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 Universidade Federal de Minas Gerais
e Chemistry department
* Geology department
* Physics department

* CDTN - CNEN - Centro de Desenvolvimento de Energia Nuclear
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multidisciplinar -] interdisciplinar

Reference of microscopy in the State of Minas Gerais and the
country.

Human resources training in several levels.
Dissemination of science in various levels.

Support to other Institutions, Universities, Research Centers and
Private Sector form the state of Minas Gerais and the country.

Www.microscopia.ufmg.br
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* Physics department multiuser facility

* Simple research equipments for undergraduate
and graduate students
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ASSOCIACAO NACIONAL DE PESQUISA
EM TECNOLOGIA E CIENCIA DO PATRIMONIO

Fundada em dezembro de 2015, durante o evento IPERION-BR Primeiro Encontro da Rede de
Laboratérios Associados, com a participacdo dos principais laboratérios brasileiros que realizam
pesquisa na area de Ciéncia da Conservagao.

» Preservacdo do patrimdnio cultural
» Cooperacao com universidades, centros de pesquisas, bem como outras entidades.

P ' UFBA:NTPR » Forum de intercambio entre pesquisadores, programas de Pés-Graduacao, entidades e
J organizacoes.
~ ' el > Promocdo e apoio a pesquisa transdisciplinar, a producao cientifica e tecnolégica e a
> LABCON, LPT sistematiza¢do, difusdo e intercambio de informagdes e conhecimentos do campo expandido
./b*/umzmmmo da Ciéncia do Patriménio.
}, USP: LAMFI, » Promocado da cooperagao técnica com entidades e organismos voltados a preservagdo do
LMND, LEM Patrimonio Cultural, no Brasil e no exterior, a formacdo técnica e a organiza¢do de eventos

’/ técnico-académico-cientificos.
! UFPEL

http://lacicor.eba.ufmg.br/antecipa/
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Sweden

Q Q F.n.ana/

hs <. 3\»

R Belarus

Ireland v
2 ¥ Ukraine
Gr
Portugal |
: ria ]
| Tunisia
Morocco

IPERION HS was a consortium of 24 partners from 23 countries that contributes to establishing a
pan-European research infrastructure on heritage science. It offers training and access to a wide

range of high-level scientific instruments, methodologies, data and tools for advancing knowledge

and innovation in heritage science.
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Step2 to be submitted soon...
® Distributed research infrastructure (~ 100 facilities) involving 28+ countries

® 4 access platforms providing world class expertise, digital data, reference collections,
laboratories and mobile instruments, building a clear identity for heritage science and linking
across communities at the global level

“FIXLAB MOLAB

access heritage archives and data and tools for heritage access LSF and advanced mobile instruments for in-situ
collections research laboratories diagnostics
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MOLAB - Micro XRF

http://www.iperionch.eu/molab/

https://www.lnls.cnpem.br/
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* Definitions

* Language — Culture

* Vocabulary (Different regions can have different definitions and/or different vocabulary
* Good practices, standards, protocols, policies

* Data and metadata format

* Diferent types of data/files due to differences in equipment: different techniques, new, old,
analog, digital, commercial, home-made, etc.

* Open source software , proprietary software, “black boxes”...

» Storage

- ‘.-'...0 -.
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Physics — vol4. — waves and optics - Halliday Resnick — older versions

Lead Oboe (English version) ‘ Oboé de chumbo - Brazilian portugues version

1
lead » Leading Oboé

’ /led/
~ e
lead” » Plumbun ‘ (5 .

https://www.evanstonsymphony.org/content/oboesjpg /led/

Lead

https://pt.wikipedia.org/wiki/Chumbo

Specialized knowledge/ more sophisticated algorithms
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* Channel- 1Ddata -spectra
* Pixel - 2D data - 2D image

* Voxel -3D, 4D, 5D, 6D, etc
multi or hyperspectral image

= aigesie
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Nanoparticulas de prata - Karla Balzuweit, Leticia Coelho, José
Francisco de Sampaio, Luiz O. Ladeira, Sérgio de Oliveira

