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b. Smart phone

a. Computer

ial into this presentation?

ELEMENTS OF A SMARTPHONE

ELEMEM’S COLOURKEY: @ ALKALI METAL @ ALKALINE EARTH METAL

SCREEN O

Indium tin oxide is a mixture of
indium oxide and tin oxide, used
in a transparent film in the screen
that conduicts electricity. This allows
the screen to function as a touch
screen.

The glass used on the majority of
smartphones i an aluminosilicate
glass, composed of amix of alumina
{A1,0,) and silica (SI0,). This glass
alsocontains potassium ions, which
help to strengthen it.

A variety of Rare Earth Element
compounds are used in small
quantities to produce the colours
in the smartphone's screen. Some
compounds are also used to reduice
UVlight penetration intothe phone.

Copper s used for wiring in the
phone, whilst copper, gold and silver
are the major metals from which
microelectrical components  are
fashioned, Tantalum is the major
component of micro-capacitors.

Nickel is used In the miccophane as well
as for other electrical connections. Alloys
including the elements. praseodymium,
gadoliniim and_ neodymium. are used
in the magnets in the speaker and
microphone. Neodymium, terbium and
dysprosium are used n thevibration unit.

Pure silicon is used to manufacture
the chip in the phone. It is oxidised
to produce non-conducting regians,
then other elements are added in
order to allow the chip to conduct
electriciy.

Tin & lead are used to solder
electronics in the phone. Newer lead-
fiee solders use a mix of tin, copper
andsilver.

TRANSITION METAL @ GROUP13 @ GROUP 14 @ GROUP15 @ GROUP 16 @ HALOGEN ‘ LANTHANIDE

‘o) ELECTRIONICS

The majority of phones use lithium ion batteries,
which are composed of lithium cobalt oxide as a
positive electrode and graphite (carbon) as the
negative electrode. Some batteries use other
metals, such as manganese, in place of cobalt.
The battery's casing is made of aluminium.

Magnesium compounds are alloyed to make
some phone cases, whilst many are made
of plastics. Plastics will also include flame
retardant compounds, some of which contain
bromine, whilst nickel can be included to
reduce electromagnetic interference,

Annrmn-,:

Galliurm

Bromine

r;pmfouND \NTEREST 2014 - WWW.COMPOUNDCHEM.COM chem |
re

d under aC ‘ommons Attribution-NonCommercial N

Facebook: www.{acebookcom/compoundchem

Image taken from: compoundchem.com

6.26 I Cable, Housing
1.72 Metal joining Funnel glass in CRTs, PWB
3.86 C Housing, CRT, PWB,
<0.1 PWBs
Gallium <0.1 Semiconductor PWBS
Iron 5.58 M ivi Housing,CRTs, PWBs
fTin 0.27 Metal joining PW8s, CRTs
Copper 1.91 ivit CRTs, PWBs, conn S
|Barium <0.1 A Panel glass in CRTs
Nickel 0.23 |Structural, Magnetivity Housing, CRT, PWB
Zinc 0.6 Battery, Phosphor emitter |PWB, CRT
|Tantalum <0.1 Capacitor e itors/PWB, power supply
Indium <0.1 Transistor, rectifier PWB
Vanadium <0.1 Red Phosphor emitter CRT
Green phosphor activator,
[Terbium 0 dopant CRT, PWB
Beryllium <0.1 Thermal Ci PWB,
o Fr = Connectivity, conductivity/PW8,
[Europium <0.1 Phosphor activator PWB
[Titanium <0.1 Pigment, alioying agent Housing
Ruthenium <0.1 Resistive circuit PWB
Cobalt <0.1 ! Housing, CRT, PWB
Paliadium <0.1 C PWB,
<0.1 M Housiug CRT, PWB
Sitver <0.1 WB,
IAntinomy <0.1 Diodes Housmg. PWB, CRT
Bismuth <0.1 Wemng agent in thick film PWB
C <0.1 Hardner Housing
Cadmium <0.1 ::““:g blue-green Phasphor |, .\ cing, PWB, CRT
0.00044 Rectifiers WB
Niobium <0.1 Welding Housing
[Yttrium <0.1 Red Phosphor emitter CRT
[Rhodium A Thick film PWB
Platinum A Thick film |Pwe
Mercury 0.0022 <0.1 switches Housing, PWB
|Arsenic 0.0013 <0.1 |Doping agent in transistors PWB
Silica 24.8803 6.8 :Glass. solid state devices CRTPWB
Source: Micmelectmnics and Computer Technology Corporation (MCC). 1996.
Industry ustin, TX: MCC.

