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Technologies for processing deep-sea manganese nodules and their developmental trends

WANG Yun-shan, LI Zuo-hu, LI Hao-ran
(Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100080, China)

Abstract: A deep-sea manganese nodule contains a great deal of metallic elements, if exploited properly,it’ll be a valuable
substitute resource for land metallic ore.The major processing lechnologies are introduced, whose development has been going on
both at home and abroad in the past half century. The existing pyrometallurgical technology is quite suitable for processing high-
grade ore, and the process flow is shorter relatively, bul the energy consumption is higher. While the hydromelallurgical
technology is quite suitable for processing low-grade and complicated ore,and the energy consumption is lower, but the process
flow is longer relatively . The combined technology of the pyrometallurgy and hydrometallurgy is suitable for ores with different
conlent and different types, but the process flow is still longer and the energy consumption is higher. In recent years, many
researchers have made helpful attempts on hydrometallurgical reductive leaching,and they open up a new way of thinking. They

will in the [ulure pay much more altention to comprehensive utilization and environmental requirements,as well as carry oul in-

situ processing, etc .

Key words: deep-sea manganese nodules; ore resources; hydromelallurgy; processing technology

Wi & Fifi b 5 R PR IR H f2 MG 98, AR B W B ok
B, 1873 L MM RIBE 45 B /E N — M ik
ARy B R EZRmEER . BEES
BIRA T 3 ~6 km TS B R BT 3 x 102 (2, 4
4G (Mn) (4 (Cu) (&5 (Co) VB (Ni) fiff & Hb i b 6
HM K 1~3MER. W EES%E T AE
Yy, AR AR A -3 FINE) 2050 4 i
iRl A B R BRI R AR H R K
Rk WIRE SR E S KR ALY T
Ph 8 -MnO, T X FEAE ; 8k E B LUK S 89 T U
B BEUR TR AL AT FRET Y
AR B B M Y-S I RREA R
MBI R EE SEENSR Y LR
NS/ E

%% B #9 :2004 - 08 - 30; 1€ 5 H 1 :2004 - 11 - 25

1 RBEEZRLERAR

S0l AR I R J , R 45 A I A BB R
EAHZM, L 2A KL GBIEM IR G L5

B AREARTE T 20 th4 60 AFAR, i 1%
FIRTHEAR B HORR . h THAGHELUT
ity 5 BR AL A, A% [ B A Y A A M R AL
AR S I RATE D
(Nicaro) |~ F1 7 1% 1% 52 1 5] £ (Sered ) | & J5L 5 8 -
G 8 L B BT (MoaBay ) e L e JE B AR 12
th ¥k A Kb 22 [ BRER A B] (International Nickel Corpo-
ration) ¥ Br— B AL 152 15 45 o LR RS - DR U,
AT AT WL RGBT A%, B85 TRk,
SRT, o THR A R FLBR AR, K BOR, &R A
6%, SR AT i K R AL BLRERE 7, ORISR S Al

BB LRIN972 ), B, W 1A 2R (1940 - ), 55, B0 b BF 068 W 122 SO, 46 S AN TS, — B T B 0 T A 2 iy I o7 T8 R i B 7
T L U DK 2% B R A A Tl L 5 34 25 B Bl B R 3R B 1 MLl AR 5T, I TRIE Z& A, 010 — 82627081, zhli @ home . ipe. ac. cno



EENBEAREARES SR

JEA

BRI AR A T 20 D 70 AR, BT
B BRERA TERED W(EZEREY W) F B E
B TR ey A b O T A SO B
i VR VR IR A SR R Y TR R AR
HOAEER R R Ok . R R W A ROR T
B RE RN S W% R EE M, 2
— P AR T8 AT IR SR Mn® 3R SRR Mn®
TSR SRR W) 45 1 5 78 1) [R) ), 4 L6 B ek B
HCH R M RS 2R IR ARR, X
MR R 5 R MR s G E a5 h A h & w15
PR 3 02 B AR 45 % A0 BB R (9 iR B A .
BT kA 2% B JE AT (Kennecott) 24 7 - & (1)
HE T -E 5 0 2 E %% A Al (Deep Sea Ven-
tures) ) F FEER R 12 2k
1.1 A%

FEATEBE S S BITE PRSI K%,

ISHRA SR TR 45 1% 4 5 Tk B 1 0 JRR R AR
FERE M RSB, NG ST R 5L
J& o U5 (Beck) F1 5t ) (Messner) ¥ il & Si0, . £&
IR A FeS, RILERA 1E 1400 ~ 1 450°C N 454 1 h,Ni.
Co.Cu. Mo, Fe 9 [l gt H 43 5 K T 96 % .92 % 87 % .
89% .84 % , Mn 11 [l I H/INT 4% o it s 27 T
B SR AATE R, BRI N e TR E R
EISNEE Pl Y

