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The Analysis of Rare Earth Elements in various sample types using =35
SEM-XRF (XTrace)

Analytical Examples:

Introduction Geology, Glass, Electronics...

SEM-XRF (XTrace) and

, Summary and Conclusion
Rapid Stage

Analysis of REE’s Q&A
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SEM-XRF Analysis of Rare Earth Elements (REE’s): BRUBER
Introduction

= Rare Earth Elements (REE "s) are extremely useful and used in many modern components.
Consequently, they are classified as critical elements in many western countries, especially given
the current dominant production levels from China.

= The identification and quantification of REE "s in various samples is thus crucial, whether it be for
geological exploration and mining, or component quality control, or recycling for the future.

= Micro-XRF is ideal to analyse large sample areas on the micro-scale and is a powerful analytical tool
for identifying both trace elements or minerals with minimal preparation.

= This is especially so for samples that are also electron beam sensitive, such as specialized glasses.
The addition of a micro-XRF source to your SEM will augment your laboratories capabilities and the
benefits and capabilities of SEM-XRF will be discussed in the context of REE analysis within various
fields of study.
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Rare Earth Elements (REE’s):

Introduction
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15 lanthanides
Lanthanum [L4]
Cerium [Ce]
Praseodymium [Pr]
Neodymium [Nd]
Promethium [Pm]
Samarium [Sm]
Europium [Eu]
Gadolinium [Gd]
Terbium [Tb]
Dysprosium [Dy]
Holmium [Ho]
Erbium [Er]
Thulium [Tm]
Ytterbium [Yb]
Lutetium [Lu]

And

Scandium [Sc] and
Yttrium [Y]

Source: https://geology.com/articles/rare-earth-elements/
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Rare Earth Elements (REE’s):

Introduction

o Group of 17 chemically similar
metallic elements, including the 15
lanthanides as well as scandium and
yttrium.

o Chemically similar:

o easily substitute for each other
and often occur together within
various minerals

o Earth’s crust abundance of < 10 ppm
(Rudnick et al., 2003)

o Do NOT occur naturally as metallic
elements, but

o Do occur in a wide range of mineral
types, for example halides,
carbonates, oxides, phosphates and
silicates.

© 2022 Bruker
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Li B . Transition elements Lanthanides B C N 0 f Ne
| Other metals [ Actinides ‘
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Na Mg Al Si P S Cl Ar
2 4 5 6 7 8 9 10 1 12 '

K Ca . Ti Vv Cr Mn Fe Co Ni Cu Zn G Ge As Se Br Kr
3 i1 s 4 14 A€ 47 4 1 54
Rb  Sr Zr Nb Mo Tc Ru Rh Pd A Cd In Sn Sb T | Xe
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Cs Ba Hf Ta W Re Os Ir Pt Au Hg T Pb Bi Po At Rn
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Fr Ra Ac Rf Db Sg Bh H Mt D Rgq Uub Uut Uug Uup Uuh Uus Uuo

58 59 60 61 62 63 64 65 66 67 68 69 70 Al
6f Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
1401 1409 1442 (147 1504 152 1573 1589 1625 1649 1673 1689 173 175
7 Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr

HEAVY Rare Earth Elements
- LIGHT Rare Earth Elements

Lanch&nidad

Composition of the Earth-comparison of different authors’ data and levels of detail

Element Upper

crust

Middle
crust

Lower
crust

Total
crust

Rudnick and Gao [9, p. 53f] (ng g ")

Composition
of the Earth’s crust

Binder [10, p.776f]

Bulk composition
of the Earth

Allegre et al. ([6], p. 61)

(xppm)

Sc 14 19 31 219 20 ppm 10.1 = 2 ppm
Y 21 20 16 19 31.5 ppm 24 £ 0.2 ppm
Cu 28 26 26 27 68 ppm 64.7 + 5 ppm
La 31 24 8 20 35 ppm 415 £ 10 ppb
Ce 63 53 20 43 68 ppm 1088 + 20 ppb
Pr 7.1 58 24 49 9.5 ppm 165 £ 5 ppb
Nd 27 25 11 20 40 ppm 814 £ 10 ppb
Sm 47 4.6 28 39 7.5 ppm 259 + 3 ppb
Dy 39 38 3.1 3.6 6.2 ppm 424 £ 10 ppb
Tb 0.7 0.7 0.48 0.6 1.2 ppm 66.6 = 5 ppb
Lu 0.31 0.4 0.25 0.3 0.81 ppm 42.5 £ 2 ppb
Pt 0.5 0.85 2.9 1S 0.004 ppm 1562 =+ 40 ppb
Au 1.5 0.66 1.6 1.3 0.0041 ppm 102 =+ 20 ppb

