SR,
7N
(e o

esources
ngineering
INTERNATIONAL UNIVERSITY
1oF B AY dxio ATV Gl F olod (pguw 098 (S mlo (wigo 4 i
Vol. 3, No. 4, Winter 2019, pp. 93-106 Journal of Mineral Resources Engineering
(JMRE)

DOI: 10.30479/jmre.2019.1585

Sgo &3 395 Sgmte b Lol (59 9 &y oS (ygamwlighd ylu 4o (595 (UL s34

" 958 el Mg lun sl olodle () cpnl (5940 o

Olrind) (@) pas Js olSisls o cwdige § (8 0SS (yore owiige 09,5 g (59058 s w15 )
Olmind) (g2) pas Js olSisls ¢ cwdige § (28 0dSES (yome (owdige 09,5 wlge (591,98 ¢ Loliul -Y
Oledral ol 59 5 s aizme lge (551538 el (puli )5 Y

(YPRY/-AIY+ b s AFAY/-0/YA 2ol 53)

PRV

Oeligls 508,18 0)3-0le (Sudlaz g Jlail e85 p (aisl 3 p 56 Judo & (ammliahd ;3 (oo (R OIS o3Il @565
P kS 10 50 (595508 (9 yiy (ygumlighd Ho Judo ok a4 g sl 6y JLail (o H i jo @Iy g S 9595 9 (21U 3y @y
€09 a8l Hlu a4y wolio (g (550 j0 o3 Lo Ol g 31 b Hladio dub 13 el (LU ol 381 (6l 0 09 0 s lie Clyo LS b g
3 e YLl A5 (gale o g 395 @3S 50 (595 HS (S 3L Sgmte (61 «Fund (! 30 el e sl sl 5O (0 Lo Slgo 2 365 ¢l wly
2B ialojT b SO i b laal g9y ol 51 w0y 00 lisius! Loy &8 1 (595 9 3w gamlighd ko 33 (o2 Looandd 190 23595 i
o YFVYY 5,.3,7 P RS Y slooliiwl &35 aS Ol L g bG aul duws Lo Gnli.’.’.g.uﬂ ool 50 (2 Lo 8lgo Wigliso slazs 3o «(L,
YV il el cpid Goy sl ok o MIBC jlwcas’ o 50 0,5V g poaoliy O35 Jool o7 31 0,510 b ol yod adsl (5 )l 5y slo ol
JudogS (ygmulighd Al 45 30 29395 (] (Sl Criimod ol i yo WIS 5 (G030 O)F ]38l g 3y ©lyd 50 gy M (LU ey
Coled 59 989 0yl jle (go 30 FY Sl g ey g 3y IS 50 (595 B (SL3b Gwe 0 YA 9 V0 Sl el ol i 4 i Lol
A A5 Slogi (ygulan 150+ aildlw vl yo i 33

Gols wlols

gl gld o1 Loy Olgo 22305 el ) 9 30y I35 (6013 a ) (g gmanligld

Email: g.parsapour@vru.ac.ir oL Sls sdgs 5 J st a,\:w_};

ar VFAY Obiuwo ) F 0 slods (P g 090



S @l guigo 4yl

995 > Jlus 393kl wlmod (ool (§990g0 Mo

(1) (5palid o LlB

eolyd ohadl Bulill e T

[FTT YV S 10 SN |9

[B] (53l yglisds cadsl g 0,3 Slasl o ST s absly 1) St

st o Slgo 2y 595 —V-)

bk Rl ) (plerd Slge xe8 Coenl 4 az g b
ilord Slge Senl 0¥ )3 g 05 DS 50 (551 L slge
e Sl Wisdh gs peelish anl s (Bra
b & Sge ol @l SIS ke Il ol
WS (oo s SIS e (RSl ) )5 50 85,1k olge
osle sl 51 535 s SIS oy oline oS o o
1#] ol ey lpd ye iyl L

P ez gan (Lo SIS a4y Sl S 4 Ll
b Sl (gl SIS lade 39, 00 Uil il (6 i
Omed 4 il Sl s O3 Sl iy ) S ey aely »
adsl (Siken sladobe ;o ,eSU 5l ook Hlade s
S (o5 sl Cbys old glp g Brae ;SIS L
5 it 00,8 Al L ) s el g el oty cibe o
5355 sl 1) )y 3 slesS” BB jlade ol jon oy ,iSUS
ke 53 5LoiS 3 55SIS s i e 53,5 L1 o
ol s Old gileyglid ln |y A lyd ol
L2l 5,60

ALSS Ol 2 ()90 ~F-)
165 b S bl 50 T 36 5 (oland Slse 355
Sllllas g5ige Ji b ansis 5l il gloojlul b ol,3
5 olidss ol s DYV -] el sog g0l
)0 GAS )LHMJ \b)‘j.n )J 9 oD rnl.‘)u‘ ‘Siblim.ul.a)] u.uL..CLo
ol 00l rand (oliands Olge x595 30 Jaio ulide
ool 5o oul plxl Clagod 5l (S 4 aslsl o oS

