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Chemical Composition of Deep-Sea Manganese
Nodules from the Pacific Ocean

Yijiro Fupi, Tadato Mrzora and Yoshimi Kono

Abstract

Chemical analyses of acid-soluble fraction on eight Pacific manganese nodules are described so as to find
chemical characters with a special interest in their growth at the deep sea floor, using atomic absorption
spectrophotometry, in which a newly developed procedure for rough estimate followed by precise determi-
nation of metals is used.

The definitely negative correlation between Mn and Fe contents was found, which supports the alternative
structural enrichments in manganese nodules. Strong positive correlation between Cu or Ni and Mn contents,
and strong negative correlation between Cu or Ni and Fe contents were also noticed.

The fact that no clear correlation between Co and Mn or Fe contents was presented, could explain the
lack of selectivity in acid leaching of Co from the manganese nodules,

Data for chemical analyses of acid-insoluble fraction showed that SiO; contents were nearly constant over
the range of 82-899 independent of their origin, and Al;Oy contents amounted to 4.8-9.4%,, both of which
might take part in the formation of alumino-silica gel as well as the inclusions of foreign minerals such as

quartz or plagioclase during the growth of the deep-sea mangancse nodules.
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Fig. | Sampling locations (%) of manganese nodules in the Pacific Ocean. Area enclosed by

dashed lines and their notations are after Mero (1965).
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Photo. 1 Typical manganese nodules used in this

study.
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Nodule sample 0.1 g
l«- conc, HCI 5 m!/
Heating and decomposition of sample

Evaporation to dryness
1«-— conc. HCI 5 m!

Dissolution
Filtration

l
Washing

with hot 1: 9 HC], 5 times

Washing
with hot water, 3 times

l

filtrate residue

l
Dilution to 200 m/

l

Atomic absorption spectrophotometry
Mn, Fe, Cu, Ni, Co, Pb, Zn,

Al, Mg, Ca and Sr
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I
Flame photometry
Na and K

Fig. 2 Chemical analyses flow chart for acid-soluble fraction in manganese nodules.
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Table | Wave length used in atomic

absorption spectrophotometry

Wave length

Element nm
Mn 279.5
Fe 248.3
Cu 324.8
Ni 232.0
Co 240.7
Pb 283.3
Zn 213.8
Al 309.2
Mg 285.2
Ca 422.7
Sr 460.7
Na 589.0
K 766.5

Table 2 Applied gas pressure in atomic
absorption spectrophotometry

Air CgHg NZO
Element atm. atm. atm.
other than Al 1.6 0.3
Al 1.4 0.3 2.5
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Table 3 Metals and compounds used in preparation of standard solutions
Element cz/lrr?;;)lu?:;l Grade Manufacturer

Mn Mn metal E.P. Nakarai
Fe sponge iron G.R. Nakarai
Cu Cu foil G.R. Nakarai
Ni Ni powder E.P. Nakarai
Co CoCl,; 6H;O S.G. Katayama
Pb Pb (NOs), S.G. Katayama
Zn Zn metal S.G. Katayama
Al Al metal G.R. Katayama
Mg MgO S.G. Katayama
Ca CaCOys S.G. Katayama
Sr SrCl; 6H,0O S.G. Katayama
Na NaCl S.G. Hayashi
K KCl

S.G. Katayama

Table 4 Chemical composition of acid-soluble fraction in manganese nodules

Element A B C D GH E F H
Mn 20.90 12.42 17.54  22.75 11.61 16.14 16.02 16.71
Fe 8.81 14.10 12.58 5.24 15.65 12.52 12.15 9.79
Cu 0.52 0.15 0.28 0.88 0.13 0.26 0.29 0.45
Ni 0.97 0.25 0.46 1.13 0.19 0.39 0.39 0.64
Co 0.17 0.22 0.32 0.21 0.16 0.26 0.27 0.39
Pb 0.08 0.06 0.03 0.14 0.05 0.05 0.06
Zn 0.08 0.10 0.14 0.16 0.08 0.08 0.19
Al 1.51 1.55 0.92 1.45 1.95 1.11 1.33 1.59
Mg 0.94 1.04 0.95 1.67 0.83 0.95 0.99 1.39
Ca 1.49 0.79 1.66 1.62 1.27 0.86 0.70 1.46
Sr 0.03 0.06 0.04 0.04 0.05 0.04 0.03
Na 1.42 1.28 1.29 1.66 1.16 0.97 0.84 1.16
K 0.77 0.41 0.41 0.68 0.39 0.38 0.47 0.61
H,O (110°C) 20.71 25.34 19.22 21.67 2226 2535 2620
H,O (700°C) 9.53 10.69 11.02 9.43 10.15

12.14 11.8
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Nodule sample 0.5 g
in evaporating dish
«—conc. HCI 5 m/
Heating on water bath
Decomposition of sample
l«-NaCllg
Evaporation to dryness for 2 h
«conc. HC1 5 m!
Dissolution of sample
Filtration
{
Washing
f
r with hot 1: 9 HCI, 15 times
residue filtrate
Heating in platinum crucible
to constant weight
«—H,0 2 m/, HF 5 m/, H,SO, 1 drop
Evaporation and weighing
(Gravimetric analysis of SiOj)
lﬁK§p7 — HCIO, 2 mi
Fusion «— HF 5ml
14—— H,SO, Evaporation to dryness
Dissolution l4— conc. HCI 2 m!/
Dilution to 100 m! Evaporation
! |14 HC15mi
| I . .
50 mi 50 m/ Dissolution
| . .
Neutralization Evaporation to 25 m/ Flltra‘.tlon
with 1: 1 NH; water «—H,S0, 5 m/ il é
Boiling — 3% H,0, 5 ml npte residue
! , . R
Filtra tion COlorlanon Dilution 'to 50 m!
i* T Dilution to 50 ml
" filtrate Atomic absorption Flame
ppt. a Spectrophotometry spectrophotometry photometry
Transfer ppt. to beaker TiO, Al;O;, MgO and CaO  Na,O and K,0

l«— conc. HCl 2 m/

Dissolution
!
Dilution to 100 m/

Atomic absorption
spectrophotometry
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Fig. 3 Chemical analyses flow chart for acid-insoluble fraction in manganese nodules.
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Table 5 Chemical composition of acid-insoluble fraction in manganese nodules
Oxide B C D GH E F H
SiO, 85.17 89.37 82.25 86.10 85.06 83.67 84.10
TiO, 0.34 0.22 0.36 0.25 0.43 0.61 0.64
Al,O4 7.90 4.80 9.36 6.01 5.82 6.69 6.88
Fe;O4 0.82 0.70 0.87 0.99 0.64 0.64 0.82
MgO 0.35 0.30 0.55 0.33 0.33 0.33 0.43
CaO 1.05 0.85 1.44 1.29 0.89 0.99 1.05
Na;O 1.90 1.40 1.75 1.70 1.52 1.77 1.36
K,O 1.63 1.33 1.86 1.10 1.40 1.33 1.39
Total 99.16 98.97 98.44 97.77 96.09 96.03 96.67
Insoluble
residue 17.55 7.79 14.03 16.39 10.44 11.76 14.33
in nodule
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Fig. 4 Relation between Mn and Fe contents in
manganese nodulcs.
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Fig. 5 Relation between Mn and Cu contents in
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Fig. 6 Relation between Mn and Ni contents in
manganese nodules.
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Fig. 7 Relation between Mn and Co contents in
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Fig. 10 Relation between Fe and Co contents in
manganese nodules.
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