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Preface

Solubility represents the central term and topic of the ISSP conference series, which is
organized by the IUPAC Subcommittee on Solubility and Equilibrium Data in even numbered
years at different places in the world:
1984 1% ISSP, London, ON Canada, The University of Western Ontario
1986 2 ISSP, Newark, NJ, New Jersey, Institute of Technology
1988 3™ ISSP, Guildford, Surrey, UK, University of Surrey
1990 4% ISSP Troy, NY, USA, Rensselaer Polytechnic Institute
1992 5 ISSP Moscow, Russia, Russian Academy of Sciences
1994 6% ISSP Buenos Aires, Argentina
1996 7 ISSP Leoben, Austria, Montanuniversitat Leoben
1998 g™ ISSP Niigata, Japan
2000 9™  1SSP Hammamet, Tunisia
2002 10™  ISSP Varna, Bulgaria
2004 11" ISSP Aveiro, Portugal
2006 12™  ISSP Freiberg, TU Bergakademie Freiberg
Industrial and cultural development of Freiberg, the conference place of this year is closely
related to solubility phenomena, which had formed the rich deposits of metal ores and silver
in the region of “Erzgebirge” (“ore mountains”) — the basis for prosperity of the city over
hundreds of years. The roots of modern geological and metallurgical sciences trace back to
the foundation of the university “Bergakademie Freiberg” 240 years ago. From the beginning
the university attracted always scientists and students from all over the world. Therefore, we
are proud to welcome scientists from 30 countries at the university campus. The scientific
programme reflects to a certain extent the geological, mineralogical and environmental
background. However, solubility phenomena are discussed in a broad scope from gas
solubility to gas hydrate formation, systems under conditions of high pressure and
temperature, thermodynamic modelling and crystallization. At this conference we continued
with organizing a workshop on a special topic related to solubility, as it was initiated at the
10™ ISSP in Varna. This time “quality assurance of thermodynamic databases” will be
discussed. The organizers wish all participants a pleasant stay in Freiberg and fruitful
exchange of scientific ideas and experience.
Organizing Committee
Freiberg, July 2006



INTERNATIONAL SCIENTIFIC AND ORGANIZING COMMITTEE

Chair: Heinz Gamsjager, Austria
Christo Balarew, Bulgaria David G. Shaw, USA
Thomas Fanghénel, Germany Reginald P.T. Tomkins, USA
Marcelle Gaune-Escard, France Vladimir M. Valyashko, Russia
John W. Lorimer, Canada Earle W. Waghorne, Ireland
Maria Clara F. Magalhées , Portugal Hans Wanner, Switzerland
Erich Konigsberger, Australia Yizhak Marcus, Israel
Hitoshi Ohtaki, Japan Fernando Rull, Spain
Mark Salomon, USA Pirketta Scharlin, Finland

Symposium Editor: E. Waghorne, Ireland

LOCAL ORGANIZING COMMITTEE

Claudia Wickleder, TU BA Freiberg Horst Schmidt, TU BA Freiberg
Thomas Zehl, TU BA Freiberg Jana Schneider, TU BA Freiberg
Georgia Wollmann, TU BA Freiberg Frank Bok, TU BA Freiberg

Christine Rissom, TU BA Freiberg Regina Mol3ig, TU BA Freiberg
Tatjana Suworow, TU BA Freiberg Klaus Bohmhammel, GDCh

Broder Merkel, TU BA Freiberg Karsten Wambach, Deutsche Solar AG
Conference CHAIR Conference SECRETARY
Wolfgang Voigt Daniela Freyer

Wolfgang.Voigt@chemie.tu-freiberg.de  Daniela.Freyer@chemie.tu-freiberg.de
phone: +49-(0)3731-39-4338 phone: +49-(0)3731-39-2334

Institute of Inorganic Chemistry
TU Bergakademie Freiberg
Leipziger Str. 29
D-09596 Freiberg, Germany
fax: +49-(0)3731-39-4058



Content

Overview
Pege
LECTURES AND SHORT COMMUNICATIONS............... 1-43
(listed according to the temporal course of the confer ence programme)
POSTERS ... .o e 44
A: EXPERIMENTAL WORK ... 44
Al Solid- liquid equilibria...........coooecieeeeece e, 44
A ll: Liquid - liquid equIliDriaL.......cceeeciiiiieeee e 64
A 111: Equilibriawith gases and vapours...........ccccovcveeeeeiiieeenne 66
A TV Partitioning..........cooooiiiiiiiieeeeeeeeee e 70
A V: Solution chemistry, thermodynamics and transport............. 74
B: CORRELATIONS, PREDICTIONS, MODELS.............coeeveeeee 83
C: APPLICATIONSIN INDUSTRY AND ENVIRONMENT ......... A
LIST OF PARTICIPANTS
aphabetically by NAaMES ..........cceeeiiii 100

alphabetically by COUNtMES ...........oueieeeeiiceee e 106



Content
Detailed

LECTURESAND SHORT COMMUNICATIONS:
(confer ence programme)

PLENARY LECTURE:

GASSOLUBILITY IN AQUEOUS AND NON-AQUEOUS SOLUTIONS

G. Maurer, Univ. of Kaiserdautern, GErMany..........cccccveceveereeseeseesessesseeseessessseenes

SHORT COMMUNICATIONS:

CARBON DIOXIDE SYSTEMSIN AQUEOUS PROCESSES

J. Salminen, USA, P. Kobylin, Finland ...

NEW SIMPLE METHOD FOR THE INVESTIGATION OF
HYDROGEN SULPHIDE SOLUBILITIESIN AQUEOUS SOLUTIONS

S Hagemann, H. C. M0OQ, GEMENY .........ccocuiriieieeeieeeieesee e siee e seee s saee e seeas

DIELECTRIC PROPERTIES, WATER ACTIVITY OF ELECTROLYTE
SOLUTIONS AND PHASE DIAGRAMS OF WATER-SALT SYSTEMS

A K. Lyashchenko, A.S. Lileev., |.M. Karataeva, RUSSa............cccccveveecieeieeciieecee,

SOLUBILITY OF IONIC LIQUIDSAND THEIR USE ASSOLVENTSIN
SEPARATING ORGANIC LIQUIDS

T. M. Letcher, P. Reddy, SOUth ATFiCa ......ccccveiiereee e

INVITED LECTURE:

Li-AIR BATTERIES: A CLASSIC EXAMPLE OF LIMITATOINSDUE TO

SOLUBILITIES

M. SAlomon, Max POWEF INC., USA ...t e e e ee e e e e e e e e e

PLENARY LECTURE:

GASSOLUBILITY INHYDRATE FORMATION AND DISSOCIATION

D. Soan, Center for Hydrate Research, Colorado School of Mines, USA..................

Pege



SHORT COMMUNICATIONS:

LIQUID-LIQUID EQUILIBRIA OF TERNARY MIXTURES CONTAINING
HFEsAND ALKANES
L. M. Casés, B. Orge, M. M. Pifleir0, SPaiN ........ccooeeeieeieeieieresese e seseesee e sse e sneanes 9

LIQUID-LIQUID EQUILIBRIUM OF AQUEOUS SOLUTIONS OF

FLUORINATED HYDROCARBONSIN ALCOHOLSAT

T =2882K,298.2K, 308.2K and p = 101 kPa

WA A (] S Y B 7= To 0 AN Lo = 1 = PO 10

ARE SOLUBILITY PARAMETERSRELEVANT TO SUPERCRITICAL
FLUIDS?
A = e U S K - < IR 11

PLENARY LECTURE:

THE USE OF SOLUBILITY DATA IN RADIOACTIVE WASTE DISPOSAL
H. Wanner, Swiss Federal Nuclear Safety Inspectorate, Switzerland............ccccccvevveieneee. 12

SHORT COMMUNICATIONS:

MIXED CRYSTALSFORMATION FROM AQUEOUS SOLUTIONS
— A SURVEY
Ch. Balarew, BUIQAIA .........cccueiueiierieesiese ettt nneeneas 13

NUMERICAL MODELING OF NATURAL BRINESIN THE SIX-COMPONENT
OCEANIC SALT SYSTEM
R KIUPP, GEIMENY ...ttt et sr e e b e e nan e 14

CRITICAL EVALUATION OF SOLUBILITY RESULTSOF RARE EARTH
CHLORIDESIN AQUEOUSSYSTEMS
C. GUMINSKI, POIANG ...ttt e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeeaaennnees 15

ON HYDROXYAPATITE SOLUBILITY CONSTANTSAT 298.15K
M. C. F. Magalh8es, POITUGAE ..........ccooiieiice et 16

MODELLING OF INORGANIC CHEMICAL SPECIESIN SURFACE
POLLUTED WATERS
D. Rabadjieva, S. Tepavitcharova, T. Todorov, Bulgaria..........cccceceeeveeieeieeiecceeceee e 17

CRITICAL EVALUATION OF ALKALINE EARTH CARBONATE
SOLUBILITIESIN WATER
A. D ViSSCher, CaNAOA.......ccooooeeeeeeeeeeeeeeeeee e 18

PIPELINE CORROSION —CARBONATE SOLUBILITY IN MIXED SOLVENT
ELECTROLYTE SYSTEM
Ph. L. Fosbal, E. H. Sienby, K. Thomsen, Denmark ............cocceveeenennenienenne e 19



THERMODYNAMIC CONSISTENCY OF SOLUBILITY AND VAPOUR

PRESSURE OF A BINARY SATURATED SALT + WATER SYSTEM:

Il. CaCl, + H,O

D. Zeng, H. Zhou, China, W. VOIgt, GEME@NY.........ccccceererriereerieeieseese e sseesseseesseessesseenns 20

PHASE TRANSITION POINTSIN TERNARY AQUEOUSSYSTEMS
H. Gamgjager, Austria, JW. LOFmMEr, USA ......cov e eee e s 21

TOPOLOGY OF SOLUBILITY ISOTHERMSIN TERNARY SYSTEMS
ELECTROLYTE —ORGANIC SOLVENT —WATER
J. Eysseltova, CZeCh REPUDIIC.........coiiieee ettt 22

THERMODYNAMICSOF Cu 2+ /SO4 2— ASSOCIATION IN AQUEOUS
SOLUTION
C. Akilan, G. T. Hefter, P. M. May, S. Schrodle, Australia..........cccoceeeeveececce v, 23

HEAT CAPACITIES OF CONCENTRATED SODIUM HYDROXIDE
SOLUTIONSTO 300 °C
S Shrdodle, P. M. May, G. T. Hefter, AUStralia........ccooeeveeieiiereeeeeee e 24

PLENARY LECTURES:

HIGH-PRESSURE INVESTIGATIONSON SOLUBILITY
S Sawamura, Ritsumeikan University, Japan.........cccoeeereeienieneeseseesiee e ses e 25

METAL OXIDE SOLUBILITIES, SURFACE CHARGING, ION

ADSORPTION AND DISSOLUTION/PRECIPITATION KINETICSIN
HYDROTHERMAL SOLUTIONS

D. J. Wesolowski, Oak Ridge National Lab., USA ... 27

SHORT COMMUNICATIONS:

TERNARY WATER-SALT SYSTEMSWITH SUPERCRITICAL FLUID
EQUILIBRIA —THEORETICAL DERIVATION AND EXPERIMENTAL

STUDY

V.M. Valyashko, M. A. Urusova, RUSSIA ........cccceevrierieinsieseese et este e e e 28

SOLUBILITY OF URANIUM(VI) INDILUTE TO CONCENTRATED
NaCl, MgCl, AND CaCl, SOLUTIONS
M. Altmaier, V. Neck, Th. Fangh@nel, GErmany ...........ccccccceveeveeieseesecieeseese e see s 29

PARTICLE SIZE EFFECTSON THE SOLUBILITY OF M(111) AND M(1V)
OXYHYDROXIDES
V. Neck, Th. Fangh@nel, GEIMAaNY .........cccccieiiiiiieiie et sre e 30

THERMODYNAMIC MODEL OF REE-FLUORITE SOLUBILITY IN
HIGH-TEMPERATURE CHLORIDE FLUIDS
G. R Kolonin, G. P. SNirONOSOVA, RUSSIA.........uuuuueueueeeeeeeeseenenessnenensnensnsnsnsnnnnnnns 31



SOLUBILITY AND RE-PRECIPITATION OF NATIVE GOLD ON

PYRITE SURFACE IN HYDROTHERMAL H,S-S>-BEARING

SOLUTIONSAT 200 AND 250°C

K. ROZOV, YU. LAPIEV, RUSSIA........ccieiiiieiicie ettt e e nnee s

A SIMPLE MODEL FOR COMPUTATION OF QUARTZ SOLUBILITY

IN WATER-SALT-CO, SYSTEMSOVER A WIDE RANGE OF
TEMPERATURES (0 - 1000°C) AND PRESSURES (1 — 10000 BAR)

N. N. Akinfiev, Russia, L. W. Diamond, SWItzerland .............cccovveeiiiiiiec i

EXPERIMENTAL STUDY AND THEORETICAL EVALUATION OF THE
THERMODYNAMIC PROPERTIES OF B(OH)s3,aq AT SUPERCRITICAL
CONDITIONS

M. V. Voronin, N. N. Akinfiev, A. V. ZOtOV, RUSI@..........cccceeeereiieeeeiieectee e

pH MEASUREMENTSAT HIGH TEMPERATURE: DETERMINATION

OF THE HCI DISSOCIATION CONSTANT AT A TEMPERATURE OF

350°C AND 200 BARS OF PRESSURE

V. V. REUKOV, A. V. ZOtOV, RUSIA.......cccieiiiiiiiiii ettt e s e s sbree s s senraeeesenns

POSSIBILITIESOF HYDROMETALLURGICAL STRIPPING OF NON-
CONCENTRATED CU-NI VALLERIITE ORESOF NORILSK ORE DISTRICT
(NORTH SIBERIA) AT 90-150°C WITH THE USE OF SO, SOLUTIONS

Yu. V. Laptev, R. D. Shestakova, G. R. Kolonin, F. Kh. Urakaev,

V. S SheVChENKO, RUSSIA........coiiiiiiiiieesie ettt sttt nbe e

SOLUBILITY OF PbSO4 IN HIGH TEMPERATURE AQUEOUS SOLUTIONS

L. Qiu, S Klimas, A. P. Shaglewski, J. M. Grondin, Canada............ccccceeveveeieeieeneesiesnenn,
PLENARY LECTURE:

SOLUBILITY OF SALTSIN WATER: KEY ISSUE FOR CRYSTAL

GROWTH AND DISSOLUTION PROCESSES

P. G. Koutsoukos, University Of Patras, GIEECE..........ccveeveeiie i ecee et
INVITED LECTURE:

PREFERENTIAL CRYSTALLIZATION IN THE 2 SOLID PHASE REGION

A. Konig, U. Halbig, University of Erlangen-Nurnberg, Germany.........ccccceveienenenennene.

SHORT COMMUNICATIONS:

THERMODYNAMICSIN CRYSTALLIZATION OF ORGANIC COMPOUNDS
F. Tumakaka, Germany, |. V. Prikhodko, Russia,
G. SAAOWSKI, GEIMMANY ......veeiteeieiieeite et e st te st esreeae e st e e saeesseesesaeesbeesesneesreensesneenreenes



THERMODYNAMICS OF SOLUTION OF NON-MESOMORPHIC SOLUTES
IN THE n-HEXYL-n'-CYANOBIPHENYL (6CB) LIQUID CRYSTAL SOLVENT
G. A. OWaimreen, SAUAI ATADIA .......cuviiiiiiiie et e e s bae e e s e sabr e e e s e arees 41

ELECTROLYTE SOLUTIONSIN SMALL PORES:
MODELING OF FREEZING TEMPERATURE AND SOLUBILITIES
M. SEEIGEN, GEINANY......couiiieieitesie sttt sttt b ettt e st e st b e st e e bt se e e e e e s e sbenaesrenreas 42

NUCLEATION AND MELTING TEMPERATURESOF SALT HYDRATES

USED FOR HEAT AND COLD STORAGE UNDER STATIC PRESSURES

UP TO 800 Mpa

E. GUnther, H. Mehling, M. Werner, GErmany .........ccccueccueeieeiiieneesireeseesneesses e eseesneens 43

POSTERS:

A: EXPERIMENTAL WORK
A | : Solid - liquid equilibria

A | 1. EFFECT OF COPPER OXIDATION STATE ON THE TRANSFORMATION
OF CHEMICAL SPECIESDURING SOLUTION —SOLID TRANSITION IN
CuXn-MX —H,O (X=CI~,Br ;M =Li*—=Cs") SYSTEMS

L. V. Sepakova, M. Yu. Skripkin, I. M. Gusev, L. V. Chernykh, Russa...........ccccccevevuennnne. 44

Al 2. EFFECT OF LOW FREQUENCY SONICATION ON
THE SOLUBILITY OF CuCly, CuSO4 AND MgSO4 IN WATER AT 25°?
A. S Mereshchenko, M. Yu. SKripKin, RUSSA........ccccceeiieiiiiiiie e 45

Al3: (SOLID + LIQUID) METASTABLE EQUILIBRIA IN
QUATERNARY SYSTEM Li,SO4 + Li,CO3 + Li>B4O7 + HO AT 288K
Sang Shi-Hua; Yin Hui-an; Yu Hai —Yan, China ........c.ccooeeiiiienieeseseee e 46

Al4: SOLUBILITY OF POTASSIUM HEXAFLUOROSILICATE
INELECTROLYTESOLUTIONS
Ch. Rissom, H. Schmidt, W. VOigt, GEIMaNY .........ccccceeeererienieseerieseeseesie s seesee e sneeneas 48

A 15 SOLUBILITIESRELATED TO SUBSTITUTED POLYHALITES
G. Wollmann, D. Freyer, W. Voigt, J. Seidel, GErmany...........ccooceeveneenennnseeseesesee s 49

A16: SOLUBILITY OF SODIUM CHLORIDE IN WATER IN
DEPENDENCE ON PREASSURE
T. SUWOrOW, W. VOIgt, GEIMEANY ....cc.eeivieieeeesieeieseesieeseesee e eeesseesseeseesseessesnessseessesseessenees 50

Al7  METAL PHOSPHONATE CHEMISTRY: FROM SYNTHETIC
CURIOSITIESTO REAL INDUSTRIAL AND BIOMEDICAL APPLICATIONS
E. Barouda, K. D. DEMAIS, GIOECE. .....eeeeeeeeeeeeeeeeeeeee e e et eeeee e e e e e e e e aee e e e e e e e e s s aeeneeeraeeens 51

A19 SOLUBILITY MEASUREMENTSOF TERNARY SYSTEMS
BY ISOPIESTIC METHOD
A. V. RUNMYANESEV, RUSSIA.....cc.eeiieciiiieite ettt steeste st et sseesreen e e e nreennesnne e 52



A'110: NUCLEATION AND MELTING TEMPERATURESOF SALT
HYDRATESUSED FOR HEAT AND COLD STORAGE UNDER STATIC
PRESSURES UP TO 800 MPa

E. Gunther, H. Mehling, M. Werner, GEMManY ...........ccccoveeereereeseeseeseseesseesseseessesssesseenns 53

Al 11: SUPERCRITICAL PHASE EQUILIBRIA IN TERNARY
WATER-SALT SYSTEMS
M. A. Urusova, V. M. ValyashkO, RUSSI@.........ccceceriuiiieiiiie e see e s 54

Al 12: THE TEMPERATURE DEPENDENCE OF THE SALTSSOLUBILITY

IN AQUEOUSNONELECTROLYTE SOLUTIONSAND THEIR STRUCTURAL -
KINETIC CHANGES

A. Lyashchenko, T.Okhrimenko, A.Lileev, E. Efremova, RUSSA..........cccocevernenieeneninnene 55

A113: SOLUBILITY, SPECTROSCOPIC AND VOLTAMMETRIC STUDIES

ON THE BINDING OF ANTITUMOR MORIN WITH CYCLODEXTRIN

AND DNA

Y. M. Temerk, M. S. Ibrahim, H. M. K. Abdel, EQYpt.......ccccoiveiiiieneeeceese e 56

Al 14: THE COMPARISON OF THE DISSOLUTION PROCESSOF METALLIC
NICKEL AND PALLADIUM IN BINARY ORGANIC MIXTURES.
Ko JUPEK, POIANG ..., 57

A1 15 PIPELINE CORROSION — CARBONATE SOLUBILITY IN MIXED
SOLVENT ELECTROLYTE SYSTEM
Ph. L. Fosbgl, E. H. Stenby, K. Thomsen, Denmark ...........cccccoverienieieniennenneeeeseeie s 58

A | 16: PRODUCTION OF PU AND NP REFERENCE COMPOUNDSAS
EXPERIMENTAL TOOL FOR FUTURE THERMODYNAMIC DATABASE
IMPROVEMENT

M. AMIME, GEIMIAINY ....veetieiieestee st steeste et eseeestessseeesbeeasteesseessteessesssseesseesnseesseesnseensensnsenns 59

Al 17: THE FACTORSDETERMINING THE ABSENCE OF DOUBLE SALTS

IN TERNARY AQUEOUSCHLORIDE SYSTEMS

M. Yu. Skripkin, L. V. Chernykh, D. A. Rozmanov, I. V. Zamyatin, L. V. Stepakova,

0SS - LSRR 60

Al 18 FORMATION OF ANHYDROUS COMPOUNDSIN THE

M Xz — CO(NH,)2 — H20 (M?* = Mg, Mn, Co, Ni, Cu, Zn, Cd;

X~ =Cl,Br, 1) SYSTEMS

Chr. Balarew, S. Tepavitcharova, R. Gergulova, Bulgaria..........cccceeeveeiesieesieeieseeseene 61

A119: DISSOLUTION KINETICSOF SINTERED CALCIUM PHOSPHATE
INLACTIC ACID CONTAINING SOME IONIC ADDITIVES
E.Dyulgerova, R.llieva, presented by Chr. Balarew, Bulgaria ............ccccccevveieeceececciecnen, 62

A120: NUMERICAL MODELING OF NATURAL BRINESIN THE S X-
COMPONENT OCEANIC SALT SYSTEM
O N Vo] T 0= YRS 63



A ll: Ligiud - liquid equilibria

A1l 4: LIQUID —LIQUID EXTRACTION EQUILIBRIUM OF ZINC(I1) WITH
ALKYLIMIDAZOLES

AL KIerZKOWSKA, POIANA ........eviiiiiiiiee ettt st e s e s s sbae e e s seareeeeeaans
A1l 5 STUDY ON EXTRACTIVE DESULFURIZATION OF MOTOR FUEL
USING ROOMTEMPERATURE IONIC LIQUID BASED ON [BMIM]

Piao Xianglan, Zhang Jin, Du Xiao, Zhu Shenlin, China...........cccocoveiieiiie e

A l11: Equilibria with gases and vapours

Alll 22 INDIRECT DETERMINATION OF LOW VAPOUR PRESSURES
USING SOLID-PHASE MICROEXTRACTION
A. Paschke, U. Schréter, G. Schitrmann, GErmany..........ccceeceeeeneereseeseeseesseeseesee e

Alll 3: ANEW SIMPLE METHOD FOR THE INVESTIGATION OF
HYDROGEN SULPHIDE SOLUBILITIESIN AQUEOUS SOLUTIONS
S Hagemann, H. C. M0OOQ, GEIMENY ........ccciuiiiiuiiiiiieesiieeesreesssesssssesssssesssssesssseesssssessssenssns

Alll 4: POSSIBILITY TO DETERMINATION OF THE GASEOUS SULFUR
ACTIVITY INMeSSYSTEMSBY SOLID-STATE GALVANIC

CELL TECHNIQUE

D. A. Chareev, E.G. OsadChii, RUSSIA..........cocoiuieiiiiriie et sesitiee s saee e eaae e e s savaea s

Alll 5 ISOTHERMAL HYDRATION HEAT OF MGSO4 HYDRATES

AT VARIOUSHUMIDITY
K. Posern, Ch. Kaps, GEIMANY ........cccveeerieieieesieeeeseeseseesseesseeaesseessessesssesssessesssesssesseens

A 1V: Patitioning

A IV 1: TEMPERATURE DEPENDENCE OF OCTANOL/WATER
PARTITIONING OF HEXACHLOROCYCLOHEXANE ISOMERS
A. Paschke, U. Schréter, G. Schitrmann, GErMany.........c.coceeiieeieesieeeiee e esee e ssessnneens

A1V 2. AIR-WATER PARTIONING OF SELECTED
ORGANIC COMPOUNDSAT AMBIENT TEMPERATURE
M. J. Azinheira Vaz, A. Paschke, G. Schilrmann, GErmany..........c.cceeeeeeereereseeseeneeseenne

A IV 3. PARTITION COEFFICIENTS OF PHARMACEUTICALSBETWEEN
WATER AND SILICONE ELASTOMER

J. Brimmer, A. Paschke, U. Schréter, E. Buttner, G. Schudrmann, Germany ....................
AV 4 MEMBRANE-WATER PARTITIONING OF ORGANIC COMPOUNDS
—EVALUATION OF DIRECT MEASUREMENT METHODS

N. DabitzGutsche, J. Schuster, A. Paschke, G. Schitrmann, Germany..........c.cceeeveveeeeene.



A V: Solution chemistry, thermodynamics and transport

AV 1 INVESTIGATION OF ELECTROLYTE SOLUTIONSCHLORIDE,
SULFATE, NITRATE AND PHOSPHATE USING THE HYGROMETRIC
METHOD

M. EL Guendouz, R. Azougen, A. Benbiyi, F. Hamdoune, MOrocco ..........cccccveveereeriernnnn.

AV 2 POTENTIOMETRIC STUDY OF THE STABILITY CONSTANTSOF
CADMIUM CHLORIDE COMPLEXESFROM 1 TO 1000 BAR AT 25°C
E. F. Bazarkina, A. V. ZOtOV, RUSSI@ ......coeeee e e eee e e e e e eeeeeeeeeeeaaeeesaaeeneeenaaeens

AV 3: NON-ADDITIVITY OF CONTRIBUTIONSINTO THE DIELECTRIC
CONSTANT OF SATURATED SOLUTIONSAND ION-ION INTERACTIONS

IN TERNARY WATER-SALT SYSTEMS

A.S Lileev, A. K. Lyashchenko, RUSSI..........cccceiiiiiiieieie e

AV 7: TIN(IV) CHLORIDE ADDUCTS OF PHOSPHINE OXIDES:

A MULTINUCLEAR (119Sn, 31P, 19F AND 1H) NMR CHARACTERISATION

IN SOLUTION

M. A. M. K. Sanhoury, M. T. Ben Dhia, M. R. Khaddar, TuniSia.........ccccceevevveieeneeniennnnn

AV 9 SOLUTION ENTHALPIES OF ORGANIC SOLUTESIN THE IONIC
LIQUIDSBUTYL-TRIMETHYL-AMMONIUM (TRIFLUOROMETHYL -
SULFONYL)IMIDE AND 1-ETHYL-3-METHYL-IMIDAZOLIUM
ETHYL-SULFATE

E.Balantseva, Russia, J. K. Lehmann, A. Heintz, GErmMany ..........ccceceeveeeeeseenesseeseeseesnenns

AV 10 THE THERMOCHEMICAL APPROACH FOR AN ESTIMATION OF
FEATURES OF SOLUTION AND SOLVATION PROCESSESOF SYNTHETIC
PORPHYRINSIN ORGANIC SOLVENTSON THE EXAMPLE OF
TETRAKIS3,5-DI-T-BUTYLPHENYL)PORPHIRINATES

E. Balantseva, E. Antina, M. BErezin, RUSSA..........ccuuiiiiiiuiiee et e

AV 11: FROM SOLUTION EQUILIBRIA AND EQUILIBRIA IN SOLUTIONS
TO GAS-SOLID PHASE INCLUSION THERMODYNAMICS
A. Grechin, H.-J. Buschmann, E. Schollmeyer, Germany ..........cccccovovevvvienieesesseeseesenseens

AV 12: DIFFUSION PHENOMENA IN THE SYSTEM SULFURIC ACID-
WATER: APPLICATION TO THE EXTREME ENVIRONMENT OF

TINTO RIVER, SPAIN

P. Sobrén, U. Meide, C. J. Nielsen, F. Rull, F. Sobrén, A. Sanz, J. Medina, J. L. Diez,

IS 07 1 PP PR RPPRO

AV 13: THERMODYNAMICSOF INTERMOLECULAR INTERACTIONS
IN SALTSAND SOLUTIONSOF LINEAR TETRAPYRROLES
E. Rumyantsev, E. Antina, E. Balantseva, RUSSa ..........cccccovievinieneee e



B: CORRELATIONS, PREDICTIONS, MODELS

B 1. SOLID PHASE FORMATION IN TERNARY AQUEOUS SYSTEMSWITH
COMPETING COMPLEXATION
I. V. Zamyatin, M. YU. SKIPKiN, RUSSIA.......cccoiiiiiiiinieseee e 83

B3 A METHOD OF RECONSTRUCTION OF ENTIRE PHASE DIAGRAMS

OF AQUEOUS SOLID-SOLUTION SYSTEMS

A. V. RUMYANTSEY, RUSSIA.....cceeiieiiiieiecie ettt ae e seeae s e sseeneesnee e 84
B 4. MOLECULAR MODELSOF AGGREGATION PHENOMENA IN LIQUID
MIXTURES:. THERMODYNAMIC AND RELATED PROPERTIES

N B 100 VA U - 85

B 5 NOVEL RELATIONSHIPSBETWEEN THE GC RETENTION TIMES OF

PCB ISOMERSUNDER ISOTHERMAL CONDITIONSAND THEIR

MOLECULAR TOPOLOGICAL DESCRIPTORS

Ao T o T =T T o P 86

B 6: EXTENDED GROUP CONTRIBUTION METHOD FOR STANDARD
THERMODYNAMIC PROPERTIES OF AQUEOUSKETONES, ETHERS

AND ESTERS

M. Savik, J. Sedibauer, CzeCh REPUDBIIC..........covieieeeeee e 87

B7: SOLUBILITIESOF ALKYNE COMPOUNDS
P. G. T. FOQQ, Great Brita@iN.........cccooeiueuiiieieieice sttt 88

B8 ESTIMATION OF ENVIRONMENTAL COMPARTMENT HALF-LIVE
CLASSESFROM STRUCTURAL SIMILARITY
R. Kihne, R.-U. Ebert, G. SChUlrmann, GEIMaNY..........ccccceeeereerereeneseeseessesseeseeseesseens 89

B 9: PROPERTY PREDICTION MODEL SELECTION BASED ON
STRUCTURAL SIMILARITY
R. Kihne, R.-U. Ebert, G. SChUlrmann, GErMaNy..........ccccceveereeieeseesesieeseeesseseeseeseesseens 90

B 10: PREDICTION OF THE AIR/WATER PARTITION COEFFICIENT
—FRAGMENT MODELSVS. LFER
R. Kihne, R.-U. Ebert, G. SchUlrmann, GEIMaNY...........ccceeeereeieeseesesieeseesreseeseeseesneens 91

B 11: CHEMICAL DOMAIN OF PROPERTY PREDICTION MODELS
R. Kihne, R.-U. Ebert, G. SchUlrmann, GErMaNY...........ccceveereeieeseesesseeseesreseeseessesneens 92

B 122 THERMODYNAMIC PROPERTIES OF SUPERCRITICAL FLUIDS:
EXAMPLE OFARGON
A. Abbaci, A. ACIAI, AIQEITA ......eeeieeeie e 93



C: APPLICATIONSIN INDUSTRY AND ENVIRONMENT

C1: ENVIRONMENTAL AND EFFECTIVE SOLAR SEA-SALT PRODUCTION

S. Tepavitcharova, A. Kovacheva, D. Rabadjieva, Chr. Balarew, Bulgaria.....................

C 2. EFFECT OF PLASTICIZERSON THE RHEOLOGICAL PROPERTIES OF
HIGH MOLECULAR WEIGHT ATACTIC POLY(VINYL ALCOHOL)
SOLUTIONS

Lyoo, Won Seok; Lee, Young Jae; Han, Man Ho; Jeon, Han Yong;

Noh, Seok Kyun; Shin, Jae Kyun, SOUth KOr€a...........ccccoeevvieeiieiecieseeie e

C 3. RHEOLOGICAL CHARACTERIZATION OF CONCENTRATED
SOLUTIONS OF RECYCLED POLY (VINYL ALCOHOL)
Lyoo, Won Seok; Do, Sung Ryul; Kwon, Oh Wook; Han, Sung Soo;

Shin, Jae Kyun, SOUth KOF€aL.........cccviieiiiie et

C5: INFLUENCE OF SOME PARAMETERS OF POLY (VINYL ALCOHOL)
[PVA] HYDROGELS SYNTHESISON THEIR SWELLING
CHARACTERISTICSAND STABILITY

S Patachia, M. Rinja, ROMaANIA..........ccccviiiiiieiice et

C6: MODELLING OF A THERMO-HYDRO-CHEMICAL COUPLED
PROBLEM USING GEO-SYSROCK-FLOW

M. Xie, O. KOIAITZ, GEIMENY ......ooiiieiieiie ettt e e re e e neenneas

C7: INORGANIC CHEMICAL SPECIESIN THE WATER SYSTEM
RIVER-ESTUARY-SEA. SOME CASE STUDIES

T. Todorov, S. Tepavitcharova, D. Rabadjieva, Bulgaria...........cccoceveriineeneninseesienne



PLENARY LECTURE

GASSOLUBILITY IN AQUEOUS AND NON-AQUEOUS SOLUTIONS
Maurer, Gerd

1Chair of Applied Thermodynamics, University of Kaiserdautern, Erwin- Schrodinger- Str.,
D-67653 Kaiserdautern, Germany
gmaurer@rhrk.uni-kl.de

The solubility of gases in water as wel as in agueous and non-agueous solutions has
been the topic of many publications. Neverthdess, there is ill a srong interest in gas
solubility due to its importance in many aess, e ¢, in chemicd engineering, environmenta
protection etc. and aso due to new solvent sysems (e g. ionic liquids) which have recently
found a lot of attention. This contribution is to present some typicad examples for
experimental and theoreticadl work in the area of gas solubility in pure solvents as wel as in
olvent mixtures. The examples ded with “physcd” as wdl as with “chemicd” gas
solubility. However, dso the limits of that commonly used classification will be shown.

