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Optimization of Reductive Leaching of Tidar Cobalt
Ore Using Taguchi Method

M. M. Diband Khosravi and M. Abdollahiy
Faculty of Engineering, Tarbiat Modarres University

Abstract: Reductive leaching was used to dissolve metals, especially cobalt, present in Fars Tidar mine,. In this paper, cobalt
ore was leached with sulphuric acid in the presence of phenol to determine the effects of various factors on leaching. These
factors included temperature, acid concentration, time, phenol content, pulp density, and interaction between some of the
parameters. The results indicated that temperature was more effective on SN ratio (Signal to Noise ratio) which was found to be
about 80%. The effecst of time and acid concentration on SN ratio were also determined at about 8% and 4 %, respectively.
Although the effect of phenol content on cobalt leaching was too low but dissolution of cobalt decreased in the absence of phenol.
Therefore, it was concluded that phenol was one of the factors in effective the leaching process. Anyway, three parameters
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including temperature, acid concentration, and time were selected as more effective parameters. Consequently optimum
conditions can be obtained with high levels content of temperature, acid concentration, and time with low levels of phenol and

pulp density.

Keywords: Reductive leaching, Cobalt, Sulphuric acid, Optimization, Taguchi method, Tidar mine, SN ratio, Phenol

() s 5558 s ol daddl 5 1) WU e Ly s
L5 e L pme ol IS 5 LSS pdm 00 S
s MnOy wlis uJy Fe™? Wy 5 s Jydous ,sFe}
o> 4SS s bl T 28 b g Sl 4 1, Co,0;
LIS o o o 1) Simed Al 3 ol ol 6505 (g 2t
SaS 2K ol o = 2! Sad Wl 3 S s
Lo gl 5o ol o eslinal 3 5 33,5 S5 5] s o
Lol s 5hais 538 51 o o /Y Jal e b cod
S S Gy IV Il s a4 Yo 51 ey 53]
a4 gles scelnY 51 o Ni, Cu, Co, Zn
N Ol 4n SOx+ (NHY),S04 00 Ll Lo 5 51 5 sl
N si e gl 2 53 0 S
s b Sl Y g Sl o e A Sl 4 B
s 3 LS a0 S ol ol o el plowil Slalllad o,
Lyl b ceand oo ol 3 1 a5 e enlinad LSS
Jold ol Bl 05 IS Ons S gl Sl g
o pls o Dl 0l des @ lalE el 5o 36
330 2 SU Loy b SIS Dol I8 Ol 350 5 del

Sl 4 S I3

ST PIR PP R
Lo s Sde oy S Ko baw g g Il s
S Camed 3l ol dged de e Ve sl 4 G
L s bl a3 5 sl (sloal s o oS08
ged 3 Jol 05 S Ve 5 (g 4l b (gl4 50l
A L Gl gl e 4i3 ) Sl el L]
Yopsi LS 53 g, A £V a0 ks g VY 5,

ISWNEY RV e

\Y’Af )}J;@.& cr}i J\-L?' c\ Z)Lq...;: cY\c dl.w cdm‘

dsdas — )

O3 ol B Ol el o 8 led 53 L LS Ll
Shls 2lsd 03,8 55 5 S S ulsd 550 LIl s
22 SIS edes LS 55 oo b akb VU 4 Lo e e
[Vl €00, C0,05. HyoOU 5 b b i s ia LSS
O Ml (2 Y 5 e 25 85 Al
DTS 6 S5 s 2050 ol S

G B SBLSL Gl sl e S ke al) S
J—ol el S 5 aalas 5. K sl )
SLadenST B3 oS ol o LT 38y 5 3K el sk
ol s s baa st ol el S 5 S0 (e
Sl a2 S lple [E1050s 515 58
e S5kl ol DLl L (G5, ke s
Sl 3 ol el 255 L Ol LGl segs
sladuls Lo sl Aol Lo ol et
EE N S Y P 1F S VA PY || T P e
Jlamial Gl e (551 5 o0l T (S35 lans s
[0]cml by 3

Y gmone ool Soimed Al p B 55,0 L il sk
sl Ol dul s ol s el (4051 2) YU Sl
[V

Gy del Lo g ST 4 Wl e J Sy e ¢ (555
JB s ol b 528 5 S Ll s > (7Y M)
1 [E]0,0s S8 668 (gdnST Cundy 53 |5 L Il
S Al p Ly o Ll dal 5 55 sl 516 s )
Al (ol 3 cediSelsl osls SO Sl esliwl L asly s
Sl L 5 33, Sou s el (8 S
S Ygane S (GlodsiS Lml slsa 353 il SUSsal

