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PREFACE ,

Separation technology is gaining increasing attention, not only because it involves
many diverse industries with large-scale manufacturing processes, but also because it deals
with environmental protection.

The first International Symposium on Gas Separation Technology (ISG) was organized
in Antwerp, Belgium, September 10-15, 1989, to provide an international forum for the
exchange of ideas and research results with academic and industrial scientists involved in
various gas separation techniques. The second symposium was held in Austin, Texas. USA.,
April 22-24, 1991, which proved to be another success after the successful Antwerp
Symposium and had led to the decision to arrange further symposia at regular intervals. As
a result, the third International Symposium on Separation Technology (IST) took place again
in Antwerp, Belgium, August 22-27, 1993. The meeting was stimulating and was a truly
international forum with participants coming from 30 countries (see Figure 1) and about 64 %
of the participants were connected with industry (see Figure 2).
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University (35.9%)
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Figure 2

The Third International Symposium on Separation Technology (IST) aimed to present
a comprehensive treatment of both fundamental aspects and practical applications of gas and
liquid separations. Its purpose is to bring together the different separation techniques and to
stress the common underlying principles. Major emphasis was put on the following topics:

- Thermodynamics and modelling

- Separations using sorbents, membranes, chemical processes and other techniques
- Cryogenic separations

- Separations in environmental applications

- Industrial gas separations

- Gas measurements

Other Techniques (17) Thermodynamics and Modelling (15)

\.\ Environmental Appl. (8)

L

Gas measurements (8)

Sorbents (32) ’ .
(92 Chemical Processes (9)

Membranes (12)

Figure 3
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The accepted papers (oral and posters) cover a broad range of separation technologies
and a wide spectrum of interests useful for both scientists and practising engineers
(Figure 3).

r

Prof. Dr. ir. E.F. Vansant
Chairman IST

University of Antwerp (UIA)
Department of Chemistry
Laboratory of Inorganic Chemistry
Universiteitsplein 1

B-2610 Wilrijk

Belgium



Vil

Staff of the Laboratory of Inorganic Chemistry, Universitv of Antwerp (UIA)



ORGANIZING COMMITTEE

- E. Vansant (Chairman)
University of Antwerp, UIA, Belgium.
- P. De Bi¢vre (Vice Chairman)
Institute for Reference Materials and Measurements (JRMM), Geel, Belgium
and University of Antwerp, UJA, Belgium.
- C. Vanhoof (Scientific Programme)
University of Antwerp, UIA, Belgium.
- M. Stalmans (Secretary, Treasurer)
University of Antwerp, UIA, Belgium.
- L. Van’t dack (Social Programme)
University of Antwerp, UIA, Belgium.
- G. Baron
University of Brussels, Belgium.
- E. Derouane
University of Namur, Beigium.
- P. Jacobs
University of Leuven, Belgium.
- B.Ph. ter Meulen
TNO, Apeldoorn, The Netherlands.



SCIENTIFIC COMMITTEE

-J. Armor
Air Products & Chemicals Inc., USA.
- G. Baron
University of Brussels, Belgium.
- R.S.A. De Lange
University of Twente, The Netherlands.
- E. Derouane -
University of Namur, Belgium.
- T.F. Fisher
Praxair Inc., USA.
- Y. Hamerlinck
Chemviron Carbon, Belgium.
- P. Jacobs
University of Leuven, Belgium.
- T. Mullhaupt
Praxair Inc, USA.
- N. Norman Li
Allied Signal, USA.
- D.L. Roberts
SRI International. USA
- D.M. Ruthven
University of New Brunswick, Canada.
- R. Schoonheyd:
University of Leuven, Belgium.
- B. Ph. ter Meulen
TNO, The Netherlands.
- C. Vandecasteele
University of Leuven, Belgium.
- W.P.M. Van Swaaij
University of Twente, The Netherlands.



FINANCIAL SUPPORT

The organizers are grateful to their generous sponsors:

- The Belgian National Science Foundation (NFWO)
- Institute for Reference Materials and Measurements (IRMM)
- Air Products & Chemicals Inc.

