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TWI :
4 TWI — An Extension of your Resources

» Research & Technology
Organisation

= Membership based
= Non-profit distributing

= Effectively owned and run
by representatives from
Member Companies

» TWI Council (appoints the
Executive Board)

» Research Board

Copyright © TWI Ltd 2017




7 Some of our Members

=  amec® Averaadlaae-ig R
e @ : Petroleurm Corporation _ EE
soNpa Qrolshoce sren 1 f A

. = MY - H AREVA
British Energy  jonnson Matthey lechnip = IMIC Technologies

N®Y & D
EMERSON

/ 2o @  ExonMobil pg
ArcelorMittal Gent suaPmBuqr-?tlg?: with PLASTICS l-l StIaInSta” BAE STSTE Ms

A~ YAMAHA OSE)  ...c" Hitachi  CATERPILLAR’ g
e - 2
THE LINDE GROUP 2, AIRBUS Chevron i

e Conoc:ﬁ’hillips

GOODRICH E s

Raytheon _Ng  eoneaus -e- Transport for London SIEMENS

British Energy

“ GKN AEROSPACE subsesa 7 E
‘“E} =7- B
CIONVERTEAM

A\ R\ L] P PETROBRAS Doosan Babcock Energy

Copyright © TWI Ltd 2017

LOCKHEED .ll]'.ll'-
We never forget who we're working for® o



http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjUsLGP4_TMAhXFCcAKHaJpDW0QjRwIBw&url=http://energymixreport.com/pengassan-conocophillips-on-war-path-over-severance-pay/&psig=AFQjCNECQS-_vJB-C81AtkpqRh9BfdPR5A&ust=1464250177344477
http://www.bp.com/home.do?categoryId=1&contentId=2006973
http://www.baesystems.com/index.htm
http://images.google.co.uk/imgres?imgurl=http://fie.engrng.pitt.edu/fie2005/Images/rrblue2802in.jpg&imgrefurl=http://fie.engrng.pitt.edu/fie2005/Pages/corporate.htm&h=140&w=600&sz=48&hl=en&start=5&um=1&tbnid=6aubgSwDFfJI2M:&tbnh=32&tbnw=135&prev=/images?q%3DRolls-Royce%2Blogo%26svnum%3D10%26um%3D1%26hl%3Den
http://images.google.co.uk/imgres?imgurl=http://www.cartype.com/images/page/Yamaha-Logo.jpg&imgrefurl=http://www.cartype.com/page.cfm?id%3D2329&h=348&w=335&sz=32&hl=en&start=3&um=1&tbnid=uHAZN9RaLDZaKM:&tbnh=120&tbnw=116&prev=/images?q%3Dyamaha%2Blogo%26svnum%3D10%26um%3D1%26hl%3Den
http://unitedkingdom.cat.com/
http://images.google.co.uk/imgres?imgurl=http://www.insinc.nl/vacatures/Shell_logo.jpg&imgrefurl=http://www.insinc.nl/vacatures/SeniorProcurementSpeciali.htm&h=203&w=168&sz=14&hl=en&start=4&tbnid=Oi-JhRI6CaKrMM:&tbnh=105&tbnw=87&prev=/images?q%3Dshell%2Blogo%26gbv%3D2%26svnum%3D10%26hl%3Den
http://images.google.co.uk/imgres?imgurl=http://www.ualberta.ca/OILSANDS2006/Images/Company%20Logos/AMEC%20Logo.jpg&imgrefurl=http://www.ualberta.ca/OILSANDS2006/&h=1488&w=3000&sz=225&hl=en&start=1&tbnid=EHyHV8AJtdHh8M:&tbnh=74&tbnw=150&prev=/images?q%3Damec%26gbv%3D2%26svnum%3D10%26hl%3Den
http://www.sidmar.be/prg/selfware.pl?id_sitemap=1&language=NL
http://www.areva.com/servlet/home-en.html
http://www.raytheon.com/
http://www.doosanbabcock.com/live
http://www.google.co.uk/url?sa=i&rct=j&q=&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjXuMvq3vTMAhWiDcAKHbN2Bi4QjRwIBw&url=https://www.sabic.com/&psig=AFQjCNFoYHxx8dszTdzH-Qxx2wOspRaw9w&ust=1464249027360155
http://www.google.co.uk/url?sa=i&rct=j&q=&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjXuMvq3vTMAhWiDcAKHbN2Bi4QjRwIBw&url=https://www.sabic.com/&psig=AFQjCNFoYHxx8dszTdzH-Qxx2wOspRaw9w&ust=1464249027360155
https://upload.wikimedia.org/wikipedia/commons/8/86/Chevron_Logo.svg
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=https://marca.petrobras.com.br/portal/marca/pt_br/conteudo-generico/download-de-marcas.htm&psig=AFQjCNGz7KA_Yuos0h3Fx57QQLNUHpga6g&ust=1464250309465381
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiSq4SE5PTMAhUhDMAKHWjmDScQjRwIAw&url=http://diginpix.ina.fr/fr/entities/34448/borealis.html&psig=AFQjCNHIWcppGTQBnc43Yc7NHnk4fqC7yA&ust=1464250423390494
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiK8Nah5PTMAhWEJcAKHdugCFkQjRwIAw&url=http://www.brayleinoevents.co.uk/our-work/exhibitions/subsea-7/&psig=AFQjCNGIWgPk4DAGE4vDi_WviqArvmbVkA&ust=1464250485556241
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjZydfq5PTMAhXMLMAKHbJTAFwQjRwIBw&url=http://www.frank-henry.com/?page_id%3D378&bvm=bv.122676328,d.ZGg&psig=AFQjCNFtc967AKjUBhdOaR6VXFT-QR6Eng&ust=1464250633129893
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiOucH45PTMAhUlBcAKHdb9BBAQjRwIBw&url=https://www.nov.com/&bvm=bv.122676328,d.ZGg&psig=AFQjCNFtc967AKjUBhdOaR6VXFT-QR6Eng&ust=1464250633129893