Experimentd results will be presented to discuss the typica phenomena. Examples will
be gven dso for the corrdation/prediction of the solubility of gases Classcd
thermodynamics (i. e combining Henry's law congtant with expressons for the Gibbs excess
energy of the liquid mixture), as wel as molecular smulation results will be presented to
demondrate the currently avalable methods for cdculation and predicting the solubility of
gasssin “complex” systems. The examplesinclude

- the solubility of a dngle gas (eg., anmonia and carbon dioxide) in waer and in
agueous solutions of strong dectrolytes (“sdting-out” and “sdting-in” phenomena)

- the s0lubility of asngle gasin an agueous/organic solvent mixture

- the Idmultaneous solubility of ammonia and carbon dioxide in water and in agueous
solutions of a strong dectrolyte

- thesolubility of asour gas in aqueous solutions of an amine

- thesolubility of aninert gasin anionic liquid.
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CARBON DIOXIDE SYSTEMSIN AQUEOUS PROCESSES

1Justin Salminen, ?Petri K obylin

! Department of Chemica Engineering, University of California, Berkeley,
CA 94720, USA, justin@newman.cchem.berkeley.edu
2Hdsinki University of Technology, Laboratory of Physical Chemistry and Electrochemistry,
P.O. Box 6100, FI-02015 HUT, Finland, pkobylin@cc.hut fi

Cabon dioxide as a usgful reactive ingredient has increasingly gained interest in

severd process industries. These include buffered carbonate- and dkadine sysems tha
depend on the solubility and reectivity of the reactants. CO, gas is commonly used for pH
control that facilitates dissolution and precipitation of carbonates. Techniques for removing
acid gases from flue gases by absorption are commonly used in cod gadfication and
svegtening of natura gases In these sysems agueous akanolamine mixtures have
traditionaly been used. Recently ionic liquids have been studied for CO, absorption and other
indudtrid applications.
For process desgn, we require knowledge of molecular interactions, speciation and
slubilities as wdl as chemicd equilibria in reactive multiphase systems. At specified
temperature and liquid compodgtion, the totd pressure of the system is mainly determined by
the non-dissociated moldity (or molefraction) of dissolved CO(aq) according to Henry's law.
The nontdissociated COy(ag) is in equilibrium with ionic bicarbonate, carbonate and other
ionic species in the sysem, and with solid phases. Modding of both phase equilibia and
chemica equilibria provides a rigorous tool for describing agueous indudrid and
environmenta processes that include chemica reactions, sources and sinks of CO».

For process optimization, chemicd equilibrium data ae increesngly needed to
interpret  complex industrid and naturd sysems tha contain agueous dectrolytes and
precipitates. Thermodynamic andyss provides quantitative reations among chemica energy,
chemica reactions, solubilities of gases and <sdts, and important online process parameters
like pH, temperature and pressure. Supported by laboratory experiments, and by pilot- and
mill-scae experience, models have provided gpplications in different industries where CO; is
a reactant. For example, in the pulp and paper industry the properties of wood fibre combined
with the results of mode caculaions can be used to reduce hegting and raw-materids cost.
New indugtrid gpplications include cleaning waste- and process waters as well as recovering
vauable or environmentdly harmful metd ions as carbonates. The current trend toward using
cabon dioxide is patly due to increesed demand for making chemica processes
environmentaly friendlier. Carbon dioxide can replace more harmful chemicas. Sometimes
the CO, process is better as it replaces more harmful chemicas or it is economicdly superior.

Best avaladile techniques and continuous improvements are needed to produce an
environmentaly acceptable, energy-efficient process with ever-smdler input of chemicds,
raw materials, and water.
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A NEW SIMPLE METHOD FOR THE INVESTIGATION OF HYDROGEN
SULPHIDE SOLUBILITIESIN AQUEOUS SOLUTIONS

'Hagemann, S, *Moog, H. C.

! Gesdlschaft fir Anlagen und Resktorsicherheit (GRS) mbH,
Department of Geochemistry, Theodor-Heuss- Str. 4, 38122 Braunschweig, Germany;
email: sven.hagemann@grs.de,

Compared to other natural gases only few invedtigations of hydrogen sulphide (H»2S)
solubility in agueous solutions of inorganic salts were conducted [1]. This may be attributed
to the uncomfortable nature of this compound (odour, toxicity) and the complexity of
experimental designs proposed so far (eg. [2], [3]). Most of them include open flow-through
sysgems the gas is bubbled through the solution until equilibrium is assumed or proved by
sepwise andysis of the fluid phase.

We have developed a closed system gpproach, where the only andytica quantity is the
total gas pressure. The apparatus condsts of a three-necked flask with a continuoudy
measuring datalogging pressure sensor on top of one neck and two septa on the others (WTW
Oxitop® sysem). Fird the flask is filled with a pure H,S atmosphere of unit pressure and
thermostated a 25°C £ 1°C. Then a certain volume of deserated sdt solution is injected
through one septum. The process of equilibration is continuoudy controlled by the pressure
sensor, the recorded data of whom are read out viaan infrared device.

Equilibrium is ataned within about an hour of magnet|c grirring. At congtant
temperature  the  agueous  hydrogen  sulphide .

concentration may be derived essly from known or -
measured quantities like the find gas pressure, the _ =!
flask volume and the solution volume. The apparaus : = |
once filled with Ho,S and an initid solution may be
used for severd consecutive measurements smply by |
injecting additional quantitites of water (fig. 1). We
agoplied this new technique to invedigate H>S
solubilities in concentrated solutions of NaCl, KCl
MgC|2, NaSO4, K>SO, and MgSO4.

’ F|g L HZS prasure above KCI
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DIELECTRIC PROPERTIES, WATER ACTIVITY OF ELECTROLYTE
SOLUTIONS AND PHASE DIAGRAMSWATER-SALT SYSTEMS.
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The ddic didectric condant (es) directly reflects the hydration characteridics in
comparison with other thermodynamic characterigtics of solutions. The method of didectric
microwave spectroscopy (7-25 GHz) is advanced for the analyss the didlectric and relaxation
parameters of the sdt saturated solutions. The experimenta vaues of es for 15 binary and 10
ternary water-sdt sysems (including the saturated solutions) were obtained. Correation
between the changes es and relaxaion parameters (that reflect the molecular-kinetic state of
water in solutions through time and enthapy of the didectric relaxation) is conddered. It is
experimentdly reveded: 1) Sgnificant difference of es vaues in different concentration
sructura areas (in concentrated solutions es ~ 20-40); 2) The opposite sign of the temperature
changes of es for high concentrated solutions of binary and ternary sysems 3) The unusud
order of es changes with the change of ionic charge and radius that connect with the presence
of ionion interactions, 4) Correation of es changes with complexation (on the data of
electronic spectra Cu (I1)); 5) The absence of additivity of es changes at trangtion from binary
to multicomponent systems in the case of the saturated solutions, where the ion-ion groups are
present.

The vaues of es practicaly do not vary in concentration areas where the crystdlizaion
of double sdts is observed. It is caused by formation of complex ionic groups in solutions of
above-mention concentration areas. “Speciad points’ of solubility diagrams are displayed on
the properties of solutions.

The thermodynamic properties of concentrated saturated solutions were analyzed on the
bass of semi-empiricd Debye's and Pitzer's equations. These methods of description were
shown to be “effective’ a the molecular leve if didectric condtants of concentrated solutions
are unknown or impossible to be included.

The red experimenta vaues of es solution usudly were not used for activity coefficient
cdculations in above-mentioned equations. We andyzed influence of es on the results of
cdculations for the phase diagram and activity coefficient. The connection of the osmoatic
coefficient, the water activity, the datic didectric congant and the dructurd variaions of
concentrated and saturated solutions were considered. It was established the linear corréation
of the water activity with the didectric congant inverted vaue for eectrolyte solutions up to
the high concentration (4-5m).

The osmotic and activity parameters of saturated solutions and phase equilibria in
ternary and quarternary systems (among them Ba, Y, Cu-nitrates) were caculated on the bass
of Pitzer's equations, own experimental and literary data on the water activity in binary or
tenary sysems. The method for caculation of thermodynamic properties of saturated
solutions and phase equilibria in multicomponent systems was developed using this approach.
It includes the cdculations of parameters for multicomponent systems, the solubility of
compounds and the experimentd testing of the caculated solubility data in specid points of
phase diagrams.

This work was supported by the grants of Presidium RASand RFBR ?  05-03-32100.
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lonic Liquids offer a new and exciting range of solvents for both extractive didtillation
and solvent extraction processes for separating organic liquid mixtures.  In this work the
SOLUBILITY of ionic liquids is the focus of an investigation into the separation of organic
liquid mixtures such as aromatic compounds from diphatic compounds. The ionic liquids
indude.  [HMIM]" BF4 , [HMIM]" PFs" , [ BMIM]* PFs” , [OMIM]* CI' , [BMPY]" BF4
[EMIM]* 13, [BMIM]® 137 , [EMIM]*" CgH17SO4, [BMIM]" CH3(OCyHs) »,SO4 and
phosgphonium  ionic  liquids - trihexyl-tetradecyl phosphonium  chloride  or
triS(pentafluoroethyl)trifluorophosphate.

The tie-lines of ternary phase diagrams are used to determine the sdlectivity of each
ionic liquid for a particular separation process and the efficacy of each ionic liquid is then
predicted. Although these sdectivity vaues are important they must be looked a with other
phase diagram properties in mind, such as the magnitude of the partidly miscible region and
their solubility, when consdering commercial separation.

The ternary phase diagrams are dependent on the mutua solubilities of the three components
involved. These solubilities can be used to predict crude phase diagrams and tie-line ceta for
any ionic liquid + organic liquid mixtures.

The phase equilibria and solubility data, discussed in this work, have been obtained in
the author’s laboratory and from data reported in the literature. The results in this work have
aso been extrapolated to predict the molecular Structures of potentially more effective ionic
liquids for the separation processes discussed here. These sdectivities dso have a bearing on
the efficacy of ionic liquids in separating liquids using extractive didtillation.

Activity coefficients a infinite dilution of organic liquid solutes in lonic Liquid solvents
have adso been measured in order to predict the possbility of using these lonic Liquids as
solvents in extractive didillation processes. The results of our work and those of other
workers are discussed in this work and related to the conclusons obtained from the phase
equilibria work. The importance of the solubility of theionic liquidsis stressed in this work.
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LI-AIR BATTERIES: A CLASSIC EXAMPLE OF LIMITATIONSDUE TO
SOLUBILITIES
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The gpplications for high energy, high capacity batteries are rapidly expanding having
enormous impact on various advances in mobile dectronic equipment for both commercid
and military gpplications. Metd-ar batteries (eg. Zn-ar, Al-air) which are agueous sysems
have been sudied for many years since their specific capacities (mAh/g) are much higher than
conventional batteries such as NiCad, Ni-metd hydride, Li and Li-ion. The reason for these
high specific capacities is that the cathodic reactant, Q from air, does not have to be stored
under high pressure in ged vessdls which would sgnificantly increase the total mass of the
battery. However, the agueous Zn and Al meta ar batteries systems exhibit low operating
voltages of around 1.2 to 1.3 V which results in low practicd specific energies (Wh/kg).
Replacing Zn or Al anodes with Li offers sgnificant advantages due to the high potentid of
Li anodes and its low molecular mass. In developing Li-arr cells and batteries (commonly
referred to as a Li-ar semi-fuel cell), a number of obvious limitations have to be addressed, a
mgor one being the prevention of ingress of water from the amosphere via the fud cdl ar
eectrode into the dectrolyte solution resulting in reaction with metdlic lithum posng a
serious safety problem.

Li-ar semi-fud cdls are bascdly composed of a metdlic Li anode and an ar (O-) fud
cel cathode. The air electrode serves to provide an interface where O, from air is dissolved in
an dectrolyte solution and dectrochemically reduced a the cathode. Two limitations of the
rate cgpability of the Li-ar cdl involve O, solubility and diffuson in the catholyte dectrolyte
solution. In addition, Li-ar cdls genedly employ a Li-stable, aprotic organic eectrolyte
solution in which the solubility of water from the amaosphere is low, but not negligible. In
gorotic organic-based dectrolyte solutions, the products of the cell reactions are insoluble
Li»O and Li»,O,, and the overdl (mixed) cdl reactions are:

Mechaniam 1: 2Li +¥20, ® Li,O
Mechaniam 2: 2Li+ O, ® Lix0O,

Both Li,O and LipO, precipitate in the porous carbon-based fud cdl ar eectrode which
blocks further O, diffuson into the cathode and thus abruptly ends cell life. To increase the
practical dediverable energy and cepacity of the Li-ar cdl, it is advantageous to avoid
precipitation of Li;O and Li>O,, and this can be accomplished by replacing the gprotic organic
dectrolyte solution with an agueous acidic solution. The overdl reaction for the agueous
acidic Li-ar cdl is

Mechanism 3. 2Li+ %0, +2H"? 2Li" +H,0

where the reaction products (Li* and H,O) are soluble in aqueous solutions thereby avoiding
precipitation of a lithium oxide lithium sulfate if the adid is HxSO,4, or lithium chloride if the

6
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acid is HCI. A comparison of theoreticd open circuit voltages, specific energies and specific
capacities for various metd-ar cdls is given in the Table bdow (the molecular mass of O3 is
not included in these values snce O is not stored in the working battery).

Metal-Air System OCV | SpedificEnergy | Specific Capacity
(V) (Whikg) (MARg)
2Li + 320, — LixO (in gorotic organic dn) 2.913 11,248 3,862
Li + %20, — Y4.i,0, (organic) 2.959 11,425 3,862
Al +0.750, + 1.5H,0 — Al(OH); (a0) 2.701 4,021 1489
Zn + Y20, = ZnO (agueous) 1.650 1,353 820
2Li + Y0, + 2H" ? 2Li* + H,0 (aq) 4.274 14,411 3372

In order to develop a practicd Li-ar cdl usng an agueous acidic dectrolyte solution, it is of
course necessary to avoid direct contact of Li with the agueous solution. This has been
achieved by use of a thin (eg. 75 um) proprietary solid-state Li*-conducting glass ceramic
membrane to protect the metdlic Li anode. Detals on these concepts will be presented in the
full paper.
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Naturd gas hydrates are incduson solids which have formation and dissociation
phenomena directly related to the solubility of gases in the associated liquid water phase. The
hydrate compounds are modded by a solid solution theory which is one of the primary
victories of datigica mechanicsin everyday industriad usage.

This presentation will review solubility phenomena related to hydrates, and it will show
measurements techniques which quantify hydrate solids on a molecular scde.  After a brief
introduction, and review of fundamentd measurements, an overview will be presented of
applications in flow assurance, energy resources, seafloor gability, and climate change.
Much of the materid presented will be a pre-publication of the third edition of the author's
first book on the topic, dated for publication in 2007[1].

Perhaps of paticular interes to the solubility community, the following questions will
be addressed regarding hydrates:

On the Fundamentd Side;

1. How can the solid solution sweling modd can be insarted into the datisticd mechanics
modd for the most accurate predictions ?

2. How does hydrophobic phenomena, solubility theory and smulation relate to nuclestion ?

3. After the thermodynamic chdlenge is resolved, how can solubility play a role in hydrate
kinetic phenomena ?

On the Applied Side:

1. How does solubility of hydrates relate to phenomena of dissolution — in particular to
seafl oor sequestration of carbon dioxide as hydrates?

2. Is it posshle to relate hydrate growth from a supersaturated liquid solution to single phase
metastable predictions ?

3. How do solubility, mass transfer, heat transfer, and hydrate kinetics impact hydrate
formation and dissociation?

References
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LIQUID-LIQUID EQUILIBRIA OF TERNARY MIXTURES
CONTAINING HFESAND ALKANES
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Traditionad fluorochemicds (CFCs and PFCs) have an unfriendly environmentd profile.
Because of that, hydrofluoroethers (HFES) have been recently been proposed as ther
subdtitutes. They are used, for ingance, in semiconductor industry, as aqueous cleaning
medium or dso as coolant fluids [1-3]. The HFEs offer useful safety and performance
properties smilar to CFCs, but offer a more friendly environmental profile because they have
a zero ozone depletion potentiadl (ODP) and lower globa warming potentid (GWP) indices
and a short periods of degradation in the atmosphere [4-5]. Moreover, the physical properties
of these materids, like low H,O solubility and high vapour pressure, suggest a low leve of
rsk to aguatic systems [6]. Among HFEs, those which contain an diphatic chain separated
from a perflourated chain stand out, but scarce information of their thermophysical properties
(pure component and mixtures) and their phase behaviour are avalable in literature, and this
meakes their thermodynamic behaviour description difficult.

In this sense, we present in this work the liquid-liquid equilibria temperature
dependence of the mixtures HFE-7100 + ndecane + ndodecane and HFE-7500 + n-decane +
n-dodecane. The liquid-liquid data have been measured at 278.15 K, 288.15 K, and 298.15 K.
Phase compodtions were measured by gas chromatography from samples splitted
isothermdly into a glass dirred device. The tie-lines data were corrdated using the NRTL [7]
and UNIQUAC [8] equations, being gathered te corresponding fitting parameters. UNIFAC
group contribution method [9] was applied to predict the inmiscibility region and only a
quditative description was obtained. This effect reveds the importance of a wider disposable
of themodinamic liqud <silit data for an adequate description of  multicomponent
heterogeneous systems using group contribution methods.
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LIQUID-LIQUID EQUILIBRIUM OF AQUEOUS SOLUTIONS
OF FLUORINATED HYDROCARBONSIN ALCOHOLSAT
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Liguid-liquid equilibrium (LLE) and solubilities of solutions of (fluorobenzene + water +
acohol) and (trifluorotoluere + water + dcohol); dcohol = methanol, or ethanol, or 2-
propanol, were established in thermodated cells &t T = 288.2, 298.2, and 308.2 K and
atmospheric pressure. The titration method was used to condruct the binodd curves. Gas
liquid chromatography (Perkin Elmer, Modd: Clarus 500) was used to determine the ternary
compostions of the mutual phases. The measured LLE data were reduced and correlated by
the Othmer, NRTL and UNIQUAC models. The correlated binodd and LLE phase diagrams
were in good accordance with experimental data.

The didribution coefficients and separation factors are reported together with the
digribution coefficient at infinite dilution for a given solute- solvent pair.
The temperature-dependence of solubility and the component-chemica effect on digtribution
coefficients is discussed.

The knowledge of LLE daa the investigated systems is important for seection of the
best solventsin liquid-extraction processes.
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Solubility parameters (d) are hepful for the indication of the solubility of solutes in
liquid solvents. A rule of thumb says that when o of a solute is within 4 MPa2 of that of the
solvent dp the solute should be fairly soluble in it. This rule is gpplicable to gaseous, liquid,
cydsdling, and polymeric solutes. The solubility parameters d  of solutes are avaldble in
severad compilations and can be estimated from group contributions [1]. Values of dy/MPa’?
of liquid solvents a ambient conditions range from ca 12 for perfluoro-c-hexane to ca. 48 for
water. For solute/solvent systems with smdl mole fraction solubilities Inx, = —Vi(RT)™(d, —
dh)?, where V1 isthe molar volume of the solvent and Rand T have their usua meaning.

The solubility products di of supercritica fluid solvents have not been studied extensively.
Expressons are now presented [2], based on eguations of date, for the estimation of the
solubility parameters of supercritical fluids. These expressons depend on the critica pressure
P. and the reduced temperature T, = T/T. and dendty ?, = ?/?. of the fluids as wel as their
acentric factors ? if not conforma with Lennard-Jonesfluids:

dMPa’? = 3.0(P/MPa) V2T, ¥4 2[1 + m(1-T,)}
where m = 0.480 + 1.574? — 0.176?2. For those that are conformal an aternative expression
depending on the Lennard- Jones parameters ekg and s is presented:
dMPa’? = 0.1786 (ekg)¥* (sihm)¥? T V4 v, 1

A corrdation of solubility parameters of room temperature solvents with the Kamlet-
Abboud-Taft p* solvatochromic dipolarity/polarizability parameters is extended to cover dso
supercriticd fluids[2].

The solubility parameters of supercritica fluids can be compared only for corresponding
states. At the reduced density 2 = 1.0 and the reduced temperature T, = 1.2 the d/PMa?
vaues of supercriticd fluids range from 5.1 for lexane via 8.1 for carbon dioxide to 13.7 for
water. In order to dissolve common non-polar solutes the value for supercritical carbon
dioxide, the most widey used supercritica fluid, may be adequate or need augmentetion by
increesng the pressure (and demsity) and usng as low a temperature as feasble. For
dissolving polar solutes the use of a polar modifier, such as methanal, is required.
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PLENARY LECTURE

THE USE OF SOLUBILITY DATA IN RADIOACTIVE WASTE DISPOSAL
IWanner, Hans

1Swiss Federa Nuclear Safety Inspectorate, CH-5232 Villigen, Switzerland,
hanswanner@hsk.ch

Radioactive wadte arises mainly from the generation of nuclear power but aso from the
use of radioactive materids in medicine, industry and research. It occurs in a variety of forms
with very different physcd and chemicd propeties and may range from dightly to highly
radioactive. It is a worldwide consensus that radioactive waste should be disposed of in a
permanent way which ensures the protection of humans and the environment. This objective
may be achieved by isolating radioactive waste in a digposa sysem which is located,
designed, congtructed, operated and closed such that any potential hazard to human hedth is
kept acceptably low, now and in the future.

For highly radioactive waste and spent nucler fud, which are the waste types
representing the highest potentid danger to human hedth, an effective isolation from the
biosphere is consdered to be achievable by deep geological disposa. Disposad concepts rely
on the passve sdfety functions of a series of engineered and naturd barriers. The performance
of these barriersis demongtrated in a comprehensive safety anayss.

Totd isolation of the radioactive waste over extended timescales is not possble, and
radionuclides will eventudly be rdeased from the wade matrix and migrate through the
engineered bariers and the geosphere. The assessment of ther mobilities in these
environments is essentid for the safety demondration of such a repodtory. The solubility of
many radionucides is limited and may contribute dgnificatly to retertion. Reiable
predictions of solubility limitationsis therefore of key importance.

Predictions of maximum solubilities are dways subject to uncertainties. Complete sets
of thermodynamic and equilibrium data are required for a reliable assessment of the chemicd
behaviour of the radionuclides. Gaps in the thermodynamic databases may lead to erroneous
predictions. The identification of the solubility limiting solid phase is often difficult. Missng
data and insufficient knowledge of the solubility limiting processes increase the uncertainties
and require pessmidic assumptions in the safety analyss with respect to the mobility of the
radionuclides.
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SHORT COMMUNICATION

MIXED CRYSTALSFORMATION FROM AQUEOUS SOLUTIONS—-A SURVEY
Balarew, Christo

Ingtitute of Generd & Inorganic Chemistry, Bulgarian Academy of Sciences,
Acad.G.Bonchev str.BI.11, 1113 Sofia, Bulgaria. baarew@svr.igic.bas.bg

The mixed crystas are non-stoichiometric compounds in which part of theions, atoms
or molecules condtituting the crystd lattice of a given substance have been replaced by the
corresponding ions, atoms or molecules of another substance. The extent of mixing depends
on the ability of the admixtures to adopt the coordination environment of the subgtituted
particles of the main component. A quditative measure of this ability is the distribution
coefficient, defined asthe ratio of the concentrations of the components in the mixed crystal
to theratio of their concentrations in the medium from which the mixed crysta has been
obtained under equilibrium conditions. Consequently, the digtribution coefficient isabasic
thermodynamic characteristic of mixed crystas formation.

Assuming tha the admixture component as a pure substance is from the same chemica
type as the main component and possesses an isodimorphic structure which is isostructura
eg. isomorphic with the crysd dructure of the man component, the digribution coefficient
will be given by

D= A.exp(-?G|® ||)/RT
where ?Gie | is the free energy of the phase trandtion between the two isodimorphic
dructures eg. between the crysta structure of the main component and the crystd structure of
the admixture as a pure substance. In the particular case when the crysta sructures of the
main component and the admixture are isomorphic, i.e. ?Ge i ~ O, the distribution coefficient
will be determined by the preexponentid factor aone. In cases when mixed crystds of sdts of
the same chemicd type are formed in solutions, this factor will be given by the equation:

A= (|V|1.?1.?2.f1)/(|\/|2.?2.?1.f2).

Here M and ? ae the moldity and the activity coefficient in the binay saturated
solutions of the components 1 and 2 resp., while 2 and f; are the activity coefficients of the
components in the mixed liquid and solid phases beng in equilibrium with each other after
the formation of the mixed crydas. It is the ? /7y and #/f, ratios that present the interactions
between the components in the liquid and in the solid mixed crystad phase They are connected
with the differences in the partid molar enthdpies of mixing as follows

f,/f, = exp|(?H, - 2H,)RT | = exp[{af (?R/R ) + bj (7€) +c?(?S)/RT]

The factors influencing the patid molar enthdpies of mixing ae the rdaive
difference in gze of the mutudly subdituting ions, a@oms or molecules (PR/R), the difference
in energy of interaction with their neighbours in the crysta sructure (?6) and the difference
in the energies depending on the spacid orientation of the chemical bonds (?S) eg. in the
case of openshdl ionswith non-zero crystd field sabilization energy /1/.

Acknowledgment: The author is thankful to the Alexander von Humboldt Foundation
for the 12" 1SSP conference alowance.

References
1. Baarew Chr., Z.Kristdlographie, 1987, 181, 35-82.

13



SHORT COMMUNICATION

NUMERICAL MODELING OF NATURAL BRINESIN THE SIX-COMPONENT
OCEANIC SALT SYSTEM

Krupp, Ralf

1Consultant, Flachsfeld 5, 31303 Burgdorf, Germany,
ralf.krupp@freenet.de

Evolution of naturd magnesum chloride rich sdt brines from segpages in a German
potash mine was modelled [1] with the phrgpitz code [2]. The brine data reveal Sgnificant
chemica changes during the 30 year period under investigation, which can be modeled by
the invason of externd fluids, presumably cagp rock brine, through the Stassfurt potash seam
and the adjacent main anhydrite. In an initid rehydration stage, the parageness kieserite +
anhydrite + sylvite reacted to form polyhdite + carndlite. However, temporary dimination of
kieserite did not lead to a termination of the process in invariant point IP1, but instead
continued to the metadable invariant point IP1(gy), with gypsum instead of anhydrite.
Continued invasion of fresh cap rock brine produced univariant reactions adong the carndlite-
gylvite phase bounday and dong the polyhdite phase boundary. Findly, dimination of
polyhdite yidded solutions developing towards invaiant point E of the degenerate
quaternary boundary system.

The identification of the metastable processes around 1P1(gy) was initidly hampered by
inaccurate older phase diagrams, linear gpproximations in more recent phase diagrams [3],
lacking information on metagtable equilibria, neglected Ca andyses, interference of post
sampling dilution due to hygroscopic propeties of concentrated magnesum chloride
solutions giving mideading saurdion indices, and reporting of brine andyses in terms of
normdized standard sat components rather than eementa concentrations which precluded
charge baance checks. These problems could be largdy solved by usng an interndly
consigtent and
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CRITICAL EVALUATION OF SOLUBILITY RESULTSOF RARE EARTH
CHLORIDESIN AQUEQOUSSYSTEMS

Cezary GuminsKi
Partly based on achievements of the late Tomasz Mioduski

Department of Chemidiry, University of Warsaw, Pasteura 1, 02093 Warszawa, Poland,
cegie@chem.uw.edu.pl

Severa important applications of rare eath chlorides in technology and science
(catdyzers for organic synthess and polymerization, production of adloys and compounds)
induced investigations of the related aqueous binary and multicomponent systems.

Invedtigations of the solubility equilibria involving these chlorides in the ternary sysems are
vey informative in connection with a formation of complex compounds (double sdts,
complexes, solid solvates) in such systems,

Experimentd data on the solubility of chlorides of Sc, Y and La - Lu in wae and in
mixed agueous solutions have been collected, compiled and criticdly evduated. The most
reliable vaues have been sdected (see the table) as wdl as cdculated from a generd
smoothing equetion:

IN[X (A-X)Y (V)" 1T @) T =A+BT+CInT+D T

where x is the mal fraction solubility, r the number of waer molecules in the equilibrium
solid phase, v the number of ions produced upon the solute dissolution and T the absolute
temperature,

The ggnificant scaiter of the experimenta solubility results for severd systems did not
dlow a sdection of very precise solubility vaues for recommendation. The most uncertain
are the data for the ScClk-H,O sysem. It is dso difficult to suggest precise results for the
Y Clz-H,O and CeClz-H,O systems. The solubility value of PmCls in weater is estimated here
from an interpolation of the sdected vaues of the solubilities of NdCk and SmCl, and an
assumption that the same type of the solid phase LnChk6H,O exigs in the equilibrium
conditions. Such procedure seems to be judtified by the smooth decrease of the Ill-vaent
ionic radii and the smooth increase of the hydration energies of these dements.

