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PROFESSOR ENG. LIVIU LITERAT PHD

Professor Liviu Literat has been over 58
years in the service of chemistry and chemical
engineering education at two reference Universities
of Cluj-Napoca — the Polytechnic Institute  (1953-
1974) and “Babe s-Bolyai” University (1974 -).
He graduated the chemical-physics (1951) in Cluj
at “V. Babes” University, the chemical engineering
(1961) at Polytechnic Institute of Bucharest and
became PhD in chemistry (1966). He got scientific
research training (post doctoral schooling) in:
Reactions in solid state (1966) — University
Bucharest, Faculty of Chemistry, Department of
physical-chemistry (acad. llie Murgulescu);
Magnetic Nuclear Resonance (RMN) in Organic
Chemistry (1967) — Romanian Academy Bucharest
(acad. Prof. Costin D. Nenitescu) and UNESCO ¢
international training course in Scientific Research :
Management (Balkan Union of Mathematicians), /
Bucharest (1977). He also performed training in
academic management, such as the Educational Management (1982) training — UBB,
Cluj-Napoca, the Ministry of Education and European Foundation “J. C. Dragan”
and became coordinator of TEMPUS programs (1991-1996). Professor Literat was
the initiator and organizer of the chemical engineering education in the Cluj-
Napoca University Center by establishing the specializations: the Technology of
Building Materials (1971), Organic and Inorganic Technology (1977) and the Science
and Engineering of Oxide Materials (1990). He was founder and head of the
Department of Chemical Engineering (1990) and founder of the Science of Oxide
Materials (1992) specialization. He was also the promoter of the post-university
(master) specializations (1994, 1995) and PhD advisor (1991) in chemical engineering
and Science of Oxide Materials. Professor Literat was the Head of the Organic
Chemistry and Technology Department (1977-1985) and of the Chemical Engineering
and Science of Oxide Materials (1992-1995) chair, while he was also PhD supervisor
in chemical engineering. He is author of 15 books (university manuals, treatises,
monographs, history of sciences and education) and of over 130 scientific articles
published in specialized journals in Romania and in foreign countries or in volumes
of some international scientific events. Professor Literat is the author of over 300
scientific communications at national and international Congresses and Symposiums,
of 75 applied research reports (contracts, grants, projects). He was member of the
Commission of the National Council for Inventions of Engineers and Technicians
(CNIT) Cluj (1985-1989). He served as active member of the editorial boards of
Scientific Bulletin of Polytechnic Institute Cluj, Studia Universitatis Babes-Bolyai,
Seria Chemia and Romanian Journal of Materials (Bucharest). He is member of the
Association of Scientists (AOS) of the Romanian Academy — Transylvania subsidiary
(1986). He is also founding member (1995), president (1995-2000) and honorary




DEDICATED TO PROFESSOR LIVIU LITERAT, AT HIS 80™ ANNIVERSARY

president (2000) of the Romanian Chemical Engineering Society (SICR) — Cluj branch.
As recognition of his outstanding scientific merits he became honorary member of
the Romanian Academy of Technical Sciences (2004) and member of the European
Federation of Chemical Engineering (1999). He was proposed and accepted to be
honorary citizen of Fagaras Municipality (2005). Professor Literat is mentioned in
numerous Romanian and foreign biographical compendiums (who's who) as
scientist, culture and successful man, as teacher and mentor for over 50 series of
graduate chemical, mechanical, civil engineers and university chemists and as
adviser of master and PhD students. This would be, in short, the visiting card of
professor dr. eng. Liviu Literat.

Born on 9 September 1928 in Vintul de Jos, Alba County, professor Liviu
Literat is a descendant of an old (scholar) family promoting knowledge and national
traditions (rustics, priests, teachers, professors) with deep roots in the history of
Fagaras Country, strongly attached to the culture and national traditions.

Grown up in the cult of work and of the moral precepts respect of honesty,
truth and justice, he always rigorously followed these principles.

High school studies have been performed at Brasov ("Andrei Saguna"
College), 1939-1945, Fagaras ("Radu Negru" Lyceum), 1945/46 and Cluj ("Simion
Stefan” Lyceum), 1946/47, and baccalaureate at "George Baritiu" Lyceum (1947).

He got a thorough College education at "Victor Babes" University from Cluj,
Faculty of Chemistry (1947-1951), graduated in chemical-physics (1951) and at
Polytechnic Institute of Bucharest, Faculty of Industrial Chemistry (1961), became a
chemical engineer, specialized in the Technology of Inorganic Substances (1963).

From the professional-scientific training perspective, Professor Liviu Literat
is the product of the Chemistry School of Cluj and of the Chemical Engineering
one, of Bucharest. This synthesis proved beneficial in his activity as member of the
professorial staff and on a larger plan in organizing the chemical engineering
education in Cluj-Napoca, a desideratum for which Professor Liviu Literat has
pleaded for and has consistently acted in favor of and with which he has entirely
identified himself.

In 1966 he obtained the scientific title of doctor in chemistry (PhD) with an
ample research works in the field of non-stoichiometry of refractory oxides (a
physical-chemistry study of some reducing alumina) performed under the guidance
of academician Raluca Ripan.

The university career started as soon as his student’s years, as a teaching
assistant, (Department of Mineralogy, "V. Babes" University) then he ascended all the
steps of the higher education hierarchy and since 1972 he has become full professor.

Within the Polytechnic Institute  (1953-1974) he was the titular of the General
Chemistry, Inorganic and Physical-chemistry, Analytical chemistry and Technical
Analysis, Building Materials and Building materials on polymer compounds disciplines.

At the Babes-Bolyai University  he thought disciplines of chemical
engineering including: Operations and Equipments in the Building Material Industry
(1974-1991), Processes and Equipments in the Chemical Technology (1976-1991),
Transfer Phenomena and Equipments in the Chemical Engineering (1980-1993),
Heterogeneous catalysis (1977-1980), Operations and Equipments in the Oxide
Materials Industry (1990-1995), Engineering of Interface Processes (1994-2001).
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For these disciplines, he elaborated courses (5) and applications (7),
appreciated for their content, modern approach and high level of analysis for the
involved problems. Among these are the book on General Chemistry (1975)
recommended by the Ministry of Education and EDP House (in 1973) as textbook
for all higher technical education Institutes; Transfer Phenomena and Equipments
in the Chemical Industry; Transport Processes (1985) — where the concept of
Property Transport has been first introduced; Operations and Equipments in the
Oxide Material Industry-Applications (1994) — example of applied theory, or in a
reversed sense, inferred from the experiment and extended to the design; Technical
Ceramics; Calculus and Designing Principles (2001) —synthesis of subjects and
problems of theory, technology, research and designing in the ceramics domain.

Besides the didactic activity, Professor Liviu Literat has carried out a
sustained and varied scientific activity in the fields of physical-chemistry
chemical engineering and materials science .

His formation as engineer and chemist offered to professor Literat the
possibility to perform fundamental and applied research in the field of the materials
science and chemical engineering, both considered as based on physical and
chemical processes or phenomena.

Interested on the problems specific to each of these fields, Professor Liviu
Literat and the school set up around him, have developed studies, with priority, in
the competition area of these domains, situated at the border between the
materials science and process engineering, at the interface between the
“phenomenological” and “structural” aspects.

In the Materials Science domain , Professor Literat has essentials contributions
to the discovery and research of a new class of refractory oxides (alumina) with deviation
from stoichiometry, in the synthesis and characterization of some oxide-nano-systems
and materials with pre-set destination aim, properties and characteristics (oxide
refractory, metallic and composite matters with controlled porosity, ceramic membranes,
catalysts, selective adsorbents, powders and sintered matters).

As concerns the alumina non-stoichiometry (reducing alumina with oxygen
deficit, paramagnetic properties, n-type semiconductor behaviour and catalytic activity in
electron-change processes), the PhD thesis (1964) and the publications on this subject,
had a particular interests and were favorable commented in literature (reviewed by
Chemical Abstract, Referativnii Zhurnal), professor Literat being considered as pioneer
in this field that, later, will be called nano materials compounds and also, in the non
conventional synthesis methods (organic-inorganic precursors, in special conditions).

He has developed a new technique of punctual quantitative chemical
analysis of the oxide and composite micro-phases systems using the methods of
the electronic microscopy (electron microprobe). A non-conventional granular
analysis method of analogy based on physical metallurgy (Epiquant) has been
developed, by which the dimension, shape, volume, specific surface and the
distribution function of the powders size fractions are estimated automatically.

In the field of chemical engineering , professor Literat’s interests are
connected to the concept of property transport and transfer phenomena, to the
dimensional analysis applied to the phenomenological study of the interface
processes (sorbtion, catalysis, extraction), to separation processes, to thermodynamics
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and kinetics in solid state reactions and catalysis, to modeling and simulation, to
scale up and design of the research equipments and industrial installations.

In the transfer theory, he has determined (12) new similitude criteria and
criterion equations for stationary and transitory conductive-convective processes
with electric load carriers.

In the field of the separations processes, he has developed a graph-
analytical procedure for the discrimination of the movement of dispersed particles
in the sedimentation process, has established some news recurrence equations
and nomographic charts between the sedimentation speed and the size of particles.
As well, he has drawn up an experimental computerized method and technique for
recording of settling curves and of the size distribution functions. In the separation
of the fluid micro-dispersions by filtering, there were also studied the phenomenology
of the micro and ultra filtering processes, and the separation techniques.

He brought original contributions at the gas-solid sorption processes such
as theory, experiment, apparatus, computation programs and applications in gas
separations and to the porous solids and powders characterization.

In professor’'s Liviu Literat activity as a whole , an important part is
played by his constant interest and concern for the development of the technical
higher education in Cluj-Napoca, in general, and especially for the chemical
engineering . For this desiderate he developed a prodigious didactic and scientific —
theoretical, applicative and managerial activity, with special effects.

The name of the professor Liviu Literat has been inseparably linked with
the actions and initiatives of setting up, developments and advances of the chemical
engineering education in Cluj-Napoca University Center for over four decades,
being considered one of the founder of the fourth Romanian Chemical Engineering
School (1971) after lasi (1937), Bucharest (1938) and Timigoara (1948).

Therefore, Professor Liviu Literat does not belong only to the Babes-Bolyai
University and Polytechnic Institute of Cluj, he is a prominent personality of the
Romanian School of Chemical Engineering and of the Oxide Material Science, as
he is, in these domains, a founder of school, and representative of the higher education,
considered as a whole. In the same time, professor Liviu Literat is a personality of
high morality, with a grand spirit and a great availability, always involved in the
activities that he put love all along his life. Professor Liviu Literat has always been
a dynamic, active and dedicated person; he has presented to the higher education
with everything he has to give, with responsibility and competence.

At the age of 80, Professor Liviu LITERAT is an active person in the
academic life as he still has many projects to work on. The group of his former and
present colleagues and co-workers from the Faculty of Chemistry and Chemical
Engineering addresses to Professor Literat the best wishes for a long life, full with
further achievements.

Volume Editors,
Mircea-Vasile Cristea
Adina Lucretia Ghirigan
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10



DEDICATED TO PROFESSOR LIVIU LITERAT, AT HIS 80™ ANNIVERSARY

12. Liviu Literat , Homage Paid to associate Professor dr. ing. Lucia Gagea. Romanian
Journal of Materials, Bucharest, vol. 34, nr. 2, p. 150-152, 2004

13. Liviu Literat , The Chemical Engineering School of Cluj at the 30-th Anniversary,
Studia Univ. Babes-Bolyai, Chemia, vol. XLVI, nr. 1-2, p. 3-4, 2001

14. Liviu Literat , The Chemical Engineering Education at Cluj-Napoca in Data and
Achive Documents, CD-ROM, Ed. ACCENT, Cluj-Napoca, ISBN 973-99821-8-2
Symposium "30-th years of Chemical Engineering Education at Cluj-Napoca", 2001

15. Liviu Literat, Becoming steps. Three Quarters Century of Romanian Chemical
Education at the Alma Mater Napocensis, Journal of Building Materials, vol. 26, nr. 2,
p. 160-170, 1995

16. Liviu Literat , 75 de ani de invatamant chimic roménesc la Alma Mater Napocensis,
Rev. Chim., vol. 45, nr. 7, p. 542, 1994

17. Liviu Literat , 20 de ani de Tnvatamant de Inginerie Chimica la Cluj-Napoca,
Studia Univ. Babes-Bolyai, Chemia, vol. XXXVI, nr. 1-2, p. 59-60, 1991

18. Liviu Literat (autor si editor), Breviar Monografic (1971-1991). Facultatea de
Chimie si Chimie Industriala. "Din istoricul Tnvatdmantului de inginerie chimica la
Cluj-Napoca", Ed. Universitatii Babes-Bolyai, Cluj-Napoca, p. 14-92, 1991

SCIENTIFIC PUBLICATIONS. ARTICLES

1. L. Literat, Modelling of some processes with mass variation. Applications to the
separation, classification and characterization of ceramic microdispersions through
sedimentation, Romanian Journal of Materials, Bucharest, vol. 38, nr. 4, p. 321-330, 2008

2. L. Szell, L. Literat, A. Toth, L. Gagea, Pigmenti ceramici purpurii cu structura tip
fluorind, Simpozion National de Inginerie Chimica, Cluj-Napoca, Ed. ACCENT,
Cluj-Napoca, ISBN (13)- 978-973-8915-18-3, p. 63-66, 2006

3. A. Orban, L. Literat, Consideratii privind presarea axiala a pulberilor ceramice,
Simpozion National de Inginerie Chimica, Cluj-Napoca, Ed. ACCENT, p. 67-71, 2006

4. C. Voica, L. Gagea, L. Literat, Glazuri ceramice cu efecte speciale pentru portelan
fosfatic, Simpozion National de Inginerie Chimica, Cluj-Napoca, Ed. ACCENT, p.
78-84, 2006

5. F. Goga, L. Literat, C. Suciu, Glasses in the SiO,-B,05-Bi,O3 system, Reliability
of Ceramics ECERS, Polish Ceramic Society, Cracow, (P.E 01), 2006

6. F. Goga, L. Literat, M. Gorea, C. Suciu, Immiscibility in the SiO,-B,03-Bi,O3
system, The 32-th Conference SSCHE, Tatranske Matliare (SK), Proceedings CD-
ROM, p. 241-246, 2005

11



DEDICATED TO PROFESSOR LIVIU LITERAT, AT HIS 80™ ANNIVERSARY

7. F. Goga, L. Literat , C. Suciu, M. Mocean, PbO free frits for ceramic colorants, Romanian
International Conference on Chemistry and Chemical Engineering RICCCE XIV, Science
and Engineering of Oxide Materials, Proceedings vol. 1, p. S08-71-78, 2005

8. F. Goga, L. Literat , M. Gorea, C. Suciu, The immiscibility in the SiO,-B,03-Bi,O3
system, Romanian International Conference on Chemistry and Chemical Engineering
RICCCE XIV, Proceedings vol. 1, p. S08-202-210, 2005

9. A. Toth, C. Dardai, L. Szell, L. Gagea, L. Literat , Structure of thin porous layers
obtained from reactive powders, Romanian Journal of Materials, vol. 34, nr. 2, p.
90-98, 2004

10. A. Toth, L. Literat , R. Misca, V. Dumbraveanu, C. Neagu, Asimetrical membranes
with application for wine clearing and stabilizing, Romanian Journal of Materials,
vol. 34, nr. 3, p. 196-205, 2004

11. L. Szell, L. Literat , L. Gagea, Cr. Dardai, A. Toth, Study on the synthesis and
properties of the ceramic pigments in the CeO,-PrO, system, Romanian Journal of
Materials, vol. 34, nr. 3, p. 183-189, 2004

12. A. Orban, M. Turos, L. Literat, Considerations about the axial pressing
moulding method for grinding parts, Romanian Journal of Materials, vol. 34, nr. 4,
p. 183-189, 2004

13. A. Toth, L. Literat , R. Misca, R. Dumbraveanu, C. Neagu, Asymetric ceramic
membranes with application in wine clarification and stabilisation, CONSILOX IX,
Ceramics, Sighisoara, p. 185-196, 2004

14. L. Szell, Cr. Dardai, A.Toth, L. Literat, L. Gagea, Stady on the synthesis and
properties of the ceramic pigments in the CeO,-PrO, system, CONSILOX IX,
Ceramics, Sighisoara, p. 89-94, 2004

15. L. Literat , A. Orban, A study of the behaviour of some superaluminous powders at
the shaping by isostatic and axial pressing, CONSILOX IX, Ceramics, Sighisoara,
p. 159-170, 2004

16. A. Orban, L. Literat , M. Turos, Grinding parts shaped by axial pressing, CONSILOX
IX, Ceramics, Sighigoara, p. 171-184, 2004

17. A. Toth, L. Literat , R. Misca, Hydraulic strenght of the oxide membranes and
gel layer, at convective transport of the aqueous dispersions, Romanian Journal of
Materials, vol. 33, nr. 3, p. 234-241, 2003

18. L. Literat , A. Orban, The behaviour of some superaluminous ceramic powders
atomised in the process of isostatic pressing, Romanian Journal of Materials, vol.
33, nr. 4, p. 270-277, 2003

12



DEDICATED TO PROFESSOR LIVIU LITERAT, AT HIS 80™ ANNIVERSARY

19. A. Toth, R. Misca, L. Gagea, A. Ozunu, L. Literat , Cross-flow separation of some
heterogeneous systems through filtering on ceramic membranes, The 29-th
Conference SSCHE, Tatranske Matliare (Sk) CD-ROM, p. 27-31, 2002

20. L. Literat , L. C. Bodizs, The influence of humidity on the rheological behaviour
of ceramic powders in the pressing process, Romanian Journal of Materials, vol.
32, nr.1, p. 54-59, 2002

21. L. Literat , Recording device and exploring procedure of the settling curves.
Applications to the Symptotic classifying of powdery systems, Studia Univ. Babes-
Bolyai, Chemia, vol. XLVI, nr. 1-2, p. 5-10, 2001

22. A. Toth, L. Literat, L. Gagea, Pore structure stability of alumina bazed
membranes, Studia Univ. Babes-Bolyai, Chemia, vol. XLVI, nr. 1-2, p. 11-16, 2001

23. L. Literat, Procedure of computerized recording of the settling curves.
Application at the symptotic classifying of powdery systems, "30 years of Chemical
Engineering Education at Cluj-Napoca", Ed.ACCENT Cluj-Napoca, CD ROM, 2001

24. A. Toth, L. Literat , L. Gagea, Pore structure stability of alumina based membrane,
"30 years of Chemical Engineering Education at Cluj-Napoca", Ed. ACCENT Cluj-
Napoca, CD ROM, ISBN-973-99821-8-2, 2001

25. L. Literat , Considerations on some mathematics models with application to the
press-forming of ceramic powders, Ed. ACCENT Cluj-Napoca, CD ROM, 2001

26. A. Toth, I. Kotsis, K. Belofine-Bako, L. Literat , L. Gagea, Oxide membranes with
selective layer organic-mineral, CONSILOX VIII, Alba-lulia, vol. 1, p. 203-208, 2000

27. L. Literat , A. Ghirisan, The rheological behaviour of some silicate sol-gel systems,
CONSILOX VI, Alba-lulia, vol. 1, p. 20-26, 2000

28. L. Literat , M. Cristea, L. Gagea, C. Pavel-Voica, Shaping by pressing of some
ceramic powders. Diagrams and computing equations, CONSILOX VIII, Alba-lulia,
vol. 1, p. 290-295, 2000

29. C. Vasile, L. Literat , L. Gagea, L. Szell, Ceramic mass with ZrO, content and
thermo-mechanics properties, CONSILOX VIlII, Alba-lulia, vol. 1, p. 27-32, 2000

30. L. Literat , A. Toth, M. Lascu, L. Gagea, Application of the ceramic membranes
on the selective separation processes, Papers of the 2-nd International Symposium
on Chemical Engineering Bucharest, SICHEM 2000, p. 49-56, 2000

