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How the XRF Works

ﬁ*” < « Each individual element produces its own
set of characteristic x-rays; the
basis for qualitative analysis

* By counting the number of characteristic x-
rays of a given element we can determine
its concentration; the basis for
guantitative analysis

Primary
Mo X-Ray Radlation Cr

Outer Eleatron
Fills Vacanoy "

Backscattered o ", Backscattered

TEST SAMPLE

2 Proprietary & Confidential -IS-IEZeIrEnI\?TF,thIeCr



)
(=
KO
==
=

ThermoFisher
SCIENTIFIC

Proprietary & Confidential

3



Technology Basics
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Cr
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Mo

Alloy
Grade P11

1. X-ray ejects K-shell electron

M-shells

2. L-shell electron moves to
replace

ejected K-shell electron, M-shell
electron replaces L-shell, etc...

4. The x-ray energies and fluxes
are interpreted by the analyzer

3. Reduced energy state is given off as a into the corresponding elements,
“Kd”, “La”, etc. x-rays, the energies of which concentrations, and resultant
are read by the detector alloy grade
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XRF Spectrum
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Application for HHXRF

W = / i
Energy Markets / Fabrication and Scrap Recycling Weld analysis

Positive Material Metals QC/QA
|dentification (PMI)
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Coatings Mode Overview

Designed to determine the coat weight or the coating
thickness of metal coatings

Enables testing of large or irregularly shaped
samples, as well as small-diameter wiring or tubing
and direct testing of coated samples at the plating line

Enables analysis of up to four coating layers

Layer can be pure element, alloy or compound
Substrate can be pure element, alloy, plastic or wood.
Optional 3mm small spot analysis

Element suite - 30 elements including:

Pb, Hg, Au, Pt, W, Sb, Sn, Cd, Ag, Pd, Rh, Ru, Mo,
Nb, Zr, Y, Zn, Cu, Ni, Co, Fe, Mn, Cr, V, Ti, S, P, Si,
Al, Mg

Multi point standardization feature enables user to
easily optimize calibration with known standards.
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Markets and applications

Coatings generally applied for decorative purpose of for improving corrosion wear
and heat resistance solderability or electrical conductivity.

* Metal Finishing (40% of total avail. market)

« Automotive (Cr/Ni/Cu/Plastics, ZnNI/LAS,
passivation coatings)

» Aerospace (ZnNi/LAS, Cd/LAS, etc.)
« Fasteners (NIP/LAS, Zn/LAS, etc.)
* Fixtures (Cr/Ni/Brass, Cr/Ni/Cu/ABS etc.)
« Cutting Tools (WC/TS etc.)
« Electrical appliances (Zn/Fe NiP/LAS etc.)
« Accessories, apparel (Au/Ni/Cu/Zn etc.)
« Jewelry & Watchmaking (Rh/Brass etc.)
 Electrification products (Ag/Cu etc.)

« Electronics (60% of total avail. market)
- PCB
« Connectors
* Hard drives

Handheld XRF suitable for metal finishing but not in electronics

. . ThermoFisher
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Coating Mode Basics

« Using General Metal Mode assumes to analyze homogeneous
metals and alloys. Units of the measure is wt.%, ppm, etc.

« Coated materials are heterogeneous: composition at the
surface is different from composition of the core. General Metal
Mode not accurate

Coatings Mode conceived to measure coat weight or
layer thicknesses applied on a substrate, not to
measure the composition of layer or substrate

« Units designating quantity of coating: applicable to surface, not
to bulk composition.

« Layer Thickness: unit of length e.g. um

- Coat Weight: mass per unit of area, e.g. g/m?

In coatings analysis, the user needs to define substrate
material and the sequence of layers

& General Metals

Ni+Cu+Zn
+Cr+Pb

=== Coatin

gs
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& General Metals

General Metals

Min Meas Max

Ni 64.25
Cu 29.79
Zn A
& 1.81
Pb 0.48
Fe 0.06

Below LOD 40

= Coatings

€& Cr/Ni/Brass

#489 7.3 sec

2: Cr 0.15 0.00
1: Ni 10.38 0.06
CuZn33Pb Substrate
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Coatings Mode Profile. Get Started!