T“}I TWI’s Mission
To provide our Members
with authoritative and
Impartial expert advice,
knowhow and safety
assurance through
engineering, materials and

joining technologies
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T“}I Profile

= 5 UK technology centres

* 14 international training
centres

= £85m of R&D in materials
joining,
structural integrity and
NDT

= —700 Industrial Members
INn 4500 locations
worldwide

= Over 950 staff
= Non-profit distributing

L\ L . |.
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7 4 Extensive Outreach
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= —~800 confidential projects per year
= ~150 ongoing industry-led research projects
- = —18,000 training and examinations students per year
= —5000 new technical abstracts per annum
= Represent Membershlp on >1OO standards commlttees
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Global Network
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.Membership Territories
e Global Offices
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T“}I TWI’s Technology Groups

TWI
4

Integrity

Management Joining Materials
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rocesses, incl.

Materials and ast%_r welding and
- : cutting
failure mode = Friction and forge
= Fitness-for-service characterisation yrocesses, incl.
assessment (FFS) = Materials/joints flrri]c?tailcr)rfrgmovr\]/eéllgi% g
»  Risk- i i performance and
(RsBl)based inspection degradation testing . \I/Evlglcc}iaoé] beam
= Advanced & specialist ) glearﬁ%rrlrﬂgnce = Adhesives and
NDT/inspection - f composites
Improvement for = Ceramics
= Fatigue & fracture demanding service - Brazin
testing & assessment = Surface « R&D dgvelo ing
= Testing in critical engineering new technologies
environments, e.g. = Welding
sour (H,S), sweet 1§n|é;|_nee_r|ng and
= Software tools
= Specialist training
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TV\}I Joining technology

= Development of welding and joining processes
and coatings

* Metals, Ceramics, Polymers
= Composite to metal joining

= Laser welding

* Friction welding
o FSW, LFW, rotary

= Electron beam welding
* Brazing and diffusion bonding
= Arc welding
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T“}I Materials Performance and Ferrous
Alloys (MPF)