31. L. Literat , A. Toth, M. Lascu, L. Gagea, Application of the ceramic membranes
on the selective separation processes. Papers of the 2-nd International Symposium
on Chemical Engineering Bucharest, SICHEM 2000, p. 49-56, 2000

13



DEDICATED TO PROFESSOR LIVIU LITERAT, AT HIS 80™ ANNIVERSARY

32. L. Literat , I. Muresan, P. Muresan, Automatic determination of vapors adsorption
isotherms on porous solids, Acta Technica Napocensis Section Constr. Machines
and Materials, vol. 2, p. 139-146, 1999

33. A. Ozunu, L. Literat , L. Ghergari, L. Gagea, Kinetic models for gypsum dehydration,
Journal of Building Materials, vol. 28, nr. 1, 1999

34. C. Pavel, L. Gagea, L. Literat , Glazuri mate pentru portelan fosfatic, Analele Univ.
Oradea, Chimie, p. 11-19, 1999

35. F. Goga, L. Gagea, L. Literat , M. Moceanu, Matrici vitoase cu fusibilitate ridicata,
Analele Univ. Oradea, Chimie, p. 39-45, 1999

36. A. Ghirisan, L. Literat , Rheologic evolution of some sol-gel systems, International
Conference on Chemistry and Chemical Engineering, POLITECHNICA University
Bucharest, CD-ROM, p. 203-208, 1999

37. A. Ozunu, L. Literat , R. Misca, Investigation of Gypsum Dehydration, The 1-st
International Conference of the Chemical Societies of the South-East European
Countries. Chemical Sciences and Industry, Greece, vol. 1, p. 103-105, 1998

38. A. Ozunu, L. Literat, R. Misca, The materials moving in the drum rotary
equipments. The influence of operational variables on the hold-up time distribution,
Journal of Building Materials, vol.3, p. 197-203, 1998

39. L. Literat , F. Bele, L. Gagea, E. Koncz, Frite ceramice fusibile fara continut de
metale toxice, Analele Univ. Oradea, Chimie, p. 113-119, 1998

40. R. Misca, L. Literat , A. Ozunu, Appreciation of the rate determinant stage at
non stationary extraction from porous medium through the general dimensional
analysis, Chem. Bull. ,Politechnica” Univ. Timisoara, vol. 43(57), p. 321-325, 1998

41. R. Misca, L. Literat, A. Ozunu, Heat transfer in non steady state in liquid
medium, Chem. Bull. ,Politechnica” Univ. Timisoara, vol. 43(57), p. 326-332, 1998

42. A. Ozunu, L. Literat, R. Misca, S. Dragan, Parametric investigation of gypsum
dehydration in a rotary drum reactor. Conference on Materials and Manufacturing
Technologies (Il), MACHTEHN '98, Polytechnic University Cluj-Napoca, p. 215-220, 1998

43. R. Misca, L. Literat, A. Ozunu, S. Dragan, General dimensional analysis
applied to the unsteady dissolution of pure solids, Papers of the 1-st International
Chemical Engineering Symposium SICHEM. '98, Bucharest, p. 134-141, 1998

44. R. Misca, L. Literat, A. Ozunu, S. Dragan, General dimensional analysis applied
to the unsteady extraction from porous solid medium under the ultra sound action,
Papers of the 1-st International Chemical Engineering Symposium SICHEM '98,
Bucharest, p. 178-183, 1998

14



DEDICATED TO PROFESSOR LIVIU LITERAT, AT HIS 80™ ANNIVERSARY

45. A. Ozunu, L. Literat , R. Misca, S. Dragan, Scale-up of the rotary drum reactors.
Applications to the non catalytic gas-solid processes devolving at low temperatures,
Papers of the 1-st International Chemical Engineering Symposium SICHEM '98,
Bucharest, p. 192-201, 1998

46. A. Ozunu, L. Literat , R. Migca, S. Dragan, Compatrative study on the macro kinetic
and mathematics modeling of the sodium bicarbonate thermal decomposition and
of the natural gypsum dehydration, Papers of the 1-st International Chemical
Engineering Symposium SICHEM '98, Bucharest, p. 202-211, 1998

47. L. Literat , A. Toth, L. Gagea, A. Sintoma, Structural and functional characteristics
of some micro filtering oxide membranes, Papers of the 1-st International Chemical
Engineering Symposium SICHEM ’98, Bucharest, p. 394-401, 1998

48. L. Literat, C. Voica, L. Gagea, Study on the crystallization process in matte
glazes for the phosphate porcelain, STICLOCERAM '98, Technical University Cluj-
Napoca, p. 112-116, 1998

49. A. Ozunu, R. Misca, L. Literat, Parametric investigation of sodium bicarbonate
decomposition in a rotary drum reactor, Studia Univ. Babeg-Bolyai, Chemia, vol.
XLII, nr. 2, p. 255-262, 1997

50. A. Ozunu, R. Misca, L. Literat, Experimental aspects on the thermal decomposition
of sodium bicarbonate in a rotary drum reactor, National Conference of Chemistry and
Chemical Engineering, Politechnica University Bucharest, vol. 1, pag. 540-545, 1997

51. A. Ozunu, L. Literat, R. Migca, M. Ozunu, Pulverous materials motion in the
rotary drum equipments, National Conference of Chemistry and Chemical Engineering,
Politechnica University Bucharest, vol. 1, p. 583-588, 1997

52. R. Misca, A. Ghirigan, L. Literat , A. Ozunu, S. Dragan, The kinetic of solid-liquid
extraction. Hypophae fructus oil, Studia Univ. Babes-Bolyai, Chemia, vol. XLI, nr. 1, p.
55-60, 1996

53. L. Literat , L. Gagea, E. Mirica, J. Tipan, Alternative proceeding for granulometric
analysis of powdery dispersions, Journal of Building Materials, vol. 24, nr. 2, p.
132-137, 1995

54. T. Klainhempel, F. Atanasiu, L. Literat, Dimensionarea tehnologica a instalatiilor
PSA. Model de echilibru pentru dimensionarea coloanelor PSA, Rev. Chim, vol. 46,
nr. 8, p. 756-764, 1995

B55. L. Literat, A. Ozunu, R. Misca, A. Ghirisan, Discrimination method for

sedimentation regimes with application in the symptotyc classification, Proceedings
Academic Days Timisoara, Section Chemical Sciences, vol. 2, p. 27-30, 1995

15



DEDICATED TO PROFESSOR LIVIU LITERAT, AT HIS 80™ ANNIVERSARY

56. A. Ozunu, L. Literat, Considerations about fluid catalytic cracking. Modeling
and control, Selected topics on Chemical Reaction Engineering, Bratislava, Slovakia,
p. 202, 1994

57. R. Misca, L. Literat, Hypophae fructus oil separation, Selected topics on
Chemical Reaction Engineering, Bratislava, Slovakia, p. 203, 1994

58. L. Literat, Corelari privind regimul, viteza si dimensiunile particulelor Tn analiza
sedimentometrica, Rev. Chim., vol. 45, nr. 10, p. 921-922, 1994

59. L. Literat , E. Mirica, L. Gagea, F. Bele, Proprietatile filmelor subtiri de titanat de
bariu obtinute prin metoda sol-gel, Simpozionul de $tiinte Moderne si Energie,
Universitatea Tehnica Cluj-Napoca, p. 39-41, 1993

60. L. Literat, Korindonische unterlagen fur maleische Anhydrid Katalyzatoren,
Studia Univ. Babes-Bolyai, Chemia, vol. XXXVII, nr. 1, p. 99-104, 1992

61. L. Literat, Relatii criteriale privind transportul difuziv-convectiv in procese
stationare si nestationare, Comunicari stiintifice, Aparate si automatizari in industria
chimica, Timigoara, vol. Il, p. 5-12, 1991

62. L. Literat, Neue kriterielle Abfassungen im stationaren konvektiv-molekularen
Eigenschafts Transport, Studia Univ. Babes-Bolyai, Chemia, vol. XXXV, nr.2, p.
51-54, 1990

63. L. Literat, Uber einige kriterielle Beziehungen in nichtstationaren konductiv-
konvektiven Eigenschafts transport, Studia Univ. Babes-Bolyai, Chemia, vol.
XXXV, nr. 1, p. 99-103, 1990

64. L. Literat, Electro-corindonul poros, suport pentru catalizatori, Revista Materiale
de Constructii, vol.19, nr. 4, p. 246-249, 1989

65. L. Literat, D. Vasilescu, Suporturi catalitice pentru anhidrida ftalica, Revista
Materiale de Constructii, vol.18, nr. 3, p. 204-207, 1988

66. N. Almasi, J. Muresan, L. Literat, E. Cimpan, F. Kakso, C. Viragh, I|. Batiu,
Structura si morfologia unor pulberi de carbonat de nichel, Conferinta Nationala de
Metalurgie a Pulberilor (Ill), Institutul Politehnic Cluj-Napoca, vol. 2, p. 25-30, 1988

67. L. Literat , T. Farcas, N. Farbas, D. Literat, E. Cimpean, F. Kacso, N. Almasi,
V. Corbeanu, Investigatii de microscopie electronica asupra unor dispersii de
carbonat de nichel, Conferinta Nationala de Metalurgie a Pulberilor (Ill), Institutul
Politehnic Cluj-Napoca, vol. 2, p. 31-36, 1988

68. L. Literat, N. Farbas, M. Lazar, D. Literat, E. Bodis, Forma disributiei
particulelor pulberilor de carbonat de nichel, Conferinta Nationala de Metalurgie a
Pulberilor (111), Institutul Politehnic Cluj-Napoca, vol. 3, p. 15-18, 1988

16



DEDICATED TO PROFESSOR LIVIU LITERAT, AT HIS 80™ ANNIVERSARY

69. L. Literat, Electronenmikroscopische Untersuchung einiger Feuerfestmassen
die als katalytische Trager Wirken, Keramische Zeitschrift, 6, p. 378-381, 1987

70. L. Literat, D. Vasilescu, Mase ceramice superaluminoase cu liant mulitic si
porozitate controlata ca suport catalitic, Revista Materiale de Constructii, vol.16, nr.
1, p. 47-50, 1986

71. L. Literat, N. Farbas, Investigatii asupra silicatilor prin intermediul analizei
microelectronice, Revista Materiale de Constructii, vol.16, nr. 2, p. 140-142, 1986

72. L. Literat, Microstructura, compozitia si textura unor cimenturi usoare cu
granulit, Revista Materiale de Constructii, vol.16, nr. 2, p. 89-94, 1986

73. L. Literat, Studiul microscopiei electronice asupra unor suporturi catalitice
refractare, Revista Materiale de Constructii, vol. 15, nr. 2, p. 89-91, 1985

74. L. Literat , S. Gocan, E. Ursu, Caracteristici de suprafata si cromatografice ale
silicagelului RIE, Studia Univ. Babes-Bolyai, Chemia, vol. XXVIII, nr. 1, p. 52-55, 1983

75. L. Literat, V. Cuciurean, |I. Dragomir, Investigatii reologice a unor dispersii
ceramice in cdmp ultrasonic, Studia Univ. Babes-Bolyai, Chemia, vol. XXVIII, nr. 1,
p. 56-59, 1983

76. L. Literat, N. Farbas, Investigatii ale microscopiei electronice asupra unor
depuneri metalice pe suporti silico-aluminosi, Conferinta Nationala de Metalurgie a
Pulberilor (11), Institutul Politehnic Cluj-Napoca, vol. 3, p. 135-140, 1983

77. L. Literat, A. Motiu, N. Farbas, Microstructura, compozitia si textura unor
ceramici sinterizate, Conferinta Nationala de Metalurgie a Pulberilor (l1), Institutul
Politehnic Cluj-Napoca, vol. 3, p. 141-146, 1983

78. L. Literat, Studiul unor zeoliti naturali indigeni, Simpozionul National - Zeolitii Tn
Tehnologia Moderna, lasi, p. 417-423, 1983

79. L. Literat , A. Barbat, E. Baditoiu, Indigene volcanic tuffs as anti agglomerating
agents for nitrogenous fertilizer, Conference Permanente des Ingineurs de Sud-Est
de I' Europe COPISEE (Il), Section 3, p. 343-350, Cluj-Napoca, Romania, 1983

80. L. Literat, A. Barbat, |. Batiu, Zeolite antiagglomerating agents for mineral
fertilizer. Protection mechanisms, Conference Permanente des Ingineurs de Sud-
Est de I'Europe COPISEE (Il), Sec. 3, p. 551-561, Cluj Napoca, Romania, 1983

81. L. Literat , T. Farcas, C. Dasoveanu, M. Stanciu, Metoda analizei microscopiei

electronice asupra structurii $i compozitiei unor catalizatori pentru procese
petrochimice, Lucrarile stiintifice ale ICITPR Ploiesti, p. 4-10, 1983

17



DEDICATED TO PROFESSOR LIVIU LITERAT, AT HIS 80™ ANNIVERSARY

82. L. Literat , J. Gros, Rasini schimbatoare de ioni cu structura de stiren si divinil
benzen, Contributii in Chimie, Simpozionul National Cluj-Napoca, p. 65-68, 1982

83. L. Literat, A. Motiu, T. Farcas, Catalizatori pentru etilen oxid. Investigatii
microstructurale. Contributii in Chimie, Simpozionul National Cluj-Napoca, p. 69-71, 1982

84. L. Literat, Procedee de sorbtie aplicate pentru investigarea caracteristicilor de
suprafata si texturale ale solidelor, Academia Roméana, Series 4, nr. 2, p. 67-89,
tome 4, 1981 (prezentare acad. Emilian A. Bratu)

85. L. Literat, S. Gocan, E. Ursu, Caracteristici de suprafata ale silicagelului
cromatografic R tratat termic si chimic, Studia Univ. Babes-Bolyai Cluj, Chemia, vol. XXV,
nr. 1, p. 67-71, 1980

86. L. Literat , L. Marta, Cercetari asupra pietrei de ciment din betoanele usoare cu
granulit, Schimb experimental cu Laboratoarele de Inginerie Civila Tg. Mures, vol.
1, p. 110-116, 1979

87. L. Literat , M. Langa, Cercetari experimentale privind posibilitatile de caracterizare
structurala a unor solide poroase si pulverulente utilizdnd date cinetice, Schimb
experimental cu Laboratoarele de Inginerie Civila Tg. Mures, vol. 1, p. 215-220, 1979

88. L. Literat, J. Gros, Schimbatori de ioni macroporosi indigeni. Caracteristici
texturale, Studia Univ. Babes-Bolyai, Chemia, vol. XXIlIl, nr. 1, p. 58-60, 1978

89. L. Literat , O. Negru, Procedeu de calcul si reprezentare programata a distributiei
volumului porilor in solide poroase si pulverulente, Studia Univ. Babes-Bolyai Cluj,
Chemia, vol. XXIll, nr. 2, p. 47-51, 1977

90. L. Literat, Caracteristici fizice si structurale ale unor cimenturi expandate,
Lucrarile stiintifice ale I.P.C., C1, p. 375-379, 1978

91. L. Literat , V. Cuciurean, Reziduuri ale fabricarii acetilenei din carbit utilizate ca
materiale de constructii, Lucrarile stiintifice ale .P.C., p. 390-393, 1978

92. L. Literat, J. Gros, Caracteristici superficiale si de structura ale unor rasini
schimbatoare de ioni indigene, Studia Univ. Babeg-Bolyai Cluj, Chemia, vol. XXII,
1, p. 3-7, 1977

93. L. Literat, Modificari de stoechiometrie induse de sorpttia amoniacului gazos
pe alumine, Studia Univ. Babes-Bolyai Cluj, Chemia, vol. XXIl, nr. 1, p. 8-10, 1977

94. L. Literat , O. Negru, Procedeu de calcul pentru determinarea ariei specifice si

a distributiei porilor in solide poroase si pulberi, Studia Univ. Babes-Bolyai Cluj,
Chemia, vol. XXIl, nr. 1, p. 61-64, 1977

18



DEDICATED TO PROFESSOR LIVIU LITERAT, AT HIS 80™ ANNIVERSARY

95. L. Literat, V. Cuciurean, Studiul fizico-chimic al unor argile coloidale
montmorillonitice. Bentonita de la Sandulesti-Turda, Studia Univ. Babeg-Bolyai,
Cluj, Chemia, vol. XXIl, nr. 2, p. 43-46, 1977

96. L. Literat, O. Negru, Procedeu de calcul pentru caracterizarea unor pulberi
texturate, Conferinta Nationala de Metalurgice a Pulberilor (1), Cluj-Napoca,
Comunicari stiintifice, vol. 1, p. 45-50, 1975

97. L. Literat, Consideratii asupra unor metode cinetice de sorbtie pentru solide
poroase si pulberi, Conferinta Nationala de Metalurgie a Pulberilor (1), Cluj-Napoca,
Comunicari stiintifice, vol. 1, p. 51-55, 1975

98. L. Literat, V. Cuciurean, Studii termoanalitice privind oxidarea unor aliaje de
Ag-Cd alloys, Conferinta Nationald de Metalurgie a Pulberilor (I), Cluj-Napoca,
Comunicari stiintifice, vol. 3, p. 19-22, 1975

99. L. Literat, Investigations des solids poreux par mesurages cinetiques de
sorbtion, Comte Rendu du Collogue International RILEM/IUPAC - Structure des
pores et proprietees des materiaux, C, p. 129-138, Prague, Czekoslovakia, 1973

100. L. Literat, Proprietati electrice ale unor catalizatori montmorillonitici, Buletinul
Stiintific al 1.P.C., nr.13 bis, p. 75-78, 1971

101. L. Literat, V. Cuciurean, Studii privind aplicarea unor metode simple pentru
determinarea suprafetelor specifice ale cimenturilor, Buletinul Stiintific al 1.P.C.,
nr.13 bis, p. 79-83, 1971

102. L. Literat, Suprafata acida a unor alumine sarace in oxigen, Lucrarile stiintifice
ale I.P.C., p. 145-148, 1971

103. L. Literat, V. Cuciurean, Studii termo-analitice ale unor pulberi pe baza de
aliaje de Ag-Cd, Lucrarile stiintifice ale I.P.C., p. 149-152, 1971

104. L. Literat, V. Cuciurean, Studiul cinetic al oxidarii unor pulberi pe baza de
aliaje de Ag-Cd, Lucrérile stiintifice ale I.P.C., p. 153-156, 1971

105. L. Literat , V. Cuciureanu, Criteres cinetiques dans I'etude d’'oxidation des alliages
d’Ag-Cd pulverulents, 39-eme Congres International de Chimie Industrielle, Bucharest,
3, p. 71-75, 1970

106. L. Literat, Studiul termo-analitic si cinetic al descompunerii metil-aluminelor,
Buletinul Stiintific al 1.P.C., nr.12, p. .111-1184, 1969

107. E. Stoicovici, E. Felszeghy, L. Literat, P. Krobl, E. Vermesan, L. Nagy,
Contributii la studiul argilelor coloidale din R.S.R. (IX). Argila de la Sindominic-Ciuc,
Studia Univ. Babes-Bolyai Cluj, Chemia, vol. XIII, nr. 2, p. 111-118, 1968

19



DEDICATED TO PROFESSOR LIVIU LITERAT, AT HIS 80™ ANNIVERSARY

108. L. Literat, Deviations from stoichiometry and structural modifications of some
aluminae, Revue Roumaine de Chemie, nr. 13, p. 1161-1167, 1968

109. E. Felszeghy, M. llies, P. Krobl, L. Literat , L. Nagy, E. Stoicovici, Contributii la
studiul argilelor coloidale din R.P.R. (VIII). Bentonite din Ciugud, Alba, Studia Univ.
Babes-Bolyai Cluj, Chemia, vol. XIlI, nr. 1, p. 9-17, 1968

110. L. Literat, Donnees thermoanalytiques sur la nonstoechiometrie de quelques
alumines noires reductrices, Revue Roumaine de Chimie, nr. 13, p. 731-737, 1968

111. L. Literat, Activitatea catalitica si structura suprafetei unor alumino-silicati,
Buletinul Stiintific al 1.P.C., nr.11(1), p. 117-123, 1968