REE marked bold italic

Source: https://geology.com/articles/rare-earth-elements/
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Rare Earth Elements (REE’s):
Essential to modern-day technologies

OTHER
-Nuclear (Eu, Gd, Ce,Y, Sm, Er)
-Defence (Nd, Pr, Dy, Tb, Eu,Y, La, Lu, Sc, Sm)
-Water treatment '

-Pigments Ce,Y
-Fertilisers

CATALYSTS

La, Ce (Pr, Nd)

-Petroleum refining
-Catalytic converter

-Diesel additives

-Chemical processing
-Industrial pollution scrubber

CERAMICS
La, Ce, Pr, Nd,Y

Y w—
™ O —

- GLASS AND POLISHING PHOSPHORS
Ce, La, Pr, Nd, Gd, Er, Ho Eu,Y,Tb, Nd, Er, Gd (Ce, Pr)}
-Polishing componds -Display phosphors_;‘
- -Decolourisers/colourisers -Fluroscent lighting ol
<4 : -UV resistant glass -Medical imaging
3 Mo -X-ray imaging -Lasers
h S ) -Fibre optics ' ’;//

’ 1

4

MAGNETS
Nd, Pr(Tb, Dy)
. -Motors
-Disc drives
-MRI
-Power generation
-Microphones and speakers
-Magnetic refrigeration

METALLURGICAL ALLOYS
La, Ce, Pr, Nd,Y

-NimH batteries

-Fuel cells

-Steel

-Lighter flints

-Super alloys

-Alumin;gmﬂ@‘gnesiu‘m
A

- L (IR L
r) A"iﬁﬁ)“’
LPD, LCD
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Nd, Pr, Sm (Tb, Dy)

CATALYST
& CHEMICAL
PROCESS

metallic state

oxidized state

Uses of Rare Earth Elements

@ Catalysts
@ Ceramics/Glass
@ Faolishing

@ Metallurgy

@ Cther

Source: http://www.eurare.org/RareEarthElements.html

Source: https://geology.com/articles/rare-earth-elements/
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Rare Earth Elements (REE):
Essential to modern-day technologies

Rare Earth — Key Appllcatlons

_.-'A

e

Magnetics

e
Computer Hard Drives
Disk Drive Motors
Anti-Lock Brakes
Automotive Parts
Frictionless Bearings
Magnetic Refrigeration
Microwave Power Tubes
Power Generation
Microphones & Speakers
Communication Systems
MRI

© 2022 Bruker
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Display phosphors - CRT, LPD, LCD
Fluorescent Lighting
Medical Imaging
Lasers
Fibre Optics

Ceramics
PITITAATTIITIN
7 07

Capacitors
Sensors
Colorants
Scintillators
Refractones

e
NimH Batteries
Fuel Cells
Steel
Super Alloys
Aluminium / Magnesium

Glass & Polishing

Polishing Compounds
Pigments & Coatings
UV Resistant Glass
Photo-Optical Glass
X-Ray Imaging

Catalysts

u V ITAASEI S, %‘
Petroleum Reﬁmng
Catalytic Converter

Fuel Additives
Chemical Processing
Alr Pollution Controls

Satellite Communications
Guidance Systems
Aircraft Structures

Fly-by-Wire
Smart Missiles

The diverse uses of rare earths

GLASS AND MIRRORS in hybrid cars illustrate how
POLISHING POWDER UV CUT GLASS  thoroughly these elements have

* Cerium permeated diverse contemporary
technologies. Facing page:

¢ Cerium

LCD SCREEN Mountain Pass Mine processing
e Europium plant.
¢ Yitrium
¢ Cerium
COMPONENT SENSORS
e Yitrium .
:
HEADLIGHT a:
GLASS
¢ Neodymium
HYBRID NiMH
BATTERY
» | anthanum
s Cerium
HYBRID ELECTRIC
MOTOR AND GENERATOR
« Neodymium CATALYTIC CONVERTER
* Praseodymium ¢ Cerium/Zirconium
« DRROrORIN 25+ ELECTRIC MOTORS  « Lanthanum

* Terbium THROUGHOUT VEHICLE
* Neodymium Magnets

Source: https://etn-demeter.eu/what-are-rare-earth-elements-rees/
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Rare Earth Elements (REE’s):
World Production and Resources

The exploration for rare earth element deposits is currently
experiencing a boom period due to their importance as a
component within modern materials and technology devices.