- BP Chemicals

- Solvay S.A.

- VTI Corporation

- Exxon Chemical Intern. Inc.

- Allied Signal

- W.V. Filters, Envirom

- Vandeputte N.V.

- Degussa Antwerpen N.V.

- ISP (Belgium) N.V.

- Micromeritics N.V.

- Shell Research N.V.

- Molecular Simulations

- Everaert N.V.

- Bank Brussel Lambert (BBL)

- KVCV, Royal Flemish Chemical Society

Xi



Xiii

CONTENTS

Preface . . . .. e v

Measurement of diffusion in microporous solids.
D.M. Ruthven

.......................................... 1
State-of-the-art in cryogenic air separation.

T.F. FISher . . . 27
I. THERMODYNAMICS AND MODELLING OF SEPARATIONS
The adsorption of gas mixtures in molecular sieves: The suitability and
limitations of the ideal adsorbed solution theory.

P. Brickner, L.V.C. ReeS . . . . ... . 39
A mixing model for the calculation of the solubilities of solids and
their mixtures in supercritical fluids.

P.-C. Chen, M. Tang. Y.-P. Chen . . . . ... .. .. ... .. ... 49
Theoretical studies of binary adsorption equilibria.

J.A. Hampson, L.V.C. RE&S i : s « w5 5« w53 0 5 6 5685505 % 8300355585 59
A detailed model for simulated continuous countercurrent adsorption system.

M.M. Hassan, A.K.M.S. Rahman, K.F. Loughlin ... ... ... ... ..... ... 73
Dynamic modelling of industrial adsorption processes using ADSIM/SU™.

F.O.Jegede, P.G. Mahoney . . . ... ... ...t iiiinueenunneneaan 81
Mechanism of Ir(III) catalysis in N-bromosuccinimide oxidation of sugars.

RK.Shukla . . ... . 119
The measurement of concentration-dependent hydrogen diffusion
coefficients in the solid-solution alloy Pd-Y.

P.R. Stonadge, M.J. Benham, D.K. Ross . . .. ............ ... ... ... 129

Optimized adsorptive gas-desulphurization by mathematical modelling.
M. Suckow, W. Lutz



Xiv

Effect of packing material in distillation with structured packings.

J. Uresti-Meléndez, F.J. Alvarado, J.A. Rocha
1I. SEPARATION TECHNOLOGY AND ULTRAPURIFICATION
a. using sorbents

Carbon molecular, sieves for air separation.
TN. ATITOT & o s e ib o s s e o s m e i F o s o s s w s a & asa s b wa s os s e 163

Industrial gas separation using PSA.
G V.Baron v« «'v v v wvvues I IR

Activated carbon principles.
Y. Hamerlinck, D.H. METens . . . - -« oo vov vt e 221

Inorganic porous materials.
E.F. Vansant . ...............

Separation by chemical processes. The role of reactor selection.
W.P.M. van Swaaij, G.F. Versteeg

Hydrogen purification by PSA method for gas-chromatography uses.
F. Atanasiu, Gh. Mihailescu

Remarks on the industrial operation of molecular sieves for paraxylene
separation.
L. Boariu, M. Damian, R. Zamfirache. R. Russu

Lithium chabazite: synthesis and air separation properties.
C.G. Coe, T.R. Gaffney, R. Srinivasan. T. Naheiri

A pressure and temperature swing adsorption filtration system for the
removal of organic vapours from an air stream.

R.A. Coombes. B. Hampson. JLALW. Sykes . .. ..................... 281

Molecular sieving properties of carbonaceous adsorbents.

