
70
60 —- 53
= 50 4
£
E 7
x 40
£ —+— 100% Slag
T 30 —&— 97% Slag 3% Tailing
—8— 95% Slag 5% Tailing
20 1 —®—91% Slag 9% Tailing
—&i— 85% Slag 15% Tailing
10
0

Time t (min)

Figure 5. Dependence of the height of formed deposit on deposition time in the formed pulp from
smelter slag, with and without addition of flotation tailings
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Due to a specificity of flotation proc-
ess that requires a solid phase in the pulp
in dispersed state, i.e. to provide hydrody-
namic conditions that disable the sedimen-
tation of solid phase, the experiments of
determining the stability of formed pulp
from smelter slag and mixture of slag flo-
tation tailings were carried out measuring
the amount of deposited solid phase in the
function of deposition time. Research re-
sults, shown on diagrams in Figure 5, un-
ambiguously confirm the theoretical as-
sumption that the presence of flotation
tailings, or fine-ground aluminates and
aluminosilicates in the formed pulp from
smelter slag will increase its stability. In-
creasing the time required to settle down
the same amount of solid phase in all in-
tervals and all deposited amounts of solid
phase in the static conditions of
sedimentation process, with certainty con-
firm the positive impact of flotation tail-
ings on the pulp stability.

Expected consequences of this phe-
nomenon are primarily higher efficiency in
the process of hydraulic classification in
hydrocyclones and flotation concentration
with all positive effects, described above.

FLOTATION EXPERIMENTS

Research of flotation concentration of
copper from smelter slag was carried out
in five series of laboratory experiments.

Laboratory flotation concentration ex-
periments were carried on a smelter slag
sample and four samples of mixture of
slag and old flotation tailings in different

mass relations, with the same, previously
determined optimal technological regime.

The used equipment in experiments

Flotation experiments were conducted
in laboratory flotation machine, type
DENVER DR-12, with 2.6 1 volume of a
cell. Impeller rate of the rotor was 1600
rpm, and the volume of added air 260
1/min or 4.33 /s.

Control of pH was performed by pH
meter, type MA 5705, Iskra Kranj, with a
combined electrode, type SENTIX 50.

Technological regime of
flotation experiments

Technological capabilities for mutual
processing of technological wastes,
smelter slag and flotation tailings, can be
confirmed by the results of concentration
of useful components from them, kinetics
of flotation process and technological re-
covery of useful components.

The effect of flotation tailings impact
on indicators of technological process of
smelter slag flotation will be viewed by
comparison the results of parallel labora-
tory experiments of flotation smelter slag
and mixture of slag and flotation tailings,
in different mass ratios, with identical
flow sheet and regime of flotation.

The flow sheet and regime of labora-
tory experiments of basic flotation, shown
in Figure 6, were defined based on exten-
sive research of optimization the process
parameters.
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Samplelkg: - 4,165mm, pH CaO pH
H,0 428 ml, Slag:Tailing (kg/t)
Solid:Liquid=1:0,43 100:0 8,02 20 | 11,84
< 95:5 7,79 3,5 | 11,95
91:9 7,30 3,5 | 11,90

[D-250(g/t)y [5]5]5] 5 ]

teon=10min
‘%.@—» " 2| 3 6 | 8 > Tailing
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tgrind:16;25 min C; G, C; Cy Cs
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60 15 1600 30
60 15 1600 30
60 15 1600 30

Figure 6. Flow sheet of flotation experiments

Research results

Diagrams in Figure 7 show the kinetics tion tailings in different mass ratios for
of copper flotation concentration from each laboratory experiment separately.
smelter slag and mixture of slag and flota-
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Figure 7. Flotation kinetics of smelter slag and mixture of slag and flotation tailings

Testing results of copper flotation ki-
netics from smelter slag of and mixture of
slag and flotation tailing, shown in Figure
7, confirm the positive impact of stability
and viscosity of pulp on copper recovery.
The difference in copper recovery for ap-
proximately 17%, i.e. 24%, for the flota-
tion experiment lasting 20 minutes, were
beyond expectations. It is necessary to
point out that the cause of increased cop-
per recovery are better hydrodynamic flo-
tation conditions as the result of higher
pulp viscosity and stability, as well as
additional copper recovery from flotation
tailings.

The results of laboratory testing and
conclusions, based on them, were con-
firmed observing the industrial process of
smelter slag processing in RTB Bor, Ser-
bia. Unsatisfactory, the efficiency of cla-

ssification in hydrocyclones, defined by
recovery of grain size fraction — 0.074 mm
in hydrocyclone overflow of 60% and the
value of circulative charge of approxi-
mately 750-950%, confirm this. Due to
poor pulp stability and its inadequate hy-
drodinamics in the flotation machines,
copper recovery in the basic flotation
process was also unsatisfactory, approxi-
mately 56%.

Content of grain size fraction — 0.074
mm in hydrocyclone underflow was 6%.

Present results and other studies [2, &,
9] were basis for development the concep-
tual design for the new technology for
mutual processing of smelter slag and old
flotation tailings. The new technology for
mutual processing two types of techno-
logical waste, large polluters, is shown in
Figure 8.
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Figure 8. Technological flow sheet for mutual processing of smelter slag and old
flotation tailings [2,8,9]

CONCLUSION

Results of experimental studies of spe-
cific phenomena, that affect the most im-
portant stages in the process of smelter
slag flotation, confirm our theoretical con-
siderations.

Based on the results of laboratory test-
ing, presented in this paper, in the indus-
trial conditions of smelter slag processing,
much better techno-economic indicators
of the process can be expected applying
the proposed technology for mutual
processing of slag and old flotation
tailings. Reducing energy and steel

consumption in the industrial grinding
process, and increasing the processing
capacity, can contribute to the reduced
costs by 10 - 15%, and more appropriate
grain size fraction of grinding product,
and increased stability of pulp in the flota-
tion process could cause the increased
recovery by 15%. The achieved effects
would significantly affect decrease in
costs of processing these technological
waste materials and would do it economi-
cally viable.
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