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Leaching Studies of Deep-Sea Manganese Nodule

with Ferrous Sulfate Solutions

Yujiro Fuj, Tadato Mrzota and Yoshimi Kono

Abstract

Improved extractions of valuable elements such as Mn, Cu, Ni and Co have been obtained by acidified
ferrous sulfate leaching of deep-sea manganese nodule from the Pacific Ocean. This leaching is based
on an oxidation-reduction reaction shown as:

MnO,+2Fe?* + 4H*=Mn?* +2Fe?* + 2H,0
MnO; in the nodule growth layer is reduced to Mn2+ by the aid of Fe?* jons in the leaching solution,
thus releasing valuable elements contained in Mn phase of the nodule,

Better Mn extractions together with Cu, Ni and Co were obtained in solutions of 0,05M FeSO, and
0.05M H,SOq in 1.5 hour of leach time in comparison with poor extraction obtained in the 0.06 M
H;SO; leaching solutions without FeSQ,.

Extractions of Mn, Cu, Ni and Co decreased gradually in the solutions at higher FeSO, concentration
range over 0.05M due to deficiency in HySO, and hydrolysis of the Fe®*+ ions produced through the
above leaching reaction.

Equi-extractive contour lines are also presented on FeS0,-H,S0O, diagram showing concentration limits
of both FeSO, and H,S0, in the solution to obtain better extractions in the FeSO, leaching as well

as optimum leaching conditions.
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Table 1 Grade and distribution of elements in the nodule

Crude nodule Growth layer Core
Weight, {g 108.6 77.2 31.4
% 100.0 71.1 28.9
Mn 19.55 24 .38 7.68
Fe 4.97 5.54 3.58
Cu 0.84 1.07 0.29
Ni 1.17 1.05 0.34
Co 0.17 0.21 0.08
Grade, 7% 1\ ] 1.29 1.69 0.29
Ca 8.26 5.24 15.70
Mg 1.62 1.85 1.04
Na 1.94 2.12 1.50
K 0.82 0.99 0.40
Mn 88.6 11.4
Fe 79.2 20.8
Cu 90.1 9.9
Ni 88.4 11.6
Co 86.6 13.4
Distribution, % Al 100.0 93.5 6.5
Ca 45.1 54.9
Mg 81.4 18.6
Na 77.7 22.3
K 85.9 14.1
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Fig. 1 Apparent Solubility of FeSO, in H,SO,
solution
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Fig. 2 Changes of metal extraction with
leaching time, FeSO, concentration : 0.05
M, H,SO, concentration: 0,05M
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Fig. 3 Changes of metal extraction with FeSO,
concentration at constant H;SO, concen-
tration of 0,05 M, leaching time: L.5h
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Fig. 4 Changes of metal extraction with H;SO,
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Vol. 35 No. 1 (1984)

JIUNERTIL I S
ki, FeSO, i#Ex0.2MD—E & L, HSOGRE
%0.05~0.2MiC d>tc» TSR ICR PRy Fig
6 1T, keHigrhoo FeSOs IEA &\ 123,
HSO: 3#)50.05MEL Fio > TREN L T » o 45,
H.SO, i#%0.075MEL BT, HeSO, i#iEs s

100 T T T
8-“".!.’-—-—-— Q===== Q
80 /, Cu |
7 o ¢
=60 /V v
S Vo —1
©
o]
=
x
v
T 40 -
v
=
-13
20 ommapn
__________________ Tt T
. Initial pH'---"""_11
o ] | | 0
0 0.025 0.05 0.075 0.1

HZSOM concentration, M

Fig. 5 Changes of metal extraction with H,SO4
concentration at constant FeSQ, concen-
tration of 0.1 M, leaching time: 1.5h

100 , T , I .
CUD_—-——'—D ]
0O
80 -
/ = O—="=3
il P
g/ O‘ﬁi"o
w T
c 60 -
s O
2] ey —Y
: 1/
-V
840 —
[
s
- 43
w0l cinal —2
L TeaEinal pH -
T e e 2
B Initial pH ~~ """

0 ] | ) |
0.05 0.1 0.15

HZSOu concentration, M

Fig. 6 Changes of metal extraction with H,SO;
concentration at constant FeSO, concen-
tration of 0,2M, leaching time: L.5h




WIRREE — B X DR~ v v« /Y — LD

TTHHETROBRHERIEL L L ote. L
2L, Cu ORINRIE Mn 0RIMRI hEE<iken,
Fig. 4 2%\ Fig. 5 R Shi 8B Hh T
VB . LEEBED FeSO, s\ Tiz i i o
HoSO, BERRHRC AZAPEL L2 o\ o L 2
bk,

5. BME—KRE L HBRRE S ORK

B4 CRWT, =vH v . ) v —LrBERDR
Hic 3T % Mn, Cu, Ni B0t Co niHsRicsL
RO FeSO, L H,SO, I L oo s
RBARY BB = Envbho . TheDBHEREC S
% Cu, Ni R0r Co DEtHE2 HySO, 0L s
DORMB LB LT, M THEL L1, =v
WY s Pa—VEEEFD MnO; 2% Fe* 0BT
fERC L > TS hcb D EEL bhb DT, =&
T Mn ORIERLVIEEL L CHBHTZZ L L LT,
4. TIT-> LBHKERD 5B FeSO; #50.01~0.2M,
H.SO, ##[£0.005~0.1Miz> %, Mn 0O HROZ
bk Fig. 7 1<% Lo, Fig. 7 e @A L o5l
INERDEEDL LickIT5 Mn 0BHKRTHS.
CZT Mn ORIEEKIY, 80%H B\ NLT0% ¢ kY
THERHRMREL RS, ThEHEEBA, Bh o\
C LUl Bl Mn 0RHEIYL L L2825
IR ATEE W RO B AN LE T Hh 5.
Fig. 7 o i AR+ X 512, Mn D H%Ro0% Ll
Z1§%icik, FeSO, #0.05~0.08M Hlighysr, -