Producers of Rare Earth Elements

300,000
@ China
® United States
240,000 ® Myanmar
E @ Australia
g ® Other
= 180,000
w
@
k=
-
o
£ 120,000
E | |
-]
: —
§ —
60,000 I I
| |
| | “~
. . '. .'
0 : I I-- 1 I : I I : II

1955 1960 1985 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

[0 other [ usA B china [ Australia
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WHERE IN THE WORLD ARE ALL

THE RARE EARTHS?

Rare earth elements (REEs) are a group of 17 elements whose Rare earths are abundant in the Earth's crust but mineable concentrations
importance is critical in high technology. Their use has exploded as are less common, making reserves potential very valuable and strategic.
electronics and renewable technologies increasingly have become
part of everyone’s daily lives.

*The USGS tracked the world's reserves in tons (imperial).

© World Total
115,820,000t*

Reserve data

44,000,000t

China tops the list for reserves
and mine production.

While the U.5. has 1.5 million tons
in reserves, it still depends on China
for refined rare earths.

<@ Other Countries 310,000t
- Australia 4,100,000t

€ South Africa 790.000t
@ Tanzania 890,000t

& Greenland 1,500,000t WH ERE ARE
THE WORLD'S
RARE EARTH
; RESERVES?
w Russia

4 ;) 12,000,000t America: Africa Asia Oceania Other OVietnam
1 22,000,000t

vietnam

(+) Canada 830,000t

prod
£ 1.5, 1,500,000t only 1,000 tons per year each.

i /160,000t
@ Brazil )
21,000,000t 2 India
6,900,000t

After mine production,

rare earths must be refined and ~ = A

separated into their individual = — —= 38,000t
metals for their particular uses.

Uses: Mine Production 2020 17000t

® ®© @ ® 0 © © 100t 500t 1000t mumz‘onmz.mmaw(s'"ﬂm l
~=r

Magnets Lights Screens Glass Catalysts Batteries  Steel o, s, 36;9 °/;&,:
Alloys @ 9 %

Source: USGS Mineral Commodity Summaries, Rare Earths

E LEM ENTS The Earth's natural resources power our
everyday lives. VC Elements breaks down We live in a
S Fre the building blocks of the universe.
elements.visualcapitalist.com

Source: http://www.elements.viualcapitalist.com

Source: https://geology.com/articles/rare-earth-elements/
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SEM and analytical options: S el
Electron and Photon Excitation for micro-XRF and EDS/WDS

AV )

Electron

; X-ray

EIeCtron | | ‘ '. ‘ ‘ : source
Excitation .-

2 Excitation Sources:

- ' J ‘ source EDS
- 11 Electron Beam (e-beam)
X_-raY Micro-XRF (X-ray beam)
Excitation
" e , 10 mm e 1 Detector:
(. 7\ (¥ Energy Dispersive
M Dt = Sample
Spectrometer (EDS)
AT
m\\\\\\\\\\ i ) > . Rapid Stage
it '\ © Ay . . I
BRI = SEM Stage
~ SEMStge | Rapid Stage
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Analytical Parameters and Conditions
SEM-EDS vs SEM-XRF

E-beam Micro-XRF
Parameter
(SEM-EDS) (SEM-XRF-EDS) e-beam

@: few um

: : ?:15-30 pm X-ray
\S/S?J:iLResolutlon SARELEE Information depth: um; Information depth: um to mm; beam EDS
(depending primarily on electron energy) (depending on analysed element and matrix)
Detectable Elements Atomic number Z > 4 (beryllium) Atomic number Z > 6 (carbon)
Energy range K-L —M - Lines (up to 20 keV) K-L —M — Lines (up to 40 keV) WD -rays from
10 mm Sample
Concentration Range Down to 1000 ppm Down to 5 ppm
Quantification Standard less and Standard based Standard less and standard based Sample %
Data collection Simultaneously Simultaneously
: Sample needs to be electrically conductive Electrical Conductivity not required, samples doesn "t Rapid Stage
Sample Preparation o : .
(commonly carbon-coated), polishing required need to be polished
Sample stress Heated due to absorbed electrons minimal
SEM Stage
Spectroscopic resolution Downto 121 eV for Mn Ka Downto 121 eV for Mn Ka — —>—>

By continuously (Rapid) Stage movement since the X-

Distribution Measurements By rastering e-beam LTI
ray optic is fixed in space

© 2022 Bruker Innovation with Integrity | 30 November 2022 | 12
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Spatial Resolution and Analyzed Volume: S el
Transmission and Attenuation
& The transmission of X-rays is important for excitation of samples as well as for the

3 . .
+° fluorescence radiation.

