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Photon and neutron sources: any good for industrial R&D?
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reaching new frontiers

Sasol energy company - our global presence SasoL :;:

North America and Canada ‘
— - ., Southern Africa Rest of Africa and Middle East
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2 Bandar Assaluyeh (Iran)
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5 Dubai (LAE)
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9 Gabon (offshore)
'North America and Canada
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2 Oil City (Pennsylvania, USA)
3 Richmond (California, USA)
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8 (Calgary, (Canada) 3 Johannesburg (SA) (3] -
South America 4 Sasolburg (SA)
. 1 3530 Paulo (Brazil) 5 Secunda (SA)
S,°"thA"’e"‘a » 6 Harare (Zimbabwe)
' 5| ) 7 Lusaka (Zambia) |
s | 8 Gaborone (Botswana) o % )
{..J ‘ 9 Maputo (Mozambique) Australasia
) " 10 Temane (Mozambique) 1 Sydnaey (Australia)
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‘ 3 NW Shelf offshore (Australia)
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our global presence

Western Europe

1 Birkenhead (UK) . ﬁﬁ:ﬁgﬁfﬂﬁm

2 Birmingham (UK] 16 Marl (Germany)

3 Castletown (Isle of Man) 17 Moers (Germany)

4  Famham (UK) 18 Witten (Germany)

5 London (UK) 19 Samroch (ltaly)

6 StAndraws (LK) 20 Milan (Itaty)

7 Antwerp (Belgium) 21 Terranova dei Passerini (taly)

8 Barcelona (Spain) 22 Linz (Austria)

9 De Meem (The Netherlands) 55 Augusta (Italy)

1[: En;dﬁdemzﬂ Netherands) 54 pratistava (Slovak Republic)
afs (Fance 25 Noviky (Slovak Republic)

12 Vordingharg (Denmark) 26 Warsaw (Poland)

13 Brunsbiittel (Germany)

27 Moscow (Russia)
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Central Asia, India and
South East Asia
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Shurtan

(Republic of Uzbekistan)
Tashkent

(Republic of Uzbekistan)
Mumbai (India)

State of Orissa (India)
Kertih (Malaysia)

Kuala Lumpur (Malaysia)
Singapore

—' Central Asia, India and South East Asia
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Far East
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Beijing (China)

Dongguan (China)

Guangzhou (China)

Hangzhou (China)

Hong Kong (China)

Lianyungang (China)

Manjing (China)

Ningxia Hui Autonomous Region
(China)

Shanghai (China)

10 Oita (Japan)
11 Tokyo (Japan)
12 Yinchuan (China)
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* How we built contact

« How did we get started using neutrons and X-rays
« Synchrotron XRD/EXAFS — cost vs. benefit

« Academic/commercial beam time

e Team

« Lessons learnt

« How to improve value obtained from industrial access to light & neutron sources
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How we built contact — conference/s S G

Science at Synchrotrons in SA

2007

Feb 2009: iThemba labs, SA: 65 researchers & policy makers, 58 postgrad students
Proposal writing workshop organized by prof Danie Hattingh (NMMU)

((‘;\) Nelson N:andela
~ P Met it
g University ICTP/Hercules/schools

for tomorrow

Port Elizabeth z L \\

N ¢ A : \ 7
Proposal writing § Ck srs  'SAGCIMMAXLAE

DIAMOND & *q DESY / EMBL

workshop 0 D

e & FELBE
!
& ANKA

CLIO / SOLEIL & & 5LS

Synchrotron.org.za
y g ESR/F JEMBL & s

o
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http://www.google.co.za/imgres?imgurl=http://synchrotron.org.za/S@S2009/images/Synchrotrons-africa-small.gif&imgrefurl=http://synchrotron.org.za/S@S2009/Rationale.html&usg=__gjm3VPQoaYtUvfloTQjrtR1er28=&h=284&w=300&sz=9&hl=en&start=4&zoom=1&tbnid=bkWVSYWnm5XkPM:&tbnh=110&tbnw=116&ei=SslWUsW7LO6z0QXH94DABQ&itbs=1&sa=X&ved=0CDIQrQMwAw