1FAY Oliwe oF 0 lod (Pow 0598

doddo —)

by, ridsae 5 e 5l So Gsemlish
Py Sle 2 gy (al 5o el (G Blge g5l b
B Ye slaoglail b ohd wals sl oloowd - S50
L8 5 b el 3B A b SOy e Yoo
Goy crl )3 Wedoo yolid 5 et Jate 5 slacle
Jlasl b 5 ons g3luosle] ploow olge b STygs
el ol e ol a0 5yl L ool)d sl
Omlislh STies 6lp clio @ olasl V] sgi e
ol Jalse (0,1 b sla S5 ol az o 4 azgi Ly
O Sy b bl osbse e s Jelss 5l sk
Sl gl alid CulilB iy 00game 4 Cad O3 ol
Apdn 9> Sl 385 ol oy Wb SRl w4
IV] 65 o il ey 0 Oldoe Sb5L 5 (s 5ke gl
FE ol wlgee oslhel gonals ay
2 oodle g asb axsl anl g Sk g Le p laba>de
b en s 0 slaania Jleel 5 (6550 BT cage
ably s @l ilaysld o ege LR o3 sl
5 2l —oyd Jlail ol —0,5 0,55 5 b s (serdiine
@ 63l b Sl erulish o)y Gl —o,d Saslax
Gl 5,80 10+ 2STas B )+ odgazme 15 ige ssb
sy B L e lr s Slagleslen
Loolge 2bik ln ane Lulypd 05800 csmlin oitjs
Lad oo placel a5 ol gloj ccalsyo ©lyd o o5
sk J515 pgmiligms o 8 S5 250 0
Iv] wst

&3l ygleds Codsl g 0y3 slasl ¢ Il 4 )5 oo alasly -1

Gl I3l s ol CopllB e pmo 01031 5 (6
9 Sbien ybun HiSIS b ol Sasde a0 b Sl
Oingy 4 b Holid gl Sudpe SIS Ay Cad ), 2lyS
5, ld Sladl (v Jsa) V] sl 5l eSSl
FeSeSs ol mje G0 g wisd lae clye il )3
dlos GRlBl 5, @S 50 55l slge (bl Wi S 1
(0950 =V ) 32y S3 ( SSe sladgh 15 03y 5k @
10 ey o3 as b o asls 6568 0,55 oS
iz 4 Wl ALl 5 5 a8 Ll IS (095e
[f] ass o S8 ool 5l @lyd oyl

Af



P Bl guigo & 5

(59 § 2y il Ogamligh sl )3 (595 203k Sl

(1) atlesle

100

40

201

v
[
[
-
.

SFELS Bpae e

L3 i
T T TTTTIT T T TTTTTT T T8TTTTIT

10 100 1000
(925000 030t

yolio 50 O3 0318 a0 (o (2L 300 STl

Aol jor oo gaime 53 (Srio (plele )3 (e o
Slge 5l aoys YO 0,8 adlsl a5 end _asie [AA]
2 20y VO 5 adsl S ke sladshe G 0 bl
S (2lge b anslie jo adgl oS )ley sla ol slo
SSoken slodshe glanl jo olerd Slge doje Ve
o, VY Lagie jsb 4 il cacls g o 48LS] 4yl
(Y JSS8) el oass <ol Jle jo bk

ol ol @l 5 cl €85 18y 9550 (sl
G b Joloo dan jo clyo I3 0 58 SbsL a5 s
IVD(F USe) e 5ol lawsio &l,3 a4

14

L2 //7<\D\ o

ﬂ -

10 . .
4, .
Iog “,
= %
< 6

4 . o

* 10000 £75-25-0
2
0

8% 85 37 %%

82 00

04 e s

1001 i T F - *
¥ Ju = S
80 T N L e
= Ty 3 -
3 1 t==
4 g0 s B
P et -

1 = = b i
jl'] 4:) L= Tl = / (!
= ¥ i > - e 'IT."

-
i Wi e ll'k
-
.
L | 10 100 1000

' 3 e Y |
[ fieal ad syl

[V] b&-_’.é)&

s -Loly a5 IS (s gmaslislé lotn ~F-)

JssS oe (555 5 p Harmlisld (sl &l

WAO Jlo 5o (Ll ) 5 @y geime oolee 1 ()
ke Gl ke sl cdld Jl> 0 gl el
0) Sb sladsls gg 5l A5 cnl jo 5550, 5 ads)
SHe sledsle g5 5l gt slo Jolu g (oo yie
ot Slse g5 b oolpen awlishh jlas ol YL
ol g el eals eols las O S o a8l g0
55 YOTA gyame 315 b 53l STyps ol 53 4515
O3 il 5| 5 ond slllS slaln] oy el

14

Cilizmo 23595 99 30 )l o 1 o (L30T Y
(4] o loowst O30

E s [v.] 2okl wlie o S8 b o
HoSIS lade malS L 5y olyd 5o e Dbl aS cenlonds
6oy U Sl Bras i &5 o )0 WIS ai i
Sole a4 (F USKD) ol clys Sy e 2U3L g
sy S ol sl dne 2L3b S e lp S0
S Jo 5 0,5 eolinul g8 SIS ke ) olgi oo
FSIS e alidla sl et ps IS e 5l bk sl
]