BEAT R PR R VSN £ R M SR IR R e AL 3
FALT A, &8 DL R TE AR I 75 45 2 2 T Bk
R IR 5 WG R T . M5 5L (Pavrekh)
AL BT R b, 2R ) 59 138 S Ni—Cu—Co
Ko AEEALFE NaCl + CaCO5[ 5 Ca(OH), ], H
Rk Be il BE KT 900°C o

FNERPAHER A RIE S HHER 5
TR G B AL % 70 U AR, T A0 E TR
AL AT o AAL IR — o R A = A
LREAMY . BBARKEEAL REELLE
FUYEBENELNAERENERE (R SER
FACHR G YR, B m 4 E

Kk ER TGS BE TR A,
X4 JR ALY R E IR B R AR AR, —
AR AR A R, AT BT T
1.2 B

Bk FEARERBEMER .

Rk EESEMEERYE 2 f, )
(Han) 5 & /R 84 (Fuerstenau) fBF5Y R 9] : 78 518 K,

3.5~4.2 MPa F HIGLIEIZ H 2 h, &8 B 1 R4 5
9B 80% AR 90 % JE 30% K 5% Ak 2% , B Rk
HA FE MBI AER B, TS B B ER
IR BRFEAR , BAA VE RN H Co MIMCARIAK, X 1R
HBIEH T M. Fe B RBE MR TE. KB
WFFE B 5 AU 2R R BT B B 4 B % 8 U5 TS 3 JRL R
Ry S EEE EEARRRE B LIS TN
Frll0-1 = g i S A TR T 210 4 fEfE
i, 0F HAl W 3 o Ak, 4 JB 3 1D 8k, Bl
BB AR R, S TR w , B K,

R Y & Je AR B A 4R B8
T2 B, ZIE T RIS % 90% LA /Y CulNi,
I HBF 98% 9 Mn** 3546 K Mn®* (MnCO; TER) . A

ZIHHANYAER N E B S, (8 H 4

B - - A AL R A AR 80°C LA E R AT, Cu.Ni. Co
5 2T 80 % 5 A T M a8l Y R R Ok J ] b
MIEE160C T ARKERFLBEBRELE, LEF R
B B BEBE ST TR K 7 W LR R R ok o
JERT HALHE 24 kg MY KIAE, Rk M W
RRTE T T BB L5, AR T AR A% ; (HAN A9IR 1
A BCRJERAL, R &R B R, EEXEL L

1Bk A AR & M SR A 3 45 4 05 B T U
g, AL B o 7 SO 00 A B L KR % B
B R AR R, TR R AR ME R R 3 AR SR o
1.3 NEBEEE

KOIRIK A B R H &R - R B RS k-
B2 ik

I D R A - R R B LA R A LR A B
ik 99% F1 98 % , (ELAk Bl L HANA 54 % o

TR BR-Bi AL -5 M 25 % B AR AE 900°C LA BT
P PR EER, BHGENEHE, HE &1
1 380°°C T Jin Bt B B8 8 4k 1 S8 4 A 380 A SR 7E e o
HiE— 20 WAL B, TS RCR AR RO B B A5 4R
B HA AR, T B AR M ER &, BB E&
R4 B mUSCER VB AR T AR R T U T R
FPIRA RS, RENER RS, BRREEG
& REIMERTF . KV IETHR LS 2 E05R 0,
AR aL ) IR AT T A B AR B 30 ke
TG R AR AL T 1.6 kg AW iRE, ik
FEHRERREMNERG SN TR RS HA
Y% EHE, HASH TR, EE.H. 6 EAR
WL ERUUTE , B TP 2k VB VA A RG99 %
PLE. BIEED T EA kit O = a8 A
SXIE TG SR F LG Q8 &M E TR



.16.

R A
F2s e L B

BRERVOB B IR BRI A SR, AR R Ak
WIULTE , TR B 4 UE A WS T3 85 T .

HRIEEL, KBBARWMARR K, BRER K.
1.4 REMEFHEAR

20 T2 N LA AR AX, B R AH 4 ] i, 5 285387
FEAKZRETHRRE N L. E_A L RERR.
WA ZR T, DL Fe,S0,.NayS0;  FeS, A WL (FF
Fe BB AR CLL R IR ) SRR R AL
AN RS R, AT AR AR
Wo LA FeS, EIR BUR 2L 9712 46 45 8 7 2 LR
GiRE A U AR , 45 6 SeRp IR T A W 0 AR )
FAREE, LT 2R RE . LRy R TR
KRR H T ik FE TR T8 .