Information depth: the depth from which fluoresced X-rays can still reach the detector

\S‘OO
\\ 5 ! Penetration depth: the depth that can still be excited

Information depths of selected element fluorescence lines in different matrices

Minsteel Minglass orstone [@in plastics or wood

10 keV 20 keV 30 keV lcm L&cm
30 kV Electrons Se K Mo K Te K 32
— b > .2mm
Rg % 2.5 um N - I 1mm
— o
3 - z
3 0]
é 100 um
Electron Photon ~ °
trajectory absorption 0 5 oo
dependence dependence - 2 2o 10um
3 & .
o N
= 3 1um
: 3
3 :
g 9
2 o 100 nm
S 3 Si-K Ti-K Au-L Zr-K Sn-K
2 1.74 keV 4.5 keV 9.7 keV 15.7 keV 25.3 keV
(0]

Innovation with Integrity | Webinar 2022 | 13
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Introduction to Micro-XRF and Rapid Stage
Differences to Electron Beam Excitation

Enhanced SEM

Electron Micro-XRF Benefits:
source

X-ray * Non-destructive analytical technique
source EDS

* No charging effects
+ Minimal Sample Preparation

Required

« Lower detection limits (down to 5

gy ppm)
+ High Energy Lines Detection (Full
Spectrum Range up to 40 keV)
« Ideal for Low kV or Beam sensitive
Rapid Stage samples

. R * Fast Large Area Mapping . .

- Micrometer scale measurement over UG R
SEM Stage cm

[

A
v
A
v
A
v
A
A 4

»d [
Ll | P P
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CH><)
SEM-XRF and Rapid Stage BREKER
Integration in ESPRIT Software

MAPPING P BRLSX,
. e N =) 1
&8 Sample 5 standards 0 Microsc... = = Xrayso.. = Substage ™ | = Scan = eps = Report g Project 10/12/2018 09:55 0 kB
aridn Coating None| | Noo ards 66 WD 12.000 m ac  Current 600 pA PosiionX 0.0 um Dwell time 16 pis 40 kev Report 1
C Uncalibrated Magn 27.0 x Filter Empty Position Y -0.8 um me 05 s 60 kcps Page 1
Calib.time Uncalibrated Stage X 6321 m e Status - Velocity 50000 ym/s Driftqual. — % | || -300 °c empty
HV 15 kv StageY 1725 m Frame time 02:25 min Driftrange — % | e
Geometry OK Stage Z 62.481 m e 5 | S
v v ESL-506-15k' - HV 50k ~ L HV 50.0kv . Pixeltime 4.8ms . ,i«Size 200px ~ ICR 13cps ~ Report_0
N 3 EDS 43 Linemarker + PB-ZAF
P—— awap v » =
2 R o QM3 e OXRF Loaded: C:\Users\messeds.ber\Desktop\SW test_Nov_2018\map_alignment_tool.bcf | =

Phases Spectrum

Image extension
Activate

SUBSTAGE MOVEMENT

i) Manual Currentvalues New values

) Measurement time [s] Move speed [um/s] 500 3000 g
) Cycles Dwell time [ms] 25.7 |4_3 |
Frame time 12:49min 02:08min
Map area
o= ® Full = Fixed O Variable Reference Apply i
(| [pmn] Paoints
- Mapwidth | 12833.00| |500 | =
- Map height | 9571.00| (375 | —
o3 Point distance 50.00 y settings Counts Standard None Mean v
D | 50 um Spotsize 2870x593 Points - list no objects v
Belo | | om o | - | EXIl o |
= O
& Ch1l 1.00 Cu-Ka 1.00 Si-Ka 1.00 Zn-Ka 1.00 Ni-Ka 1.00 ALK 1.00 Fe-Ka 1.00
[ 1 O = ] MW I 2 R i ] MW I 1 Om CIT ] MW I 1 &

© 2022 Bruker Innovation with Integrity | Webinar 2022 | 15
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Micro-XRF Installations:
Adaptable to Various SEM models

© 2022 Bruker Innovation with Integrity | 30 November 2022 | 16
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Rare Earth Elements:
X-ray Energies

Rare Earth Elements have a o

range of X-ray energies that are Coor
detectable by EDS:

v| Background
K-Series: 3410 55 keV e

All

L-Series: 4t0 10 keV —

M-Series: 0.5to 1.5 keV

L-Series detectable with both
electron and x-ray excitation
source.

