DeepSea Mineral Deposits as a Source of Critical Metals for Higti GreenTechnoIogy
Applications: A Sustalnable Approach or an n“rm] on to Anot o)

AMEH
RICA

V. Balaram
CSIR - National Geophysical Research Institute,

Hyderabad & 500 007, India

Email: balaram1951@yahoo.com



Outline

ANet-Zero by 2050, what are the
metals needed?
Mineral potential of deep-sea
Types of minerals available
Deep-Sea mining technologies
AAnaIyticaI techniques for in-situ
studies during exploration & mining
Environmental issues
What we must do?
Conclusions




S SS S S S SS MOTOR AND - -
PULLEY /-
Ht_:eit

N

| connecTnG
Hydrogen / «  ROD

(Hz) in

WATER SPOUT
0

By V.Ryan

Photovoltaics

difind dHlVMJ

Co, /LI, Ni,

O . Vr’&f Cancer Drugs
. u, ~a&dlin .
1 i 0o H
?"-l‘-\PIJ-‘pth‘ ‘p{o o] o PIJ’H
] ! | I P CH
ol ‘N Oy Oy
HH HH 0 H
Cisplatin Carboplatin Oxaliplatin

Nd

The above three drugs are used to treat almost half
of people receiving chemotherapy for cancer

NdFeB Magnet T fﬁﬁ {Jwé
- are the most Hﬁ.

i — powerful
y | Structures of FDA and Non-FDA approved

= {
= latinum drugs used in cancer treatment
= ’J magnetS gﬂmwet:izMT




Industrial Applications of REE & Other Critical Metals
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Metals Used in High-Tech Applications Face Supply Risk
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In this threedimensional graphic, researchers illustrate the “criticality” of all 62 metals based on their scores in thres:aeaply risk,environmental
implications,and vulnerability to supply restrictionsMetals with the higher levels of risk appear in the upper back right corner of the box. Graede 2015
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Unfortunately land-based

mineral depaosits:are producing
lower grades-at higher
production costs,-and new
discoveries:are becoming:-harde!
to locate.

So, mining of marine minerals would gain momentum in future in order to meet the growing demands of the
metals such as REE, Cu, Ni, Al, Mn, Zn, Li and Co, coupled with rising demand for these metals to produce
tech appiications such as smartphones and green technologies such as wind turbines, solar panels and elec

storage batteries. .
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Anurgentwake-upcallto
protect our oceans

THE NEW

US , Canads, Rusasia,
Denmark Rush to
Stake Arctic Claims

Who Owns DeegOcean Mineral Deposits?

United Nations Convention on the Law of the Sea (UNCLOS; 1982). To adequately represen
interests of developing nations in portioning out mining rights (Commeéteratageof Mankind)



OceanBasing

AAbyssaI Plains
AMid-Oceanic Ridges

Both these areas are covered by
Potential Deposits of

o Manganese Nodules

o Cobaltrich Crusts

o HydrothermalSulfides

o Marine Mud

o Phosphorites

o Gas hydratescrude oll, etc




Deep-Sea Mineral Resources
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Fields of manganese
(polymetallic) nodules on the abyssal plains
contain significant quantities oMn, Fe, Cu, Co & Ni
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Seafloor massive (polymetallic) sulfides
around hydrothermal vents

Marine mud

Phosphorites are often deposited
within estuarine environments
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Distribution of Mineral Resources with respect to Tectonic-Geomorphic Settings
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Manganese Nodules
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x  Polymetallic nodules were first discovered during the 1882xpedition of HMS Challenger, accumulate only in areas of low sediiation rate .
x Manganese nodules are usually gdill to baseball size and grow very slowly like ferromanganese crusts (growth rateg~+rim/million years).
- - x  They acquire their metals from sea water and alsom the pore-waters of the sediment on which they sit.




Polymetallic nodules coat fields of the ocean floor
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Polymetallic nodules are mainly composed piiyllomanganatessuch asvernadite, birnessite buserite, andtodorokite. They are enriched in Cu, Ni, Co, Zn, Mo, REE, and other mete
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Polymetallic Nodules — Depth & Accretion Rates

A Form onithessedimentovered abyssab plains! (4)5@06,000 rmwwaterddepths) AAcereiiomrates canvary fiomcabout A mm/Ma. Formby
precipitation from cold ambientthottomwater-andfrem seédimeniqorefluidThey aressmalbballs)darkrown colored and lightly
flattened, 5 to 10centimetersrin!diameterywhichlaynon ¢he seabediat®1000 @ 6.000=-meters deegamadin various-metalsrincltcing iNi,
Cu, Co:andvin.

