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A Technical and Economic Evaluation of Cobalt-rich Manganese Crusts

Se-Hun Park™ and Hee-Cheol Yang

Policy Research Division, KORDI
Ansan PO. Box 29, Seoul 425-600, Korea

Abstract : Cobalt-rich manganese crusts on seamounts have received an increasing amount of attention as
future resources for Co, Ni, Cu, and Mn. A dearth of detailed information regarding the relevant distribution
characteristics, mining technologies, and ore processing technologies, however, has precluded potential
evaluations of the technical and economic advantages of these crusts. In the past 4 years, Korea has
undertaken a survey of the cobalt-rich manganese crusts in and around the Magellan Seamount and Mid-
Pacific Mountains. This paper introduces the preliminary feasibility study of the distribution features and
R&D results centered around the development of the cobalt-rich manganese crusts. The evaluation model
was developed by modifying the model for the manganese nodules. In addition to considering the
geological and geophysical differences between the manganese nodules and the cobalt-rich manganese
crusts, an ore dressing subsystem was installed in the model. The mining subsystem is composed of a self-
propelled collector--a pipeline with submersible hydraulic pumps for crust lifting. The smelting and chlorine
leach method was selected for metallurgical processing. The production scales were established at 2,500ty
of cobalt metal. The production of three metals--cobalt, nickel, and copper--was considered in terms of
metallurgical processing. The economic feasibility analyses demonstrated that the payback period was 11.4
years, the NPV was 36M$, and the IRR was 9.6% with the economic factors in the case of a cobalt price of
USS$ 25/Ib. It was also demonstrated in this study that the payback period was 8.6 years, the NPV was
154MS$, and the IRR was 14.0% in the case of a cobalt price of US$ 30/Ib. This indicates that the approach
under consideration appears to offer greater potential given the predicted metal prices.
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A oA AFE G 7IRigte] EjiEE AL 9
T e IAE Fol Ath(Hein et al. 1988; Yamazaki et
al 1992).
whEbA, 7zt HH]'oﬂjﬂ“‘E 719kt
T Afaetal, Q H
H‘)’ﬂﬂ—é =Yt
2 Ao A=
/‘ELFJX] 28 7% HHXH%L T flo] BAE HE
at=d o] 71z - BAZA HETF F/3] o] Foj Aok

g Abgoltt.

FW PH

B7174o] AAAFEANC B FEL ol YAE A
A8 21 AR oS- S o) Foig] wE /]

= AAH AEE A% A5 FHS vES Aol
(Hawaii DPED 1987). wighA B Ao e AafA w7t
@3 FEH viEs 98 s gd Ndle JRE
Z-g-sto] A Lo D agh Fadn|ef O A 2v]E
SRHE 5 7} el Slo] BEEE HolHE $-8
atod 71 - AAY E7F RYS PS8k g7 ¢
NERRE G4 & JE 2ARME N W 83
E(Co, Ni, Cu)o] sd3lth= d, Y3 Mn - Fe AFsl3
TR FAEH APbAR T Ee] Ttk A, ABEA
o o= AR = 101 Brh= o8 59 Zadt
7% - AAAR] 24 % g-atict.

TFAH SR = W7 A Al AT 2 A S S
Sk, 91, A, 3 %’—l 9] FErlE e} o], AEA
2] Foll ek 714l 545 wkgdsto] mdls /idsisint.

2. Fs] A%

7Rzt kel A= ml=ro] Al=re] wierA A
(EEZ) 2 Q12 FalAYS e s U] dF 35
RS Eslsle] F 1509 X9 AL 2AME 35
3L, 3, Ao}, gk TR v R, 7]Euks, nhAlgh
sl Ak, Mid-Pacific Mountains & HAEIH Y =A==
EEZ 2 QI F3A 9 S o s 2AEsS Tasto
$th(Halbach and Manheim 1984; Hein et al. 1985;
Yamazaki et al. 1992; Cronan and Hodkinson 1993). ©]2]
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7F(Andrews et al. 1983; Hillman and Gosling 1985;

Herrouin et al. 1989; Sereide et al. 2001)= F&A174<]
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stAtt. 22l aL, vl ZEGril)shs 71Evtket]
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Fig. 1. Development site of cobalt-rich manganese crusts.
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Fig. 2. Mining system for cobalt-rich manganese crust
development (Yamazaki et al. 1995).
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Fig. 3. Flowchart of composite sample arrangement.