Corrosion Environmental crackin

e -

: » Sulphide stress cracking (SSC) ’ Cor_rosmn fa’Egue 0

e Corrosion rate . Stress corrosion cracking * Fatigue crack growth rate

measurements (SCC) «  Fracture toughness

. * Hydrogen induced cracking * High pressure and high

*  Electrochemical (HIC) temperature testing

measurements : :

 Hydrogen embrittlement * Polymer permeation
*  Small/medium/full scale

Key Project Examples:

» Testing and qualification of materials (metals & polymers) for demanding environments —
Off-shore, aerospace, medical etc.

» Effects of hydrogen on materials — Fuel Cells, hydrogen storage

 Use of graphene to improve the performance of polymers — structural, durability, selective
permeation
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T“}I TWI H,S Facility

= TWI has operated a hydrogen ¢
sulphide facility for over 35
years

* The operation of the
current facility
(the Trevor Gooch s o E e
Corrosion Labo rato ry TWIs corrosion andH,S facility in

Cambridge
= TWI recently increased its
H.,S laboratory space
from 485m=? to 1000m?

HPHT gas permeation cell
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TWI Materials Performance in ‘Sweet’ and
‘Sour’ Environments

= CO2 (sweet) and H2S (sour) corrosion Testing
facilities:
o 5L, 18L and 33L, 316L and alloy C-276 Autoclaves
o —200bar, —200°C @
o 0.5L, 500bar 316L Autoclave .
o 20bar Ti Autoclave for aerated systems 1]

= Research Themes:

o Corrosion and cracking mechanisms in sweet and
sour environments

o Materials performance in Carbon Capture and
storage environments
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TWI Stainless Steels & Non-ferrous Alloys
7 (ssny

Stalnless Steels Nickel

* Weld metallurgy *  Weld metallurgy
* Microstructures and
properties * High strength Ni alloys for
+ Hydrogen embrittlement (H O&G application
from cathodic polarisation)
e Environmental performance * Dissimilar metal interfaces

+ Others: Cu, Mg, Ta ...

Key Project Examples:

 Development of high-shear processing of recycled aluminium for high performance alloys

 Closed-loop extrusion approach for new Ready-to-Recycle magnesium alloys

 Development of novel joining technologies for high-strength, corrosion resistant Ni-alloy for
producing bolts and fasteners for extreme environments
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TWI Hydrogen Economy: Materials
# Performance in High Pressure Hydrogen
(HPH)

= Materials Testing in HPH
o Tensile, Fatigue and Fracture toughness

= Two systems:

o 450bar, RT to +60°C

o 1000bar, -50 to +50°C
» Hydrogen Measurements

o Diffusion through materials

o Total and Diffusible hydrogen at T
» Research Schemes:

o Materials degradation behaviour
o Performance-microstructure relationship
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TV\}I Geothermal Challenges

= Drilling

= Corrosion — metallic materials
» Heat exchangers and pumps
= Wear

= Scaling/Fouling

= Efficiency

» Sludge treatment

= Waste and mineral extraction
= Reliability and Costs
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T“}I Relevant activities

= Established track record in delivering
framework programme projects (FP5 to
H2020)

= Participation in H2020 projects including
o SMARTREC, SUPREME

» Geothermal proposal in negotiation
o GeoCoat

o Development of novel and cost-effective corrosion
resistant coatings for high temperature geothermal
applications
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T“}I Future call interest

= LC-SC3-RES-11-2018

o Geothermal: Novel drilling technologies need to be
developed to reach cost-effectively depths in the order
of 5 km and/or temperatures higher than 250°C;

= [C-SC3-RES-12-2018
o Thermal storage

= LC-SC3-RES-13-2018

o Deep geothermal: Focus will be on the demonstration
of cost efficient technologies to limit the production of
emissions and/or to condense and re-inject gases,
Turning the emissions into commercial products could
contribute to cost reduction but it is not a necessary
condition.
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Thank you for your time!

Nick Ludford
Nick.ludford@twi.co.uk
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