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Research subject: Leaching and recovery parameters controlling the
releasing of selenium from Sar-Cheshmeh copper anode slimes are
studied and determined.

Research approach: Copper anode slimes is produced during the pro-
duction of cathodic copper at the bottom of electrolyte cells, which is
composed of insoluble anode components in the electrolyte. The copper
anode slimes are made up of those components of the anodes, which are
not soluble in the electrolyte. They contain varying quantities of pre-
cious metals like gold, silver, selenium and tellurium, and other precious
metals in the anodic copper. They are being extracted as a by-product
in the copper production process. Today, the main source of selenium
is sulfur deposits such as copper and nickel. Copper anodic slimes is
currently the only source of selenium in the world. In this study, the ex-
traction of selenium from anodic copper slimes has been feasible. To do
this, acid leaching has been used. Copper anodic sludge is the raw mate-
rial for the production of more than 90% of the world’s selenium and is
the main source of selenium production.[1-3]

Main result: In this paper, the effect of operational parameters such as
acid concentration, temperature, process time and liquid to solid ratio
on selenium recovery through copper slimes leaching was investigat-
ed. The optimum conditions of batch leaching for maximum selenium
extraction from anodic copper slimes are attained at 3 mol L-1 of HNO,
concentration, 0.01 (W/V) solid to liquid ratio for 60 min contact time at
70 °C. Under the optimized conditions, the selenium leaching efficiency
was 99%. The thermodynamic data showed positive values of both AH
and AS which indicates that the leaching process is indeed endothermic
and random while the obtained negative values of AG show that seleni-
um dissolution process is spontaneous in nature.

*To whom correspondence should be addressed:

milani.said@gmail.com



Aoy g w0 SAT 2 3 ol 031 5 9809

QTS BRI PE R, IRV Ve SIS FEPVE St T

;»..M.v" 3 de suLa.o...o olKisls ¢ Pl W (eI Lsodiwa"‘ HRY ‘AQ:J)‘ wL...L)lS 64395AT u,«;‘») A
Sl ~ ol FBITIZ1AN )Y
G5 plojle cglainn 538 5 psle olSimgly (gl g oS,z goaSiiagyy Ludils Y

FOWWNNNNY iy Bgaio olians olKails ¢ pand (gmiiges oaSlails JLezsls Y
Oyl =l

el Sy 00 S [, (il 5 (29098 sl el ig—dn E g

O Gt 5 gy 2 Aoz s e (595 2
oad JSis cdg STl o 05T Jgdoal (sl 51 as 09 co adgs cdg xS
0,83 b ol oyl L ol 6 51 a1 solie gols o o ]
a4 Sl oSl s )3 35250 Sl S Sl plw g 5l 5 il
gfl“" 2 °35J'°"‘b5-”"g5° Cb:u“-w' o é_Jy d_o.l‘JB b_ul} Jj_.a}m u\,.a:
ﬁl}oéuwéuiﬁ.w‘ué)éwd_-“.eﬁ&.aLe‘.ﬁ)_bl}Jl)

AR

w3l e g0 o 3l il Sl et ol o 1 ool g L
sl 00 Az 0 40 GM‘ @HS)B )‘ b0 u_t‘ P‘-’u‘ LS‘)‘ ] 00
plasl ol dos wpul clale |l Sllae glo il )l )_.JL? aJlie ool yo
o o Sz bl e (SLk sl 4o ol S g 0l
el Comd SVO TPM (3500 S o dige Ll 3 8T 8 (055
Cwoay Ve °C slwo o aado £v wlwd ol slym </+) (WIV) asle asy
(eSaolindge i (slaosls g AW puidws 9098 005 Ay byl 5 o U
Al B aS aas po i aS cowl cdie 90 2 AS gAH olie a S ols oyl
od_ai Cwod_z‘rb.aﬁo)l.udj‘rlb ) Sl p_'aa‘:sj_:fu)f “3‘5_{:&5)5
GO9au0s5 Sl shyls puidw Plosl ol a s aas o LiS AG (6l -

s |

HEA P Ly PLowes s
milani.said@gmail.com



69_...4)‘ M‘Q")"_““"QJQQLP)—“‘)""’)O ‘w_a‘.bdj
59l 0 (558 Wigd jgmama ol “i‘“\—‘l"
L_SLQMJ.D Wl =) gSl—.’.‘}‘ 6|)|o f g 9! u_';J
Glle s sloan o L aislio o o8 bous slagle o
)5.9.]5_.» A.._.MS‘—L_SQ l_a ‘H ‘;05” 4\59_...: A_J)f )lS a4