112. L. Literat, Activitatea cataliticd a unor alumine nestoechiometrice reducatoare,
Buletinul Stiintific al Institutului Politehnic Bucuregti, tome 29, nr. 3, p. 65-75, 1967

113. E. Felszeghy, M. llies, P. Krobl, L. Literat , L. Nagy, E. Stoicovici, Contributii la
studiul argilelor coloidale din R.P.R. (VII). Bentonita de la Gura-Sada — Hunedoara,
Studia Univ. Babes-Bolyai Cluj, Chemia, vol. XII, nr. 2, p. 43-48, 1967

114. L. Literat, L’activitee catalytique des certaines alumines nonstoechio-
metriques, Revue Roumaine de Chemie, nr. 12, p. 1213-1222, 1967

115. L. Literat, Studii de resonantd magnetica si a conductivitatii electrice cu
variatia presiunii de oxigen a unor alumine reducatoare nestoechimetrice, Analele
Universitatii Bucuresti, Seria Stiintele Naturii, nr. 1, p. 49-63, 1965

116. E. Felszeghy, L. Literat , A. Covaci, Un aparat simplu pentru dozarea carbonatului.
Note de laborator, Studia Univ. Babes-Bolyai Cluj, Chemia, vol. X, nr. 1, p. 145-146,
1965

117. L. Literat, Contributii la problema nestoechiometriei oxizilor refractari. Studii asupra
caracteristicilor magnetoelectrice ale unor alumine nestoechiometrice reducatoare,
Rev. Chim, vol. 16, nr.5, p. 262-268, 1965

118. L. Literat, Noi date privind nestoechiometria aluminelor. Variatia izotermala a
conductivitatii electrice cu persiunea oxigenului, Lucréarile stiintifice ale Institutului
Politehnic Cluj (I.P.C.), nr. 7, p. 87-94, 1964

119. L. Literat, Studiul aluminelor nestoechiometrice reducatoare prin rezonanta
electro-magnetica, Lucrarile stiintifice ale I.P.C., nr. 7, p. 95-101, 1964

120. E. Felszeghy, M. llies, P. Krobl, L. Literat , L. Nagy, E. Stoicovici, Contributii la

studiul unor argile coloidale din R.P.R. (VI). Bentonita de la Orasul Nou, Studia
Univ. Babes-Bolyai Cluj, Chemia, vol. VIII, nr. 1-2, p. 93-103, 1963

20



DEDICATED TO PROFESSOR LIVIU LITERAT, AT HIS 80™ ANNIVERSARY

121. L. Literat, Studiul fizico-chimic al aluminei nestoechiometrice, Lucrarile
stiintifice ale I.P.C., nr. 6, p. 119-126, 1963

122. E. Felszeghy, M. llies, L. Literat , L. Naghy, E. Stoicovici, |I. Soos, Contributii la
studiul unor argile coloidale din R.P.R. (V). Bentonita de la Ocna Mures, Studia
Univ. Babes-Bolyai Cluj, Chemia, vol. VII, nr. 1-2, p. 87-98, 1962

123. L. Literat, Contributii la studiul aluminei nestoechiometrice (Il). Studiul proprietatilor
electrice, Buletinul Stiintific al I.P.C., nr.5, p. 95-105, 1962

124. L. Literat, Contributii la studiul aluminei nestoechiometrice (I). Conditii de obtinere
a aluminei reducatoare, Buletinul Stiintific al I.P.C., nr. 5, p. 81-93, 1962

125. L. Literat, Descompunerea acidului formic cu alumine reducatoare
nestoechiometrice, Buletinul Stiintific al I.P.C., nr. 5, p. 107-118, 1962

126. L. Literat, Consideratii la determinarea ariei specifice a cimentului, Buletinul
Stiintific al I.P.C., nr. 4, p. 103-111, 1961

127. T. Bereczky, L. Literat, O noua metoda de studiu aplicata nisipurilor pentru
turnare, Lucrarile stiintifice ale Institutului Politehnic Cluj, nr. 3, p. 69-79, 1960

128. E. Felszeghy, L. Literat , E. Stoicovici, M. llies, M. Kulcsar, L. Nagy, Contributii
la studiul argilelor coloidale din R.P.R. (IV), Noi date despre bentonita de la Cugir,
Studia Univ. Babeg-Bolyai Cluj, Chemia, vol. IV, nr. 1-2, p. 175-192, 1959

129. E. Felszeghy, L. Literat , E. Stoicovici M. llies, M. Kulcsar, L. Nagy, Contributii
la studiul argilelor coloidale din Republica Populara Roméana (l1l). Bentonitele de la
Tg. Lapus si Izvorul Oltului, Lucrarile stiintifice ale I.P.C., nr. 2, p. 159-169, 1959

130. E. Felszeghy, M. llies, M. Kulcsar, L. Literat , L. Nagy, E. Stoicovici, Contributii
la studiul argilelor coloidale din R.P.R. (Il). Lucrarile stiintifice ale I.P.C., nr. 2, p.
145-157, Romania, 1959

130. E. Felszeghy, L. Literat, lzotermele de adsorbtie ale vaporilor de metanol pe
argile coloidale, Lucrarile gtiintifice ale I.P.C., nr. 2, p. 171-179, 1959

132. L. Literat, Contributii la metodologia adsorbtiei vaporilor si gazelor, Lucrarile
stiintifice ale I. P.C., nr.2, p. 181-189, 1959

133. E. Felszeghy, M. llies, M. Kulcsar, L. Literat , L. Nagy, E. Stoicovici, Contributii la
studiul argilelor coloidale din R.P.R. (1), Lucrarile stiintifice ale I.P.C., nr. 1, p. 31-46, 1958.

21






STUDIA UNIVERSITATIS BABES-BOLYAI, CHEMIA, LIV, 1, 2009

Dedicated to Professor Liviu Literat, at his 80" anniversary

PROCAINE EFFECTS ON SURFACE TOPOGRAPHY OF
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ABSTRACT. The surface topography of dipalmitoyl phosphatidylcholine
(DPPC) monolayers, spread at the air/water interface, in the absence and the
presence of procaine, has been investigated by self-assembly Langmuir-
Blodgett (LB) technique and atomic force microscopy (AFM), operating in
tapping mode. The LB monolayers were transferred on mica, at a controlled
surface pressure, characteristic for the liquid expanded to liquid condensed
phase transition of pure DPPC monolayers. Our data indicate that procaine
penetrates into and specifically interacts with DPPC monolayers stabilizing the
phospholipid membrane interface.

Keywords: DPPC, procaine, monolayers, AFM, LBT, phase transition

INTRODUCTION

Changes in physical and chemical properties of lipid membranes
due to the distribution of local anesthetics within these membranes are of a
major importance [1-4] for understanding the molecular mechanism of
anesthesia. In spite of numerous investigations, the molecular mechanism
of anesthesia and the involved interfacial phenomena in anesthetics action
are still not well understood [5]. As a first step, the anesthetics action
presumes that the anesthetic molecules modify the lipid membrane structure
and thus, they change the biological membrane properties [5].
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Previously, we have reported that the local anesthetics, like procaine,
expand the lipid monolayers spread at the air/water interface, at low and
intermediate surface pressures, depending on the pH’s, ionic strengths and
surface characteristics of the chosen lipid [6-24].

The interfacial characteristics of the mixed lipid and procaine
monolayers results from the adsorption on and the penetration of procaine
into lipid membrane models in substantial agreement with other related
published data [1-5, 22-29].

The objective of the present work is to analyse the effects of procaine
on the structural and topographical characteristics of lipid monolayers using
atomic force microscopy (AFM) and Langmuir-Blodgett technique (LBT).
We have chosen a synthetic phospholipid, namely L-a dipalmitoyl phosphatidyl
choline (1, 2-dipalmitoyl -sn- glycero-3-phospho-choline: DPPC), which forms
stable monolayers at fluid interfaces [30-32]. Here, we investigate the structure
and surface topography of the DPPC monolayers spread on aqueous solution
in the absence and the presence of procaine and the formation of liquid
condensed domains is evidenced.

RESULTS AND DISCUSSION

The surface pressure versus mean molecular area isotherms were
recorded for pure DPPC monolayers, spread at the air/water (pH 5.6)
interface, and for mixed DPPC and procaine monolayers, obtained by
spreading DPPC monolayers on procaine (10° M) aqueous phase (pH 5.2),
at 20 °C. For pure DPPC monolayer, the compression isotherm shows a
phase transition at a lateral surface pressure of about 8 mN/m, from liquid
expanded (LE) to liquid condensed (LC) state [30]. The mixed DPPC and
procaine monolayer also presents a LE/LC phase transition, evidenced on
compression isotherm, at around 15 mN/m.

In addition, the compression isotherms show a collapse phenomenon
at very high surface pressures, characterized by collapse area (A;) and collapse
pressure (11c). The collapse characteristics and the limiting molecular areas
(Ao), characterizing the LC phase of DPPC monolayers, are given in Table 1.

Table 1. Surface characteristics of DPPC monolayers spread at the air/water interface
both in the absence and in the presence of procaine (P) in aqueous phase.

Monolayer P (M) Ao (A?) Ac (A%) e (MN/m)
DPPC 0 54 42 55
DPPC and P 10° 78 42 63
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From Table 1, it is observed the expanded effect of procaine, namely
the limiting molecular area (A,) for LC state and the collapse pressure (11¢)
are much higher in the presence of procaine than for pure DPPC monolayers.
These data indicate that procaine has a notable effect both on the DPPC
phase transition and on the collapse of DPPC monolayers, at the air/water
interface. Due to the same collapse areas, (A.), it is found that the procaine
is excluded from DPPC monolayers at collapse, but still remains adsorbed
on DPPC monolayer surface thus, increasing the monolayer collapse pressure
and stability. This effect might correspond to pressure-driven exclusion of
procaine from zwitterionic DPPC monolayers.

Similar expansion effects were previously reported for octadecanoic
acid [22, 24] and for tetradecanoic acid [23] spread on procaine aqueous
phase. The magnitude of the effect increased with increasing procaine
concentration in the aqueous phase.

The surface topography of pure DPPC monolayers, transferred at 8
mN/m on mica surface, is given in the AFM images, Figs. 1 and 2. The 2D
topographies show a heterogeneous DPPC monolayer with characteristic
features and the domains formation is clearly evidenced.

Brighter areas (Figs. 1 and 2) are assigned for high domains of the
DPPC in LC state, but darker areas correspond to lower domains characteristic
for LE phase. The boundaries of DPPC domains are typically observed and
are thought to be the borders between various DPPC areas with different tilt
of molecular orientations [19, 30, 32]. We suggest that the lighter domains
correspond to well organized probably almost vertically oriented DPPC
molecules, while the darker areas correspond to less orderly DPPC molecules.
The LC domains are distributed within the LE matrix of DPPC monolayers.

The analysis of surface topographies, Figs. 1 and 2, clearly indicate
the phase separation between LC and LE phases, which is consistent with
the two surface phase transition recorded at the lateral surface pressure of
8 mN/m, as it is evidenced on compression isotherms. The AFM images of
DPPC monolayers show nano island LC domains (with long axis of isolated
20 nm up to 100 nm domains, Fig. 1B). The large LC domains are observed in
Figs. 1A and 2 (with long axis from 500 nm up to 2 and 3 ym). Also, micro
islands of LC phase are identified particularly at big scanned areas (e.g., 25
Mm x 25 ym) with major axis up to 3 or even 8 um.

The large LC domains are almost circular or elongated (Fig. 1A and
Fig. 2A). The nano LC domains are predominantly circulars, square or elongated
associated as asymmetric clusters, like windmill shape (Fig. 1B and 2) as
previously observed by fluorescence microscopy [23], by direct compression
of DPPC monolayer at the air/water interface. The large LC domains are
higher with 0.8, 1.5 or 2 nm than the LE phase. It is to be noted that the
large LC domains show almost the same height as the surrounding nano
LC domains.
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Ultimately, near the DPPC monolayer collapse a homogeneous structure
results from the close packed DPPC molecules, well oriented vertically at the
air/water interface, as a consequence of strong molecular interactions.

(A) (B)

Figure 1. AFM topography images of DPPC monolayers, for 3 ym x 3 ym (A) and
1 um x 1 ym (B) scanned areas. Monolayers were transferred by Langmuir-Blodgett
technique on mica surface, at 8 mN/m, for the liquid expanded (LE) to liquid condensed (LC)
phase transition. The z-scale is 5 nm for image A and 3 nm for image B. Image B
was recorded by scanning on small area marked in image A.

iﬂt fim

(A) (B)

Figure 2. AFM topography images of DPPC monolayers, for 2 ym x 2 ym (A) and
1 um x 1 um (B) scanned areas. Monolayers were transferred at the phase transition
(8 mMN/m) on mica surface. The z-scale is 5 nm for image A and 3 nm for image B.
Image B was recorded by scanning on small area marked in image A.
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The presence of procaine (0.001 M in aqueous phase, pH 5.2)
causes changes in surface properties of DPPC monolayers as determined
on compression isotherms and in the structure of DPPC layers as observed
on AFM images.

The LE/LC phase transition is evidenced on compression isotherms
for mixed DPPC and procaine monolayers, at 15 mN/m. Thus, a substantial
increase in transition lateral surface pressure is recorded for mixed monolayers
as compared with pure DPPC monolayers (i.e., 8 mN/m) on water.

(A) (B)

500 n 500 nm

© (D)

Figure 3. Topographies (A and C) and phase images (B and D) of DPPC monolayers
spread on aqueous phases of 0.001 M procaine, transferred on mica at 8 mN/m.
A and B: scanned area 5 um x 5 ym; C and D: 3 ym x 3 ym. AFM images (C and D)

were recorded by scanning on small areas marked in images A and B,
respectively. The z-scale is 5 nm for A and C topographies.
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For the beginning, the AFM images for mixed DPPC and procaine
monolayers, transferred on mica at the lateral surface pressure of 8 mN/m,
are examined (Fig. 3) and compared with AFM images of pure DPPC
monolayers (Figs. 1 and 2). A phase separation is also found and visualized in
AFM images for mixed DPPC and procaine monolayers (Fig. 3) in a similar
way with the situation for pure DPPC monolayers (Figs 1 and 2). Thus, the
LC domains within mixed DPPC and procaine monolayers are detected at
low value of lateral surface pressure (about 8 mN/m). The LC domains in mixed
monolayers are smaller (Fig. 3) than those observed in DPPC monolayers
on a pure water substrate (Fig. 1A), at the lateral pressure of 8 mN/m, which is
characteristic for the phase transition within the pure DPPC monolayers.

As the compression of mixed DPPC and procaine monolayers
continued, the LC domains increased in size and number (Fig. 4, for 14 mN/m).

Furthermore, for mixed DPPC and procaine monolayers at the LE/LC
phase transition (about 15 mN/m) recorded on compression isotherm, it was
observed a continuous increase in the LC domains, which carry various
interesting shapes. In other words, at 10° M procaine concentration, the
LE/LC phase transition of mixed monolayers was observed by AFM images
(Fig. 5, at the transition lateral surface pressure of about 15 mN/m), while
the formation of LC phase was detected at much lower pressures, like 8

mN/m (Fig. 3) and at 14 mN/m (Fig. 4).
Clearly, procaine induces nucleation of liquid condensed domains

before the phase transition recorded on compression isotherms for mixed
DPPC and procaine monolayers. It appears that the onset of the LE/LC
phase transition starts before the transition lateral surface pressure for

mixed monolayers.

At lateral pressures above the phase transition, e.g. 20 mN/m, still
some very large LC domains are visualized in AFM images. Near the collapse,
the mixed DPPC and procaine monolayers are well ordered as in the case of
pure DPPC monolayers showing a very low roughness (rms about 0.2 nm).

Undoubtedly, the presence of procaine in aqueous phase brings
strong modifications on the structure and morphology of DPPC monolayers,
even at low lateral surface pressure of 8 mN/m, which is characteristic for
LE/LC phase transition of pure DPPC monolayers.

We suggest that procaine coexists with less ordered DPPC molecules
and is preferentially located at the domain boundaries. This would indicate
that the lighter domains correspond to almost highly oriented DPPC molecules.
The dark domains probably correspond to less organized DPPC molecules
mixed with procaine. Thus, AFM images reveal a phase separation between
DPPC condensed phase (high areas) and DPPC expanded phase enriched
in procaine (low areas).
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3000

(©) (D)

Figure 4. Topographies (A and C) and phase images (B and D) of DPPC monolayers

spread on aqueous phases of 0.001 M procaine, compressed to 14 mN/m and transferred
on mica surface. A and B: scanned area 3 um x 3 ym; C and D: 1 ym x 1 ym. AFM

images (C and D) were recorded by scanning on small areas marked in images A
and B, respectively. The z-scale is 5 nm for A and C topographies.

The mixed DPPC and procaine monolayers present LC nano
domains co-existing with small round LE procaine rich phase in the center
of the LC large micro domains (Fig. 3A and B), where the LC nano domains
form a network of filament unique structure. Also, the LC nano domains are
situated at the edges of the large LC domains forming larger aggregates
(Fig. 3C and D), belts (Fig. 4A and B) or stripes (Fig. 4C and D).
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By increasing the surface pressure (Fig. 4, at 14 mN/m), the stripes
are formed by the alignment of many smaller LC domains, that have almost
the same height with the large LC domains of DPPC monolayers.

The phase images (Figs. 3B, 3D, 4B and 4D) show the morphological
character more clearly than the corresponding topography (Figs. 3A, 3C,
4A and 4C) due to the difference in the surface physical and chemical
properties between the condensed and expanded DPPC monolayers.

@) o ®)

Figure 5. Topographies (A and B) of DPPC monolayers spread on aqueous phases of
0.001 M procaine, compressed at about 15 mN/m and transferred on mica surface by
LB technique. A: scanned area of 5 um x 5 ym. (B): 3 um x 3 ym were recorded by
scanning on small areas marked in image A. The z-scale is 5 nm.

Thus, almost in the center of the large LC domains, many nano LC
domains are observed (with axis of 50 to 150 nm), particularly in small scale
images (Figs. 3 and 5). The large LC domains have the same height as the
edges of the aligned stripes.

The large LC domains are about 2 nm higher than the fluid LE
phase and are surrounded by a mixture of LE phase and LC nano domains,
in which LC domains are aligned in a striped pattern (Fig. 5). The large LC
domains are rather well packed at high lateral surface pressure (15 mN/m)
that corresponds to the phase transition of mixed DPPC:P monolayers
evidenced on compression isotherm.

Thus, a unique morphology of mixed DPPC and procaine monolayers
is observed, showing large LC domains, which contain a network of
filaments of LC domains surrounded by LE procaine rich phase, where the
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procaine is adsorbed preferentially at the edge of the LC domains. At the
transition surface pressure (15 mN/m), numerous filaments in the center of
the large LC domains are formed (Fig. 5A) and larger patches at their edges
appears (Fig. 5B).

The differing shapes of LC phase within the mixed DPPC and
procaine monolayers reflect a different structure of DPPC monolayers under
the action of procaine. These data suggest that procaine affects DPPC
morphology in the LC phase. Nevertheless, the morphological changes
within mixed DPPC and procaine monolayers support the participation of
procaine in anesthesia.

Higher amounts of procaine in aqueous phase give numerous
filaments in the center of the LC micro domains and evidently larger LC
patches at their edges.

Qualitatively, the same effects were observed at lower procaine
concentrations. However, the magnitude of the procaine effects was smaller
and was diminished with decreasing of procaine concentrations.

This situation might be related to the fact that the procaine adsorbs
and penetrates preferably at the boundaries between LC domains, with a
different tilt direction, and in the expanded DPPC phase, as also found by
epifluorescent microscopy [23]. However, the binding of procaine molecules
to the surface of the DPPC condensed domains could also perturb the lipid
chains organization. In this regard, the maximum height in mixed monolayers
is about 3.6 nm as determined in Fig. 3. This height corresponds to the mixed
DPPC and procaine condensed domains, and is decreased as compared to
the height of the condensed domains existing in pure DPPC layers (Fig. 1A,
where maximum height of 4.3 nm was found). The phase contrast images,
given in Figs. 3 and 4, show also clearly the morphological character
corresponding to the given surface topography.

