9 2 8 % 9
A3d A43 1971

s
12

<s H>

F

53

Mige FN BHEE 2P B

=

R IPIRAT EHRRRE
(1971. 9. 2 A4

F £
BT EE SRS MR R el BuEfel Mk

ol RIS PR WA ol F MiAde FlMed
Ao 2kEKT BEEHE S REFL A, X
RA XGRS BAEWEERE S22 BRI Jlov
ol & WFILItel . BRIEHER S el il f}i’f(/#%
of WER KL ¢ ool ME Bl Bl S¥
o] REHYL HEEA HIAAL YA
Ramel AAdolAY St Filiel e RIS A s
Bl Bz RUE ¥ F HHHT 29A
el FMmo] HAEE] il gl
BT BHS e seR buste] gt
ol HEMPolE #ES FALEC ¥ A:
Aolth. = Bl YA = o sbx Effe = BIKA
o HAS 2% REYT FE Y Aod EHMEA
kel 9 BAE Ah
whek4] ol & B, AR,

:Lyo

{Ennf\l %01) A olw] 3t

oz BEE MKE £7 A olEe B8 4
£ Aol
S8 s fobel o] KAMFIEHC] AHT ool
A BAS R W ol %;54 gm.

olel & Fko T AFdAE EEERNEY] £H8
By BRft1& FIRE Bacterial leaching(RHER Hik)el
B# =] o] Uranium, # % Molybdenum § o #7}A) &
B&BY #ihe gAML Yk 538 Uranium 2] #i
B BHEY FMAE 5E £H, Canada SoA Hi
fbstz ot o3 Bl BNMEAEE HEIzL KX
ol 4% #1°] Bacterial leaching o ByiyS 71 &8 27
gt

1. Bacterial leaching 2} ##E

el # =& Babh HSBS

Hste] st mfsl Hiffiel

Leaching o] g =& Q=22 HE

A ms F
B =] 3 9l ot
E7} olu) 3L B SR

229

220y FHAHLEE Hikde e BRuek=
A SR A gEHEe de AsE TeA Flm
R A dRe] BES T v HHY fidyel FHLE
# Leaching of #hEfYel FAI-E vk Aol HuiH
o] ZF-o A W HE o Felle F48 Chemical leaching
o] Agsie heRg A WY EE ol&dd U4
How HHIA HHELEY BHE YRPNLE 1
AA Egse 2§} JjiE-S Bacterial leaching #0)
ghx }2 s 9ok

Bacterial leaching ] A]#}& o]u] 167047 Spain®]
Rio-Tinto #iliel 4 HrgARe] ol HMEsle]l AEA
o] A o]® Leaching #ol o3 kR4 kel 79

-~ Acid

ﬂiﬁ“ l__rjw

PREGNANT SOLUTION

STORAGE
o |
Acid —oo-.o. 2 [ Iron
PRECIPITATION
PLANT
Make up L_7Cement
water I copper
BARREN SOLUTION
3TORAGE
Aeid -== -
[ ]
Bleoed to
—>waste

Fig. 1. Generalized flowsheet showing solution
flow in a dump leaching system.



230

Hoz o]4xe] .

19584E9] Zimmerley"” &= Bacterial leaching o] ai
3t 53 F Y584 o] 53+ #, Molybdenum,
Eigf, Chrome W Titanium %9 $Eo.2HH ¢ % &
Be 2ligd A0 BHKS IloR FHadsd
R#ERSE HkoezA &g 3 EAMNE A%A
o2 RRY Aol HlEelrt.

R A2ty FEEHS £8 £BRY FBEV
F7hshe el BRAEAES TR FHadd g9 A
ASH 2 Y $48 BEEHEZE v go] %A o}
ERARE ¥ BEA =5 BE WEe] 3% #Ed
e ksl odstx BHEA @4l w3
4% FAELME 55t Eugstz gich

el 7L HE HBHAGT~90%S £BEY P =
A oz HIdE AolAlut of H¥FLE LS
wapHe] AAGH dF2 723 doqv 44
Well 4 go 2 ATY A7) gk

2. MRs:= MEY

Bacterial leaching o) #3ld & #AEHE B 48
A & MWL FiEMEME(Thiobacillus) R AL
#E (Ferrobacillus)e] glt}.

o] & Hif-e BHE Yoy REFE sR I CO2
FE A3 Bi¥ 9 fHELED] B == FIRE B
28= Mo 24 WS = Energy ¥ o] £3le BE
¥ FMEstd A LSRR EREED BI)

o] £9] T HES Gram Yefno] BH(E BT

dxe 3] A3D A4 1971 12

F 22 lthegd WS WA S Bkl
= BEYE 4+ d& 277 1.0~2.0¢ =] HEE T

Bergey? o] S¥fol A HIEY o] & MiES BE Hik
& BIRAA B ulg} P

#3] Th. thiooxidans$} Th. concretivorus & pH
LOLToAE BB BFS T 4 A w5 #Hi
<+ Zx ok

ol81 & | F2] w7 & Colmer W Hinkle(1947)% %
o] BEES MLsle HES R MES F18E F28
2 Btdle 5% Mlel BHttAKde HEESx
Y AL FdgezA AzEglen a4k Temple &
Colmer(1951)% 50| #1HE H2H= B{L3lZ Thio 3%
B Homo 2 Wl Hodds MES sRst
«J Thiobacillus ferrooxidans 8} @43t . =3 B
€ Bitsle € 7hA M-S Waksman(1922)¥ %5
of #]%le] ¥elsl Th. thiooxidans &} [F—3sck F o]
Fig = gl o

