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Background

International Fluidization Conference Series was initiated in
1975, under the auspices of the U.S. Engineering Foundation,
with Dale Keairns as the Conference Convener. It was later
transitioned to Engineering Conference International (ECI) and
AIChE as the hosting organizations. The concurrent conferences ™
on or prior to 1975 on this same subject took place at: L conference

* International Symposium on Fluidization, Eindhoven, 1967 Grove/Asilomar
, California

e Symposium on Fluidization (IChemeE, Tripartite Chemical Engineering
Conference), Montreal, 1968

Fluidization and Its Applications (Ste Chimie Industrielle), Toulouse, 1973
Fluidized Combustion (Institute of Fuel) London 1975

International Conferences on Fluidized Bed Combustion, USA, 1968, 1970,
1972, 1975 (primary sponsors including DOE, EPA, Energy Research &
Development Administration)



Background (cont.)

Two Major Conference Series Branched Out:

* International Conference on Circulating Fluidized Beds — 1t
Conference organized by Prabir Basu in Halifax, Canada, in

1985, 13th Conference to be held in Vancouver, Canada in
2020,

* International Conference on Gas-Liquid and Gas-Liquid-Solid
Recator Engineering — 1%t Conference organized by L.-S. Fan in
Columbus Ohio in 1992, 14t Conference to be held in Guilin,
China in 2019
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Fluidization Conference Series

Location

Asilomar/Pacific Grove, CA, USA
Cambridge, England
Henniker, NH, USA
Kashikojima, Japan
Elsinor, Denmark
Banff, Alberta, Canada
Gold Coast/Brisbane, Australia
Tours, France
Durango, Colorado

Beijing, China

Ischia, Naples, Italy

Harrison Hot Springs/Vancouver, British
Columbia, Canada

Gyeong-ju, Korea
Noordwijkerhout, Netherlands

Montebello, Quebec, Canada

Guilin, China

Chair/co-chairs

D. L. Keairns
J. F. Davidson, D. L. Keairns

John R. Grace, John M. Matsen

Daizo Kunii, Ryozo Toei
Knud @stergaard, Ansgar Sgrensen
John R. Grace, Leslie W. Shemilt, Maurice A. Bergougnou
O.E. Potter, D.J. Nicklin
Jean-Francois Large, Claude Laguérie
Liang-Shih Fan, Ted M. Knowlton

Moonson Kwauk, Jinghai Li, Wen-Ching Yang
Umberto Arena, Riccardo Chirone, Michele Miccio, Piero
Salatino

Xiaotao Bi, Franco Berruti, Todd Pugsley

Sang Done Kim, Yong Kang, Jea Keun Lee, Yong Chil Seo

J.A.M. Kuipers, R.F. Mudde, J.R. van Ommen, N.G. Deen

Jamal Chaouki, Franco Berruti, Xiaotao (Tony) Bi, Ray
Cocco

Chi-Hwa Wang, Wei Ge



Presentation Format

* One all-attended session with one rapporteur
reporting, discussing and criticizing each paper in the
session

* One all-attended session with 5-7 minute oral
presentation by lead authors of each paper followed
by posters and general question session

* Parallel sessions in usual large conference style



Fluidization Conference Proceedings | & I

Conference Year Location Chair/co-chairs

[ 1975 Pacific Grove, CA, USA D. L. Keairns

J. F. Davidson, D. L. Keairns

Il 1978 Cambridge, England

Fluidization | Fluidization Il

PREFACE

-

Fhluidization
Tachnology

v et Wme B i g o - —————

Fluidization

Proceedings of the Second

Fluldization is a suject that has proved
uniquely attractive during the last 30 years.
On the one hand academics have been enthral-
led by the wealth of basic problems suggested
by the upward flow of fluid through a bed of
particles. On the other hand practical
engineers have devised an ever greater
variety of applications for fluidized systess.
The primary objective of the meeting based c
the papers in this voluse was to bring
together these two grou
wealth of knowledge generated by
studies is not fully applied in industry and
for this reason there are vany industrial
processes that have had only the most cursory
scientific investigation. The confluence of
differing persons at the conference was
planned to prosote the application of basic
science to industrial processes and, conver-
sely, to suggest new basic problems which
deserve study.

With these considerations in m

present their own work and the same is true
of rapporteurs who inevitably give a personal
slant to what they report.

The coverage of subjects reflects current
interests. Among the basic topics, bubbles,
distributors, particle circulation, elutri-
ation and mixing are still deservedly popular.
Centrifugal fluidized beds are i
which several papers pre
fon but a practical apphranor has yet %
emerge. There are fewer papers than might be
expected on reactors: this problem is surely
not fully understood in spite of the variety
of theories that have been published; it may
b that the fculty of finding satisfact-
ory experiments has deterred university
workers. Combustion of coal is rightly a
topic of great current interest: the com-
bustion and gasification of coal promises
be one of the most important applicat
dization. The related topics of sulphur
absorption, emission of nitrogen oxides, and