S i) Hgealisht (saie SISy 0 Grizen
Gians 3ulisls & by s o5 sl o5 ad et
Geins ol o DNV el (e,See Yo ooV o) ct s s
3as,e YO a5 il aseie iolesl (6 S5l eolanul b
&5 2 5 s Glal A 5 g 00 ST St JUE5 s
ol a8l oS a0 3 o Saw ey ileyglis o
SlocsS 5 ,5iSIS @555 9 Gliee s Ol b SISl o
Veoogam 2bib (oled oBlasS S o i e
D] cely aolisl as e

aal) Goio ol 0 650 oS o (al poogdle
Ay S iz by sk jo DS ol b e 18 S 5L

IFAY Gliwo F 0 lods (pgu 0398



S Bl guigo & 5

398 e e g1l bzt (cpunl (S9g0 Muxo

oldo 30 (o beoadd Slgo &9 395 (p yiy e 9, —V-Y
Aol

5 7 DS 5o 6y Lk Ll s e e Sl

bl b Gl alialel ubide jo o Jlal cui
olos ol a5 Sso ol 4 b soliiul (L) zsSb
J99) w oLl s (ygemslisld ¢ b Ll L Lozl
Shis> Olsre @ albl e Gsemligh 51 Gy Caled 05 O
26 il 28518 Galeil o0 55, 58 ik ol
L g plxl ;5 Ge) 5 sl (S5 ,ke s Al yo 50 ) ol o
e g g5 Jole ez A58 50 pis W6 Lalyd 4 4y
3 S o g i8IS jlade gl (Sl 50 SIS
ad)S JB5 ) etd BB Jelss ploie 4 mhaw an )5 505 5,
A PH 5o 555 Gsealish sl talejl plad (Y Jgaz) 0
SS9 SIS e Dldlgs 4 Lo yo slanile oy L o 4

@ grlighd (sl o1 plonil day o ) Jgur

S S ALl Jsleo
42,85 )0 g0 A DR s 2> CaE s

4485 0 2 gk +(59) Olalgas wile (ylo;
a8 85 Y 4SS Wle e
4a8s Y oS wle e

485 Y0

SpSUS plej

o slasooslal 3y b (St YD) Lol
(O JSs) 098 o aslal J QO sleard dlge I sidn g 00l
Y5 adsl S5iken Olse 4 5oy Jobo 50 4 T 5l
gt Johoo 7 izman 098 oo (23S T)03 253 Jobo
Sls 59, Shg> Glaie 4 Gy Hlae albly el Yl g4 3
5 adsl (ke Jsbo ¥ 4 e 5 00 K00 sluseolal ¥
Py sl (nl )3 05800 )y 59, sl 55 1S By Joke ¥
A5 4 @l albl coles yo il Yo g4 5l gands ol
556 4 a2 b Gaion Gl )0 09d o0 Zulaa g )lad 2l
e b3l Gl e (Gl 2 (oleerd Slge @iy

Lol 0 oliends Blge &395 Pl b (g9,

L sigy g dlge Y
Aiged dugd —)-Y

)’“54;9%5\“ Bgad S laml e guiod pl gl 6l
OS5 malo 3 3l ey g oad a8 il IS STye5
il slp oSS o dised Yo alKalel (Sl
S Slp o al> e 0 o solel ygunlighh sla jioles]
(Wl>,15 Glin gomails @ osw)) cwlie ol ol
ool ;0 4835 YO g Ve N8 AT slagl; o laaiges
a5 baiged uw b il s eBal;l slabe
é)‘.\JLA.MJ‘ d80 L L)M) (5‘)4 WLA.A QLA) 9 W) g_';'-\-‘)—w
A S (9,500 YO) a8

Tailing

Sump

Zn Circuit

NaCN ZnSo, :boaiiS cils )b « MIBC: jLucis’ PAX PEX AERO :ls,535L5) JuiiisS—Lob (59 3 o (yaumligld lono i S
(ZNC: 595 6 y55lusS PDC 10 puw 0 yislusS «CUCO3 CuSod :ousss Jled

1FAY Oliwe oF 0 lod (Pow 0598

¥



P Bl guigo & 5

(59 § 2y il Ogamligh sl )3 (595 203k Sl

Ogawlighd Gl )15 )5 oud )2l (o Lol Slg0 29595 ¥ Jgu
Slae (LG5S ool : S G0y 53 558U £ 99) Lol - JuieltgS
(b o oS Gy 5o Jlwds

2,585 gg ), L: HeSdS” lade
&9 Ja S e Sokeyn » c.
Jgl S5k S Gy 50
aJl
\ ¥ b ¥ b \ b
\ Y s Y o Y s
¥ ¥ mba ¥ aba V b
¥ Y b \ o Y b
—+— 12 min —&—1& min 20' min 25 min

S el dasy
2

O 10 20 30 40 50 S0 70 80 S50 100 110 130 130 140 150 160
(oygpSed ol yd o3l

39 GliBee i ls 33 s le) 5o (Guoudils Wil s 1F S
Pl slaleo gl

how] jo aiBs YF Goe @ gl slataleyl 51 LS
Wb, alie gamals a4 opw; lp il lake
3y U"‘ » os)l.c (F Jiu) M)f )‘)3 U’“"b)} )
23 oo LS gl e by iz )0 55, 5 e &8
09550 YO 51 35,5 oolul (A )3 @y do 3 V 3500 &S
5l e,V (eolal o3l e 0 aS Jb oo ls I3
ohd e 6y B bk ceeal 5; cal 5ol 18 s,
e kS e Sl 95 Osenlsld Jlae jo ety

Sl g )L.\.A )0

P lojT (wldio ;3 &3585 o1y (ot —Y-Y

HSIS 51 eolaul s ol lis 265U L9 ok
b ool b olyam Y pelas b asl 55 )le s 55 TEVY 50
25 G0y A g59) Blom mhaw b jludsS § bwgio mlaw

¥y

i lo3T Ly g5k 50 oo ooliusl z gl 3 Jolge :¥ Jguzr
=PU
Yook | ¥ g | ) gl el
95 95 Jeel al> 5o y0 H5SIS £95 (A)
AR Yfvy Abegty adsl ‘SS)L&)J
al> 5o jo SIS laiie (B)
(g/t) adsl &S\l
39 () ,gSUS oo (C)
(/1) »5 &)
50 sleas Jlade (D)
(g/t) 25 &,