Leathen(1953)® 5-& #& HEIRE HME2HBZ B
b5l HI%-8 Z#sle] Ferrobacillus ferrooxidans g
LR R

4] Kinsel(1960)™, Kinsel 5 Umbreit(1964)%? ¥
& FEIGE 2= WS F¥ETS ML ED
€ 24l F. sulfooxidans & #32]3}¢ 3 Parker(1945)%
£ T8 Concrete ¥ X4 Th. concretivorus &
¥-7 st ot

ol el &t Mg Moo BA L F2E HE ulef

Table 1. Physiological characteristics of autotropic bacteria in mine water®
\ Species Thiobacillus Ferrobacillus
Characteristics\\\ thiooxidans | concretivorus | ferrooxidans ferrooxidans sulfooxidans**
Size(p) 0.6xL0 0.5x1.5—2.0 0.5x.0 |0.6-1.0x1.0—1.6 0.5x1.0—1.5
Mortility + + + + +
Gram’s stain — —_ — - -
Optimum temperature(°C) 28—30 28 30 28 32
Optimum pH 2.0—3.5 2.0—4.0 2.5—3.8 3.5 2.85
Oxygen consumption + + + +
Carbon source ‘ CO, { + + + +
Nitrogen source NH, + + + + +
NO, — + + +
S + + - - +
+ — —
Energy source Fe'* + + +
Na;zS:0s + + + - -+
H.S -+

e Compiled from Bergey’s manual of determinative bacteriology(1957)

** Compiled from Kinsel(1960)
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Table 2. Autotropic bacteria and their oxide

THIOBACILLUS

T. thicoxidans

T. concretivorus

OXIDE

FERROBACILLUS

Fett F. ferrooxidans

T

N@;S,03 «———== F, sulfooxidans

T, ferrooxidans

7+t
Suzuki(1968)'®> = Th. thiooxidans & Fjfiste FH
Fel B AFAN BEAA dEA BLAR®HS
Thiosulfate ™ = WS#Ee e pebn §&an
15t
S, +GSH—GSS, H

oxygenase
GSS.H+0; —GSS,.; SO:H

GSSs-1 SO, +H,0—GSS,-3 H+H,SO0,

Ll kol A Zoskdl vlel 72 MIEgo] 4%l Leaching of
B slm g eba Hessl 2 glo} o] [Uste] Silverman
(196 e] o sted FHH o v Holg £ MEWH
3 WMEERS Jdelie #Ams ksl E3xS
Figdy

Table 8. Microorganisms and their inorganic
substances®

Microorganisms Inorganic substances

Disulfovibrio Ag, Ca, Mg, Cd, Co, Cu, Fe, Ni, S, Zn
Micrococcus .

lactilyticus As, Bi, Cu, Fe, Mn, Mo, S, Se, Te, U, V
Thiorhodaceae | Ca. Mg, P, S
Thiobacteri-

aceae Ca, Mg, P, S

T. ferrooxidans | Cu, Fe, Mo, Ni, Sb, Zn
T. thiooxidans | Mn

F. ferrooxidans | Cu

Moulds P, S, Si, Cu, Se, Te, V, Mn
Yeasts Mn, S, Se, P

Bacteria | As, Ca, Mg, S, Fe, Mn, P, Si,Se, Te, V
Algae Ca, Mg, Fe

Protozoa Fe

* Compiled from Silverman(1964) 7
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Table 4. Dump leaching detalils*
Solution to dump Solution from dump Soln. | Pump aﬁ‘g;d
Plant U Ca | Tt Feit | gal. Cu Fet+ Feir IOOSS head Ib/ton
pH i g/l g/l ' g/1. |per min. pH ( g/l g/l g/l % ft soln.
Bagdad 2.0 0.02 4.0 0.2 3300 2.5 1.1 0.03 2.0 7 650 | 15
Cananea 2.75 0.15 20.0 2.2 1200 2.0 1.5 6.0 12.0 5 Nil
Chino 3.5| 0.2 3.5 0.1 11000 2.5 2.0 0.9 ! 0.8 6 650 3.3
Copper Queen| 3.5 | Nil 10 Nil 2100 2.0 1.4 3.5 | 3.0 1 Nil
Esperanza 35y Tr | 13 | 0.1 1000 | 2.6 1.1 0.01 0.1 5 Nil
Inspiration 2,65 0.24 | 5.0 | 0.5 I 19| 19 | 3.3 2.7 | 7 9.8
Ray 3.41 0.08 2.4 0. 06 5000 24 10 0.7 ’ 1.3 10 475 | n.a.
Silver Bell 3.3 0.01 1.7 0.04 900 2.4 1.1 0.01 l‘ 0.6 5 250 | n.a.
Utah 2.4| 0.1 2.5 0.02 2000 2.5 1.2 10 | Lo 500