=, 2 mE e R " ?:Lmd Enflll«! ing Toundation Conference on heat transfer have o attracted interest.
[ - —— E . . . ‘luidization was held in April 1978: The experinercally 4if
" - o ring F at followed from the first of its kind held at  high p ot tias
ety ngineering roundation Asilonar, California In 1975, Other notable  stimuius from the need o burn and gastey
> conferences held on the same subject during coal
Conference, 1978 ke e
. ' International Symposium on Fluidization, We belleve that the coal interest alone
Eindhoven 1967 will stimul, ven greater activity in
Symposium on Fluidization (IChest, Tripartite  fiuldization in the not-too-distant future
L Chemical Engineering Conference), and wo commend this book as a likely indica-
Montreal 1968 tor of future trends. Another trend in the
Cwla L. Hasisnin Tigkdization and s aplications (51 Chinie Mot 52 1o have cure woeen scienciscs s
Industrielle), Toulouse 1 engineers. One of the few women to have
Fluidised Combustion stmne of Fuel) contributed to our subject remarked 'I fell
il London 1975 in love with fluidization as a student and
International Conferences on Fluidized Bed 1've b“h‘: b[lnrk*:x‘gron ::,e""' “““'i Those
[V N e Combustion USA, 1968, 1970, 1972, 1975, of us who found the subject attractive as a
& 1977 (primary sponsors include Department masculine preserve will welcome this new
L P, Dwrve-ili= SO EnRgYe EWTER Radasroh sition of charm and X
Adainistration, Environmental Protection
4 B e Ay Acknowledgements are the sost important
£ the preface to a multi-author work.
R T ] part of
It was decided not to report the discus- Ve are very greteful to the authors for
sfon, to allow a frank and uninhibited Thale ready doceprence of Oun cONDLEX TeA=
exchange of views at the meeting. It was length, format, and tive of
hoped that the absence of written discussion Referees deserve a special
would allow industrialists to be a little . their work is usually anonymous
freer. A further reason for omitting but crucial in maintaining standards.
i printed discussion was to allow ooty pubid- 8ive bolow 8 complete list of those who agresd
e e e e e e X Gation. Alvhough ve fest sure ther to act; 4 few were not called upon, but Bost
J.F. Davidson opees o e e T oe asione b OF thots Lisced refereed ste, o oF thres
—— i iz benefit of having the volume available papers in a short tise and we are grateful.
s . irmediately after the meeting seemed to us to N ‘
D L |\(\ AIrNs ocutweigh the doubtful advantage of including Ve are also grateful to. the Syndics of the
K C ¥ printed discussion with the delay caused by Cambridge University Press for agresing to
= = that inclusion publish this unusual book.
(S LT T RS tixavies: v, deciaed spatnet th uas o . Workers in the Cambridge University
rapporteurs. Authors, being human, like to Chenical Engineering Department who helped
& = oLl " B C
"wim o —— = - - - Fluidization, Cambridge University Press, 1978 ix



Fluidization Conference | & Il Topics

Conference Year Location Chair/co-chairs
[ 1975 Pacific Grove, CA, USA D. L. Keairns
[l 1978 Cambridge, England J. F. Davidson, D. L. Keairns
Fluidization | Fluidization Il

>ession Topics: Session Topics:

* Bubble Phenomena « Bubbles * Reactors and Mass Transfer

* Gas Exchange and Fluid Bed Modeling * Distributors * Three-Phase Fluidization

* Liquid Phase Fluidization - High Pressure e Gasification

* Three-Phase Fluidization * Basic Measurements * Combustion

* Fluidized Bed Performance with . Spouted Beds » Desulfurization and NOx Removal

Internals

e Particle Circulation and Flow Heat Transfer

* Solids Mixing and Transport * Entrainment, Segregation and Mixing

* Fossil Fuel Processing

* Applications



Fluidization Conference Proceedings Il & IV

Conference Year Location

11 1980 Henniker, NH, USA
v 1983 Kashikojima, Japan

Fluidization Il

PREFACE

Fluidized beds have gained prominence
dustries (including chemicals, petroleum, metZlﬁ:Zyprgf)z:sa::_
pharmaceuticals) as a means of bringing particulate ;olids int
contact with gases and/or liquids. Many fluidized bed operatigns
are physical in nature (e.g. drying, coating, classification
granulation, and rapid heat transfer as in quenching or anne;ung)
Other operations involve chemical reactions including the cata- 1
lytic cracking of hydrocarbons, the manufacture of acrylonitrite
and phthalic anhydride, the roasting of metallurgical ores, and
the regeneration of spent catalysts. In recent years fluidized
beds have been of special interest because of their potential as

the central P in new for utilizing coal as a
source of emergy, notably in coal combustion and gasification
processes.

The fluidized bed offers a number of advantages over most
other methods of contacting, in particular high rates of heat
transfer, temperature uniformity and solids mobility. Among the
disadvantages are particle losses by entrainment, attrition of
solids, limited reactor efficiency due to gas bypassing and gas
and solids backmixing, and difficulties in design and scale-up
due to the complexity of fluidized beds.

idization Conference held in Henniker,
3-8 August 1980 was the fifth inter-

s entire field of fluidization.
eld in Eindhoven, Holland (1967),
California (1975) and Cambridge

“on fluid bed c tion
‘Energy in 1968, 1970,

: ‘Fuel (London)

Chair/co-chairs

John R. Grace, John M. Matsen

Daizo Kunii, Ryozo Toei

Fluidization IV
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Engineeri £
m"m::;hundnnm
Society of Chemical
Engineers, Japan