The tertiary amine procaine is an amphiphilic molecule which exists
in the charged form [13] at the working pH of about 5.6. The hydrophilic
amine moiety is responsible for water solubility and DPPC membrane surface
binding and the hydrophobic moiety appears to control the organization within
the DPPC membrane model. The interaction of procaine molecules with
zwitterionic DPPC molecules may lead to an ordering effect on the DPPC
monolayer interface and to a disordering effect on the hydrocarbon interior
of DPPC monolayers, in substantial agreement with AFM observations.

In order to explain the mode of action of procaine, positively charged
under the working conditions, on the zwitterionic phospholipids monolayers,
we assume that positively charged procaine molecules adsorb onto the lipid
membrane surface. This will allow the hydrophobic portion of procaine
molecule to be embedded into the hydrocarbon part of the expanded liquid
phase and at the domain boundaries of lipid monolayers.
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The positively charged amine group of procaine molecules can
interact electrostatically, at the monolayer/water interface, with the negatively
charged group of the zwitterionic DPPC molecules. The electrostatic interaction
will appear in both the condensed and the expanded liquid state of DPPC
monolayers increasing the stability of the lipid membrane.

The findings in this study suggest that procaine accumulates in the
lipid phase of cell membranes, and thus might change the physical properties
of the membrane lipid and consequently, procaine molecules influence the
protein conformation. The effect of procaine and other local anesthetics on
DPPC membrane structuration at various lateral surface pressures is under
further investigation in our laboratories.

CONCLUSIONS

Combined surface chemistry, Langmuir-Blodgett (LB) self-assembly
technique, and atomic force microscopy have been used to determine the
spreading, structure and topography of DPPC monolayers at the air/water
interface.

During compression at the air/water interface, DPPC monolayers
present a structural transition at a lateral surface pressure of about 8 mN/m,
from liquid expanded (LE) to liquid condensed (LC) structures, showing LC
domains with heterogeneous structures. Finally, near the DPPC monolayer
collapse a homogeneous structure results from the close packed DPPC
molecules, well oriented in a matrix at the air/water interface, which is a
consequence of the strong molecular interactions.

The LB self-assembled monolayers were transferred from Langmuir
films onto mica, at controlled surface pressures characteristic for the phase
transition in DPPC monolayers by using vertical transfer method. In the
presence of procaine (10° M) in aqueous phase, the stability of DPPC films
is highly increased as it is reflected by the increased collapse and phase
transition pressures of DPPC monolayers.

The DPPC monolayer structure is influenced by the presence of
procaine in aqueous phase and a more expanded monolayer structure is
observed for 10 M procaine. AFM images confirm, at the microscopic and
nanoscopic levels, almost the same type of structural changes deduced from the
compression isotherms for DPPC monolayers as a function of surface pressure.

Structural characteristics and the surface topography of DPPC
monolayers are highly dependent on the lateral surface pressure for a
particular concentration of procaine in the aqueous phase. In addition, the
appearance of a new liquid condensed (LC) phase is strongly evidenced in
the mixed DPPC and procaine monolayers.

The results reveal some specific molecular interactions between
DPPC and procaine in substantial agreement with molecular interactions
and with molecular structure of these biocompounds.
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EXPERIMENTAL SECTION

Materials

Synthetic 1,2-dipalmitoyl-sn-glycero-3-phosphocholine: DPPC, and
procaine, 2-(diethylamine)ethyl-para-(amine) benzoate, hydrochloride (P- HCI),
were purchased from Sigma Chemical Co., and used without further purification.
For the study of the procaine effect, P- HCI was first dissolved in two-distilled
water, giving a chosen procaine concentration, e.g., 10° M procaine, in the
agueous solution.

Langmuir-Blodgett (LB) film

DPPC was dissolved in a mixture of chloroform: ethanol (9:1, v/v),
giving a 1 mM phospholipid in organic solution. The DPPC solution was
spread at the air/water interface with a microsyringe both in the absence and
the presence of procaine in aqueous solutions. After spreading, the system
was allowed to stand for 10 min, without causing the surface disturbance.
Then, the compression isotherms in terms of surface pressure versus mean
molecular area of DPPC were recorded. All measurements were performed
with KSV equipment. The speed of the compression was 10 mm min™ (i.e.,
8 A%/(molecule x min). For AFM observations, a single layer (LB film) was
transferred on freshly cleaved mica surface, using a vertical dipping method
at different surface pressures maintained constant (e.g., 8 mN/m). The LB
film transfer took place at a rate of about 5 mm/min.

AFM observations

Atomic force microscopy (AFM) is a surface imaging technique with
a nanometer-scale resolution [32-35]. AFM studies were performed using
the AFM JEOL 4210. The cantilevers with a resonance frequency of 250 —
350 kHz were used. Triplicate samples were prepared for each monolayer
composition and at least four separate areas were imaged for each sample.
Through this study, AFM images were obtained at several constant surface
pressures in order to examine the effect of procaine on the phase behaviour
of DPPC monolayers spread at the air/water interface.
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ABSTRACT. The paper presents the experimental results of microwave
drying for a granular material (siliceous sand). Drying kinetics and effective
power absorbed by the material for two cases: compact volume (bulk) and
extended volume (layer) were determined and analyzed.
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INTRODUCTION

Traditionally, drying of solid materials is carried out by convective
heating, transferring the thermal energy from the heater to the heated material.
The penetration of this energy into material depends on the thermal
conductivity of the material. While the material dries, the thermal and mass
conductivity decrease. As a result, the penetration of the delivered heat is
reduced progressively, and water is slower transferred to surface layers, where
evaporation occurs. Consequently, the surface layers become overheated
and it may even produce a crust, which will need to be mechanically broken
up to transfer the dried material to shipping containers.

To increase the effectiveness of the drying process it is necessary
to employ various tricks, such as stirring the substance, drying in fluidized
bed etc. Normally this requires high power consumption.

Drying under microwave irradiation presents several advantages
comparative to convective drying. The main advantages consist on high
conversion of microwave energy into thermal energy, independence on thermal
conductivity and selectivity [1]. In the same time, the influence of the
resistance of the boundary layer between the material and drying air, as
well as the thermal conductive transport through the material are eliminated,
under microwave irradiation heating occurring simultaneously in whole volume
of the heated material.
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Equipments used in microwave drying are relatively simple and can
be easily adapted to the variable conditions; have no thermal inertia, therefore
can quickly reach natural regime of operation; the volume of all installation
is small and that for needs no large space.

The disadvantages of the method are: high exploitation costs and
limited using field.

Depending on the type of radiation and material nature, when one
irradiates solids with microwaves, the microwaves can be reflected, absorbed,
or simply pass through the sample with no absorption occurring [2, 3].
Through vibration, elongation and successive contraction of bounds and
atoms, the radiant energy is transformed into heat which propagates from
the warmest zones towards the coldest zones through convection and
conduction mechanisms.

During the microwave drying process in many cases the material
being dried does not absorb or absorb a low level of microwave irradiation
but the water molecules associated with it do. Thus the microwave drying
process is caused by the property of water to absorb microwave irradiation.
Consequently, removing of the water molecules from the drying materials
eliminates the heating effect. In such a way the microwave drying appears
to be self-regulative process.

Microwave irradiation consists in electromagnetic wave in the range
300 MHz to 300 GHz that corresponds to wavelengths of 1 cm to 1 m, and
frequency between 2450 kHz - 434, 915 MHz, being defined by international
regulations. The microwave region of the electromagnetic spectrum lies
between infrared and radio frequencies [4].

In order to avoid local heating if the material is keeping static,
shifting of material into irradiated space is necessary to be applied [5].

RESULTS AND DISCUSSION

Preliminary results obtained by the heating of water under microwave
irradiation in two situations: compact volume (beakers) and extended volume
(trays), at different power levels of the microwave oven are shown in Table
1 and Table 2.

Table1. Water temperature in beaker during microwave heating

Time L Level ML Level M Level MH Level H Level

[minutes] S| [°c] [°c] [°c] [°c]

0 20 20 21 20 21

1 28 27 54 77 96

0 20 20 20 21 20

2 35 60 88 94 -

0 20 20 20 20 20

3 41 77 - - -

0 20 21 20 20 20

4 45 90
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Table1. Water temperature in beaker during microwave heating (continuation)

Time L Level ML Level M Level MH Level H Level
[minutes] [°c] [°c] [°c [°c] [°c]
0 20 20 20 20 20
5 50 - - - -
0 20 20 20 20 20
6 60 - - - -

L = low level; ML = medium - low level; M = medium level; MH = medium - high level; H = high level.

Table 2. Water temperature in tray during microwave heating

Time L Level ML Level M Level MH Level

[minutes] [°c] [°cy [°cl [°cl
0 20 20 20 20
1 35 42 55 70
0 20 20 20 20
2 37 55 69 77
0 21 21 21 21
3 43 63 77 -
0 21 21 21 21
4 47 64 75 -
0 21 21 21 21
5 50 68 - -
0 21 21 21 21
6 56 - - -

Each temperature is the average of at least three measurements
carried out in the same conditions.

Considering the difference of temperature between initial moment
and final moment of each heating experiment, the effective power absorbed
by water can be determined by the relation [4]:

Pet = (m water Cp water' AT water /T),

where: m yaer i the mass of heated water, 100 [g] = 0.1 [kg]; Cp water - SPecific
heat of water 4,185 [J/kg 0K]; AT water - difference of temperature between
the initial moment and the final moment of the heating process [’K]; and t -
irradiation time [ s].

The resulted values are presented in Table 3 and Table 4.

Table 3. The effective power absorbed by water during microwave heating in beaker

Heating time | L Level ML Level M Level MH Level H Level
[min] (W] (W] (W] W] W]
1 55.8 128.825 230.175 397.575 523.125
2 48.825 129.5 237.16 372.025 -
3 48.825 123.212 - - -
4 43.594 120.319
5 43.245 - - - -
6 46.5 - - - -
Pef av 47.798 125.464 233.667 384.480 523.125
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Table 4. The effective power absorbed by water during microwave heating in tray

Heating time L Level ML Level M Level H Level
[min] W] W] (W] (W]
1 140.625 153.450 244125 348.75
2 59.287 122.0625 170.8875 198.7875
3 51.15 97.650 - -
4 45.3375 74.98125 - -
5 40.455 - - -
6 40.6875 - - -
Pefav 62.923 112.0575 207.5 273.76875

It is easy to see that calculated values of effective power increase
with the increase of power level of the microwave oven and generally, the
effective absorbed power is higher for compact volume (in backer) that for
extended volume (in tray).

Temperature variation during microwave irradiation of siliceous sand
(tested material) in both cases analyzed earlier (compact and extended
volume) are shown in Figure 1 and Figure 2.

Temperature variation in compact volume

) 120

- 100 —&— Tr L Temp [grd C]
% 80 —&—Tr ML Temp [grd C]
3 60 —&—Tr M Temp [grd C]
g;_ 40 —>—Tr MH Temp [grd C]
E 28 | | | | —#—Tr H Temp [grd C]

0 2 4 6 8
Time [minutes]

Figure 1. Temperature variation during microwave drying of sand in compact volume.

It can be seen that the temperature curves increase continuously,
with a faster rhythm for higher power level of the microwave oven and with
a slower rhythm for lower power level. In the same time the temperature
increase slower in the case of extended volume comparative to compact
volume. This phenomenon can be attributed to the higher heat lost into the
chamber environment, which remains cold and does not increase its
temperature, surface area exposed by tray was 181.366 cm? comparative
to surface area exposed by backer, 28.6 cm?.
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Temperature variation in extended volume

—e— Tr L Temp [grd C]
—&— Tr ML Temp [grd C]

—&— Tr M Temp [grd C]
—>¢— Tr MH Temp [grd C]

Temperature [grd C]

0 2 4 6 8 10 12

Time [minutes]

Figure 2. Temperature variation during microwave drying of sand in extended volume.

Regarding the effective power absorbed by siliceous sand, it was
measured an almost constant power in the case of compact volume. The
effective power absorbed by the sand decreases progressively with a
tendency of stabilization in the case of extended volume (Figure 3). An
explanation for such behavior of the system could not be found.

The actual power variation in extended volume

450

400
< 350 X
‘= 300 —+—Tr L Power [W]
[
2 250 —a—Tr ML Power: [W]
o
2 200 \\\A —a—Tr M Power [W]
2 188 ‘\.\ —m—Tr MH Power [W]
< -—

50 ~ . . .

0 : : ‘ ‘ ‘
0 1 2 3 4 5 6 7
Time [minutes]

Figure 3. The effective power absorbed by the sand in extended volume.

Kinetic curves of drying for compact volume and for extended volume
samples at lower power level of the microwave oven are shown in Figure 4
and 5. These curves present the variation in time of several characteristics
of the system: weight, temperature and humidity.

During the microwave irradiation the sand temperature follows a
tendency similar to the heating of water alone; the weight of the samples
diminishes similarly in both situations.
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Probe temperature, humidity and weight variation in compact

volume

. 160
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é .?100 0 5 po-ooO0o-og g —0— Material temp [C]
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Figure 4. Drying curves for sand in compact volume.

Probe temperature, weight and humidity in extended volume
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Figure 5. Drying curves for sand in extended volume.

To compare the results of microwave drying of sand in compact and
extended volume, Figures 6, 7 and 8 are plotted.

Comparison between compact and extended volume
160
140 <m
120 P e
3 100 —K—x Sample
= *— weight[g] VE
.% 80 X— Sample
= 60 weight [g] VC
40
20
0 : : : ‘
0 10 20 30 40 50
Time [minutes]

Figure 6. Weight variation for compact and extended volume.
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Figure 6 shows a decrease of the weight almost linear in both
cases. The detected difference between the curves can be attributed to the
weight difference of the containers: 2, 4 g for beaker and 7, 7 g for tray,
which means that the weight of containers can influence the drying process;
containers heat up only by conduction.

Comparison betw een compact and extended volume
100
o 80 f o
. }/ —o— Temp mat [C] VE
5 60
g /F’_D—D/D\E‘JC\—‘ T terial [C]
@ 40 —o— Temp materia
£ Pooo Ve
2 20¢
0 ‘ ‘
0 20 40 60
Time [minutes]

Figure 7. Temperature variation for compact and extended volume.

The evolution in time of temperature plotted in Figure 7 shows for
extended volume a lower increase than in the case of compact volume. In
both cases, at the end of the process, the temperature decrease more slowly,
due to the decrease of the water quantity in the material.

The slope of the curves suggests the idea of using extended
volumes in case of temperature-sensitive materials. In this way, these materials
are less affected by the temperature and due to the higher heat lost, the
material cooling occurs more rapidly.

Comparison between compact and extended volume
=
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= ' 4 —r
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Time [minutes]

Figure 8. Drying kinetics for sand in compact and extended volume.
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The drying rate, in terms of water amount eliminated per unit of time
and surface, [g/cm?min] or in international system IS [kg/m?*s], shows the
rhythm of humidity elimination (Figure 8). It can be seen a relatively constant
loss of humidity in the case of extended volume. In the case of compact
volume, the drying rate presents higher variation. The following observations
were made: in the first stage, the drying rate is reduced because of the heat
lost by convection in the cold environment; at the end, the diminution of the
rate is due to a decrease of the humidity amount.

This behavior was explained by the followings facts:

- during the first stage, the material is intensely heated and the
losses to the external environment are diminished due to the smaller
contact surface of the material to the cold environment;

- the heat of the material mass is near to the water boiling point
value and this generates an intense evaporation and also water boiling.
The generation of a larger amount of vapors indicates a higher drying rate,
associated to material splash because of energetic formation and evacuation
of steams (this phenomenon was experimentally observed);

- reaching of a minimum drying rate was explained by the formation
of a "coating" of relatively dry material, which is difficult to be penetrated by
the generated water vapors;

- the barrier penetration determines a growth of the released vapor
amount, specifically an increase of the drying rate, but since the vapor
amount is smaller, a maximum rate due to vaporization cannot be reached.
In addition, the material temperature decrease contributes to this phenomenon;

- the decrease of the drying rate is attributed to the decrease of the
material humidity amount in a relatively constant rhythm (Figure 9).

Comparison between compact and extended volume

50
= 30 \E\ —8— Humidity * [%] VE
k=]
§ 20 —&— Humidity 3 [%] VC
0 i T
0 20 40 60

Time [minutes]

Figure 9. Comparison of humidity losses.
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CONCLUSIONS

Microwave heating was experimentally studied using a household
microwave oven, type CANDY-CMG-2180-M, in order to obtain useful
experimental information, special for improving the process of the drying
operation.

Effective emitted power of the generator and the power absorbed by
the material were determined. Effective absorbed power was constant in the
case of compact volume, while in the case of extended volume the effective
absorbed power was progressively decreased, showing a stabilization
tendency. An explanation for such system behavior was not found.

During microwave drying the temperature of the tested material has
shown a continuous increase. The smaller increase of the temperature in
the case of extended volume was attributed to the heat lost in the chamber
environment. In the same time, the obtained results suggest the idea of
using extended volumes in case of temperature-sensitive materials.

The humidity was reduced with relatively constant rate in the case
of extended volume and with variable rate, in the case of compact volume.

EXPERIMENTAL SECTION

The drying process under microwave field was monitored in order to
obtain valid experimental data that may be useful for the drying process
improvement. The experimental measurements were focused on:

1. Determination of the technical characteristics of the equipment
and

2. Determination of drying kinetics and effective absorbed energy.

In order to determine technical characteristics of the equipment, a
household microwave oven, type CANDY CMG 2180 M was used. The
technical features presented by the manufacturer in the technical book are:

Supply voltage 220 - 230 V;
Network Frequency 50 Hz;

Generator working frequency 2450 Hz;

Absorbed power from the network 1300 W;

Emission power 800 W,

Chamber sizes 300 x 295 x 205 mm;
Useful volume 21 dm?;

Turntable diameter 270 mm;

5 power levels
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Preliminary measurements were made in order to determine the
"active" power emitted by the generator of the microwave oven and absorbed
by water.

The working method: 100 ml of water were introduced in the shock-
absorbing polystyrene container. Two types of containers are used: backers
for compact volume experiment and trays for extended volume. Parameters
of containers at microwave heating tests were:

- beaker: truncated cone shape, small base (at the bottom), diameter
& 45 mm; large base (up) diameter & 60 mm; and height 50 mm,
- tray: cylinder of negligible height, and diameter & 152 mm.

Simple shock-absorbing polystyrene beakers and trays were chosen
due to the following reasons: they are compatible with the microwave radiations
and their effects; the shock-absorbing polystyrene does not warm up under
the microwave action; they have a reduced weight and their mass is
negligible in thermal subsequent calculations; the subsequent error entered
is minor (the beaker mass is 2.4 g, and the tray mass is 7.7 q); it provides
two significant forms for the drying process: compact volume and extended
volume with a larger exposed surface to microwaves.

The initial water temperature was measured and then the container
was introduced in the chamber of the oven. A power level was selected and
then the material was irradiated for a determined period of time. The water
temperature was measured at the end of the established time. Each experiment
was repeated at least 3 times. This condition is necessary because of the
special structure of the device, which has a power limiter mechanism that
interrupts the microwave generation process when the generator is overheated.
Therefore, the microwaves generation is not continuous; the limiter has the
purpose of protecting the equipment against overheating.

In order to determine the drying kinetics, direct measurements were
carried out using a synthetic blend consisting of siliceous sand and water.
This blend was introduced in: beaker for compact volume experiment, and
tray for extended volume experiment.

The working procedure was as follows: 95 g of siliceous sand were
introduced in the container; the sand was considered as "perfectly dried"
due to the drying in the oven at 105 °C for 8 hours. 35 ml of water were added
to the sand. This amount is sufficient to cover all the sand in the container.
Thus, it is possible to detect a phenomenon similar to that observed during
the period | of the convective drying in constant conditions.

