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Table 1. The equipment and reagents needed in the synthetic experiment

99%
0~5C
LZB4 1 ~100 L/min
<100 wm
0 ~300 r/min
PHS-3C
Mn NO, , 50%
NaNo,
NaOH
Mn NO, , + NaOH—>Mn OH , 1 0.46 nm ¥
Mn OH , + 0,—MnO, 2 b
2 0.461 nm 1 nm
0.7 nm MnO,-8 SM-1 003 0. 34 nm
1 nm
6
SM-1 1 nm
1 nm
1 SM-2 X
nm 1.02 nm 0.51 nm  0.34 nm
1 0.46 nm
nm 003 0.34 nm
X SM-2
1 nm 1 nm
1.02 nm
pH <10 0.1~0.5
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1 nm Na™
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Cu*? 1 nm
1.96 nm 0,53 nm
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5%C SInnCu’ 5" 48
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0.34 nm 003 1 nm Fig. 1. Results of X-ray diffraction analysis for wet
1 nm sample SM -1 upper SM -2 middle and

0.51 nm SInmCu®* manganate below .
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2 pH >5 Me NO, ,
pH < 4.5
SInmNa "
SlnmNa* pH 4.75
SInmNa* pH
HNO,
] H* SInmNa” Na“*
Na“
i SInmNa® + H"— SIlnmH" + Na* 3
1 nm HNO, SInmNa*
pH HY 3
SInmNa * I nmNa”*
1 nm I nm pH pH
I nm HNO,
Cu
Co Ni Zn pH
1 nm SInmNa * pH
1 nm
pH
4.75
pH
pH
I nm SM-2 2
1 nm
5.3
5.2
= 51
5.0
4.9
rRe * 8 T
2.1 A 70 10 20 30 %0 50 e 70 80
SInmNa* t/h
2 Sl nm pH
SInmNa * Cu Fig. 2. pH variation of the SInm manganate when
NO, , Co NO, , Ni NO, , Zn NO, , its acidity is adjusted.
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150 mL SInmNa*
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4.75 3
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Fig. 3. pH variation of the SInmCu’* manganate -
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manganate following single metal cation substitution reaction.
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Slnm
Co™* 90% Cu** 123
Cu’* Ni** Zn** Co** Ni** Zn** Cu’*
Ni?* In* 29% 5% 6% 4 Ni?*
Co™"  28%
Cu2+ C02+
Slnm Slnm Cu’"*
> Co’* > Zn’" >Ni*"
Cu*™ >Co’" >Ni** = Zn®*
2
2 SInmMe*

Table 2. The contents of metal elements entering the SlnmMe”* manganates following two-cation substitution reaction

wg/ %
Me a+b - w Me /w Mn wb /w oa
Mn Cu Ni Co Zn

1 Cu + Ni 41.53 6.68 0.33 16.9 5

2 Cu + Co 37.63 5.48 1.60 18.8 29

3 Cu+7Zn 40.52 7.30 0.45 19.1 6

4 Co + Ni 41.55 1.25 4.49 13.8 28

n a+b /n Mn 10% .
3 Ca2+ Mg2+
3% ~5% 1% ~2%
Cu2+ C02+
¢ Me /¢ Mn 5% ~25% SInm
Zn’* Ni** Cu’* > Co™" > Zn** > Ni** >
CaZ+ > Mg2+
3 Slnm
Table 3. The percentage of metal elements entering the SInmMe”* manganate following multi-metal cation substitution reaction
n Me SInmMe?* /n Me /%
n Me /n Mn /% :
Cu Co Ni Zn Ca Mg
s 1 76.9 61.0 52.1 74.5 4.8 1.9
2 75.8 66.0 58.7 73.9 5.4 2.1
0 1 75.8 62.9 36.6 48.9 3.5 1.5
2 76.3 61.0 41.3 43.6 3.5 1.3
- 1 75.0 66. 1 26.5 39.1 4.0 2.0
2 73.0 66. 1 33.8 41.8 3.3 1.2
’s 1 76.9 70.6 26.1 34.9 3.1 1.2
2 75.4 66.7 31.1 34.3 2.6 1.4
75.6 65.1 38.3 48.9 3.8 1.6
1 nm
Slnm I nm
Cu’" > Co*" > Zn** =Ni** >Ca’" > 3 MO,
2+
Mg MO,
1 nm

1 nm
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4
1 1 nm
“ ” 1 nm
Me H,0, ** Ni** > 1 nm
Cu’* > Co** >Zn""
In’" >Co’" > Cu’' > Ni** Ni**
Cu’*  Co** Zn** 2 1 nm
Cu** Co’" Zn’* Cu Co Ni Zn
d" 1 nm
Ni2+
1 nm Mn®* Cu** Co** Ni**
In®" 0.67 0.62 0.65 0.70 3 1 nm
0.75nm ' Cu®*  Co’" Mn®"
Cu®t Co™* 1 nm Cu**
MO, Mn** Mn** > Co’" > Zn*" =Ni’" > Ca’* > Mg’”
1 nm
1 nm
Cu Co Ni Zn
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STUDY ON THE SYNTHESIS OF 1 nm MANGANATE AND
ITS CATION SUBSTITUTION CHARACTERISTICS

QIAN Jiang-chu' > CHU Feng-you' > FENG Xu-wen'’
1. Second Institute of Oceanography State Oceanic Administration Hangzhou 310012  China
2. Key Lab. of Submarine Geosciences SOA Hangzhou 310012  China

Abstract The key factor to synthesize the 1 nm manganate is to properly control the oxidation degree of the products
otherwise the products will mostly be the mixtures of 1 nm manganate with other manganates. The experiment on the
substitution of 1 nm manganate with divalent cations indicates that 1 nm manganate has very strong cation substitution
capacity and it is inferred to be one of the main reasons why the oceanic polymetallic nodule could enrich such high
contents of valuable metal elements such as Cu Co and Ni. Different cations have different substitution abilities in the
cation substitution reaction with 1 nm manganate. The preference sequence of cation substituted into I nm manganate is
Cu’* > Co*" > Zn’* =Ni’* > Ca’* > Mg’". The main reason for the strong capacity of cation exchange might be that
the 1 nm manganate possesses a tunnel-like structure.

Key words 1 nm manganate artificial synthesis ion exchange tunnel-like structure