YYA



o o slgialesT Lol o ke 5 el o 2l S Ol
gl 03 ol Jelse (olad 8 e e LA 005 L2
Jlie sl bl 35e LS L3k 780 sl
sles gy dlr o mle s dbos 5 Al B QL 5 Lo
BIEYpuEEy AW|CLMMJ;HQQJJJH|¢_H§
TAJ0s 0315 aels

o 53 pletlesl a2 ilaag sk &
sl gl VIR 5 SO ollas .l ~1 b
Cot Lol ol s ol 4 813 e e )T sl
Ao o 3 ol g VU b Ol 4y o 53 lesl gy
(0L Jale (slimal a)ad sl ((oedan 4n) (53l g
gl Ol 4 05 S Jb e e 53 Ol Juls wig ebans
A OBl )3 55 b (43 V)AS 0y S o opl Sls
ol Ll by o slan 51015 5 b SRalS Jelse L
s e g3bal 5 51 Jol g ol s sk Sheslinad 5 S
A el el Gl ol sl s
el sdal (V) Jsr s LS G54
Al 0ol b Sl e T 0358 200 s
5 obay i 3 505 0 SUH sl Ui pe iz
o gL W s Gl ele ool 4] bsbip el ke
5 (Jolie ST 5 ol ole ) SL » F3a el g slias
g e ol i ol ¢ el s ol glgdans sl
Sl ead an aal e Lah sl ey Loy al)] gl
(PN WPNCIA N WY D T S Y R R PP
Jsdor s Gasia ) She bl slg s 55 belye 58
L deelss 51K Jlus sl e 5 ol )1 (Y)
Aas e OLAS
b S oloul o3 (sletulesT s s b 4l 4 a5 L
Sl lalesl 51 ol sl ome s 1SS 55 0L S
2l () dodr o sle 380 5 SIS (oal ol

J_AALD- 6L_Aob|J.J.AJL;¢ QL.:..: b J..pL\.O gﬂ‘ L;’Li)l" “ Jo};jd

AR

O350 10 5l S 58 bl L 0l sl 3205
YU Sl 5 bl oS o lawe 5 0T 5,85 5 o I
e 3 e o3 S sl p S5 VA 3y s el YA 0L > L
oSS Ao T L blae 8 i plald L
VAL blie s A ol i S bl Oy
gbmpfwwﬁjéwﬂfépiﬁdﬁwﬁ
L odd s 5 J g s 0 O3 S0 VE 55 (gduails
Cooed Sbyg Ol a5 A bslons 05l sl 5205
(IS Aoy ANY @il aS S5 5 15 eslital 350 Kined
ool b o0l 4 3K doys JA 5 pal ds s VAT
S SMEa 5 i Pl 53 0 edow o3 £0 550>
sdS Ll Olge |6 (Good Ll wax 5 Lol IS
sl el Jalss Ol a Jole gy 5 A Sl
Sl ol Jelge opldd as k5 s
5 S Olaj ¢ Los oSGl o dd Clle 5 clale
el 4 e S

b S el ga 5 53 s wiged 0 S Y L leislasT WS
dd o3V e Ly e sad o S Y0 bl ploil gl
O aS ol Sl (g, 5 LD a0 S s
L b glses Sals LI 4T 51 w2288 513 51 nbiline
563 aa Ay pasie Sde SO s 5 WLl OF 4 Jb
3wt 2l 6y edladl dalr e A LS AlSUL
Sl ol de (s b el s 4 & J gl s S
g2 SIS O35 4 3 5 (PPM)ssd o e le SIS
33 3y 3 SIS 035 e S| e T 0 o &3 Jshma 53
Il 51 8t s e 53 355 90 SIS 4l 05 0 ks
08 Gl al o s 4 SIS b3k Ol (NN YXY/00)

A5 (S e 3l o L3l g albly > sl Olge b

Cow g 6\.’0 -y
s aS Sl Saed dul 3 5o SIS Lok Sse Jelye

‘.x:.ﬂlcam:?‘u: JALI: co.)s.ir&:._.x} C]a..q}: BL d;“-j;t? Ui'ﬁ)

WA s e cosn A ) S5led OYF Jle ooz



Solw g Al 0 53 IS 250 3 ol Jelse ol bl 7 sk -V i

T O BT DT als | Al ol
Y Y0 Y Ph SyipS pe S| JH Ol
Y Yo Y. A L] el Clale
v ) sl e
A 1 S 05 2 A e e o
Vo T go Te s Kol a5 les
A e ¥ t 4is> Ol

o

\
A

eled 53 dms e 0L Gl 2 1 ol Jelge 36 5 o
23200 58 e o 0l 53l sk e WSS
Sl w35 3 s 4 5K 5 SIS sl OF 555
ol sl s pobe b Sl 58 3L das e 0L

.\:ML@JUJ;‘.S
G s aw Pl bos Sl L oS cla (V) S )
el bl O s UL e il sl 5 SIS
e (F) S el Sl Gy 350 5 JDlsl