The material was irradiated with microwaves; e.g. "low level, L", and
the temperature and weight of material were regularly measured.
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ABSTRACT. Chemical disaster management has two essential components:
Chemical Risk Management (CRM) and Emergency Situations Management
(ESM). The connection between these two major elements is represented by the
risk area estimations. Risk area estimations are an important tool in the process
of Risk Assessment. It provides the authorities responsible with intervention in
case of a major chemical accident, accurate and detailed information on the site,
weather conditions, hazardous chemicals involved, and their dispersion patterns
aiding in the development of Emergency Response Plans. The paper presents
an overview of the Chemical Disaster Management process and a comparative
case study of a possible chemical accident involving chlorine.

Keywords: chemical risk assessment, risk analysis, consequence maps, chlorine

INTRODUCTION

The technological processes that involve dangerous substances are
known to have high risk levels, due to their capability to produce major
accidents. These accidents can occur during the process, storage and
transportation, releasing a large quantity of energy or substance which can
harm humans or the environment, and lead to technological disasters.

Therefore the need for strict regulations arises, in order to prevent
these disasters form occurring with the active participation of the industry, the
authorities and the general public. The regulatory organism in the field of major
industrial accidents involving dangerous substances is the European Union by
the 2003/105/CE Directive, also called the Seveso Il Directive [1].

Chemical disaster management has two essential components:
Chemical Risk Management (CRM) and Emergency Situations Management
(ESM), Figure 1.
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CRM can be considered as a combination of all the processes necessary
to control chemical risk: risk analysis, risk evaluation, cost-benefit analysis,
and change management. On the other hand ESM focuses on managing
these events once they have occurred. ESM includes: internal and external
emergency plans, emergency response, and post-emergency recovery.

Disaster
Management

Emergency
Situations
Management

Chemical Risk
Management

Internal External
Emergency Emergency
Planning Planning

Cost-Benefit Change
Analysis Management

Emergency Post-Emergency

Risk Analysis Risk Evaluation Response Recovery

Vulnerability
mitigation

Figure 1. Disaster Management Scheme.

Risk analysis starts with the identification of the hazards present or
likely to be formed in the process, dangerous conditions that are present or
could be generated failures of certain parts of the process or process control
system, and human errors. After the identification of the hazards and estimation
of the likelihood of these hazardous events and an evaluation of the effects
and possible consequences to humans, environment and for structures is
needed.

In risk analysis certain questions need to be addressed:

- What weaknesses could occur in the security management
system?

- What preventive measures can be taken in order to control the
risk factor?

- How are these actions monitored?

The qualitative part of risk analysis focuses on identifying the risks,
possible failure cases, using methods like:

- Preliminary Hazard Analysis (PHA), was developed according to
military standards in this field, and can be applied in the preliminary
project phases. It focuses on the main areas that might contain
dangerous substances, and on the main equipments, and monitors
the possible failure points where dangerous substances or energies
could be released.
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- “What If?” method, poses a series of questions in order to determine
unexpected events in the system.

- Checklists identify known and predictable risks using standards.
Some of the more relevant techniques are: DSF — Diagnosis
Safety Form, DCT — Diagnostique et Conditions de Travail, SDQ —
Safety Diagnosis Questionnaire.

- Hazard and Operability studies (HAZOP), is designed to identify
safety and operability problems using a systematic and structured
approach by a multidisciplinary team. Using brainstorming and
certain keywords deviations in the process from the normal
functioning are identified, their causes and consequences on the
process, humans and environment are evaluated qualitatively.
HAZOP is one of the most used methods in technological hazard
evaluation.

- Failure Modes and Effects Analysis (FMEA) determines how the
failures of certain system components affect the optimum system
performance. This ensures that proper safety measures are taken
and safety systems are installed. The FMEA is a complementary
analysis of Layer Of Protection Analysis (LOPA).

The qualitative methods focus mainly on identifying the possible hazards
and are usually followed by a more thorough quantitative analysis (QRA).

In order to quantify the risk historical data or mathematical algorithms
can be used to estimate probabilities of failures and frequencies of accidental
scenarios. Proper safety measures can be applied efficiently only after a
thorough quantitative risk analysis. QRA is the starting point for more complex
processes like Land-use Planning, and Emergency Planning. High quality data
also provides decision-makers with accurate information about the situation.

Vulnerability (V [-]) should be introduced in the risk formula shown below:

R=F x C x V [loss/year]

where F [event/year] is the frequency of the event and C [loss/event]
represents the magnitude of the consequences [2].

Consequence analysis relies on theoretical models to simulate events
like release, dispersion, fire and explosion of different hazardous materials.
Generally, risk assessment methods begin with the identification of hazards
and vulnerabilities. Consequence based risk analysis has an approach that
starts with the identification of the major consequences by analyzing the
potential accident scenarios and the effects of the accidents upon the
environment, human factor and structures. Then the process searches for
combinations of hazard and vulnerability that could result in the most
serious consequences.
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The advantage of the consequence based risk analysis is that it will
show how qualitative threat, vulnerability and consequence information can
be combined to derive a qualitative value for risk and offer an easy-to-
understand graphical way to present risk assessment results [3].

Assessment of vulnerability

Vulnerability can be defined as the proneness to experience adverse
impacts or failures, or as the characteristics of a person or a group to anticipate,
cope, resist and recover after a hazardous impact. Vulnerability involves a
combination of factors which determine the level of the hazard for health,
life, and damage of property following an incident.

Quantitatively the vulnerability can be expressed as a number
between 0-1 or 0%-100%.

The vulnerability depends on the infrastructure and socio-economical
conditions of the area. With reducing the hazards we are reducing the
vulnerability, too. In many cases the increased number of victims is not due to
bigger hazards, but the amplification of vulnerability of population. Some
social groups are more vulnerable than others, in function of sex, age,
corporeal condition etc.

A major component of a risk assessment is assessing the area’s
vulnerability to hazards. Regional vulnerability is determined by evaluating
hazard exposure and coping capacity. For determining the vulnerability it
can be selected a set of indicators. In case of technological disasters these
indicators can differ from one case to another, depending on the possible
accident consequences [4].

Mitigation of vulnerability is strongly correlated with socioeconomic
development, and with social stability. Therefore it can be used to reduce
the causes of environmental vulnerability, not only the consequences in
terms of disastrous casualties and losses [5].

The modeling and simulation of chemical accidents

In general, models can be used to measure and represent; describe
structure, behavior and pattern; reconstruct past or predict future behavior;
generate and test theories and hypotheses [6].

Consequence assessment and modeling is based on models for
source-term definition, dispersion calculations, fire and explosion, and finally
vulnerability estimation of health effects [1].

The most important issue in simulation of chemical accidents is to
find the right model which fits to the purpose of the study. For example,
different models should be used in case of a toxic dispersion simulation for
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flat and complex terrain. Two dimensional models can be applied for short
distances where the topography of the terrain is not significant. 3D dispersion
models are very useful for major releases above complex topography terrain.
One of these 3D modeling systems is the SEVEX (SEVeso EXPert)
system, which is built from three different parts:

- The SEVEX-Meso is a complex 3D terrain and meteorological
model which solves the Navier-Stokes equations, considering the
terrain roughness (the topography of the terrain), the land use of
the terrain (five categories: water, forest, urban, grass-land and
the mixture of the previous four) and the solar radiation and heat
transfer between the ground and the atmosphere.

- The SEVEX-Toxic module is a Lagrangian 3D dispersion model
that simulates the passive transport and dispersion of toxic and
flammable material.

- The SEVEX-Source module simulates different types of releases
and the effects of accidents. These three modules combined in
SEVEX View software compute the worst-case realistic conditions
of an accident. SEVEX View is the only software that considers both
the SEVESO directives of the European Commission, and U.S.
EPA guidelines. The software was built to simulate major industrial
accidents, so the model is designed for impact zones from 1 to 18
km. The software was developed by the Lakes Environmental
Software from Canada, in collaboration with ATM-Pro, Belgium [7].

A very popular model is the SLAB atmospheric dispersion model for
denser-then-air releases over flat terrain. This model does not calculate
source emission rates. It assumes that all source input conditions have been
determined before. The current version of the SLAB model treats the following
situations: instantaneous releases, finite and continuous releases from
different sources like evaporating pools on land, horizontal or vertical jets, and
instantaneous or short-duration evaporating pool on ground level.

The atmospheric dispersion of the released gas is calculated by solving
the mass, heat and momentum flux conservation equations. The mathematical
model is based on the theory of the superficial layer. The description of the
variation that occurs in the gas plume is given by a differential equation system
based on the total mass conservation and for the components, on the heat and
impulse conservation for the three directions. The model is completed with the
equations which describe the shape of the vapor cloud and physical
equations [8]. The SLAB View software is the windows interface for the SLAB
model and it was created by the Lakes Environmental Software in Canada.
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Comparative analysis of a possible accident

In the followings are presented simulations of a chemical accident
involving major liquefied chlorine release from storage vessel, a comparison
between results obtained with 2D SLAB dispersion model and 3D SEVEX
model.

The selected site is located at a height of 150 m above sea level, at
10 km from the city of Ramnicu-Valcea, Romania, on the right side of the
Olt River on an alluvial terrace 7 meters above Govora Lake. The facility is
2 km long and 1,5 km wide. The site is surrounded by hills with a maximum
altitude of 450 m, and the mean absolute altitude is 150 m.

With the building of the dams on the Olt valley, the surface covered
by water increased, resulting in an increase of the relative humidity in the
site’s area, with a mean of 76%. The total annual precipitation in the area is
710,5 mm.

The wind circulation, both direction and speed, are influenced by the
area’s landscape. The Olt Valley has an obvious funneling effect, the highest
wind frequencies occurring from the North (10,2%) and South (13%). The
atmospheric calm situation has the highest occurrence rate (37,4%). The mean
wind speed varies between 0.8 and 2 m/s. The dominant atmospheric stability
conditions are class D (neutral), E (slightly stable) and F (stable) [9].

Simulations of the accident have been performed considering the
meteorological “worst case scenario”, for daytime, with a complete cloud cover,
a 70% relative humidity, stability class D, ambient temperature of 20°C, and
for nighttime with no cloud cover, a 90% relative humidity, stability class F,
ambient temperature of 10°C.

The storage vessel has the following technical characteristics:
length, L = 11 m, diameter d = 3 m, maximum capacity of storage equal to
90 tons of chlorine at 20°C storage temperature, 80% filling level at 10 bar
service pressure.

The SEVEX simulation considers the complex topography (GTOPO 30
database) and the land use of the terrain (CORIN database), calculating the
wind direction and velocity for every 1 km x 1 km square using a 2 m/s synoptic
wind [7]. The wind speeds for 36 directions were computed, for every multiples
of 10°, from 0° to 350°. For this reason, the overall area of danger is estimated
based on a discrete set of results, generating the so called plume fingers.

RESULTS AND DISCUSSION

In the followings are presented the consequence maps obtained
from SEVEX and SLAB simulations, for the daytime scenario considering
the wind direction form S-SW and for the nighttime scenario from N-NE.
These wind directions can be found most frequently in the area.

54



Wind direction

from: 180°
0 210°

CHEMICAL RISK AREA ESTIMATION AS A TOOL FOR EFFICIENT EMERGENCY PLANNING
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Figure 3. SEVEX View simulation for nighttime scenario.
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In the SLAB View simulations we used the source emission rates
calculated by the SEVEX model.

The distances obtained for the following typical concentration levels
after one hour exposure: LC50 (Lethal Concentration 50%) = 293 ppm, IDLH
(Immediately Dangerous to Life or Health concentration) = 10 pmm and EEGL
(Emergency and Continuous Exposure Guidance Level) [10], are presented in
Table 1:

Foctprint (ppm)
. . 2930

. 100

D 30

I Footprint (ppm)
. 2930
. 100
|:| 30

Figure 5. SLAB View simulation for nighttime scenario.
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Table 1. Distances for the concentration levels of concern

SEVEX Concentration level Daytime scenario Nighttime scenario
LC50 651,9m 1632,5m
IDLH 5042,3 m 6630,6 m
EEGL 9780,8 m 9527,1 m

SLAB Concentration level Daytime scenario Nighttime scenario
LC50 357 m 443 m
IDLH 5000 m 8880 m
EEGL 10943 m > 15000 m

The SEVEX model considers a possible fluctuation of 30 degrees in
the wind direction and the results are presented considering this wind sector.
The distances obtained in SEVEX, shown in Table 1, are the highest values
from this 30 degrees wind sector. The SLAB simulation considers only one
wind direction.

As seen, the daytime simulation results regarding the maximum
distances are showing pretty close values in both cases. There are major
differences in the nighttime simulation results; the distances obtained with
the SLAB model are overestimated. The SLAB model does not take into
account the topography of the terrain; it assumes that the dispersion is over a
flat terrain with a specific roughness. This can lead to over or underestimation
of danger zones for major releases, where the dispersion process can reach
large distances.

CONCLUSIONS

The Chemical Risk Assessment is an important tool in the development
of Safety Reports and Emergency Plans. The combination of qualitative
and quantitative analysis methods can offer a good solution for the estimation
of risk zones.

The aim of the Risk Analysis process is to reduce uncertainties by
increasing safety levels by developing more efficient Emergency Plans for
the restriction of insulation perimeters, offering immediate decisions, detailed,
accurate and steady instructions.

Simulations of a possible chemical accident involving liquefied chlorine
at a large storage facility have been preformed, and obtained dispersion results
using two commercial software packages, SLAB View and SEVEX View.

The simulations show that the situation could become extremely
dangerous to the nearby inhabitants, therefore an efficient external emergency
plan must be developed and according to the Seveso lll directive, the population
should be informed about the hazards involved, emergency individual and
collective measures, warning and evacuation plans.
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In order to achieve this, high quality data is required, following the

principle: “good quality data leads to good decisions”. With the use of high
performance software like SEVEX, we can aid the Romanian stakeholders
and decision makers with information in order to develop efficient plans and
policies.
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POWER PLANTS ASHES RECOVERY IN ECO-FRIENDLY
MORTAR COMPOSITIONS
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ABSTRACT. The paper treats the possibilities to recover the wastes resulted
by coal combustion in power plants. This issue is in the researchers attention
because the power plant's ashes represents the main waste in almost all
European countries and the coal combustion will remain the most important
source of energy. The greenhouse gas and the ashes have a huge impact on
environment and the living species. In the experimental work the properties of
five different mortars, realized with different proportion of ash were compared.

Keywords: fly ash, concrete, mortar

INTRODUCTION

The main reason for the ash use is not only the low price, but also the
technical and qualitative benefits brought to the products. Due to its puzzolanic
activity the ash combine with calcium hydroxide resulted from cement hydration
giving birth in this way to cementitious materials which harden in time and
have similar properties with the cement hydration products [1-3]. Through
this activity is reduced the calcium hydroxide quantity in concrete which can
leach in time by water providing cracks and voids. Thereby, the porosity and
permeability of the concrete are reduced and the freeze-thaw resistance is
increased, with other words the concrete is more durable.
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Ashes fill in the minute voids that no other part of the mix can fill, thus
creating a denser and less absorptive concrete with improved mechanical
features. On short term mechanical strengths are lower than plain concrete,
after 28 days they equalized and after a long period of hydration products with
ashes present 15-20% higher mechanical strength than classic concrete [4-6].

Ashes use — recovered wastes — reduces the natural resources use.
They also reduces the energy-intensive production of other concrete ingredients,
leading to energy saving and “greenhouse gas” emission decrease. Replacing
one tone of cement with fly ash it would save enough electricity to power an
average home for 24 days, and reduce carbon dioxide emissions equal to a
two months use of an automobile.

RESULTS AND DISCUSSIONS

The setting time (SR EN 196-3:2006) and the workability (SR EN
1015-9:2002) were determined on the fresh mortar. The results are presented
in Figures 1 and 2.
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g 300 + time
= 230
l_ 200 rAaviv) MW/" 180 f I
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100 =166—=105 Too time
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Proportion of cement replaced by ash
[wt%]

Figure 1. Variation of setting time in function of proportion of cement replaced by ash.

After 28 days of hardening in standard conditions (5 days in moulds
at 20°C and 90% humidity; 2 days without moulds at 20°C and 90% humidity;
21 days without moulds at 20°C and 65% humidity) the density and water
absorption of the mortars were determined using the methods indicated in
SR EN 1015-10:2002 and SR EN 1015-18:2003.
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Figure 2. Variation of workability in function of proportion of cement replaced by ash.

The results are shown in the Figures 3 and 4.
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Figure 3. Density variation in function of cement replaced by ash.

The flexural and compressive strength of the compositions were
determined after 28 days of hardening using the method indicated in SR
EN 196-1:2006. In Figure 5 is presented the evolution of the strength in
function of proportion of cement replaced by ash.
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Figure 4. Water absorption variation in function of cement replaced by ash.
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Figure 5. Flexural strength variation in function of proportion of cement replaced by ash.
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Figure 6. Compressive strength variation in function of proportion of cement
replaced by ash.

It is a known fact that the mechanical strength of the mortars and
concretes with ash content is lower after 28 days and a beneficial effect it is
observed only after 56 or 91 days. To demonstrate the evolution of the strength,
mechanical tests were repeated after 56 days (Figure 7 and 8).
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Figure 7. Flexural strength variation in function of proportion of cement replaced by ash.
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Figure 8. Compressive strength variation in function of proportion of
cement replaced by ash.

From the figures presented above it can be concluded that it is
possible to use ashes in mortar compositions, respectively a part of the cement
can be replaced by ashes. The replacement of cement in proportion of 5, 10,
20 and 30 wt% was experimented (composition 2, 3, 4 and 5).

By replacing the cement with ash, the setting times of the mortars
increases. The difference between the initial setting time of the composition
without ash and the composition in which 5 wt% of cement was replaced by ash
is only 5 minutes. The differences are bigger for higher ash content; it reaches
80 minutes for composition 5 in which 30 wt% of cement was replaced by
ash.

The differences are more evident in the case of the final time of
setting, where replacement of 5 wt% cement lead to a 30 minutes longer
final setting time and replacement of 30 wt% cement with ash a 310 minutes
longer time, which means an increase of 1,5 times.

In the case of mortars workability no differences were observed
between the composition with no ash and the composition in which 5 wt%
of cement were replaced, after that every 10wt% of cement replaced by ash
brings 5 minutes in plus.

The density increases slowly by replacing 5% of cement, after that a
decrease is observed, every sample densities being under the density of
the standard composition. The water absorption is in agreement with the
results obtained for the densities. The water absorption decrease from 8,96 %
for the standard composition to 8,34 % for composition 2 with 5 wt% ash.
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For the other compositions the value of absorption increases to 12,87 %,
while the ash proportion was increased to 30 wt%.

The values for the mechanical strength state the observations at the
density and absorption determination. Thus an increase in strength, both
flexural and compressive, was observed for the composition 2 with 5 wt%
ash. While the ash content was increased the mechanical strength decreased
and it is situated below the standard composition strength.

The mechanical test after 56 day of hardening shows that the strength
increase is higher for the compositions with ash. In the figure 9 are presented
the proportions of the strength increase from 28 to 56 days.
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Figure 9. The increasing strength from 28 to 56 days in function of proportion
of cement replaced by ash.

CONCLUSIONS

It can be concluded that the Zalau power plant ash can be used in
mortar compositions. Replacement of 5 wt% cement by ash brings both
economical and qualitative benefits.

Using power plants ash presents some advantages: ash is a cheap
unconventional raw material, which introduce in mortar composition determine
the decrease of production cost with 10-20%, without any quality compromises;
the mechanical strength and durability of the product can be improved.
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EXPERIMENTAL SECTION

In this experimental works 5 compositions of masonry mortars were

prepared replacing the cement with different amounts of ash. The fresh and
hardened mortars characteristics were investigated. The compositions were
prepared by forced mixing using a laboratory mixer. The fresh mortar was cast
in metallic moulds obtaining 160x40x40 mm prisms which were subjected to

testing

in hardened state.
In the table 1 are presented the proportions of the raw materials used in

the compositions. The first composition, without ash is the standard composition.