AThegrade and abundanceof nodulesdetermine the amount of metals contained in a given areain the generalrange 1.1- 1 6% N| 0.9-1.2%
Cu,0.2-0.3% Coand 25-30% Mn with rangesbetween 5.0-15 kg per squaremeter Rt
Nath, Balaram, Sudhakar and Pluger (1992) Marine Chem., 38:185  -208.
Nath, Roelandts , Pluger , and Balaram (1994) Marine Geology, 120, 385 -400
= S '

Growth rates are more in Pacific Ocean (up to 29 mm/Ma) due to extensive tectonic plate movement and submarine volcaniy ac






Metal Contents in Manganese Nodules

Potential:
~ 3 % Ni, Cu, Co
In traces:
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Development of Polymetallic Nodule CRM 2388 from Indian Oce

NATIONAL METALLURGICAL ILABORATORY
JAMSHEDPUR

Certiticate of odnalyoeo

Standard Sample of Ocean Bed— Polymetallic Nodules No. 2388

The nodules were received from National Institute of Oceanography, Goa. These
were crushed and powdered in the National Metallurgical Laboratory. The fina
sample was tested for homogeneity before analysis. Each sample was analysed simul
taneously for moisture and other certified constituents. The following analyuca

results were then calculated on dry basis.

ANALYSES
Analysis by* SiO, Fe Mn Ni Co Cu

1. 16.37 14.45 21.80 0.70 0.15 0.46
> 15.44 - 20.92 0.66 0.13 0.47

- 16.16 14.70 20.98 0.75 0.16 -
4. 16.45 - 21.24 0.70 0.13 0.47
S. 15.79 15.90 21.43 0.64 012 0.51
6. 16.79 15.09 22.42 0.72 0.15 0.48
7. 15.77 14.28 20.36 0.70 0.15 0.49

8. - 14.89 - 0.71 0.13 -
9. 15.78 15.16 20.59 - 0.13 0.50
10. - 15.01 21.78 0.77 - 0.53
Average 16.07 14.94 21.28 0.71 0.14 0.49

*List of organisations participated in Analysis :
National Metaliurgical Laboratory, Jamshedpur
Hindustan Zinc Limited, Udaipur

Regional Research Laboratory, Bhubaneswar
Geological Survey of India, Calcutta

Geological Survey of India, Calcutta

Bhabha Atomic Rescarch Centre, Bombay
Hindustan Copper Limited, Khetri

Hindustan Copper Limited, Ghatsila

9. Indian Burcau of Mines, Nagpur

10. National Geophysical Research Institute, Hyderabad

PAOMB LN -

Sd/- V. A. Altekar
: : Director,
Hationel MviaSumfial tebeintory. Balaram, Anjaiah & Reddy(1995) Analyst ,120,1401-1406.

Jamshedpur-7 )
Balaram (1999) Marine Georesour & Geotechnol, 17: 17-26.

Sd/- L. P. Pandey

Head, Analytical Chemistry &
Standard Samples Division
National Metallurgical Laboratory
Jamshedpur-7
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Comparative Study on the Trace and Rare

Earth Element Analysis of an Indian

Polymetallic Nodule Reference Sample by
Inductively Coupled Plasma Atomic Emission
Spectrometry and Inductively Coupled Plasma

Mass Spectrometry”

V. Bularam and K. V. Anjaiah

National Geophysical Research Instinuse, Hyderabad-500 (67, India

M. R. P, Reddy

Centre for Materials for Electronic Technolagy, Hyderabad-500 762, India

The results of (he semi-quantitative and quantitative
characterization of an Indian polymetallic nedule reference
sample (Mo, 2388) using 1CP-AES and ICP-MS methods are
presented. Acid dissolution using HF, HNO,, HCIO, and
H;0); im a FTFE beaker was adopted for ple dissobuli
The calibrathon was performed with synthetic reference

lutions that contained the reag used for pl
dissolution, The data thus obtained were corrected using the
duta obiained on United States Geological Survey (USGS)
polymetallic nodule reference les (NMOD-A- 1 and NOD-
P-1) to minimize matrix and other effects, Over 3 trace
elements were determined vsing both techniques. The
accuracy of the determination was assessed by comparing
the vabues obiained with the certificd values for three RIAP
reference samples, Indicative values were obtained on
sample Mo, 2388 for about 80 elements by semi-quantitative
analysis using [CP-MS.
Keywords: Inductively coupled plasma mass speciromerry;
inductively coupled plasma atomic emission specirametry;
polymetaliic nodule reference sample; irace elemens; rare
warih element