\Y‘Af )}"J‘@":’ cr}ﬁ J\-L?' c\ Z)L@..J: cY\c de cdm‘

AR

L7 al)l sl gei -V IS

A > Qualitek-4 S5 Slo 5 g le—islosl 5l
o el b ool 53U Qualitek-4 1 5-3p
ks 1 SRlasT 5l ol (slaesls 5 das plnil 15 o SU
Vs s

ol B ol e oL5L Lo sze (9) U (F) Ui
S sl S Jelpe cilime sk gl Gl S
s e Ol | 3K 5 el
sl oy () 5 (V) el 3 (8) B (F) sl slaesls

Y



ARA

gy p3lie el (5l 0k b Ly 4,1 -Y J g

Te A AxTe t txTe SxTe Ph Y \Y
\ £o Ye \ \ Y \ \ \ ¢ . .
Y to Yo \ \ e Y Y Y 0 . .
Y0 Y \ YA e e e 1 . .
§  to Yo \ Yoo \ \ \ 1 . .
o 6 Yo \ YO \ v v § . .
1 g0 Yo Y YA \ \ \ 0 . .
v to Y Y Y Y \ Y Y 0 . .
A Lo Y Y Y Ay Y \ \ 1 . .
LU - e ¥ooq Y Y Y £ ' .
Voo Y \ Yoo v \ v $ . .
W T Y Yoo \ Y \ 0 : .
WY Y oA Y \ Y 1 . .
S CR R Voo s ¥ \ 1 . .
Ve Y Yo Y \ e \ \ Y 3 . .
Vo e Yo Y \ Q- Y Y Y 0 . .
1 Y Y \ Y Yo Y \ Y 0 . .
W \ Y \ Y \ 1 : .
YA e Y \ Y Q- Y Y \ ¢ . .
V4 A Yo ) Y Y Y Y Y ¢ . .
Yo Vo Yo Y Y e Y \ Y 0 . .
Y\ Vo Ya ¥ Yooa \ \ \ 1 ' .
YY Vo Yo \ Y Y Y \ Y 1 . .
Yy Vo Yo \ Y e Y Y \ ¢ . .
A} Vo Yo ) Y qr \ Y Y 0 ) .
Yo Vo Y Y \ Y Y Y ) 0 . .
L2 S \ Yy v v Y 1 . .
YWoove ¥ \ YA \ \ e ¢ . .

\YAY )jﬂj@"; L?)J J.L?- ) g)la..:r Y JLN Ld%‘



,ﬁ.a 9 OAT IS 2Lk e s Y J i

Sob—3l ;13 Co  wl—3l ;5 Co

Mn(%) Fe(%) Sl el
('/.)f‘,a (AREY
oY/ Y £/vo £0/4Y LE/VY \
1Y/0- 0/00 £v/04 EA/N 0 Y
LXVAY VA0 £4/Y0 LV/AQ Y
07 /Yo 0/\e LV/IVY EAMN ¢
ARVAYA /A 0+/4Y EA/A0 0
04/vv ALY £4/1Y 0V/Y a1
07/01 0/44 $8/8¢ oY/\Y %
AXVAR \AL £o0/Y £4/AY A
A /ee \RVAA EA/NVO o0V/\o q
AY/AN VV/0¢ av/oY oyY/Ao \»
Vo/at \Vv/04 0V/EA 04/aY N
VAR YA/NA \AVAR 04/1) Y
YAy YY/YY AXVAVAS ov/av \Y
YV/0+ ARVAR OY/VYA AEVAR V¢
VAN YV/YA v/an /Yo Vo
Yo/¢ e VE/EY 04/+A M\vAns 1
AY/0» YV Vv Yo/YA av/an A%
AYNAQ ve/an N\ZX 1aAav A
AY/VO Yo/ Ve/00 IAAY \4
44 /7 OA/AQ VA/AQ VAJAY Yo
Qe/48 ATVAA USVAR! AQ/AY T
AO/ v+ v/ VY/Ve \VAVAR Yy
A4/74 04/¢) 40/Y) AY/E Yy
AXVAN N} 7A%2 AY/\o q./4Y A3
4Y/AY 0Y/+4 va/an AM/YE Yo
/8 OY/AY A4/Y Av/AL ¥
4V/Ye Va/+ ¢ AO/YYV 47/ve YV
Vo/r i YV /Y E/AS bgze oL5L

\Y’Af )}")‘G":’ cr}i J\.l?- c\ Z)L@.«:J cY\c dL.u cdm‘ Y’i\"