Image taken from: specialtymetals.com




Earth Sciences and the
African economy

* The African economy is still highly
reliant on the ‘primary sector’ as a
major income generator which sustains
millions of livelihoods. =

Farming

Image taken from: happylearning.tv

IMPQRTANQE OF MINING ot

* Direct linkages between earth sciences
and mining, less direct linkages with
forestry, fishing and agriculture.

* However, these latter sectors certainly

require a healthy natural environment.
“FocteHitic & 5€ SIRCLHIE 2020 o e
effect on the natural environment =——— o

Image taken from: www.icmm.com (5t Mining Contribution Index (2020))



Africa’s mineral endowments

Africa is blessed with a rich mineral
endowment.

Examples of great mineral fields include:
* Lake Victoria, West African, and
Witwatersrand gold fields
* Central African Copper Belt
* Karoo-aged coal fields
* Kalahari Manganese Fields
* Moroccan sedimentary phosphate
* Southern African diamond fields
* West African Bauxite
* Bushveld igheous complex

Associated environmental degradation
influenced by speciation, mobility and
chemical fate of deleterious elements
released during mining.
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Africa’s mineral endowments

Africa is blessed with a rich mineral
endowment.

Examples of great mineral fields include:
* Lake Victoria, West African, and
Witwatersrand gold fields
* Central African Copper Belt
* Karoo-aged coal fields
* Kalahari Manganese Fields
* Moroccan sedimentary phosphate
* Southern African diamond fields
* West African Bauxite
* Bushveld igneous complex
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influenced by speciation, mobility and
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Africa’s mineral endowments

* Africais blessed with a rich mineral ,""*'- et ' | 't phosphate
endowment. ' :

* Examples of great mineral fields include:
* Lake Victoria, West African, and
Witwatersrand gold fields
* Central African Copper Belt
* Karoo-aged coal fields
* Kalahari Manganese Fields
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* Southern African diamond fields
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Africa is blessed with a rich mineral
endowment.

Examples of great mineral fields include:
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Africa is blessed with a rich mineral
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Africa’s mineral endowments

* Africais blessed with a rich mineral ' | 't Platinum
endowment. e | ]
: . 2\ | Palladium
* Examples of great mineral fields include: ofy.... ; ' | . ' ¢ }._Ij.‘ — | Chromium

* Lake Victoria, West African, and

EAST SAHATAN

Witwatersrand gold fields - = Vanadium
* Central African Copper Belt ]
* Karoo-aged coal fields Andalusite

* Kalahari Manganese Fields

* Moroccan sedimentary phosphate
* Southern African diamond fields

e West African Bauxite o
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How can we study these mineral endowments?

Increasing cost
and value of
information:

Specialised
Techniques

Synchrotron
technigues

decreasing
number of Time-of-Flight Secondary
samples. lon Mass Spectrometry

X-ray Computed

Tomography

EMPA, LA-ICP-MS

Automated SEM-EDS

Quantitative XRD

Bulk and size-fractionated
chemical assays

Reflected and transmitted
light optical microscopies

Routine Techniques

b

Detection limit

10 wt%

1 wt%

0.1 wt%

1 ppm

1 ppb

TEM FE-SEM ' [SEM :
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Spatial resolution

Figures from von der Heyden et al. (2020), originally adapted respectively from Becker et al. (2016), and Reich et al. (2017) and Stromberg et al. (2019).
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Figures from von der Heyden et al. (2020), originally adapted respectively from Becker et al (2016), and Reich et al. (2017) and Stromberg et al. (2019).




But what about impacts on the environment?