The selected solubilities (in mol kg't) of rare earth metal chloridesin water at 298.15 K

SCC|3 Y C|3 L aCI3 CeCI3 PI’C|3 N dC|3 PmCI3 SmCI3 EUC|3
3.8-6.2 (4.0 3.896 3.8 3.89 3.93 (3.8 3.641 3.59
GdC|3 TbC|3 DyC|3 H OC|3 EI’C|3 TmC|3 Y bC|3 L UC|3

3.59 3.57 3.63 3.69 3.78 3.88 4.00 4,12

The solubility results were confronted with the experimental LnCk-H,O phase diagrams
for ten dements obtained on the H,O-rich sdes between 200 and 450 K. This comparison
dlowed to rgect many solubility results, as corresponding to metastable conditions. Some
regularities in evolutiond changes of the equilibrium solid phase compostions and the
temperature ranges of ther dabilities gave a bads for prediction of the equilibrium phase
diagrams for the PmCk-H,O, HoCl3-H,O and TmChk-H,O systems, experimentaly unknown
s0 far. The YChk-H,O sysem is exeptiond one showing a sronger tendency to immiscibility
at higher temperatures than ones observed for other LnClk-H20 systems.
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SHORT COMMUNICATION

ON HYDROXYAPATITE SOLUBILITY CONSTANTS, AT 298.15K
Magalhaes, M. Clara F.

CICECO, Department of Chemigtry, University of Aveiro, P-3810-193 Aveiro, Portugal
mclara@dg.ua.pt

Hydroxyapatite is a solid phase with the theoreticd compostion Cas(PO,)3(OH) that
belongs to the apatite group. This structure can incorporate a variety of metal cations and
anions, which changes the gdability of the apatite dructure. Even in vertebrates where it is
found as the man minera condtituent of bones and teeth it exists as carbonategpetite
containing smal amounts of other ions as sodium, potassum or magnesum.

Applications of hydroxyapetite range from biomaterids to chromatography and
environmental contaminants control. Solubility is an important parameter to be conddered for
some of these gpplications. A literature search on  hydroxyapdtite solubility congants in
agueous media, at 298.15 K, shows the dispersion presented in Figure 1.

40

3 5 T 3 1
rH
Fig. 1 - Variation of pKswith pH for a solid with the composition (Cag(PO4)5(OH))

The published broad range of vaues, more than twenty orders of magnitude between
the lowest and the highest, induces questioning about the best value for the solubility constant
of this solid phase. A pure datistical andysis of the data leads to the concluson that the most
likdy vaue must correspond to that lying nearby the pesk of the digtribution curve. Will be
this the best value? Which consequences arise from the use of it? How were the published
vaues determined? Why a so broad range? An andlyss of the published vaues will be done
aswdl as adiscusson of the most used and the Situations they apply.

16



SHORT COMMUNICATION

MODELLING OF INORGANIC CHEMICAL SPECIESIN
SURFACE POLLUTED WATERS

Rabadjieva D., Tepavitcharova St., Todorov T.

Ingtitute of Generd and Inorganic Chemistry, Bulgarian Academy of Sciences,
Acad. G. Bontchev Str., BI.11, 1113 Sofia, Bulgaria, didiarab@svr.igic.bas.bg

The agueous solution compostion, ionic strength, acidity, redox potentid and the
proceeding chemica processes of oxidation-reduction and complex formation determine the
different inorganic chemica species of macro, micro and trace dements exigting in naturd
surface waters. The latter are under the influence of different natura phenomena, industrid,
agriculturd and dally human activities, which incresse the species variety and cause water
pollution since the chemicd species determine the toxicity and bioavalability of dements in
the ecosysem. Since there are no andyticd methods for experimental determination of each
pecies, monitoring  invedtigations usudly show the totd content of the pollutants only.
Thermodynamic modeing can be useful for that purpose.

A thermodynamic ion-association model (PHREEQCI computer program, version 2.11)
was used for amulation of the species of mgor, minor and trace dements in different polluted
surface waters of Bulgaria The modd uses the extenson of the Debye-Huckd theory. The
formaion of each chemicd species is defined by a massaction expresson with the
appropriate association constant. The metal-ligand interactions define the activities of the
different complexes in the solutions where the metd ions compete for coordination with the
different anions or water molecules. The oxidationreduction processes generate the species of
the el ements withvariable oxidation Sates.

A new database sst2005.dat was used in our calculations. It was elaborated on the bass
of the exiding dadbase minteq.vd.dat. The latter was upgraded with some more,
thermodynamic congtants concerning phosphate, nitrite, hydroxide, carbonate, sulfate, nitrate
and chloride complexes, which are very important for surface waters. The result was more
precise thermodynamic dmulatiion of species didribution in naturd waters, especidly in the
concentration range 102°-1012 mol kg'H,O, where meta phosphate, nitrite and carbonate

Species appear.

Acknowledgements: This work was done with the financial support of the EC FP6 PROJECT
INCO-CT-2005-016414.
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SHORT COMMUNICATION

CRITICAL EVALUATION OF ALKALINE EARTH CARBONATE SOLUBILITIES
IN WATER

De Visscher, Alex

Univergity of Cagary, 2500 University Drive NW, Calgary, Alberta, T2N 1N4, Canada. E-
mail: adevissc@ucagary.ca

Based on a compilation of agueous solubility deta of akaine earth carbonates from the
literature, a critical evauaion was conducted based on semi-empiricd modding and on
thermodynamic modeing usng a Pitzer modd for ion activity coefficients. Primary literature
data on the following species were investigated: magneste (MgCOs), nesquehonite
(MgCOs3.3H20), langfordite (MgCOs.5H,0), cdcite, aragonite, vaterite (CaCOs), srontianite
(SrCOs3), and witherite (BaCOs). Based on open-system data in the presence of a known CO,
patid pressure, thermodynamic modding was dso used to edimate thermodynamic
properties of the carbonates and their polymorph transtions. The modd was restricted to data
a T < 100°C and p(CO2) < 2 am. The reason for this is the lack of a unique equation
describing CO, solubility in water a dl temperatures, and the lack of condgstency in the high-
pressure CO, <olubility data A criticd evauation as wdl as themodynamic modding at
higher temperatures and pressures is highly desirable because there is an increasing interest
into deep underground aguifers as a storage medium for carbon dioxide as a technique to
abate the greenhouse effect. Such storage can influence the solubility of carbonate minerds
consderably. Thermodynamic propertties of the cacium carbonate polymorphs were
edimated smultaneoudy by forcing their rdationships to be consgent with known phase
trangtion data from the literature. Andyss of the data without this precaution would lead to
unredigtic predictions of phase trangtion thermodynamics.
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SHORT COMMUNICATION

PIPELINE CORROS ON —CARBONATE SOLUBILITY IN MIXED SOLVENT
ELECTROLYTE SYSTEM

Fosbd, Philip L oldrup; Stenby, Erling H.; Thomsen, K aj

Department of Chemicad Engineering, Technical Universty of Denmark,
Sdltofts Plads Building 229, DK -2800 Kgs. Lyngby, Denmark,
plf @kt.dtu.dk

Many pipelines in the North Sea are made from mild sted. They ae 16 inches in
diameter and transport on average 4 million nt natura gasiday. A breskdown will be costly.
Natural gas contains smal amounts of CO,. Produced gas is saturated with water (wet gas)
and it condenses a the cold pipe wal during transportation. NaOH and glycol (MEG) or
methanol is injected to prevent gas hydrate formation and corroson. CO, dissolves into the
water-MEG-NaOH liquid phase and the dectrolytic environment will corrode the lower
peripheral part of the pipeline. Various protective corrosion products are produced depending
on the chemica environment. FeCOs is one of the corroson products and the corrosion rate is
very dependent on its saturation index. The ionic strength in these systems is very high due to
the NaOH and an activity coefficient modd is needed to calculate the carbonate activity.

In this work we seek to get a better understanding of CO, corroson in naturd gas
pipdines through experimenta work and moddling. Only few phase equilibrium data for the
CO2-NaOH-H,O-MEG sysem have been published in the open literature. Solubility
measurements have been performed and the extended UNIQUAC mode [1-3] is being used
for moddling the system. Figure 1 shows the modd performance in pure water. Result will be
shown for the mixed solvent system.
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Hgure 1. Phase diagram showing 2-sdt linesin the ternary NaHCO3-Na,COs3-H,O
system as afunction of temperature.
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THERMODYNAMIC CONSISTENCY OF SOLUBILITY AND VAPOUR PRESSURE
OF A BINARY SATURATED Salt + Water System: 11. CaCl, + H,0

Dewen Zeng* ", Hongyan Zhou*, Wolfgang Voigt*

*College of Chemigtry and Chemica Engineering, Hunan University, 410082 Changsha, P.
R. China; *Ingtitut fiir Anorganische Chemie, TU Bergakademie Freiberg, Leipziger Strasse
29, D-09596 Freiberg, Germany.

* To whom correspondence should be addressed. E-mall: dewen zeng@hotmail.com. Fax:
+86-731-8713642

Solubility data of CaCl-nH,O (n=2,4,6) was predicted and evaluated by a Stokes and
Robinson’'s adjusted BET-model using the vapour pressures of saturated soluion as criteria
Prior to the prediction, the BET modd was parameterized with the most recently reported
expermental osmotic coefficients (). The comparison with other model showed that, despite of
fewer mode parameters, the BET modd can represent the activity properties of the the
system CaCh-H,O the same good as the Fitzer modd in a large temperature range from
298.15 K to 413.15 K. Meanwhile, experimental vapour pressure data of the saturated CaCl
solution was criticdly evaduated and some of them are sdected as criteria for the solubility
prediction. In principle, the predicted solubility has higher accurracy than a evarage st of
various experimental data and therefore can be recommended for usein relevant cases.
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PHASE TRANSITION POINTSIN TERNARY AQUEOUSSYSTEM S

Gamsjager, H. ' and Lorimer, JW. ?

! ehrstuhl fiir Physikdische Chemie, Montanuniversitét Leoben, A-8700 Leoben, Austria,
e-mail: gamgaeg@unileoben.ac.at
2Department of Chemistry, The University of Western Ontario, London, ON N6A 5B7,
Canada, e-mal: lorimer@uwo.ca

Two-dimensona phase diagrams are widdy used to describe, discuss and depict
phase equilibria in chemicd education, materids science and process technology. The
common basis of these phase diagramns are Gibbs-Duhem eguations with only three variable
generdized forces (potentids) eg. p, T, W, whereas dl the others are held congtant.
Confirming and extending the conclusons of a previous communication [1] it will be shown
in genera that due to this common bads ternary agueous dectrolyte systems at congtant
temperature and pressure are andogous andyticaly as wdl as topologicdly to binary dloy,
molten sdt and dag sysems. In paticular eutonic (eutectic), peritonic (peritectic) and
dystonic (dystectic) systems will be discussed. Figure la and 1b show a conventiond
solubility isotherm and the water activity vs. compogtion plot, respectively. The later
elucidates the eutonic-eutectic and dystonic-dystectic andogies, which do exis but can easly
be overlooked in the conventiona diagram.
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Fig. 1a and 1b. Solubilities in the sysem: NaSO4-ZnS04-H,0 at 25°C [2]. Points and solid
lines B-e; - solubility branch for ZnSO,, solid phase ZnSO,4-7H,0; A-e, - olubility branch
for NaSO,4, solid phase N&SO4-10H,0; ei-d-e, - olubility branch for ternary compound
N&aS04-:ZnS04-4H,0. @, & - eutonic points for three-phase equilibrium solid-solid- saturated
solution. Dotted lines boundaries of the fidds B-e-E, A-e-D and g-e,-C; tie-lines in these
fidds are not shown. Dashed line O-C:. locus of points with X(ZnSO;) = X(N&SO,)
intersecting the solubility curve e-d-e; of the ternary compound at the dystonic point d. The
chemica potentid (or activity) of water decreases aong Be;, increases aong @-d, decreases
adong d-e,, and increases dong e>-A.
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TOPOLOGY OF SOLUBILITY ISOTHERMSIN TERNARY SYSTEMS
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Eysseltova, Jitka
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Czech Republic, jitka@prfdec.natur.cuni.cz

Solubility in systems condsting of an dectrolyte, organic solvent and water has been
dudied from severa reasons. Among them, following are especidly worth mentioning: the
vaues of the solubilities themsdves useful for separation processes (eg. [1]), cdculaion of
transfer energies of the eectrolyte mostly from water to binary solvent or neat organic solvent
ternary solution(s) (eg. [2]), thermodynamics of the three phase equilibrium involving one
solid and two liquid phases (eg. [3]). In some cases dso new mixed solvates are described
and sudied (eg. [4]). During such invedigations, the results are often not depicted in the
shape of solubility isotheems and if so, only limited interet was devoted to generd
possihilities of the shape of the solubility isotherms, in spite of the fact that these possibilities
are very veasdile and it is the degper ingght to the topology of the title systems that makes
more progress in underganding the sructure and ionic processes in the respective systems
possible.

A sample numericd system has been suggested to describe and classfy the shapes of
the solubility isotherms under consderation and the ways of getting comparaive information
about the ion solvation in the mixed solvents on this basis isotherms are discussed.
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The interaction between CL#* and SO4>~ in agueous solution has often been regarded as
a paradigm in the study of ion association. There are many reports of the stability constant of
the CuSO4°(aq) complex but mogt of the published data refer to infinite dilution. Relativey
little is known &bout the ionic srength dependence of the stability congtant and in particular
there have been no high quality potentiometric studies. The association between Cuf*and
S04% in agueous solution has therefore been investigated a 25°C and a ionic strengths from
005 to 500 M in NaClO, media using UV-Vis spectroscopy and copper ion-sdective
electrode potentiometry. The spectrophotometric stability congtant is somewha smdler than
that obtained by potentiometry at dl ionic strengths. This is thought to be due to the presence
of solvent-separated CuSO4°(aq) ion pars which are not fully detected by UV-Vis The
exigence of such gpecies was investigated by didectric relaxaion spectroscopy which
showed dgnificant concentrations of both double solvent-separated and solvent-separated ion
pairs. The corresponding heat of reaction for the formation of CuSO4°(aq) was invesigated in
the same ionic media udng titraion cdorimetry. Some of the difficulties in obtaning
satisfactory results will be discussed.
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HEAT CAPACITIESOF CONCENTRATED SODIUM HYDROXIDE SOLUTIONS
TO300°C

Simon Schrddle, Peter M. May and Glenn Hefter*
Chemistry Department, Murdoch University, Murdoch WA 6150, Audrdia

Heat capacities of NaOH(ag) have been measured over a wide concentration range (0.5
£ m/mol kgt £ 8) a temperatures 323 £ T/K £ 598 using a differentid Calvet-type (Setaram
C80) cdorimeter at a pressure of 100 bar. Such solutions present specia problems because of
ther aggressve naure.  Brief destriptions will be given of the specid modifications,
operation and accurecy of the caorimeter. Experimenta heet capacities per unit volume a
constant pressure were converted to per unit mass vaues usng density data measured recently
in our laboratories by vibrating tube densametry under identicd conditions. This was
necessaty because of the inadequacy of existing densty modds of NaOH(ag) a high
temperatures and concentrations. Apparent molar heat capacities, Cpr, for NaOH(aq) incresse
up to ~75 °C before decreasing dramatically at higher temperatures.
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HIGH-PRESSURE INVESTIGATION ON SOLUBILITY
Sawamura, Seiji

Department of Chemigtry, Ritsumekan Universty, Kusatsu, Shiga, 525-8577, Japan,
Ssawamura@se.ritsume.ac.jp

Solubility is one of fundamenta properties for two components system as a function of

temperature and pressure.  But most solubility measurements have been done as a function of
only temperature. We have applied pressure to them up to several hundred MPa.  Severd
results will be shown.
1. Inorgnic eectrolytes (solid): The mog typicd par of solute and solvent for the
solubility would be NaCl in water. It is often cited in text books of chemidry in high school.
The first measurement under high pressures exceeding 150 MPa was done at 297 K by Cohen
and Snnige in 1910. After one century, we have extended the pressure up to 300 MPa and
temperatures from 260 K to 323 K, taking the solute not only NaCl but aso NaCl? 2H,0.
The solubility of NaCl in water increased with increasng pressure and that of NaClk 2H,O
decreased [1]. For other dectrolytes of LiF[2], KCI[2], NaF[2], K>SO4[2], solubility in
water increased with increasaeing pressure. On the other hand, that of ZnSO4? 7H,O[2],
(NH4)2S04[ 2], CsCI[3], NH4CI[2,4], NaBr? 2H,O[5] decreased.

Following Le Chatdier-Braun's principle, solubility equilibrium has to shift to the Hate
which has a smdler volume when a pressure is applied.  And the volume occupied by a solute
molecule in solution is thought to be larger than that in solid state because the solute molecule
in solution have a space where it can move aound. Therefore the solubility of a solid in
solution should decrease with increasing pressure.  But solubility of NaCl in water increased
with increasing pressure. It is ascribed to a volume reduction of water around Na and Cf in
H>O by dectrodtriction.

2. Nonpolar organic compounds (solid): Solubility of nephthalene [6], anthracene [7],
phenanthlene [7] in water was measured up to 200 MPa at 298.2 K. All of them decreased
with increesng pressure following Le Chadier-Braun's Law. Because of the low solubility
of these compounds in water, pressure coefficent of the solubility, xs can be
thermodynamicdly rdlated to a volume change, ?V °, accompanying dissolution as shown in
Eg. (1) and the ?V ° corresponds to the volume difference between the molar volume of a
solid solute and the partid molar volume of the solute in water. As the former volume can be
edimated from X-ray data of the solid, the partid molar volume in water can be obtained
from the high-pressure solubility. The partid molar volume is usudly edimaed from the
dendty measurement of the solution changing the concentration. But in the case of insoluble
solute such as ngphthdene in water, it is impossible to measure the dendity of agueous
solution of ngphthdene changing the concentration  Then the high-pressure solubility is the
only method to edimate the patid molar volume. Since Kauzmann (1959), though the
volume change accompanying hydrophobic hydration has been thought to be negative vaue
On the contrary, comparison of the partid molar volumes of hydrophobic compounds, i. e,
napthalene, anthracene, and phenanthlene in water with those in oil phase shows that the Sgn
of the volume change for hydrophobic hydration is not dways negative [7].

( Inxg? p)r =-?V°/(RT) (€))

3. Polar organic compounds (solid): Solubility of severa amino acids, i.e. glycine,
daning, vdine, leucine, isoleucine [8], and monosodium glutamate monohydrate (MSG)
[9], in water was measured under high pressures at 298.2 K. That of danine, leucine, and
MSG increased with increasing pressure, glycine decreased, and valine and isoleucine had a
maximum. These vaiety in the high-pressure solubility is caused by a baance between the
mola volume of the solid solute and the patid molar volume of the solute in water as
described above, and the severd solute-solvent interactions such as hydrogen bonding,
electrodriction, affect to the partial molar volume.
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4. Nonpolar organic compounds (liquid) : High-pressure solubility of benzene [10],
toluene [10,11], ethylbenzene [10,11], propylbenzene [10,11], and o-, m-, and p-xylene
[12] in water was measured. These aromatic hydrocarbons were used as modd compounds
for hydrophobic hydration.  All solubility-pressure curves except for benzene and p-xylene
had a maximum aound 50-200 MPa. Benzene and p-xylene freezed before reached the
maximum.  Further we could obtan digorted solubility-pressure-temperature surfaces for
toluene, ethylbenzene, and propylbenzene. Applying Eq.(1) to these solubility and using the
molar volume of thee liquid solutes a high pressures, we edtimated the partid molar
volumes of these akylbenzenes in water as a function of pressure (up to 400 MPa) and
temperature (273-323 K). The patid molar volumes increased with increasng pressure in
low-temperature region and then decreased having a maximum a 50-100 MPa [13]. On the
other hand, those in high-temperature region decreased with increasing pressure without any
maximum. Such unusud negative compressibility of the patid molar volume in only low-
temperature and low-pressure region may be caused by the hydrophobic hydration.

5. New materials Cgo: "Discovery of new phenomena or new materids often makes us
change our @mmon sence in science” Fullerene Gy is one of the new marerias, discovered
by Kuroto and Smdley in 1985. High-pressure solubility of Cgo was firs measured by us in
1999 [14]. The solubility both in hexane [14] and in toluene [15] increased with increasing
pressure (though that of solvate in toluene decreased). Because Gy is a honpolar molecular
solid, the solubility should decrease with increasing pressure as wel as ngphthdene but did
not. The fact changes the old common sence that the solubility of nonpolar molecular solid in
liquid should decrease with increasing pressure to new one. Following Le Chatdier-Braun's
law, it is correct that solid Gso (fcc form) is bulky compared with G in toluene because the
solubility incressed with incressng pressure.  Possble understanding for it is that there is a
large vacant space among Cgp molecules in the solid because of the large molecular sze of
Cso compared with that of solvent and the space diminishes when the solid is dissolved in the
solvent.

[1t:)| _"I\édaCI and NaCP H,O in H,O" S. Sawamura, H. Matsuo, Egoshi, Setoguchi, to be

supmitted.

2] "LiF, NaF, KCI, NH4Cl, K>SO4, and ZnSO4? 7H20 in H,O" S. Sawamura, T. Ishigami, N.
goshij M. Tsuchiya, Y. Taniguchi, and K. Suzuki, High Pressure Research, 11, 347-353
1994).

%015:50 in H,O" H. Matsuo, Y. Koga, S. Sawamura, Fluid Phase Equilibria, 189, 1-11
4] "NH,C in H,O" S. Sawamura, N. Yoshimoto, Y. Taniguchi, and Y. Yamaura, High

Press. Res,, 16, 253-263 (1999). _ _

[5] "NaBr? H,O in H,O" S, Sawamura, S. Yasuhara, S. Sugi, and N. Egoshi, Bull. Chem.

Soc. Japan, 66, 2406-2407 (1993).

gj] hdene in H,O' S. Sawamura, M. Tsuchiya, T. Ishigami, Y. Taniguchi, and K.
zuki, J. Solution Chem., 22, 727-732 (1993).

?%O'(')Anthra:me and Phenanthrene in H,O" S Sawamura, J. Solution Chem., 29, 369-376
8] "gglycina L-danine, L-vdine L-leucing, and L-isoleucine in H,O" H. Matsuo, Y. Suzuki,

S. Sawamura, Fluid Phase Equilibria, 20(2), 227-238 (2002).

9] "Monosodium L-glutamate monohydrate in H,O" Y. Suzuki, H. Matsuo, Y. Koga, K.
ukee, T. Kawakita, S. Sawamura, High Press. Res,, 21, 93-104 (2001).

[10] "benzene, toluene, ethylbenzene, and propylbenzene In H,O" S. Sawamura, K.

Kitamura, and Y. Taniguchi, J. Phys. Chem., 93, 4931-4935(1989).

[11] "toluene, ethylbenzene, and propylbenzene in H,O" S. Sawamura, K. Nagaoka, and T.

Machikawa, J. Phys. Chem. B105, 2429-2436 (2001).

12] "o-, m, and p-xylene in H,O" SSawamura, K. Suzuki, and Y. Taniguchi, J. Solution
hem., 16, 649-657 (1987).

[13] "Voumetric Propetties of Hydrophobic Hydration under High Pressuré’  Saiji

Sawamura, AIP Conf. Proc. (Amer. Ingt. Phys.) 716, 175-182 (2004).

[14 "Ceo iInn-hexane" S. Sawamuraand N. Fujita, Chem. Phys. Lett., 299, 177-179 (1999).

15] "Cgp intoluene’ S. Sawamuraand N. Fujita, tu be submitted.
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METAL OXIDE SOLUBILITIES, SURFACE CHARGING, ION ADSORPTION AND
DISSOLUTION/PRECIPITATION KINETICSIN HYDROTHERMAL SOLUTIONS

ES0IOWSKI, D.J.7; mer, D.A.7, acl Y, ..;enezet,.;ley, K.
Wesolowski, D.J.%: Pal D.A.}: Machesky, M.L.% Bénézeth, P.%; Ridley, M .K %
Otake, T.% and Ohmoto, H.5

10ak Ridge Nationa Laboratory, P.O. Box 2008, Oak Ridge, Tennessee, 37831-6110, USA,
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?|llinois State Water Survey, 2204 Griffith Drive, Champaign, lllinois, 61820- 7495, USA,
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3CNRS-UMR 5563, 14 Avenue Edouard Belin, Toulouse, 31400, France,
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®The Pennsylvania State University, 435 Deike Bilding, University Park, Pennsylvania
16802, USA, Ohmoto@geosc.psu.edu

The interaction of metd oxides (induding dlicates) with agueous solutions at
subcritical  conditions has wide ranging applications in geoscience, environmental science,
materids syntheds, corroson in power plants and other indudriad sysems. The generdized
solubility reaction of the oxyhydroxide of Me" to its dissolved hydrolysis speciesis:

MexOa(OH)xz-24(Cr) + (y+ax2)H0 U Me (OH),**Y + (y-xz)H" (1)

For solutions & or near equilibrium with the sable or highly metastable oxyhydroxide, and
paticularly a eevated temperatures, the polynuclear dissolved species (x>1) are redivey
unimportant, and the solution speciation is typicdly dominated by Me(OH),*” ions with y
varying from 0 to z+2, and complexes of these hydrolyss products with various ligands, such
as cabonae, sulfate, organic anions, etc. This makes the solubility highly pH dependent,
with dopes of log(SMe) vs pH near equilibrium varying from —z to +2 in the absence of
complexing ions other than OH. The solubility minimum, corresponding to the equilibrium
constant of the reaction to form the neutral species Me(OH),°. can be strongly to very weskly
temperature dependent, and varies with the intringc sability of the solid phase, with Ks;
vaues ranging from ~102 for amorphous slica to ~10**° for ZrO, at 150°C and vapor-
sturation. The resulting V-shaped log(SMe) vs pH solubility profiles tend to shift to lower
pHr with increesng temperaiure, and the “V’'S’ become wider with increasng temperature
and narrower with increesing sdinity, due to the competing effects of the solvent didectric
congant and ionic strength on the activity coefficients of metal ions with absolute charge 3 1.
If the overdl charge change for reaction (1) is near zero or can be minimized by appropriate
addition or subtraction of the well-known dissociation of water, the ionic strength dependence
of the equilibrium congant is minimized. For disolution to the bare cation, logKso is
typically a linear function of UT(K) (eg., near-zero heat capacity of reaction), but this is
typicaly not the case for truly ‘isocoulombic’ reactions (no charge change). The pH vaues of
zero net surface charge dendty of al metad oxides studied to date (Al,Os, TiO2, ZrO,, FesOy,
NiFe,O4) decrease with increasng temperature from 25 to 250°C, padlding closdy the
change in the neutral pH = ¥pK,, while the sorption affinities of cations on rutile @-TiOy),
the only solid phase for which extensve sorption data are available, increase strongly with
temperature, pardleing the temperature dependence of the formation constant of Me(OH)*
for the sorbing cation. In this tak, we will summarize a wide range of equilibrium and
kindicaly-controlled water-oxide interaction phenomena, emphadzing high-temperature in
situ pH measurements and empirica modeling approaches.
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TERNARY WATER-SALT SYSTEMSWITH SUPERCRITICAL FLUID EQUILIBRIA —
THEORETICAL DERIVATION AND EXPERIMENTAL STUDY

Valyashko, V.M .; Urusova, M .A.

Kurnakov Ingtitute of Generd and Inorganic Chemidiry,
Russan Academy of Sciences, Leninsky av. 31, RU-119991 Moscow, RUSSIA,
Vayashko@igic.rasru

The phase diagrams of condituent binary subsysems determine the mgor features of
ternary phase diagrams since dl binary equilibria sporead into the three-component region of
composition and take part in a generation of ternary phase behavior. Therefore the main types of
phase behavior of binary subsystems can be used for prdiminary systematization and derivetion of
the various classes of ternary water-salt systems|[1, 2].

There are two main types of phase behavior for binary water-sdt sysems with solid-
supercritical fluid phase equilibria. Binary systems of type 1 (such as HO — KCI, O — NaB4Oy,
H,O — K2HPO4, HO — K2COs etc) are characterized by increasing sdt solubility with temperature
and by the absence of criticd phenomena L=G in solid saturated solutions. In the case of binary
systems of type 2 (such as O — N&CO3, H,O — N&SO4, HoO — NagPO4, H,O — K2SO4, HO —
SO, eic), the <t solubility decreases with temperature under subcritical conditions, critical
phenomena occur in equilibrium with solid sdt (criticd end-points “p”’(L=G-S) and “Q"(L1=L2-9))
and supercriticd fluid equilibria (where the fluid is homogeneous a any pressure) take place in
temperature range between points p” and ‘Q’. The following three classes 1-1-1, 1-2-1 and 2-2-1
(designated by the types of binary subsystems) of ternary water-sdt systems with binary anhydrous
sdt subsystems of type 1 are possible.

Attention will be focussed on the ternary systems of cdass 1-2-1 where supercriticd fluid
equilibria and criticd phenomena in solid saurated solutions are spreading from the binary
subsystem of type 2 and disgppeared in three-component region. The results of theoreticd
derivation of such ternary phase diagrams and experimentd data for the systems HO — K,CO3 —
NaCOs3, HO — KCl — K2S0,4, HO — KoCO3 — KoSO, and HO — KoHPO, — K2SO, a high
temperatures and pressures will be demonstrated and discussed. It is shown that various types of
phase behavior in such ternary sysems depend on the exigence of immiscibility phenomena in
binary subsystems of type 1 and a trandtion of metastable immiscibility region (spreading from the
binary subsystem of type 2) into stable equilibria

The work was supported by the RFBR (grant 04-03-32844) and RAS (grant 9P1.17)

1. Vayashko, V.M., Phys. Chem. Chem. Phys., (2002), Vol.4, Page.1178.
2. Vdyashko, V.M., Pure Appl. Chem., (2002), Vol.74, Page.1871.

28



SHORT COMMUNICATION

SOLUBILITY OF URANIUM(VI) IN DILUTE TO CONCENTRATED
NaCl, MgCl, AND CaCl, SOLUTIONS

IAltmaier, Marcus; Neck, Volker; 12Fanghand, Thomas

ngtitut fir Nukleare Entsorgung, Forschungszentrum Karlsruhe, Postfach 3640,
D-76021 Karlsruhe, Germany, dtmaier@inefzk.de, neck@inefzk.de
2Physkalisch Chemisches Indtitut, Ruprecht-Karls-Université,

Im Neuenheimer Feld 253, D-69120 Heldelberg, Germany

The assessment of the long time performance of a repostory for nuclear waste is based
on geochemicd modd cdculaions which require a comprenendve and reiable
thermodynamic database. One option for the final disposa of nuclear waste is the storage in
an underground repository located in a sdt formation. For such repostories, the prediction of
the radionuciide <olubility and <speciaion in concentrated sdine sysems is of high
importance.