F3e Jolse s m sk (5l 58 T gia 25k lds —§ Jgaer

il s IS Sl e mhae pgs e Js! o Ao Sl
ARVAR3 A4/4Y0 YUFIA OA/AAG Les
Y/AAS VV/YA VE/8eY VY/EeY el CLale
=\/YAO VE/ELY vE/aod YO/VYA Lo 5 el bolaze Jil
-Y/t40 VY/EV Yo/n4¢ vo/47\1 Lo 5 el Jolize Jil
V/Yay VV/AL VIVTY Ve/00Y ol
=\/+ YA Vo/Y+V VE/ELY Vo/¢AN L 5 Ol blize Jil
=Y/+Y0 VY/Y4Yy YUYYA Yvo/0Y4 L 5 Ol blize Jil
A7ARY Yo/avyY Vertie) VIV A del= @ @LA o
—v /oY VE/NY Vo/A\VY YO/ £ e gl e S S

L 5
ARE) Vo/+YE Vo/YaY VE/AQL e @u e
Les
\/V4 Vo/Y vV Vo/vau VE/e YV J slaae

A5 Jolse it ghasglp Al B gt 2l5h lade —0 Ui

G| ST

A T LT e i i
Lv/ooY 0e/YAL YAALY VAV Les
£/44) Ya/toy ARYARE: Yo/e\y Aol ke
=\/A ARYASN Yv/4y1 YA/YAN Loz g Al ‘_}Jb...a A
C/AYE YVt YV/4\A YV/A+0 Loz g Aol ‘_}Jb...a S
\ £/NOA Yi/ovY YA/AY . V4/170 O
—v/ ] YF/AL YV/AV4 YAy los 5 Olaj lize i
AN ARARY ARYARA Ye/0\V Les 5 Obes ‘_}Jb...a S
\/WVe YAY\Q YV/AOY ARVATE: Ll & e o
~Y/YaY YVEYA YA/NYY YV b e S
Les
Y/YAY Yv/vae /04 YE/LAY e @lﬁ — JJW s
> 5
-Y/041 ARYANA YA/Y VYV YV/4avA4 J;é)l.xj.a

Y’iY’ \Y’Af )ﬁj@"z L?)J Jl?- 1.\ g)la..:r LYY JLN LdWJAﬂ‘



@il L, BN STas f‘g.wch.a r_,:ch.a JJ‘CE..' ;}J.A“,F
Y&/ 0¥ AY/EAY AARAE EA/EYY Las
0/7LY Wv/000 NE/EEA AAVARAE Aol hale
ALK T0/0\A no/0vV No/VYY Los 5 ool Jlize I
—V/+4A /Ay NE/AVY 10/+ Y Loy 5 ool Jlize 3
V/VAQ TA/EVY 1Ay T AAY Olej
—-£/8\) IAVARA T0/YoA AYCAR by 5 0l Jolize Jl
-\/00Y E/EYy r/ary 0/ 0A Ly 5 0l Jolize Jl
Y/AVY 10/1FA M\VTRN VY Lol 4y le
Lo/ dsl= ol lae
Sl > ? g O
-Y/x¥eo AN TVAMA ar/evy & S
Les
B GLA/J_A; S il il
V/E4A RYJANS YAV &/AvY
Les
«/AY1 RYJARYA g/ovy R 7ANAS e
100
—— s
. 60 - '
3 40 o
20 A S
0 T T T
40 50 60 70 80
(o) Kl 4 53)kes

5 5 ol (LS aL3L L J1-Y S

80

7044 -t
60 f-----¢—

50 +

(OIS

40 4o

80 4---- -

+¢,.a]

20

25
() dsl ks

35

7R 5 IS bl pdel clE I -F S

\Y'/\f )};)@J cr}i JJ;- c\ Z)Lo..:: cY\c dL.u cdm‘

it



80

60 — LS
5 50
£50) -
= 40 ——
& 30 e .
20
10 : . :
20 40 60 80 100
(4283)0b )
PR g ol (IS L5k 0l ST Ks
80
A——h—A
70 — o —* LS
= 66
5 50 - e
N
< 40
30 - - A 75
2 T T T
5 6 7 8 9

(0 2 7 ) Bl 4 o

7 5 ol (IS L5 bl 4 mlo o ST -0 S

80
701 "/—:_t‘ ,,,,,,
T:eof 7777777 DA s
BB f ‘
S40f —— ol
30 . - .y
20 ‘ ‘

0.15 0.2 0.25 0.3 0.35
(hgei p 8w 5) Jd s

e g ol (IS S5k 8 ke S Ss

Y’io \Y’Af )j‘ij‘@":’ L(ajbu\.le-t\ g)la...ir LYY JLM LdM‘



n
MSDL=%ZY—1_2
:1 1

adsles SIMSD 353 angy ooy 003 S S L s S

"\"Tu” Cews 4 3
N 2
MSDg =13 y;
i=l

B e (yo) Gas ldie Slbl s 6 dy s als ST
(T o s 4 3 sles SIMSD il
n
MSDy =13 (yi o)

i=l

L bLzs SN U ie)SNy 5 SNL (sl Sl eslazul ¢L<;A
L s dob «Buis 03 S g ) (MSDy 5 MSD,
esliial fLSoa 5 &S oy Sla Iy ol 53 0l 45 5 S Sl
|, s Ll (MSDs L blzs SN Iuie)SNg o
Yop )tz ol 15 55 Faly Jllie A8 et 1, SN &S S