Microscopia Eletronica de Tranmiss&o - JEOL 3010 - Laboratério de
Microscopia Eletronica (LME) do Laboratério de Luz Sincrotron (LNLS)

IN2PAST.BR
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Morphology

Structure ﬁ Chemistry

(how atoms are organized) (chemical elements
(chemical composition)
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- X-ray photon “images”
Electron images

Electron diffraction - -

CIEY A |

952-18-001 18
MAG: 800x HV: 15KV WD: 9.9 mm

X-ray photon spectra X-ray photon 3D hypercube

Imagens e espectros obtidos por Karla Balzuweit em diferentes microscépios eletrénicos do

NCEM-LBNL, Laboratério de Microanalises— LMA e Centro de Microscopia da UFMG
e .
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Microscoépio Eletronico de Varredura de
bancada LCPNano-UFMG -
www.lcpnano.ufmg.br/

Microscépio Eletronico de Varredura de

alta resolugéo Microscépio Eletrénico de
CM-UFMG - www.microscopia.ufmg.br Transmissao e Varredura
CM-UFMG

www.microscopia.ufmg.br

Microscépio Eletronico
de Transmisséo e
Varredura com corretor
de aberracao esférica

Kratos - 1.500kV- NCEM —
LBNL
http://ncem.lbl.gov/ncem.ht
ml

Ohio state University
https://cemas.osu.edu/fe
i-probe-corrected-
titan3tm-80-300-stem

Atual:
https://foundry.lbl.gov/about
/facilities/the-national-
center-for-electron-
microscopy-ncem/
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*X-ray photons
—  WDS (Wavelength Dispersive Spectrometer)
*Qualitative, semi-quantitative and “quantitative” analysis of chemical elements
*Energy resolution ~10eV
*X-ray photons
— EELS (Electron Energy Loss Spectrometer)

*Qualitative, semi-quantitative and “quantitative” analysis of chemical elements, band structure,
valence, plasmons.

*Resolution depends of the filament:

o AE ~1-2eV (thermoionic),

o AE ~0,2eV (FEG)

oAE~0,1eV (FEG with monochromator) 20
*Energy loss electrons

o ston ~Erme S
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+ Energy kev)

BSE  MAG: 2009 HV; 15 W0 WG 20 i

Cortesia — Dr. Tobias Salge and Dr. Ralf Terborg — Bruker
Nano GmbH. And Orkun Tungkan- Univ. Anadolu -TK

v A} v cpnfeV » Resuls (Mass-%(norm.)] » Soct: Dlement

NGO NAR ST BN
COEZ 04280 MgZish SI168S Calss TNO3S FeSA2
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Element Iron Chromium Nickel = Manganese Molybdenum Silicon Vanadium

SEM 52 (1) 20,2(0,5) 16,3(0,4) 7,5(0,2) 2,8(0,1)  0,39(0,04) 0,17 (0,03)

Microprobe 52,96 (0,01) 20,85 (0,64) 15,90 (0,10) 7,87(0,10) 2,66 (0,30) 0,38(0,01) 0,17 (0,02)

55 - -
T - = == = jurnd e L o jnd
50
] - lron
45 .
] - Chromium
40 ] & Nickel
] Manganese
== 35 4 v g
< ] <  Molybdenum
S 30 — - Silicon
2 o5 ] Vanadium
= _
74 i
% 20 — - . e g 2= 3 - ® w5 =W @ @
15 _| - — - —— -
10 -
B W W ¥ ¥ w ¥ v Vv v w ¥ W
5
- D T e S . T SR 2
o e e I T T T
o 2 4 6 8 10 12 14 16

Measurements

(it
Luis Rodrigues Garcia, Marcio de Almeida Flores, Karla Balzuweit — Centro de Microscopia da UFMG 9:3. 0} .
s :gx.:..-.ﬁ.ag
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Mass weight %
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Measurements
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- Oxygen
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ELECTRON
BEAM

BACKSCATTERED
f ELECTRON

SURFACE OF
THE TARGET

(wna ‘i’a)

FIGURE 2. Simplified model of electron trajectories (Shinoda el a

27
Lectures of Phil Russell - www.phys.appstate.edu/nanotech/PHY4880/2002/lectures/
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17853 nmy

B * C,Si,Cu, Ag, Au
« 20kV
AR S * Red - electrons which
S . OB - . “escape” the sample.