I ! 164, 771 17378

o
~
I

HZ“I

o
=
|
Py
©

0 0.02 0.04 0.06 0.08 0.1
sto" concentration, M

Fig. 7 Dependency of metal extraction on
FeSO, and H,SO, concentrations, leaching
time: 1.5h

(49) 49

BEEHEET, Lasd HaSO, #EF0.05ML\ b &8
HBEE WS R METBBEOSHB - Lhibins.
HARADTHIL FeSOs #E0.05MT, L 2
HoSO. ECHBIFRTHS. Zhiz MnO, ¥ B551
D DIIRATRD FeSO, jfE & L TH10.05M% L5 &
THZ LT, iAD LT HSO, #E0.05M
WL, Fe** pEMcRITERLH 5 C L8 il
WD HoSOy % /R, MRAD EHIREETLR
mmlofim?6fw+ﬁmmﬁ%Ldeﬂ3@
o 2 CRIMR Y (ET I A0 3 BRAEPT LD
EFEZ B, MnO; ORTHIE LT FeSO, i
BILLF LB ETERG LI E 2 oo &5
LY Nl o <l

R, Mn DR HHR0% RUNT0% D%iE R iR B
BOCeHB T, ThbO THROEFZMEBA L
BOOBETHS. Lal, HifEBO EHOERIT M
AL L TRACIAL Y, WECIIMHEBIY I
CHEIED K235 T B, 2 ik Mo 0 R H80% 5
BWIT0% LETTHE b2 AT H0IE, BHEK
H D HaSOu BB B 5 B RELL i f2oFR b |, FeSO,
BEGRIIEART 50T, SO REHEY T 2
DBEDOINZ EHRLTWS,

6. ## B

TYH Y e YA — L ORMBBBREERRES DD D
DD, BiiGETEOBRHERII T+ EELR., /v
= AEEERD Mn %51 MnO; % Fe* i X
> TETL, Cu Ni B Co 0BIRA [JEI22
SERBEI L. BONHEYENT AL kDL S
Thb.

1) FeSO, 0.05M & H.SO, 0.05M % 4ririaH
BTk, BHEER 1.5h T Mn 0@ H%13.94.0%,
&t Cu, Ni Ro* Co Dlfic B HEMMET 523,
HeSO, DA DBz i L, FeSO, i3#idTH
BILRIBAITH D Z Epibh- T,

2) H,SO, #0.05MD—5%& & L, FeSO, HED
RIERC T 2 WL TR, FeSO, #50.05
Mo & & Mn, Cu, Ni R0 Co i HERIZ A fEY
ML, ZhiLED FeSOy fEETIE HeSO, BEDOR
RO, LT Fe* ikl , £tE0R
HRBRLFHETLE.

3) FeSO, % 0.05M R 0.IM O—E & L,
HeSOy BEORIMRIZKT2HE Y ROTFER, &
bic HeSOys #E1F0.05MEL LT & TR DB HEIRIE
—TE L 7% . FeSO, #E0.2MD 413 H,SO, jeps

AR TERH R



50 (50)

0.075MEL EDLETH S .

4) Biigho FeSO, ¥ L H,SO. BEE & DB
A ST B2, Mn ORI, 80%HB\:
1170% L A i B o FeSO, & HeSO4 O
EEEY PWRLC.

s AR CHERALI VI Ve S Yo — AR
LYERERAT ¢ v & — ISAER KO MR X - THX
LiboT, B EHoErRLET, TK
B IRt IFEEBCHBYRLET.

$ £ X W

1) BHEEE—ER: = % v ¥— - I, 5, 111-117 (1984)

2) EEbiETER, BHEDBA D AAEELEHKERSE, K-4
(1976)

3) BEhR—RR, MEMA, ¥ B KELE, 18, 542-
547 (1977)

Vol. 35 No. 1 (1984)

BESFRE—RS - WH

S NERGIL S g e

4) BT RR, BHEEAC IRk T mES s, 30,
389-396 (1980)

5) BULHETER, MEABA, AERE  AAEREEFRR
M|EEEH, 115-116 (1981)

6) HEFRTAN, MEBA, WEFE | UORFETERHR
i, 31, 147-154 (1980)

7) Ak, BAKI M6 £ BAEREEFRE
MIEEEH, 425-426 (1980)

8) MREZ, FEEE RS . BAZEANMNZHE
P LWHEES (1983), HAFFESLE, 99, 505 (1983)

9) D.Dobos : Electrochemical Data, Elsevier
(1975) p.259-260

10) BALESE @ FrERbymMy s, FRILaH O A R
1), hu#E (FEA524E), p.880-881

11) D.W.Fuerstenau and K.N.Han : Chapter 12
Extractive Metallurgy in G.P.Glasby : Marine
Manganese Deposits, Elsevier Oceanography
Series, 15, Elsevier (1977) p.357-390

(FEF594E 4 A 16 HZH)