,bk;a Cowd 45 5 alslas 31 50

Yopt =VMSD
-1
Yopt / /10(—SN)/10

J}&& wlz-.n S Jsles )‘ c«:lﬂ dl.‘.:o.]a‘ 0> gA>we

CpLey |Talh)* Ve
Ler

5l ool3l am s £ et bls Ve (S, O OT s S
b s Aslas 3l O 0155 oo 45 Gl 3 3a slal S5 sled g

:J))T Cewd

e lesT IS slaws
Y+ S Jelse ol3l a3 § yooms

Ne -

Dol U 558 o ploil agy Ll 53 sl Slesl sl 5
S el s s acals s s il e oS 353 Jol>
acals > (hlesl ol 3ladel Cows & el & 55053 5,8 0
Wl aanbowe Blize 3l iz b S Yool 3,5 )3 Oliabol

38 a5 Ly p aalsl 53 1 T L

\Y’Af )‘}J).é«:) cr}i J\-LP- c\ Z)Lq...;: cY\c dl.w cdm‘

Yool o Ol il s el 5 LS K kel
o e Aulal i aS b e Auldl WS adds 4 b
)mg;»l;,-g@uwdﬁﬁ.(i)dﬁ@\&ﬂ

LS a il S ol 5 el Jobe b
quwgﬁ]&b)bwwubfﬁw
WS el asSS ol S () K s SIS 5 58 Lk
5 =K b oF U 1 G ol sl s 56
4&.,_».4‘ ol c.}‘.} QL.;..’ (v)Jg.w).}AS))k dl.o.ﬁ CM‘ &.,.SLS
Cogo o Ldl e lle Sl LIS 5 5K el oLl
ooy Ll bl s oS Al o Sl bt
il el s a8 e e 0Ll l el o
AU (D) IS ol OS5 e Sl LS
B (o (T e 53) b 5lde 5 dalr 4 mle oo

A sSde DI LG Ol sl

SN s 4l =\ =Y
by (Solwan aS s 5o J S LB Julse 2 esdle
Szl Jalse ol K03 sla prze L ns LB Sl
Ay i 035 p3le IS e U Ll s 5
Silasl SO aS el (6,505 Gus slazél gla e
s gl Slaslas SS L ST il - e Wil e
bomis S b ol b bzl 51 (o s SN )
B S o e o l5e Sl S Cod ) ol
LSS Sl (68 damn gt (sl i g 1SS L o Letylef
s adsles ISN i 3 e eslinul SN (glgzed )

DY NV 55 o doloea
SN=-10 log(MSD)
e ST 3503 S sline (slghy a5 Gy 5 4 4z 55 L MSD
Cwd a3 ol SIMSD 05 g el 05 555 L

AR



CJL.S 6‘ﬁ R %4 A.ra\:u SN J.p\h—v J‘g.\>

SN oo Sabesl oladd SN s Sbosl o yled SN s A

YVUAEA '4 Yo/NV K YY/\YY \
YV/ALe Yo YE/AYE R Y/ Y
YA/ Y ARAR 'Y YY/VYY Y
\R7ARY YY Yo/LYY \Y YY/0A ¢
YA/A L Yy YE/4A4 \R2 Yy/any 0
YA/NTIA v¢ Y1/044 Vo i/ LA a1
YA/L0r Yo Yo/VY+ 1 ARVIAN v
YA/0Y 1 YV/e VA \V YY/oYY A
ARYARR Yv YUVYE YA AN VAT q

;}AJA‘}GJ@C_,.EMLSU.:LJL'ShﬁjﬁSNw)‘v\i«—/\J}-\?

05 M| S
b.b r"nﬂck—ﬂ r}éch—a JJ‘CE—A .. ‘

b5k Ao Ml
L/0AE YA/YWV Y 0/AAY YY/AAY Les
VY YV/YAA Yo/q¢4 Y0/0A Aol e
—+/TVA Yo/v\Y Y/ YA AR Los 5 deul Jolize 3
—+/Y84 Yo/ANY Y/ Y0/40A Loy 5 deul Jilize 3
+/AVeE YV/EYA Y0/4Y) Yo/81t Ol
—+/88V Yo/ave Y'6/4A4 Y/\V L 5 Ol blawe Jil
-/ 84 Y0/4Y4 Yo0/4Y0 Yo0/4Ve Ls 5 0l flize S
YT YLy YO/AYY Y0/47A Lol e s
Lol 4 mle cod lae i