K-Series detectable with x-ray
excitation source only. —

CERIUM

AR AR AR AR AR AR AR AR ALt

LU

R KRR 5
m

KA1 v
KAZ
KB1
KB2
KB3
KB4
KBS

All None

LAl v
LAZ
LB1
LB2
LB3
LB4
LB6
LE
LG1
LG2
LG3
LG4
LGS
LL

All None

MZ2MN4
M503
MAL v
MB

MG

MZ2

All None

Automatic mode

34.720 keV
34.279 keV
39.256 keV
40.220 keV
39.169 keV
40.334 keV
39.541 keV

4.839 keVv
4.821 keV
5.262 keV
5.614 keV
5.361 keW
5.274 keV
5.432 keV
4.728 keV
6.055 keW
6.325 keW
6.341 keV
6.528 keW
5.875 keW
4.287 keV

1.159 keV
0.862 kev
0.884 kev
0.902 kev
1.078 keV
0.679 kev

BRUKER

% None
KA 34.692 keV
KB 39.216 keV
LA 4.837 keV
LB 5.274 keV
MAE 0.901 keV

Wide (59%)
* Medium (87%)

Narrow (55%)

87 %

™ i3 I _
IZIEEIEIDEI

mm
MAG: 30x HV:50 kv  WD: 12 mm
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Rare Earth Elements: o NS a)
X-ray Energies
Rare Earth Elements have a .
range of X-ray energies that are
detectable by EDS:
K-Series: 34to 55 keV J ; E A
|-Series: 41010 keV ‘
M-Series: 0.5t0 1.5keV (] |
] - Jua ] Cafsal . Yol e
L-Series detectable with both e 0K Wo 1 2mm
electron and x-ray excitation
source.

K-Series detectable with x-ray
excitation source only.

Jarosewich, E., and Boatner, L.A, 1991, Rare-Earth element reference samples for electron microprobe analysis, Geostandards Newsletter, Vol. 15, No. 2, p.397-399.
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Rare Earth Elements:
X-ray Energies

BRUKER

Rare Earth Elements have a
range of X-ray energies that are
detectable by EDS:

K-Series: 341045 keV : A

L-Series: so10kev 7 g B

M-Series: 0.5to 1.5 keV

LY v ] v .
DWDDWE
2 mm

MAG: 30x HV:50kV WD: 12 mm

L-Series detectable with both
electron and x-ray excitation
source.

K-Series detectable with x-ray
excitation source only.

! Energy [keV]
Jarosewich, E., and Boatner, L.A, 1991, Rare-Earth element reference samples for electron microprobe analysis, Geostandards Newsletter, Vol. 15, No. 2, p.397-399.
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Rare Earth Elements: k
X-ray Energies .

Rare Earth Elements have a .
range of X-ray energies that are
detectable by EDS:

K-Series: 34 to 55 keV

Enerey [keVi

=z GE e S DO TS S D e

L-Series: 4to 10 keV | = N

Na Mg A siBls ar
K Call Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

Rb Sr ¥ Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
Cs Bala Hf Ta W Re Os Ir Pt AuHg Tl Pb Bi Po At Rn

M-Series: 0.5t0 1.5keV - e

ynemic Sines LY

IR

L-Series detectable with both
electron and x-ray excitation
source.

K-Series detectable with x-ray
excitation source only.

» Energy [aV]

Jarosewich, E., and Boatner, L.A, 1991, Rare-Earth element reference samples for electron microprobe analysis, Geostandards Newsletter, Vol. 15, No. 2, p.397-399.
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Rare Earth Elements: LD
Apatite — Low concentrations

cps/eV

Sum(Selected spectra)

o
1

& 3 3
r B

o
1

La Sm |G [Gd T [Felby Yb

i RIRARE
|
4|M|I-nndl e HHJ. ! ‘ N

8

o
1

o
sl

2

Rare Earth Elements: Smithsonian Standard: Apatite
Total REEs approx. 1.43 wt%

La203 Ce203 Pr203 Nd203 Sm203 EuO Gd203 Tb203 Dy203 Ho203 Er203 Tm203 Yb203 Lu203  Sum

0.509 0.665 0000 0.165 0.073 0.000 0.081 0.000  0.001 0.000  0.001 0.000 0.008 0.000 1.493

Jarosewich, E., Gooley, R., and Husler, J. 1987. Chromium Augite — A new microprobe reference sample, Geostandards Newsletter, Vol. 11., No. 2, p197-198.
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<)
Rare Earth Elements: __ ______NIST Glass Standards_ BRUKER
NIST Standard Glass | & | ;

Analysis of NIST Standard Glasses
with dopped concentrations in the
approximate range of:
NIST 610: 500 ppm
NIST 612 50 ppm
NIST 614: S ppm

1307
Ch1 MAG: 30x  HV:5KV - WD: 12mm  Px: 30.07 pm

:FI;

z_.,q’i’w"i
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Rare Earth Elements:
Geology — major deposits