Especidly for dkdine or highly sdine NaCl, MgChL and CaCl, systems the knowledge
of complex formation and the solubility limiting solid phases is very limited. We have
therefore performed several independent sets of solubility batch experiments in carbonate free
NaCl, MgCl, and CaCl, systems (22+2°C) covering the entire pH range and al relevant st
concentrations including brines with extremey high ionic srength (1™ 15). Special atention
was dedicated to the identification and characterisation of the solubility controlling stable
solid U(VI) phases udng different complementary experimental techniques such as XRD,
chemicd andyss, TG-DTA and SEM-EDS.

In acidic to near neutra NaCl solutions, metaschoepite UO3-2H,0(cr) is the stable solid
phase. However, in dkdine solution a reproducible transformetion into a thermodynamicaly
more dable (and therefore less soluble) soichiometricaly well defined sodium  diuranate
phase NaU,O7-H,O(cr) is observed. The solubility of U(VI) in agueous MgCh systems is
controlled by metaschoepite. In CaCl, solutions of high pH, metaschoepite is transformed into
a cdcum diuranate CalJ,07-3H,0O(cr) not described before. In the neutrd pH range
becquerdlite CalJsO19-11H,0O(cr) isthe solubility limiting solid phase.

The experimenta data determined under conditions with metaschoepite as stable solid
U(VI) phaese are wel described with the known hydrolyss constants recommended by the
NEA-TDB [1] and yeld a solubility product of log K°g = -22.65 + 0.13, which is similar to
literature vaues from comparable solubility studies. The solubility data in the dkdine pH
range ae used to cdculae the formation congants of the dominant anionic hydroxo
complexes (UO,(OH); and UO»(OH),*), the solubility products of sodium diuranate
Na,U,07-H»O(cr.) and cacium diuranate CalJ,O7-3H.O(cr).

We have derived a comprehensve thermodynamic database (including log K° for the
solubility determining solid phases, hydrolyss congtants and ion interaction parameter (SIT,
Fitzer) for the sygtem U(VI)-NaMg-Ca-H-OH-CI-H,0 at 25°C. Modd calculations based on
this database are compared to experimentd solubility studies at different ionic strengths.

References

[1] Guillaumont, R., Fanghand, Th., Fuger, J, Grenthe, |., Neck, V., Pdmer, D.A., Rand,
M.H., (OECD, NEA). Update on the Chemicad Thermodynamics of Uranium, Neptunium,
Futonium, Americium and Technetium. Elsevier, North-Holland, 2003.

29



SHORT COMMUNICATION

PARTICLE SIZE EFFECTSON THE SOLUBILITY OF
M(I11) AND M(1V) OXYHYDROXIDES
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Trivdent and tetravelent metd ions like Fe** and Th** or other actinide ions form X%
ray amorphous hydroxides or hydrous oxides, microcrystdline and crystdline oxides, with
the degree of crysdlinity and the water content depending on the preparation method,
temperature, and time of ageing. The solubility products of the different oxyhydroxide phases
of a med ion M“ (Kg =[M?][OH]?), eg. those of fresh Fe(OH)s(am) precipitates,
ferrinydrite and hematite [1] or those of different Th(IV) oxideshydroxides [2] vary by 5 - 7
orders of magnitude. The crygdline oxide, i.e., Fe;Os(cr) or ThOx(cr), may be consdered as
the only solid phase; hence the differences between the molar standard Gibbs energies of the
oxide/hydroxide phases with particle or crystdlite szes in the range of d = 2 - 50 hm arise
from the difference in molar hydrated surface. Knowing the thermodynamic data for the
cyddline phase, usudly from thermochemicd data, its dendty, molecular weight, and the
ionic radii, the increase of ?:G°y and logK°s with increesing molar surface, i.e., decreasing
particle Size d, can be predicted with the equations of Schindler [3].

M(IV) oxide or oxyhydroxide solids used in solubility studies are usudly not perfectly
homogeneous with regard to their paticle or cryddlite sze. The presence of different sze
fractions with different thermodynamic properties explains the unexpected pH-dependence of
numerous experimental solubility data For indance in solubility experiments with crysdline
ThOy(cr), the concentrations measured in the neutra and akaline pH range approach those of
amorphous ThO,xH,O(am), despite of the fact that the solubility congtants derived a low pH
differ by more than 6 orders of magnitude. Another example is observed for the solubility of
amorphous oxyhydroxides a low pH where, contrary to the calculated strong pH-dependence,
the experimental data often show an unexpectedly smal dependence onpH.

The relation between standard Gibbs energy and particle size is dso used to estimate a
mean size of d = 1.5 - 2nm for the polymeric/colloida Th(IV) species present a a congtant
concentration level of about 10° M in solubility studies with ThO,:xH>O(am) at pH > 6.

References
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THERMODYNAMIC MODEL OF REE-FLUORITE SOLUBILITY IN HIGH-
TEMPERATURE CHLORIDE FLUIDS

Kolonin, G.R.; Shironosova, G.P.
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Because fluorite is the most abundant REE-contaning minerd a various types of
deposts, its REE patterns appear to be an important numericd marker of physica-chemicd
conditions of ore formation. This study presents a thermodynamic mode of coupled solubility
of CaF; (a hogt minerd) and (REE)Fs (admixtures) within the limits of gpproximation to the
pefect solid solution. The known thermodynamic database SUPCRT98 together with free
energies of individud REE-fluorides and HCH computer code [1] have been used for this

Equilibrium concentrations (ppm) and pH in fluid.

purpose. The essence of modd is a

T°C 500 | 400 300 | 200 100 suve cdculat?on of_ compqsitions
P.oar | 2000 | 1000 | 500 | 250 125 of_ high T-P chloride fluu_js equmb_rated
pH |577 |58 |565 |619 |7.41 ‘;’g;d aiort]he . ;EE%W mr{‘r']ga;
STt 0 T8 TS | Gy i o N, Co
L 037 1910° [310% | 110% [ 1107 and K-fedspars (as buffer mineras). The
N‘Z 6'3 18 04 03 03 cdculations have been carried out for the

: - - ; ; folowing basc P-T paameters of
Eu 303.0| 302.8 | 302.7 | 302.6 | 302.6 geochemicaly developing model  fluid
Gd [13 [610° |410”]310” |810° | (oc/par): 500/2000, 400/1000, 300/500,
Ho 1148 |[57/3 |08 |06 |06 200/250, 100/125. Its initid composition
Lu 1411 1189 |16 109 08 KCl+0.5m NaOH+0.05m HF. REE have
Y 0.26 | 210° |410°|810° | 810" | heen introduced into the sygem as a
trace dement in the form of (REE),O;3 to the 0
extend of 0,001mol/kg H,O each. 5 R

The Table demongirates the total F, Ca g 2

and REE equilibium concentretions in flud = ,
(in mgkg H,0). Fig. 1illustrates some regular 2 \ ﬁ Y
decrease of REE fluoride contents (in mole g © \\w
fraction) in the matrix of the prevaling CaF X g —— 200 —
when the temperature and pressure of HF- 2 \W o300
containing  chloride  fluid decresse.  An  —1° —a—200| |
important point is that Eu behaves anormaly 12 —o—100[ |
as compared to other REE in the framework of "

the daborated modd, which is in accordance
with the data for naturd REE-fluorite.
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Fig. 1. The composition of the end REE-fluorite.
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SOLUBILITY AND RE-PRECIPITATION OF NATIVE GOLD ON PYRITE
SURFACE IN HYDROTHERMAL HZS-SOO-BEARI NG SOLUTIONSAT 200 AND
250°C.

Rozov, K.; Laptev, Yu.

Novosbirsk State University, Novosibirsk, Pirogova <., 2, 630090, Russia, kor87@bk.ru
Ingtitute of Mineralogy and Petrography SB RAS, Novosibirsk, Koptyg €., 3, 630090, Russia,
[aptev@uiggm.nsc.ru

The study has been carried out to modd the processes of Au concentration in sulfides
during the mixing of hydrosulfide solutions and ocean waters a the bottom of ocean basns.
Sulfide sulfur is patidly oxidized to produce dissolved molecular sulfur and to create
intermediate red-ox conditions (between pyrite-pyrrhotine and pyrite-hemaite  buffers)
resulting in the maximum gold solubility. The autodave method with mixing of solutions has
been used for the experiments. H,S was oxidized up to S°(ag) by the dosed quantities of
HNQOs. The kinetics of Au(met) dissolution in the weskly acid sulfide solutions (t=200-250°C,
P=150 bar, 0.1mH>S+0.001mS°+0.17mNaCl, pH=3-5) demonstrates sharp increase of the
process rate in moving from 200 to 250°C (Fig. 1). High vaue of activation energy of the
gold dissolution process (E;=83 kJmol) is indicative of kinetic regime of its limiting Sage. It
has been found that the relations between the dissolved forms of gold and sulfur conform to
Au(met) + 0.5H,S(ag) + 0.55°(ag) = Au(HS)°(ag) equilibrium. The vaue of gold solubility

most closaly corresponds to the caculated vaues if G for S(ag) and Au(HS)° according to
[1,2] are used.

m,, nx10~ Fig.1 100 - AU, % Fig.2
%01 1 K,=150
- 80j 75
60
: 20
40
2oj @ 200°C
5 __m2s0C
o 10 20 30 0 20 40 60
duration, hours kg FeS,/tH,0

A wdl-defined increase of Au(met) overdl flow with increesing FeS; (liquid/solid ratio
decreases from 128 to 30) has been determined on dissolving of gold in the presence of pyrite
(fraction 20-40 mkm). A rise of the coefficient of gold distribution between pyrite and fluid
with increesing temperaiure Kp = Au(FeS;,ppm)/Au(solution, ppm) = 20+5 and 80+20 at 200
and 250°C, correspondingly has been reveded. This is favorable for desper precipitation of
gold on pyrite with increasing temperature and sulfide quantity (Fig. 2).

Grant of Ministry for Russian Science and Education DSP. 2.1.1.702
Grant RFBR 06-05-65042
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A SIMPLE MODEL FOR COMPUTATION OF QUARTZ SOLUBILITY IN WATER-
SALT-CO, SYSTEMSOVER A WIDE RANGE OF TEMPERATURES (0 - 1000°C)
AND PRESSURES (1 — 10000 BAR)
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The sysdem SO, — H,O — <t is in many respects the main modd system for studying
hydrotherma equilibria. However, in spite of numerous experimentd data there are no
adequate quantitative modds for the prediction of quartz solubility in ternary sysems over a
wide range of date parameters. The reason lies in the rather unusual behaviour of dissolved
dlica Thus, at low temperatures (0 — 250°C) and at water-saturation pressures, increasing the
st content leeds to the sdting-out effect, which diminishes the SO, solubility. Yet, as
temperature approaches the critica point of water, the sdting-out effect is superseded by a
«ting-in response. Similar behaviour has been recorded experimentaly under supercritical
conditions of H>O. For instance, a 700°C and at constant mole fraction of NaCl, Xnaci = 0.1,
lowering of pressure from 15 to 4 kbar a fird amply reduces the sdting-out effect, but later
on (P < 4 kbar) the presence of NaCl increases SO, solubility in comparison to the pure HO
solvent. Moreover, a low pressures the isotherm of SO, solubility vs. sdt content passes
through a maximum: the ting-in effect a low Xnaco evolves to sdting-out a high st
concentrations. The intent of this sudy is to devdop a dmple modd to explan this
remarkably obtuse behaviour of silica solubility over awide range of Sate parameters.

We propose the following equation to compute the moldity of agueous slica, mgq

in equilibrium with quartz in water-dt-CO, systems:

18.0152
lgmge, = A(T) +B(T)lg v 219 X0 -

H,0

Here A(T) and B(T) ae polynomids from Manning's equation for quartz solubility in pure
water [1], and X, , and VQZO gand for the mole fraction and effective partid molar volume of
H:O in the fluid, respectivdy. The V., is computed usng the expresson
Vi = X0.0Vio + @ XV, » Where Viiy is molar volume of mixed fluid (in e mole™), and xs

and Vs denote mole fraction and intringc volume of the solute s, respectively. Adoption of Vs
values for NaCl (30.8 cn?-moi™t) and CO, (29.9 cr®-mol™) permits satisfactory prediction of
quartz solubility both in binary and ternary systems. In cases where experimenta data are
lacking, we have found that the Vs value can be estimated on the basis of pure-substance
properties.

This study was supported by grants of RFBR (05-05-66811) and Swiss Science
Foundation (Project 200021-103905).

2(aq) '
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EXPERIMENTAL STUDY AND THEORETICAL EVALUATION OF THE
THERMODYNAMICS PROPERTIES OF B(OH)3.aq AT SUPERCRITICAL
CONDITIONS
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voronin@igem.ru

Neutrd complexes are prevaling forms of migraion of dissolved components in
hydrothermd fluids of moderate and low density. At present there are very few experimenta
dudies devoted to the thermodynamic properties of these species in low dendgty fluids.
Moreover, there is no reliable approach to describe the thermodynamic properties of aqueous
components in awide range of corresponding to both low and high densities of the solvertt.

To determinate the thermodynamic properties of boric acid (B(OH)sag) in low density
solvent ¢ £ 0.4 g-sm™) takedaite (? 23(BOs)2) solubility was measured in pure water at 400°?
and in the pressure range 100- 1000 bars.

The dissolution of ? ?23(BO3), can be described by the reaction:

1/2Ca5(BO3).cr + 3H,0 U 3/2Ca(OH),~ + B(OH)3,4q

Equilibrium solubility congraints the moldity of B(OH); in the fluid and thus specifies
the thermodynamic properties of this species vs. fluid dengty.

Experiments were carried out in titanium dloy VT8 autoclave. At 1000 bar ¢ = 0.7
gsn®) the equilibium boron moldity is in good agreement with the available
thermodynamic data [1], that is Ig MB(OH)saq = -2.89. Lowering pressure produces a
decrease in boron content in the fluid.

A comparison of the experimenta data and solubility values cdculated usng various
EoS[1], [2] are shown in the figure.

The experimentd data obtained will be employed to refine the empiricd parameters of
B(OH)z in the framework of EOS proposed by Akinfiev and Diamond for neutrad agueous
species|[2].

This investigation was supported by
400°C RFBR (projects 04-05-65119 and 05-05-
66811), the Program on Leading Scientific
Schools  (6722.2006.5) and international
project NSERC- CRO.
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pH MEASUREMENTSAT HIGH TEMPERATURE: DETERMINATION OF THE
HCI DISSOCIATION CONSTANT AT A TEMPERATURE OF 350°C AND 200 BARS
OF PRESSURE

Reukov, V.V. and Zotov, A.V.
IGEM RAS, Staromonetniy per., 35, 119017, Moscow, Russia, +7(495)230-82-31,
reukov@igem.ru

The purpose of this work was to adjus the mehod of high-temperature pH
measurements using the ZrO,(Y203) ceramic eectrode and to determine the HCl dissociation
congtant (Kgs) a 350°C. The point is that Kgs values obtained with different methods (mainly
by the conductometric and solubility techniques) are widely scattered, especidly near the
critica point of low-density solutions.

The dectrode sysem was cdibraied in the acid pH range by HCl solutions with
concentrations of 10°*-10"*mol/kgnz0) a 175, 250, and 300°C and 200 bars. The pH values of
andyzed solutions were caculaed usng the SLOP98 thermodynamic database. At Al
temperatures, the dope of cdibrated draight lines in the E-pH coordinates was close to the
theoreticad Nerngt vaues (2.303*RT/n). It should be noted that the calculated pH vaues are
virtudly independent of the chosen Kgs HCl vaue a the given temperature and concentration
because the content of nondissociated HCPy is negligible. Deviations of particular points
from gpproximating straight lines do not exceed £2 mV, which corresponds to an uncertainty
of £0.015 pH unit.

It is well known that, if the temperature rises to 350 C, the HCl dissociaion constant
notably decreases, and the association degree strongly depends on the acid concentration.
Cdculation indicates that, under these conditions (350 C and 200 bars), the pH vaue of a very
diluted HCl solution (10* m) virtualy does not depend on the Kgs accepted in the caculation.
In more concentrated solutions, the chosen Kgs vaue makedly affects the cdculated pH
vaue. In cdculaiing the congant, we assume that (1) the dope in the E-pH coordinates at
350°C, as in the temperature range 175-300°C, remains theoretical and (2) the pH vaue of the
10* m HCl solution a 350°C and 200 bars is 4.022 (caculated on the basis of the SLOP98
thermodynamic database). This is enough to determine pH from the measured E vaues for the
whole series of solutions (3*10%-0.1 m HCI). As a result, pKgs = 2.16+0.03 has been
obtained.
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POSSIBILITIESOF HYDROMETALLURGICAL STRIPPING OF NON-
CONCENTRATED CU-NI VALLERIITE ORESOF NORILSK ORE DISTRICT
(NORTH SIBERIA) AT 90-150°C WITH THE USE OF SO, SOLUTIONS

Yu. V. Laptev, R. D. Shestakova, G. R. Kolonin, F. Kh. Urakaev, V. S. Shevchenko

Ingtitute of Mineralogy and Petrography SB RAS, Novosibirsk, Koptyg €., 3, 630090, Russia,
lgptev@uiggm.nsc.ru

Vdleriite with formula 2.0(Fe,Cu,Ni)S*1.41Mg(OH),+0.42A1(OH)3 is a mixed sulfide-
oxide minera containing (mass %) Fe — 25.8, Cu — 14.0, Ni — 0.85, S — 22.65, Mg(OH), —
29.0, Al(OH); —9.6 ( S101.9% - our data). It becomes a basic Cu carrier if valeriite amounts
consst about 15-20% of the copper type sulfide ores of Norilsk deposits. Chemica and
minerdogica compostions of Vd-ore sample (mass %) are given below.

Fe Cu | Ni Co |S CaO | MgO | MnO SO, |AlLOs |S

198 |39 | 1.37 | 0.046] 129 [ 4.2 |23.2 |0.041 170 |3.84 86.3

Val Py Cp Mag Po Pn Serp | Pg Ca S
15.0 8.1 6.1 59 3.8 0.6 437 |76 7.6 984

Vd —vdleiite, Py — pyrite, Po — pyrrhotine, Pn — pentlandite, Sept — serpentine, Pg —
plagioclases, Ca— cdcite.

The commercid vdue of Vd-ore grows additiondly due to the high content of platinum
elements (Pt + Pd = 13.3 g/t). According to Fig. 1 the basic minerds Va (light veinlets) and
Serp (gray background) add up to 60% and occur in the minera intergrowths. This prevents
the sulfide concentrates to be obtained by ordinary floatation.

Hydrotherma ore treatment in the flow regime has been caried out in water medium
with 10% of SO, contained in the gas mixture (liquid/solid ratio is 3.5). At Rota = 0.3+0.5
MPa the flow rate of
the gas mixture was
0.2-04 I/min per 20 g
ore. Fig.2 demongtrates
130 the dependence of the
trapped SO, (Qsoz, %)
on its  prescribed
gpecific  consumption
(Qsoz, 9/g solid - grarr;

. SO; pa 1 gram O
1F19.-2 initid ore). It can be
6 seen that BExsop vaues

must be about 90% in

temperature interval
110-150°C if Qsoz = 0.2+0.5. The intendve chemicd interaction of ore components followed
by SO, disolution causes dripping of Va-Serp intergrowths due to serpentine dissolution
and change of vdleriite into covellite (CuS). As a result the produced solutions contain up to
50-145 ¢/l of (Mg+Fe). It is suggested that direct transformation of Va-Serp-ore should
provide sufficient indicators at the next technologica stages.

150°C

110

0.0 0.2 0.4 0.
Qgo,+9/9 solid
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SOLUBILITY Of PbSO4 IN HIGH TEMPERATURE AQUEOUS SOLUTIONS
Qiu, L.; Klimas, S,; Snaglewski, A. P. and Grondin, J. M.

Atomic Energy of Canada Limited, Chak River, K0J 1J0, Ontario, Canada,
giul@aecl.ca

The presence of trace amounts of lead (Pb) in steam generators (SG) has been
identified to be a primary contributor to the premature stress corrosion cracking (SCC) of SG
tubing. Lead-induced SCC (Pb-SCC) was first reported in 1965, and since then several cases
of lead induced SG degradation have been found in power sations, with significant economic
consequences, including dation shutdown. Numerous and extensve laboratory studies
worldwide have demonsirated a definite link between Pb and SCC of SG tube materids.

Data on the high temperature solubility of lead compounds are necessary to properly
assess the nature of the lead species present under steam generator water chemistry. These
data are especidly important for steam generator crevices, where various impurities such as
CI and SOs# can be highly concentrated. The lack of experimenta data on the high
temperature, pH dependant solubility makes it difficult to predict which lead species are most
likely to cause or promote lead asssted corroson or cracking, and how lead species are
trangported in steam generators.

In this paper, the experimental method used for the determination of Pb solubility at

high temperature is described and some preiminary experimenta results for PoSO,4 in high
temperature aqueous solutions are also presented.
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SOLUBILITY OF SALTSIN WATER: KEY ISSUE FOR CRYSTAL GROWTH AND
DISSOLUTION PROCESSES

P.G.K outsoukos

University of Patras, Department of Chemica Engineering and Foundation of Research and
Technology Hellas, Indtitute of Chemica Engineering and igh Temperature Chemica
Processes, P.O.Box 1414, GR 26504, Patras, GREECE

Abstract

The formation of sdts from agueous solutions both soluble and sparingly soluble as
well as ther dissolution, has attracted research interest | the past because of the wide
spectrum of applications.  Of particular importance is the formation and trandformation of
minerds exhibiting polymorphism, as in the case of cdcium cabonae a sdt encountered
from geologicd formations to industrid scde formations. Of equa importance is the reative
gability and transformation of minerd sdt phases as in the case of cacium phosphates, found
in severd cases not only of biologicd minerdization but adso in indudrid scde formation.
Underganding of these processes depends primarily on the equilibrium between the minerd
phase conddered and the agueous medium in contact.  Precipitation tekes place in
supersaturated solutions with rates depending on the solution supersaturation, i.e. the extent of
departure from the equilibrium condition. The presence of foreign substances interacting at
the solidliquid interface is respongble for the kingtic dabilization of othewise ungable
minerd phases. The presence of organic compounds may favor the Sabilization of vaterite
during the precipitation of cdcium carbonate. Heterogeneous nuclestion on the other hand on
polymeric substrates has been found to be decisve for the formation of specific polymorphs
because of changes in the surface tenson between the subgrate and the forming new nucleus.
The presence of water soluble organic compounds is responsible for the retardation both of
the time needed for the onset of precipitation of struvite and for the kinetics of growth of the
supercriticd nucle for the magnesum ammonium phosphate (Struvite) system. Kinetics of
cyda growth depend ether on surface diffuson or on bulk difftuson which in turn is
controlled by the medium fluid dynamics. It is intereing that dissolution processes ae in
some cases controlled by the same mechanism. In the case of cdcitic marble, the dissolution
of which is a less patly responsble for the deterioration of the building materids of
monuments, the dissolution in dkdine agueous media is controlled by surface diffuson.
Compounds active a the marble/water interface may in this case be used as protective agents.
In generd, nucleation, growth and dissolution processes of inorganic sats depend on the
solution supersaturetion, the subdrate/water interface and the fluid dynamics. The reative
importance of these factorsis directly related with the solubility of the respective sdts.
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PREFERENTIAL CRYSTALLIZATION IN THE 2SOLID PHASE REGION

Kdnig, Axel; Halbig, Ute

Universitét Erlangen, Lehrgtuhl fir Thermische Verfahrenstechnik
Egerlandstrasse 3, D-91058 Erlangen
axe .koenig@chi.uni-erlangen.de

Cryddlisgion is a suiteble theema unit operation for separation and purification of
mixtures. The advantage of cryddlization is the excdlent didribution coefficient between the
solid and the liquid phase because of the sereo specific integration into the crystd lattice.
This advantage is limited through the occurrence of eutectics and compound formation.
Usudly the separation and purification is therefore done in the thermodynamicd stable 2
phases area of the accordant solid phase and the corresponding fluid phase.

The preferential crystallisation (resolution by entranment) uses the separation of one
s0lid phase in the 3 phase area of the accordant solid phases A and B and the corresponding
flud phase. The requirements for usng resolution by entrainment are a sufficient pronounced
subcooling behaviour of the system and different crystdlization kinetics of A and B in respect
to nucleation and growth.

The advantages of this technique are separdtion at the eutectic compostion, overcoming the
eutectic point, increesng the process conditions for separation and improvement of the yield.
This idea is the base to redize cycles which dlows the separation of mixtures with eutectic
behaviour. This technique is used eg. for separaion of optica isomers in lab scale for long

times GERNEZ 1866 and in newer times for large scae production eg. of L-Menthol MERCK
1966.

The primary god of the present work is the sdective crystdlisation of the solid phase A

out d its stable area S-Huid. Further the habit, the crystdl sze and the yidld are investigated.
The experimentd investigations are done for 2 technica important substances: The dructurd
isomes p-Cresol/m-Cresol and different Magnesum Sulfate Hydrates. The following
parameters are investigated systematicaly: Phase of seeding crystals, compostion of the feed,
temperature of crydtdlization, crystalisation time and mass of seed crystas.
Seeding with p-Cresol shows eg. a -4°C totd cryddlization of the mdt till 40% mass
fraction of p-Cresol, sdective cryddlisation of p-Cresol between 50% and 75% mass
fraction p-Cresol and dissolution of the p-Cresol seed crystals between 40% and 45% mass
fraction of p-Cresol.

For explanation of the results a hypothesis is used based on the assumption that during
sub cooling the properties of the fluid phase liquids or mets keep conserved for a definite
time. The kinetic of association and disociation in the fluid phase is dow in respect to the
cryddlization kinetic.
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THERMODYNAMICSIN CRYSTALLIZATION OF ORGANIC COMPOUNDS

1Tumakaka, Fedly*; 2Prikhodko, Igor V.; :Sadowski, Gabriele
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Crygdlization is a purification technique and separation process for most pharma-
ceuticd and biologicd components. To undersand crydadlization processes the underlying
solid-liquid equilibria (SLE) of the systems are of vita importance.

In this work, we condgder agueous and acohol systems with organic compounds, in
particular with amino acids The cdculaion of the solubility is performed usng the PC-SAFT
equation of date taking into account the specific interactions (hydrogen bonding or dipole-
dipole) between the molecules. For each binary sysem only one temperature-independent
binay parameter is required. The solubility of amino acids in water-acohol mixtures can then
be predicted usng only parameters from the binary sub-sysems without fitting any additiond
data, aswill be shown exemplary for glycine and DL-danine in water-acohol mixtures.

Usng the knowledge of the acid-base behaviour of the amino acids, the pH-effects on
olubility at different temperatures can aso be predicted by the modd. We will present the
modelling results of pH-influence on the solubility of glycine, DL-danine, and of DL-
methionine in water at different temperatures.

Furthermore, the modeding of SLE for binay and ternay systems showing a solid-
complex phase formation will aso be discussed. Required is the molar compostion
(stoichiometry) of the solid complex. Successful description of SLE for the systems under
sudy, eg. methanol+water, phenol+acetamide, phenol+bisphenol A (BPA), as well as ternary
sysem BPA+phenol+water, including the cryddlization curves of the respective pure
substances and the solid-complex phase by the PC-SAFT modd with a sngle kij vaue for
each binary system, is achieved.
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THERMODYNAMICS OF SOLUTION of NON-MESOMORPHIC SOLUTESIN THE
N-HEXYL-n'-CYANOBIPHENYL (6CB) LIQUID CRYSTAL SOLVENT
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ghassan@kfupm.edu.sa

From specific retention volume measurements for 30 solutes (normd akanes, branched
dkanes, dkenes, hexadienes and benzene) a four temperatures in each of the nematic and
isotropic  phases of n-hexyl-n'-cyanobiphenyl (6CB), infinite dilution solute activity

coefficients (g} ), solute partid molar excess enthalpies (H) and entropies (S°) and partia

molar enthdpies (DH ) and entropies (D§)of solution were obtained [1] and analyzed in the
light of an infinite dilution satistical model [2] to interpret the observed trends.

In this study these results were further andlyzed to express g3 as a function of the Flory-
Huggins size effect correction (g/,,) and an interaction parameter k ); the sum of the thermal
(g¢) and athermd (g o) contributions togy . From regular solution theory solute (d,) and

solvent (d,) solubility parameters were obtained a different temperatures for dl the solutes in
the nematic and isotropic solution phases.

Plotsof DH versus DS were (see Table) reasonably linear. Such DH - DS

Mesophase Intercept / kJmol 1 | Slope/ K Corrdation Coefficient
Nematic - 2.66 2934 0.947
I sotropic - 213 302.1 0.937

compensation, reflects smilar solute solubilities in the nematic and isotropic phases. Also an
average In g, / In g;, veue of 1.077 + 0.003 where N and | refer, respectively, to the
nemeatic and isotropic phases, indicates lesser solute compatibilities with the nematic phase.

For dl the solutes studied plots of d,versus temperature (t) showed a drastic and
shap change in d, & the nematic-to-isotropic transition (29.0 °C) which is reminiscent of
enthapy and dendty changes in first order trangtions. The extent of the discontinuity in d,
may thus be used as a measure of the strength of the trangtion while a continuous variation of
d, across the phase transtion would be associated with a second order trangtion. This
finding can hep in identifying second order trangtions in liquid crystds or polymers.
Currently results for n-octyl-n'-cyanobiphenyl (8CB) are being andyzed to test the nature of
the much debated [3,4] smectic A-to-nematic trangtion of 8CB.
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ELECTROLYTE SOLUTIONSIN SMALL PORES:
MODELING OF FREEZING TEMPERATURE AND SOLUBILITIES
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The pressure generated by crysta growth of sdts in confined spaces of porous building
materids such as stone, brick and concrete is generdly recognized as a mgor cause of
damage in ancient monuments and modern buildings. Crysd growth is dso conddered as an
important wegthering mechanism of natura rocks in a variety of environments not only on
eath, eg. in desarts, dry Antarctic valeys and tropicd coagtlines, but dso on Mars. Crysa
growth in porous materias is the result of phase changes that are induced by variation of
ambient temperature and relative humidity, RH. Unfavourable conditions of temperature and
RH may result in repested cycles of freezing—thawing, cryddlizaion-deliquescence and
hydration-dehydration, respectivdly. Under such conditions, building materids and naurd
rocks are subject to rapid decay.

In large pores, the relevant phase equilibria can be modded using a multi-component
eectrolyte solution modd such as the Pitzer ion interaction eguations. It is then possble to
predict ambient conditions, i.e. temperature and reaive humidity that would minimize the
frequency of occurrence of undesired phase changes inducing crysta growth in porous
materids. For indance, modd smulaions are paticularly hdpful to predict the influence of
changes in the room dimate to sdt contaminated masonry [1]. In very smdl pores, i.e in
pores <0.1pum, the dtuaion becomes a lot more complicated. Firdly, the avalable pore
goace limits the maximum sze of growing crystads and the interfacid energy of the crysta—
liquid interface affects the solubility of dissolved species [2]. Secondly, in an unsaturated
porous materid, a curved liquid-vapor interface is formed resulting in a substantid pressure
decrease which is given by Laplac€s law. Hence, in addition to cystd dze effects the
influence of low pressure on the various phase equilibria has to be conddered. The present
contribution provides a discusson of the thermodynamic trestment of phase equilibria in
unsaturated smal pores including the veaporiquid equilibrium, freezing temperatures and st
solubilities, first results are presented.

pure water
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Fig. 1 Solubility increase of small crystals Fig. 2 Freezing temperatures of NaCl(aq) in small pores
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1 Giinther Eva, *Mehling Harald and ?Werner Matthias

! Bayerisches Zentrum fiir Angewandte Energieforschung (ZAE), Walther-Meilner-Str. 6,
85748 Garching, Germany, +49-89- 329 442-40, guenther@muc.zae-bayern.de
*Technische Universita Miinchen, Lehrstuhl fiir Fluidmecharik und Prozessautomation
(LFP), Weihenstephaner Steig 23, 85354 Freising, Germany, +49-8161-71-5400

Phase change materids (PCM) ae used for efficient thermd energy storage in smdl
temperature intervals. Inorganic PCM have a high storage dengty, but they tend to subcool.
As the main advantage of PCM compared to senshble therma dtorage is the operation in smal
temperature ranges, subcooling should be minimized.