Initrosuction

Dhata on rare earth elements { REEs) and irace clemenis in
mangancse nodules contribute to the understunding of the
chemical and mineralogical compositions and the processes
thiat contral their genesis.! REE concentrations, in particular
in manganese nodules and the associated phases, have helped
in constraining models for REE eycling in the ocean environ-
ment.? These studies require sensitive, precise, accurate and
rlenI determinations of several irace elemenis in a |“W-"'
number of samples. The analytical procedures adopred n
maost instrumental methods require the use of appropriate
reference samples which help o minimize the analytical
uncertainties such as matrix effects and inter-clement inter-
ferences. Two well certified manganese nodule reference
samiples (NOD-A-1 and NOD-P-1) have been available from
the United States Geological Survey (USGS) since |98D,*
Three more manganese nodule reference samples (OOPE
601, OOPE 602 and OOPE 603) huve been made available
mare recently by the Research Institute of Applied Physics
" Presenied ot Cieoanalyss 96 An Intemationsl Symposiam on the Amalysis of
f:ﬁnk:.uul-u\il Environmenal Maserials, Ambleside, Englund, Seplember 1§

{RLAP) jointly with the Institute of Oceanology of the LISSR
Academy of Sciences.® These three samples also have
reasonably good major, minor, trace and REE dma’
Recently Roelandis® supplemented the trace element data by
providing some new REE data on all these five reference
samples.

In India, an occan bed polymetallic nodule reference
sample {No. 2388) from the Indian Ocean was prepared by the
Mational Metallurgical Laboratory, Jamshedpur, jointly with
the Mational Institute of Oceanography, Goa, in 1981,
Subsequently, a collaborative investigation of the sample was
carried oul by ten Mational Research Laboratories including
NGRI, details of which were given by Pandey.” ‘Certified
values' are assigned for only six of the major and minor
elements, namely Si, Fe, Mn, Ni, Co and Cu (Table 1), most
crucial from the exploration point of view, and data are not
available on several other geochemically significant trace
elements such as REEs, U and Th.

In this work, we ul:cmpdtd 15} plmfillr working values on
several geochemically significant trace clements in this refer-
ence sample by using two of the most popular multi-glement
analytical techniques, inductively coupled plasma atomic
emission spectrometry (ICP-AES) and inductively coupled
Masma mass spectrometry (ICP-MS). Indicative values were
obtained for several other trace elements using semi-quantita-
tive analysis by ICP-MS,

Experimenial
Reagenis, € alibration Standards and Iniernal Standard for
HCP-MA

Electronic and analytical-reagent grade acids and high-purity
doubly distilled water were wsed throughout, Three sets of

Table | Cortibied data on sumple Mo, 2388 for some major and mindar
chemsents’

Campanemnl Concentration (% m'm)* (M)
Hal. 16,07 2.8
Fa 14,594 .24
Mn 2114 308
Ml 0Tl LR
Ca LIS T4
Cu 0.4 4,08

" Average of 8B o 9 determinations

PAPER
Winan Yang, Chenging Shen, Xiaoshu Ca e ot

Determination of Precious Metal
Concentrations in a Polymetallic Nodule
Reference Sample from the Indian Ocean

by ICP-MS

V. BALARAM

National Geophysical Research Institute
Hyderabad, India

A polymertallic nodule reference sample (No. 2388/ collected from the Indian Ocean,
and seven other samples, two from the United States Geological Survey, USA
{Nod-A-1 and Nod-P-1). three from Russia (OOPE 601, OOPE 602, and OOPE
603) and two from China (GSPN-2 and GSPN-3), collected from different loca-
tions, are available for calibration purposes and as control samples in the analytical
programs for polymetallic nodules and associated sediments to ensure accurate
measurements. They are not certified for precious metal concentrations, however,
and the data available are very scanty. An attempt has been made to provide
working values for platinum, palladium, gold, and silver and indicatwve values for
osmium, iridium, and ruthenium in these eight ferromanganese nodule reference
samples, using inductively coupled plasma mass spectrometry (ICP-MS). To assess
the accuracy of the method, ceriified reference materials, WPR-1, WMS-1, WMG-1,
and WGB-1 Canadian Certified Materials Project (CCRMP, Canadal were ana-
hzed, and the data obtained were compared with the certified values. The estimate
of analytical reproducibility was found 10 be bener than = 15% RSD for most
elements with comparable accuracy. The data presented for this set of manganese
nodule reference samples may be useful in geochemical studies of manganese
nodules and associated sediments.

Keywords polymetallic nodule reference sample No. 2388, ICP-MS, precious
metals, internal standard, molecular ion interferences, detectuon limits

The precious metals include silver (Ag), gold (Au), and the platinum group
clements (PGE), platinum (Pt), palladium (Pd), rhodium (Rh), iridium (Ir), ruthe-
nium (Ru), and osmium (Os). The precious metals are found together in the
Periodic Table and are also found together in nature, with Pt and Pd predominat-
ing in all known deposits (Kallmann, 1984). These clements are generally present
at exceedingly low concentrations (ng/ g levels) on the surface of the earth, in both
continents and oceans. Much of what is known about their geochemistry is derived
from detailed studies in ore formation and mineral exploration. Their siderophilic
and chalcophilic character and diverse redox chemistries give this group of cle-
ments considerable potential for blending into magmatic, metamorphic, and aque-
ous processes. For example, the geochemical behavior of Au in marine sediments
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