Mineral Formua s sl REE Minerals occur as:
AeschyniteCe) | (Ce,Ca,Fe.ThITiNBLIO,OH),. | 32 silicates,

| Allanite{Ce) | (Ce.CaY){ALFe"|(SIOLOH. |38 |

[ Apatite [ CafPOMECILON) |19 ] carbonates,

o W Bastnisite(Ce) | (CaL2NCOJF oxides,
" Brannerite (U.Ca,Y.Celi Fe),0, § phosphates...
Britholite-{Ce) ‘ (Ce,Ca)(Si0,,PO)(0H,F) 32

Eudialyte Na,(Ca,Ce),{(Fe™ Mn,Y) 9 = =
" s Allanite Xenotime
Euxenite-(Y) ‘ (Y.Ca.Ce,U,Th)(Nb,Ta,Ti},0 24
3 £ St Fergusonite-{Ce) (Ce.La,Nd)NbO, 53
L s (] ‘, ?;i;‘.‘o SR Gadolinite{Ce) | (ColaNdY)fe'BeSi0; | 60
& 2R % = e Kainosite-{Y) Ca,(Y,Ce);Si;0,,C0:.H,0. 38

REE Seteced Othar N T 15 %, X
Producion advanced  deposts 5 5 o oparite e.laNaCa T. NbJO

peojects cozamences| 4| 4

"Prm dnposity v i .
Caonatin H e .- ; | Monazite-(Ce) (Ce,La,Nd,Th}PO,

ool ‘
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WEBINAR: SEM-XRF (XTRACE)

C><)
SEM-XRF Analysis of Rare Earth Elements (REE’s): BRUBER
Applications — Granite with Allanite

Allanite

Analysis ,Ca,Y)2(Al,Fe)3(Si04)3(0OH)

of
Thin
Section
and of
Rock
Offcut

Energy [keV]

MAG: 30x HV:50kV WD: 12 mm
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WEBINAR: SEM-XRF (XTRACE)

>
SEM-XRF Analysis of Rare Earth Elements (REE’s): BRQBER
Saprolite with REE " s

Analysis of
Thin Section
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WEBINAR: SEM-XRF (XTRACE)

SEM-XRF Analysis of Rare Earth Elements (REE’s):
Individual Mineral Grains

Allanite (Ce,Ca,Y)2(Al,Fe)3(Si04)3(0OH)

.___.__JLJLULL._

Allanite (Ce,Ca,Y)2(Al,Fe)3(Si04)3(0H)

12 14
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WEBINAR: SEM-XRF (XTRACE) M
SEM-XRF Analysis of Rare Earth Elements (REE’s): S el
Crushed Monazite Powder Ce

\ Nd
/

Analysis of Crushed 5
Monazite Samples: .
pressed pellet, \ . . i

S no carbon coating ” /\

i o B

| MihAre.
- L | I T 1 1

B
Enrgy [keV]

Monazite
(Ce,La,Nd, Th)(PO4,Si04)

\ Sm
\ ~y
s €0 65
Energy [kaV]

Innovation with Integrity | Webinar 2022 |

28



The Analysis of Rare Earth Elements in various sample
types using SEM-XRF (XTrace)




WEBINAR: SEM-XRF (XTRACE)

C><)
SEM-XRF Analysis of Rare Earth Elements (REE’s): BRUKER

Comparison with SEM-EDS SEM-EDS is better for low energy lines

SEM-XRF is better for high energy lines
Glass Spectrum: SEM (20 kV), XRF (50kV) ..

Bottom: 0to 40 keV
Right:  0to10keV

cps/eV

«|  SEM-XRF:RED
*| SEM-EDS: BLUE

Energy [keV]

o ' =Yz | . 7 SEMImage
" »y 4 showing charging
' 1 under e-beam:
‘ | : 5kV (left) and
. S —— 1 A e e e e e e e —— | 20 kV (right)
Energy [keV]

© 2022 Bruker Innovation with Integrity | | 30



WEBINAR: SEM-XRF (XTRACE)

C><)
SEM-XRF Analysis of Rare Earth Elements (REE’s): BRUBER

Comparison with SEM-EDS SEM-EDS is better for low energy lines

SEM-XRF is better for high energy lines

Glass Spectrum: SEM (20 kV), XRF (50kV) ..
Bottom: 0 to 40 keV
Right:  0to10keV

120

SEM-XRF: RED ‘
o ’ " 2 : " ’ > - L
SEM-EDS: BLUE
) ' e SEM Image
; showing charging
40 under e-beam:
Y 20 kV

f S

5 10 15 20 25 30 35 40
Energy [keV]
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WEBINAR: SEM-XRF (XTRACE)

Co><)
SEM-XRF Analysis of Rare Earth Elements (REE’s): BRUBER
Applications — High Index Glass