L. Czepirski, B. Laciak . . . . . ... ot 293

Para-xvlene adsorption on X-type synthetic zeolites.
M. Damian, L. BOATIU . . . .\ v oo v e e e e e e e e e 301

A comparative investigation into the kinetics of the thermal desorption of water
rapour from amberlite XAD-4, zeolite 3A and a range of activated carbons.
J.E. Darby, A.]. Evans



XV

Experimental determination of the intrinsic surface diffusivity of hydrocarbons
onto activated carbon by means of a differential analysis.
DD.Do, X. Bty GXN.RAO . . 2 i o5 v psscconsssonmenssssosnsnsss 309

Preparation of carbon molecular sieve air separation adsorbents from
microporous carbon via hydrocarbon cracking.
T.R. Gaffney, T.A. Braymer, T.S. Farris. A.L. Cabrera. C.G. Coe,
J.N. Armor 317

Adsorption in systems : active carbon/binary liquid non-electrolyte solution.

J.K. Garbacz, D. Ziolkowska, A. Swiatkowski 329

Removal of benzene from hexane cut by liquid phase adsorption on activated
carbon.

A.N. Goswami, S.K. Sharma, Anshu Nanoti, T.S.C.M. Gupta. B.S. Rawat . . . . 330

Adsorption equilibria for binary mixtures of nonelectrolytes on chemically
modified surface of active carbons.

J. Goworek, S. Biniak, A. Swiatkowski . . . . . . ... ... 349
The adsorption properties of Fe-, Fe/Cr- and Fe/Zr-pillared montmorillonite.

1. Heylen, N. Maes, A. Molinard, E.F. Vansant . .................... 355

Multicomponent adsorption. desorption and displacement dynamics of
hydrocarbons in activated carbon.
X.Hu, G.N.Rao. D.D. Do . ... ... ... 363

Adsorptive separation of organic acids by the sorbex process.
S. Kulprathipanja, S.H. Hobbs, G.F. Maher, D.W. Penner, J.A. Johnson . . . ... 373

A new process for the production of high purity carbon monoxide and hvdrogen.
R. Kumar, W.C. Kratz. D.E. Guro, T.C. Golden

Fe,O;-pillared clays : The interaction of the tri-nuclear Fe(Ill)-acetato
complex with montmorillonite clay.

N. Maes, A. Molinard, E.F. Vansant, G. De Roy . ... ... ... ..... ..... 403
Determination of multicomponent adsorption equilibria of gas mixtures.

C. Malara, T. Mencarelli, G. Pierini. 1. Ricapito. F. Toci . ... ........... 413

Gas adsorption properties of cation modified alumina pillared montmorilionite.
A. Molinard, E.F. Vansant

The influence of the pillar loading on the porosity of alumina pillared
montmorillonite.

A. Molinard, N. Maes, K.K. Peeters, E.F. Vansant



XVi

Restoring the cation exchange capacity of alumina pillared montmorillonite
through modification with ammonium.
A. Moiinard, K.K. Peeters, N. Maes, E.F. Vansant

The influence of the butylamine intercalation on the adsorption behaviour of a-zirconium
phosphate.
K.K. Peeters, A. Molinard. N. Maes, E.F. Vansant ... .. ....... . ... ... 455

Near rcal-ime diagnestic analysis of hydrogen isotopes by gas-chromatography.
I. Ricepito, C. Malara, G. Pierini, B. Spelta

Methyl acetophenone separation by adsorption on pillared clay.
R. Russu, A. Russu, D. Nita

Experimental and theoretical investigations of the blowdown step of a PSA
process for H,-purification.
R. Schallner, M. Wolf, G. Kluge . . . ... . ... ... ... . 477

A new approach to predict the adsorption breakthrough with bidispersed
adsorbents.

P. Schweighart, A. Mersmann

Gas separation by membranes and adsorption technologies.
JoCoTBO s ws i s w5 55 8 25 o o om0 mioe oo oo m oo bm v r 6 s g s 499

The separation of aromatics on zeolite type structure with middle size pores.
A. Visan, E. Popovici. RLRussu . .. ..o L 519

Adsorption of hydrocarbons and alcohols on silicalite and zeolite 5A.
P. Wu, D. Chen

b. using membranes

Micro-porous ceramic membranes for gas separation: synthesis, gas transport
and separation properties.
R.S.A. De Lange, J.H.A. Hekkink. K. Keizer. A.J. Burggraaf

Separations using organic membranes. Abstract.
D O 535

Application of pervaporation in environmental technology.
C. Vandecasteele, C. Dotremont . .. ... ......................... 537



Xvil

Permeate flux enhancement using a baffle in microfiltration with mineral
membrane.