@bl (s dw 50 (59, ,be 9 L3 L“ui*-.‘.l‘)’—‘ el o

YO U YA o ilawgio (5,500 YA 5l 38565 13 ,) caliee
2 gl Glgie 4 (9,5 YO 5l g ys s o g (9,50
DX7 153105 51 oolitiosl b ol g o cpmend Lialesl 7)o

xino g ialejl ~¥-Y

Tk il del s oo sl Gl Gabos Gl o

Al Ogelisld Jlae og b b oazg b ool
ol (7 o) il Gl iy o daly sk
Syge p 50 goud [l Al )5 )0 Slilee Ll (285 L3
Sl 28U e sl o planil LS (g0 paiges e ]
Jobee (1 o)led 399) Lo s 5l (So il )57 )0 Sl i
(@9 Ol 0 b adF s e Jeese Cundg
> S ised 5 5 pSogl S o s plror Slye 415
Sae Jsb o ol dlge le &S 35 bl _adlse
o dlaz 3 G5 Ll a5 og i (g eSeiges e
Sae Job 50 5 of ol g gl aslr we s «Slyes
ol Qi ol b b i )l g 091 Coll (M0 paigal
pll etz olKisle;l jo 09240 (Varian 240FS o)

A
el Jolo g asdly al,l-v

cewbo Jwlo 3 oy s —V-Y

Glp as ol plad eads 0,5 ledigel (G Ay
oo, ey (09,50 VO) ails )15 o laibeul dgy 45 o,
ldiges plod g, cpl 5l (F JS&) ol aads YT ol b

IFAY Gliwo F 0 lods (pgu 0398



S Bl guigo & 5

398 e e g1l bzt (cpunl (S9g0 Muxo

olis ouds |, ch)T T ool Jdo ol 5 ogdle
b 5o 6k 5 S Be) 50 LS Gl aS e o
sleslaiwl b bl o YL a5 0l asine fioren w0l
V0 g adsh S 5ke s 0 YEVY g1 jeuSIS o5 5 08 ¥
Jol 5530,y sladsbe jo ClS3S Ll joSIS (5 05
S olse & (2T A ojled w5 9) cal 5 050
A ol gais whids sl ioles! sl
S5y 8 Sl 050 50 (ZSU b Wbyly Jelos
3 89y B bl @lp Jae oS despe iS5, 3 o
b yioo 515 & ulple ees Jblins avgio 5 5,y &S
@ hwgte by 2y L3 5o 65, B 2Lk o285 o

oolul g Zudyo 0l o 1) (g5, 58 bk o e Wlgse
Loolyor adgl S \ley 0 hawgio mhaw L YEVY 4,1 5
(F 39) 5530, 50 slocsS VU mhaw 9 Jool (b oo
aal asls gy S 0y g, B Sbib e Wlsise
(F Jou)
&35 b alie (28U iuleil ik 0 ¥ ojled w95
o leds 22395 b 2395 (nl dmnlie (ol ol (el 1557 Jgane
ol el wilg oo maei cpl 5l eolaiul asm sle Hlas A
2 Gy BF 5 5, Shd 50 gy B gae 2 YT Lk
Lawgie OIS 0 gas,0 VA Lildl uoren g Sl o Ol yS
Y JS8) 05 0 milasS o (55, 58 (IS e 50 i g

(2L, Giubosl z,b) 59) camwliohd b iulosl 3l Jol> gl :F Jgus

°)l:*“ :j ‘)5*515 &y ::_j)lit\iz J:*‘)‘m )'L“*;"’-T Jlade lyS o3l ;o 59, (o) b5k (mys) s
o) ol Soke n 2y R 3ey 0 3oy 0 i Lo iy
\ AERO5100 y V0 Y. A A Y AV YO
A\ AERO3477 \ Y- VO A7 ¥ av)n AY ¥ YAY
¥ AERO5100 0 Y. y 4.y .y A A vo¥
¥ AERO3477 0 y Y. QY v s ADY (s
o PAX Y. Y. . A¥A .8 Yo,0 YA
4 PAX Al Y Y A vz Yv ¥ AR
\ PAX VO \O \O AY A A- Y¥
A AERO3477 Y. \O Y INVid Q¥ ANA YAQ
q AERO5100 Y. Y V0 AR A 4.y ABA YAY
96.0
94.0
92.0
2 90.0
—?!D 88.0
% 86.0
“-‘3 84.0
82.0
80.0 =0 Yy =D Apys
78.0
A.aj.: s 2 ——
@l yd o 31l

BBislojl wliio 50 (A @2389) eoleimiion @395 9 (¥ @2)9) 4l )15 Jgomo qa365 90 50 lyd 2LV JSb

1FAY Oliwe oF 0 lod (Pow 0598

1A



(Soxe Qo (qwikigo 4 pud

(59 § 2y il Ogamligh sl )3 (595 203k Sl

obie o Glisewe slag e 5l colaul 4 was o lis
sl 65b b lawgie olol b olyd oLk o s
9 2y ©hd 50 2Lk YL Y o)l e a5 Jb> o
a5 dd oo lid mls zen (A USS) syls I el
Jw oI A Cons ‘gb)b uw‘).‘?‘ » csy& Y O)Lo.»:: é—!)y
Vo5l Y mse 50 (AUSD) o)l 58 653V le ils IS
PN g adsl S ke n 0 YEVY g1 oIS o5 pp S
ouds oolaiwl 15 5o, sla Jolw ;o LSS ol ,oxSUS o5 5
oolatwl Sl 157l o jo a8 aws co lis gl cpl Lol
Comd 5 adgl oS Loy Ao oy SIS (YL Cons