* Inasmuch as legislature serves to
protect the natural environment,
it does not guarantee that spills,
leakages from tailings facilities
and other forms of emissions will
not take place.

e Strong need to understand the
fate and degradation products
associated with addition of
deleterious moieties into the
natural environment.

Niger delta oil spills

Image from: dw.com

Merriespruit tailings
dam disaster (1994)

Image from: floodlist.com



Past use of synchrotron in the
African earth sciences

#  Swdy Sample location Tecknique Beamline (Pacility]  Key findings
Geological Sciences:
L Aceseral (20100 Oauteng, South Afica P 141D (A5 Effect of boraite on oxidation and leaching of chalcopyrite
2. Bameseral Monss de Crissl ipneous complex  cXRFmapping  XPMbeanline (A3)  High Pt concenrations associated with A and Gu-Ni sulphides and
12016 (Gabon) farms during Pt saturation during magmatic
5. Bukneral (1999)  Kaldeld carbonatite complex IXEF Bearline L Chemistry of o ite cryztals hosted in
MNamibia) [HASYLAE) Huid inclusions.
N Darmetal (2016)  UQ1 chromitite (South Africa) XRF Elemental Analyzic  Scarming of 20 trace elements’ distribution in a layersd sequence, with
station (SSTRC) special emphasiz on POE.
5.  Pigueiredoeral Licungo pegmatite (Mozambique) P Fedge D21 (ESRF) Fed hedral Al sites possibly gives rise to bl in beryla.
(2008) XANES
6. Gawestetal Witwaterarand and Barbeston aXRF AL 1 libration for trace element fu in gold (aXRF, EMPA,
[2015) gold (South Africa) I LA-JCP-M5).
7. Oullbsumoueral Jagersfonesin kimberlie (South  oFTIR MIRAGE beamline dsumﬂlevalunﬁnnnl cimbarli
(2005) Africa) iLURE} ﬂmplnmhmyﬂx nl.r_n—d!q) hnhelmmmal
8.  Hageretal Weaselton kimberits (South P Fadge XFM beamline (AS) m‘*/g 5 during kimbeslite
12015) Africa) KANES metasomatizm.
9. Johmsomeral Kalahari Mn Fields Ma Feadge Beamlines #1and  Ma redox chemistry indicates Mn oxidasion in the absence of O; (ie.,
(2015) XAS 10-2 {55RL) mm&:mmmmnﬂ
10, Johnsomeral Kalahari Mn Fields (South Africa)  Ma Fedge Beamlines 2-3and  Mazedox betreen
(2016) HAD 10-2 (55RL) mdmmmmmm
T1. Fameral (2019)  Amparibicls imrozien 2XRF; Ce L- XFM beamline (45)  Diverse Ge chemical speciation in ion adsorption clays (associated with
(Madagazear) edge XAS Zr, with clay minerals a3 Ce™, and with Fe/Mn oxides a2 Ca*1
mnmhmn:ﬂngmmdw
12 Songeral (2001) Lesotho Highlands (Lesotho) aXCT X27C (N5Ls} i inzight
mwpmu(q.,wlmhmhnﬂwml
18, Sommereral Bnbui\rm]lmbﬂhu(sm& TR (ANFA) Detection of C:0:H volatiles in defect sitea in gamets suggest
(2014) mmd.umndwmmzdm..
4. Tabahashietal anm-mmanm Reand Orl-  ELIZC (PF); ic Oz local :
(2007 edge XAD BL37XU (SPring-8)  in molybdenite mineral structure. Difference in relstive diffusion rates
haw isnplicafioas for ReOs geochranology.
15.  Vehaler eral chromitirs {South Africa) XRF Blemental Analyzis Vamhkmzdmdimhmmm:hmm.mmwmdm
(2015 aration (SSTRCH reflect iry and elemens dif el
Baviroamental Geochemistry Sciences:
16, Abozied et al Giza (Egypt) SXRE PLUO beamline, Elemental amalysis of wban aerosols
2015 T
17. Bounyetal Congo-Angala basin SXRD IDS1 (ESRP) Small concentrations of Hy§ and €O, affect the type 1 CH, clathrae
(20077 cubic lattice structure.
18.  Doherty (2012} Weat Africa SXRD, aXRF X26 (N5L3) Elemental map, mineralogy
19.  Eaccort (2010} KowaZuln Naml (South Africa) SXRO, aXRF X264 (NELSY Pain ramples an arvifacs
20.  Eroglueral Nesarchean Campbelirand- XANES D24 (ESRF) Pe speciation in carbonate rich chelf sediment:
(2018 Malrmani carbonate platform.
(South Africa)
21. Heriesetal Haazgat (South Africa) SXRF (AS) Blemental maps of Karst samples
(2014
20 Longo (2016) Sahara Desest XANES 2ID-D (APS) Pe oxidation state and structural arrangement of atoms
23, Mascleral Mali SFTIR, sXRP D21 (BSRF) Vibration bands, Blemental maps
2007)
24, Menmheral Oold mine in westem ragion of  XANES TLS 074 (NSRRC) Az Keadge for Az speciation in soil zamples
2070 Ghana
25,  Perocellieral Sahara Desert XANES, BMOS (ESRF) Fe K-adge, Pe coordination strecrare
[ELIE EXAFS
26, Colomon etal. Free State Proviace (South Africa)  XANES X194 (NELS) & Keedge for § speciation in arable soils
(2005), 2009
won der Heyden Cape Basin (South Africa) and STXM,Fel-  11.0.3(LENL) Determination of valence and local coordination enviranment of Fe in
etal, 2013 Southern Ocean. edge XAD suzpended marine particulates and nanoparticles: provides insights inta
L.Mmdqdn;,-i&mmmnmm“mmmL
28, won der Heyden Orange, Olifantz and Berg Rivers ~ STXM, Fe L- 11.0.2 (LBNL} of Al within Fe-rich
e2al, 2018 (South Aftiex) edge XAS suzpended mhﬂqmﬂ:mpltmnhcﬁpﬂm]&m}nhhq,
26, Wemnlleral Barbermn Gresenstone Belz, XANES, 5TKM 1Dl (ESEF) 5 Keedge, € K-adge and elemental mapping of &
£2011) (South Africx) X1A (N3LS)
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von der Heyden et al., Journal of African Earth Sciences (2020)
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Past use of synchrotron in the
African earth sciences