Currently, subcooling is reduced by adding nucleators to the storage materid. This
method has two disadvantages. First, the nucleator can be deactivated when heated above its
melting point. The reason is that the nucleator has a smilar crystd dructure as the PCM,
therefore the mdting points of the PCM and the nucleator are similar. Second, a proper
nucleator has to be found for every storage materid. For this search, no systematic approach
has proven auitable yet. Usudly, thousands of substances are tested without any guarantee for
SucCcess.

From thermodynamic theory, it should be possble to initiate cryddlization by applying
high pressure to the subcooled melt. Compared to the use of nucleators, this method has two
main advantages The triggering mechanism cannot be deactivated by overhegting the system.
The method can be gpplied to a class of storage materids.

As a fird dep to devedop a pressure based triggering system, we examined the
nucleation under datic pressure. For NaOAc-3H.O, Rogerson e d. [1] derived from
molecular theory that a pressure of about 700 MPa should shift te temperature of nuclestion
from -20°C to +20°C. Due to lack of experimental data, this prediction is based on many
assumptions and smplifications, as well as on data of other materids.

Here, we present experimenta data of NaOAc-3H,O under datic pressures up to 800
MPa We invedigated the pressure dependency of the mdting and cryddlization
temperatures. The meting curve is an important parameter for the theoretica understanding.
The nucdeation curve gives the pressure needed to initiate crydtdlization a ambient
temperature. We observed a shifting of the nucleation temperature from -20°C a ambient
pressure to +40°C a 800 MPa This confirms that within this pressure range, the nuclestion
temperature of NaOA c-3H,0 is shifted above room temperature.

Investigations of other <At hydrate PCM, namdy cdcium chloride hexahydrate
CaCl,-6H,0 and potassum fluoride tetrahydrate KF-4H,0O, have dso been conducted. Similar
behavior was observed.

The focus of future investigations will be how long the pressure has to be applied and
how this could be technicaly redlized.

The experimental work was carried out a the high pressure laboratory of the Lehrstuhl
fur Huidmechanik und Prozessautomation, a the Technische Universtd Midnchen. This work
was supported by German Federa Ministry of Education and Research (03SF0307A).
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EFFECT OF COPPER OXIDATION STATE ON THE TRANSFORMATION
OF CHEMICAL SPECIESDURING SOLUTION —SOLID TRANSITION
IN CuX,—MX —H,0O (X =CI7, Br; M =Li*—Cs") SYSTEMS

Liubov V. Stepakova*, Mikhail Yu. Skripkin, IlyaM. Gusev, LiudmilaV. Chernykh

Dept. of Inorganic Chemigtry, Saint- Petersburg State University, 198504,Saint- Petersburg,
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Trandformation of chemicd species during solution — solid trangtion is one of the less
sudied problems of the Solution Chemistry. Copper dlows the unique opportunity to undertake
this investigation. The study of ternary copper hdide systems enables us dso to reved the effect
of heterovdent metd oxidation date on the solution properties including solubility. Copper(l)
and copper(ll) complexes with hdide ligands are rdatively stable in agueous solutions and
could be dudied usng different techniques. Moreover, multicomponent Systems containing
copper complexes are of grest importance in many fidds of application. They serve as
photosenstive agents in photochromic and nontlinear optics, catayze many reactions of
indugtria and biologica importance etc.

In thisreport the results of study of multicomponent CuX, — MX — H,O systems
(n=1,2; X =CI,Br; M"=Li" — Cs’, NH;") are presented. To reved the main regularities of
trandformation of chemica gpecies during solution — solid trandtion the number of
experimental methods was gpplied such as solubility, dilatometry, vibrationa (IR and Raman)
and EXAFS spectroscopy. The next aspects are under discussion:

1) effect of dkadine hdides on the solubility depending on the copper oxidation Sate;

2)  corrdation between eutonic concentrations and the boundaries of the domination of
different processes in solutions;

3) trandformation of copper species during solution — solid trangtion;

4)  precursors of copper double salts formation.

The results obtained show that strong complexation determines quditative similarity of
solubility isotherms for al the systems containing copper(l) once competition of hydratiion and
ionic asociation with complexation of copper(ll) determines far better pronounced difference
between CuX; — MX — H20 systems. Wesk effects of structura transformation during solution
— 0lid trangtion in CuX — MX — H,O compare to CuX; — MX — H,O sysems confirms the
leading role of copper complexation in solid phase formation. It was established by EXAFS
data the formation of CuX,, (n>3) complex anions is the necessary condition for the double sdts
cyddlization in dl ternay sysems under study. Copper chemicd Species dominding in
saturated solutions strongly depend on outer—sphere cation.

Acknowledgement: RFBR (project 05-03-32099a) and INTAS (Programme of INTAS
felowships for young scientists, project 04-83-3830) are thanked for the financial support.
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EFFECT OF LOW FREQUENCY SONICATION ON THE SOLUBILITY
OF CuCly, CuSO; AND M@gSO4 IN WATER AT 2572

Mereshchenko A. S., Skripkin M. Yu.

Department of Chemidtry, Saint- Petersburg State University, Universitetsky pr. 26,
198504, St.-Petersburg, RUSSIA; e-mail: shgpkaspbhl@yandex.ru

In this report the comparative analyss of the effect of low frequency (45 — 105 Hz)
acoudtic fiedd on the propertties of agueous solutions is presented. Aqueous solutions of
magnesum and copper sulfates were chosen for this study that enables us to reved the effect
of covdency of metd — water bonding. To study the effect of acidocomplexation, the data
were compared with those for copper dichloride.

Firg of dl, the low frequency sonication of saturated solutions results in subgtantid (up
to 17%) growth of the solubility of al the sdts under sudy. We have shown that solubility is
the periodic function of sound frequency, where postion of principd maximum and rddive
growth of the function change contrary to the hydration energy of the sat: CuSO, > MgSO, >
CUC|2.

The next reasons |lead to the observed effects:

1) At sonication the change of solution structure takes place. Therefore, the more
is ionic hydration (SO4> > CI,, CU?* > M¢"), the higher energy is required to change ioric
environmen;

2) Themoreis structure-making effect of ion (SO4> > CI', CU?* > M), the higher is
activation energy of the conformationd trangtions in solution. Therefore higher frequency of
sound waves is required to change conformations of water clusters,

3) The presence of asat of chloride complexesin solution of copper dichloride results
in less order in solution that dso makes the structure more labile;

4) concentration of saturated solution decreases from CuCl, to CuSO, that increases
the number of water molecules unperturbed by ion. That results in increase of the probability
of formation of cavities in dructure of liquid water and in disolution of padding amount of
st

To sudy this phenomena more detalled we have undertaken spectroscopic study of
these solutions using eectron absorption spectroscopy and IR spectroscopy  (double-
difference technique). It was established that sonication results in decrease of absorption once
the pogtion of absorption maximum remans the same. This result agrees farly wel with the
suggestion that sonication affects on bulk water and outer hydration shal whereas the loca
environment of ions remains nearly unperturbed. This leads dso to the sgnificant change of
hydrogen bonding in solution that is confirmed by the results of IR spectroscopic study
(frequencies of O — D gtretching vibrations decrease on 120 oY),

Conclusons.

— Sonication results in 9gnificant sructurd transformation of agqueous solutions of
the salts under study and has “ structure-meking” effect:

— Solution properties periodically depend on sound frequency applied:

— After removd of acoudtic field more dow relaxation compare with ultrasound
effect is observed for the low frequency sound waves.

Acknowledgements Russan Found of Basc Research (grant 05-03-32099a) is
thanked for the financid support.
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(SOLID + LIQUID) METASTABLE EQUILIBRIA IN QUATERNARY SYSTEM
LioSO4+ Li,CO3+ Li,B4O7+ H,0 at 288 K

Sang Shi-Hua ", Yin Hui-an, Yu Hai —Yan

(College of Materials and Chemistry & Chemical Engineering, ChengDu University of
Technology, ChengDu 610059, P. R. China)

Abgract: Meadable equilibrium solubilities and dendties of the solution in the
quaternary system LSO, + LibCOs + LibBsO7 + HO a 288 K were determined
experimentdly. According to the experimentd data, the metagtable equilibrium phase
diagram was plotted. In the phase diagram(Figure 1), there are one invariant point F, three
univariant curves E1F, E2F and E3F, three fidds of ayddlization: Li;SO4eH,O(BE1FE2),
Li,CO3(E1IFE3A), LiBO2*8H,O (E2FE3C). Thee are no olid solutions or double sdts
foomed in the quaernary sysem a 288 K. Lithium cabonae (LioCOs) has bigger
cyddlizaion fidd than others. The lage cayddlization region in the phase diagram
indicates that lithium carbonate are of low solubility, therefore, most lithium carbonae
(LioCO3) can ayddlize from solution esdly. Cryddlizaion fidd of lithum borate was
LiBO2*8H,O at 288 K in metagable equilibrium for the quaternary system, which were
LiB4O7¢3H,0 in sable phase equilibrium at 288 K. Lithium sulfate (Li»SO,4) has the highest
concentration and strong salting-out effects on other sdtsin the system
KEYWORDS:. Metastable Equilibrium, Borate, Sulfate, Solubility
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Figure 1 Metastable equilibrium phase diagram of the quaternary system at Li,SO4 +
LioCOz+ Li»B4O7 + H,0O at 288 K
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Figure2. Enlarged partly phase diagram of thequaternary system Li»SO,4 + LioCO3 +
LioB4O7 + H-0 at 288K

47



POSTER: Al 4

SOLUBILITY OF POTASSIUM HEXAFLUOROSLICATE
IN ELECTROLYTE SOLUTIONS
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TU Bergakademie Freiberg,
Ingtitute of Inorganic Chemidtry, Leipziger Str. 29, 09596 Freiberg;
email: Chridine Rissom@chemietu-freiberg.de

Hexafluoroglicic acid, H,SFes, and its sdts hexafluoroslicates, play an important role
for example as initid substances, by-products or intermediates in fluorine chemigtry. The low
lubility of K,SFg is often used in andyticd chemisry for the determinaion of
hexafluorosilicate contents of solutions.

The am of our invedtigations was to undergand the behaviour and interactions of the
ion SF% in strong dectrolyte solutions because the occurring equilibria are quite complex.
Therefore we decided to determine the solubility of K>SFg (at 25°C) in different acids HF,
H,SFs and HNOs. Moreover the solubility curves of K,SFg in potassum sat solutions (KF
and KNOs3) areinvestigated.

The solubility experiments were carried out by girring the solutions with the suspended
solid phase for days or weeks at congtant temperature. After that the remaining solid KoSFg
was filtered, dried and weighed. The solubility plotted againgt the dectrolyte moldity shows
subgtantid  differences for the various dectrolytes. Higher HF and HNOs concentrations lead
to an increesng lubility of K>SFs. HoSFe fird lowers the solubility and a higher H,SFe
contents the solubility of K,SFg dightly increases.

As expected in potassum sdt solutions the solubility of K>SFg is decreasng with the
sdt content. Besides that a a certain concentration of KNOs; a new solid phase was found:
K2SFs-KNOs. The crysd dructure of this double sdt was solved by a sngle crysd
diffraction study.

The reaulting solubility data in combination with other avalable thermodynamic daa
will be used to establish a thermodynamic mode based on PITZER or SIT theory with which
equilibriain srong and concentrated e ectrolyte solutions can be described.
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SOLUBILITY RELATED TO SUBSTITUTED POLYHALITES
Wollmann G.}, Freyer D.%, Seidel J.2, Voigt W.*
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Polyhdite KoMgCap(SO4)4-2H20 represents a common minerd in sdt rocks. Analogue
triple salts have been prepared earlier, where Mg is subgtituted by Mn, Fe, Co, Ni, Cu, Zn. We
are interested in the crystdlization field of these polyhalite analogues.

Snce polyhdite forms very dowly a roomtemperature 40°C were chosen for the

expeiment. An invedigaion of the cryddlization fidd of polyhdite was started. Compared
with dataat 35°C a noticegble enlargement of the existence field can be seen within these 5 K.
All other cryddlization fidds will be etimaed on the bads of thermodynamic modes.
Literature search for interaction parameters or relevant data reveded a main data lack in the
sysems MSO,4-CaS04-H,O (M = Mn, Co, Ni, Cu, Zn). Therefore, investigations on these
gystems were started. So far the systems CaSO,-MSO4-H>O (M = Ni, Zn) were examined
over a wide concentration range a 25°C. With increesng moldity of the heavy metd sulfae
the solubility of gypsum CaS04-2H,O decreases fird and then rises to a maximum. The
variation of the solubility curves in dependency on the nature of the M?* ion can be interpreted
by the effect of ion par formation. Cdculation of the mean ionic activity coefficient
?2:(CaS04) from the solubility data in the 3 sydems yidds increesng vaues going from the
ZnS0O4 to the MgSOs sysem. This coincides with incressing ion par formation congtants
Kznsos < Knisos < Kmgsos and thus the solubility curves reflect competition of ion pair
formation with CaSO,°.

Cdorimetric measurements were darted to determine the heat of solution of polyhdite
a 25°C. The experiment will dlow cdculaions of the equilibrium constants of formation
from data a 40°C, where the experiments are peformed, to 25°C. From preiminary
measurements a hest of dissolution at infinite dilution of -23,47 kJmol at 25°Cwas derived.
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SOLUBILITY OF SODIUM CHLORIDE IN WATER IN DEPENDENCE OF
PRESSURE

T. Suworow, W. Voigt
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The temperature dependence of the solubility of sodium chloride belongs to one of the
best documented of al ionic compounds [1]. However, data on pressure dependence are
gporadic and scattered. Since the pressure effect on solubility is smdl very high pressures had
been gpplied in measurements in the past. Most recent investigations from Matsuo and
Sawamura [2] cover a pressure range up to 600 MPa. For NaCl the solubility increases with
pressure, which is quite particular for avery soluble sat.

For an underdanding of long-term solution-dissolution processes in - evaporitic
sediments the smdl variations of solubility due to pressure changes up to 20 MPa are relevant
and have to be known quantitatively. However, in this pressure range experimenta data are
not available.

Pitzer, Peiper and Busey [3] deveoped a complex thermodynamic modd for the system
NaCl-H,0, which should ke vdid between 273 — 573 K and up to 100 MPa. It is based on an
extended form of PRitzer's equations and involves more than 120 adjusted parameters.
Edimations of the pressure effect from this modd give rdative vaiaions in solubility of
approx. 0.03 % per 1 MPa pressure change. This corresponds to a an absolute vaue of 0.13 g
NaCl/kg H,O a a saturation concentration of 360 g NaCl/kg H>O. The same vaiation in
solubility would be caused by a temperature change of 0.06 K.

An gpparatus and experimental procedure has been developed, which is based on a quas-flow
technique usng a HPLC pump and ensures the quantitative determination of small solubility
changes a high absolute vaues of solubility.

In this paper the experimenta solubility data a 25, 40 and 80 °C are reported and
discussed in the context of accuracy, experimentd methodology and agreement with the
Pitzer-Peiper-Busey modd. Conclusions are drawn in respect to re-crystdlization processes in
evaporitic sediments and safety agpects for radioactive or toxic disposas in degp rock salt
formations.
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METAL PHOSPHONATE CHEMISTRY: FROM SYNTHETIC CURIOSTIESTO
REAL INDUSTRIAL AND BIOMEDICAL APPLICATIONS
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Metd phosphonate chemistry is going through a renaissance in the last decade.
Synthetic chemigts, chemica engineers, pharmacists, medica doctors, water technologists,
and gpplication scientits have been working on this excting aea of technology from
different perspectives. Meta phosphonate chemistry has found numerous agpplications in the
aress of chemica water trestment, pharmaceutical science, ion exchange, catdyss, medicine,
agronomy, efc.

In this contribution the synthetic and dructurd chemistry and agpplications of metd
phosphonate materials are presented with emphasis on dkaine eath meta phosphonates. In
particular synthetic methodologies will be presented for a plethora of M-phosphonates (M =
Mg, Ca, Sr, Ba and Zn, see Fig. 1) [1]. Structurdly diverse phosphonate ligands include di-,

tri- and tetra- phosphonates and mixed phosphonates/carboxyl ates[2].
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Fig. 1. Structure fragments of {Ba(H4/AMP)(H20)}, (Ieft) and [Sr(HsAMP)],, (center), AMP =
amino-tris-methylenephosphonate, and [Ca(HsPBTC)(H20)2-2H,0],, PBTC = 2-Phosphono-
butane-1,2,4- Tricarboxylic acid (right), coordination polymers.

Methods of dructurd characterization are adso mentioned. Ladlly, the role of these
meta phosphonates in modern, ground bresking application aress is discussed. These areas of
ressrch in our laboratories include chemicd water treatment [1], oailfidd drilling,
desdination, scale inhibition, corroson inhibition [2], disolution [3], disperson, trestment of
osteoarthritis and related pathologica conditions [4], and others [9].
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SOLUBILITY MEASUREMENTS OF TERNARY SYSTEMS
BY ISOPIESTIC METHOD

Rumyantsev, Alexey V.

Chair of Chemicad Thermodynamics and Kinetics,
Chemical Department of St.Petersburg State University,
Universitetskii pr., 26, Petrodvorets, St.Petersburg, 198904, Russa
E-mal: Rummy@yandex.ru

Idea to use isopiestic method to determine solubility in ternary systems is not a new
one. Kirgintsev and Trushnikova seem to be firg persons who did it [1]. Then Platford
applied the technique to somewhat more complex sysems [2]. Compostions of invariant (T,
P = const) points were determined in al cases. Toward this end an extra cup is placed into
isopiestic chamber together with the set of homogeneous ternary solutions. This extra cup
contains an excess of heterogeneous compostion (saturated solution and two solid phases)
corresponding to the invariant point. On achieving isopiestic equilibrium, the compostions of
initidly homogeneous solutions are determined in the usud fashion (by weghing). These
compostions form two draght lines in the solubility diagran with intersection point
corresponding to the compogtion of liquid phase of invariant point under invedigation.
Reverse direction of the draight lines dso dlows determining the compostion of equilibrium
solids.

The man advantage of the technique is the high accurecy of determination of
compostions of dl three phases, as it does not require the chemica andyds of ternary
mixtures. It should be noted that there are variants of the consdered method, which include
patiad chemicd andyss of equilibrium compodtions (see, for example, [3]), but
congderation of such techniquesis outside the present report.

The method has two main disadvantages. Fird, it is a time-consuming (one point takes a
week or two). Second, it is necessary to prepare heterogeneous composition for an extra cup.
It does not cause any problem if a congruent invariant point (euthonic point) with solid phases
of congant compogtion is dudied. The invedtigaion of incongruent invariant point
(perithonic point) may be somewhat more difficult. Moreover, an unsolvable problem may
occur on the invedtigation of invaiant point with solid solution cryddlization, as the
preparation of the heterogeneous compostion requires knowing the compodtion of dl three
equilibrium phases beforehand.

However, we can essantialy diminate the disadvantages of the method consdered, with
the advantages being kept. The modified technique includes the repeatable process. The set of
ternary solutions achieves isopiesic equilibrium in the fird sage A pat of solvent is
removed from the solutions by evaporation in the second stage. Then both stages are repeated.
Usudly the process is stopped when homogeneous solutions reach the saturation limit of any
s0lid phase. However, the continuation of the mentioned process gives a lot of vauable
information on <olubility. The following sysems ae presented as examples K>SO, —
CuSO,4 — H,0 (the solubility curve of a double sdt), (NH4)2SO4 — C5S04 — H2O (the phase
diagram of a sysem with crygdlization of solid solution sets), and MgCh — FeCl, — H,O
(this example answers the question: Whether solid phase has congtant composition or whether
itisalimited solid solution?).
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Phase change materids (PCM) ae used for efficient thermd energy storage in smdl
temperature intervals. Inorganic PCM have a high storage densty, but they tend to subcool.
As the main advantage of PCM compared to sensible thermd storage is the operation in small
temperature ranges, subcooling should be minimized.

Currently, subcooling is reduced by adding nucleators to the storage materid. This
method has two disadvantages. First, he nucleator can be deactivated when heated above its
melting point. The reason is that the nucleator has a smilar crystd dructure as the PCM,
therefore the meting points of the PCM and the nuclestor are smilar. Second, a proper
nucleator has to be found for every storage materid. For this search, no systematic approach
has proven auitable yet. Usudly, thousands of substances are tested without any guarantee for
SucCcess.

From thermodynamic theory, it should be possble to initiste crystdlization by gpplying
high pressure to the subcooled melt. Compared to the use of nucleators, this method has two
main advantages The triggering mechanism cannot be deactivated by overhegting the system.
The method can be applied to a class of Sorage materids.

As a fird dep to develop a pressure based triggering system, we examined the
nucleation under datic pressure. For NaOAc-3H.O, Rogerson e d. [1] derived from
molecular theory that a pressure of about 700 MPa should shift the temperature of nuclegtion
from -20°C to +20°C. Due to lack of experimental data, this prediction is based on many
assumptions and smplifications, as well as on data of other materids.

Here, we present experimentad data of NaOAc-3H,O under dtatic pressures up to 800
MPa We investigated the pressure dependency of the mdting and crysalization
temperatures. The meting curve is an important parameter for the theoretica understanding.
The nuclegtion curve gives the pressure needed to initite cryddlization a ambient
temperature. We obsarved a shifting of the nuclegtion temperature from -20°C a ambient
pressure to +40°C a 800 MPa This confirms that within this pressure range, the nuclestion
temperature of NaOA c-3H,0 is shifted above room temperature.

Investigations of other <dt hydrate PCM, namdy cdcium chloride hexahydrae
CaCl,-6H,0 and potassum fluoride tetrahydrate KF-4H,0O, have dso been conducted. Similar
behavior was observed.

The focus of future investigations will be how long the pressure has to be gpplied and
how this could be technicdly redized.

The experimental work was carried out a the high pressure laboratory of the Lehrstuhl
fur Huidmechanik und Prozessautomation, a the Technische Universtd Midnchen. This work
was supported by German Federd Ministry of Education and Research (03SF0307A).
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SUPERCRITICAL PHASE EQUILIBRIA IN TERNARY WATER-SALT SYSTEMS

Urusova, M.A.; Valyashko, V.M.
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RU-119991 Moscow, RUSSIA, Vayashko@IGIC.RAS.ru

Three ternary systems (K2SO4 - KCl - H,0, K2SO4 - K2CO3 - H0 and KzSO4 - KoHPOy, -
H>0) include one binary water-sat subsysem K»SOs - H2O of type 2 (with critical phenomenain
solid saturated solutions and supercritica fluid equilibria) and the binary subsysems (KCl - H»0,
K2CO3 - H,O and K;HPO,4 - H>O) belong to type 1 (without criticd phenomena in solid saturated
solutions and  supercritica  fluid equilibria).  However, the various phase transformations were
edablished in ternary mixtures depend on the exigence of immiscibility phenomena in binary
subsystem of type 1.

The ternary sysems were studied a temperatures 400-500 °C and pressures up to 100 MPa
It was found that supercritica fluid equilibria spreading from the binary subsystem of type 2 (K2SO4
- H20O) were observed both below and above the temperature of binary critica end-point Q only in
the sysem K,SO, - KCI - H>O, where the binary subsystem of type 1 (KCl - H>O) has no liquid-
liquid immiscibility. Binary subsysems of type 1 (K2COsz - H,O and K,HPO, - H20) are
complicated by dable immiscibility region and supercritica fluid equilibria in ternary  systems
K>S0, - K2CO3 - H,O and K>SO, - KoHPO, - HoO do not exceed the temperature of critical end-
point Q in binary subsystem K>SO, - H2O.

Specid dudies of criticd phenomena in ternary mixtures show different nature of these
equilibria depend on the types of criticd phenomena in binary subsystems K,CO3 - H,O, KoHPO, -
H,O and KCI - H2O. It was edtablished that the monovariant criticd curves of different nature
darted in binary nonvariant critical points p (G=L-S) and Q (L1=L»-S) do not intersected each other
but are separated by the 4 phase immiscibility region (L1-L>-G-S) in the system K>SO, - KCI - HO.
At temperatures above the immiscibility region Li-L»-G-S there is three-phase region Li-L>-G that
separates the isothermal critical cuves Li=L, and L=G, originated in binary subsysems. In ternary
systems K;SO,; - K2CO3 - HoO and KzSO4 - KoHPO, - H20, the ternary isothermd critical curves
originated in binary subsysems have the same nature (L1=L,) and do not separated at temperatures
above the critical end-point Q.

The work was supported by the RFBR (grant 04-03-32844) and RAS (grant 9P1.17)
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THE TEMPERATURE DEPENDENCE OF THE SALTSSOLUBILITY IN AQUEOUS
NONELECTROLYTE SOLUTIONSAND THEIR STRUCTURAL-KINETIC
CHANGES

A. Lyashchenko, T.Okhrimenko*, A.Lileev, by E. Efremova*

N.S.Kurnakov Indtitute of the General and Inorganic Chemistry of the Russan Academy
of Science, Moscow, Leninsky ?rosp. 31, 119991, Russia, e-mail aklyas@mail.ru
*|ndtitute of Crystalography of RAS, Moscow, Russa

The dructurd changes of water in the agueous nondectrolyte solutions (15 systems)
ae dudied by mean of microwave dieectric spectroscopy. The complex digectric
permittivity was measured by the method of thin didectric rod in the wave-guide a
frequencies range %25 GHz in temperaure interva 288-308 or 283-313K. The vaues of time
and enthdpy of dieectric relaxation process are found. They reflect the changes of the
molecular-kinetic mobility of water molecules in dementary hydration processes for times 10°
s The identicd sign of time changes and different sign for activation enthdpy didectric
relaxation were edtablished that evidence about dabilization or the disorder of the water
sructure in hydration processes. It is shown, what urea and glycolamide are the most strong
structure-bresker, while isopropanol and dimethylurea are the most strong structure-maker of
the water.

The influence of nondectrolyte addition on the solubility diagran of KH;POy,
KHCgH404, Ba(NOs), and Sr(NOs), was shown experimentaly. Solubility was sudied for the
temperature range 298-328 K (KH,PO, and KHCgH4O,4) and 288-343 ? (Ba(NOs), and
Sr(NOg3),) in water and mixed solvents. The concentration of nondectrolyte addition (urea,
glycerol, acetone, isopropanol and dimethylured) was vaied up to 57 mol.%. The
temperature solubility coefficients were cdculated for al invedigated sdts on the bass of
obtained data. It was established, what additions bringing to the dabilization of the water
dructure enlarge the temperature <solubility coefficient. The sructure-bresking additions
reveal contrary action.

The theoretica scheme is given that explain the change of the temperature dependence
of the sdts solubility in waer-nondectrolyte sysems on bass of the data on the Sructura
change in solutions. It is possble to change the type of physic-chemicd diagram when the
sructuredness of waters in solution is varied by the noneectrolyte additions. As a result it is
gopear the methods for the directed regulation of oversaturation a growing of crystds by
means of the temperature drop method.

Work is support by Russan Foundation of Fundamenta Researches, grant 05-02-
16825
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SOLUBILITY, SPECTROSCOPIC AND VOLTAMMETRIC STUDIESON THE
BINDING OF ANTITUMOR MORINWITH CYCLODEXTRIN AND DNA

Temerk.Y.M”, Ibrahim.M.S, Abdel HafezM .K

Chemigtry Department, Faculty of Science, Assiut University, Assiut (Egypt)
* Author correspondence. E-mail: Temerk44@yahoo.com

Abstract:

The phenomenon of Morin exhibiting different antitumor activities led us to consder
the binding of Morin with cycodextrin and DNA. The interaction of antitumor Morin with (3
cyclodextrin (--CD) and DNA has been invedtigated in the BrittonrRobinson (BR) buffer
solutions using solubility, spectroscopic and voltammetric methods. The measurements  show
that the Morin, acting as an intercaator, is insarted into the cavity of the [3-CD as wdl asinto
the base-stacking domain of the DNA double hdix. Upon addition of 3-CD in a buffered
Morin solution, the solubility of Morin increases and Gibbs free energies of trandfer of the
Morin agueous solution to the cavity of [-CD ae negative and increase negdively with
increasng >-CD concentration. The binding condants were cdculated from the increase of
the solubility and voltammetric methods. Binding is interpreted in terms of the intercdative
interactionswith DNA hdix or within (3-CD cavity.
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THE COMPARISON OF DISSOLUTION PROCESSOF METALLIC NICKEL AND
PALLADIUM IN BINARY ORGANIC MIXTURES.

Jurek Katarzyna
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Seminaryjna 3, 85-326 Bydgoszcz, Poland, katjurek@atr.bydgoszcz.pl

An interes in chemidry of sulfoxides is largdy due to the role of ther SO group as
ligands, resgents and solvents. The most fundamental chemicd properties of sulfoxides
include ther capacity for deoxygenation of sulfinyl group to give sulfide Metd dissolution
can be congdered as a amultaneous action of oxidizing and complexing agents. Furthermore,
it is known that with the increase in the donor number of the solvent agpplied, the standard
potential of the metal decreases[1].

Previoudy we have reported on the reaction of dissolution of metalic copper in binary
organic mixtures. The metalic copper can be dissolved in organic binary mixtures of DMSO
and one of haogeno diphdtic derivatives. The replacement of dimethyl sulfoxide in organic
mixture with different solvents did not lead to a dissolution of these metds, which confirms
that the dimethyl sulfoxide was a hecessary component of the dissolution process|[2].

The process of dissolution of metdlic nickd and paladium were cary out in binary
mixtures of anhydrous dimethyl sulfoxide (DMSO) with one of the following diphatic
hdogen deivatives  1,2-dibromoethane,  1,1,2,2-tetrabromoethane,  tetrabromomethane,
tetrachloromethane, tribromomethane. In the succeeding stage we replaced dimethyl sulfoxide
with one of the following solvents acetonitrile, nitromethane, tetramethylene sulfone in
binary mixture.

