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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS
BRUKER

Outline

O " Challenges with light element analysis

O 2 QUANTAX WDS solution for SEM

Applications examples on Be, B, C, N and O
(incl. workflows)
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QUANTAX WDS - LIGHT ELEMENT APPLICATIONS

Challenges with light element analysis



LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

BRUKER
Definition low energy range and light elements
Pulses/eV

5 Almandine
500 . Garnet:
4005 C [Fe FeaAlySis0y,

il ca (+ Mg, Ca,...)
3004 HV=20 kV

200

1001

0:

= Low energy range: E < TkeV
= Light elements Z<11: (Li, 54eV), Be (108eV), B, C,N, O, F (676eV)
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS
BRUKER

Low energy range

_Pulses;’e‘u’ |
220 Almandine
2001 Garnet:
%28; Fe,Al,Siz0,
1401 (+ Mg, Ca,...)
120- HV=20 kV
1007
80-
60-
401
204
01 Mlf
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

keV

= For E = TkeV the background is clearly defined
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS
BRUKER

Low energy range

= for E = TkeV the background is clearly defined Pulses/ev
2207
2007
= for E < TkeV the background calculation is difficult: 1801
= BGis lower > errors due to statistical noise 1282 Ca R Fe
= high absorption edges, variations in TOA influence i%g
low energy BG shape 80-
= high line density > overlap likely, determination of o
peak free areas difficult, especially for EDS 204
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS
BRUKER

Parameters which are important for light element quantification

= Fluorescence yield of element Pulses/eV

220
. | 2004
= Quantum efficiency ¢ of detector at the line energy 1801
1601 e, || Fe
140 a
= Absorption of line 1207
1007
80
601
401
201
0:
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

Fluorescence yield and quantum efficiency

= Fluorescence yield (w):

Fluorescence yield o

20 40 60 80
Atomic number Z

Fluorescence yield (w):
#K photons produced

(,() =
K™ #K — shell ionizations

<)
BRUKER
(>
=  Quantum efficiency of EDS
0.6
P
(&}
3
S 97
L
0.2
| > 3 4 5 6785 ;s
0.1

Energy / keV

_ # detected x-rays
= #incoming x-rays
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

<)
BRUKER

(D
Absorption effect

= X-rays which are excited at a certain depth z will be partly absorbed on their way to sample surface

Q

e-beam detector

# x-rays leaving sample
A~ # generated x-rays

f,=1.  noabsorption

take off f,=0.1: 90% absorption

angle (TOA)

f, depends on path length
> <3 -> TOA
l \ A - HV (mean depth)

b :’

"‘---ﬂ".
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

Absorption effect of Ca, C and O in CaCO,

=  d(pz) curves (generated/emitted) need to be used.

24 -

18 -

cps/eV

22 -

20 -

16 -
14 -
12 -

10 -

3
Energy [keV]

CaCO,, 10KV
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O(pz)

LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

Absorption effect of Ca, C and O in CaCO,

®(pz) curves (generated /emitted) need to be used.

1.4
1.2
1.0
0.8
0.6
0.4
0.2

0.0,
0.0

05

1.0

Z/{pm

O(pz)

Generated radiation
Emitted radiation
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QUANTAX WDS - LIGHT ELEMENT APPLICATIONS

QUANTAX WDS - technique and
applications



LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

Working principle of QUANTAX WDS

© 2022 Bruker

Bragg equation:
nA = 2d sin(0)

ebeam )
~ Diffraction
analyzer

parallel crystal

X-ray beam

Collection .

Parallel Beam Detection
Optic proportional
counter

specimen

[ mm) QUANTAX WDS uses Bragg spectrometer and Parallel Beam Optic (PBO) ]
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS
BRUKER

Working principle of QUANTAX WDS

Different WDS configurations

Bragg equation:
nA = 2d sin(0)

Rowland circle

design Small solid angle

ebeam S/ .
¥~ Diffraction

analyzer

parallel crystal

X-ray beam

Parallel beam optic

(PBO) des Large solid angle
esign

Collection .