Proceedings of the Fouryf,
Intemationg] Conference on

LUIDIZATION

May 29-June 3, 1983
Shima Kanko Hotel
Kashikojima, Jopan

EDITORS

Daizo Kunii
University of Tokyo
Ryozo Toei

Kyoto University

DIRECTOR OF CONFERENCES
Sondford S. Cole

. o Tmu,m”wm' Foundation, US4,
5 ion to financial support i the U.S. Nationol
ot g pol i U5, Sl I oo e
. 5 ings, piions,conmendalons o ST
hrough rant CPE8212334.Ary | duumﬂ"“;"”mwnm




Fluidization Conference Ill & IV Topics

Conference Year Location
11 1980 Henniker, NH, USA
v 1983 Kashikojima, Japan
Fluidization Il

C. E. Jahnig, D. L. Campbell, H. Z. Martin, History of
fluidized solids development at Exxon

L. S. Leung. The ups and downs of gas-solid flow: a
review

J. J. van Deemter. Mixing patterns in large-scale
fluidized beds

Chair/co-chairs

John R. Grace, John M. Matsen

Daizo Kunii, Ryozo Toei

Fluidization IV

R. Collins, Gas flow patterns associated with a growing
spherical bubble

J.G. Yates, D.J. Cheesman, T.A. Mashingaidze, C. Howe, and G.
Jefferis, The effect of vertical rods on bubbles in gas fluidized
beds

K. Viswanathan, and D.S. Rao, Gross solid circulation in
fluidized beds

Y. Matsuno, H. Kage, H. Yamaguchi, Y. Ideue, and T. Hirose, A
consideration on the determination of the elutriation rate
constant by a batch gas-solid fluidized bed experiment



Fluidization Conference Proceedings V & VI

Conference Year Location Chair/co-chairs

\Y 1986
\ 1989

Elsinor, Denmark Knud @stergaard, Ansgar Sgrensen

Banff, Alberta, Canada John R. Grace, Leslie W. Shemilt, Maurice A. Bergougnou

Fluidization V Fluidization VI

PREFACE
Although fluidized beds have been used widely in industry since the 1940’s, there
PREFACE |continue to be many unsolved i iated with their behaviour and applica-
[tion. Most of these questions are addressed to one degree or another in this volume.
This volume contains the papers (o be presented in The papers published here have survi
dati f on Fluio s ey formal

ived an extensive reviewing and revision process,
are.dravllnfr?n.lZ0.0 ‘(‘ c ibmitted in to a call for papers for the

powders and particles. It s, furthermore, a complex process of handling of solds in the form of
(ornwsen;s:fns. beenht:w subject of much academic and
and many lerences have been held in the discuss in thi
Outstanding in the history of fluidization ::.é:ﬁ'::p‘:iw. lntemm u“ms >
(l:;l b‘:n‘d Ei"dhm:‘;;g)hl::ls?- 1973 in Toulouse (France), 1975 in Asilomar (Califot;:r 1978 .n
ige s in Henniker i i ks |
The last four were ized and (Ne:yH::W : M 1:-983 i Knh:eoxmya&m)
The Intermational Conference in Elsinore will thus be the ffth in the series of Engineering
ndali f' ; on fluidi; Tts purpose will be to discuss the latest advances and
applications in fluidization. A particular objective will be to bring together industrial and
madcmicwminommmmhapplkaﬁmofmmmdwmkwindmmm
and to stimulate fundamental work in fields of practical importance. This purpose is well-
reflected in the 84 papers contained in this volume,
During ions for the we have received valuable assi from members of
the E: i ittee, and in particular Harold A. Comerer, Director of the Engineering

industrial research and development,

0 agreed to evaluate papers submitted for the
editing of papers has been invaluable and has

r who most efficiently carried out all the sccretarial

EDITORS
JOHN R. GRACE
LESLIE W. SHEMILT
MAURICE A. BERGOUGNOU

SR e 4 held in Banff, Canada from May 7-12, 1989.
is is the sixth in a series of such conferences held under the auspices of the
ineering Foundation. Previous conferences in the series have been held in Pacific
e, U.S. (1975), Cambridge, England (1978), Henniker, U.S. (1980), Kashikoji
Japan (1983) and Elsinore, Denmark (1986). Earlier International Fluidization Con-
|ferences were also held in Eindhoven, Netherlands (1967) and Toulouse, France
|(1973). Each of these conferences has led to a volume like this one. Collectively, these
| yolumes constitute one of the primary sources of information on fluidization and
| luid-particle systems.
| .
| Inselecting papers for the present volume, we have attempted to include papers which
'el;lxphasiz:%lgwp:pplicaﬁons or current major concerns in the field of ﬂuldfm‘n‘?n'.".l‘hxf
|isreflected in which treat ad d jals p ing, bioch fh
il'ferd reactors, ‘:amn of in-bed tubes, circulating fluidized beds, and attrition and
; agglomeration of particles. At the same time, we have ende:avored to include papers
presenting new information in a wide variety of topics which have been covered at
i fi “We are indebted to Dr. Amos Avidan of Mobil Oil Research

';!hohashelpedmasembleamm!’clotpapemonsatﬂyﬁcumﬁn&anareawhich

‘has been und atpl pite its hlslolilucgl a.ndptactlﬁ‘(:ln
ce fluidization. We have also striven to include papers

o earch groups and from a wide geographical distribu-

community is truly an international one, and the

nces have emerged as the foremost medium for




Fluidization Conference V & VI Topics

Conference Year Location
Vv 1986 Elsinor, Denmark
VI 1989 Banff, Alberta, Canada
Fluidization V