Sl g,loline 5 5,k G Jalge 5l plaS e ly (lsre
S5 B Lk @ly oubly s o5 ey (0 Jgo)
,oSIS £40) C g A Jolge a5 aoo oo lid cudyo Sl o
95 5ok elss GeS3ey 5o el Jlake g adsl (oS ke sy o
Sy O3 5 gey bl yse 0 (P Jeuz) wijlolias
ik b C g A Jalse Lasd amyts o 5 sl Jloline Joke

IRERR

sixivo s b3l 31 Jol> g lis Y

JeiatsS A5 0 swio Gulide jo sbaiale)] mls

(DXT7 413810 53) 2956 Ly sialojl b 59 325 ©1)5 53 (595 H8 b3l » ilisio Jolge pib il ylg Julons :0 Jgur

Slompdog P F oSl @y gl azyo | Slaype ggorme o
e . -avf XY VAN Y ¥ Y&/ FA Joe
L PYY OV YO Y oy PSS ggs
S APYY Y A0 \ArR Y Y77 SIS jlade
£ FY ¥ VY57 sailedly

(DXT 1381 p3) 2956 Ly ialojl z5b 50 <y ©1yd 30 (595 H8 (2L U3L 2 lisio Jolge 13U il ylg Judows £ Jgun

soliTas o

Slowesgs P F Sile @050 Sl o ggorme &=
™ oo )Y X £ A ¥ VFYAY Jse
Y V¥ 09 DAAY Y VA0 S5 e
o ¥F YV Y Y, ¥ Y £, 7 ool ke
A ¥ YY) sasledl

99
97
95
93
91
89
87
85
83
81
79

(1) 595 LL5L

77
75

Ay Y s

“Veoy

F s

4yl

h.mgi.n
Slyd e3ladl

Cas 3

(WS Jano Cunis ) a159) (sixio ol 53 (oploonds Slge ilice sl of 5Tl 5l Joolo sl JSb

14

IFAY Gliwo F 0 lods (pgu 0398




S @l guigo 4yl

398 e e g1l bzt (cpunl (S9g0 Muxo

58 -

==tz

56

54 A

52 A

50 A

48 -

) sy ke

46 -

44 |

42 A

40

W Yases A Yay F &g

4oy

bhuigie [

ST

(W, Jgomo Comidg ) @1 599) (Frwo (wlidlo ) (o2l Slgo Cilitio o 595 51 Jol> slayle 14 S

S wwde s (2 gib ul)ly Jelod b -
bgio g 5,y hd 5o g5, 8 Lbsk o Gl Jelse 556
2S5 Bey 5o Jesl Jlade g ,eSIS £g Jalse (Jg o 550
I s SIS s 9, bk 2 ik U

as ol gl gmie whide o sl iolesl mlbs -
Sk 5 YIVY gl joslS 05 5 o5 ¥ 5l ool
25 Bey sk o DLSS Jual SIS 05 2 05V 5 ads)
Vs 5 ©hd 5o 65y 8 bk oo, VO Gl cels
odd ad Cumdg 4 Cond Als )15 o Oy 0 gae
S 1y a8 Al selye Sleg eudee VFo v ialidl g
ol walys o

SIF ol -0

Jodo Lk Jdsss )l (LS 5 plpae a5
g Al 5 0 Sl el s blel slosl s o Ko
2 G Jds a4 s uange @Bl oo
Syt sy 5 S5 b5 ol

A

(s 5 el M oy guanligld (6590eiSS" NYAF L oL, [V]
AY-40 8 Al O)L.o.::) ‘J5‘ 0,99 ‘Q‘)’ef

[2] Wills, B. A., and Finch, J. A. (2015). “Wills Mineral
Processing Technology”. Eighth edition, Elsevier, 265-
380.

[3] Jameson, G. J. (2012). “Effect of Surface Liberation and
Particle Size on Flotation Rate Constants”. Minerals
Engineering, 36: 132-137.

1FAY Oliwe oF 0 lod (Pow 0598

VO ol cel Wlgoe pSGe, al>pe y0 o] lawgie
S 50 a3 YA g 5, Old 5o gg, 3B bk ey
S5y B S @bk e, YV Galidl cules o 5 oo
o lucS o (59, 38 Jle gao,e TV iliEl g s 15 o
ooliinl w5 5o (3l mje8 cnl gy el 3l 0ed 2l
el Slegi ygudeo VP o aolidl el IS Cdl> j0 9 0
asS 50 dwlye el legs ygubos A0+ Lo &5 IS UL
Sl oas Jool> Sb3L mali8l fds a4 bl g ,le iol58l

S5 ez -

owle B ley il IS Jobeo ciuls > 4y o gl -
WA WE ES Gmli.i..;'l.aﬂ 6lﬁ...j 4o aads VY

@ e &S ol gl (256 Ly bl b -
SS9y A8 2Lk sl bl Joadgs A5 50 olasd olge
YEVY 5l jouSIS o5 p,5 Yo sl eolaal ey lyd o
Vg deol joiSIS 5 o5 VO cadgl (S ke al> e o
Ll (65 Gy dl> po )0 lucdS (5 p e S

2y hd 5o sy 8 bl YL A 0l ateie -
YTV gl SIS 5 5 p)S V0 a5 098 o0 Jol> S
Ao 30 Jual HeiSIS (5 0 05 Y cadgl (S ke Al e
D9 ooliiul 1.5 5ey ;0 JlucdS (5 e SV g (605 5e,

u; » f’)f Y. @)5.: )| oolaiwl as AR (oo UL.M; @Lu -
L3k OBl g edle 15 5e; sla sl o LSS
A o 0,50lucS 50 (59, 38 ,Le (gao 0 F)) olidl el



P Bl guigo & 5

(59 § 2y il Ogamligh sl )3 (595 203k Sl

Research Center, PhD Thesis, Brisbane.