Parallel Beam Detection
Optic proportional
counter

specimen

[ mm=) | arge solid angle with PBO results in high sensitivity for low X-ray energies ]
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

Advantages of combining QUANTAX WDS and QUANTAX EDS

WDS

Advantages of EDS: Advantages of WDS:

= fast results = higher spectral resolution

= simultaneous detection = enhanced P/B-ratios, i.e. lower LOD

= |ow beam currents = higher sensitivity for light elements

[‘ WDS is an ideal technique to complement EDS in challenging applications }
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

Analytical conditions for light elements

Peak intensity / a.u.

0.40

0.35

0.30

0.25

0.20

Grap

h depending

on specific matrix

Optimum
peak intensity
(B-Kat)

= jonizations
= absorption factor

T
2

Inciden

d

| | I
4 6 8
Energy / keV

t X-rays Diffracted X-rays

S

Multilayer

Substrate

Multilayer mirror

Bragg equation:
nA = 2d sin(0)

<)
BRUKER
(>

Typical parameters

High voltage
Beam current

Monochromators
Standards

Acquisition time Range
Acquisition time P/B

Acquisition time Map

Innovation with Integrity |

5kV
5nA

Multilayer 200, 80, 60

close to sample
composition

1 s (per step)
60 s (peak time)

300 s (per element)

11 May 2022 | 17



LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

Light element spectra acquired by EDS and WDS

EDS cps/eV WDS x 1E3 cps
i B, KAl L
: | Conditions: &
1407 WDS 5KV, 5nA :
120 - Multilayers: 4
: 200A 80A 60A |
100 :
i C KAl EDS 3
80  Be KAL | _
i H - o F :
60 - 2
40 :
i M, Kl -
: \ \ 1
20" O, AL F, <AL [
0 e I ' ll\|_ ' I T’/\_ 1 “fﬂ'”% T ! 0
0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80

Energy [keV]

BRUKER
" FWHM
40
e FDS
20 e \\/ DS
0
Be B C N (6] F

Samples:

Pure elements: Be, C and
compounds: BN, SiO, CaF,

[ mm=) \WDS shows higher sensitivity, higher peak/background ratios and better spectral resolution ]
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QUANTAX WDS - LIGHT ELEMENT APPLICATIONS

Beryllium



LIGHT ELEMENT DETERMINATION USING QUANTAX WDS
BRUKER

WDS mapping of Beryllium

= Mapping a C-coated Be foil on epoxy resin

Analytical conditions

FOV [um] 89 x 66
Pixel 900 x 675
WD 15 mm
High voltage 5kV
Beam current 8 nA
Be-Ka: T min

Acquisition time C-Koe 1 min

75
MAG: 1500x HV: 5kV WD: 151 mm' Px: 99 nm

[ mmm) | ight element mapping can be extremely fast }
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Sample = Standards : ) Microscope Ed Scan = || EDS 1
ajGRen
- Standards_5kV =+~ & HV 50kV  +~ 14 Size 900px ~ == ICR
Preview Capture ~ Acquire ~
XY
Ch1 Map Phases
?=
e,
o WxBe kAT wxc, ka1
2955 - 80
4 MAG: 1500x HV:5kV WD:15.2mm Px:99nm A MAG: 1500x HV:5kV WD:15.2mm Px: 99 nm
: R||a | |=] mm P
Map display settings
T Map result list

1.00 WX Be, KA1 1.00 WXC, KA1 1.00 - i - 1.0 - 1.0 Si-Ka
7 ] ]

37.1 kcps

e

EDS_2

o ICR

Map

Li Be
: Na Mg
K Ca
Rb Sr
Cs Ba
Fr Ra

Sc

— wbDs
416 keps  ~ 4 Energy

Phases Charts Sp

)