Table 1. Mortar compositions

1 2 3 4 5
CEM II/A-S 32,5 R % 25 23,75 22,5 20 17,5
Ash % 0 1,25 2,5 5 7,5
Sand 0-4 % 75 75 75 75 75
+ Water % 17,70 17,90 18,10 19,40 20,80

power

Three types of raw materials were used for the experimentation.
a) Cement - CEM Il/A-S 32,5R
» Chemical and physical-mechanical characteristics:

Initial setting time Min 75 min.
Soundness Max 10 mm.
Compression strength:

After 2 days: Min 10 N/mm?

Min 32.5 N/mm?
Max 52.5 N/mm?

Max 3.5%

Maxim 0.10%

After 28 days:

Sulphate content (SOs)
Chloride content

b) The chemical composition and the grain size distribution of the
plant ash from Zalau are given in Table 2 and 3.

Table 2. Chemical composition of the ash.

Oxides [wt %]

SiO2

Al2O3

TiO2

Fe203

CaO

MgO

NazO

K20

L.O.l.

59,71

21,62

0,62

7,10

4,48

1,02

0,60

2,60

1,31
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Table 3. Grain size distribution.

Fraction Percent [wt %]
>2mm 6,33
> 1mm 5,58
> 500pm 12,00
> 200um 42,52
> 100um 25,29
<100um 8,28

c) SAND 0-4 mm in conformity with SR EN 13139:2003 (Aggregates
for mortar)

Table 4. Determination of particle size distribution of the sand —
Sieving method SR EN 933-1/2002.

Sieve Rest on sieve (R;)| Refuse percent |Cumulated percents of refuse
[mm] kg (Ri//M1) 100 100-(Ri//M1 100)
[ wt %] [wt %]
8 0 0 100
4 0 0 100
2 0.019 9.5 90.5
1 0.0384 19.2 71.3
0.25 0.1144 57.2 14.1
0.1 0.023 11.5 2.6
0.063 0.0044 2.2 0.4
<0.063 0.0008 0.4 0
Table 5. Sand characteristics.
No |Characteristics M.U. Obtained Determination
value methods
1 |Fine particle content % 0,40 SR EN 933-1:2002
2 |Sand equivalent (SE4) % 74 SR EN 933-8:2001
3  |Impurities content - Light yellow |SR EN 1744-1:2004
- -humus
5 |Loose bulk density Mg/m® 1,50 SR EN 1097-3:2002
6 [Voids % 44,3 SR EN 1097-3:2002
7 |Absolute density Mg/m°® 2,71 SR EN 1097-6:2000
8 |Oven dried real density Mg/m® 2,57 SR EN 1097-6:2000
9 [Saturated dried surface real density| Mg/m® 2,62 SR EN 1097-6:2000
10 [Water absorption in 24 h % 1,98 SR EN 1097-6:2000
11 |Composition, content % SR EN 1744-1:2004
- chlorides -
- carbonates 1,26
- total sulphur 0,56
- sulphates 0,42
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ABSTRACT. The fluid catalytic cracking process represents the main
conversion process in a refinery. The successful operation of the FCC unit
determines the position on the market of the refinery. The objective of this
work is to analyze the actual heat exchanger network (HEN) of an industrial
fluid catalytic cracking plant (FCC) and, using real data provided by a refinery
from Romania and Pinch technique, to improve it. ASPEN Plus was used to
simulate the process. ASPEN HX-Net was used to generate the retrofitted
designs of the HEN. The obtained results present the possibility to improve the
actual heat exchanger distribution in the heat exchanger network and to save
energy. Adding heat exchangers, re-piping, and improving the performance of
some heat exchangers, it is possible to save energy from the actual heat
exchanger network and to improve the process operation.

Keywords: fluid catalytic cracking, heat exchanger network, optimization

INTRODUCTION

The fluid catalytic cracking process (FCC) is the process most
common used in any modern oil refinery. The FCC unit consists of three
distinct sections: the reactor-regenerator unit section including air blower and
waste heat boiler, the main fractionator section including wet gas compressor
and unsaturated gas plant section (Gascon). In order to improve its operation
and to recover a certain quantity of energy, the FCC process must go through
some structural changes (retrofitting). Retrofitting represents changes (new
heat transfer area, re-piping, changing the heat exchangers place, etc) in
the actual structure of the HEN in order to reduce the operation cost and in
this way to increase the capital cost, indicating that there is a trade-off
between the operational and capital costs.
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The method most used for energy integration is Pinch Analysis. This
technique is the simplest, easy to use, with immediate results and demonstrates
its efficiency and applicability in many industrial saving energy problems. In
addition, heat integration reduces site utility costs and capital costs. The
savings made applying this technique came up to the 20-30% comparative
with classical process design (B. Linnhoff, 1997).

A rigorous analysis of a FCC plant for energy saving was made by
B. A. Al-Riyami et al., 2001. The HEN included the feed preheating, main
fractionation and gas concentration section. The system was simulated using
HySys.

The aims of our research were to analyze the actual heat exchanger
network (HEN) of an FCC industrial plant using real process data (ex. flow
streams, temperatures, transfer areas etc.) and to improve its operation
from the economical point of view, using Pinch Analysis.

The FCC plant was already integrated in the past, during the time
there were some changes in its operation (different raw materials, no production
of heavy gasoline, different flow streams etc.). Constrained by the new type
of operation and changes appeared in the design, a retrofit was realized
trying not to affect the conversion process.

RESULTS AND DISCUSSION

Analyzing the existing HEN

The investigation of the actual HEN and the determination of the
minimum duty of heating and cooling utilities have been done. The system
was simulated in ASPEN Plus with the real process data collected from a
Romanian refinery (UOP Fluid Catalytic Cracking process).

The scheme of the FCC unit which was implemented in Aspen Plus
may be seen in the Figure 1.

Figure 1. Flow diagram of FCC process.
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In this study was realized the inventory of the heating and cooling
sources. The data extracted from the simulation results using ASPEN HX-Net
may be seen in Table 1. The table comprises 10 hot streams and 4 cold
streams.

Table 1. Hot and Cold Streams Extracted from Simulation

Streams Type ?_lejﬁqp;y :II—_Z‘L%’ST CP HTC Enthalpy
[C] [C] [kW/C]  [kw/C-m2] kW]
SL-20-21 Hot 393.6 254 35.95 0.15 5018.0
SL-22-23 Hot 393.6 238 74.94 0.12 11660.3
SL-18-19:23 Hot 393.6 234.4 37.41 0.12 5956.1
MG-9:MG-10 Hot 334.7 60 17.89 0.15 4914.8
MG-41A:MG-41B Hot 250.4 224 102.39 0.15 2703.0
MG-42B:MG-42D Hot 224 177 5.85 0.12 275.1
MU-86A:MU-72 Hot 205.5 108.9 79.31 0.12 7661.8
MOT-USO:MU-83 Hot 177.2 60 9.64 0.2 1129.3
BG-111:BG-129 Hot 145.4 98 61.74 0.2 2926.7
BU-207:BENZ-OUT  Hot 66 43 342.60 0.15 7879.9
C-31:C-32 Cold 80 110.2 96.91 0.15 2926.7
C-32:C-33 Cold 110.2 1145 96.86 0.15 416.5
C-33:.C-34 Cold 114.5 143.2 96.94 0.15 2782.3
C-34:C-35 Cold 143.2 204.7 96.85 0.15 5956.1
C-35:C-36 Cold 204.7 293.8 96.82 0.15 8626.6
B1-GE12:B2GE12 Cold 172 187.6 747.46 0.25 11660.3
B1-GE11:B2GE11  Cold 172 176.1  659.27 0.2 2703.0
B1-GE9:B2GE9 Cold 105 112.7 995.04 0.2 7661.8
WFE3-FE23 Cold 100 200.7 49.83 0.5 5018.0

The raw material stream of the FCC process, mainly the heavy vacuum
distillate stream from the vacuum distillation unit, is a cold stream that is been
heated up to a temperature around 290 °C in 4 heat exchangers (streams: C-
31:C-32, C-32:C-33, C-33:C-34, C-34:C-35 and 1 fire heater (stream C-35:C36).

The products stream from the riser is fractionated in the main column
in the following streams: heavy diesel oil, light diesel oil, heavy gasoline,
light gasoline and slurry.
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The slurry stream separated on the bottom of the column has the
highest temperature (393.6 °C). It provides energy to produce superheated
steam (WFE3-FE23) and to heat up other process streams: the gasoline
from Gascon and the raw material. The steam generation stream was
considered as a process stream in order to keep the existing production of
steam the same both before and after the retrofit. The steam is needed for
the other processes from the refinery. In the Aspen Plus simulation slurry
stream is splited in; SL-20-21, SL-22-23 and SL-18-19:23.

The cold gasoline streams from Gascon plant (B1-GE12:B2GE12,
B1-GE11:B2GE11, B1-GE9:B2GE9) were considered to be process
streams trying not to modify the process behavior and the consumption of
cold utility of the FCC process. The light (MU-86A:MU-72, MOT-USO: MU-
83) and heavy (MG-41A:MG-41B, MG-42B:MG-42D) diesel oil streams
help to increase the temperature of the raw material and are cooled and
sent to storage. Heavy diesel oil (BG-111: BG-129) in the actual operation
of the FCC process it's not considered anymore as one of the main
products. It is used only to heat up the raw material stream and then is
reintroduced in the main column. The gasoline and gases stream from the
top of the column (BU-207: BENZ-OUT) is sent to Gascon unit after a part
of the gases are separated to the furnace.

Based on the data provided by the simulation and that have been
presented in Table 1, the composite curves (Figure 2) and Grand composite
curve (Figure 3) were generated.
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Figure 2. Composite Curves of the existing HEN.
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The Grand composite curve shows that the pinch temperature of the
process is 144.5°C and from the composite curves it was discovered that
the AT for the process is 129°C and the duty of hot utility is 19858 kW
and of cold utility is 22234.79 kW.

Table 2. Heat exchangers from the industrial process

Heat Cost Simulation area Real area Duty
exchanger [$] [m2] [m2] [kW]
FE-21 271525.74 941.91 324 2926.69
FE-18 62073.63 81.15 113 2782.33
FE-9 0.00 0.00 18777 0.00
FE-4 52865.53 50.28 120 2132.50
FE-22 38003.33 8.44 7 275.09
FE-17 48050.00 35.39 248 416.46
FE-3 83867.74 163.15 76 4766.40
FE-23 39939.71 13.04 12.3 251.60
FE-6 106258.59 256.77 894 7879.95
GE-12 366717.43 1678.59 - 11660.34
FE-2 130758.34 367.28 111 5956.05
FE-10 73604.16 123.20 2776 712.84
GE-9 462658.57 1657.14 - 7661.77
GE-11 197879.39 596.48 - 2702.99

The simulation of industrial process provided 15 heat transfer units
(excepting the fire heater) that are summarized in Table 2. The cold utilities
used are cooling water (94%) and air (6%) with a total cooling need of
11000.38 kW. The only hot utility considered is the fuel (8626.6 kW).
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The heat exchanger FE-9 present in the real process it is used only for
cooling down the temperature of the gasoline stream (top of the column) when
it increases above a fixed value. The heat exchangers GE-9, GE-11 and GE-
12 are located in the Gascon plant and they have to remain unmodified.

Besides the heat exchangers summarized in Table 2, preheating train of
the raw material contain another heat exchanger, FE-24, that is out of order and
it wasn't considered in the simulation. It was designed to cool the heavy gasoline
stream that goes to the storage but this product is not produced anymore.

The existing heat exchanger network design was generated by Aspen
HX-Net (Figure 4). The heat transfer marked with blue dots represents the heat
exchangers with cold utilities, the red dots represent a heat exchanger with hot
utility and the grey dots represent process to process heat exchangers.
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Figure 4. Existing Heat Exchanger Network.

Improving the existing HEN

In order to improve the real heat exchanger network the optimization
of the total cost of FCC process was done. The total cost as a function of
ATin is represented in Figure 5. It can be seen that the minimum cost is
achieved in a range of AT,,;,=8.5 to 12°C; and as a conservative approach the
optimum minimum approach temperature for the retrofit target is ATi=12°C
because operating with a AT, less than 10 °C should be avoided [4].
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Figure 5. Total cost vs. minimum AT.
Considering that the actual HEN is operated with AT;;,=129°C,

decreasing it to 12°C it is possible to improve the actual heat exchanger
distribution for saving energy of 13553 kW.
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Figure 6. Composite curves with ATmin=12°C.
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The new composite curves, generated in Figure 6 and Figure7,
show that the pinch temperature has been reduced from 144.5 °C to 88 °C
and the minimum need of heating and cooling is reduced to 6325.92 kW
and 8701.28 kW respectively. In conclusion, reducing the AT, reduces the
heating and cooling needs approximately with 32% and 39% respectively.
Also it can be observed in Grand Composite curve that there are some
pockets of extra energy that may be saved.

Table 3 presents the comparison of the necessary of cooling and
heating needs in those two cases considered: AT;,=129 °C and AT,;,=12 °C.
These results were compared against the Grand Composite curve (Figure 8).

Table 3. Saving energy through reduction of AT i,

ATmin [OC] Reduce
129 12 [%]
Heating [kW] 19859.00 6325.92 68.15
Cooling [kwW] 22234.36 8701.28 60.87

In the new HEN, generated with Aspen HX-Net, there is not process-
to-process heat exchange that crosses the pinch temperature. This is an
improvement compared to the initial design extracted from the simulation.

In order to improve the HEN other designs were generated and
analyzed. The only change considered in those designs is the distribution of the
heat exchangers. The designs were compared in terms of their operation costs
and efficiency. In all the designs the stream corresponding to steam generation
was consider as a process stream. Five designs were proposed and have been
used the economic model recommended in [1] and by ASPEN HX-Net.
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Figure 8. Grand Composite curves comparison.

The designs used present the following conditions:

Design A:
- The order of the heat exchangers are changed optimizing the
production of steam;
- The total area of the HEN was increased:;
- The operating cost was reduced.
Design B:
- Addition of a fire heater to heat the cold stream;
- The heating and cooling needs are decreased;
- The operating cost and the total cost are reduced.
Design C:
- The split of slurry stream was taken out;
- The number of heat exchangers was reduced,;
- The operation and the capital costs have been increased;
- The cooling need was the same as in the base case;
The total area was increased.
Design D:
- The number of heat exchangers that are used to heat up the raw
material were increased;
- The total area of the heat exchangers was increased,;
- The operating cost and the total cost increased.
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Design E:
- A part of the hot stream “heavy diesel oil” was re-piped to produce
steam;
- The heating and cooling needs were decreased;
- The operating, capital, and total costs were reduced.
The characteristics (total cost, transfer area, etc.) of the designs
obtained are compared in the Table 4.

Table 4. Comparison among designs evaluated

Total cost Area Heating Cooling Opcegz'f[ing
[$/y] [m2] [kw] [kw] [$/y]

SimulationBaseCase 2569201.45 6238.39 8626.55  11000.38 1049460.81
Design A 2707323.90 8443.29 8621.23 11000.38  998785.53
Design B 2430791.22  8542.85 8309.79 10689.08 947392.96
Design C 2695805.34  8441.96 8621.23  11000.38  998785.53
Designh D 2377950.54  8581.62 8033.84 10413.99 915249.06
Design E 2335706.83  6350.65 7325.39 9701.64  897860.72

The performance of the considered designs, with respect to the ideal
target, was evaluated through the alpha plot, the closest the existing HEN is to
the ideal curve in an energy area plot the better the performance. In Figure 9a
may be seen that there are at least three designs that could have a better
performance than the simulation base case (e.g., design B, D and E).
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Figure 9. a) Performance of the designs. b) Efficiency
of the proposed designs respect to the ideal.
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Figure 9b shows the efficiency of the designs considered. The closest to
the ideal efficiency are the design E and the design considered in the simulation
base case, indicating that those designs are using efficiently the heat transfer
area. The designs A, B, C and D are far from the ideal performance.

It could be advantageous from the economical point of view to change
the existing HEN with design E (Figure 10) that has lower energy consumption,
capital and operational costs than the existing HEN. Considering the results
from Table 4, total costs are decreased with approximately 9% and there is an
energy saving of 15% of heating and 12% of cooling. However, the performance
of this design needs to be evaluated through a simulation implemented in
Aspen Plus or Aspen Dynamics to see if it is the best choice in all conditions
(economics, dynamic behavior, controllability etc.).
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Figure 10. Heat exchanger network — Design E.

CONCLUSIONS

The fluid catalytic cracking is a dominant process in oil refineries
and there has been a continuous effort to improve the efficiency and yield
of the unit over the years.
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The results of the present retrofit study confirmed that it is possible
to save energy from the actual heat exchanger network. The improvement
comprises adding heat exchangers, re-piping, and improving the performance
of some heat exchangers. The closest to the ideal efficiency is the design E
because it uses efficiently the heat transfer area and it is the best design
comparative with the existing industrial HEN. In the real HEN there are
process-to-process heat exchangers that cross the pinch temperature. Total
costs are decreased with approximately 9% and there is an energy saving
of 15% of heating and 12% of cooling.

No drastic changes have been suggested for the existing HEN, the
new design was done trying not to modify the process-to-process heat
exchangers, assuring that the process would not be affected.

Significant quantities of hot and cold utilities (water, gas, etc.) are
saved by reducing the heating and cooling needs in the FCC plant. This is
an important step in conserving and recycling the natural resources.

This optimization of the HEN in terms of the economical point of
view gives a starting point to continue with the improvement of the industrial
process. Future work will analyze the generated designs in terms of
dynamic behavior and controllability.
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GASIFICATION PROCESS — A PRACTICAL WAY FOR
SOLID FOSSIL FUELS DECARBONISATION
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ABSTRACT. This paper investigates the technical aspects of solid fossil
fuels decarbonisation by gasification process. More specifically, it focuses on
the technical evaluation and the assessment of performance of an Integrated
Gasification Combined Cycle (IGCC) scheme modified for Carbon Capture
and Storage (CCS). One of the key units of such a plant is the gasification
island, a number various commercial gasification reactors (mainly entrained-
flow types of dry feed and slurry feed) are evaluated for decarbonisation of
fossil fuels (coal).

The significant issues in the overall design of fossil fuels decarbonisation
process using gasification process are: proper choice of gasification reactor and
feedstock (e.g. fluxing or fuel blending), downstream syngas treatment options
(shift conversion of carbon monoxide, syngas desulphurization and later carbon
dioxide capture) and finally the usage of combustible decarbonised gas for
various energy vectors poly-generation (e.g. power, H, etc.).

Finally, whole process for one case study (using Siemens gasification
reactor) was mathematical modeled and simulated using ChemCAD software
for the particular case of hydrogen and electricity co-production scheme
based on coal with carbon capture and storage.

Keywords: Fossil fuels decarbonisation, Gasification, Carbon Capture and
Storage

INTRODUCTION

Gasification of solid fuels (either only fossil fuels or in addition with
various renewable energy sources such biomass or solid wastes) forms the
core of Integrated Gasification Combined Cycle (IGCC) concepts which is one
of the advanced clean coal power generation systems [1, 2]. Compared with
conventional coal fired power plants, IGCC scheme has lower emissions of
acid gases (NOx, SOy) and particulate matter. In addition, with respect to clean

2 Universitatea Babes - Bolyai, Facultatea de Chimie si Inginerie Chimicd, Str. Kogéalniceanu, Nr. 1,
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coal technology, IGCC has a better carbon dioxide capture potential, using
pre-combustion capture whereas conventional coal fired power plants have
to use post-combustion capture [2, 3].

The IGCC is an energy conversion process concept in which the
solid fuel (e.g. coal) is gasified to produce a fuel gas (called syngas), which
after purification (ash removal and desulphurization), is burnt in the gas turbine
in a conventional Combined Cycle Gas Turbine (CCGT) to produce power.
Because the gasification process produces a large amount of waste heat,
which can be used for steam production, the steam systems in the CCGT heat
recovery steam generator and gasification system are integrated together,
hence the IGCC appellation (the combination of two thermodynamic cycles
namely Brayton cycle and Rankine cycle) [4].