* Case study 1: Mineral resources

geology
* Platinum associations in a Cu-Ni 20N
magmatic sulphide system (Barnes et al.
2016)
e Case study 2: Mineral resources
geology
* LREE cycling in surficial deposits (Ram et EQ
al. 2019)

* Case study 3: Environmental
geochemistry
* As speciation in soils (Mensah et al.
2020)

* Case study 4: Environmental
geochemistry

* Fe speciation in aquatic systems (von der ]
Heyden et al. 2012, 2014, 2018) &

von der Heyden et al., Journal of African Earth Sciences (2020) 10°W 0° 10°E 20°E 30°E 40°E 50°E
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Case study 1: Platinum in the Monts de Cristal
Complex, Gabon (Barnes et al., 2016)

* XFM beamline at the Australian Synchrotron
(equipped with Maia detector array).

* “Pt minerals less than 5 um in diameter can
be detected in samples containing 10 s of
ppb Pt, with scanning times of a few hours
per standard sized thin section.”

* Synchrotron used to locate grains of interest
for both further synchrotron study and
interrogation using HPIXE.

 Studies concludes that Pt alloys (and
arsenides) can crystallize directly from
magmatic systems when saturation occurs at
the Pt solubility limit.
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the Pt solubility limit.




Case study 2: REE characterization in ion-
adsorption clays in Madagascar (Ram et al., 2019)

A-1116 Ce

* XFM beamline at the Australian Synchrotron
(equipped with Maia detector array).

* REE distributions within a heterogeneous clay [Exs
mineralogy using sXRF. Show some
associations with Zr and Fe-Mn oxides.

* Additional insights related to Ce speciation
obtained from XANES analysis.