FLF2F3FAFSF6F7F8 o N v 0 F Ne

Al 5i P S Cl Ar
Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

Y Zr Nb Mo Tc RuRh Pd AgCd In Sn Sb Te I Xe

La
Ac

Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

Ce Pr Nd PmSmEu Gd Tb Dy Ho Er Tm Yb Lu
Th Pa U Np Pu AmCmBk Cf

Si

277.0 eV

7
==

-t s

G,
e

Ir




OBJECTS 2. X

% Sample Standards = ® Microscope BEd Scan = b EDS 1 = ||l EDS 2 =~ wDs =
2 v Be-foil Standards_5kV  + & HV 50kV ~ >le Size 900px ~ = ICR 38.0keps ~ = ICR 416 keps ~ 4 Energy 125.0eV
Preview B Capture acal [ Acquire il [ Quantify ~ =
EDS +3 Default EDS = Default
| O
L
» cps/eV |5
[ Table of elements] [ Finder | ) _I 3]841ke\;|
120 g H He
Li Be B C N O F Ne
Na Mg Al Si P S Cl Ar
| K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe
100 - Cs Ba La Hf Ta W Re Os Ir Pt AuHg Tl Pb Bi Po At Rn
1 Fr Ra AC ce pr Nd PmSmEu Gd Th Dy Ho Er Tm Yb Lu
Th Pa U Np PuAmCmBk Cf Es Frn Md No Lr
[
; W R
80 i B |[ clearan [[ o]
| Ll New element
?2=
60 -
du 1
40
Mg
sz, P~
Y . .T ™ i ] =1
| ml e M. 1. : 1
B ! Be-foil 2960 20
——~ MAG: 1500x HV:5kV WD: 15.2mm Px: 99 nm >~
! Single 900x 675 89x66um
I ) - A
= 0 @ ha| 22 | 100 ! :
= e © Grd e e T O e O e E
i e S ) Random 0.5 1.0 1.5 2.0 25 3.0 3.5 _
& | Copy ) Both » Energy [keV] X
'i O Al » cps/eV »Real Live Dead Pulses Input Output Max. pulse throughput
S |
=




LIGHT ELEMENT DETERMINATION USING QUANTAX WDS
BRUKER

Beryllium-minerals vs. Be-free minerals

= WDS energy range scan for Be-Ka

cps/eV WDS cps
35 SiL| Albite 500
E Be-Ka, —D|IUII"IE. 180
30 - —Tugtupite
] - 160
i —Beryl C
25 , - 140
. Beryl (Be;Al[Sic045]) — 7 Wt% Be '
20 - -120
- WDS . _ 100
: Tugtupite (Na,BeAlSi,0,,Cl) :
15 \ ~2wt%Be 80
10 . Be free minerals - 60
. 40
5kV, 17 nA 5 EDS :
Dwell time: ; / . 20
10s/ step 0 _|_ 1 : T T_F-'-:-':-..- — : |_ —— | T : T | : : T : T 0
0.0 0.09 0.10 0.11 0.12 0.13

Energy [keV] [ mmm) Peak overlap of Be-Ka and Si-L is resolved }
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QUANTAX WDS - LIGHT ELEMENT APPLICATIONS

Boron



LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

Boron in glasses

= |ow-vacuum analyses of uncoated glasses

-100
-80

60

cps/eV WDS cps
14 - -
| WDSenergy B-Ka High Boron glass:
1 range scan 3.8wt% B
12 -
10 - '
] Medium Boron glass:
1 2.0wt% B
87 Low Boron glass:
10.2wt% B
°
45 30Pa |
] 3kv |
S T1nA |
0-___'_;'_'|'"|""|""|"'|""|"'
0.16 0.17 0.18 0.19 0.20 0.21 0.22

© 2022 Bruker

Energy [keV]

-120

40

20

10 -

50
40 -
30 A

20

18

16

12

10

[ mmmm) WDS can successfully quantify low B contents in glass}

BRUKER
cps/eV WDS cps
| Si
EDS spectrum of
borosilicate glass
Al
30Pa |
. 5kV
. : 5NnA
1 BE Mg
: ?, Lu—‘-‘-\‘k«/ L Ca
o IOI.SI B IliOI B I1I.5I - I2I.0I - I2I.5I B I3I.OI B I3I.5I B I4I.OI B I4I.5
Energy [keV]
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