Table 1. Chemical analysis of samples

(wt%) Sample1l Sample2 Sample3 Sample4
Co 0.38 0.46 0.21 0.27
Ni 0.40 0.52 0.14 0.14
Cu 0.07 0.10 0.04 0.03
Fe 7.61 10.7 8.86 9.54
Mn 14.4 19.5 6.44 7.69
Ca 154 6.79 4.13 6.30
Si 2.07 3.09 16.0 11.7
Ti 0.52 0.78 1.45 1.10
S 0.49 0.39 0.15 0.37
C 2.9 0.57 0.14 0.65
Pb 0.10 0.13 0.15 0.07
Zn 0.06 0.06 0.01 0.06
AL Os 1.13 1.4 11.5 6.59
Mg 0.83 0.99 1.26 1.38
Total 51.14 50.23 55.62 51.08

o= DOMA2] ¥ t]E]

DOMA(1998)9] ZAFA o= AR 4570 AFA|
& vHSo] AFANES AT ZF AlE = Fig. 390
Ueld 2850 Wt —6 mesh?] JE7HA] 3 & AR
A3 A ABAES ST AFAE
22X AFE Table 19] YeRd

FAAFAN F-8F52] Aol W B &l X
el e F&FE THEFY zkol g 7ukekEd £
2}olo] 2)a] WAPER= Aotk 1EATF DOMA(1998) 1.
A= o5 ol xfole] thgh QA o] glct. uheh
Al B Ao BRI AR SR RAAES
ZAb fEEFE 8-S CoZl 0.66~0.84 wt%, Ni©]
0.37~0.74 wt%, Cu®] 0.07~0.13 wt%o|ZF= AFES sjof
stk ol2ld A#= uigo 7 99 7|6k 79} 7)
HerE gl digh B4& B3l 4579 AEAE 542

o
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Table 2. Geological features of composite samples

Sample The sampling site Contents in crust (wt%) Depth

Landform

No. Latitude Longitude Co Ni Cu (m)

Sample 1 N20°45.309' E173°25.073' 0.76 0.74 0.13 1551 Slope upper
Sample 2 N20°08.503' E156°39.225' 0.66 0.62 0.12 1945 Summit edge
Sample 3 N20°57.179' E178°25.166' 0.76 0.44 0.13 2970 Slope lower
Sample 4 N20°54.810' E178°32.226' 0.84 0.37 0.07 2460 Slope center

o3 7ol A kit

Sample 1: F 7RG ELE 42%, 719 742 4
3] T =80%:20%2] 23] UFA| K.o]FA]

Sample 2: B+ 7RI EYE 19%, 7RSS A 0] 4
3)F AT =60%:40%2] 7t T W&ol T2 RoldA

Sample 3: B 7RG ELE 67%, 718G A 0] A
3@ T =15%:85%2] AFLTA RFeldA

Sample 4: @+ 7|9FFEAE 60%, 719k /30 A
3] h U =35%:65%2] EJ7IVt Hoga

7RIS &2 Ht B X 2X DOMAL] AF A=
Aol wet §3¢] 71NEdEmh gt f8=
& FE T %] WE Fo] yephdt). wEgk 7Nk 74
of] thelir= A 58] s}k Aol A A3]H(Fluorapatite:
Cas(PO4)sF %) dF-<(Anorthite: CaAlSi,O5 %) &
AR V&S 78 Aol 5o MEH X} 7 HiE
o] F85% FHFS Table 20 YERATEH

o, 2 ApollA ek 2B Ut R 5ol ofY
e e St A3AS HER ARSI oL A3
oAl HFAE] EZHEE AXst] |- AHS Fsl=
Zo 7 At en, Mg o HA Ay vl

o
fe
ol
=
oo
N
¥

[e) [¢]
o] o3 Q015 AETCEL I A B
Q3 QxR y#Eojok & Qolo|x|qt B o
idrde] P58 5Ho=7 sl7] uEdd YA
FAE v AEE F5HA] &, AR 18-, AlA)
pZS

2 Qo= 7gsc
Sl Bash YA WA TR A AFF, 5
F72), A9 £ S o8] A ek, A

Metal content
Co:0.62wt%, Ni:0.51wt%, Cull.11wt%
[R—

Biner E Slicing & crushing H
H 1
H 1
H Pick-up H
H 1
IIIIIlI%IHH!IIIII
Mining vessel |~ rmmmemmmmemmay Crust: 784,907tly

! Substrate: 188,221t/y
I

Cobalt-rich manganese crusts |

Dewatering efficiency
98%

! Crust: 769,200ty

. - V Substrate: 184,456ty
Drying efficiency H i '
Crust:6i5%, Substrate:90% 1 Drying '
| Crust: 499,986ty
V Substrate: 166,011ty
Ore dressing efficiency !
Crust:93%, Substrate:7T8% ! (Ma senaration) :
H
e o _._.} Crust 463478ty