D. Gidaspow, M. Syamlal, Y. Seo, Hydrodynamics of
Fluidization of a single and binary size particles:
Supercomputer modeling

P. U. Foscolo, L. G. Gibilaro, S. P. Waldram, R. Di Felice, The
application of a particulate model to fluidization dynamics

M. H. Peters, Statistics mechanics of fluidized particles.

A. Padhye, T. J. O’Brien, A numerical study of the effect of
operating conditions on the minimum fluidization velocity

R. A. Newby, D. L. Keairns, Test of the scaling relationships
for fluid-bed dynamics

Chair/co-chairs

Knud @stergaard, Ansgar Sgrensen

John R. Grace, Leslie W. Shemilt, Maurice A. Bergougnou

Fluidization VI

Y. Tung, Z. Yang, Y. Xia, W. Zheng, Y. Yi and M. Kwaulk,
Assessing fluidizing characteristics of powders

I.H. Farag, H.M. Ettouney and C.B.C. Raj, Three-
phase fluidized bioreactors: experimental and
simulation analysis

K. V. Thambimuthu and R. Clift, Ash filtration and
agglomeration in fluidized beds

D.F. King, Estimation of dense bed voidage in fast
and slow fluidized beds of FCC catalyst



Fluidization Conference Proceedings VIl & VIli

Conference Year

Vi 1992
Vil 1995

Location

Brisbane, Australia

Tours, France

Fluidization VII

R

PREFACE

Fluidized beds continue to demand closer understanding and improved ic
smndsmsmmmmdmmmwulam&mmt:ﬁg;um
mwmmms !m .:s,”ﬂ\e'h:lmnly Mb::: :urlo being proposed as a means of meeting modern
- as a most important succe:
its credit, albeit some failures. are: mw“hi’:?r”-* u:/‘c:
power generation, steam drying for high moisture brown coals, circulating fluid bed
combustors, iron-ore reduction, new catalytic processes - the list could be made very
e. From around 250 abstracts submitted about 100 papers appear in these
Proceedings, covering a wide range of current problems, developments and opportunities.

This is the seventh in a series of
of the

held under the

F Previous have been held in Pacific
Grove, USI_\ (1975), Cambridge, England (1978), Henniker, USA (1980), Kashikojima, Japan
(1983), Elsinore, Denmark (1986), and Banff, Canada (1989).

Reducing the number of potential papers to a manageable number has been quite a task
which has much from authors and reviewers, and to both groups
gratitude is extended for their forbearance. A perfect balance of papers has not been
achieved, but there is broad coverage of work in progress combined with new developments,
new processes. Because of the importance of fluidized beds in the energy field, close
attention has been paid to heat transfer and drying. New methods of contacting are explored

together with an increasing emphasis on fast beds in circulating fluidized beds. Liquid and
three-phase fluidization get coverage while much attention is paid to unsolved problems in
conventional fluidized beds. New applications deserve and receive attention. Five plenary
addresses are included. In order to ensure that the volume is available at the Conference,
mmm»mnmmwmmmemn-tmmeommm
communications

mmmummmimmmmgommvw«sd

the sup, f Freiman, Barbara Hickernell, Donna McArdle
Foundation in organizing the Conference and publishing
the F party, Dale Keairns, John Matsen,
¢ LS. Fan have assisted in various ways, not least
ellow of the izi
. Fryer, C.J. Hamilton, I. Jeffcoat, R.D. La

3A), PK. Agarwal (Australia), H. Arastoopour
W. Bauer (Germany), J.M. Beeckmans

Chair/co-chairs

O.E. Potter, D.J. Nicklin

Jean-Francois Large, Claude Laguérie

Fluidization VIII

|

|
l

FLUIDIZATION

|
q Vil
?

guérie

PREFACE

This is ﬂ_we eighth ina series of in}emational Fluidization Conferences held by
the Engineering Foundation. It is the second organized in France, the first
peing held in Toulouse in 1973.

Villwas a

As with the previ 1ces, Fluidi
ial worlds and p

together the demic and i
s in fluidized

as it brought
scientific and

Approximately 200 participants from many countries (including about 60% from
universities and 40% from industry) were in Tours from May 14 to 19, 1995.
In these four days they di d ad: d i | h or theori
and their ications to s ion and solid pr i The city
of Tours and its Convention Center offered appropriate facilities and a
pleasant environment which greatly enhanced relations among the
participants.

All the subj i d in the conf were published in paperback form
and distributed prior to the i This provided a good g

dge which imp! d di i during the sessions. However, an
important aim was to make Fluidi ion VIII ir ionally gnized and to

provide easy access to the conference results.

" In order to do this, the International Advisory Board decided to publish a state
of the art book containing selected material. This volume is an updated

on Fluidization Té logies which includes varied papers and gives
a survey of worldwide research in this area. Close attention has been given
1o its content and to the balance between the different aspects of fluidization.
\Weﬂompemmisbookwinpfwideaxzdovewiewofﬂuodpedbed
i more people to join our community and to

gies and thus
discover new fields of application.

ﬂis,camzmtaeenapleawmformeandlhavegood
es of its preparation. | certain that Claude, whose death was
kgl i ,"m shared this sentiment with me.



Fluidization Conference VII & VIIl Topics

Conference Year Location
VIl 1992 Brisbane, Australia
VIII 1995 Tours, France
Fluidization VII

J. F. Davidson, Fluidized combustion of solids, gases
and mixtures thereof

Desmond King, Fluidized Catalytic crackers: an
engineering review.