/LYY Yo/AYA AYARNY Yo/va. - S
l.A)j
Lol 4wl G Jolane S

ARR /it Yo0/AYY Yo/a0V & S
LAJJ
ATY Y/ YY Yo/4¢4 Yo/A) b e

U(V) &L@Lﬁ ol o 00y OLES (/\)} (V) d}‘.l} ))J.;.Bu“ }J""l—.'.)bg}—:l’”“‘c'_“‘s o"l'.'.)bfg}"")'c )] &:'.j“_)‘.‘;t Loy
JSd a0l |y < LS SN o e Welge S1OV) L g [VY 0 ] SNL o Sl enlial b cilisn e ol

Y’i\/ \Y’Af )ﬁj@"z L?)J Jl?- 1.\ g)la..:r LYY JLN LdWJAﬂ‘



33 ‘
40 50

60 70 80

(01,5l azyo)lod

SN s s bes 31—V IS

37
] 365 +--------—
; 36 -
A

35.5
35 T T T
15 20 25 30 35
() dmw! il

25 Do b by Jlagel SIS

50 slghale 5l i Lo 4 dias G 0L SN (slggome
s () Jpr < il Jolos 45055008 a5l SN s
L 0les ol 03,5 aaloes IVA/AA Sl 1y Lole ol 50
Ll el ye Ko 5l GG TEAY b dead < Ble 5 VW g
~Les 5 Ola Lo Julimensil 55 06,108 51 SN o oS
U U o) VOV A L s a el 4 e S
ded Bl 5 0y s sl 4 1 5 530 SN (>
delse ol 2V sk oS s ldl 5 slelele Ol e
Sl iy Ladan Sk e bl 3 0lss o
SN 1 Gl U 3 5lde 5 el 4 wle ol s
sl S sl Ol a it 9 ol sl e 310
i Joalie 30 Ol OA) IS s a8l s
Aas e 0L | SIS LSk

\Y'/\f )}-’)@"‘:’ cr}i JJ;- c\ Z)Lo.& cY\c de cdm‘

sdl cale Les lal 51 LSU SN ol Ol ois Ly,
G Jele aw o (DB (V) S ol (935000 OLe
Q) Jsdm 53 Lgl 30 Ol 45 A5ls oot 36 SN e
Sl 45 Js 3 el ol o351 (VA 350 L L)
7D SN s o 8 e 5 el mle od o el
i 3 aS 55 b oles andl ) 5 () slelSs o ol
by e U s ol Uk el el (g Suns

s ST e C)JGM )zﬂb Olges ol L o
—dd ke gla il flize 56 55 (V) BOY) oldss
Los — ol 4 e o blize 315 Los=0lej Jlize 31 Lo
oot Sl Ly, 5l aS Las e 0L SN & s )
oAl 4 C_La S los 5 Olaj=los blaze Jl g5 s
WO 53 SN el U 3t asys VoY 5V AL g s

YEA



37

36.5 4 -
§ ] I —
Z
w2
35.5 | - g
35 T T T
20 40 60 80 100
(ado) oy
SN s 0Ly 31 -4 S5
37
<

S a5
35 T T T
5 6 7 8 9
(P55 3 yiad (o )oler a5 9o annns
SN oy ol & gole o 11+ S5
37
%5

SN s

35.5 f -

35 T T T
0.15 0.2 0.25 0.3 0.35

(aigai p 5 43 0,5) i3 Hladio

SN oy 5 e 31V JS

Y’i‘\ \Y’Af )ﬁj@";’ L?)J Jl?- 1.\ ;)Lo...:r LYY JLN LdWJAﬂ‘



36.8
36.6
36.4

36.2
.
36

35.8 <5
35.6 . . 1

SNM

SNg;.:..."ﬁqlﬂt_,.ab‘,:...ﬁeu,aLB‘ua;J,ﬂlc.w‘}gu;a;ljgi:—wJS.:.

36.6
. 36.4
i 36.2
z 36 ’/_‘\
T s e
35.6 .
0 1 2 3 4

Jlie il zolaw
SNgﬁ..s,gjr,%a,u,“u,am‘ua,wlw@&m;bg‘u—w‘}x

36.8

hN

36.6

36.4 \

36.2 \

36 \

35.8 \

35.6 ‘ ( ‘

SN S

Jlio yi zglaw
SNgﬁ..sﬁAiu,ir:.zoj.,.,a odd all oy 5 0l Jlie 150 Ve IS

\Y’Af )}")‘G":’ cr}JJ\l}.—c\ Z)Lm.«i ‘V\c JL& cdm‘ Yoo



36.4
i. 36.2
; an -
% ~ \/

35.8

35.6 T T T

0 1 2 3 4
Jilie Sl z gl

SN o bl s O g 53 0k 2l (o 5 0L Jolize 31,56 Vo IS

36.6
36.4
i 36.2 A
z 36
35.8 / \‘
35.6 : : :
0 1 3 4

2
Jilie Sl zglw

SN o 2 4T o Dt 53 0k palls o 5 il & olo o Blize 1 8 17 IS

36.6

36.4

36.2

SN Coonnd

w
(o]