 Blue —electrons absorbed

7553 nm
Eg=20keV
4 0° tilt
15366 om DU
1um

2265.9 nm|

> NS Goldstein , 4" ed.
‘. ” v‘:,\ 30273 nn ..:.02\
P\ 9"0‘(:6}'{3

-2200.0ren -1100.0 ! -O.ol’l;; | 1-1 ﬂ;ﬂl 2200.0 nm “a ..“. .. ¢
o 0a l .&2.-.83..;:.-':*:}
P

O Fig. 1.8 Monte Carlo simulations for an incident beam energy of 20 keV and 0° tilt for C, Si, Cu, Ag, and Au, all shown at the same scale ov

(CASINO Monte Carlo simulation)
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B Fig. 1.9 Monte Carlo simula-
tions for Cu, 07 tilt, incident beam
energies 5, 10, 20, and 30 keV

(CASINO Monte Carlo simulation)

-1260.0 nm ¢7 _-6300nm \/ 00 nm 630.0 nm 12600 nm

0 tilt

500 nm

NopAwrgR  Goldstein,4ed
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Mn Ka

n CuKal*

7 Energy (keV) °
Charles Lyman - Lehigh University
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KBr
E, = 20 keV
BrKa and BrLa correctly identified!
UMa K Ko misidentifiedas UMa |5 -
:ErL I K Kp misidentified as SbLa! '

. FeS, (pyrite, fool's gold)
- Ey=20 keV
- FeKa correctly identified!

S Ko misidentified as PbMa

L
EEREMe §

Intensity
ntensity

Manufacturer #2 ‘Manufacturer #2

----- Absence of Pb Llihes lé nol.
|  considered when assigning
- PbM instead of S K

Bl vl Brka
* BrKp
|

e

——

TR O ———=&

(e A weliReee

Photon Energy (keV) Photon Energy (keV)

Charles Lyman - Lehigh University

31
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C:\Documents and Settings\aulaPG\My Documents\EDS_varistor 30kV.spc €:\Documents and Settings\aulaPG\My Documents\EDS.spc
Label:Chlorite (Nrm.%= 38.86, 20.96, 34.83, 1.14, 3.84, 0.28) Label:
kV:10.0 Tilt:-0.3 Take-off:34.3 Det Type:SUTW+ Res:136 Amp.T:25.6 kv:30.0 Tilt:-0.3 Take-off:34.3 Det Type:SUTW+ Res:136 Amp.T:25.6
FsS 5250 Lsec : 20 18-Jun-2009 11:59:14 FS 3666 Lsec 153 18-Jun-2009 12:06:09
Counts Counts
BaLa BaLa
& Wa
3.2k
alzk s Ka
2.8k
IO Ka
El 5 —
2.4k s Ka
340 = Ballr
BalLb =0k
SiKa I
= Bl S 1 r!{a
1= 1.2
M:;lz o SiEe BaLb
H BaL N
1 ZnlL. palh B cagrfa
Zn 1K3 FeKa tMgTa clKb
A=) ES Bar BaLg frp = 1K Pt BaLg
FleKb ZnKa
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 keV
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 keV
EDAX ZAF Quantification (Standardless
Element Ngmalized 4 ) EDAX ZAF Quantification (Standardless)
SEC Table : User c:\edax32\eds\genuser.sec Element Normalized
SEC Table : User c:\edax32\eds\genuser.sec
Element Wt % At % K-Ratio Z A F
C K 12.51  47.35 0.0552 1.3248 0.3330 1.0000 Element Wt % At % K-Ratio 2 A F
0O K 4.68 13.29 0.0313 1.2922 0.5171 1.0001 K 28.57 51.81 0.0669 1.0877 0.2152 1.0002
ZnL 0.24 0.17 0.0013 1.0359 0.5261 1.0003 0K 24,33 33,13 0.0540 1.0722 0.2071 1.0001
MgK 0.98 1.83 0.0068 1.2708 0.5463 1.0006 ot o ' ' - ' '
AlK 0.09 0.15 0.0007 1.2138 0.6241  1.0012 MgK 2.25 2,02 0.0055 1.0333 0.23e1 1.0018
SiK 2.28 3.69 0.0203 1.2332 0.7190 1.0017 SiK 3.58 2.78 0.0143 1.0341 0.383¢ 1.0045
S K 5.19 7.36 0.0537 1.2136 0.8490 1.0037 S K 6.65 4,52 0.03%7 1.0275 0.5764 1.0072
C1K 0.72 0.92 0.0074 1.1620 0.8821 1.0062 ClK 0.48 0.29 0.002% 0.9842 0.6181 1.0111
BaL 71.27  23.58  0.6075  0.8454  1.0077  1.0005 CaK 0,09  0.05 0.0008 1.,016% 0.8514  1.0460
E"eK 2.04 1.66 0.0219 1.1088 0.9682 1.0000 Bal 34.05 5.40  0.3074 0.7986 1.1304 1.0000
Total 100.00 100.00 Total 100.00 100.00
Karla Balzuweit — Centro de Microscopia da UFMG
O—
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Before adjustment
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10 12
Energy [keV]
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200 1
180 ;
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140 ;
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100 |
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20