T. M. Knowlton, Pressure and temperature effects in
fluid particle systems

Daizo Kunli, Octave Levenspiel, Heat transfer
between fluidized beds and wall surface

Keith Masters, Industrial fluid bed drying: trend and
development

Chair/co-chairs

O.E. Potter, D.J. Nicklin

Jean-Francois Large, Claude Laguérie

Fluidization VIII

B. Kozanoglu, E.K.Levy, T. Ulge, R. Sahan, T. Schmitt,
Particle setting rates in bubbling fluidized beds

C.H.Soong, K. Tuzla, J.C. Chen, Experimental
determinations of cluster size and velocity in
circulating fluidized bed

B. Caussat, M. Hemati, J.P. Couderc, A local analysis
of hydrodynamics and mass transfer inside and
around a single bubble

U. Arena, A. Cammarota, R. Chirone, Fragmentation
and attrition during the fluidized bed combustion of
the two waste-derived fuels



Fluidization Conference Proceedings IX & X

Conference Year Location Chair/co-chairs

IX 1998 Durango, Colorado Liang-Shih Fan, Ted M. Knowlton

X 2001 Beijing, China Moonson Kwauk, Jinghai Li, Wen-Ching Yang

Fluidization IX Fluidization X

PREFACE
ERLANDS; ) )
Schgutené. CUQA)HE = : Y = | ployed in a variety of industrial processes,
Senior R. C. (4SA Fluidization is an imp Iy in traditional industries such as. coal combustion angd
Seville J. (UK) It plays a major role not only o largical processes, but also in the development of
Sinclair J. L. (USA) guiﬁcnion.on.;f-or:n‘:;a:gg o rgical pr ° ng and_biotechnolog
emerging techn h a nt plications in energy, resource
gﬁg"g’&&%ﬁ?’ X T’ﬁ-‘ﬁm'“ nt are being further expi:zrea. It has been ”'ﬂf.m.a that
Sundaresan S, (USA) over 5% of all publshed papers n chemical engineering JerElies B2 it
Syamlal M. (USA) fuidization and its related subjects, making it one of the mo: in
Takeuchi H. (JAPAN) -C. chemical engineering research.
Tallon S. (NEW ZEALAND, 4 ‘
Tardos G. I. (USA) ) \Y':t:s; ((iu( K On the other hand, fluidization is one of the most complicated unit operations in
TsuchiyaK. (JAPAN) 9 -Y. (F o e s typical partice-fuid two-phase flow patterns exhibit complex structures
Turton R. (USA) through self-organization of solids and fluid. Because of the'no_n-linear and non-
TuziaK. (USA) equiibrium features of most fluidization systems, their quantitative understanding.
and practical a in science and 3

Although i of flui has been to a variety of fields and its
research has been carried out for more than half a century,

understanding of its complexity is still very limited. Further efforts are needed
unravel the i for itative design, control and scale-up o
fluid-bed reactors. In addition, i ing attention to has
given rise to more and more opportunities in the field. The advance

interdisciplinary sciences also has further 0
fiuidization to provide generic tools and sound theories for applications.

van den Bleek, C. M. (THE NETHERLANDS)

MEMBERS OF THE U.S. ORGANIZING Col

1
far
I
i
§ <

1l

[t

Al ;
]




Fluidization Conference IX & X Topics

Conference Year Location
IX 1998 Durango, Colorado
X 2001 Beijing, China
Fluidization IX

R. Jackson, The nature and role of effective stress in fluidized
system

J. A. M. Kuipers, B. P. B. Hoomans, W. P. M. van Swaaij,
Hydrodynamic models of gas-fluidized beds with their roles for
design and operation of fluidized bed and chemical reactors

W. —C. Yang, 30-years of industrial research on fluidization- Bridging
the gap between theory and practice

S. Mori, Development of new fluidization technologies for energy
conversion and environmental processes

Chair/co-chairs

Liang-Shih Fan, Ted M. Knowlton
Moonson Kwauk, Jinghai Li, Wen-Ching Yang

Fluidization X

L. Plass, Future R&D directions required in
fluidization and fluid-particle systems for
sustainable development in chemical industries

A. M. Squires, Microreactors simulating present( and
future?) fluid beds

J. Chen, Developments of fluidization technology in
China’s oil refinery industry

|. D. Burdett, R. S. Eisinger, P. Cai, K. H. Lee, Gas-phase
fluidization technology for production of polyolefins



Fluidization Conference Proceedings XI & Xl|

Conference Year

Location Chair/co-chairs
x| 2004 e, e as, Tl Umberto Arena, Rlccard(;aclggr?ge, Michele Miccio, Piero

Xl 2007 Vancouver, British Columbia, Canada

Xiaotao Bi, Franco Berruti, Todd Pugsley

Fluidization Xl

r FI_LIIDIZATION X|

Present and Future for Fluidization E ngineering

INTERNATIONAL ADVISORY COMMITTEE

d University of Napoli, Italy)
A. (University of Western Ontario, Canada )
rporation, Australia)
rsity of Brmsh Columbia, Canada)
)

iversity of Technology, Netherlands)
of Hamburg-Harburg, Germany)