35.8

35.6 T T T

o 51 gl

SN oy 4T o5 O3 0d 2B clos 5 ol 4 e o ilise 31 3T VY I

VO\ \Y’Af )ﬁj@"z Lt)bu\l}f(.\ SJLQ...; LYY JLN LdWJAﬂ‘



IS SN pslin by Juloo—8 Jsd

P(%) S’ F \Y S f P Jolse
Va/4aA AEY YYV/ VA VTN A0/ Y Y Las \
IANY £/8+94 AAVARR A\VAAK L/AY « Y Aol hale Y
Pooled cdel chale 5 b Bl Y
Pooled cdel chale 5l Bl 3
V/A AYQ YY/Veo AN AVYY Y Ok 0
\TAS \/VAY 0/4vY y/+44 Y/V44 Y Olej 5 Les Jilize S 1
Pooled . Oy 5 o> olize \%
Pooled C Aol 4 mle o A
\/oV y/A0g 0/1¢) AVEARA Y/+Vo Y @LA s g oo JJU# s )
Aol 4
@LA S g s flixe 310 Ve
Pooled ' o 4
Pooled ' Je N
L/vY - - JAYN3 AJAYAS 1 Lo
Yoo \+0/VVY 1 JS

F, xV
Cl=+ (o,1,£) ¢ _ 4 /0.184x4.49 L 10437
n, 3.86

SN €(38.944,39.818)
dmaloen [VY] 5 alslan 5 O Oligedol alsls 5 s SLe 5L

= 1 =
Yopt //10(—39.381)/10 93.121

ClL=+1.051

2>Yopt =(92.070,94.172) : <l f.\ﬁ v;.lw'b. f}» chw o
S el g bl 2 o Sl oalesT S ey al e
Jsls 53 aS 5 AV L Ll T ) s IS LSt
el b ool s 13 SLSL S

Ll opl s 3K 5 ol L5k aS e a1 sdel o

\Y'/\f )}-’)@"‘:’ cr}i JJ;- c\ Z)Lo.& cY\c de cdm‘

Jlow s 5 SN (gleil> Sls glalspod & ax 55 L
S Sl 5 D 4 ag Ll bl

43\;.:23[.‘.«: a5 Vo les

o Yol e

@aids 4 0l

3 dsl e ((Lyy @.\jv,;:u Ogmeos 5 Oboy Jolize i

{( Loy syl v 05 ol 4 =l o g Los Bl 3
¢ e

ssbie 4 S YANA L ol el 5l 53 SN liie oS
o ol Jslr 51 i s (Foly Olabl dhols anls
5 Doy s 4o Ol dlsls 5 (Fgos 116 = 4.49) el o

S dwlee

Yoy



100

g0 | 79.985
i
S 60 |---EEEEEE
|
3;1 40 -
32

20 -

4.168 .78
0

56
7 1.69 1573 4.728

by B ol chle B ol M lejxles BB

del> Cocixles [ o

SN Cos p iltes ol ge b daoys VA IS

S 7S 4w —4

St (5ol Bt S Smd Al (S5l ang o a3
A ol L el sl B LIS Sl s

P bk e o 303 0L (g3l ang Al e sletale]
oAl s S Lasie s ol ol 5 SIS LLSL S SYL o)l sen
21 Sl sl a8

S oL e SRl ol 5 S (IS b3k Les sl
el iy SIS LS s i st

Lol Glas U 5 o plsl el e
Sl e o Lo 5L el Eale
S o Gho 55 Oles 2 pan Cllas Ll s

ekt bl sk s 8 e 5 el & mle o
L gl st olls b

e Led a8 s e Ol (sl i 4 bsy 0 SN (sl
oty s o8 3,138 e SUSN ey s slelele S
Olas ol 3,5 dalons IVA/AA 1y Jule cpl 50 Ol
Ul kol by Kos 51 5BV L el clale 5 VAL
~Les 5 oles-Les Julize 51 o3 LS HISN Cod v oS
U ol dos VOV 51 L a bl 4 mle S
Al B 5 Ol oy ale 4 1 5 330 SN (g

L ozl ok slgbele Ol e

Yoy

2 QUYL sNO/M L Sl sl S
S Sl Dlle L5k Dk S eSSl a5 L
s ol 53 5l el d ol leialesl 5o ol
Wil OF 035 05 5 sk p o 50 e Sy Wls
Ol s g i e cilesl s B S e 1
bl s 3K 5 Al (IS sk S bl 3 52
Aeop3 EATO 5 N/00 OE/TVA L ol S 4 el pln]
AU Sl Gk S S e bl ol o
P UE L Al 8 3 0ss b s Js sls e
Wt S N3 oS 5k Oles 35 i dd Ol - sha
A sk Sl gl [V LS 5 SOl e
o 31 3 M (gl e Sl el w8 S 13
o 4SS bl Oladls cpl Oldlas 4 - sl
L;b\bpjwlvjwﬁ\):&ki;pw
il 2 2 Ol (S Dl e 5 3 e S5
Sl 5 SOy wladlas L ol ey js olsl
gl mle ond sy e 0 Clle plssls Gl ssen
o=l Q;ﬁij_A;g el B3l 0 Aol ke
AL Gl p Spo b Sl oL56 » Jelse