A

After adjustment

@ Karla Balzuweit - Centro de Microscopia da UFMG
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— Independente da taxa de contagem

*  Fluorescéncia do silicio
— Foton gerado dentro do detector na “dead layer”
— Detectado pela regiao ativa do detector

*  Pico soma
— Dois fotons chegam simultaneamente ao detector

— Contabiliza-se um pico com o dobro da energia
(o elemento nao existe na amostra)

— Contagens altas

Charles Lyman — Lehigh University

+—1.74 keV —1+

1000 1
* CuKa CuKp
1s 8 9 10
Energy (keV)
10000
SiK
8000 1 i
Counts *
6000 |
4000
2000 1
U T T T T
00 1.0 15 2.0 25 3.0
Energy (keV)

3 4 5
X-ray energy (keV)
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mICroscopia
“@UFMG



microscopia

“UFMG

QUANTAX

MAPPING 2
> :
) te Project
€5 standards Report - ) 11/8/2019 2:23 AM 0 kB
3 v || ESL-506-15kV =~ ~ Report_0
cps/eV -
Acquire v Qmap ~ Yoadi (R <« A<l B Acic ElFo Lo
EDS = Linemarker + PB-ZAF (mod.)
144
Ch1 Map Phases =
A_—' 12 1
10 m
Au
8 N Po
s 0 Au In
e B 5 % B A e
13
4
2
-
o bl A | | [P | : | IR liw o I |
5 2 4 6 8 10 12 14 16 18
J Energy [keV]

Map display settings Counts Standard None None

Map result list

no objects
=
E
--- :
C
SE 1.00 SiKa 1.00 Ag-la 1.00 ZnKa 1.00 1.00 S-Ka 1.00  NaK 1.00 CK As-Ka 1.00 Au-la 1.00 In-la 1.00 Po-la 1.00
T &2} I Vi Mm oo J[:- I ;: Mmoo ] MmO ] MW I - T Mm oo ] MmO Vmm &
Karla Balzuweit - Centro de Microscopia da UFMG
+ ) 1LJ 1920 x 1080px 100% (= ) +

n ,O Type here to search




40 -

Energy / keV
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| | |
20 40 60 80
Atomic number Z

Transmission Electron Microscopy Williams and Carter 2009
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characteristic for the
particular element
which is excited.

E=c,(Z-cy)?

Cy, C; depend on
the type of transition

Moseley’s law is an
empirical description of
the relationship between
X-ray line energy and the
atomic number of the
emitting atom.
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a

g 0.4 Ni

S 4 - @
o

g

o

0.0 T T T T I T
0 10 20 30 40 50
Energy / ‘f_?.\f. .

Ionisation cross section for electrons

* lonisation cross section ~ probability of excitation
* maximum ionisation cross sectionat~2,5x E,, 4
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oy —typical values:

05 - — 0.03 carbon (12) K-series @ 0.3 keV

K Sheu 0.54 germanium (32) K-series @ 9.9 keV
0.96 gold (79) K-series @ 67 keV

Production of X-rays is quite inefficient
forlowZ (O, N, C, etc. ).