Substrate: 129,194t/y

Transportation

Leaching efficiency
Coi87%, Ni:9T%, Cu:94%

Metallurgical
processing

Cot 2,5000
Ni: 2,203t
Cu: 475t

Fig. 4. Flowchart for cobalt-rich manganese crust devel-
opment.
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TEZ 78t 592 oF 108 =g 2 skan
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- EH O NFHOEA, & Qhol] IF}E o
S 3hAu A A7) oRS, 1693 K& 71HE 8o
E7]04 &§ F CaO-MnO-Si0, &2 29} Cu-
Co-NigH=9] Ml E(matte) 0.2 w3l A4 FH 3 o
o7l MERRE HAE o83 Co, Ni, Cu 59 fi7k=
&5 A8 A= 54374, Fe-Mn, Si-Mng 3]F38l=
o g Yot B0 BAM= 7S HAEE0]
3L ZAAE] 9 dojzl HEH o RE FE5EE7) 4]
Rk opet 4] WHEARR- o] Thegh S THA AL
oh WHA, BAAo] w2 HAE ARSE] diiEd A&

2]
A= Wad Aes AR a7t vk

Skl dn], M EAtsHR] 5o 89l - 8834, L2 YA
H], A& 5o &34, 8152 (Solvent Extraction)
4] 7. L71RRE) A1) Al 3] # (Electro-Winning) A1H]
4 7S 28 - e A, AR, 887
A ] 5o AR ZE FAE ] Tk AlFy
A A= 19 20 A LEEHE ARE A
o ggate] APgstar, 2PAA, olUARE T% =
g 348 Wb A FA7AS e g VEdRd &
&3kl A&t F7hEEe] IEES Co: 87%, Ni:

97%, Cu: 94%= Z-g3lit}.

WS 34EkA] e 97%0] o] 2= A H AL
A7 FTa% HAR Fevh dAEA = A[ AL
of ek A &8 ¢ fFrolg Wyo] ol 7R FyHZA

AR, FAF FAgo] vl BH(EPA) 71Es st
A 9oL, erE 2 HINESA 1SR P80 Helu
Th= dE 286l B2/ SHAR AR-E 5 drks
A7AAE viEoR AFEo] Thssithe 71 dtel &
A B el AgEe WERhs dE sk Y
2ds TSt

71& sEPEe] 7

A7F HE AA vlFe] oF 8%l s ok 2,500=
o] IME AAFo g RE Jrlste] FUAAE 9] 7F
daie] AR E AESAT. 2ad Ve S8
JHketo] 19.4% &91¥ W7hzbe AEAEE A4 A%
AglE AAshe Al sl Awal] B vt 2

AN F7] FHHEA ] 70%E Z2a g, Z2E
Fe] 87%E ANFaLR AASAtH(Yamada and
Yamazaki 1998). Ht M4 g -, ARl <3
98%= a8 % (Yamazaki et al. 1991), %2 €]
3 g7kzE Ftell 23E O] U= 35%, 71Nkt Fatol 2
o] AE 10%] FEo| AAHE Aoz 23t
A7) I AR 7| (HGMS)S AHE-3le] f-833-50]
X3EY = W B 93%E 3]545kal 7 RS
22%7F AAE sl U= FAARAR FEEY. &
AA- NN 855 FEES Co: 87%, Ni: 97%,
Cu: 94%= AAsla, ILE 25008, UZA 22938 5
479 Adbste NAI "S53} Fig. 4%
Table 30l A 21 /LA 25l o] FA =9} 7] 25 e}
Ril=

7} A 25 o] 2 UFE 879 A ES T
7hs] AAA Hrkel BUsHA A7 2508 A& w
7179 8}2L (Herrouin et al. 1989; Sereide et al. 2001), A%
A, s T WFERHY AFols ABA 2 =
Jz7ol 3ol A7k 2508 2 7HY s T Sl A 7
Bole AMAA S A7 33042 7SI

N
o [
’

1o

A7) sketlele] 7
A F

AFELE F FANEE 30%F PIAROR, 2
B 70%E AYFOT 2T Ao AT

Table 3. Method and development plan of cobalt-rich manganese crusts

Mining system Ore dressing Transportation Metallurgical processing
(Wet) (Dry) (Dry) (Dry)
Method . Self-propf:lled Magnepc 30,000t Smeltmg and chlorine
miner+submersible pumps separation leaching process
Development plan 973,128t/y 665,997ty 592,672ty 592,672ty
(Production rate & (3,893t/d) (2,664t/d) (2,371t/d) (1,796t/d)

operation time) Time: 250 d/y

Time: 250 d/y

Time: 250 d/y Time: 300 d/y




Economic Evaluation of Manganese Crusts 173
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Detailed suryey

Fig. 5. Project development schedule.
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Table 4. Total investment cost of cobalt-rich manganese

Table 5. Results of an economic evaluation of cobalt-rich
manganese crusts

crusts

Items Cobalt-rich Manganese Crusts
Capital costs Operating costs
Mining system 149.5 243
Ore dressing 30.9 7.4
Transportation 68.6 13.0
Metallurgical processing 268.9 30.5
Sub-total 517.9 M$ 752 M8$

Continuing expenses 434
Working capital 56.4

Total 617.7M$
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