[13] Banerjee, P. K., Gupta, A. K., Mukherjee, A. K., DAS,
P., Singh, N. P., and Singh, R. S. (2007). “Optimization
of reagents Distribution Down a Coal Flotation Bank
to Improve the Recovery of Coarse Particles”. Coal
Preparation, 27: 39-56.

[14] Srdjan, M., Bulatovic, (2007). “Handbook of Flotation
Reagents”. Elsevier Science & Technology Books, 1:
323-365.

[15] Tamara, M., Valentin, C., Tatiana, 1., and Nadezhda, G.
(2012). “New Reagent Modes for Selective Flotation
of Gold-Sulfide Minerals From Refractory Ores”.
IMPC2012, 23-28 September, New Delhi, India, 5391-
5399.

[16] Runge, K. C. (2013). “Particle Size Distribution Effects
that Should be Considered when Performing Flotation
Geometallurgical ~ Testing”. the second ausimm
international geometallurgy conference, Carlton, VIC,
30 September-2 October, Australia, 335-344.

[17] Sao José, F., and Pereira, C. (2014). “Evaluation
of Reagents Dispersing for Sphalerite and Galena
Particles System”. IMPC2014, 20-24 October, Santiago,
Chile, Chapter 13, C1316.

[18] Shadrack, F., Allan, P., William, S., and Massimiliano,
Z. (2015), “Characterisation of Coarse Composite
Sphalerite Particles with Respect to Flotation”. Minerals
Engineering, 71: 105-112.

[19] Matveeva, T. N., Chanturiya, V. A., Ivanova, T. A.,
and Gromova, N. K. (2016). “New Reagent Modes for
Flotation Recovery of Gold from Refractory”. IMPC,
11-15 September, Quebec City, Canada.

'SALA

[4] Pease,J. D., Young, M. F., Curry, D., and Johnson N. W.
(2004). “Improving Fines Recovery by Grinding Finer”.
Australian Institute of Mining & Metallurgy, MetPlant
2004, 6-7 September.

[5] Trahar, W. J. (1981). “4 Rational Interpretation of the
Role of Particle Size in Flotation”. International Journal
of Mineral Processing, 8: 280-327.

[6] Bazin, C., and Proulx, M. (2001). “Distribution of
Reagents Down a Flotation Bank to Improve the
Recovery of Coarse Particles”. Journal of Mineral
Processing, 61: 1-12.

[7] Derjaguin, B., and Dukhin, S. (1961), “Theory of
Flotation of Small and Medium Size Particles”.
Transactions of the Institution of Mining and Metallurgy,
70: 221-246.

[8] Banisi, S., Kargar, A., Pourkani, M., Sarvi, M., and
Hamidi, D. (2001). “Recent Changes at the Sarcheshmeh
Copper Mine Flotation Circuit’. 33rd Annual Canadian
Mineral Processors Operators Conference, 23-25 January,
Ottawa, Canada.

[9] Banisi, S., Sarvi, M., Hamidi, D., and Fazeli, A. (2003).
“Flotation Circuit Improvements at the Sarcheshmeh
Copper Mine”. Mineral Processing and Extractive
Metallurgy, 112: 198-205.

[10] Shannon, L. K., and Trahar, W. J. (1986).“The Role of
Collector in Sulfide Ore Flotation”. Advances in Mineral
Processing, SME, Littleton, Colorado, 408-425.

[11] Di, L., Yongjun, P., and Sue, V. (2013). “Improving
Coarse Coal Flotation by Enhancing Surface
Hydrophobicity and Froth Stability”. Australasian
Conference on Chemical Engineering, September,
Brisbane, Australia.

[12] Vianna, S. (2004). “The Effect of Particle Size, Collector

Coverage and Liberation on the Flotability of Galena
Particles in an Ore”. Juius Kruttschnitt Mineral

IFAY Gliwo F 0 lods (pgu 0398



esources

IMAM KHOMEINI ngineering
INTERNATIONAL UNIVERSITY
Imam Khomeini International University (S0 @lo (wgo 4 Hi
Vol. 3, No. 4, Winter 2019, pp. 21-25 Journal of Mineral Resources Engineering

(JMRE)

DOI: 10.30479/jmre.2019.1585

Increasing The Zinc Recovery In The Flotation Circuit Of The Bama Plant
Using Improvement In The Reagent Distribution Regimen

Mahdavi Amin M.!, Parsapour Gh.”, Foroutan A.?