How we built contact - Students saso. %%

illumination SN o
Sasol University Collaboration Inivative hvln( zags-.zon

XANES study of the susceptibility of nano-sized cobalt

crystallites to oxidation during realistic Fischer-Tropsch
synthesis

Abstract

The oxidation of cobalt during Fischer—Tropech gvnthesis (FTS) has long been postulated as a major deactivation mechanism. In this study, wax
coated samples of a Co/PUALRZOS catalyst were taken from a 100-barrel’day slurry bubble column reactor operated at commercialty relevant FTS
conditions, i.e. 230 °C, 20 bar, (H2 + CO} conversion between S0 and 70%, feed gas composition of ca. 50 vol% HZ and 25 vol.% CO,
PH20/PHZ=1-1.5, PH20=4—5 bar and quantitatively characterized by X-ray absorption near edge spectroscopy (XAMNES). The cobalt catahest
samples, carefully remowved from the reactor during the course of Fischer-Tropsch synthesis, were protected from air by the FTS wax. ttis
clear from the XAMNES measurements that during realistic FTS conditions cobalt crystallites of & nmsupported on alumina were stable against
oxidation to CoO/CoAZ04 and a gradual reduction of rezidual cobalt oxide (i.e. following activation in pure hydregen) was observed. This result
iz in line with recent thermodynamic anakvzis of the oxidation and re-reduction of nano-sized cobalt crystallites in water/hydrogen mixtures.

Saib, A.M., Borgna, A., Loosdrecht, J. van de, Berge, P.J. van & Niemantsverdriet, J.W. (2006). XANES study of
the susceptibility of nano-sized cobalt crystallites to oxidation during realistic Fischer-Tropsch synthesis.
Applied Catalysis. A, General, 312, 12-19. in Web of Science Cited 47 times



http://www.tue.nl/en/university/departments/chemical-engineering-and-chemistry/the-department/staff/detail/ep/e/d/ep-uid/20101102/
http://www.tue.nl/en/employee/ep/e/d/ep-uid/19891678/
http://www.tue.nl/en/employee/ep/e/d/ep-uid/19891678/
http://www.tue.nl/en/publication/ep/p/d/ep-uid/200762/
http://www.tue.nl/en/publication/ep/p/d/ep-uid/200762/
http://www.tue.nl/en/publication/ep/p/d/ep-uid/200762/
http://www.tue.nl/en/publication/ep/p/d/ep-uid/200762/
http://www.tue.nl/en/publication/ep/p/d/ep-uid/200762/
http://www.tue.nl/en/publication/ep/p/d/ep-uid/200762/
http://www.tue.nl/en/publication/ep/p/d/ep-uid/200762/
http://www.tue.nl/en/publication/ep/p/d/ep-uid/200762/
http://www.tue.nl/en/publication/ep/p/d/ep-uid/200762/
http://gateway.isiknowledge.com/gateway/Gateway.cgi?GWVersion=2&SrcAuth=ResearchSoft&SrcApp=EndNote&DestLinkType=FullRecord&DestApp=WOS&KeyUT=000240639000002

How we build contact — International schools, NRF SasoL oY

National
Research
RF Foundation

Human and Institutional Capacity Development il L/

ABOUT US EVENTS HUMAN CAPACITY INSTITUTIONAL CAPACITY SARCHI SA PHD PROJECT STRATEGIC PLATFORMS NRF - MAIN SITE

Home » Strategic Platforms » Funding Opportunities » Synchroton Capacity Building Fund

Synchroton Capacity Building Fund = |
Memoranda of Understanding: \H
Soleil BERKELEY LAB

E S R F Advanced School on Synchrotron Radiation and Free Electron Laser
Sources, and their Multidisciplinary Applications
International Center for Theoretical Physics, Trieste, I taly

Science and technology
180 SA, European sdentists 'in synch'
160 OUsors
sors FlLie Fl
140 BShins W
OStudents W Tweet 'il 54l n
120
" O vVisits
3 100 23 May 2013
5 80 South Africa's National Research Foundation (NRF) has ) 2
signed an agreement with the European Synchrotron U A i —
60 1 . - -
0 Radiation Facility (ESRF) in Grenoble, France to promote IT::EE:;?Ezargf;ﬁ';h'::trr::cgahd;:tm"
40 1 scientific collaboration and knowledge sharing. partnered with South Africa’s
20 The NRF has become a full international scientific partner to g;g:;?ilcﬂfjf:,;;:'al:ﬁ;l"&?gg: on
0 the ESRF through the agreement, which will facilitate the National Research Foundation)
i : access of South African scientists to the ESRF and of
2005 2006 2007 2008 2009 2010 201
Year