Production of X-rays is quite inefficient
for L and M transitions:

M Shell =
o e oy are always <0.5:
L€ Oy L <0.5
| o, =0.36 for gold - Au (79)
0 20 40 60 80 100 @y = 0.002 for gold - Au (79)
Atomic Number (2)

01 |-

Charles Lyman Lectures — PASI 2006

'@
S— 8% :‘.‘ 2]
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« ZAF: 15t generalized algebraic 7 A F
procedure; assumes a linear relation
between concentration and x-ray unk I'" ZAF"™ .
intenSity; Ci ]std Zz4FStd Cj;

* Phi-rho-Z: based upon depth profile
(tracer) experiments;
Z - Atomic number
* Monte Carlo: based upon statistical Electron

probabilities of electron-sample backscattering

. . . Stopping power
interactions, particularly for unusual e

specimen geometries. F - Fluorescence

Heinrich, 1991, Strategies of electron probe data reduction, in Electron Probe Quantitation,

Ed. Heinrich and Newbury, Plenum, New York, 9-18. 39
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Q- —
3 S 0.1
2
9
1 = . & 00 . ; y T . ————
10 20 30 40 50 70 90 0 10 20 30 40 50 60 70 80 90
& Atomic number (Z)

SZZIHE . ]  1+[0.008 I(1- W) Z]

where J=11.5+ Z and E | .. .= (E§TE,)/2 where W = E /E (the inverse of overvoltage),

(J is the mean ionization energy; J, Z and A are of and Z is of the target, and W is of the X-ray
the target, E mean is of the X-ray)

kZ — 1{std/ 1{unk * Sunk/ Sstd

R £ e
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Intensity

Energy

Fig. 8.10. Fluorescence excitation: X-rays in shaded part of spectrum have energy
d 2 greater than the excitation energy, Ex (A), of element A, therefore both the relevant
Z part of the continuum and the characteristic radiation of element B can excite

—> fluorescence.

F=

[=1,exp -(Wp)p Z)

1
03
K = / £
A f (Z S ) f (Z a ) “If,/Ip is the ratio of emitted X-rays from fluorescence,

= Wp cosec y compared to the X-ray intensity from inner shell
ionization. In a compound, this term is summed

overall all the elements that could fluorescence the

element of interest.”
— v'a'.
mEvre \‘-'r.«/
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de filme fino

e exceto para amostras grossas eelementos com diferenca
em energia maior que 5 a 10KeV

* A (absor¢do) pode ser desprezada e F (fluorescéncia)
normalmente sdo desprezado

e clementos leves (seus raios-x tendem a ser mais

absorvidos)
T/ c ;
Cp In Ca Iy =B _ ¢ B _kac
G=fey G M k=g
Ca+Cg = 100%
Ca + Cp + Cc = 100% 42
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Mass abs. error rel. error
Mass Norm. [%] [%]
Element [%] [%] (1 sigma) (1 sigma)
Germanium 41.00713 41.27993 2.310389 5.634116
Nickel 32.94032 33.15946 1.039468 3.15561
Yttrium 25.3917 25.56062 1.008355 3.971198
99.33916 100
Flat sample
Mass abs. error rel. error
Mass Norm. [%] [%]
Element [%] [%] (1sigma) (1 sigma)
Germanium 58.5193 45.55074 3.290781 5.623411
Nickel 36.6049 28.49282 1.143193 3.123059
Yttrium 33.34639 25.95644 1.321829 3.963934
128.4706 100

x*

Inclined sample

L

ik
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“UFMG

ISO 22309/ASTM1508

v' Energy scale bar correctly
adjusted with reference material

v" 1.000.000 countns
v Correct working distance (10mm)

v" Enough high tension (ionization
tension) — 15kV

v" Matrix correction — ZAF

P
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1) 1SO 22029:2012 (en) Microbeam analysis — EMSA/MAS standard file fomN
for spectral-data exchange. Single EDS spectra metadata format:
ISO 22493 - Microbeam analysis — Scanning electron microscopy — ISO 22029:2012(en) Micr m analysi
Vocabulary. — EMSA/MAS standard file format for
2) 1SO 23833 - Microbeam analysis — Electron probe microanalysis (EPMA) — spectral-data exchange
Vocabulary.
3) I1SO 15932 - Microbeam analysis — Analytical electron microscopy —
Vocabulary.

