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CERAM Group

Global materials consultancy
Operations since 1920
Revenues of £20M
Employees >200
Facilities in the UK
10,000m? of office, laboratories
Plant & equipment base of several million pounds
Operate Materials KTN Powders
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Ceram Structure

Ceram Group
I

M&P Labs CICS Ceram Research Ltd
(USA) (UK+USA)
Ceram Consultancy (UK) Materials Analysis
| (UK)
Construction Materials and Surface Characterisation
Structures & Process and Analysis

Facilities Development
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CSMA Brief History

1979 Founded as part of the University of Manchester
1991 Spun off as a limited company
1993 Acquired British Petroleum resources
1998 First European business unit formed
2002 Subsidiary of CERAM, Stoke-on-Trent
2004 Collaboration with M&P labs USA
2005 Acquired MATS Ltd
Geographical expansion in Europe
2008 Absorbed into CERAM group

Representation in four territories
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Industry Sector Focus

Engineering
Materials

Consumer Products
Petro+Chem

Life Sciences
Technology
Services
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Scope of work

Problem Solving (+RTA)
Product Development
Cleanliness Validation

Claim Support
Reverse Engineering

Witness & Litigation
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Use of Surface Analysis

Surface analysis techniques measure the chemical and
physical composition of the outermost atomic layers of a
material. The surface controls factors such as:

Cleanliness

Adhesion Strength

Wear Performance
Corrosion Resistance

Biocompatibility
Optical properties e.g. Colour/Finish

Electrical Properties

Printability/Paintability
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T . _ _ Heated window

Steel passivation investigation Paint cratering characterisation

Windscreen Ink
behaviour

Automotive fabric

: : degradation
Windscreen wiper

reverse engineering

F1 racing car failure

Metallographic interface

analysis
of Al alloy engines

Investigation of paint
disbonding from plastic

components
Tyre manufacture (rubber

formulation sticking to  peyelopment of lubricant tank _
rollers) additives Fuel tank Integrity
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Our Competitive Advantage - People

Operations Team:

Dr Alan Paul Operations Director

Dr Alan Brown Director of Development
Dr Jean-Claude Canry

Dr Len Hazell

Mr Dave Shingler

> 100 years aggregate experience with industry
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Our Competitive Advantage - People

Sales & BD Consultants

Dr Chris Pickles

Mr John Cotton

Mr Steve Kessel

Mr Rob Mitchell

Dr Justine Bentley

Representation in Ireland, Italy, Benelux, USA



CERAM

surface and materials analysis

Problem Solving on Surfaces

Surface analysis techniques measure the chemical and physical
composition of the outermost atomic layers of a material

Chemical Composition Physical Characteristics

X-Ray Photoelectron Optical Microscopy
Spectroscopy (XPS) SEM - including 3DSEM
Secondary lon Mass Surface Metrology

Spectrometry (SIMS) 3D Non-Contact Profiling - 3DP

3D SEM
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Surface Analysis Techniques

Light Light (Microscopy, 3DP)
X-Rays Photo-electrons (XPS)
Electrons Electrons/Photons (SEM/EDX)
lons Secondary lons (SIMS)

e



CERAM

surface and materials analysis

Surface Analysis Techniques
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X-Ray Photoelectron Spectroscopy
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Unequivocal identification of the elements PLUS oxidation state

Quantified surface composition with error bars

Surface specific (1-10 nm information depth)

Solids and low VP liquids
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Typical XPS Spectrum

103
35
| Name Area  At% %StDev
] Cls 208.4 64.61 0.25
30] O 1s 202.2 2492 021
I Cr2p 6.6148 0.22 0.10 o
| Fe 2p3/2 113 0.45 0.08 © o
1 S2p 242 441 0.14 o
25] Na 1s 736 539 0.11
20]

[
(6]

=
o

al

o

4 (%]
2] N
] o ]
4 =z
5
T T T T T T T T T T T T T T T T T z T
1000 800 600 400 200 0

Bindina Enerav (eV)




40_:
35_5
30_5
25_5
20_5
15_5

10]

CERAM

surface and materials analysis

High Resolution C1ls Spectrum
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Quantitative Output