In gasification processes designed for fuel decarbonisation, oxygen
plus steam or water is reacted with coal at high temperatures to produce syngas
which mainly consists of carbon monoxide and hydrogen. After purification
performed to remove ash and sulphur compounds, the mixture of CO and H,
is normally used as a fuel gas for the gas turbine (no capture option). But for
the capture option (pre-combustion capture of carbon dioxide), the hydrogen
level is raised by catalytic conversion of carbon monoxide in the syngas with
steam, the chemical reaction being:

CO + HO «~ H, + CO,

This step also enables the carbon present in the coal to be concentrate
in form of carbon dioxide that can be later captured. After shift conversion,
the gas, which now contains mainly carbon dioxide and hydrogen, is cooled to
ambient temperature then sent to an Acid Gas Removal (AGR) system for
CO, and H,S removal. Here, CO, and H,S are removed by chemical solvents
similar with those used in post-combustion capture (alkanolamines such as
methyl-diethanol-amine - MDEA) as well as by physical solvents (e.g. Rectisol®,
Selexol®) [5].

After AGR, the hydrogen-rich gas stream can be used for various
purposes: to produce hydrogen for chemical and petro-chemical processes
(e.g. ammonia and methanol synthesis, hydrogenation, hydrocracking and
hydrodesulphurization processes etc.) or for co-production of hydrogen and
electricity. In this last option, one of the main advantages of such a scheme is
the possibility to run the plant full-load all the time. It is well known that power
duty has daily, weekly and seasonal variations and the power generation has
to follow the duty (demand). In such a case (e.g. during the night), the power
plants have to run part-load or even to be switched off which implies severe
reduction of the plant lifetime (thermal stress, corrosion etc.) and negative
impact on plant economic indicators.
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The co-production mode of hydrogen and electricity has the merits
that during the low power duty periods, the plant can produce hydrogen which,
apart from power, can be stored. In this case the plant is running full load all
time with significant benefits in term of plant lifetime and economic indicators.
In co-production mode, the hydrogen-rich gas is split in two: one stream is
purified by Pressure Swing Adsorption (PSA) and then is sent to the hydrogen
customers and rest is used in a CCGT for power generation.

This paper investigates the technical aspects of coal gasifier selection
for co-production of electricity and hydrogen based on IGCC processes with
carbon capture and storage [6-9]. More specifically, it focuses on the technical
evaluation and the assessment of performance of a number of coal gasifiers
based on existing moving-bed, fluidised-bed and entrained-flow gasification
processes.

The key factors considered in the analysis are: gasifier throughputs,
reliability and experience, gasifier pressure and temperature, cold gas efficiency
(CGE), carbon conversion, water or steam requirement, downstream gas clean
up issues, hydrogen production potential, implication of oxygen purity for
hydrogen purification stage, implication of gasifier selection for AGR system
etc. Based on these key factors, a list of the most promising coal gasifiers
for electricity and hydrogen co-production based on IGCC processes with
carbon capture is proposed.

After analyzing the most promising gasification reactors for coal, for
one case the whole IGCC concept with carbon capture and storage will be
modeled and simulated using ChemCAD software for generation of about
400 MW power and a flexible hydrogen output between 0 and 200 MW
hydrogen (considering the hydrogen lower heating value — LHV) with about
90 % carbon capture rate (decarbonisation rate).

Plant concept and gasifier options for hydrogen and electricity
co-production with carbon capture

An IGCC plant modified for co-production of hydrogen and electricity
with carbon capture and storage is basically similar to that of existing IGCC
plants for producing electricity only without carbon capture. The main differences
are the need for shift conversion stage to increase hydrogen production
and to concentrate the carbon species in form of carbon dioxide, an Acid
Gas Removal (AGR) system which in addition to hydrogen sulphide (as in
conventional technology) is capturing also carbon dioxide and a hydrogen
purification stage by PSA.

A simplified flowsheet of the hydrogen and electricity co-production
(HYPOGEN concept) plant based on coal with carbon dioxide capture is
presented in the Figure 1 [10]. In this case, based on an entrained-flow design,
a syngas boiler is used to recover waste heat before the syngas is sent to
the shift converter. Other entrained-flow gasifiers dispense with this option
and quench the gas with water to solidify and remove slag.
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As shown, carbon dioxide stream is compressed to pressures more
than 100 bar before being sent to storage site (geological storage or for
Enhanced Oil Recovery - EOR). This also gives a difference between the
type of plant and a conventional IGCC, the compression of carbon dioxide
requiring a significant amount of energy which implies an energy penalty.

Nitrogen

H2S to
Claus plant

coz Co2to
Gasifier compression  gepa00

Oxygen

Syngas Shift converter
boiler hoiler

PSA

Shift
converter

Steam to
gasifier

H2 to
pipeline

HRSG Fluegas

CCGT for ancillary and expont power

Figure 1. Hydrogen and electricity co-production scheme with
carbon capture and storage based on coal gasification.

An other main difference is the addition of a Pressure Swing Absorption
(PSA) system for purifying the hydrogen outlet stream of the plant. Because
the need to find suitable solutions for replacing fuel oil-derived products
(gasoline and diesel) for transport sector, the hydrogen stream purity is set
to 99.95 % (vol.) to be used in Proton Exchange Membrane (PEM) fuel cells
designed for mobile applications.

Gasification reactors can be grouped into the following three main
categories: moving-bed gasifiers (sometimes also called fixed-bed gasifiers),
fluidised-bed gasifiers and entrained-flow gasifiers [1, 10-11]. A short description
of each of these categories is discussed below:

- Moving-bed gasifiers are characterized by a bed in which the fuel
moves slowly downward under gravity as it is gasified. The phases circulation
is a counter-current one. In such a counter-current arrangement, the hot gases
from the gasification zone are used to preheat and pyrolyse the downward
flowing coal. With this type of gasifier, the oxygen consumption is low but
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pyrolysis products are present in the syngas and also the outlet temperatures
are low (400 — 600°C). Within this category there are two different gasifier
types: the dry ash type in which the temperature is kept below the ash
melting point, and the slagging type in which the temperature in the gasifier
heart is above the ash melting point.

The main shortcoming of this type of gasifier is that a considerable
amount of methane will be produced, which reduces the amount of hydrogen
that can be generated and decrease the carbon capture capabilities of the
plant (methane cannot be captured by AGR) [10].

- Fluidized-bed gasifiers in which the bed is maintained in a fluidised
condition by an upward flow of gaseous stream. This configuration offers
extremely good mixing between feed and the oxidant, which promotes both
heat and mass transfer. This ensures an even distribution of material in the
bed, and hence a certain amount of partially un-reacted coal is removed with
the ash (lower carbon conversion compared with other gasifier types). This
gasifier type has moderate oxygen and steam consumptions [1].

Unfortunately operation of fluidised beds are restricted to temperatures
below ash softening point (900 — 1050°C), as operation above this temperature
would cause the ash to agglomerate. This implies the need for a highly reactive
fuel. Coal is therefore not suitable as much fuel would remain in an un-reacted
condition. Methane also is a problem for fluidised beds and this feature, plus
the loss of carbon in the ash, results in this process being less ideal for
hydrogen production or carbon capture.

- Entrained-flow gasifiers are reactors in which the particles of coal
are relatively dispersed and are carried along by a blast of reactants and
products in co-current flow. The residence time is just a few seconds and
the temperatures are in the range of 1250 — 1600°C to ensure good carbon
conversion. High temperature ensures that the syngas has very low methane
content and because the temperature is high and the fuel is dry, there are
no limitations on the type of coal.

The method of introducing the fuel into the gasifiers is specific to the
design. There are, basically, two ways in which coal is transported into an
entrained-flow gasifier: via water slurry (slurry feed gasifier), and via a gas,
typically nitrogen (dry feed gasifier). For the slurry feed gasifier, the need to
bring the water in the slurry up to gasifier temperatures, results in some of
the coal having to be combusted, producing CO,, as this reaction provides
much more energy than the reaction of coal with oxygen to produce CO. The
effect of this is to reduce the amount of hydrogen that can be produced, since
the CO can subsequently react with steam to form hydrogen. As a conclusion
regarding the gasification reactor feed system, the dry feed system ensures
a higher energy efficiency of the gasifier [1].
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The key factors that are considered for selection of gasifiers for
hydrogen and electricity co-production with CO, capture are [1,10]: oxygen
purity (usually 95 % O, vol., air blown gasifiers being unsuitable because of the
nitrogen dilution), gasifier throughputs, reliability and experience on the industrial
scale (400 MW power), cold gas efficiency (CGE) and carbon conversion
(which are optimum in case of entrained-flow gasifiers), syngas cooling
options (the quench type being desirable because the steam requirement of
the shift conversion), hydrogen production potential (hydrogen and carbon
monoxide content as high as possible in the syngas) and implication of gasifier
reactor on Acid Gas Removal system (from this point of view a gasifier able
to run at high pressure being desirable).

Considering the various commercial gasification reactors and their
characteristics [1, 10-11] and analyzing these reactors against the above
criteria, the most promising options for hydrogen and electricity co-generation
schemes with carbon capture and storage are:

- Entrained-flow gasifier with dry feed and heat recovery (developed
by Shell);

- Entrained-flow gasifier with dry feed and water quench (developed
by Siemens formerly known Future Energy GmbH);

- Entrained-flow gasifier with slurry feed and water quench (developed
by General Electric — Texaco).

The next section of this paper presents in detail a detailed modeling study
for a plant concept based on Siemens gasification technology (entrained-flow
gasifier with dry feed and syngas quench). The choice of Siemens gasification
technology for an IGCC scheme with carbon capture for hydrogen and power
generation is based on the following main factors: dry feed design which
implies an increase energy efficiency compared with slurry feed design, water
qguench of the hot syngas which ensure the optimum condition for the shift
conversion (no extra steam has to be added to the syngas), good cold gas
efficiency and carbon conversion, good hydrogen production potential and
clean syngas.

RESULTS AND DISCUSSIONS

This section presents a modeling study of a whole IGCC plant designed
for hydrogen and electricity co-production with carbon capture based on
Siemens gasification reactor. For the case study presented in detail below,
the coal characteristics considered as feedstock are presented in Table 1.

The main sub-systems of the plant for co-generation of hydrogen
and power co-generation with carbon capture and theirs design assumptions
used in the mathematical modeling and simulation are presented in Table 2 [2,
8,12-15].
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Table 1. Feedstock (coal) characteristics

Parameter | Coal
Proximate analysis (% wt)
Moisture 8.10
Volatile matter 28.51
Ash 14.19
Ultimate analysis (% wt dry)

Carbon 72.04
Hydrogen 4.08
Nitrogen 1.67
Oxygen 7.36
Sulphur 0.65
Chlorine 0.01
Ash 14.19
Lower heating value - LHV (MJ/kg a.r.) 25.353

Table 2. Main design assumptions for the plant concept

Unit

Parameters

Air separation unit (ASU)

Oxygen purity: 95 % (vol.)

Delivery pressure: 2.37 bar

Power consumption: 225 kWh/ton O,
No integration with gas turbine

Gasifier (Siemens)

Pressure: 40 bar
Pressure drop: 1.5 bar
Temperature: >1400°C
Water guench

Shift conversion (WGS)

Sulphur tolerant catalyst
Two adiabatic beds
Pressure drop: 1 bar / bed

Acid gas removal (AGR)

Solvent: Selexol® (mixture of di-methyl ethers of poly-ethylene glycols)
Separate capture of CO; and H,S
Solvent regeneration: - thermal (heat) for H,S step

- pressure flash for CO, step

CO, compression and
drying

Delivery pressure: 100 bar

Compressor efficiency: 85 %

Solvent used for drying: TEG (Tri-ethylene-glycol)
Drying level: < 500 ppm H,O

Claus plant & tail gas
treatment

Oxygen-blown
H,S-rich gas composition: > 20 % (vol.)
Tail gas recycled to H,S absorption stage

Pressure Swing
Adsorption (PSA)

Purified hydrogen: > 99.95 % (vol.)
Purification yield: 85 %
Tail gas pressure: 1.5 bar (recycled to the power island)

Gas turbine

Gas turbine type: M701G2 (Mitsubishi Heavy Industries Ltd.)
Net power output: 334 MW

Electrical efficiency: 39.5 %

Pressure ratio: 21

Turbine outlet temperature (TOT): 588°C

Heat recovery steam
generation (HRSG) and
steam cycle

Three pressure levels: 118 bar / 34 bar / 3 bar
Reheat of MP steam

Steam turbine isoentropic efficiency: 85 %
Steam wetness ex. steam turbine: max. 10 %

Heat exchangers

ATmin, = 10°C
Pressure drop: 1 % of inlet pressure
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The hydrogen and electricity co-generation plant based on Siemens
gasification technology presented in Figure 1 was modeled and simulated
using ChemCAD software. The case study was simulated in different situations
(only electricity or various modes of hydrogen and electricity co-production).
In case of power generation only mode, the gas turbine is running full load and
for hydrogen and electricity co-production mode the gas turbine is gradually
turned down to 80 % in order to displace an energy stream in form of hydrogen-
rich gas which can be then purified in a Pressure Swing Adsorption (PSA) unit
to produce a purified hydrogen stream (99.95 % vol.) to be used in transport
sector (PEM fuel cells).

Table 3 presents the overall plant performance indicators (gross and
net power output, electrical and hydrogen efficiencies, specific CO, emissions)
in electricity only and hydrogen and electricity co-generation with carbon
capture and storage.

Table 3. Overall plant performance indicators

Main Plant Data Units Power | Power + hydrogen
Coal flowrate (a.r.) t/h 165704
Coal LHV (a.r) MJ/kg 25.353
Feedstock thermal energy — LHV (A) MWin 1166.98
Syngas thermal energy (B) MWin 934.75
Cold gas efficiency (B/A * 100) % 80.10
Thermal energy of syngas ex. AGR (C) MWih 830.70
Syngas treatment efficiency (C/B *100) % 88.86
Gas turbine output (1 x M701G2) MWe 334.00 | 314.97 | 296.27 | 277.58
Steam turbine output (1 ST) MW, 197.50 | 187.44 | 177.38 | 167.40
Expander power output MW 0.78 0.72 0.66 0.61
Gross electric power output (D) MW, 532.28 | 503.13 | 474.31 | 445.59
Hydrogen output — LHV (E) MW 0.00 50.00 100.00 | 150.00
ASU consumption + O, compression MW 44.72 44.72 44,72 44,72
Gasification island power consumption MW, 8.08 8.08 8.08 8.08
AGR + CO; drying & compression MW, 40.07 40.07 40.07 40.07
H, compression MW 0.00 0.66 1.33 2.01
Power island power consumption MW, 19.00 18.30 17.55 16.80
Total ancillary power consumption (F) MW, 111.87 | 111.83 | 111.75 | 111.68
Net electric power output (G =D - F) MW, 420.41 | 391.30 | 362.56 | 333.91
Gross electrical efficiency (D/A * 100) % 45.61 43.11 40.64 38.18
Net electrical efficiency (G/A * 100) % 36.02 33.53 31.06 28.61
Hydrogen efficiency (E/A * 100) % 0.00 4.28 8.57 12.85
Cumulative efficiency (G+E/A * 100) % 36.02 37.81 39.63 41.46
Carbon capture rate % 92.35 92.35 92.35 92.35
CO; specific emissions kg/MWh 76.12 80.16 86.27 93.41
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Compared with classic IGCC technology for power generation without
carbon capture which has an overall net energy efficiency of about 42 % [16],
the modified IGCC technology for carbon capture is penalized by 7 — 8 % which
is the energy penalty for the carbon capture process. This is the price in term
of energy for decreasing the specific CO, emissions from about 800 kg/MWh
(for no capture case) to about 76.12 kg/MWh for the capture case (92.35 %
carbon capture rate).

Another fact that has to be mentioned for hydrogen and power co-
production mode, is the overall energy efficiency of the plant that is increasing
in the situation in which the ancillary power consumption is remaining virtually
constant (see Table 3). This fact is very important and attractive for plant cycling
(modification of the power generated by the plant according to the demand
of the national grid) considering that for low electricity demand the plant can
produce mostly hydrogen which compared with power can be stored to be used
either for covering the peak loads or for other applications (transport sector,
petro-chemical sector etc.).

Figure 2 presents the variations of net electrical efficiency, hydrogen
efficiency and overall energy efficiency with hydrogen and power co-production
rate (thermal energy of the hydrogen output stream).

—@— Electrical efficiency
—&— Hydrogen efficiency
—a— Cumulative efficiency

Efficiency (%)

0 50 100 150
Hydrogen output (MW)

Figure 2. Variation of net electricity, hydrogen and overall efficiency
vs. hydrogen and power co-production rate.

In the range of 0 to 200 MW hydrogen (based on 10.795 MJ/Nm?®
hydrogen lower heating value), the gas turbine can be gradually turned down
to about 80 % of the nominal load [4]. For higher hydrogen plant flexibility

89



CALIN — CRISTIAN CORMOS, SERBAN PAUL AGACHI

(for the case described above, i.e. more than 200 MW hydrogen), another
approach must be used in plant design namely building a separate power
block designed to provide the ancillary power for the plant [17, 18].

CONCLUSIONS

This paper assesses the main characteristics of coal gasifiers for
hydrogen and electricity co-production scheme with carbon capture based on
a modified IGCC plant design. The main aim has been to develop evaluation
criteria and then to select the most appropriate coal gasification concepts
for hydrogen and electricity co-production with carbon capture and storage
(CCS) and to investigate how the gasifier selection affects the other sub-
systems of the plant (e.g. Acid Gas Removal unit).

The most three promising concepts for hydrogen and electricity co-
production with carbon capture based on coal gasification are all based on
entrained-flow gasifiers (dry feed with heat recovery - Shell, dry feed with
water quench — Siemens and slurry feed with water quench — GE Texaco).

The paper also presents in detail a case study for hydrogen and
electricity co-production based on Siemens gasifier and with carbon capture
step using a physical absorption (solvent Selexol®). This case study was
modeled and simulated using ChemCAD software and the simulation results
were used for quantification of main performance characteristics (overall plant
efficiency, carbon capture rate, specific CO, emissions etc.).
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SEDIMENTATION SIMULATION OF COAGULATED YEAST
SUSPENSIONS FROM WASTEWATER

VICTORIA GOIA?, ADINA-LUCRETIA GHIRISAN®
AND VASILE-MIRCEA CRISTEA?

ABSTRACT. On the basis of mathematical modelling and numerical simulation
the batch settling of coagulated yeast suspensions was analysed. Time
and space behaviour of the solids height and critical height of sediment in
gravitational settling, has shown similar results comparative to experimental
data. The method offers the possibility to predict by simulation the settling rate
for the consolidation region, a key settling variable difficult to be measured
experimentally but important for the settler design.

Keywords: sedimentation, settling rate, coagulated yeast suspensions,
simulation

INTRODUCTION

Solving the water pollution problem by colloidal and micro suspended
particles resulting from breweries has been a challenge for a long time. As it is
known for colloids and fine particles, main transport mechanisms include
convection, Brownian diffusion, shear-induced diffusion, inertial lift, gravitational
settling and lateral migration. Their relative importance strongly depends on
the shear rate, particle size and bulk concentration. To improve the solid-liquid
separation of micro-particles in agueous suspensions before sedimentation
and/or before filtration a common used method is aggregation (coagulation
or flocculation). Some studies concerning settling of yeast micro-particles
have shown that coagulation or flocculation, as a pre-treatment step before
conventional sedimentation, could improve colloidal and micro-particles removal
from agqueous suspension [1, 2].

Investigations of yeast particles sedimentation in water demonstrated
that lack or low and limited separation may occur if no coagulant was added to
induce a destabilization between yeast particles [3]. Pre-treatment by coagulation
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or flocculation using chemical additives destabilizes colloidal suspensions,
allowing colloidal and fine particles to agglomerate into micro- and large
flocks which settle more quickly than single particles because of their larger
mass to surface area ratio.