B.B. Gupta, D. Wu, R.W. Field, J.A. Howell

Separation of nitrogen and organic vapors by pillared clay-carbon composite
membrane.

Z.-H. Hu, H.-Y. Zhu, E.F. Vansant

Polyphenyleneoxides in membrane gas separation.
O.M. Tlinitch, V.B. Fenelonov, V.Yu. Gavrilov, L.G. Okkel, K.I. Zamaraev *. .. 573

Vapour recovery from air with selective membrane absorption.
A.E. Jansen, P.H.M. Feron, J.J. Akkerhuis, B.Ph. ter Meulen

The role of pore plugging in membrane filtration of compact polvmer dilute
solutions.

TNV ROYAZ'ROVA & o 6 v o6 505 55 0 568 5 5 4 3 68 556 55 8565 0o osonnmaen 599
Membrane separation with liquid crystal-systems.
H.]. Kosmella, H. Kamusewitz, D. Paul

Molecular-sieve inorganic membranes: adsorption, permeation, diffusion, and
topology.
Y.H. Ma, A.G. Dixon, A.B. Shelekhin . . ... .. ... ... ... . ......... 637

The impact of process optimization on membrane nitrogen production.
R. Prasad, P.J. Cook

Gas separation with zeolite based polyethersulfone membranes.
M.G. Stier, N. Bag, L. Yilmaz, T. Gurkan, A. Sacco Jr. . ... ... ... .. .... 66

Production of high purity oxygen from air using aromatic polyamide membrane.
A. Tabe Mohammadi, T. Matsuura, S. Sourirajan

Important considerations in the selection and use of membrane separation
processes.

C.M. Tam, M.M. Dal-Cin, C.E. Capes. A. Tweddle ... ... .. .. . . ... ... 681

Flue gas desulphurisation by reactive or reversibly sorbent photosynthetic
membranes. A comparative feasibility study.
G. Trebbi, R. Belli, A. Bianchi, U. De Robertis, M. Mazzanti, M. Rognini,
F. Gianturco, 1.R. Bellobono

Correlation between the micropore structure and the adsorption of benzene in pillared clays.
H.-Y. Zhu, Z.-H. Hu, N. Maes, E.F. Vansant . . . ... ... ... .. .. ...... 715



xVii

¢. using chemical processes

Separation of acid gases from power plant flue gas streams by formulated amines.

A. ChaKma . . o v ot e e e e e e e e e e e e 727
On solvent effects for CO, equilibrium absorption using amines.

D. Eimer. H. Lidal, O. Erga . . . . .. i 739
On the effect af thermal regeneration on CO, absorption kinetics in amine
solutions.

G. Andersson. D. EIMET . . . . o o it e e 751
SO, separation by reactive liquid membranes.

M. OKkamoto, A. ChaKma . . . .« o v v v e ot 755
Application of hydrazine to regeneration of post-absorption solutions
in combined SO,/NOy removal from flue gases by the chelate method.

T.T. Suchecki, H. KUmMazawa . . . . . . .. .t i i oo 763
IR studies of the interactions of SO. with calcium-based sorbents.

T, ZawadzKl . o o e e e e e e e e e e e 773
d. using other technigues
The preparative separation of lipids by silver resin chromalogréphy.

RO, AdIOf o o o e e e e e e 777
New technology for the specific enzymatic hvdrolysis of vegetable oils.

F.P. Cuperus. G. Boswinkel. J.T.P Derksen . . .. .................... 783
Importance of the third phase formation in LLX with TOA.

N.R.Das, S. Lahin . . .. e 791
Gas chromatographic estimation of adsorption properties of activated carbons.

H. Grajek . oo oot et e e e 799

Perspectives of laser assisted gas mixture separation in slip flows through
capillaries.
A.S. Lagutchev, Y.N. PELrOV . . . ... 813