BRUKER
Boron in layered samples
= Detection of Boron in thin B,C layers
cps/eV WDS cps cps/ev WDS x 1E3 cps
700: B_Ka :350 Gaui BRMLZOO 3,0
1 BRML8O I o0 s
600 - (2d = 8OA) 50 nm 5300 a00 20
500 250w 0
400 20 nm 1200 "1”'"
3.5nmSi0, 150 m:_EM : o
Tnm ] [
3 nm : 10 nm S
10nm B,C  *° S
20 nm 3nm -
50 nm 100 | 1 m 50
SkV,3.51A, 5s/eV ° 0,16 0,17 018 019 020 o021 '0,'220 MM e

Energy [keV]

[‘ Evidence for Boron down to the thinnest Iayer}
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

Boron in steel

= Combined WDS — EDS mapping of a

MAG: 30,0kx HV:5kV WD: 150 mm Px:14nm

Cementite (Fe;C): 0.4 wt% B, matrix steel: 0.2 wt%
300 x 225 px, 225 ps/px, 120 min/map

© 2022 Bruker

Boron steel
Wi

Sample: Dr. Murugaiyan Amirthalingam, [IT Madras

B

Heterogeneous Boron distribution on sub-micron scale}
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QUANTAX WDS - LIGHT ELEMENT APPLICATIONS

Carbon



LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

Mapping carbon distribution in steel

= (Carbide bearing steel = Dual phase steel
AlSI'440C-13C

-

Martensite N
(0.3%C)

Ferrite
(0.01%C)

- ecr &
57 Wt OL'C | 7 um

Sample: TU Eindhoven — 5 min

MAG: 10.0kx HV:4kV WD:149mm Px:43nm
5 min mapping . . . S . :
mm) Fast mapping is possible and preferred to minimize contamination
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

BRUKER
Carbon contamination during analysis
= (Carbon contamination on sample surface = [ncreasing carbon deposition over time
cps/eV WDS cps
800 —= 30 min 00
700
; 20 min 0
600 - - 600
500 | ;500
4005 ;400

300 ) , ;
: < 10 min 300
. 200 - /\\ - 200
. 5min :
i . 100 | \\ 100
AISI 15 2 0 pr ] Start i
MAG: 2500x HV:20kV WD: 15Smm Px: 0.10 pm E L

0 28 0.32 0.34
Energy [keV]

[‘ Carbon is instantaneously deposited on the area of analysis
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

BRUKER
Carbon contents in steel
= Carbon quantification is a challenge for analysis on SEM
1.40
” 0 . After plasma cleaning
L, . Before plasma cleaning € 100 .
AISI 440C z
£ 1.00 s 3 os0
z E
S 080 D 060
g E 'Y
'dg 0.60 % 0.40 po
g 0.40 ’; AlSleO ®®E6150 020 |#%° ®os In-situ deposition
= ¢ 8°° - sets detection limit
0.20 < SEM contamination 0.00
. L 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
o ' sets detection limit pcconted value (wt %
0.00 0.20 0.40 0.60 0.80 1.00
Accepted value (wt.%) Note: Further improvement possible with air jet and cold finger

[‘The LOD for Carbon depends on technical measures to lower contamination }
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Nitrogen



LIGHT ELEMENT DETERMINATION USING QUANTAX WDS
BRUKER

Nitrogen in minerals

=  Combined WDS — EDS mapping of caliche ore from Atacama, Chile

cps/eV WDS x 1E3 cps

500

Nitratine (NaNO,) 10 EDS spectra

400
300

200

100

cps/eV WDS x 1E3 cps
05 10 15 20 25 30 EX .
Energy [keV] 500 Hallte (NaCI)

10

400 a .

300

6

200 .