2 REZLEBERREZRED

IR Z 2 o R B S5 AL BEOR AT T AR Y
PR AN, ey 52 7 < U 1RO R A o T AR
BH S Tk A A 7 B 3R TR, A5 AL
HHOR R BB R B H

(1) S5 B & 45

¥ I X v UL v R A IR 1 9 AT B, D M
BT SO, VR AT , 38 3 BE 0 IR g 23 ]
180°C il 12 MPa, HACR B4 5 th T MK i, &R
mn AR, Ay ¥R U5 B K TR, A JR 4 (Hirt) | Fugjii
Yujiro S5F 0 1 VF UL RV TR AR BRSSO T s

(2) EE AR L5 25 F A

RS AL B R A R BRI, T RE A
B RS (o B SRR e B, 0 B0 05 T WA
B . AP SE 2 AT B U IR, AN A R R A
FIAE AR Bl WORE B L DB A SR AR
BR300 B9 OB, BRI SR 5 R B 51 R o

(3) 3 E AL IE MR K 2525 [

EANC 27 J — W BB A MR R I 0. it
Ab, i HE AR AY [ R B0 R B B LR G [
Weo HAHI G N GE 23 BRIZ W P A HRUBE s R 1R
i A6 B BRI R UL T 12 M5 AR R R 1 9+ i B
HALEF H @%#%Eﬁf%?ﬂéﬂ ( Interoceanmetal Joint
Organization) 4} B Fl = 52 e il — (2- Z 3 O 36 ) B
RN 5 1% R R W T A BRI UCBR A o

(TP RGN LA

TR 45 0BT A B R IR , & B @ DAL &K
1o, 3 [0l 3 B 9 K, — RO A R ) 1
A, BV SrvE S B dR) PRI M L. o7 a
R bR JE S PRGH AL B ARSRORE R, HOR 7 HV AR VR

BRIV TP [ i, B R LA (B Rl SRS R B B 6
Fr it 22 1] Ak BR K B i b T AR L B VR A i T
TEiaf R ARl PR RSE 7 T R ORI

3 HIE

TR G5 R — PP A B T B TR 7 IR
REM LB BT KA, R T AR h
TR R SRk RECERAG T 845 A
PR 19 MR (L BLAT Ak PR AR 38 A [ 78 )& s A7 16 A
RS TT R B E B R R K FEXTBUA
— BB IR Y T E AT EE R S AR T ket o
B[R] B, AR O 2 A B R IR TR, AT — SRR
ML EEE M HARPII, TR T R
F AT AT B AL B ARG = RSB FERY T 1]

2% 0k

[1] Singh T R P.[J]. Journal of Mines, Metals & Fuels, 1989,37(12):
608 - 610.

(2] 7, B i &ML bt f & 1l AR, 1998,

[3] 25 . [J). A G m,1999,20(3) : 143 - 147.

(4] Wimsdh, M0 (1] . A48, 1994, (3):39 - 41,45,

(5] St 8, 303G RV B 2 & B W& (M) b i TE
L RAL 1992,

(6] Edefk, sk, shese. [T]. W4 & B 4", 1996,33(9):3 -
13.

[7] Kumar V,Pandey B D, Akerkar D D.[J]. Hydrometallurgy , 1990, 24
(2):189 - 201.

[8] Pandy B D, Kumar V.[J].Hydrometallurgy , 1991,26(1) :35 - 45.

[9] Kennecolt Copper Corporation. Recovery of metal values [rom manganese
deep sea nodules using ammoniacal cuprous leach solutions[ P]. US
3983017,1976 — 09 - 28.

[10] FHARF . [J]. A 41HHR,2000,29(2) : 11 - 14.

CUL] A, o A, Rk B, 5 L)) AT (A% 08, 1997,49(1) : 62 -
69.

[12] N, A [J] AT 4 8 ,1997,49(3) :46 - 51,64.

[13] BUBe A, B on , Bt [0 430 1R, 1996, 16(4) : 40 - 43,56,

[14] Das S C,Sahoo P K,Rao P K.[]] .Hydmmelallurgy,lQSZ,S(l) 235 -

47.
[15] 845, BEIM BT, M 3i, % [1]. A (648, 1996,48(2) : 50 —
53.

[16] Kanungo S B.[J].Hydrometallurgy, 1999,52(3) :313 - 330.

[17] FRAWHE, PMESR, 0Eh . [J] . A 48 ,1996,48(3) :48 - 52.

(18] fKWf, PME ST, Tt . [J] . A B 5% ,1996,48(4) :45 - 49.

[19] #hG32, sk Wi, L. [J]. A G4 )8 ,1997,49(2) :36 - 40.

[20] Jana R K,Singh D D N,Roy S K.[J].Hydrometallurgy, 1995,38(3) :
289 - 298 .

[21] Momade F W Y, Momade Zs G.[J]. Hydrometallurgy, 1999,51(1):
103 - 113.

[22] ZE¥hgk, vhHkw . [J]. A €48 ,2000,52(4) :74 - 76,94. A