1- M.Sc, Mineral Processing, Bama Company, Isfahan
Mahdaviamin43.aa@Gmail.com
2- Assistant Professor, Mineral Processing, Dept. of Mining Engineering, Vali-E-Asr Universiy of Rafsanjan
G.Parsapour@vru.ac.ir
3- M.Sc, Mineral Processing, Bama Company, Isfahan
Abr.foroutan@gmail.com

(Received: 20 Aug. 2018, Accepted: 11 Nov. 2018)

Abstract: The particle size distribution plays an important role in the flotation due to the impact on
the particle-bubble collision, attachment, and detachment. In the flotation process, fine particles have
low collision performance to the bubbles and coarse particles have low attachment performance to the
bubbles. Therefore, in the flotation, most of the valuable minerals losing are observed in ultrafine and
coarse particles. In order to increase the recovery of coarse particles, a proper amount of chemical reagents
must be distributed in the circuit; hence the distribution regimen of chemical reagents in the circuit is very
important. In this research, in the zinc flotation circuit of the Bama lead and zinc company, the reagent
distribution regimen has been modified in order to improve the recovery of zinc in the coarse particles.
Therefore, different reagent distribution regimens were compared using a design experiment (Taguchi L9)
in the laboratory scale. The results showed that using 30 g/t of the AERO3477 as collector in the rougher
stage, along with 15 g/t of the potassium emyl xanthate (PEX) as collector and 7 g/t MIBC as frother in the
scavenger stage, the recovery of fine and coarse particles were increased about 3.2 and 5.4 %, respectively.
Also, using this reagent distribution regimen at the Gushfil plant of the Bama company was increased
the recovery of fine and coarse particles as 2.5 and 3.9 %, respectively, and the zince grade of the final
concentrate was increased about 1.4 %, and finally the plant profits was increased about 500000 USD,
yearly.

Keywords: Flotation, Liberation degree, coarse particle, Reagent distribution.

INTRODUCTION

Flotation is the most important mineral separation technique [1]. In this method, based on the particle
surface properties, particles with sizes range from 20 to 200 mesh are attached to bubbles in a solid, liquid
and gas systems. The appropriate particle size for flotation is determined according to the degree of liberation
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of valuable minerals, economic factors and many other factors. This method is not suitable to be used for
very fine and coarse particles. Recovery of very fine particles is very low, because of low probability of
particle — bubble collision, and the recovery of coarse particle because of high probability of particle-bubble
detachment is low. Hence, there is an optimum size range for flotation, and continual research to expand
the size range [2-7].

It is shown that, in the fine size range, where recovery is lower than medium particle size, increases with
time; and in the coarse size range, where recovery is again lower but less affected by time and the positive
impact of reagent addition on the recovery of coarse particles is seen in the recovery-size data (Figurel) [3].

| Particle size increases --->

Floatability (%)

Fine

" Hydrophobicity (% coverage)
Figure 1. The relationship between particle size, floatability and reagent addition (hydrophobicity) [3]

One important strategy to accommodate the different needs of fine and coarse particles is reagent
distribution along the bank. Low collector concentration at the head of the bank is sufficient for the fast
floating particles and upon their removal further collector dosage down the bank can target recovering the
slower floating coarse particles [1].

MATERIAL AND METHODS

In order to accomplish this research, a sample of about 100 kg was collected from the plant feed and,
after crushing in a roller crusher, the sample was divided and 20 samples of one kg were selected for tests.
In the next step, to determine the appropriate grinding time (based on the particle size distribution of the
plant products), four samples were ground at a laboratory rod mill for 12, 16, 20, and 25 min. The size
distribution of these samples were compared to determine the best grinding time, based on the particle size
of plant products (d80=75 mic.).

In order to determine the best conditions for the recovery of zinc metal in small and coarse particles, 9
flotation tests in the laboratory scale were performed using the Taguchi experiment design (L9). Before
zinc flotation tests, with a constant conditions lead of all samples were recovered using lead flotation tests,
and then tails of these tests (lead flotation tests) was floated based on the Taguchi experiment design (L9)
to determine the best conditions for zinc recovery.

In each tests of Taguchi design experiments, zinc were recovered in two stages of rougher and scavenger
as same as the plant. In these tests, the type and dosage of collector in the rougher stage, and the dosage
of collector and frother in the scavenger stage were selected as four variables and each variables were
considered in three levels. It is noted that, all zinc flotation tests were carried out at pH about 9 and the
preparation times for activator (copper sulfate), collector, and frother were 2, 3 and 1 min., respectively.

The concentrations and tails of all tests were sieve analyzed in three ranges (fine: smaller than 38 microns,
medium: between 38 and 75 microns and coarse: more than 75 microns) and the grade and recovery of zinc
in the each ranging size were determined. Finally, the results were analyzed using DX7 software.

After laboratory studies, four tests based on the results, and plant conditions were selected to perform in
the zinc flotation circuit of the Gushfil plant of the Bama company (industrial scale). It is noted that one of
the four tests was selected as same as the common conditions of the circuit. During the industrial tests, all
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reagent dosage carefully measured and samples were collected to compare the results.

FINDINGS AND ARGUMENT

Determine the necessary grinding time

The result of grinding of the four samples in various times showed that 24 min. is the necessary grinding
time. Because after the time. grinding in the laboratory rod mill, the d80 of the product was 75 mic. (same
as the plant product size).

Therefore, before flotation tests, all samples were ground 24 min. with the laboratory rod mill.
Furthermore, distribution of lead and zinc in the grounded samples showed that about 7% of lead are
distributed in the coarse particles (+75mic.), while 14% of zinc are distributed in the coarse particles.
Hence, recovery of coarse particle in the zinc flotation circuit is more important than the lead flotation
circuit.