How we build contact
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&
Catalysis Materials Characterization? bzttt k

A
+ Catalyst preparation )

» Precipitation

» Calcination optimization
+ Catalyst activation

» Optimization

> Promoter

* Working catalyst

» Phase < activity < selectivity 0 '
. . Crystallite  Atomic
» Deactivation migration  migration Particle size growth
- Mechanism '
- Rate

- Regeneration
 Fundamental understanding
» Catalyst design

» Characterization method development




Synchrotron XRD: cost vs. benefit? i O

» Pay per 8 hr shift for data acquisition
« >€ 10000/ day

« 3'd generation high flux required
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EXAFS/XANES: cost vs. benefit? S G
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y-Fe;,O; + H, —» Fe;O, + Fe,O + a-Fe + H, — a-Fe
* Flux requirements
 Academic beam time application to test with students

« Develop gas-rig, reactor configuration, network of specialists & data interpretation
speciality

* Infrastructure established for industrial beam time

« Commercial beam time successful



Academic or commercial beam time?

Academic

» New methodology/technique

« Have time to prove concept

» Want to probe possibilities of technique
» Development of infrastructure

« Can publish within a year

* Data can be made available to other
users after a year

* A high impact, relevant research topic
that can compete to thousands others

SasoLu
o

Commercial

» Have budget
 Analytical concept already proven
* Infrastructure available & reliable

» To compare to previous synchrotron
results

» Data cannot be made available to
competitors

* |P sensitive research

* EXx situ — the right sample for maximum
measurement time

* In situ — absolutely worth the waiting
time (3 hrs holding time)?
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Stakeholders sasoL $

c!a (3 l}"

ing‘y.

Research - coffee & little sleep
Safety first
Operate & know reactor
Know exact goal of each measurement
y Can solve challenges
Know what the spectra should look like
Mobile
Networking skills
. Laboratory skills
4 Teamwork




Lessons learnt

» Reaction chamber and gas supply

* Check each method with lab XRD prior to measurement to optimize time allocation
* Appropriate standard materials available

« Courier service functioning

« Back up reaction chamber(s)

« Start commercial process 6 months in advance

* In situ experiments require minimum of 4 people per 24 hrs

« Each team member must know the reaction chamber control software and limits

» Additional equipment (chiller); access to glove box/chemistry laboratory



Business & Strategic Success

Dedicated strategy

Development of scientists & students

Building and understanding business case

Select & combine appropriate characterization techniques

Business gain

Maintain networks

Hunger for knowledge



Disordered cobalt aluminate? SasoL l:-

A H CoALO, oo B ) : _,
[l Calculated os ) 4 : . -
| [ Difference I co occupancy .
| M Co-AL,05,800 °C | £ 4 | ¢ :
1
|

[
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2 S os Figure 1. Colour photograph of selected Co/y-Al,0; samples calcined at various temperatures
| E showingthe formation of blue Co3 ,Al,0,(0<x<2)
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Figure 2A. Comparative synchrotron X-ray diffractograms of ordered CoAl,0, and Co/y-Al,0; and
2B. The average D, site occupancy of Co and Al in the defect Co,ALO, as determined using

Intensity / a.u.
Intensity f a.u.

% Transmission
~ ~
N @
& S
A I

»
. : ~0.010 = . .
M(T) curves ]_n the ..‘o. Calc. 260°C EI 0.002\% Cale.780°C M 8 20°C
remanent mode (Figure 6)  Zoos % | s T o el | e\ <o,
= =
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show gradual phase Change %5 50 75 100 o000 25 50 75 100 e e n_conl0) e SR04 B
fl‘on)l C0304 tO C0A1204 Vla 300 400 500 600 700 800 900 300 400 500 600 700 800 900 350 325 300 275 250 225 200 175 150 125 100
CoxAlyO4- as lntel‘n‘ledlate 0004 0002k Wavenumber/ cm’” Wavenumber / cm’ Wavenumber / cm’”
phase with increasing \ Calc. 500°C g . Calc. 775°C Figure 5A. Raman spectra of the samples calcined at 700 - 800 °C, measureod using 1. 488 nm and 2.
. . £ 0.002 £ 0.001 it . : _

calcination temperature. B T .'. g Ta 514 nm radlatlon_, 5B. ATR-FIR spectra of samples calcined from 250 890 C_ .