« Unlike General Metals and other Modes, Coatings Mode can’t operate without
defining the substrate and the sequence of layers

Create a profile to describe coated material

ORI

& Settings € Settings
3 .-

» General Settings = » & General Metals

Analyze

» Connectivity P, > :’, Precious Metals

¢\

» Profiles B Spectral FingerPrint

=
e

» Libraries == Coatings

» Data Field Sets

Settings
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Create a profile

Example of Cr/Ni/Brass substrate
* Assign name to the profile

« Select number of layers

Edit Profile Name: @

Create Cr/Ni/Brass Cr/Ni/Brass € Number Of Layers ]

&= Coatings
fe——1 -

Cr/Ni/Brass

Number of Layers e - 1) 0 p q r

2 Layers

Undefined: undefined ﬁ @
Density: 0.000 g/cm?

(  Cancel ) | x |r__D [— \4

Enter Profile Name Select the number of
layers (up to 4)
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Define sequence and nature of layers

Layer 1: the closest to the substrate, layer with highest # (up to 4) at the surface

Select layer material

Density of the layer (default value of pure metal or alloy) can be edited in case an

element is mixed with some compound

Slope of the layer can be adjusted to match values of available reference samples

Select layer to edit

Create Cr/Ni/Brass

Layer 4

Coatings

Element: Cr
Density: 7.180 g/cm?

Element: Ni
Density: 8.876 g/cm?

Substrate

Cancel \,l |/
P,

LS

N

Layer Edit

& Layer2

Material
Element

1.000

Cancel
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Selection of layer material

Layers: pure
elements. Ni, Cr

Select among list

Select Element

€& Material Type .
Ag I\ Au

Cr Fe

Nb

Pt

& Layer1

Element

RS

Slope
1.000

«»

& Layer2

Material
Element

1.000

1/ Cancel \ I (0].4 )

N/ N\
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Define the material of the substrate

Select type of Material: Alloy  Define Alloy Composition or select library

€& Material Type €& Use Library

Create Alloy

Nominal or measured | Pick aIon & avg. ChemiStry
chemistry from library

€& Substrate

¢ Substrate & € Alloy Composition O & Alloy n|

N | f Alloys: 6 of 525 ii
Alloy _l

d i cearriter

Material C])
Alloy

e

59.600% C464NavBs

/ X

Cu: 59.6%,Zn: 39.6%,Sn: 0.8% 39.600%

C464NavBs

/

. / ( s
Cu: 60.375%,Zn: 38.75%,5n: 0.725%,
|~ Pb: 0.1%,Fe: 0.05%
(D Co

0.800%

Core) Co O M Ced oD




Review of the profile, analysis of sample

Edit Cr/Ni/Brass

10, 20, 30 seconds

== Coatings

None
Profile Name

Cr/Ni/Brass | )
Not Standardized

# |[Pseudo Layers

Element: Cr None

Element: N’
Density: 8.876 g/cm?

Alloy: C464NavBs

pm

Scan Times & Filters
Max Scan Time: 300
Main: 30

Default Data Fields

Results of analysis
2 um Cr foil/ 20umNi Foil/
C464 substrate

€& Cr/Ni/Brass i

#364 10.7 sec

2.21 0.01
9.19 0.05

C464NavBs Substrate

Result “Out of the Box”’
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Measurement units

« Layer Thickness: Ang, pm, mm, pui, mils, thou
« Coat Weight: ng/cm2 g/m?, mg/m?, g/cm?, mg/cm?, g/ft?, mg/ft?, ug/ft2, oz/ft?

« Coat weight mostly used when coating material is not pure metal but compound
(metal passivation, etc.)
Th: layer thickness
Th = — | CW: coat weight
d: density

Create Cr/Ni/Brass ¢ Display Units Display Units D

== Coatings *

[
A

pm

Thy

e

Max Scan Time: 300
Main: 10, Light: 30

N
Default Data Fields

(  Cancel ) Save \

Selectable units
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Capabilities of coatings Mode

Analyzing up to 4 layers Analyzing multiple Analyzing thin layers
. layers over Plastics o .
2umCr/10umNi/1.5umCu/ ayers ove Passivation coating
6.3umZn/Fe substrate Common decorative 38mg/m2 Zr/HDG
coating

&« test

€ Cr/Ni/Cu/plastic €& Zr HDG

#373 9.5 sec #535 16.8 sec #564 4.3 sec

Layer -
4:Cr 2.35 0.01 3:Cr 0.15 0.00 = 7r 40.24 5.26
3: Ni 11.06 0.08 2: Ni 17.57 0.11 1:Zn 8272341 47814
2: Cu 1.49 0.03 1: Cu 17.01 0.35 Fe Substrate

1:Zn 6.12 0.16 Plastic Substrate
Fe Substrate

Accurate Determination of Multilayer Coat Weight & Thickness
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Capabilities of coatings Mode. Alloy substrates