The dissolution process of metdlic nickd and pdladium has been shown to occur essly
in mixtures of DMSO and one of bromodiphatic derivatives 1,2-dibromoethane or
tribromomethane,  1,1,2,2-tetrabromoethane, tetrabromomethane.  Furthermore, the nicke
dissolution process occurred fastest in the mixture composed of DMSO and 1,2-
dibromoethane. Based on the spectroscopic anadysis of the solution products in the above
mixtures, the square planar pdladium(ll) complexes were determined. As a results of
dissolution metalic nickd in binay organic sysem the octahedrd nickd(ll) complexes were
obtained. As a reaults of differentid themd and quantitetive andyss we obtaned the
molecular formula of complexes Ni(DMSO)sBr, and Ni(DMSO)4Br,. The molecular formula
Pd(DMSO),Br, of solid pdladium(ll) complexes as a result of quantitative andyses was
assgned. The <olid products is eedly characterised usng spectroscopic and  mass
spectrometry methods. The square planar coordination sphere with DMSO coordinding via
sulphur a@om was shown. The octahedrd dtructures with DMSO  coordinating via oxygen
atom of nickel complexes were indicated.

The dectrochemicd dudy of pdladium(ll) complex indicated that the quas-
reversble one-electron oxidation process of  Pd(ll) occurred with an increase in the
coordinaion number. The O donor and hdogen ligands stabilised higher oxidation Sate of
nickel complexes and the oxidation of Ni(l1)/Ni(lI1) occurred easier[3].
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PIPELINE CORROSION —CARBONATE SOLUBILITY IN MIXED SOLVENT
ELECTROLYTE SYSTEM

Fosbd, Philip L oldrup; Stenby, Erling H.; Thomsen, Kaj

Department of Chemicad Engineering, Technical Universty of Denmark,
Sdltofts Plads Building 229, DK -2800 Kgs. Lyngby, Denmark,
plf @kt.dtu.dk

Many pipelines in the North Sea are made from mild sted. They ae 16 inches in
diameter and transport on average 4 million nt natura gasiday. A breskdown will be costly.
Natural gas contains smal amounts of CO,. Produced gas is saturated with water (wet gas)
and it condenses a the cold pipe wal during transportation. NaOH and glycol (MEG) or
methanol is injected to prevent gas hydrate formation and corroson. CO, dissolves into the
water-MEG-NaOH  liquid phase and the dectrolytic environment will corrode the lower
periphera part of the pipeline. Various protective corrosion products are produced depending
on the chemica environment. FeCOs is one of the corroson products and the corrosion rate is
very dependent on its saturation index. The ionic drength in these systems is very high due to
the NaOH and an activity coefficient model is needed to cdculate the carbonate activity.

In this work we seek to get a better understanding of CO, corroson in naturd gas
pipdines through experimentd work and moddling. Only few phase equilibrium data for the
CO2-NaOH-H,O-MEG sysem have been published in the open literature. Solubility
measurements have been performed and the extended UNIQUAC mode [1-3] is being used
for moddling the sysem. Figure 1 shows the model performance in pure water. Result will be
shown for the mixed solvent system.
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Figure 1. Phase diagram showing 2-sdt linesin the ternary NaHCO3-Na,COs3-H,O
system as afunction of temperature.
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PRODUCTION OF PU AND NP REFERENCE COMPOUNDSASEXPERIMENTAL
TOOL FOR FUTURE THERMODYNAMIC DATABASE IMPROVEMENT

Amme, M.
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Thermodynamic solubility data are an integra component of performance assessment
(PA) databases used in nuclear repodtory safety analyss. In order to produce reiable
cdculaion results within PA procedures, the qudity of input data needs to be assured. Many
data compiled in databases are of minor quality because they are results of outdated work,
unclear methodology, or just gueses. In order to redize thermodynamic data quality
assurance, in some cases improvement of data by experimental support is judified or even
necessty. The upcoming German project THEREDA (Thermodynamic reference database)
will be concerned with aspects of thermodynamic data improvement and compilation within a
criticaly evauated database. The project is designed in two phases. Phase one will be
dedicated to the congtruction of the computationd frame as well as to sdection and evauation
of exiding data During phase two, dso (where necessary) experimenta revison of
thermodynamic data is planned. The German project partners are FZK-INE, FZR, GRS, and
Universty Freiberg. JRC-1TU and Colenco Engineering (Switzerland) are associated partners.

The Inditute for Transuranium Elements (ITU) is plaoned to support during the
second phase of experimenta data improvement, and to contribute with work on highly
radioactive phases as reference materids. It is foreseen that ITU will particularly investigate
technicd radionuclide phases, such as mixed oxide nuclear fuels (solid solutions) containing
changing compaositions of U and Pu, metalic phases (for example Zr-dloys or metdlic fisson
products), or certain compounds of the short-lived fisson products Cs (for example Cs
uranates) and S (example: Sr-zirconates) which are of importance for the long-term gahility
behaviour of disposed nuclear fuels. Furthermore, data on certain compounds of the actinide
elements Np and Pu, which were not synthesised or characterised previousy as pure phases,
were salected to be of importance and are planned to be investigated by 1TU.

Firg of such compounds were invesigated as pat of the Actinet-6 Network of
Excedlence project 2-08. The phases plutonium(lV) peroxide and plutonium(lV) oxocarbonate
were prepared by wet precipitation technigue and characterised using scanning eectron
microscopy (SEM), thermogravimetry (TGA), carbonae titration and photometric andyss.
Sum compositions were calculated for the solids. Pu peroxide is supposed to appear during
radiolytic dteration processes and Pu oxocarbonate may appear as secondary phase during
PuO, solubility processes in dkdine media Both are so far not mentioned in thermodynamic
solubility databases, dthough they were observed during Pu  precipitation  experiments.
Neptunium(IV) oxocarbonate was prepared by the same technique as the Pu compound, but
not yet characterised.

It was planned to continue with synthesis of further Np(IV) solids which ae 0 far
missng within databases, and to dat work on  plutonium(V) compounds. Posshle
experiments on the solubility behaviour of actinide phases were foreseen to be performed in
cooperation with the ITU patners of Actinet project 2-08 (FZK-INE, FZR, NRI Rez) in a
later stage of the project. In addition to the primary task of filling gaps in thermodynamic
databases, such actinide reference compounds are useful for the deveopment of a
spectroscopic identification tool for spent fuel phases.
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THE FACTORSDETERMINING THE ABSENCE OF DOUBLE SALTS
IN TERNARY AQUEOUS CHLORIDE SYSTEMS

SKkripkin Mikhail Yu., Chernykh Lyudmila V., Rozmanov Dmitry A.,
Zamyatin lgor V., Stepakova Lyubov V.

Department of Chemidtry, Saint- Petersburg State University, Universitetsky pr. 26, 198504,
Saint-Petersburg, RUSSIA ; e-mail: skripkin1965@yandex.ru

In this presentation the main reasons of the absence of douwble sdts in ternary agueous
chloride systems MCl, — M’ Cl, — H,O are discussed. Based on the andlysis of literature data a
range of principdly different sysems (totaly, more than 25) was chosen. For these systems
solubility isotherms were studied including the gradients of components concentrations aong
thar crysdlization branches and the hydration andyss of saturated solutions [1] was
undertaken. Some systems were aso investigated by vibrational spectroscopy, EXAFS
technique, quantum chemidry caculations, eectron absorption spectroscopy, viscometry and
dilatometry. As a result of the anadyss of dl the data avalable, the next conclusons were
made:

« If the cations with smal ionic potentid (Ba?*, Sr?*) are presented in the systems, their
rdatively week hydration and, as a sequence, high lability of waer molecules in the firg
hydration shdl is the man reason for the absence of double sdts This kind of cations is
unable to form ion pairs stable enough to become the bass to form the Structure of complex
compound;

« Cation Be?* exhihits rather strong interaction between water molecules in the first and
second hydration shells that is a barrier to form ather non-contact or contact ion pairs. The
weekening of this interaction is possble only under addition of very large amounts of dkdine
chlorides. But even under these conditions the association processes are not prevailing;

* In some sysems containing sodium chloride (MgCh — NaCl — H2O, CuCl, — NaCl —
H20, CuCl —NaCl — H,O) the absence of double chlorides is caused, from one hand, by wesk
influence of sodium cation on the solution sructure, and, from another hand, by impossbility
to reach the compogtion of coordination sphere of centrd aom corresponding to the
precursors of double sAlts;

* The absence of complex compounds in the sysems with competing complexation
MCl, — M’Cl, — H20 can be due to two factors: smdl difference in stability congtants of acido
complexes (M and M’ are 3d-dements) or strong digtortion of coordination polyhedron of a
metal as a sequence of Jehn-Tedler effect of first (CUF) or second (Hg?) type.

Acknowledgement: Russian Foundation of Basic Research (RFBR) is thanked for the
financial support (project 05-03-32099a).
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FORMATION OF ANHYDROUS COMPOUNDS IN THE M X5 — CO(NH,)2 — H20
(M2 =Mg, Mn, Co, Ni, Cu, Zn, Cd: X~ =Cl, Br, 1) SYSTEMS

Chr. Balarew, St. Tepavitcharova, R. Gergulova

Ingtitute of Genera & Inorganic Chemistry, Bulgarian Academy of Sciences,
Acad.G.Bonchev sir.BI.11, 1113 Sofia, Bulgaria. baarew@svr.igic.bas.bg

The affinity of ureato metd ions (Fig.1) leads to formation of abig variety of meta-
urea complexes. In dl cases of hard and intermediate in hardness Lewis acids the urea oxygen
atom is bound to the metd ion, the urea—NH; groups are involved in the structures through
hydrogen bonds with X" ions only.
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Fig. 1 Resonance structures of an urealigand bound to M™ viaan O-M bond.

The am of this presentation is a survey of the known types of anhydrous compounds
MX2.10CO(NH2)2; MXz.GCO(NHz)z; MX2.4CO(NH2)2; MXz.ZCO(NHz)z; MXz.CO(NHz)z
formed in the sygems MX; — CO(NH,)2 — H>O. The bonds in the crysta structures of these
anhydrous compounds are schematicaly presented on Fig.2.
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Fig. 2 Scheme of the crystd structures of MX2:nCO(NH;), compounds (n=10, 6, 4, 2, 1).

Our studies on the system ZnBr, - CO(NH,), - H2O at 25°C have shown the existence of
an unknown s fa anhydrous compound ZnBr,.2CO(NHy),. It is isodtructura to
ZnChL.2CO(NH,),;, where Zn?** ions are in tetrahedra coordination with 2X ions and 20
atoms of two CO(NH,), molecules.

The interest in meta- urea compounds is based on their biologica (antimicrobia and
antiviria) properties, aswell as on some important physical (eg. piezo- and pyroglectric)
properties. The biologica importance of ureain the design of complicated molecules could be
supported by the example of Vitamin B12, an inorganic coordination compound, richin -

CONHg> groups.

Acknowledgment: The author Chr.Baarew is thankful to the Alexander von Humboldt
Foundation for the 12" | SSP conference allowance.
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DISSOLUTION KINETICSOF SINTERED CALCIUM PHOSPHATE IN LACTIC
ACID CONTAINING SOME IONIC ADDITIVES
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Bontchev Str., Bl.11, 1113 Sofia, Bulgaria

Sintered cacium phosphates are widely used as bone subgtitutes. The investigation of
the effect of various ion admixtures on the dissolution process of cadcium phosphates in
biologicdly important solutions is of interet with a view to ducdaing both the
physicochemica problem and some dementary  processes associated with the assmilation of
the biomateriads by the tissue structures.

The dissolution kinetics of dntered hydroxyapdtite with 30% b-tricAdcium phosphate
in a buffer solution of lactic acid with pH 4.5, containing ionic additives as eg. different
amounts of zinc chloride and ammonium molybdate, at temperature (19.6°C £0.05°) have
been investigated. A granulate (gran size~100um) and a specific surface area of 19.0 Mg
was used for the invedtigations.

Obvioudy, the highest reaction rate is observed during the initid severd minutes, after
which it decreases sgnificantly with the concentretion rise of the additive in the solvent.

The ion additive adsorption on the crystdline surface at the dissolution front was
interpreted theoretically using the Langmuir equation (adsorption isotherm):

R _q, 1
R- R K.C,
where R, and R, are the dissolution rates in presence and absence of an inhibitor, K; isthe

absorption equilibrium congtant, Ca- the impurity concentration in the solution. The process is
explained by the proceeding of adsorption phenomena at the dissoluton front.

Acknowledgements. Thiswork was done with the financia support of the Bulgarian
Ministry of Education and Science, Project X 1509
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NUMERICAL MODELING OF NATURAL BRINESIN THE SIX-COMPONENT
OCEANIC SALT SYSTEM
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1Consultant, Hachsfeld 5, 31303 Burgdorf, Germany,
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Evolution of naturd magnesum chloride rich sdt brines from segpages in a German
potash mine was modedled [1] with the phrgpitz code [2]. The brine data reved Sgnificant
chemica changes during the 30 year period under investigation, which can be moddled by
the invason of externd fluids, presumably cagp rock brine, through the Stassfurt potash seam
and the adjacent man anhydrite. In an initid rehydration stage, the parageness kieserite +
anhydrite + sylvite reacted to form polyhdite + carndlite. However, temporary eimination of
kieserite did not lead to a termination of the process in invariant point IP1, but instead
continued to the metagtable invariant point 1P1(gy), with gypsum insead of anhydrite.
Continued invasion of fresh cap rock brine produced univariant reactions adong the carndlite-
gylvite phase bounday and dong the polyhdite phase boundary. Findly, dimination of
polyhdite yidded solutions developing towads invaiant point E of the degenerate
quaternary boundary system.

The identification of the metastable processes around 1P1(gy) was initidly hampered by
inaccurate older phase diagrams, linear gpproximations in more recent phase diagrams [3],
lacking information on metastable equilibria, neglected Ca andyses, interference of post
sampling dilution due to hygroscopic propeties of concentrated magnesum chloride
solutions giving mideading saturation indices, and reporting of brine andyses in terms of
normaized sandard sdt components rather than eemental concentrations which precluded
charge baance checks. These problems could be largdy solved by usng an interndly
consigtent and

accurate datab_ase [4] Mg (100) I S,
and phase diagrams [@stagel | bischofitg'", mEnRasnes
based on this = mage IF AN . —
database  for  dll ‘fﬁ*“’*“ﬁ{ SRS | o [V
. . . = Kfgge A 3 k

operations, including : mf—':g{-r (L g
newly caculated E‘.—}' E
?ﬁg{; and br(;llizﬂaelbelse kiese.ﬂ'_té. rp:?_ caanmMA ﬁéaf ® 1igy)

e v o A, BN
Dilution effects were AV AR AN e
dedt with by plotting FAV -V 4

Y, al L . —— palyhalite, stabis
hexahydrite ' | kainite | @ #:-fﬁr'hr."—.- polyhalita, metastable
| f .

dementd ratios and
by not using
saturation indices. | !
; A paly hatlte
epsomite / o \
s0420 / kN, . K 2(20)
References

[1] Krupp, R., Geochim.Cosmochim.Acta, (2005), Val.69, Page. 4283-4299.

[2] Plummer, L., et d., Water Resources Investigations Report 83-4236, (1988), USGS
[3] Euggter, H., Geochim.Cosmochim.Acta, (1980), Vol.44, Page. 1335-1347.

[4] Harvie, C., et.d., Geochim.Cosmochim.Acta, (1980), Vol.44, Page. 981-997.

63



POSTER: All 4

LIQUID —LIQUID EXTRACTION EQUILIBRIUM OF ZINC(I1) WITH
ALKYLIMIDAZOLES
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The purpose of this work was a determination of the influence of the akyl chains on
extraction of Zn(Il) from agueous solutions with akylimidazoles. In the invedigeation it was
used 23 derivatives from 3 homologous series of akylimidazole, i.e. 1-adkylimidazoles (alkyl
is from C4Hg up to GiaHag), 1-dkyl-4(5)-methylimidezoles @kyl is from CsHg up to Ci1Has)
and 1-dkyl-2-methylimidazoles (alkyl is from CsHi; up to GaHazs). In the invedtigetion it was
used five organic solvents, namely toluene, p-xylene, 1,2,3,4-tetrahydronaphthalene (tetrain),
2-¢thyl-1-hexanol and dichloromethane.

The vaues of dability congtants and partition condants for dl the sysems were
determined. It was demondrated that both the stability constants and the partition congtants of
the complexes increased with increesng akyl chain length. This referred especidly to b, and
b3 and was due to the contribution of tetrahedrd species, which enhanced the overdl Sability
congants. The nature of the solvent was aso crucid. Higher vaues were obtained in non
polar solvents (toluene, p-xylene and tetrdin) as compared to the polar ones (2-ethyl-1-
hexanol and dichloromethane).

The deric effect due to the presence of a 4(5)-methyl group decreased the values of
dability congtants of the Zn(ll) complexes as compared to those with derivatives carrying
a 1-akyl group only. But in the case of 1-dkyl-2-methylimidazoles, despite stronger deric
effect, the vaues were different than expected. It could be explained by the higher bascity of
1-dkyl-2- methylimidazoles

The increese in hydrophobicity of ligands resulted in the increase in partition constants
of the complexes. In paticular, there was a consderable increase in the second and third
complexation step, especialy for complexes with 1-akyl-4(5)-methylimidazoles. The deric
hindrance displaced the configurationd equilibrium towards the tetrahedra species, which
resulted in an increase in the partition congtants as compared to those obtained for the
1-dkylimidazole complexes.

As a reault, the tetrahedral species formed for 1-dkyl-2-methylimidezoles and 1-akyl-
4(5)-methylimidazoles were less dtable as compared to those subgtituted at postion 1 only,
but were more readily extractable with the organic solvent owing to a smdler number of co-
ordinated water molecules. This crestes conditions for the sdective extraction of Zn(Il)
complexes over copper or hicke ions.

It was shown that dkylimidazoles containing from 10 to 12 methyl groups in Al
subgtituents are the most effective extractants. Further increase of the akyl group does not
improve the extraction properties of akylimidazole. The best extraction properties showed
aromatic hydrocarbons, especidly tetrdin and toluene. It was shown that the best extraction
sydem ae 1-decylimidazole — p-xylene 1-dodecylimidazole — toluene, 1-nonyl-4(5)-
methylimidezole — p-xylene and 1-decyl-4(5)- methylimidazole — toluene or p-xylene,
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Room Temperature lonic-liquids(RTILS) is a kind of liquid absolutely composed of
ionic, which remains in liquid dae a low temperature(<100 oC). In contrast to volatile
organic extraction solvents, they have no measurable vapour pressure. There is no loss of
solvent through evaporation. Environmental and safety problems arising through the use of
volatile organic solvents can be avoided. RTILs have been studied for gpplications related to
green chemical processes, such as liquiddiquid extractions, gas separations, eectrochemistry,
and catayss.

Sulfur compounds present in the motor fuels lead to SOx emisson to ar and the
poliution generated by vehide engines. In order to minimize the negative hedth and
environmental effects from automotive exhaust emissons, the sulfur compounds in motor fud
must be reduced to low level. RTILs have great potentid solutions for sulfur—free clean fuels
as extractive desulfurization solvent.

Four types of lonic-liquids: 1 -butyl -3 -methylimidazolium
tetrafluoroborate([omim|BF4), 1 -butyl -3- mehylimidezolium benzothiazoy([bmim|BeS), 1-
buty- 3 - methylimidazolium hexafluorophosphate  ([bmim]|PF6), 1-butyl-3-
methylimidezolium  chloroduminate ([bmm]AICKM) were demonstrated to be potentidly
aoplicable for sulfur remova from modd motor fud in this work. The modd fuds were
composed of thiophene (Thio) — noctane, 2-Mehyl thiophene (2-M-T) — n-octane,
benzothiophene (BT) — nroctane, dibenzothiophene (DBT) — nroctane. The liguid-liquid
equilibrium of termary (lonic liquid+S-containing compounds+n-Octane) were determined at
40 oC. The equiibrium of extraction was reached in 3 minutes The distribution coefficients
of Thio, 2-M-T, BT, DBT between the ionic-liquid and n-octane were measured to be 0.45,
0.28, 0.50, 0.50. The 60~90% sulfur compounds were removed from modd fue by 4 stage
cross extraction with lonic liquidModd fue (volume)=1:1 at 40 oC.
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There is dill a gap of reliable vapour pressure data a ambient temperature for low
volatile organic substances due to the difficult and time-consuming determinatiion using the
classcad methods. Static headspace extraction with a solid-phase microextraction (SPME)
fibre in combination with gas chromatogrgphic andyss provides an inexpensve tool for the
indirect determination of low vapour pressures down to 10° Pa The procedure consists of
two steps. @) exposure of SPME fibre in the headspace above the test chemical over minutes
to hours and b) desorption and quantification of extracted amount. The cdlibration was
performed usng low volaile reference substances with well-known vapour pressures. A good
correlation was found between substance uptakes of SPME fibre and vapour pressures. The
method was applied eg. to tetrachlorobenzenes and to selected tetrachlorobenzyltoluenes with
guestionable vapour pressures. We obtained vaues between 0.98 and 13.5 Pa for the former
and results between 0.13 and 0.68 mPa for the latter group of congeners. The scope of the
method can be extended to substances with even lower vapour pressures, provided that
reliable reference data are available.
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Compared to other natural gases only few invedtigations of hydrogen sulphide (H»2S)
solubility in agueous solutions of inorganic sdts were conducted [1]. This may be attributed
to the uncomfortable nature of this compound (odour, toxicity) and the complexity of
experimental designs proposed so far (eg. [2], [3]). Most of them include open flow-through
sysdems. the gas is bubbled through the solution until equilibrium is assumed or proved by
sepwise andysis of the fluid phase.

We have developed a closed system gpproach, where the only andytica quantity is the
total gas pressure. The apparatus condsts of a three-necked flask with a continuoudy
measuring datalogging pressure sensor on top of one neck and two septa on the others (WTW
Oxitop® sysem). Fird the flask is filled with a pure H,S atmosphere of unit pressure and
thermostated a 25°C £ 1°C. Then a certan volume of deaerated sdt solution is injected
through one septum. The process of equilibration is continuoudy controlled by the pressure
sensor, the recorded data of whom are read out viaan infrared device.

Equilibrium is ataned within aout an hour of magnetlc grirring. At congtant
temperature  the  agueous  hydrogen  sulphide .

concentration may be derived essly from known or -
measured quantities like the find gas pressure, the _ =!
flask volume and the solution volume. The apparaus : = |
once filled with HoS and an initid soluion may be
used for severd consecutive measurements smply by °
injecting additional quantitites of water (fig. 1). We
agoplied this new technique to invedigate H>S
solubilities in concentrated solutions of NaCl, KCl, Flg 1 HZSpressureaboveKCI
MgC|2, NaSO4, K>SO, and MgSO4.
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The phase relaions between pyrrhotite and pyrite can be described by the solid-phase
reaction:
FeS,(cr) + 2Ag(cr) = *FeS (cr) + AgeS(cr)
where pyrrhotite is solid solution of FeS and VgeSs (ares<l).
The reaction was studied by measuring the temperature dependence of the eectromotive
force (EMF) of the dl-solid- sate galvanic cell with common gas space:
() PtIAg|Adl |AGS, ‘FeS, FeS; | Pt (+)
The cdl can be presented as a combination of two haf-cdls and pyrrhotite — pyrite
equilibrium, which serves as a sulfur source (solid-state buffer):

Left half-cell: 2Ag(cr) = 2Ag" + 2e
Right half-cell: 2Ag" + 2e + 0.5S,(g) = AgS(cr)
FeS,(cr) = ‘FeS (cr) + 0.55,(g)
Net potential-forming process: FeS,(cr) + 2Ag(cr) = ‘FeS (cr) + Ag2S(cr)

In this case, the pyrrhotite compostionsin equilibrium with pyrite need not be known.

The equilibrium in the cel was attained quickly (<48 hours) and reproducibly over the
whole temperaiure range dudied. The rdaively high mobility of slver ions and dectronic
conductivity resulted in the quick establishment of equilibrium between the solid phases of

the sample system.

Daa obtaned from the EMF measurements described by two linear (?,7,=0)
equations, which refer to the fidds of equilibrium of pyrite with high-temperature (?) and
low-temperature (13) pyrrhotite, repectively:

E(?+py), MV = -(311.7 +1.1) + (0.5968 +0.0017)-T, (601<T/K<723), R*=0.9999
E(R+py), MV = -(290.9 +1.4) + (0.5621 +0.0025)-T, (518<T/K<601), R*=0.9998
Tirs=(601 £2)K , ?4,sH=(4020 +200) Jmol™*

The temperature dependence of the gaseous sulfur activity above the pyrrhotite-pyrite
equilibrium can be determined by subgtitution of equations E(T) into equation,
logaS; = (-9174.5 + 20.159-E/mV) -T * + 3.61,

(which was obtained by only Gibbs energy of Ag,S formation from Ag and S;(g)[1]):

logaS,(?+py) = (15.64 +0.035) — (15455+23) -T %, (601<T/K<723)
logaS,(R3+py) = (14.95 +0.05) — (15040+28) -T 1, (518<T/K<601)

Thus, determination of the gaseous sulfur activity in Me-S systems is possble by solid-
date gavanic cdl technique with common gas space in addition to the éectrum-tarnish
method [2] and potentiometric gas sensor [3] provided that contents of dlver in Me-S system
and Me in argentite do not exceed 1 at.%.

This study was supported by RFBR (projects 05-05-64237 and 06-05-64444).
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The storage of low-temperature solar heat is a fundamentd way for saving fossl fuels.
The principle for energy storage by the utilisation of the hydration of sdts is the revershle
reaction of a desorbed sdt hydrate with water vapour by releasing hest.

The am of this work is to discuss the differences between the heat of hydration above
and beow the ddiquescence rddive humidity (DRH) for MgSO, hydrates. The DRH of
epsomite MgSO, - 7 HO) is about 90 % RH and the kind of the hydration product solid salt
hydrate or sdt solution depends on the partia water vapour pressure at the environment of the
crystals (corresponding to Eqg. 1 and 2, Fig. 1).

sat(s) + water (g) ? <t hydrate () for RH < DRH Q
sdt(s) + water (g) ? st solution (1) for RH > DRH 2

The device for measuring the isothermd heat of hydration & 30 °C was a cavet-
cdorimeter (C 80, Setaram) connected with a humidity controller (WETSYS, Setaram).
Starting substances were a magnesum sulphate, dried at 130 °C (MgSO,4 - 1,3 HxO) and
dsarkeyite (MgSO; - 4 H0). It is expected, that the maximum find States after the hydration
will be epsomite crystals below the DRH and an aqueous solution of MgSOy4, above.
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Fig. 1: Diagram of MgSO, hydrates [1] with Fig. 2: Measured hydration entha pies above
parameters of measuring and below the DRH of MgSO, - 7 H,O

The measured heats of hydration (Fig. 2) of the solid-gas reaction at 95 % RH (see Eq.
2) are notable higher than those at 85 % RH (see Eq. 1). The enthalpies, caculated from the
enthdpies of formation [2], for the reactions from MgSO, - 1,3 H,O (MgSO, - 4 H,0) to
epsomite are -321 kIJmol (-170 kI¥mol) and to hexahydrite -260 kI¥mol (-108 kJmol). The
measured hydration enthapy below the DRH of MgSO; - 1,3 HO (242 kdJmoal) corresponds
approximately with the calculate vadue for the hydration to MgSO, - 6 HO and the hydration
of darkeyite (152 kJmol) with the vaue of formation of epsomite Both results were
corroborated by the contents of water of the formed minerds.

In consderation of observed crystds after the hydration above the DRH, the increased
enthapies will be discussed by the smultaneous effect of exothermic heat of condensation
and endothermic heat of solution in connection with the formation of a solution film on the
surface of the crystds.
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The octanol/water partition coefficient (Kow) is one of the key parameters for
modelling the environmental fae of perdsent organic chemicas. Koy vaues ae usudly
determined at ambient temperature but for quantifying phase didribution a temperatures
others than 20-25 °C knowledge of its temperature dependence is necessary. We determined
the Kow Of a-, b-, g, and d- hexachlorocyclohexane (HCH) between 5 and 45 °C using the
dow-dirring method followed by solid-phase microextraction (SPME) fibre in combination
with gas chromatographic andyss. The variation of Ko, is greater between 5 and 25 °C than
from 25 to 45 °C. Van't Hoff plots yield vaues for the enthapy and the entropy of phase
trandfer and dlow further thermodynamic interpretation of the partitioning process of HCH
isomers between water and octanol.
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Henry's law congant (HLC) is one of the key parameters for estimating the
environmenta fate of waterborne organic micropollutants. For a group of organic compounds
(detected eg. in groundwater of the Bitterfeld region) where reliable experimentd data are
scarce, two different methods were employed to determine HLC vdues a 298 K
experimentdly: The EPICS (EPICS = equilibrium partitioning in closed systems) method and
the PRV (PRV = Phase raio vaiation) method, both in combinaion with solid-phase
microextraction (SPME) and GC-MS andyss. The compound set includes chlorinated
anilines and toluenes. The reaults are compared with predicted vadues usng established
edimation methods, and discussed with respect to differences in the experimentd
performance of the two methods employed.
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Slicone dagomer (in flexible rod form) is one of the maerids that ae currently
tested for use in andyticd extraction techniques and passve sampling devices. In the present
invedtigation, we focus on the peformance of dlicone rod for waterborne polar
pharmaceuticals, and compare their enrichment characterisics with the ones of chlorinated
hydrocarbons and polycyclic aomatics. Uptake and dimination kinetics as wdl as
equilibrium  digribution condants were determined, employing both long-term  batch
equilibrium tests and kinetic tests according to OECD quiddines. Liquid chromatography
coupled with mass spectrometry was gpplied for the chemica anayss. The discusson
includes a comparison of the equilibrium digribution congants obtained from the two
gpproaches, and ther correation with the octanol/water partition coefficients.
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Literature data on ionogenic compounds indicate that the octanol/water partition
coefficient Koy does not properly mimic their uptake into biologicd materids. Here, the
membrane/water partition coefficent Ky, has proven useful to quantify the bioconcentration
into lipid compatments from ambient water. In the present invedtigation, we focus on
experimentd limitations in terms of the hydrophobicity range available for currently used
direct Kmw measurements that employ liposomes as modd membranes. Using both
equilibration didyss and solid phase microextraction (SPME), Kpmnw invesigdions incdude
acohols and aomatics, and the results are discussed in view of derived measurement
limitations associated with the experimenta settings.
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The behaviour of agueous eectrolyte solutions is of greet importance in areas such as
chemica[1-3], process engineering [4-6], biologica [7], desdination [8], and process
atmospheric[9,10]. Free energy values species digtribution, water activity, activity and osmotic
coefficients, are of fundamentd importance to understand and predict behaviour in agueous
eectrolyte sysems. In order to facilitate the use of mixed dectrolytes, in these processes, it is
desirable to know accurately the thermodynamic parametersin the mixture.

Thermodynamic properties for these solutions have been investigated at temperature

298.15 K using the hygrometric method. These studies concern binary and ternary of agueous
electrolyte solutions of chlorides, sulfates, nitrates [ 11-14] and phosphates.
Measurements of water activities were made for totd moldity range from 0.1mol.kg! to
saturation at 298.15 K. The osmotic coefficients are evaluated for the solution from the water
activities. The experimentd data are used to caculate activity coefficients of solute, usng the
ion interaction modd of Pitzer [15] and excess Gibbs energy is detemined.

Experimental method

We have employed the hygrometric method, which is based on the measurements of
the rdaive humidity above the solutions containing nonvolatile dectrolytes. The rdative
humidity of asdt solution isidentified particular with the water activity of this solution.