Major Elements: La, Ti, Nb, Gd, Zr, Si, Zn

Spectrum X-axis Range: “« Y Minor Elements: Y
Bottom: 0to 10 keV
Right:  10to 30 keV | 1

cps/eV ) }
40 . i y
. La

Ti

25 Gd

. I
? Rh. la n Si .Zr- Rh ﬂu Gd Zn
0 ' | l | ..., B I | \ | ! : ! H b

1 2 3 4 En;gy V] 6 7 8 9 10
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WEBINAR: SEM-XRF (XTRACE)

SEM-XRF Analysis of Rare Earth Elements (REE’s):

Applications — High Index Glass

Major Elements: La, Ti, Nb, Gd, Zr, Si, Zn

e — ps/eV
. . La Minor Elements: Y
Spectrum X-axis Range: '
Bottom: 30 to 40 keV . ce
Nb
Right:  1to20keV (Deconvolution) “& %" w c : -
X 0.001 cps/eV 104
450
400 - L—
350 El'léTgv [kEV]
300
250
200
150
100
50
OI" .'_-I.o-__ L e sl il al -__--'-'--"_'."I'i-'-"-'..--- ".'_.".I..'I'-II““".-I".II' "._'-'-'I'I Loadbon PR W T U R TR WETIT . .. .0 . | .
30 32 34 36 38 40

Energy [keV]
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WEBINAR: SEM-XRF (XTRACE)

SEM-XRF Analysis of Rare Earth Elements (REE’s):
Applications — High Index Glass

” Maijor Elements:
Spectrum X-axis Range: 2
Bottom: 0to 10 keV g
Right:  10to 30 keV . "
60 cps/eV A
= o!; le : 16 18 20 2
La Energy [keV]
Rh Rh
0 il | ”1 ALJL.

BRUKER
La, Zn, Ti, Nb, Zr, Si

A

1 2 3 4 5 6 7 8 9
Energy [keV]
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WEBINAR: SEM-XRF (XTRACE)

C><)
SEM-XRF Analysis of Rare Earth Elements (REE’s): BRUBER
Applications — High Index Glas

= Major Elements: La, Zn, Ti, Nb, Zr, Si
Spectrum X-axis Range:
Bottom: 301to 40 keV
Right:  1to20keV (Deconvolution) g st «  m
x 0.001 cps/eV ‘
500 ‘
y -
i lsnersv . 12 14 16 18 20
300
200
100
0 b P T IPT VAR PUPY WY WTTOTY | Aoy Ot W T ORI T Y IF gpr v TR W I ) VoR (PPN N SO 0 S/ QPR D (I QIR OUN RO 0 DOR i L‘" A i tshahiot ane . "
30 32 34 36 38 40

Energy [keV]
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The Analysis of Rare Earth Elements in various sample
types using SEM-XRF (XTrace)




WEBINAR: SEM-XRF (XTRACE)

C><)
SEM-XRF Analysis of Rare Earth Elements (REE’s): BRUKER
Applications — Electronics
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Image courtesy of Benjamin Monneron-Enaud, TU Bergakademie Freiberg, Germany.
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WEBINAR: SEM-XRF (XTRACE)

C><)
SEM-XRF Analysis of Rare Earth Elements (REE’s): BRUBER
Applications — Electronics
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WEBINAR: SEM-XRF (XTRACE)

REEs Example: BROKER
Applications — Electronics
Nd
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WEBINAR: SEM-XRF (XTRACE)

Summary and Conclusions:

Micro-XRF on SEM

2 Excitation Sources:
Electron Beam (e-beam)
Micro-XRF (X-ray beam)

1 Detector:
Energy Dispersive

Spectrometer (EDS)

2 Stages:
SEM Stage
Rapid Stage

Electron
source

X-ray
source

EDS

4

X-rays from
Sample

Sample ‘

Rapid Stage

A
A 4

SEM Stage

»d [ »d

A

v
A

»d »d
Ll | L | L} Ll | Ll |

A 4

BRUKER

Micro-XRF Benefits:

Non-destructive analytical technique
No charging effects

Minimal Sample Preparation Required
Lower detection limits (down to 5 ppm)
High Energy Lines Detection (Full
Spectrum Range up to 40 keV)

Ideal for Low kV or Beam sensitive
samples

Fast Large Area Mapping

Micrometer scale measurement over cm
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WEBINAR: SEM-XRF (XTRACE)

Summary and Conclusions:
Micro-XRF on SEM

BRUKER

» The analysis of samples at micrometres (pm) scale over centimetres (cm) scale on a
standard SEM.

> Able to perform large area maps on a variety of samples
» Geological, Glass, Electronics, Powders...