Tarnished Fluoropolymer coated samples

Element 2-B1 2-B2 2-C1 2D-1 1-BC1 1-DE1
Carbon 32.9 324 35.0 34.8 33.6 35.5

S 0.4 0.4 0.4 0.4 0.4 0.4
C-H/CH-CF 2.0 1.7 3.4 4.1 2.5 3.9
C-O/CH-CF, 15 1.2 1.8 1.6 1.6 1.7
C=0ICF 2.6 2.4 2.8 29 2.9 29
CF, 234 23.8 24.2 23.7 24.1 241
CF, 3.3 3.3 2.8 25 2.6 2.9
Fluorine 65.3 66.4 62.2 62.2 64.2 61.6

S 0.4 0.4 0.4 0.4 0.4 0.4
Oxygen 1.9 1.2 2.9 3.1 2.2 2.9

S 0.2 0.2 0.2 0.2 0.2 0.2
C-0-C 1.3 0.8 2.3 25 1.6 2.4
O-CF, 0.6 0.4 0.5 0.6 0.7 0.5
C-C/(CF, + CFy) 0.075 0.063 0.125 0.154 0.092 0.142
Tarnish Index 2 4 5 5 6 5

CSMA File E5F0601 E5F0602 E5F0603 E5F0604 E5F0607 E5F0608
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Characterisation of Stain on Laser Rod

XPS - Elemental Composition in Atomic %

Unused Laser Rod 17.8 | 4.8 | 349 | 42.6 -

Damaged Laser Rod 51.7 | 24.1 - - 24.2

Contamination contains Si, C, O
The thickness of this layer is at least 5nm
ToFSIMS identifies a silicone: poly-(dimethyl siloxane)

The silicone is associated with a sealant used in the rod assembly
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Surface Modification

Surface analysis plays a key role in characterising surface modification

A series of controlled plasma treatments were performed on high purity
polypropylene and the surfaces studied by XPS

Plasma Gas Plasma Power Surface Groups Formed
CF, High CF,, CF3

CFsH Low CF, CF,

0, High C-0-C, C=0, 0=C-0O
CH4/NH; 1.5 C-NH,, C-OH

Ar 0.8 C-0-C, C=0
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Polypropylene Mesh

Textiles are not flat/planar and are insulating
- but they can be analysed directly and routinely by XPS
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Surface Imaging by XPS

200 yoicrons

PP substrate =red PEO coating = green
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Elemental vs Chemical State Imaging

Polyethylene
Substrate

Adhesion Layer
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Surface Wetability Maps

Oil reservoir rock pore surface analysed by XPS
Surface Carbon (At%) transformed into Wettability Map

Oil wet - Water wet
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Angle Dependent XPS Depth Profiling

Schematic: A
Non-destructive depth profile
Vary angle of .
analysis

sample to _ _

spectrometer Sing sampling depth
* ~1-10nm depth range
Mo All Materials

Flat Surfaces
Structure Modelling
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Effect of Electron Take-Off Angle
Angle Resolved XPS

Composition (At.%)

Hectron Take-off Angle Modelling
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Surface Structure Model

Composition At.%
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Model Structure Diagram

Layer Number and Thickness (not to scale
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Sputtered Depth Profiling

Composition (At%)

Corrected XPS Depth Profile
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Secondary lon Mass Spectrometry (SIMS)

A Dynamic SIMS (DSIMS)
A High sputtering rate
A Depth profiling, 2D and 3D

A Time of Flight SIMS
(TOFSIMS)
A Minimal surface disruption
A Fingerprint spectrum

A Imaging SIMS
A Micro-focused beam
A Chemical mapping
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DSIMS Depth Profiling
Composition of Sub-Surface Layers and Interfaces

AUse primary ion beam, O,+, Cs+, O-to sputter surface
A1lkeV - 15keV energy

ACurrent nA - pA,

A Area 50pum x 50pum - 500pm x 500pm

ATime to reach required depth

AMeasure crater depth by Stylus Profilometry or 3DP
AApply depth scale to data

AQuantify elements of interest using RSF
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DSIMS Depth Profiling

Sputtered -ve Molecules
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Involves sputtering the sample with an ion beam
to remove material - layer by layer
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Depth Profiling by DSIMS
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Depth Profiling Glass Coatings

Signal Intensity (Arbitrary Units)

High Depth Resolution SIMS Profile

Sample Number
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Example of Ultra Low Energy (ULE) SIMS
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Applications of SIMS Depth Profiling

A DVD Technology

A Semiconductor Devices
A Printed Circuit Boards
A Medical Devices

A Dental Healthcare




DVD Layer Structure

Active layer Sb-Ge-Te

Protective layer ZnS-SiQ;