The experimenta egpparatus and procedures are described in our  previous
work[11]basicaly they conssts of the following parts a thermostatted box formed by a chest
freezer, a wood box, a contact thermometer, a heet circuit, two fans, and an eectronic relay.
The fluctuations of temperature indde the wood box, which is in thermd equilibrium with the
freezer box are less than £0.02 K. The droplet diameter is measured by a microscope with an
ocular equipped with a micrometric screw.
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Potentiometric measurements have been peformed usng an isothermd cdl  with
liqguid junction. A solid contact Cd-sdlective eectrode (“Niko-andit’) and a specidly
designed reference dectrode [1] were used. Measurements were performed in solutions of
congtant Cd(NOs)» concentration (0.01m) and variable concentration of KCl (0, 0.025, 0.53
and 1.4m) at 25°C and pressure from 1 to 1000 bars.

The electrodes were cdibrated usng Cd(NOs), solutions at pressures of 1000 bars
and 25°C. At al pressures, the cdibration data €, vs pCd) define a straight line with a near
theoreticd Nerngtian dope (30+0.5mV/pCd). E° decreases by 10+0.5mV with a pressure
increase from 1 to 1000 bar (fig.).

In order to verify the eectrode system, a 0.01m Cd(NOs), solution was fird titrated
with a KCl solution and cadmium chloride stability congtants ([, 3, %, %) were determined.
The obtained vaues of stability congtants are in a good agreement with previous estimates.

The vaues of patid molar volumes of cadmium chloride complexes and the HKF
parameters (ay - as) were determined: V° (CdCI) = 8.11, V° (CdCl, 5q) = 31.88, V° (CdCly) =
50.52, \° (CdClL*) = 9858 cm® md 1. All the tability constants of cadmium chloride
complexes show very wesk pressure dependencies — Ig (3, decreases by 0.06-0.13 as pressure
rises from 1 to 1000 bar.
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Fig. Cdibration curves for the Cd-selective electrode from 1 to 1000 bar at 25°C.
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NON-ADDITIVITY OF CONTRIBUTIONSINTO THE DIELECTRIC
CONSTANT OF SATURATED SOLUTIONSAND ION-ION INTERACTIONS
IN TERNARY WATER-SALT SYSTEMS
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Academy of Science, Moscow, Leninsky ?rosp. 31, 119991, Russia, e-mail
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The hydration interactions aongsde with ionion ones concern to the basic
characteristics determining physco-chemical properties and equlibria in solutions. The
hydration in most cases can not be determined directly. The method of the microwave
didectric spectroscopy dlows to receive smultaneoudy physico-chemica parameters
of solutions describing as molecular-kinetic state of solvent (by means of a didectric
relaxation time) and hydration interactions in eectrolyte solutions (by means of datic
didlectric constant which determines e ectrostatic interactions in solutions).

Hydration and complexation were investigated in saturated solutions of mode
ternary water-sdt systems by methods of microwave dieectric and eectronic
spectroscopy. The interrdation between character hydration, iortion interaction in
solutions and the type of solubility isotherms in multicomponent water-sdt systems is
reveded. The method of anadlyss of non-additivity of contributions in es from the data
for binary sysems is offered for dudies of association and complexaion in the
saturated and nonsaturated solutions of ternary water-sdt systems. It concludes the
determination of the difference between experimentd (e™®) and cdculated (e™)
vaues of didectric congant. The decrement of the didectric congtant Des, caused by
addition of each component at constant amount of water caculated as. Des = Des' ! +
Det ! where DesA! ' and Des' ' - decrement of es in binary solutions at appropriate
moldatconcentration of sdts in ternary system. The additive vaues of e are equa: e
= 5" - Des

The concentration curves of e and e&® in the saturated solutions of ternary
sysdems have a dmilar kind. However the digtinction in experimenta and calculated
vaues of didectric condant is observed. The maximd didinctions of these vaues
correspond to specid points on phase diagram. It is explained by the association of
ions and liberation of water molecules from the coordination spheres cations. This
processes lead to increase of part of less "frozen" water and accordingly to growth of eg
vaues. Therefore podtive vaues of Des testify to presence more expressed ion-ion
interactions in solutions of ternary system in comparison with binary solutions with the
same concentration of water. The presence of complexaion and association was
confirmed by the dectronic spectroscopy in the solutions mode systems containing
different salts (Cu(CHOOQ),, ect.).

Thus, the andyds of nontadditive contributions in es for ternary systems can be
used to dlocate presence of ionrion interactions, especidly in case when other
experimental methods are not informative. The microwave dielectric spectroscopy
gopears an effective method for research of the saturated sdt solutions and phase
equilibria The andyds of didectric properties of the saturated solutions dlows to
predict atype of solubility diagrams.

This work was supported by the grants of Presidium of RAS
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TIN(IV) CHLORIDE ADDUCTSOF PHOSPHINE OXIDES:
A MULTINUCLEAR (**°sn, 3P, 1%F and 'H) NMR CHARACTERISATION IN
SOLUTION

Sanhoury M. A. M. K.”*, Ben DhiaM. T." and Khaddar M. R.*

*Lab of Co-Ordination Chemistry and “Lab of Structural Organic Chemistry, Department of
Chemigry, Faculty of Sciences of Tunis, Univergty of Tunis El Manar, 1060 Tunis, Tunisa
e-mail: senhourry@yahoo.com

Studies of tin(lV) adducts continue to provide fundamenta information about both the
Lewis acid-base modd and the reactivity of tin species [1,2]. In a previous work, we have
shown that the stereochemigtry of the octahedra complexes SnCl.2(MexN).P(O)F [3] (1) and
SnCly.2Me;NP(O)F, [4] (2) depended on the basicity of the ligand used.. Here we report the
characterisation of these complexes usng multinudear (**°Sn, 3P, F and 'H) NMR
spectroscopy in solvents of different polarities. The NMR spectra in dichloromethane solution
showed a dow exchange that complex 1 exists as a mixture of cis and trans isomers 80 % and
20 % respectively, whereas in chloroform complex 1 showed the exigtence of nearly only the
cis isomer. The assignment was further confirmed by the 2Ji10s1-31p and 1Jp.¢ coupling constant
vaues. The effects of changing the solvent polarity on the Stereochemistry of the complex
formed will be discussed.
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SOLUTION ENTHALPIESOF ORGANIC SOLUTESIN THE IONIC LIQUIDS
BUTYL-TRIMETHYL-AMMONIUM (TRIFLUOROMETHYLSULFONYL)IMIDE
AND 1-ETHYL-3-METHYL-IMIDAZOLIUM ETHYL-SULFATE

Balantseva, Elena; Lehmann, Jochen K .; Heintz, Andreas

Department of Physical Chemidiry, University of Rostock, Hermannstr. 14, D-18055 Rostock,
Germany, E-mail andreasheintz@uni-rostock.de

All currently published research results indicate that the unique character of ionic
liquids offers new opportunities in catdyss and organic synthess. Some of the properties that
meke the room temperature ionic liquids (IL) attractive for various agpplications are the wide
liquid range, nonvolaility, their non-flammable nature, and the ability to dissolve a large
vaiety of organic and inorganic substances. In continuation of our intendve work on
thermodynamic properties of IL and mixtures containing ionic liquids we present new data of
the heats of solution of 8 ionic liquid+solute sysemswith the ILs:

+ Me +
NON_ | (Esoy BU—N—Me | (CFsSO),N"
B N “Me 4 u | e 39U2)2
Me
1- Ethyl-3-methyl-imidazolium Butyl-trimethyl-ammonium
ethyl-sulfate bis(trifluoromethyl-sulfonyl) imide

The heats of solutions of the different solvents in IL were measured in the mole
fraction range 1% - 14% of the solute a 25 °C using a titration caorimeter (Thermd Activity
Monitor 2277) equipped with a 4ml titration cell. The solutes were injected usng a Hamilton
Microlab M motor driven pump with a 100 mm?® syringe in steps of 5 to 10 mm® into the cell
containing about 4 g of theionic liquid.

The heat effect of solute injection into the IL was transformed in the molar enthdpy of
solution by the formula
E
HE =80 o
8 ' BT oy !
where ?ny (given in moles) denote the amount of solute added stepwise to the ionic liquid in
the solution, HE is the excess enthapy of mixing and Q; is the heat observed per injected drop.

For dl invedigated solvents the dependences of the partid enthdpy of solution on the
mole fraction of solute have been determined, and the limiting partid molar excess enthdpy (

) have beertdibtained by extrapolation to infinite dilution.

A comparison of H of the solutes in ionic liquids measured by caorimetric titration
method and those caculated from temperature dependence of limiting activity coefficients
obtained by GLC method are presented.
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THE THERMOCHEMIC APPROACH FOR AN ESTIMATION FEATURESOF
SOLUTION AND SOLVATION PROSESSESTHE SINSETIC PORPHYRINSIN
ORGANIC SOLVENTSON THE EXAMPLE OF TETRAKIS(3,5-DI-T-
BUTYLPHENYL)PORPHIRINATS

Balantseva, Elena®; Antina, Elena®; Berezin, Mihay!®

4lvanovo State University of Chemistry and Technology, Engels &., 7, 153000, Ivanovo,
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For underganding a mechanism of the interaction of porphyrins with a bio-environment
the set of modding synthetic systems containing compounds of the given dass have been
investigated by various methods. In the given work we have chosen as modeding system the
metallocomplexes of tetrakig(3,5-di-t-butylphenyl)porphin  in a solvate environment  of
organic molecules solvent (cyclohexane, benzene, chloroform, pyridine). Such choice of
solvents have been dlowed to capture the all most characterigtic types of nteractions for ? ?
- molecular ligand" systems, and to alocate the power contribution of a specific solvation into
reorganization gructure process of a solvent and a dissolved substance by means of a

comparative  andyss of the  enthdpic
C(CHy3 (CHa)G characteristics obtained for a dissolution process

O Q of modding object.
With this purpose the processes of
(CHs) CEHa)s  Gissolution and trandfer of 2 2 in the specified

organic solvents have been researched by a

cdorimetric method a 295.15. The enthdpy

disolution vadues ae receved and transfer

(CH3)sC C(CHz); enthdpies from benzene and axia coordination
O D of pyridineon ? ? are calculated.

It is known, that the basic problem at

C(CHg)s (CHa)sC studying features of solvation interactions of
tetraki (3, 5-di-t-butyl-pheny! porphyrin is an absence of the daa on
S(orphyrinat (tkl/.é)) Y sublimetions  enthdpies. Therefore it was offered

to use the trandfer enthdpy, cdculated as a
difference of dissolution enthdpies of ligand in researched and "standard” solvents. However
such approach assumes the absence of specific interactions in system the porphyrin —
"gandard” solvent. The choice of "standard” (it is benzene more often) is not aways correct,
as is limited an enough to low solubility of synthetic porphyrins in organic solvents. Ours
objects possess the increased solubility and are dissolved even in cyclohexane. It has alowed
to reved and for the firgt time to estimate the specific p - p interactions of benzenewith ? 2.
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FROM SOLUTION EQUILIBRIA AND EQUILIBRIA IN SOLUTIONSTO
GAS-SOLID PHASE INCLUSION THERMODYNAMICS

'Grechin, Alexander; *Buschmann, Hans-Jiirgen; *Schollmeyer, Eckhard

! Deutsches Textilforschungszentrum Nord-West eV ., Adlerstrasse 1, 47798 Krefeld,
Germany, E-mail: grechin@dtnw.de

Molecular recognition of vaporous guests by the solid hodts is of great interest in many
research and engineering areas. Encapsulation of gases by cavity-containing solid materids is
crucid for developing new gas separators, sensors and storage devices for use in fud-cdls.
The desgn of nove syntetic cavities for gas incluson is a quickly emerging reseerch area.
Clathrates, cross-linked polymers, carbon nanotubes, dendrimers, cdixarens, fullerens and
cyclodextrins were proposed as suitable molecular containers for gases of different nature
[1,2]. Neverthdess, the driving forces of incluson in heterogeneous sysems are much less
studied as comparing with that in pure condensed (liquid, solid) or gas phase.

In the present work, the complex formation of different primary, secondary and
tertiary amines by [3-cyclodextrin is sudied. The reactions in water and & the gas-solid
interface are reated with the Gibbs free energies and enthapies of solution of the reaction
paticipants (solid cyclodextrin, gaseous amine and “solid-gas’ complex) via a
thermodynamic cycle. Free energies of solution of the complexes in water determined from
solubility measurements gppear to be nearly identicad with that of b-cyclodextrin. It makes
possible thermodynamic parameters for the reactions between solid 3-cyclodextrin and
several gaseous amines to be determined using the data obtained n agueous solution. Stability
congtants are comparable with the corresponding data in agueous solution due to enthapy-
entropy compensation. Unlike the equilibria in agueous solution, the reaction enthapies for
the “solid-gas’ complexation are much higher and the interactions are unfavorable in terms of
the entropy changes. A more detailed description is obtained from the analyss of eectrogatic
and covdent contributions to thermodynamic parameters of transfer for complexation
reactions [3]. The dectrodtatic contributions to enthdpies of transfer from the gas-solid
conditions to agueous solution are unfavorable (podtive) and increase with the number of
methylene groups in the akyl chains of the amines Covdent contributions are negligible.
Water in this specid case displays itsdf only as a medium for dectrostatic interactions.

Studies related to complexation thermodynamics of other macrocycles with different
gaseous organic and inorganic substances are underway.
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DIFFUSION PHENOMENA IN THE SYSTEM SULFURIC ACID-WATER:
APPLICATION TO THE EXTREME ENVIRONMENT OF TINTO RIVER, SPAIN
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The importance of Tinto River (Hudva, Spain) acidic environment as a terredtrid
andogue for search of past or present life on Mars is now widdly recognised. The study of its
water has thus become crucia to understand the life in the Red Planet.

The red colour of the water and the average pH 2 [1] (highly acidic) are due to the
natural abundance of iron sulphates. Recent investigations [2] show that certain bacteria that
live in the river turn these sulphates into sulfuric acid, providing the river such low pH. Other
bacteria oxidize theiron, giving the river its characterigtic red colour.

Physca-chemicd characterization of the river acidic agueous is of great importance in
the understanding of the biogenic processes in Tinto ecosystem.

In the present sudy the diffuson of molecular species of the sysem sulfuric acid-water
indde vertica tubes with suppressed convection is monitored by Raman spectroscopy. A
physica-chemicd modd taking account of equilibrium and diffuson phenomena of the
species in olution is proposed and the diffuson coefficient of sulfuric acid is caculated —for
thefirg time a our knowledge— by usng Raman spectroscopic techniques.

As a non-invasive technique, Raman spectroscopy has shown to be a very powerful tool
that alows an accurate quantitative andyss of the concentration of the species present in the
mentioned system (Figure 1) and the potentid applications of Raman spectroscopy for in-situ
andydgs of Tinto River geochemigry and andogous extreme environment conditions with
Adgrobiologicd implications are proved. In this context, a Raman spectral study of the dso
extreme hydrogeochemigtry of Iron Mountain Superfund Site, Cdifornia is expected to be
performed by summer of 2006.

viralion
ERillate fon contandraion
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e
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Fig. 1. Raman spectroscopy is used to cdculate ions concentration as they
diffuse dong a verticd tube
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THERMODYNAMICSOF INTERMOLECULAR INTERACTIONS
IN SALTSAND SOLUTIONSOF LINEAR TETRAPYRROLES
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The present research was directed on studying of correlations sructure — physicd and
chemica property for sdts of linear tetrapyrroles.

In the report thermodynamic dability characterigtics of dihydrobromides of dkyl —
subgtituted of biladienra,c in various phase dates are analyzed depending on a structure of a
heterocydlic ligand, a nature of environment and temperature.

For an edimaion of thermd dability of sdts of linear oligopyrroles corrdation ratio
between parameter of badcity (proton affinity) of ligands and enthdpies of evgporation of
hydrogen bromide from ther crystd sdts, designed of the data of computer modeling and a
thermogravimetric andlys's, accordingly are offered.

Other direction of researches was connected to studying power characteristics and
features of sdvation of hilirubin and its synthetic andogues in various organic solvents on a
naure [1. As synthetic models of bilirubin dkyl — subsituted of biladienac:
1,2,3,7,8,12,13,17,18,19-decamethylbiladienra,c and  1,3,7,8,12,13,17,19-octamethyl-2,18-
digthylbiladiena,c as sdts with the hydrobromide acid acting as dabilizing agent, preserving
compounds from oxidation by molecular oxygen of ar are chosen. The variation of a naure
of organic solvents has dlowed to sudy modeing sysems with various types of universa and
specific interactions solute - solvent.

The andlysis of the data on Ds,?° has shown, that non-polar solvents (26?6 and ? 2 1)
show the lowest solvating ability in rdation with bilirubin and dihydrobromides of akyl —
subdituted of biladien-a,c, that has alowed to assume benzene for "dandard” solvent at
cdculation of enttelpies of conduction (?4?°). The highest negaive vaues ?,?°
characterize processes of conduction of compounds to eectron-donating solvents (? ? 3CN,
D? F, D? SO and CsHsN). Results of the spectrophotometric control testify that at
disolution of sdts of biladiena,c in dectron-donating solvents processes of irreversble
deprotonation of ligands owing to gpecific sdvation of a proton of hydrobromide by
electron-donating molecules of solvent proceed. It is shown, that for sdts of synthetic
biladiens-a,c, sizes ?+? ° well corrdlate with values of donor numbers on Gutman.
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SOLID PHASE FORMATION IN TERNARY AQUEOUSSYSTEMS
WITH COMPETING COMPLEXATION
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The problem of chemicd interactions in concentrated solutions and ther effect on solid
phase brmation is of great interest and actudity. A great ded of sysems has been studied,
with hydration, complexation, ionic asociaion and hydrolyss being dominating processes.
However sysdems contaning two cations as complexing agents and common anion as
acidoligand, 1. e. sysems with competing acidocomplexation, ae litle dudied. This
presentation is devoted to the analysis of solid phase formation in the systems of this kind.

The study of a wide range of solubility isotherms in MCL — M’Cl, — H,O systems has
shown that the form of the MCh-nH,O crygdlization branch in such sysems is determined
mosily by the competition of following processes:

MCI" + CI'? MCl, (1)
MCl +nCl ? MClnp™ 2
MClZ2 + M'Cl,2?? MCIZC+ M ClZ?  (3)

Increase in the neura complex (MChL) concentration would lower the solubility of a
corresponding sdlt, and vice versa; so the reaction (1) results in sdting-out process, while the
reection (2) gives rise to sdting-in. The competition of two complexing agents that may be
described by the reaction (3) leads to the growing of sdting-out fiedld and attenuation of
salting-in process.

The competing complexaion dso dffects subgantidly double sdt formation. The
andyss shows that the possbility of formation as wel as the compostion and sructure of
such sdts are determined to a large extent by the sability congtants of acidocomplexes of
both metals.

In the case of smilar vaues of sability congtants double sdt formation doesn't occur
(e. g, ZnClk — CuClk — H,0, CuCl — NiCl, — H»0O systems), and only if the cations radii are
nearly equa the solid solution formation is possible (e. g., CoCl, — NiCl, — H20).

If the difference in gtability congtants is high enough double sdts conssting of discrete
aquacations and complex anions cayddlize (e g, [Ni(H20)6]2[ CdClg],
[Co(H20)6][CdCls(H20)]2).

If the dability condants of both complexes are sufficiently large and differ one from
another not essentidly (1 — 2 orders of magnitude) the solid heteronuclear complexes can
cydalize (CuCdClL*4H,0). The med ions environment in such sdts corrdaes with
corresponding stability congtants.

However this correation can fal if the crysalographic parameters for the possble
compound are unfavorable for the formation of three-dimensond dructure. Then ether sdts
with unexpected sructure (CoHgCl*4H,O sdt with [Co(H20)4Cl][HgCh] rather than
[Co(H20)4][HgClL] sructure), or no double sdt (CuCh, — HgClh — H,O system) can be
formed.

Acknowledgement: RFBR (project 05-03-320993) is thanked for the financid support.
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The man problem of the invedigation of phase diagrams of water-sdt sysems under
the formation of solid solutions is to determine equilibrium solid phase compostion. There
are two factors produce this problem. First, solid phase practicadly cannot be separated
entirdly from liquid one. Correspondingly, composition of a solid phase is determined by an
extrapolation procedure (for example, by Schreinemakers nethod), which serioudy decreases
precigon. Second, only surface layer of solid solution is in the equilibrium with liquid phase,
while the deep pat of crystas can be of arbitrarily different compostion. The compostion
obtained by chemicad andysis generdly is the bulk compostion of solid solution.

Nevertheless, one can suggest a method by which the whole information about the
mentioned system can be obtained on the bass of liquid phase compostion data exclusvely.
Let us condgder ternary sysem formed by two soluble components, S1 and S2, and solvent,
W, under isothermic-isobaric conditions. A st of solid solutions of the S1,S2;-x-qW
compodtion is cryddlized in this sysem. It does not maiter, whether the solid solutions form
the continuous set or whether they have a miscibility gap. The combinaion of phase and
chemicd equllibrium conditions and Gibbs-Duhgem equation gives us the following equation
connecting mole fraction (x) of the firda component (S1-gW) in solid phase (s) with
component activities (a) in liquid phase (1):

()

I
MO dlnaél) +qdinay;
SPW ginal) - dinal)
(Differentids correspond to infinitesmd maotion dong solubility curve). In the case of solid
solutions without weter the above-mention equation becomes smpler:

2 ginal) o’
xS =4- a%ll)_
§ dhag

Thus, if one has the andyticd dependence (model of dectrolyte solution) of activity
components for liquid phase and the data of saturated solution compostions, we can
theoreticaly recondruct entire phase diagram. And vice versa, we can confirm the
congstency of experimenta datafor liquid and solid phase compositions.

The KCI - KBr — H,O system at 25°C is presented as an illustration.
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MOLECULAR MODELSOF AGGREGATION PHENOMENA IN LIQUID
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The modding of the aggregation phenomena in molecular mixtures with emphass to
dudy both supramolecular organization and molecular nature of a set of physicochemicd
(thermodynamic, didlectric, optic, and kinetic) properties are reviewed.

The hierarchy of the modes of supramolecular species mixtures based on the
consecutive description universa disperson, dipolar, repulsve and specific such as H-bonds
intermolecular interactions has been consdered. Modds of polyvaiable supramolecular
species as regard to dructure and compostion of different topology (chain-like, cydlic, comb-
like, etc.) as wdl as the methods for describing the structure, dectric (dipole moment) and
optica (polarizability tensor) properties of those are discussed. The Quasichemicd Modd of
Nonideal Solution (QCNAS) which describes thermodynamic properties of the srongly non
ideal aggregated mixtures was developed [1,2]. The aggregation processes are described in
terms of the activities of species and thus equilibrium congtants are transferable.

The desription of thermodynamic functions of mixing (Gibbs energy, enthdpy,
entropy) of non-dectrolytes mixtures with complex character of the supramolecular ordering
in the whole compostion range and wide temperature range is conddered. The influence of
the supramolecular ordering on the excess functions of mixtures and phase equilibria is
discussed.

The formulas for didectric (permittivity) and opticd (refractive index and its scdar and
tensor fluctuation derivatives, defining Rayleigh light scattering phenomena) properties of
molecular liquids with thermodynamic and dructura parameters of the aggregation were
established.

The mobile supramolecular aggregates in molecular liquids (dlcohols, amides, amines,
eic, and thar mixtures with solvents of different nature (inert, solvating, associating, €ic.))
were reveded. The thermodynamic parameters of the supramolecular ordering were defined.

The macroscopic manifestations of the supramolecular organization of liquid sysems in
physicochemical properties are discussed.

Thiswork was supported by the State Support Program of Leading Research Schools
(Contract ? 02.445.11.7071) and the Russian Foundation for Basic Research (Project N 04-
03-32819) .
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It has been many reports on the rdationship between capillary gas chromatograph
reiention times (GC-RTs) and the molecular descriptors cdculated on the basis of the
molecular dructure such as solvent accessible surface area or the molecular topological
indexes. Using vaious chemoinformatic techniques, the rdationship has been reveded in
order to predict the various physcochemica properties, for example, solubility, n-
octanol/water partition coefficients, and Henry's low congtants. However, a detail analyss on
the times for teted molecules is difficult, because the RTs ae observed under the
programmed temperature conditions, and they depend on the change in the capillary
temperature [1]. Therefore, a precise prediction for the physicochemicad properties becomes
to be dso difficult by usng supervised learning in terms of the RTs.

In the present study, the GC-RTs of PCB, which have been known as very serious
environmental  contaminants, were observed under isotherma  conditions, and marked
difference of GC-RTs was found under two conditions, the programmed and the isothermal
temperature, as shown in Figure 1.

We have dready pointed out that there is a nove rdationship between topologica
indexes, ¢ and c3, and the GC-RTs, and tha the number of chlorine atoms substituted at
proximitive pogtion (Npx-Cl) plays an important role in eucidation of the reationship
between GC-RTs and physicochemica properties for PCB 209 congeners [2]. By using the
RTs obtained in the present study, we predicted and re-evaluated the more acute agueous
solubility of PCB isomers such as trichloro biphenyls in terms of the molecular topologica
indices including Npx-Cl as the descriptors.
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Fig. 1, (A) Therdationship of RTs obtained from two programmed temperature conditions.
A line in the figure shows the Smple regresson equation.
(B) The differences cdculated from the regression equation.
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We have compiled and/or recomputed literature data on thermodynamic properties at
the dandard date of infinite dilution (patid molar volume and heat capacity, hydration
enthdpy and Gibbs energy) in agueous solutions of some oxygentype organic compounds —
ketones, ethers and esters in a wide range of conditions (T < 673 K, p < 40 MPa). Various
rdated quantities such as Henry's law condants, infinite dilution activity coefficients,
solubilities were dso included in compilation and converted to standard thermodynamic
properties.

Functiond groups contained in these solutes were treated by the group contribution
method in combination with the Sedlbauer-O"Connel-Wood equation of state (SOCW EOS,
ref. [1]). For the vadues of hydration enthdpy and hydration Gibbs energy a reference
conditions, which are needed in the SOCW modd as integration constants, we gpplied a
consstent group contribution approach of Plyasunov et d. (ref. [2] and references therein).
Parameters of the SOCW EOS for carbonyl, ester and ether dructurd eements were
determined by sSmultaneous weighted corrdaion of collected experimenta data  Second-
order corrections are incorporated to improve description of data. The modd was verified by
comparison of computed and experimenta results.

This method extends the group contribution scheme for dandard thermodynamic
properties of agueous hydrocarbons presented recently [5]: in corrdaions we retained the
dready determined parameters of hydrocarbon segments and evauated the SOCW parameters
only for the carbonyl, ether and ester groups. The extended method can be used for prediction
of dandard patid molar volumes and heat capacities, hydration enthdpies and Gibbs
energies, chemica potentids, Henry's law condants, air-water distribution coefficients etc. of
diphatic dkanes, dkenes, cyclodkanes and benzene and ther derivatives with -OH, -O-, -
CO-, -COO- functiond groups at temperatures to 600 K and pressures to 50 MPa.

Collected data ae a part of project Database of recommended vaues on hydration
properties, carried out under auspices of the Internationa Union of Pure and Applied
Chemigtry and the International Association for the Properties of Water and Steam.

Thiswork was supported by the Research Centre*“ Advanced Remedial Technologiesand Processes’ .
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It is likey that ethyne was fird made in the laboratory by Edmund Davy in 1836 and
rediscovered by Bertholet about a quarter of a century later. The latter gave it the name
acetylene. Since then it has become a chegp rare materia for organic synthesis and for use as
fud. It has a high enthapy of formation and heat of combugion. It forms an explosve
mixture with ar over a wide range of compostion. The pure gas can explosvely decompose
to its dements at pressures above 206 Pa but is stable to higher pressure when in solution. The
gas is veary saingly soluble in water. Much experimental work has been carried out to find
good organic solvents for absorption of the gas. Compounds containing oxygen or nitrogen
tend to be good solvents. The ways in which different types of organic solvents behave are
shown grephicdly. Detalled evauations of these data have been published (1).

The higher gaseous dkynes dso have high postive enthdpies of formation but are stable
in the gas phase. Propyne, tbutyne, 2butyne, 1,3-butadiyne @diacetylene) and 1-buten-3-yne
(vinylacetylene) are gases at 25’°C and atmospheric pressure.  Higher 1-linear dkynes are
liquid to C16 and, in generd, have lower mdting points than 2-akynes of the same chan
length. 1-Buten-3-yne is an important indusgtriad chemica. At present other higher gaseous
akynes have limited gpplications but remova from gas sreams is often important.

The avalable experimenta measurements of solubility in water and in organic solvents
ae limited to propyne, 1-butyne, 1buten3-yne and 1,3-butadiyne. Good organic solvents
contain oxygen or nitrogen. The avalable data has been evauated where possble. Diagrams
show the generd pattern of behaviour in comparison with that of ethyne.

The solubilities of organic gases in water may be predicted from their chemica Sructure
usng the EPI  Suite™ which may be downloaded for private use from the Internet (2).
Solubilities of higher akynes can thus be edtimated and compared with experimenta data for
the lower akynes.
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Environmentd fate models require the input of compatment specific hdf-lives. There
is dmost no generd edimaion method for compatment hdf-lives avalable, and the few
exiging modds address only some individud degradation processes with particular
importance. Here, a k nearest neighbours approach is applied to obtain semi-quantitative
predictions from a reference set of environmental hdf-live data from literature for ca 300
compounds. For a given chemica, the most smilar compounds from the reference st are
sdected by means of an atom-centred fragment approach, and the haf-live cdlass is predicted
from the reference vaues of the sdected neighbours. The results of this method are compared
to methods for degradation rates of individua processes, and the rdidbility is tested by
ddigica means.
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To sdect among severd prediction methods the presumably best-performing scheme
for a given propety and compound, a method based on prediction erors evauated for
sructurdly smilar compounds is presented. The smilar compounds are sdected through
andyss of aom-centred fragments (ACFS) in accord with a k nearest neighbour procedure in
the 2-dimensond sructural space. As an example, the technique is applied to water solubility
prediction. Seven edtimation methods for the water solubility of organic compounds are
selected, and a ference st of 1876 compounds with validated experimental values is used to
andyse the peformance of the gpproach. The discusson includes possble improvements of
the selection procedure, and dternative approaches to improve the performance of prediction
methods.
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The partition coefficient ar/water (Henry's law congtant in water) is one of the most
important properties in environmental fate moddling. There is a number of fragment modes
avalable to predict the partition coefficient directly from the 2D molecular dructure. An
dternative approach is the LSER equation agpplying Abraham parameters. The latter has a
solid mechanistic background, but a drawback in practice is the limited avalability of the
Abraham parameters for substances of interest. Typicaly, more complex compounds require
the edimation of Abraham parameters from chemica dructure. The rdiability of ar/water
patitioning predictions by fragment modes and LSER modds with experimentd and
predicted descriptors is andysed and compared for a large reference set of validated
experimental partition coefficients. In this context, particular emphasis is devoted to a proper
characterisation of the gpplicability domains of the different prediction methods.
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To develop a property prediction model, a traning st is required. The gpplication
domain of such a modd is redricted by the mode space covered by the traning set. The
chemicd domain is a particular aspect of the modd application doman. The latter cannot
generdly be characterized in teems of compound classes, because there are many
multifunctiond compounds that cannot be dlocated to a particular compound class. The
goproach suggested here employs aomrcentred fragments (ACFs) to characterize
subgtructures and their chemical contexts occurring in the training set. The chemicd domain
is described in terms of the type and frequencies of ACFs. The usefulness of this approach
and the effect of chemicd domain violations are demondrated with examples of modes for
physical-chemical properties of environmenta relevance.
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Accurae information on the thermodynamic properties of supercriticd fluids is highly
sought for the chemicd technology, especidly, supercriticd extraction technology. The
thermodynamic properties of fluids near the criticd region are drongly affected by the
presence of fluctuations and therefore, can not be described by conventiond equation. We
have investigated the behavior of the thermodynamic properties of argon in the vicinity of the
critica region. For this reason we have used the so-cdled the crossover model to describe the
thermodynamic properties of argon in a wide range of temperatures and densties around the
critica point.
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Thermodynamic smulations of the sysems Na', K*, Mg?* /SO4%, CI//H.0O; Na', K™,
Ca?* /SO4%, CIH,0; Na', Ca®*, Mg?* 1S04%, CIIH,0 and Na', K*, Ca2*, M¢?* /S04%, CI
/IH20 in the temperature range -5 to 40°C was done. The thermodynamic Pitzer mode was
used. The results were applied to sea water solar evaporation after treatment with different Ca
and Mg solutions. Prognoses concerning the crydalization sequence and the pure NaCl yied
were made. Laboratory and large-scae experiments were organized on the bass of theoretica
data A scheme was proposed for enlargement of the NaCl crygdlization field and increasing
the NaCl yidd by 20% in the sea water sysem. A method for raw sdt purification and table
salt preparation was aso suggested.