Fluidization XII

PREFACE

Fluidization is an important field of both fy

applications. Current understanding of men dar::‘:: :f:a mm:."d broad industrial

phase flow patterns, coupled with heat and mass transfer a_ﬁg m:mtwc; and three-

still insufficient for practitioners to o reliably design and scale u ical reactions, is

ped reactors. 2'lgg;pas eleven Dwmmemal fluidized
m 1975 to have put thy

o P ideas o te. “thtzrme'wamanw oL

fools and theories for flidization and its appicatigne. - | C'CC" © develop generic

Tnepresent-ﬂ' i lien X f i the disti
conference series, its focus on fu
. Iogl e"%a“?: '“g of fted :fnd novel
technologies. The four invited plenary papers cover four challe and industriall
important areas of ﬁuldlzaﬂon dea(gn and scale-up, .nwume.ﬁm and dtsgno&sy
in clean and energ;
Circulating fluidized beds (CFBs) and bubbling fluidized beds remain the focal S
of fundamental research. As in other recent fluidization conferences, CFBs (both
risers and downers) continue to receive greater attention than bubbling fiuidization,
with 23 contributions on CFBs and 10 contributions on bubbling in this conference.
Noﬁoaaby, there are four papers dealing with high-density and high-flux risers, while
feed configuration, reactor modeling and reactor performance are the subject of
downers. Papers on bubbling fluidization deals with bubble flow patter distribution,
2 and particle movement near the wall. Twenty papers
aknulaﬁon of fluidized beds using computational fluid
subjects ranging from simulation of flow structures, heat
liqu ; binary particle systems to reactor performances,
‘advances in this area. Jetting and spouting
in in- this conference, with 15 papers dealing with

tradition of mis

i mwasdofweomﬁbuhons dealing
and ion of nano particles. More
beds for biomass combustion,

wmmunjtymtheglobaleﬂmson

systems remain a challenge to



Fluidization Conference XI & Xll Topics

Conference Year Location Chair/co-chairs
x| 2004 e, e as, Tl Umberto Arena, Riccardo Chlrone, Michele Miccio, Piero
Salatino
Xl 2007 Vancouver, British Columbia, Canada Xiaotao Bi, Franco Berruti, Todd Pugsley
Fluidization XI Fluidization XIlI
Fan L. S, Advance in gas-liquid-solid fluidization T. M. Knowlton, S. B. K. Reddy Karri, J. S. Smith,

Hydrodynamic scale-up of circulating fluidized bed
Campbell C. S., Granular flow and gas-fluidization

Jinghai Li, Wei Ge, Jiayuan Zhang, Shigiu Gao, Wei Wang,
Seville J. P. K, Cohesion in fluidization Ning Yang, Qichang Sun and Jian Gao, Analytical Multi-

scale Methodology for fluidization systems— retrospect

and prospect

J. Ruud van Ommen, Robert F. Muddle, Measuring the
gas- solids distribution in fluidized beds— a review

Filip Johnsson, Fluidized bed combustion for clean
energy



Fluidization Conference Proceedings Xlll & XIV

Conference Year Location Chair/co-chairs

Xl 2010 Gyeong-ju, Korea Sang Done Kim, Yong Kang, Jea Keun Lee, Yong Chil Seo
XV 2013 Noordwijkerhout, Netherlands J.A.M. Kuipers, R.F. Mudde, J.R. van Ommen, N.G. Deen

Fluidization XIII Fluidization XIV

FLUIDIZATION XIii
Thirteenth Confe on Fluidi et iy .
L U I,hf;yeong -ju, Korea, from 16th to 21st of May, 2010. The d)&l‘;wﬂl berel:?: p! X University of
3 - T ; 2 e Nov B M;we'“przwous o sty § Xill is following the ot Appiod Scance, Dolt Unersly ofTechrlogy
of the uidization n! omi Product a rocess Engineering Group
New Paradigm in Fluidization Engineering e o e e o rences, which have beon: hag an G, Prouctard Prcess Engnerg Gro
F L U I D IZ 1 Mulﬂphase Reactors Gmup "
|t is our great pleasure and honor to ize the ot Fluidization Xil hemical University of
mn{erence and edlt its proqeedmgs The venue of the Fluk!mﬁon Xlil has been
t the cc to provide for all the world class
mearchers in the field to participate in this conference series. This is the first time
for Korea to host this conference series and we believe that this event will provide
great synergetic energy to the Korean fluidization community as well as showcase
the recent advancements made by Korean researchers.
‘The Fluidization XIII co i the tradition of this conference series by
i onthe tal on fluidization but it also expands its scope
i i of fluidization and novel fluidization technologies. Specific
_hpu:s to be covered by the conference include dense fluidization; bubbling and ational Scientific Committee
slugging; t and on; liquid and_three-phase fluidization; an den Akker, Delft University of Technology
novel fluidized-bed i ing and fast ion;  reactor ke , University of Westem Ontario
heal and mass transfer; spouied beds and rotating fluidization; reactor modeling
ized beds. 123 peer reviewed papers have
been aecepted from 186 submitted papers for the publication in this proceedings.
At di Professor Sang Done
We are also much d to this to
Wmmﬂmocwsmdhmmﬁumﬂtﬁmﬂﬁ;K;mW MW
and Technology (KAIST) in the "5
Korean academic community as a pioneer in the field of ﬂm"gilmhon erglm
mnovauvereseaMandendlessma&ﬁmhavebeenme in force

ring in Korea. Edited by J.AM. Kuipers, R F. Mudde, J.R. van Ommen and N.G. Deen

EClI.

www.engconfintl.org
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Fluidization Conference Xlll & XIV Topics