Determination of Ni Monolayers over Stainless steel

10pum Ni/ SS 304 10pm Ni/SS 316 10pum Ni/SS 310

€ Ni/various . € Ni/various . € Ni/various

#509 11.1 sec A #508 11.0 sec A\ #510 9.8 sec

Layer m +20

1: Ni 9.85 0.05 1: Ni 9.62 0.05 1: Ni 9.60 0.06

SS-304 Substrate SS-316 Substrate SS-310 Substrate

SS-304: Cr:17.9%, Ni:8.36%, SS-316: Cr:16.7%, Ni:10.2%, SS-310: Cr:24.9%, Ni:19.7%,
Mn:1.6%, M0:0.29%, Fe:Bal Mn:1.6%, Mo0:2.14%, Fe:Bal Mn:1.6%, M0:0.39%, Fe:Bal

Accurate determination of layer thickness over alloy substrates
containing the same element

21  Proprietary & Confidential SCIENTIFIC



Capabilities of coatings Mode. Alloy as a layer

Determination of Alloy layers over pure elements and alloys

10.14pm NiZn/ Fe

€& ZnNi/Fe
#600 8.7 sec

Layer m +20
1:ZnNi6 10.20 0.04

Fe Substrate

NiZn: Ni:6% Zn:94%

8.0 um NiP/Cu

¢« NiP/Cu |

#557 6.3 sec .\

Layer m
1: NiP 7.84 0.04

Cu Substrate

Electroless Ni plating
NiP: 88%Ni 12%P

20 um NiP/Kovar

€& NiP/Kovar
#559 11.7 sec

__Layer  pm 120 |
1: NiP 18.58 0.11
Kovar Substrate

Electroless Ni plating
NiP: 92%Ni 8%P

Kovar: 29%Ni%,17%Co, Bal Fe

Accurate determination of thickness of alloy layers over pure metals
or alloys substrates
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Standardization

¢ Check Standardization on next Edit Ni Kovar & nikov
reading, enter # of standards (max.5) 4240 15.8 sec

&= Coatings
* When prompted, enter reference

13:10 03/14/2017
value for each standard 9.53 0.04

Substrate
 Perform the measurement

Readings to Standardize /

e After last measurement, linear .

Pseudo Layers

correction is calculated and applied None

| ovar

Enter 10of 4 Standardization Data i

N
o
J

y =1.02x + 0.27
R? =1.00

[EEN
(%2
1

 §

1 0240 Slope: 1.025, Intercept: 0.272, R* 0.999865

Reference value (um)
=
(6] o

o

0 5 10 15 20
Measured Thickness (pum)

Kovar: Ni:29%, Co:17%, Fe:Bal Ccancet ) ( ok )

5 . . ThermoFisher
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Pseudo Layers: compounds as coating

Define Pseudo Layer as Example P as P205/
function of existing layers Galvanized steel

340mg/m2 P205/Galvanized

Pseudo Layer

¢ phosphate

#425 17.0 sec

__Layer _mg/m? 120
2:P 163.54  4.10
1:Zn 41609.93 161.32

Fe Substrate
P205 374.51

L2%2.29

\ Cancel ) . (9]¢ ) |

Determination of Compounds Coat Weight
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Infinite Thickness — Saturation

50um Ni /Cu substrate
& Ni/Cu

#225 6.1 sec

Layer m +20
1: Ni Saturated
Cu Substrate

T: Tube
D: Detector

Saturation: no signal increase at increasing thickness
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Infinite Thickness — Buried Layer

15um Zn/20umNi/2umCr/AA6063

& zn/NiCr/AAG063 @
#393 13.1 sec A\
3:Zn 14.88 0.46

2: Ni 18.77 2.86
1: Cr Buried
AA 6063 Substrate

Buried layer: signal from substrate & deep layer(s) not
detected

T: Tube
D: Detector
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Infinite Thickness — examples

Calculated values of infinite thicknesses (80% absorption) for different coating/substrate

Infinite thickness of the

Infinite thickness of the coating

Coating Substrate coating element (um). for the substrate element (um)
A -~ 59 6.0
AL Ni 8.0 2.9
T Cu 8.0 35
iy o 73 4.0
5 iy 25 4.0
cr Ni 29 6.2
. Al 29 0.3
Cu ABS 29 N/A
N Al 26 0.4
Ni Cu 26 31
Ni Fe 2 -
o L 29 7.7
i . 51 4.7
o c 48 5.8
o N 89 0.6
- c 89 75
T Fe 28 8.7
Zn Fe 39 18
> Al 79 1.3
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