* Compiled largely from Beall(1965) and Argall(1964), together with other references cited in other paper. The figures
published do not always agree and in that case an average or a juditious selection has been shown here,

Table 5. Details of some copper dump leaching companies'

1 C 1\50 S
Dump . ement| leac
Mine and company toWn7(Si; Gangue assay Ma:rl‘r] cog{:er copper | and
4 I % Cu iner ton/yr.| pptn
| ] l men?
j
Bagdad Copper Corp. 36, 000 | Monzonite porphyry 0. 25—0. 75 Cc, Cp,Ox Cu| 7,800 18*
Cia Minera de Cananea 49,000 | Quartz, sericite 0.2—0.4 | Cc 3,300, 7
Chino(Kennecott Copper Corp.) | 52,000 | Quartz diorite, shales 0—0.5|Cc, Cp 27,000 23
Copper Queen . ,

(Phelps Dodge Corp.) 60,000 | Quartz porphyry 0.3 Cc, Cp, Bn| 5,400
Esperanza . -

(Duval Sulphur & Potash Corp.) 18, 000 | Quartz monzonite 0.15—0.4 | Cc, Cp 2, 000 3
Inspiration Copper Corp. 26, 000 | Schist, granite Cc, Cp 3, 800 6
Miami Copper Co. 28,000 | Quartz monzonite, porphyry Cc, Cp 13, 000
Ray Mines . .

(Kennecott Copper Corp.) 50, 000 Schxst', d:abas.e, porphyry 0.24 Ce, Cp 9,000 11
Silver Bell (Asarco) 20, 000 I?lz)anszkolrtfée dacite Porphyry, Cc, Cp,OX Cul 2,400 4
Utah Mines .

(Kennecott Copper Corp.) Quartzite Cp, Ce 70,000°% 31
1. Compiled from Beall (1965) and Argal(1964) 5 Ce: Chaleocite

2. From Argall (1963), excluding supervision and part time operator Cp: Chalcopyrite

3. Estimated from Argall (1964) Bn: Bornite

4. Including acid plant operater Ox Cu: Oxide copper

1. HEEE ol E HEBATNY —fHIF oK 23

Bacterial leaching & %2 vglo4] AAz o] 45 £ dTAEe] AYe] AL FAEL ==
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AT KRR FAEe] wrh

HEH g AT AL 2 L] A7
9] A% AsEBe] o} 2JHE 4AAHNE AFL
w1 £/BS BHIE KBEM %E 2 Lundgren™
Zo] nFEa Air-lift percolator 7} o] o] &x . 9]
L fol Flask & o] 4% HEE 2 Bk 5= o
45

2ol &uhet fiiFe] ek

EZd oF=24 19584 Zimmerley? 7t 35§ E3
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denum, #E#}, Chrome %= Titanium & MHEY 3H W
= AAsta gl

ATE BT i Rl 3 P =% Silverman'®
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Table 6. Microbiological leaching of copper mineral
Mineral Leallc;x;ng E’:é;ac(g?;l | Culture com_iition Reference Remark -
Chalcopyrite 63 20 Percolator Bryner, Anderson
Chalcopyrite 60 25 Percolator Razzell
Chalcopyrite 480 60 Percolator Malouf, Prater
Chalcopyrite 50 40 Stationary Razzell, Trussell
Chalcopyrite 12 72
Chalcopyrite 26 100 1
Chalcopyrite 10 45—9%0 Gyratory shaker Duncan, Trussell High grade-325 mesh
Azurite 76 45
€halcocite 30 95
Bornite 20 100

9 KL 59

o] 5o F. ferrooxidans & ®lgk ig#slr] ¢lsto] o}
o] HMEIRE SHSE IKEMETRE R
3 = Warburg 8B 5 & 831 AF2 4Ho He
=3

Table 7. Composition of culture media

(gm/liter)
\Media Waksman® | Leathen** | 9K***
Constituent
(NH):250, 0.2 0.15 3.0
Ca(NO3): — 0.01 0.01
KH:PO, 3.0 - —
K,HPO, — 0.05 0.5
MgS0.-7H:0 0.5 0.5 0.5
FeS04-TH:0 0.01 1.0 44.34
CaCl;-2H:0 0.25 - —
KCl1 - 0.05 0.1
Sulfur 1.0 — —
pH 3.0 3.5

* Waksman et al. (1922)
** Leathen et al. (1956)
*** Gilverman et al. (1959)
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AE BRI K-S BB A vy wle} 2

Bacterial leaching o §lo] pH ¢ &L wi$ =
o7)e] Hedl HAEHE BE BE pHY A7 ¥
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20t
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Fig 4. Influence of ammonium ion concentration
on biological oxidation of chalcopyrite
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Fig. 5. Changes in pH of the modified medium

during the growth of F. ferrooxidans
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Ca: 49.7g/1
Mn: 3.28g/1

Al: 6.29g/1
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(1) Uranium
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