» Sample Preparation Minimal for Micro-XRF

* No carbon-coating, No polishing, Directly into the SEM
> Able to detect and resolve minor and trace elements, e.g. REE’s
» Identification of high energy X-Ray lines

» Can work in combination with SEM e-beam

°* Commonly Low-KV due to charging and sample interaction
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WEBINAR: SEM-XRF (XTRACE)

Micro-XRF on SEM (XTrace):
Further Information

B R
PRODUCTS & SOLUTION: APPLICATIONS  SERVICES & SUPPORT

ELECTRON MICROSCOPE ANALYZERS

QUANTAX Micro-XRF

Trace Element Sensitivity with Minimal Sample Preparation

High-Speed
Elemental X-ray
Mapping even over
Large Areas

Film Thickness Analysis

https://www.bruker.com/

Search for:
QUANTAX Micro-XRF

© 2022 Bruker

Large Area Mapping of Mineralogical
Samples

The new Rapid Stage is specifically designed for
SEMs to enable large area mapping over millimeter
{mm) to centimeter {cm) scales. This will eliminate
potential SEM X¥-ray intensity variation artifacts
associated with low magnification mapping and thus
enhance elemental and mineralogical information in &
timeous manor that was previously not possible

—+ READ MORE

Mantle Petrology and the Source of
Diamonds

We present & SEM-XRF element map of a mantle
garnet-zpinel peridotite from the diamond-bearing
Newlands kimberlite (Seuth Africa, Kaapvaal Craton)
The intensity of the various elements indicates
certain minerals that are present in the sample.

— READ MORE

Elemental and Mineral distribution in
Exotic-Cu Deposits

ity to observe elemental changes within
samples is important 1o understand geological
processes and ore deposit genesis. The dual source
system which incerporates a micro-XRF on a SEM
enahles elemental ¥-ray mapping over large areas,
which shows major, minor and also trace elements on

the ppm scale

—+ READ MORE

K i, all Ca
- K Y
Identification of Contaminants and Toxins
in Soils

Large Area Mapping (Hypermaps) using SEM-XRF can
be performed on samples with topography. That is,
minimal sample preparation is required and the
sample can be analyzed directly without any
degredation. This is particularly relevant in the

is of soils, where any form of sample
preparation, such as mounting and polishing or
carbon coating, may alter the specimen.

Dual Source Applications for Exploration
and Mining: Au-bearing Epithermal
Samples

The combination of micro-XRF with SEM enables the
potential 1o analyze samples at muktiple scales, from
centimeters (cm) to millimeters (mm) to micrometers
{um) and below within a solitary system. Thus, by
adding the micro-XRF to an SEM you convert your
SEM to a dual source system, meaning that there are

2 excitations sources, the e-beam and photon beam
Either source can be used individually, or
simultansously, to generate sample X-rays that will be

measured using the same EDS detector.

— READ MORE

2640 nm Zn

0 s Cu-Tn-Ba-54

layerd
[Fres o G se
layers

#80 nm Mo —
Mo
Ja layer structurs Modallad layar structure
in XMethod

Thin Film Analysis with SEM micro-XRF

As ¥-rays may pass through matter, X-ray
Fluorescence (XRF) allows the determination of layer
thickness. Using micre-XRF on SEM, the layer analysis
(thickness and compositien) is rendered feasible with
spatial resolution at the micrometer scale. Layer
analysis is strongly based on quantification using
gromic fundamental parameter (FF).

— READ MORE

LinkedIn Posts: ghkacer

#BrukerXTrace

m Q #BrukerXTrace 0

Home

Posts People Jobs Companies Groups Products Serv
Posts
Stephan Boehm - 1st vee
o Product Manager micro-XRF / SEM and WDS at Bruker Nano ...
1mo« ®

Are you interested to see a micro-XRF map collected using a SEM? Here is a
beautiful example of an Exotic-Cu deposit sample from El Tesoro in Chile. This
uncoated thin-section was measured using a Bruker micro-XRF excitati ...see more

€CD vouan
* Like & Comment [:)_J Repost 1Send
Stephan Boehm - 1st vee
o Product Manager micro-XRF / SEM and WDS at Bruker Nano ...
10mo « ®

Itis general knowledge that the different colours of glasses are given by their
distinct compositions. But did you know that it is possible to analyze such glasses

in a SEM with minimal sample preparation? Here is an example of seve ...see more
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WEBINAR: SEM-XRF (XTRACE)

More Information

© 2022 Bruker

For more information, please contact us:

Bruker Nano GmbH

info.bna@bruker.com
Or

Andrew.Menzies@bruker.com

Stephan.Boehm@bruker.com
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Thank you for your time.

Any Questions?
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