Conference Year Location Chair/co-chairs
Xl 2010 Gyeong-ju, Korea Sang Done Kim, Yong Kang, Jea Keun Lee, Yong Chil Seo
XV 2013 Noordwijkerhout, Netherlands J.A.M. Kuipers, R.F. Mudde, J.R. van Ommen, N.G. Deen
Fluidization XllII Fluidization XIV

John R. Grace, A perspective on development of Sankaran Sundaresan, Coarse-grained models for
novel fluidized bed process for a more sustainable momentum, energy and species transport in gas-particle
global future flows.
Jonathan Seville, A single particle view of Prof. Heinrich (TU Hamburg) and Prof. Palzer, Fluidization of
fluidization amorphous granules - Practical challenges, product

structures and progress in modeling
J. Ruud van Ommen, Robber Pfeffer, Fluidization of

nanopowders: experiments modelling and Prof. Yi Cheng, Integrating Plasma Physics & Chemistry with
applications Mulitiphase Flows in Fluidization Engineering
Masayuki Horio, Fluidization: past & future Jose Manuel Valverde (Universidad de Sevilla), Fluidization

of fine powders: Cohesive versus dynamic aggregation



Fluidization Conference Proceedings XV

Conference Year Location Chair/co-chairs

XV 2016 Montebello, Quebec, Canada Jamal Chaouki, Franco li:eor;t::, Xiaotao (Tony) Bi, Ray

XVI 2019 Guilin, China Chi-Hwa Wang, Wei Ge

Fluidization XV
1SSN 0032-5910 .

Volume 316, 1 July 2017 Powder Technology 316 (2017) 1-2

Contents lists svailable at ScienceDirect -
Powder Technology

Editorial:Fluidization for Emerging Green Technologies

E@H NOLOGY | —————s
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‘ i Ak gt fom leding dusea
tion and other non-catalytic reactions, pneumatic conveying, and )omdmeaumdmm

fey and top institu plenary lectures
An International Journal on the Scnegce a{r:\d; " con- Tm“}dm;m Copaations nd o s e
Technology of Wet and Dry Particulate Syste 2 humanky. LS Fanwhoas

- mum—ma&f«m;«mmmrmma
spedilmwlheﬂuldlﬂbll Proceedings, which were published

mvlzwedmﬂ!hulso(nmdl’idmﬂnﬂly‘ .mndquxy' .h_':‘

of 'ﬂmmmwﬂlmmum
1o the success

v their We are also grateful
wmmmucromuummﬂr@mnmh

W Localand m

EDITOR-IN-CHIEF
" L.-8.Fan (The Ohio State University, USA)

International Scientific co-chairs of the conference
(mmmmma;o:;mwmmcm)h
EXECUTIVE EDITORS XV
C.Y.Wu (University of Surrey, UK) mmm "fm"?ﬂ s ng.
A.B.Yu (Monash University, Australia)

Fluidization for Emerging Green Techno



Fluidization Conference XV & XVI Topics

Conference Year Location
XV 2016 Montebello, Quebec, Canada
XVI 2019 Guilin, China

Fluidization XV

Guangwen Xu, A few recent developments in fluidized bed
technology applications for fuel conversion

Olivier Simonin, CFD in fluidized beds: The state of the art

Piero Salatino, Mixing and segregation in fluidized bed
thermochemical conversion of biomass

Leslaw Mleczko, Fluidized bed chemical reactors — Old and new
applications

Thierry Gauthier, CLC, a promising concept with challenging
development issues

Liang-Shih Fan, Chemical looping gasification and reforming — A
perspective and prospects of novel circulating fluidized bed systems
Ludvik Martinu, Surface engineering and vapor phase technologies
for coating and functionalizing complex objects and small particles
Guangxi Yue, CFB reactor to CFB combustor - The R&D of CFB
combustion in China

Chair/co-chairs
Jamal Chaouki, Franco Berruti, Xiaotao (Tony) Bi, Ray
Cocco
Chi-Hwa Wang, Wei Ge

Fluidization XVI

J.A.M. Kuipers, Recent Advances in the Multi-Scale Simulation of
Mass, Momentum and Heat Transfer in Dense Gas-Particle Flows
Qingshan Zhu, Fluidized Bed Mineral Roasting: From
Fundamental to Application

Stefan Heinrich, Title: TBA

Hamid Arastoopour, Fluidization and Fluid Particle Systems
Research Contribution in Creating a Pathway to Sustainable
Society

Marc-Olivier Coppens, Innovations in Fluidization, Inspired by
Nature

Fei Wei, A Multistage Fluidized Bed Reactor: Stability Analysis,
Suppression of Back-mixing and its Application in
Heterogeneous Catalysis

Jamal Chaouki, Hydrodynamics of High Temperature Gas-Solid
Fluidized Beds

Benjamin Glasser, Scale-up of Fluidized Bed Drying:
Hydrodynamics, Mixing and Heat and Mass Transfer



Sample Topics in Heated Discussion

e Bubble or Jets

* Density to be used for the buoyancy force of suspended particles
* Cluster definition, shape, formation mechanism

* Naming of fast fluidization

* Scale-up criteria

* Modeling and computation: restitution coefficient, solids stress and
pressure and kinetics theory, granular temperature, and drag force

* Etc.