L e g
e 95l o (05, 9lleg a6 59l 2 B9,y 5 SBe
a>g as o Sleitl olye g Sogll OMS e 4y a g
sl D8] lsan 5 Glilel sl [VAD el 5L5 050
&5yelieg youd M alS o) 8 (IS e il ) JBlas 4
G‘Q.»_A.l_ud a—ils U’“"))‘ l_> )_.oL».C )jaé 9 o)_Q.v kf’l")b L.s‘)—’
5 o 595l o S eSSl g S i ks
assals slaig 1) g, coylal b s S sty IS
dﬁlgjoqﬁu)plq}@gp&wdﬂ)ad
aenld DAl Gl es 5 o) 09— o Bi> al> o oy
iz 58 sl e Giobel (6l iz (655 e jun
(3—5) Sypile—w sl L (p9-85,8 3,k 5l S5 s
Gy St Sl Lo o ol g 085 il (1999
‘o)_a.; ‘ful.?b;‘ (f]y-’ C‘)ZA—AAJ‘ sHNOv Lf"'))f)b 9 gf’l")l’
Jsoe 5l ok g peidow (L3 g s3llia coled )0
Gl byl i <=3 SO, L ials 5o b slo a5 g0
Ol aiile Lyl S @lids bk sl DNV o Ken
=k e 00l 2 oy g oyl g el 085
dw J.nl_..u as ;.\_..||)3 U_'| B W) obj_a)'] u_..aﬁyo l_u 9
9 &:Lo —&!LO C‘)JL»_MJ‘ ‘@9—“3}5 v J_>|3 ul_a.l.a&
l_} 9 035 (r".b)uu.n sdd_a] UJJ LA_.J‘ | u,.._mlf
o)_a.a \59_...:6;7 4.._..........15)3 Yl—l 6Lm> 3o ;S_v).u.' J.._..u‘
oy IS JSb 4 S s el (9909 3 Jolone ]
Jodoe ol eoran I8 (b3l 5l ey 0B 00 (3L
O S9—o0 (59,3 gl —amle glimiul g, Lo
3 agdlg— d ST (g0 (p3ls joe Lo v ol g el
“—‘lf‘:'\-’?' S y—e a9 5 el 5l Lo sle
sl = 5 a8 ol s 2l sl i weis oo b3k
ool il Ly [_v~] O g o bags i 0d s
o= Gimlel e sl JLts ot (L 5098 5]
Jedoe 3leslaiwl L ey bal )i oo ol olp iy
Lr’)} )L.....S Y.+ °C le_m) o JM p.u.\_w J.._.....Sj)u\.db

Ao pos e (581 2 Sl il SL3L g (98958

doddlo

aias 5l oasle b Jezel slgs e oSl =
el sl e sl o el s (g S
45 Sl o ol g el o, Db aiile (5551 Lo
3 o et adgi ol 8 gl S5 ame plgea
sl a5l gusT (o g o gl il ()
93 9o S pglaer s 4t J3bo 3 (S
sy ] 5l a8 (e a aiy Sglite ol g9
Job ,0 sas o Jg o gl [f] 518 0925 0] o
LH,; yolie glyls o (concentrate) oo ,dl 5,4l,-8
S oagd g Sl il g o 55l w085 DL 51 (VL
Gl coai oaile )53 o sleas (5,63 b 0 0a i
3l ol (65 (g0 g B s
Ol =55 9 009 odmy ool Al39d (bogle s
s (| o
ol g petb (g Sl olie Il deia
LV-0] el e g 0 a5 Db aiile 500 dia)|
o= 5l el (bl gl e sl
L s st m sloanl® Gsb 5l (e g0
Hyere sloanl nload (355 (65,5 by 000
Sls (roasting)ay gz wlowl 5 Lides 65,9leg 0
agd L (oldd g id (oSt ag25 Y slas o
550l slaanl 3 VY Al el lga o i s
S 551 )0 (29598 (gl (29598 (bl Voone
ol DY s (el JIS) oS o, 15 Ly
ey Sl sl G Ly Ysase Lags yglid
el (bl A (65 Az Lo o) i g Mk o
5 oolamdl Laosl b ol iloas o >hb oy sl g
5341 99 —wizpe ¢ (Energy saving) g0l
g S 63)9—]L"*°9)~)%.:“’ sloslp o
(Gl ol o s ol LT kit Ceay s
ooliul Ly Jodowo a4y odbas slyart JLisil - 25258
f—92 d—slse Oly—e o Laadle Ly bl
Flaealbl Sis ¢l (25298 Jodore 55l all>
o 10 P L iodr Pl L glil )b
sl v Jodoe 5l L) g 4l Sl s (b
L obos ialS ¢ (Electrorefining) G oSl ooy
D V] (gl jdlins S) yeLs