Determination of the best reagent distribution regimen in the laboratory scale

The results of the flotation tests (L9 Taguchi) showed that the higher recovery of zinc in the coarse
particles was resulted using 30 g/t (high level) Aero 3477 as collector in the rougher stage and 15 g/t
(intermediate level) Aero 3477 as collector along with 7 g/t (low level) frother in the scavenger stage
(test No.8). Also, the higher recovery of zinc in the fine particles was resulted using 15 g/t (intermediate
level) Aero 3477 as collector in the rougher stage along with 7 g/t (low level) Aero 3477 as collector and
30 g/t (high level) frother in the scavenger stage (test No.4). It should be noted that reagent dosage and
distribution regimen in one of the tests (test No.2) was similar to the zinc flotation circuit. Therefore, the
comparison between tests No.2 and No.8 showed that the zinc recovery in the coarse, fine, and medium
particle size can increased about 3.2, 4.5, and 1.9 %, respectively, without any change in the zinc content of
final concentrate, using a modification in the reagent distribution system (Figure 2).

In addition, data analysis of the tests using DX7 software showed that frother dosage in the scavenger
stage has no effective impact on the zinc recovery, and using 30 g/t Aero 3477 as collector in the rougher
stage along with 15 g/t PEX as collector in the scavenger stage can maximize the recovery of zinc in the
coarse particles, effectively. Hence reagent dosage and distribution regimen of test No.8 was selected as
one of the industrial scale tests. Furthermore, the variance analysis of the tests (L9 Taguchi) showed that
the recovery model for fine and medium particles is not significant. Therefore, effect of all factors on the
zinc recovery in the medium and fine particles are not significant. While variance analyses for coarse
particles showed that collector type in the rougher stage and PEX dosage in the scavenger stage have
significant effect on the zinc recovery.

Zinc Recovery (%)

80.0 e TSt ND. 2 e Test NO.8

Fine Medium Coarse
Particle Size

Figure 2. Zinc recovery in the laboratory tests (best conditions: test No.8; plant conditions: test No.2)

1FAY Oliwe oF 0 lod (Pow 0598 23 1. ¥



Journal of Mineral Resources Engineering (JMRE)

The results of industrial scale tests

The results of the industrial scale tests in the zinc flotation circuit of the Gushfil plant of the Bama
company showed that the recovery of zinc in the particles with medium sizes was not affected by all factors
(Figure 3). While, the highest zinc recovery in the fine and coarse particles was resulted in the test No.2 (30
g/t Aero 3477 as collector in the rougher stage and 15 g/t PEX in the scavenger stage). It should be noted
that, conditions of test No.1 (7 g/p Aero 3477 as collector in the rougher stage along with 30 g/t PEX as
collector in the scavenger stage) was similar to the normal conditions of the plant.

ZINC RECOVERY (%)
® 0 ®m 0 VW W W Vv W
[ v R B = v v BN v
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©

—&—TestNo.1 ——TestNo.2 TestNo.3 Test No.4

~
<

o
@

FINE MEDIUM COARSE

PARTICLE SIZE

Figure 3. Zinc recovery at various reagent regimens and dosages in the industrial tests

The zinc content of final concentrate showed that highest zinc assay was produced at test No.3 ((7 g/p
Aero 5100 as collector in the rougher stage along with 30 g/t PEX as collector in the scavenger stage)).
Comparison between tests No.1, 2, and 3 show that lower zinc grade and recovery produced at the normal
conditions of the circuit (test No.l), therefore the plant reagent dosage and distribution regimen must be
modified. Furthermore, comparison between tests No.2, and 3 show that the zinc recovery at the test
No.2 is higher than test No.3 and the zinc grade of final concentrate at the test No.3 is higher than the test
No.2; hence the reagent dosage and distribution regimen similar to tests No. 2, and 3 can be used in the
zinc flotation circuit. But, based on the economic conditions, and minimum acceptable zinc assay of final
concentrate, test No.2 has higher economic impact.
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Figure 4. Zinc grade at various reagent regimens and dosages in the industrial tests

Finally, the results of modification in the reagent regimen and dosage (using 30 g/t Aero 3477 as collector
in the rougher stage along with 15 g/t PEX in the scavenger stage) in the zinc flotation circuit of the Gushfil
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plant of the Bama company, showed increases about 2.5, and 3.9 % the zinc recovery in the fine and coarse
particle sizes, respectively. Therefore, the total zinc recovery was increased as 3.2%, in addition to an
increase of about 1.4% in the zinc assay of the final concentrate. The modifications was increased the
profits of the Bama company about 500000 USD, yearly.

CONCLUSIONS

- Small scale tests, using the L9 Taguchi experimental design, showed that the best reagent dosage and
distribution in the zinc flotation circuit of the Gushfil plant of the Bama company for increasing the coarse
particle recovery is 30 g/t Aero 3477 in the rougher stage as collector, along with 15 g/t PEX as collector
and 7 g/t frother in the scavenger stage.

- The highest recovery of zinc in the fine particles was resulted using 15 g/t Aero 3477 as collector in
the rougher stage, along with 7 g/t PEX as collector and 30 g/t frother in the scavenger stage, based on the
laboratory tests.

- The variance analysis of the Taguchi design experiment (L9), showed that only type of collector in the
rougher stage, and PEX dosage in the scavenger stage have significant effect on the zinc recovery.

- The industrial tests was resulted an increase about 3.2% in total zinc recovery along with 1.4 % in zinc
content of final concentrate using 30 g/t Aero 3477 as collector in the rougher stage, along with 7 g/t PEX
as collector in the scavenger stage.

- The yearly benefit of modification in the reagent dosage and distribution regimen in the zinc flotation
circuit of the Gushfil plant of the Bama company is about 500000 USD.
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