4) 1SO 15632 — Microbeam analysis — Selected instrumental performance
parameters for the specification and checking of energy dispersive X-ray

spectrometers for use in electron probe analysis. HMSA proposal for microscopy 4D
5) I1SO 22309 - Microbeam analysis — Quantitative analysis using energy datasets*:

dispersive X-ray spectrometry (EDS) for elements with an atomic number of HSMA file stores the

11 (Na) or above. experimental data

6) ASTM E1508-12a — Standard Guide for Quantitative Analysis by Energy

Dispersive Spectroscopy. XML file stores the experimental

7) 1SO 17470 - Microbeam analysis — Electron probe microanalysis — Guidelines conditions (metadata)
for qualitative point analysis by wavelength dispersive X-ray spectrometry. https://www.microscopy.org/res
8) ISO 16700 - Microbeam analysis — Scanning electron microscopy — ources/scientific_data/HMSA_Sp
Guidelines for calibrating image magnification. ecification-20191120.pdf
9) 1SO/TS 21383 - Microbeam analysis — Scanning electron microscopy —
Qualification of the scanning electron microscope for quantitative *3D EDS-SEM mapping included
measurements.

@
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History of the sample

Sample preparation Data acquisition according to laboratory
method/process good practices

IS0 22309/ASTM1508 ($%)

. Equipment manual

. Microscope adequately aligned

. Correct choice of acquisition parameters
* Energy scale bar adjusted / “calibrated”

Quantification process
Matrix correction

Different models
Background curve adjusted
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Microsc. Microanal. 9, 1-17, 2003
DOI: 10.1017/S1431927603030058
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» 2003 — Software Sandia National Laboratories (https://www.osti.gov/biblio/1230701)
» Reducao de dados: caracteristicas espectrais e distribuigao espacial
» Modelos:

» Singular Value Decomposition (SVD),

» Principal Component Analysis (PCA)

» PCA with factor rotation
» Alternating Least Squares-based Multivariate Curve Resolution (MCR-ALS)

» Técnicas:
» Energy Dispersive X-ray Spectroscopy, X-ray Fluorescence, Laser Induced Fluorescence

Spectroscopy, Time-of-Flight Secondary Ion Mass Spectroscopy

@ ﬂ.“’:;l:
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28 = 256 combination = 256 “grey levels”

* Or3x2%=2x256 combinations = 256 “color levels” (RGB
or HSB ou CMYK, ou ...)

* 1D - spectra
e 2D —image (x,y)
* 3D - hypercube (x,y plus spectra) * 4 bytes = 4x8 = 32 bits

e 232=4294967.296 = “billion colors” ....

4D — hypercube (x, y, plus image
5D — hypercube plus time?

* 8 bytes = 8x8 = 64 bits

1024*2 bytes = 2048 bytes = 2kb

2024*2048 bytes = 4 194 304 bytes = 4Mb
2024*2048*2048 =8 589 592 bytes = 8.5Gb

2024*2048 2048*2048 = 8 796 093 0222 bytes = 8 796Tb

—— .'.‘:':.‘:.. ..c.. ; ... ]
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e Calibrated equipment (?)
* Correct acquisition parameters
* Correct data treatment

* Good practices
* Knowledge of the technique
* Understand the data

@ /"’:-'
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— Amostras grossas
* Detecgao de elétrons retroespalhados
*  Deteccao de elétrons secundarios
» Detecgao de fotons caracteristicos por espectroscopia de energia dispersiva (EDS)
* Deteccgao de fotons caracteristicos por espectroscopia de comprimento de onda (WDS)
*  Channelling
»  Catodoluminescéncia

*  Corrente induzida pelo feixe de elétrons (EBIC)
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