Oh3) 35 e il (6 5l8 slm g, Lo ]
St (29D g g (—im (oo (wlode )
Sl (e 3 Jgmame adgs IVV] alosgy 5890 Liid
bbb by el dgi ol St S 5dlg—n
(S e Do A S j5al5 sl (goladl
il asy by e oo 581 i ool o ogdls ol
ol sl (1 Kowe =20 SO 0,5 |, 8 a>45 0,50 La3ls
ladi o Solw sl o)l 925 il B Lolpe 00
Sealy ol iz g Laanl B pla b acslie o oS

I oglaie calizes sloayle; o

DA 7oh - oo (o0 2,0 b Ao (sl 4y s (SApg S (oole aolidad



Aot pos e (681 2 Sl piles SL3b 5 989

e (2L 5L 9 (5294098 ) o9,V Y
hEwd Gl sl (29292 slagialejl Slalllas
slaiole;l s ploul Gy llasl SlLoS 5 plw asS
plos dn jpmme cmmnbline (ja o ws j0 5993
Ol 10 =210 V) amle am a sl Cons (S S
=V 0) OO ey (4B A0, S Ta>) a—ig,d
plesl (VV-°C - Ye) Jodome &)l > a0 5 (YO rpm
Ol L g oo Blo oasle 8L« 099,85 Lol ,o .0
o Jadzme jo 65348 slayg clale ol a il ,lade

.MMLFJQ)M@‘OM] Cwd
by atal) Sl il (2l3L g (95,8 051
Ivol oz

Recovery % =[(C, xF)/ (W, xC )]x1+% o)

(2098 Jodome jo el clale C gLl ,oas
9 O 45903 039 W, (8) (295958 Jodoxe x> VV(L)
LIV I BRI EOWR KW PR W Cr(z)

e g e ¥

G ym0 Aignd oy s 1T

L oo ol o o 0g2ge gLl )z
plosl e o Sol 550 lm (il 5l 6 5o e
2 o2 B aiged e Sol 95 Bl 69K s,
oadl i a5 yo bylen .l cai oolo las VS
g e 55T oy 05 2g0 e LS 05 b o
Jols e e 50 el (G )b o b
Ca CiO, 4 AgSiO, LuSeO . H O,.CuAgSe :sl ;L
TS P D)9 o (3 40 S92 ge s A0 S

deal> o ol s welw ¥ ey oo /Y MPa (y5uS]
9 peilw (29898 0050 VA TPM (350 oy 9O

L5 oy gl o] e 5 A, A9/ % aly St )|
J—= (=L Jodoe ;0 058 g o yols e w09 Y12
S gl ol Jodome L (bl Jodoms s i
o 2598 Ol D (558 el Ll b o
5 e D9 VX g YVID A0 S 5 a0, 8 5 o5k
Los el cdale el LY 50 LN Sl

6;-‘)]4 )‘ oolai_ul l.: sw..uj_w @L_J)L: — J)L_z.»‘ uLA) 9
Sl ) Plodl ol b (286 o) 4 mlos]
oz Plosl aalllas 4 [YY] K an 5 L ,Ys o S
5 S Lt pos e 505]
oyl o Pl Ly il g, L gl il
dislepy adde e ey Gae o g TM ol e lale

oo 5] Gz 5l il 51 A8% gl Sl 4 380 g

)5l eolas

b s 55,8 Glo bl () “é{-“’ L sl 8
33 sl bl 4 ool e 50 () ]t
Aol o (05 oo oS s awl chale fals
8,5 B e )5 (g5—05,8 sles g camle 4
Sl ainl 3 Salisoge i sl ol )by oyl 1 0gdle
5l oo 69l 8 pm adlie (o G i 00
Sla—iome Lo doiiz s e ydme ool s a

) )_gfo.;..a o= 9 c)_Q) ‘MLAAI L;Yl_,

‘5’)"’" B ‘,T

o gy 9 9lga ¥ -
Wywwwduiﬂ‘ulhﬁwl)o
r:Lo.: )é )Lg u_al )d oolai_ul o)g_n 6L®d)_:.a 9 ‘;L,..o.._.w
94 s Sl oy la s eeds lyls Lo jioles]