International Fluidization
Award of Achievement

* Selected by an International

Covert Committee, convened by
Dale Keairns on behalf of the
Engineering Foundation

* The initial Awards Team agreed
with using the wood cut from
Agricolae's 1556 book, viewed by
many as an initial reference to

fluidization, as the background
for the Award Certificate, along
with the Steuben Glass as the
Gift




Awardees
International Fluidization Award
of Achievement

John Davidson (1989)
 Moonson Kwauk (1989)
* Peter Rowe (1989)

* Daizo Kunii (1989)

* John Grace (1998)

Fred Zenz (2007)

* Ted Knowlton (2007)

* Joachim Werther (2007)
e L-S Fan (2007)

* Octave Levenspiel (2011, awarded at 10" CFB
Conference, in cooperation with this conference series)



Awardee
International Fluidization
Technology Leadership Award

* Dale Keairns (2011, awarded at 10t
CFB Conference, in cooperation
with this conference series)




Awardees
Fluidization Conference
Organizing Committee Award

* Owen Potter (Gold Coast/Brisbane,1992)
* Maurice Bergougnou (Tours, 1995)

* J.S.M. Botterill (Tours, 1995)

* Derek Geldart (Tours, 1995)



Fluidization | - Asilomar

O. E. Potter, S. Babu, F./N. Rowe
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Fluidization | - Asilomar

L. Massimilla, H. Angelino



Fluidization Il - Cambridge




Fluidization Ill - Henniker

Working Party Meeting



Fluidization Ill - Henniker




Fluidization Ill - Henniker

Henniker, Matsens,
Botterill, Levenspiel

& Henniker, CYWen, Keairns T. Thompson, F. Zenz, D. Well, T. Knowlton



Fluidization IV - Kashikojima
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Working Party Meeting




Fluidization V - Elsinor

Working Party Meeting



Fluidization V - Elsinor




Fluidization VI - Banff

Working Party Meeting



Fluidization VI - Banff




Fluidization VI - Banff




Fluidization VIl — Gold Coast

Working Party Meeting



Fluidization VIl — Gold Coast




Fluidization VIl - Tours

N R

Another unigue conference dinner experience



Fluidization IX - Durango

Working Party Meeting



Fluidization IX - Durango




Fluidization IX - Durango
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Fluidization X - Beijing

Working Party Meeting



Fluidization X - Beijing
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Fluidization X - Beijing

FLUIDIZATION X
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Fluidization X - Beijing




Fluidization Xl - Ischia

Working Party Meeting
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Fluidization XIlI — Harrison Hot Springs




Working Party Meeting



Fluidization XIV

May 26-31, 2013
NH Conference Genter Leeuwenhorst
Noordwijkerhout, The Netherlands

Tributes

* Professor Derek Geldart

* Professor Mooson Kwauk

Fluidization XIV — Noordwijkerhout

A Tribute to Professor Derek Geldart
(1931-2012)

“He kept six serving men
(Who taught him all he knew)
Their names were What? And Why?
And When?
And Where? And How? And Who?”
R Kipling

Condolence of Prof. Mooson Kwauk
(1920-2012)

Prof. Mooson Kwauk passed away on Nov 20, 2012

EESES
Working on everything
scientifically

HLAEAN

Teaching youth
elaborately



Fluidization XV — Montebello




Survey at Fluidization X - Beijing
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most times,15/16

* Greetings to everyone attending Fluidization XVI — especially to all my
friends and colleagues.

* | am extremely disappointed that | cannot attend Fluidization XVI. It is
due to circumstances beyond my control.

* | have attended all of the Fluidization Conferences except for this one,
and in my opinion, they have been exceptional.

* For me, the Conferences have always been 1) the best place to learn of
new advances in the Fluidization field, and 2) to see old friends and
colleagues working in the field. | looked forward to Every One.

* The Fluidization | Conference in Asilomar, California was different Than
the Rest of the Conferences in that it Had a Rapporteur format, where
one person would report on/discuss/criticize each paper in a session.

 The Rapporteur for my paper in Fluidization | was Professor Peter Rowe
from University College London who was known to be very exacting and
as a young engineer | was a bit worried. Fortunately, my Paper
“Survived” his scrutiny.
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“Particulate Solid Research, fnc.

most times,15/16 (cont.)

* One other memory that | have from Fluidization | was that there was a
Workshop where Fast Fluidization was debated as to whether it was really
a separate Fluidization Regime! It was a very spirited debate! The
Consensus was that it was a different regime.

* For me, all of the Conferences have been extremely good, but | especially
remember Fluidization |, Fluidization Il (in Cambridge), Henniker
Conference (it was hot with no air conditioning), Banff Conferences,
Fluidization IX (that | Co-Chaired With Professor LS Fan) in Durango, and
Fluidization X (in China)

* My overall remembrance of the Conferences is that they have always
represented quality and opportunity. Above All, However, what is
remembered is the sense of shared purpose, collegiality and friendliness.

* | would like to wish all of you a very enjoyable time in China and an
extremely successful conference.
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Closing Thoughts

e A strong sense of personal gratitude to the field of
fluidization—it has been the focus for a research and
teaching career characterized by lifelong friendships,
supportive colleagues, a harmonious research
community, and stimulating intellectual environment.
It is imperative on all of us to maintain this tradition
and culture

* We are entering a period marked by a new generation
of scholars, new problems, new approaches, new
excitement, and new leadership, but we should not
forget the foundation of the work from those on
whose shoulders we stand

* There remains a new 30 years and more of fluidization
history to be written