. R . g T8¢ T S Broad bands in the CoAl,Q, spectrum shows that Co/Al site disorder is present.
Fits of the Curie-Weiss “oo0 0.000 ] 2v4

' s 75 100 ® %0 7 100 Factor group analysis for a spinel gives the following; with brackets indicatin
model to the temperature group Y ) & & 8
dependence of the ooosy 5 0002 extra modes when metal site exchange occurs:
3
] N E Calc. 800°C

reciprocal susceptibility 3" e Cale. 700°C S pooile

AL N 2 Topstun, = Aygt + B+ 3Tyg" 4 4T, [+ Ty R + 2T, %]
show at 1 oo O3V g 0.0000 Tofy 0.000 o -
and COA]204 the Co?* ions 25 50 75 100 25 50 75 100

TIK) TiK

are subjected to strong _. o

. . . Figure 6. Temperature dependence of the magnetization in
antlferromagnet]c coup]mg. the remanent mode (RM) (i.e. zero applied magnetic field).
Ty:®~ 28 K is the magnetic phase transition temperature for
Co;0, and Ty, ~ 8 K is the transition temperature for CoAl,0,.

Epdicl3 poster — W. Barnard, R. Forbes, E. du Plessis



The Crystal Structure of 5-Al,0,

Esna du Plessis, D.R.G. Mitchell, W. Barnard, ].P.R. de Villiers, A. Steuwer, A. Tuling

Sasol Technology (Pty) Ltd, R & D Division, Sasolburg, 1947, South Africa
E-mail: esna.duplessis@sasol.com

Powder Diffraction Experimental

Il Calculsted W Calculated
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e

SasoL

reaching new frontiers

+ A sample of 6-Al,0; was
obtained from  Sasol
Germany. The sample
contained no promoters
and is therefore a model
catalyst support.

Figure 2. Match of theoretical and experimental diffractograms for (A) Neutron “28, 3=1.004 and
(B) Synchrotron X-rays “26, A= 0,404 [| reflections originating from oxygen lattice].

Cubicy-Al,0:"1  Tetragonal y-Al, 0,110 Monoclinic 8-Al, 0111

TEM Analysis

8-AL,0;

Predominantly y-Al,0;
Possibly fine grained 8-Al,0;

2 ":; j A
Mixed morphelogy
Fine & coarse




SasoL
BUSINESS BENEFIT i P

Industry & patents & strategies — need the results by yesterday.
Work in a catalysis/characterization/engineering team. -
Budget challenges.

Long- and short-term perspective.

Business case!

Analysis beyond laboratory facilities

Catalyst lifetime
Deactivation mechanisms

Explain results, put into context
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X 4
Photon/neutron team & Industry RS o

« Commercial beam time — results in (un)reasonable time.
* Planning: small oversights — cost implications.
« Confidentiality and legal agreements - paperwork.

» Corporate governance, due diligence for financial process.

* In situ, flow through, pressure, realistic operation conditions.

« Design and adapt longer term strategy to fit business needs.

« Translator between characterization techniques at facility &
guestions industry needs answering.




How to improve value obtained from industrial access saso. *?
to light & neutron sources: | 73

» Industrial research questions can seem simple.
» Yet challenging/time consuming.

» Expensive beam time — tough questions.

« Photons & neutrons: resolution / time / flux.
* Photon & neutron results fit into characterization puzzle owned by industry.
« Trust, reliability, accessibility, deliver on promises.

« Experienced beam line scientist.

» Technical backup — 24 hr.

» Inexperienced users intimidated by facility and physicists, need an opportunity to ask stupid
guestions. Local conferences, workshops, follow up workshops.

« Train good students that can provide solutions in future.

* Model catalyst systems for academic beam times a good basis to develop expertise for
commercial beam time.



Feedback Sa50L :;»

+ Commercial beam time — IP sensitive.
+ Feedback to photon & neutron facilities vague.
* Requests important, feedback important.

* Academic beam time: travel & access for students important
to SA users.

« Sasol mentors support & drive photon & neutron techniques.

» Assist students with sample preparation, training on leading
an excursion, planning & data interpretation.

* Maintain and expand current network.

* Enjoy the science!
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