The system N&', K*, Ca?*, M¢?*/CI', CO3%//H,0 was thermodynamicaly smulated a 5
— 40°C. The results were applied to waste brines remaining after sea-sdt production and a
method for large MgCOs.3H,O crystas preparation was proposed. The optima conditions of
the processes were determined. Laboratory and large-scde experiments were carried out. The
product obtained was with afood grade qudlity.

The implementation of both schemes for NaCl and MgCOs.3H,O production in the
solar sea-sdt industry will be positive with repect to economy and for ecology.

Acknowledgements: This work was done with the financid support of the EC FP6,
PROJECT INCO —CT-2005-016414
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Poly(vinyl dcohol) (PVA) is a semicryddline polymer having hydroxyl groups that
give rise to inter- and intramolecular hydrogen bondings. The molecular weght is a
fundamentd factor affecting physca properties of PVA. Generdly, viscosty of agueous
PVA solutions is conddered to be a function of molecular weight and concentration of PVA.
Rheology is important in the formulation of polymeric materids preparing them for the
fabrication process. As a result, for materids such as fibers films, and gds it is a
prerequidite to investigate the rheologica properties of such materids. Mogt plagticizers used
in PVA applications enhanced the flexibility as an intefere to the inter and intramolecular
hydrogen bonds of PVA. We invesigated rheologica behaviours of solutions of high
molecular weight atactic PVA with different raios in glycarin/polyethylene glycol (PEG)
(viv) mixture. It is noted that in this study, a lower frequency, G' of glycerin/PEG (0/10, v/V)
solution was much lower than those of homo PVA solution and glyceriPEG (10/0, v/iv)
solution.
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Fig. 1. Storage moduli of high molecuar Fg. 2 Loss moduli of  high molecular
weight aPVA solutions with pladicizers in - weight aPVA solutions with pladticizers in
different ratios of dycein/PEG (viv)  diffeeet  ratios of glycerinPEG  (VV)
mixture. mixture.

—e—— Pure PVA
--------- Glycerin/PEG (10/0, viv)
——w——  Glycerin/PEG (5/5, vIv)

——p—=  Glycerin/PEG (0/10, viv)
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Poly(vinyl dcohol) (PVA) gds ae essly formed via physcd pahway. Mog PVA
solutions, induding PVA/water solution, are wel known to form thermdly reversble ges.
The high-performance PVA fiber can be obtained by usng g spinning. The performance of
the fiber is obvioudy affected by the forming conditions of gel. Therefore, it is essentid to
control process parameters in order to obtain the desred sructure of the gd materids. The
processing parameters could be considered as gel concentration, temperature, pressure, and
filler content. The viscodadtic behaviour of recycled PVA solutions was investigated in
oxcillation mode. The recycled PVA solutions of concentrations 19%, 21%, and 23% were,
respectively tested a 70? . Figs. 1 and 2 shows the change of the dynamic storage modulus
G and loss modulus G’ of recycled PVA/dimethyl sulfoxide (DMSO) solutions with various
concentration. As the recycled PVA concentration was incressed, viscosty aso was
increased. However, 21% and 23% solutions showed smilar resultsin dopes.

o ol
0 19%Recyded PVA G 0 19%Recyced PVAG"
0 21%RecydedPVA G ©  21%Recyced PVAG"
0 F V¥ 23%ReqdedPVA G v 23%Recyded PVAG"

G' (Pa)

T T T T T T T
10 100 10 16 oy o 10t g 10 10 10 10

Frequency(rads) Frequncy(radis)
FHg. 1. G of recycded PVA/DMSO Fg. 2 G of recycded PVA/DMSO
solutions a three different concentrations solutions a three different concentrations
with frequency. with frequency
Acknowledgements

This dmost work was supported by grant No. RTI04-01-04 from the Regionad Technology
Innovation Program of the Minisiry of Commerce, Indusiry, and Energy (MOCIE).

References
[1] Lyoo, W. S, Kim, B. C,, Ha, W. S,, Polymer Engineering and Science, (1997), Vol.37,
No.7

96



POSTER: C5

INFLUENCE OF SOME PARAMETRERS OF
POLY(VINYL ALCOHOL) [PVA] HYDROGELSSYNTHESISON THEIR
SWELLING CHARACTERISTICSAND STABILITY

'PATACHIA Silvia, 'RINJA Mihaela

Y Transilvania’ University of Brasov, Chemistry Department, 29 Eroilor str., 500036-Brasov-
ROMANIA
E-mall:st.patachia@unitbv.ro

The am of this paper isto present the influence of some parameters of PVA hydrogds
synthesis, such as number of repeated freezing and thawing cydes, initid PVA solution
concentration and freezing temperature on the hydrogels microstructure and consequently on
their swelling behaviour.

PV A hydrogels obtained by freezing and thawing technique are heterogeneous, porous,
white, opague, dadtic gdl's, showing a high mechanica resistance.

All the parameters of hydrogels synthesis that affect the ice crystal's formation will
affect the porogity of hydrogels.

Some thermodynamic and kinetic congderations on the hydrogd swelling process have
been made.

The gtability of the obtained PVA hydrogels has been discussed in terms of PVA
molecules leaching from the g network during the swelling process. The hydrogel sability
has been corrdated with the above mentioned synthesis parameters.

The hydrogds swelling capecity, their dability and porosty ae very important
properties for biomedical application and for their use in separation processes (membranes
permittivity and sorption processes).

Taking into account the exceptiona propertties of PVA, such as water solubility,
biodegradahility, biocompatibility, non-toxicity, non-carcinogenity, cgpacity of gd formation
via chemicd or physcd routs, these types of environmentd friendly hydroges could be
tailored for various applications.
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The object-oriented FEM smulator GeoSys/RockHow is a comprehensve software
for the moddling of highly coupled thermo-hydro-mechnical-chemical (THMC) processes. It
is applied to norrisotherma multiphase multicomponent reective trangport in  deformable
porous media as well as degp HLW (high-level waste) repositories for prediction of long-term
performance [1]. Concerning the, the geochemical smulator PHREEQC is coupled into the
program for reactive trangport smulation ([2], [3]). This paper provided smulation results of
a hypothetica repodtory with engineered barrier system (highly compacted bentonite) located
in cyddline rock for saurated and unsaturated cases under assumption of equilibrium
geochemical reactions under the framework of the internationd DECOVALEX IV THMC
project. With heat generaion, the temperature in the near fidd arises to as much as 93°C.
Drying process occurs a the ealy 20-40 years of opeaion and can result in
swvdling/shrinking effect in bentonite thet influences the effective porodty dteration. In order
to reved the temperature dependence of the geochemicd reaections, the database of
PHREEQC has been modified according to EQ3/6 and GEMS geochemicd databases. The
chemicd effect on the long-term swelling/shrinking of bentonite is dmulated by a newly
developed chemicd sweling modd, which is based on the diffuse double layer (DDL) theory
and connects the microgtructurd minerd properties with the macroscopica swelling  effect.
To amulate the flow process, the modified Richard's modd is adopted that taking account of
the vapour transport into congderation. These modds or functions have been verified by
experiments or by comparison with the results by other source codes.

2D gamulaion results showed that temperature affects not only multiphase flow but
aso geochemica reactions. At the early dtages, it was observed that the sample dried at the
heated end due to evaporation. Consequently, capillary pressure was increased at the heated
end and this enhanced the flow rate. An effect on chemical reections was also observed in the
dmulaion. Changing the temperature caused varidion of ionic concentrations in bentonite
porewater. Dissolution/precipitation of solid mineras is dso closdy rdated to the temperature
change. The long-term effect shows that dissolution/ precipitetion of minerds in bentonite are
controlled by the steady state downward flow, which keeps the replacement of porewater in
bentonite with the inflow of porewater in granite. Therefore, geochemica reactions between
bentonite porewater with the minerasin bentonite cannot reach equilibrium Sate.
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Water basns ae influenced by different natura and anthropogenic factors which
change ther minera compostion. The chemica species present in them depend on the
medium properties such as compodtion, ionic srenght, sdinity, acidity and redox potentid.
They undergo numerous changes downsiream from river to the sea, especidly in estuary and
sea zones, where the mixing of different water types occurs.

The case studies were two different polluted Bulgarian rivers, Kamchiya and Ropotamo,
during the years 2004-2006. The total concentrations of magor eements (Na, K, Mg, Ca, C,
S), of the trace elements (Fe, Mn, Cu, Zn, Cd and Pb), of nutrients (N, P) and of the dissolved
oxygen were determined experimentaly. The results were used for thermodynamic modeding
of the inorganic chemicd species in the sysems. lon-association model, computer program
PHREEQCI version 2.11, and a new database sst2005.dat were used for this purpose. A great
vaiety of complexes in the studied sysem were established due to the anion concentrations
and the coordination ability of Me™ ions.

The predominant chemica speciesindl river — estuary — sea systlem are asfollows.

mgor dements Na, K, Mg, Ca, Cl, trace dements Mn, Zn and Cd are present
mainly asfresions
Fe as hydroxy form: Fe(OH),";
Cu and Pb as free Me*? and MeCO3 ions;
Sas S04% ions
CasHCOs ions,
N isasfree NOz and NO, ions.
Inorganlc P is found in different species in the sysem. In river waters the predominating

species are PO, and HPO4%, while in sea waters the concentration of HPO,™ decreases by
1-2 orders of magnitude.

The species Fe(OH)3® and Fe(OH),~ quickly increase with the solution acidity.

In sea water, the species MSO,° (M = Mg, Ca), MgHCOs*, NaSO4 and NaHCO: exist
due to the high concentration of the SO42 and CI ions, and high acidity. The concentration of
Me(S04),% " and MeCl,*" (Me=Mn, Zn, Cd; n=1, 4) increase rapidly and CdCl>™" (n=1-3)
prevalls.

Acknowledgements: This work was done with the financid support of theEC FP6
PROJECT INCO-CT-2005-016414.

99



List of Participants (alphabetically by name)

Name

Akilan Chandrika
Akinfiev Nikolay
Altmaier Marcus
Amme Marcus
Atik Zadjia
Azzedine Abbaci
Balantseva Elena
Balarew Christo
Barouda Eleni
Bastrakov  Evgeniy
Bazarkina  Elena
Bok Frank
Brendler Vinzenz
Casas LidiaM.
Chareev Dmitriy
Cloke Paul
DeVisscher Alex
Durov Vladimir

El Guendouzi Mohamed

Prof.

Dr.

Dr.

Prof.

Prof.

Prof.

Dr.

Dr.

Prof.

Dr.

Prof.

Prof.

First name Title Institution

Murdoch University
Deptartment of Chemistry

Institute of Geology of Ore Deposits
Russian Academy of Science

Forschungszentrum Karlsruhe
Institut fuer Nukleare Entsorgung

European Commission
Institute for Transuranium Elements

University of Sci. and Technology
Houari Boumedie, Faculty of Chemistry

Faculté des Sciences,
Département de Chimie
Université Badji Mokhtar

Uni-Rostock
Department Physical Chemystry

Bulgarian Acad.of Sciences
Inst.General & Inorg.Chemistry

University of Crete
Department of Chemistry

Geoscience Australia

Moscow State University
Geological Deptartment

TU Bergakademie Freiberg
Department of Inorganic Chemistry

FZ Rossendorf e.V.
Institute of Radiochemistry

University of Vigo
Chemical Engineering Department

Russian Academy of Siences
Institute of Experimental Mineralogy

University of Michigan

University of Calcary
Dep. of Chemical & Petroleum Eng.

Moscow State University
Faculty of Chemistry

Universiteh Assanii-moh Ammedia
Faculte des Sciences
Lab.Chimie-Physique

100

Country / e-mail

Australia
akilan@chem.murdoch.edu

Russia
akinfiev@igem.ru

Germany
dtmaer@inefzk.de

Germany
marc.amme@t-online.de

Algeria
atik_zadjia@yahoo.fr

Algeria
abbaci_a2002@yahoo.fr

Germany
Ba_lena@hotbox.ru

Bulgaria
balarew@svr.igic.bas.bg

Greece
leni_mpar@yahoo.gr

Austraia

Evgeniy.Bastrakov@ga.gov.au

Russia
elenabaz@igem.ru

Germany

frank.bok@chemie.tu-freiberg.de

Germany

V .Brendler@fz-rossendorf.de

Spain
Imcasas@uvigo.es

Russia
charlic@mail.ru

USA
dpalc@worldnet.att.net

Canada
adevissc@ucalgary.ca

Russia
durov@phys.chem.msu.ru

Morocco
elguendouzi @yahoo.fr



Emons

Eysseltova

Fogg

Fosboel

Freyer

Gamgjéger

Hans-Heinz

Jitka

Peter

Philip

Daniela

Heinz

Gaune-Escard Marcelle

Gotze

Grechin

Gunther

Guminski

Hagemann

Hefter

Herbert

Herrera

Hubener

Hussein

Jetzki

Jurek

Jens

Alexander

Eva

Cezary

Sven

Glenn

Horst-Jurgen

Raul

Siegfried

Rasha

Martin

Katarzyna

Kierzkowska Agnieszka

Knox

Dana

Prof.

Dr.

Dr.

Dr.

Prof.

Prof.

Prof.

Dr.

Dr.

Dr.

Prof.

Dr.

Prof.

Gosslar

Charles University
Dept. of Inorganic Chemistry

Hertford

Technical University of Denmark
Department of Chemical Engineering

TU Bergakademie Freiberg
Department of Inorganic Chemistry

Montanuniversitét L eoben
Lehrstuhl fir Physikalische Chemie

I.U.S.T.l.,Technopole Chateau-Gombert,

Marseille

TU Bergakademie Freiberg
Institute of Mineralogy

Deutsches Textilforschungs-
zentrume.V. Nord-West

ZAE Bayern

University of Warsaw
Department of Chemistry

Gesellschaft fur Anlagen- und
Reaktorsicherheit (GRS)

Murdoch University
Deptartment of Chemistry

Gesellschaft fir Anlagen- und
Reaktorsicherheit (GRS)

Ohio State University
FZ Rossendorf e.V.
Institute of Radiochemistry

TU Bergakademie Freiberg
Department of Inorganic Chemistry

K + S AG, Forschungsinstitut

Germany

Czech Republic
jitka@prfdec.natur.cuni.cz

Great Britain
pandhfogg@tiscali.co.uk

Denmark
plf @kt.dtu.dk

Germany
daniela.freyer@chemie.tu-freiberg.de

Austria
gamsjaeg@unileoben.ac.at

France
mge@polytech.univ-mrs.fr

Germany
goetze@minera .tu-freiberg.de

Germany
grechin@dtnw.de

Germany
guenther@muc.zae-bayern.de

Poland
cegie@chem.uw.edu.pl

Germany
sven.hagemann@grs.de

Australia
hefter@chem.murdoch.edu.au

Germany
horst-juergen.herbert@grs.de

USA
herrera.1@osu.edu

Germany
s.huebener @fz-rossendorf.de

Germany
rasha.hussein@chemie.tu-freiberg.de

Germany
Martin.jetzki @K -plus-s.com

University of Technology and Agriculture Poland

Department of Inorganic Chemistry

katjurek @atr.bydgoszcz.pl

University of Technology and Agriculture Poland

Department of Inorganic Chemistry

New Jersey Institute of Technology

101

akierz@atr.bydgoszcz.pl

USA
knoxd@njit.edu



Konig Axel

Kolonin German

Koutsoukos PetrosG.

Krupp Ralf
Laptev Y uri
Letcher Trevor
Lilesv Alexander
Lorimer JohnW.

Lyashchenko Andrey

Lyoo Won Seok

Magalhaes Clara

Makino Masakazu

Marcus Yizhak

Marquardt  Christian M.

Marsh Kenneth

Maurer Gerd

M ereshchenko Andrey

Meruane Gabrid

Moog Helge

Prof.

Prof.

Prof.

Dr.

Dr.

Prof.

Prof.

Prof.

Prof.

Prof.

Prof.

Dr.

Prof.

Dr.

Prof.

Prof.

Dr.

Universitét Erlangen-Nirnberg
Lehrstuhl fir
Thermische Verfahrenstechnik

Siberian Branch of Russian Ac.Sci
Institute of Geology and Mineralogy

University of Patras

Department of Chemical Engineering
and Foundation of Research and
Technology Hellas

Burgdorf

Siberian Branch of Russian Ac.Sci
Institute of mineralogy and petrography
University of KwaZulu-Natal
N/S/Kurnakov Institute of General

and Inorganic Chemistry

of Russian Academy of Sciences

University of Western Ontario
Department of Chemistry

N/S/Rurnakov Institute of General
and Inorganic Chemistry
of Russian Academy of Sciences

Y eungnam University
School of Textiles
Polymer Gel Cluster Center

University of Aveiro
Department of Chemistry

University of Shizuoka
Institute for Environmental Sciences

Hebrew University
Chemistry

Forschungszentrum Karlsruhe
Institut fuer Nukleare Entsorgung

University of Canterbury
Dept. Chemical and Process Engineering

Universitat Kaiserslautern

Germany

axel koenig@rzmail.uni-erlangen.de

Russia
kolon@uiggm.nsc.ru

Greece
pok@iceht.forth.gr

Germany
ralf.krupp@freenet.de

Russia
|aptev@uiggm.nsc.ru

South Africa
trevor @l etcher.eclipse.co.uk

Russia
lilaser@mail.ru
Canada
lorimer@uwo.ca
Russia

aklyas@mail.ru

Korea
wslyoo@yu.ac.kr

Portugal
mclara@dg.ua.pt

Japan
makinom@u-shi zuoka-ken.ac.jp

Israel
ymarcus@vms.huji.ac.il

Germany
marquardt@ine.fzk.de

New Zealand
ken.marsh@canterbury.ac.nz

Germany

Lehrstuhl fir Technische Thermodynamik  gmaurer@rhrk.uni-kl.de

Saint-Petersburg State University
Department of Inorganic Chemistry
SQM Industrial S.A.

Gesellschaft fir Anlagen- und
Reaktorsicherheit (GRS)

102

Russia
shapka-spbl@yandex.ru
Chile
gabriel.meruane@sgm.com

Germany
helge.moog@grs.de



Neck

Nitzsche

Oweimreen

Paschke

Paulekuhn

Posern

Qiu

Rabadjieva

Renno

Reukov

Rinja

Rissom

Rozov

Rudolph

Rumyantsev

Salminen

Salomon

Samba

Sang

Sangster

Volker Dr.
Olaf Dr.
Ghassan A. Prof.
Albrecht Dr.
Steffen

Konrad

Liyan Dr.
Diana Dr.
Axel Dr.
Vladimir Dr.
Mihagla-Diana
Christine
Konstantin
Carsten Dr.
Alexey Prof.
Justin Dr.
Mark Dr.
Mohamadou Dr.
Shi-hua Dr.
James Dr.

Forschungszentrum Karlsruhe
I nstitut fuer Nukleare Entsorgung

Brenk Systemplanung GmbH

King Fahd University
of Petroleum and Mineras

UFZ Leipzig-Hale GmbH
Department Okologische Chemie

Merck KGaA

Bauhaus-Universitat Weimar

Atomic Energy of Canada Limited

Bulgarian Academy of Sciences
Institute of General and
Inorganic Chemistry

Institute of Mineralogy
TU Bergakademie Freiberg

Russian Academy of Siences
IGEM

TransilvaniaUniversity of Brasov
Chemistry Department

TU Bergakademie Freiberg
Department of Inorganic Chemistry

Novosibirsk State University
Zschimmer & Schwarz
Mohsdorf GmbH & Co KG

Staint-Petersburg State University
Chemica Department

University of California Berkeley
Department of Chemical Engineering

MaxPower, Inc., Harleysville

Faculty of Sciences of Gabes

ChengDu University of Technology

College of Materials and Chemistry &

Chemical Engineering

Sangster Research Laboratories
Cote des Neiges, Montreal

103

Germany
neck@ine.fzk.de

Germany
mail @brenk.com

Saudi Arabia
ghassan@kfupm.edu.sa

Germany
albrecht.paschke@ufz.de

Germany
steffen.paulekunn@merck.de

Germany
konrad.posern@baui ng.uni-weimar.de

Canada
giul @aecl.ca

Bulgaria
didiarab@svr.igic.bas.bg
Germany

renno@mineral.tu-freiberg.de

Russia
reukov@igem.ru

Romania
mrinja@unitbv.ro

Germany

Christine.rissom@chemie.tu-freiberg.de

Russia
kor87@bk.ru

Germany
dr.c.rudolph@zsm.de

Russia
Rummy@yandex.ru

USA
justin@newman.cchem.berkeley.edu

USA
marksalomon@comcast.net

Tunesia
bah_samba@lycos.com

China
sangsh@cdut.edu.cn

Canada
James.Sangster @polymtl.ca



Sanhoury

Sawamura

Sazonov

Schmidt

Schneider

Schiiirmann

Skripkin

Savik

Sloan

Sobron

Sonoda

Steiger

Stepakova

Suworow

Temerk

Todorov

Tumakaka

Urusova

Valyashko

Vercouter

Med A.

Sdiji

Valerii

Horst

Jana

Gerrit

Mikhail

Martin

Dendy

Pablo

Tsutomu

Michael

Lyubov

Tatjana

Yassin

Tihomir

Fedly

Marina

Vladimir

Thomas

Dr.

Prof.

Prof.

Dr.

Prof.

Dr.

Dr.

Dr.

Prof.

Prof.

Dr.

Dr.

Prof.

Dr.

Faculty of Sciences of Tunis
Department of Chemistry

Ritsumeikan University
Department of Applied Chemistry

University of Architecture and
Civil Engineering, Samara
Department of Physic

TU Bergakademie Freiberg
Department of Inorganic Chemistry

TU Bergakademie Freiberg
Department of Inorganic Chemistry

UFZ Leipzig-Halle GmbH
Department Okologische Chemie

Saint-Petersburg State University
Department of Inorganic Chemistry

Technical University of Liberec
Department of Chemistry

Colorado School of Mines
Center for Hydrate Research

University of Valladolid
Faculty of Siences

National Institute of Advanced Industria

Science and Technology (AIST)

Universitét Hamburg
Instiut fir Anorgansiche und
Angewandte Chemie

Saint-Petersburg State University
Department of Inorganic Chemistry

TU Bergakademie Freiberg
Department of Inorganic Chemistry

Assiut University
Faculty of Science

Bulgarian Academy of Sciences
Institute of General and
Inorganic Chemistry

Universitdat Dortmund

Lehrstuhl fir Thermodynamik
Russian Acsdemy of Sciences
Kurnakov Institute of General and
Inorganic Chemistry

Russian Acsdemy of Sciences
Kurnakov Institute of General and
Inorganic Chemistry

CEA Saclay
DEN/DPC/SECR/LSRM,
Gif-sur-Yvette

104

Tunesia
senhourry @yahoo.com

Japan
sawamura@se.ritsumei.ac.jp

Russia
sazonov @sstu.edu.ru

Germany
horst.schmidt@chemie.tu-freiberg.de

Germany
jana.schneider@chemie.tu-freiberg.de

Germany
gerrit.schuurmann@ufz.de

Russia
skripkin1965@yandex.ru

Czech Republic
martin.davik@tul.cz

USA
esloan@mines.edu

Spain

psobron@iq.uva.es

Japan
tsutomu .sonoda@ai st.go.jp

Germany
michael .stei ger@chemie.uni-hamburg.de

Russia
stepakova2003@mail.ru

Germany
tatjana.suworow@chemie.tu-freiberg.de

Egypt
temerk44@yahoo.com

Bulgaria
tiho@mail.bg

Germany

Feelly. Tumakaka@bci.uni-dortmund.de
Russia

valyashko@igic.ras.ru

Russia
valyashko@igic.ras.ru

France
Thomas.vercouter @cea.fr



Voigt

Voigt

Voronin

Waghorne

Wanner

Weil3

Wesol owski

Wollmann

Xie

Zamyatin

Zehl

Zeng

Zhu

Cathleen

Wolfgang

Mikhail

Eale

Hans

Stephan

David J.

Georgia

Mingliang

Igor

Thomas

Dewen

Shenlin

Prof.

Dr.

Prof.

Dr.

Prof.

Dr.

Prof.

Prof.

TU Bergakademie Freiberg
Department of Inorganic Chemistry

TU Bergakademie Freiberg
Department of Inorganic Chemistry

Russian Academy of Siences
IGEM

University College Dublin
Swiss Federal Nuclear Safety
Inspectorate, Villigen

FZ Rossendorf e.V.
Institute of Radiochemistry

Oak Ridge National Laboratory
Chemical Sciences Division

TU Bergakademie Freiberg
Department of Inorganic Chemistry

University of Tubingen
ZAG, Center for Applied Geoscience

Saint-Petersburg State University
Department of Chemistry

TU Bergakademie Freiberg
Department of Inorganic Chemistry

Hunan University
College of Chemistry and
Chemical Engineering

Tsinghua University
Chemical Engineering Department

105

Germany
Cathleen.voigt@chemie.tu-freiberg.de

Germany
wolfgang.voigt@chemie.tu-freiberg.de

Russia
voronin@igem.ru

Ireland
earle.waghorne@ucd.ie

Switzerland
hans.wanner@hsk.ch

Germany
s.weiss@fz-rossendorf.de

USA
wesolowskid@ornl.gov

Germany
Georgia.wollmann@chemie.tu-freiberg.de

Germany
mingliang.xie@uni-tuebingen.de

Russia
zamiatine@peterstar.ru

Germany
Thomas.zehl @chemie.tu-freiberg.de

China

dewen_zeng@2lcn.com

China
zhusl @tsinghua.edu.cn



List of Participants (alphabetically by countries)

Country

Algeria

Austraia:

Austria

Bulgaria

Canada:

Chile :

China :

Czech Republic:

Denmark:

Egypt:

France :

Germany:

Name

Atik
Azzedine

Akilan
Bastrakov
Hefter

Gamg&ger

Balarew
Rabadjieva
Todorov

De Visscher
Lorimer

Qiu
Sangster
Meruane

Sang
Zeng
Zhu

Eyssdtova
Savik

Fosbodl
Temerk

Gaune-Escard
V ercouter

Altmaier
Amme
Balantseva
Bok
Brendler
Emons
Freyer
Gotze
Grechin
Gunther
Hagemann
Herbert
Hlbener
Hussein
Jetzki
Konig
Krupp
Marquardt
Maurer

106

First Name

Zadjia
Abbaci

Chandrika
Evgeniy
Glenn

Heinz

Christo
Diana
Tihomir

Alex
John W.
Liyan
James
Gabrid

Shi-hua
Dewen
Shenlin

Jtka
Martin

Philip
Yassn

Marcdle
Thomas

Marcus
Marcus
Elena

Frank
Vinzenz
Hans-Heinz
Danidla
Jens
Alexander
Eva

Sven
Horst-Jurgen
Siegfried
Rasha
Martin

Axel

Ralf
Christian M.
Gerd

Title

Prof.
Prof.

Dr.
Prof.

Prof.

Prof.
Dr.

Dr.
Prof.
Dr.
Dr.

Dr.
Prof.
Prof.

Dr.

Prof.

Prof.
Dr.

Dr.
Dr.

Dr.
Prof.
Dr.
Prof.
Dr.

Dr.
Dr.
Dr.

Dr.
Prof.
Dr.
Dr.
Prof.



Great Britain:
Greece:
Ireland:

Isradl:

Japan:

Korea
Morocco:
New Zealand:

Poland:

Portugd:
Romania

Russia

Moog
Neck
Nitzsche
Paschke
Paulekuhn
Posern
Renno
Rissom
Rudolph
Schmidt
Schneider
Schiitirmann
Steiger
Suworow
Tumakaka
Voigt
Voigt
Wel
Wollmann
Xie

Zehl

Fogg

Koutsoukos
Waghorne
Marcus

Makino
Sawamura
Sonoda

Lyoo
El Guendouzi
Marsh

Guminski
Jurek
Kierzkowska

Maga haes
Rina

Akinfiev
Bazarkina
Chareev
Durov
Kolonin
Laptev
Lileev
Lyashchenko

M ereshchenko

Helge
Volker
Olaf
Albrecht
Steffen
Konrad
Axel
Chrigtine
Carsten
Horst
Jana
Gerrit
Michael
Tatjana
Fedly
Cathleen
Wolfgang
Stephan
Georgia
Mingliang
Thomas

Peter
Petros G.
Eale
Yizhak

Masakazu
Siji
Tsutomu

Won Seok
Mohamed
Kenneth

Cezary
Katarzyna
Agnieszka

Clara
Mihada-Diana

Nikolay
Elena
Dmitriy
Vladimir
German

Y uri
Alexander
Andrey
Andrey

Dr.
Dr.
Dr.
Dr.
Dr.

Dr.
Dr.

Prof.
Prof.

Dr.

Prof.
Dr.

Dr.

Prof.
Prof.
Prof.
Dr.

Prof.
Dr.

Prof.
Prof.
Prof.

Dr.

Prof.

Prof.

Prof.
Prof.
Dr.

Prof.
Prof.



Saudi Arabia

Spain:

South Africa
Switzerland:

Tunesa

USA:

Reukov
Rozov
Rumyantsev
Sazonov
Skripkin
Stepakova
Urusova
Vayashko
Voronin
Zamydin

Oweimreen

Casas
Sobron

Letcher
Wanner

Samba
Sanhoury

Cloke
Herrera
Knox
Saminen
Sdomon
Sloan
Wesolowski

108

Viadimir
Kongtantin
Alexey
Vdeii
Mikhall
Lyubov
Marina
Vladimir
Mikhail
Igor

Ghassan A.

LidiaM.
Pablo

Trevor
Hans

Mohamadou
Med A.

Paul
Raul
Dana
Judtin
Mark

Dendy
David J.

Dr.

Prof.
Prof.
Dr.

Dr.
Prof.
Dr.

Prof.

Prof.
Dr.

Dr.
Dr.

Prof.
Prof.
Prof.
Dr.
Dr.
Dr.
Prof.