Polycarbonate
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DVD Technology Structure and Composition

DSIMS Depth Profile Analysis
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Poor Solder Wetting of Gold Contact Pads

[c/s] SIMS depth profile
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Depth Profiling of Wear Scars

High Depth Resolution SIMS Profile
Part number 1 Off Wear Scar

High Depth Resolution SIMS Profile
Part number 1 On Wear Scar
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Drug-Eluting Cardiovascular Stents

Stages in treatment

A Arterial blockage

ABalloon angioplasty

ARegrowth of plaque - Restenosis
A Stent implant
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Drug-Eluting Cardiovascular Stents

Key Aspects & Techniques

Stent substrate

A Surface composition of bare metal - impurities, processing residues - XPS
AOxide layer thickness - DSIMS

ASurface topography - 3DP

Drug-Eluting stents

ADrug distribution through polymer coating (as manufactured) - SIMS
ADrug distribution - post elution - SIMS

ADrug/polymer coating thickness - 3DP

APrimer layer thickness - 3DP

ASurface topography of polymer coating - 3DP
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Surface Analysis of Stent Substrate

High Depth Resolution SIMS Profile

— 60 Ni

- 56 Fe
——52Cr
— 72 FeO

68 CrO
¥ —180
Mw}‘w

—12C

Depth /nm

DSI MS depth profile throbo

A Passivation layer - uniform and stable

A 180 profile shows oxide layer thickness
of ~2nm

A Differing depth distributions of Cr, Fe and
Ni in the first 10nm of stent metal

A Presence of a carbon layer at the oxide /
metal interface
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Drug-Containing Polymer-Coated Stent

DSIMS depth profiles
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Development of a New Toothpaste

Modern diet:
Softening of tooth enamel
Caused by wine, fruit, soft drinks
Brushing teeth removes softened enamel

Leading to erosive lesions - acid erosion

' C

New Toothpaste:
Re-hardens tooth enamel
Low abrasivity limits further wear
pH neutral

Mw R SENSODY E
t' (pR’O NAMEL

DALY TOOTHPASTE

NAML %



CEeERAM

surface and materials analysis

Depth Profiling and Imaging of Teeth

New Test Desensitising Toothpaste

Commercial =05 Commercially Available Sensitivity Toothpaste
Sensitivity Toothpaste Fluoride-free Placebo Toothpaste
210
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Development of a New Toothpaste - Sensodyne ProNamel
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Imaging Time-of-Flight SIMS and DSIMS

ToF-SIMS Schematic
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ToFSIMS - a Mass Spectrometry
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Monitoring Surface Cleanliness by ToFSIMS

Before cleaning

. - T O T, | S =
CM. * (CH.).Si* i SILOXANE
C.H- r 1
| so - PALMITATE ;
C.H . U : OLEATE i
C.H- ‘ | 1 2
C.H- [ i
‘ | | ‘ cH- | o] J
l ‘u | ’ l- ' * l - L l . ' ’ w‘ | d
A I ol AW L ’f' b k:*f,w'h
o a0 10 240
a g Atomic Mass U

= 3
cr ‘ C,.H,,C00" 1
PALMITATE
- 120 C,;H,COO" ~
b | OLEATE |
S [ 4
o % .
. CH" cH- r ' " | T
E |
Ak 5 MAMM*W."M%&'»« %W%M'&Aww W A AN L\,_J-u W s -..-.I;
100 20 260 280 300
its Atomic Mass Units

Vapour Degreasing of precision steel components

Cleanliness of steel essential in bonding to rubber - next production stage
Silicone oil removed by degreasing, fatty acid component of lubricant remain
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ToFSIMS Imaging of Coated Drug Beads

Optical Micrograph of Drug Capsule

Optical Micrograph of
a single pellet cross-section

Distribution of Drug, Excipients and Coatings
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Chemical Information from Regions of Interest
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Chemical Information from Regions of Interest

Hydrocarbon C,H,

thyIceIIquse Unknown

Prednisolone drug

' |
Image reconstruction 59 (red), 365 (green),589 (blue)
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ToFSIMS Large Area Imaging

Polyester Fabric
plasma-treated

with anti-microbial agent

Smm x 5 mm areas : | PET (blue)
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ToFSIMS Molecular Imaging of Human Hair

Alkyl Sulfates
(C,H,0S0;)

Protein Silicone Fatty Acids

Alkyl- Sulfate
Residues (red)