05 5 il Ly
o=l G sl by Sl eslial Lo B ne 4 sge
U gloar g (5y—ate (428 9,90 00 , SO
o9y Sl esli vl L saol cws ay mols e85 I, 3
Slosliiwl Lo g Sl 955 (Sl )5sld il
wloa iz 0V 9 Jouz ;o i an ICP 3 U
LONINE oW Lg..\_ﬂ u.?J ) J}A_? slosls u,oL.w‘ =
a>g Ly aS cul o)l 0 STYY/EFZ sgu s Juli
(oSl o ol sl 4 o glmonls 4
QST VNV AL i o ] Dl gs S 4
o= 50 0,8 Al STEINEL § o ST Y 2 % pid s

B8 Sg>g da i s s (GO
PRV PO EWRLA (S LI SNSRI B SR PRUE S
e o5l o o |y e o e v A 0y B
Sl ygisl il slaadl, Ly caly (ol as)l
= eo=lpls oyl e (V Jgoz) oSGl g

ki Jlgs paie Ol 5l ol Lo slxe (0,5 53,
ookl 550 ol sliond cols ol oolaiul oa i
S o &S s 3l aS cl £er SO i sl SIS ol o
b leolaiwl L adgl dbses (o5l o g 4y
4 (XRD Philips-PW1800) S5l o5 5 (ol oo
iy 5l agad (6 maie a6l o) plal
XRF (Oxford instruments- oSGl o5, Sl s5old
- S ol o, Seslal gl o ien 9 (EA2000
‘é__,jj..SJl ua.ijji,@ )l o— GA_:T LJ_?‘J (50—
o ,— (SEM (Scaning Electeron Microscope —iss
3 Jedze 40 6548 slayes ol sl o0l a8 T
Lgcd...wu.ﬂ.?- 6Lo._m)l.: —‘é_ao.:| )._.W.J ‘é}b._.wd.,.]o d_J)b
—besluil (Varian Liberty 220) (ICP-AES) W

Ive-vylos

2ok — (oo (st (3,5 Sl A9 (sl Ay o B oole adlidad Gy



2000 -
1800 -
1600
1400 -
1200
1000
800
600 -
400
200

BasO,

BaSO,

Intensity

w4 . . .
; O'Ho"oRs1)

25

BaSO,

Ao pos e (581 2 Sl il SL3L g (98958

45 65 85

Zu(aegree)

iy e GT 2 Bymo il LSl g5 il s ) S
Fig. 1 X-ray diffraction pattern of the sarcheshmeh copper anode slimes
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Table 1 Elemental analysis of copper anode slimes reagent sample using X-ray fluorescence method

BaO | SO, Se0, | CuO | AgO, |PbO |Sb,0, |SiO, |As,0, |Te,0 |SrO |CaO |CI ALO,
32.64 | 18.28 | 16.18 | 9.20 | 6.36 |5.64 |4.32 2.18 | 1.24 1.02 |0.78 |0.64 |0.60 | 0.35
WIW7z) XRF U1 51 0olicinl b e 5051 020 G ynn (sigas oloonds (54325 muls ¥ Jso
Table 2 Results of chemical analysis of copper anode slimes reagent sample using XRF method
Se Cu Ag Pb Sb Te As Al Au Bi Zn Ni
11.52 | 7.44 |592 |4.23 1.76 | 0.62 0.44 |0.08 |0.07 |0.08 |0.05 0.03
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Fig. 2 The effect of Nitric Acid concentration on leaching and recovery of selenium
[Temperature 70°C, S/L 0.02 (w/v), stirring speed 200 rpm, leaching time 45min]
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Fig. 3 Effect of temperature on leaching and recovery of selenium
[Nitric acid concentration 3 mol L*,, S/L 0.02 (w/v), stirring speed 200rpm, leaching time 60min]
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Fig. 4 Kinetics of leching and recovery of selenium
[Nitric acid concentration 3 mol L},Temp 70°C, S/L 0.02 (w/v), stirring speed 200rpm]
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Fig. 5 Effect of stirring speed on leaching and recovery of selenium
[Nitric acid concentration 3 mol L' ,Temp 70°C, S/L 0.02 (w/v), leaching time 60min]
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Fig. 6 Effect of solid to liquid ratio on selenium recovery
[Nitric acid concentration 3 mol L'* ,Temp 70°C, stirring speed 250rpm, leaching time 60min]
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Table 3 Thermodynamic parameters for selenium leaching from the studied sample using Nitric acid leaching agent

AH AS AG
(k] mol") | (J'K* mol)
303K 323K 343K 363K 383K
20.01 74.69 -2.62 -4.11 -5.61 -7.09 -8.61
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