RGO I W

WA s e cosn A ) S5led OYF Jle ooz



S 058 plnil s 05 I ag ul S s il
C A e pll ol s 3K 5 el S LSk
Al b ol s o3 SAYO 5NV /00 08/YA L L
Lz m ol e U Sl al b3l b S uS e

s ST sl e s 3 Ol
Sl aeg bl 253 SN el S5 elge Ll os
SVIVING by L8NV il clale JVA/AA tles 1l s g
5 Las Jolie 30 VOV Ly 5 dalr 4 mle o Julite

S LAY Ll ade el s e 36 Ao ,s VA 0k

PIEPET
Bl 5 olsm ag bl w yde o 5 oS0 5l 03
S e 5 e sl plal s LetalasT sl 5L 55
o=l Pl Sy s 4 sl 5 Dlii e le Dl

2> g d.}b BRI SKLS POV

WO LI PP PSS L STUN PURSN WG g
\Y"\/f. ”4 JAJ)U%J.:G‘—)J:S 02 C,JLS

2.Richardson, J.M., Stevens L.G., and Kuhn M.C., "The
Recovery of Metal Values from Nickel-
BearingLlaterite Ores by Reductive Roast/Ammonia
Leach Technology," Process .and Fundamental
Considerations of Selected Hydrometallurgical
Systems, SME, New York, 1981.

3.Fuerstenau, D.W. ,and Han, K.N.,"Metallurgy and
Processing of Marine:Manganese Nodules," Mineral
Processing and Technology Review, 1, pp. 1-83,
1983.

4. Kanungo, S.B. ,and Das, R.P., “ Extraction of Metals
from Manganese Nodules of Indian Ocean Origin in
Dilute hydrocholoric acid,” Hydrometallurgy, Vol.
21, pp. 41-58, 1988.

5.Agarwal, J. C., Beecher, N., Davis, D.S., Hubred, G.L.,
Kakaria, V.K. ,and Kust, R.N., "Processing of Ocean
Nodules: a Technical and Economic Review,"
Journal of Metals, Vol. 28, pp. 24-31, 1976.

6.Jana RK., Pandey B.D., Premchand, "Ammoniacal
Leaching of Roast Reduced Deep Sea

\Y’Af )‘}J).é«:) cr}i J\-LP- c\ Z)Lq...;: cY\c dl.w cdm‘

Jdo s 5 SN lacil (Sile (slajlssed 4 a5 L
Vo Loy 1o ubﬁ;‘ﬂ) Q)HM%@‘;& L&Li)‘}
ez 3s Ay ola) oy Tl e L:\thzjl..u a3
o 5 s iz 35 Jsl e sV O s)les 5 Ol il
Lyl & sl 55 SN Slide oS £ ckw (A0 g el o b
ol FAFA L L

L aS s domelows JAYN Y Jal 3 3 SIS L5k lis
i OF Oliabl sl (140 slazel o 03,8 L5 5
3,55 513 (AY/0V (A8 /YY) 03 5dme

53 LS Gl 38 gl g Ll 5 55 sanl bl
Sl S3e mai s 55 oS 55 AYAY L SiabesT ol
1 odoal s 4 il 5 b oo el ol sl 13
e an Tl s ol e 3K el bl e e T

aals

Manganese Nodules," Hydrometallurgy, Vol. 53,
pp. 55-56, 1999.

7.Zhang Y., Liu Q., and Sun C.," Sulfuric Acid Leaching
of Ocean Manganese Nodules Using Phenols as
Reducing Agents," Minerals FEngineering, 14(5),
pp. 525-537, 2001.

8.Acharya ,R.,Ghosh M.K.,Anand S., and Dus R.P.,
"Leaching of Metals from Indian Ocean Nodules in
S0O,-H,0-H,S0,4-(NH,;)SO4 Medium,".,
Hydrometallurgy, Vol. 53, pp. 169-175, 1999.

P Sae A, s ‘L;)j;l_» o, e (s A
LS e (g3l 3ty S5 Smmd 3 3 Jalse
e s T SU gy 4 0B LSl s LSS
A 5l e elad, s (kigas (5 R

A=Y o
10.Taguchi, G., System of Experimental Design, Vol. 1,
KRAVS International Publication, 1987.
11.Taguchi, G., System of Experimental Design,. Vol. 2,
KRAVS International Publication, 1987.
12.Phadke, M.S., Quality Engineering Using Robust
Design,. Prentice-Hall International inc, 1989.

Yot