100 )

0 ‘ : ‘ : . 0

cps/eV WDS x 05 1.0 15 2.0 25 3.0 35 2.0

220
200
180
160
140
120
100

80

ch 1 {I— ] s :
61

Energy [keV]

Niter (KNO,)

: mm=) Three major

: mineral phases +
0 accessories

0.5 1.0 1.5 2.0 2.5 3.0 35 4.0
Energy [keV]

MAG: 100x HV: 10kV WD: 150 mm Px: 2.20 pm

Sample: A. Menzies 600 x 450 px / 1.3 x T mm, 18 min
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

Nitrogen in minerals

[WxN, kAL | 1
61
MAG: 100x HV: 10kV WD: 150 mm Px: 2.20 pm

Sample: A. Menzies
© 2022 Bruker

600 x 450 px / 1.3 x T mm, 18 min

Combined WDS — EDS mapping of caliche ore from Atacama, Chile

cps/eV WDS x 1E3 ¢cps
w Nitratine | e
120 N N “| 5
w (NaNG) - . WDSrangescans
. = "\
20 L/ \LH c:s;e\l WDS x 1E3 cps
Halite (NaCl)
IR .o
20 /}J \u/,_, ~ %ﬂ// o ] 0,5
cps/ev wosx1 0 030 o0 0,40 0,50 0,60 070"
140 “/\\‘ ’ Ener‘gie [keV]
| Niter (KNO,)
80 l. m B 15 . . .
- n . | EEE) Distinct nitrogen
. /1IN J AR contents in different
4 N ~ N .
S o om0 om0 om0 o mineral phases

Energie [keV]
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

Nitrogen in minerals

= WDS and EDS acquire X-rays simultaneously

chi | b \ O]
o \' 61

MAG: 100x HV: 10kV WD: 15.0 mm Px: 2.20 pm MAG: 100x HV: 10kV WD: 150 mm Px: 2.20 pm

m===) No large differences for major elements — WDS advantages for peak overlaps and trace elements
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LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

Nitrogen in steel

= Trace element quantification on certified reference steel samples

© 2022 Bruker

Measured values (wt.%)

0.30

0.25

0.20

0.15

0.10

0.05

0.00

+10%
N wt. %
-10%
Q )
WDS °
O
]
EDS
100 pp;m. 2 / ® ACX
L ‘s & O ACX - EDS
®Oo OO0 ©
0.00 0.05 0.10 0.15 0.20 0.25 0.30

Accepted values (Wt.%)

Samples:

15 certified steels (Acerinox)
with nitrogen 100 — 1800 ppm

Parameter:
5kV, 10nA, 60s on peak

[ mmm) \WDS has lower limit of detection (LOD) than EDS]
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Oxygen



LIGHT ELEMENT DETERMINATION USING QUANTAX WDS

BRUKER
Oxygen in cast iron and stainless steel
= Scan for O-Ka in samples with and without Cr
cps/eVv WDS cps cps/eVv WDS cps
160 . 0, KA1 ‘ —AISI8620-32C_10kV | 160 | / lI ‘—AISI446—14B_10kV i
: 600 | \l 600
Castion | Steel |
: ast Iron : : | | ee :
1201 500 1201 / \| 500
1 I 1 |
|
100 - 400 100 - 0, KA1 / \\ 400
80 | ! 80 - \ |||
. o Felal 1300 ] cr1(@] criat Felal Ni 1300
| -/ |
: 1200 : 1200
w0 WDS w0 / & |
20 Fe-lt ;100 20;/ ;100
1 N ‘ ., Plasma-cleaned | g [ \ i ‘ ‘ o .PW:U
0.40 0.50 0.60 0.70 0.80 0.90 1.00 0.40 0.50 0.60 0.70 0.80 0.90 1.00

Energy [keV] Energy [keV]

10 kV, 28 nA, 10 s/2eV
[ m==) \WDS resolves peak overlap of O-Ka and Cr-L lines ]
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Concluding remarks



LIGHT ELEMENT DETERMINATION USING QUANTAX WDS
BRUKER

Advantages of QUANTAX WDS

= Designed for low X-ray energies

= High solid angle with state-of-the-art mirror optic
= High sensitivity for the light elements

= High count rates also with low beam currents

= High peak to background ratios

= High spectral resolution
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PLEASE TYPE IN THE QUESTIONS YOU MIGHT HAVE IN THE Q&A BOX AND PRESS SEND.

Any questions?
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