=]
(20,0 wt9s) (24.3 wit%)
AT-1153 n

e [dentification of Ce(IV) has implications for
beneficiation strategies, with a net result of
increasing the HREE grade of the deposit.
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Case study 3: Arsenic speciation in tailing materials
from gold mines in Ghana (Mensah et al., 2020)

* TLS O7A beamline, National Synchrotron Radiation Research

* Centre (NSRRC), Taiwan.

* Au and As are strongly associated. Au mining can be a notable point
source of As release into the environment.

* As toxicity is strongly controlled by its speciation, As(lll) more toxic
than As(V). =

« Scorodite and arsenopyrite are | — o
the two major forms of As in
the spoils, typically associated

with fine fractions. o
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Case study 3: Arsenic speciation in tailing materials
from gold mines in Ghana (Mensah et al., 2020)

* TLS O7A beamline, National Synchrotron Radiation Research
* Centre (NSRRC), Taiwan.
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Case study 4: Fe speciation in aquatic
particles, South Africa (von der Heyden et al.)

* Beamline 11.0.2 at the Advanced Light Source, USA.

 Soft X-ray spectroscopy allows evaluation of natural colloids and
nanoparticles at ambient conditions.

 Series of studies showed
differences in Fe
speciation, associations
between Fe(ll) and
organic matter, and
variable levels of Al
substitution.

01 02 23 0.4 05 06 0.7 10 25 0 30
Chlcrophyll (mg/m®)

Von der Heyden et al., Science (2012)
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Conclusions

* African samples under-represented despite
significant endowments.

» African earth science researchers under- 20°Ny |
represented in the global research arena.
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Conclusions

* African samples under-represented despite
significant endowments.

* African earth science researchers under-
represented in the global research arena.

 African light source or collaborations with

partners to mitigate these under representations.
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Ongoing interventions towards advancing

earth sciences interactions

 African Light Source (AfLS) conceptual
design report

e Letters of interest can be emailed to
bvon@sun.ac.za

 African Strategy for Fundamental and
Applied Physics (ASFAP): Earth Sciences
working group
 Letters of interest can be emailed to
ASFAP-EarthScience@cern.ch

Proposal

African Strategy for Fundamental and Applied Physics (ASFAP)
December 4, 2020
Update: November 8th, 2021

be in

::::::



What are the Earth Sciences?

* Broad umbrella term: necessarily an inter-
disciplinary and ‘systems science’ field of
study.

* ‘Multi-spheric’ — comprising lithosphere,
hydrosphere, biosphere, cryosphere,
troposphere, stratosphere, and all the way
out to the exosphere.

 Selected sub-disciplines include:

* geology, meteorology, climatology, oceanography,
environmental science, hydrogeology, astronomy,
tectonics, seismology, mineralogy and petrology,
geochronology, ecotoxicology, among others...

Image taken from: https://science.nasa.gov/earth-science
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Overview of the synchrotron needs of the
African Earth Sciences community

* Geological sciences

* Hard X-ray beamline * Multi-detector array
* Should access an energy of at least 40 keV e An array of 384 silicon-based detector elements
to evaluate important metal K-edges. which enables fast (0.2 ms per pixel) elemental

mapping at spatial resolutions as small as 2 um over
relatively large sample areas (e.g., 7 cm?).

* Preferably accessing X-ray energies up to 40 keV

Tuneable spot size.

Possibly a specialized end-station
configuration.

Energy (keV)
5

with spot size as small as 2 um.

—K-edge L3-edge Case study 1: Platinum in the Monts de Cristal
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Overview of the synchrotron needs of the
African Earth Sciences community

* Environmental geochemistry beamline

» Soft X-ray spectroscopy

* Environmental samples are commonly composed of
low molecular weight elements, contain biological
fractions or are analysed as thin films that are prone to || ™™
beam damage when exposed to high energy beams. -"'

* Soft X-ray beamline (50 eV—2000 eV) and should have
both spectroscopic and microscopic capabilities (e.g.,
STXM).

e Spectral resolution of at least 0.2 eV, and spatial
resolution of 10 nm or better.

* Operate under atmospheric and high vacuum
conditions.

* Time resolved measurements

von der Heyden et al., 2019, 2020