The sedimentation behaviour of aggregated suspensions strongly
depends on concentration. Experimental sedimentation in a batch system
shows different regions of sedimentation, as presented in Figure 1.

Ho Initial Solids Height

H(t) Solids Height

Z¢(t) Critical Height
of sediment

Collapse Zone ¢ > ¢,

z = 0 Container bottom

Figure 1. Schematic illustration of sedimentation zones.

In dilute suspensions (® = ®,) or at low degrees of aggregation,
particles and aggregates settle independently and their motion is unaffected
by the motion of other particles (free sedimentation). In more concentrated
suspensions (® > dg) or higher degrees of aggregation, sedimentation is
influenced by hydrodynamic interaction with other moving particles and
hindered settling or zone settling is observed [4-6]. The transition from free
sedimentation to hindered settling occurs at a concentration which depends on
the degree of aggregation. Zone settling may be found at quite low solids
concentrations if the particles are aggregated to a large extent. For high
concentrations of aggregated particles compression becomes significant
and this is typically observed at the bottom of the sedimentation vessel.

Mathematical models of the sedimentation process are needed in
industrial applications for the description, simulation, design and control of
solid-liquid separation processes of suspensions, as it is also the case of
coagulated yeast suspensions from wastewater.

According to Buscall and White [7], the system of equations (1) — (4)
describing the sedimentation process consists in:
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Considering that suspension is fully networked, the numerical
modelling technique solves the system of equations and computes the time
evolution of the two moving boundaries which describe the settling and the
consolidation process [8].

For the simulation the mathematical model described below has
been implemented in MatLab software. Dimensionless sedimentation
equations are obtained by the use of the following scaling:

7=2 zm=%=0 |q)-HO

Hy H, Hy (5)
T :M
r(@)H, (6)
o(z,7)= 421
% ()
u(z,T)= u(zt) (g)
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For the consolidation zone to exist:
_ I:)y (¢O)
E=————— <1
Aplg Ly, H, (11)
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The solution in the free-fall zone (Z(T)<Z<L(T)) may be obtained
from the set of equations:

®(z,T)=1

(12)
u(z,T)=- dL
daT (13)
n(z,7)= 1[1+_}[|_(r) Z]
£ (14)

In the collapse zone (0 < Z < Z,(T)) the dimensionless equations
and boundary conditions are:

9® _ 9 (o)
oT 0Z (15)
UuEzT)= B(¢)[E1+—Df (dJ)—}
(16)
®(z,0)=1 (17)
u(oT)=0 (18)
®(z,(T).T)=1 (19)
uzmT)=-S
daT (20)

The equation connecting the solids height to the critical height is:

[1+—}[ﬁL(T) z.(M]=¢

(21)
The functions B(®) and f(®) may be detailed by:
55
1
B(®) = {L@} (22)
1-a
C'"[®"-1
f(py=———— 23
(@)=~ (23)
The parameter C is and defined by:
-%
c=2
2 (24)
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where the parameter % represents the lowest volume fraction for which the
flocculated particles are networked. The parameter n represents the index in
yield stress function.

When equations are rewritten in terms of ® and dimensionless
solids flux Q=® U, they describe the collapse zone by:

Q_ow
0z oT (25)
® L _[o-omo)
0Z e'(D)B(D) (26)
®(z0)=1 27)
Q(oT)=0 (28)
d)(Z M), T) =1 (29)
oz, mT)=-&

daT (30)
[1+_} L) -z, (M)]=¢

(31)

Equations (25) — (31) must be solved numerically to obtain the
volume fraction ®(Z,T) , the solids height L(T), the solid flux Q(Z,T) and the

critical height Z(T).

The significance of the symbols is: B(®) - scaled hydrodynamic drag
function, C - constant in f (®), dps, - mean particles diameter, f(®) - scaled
yield stress function, g - gravitational constant, k(¢) - dynamic compressibility
of the flocculated network, L(T) - scaled solids height, n - index in yield stress
function, p — network pressure, P, (¢) - yield stress of a flocculated suspension,

Q - scaled solids flux, r(¢7) - hydrodynamic interaction factor, t - time, T - scaled

time, u - solids velocity vector, ug - Stokes settling velocity of an isolated
particle, U(Z,T) -scaled solids speed, w - fluid velocity vector, z - vertical
spatial coordinate, z.(t) - critical height, boundary of the consolidation zone,
Z - scaled vertical spatial coordinate, Z(T) - scaled critical height, Ao - difference

between solid and fluid densities, £ - dimensionless nhumber characterizing the
flocculated suspension, n, - fluid viscosity, ps - density of the solids, p, - liquid

density, ¢- volume fraction of suspension occupied by solids, ¢, - gel point
of a flocculated suspension, ¢, - initial volume fraction, CD(Z,T) - scaled solids
volume fraction, I'I(Z,T) - scaled network pressure.

97



VICTORIA GOIA, ADINA-LUCRETIA GHIRISAN, VASILE-MIRCEA CRISTEA

Numerical values for the parameters taken into consideration in the
model are:

- initial solids height Hy = 102 mm

- fluid viscosity n = 10 Pa*s

- solid density p = 1100 kg/m?®

- sedimentation rate ug, = 2.725*10™ m/s (determined for particles

diameter d, =50 pm)
- initial volume fraction¢, = 0014

The goal of the paper has been the implementation of the sedimentation
model equations for the case of yeast suspensions from a brewery and
comparison of the simulation results with experimental data in order to
validate the model for further use of the simulator in equipment design and
operation optimization of the sedimentation process.

RESULTS AND DISCUSSION

First, on the basis of the model described above, a simulator has
been built in MatLab software environment. The simulator describes the
sedimentation of suspensions in the free fall and consolidation zones.
Second, the parameters of the simulator have been fitted to the particular
case under study. Furthermore, the parameters n and C of the model have
been chosen on the basis of the experimental results.

In order to find out the suitable value of the model parameter n for the
investigated sedimentation process of coagulated yeast suspensions, different
simulations have been performed, for different values of n. Analysing the
simulation results it has been decided the most suitable value for n to be 5.

Consequently, the simulation of the sedimentation process was performed
with the parameters C = 3 and n = 5. Figure 2 presents the computed scaled
volume fraction @ as a function of Z, in the consolidating zone and at various
scaled time moments T.

1.6 ——T=0.01
—#T=0.05
—-T=0.1
—+T=0.15
—-T=0.2
—T=03
—+T=04
—T=05

15

14
13 -
12

11

y 0.7

Figure 2. Volume fraction profiles for n =5, C = 3, ¢ = 0.1, at different time moments.
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Figure 3 shows the simulated solids height H(t) and the critical height
of sediment z.(t) as a function of time.
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Figure 3. Critical height of sediment z.(T) and solids height H(t) for n =5, C =3, € =0.1.

The experimental results show that at the initial time, t = 0, H(t) = Ho =
102 mm and when all the large particles are settled H(t) = H;nq = 78.588 mm.

Figure 4 shows the progress of the experimental solids height as a
function of time, compared to the results obtained by the numerical simulation.

105 T T T
: : —=—Simulation
| |

Height (mm)

Figure 4. Comparison of solids height change in time for both experimental
and simulated case.
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Comparing the experimental and the modelling results it may be
concluded that a good match between the simulation and the experiment
was obtained. Comparison between the experimental sedimentation time
and the simulated sedimentation time has been also performed and the
results show values close one to each other: te,, = 210 s and tgm = 202 s.

CONCLUSIONS

The aim of this study was to build a sedimentation simulator in MatLab
software, in order to investigate the sedimentation of coagulated yeast
suspensions from wastewaters. The simulator reveals the complex time and
space evolution of the sediment concentration in the settler.

An important outcome of the simulator is its ability to compute the
change in time of the critical height, an important process variable which is
very difficult to be experimentally observed due to the poorly delimited
boundary of the critical sediment height.

The simulator also offers the means for investigating the influence of
different settling parameters on the sedimentation process. Such parameters
that influence the sedimentation and that can be observed with the simulator
are: yeast particle diameter, initial suspension concentration, viscosity,
differences between solid and liquid densities and gel point of flocculated
suspensions. The simulator is also a useful tool for the computation of the
theoretical sedimentation time (time when all the solid particles are settled).

As the simulator presents the complex time and space behaviour of
important sedimentation variables, such as: sedimentation rate, solid
concentration, time of sedimentation, it may be further used for the design
and optimization operation of the settler.

EXPERIMENTAL SECTION

In order to determine the solids and critical heights the experimental
measurements of sedimentation were carried out in a batch settling test
with 5 graduated cylinders having D = 50 mm and H = 500 mm, by the same
method described in the earlier work [1]. Wastewater from brewery “URSUS”,
Cluj-Napoca, Romania was used as suspended material for the experimental
research. Untreated effluents typically contain suspended solids in the range
of 10 — 60 mg/L, biochemical oxygen demand (BOD) in the range of 1,000 —
5,000 mg/L, chemical oxygen demand (COD) in the range of 1,800 — 3,000 mg/L,
and nitrogen in the range of 30 — 100 mg/L. In the experimental sample Ferric
chloride (FeCls) with the concentration 1150 ppm was used as coagulant.
Sedimentation curve has been experimentally determined by the measurement
of the moving solids height during time.
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CASE STUDY OF STRUCTURAL SAFETY BASED ON
ARTIFICIAL INTELLIGENCE

CALIN IOAN ANGHEL?, IOAN LAZAR

ABSTRACT. The paper provides a new insight into safety assessment using
artificial intelligence methods. In safety index assessment, beside of the
traditional FORM/SORM methods, a minimax probability machine approach
was implemented. The core of the procedure based on a binary classification
approach was developed according to a novel type of support vector machine
in a minimax manner. The procedure, involving a link between artificial
intelligence and structural reliability methods was developed as a user-friendly
computer program in MATLAB language. For simplicity, only safety index
approaches was presented. A numerical example replicating some previous
related works reveals the opportunity of this approach in safety analysis.

Keywords : risk assessment, safety index, limit state function, support vector
machine, minimax approach, pressure vessel.

INTRODUCTION

To avoid failure or major incidents technological systems must to be
safe. Basically, safety can be thought as a state, a perceived state or a quality.
Approaches of system safety presume planned, disciplined and systematic
assessments to prevent or reduce accidents throughout the life cycle of a
technological system. Structural safety related to process equipment is a
part of the global safety of technological system. Because safety is a state, it
cannot be quantified directly. Rather, assessing and controlling risk assure this
state. The most usually definitions for risk in engineering applications are [1]:

- acombination of the likelihood and the consequences of a future event;

- the failure probabilities for a number of different scenarios;

- the product between the probability of occurrence and the gquantified
consequence of a future event.
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The equipment for process industries, are hardly affected by: fluctuations
and variations in service loading and operating conditions, scatters in material
properties and manufacturing process, uncertainties regarding the analytical
models, continuous chemical corrosion and so on. Many engineering decisions
concerning the safety of technological equipment for process industries are
usually deterministic. These deterministic models provide a difficulty in handling
variations and uncertainties in service conditions or variability concerning the
main variables. To avoid these drawbacks, probabilistic methods became well-
established tools in the risk assessment. The structural reliability procedures [2,
3] based on safety index and failure probability are still of greater importance
in engineering applications. There are various methods to compute the safety
index. Sampling-based methods (Monte Carlo Simulation, Latin Hypercube
Sampling, etc.), analytical approximation methods like the Response Surface,
the First-and Second-Order Reliability (FORM/ SORM) methods, advanced
second moment method (ASM) or asymptotic techniques are among the most
common methods used to estimate safety index or the failure probability. In
general all these methods are time consuming, have limitations and an
approximate nature. Despite of the recent important advances these traditional
methods cannot fulfil in a satisfactory manner all the demands. The variability
and uncertainty included in parameters of the model can determine major
changes in the safety of the system. Within this context over the past
decade intense effort has been devoted to bring ideas from the artificial
intelligence field into engineering problems related to structural safety [4-7].

The aim of this paper is to present a procedure suitable for engineers
in the stage of structural risk analysis. For simplicity it is based on the
previous second mentioned definition of the risk. To compute the safety
index the procedure focuses on the reliability concept developed in an artificial
intelligence manner based on the support vector machine (SVM-a primarily
two-class classifier) in a minimax approach. Some advantages of the support
vector machine in minimax approach are: (a) provides an explicit direct upper
bound on the probability of misclassification of new data, without making any
specific distribution assumptions and (b) obtains explicit decision
boundaries based on a global information of available data. The support vector
machine and minimax approach, named minimax probability machine
classification, has become an active research topic [8-11]. The problem of
finding the safety index will be reported as a binary classification problem
according to the traditional reliability methods better known by their
acronyms FORM/SORM. The binary classification is applied to samples
obtained by simulating a performance function or to values obtained by
experimental analyses. Basically in structural safety methods the boundary
between the two domains S-safe and F-unsafe is called the failure limit
hyper surface and corresponds to a limit state function. This limit state
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function is tantamount to a decision function that classifies the samples. In
principle the problem becomes a binary classification one and the decision
function becomes a function whose sign represents the class assigned to
any sampled point. The proposed procedure named minimax decision
procedure, involving a link between artificial intelligence and reliability methods
was developed as a user-friendly computer program in MATLAB language.
The main parts of the paper are: (1) introduction, (2) theoretical overview for
safety index assessment in minimax approach, (3) numerical examples
implemented in the MATLAB package and (4) conclusions. Numerical
example is reported to the risk of failure for a thin-wall pressure vessel during
its serviceable life. It is associated with structure’s strength, corrosion effects
and the presumption of miss regulated of heating/cooling closed loop system.

Safety Index Assessment in a Minimax Approach

Safety and safety index assessment of systems/structures are well
established. Basic knowledge exists and many papers are available in the
literature [2,3]. The paper focuses only on the methods better known by
their acronyms FORM/SORM. Instead of these traditional methods, the
safety index approach will be obtained based on a decisional procedure using
a binary classification procedure. Because basic fundamentals and principles
were presented elsewhere [6,7] only the main principle of implemented
procedure will be presented. A starting point is the establishment of the
performance or response function, which gives the relation between the inputs
of the system and the chosen performance. This performance function
depends on the set of governing input parameters representing vectors of
all random variables, x = (X1, X2,...,Xq) ORY. If PF represents performance
function and PFcr represents a critical value of particular interest of this
performance function, the limit state function (LSF) is the locus of points of
the performance functions that can be defined as:

LSF = PFcr- PF (x) =0 or LSF = PFcr/PF (x)=1. (1)

The traditional FORM/SORM algorithms work into an equivalent standard
normal U? space to estimate the safety index and the failure probability.
The transformation of the basic random variables x = (X1, X2,...,Xq) ORY into
equivalent independent and uncorrelated variates u = (us, Us,...,uq) O U
should be made using the Rackwitz-Fiessler or Rosenblatt-Nataf or other
similar isoprobabilistic transformations [2]. Therefore the limit state function
is also transformed into equivalent standard normal U® space by:
LSF(u) = PFcr- PF(u) =0 or LSF(u) = PFcr/PFu) =1 2
F={uDUd‘LSF(u)sO or LSF(u)sl} 3)
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In practice the state of any system can be divided into two regions: (F)-the
failure domain, a region where combinations of system parameters lead to
an unacceptable or unsafe system response-defined by the existence of a
performance function whose non-positive values establish the non-reliability
domain (eqn.3) and (S)-the safety domain, a region where system response is
acceptable, defined by the existence of a performance function whose positive
values establish the safety domain:

s:{umud

LSF(u) >0 or LSF(u)>1}. 4)

Basically LSF is a boundary between the safe and failure regions.
Geometrically LSF represents a failure limit hyper surface. The safety index 8
is reported to the point (often referred as the most probable point MPP) that
lies closest to the origin of the system (u* = (us*, uy*,...,uq*) in transformed
reduced space U? and belongs to the limit state surface. There is a direct
relationship between the safety index and the probability of failure:

Pf = Prob{u ou d

L§%Ws00rL§%®s%=¢kﬂ) (5)

where @(...) is the one-dimensional standard Gaussian (normal) cumulative
density function. The egn. (5) represents the first order approximation for
the failure probability. Basically, this relationship is only approximate, but in
the unique case of a linear limit state function of Gaussian distributed
random variables the relationship is exact.

To improve this drawback our procedure estimates the safety index
based on artificial intelligence methods. The safety index will report to an
equivalent hyper plane (equivalent linear form of the limit state function)
into a binary minimax classification manner. The proposed procedure
estimates the location of the most probable point (MPP) and calculates the
safety index B. Once the location of the MPP, in the reduced standard normal
space has been found and safety index S was calculated, the failure probability
of the system may be achieved. Into a binary classification problem, a pattern
may be given through the sets of labelled data-points in R" (or in other space)
as: {x1;x2,...xN} and {yl1,y2...yM}. Usually the label of a training pattern
represents the category or the class to which the pattern belongs, in our
case Cl-safety domain and C2-failure domain. The demanding problem is
to find a function f: R" — R which is positive on the first set and negative
on the second, such as f(x) > 0,i=1,...Nand f(y) <0,i=1,...M. If the
inequalities hold we say that “f” or its O-level set {x /f(x) = 0}, separates or
classifies the two sets of points. This function “f" sometimes viewed as a
decision function is often named as the classifier. The classifier is built in a
random manner on a training (learning) set and is validated on a test set
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(testing). Because training data is labelled, the classifier transforms these
labels to new data (test data) as long as the feature space sufficiently
distinguished each label as well. A heuristic approach to approximate linear
discrimination (when the two sets of points cannot be perfectly linearly
separated) is based on support vector classifiers. In the light of SVM a
simplified reformulation for separating the set of m training vectors belonging

to two separate classes, with a hyper plane, WT (Z-b=0,is:

{(zi,yixfi OR", y 0{-143), =L, ©

where y; (Y =sign(wT % —b)) is the associated “truth” given by a trusted

source. The underlying problem of interest is to establish a decision
function f:R" - {il} using input-output training labelled data from eqgn.

(6). In principle a decision function is a function f(z) whose sign represents
the class assigned to data points z. If the points are linearly separable, in a
two-class classification, then there exists an n-vector w and a scalar b. To
optimally separate the sets of vectors (eqn. 6) is equivalent to maximising
the separation margin or distance between two parallel hyper planes

WT&=b+1 and WT&:b—l. Minimising the probabilities that data
vectors fall on the wrong side of the boundary we can establish the
classifier design. A possible way is the attempt to control the
misclassification probabilities in a worse case by setting as minimising the
worst case-maximum probability of misclassification of future data points.
This is the minimax approach [12,13]. Basically, as was stated in a minimax
approach reported as a binary classification problem, z; and z, denote

random vectors data from each of two classes as 21D Class Cland

z,U Class C2. Thus to estimate the location of the most probable point a

hyper plane that separates the two classes of points with maximal
probability must be determined (eqgn. 7).

H(w,b):{z|wT Ez:b}, where wORM\{0} and offset bOR  (7)

To overcome intricate non-linear classification problems, the kernel trick [8-
13] is used to map the input data points into a high-dimensional ‘d’ feature
space R ¢, where a linear classifier corresponds to a non-linear hyper plane
in the original space. In a minimax approach the classifier must minimise
the misclassification probability by an optimal separating hyper plane that
separates the two classes of points with maximal probability. In our safety
index approach this optimal separating hyper plane is an equivalent failure
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limit hyper surface and represents a boundary between the safe and failure
regions. Because w is the normal to the hyper plane and |w| is the

Euclidean norm of w, according to well-known statements [14], |bj/|w| is

the perpendicular distance from the optimal separating hyper plane to the
origin and then it can be identified as the reliability-safety index S.

A 0 b/lw] ®)

For non-linear classification problems in terms of a kernel function satisfying
the Mercer's condition, the decision is transferred from the reduced original U
space into reduced high dimensional feature space. For the output, it is not w
that is returned, but instead of it the weights of the decomposition of w in the
span of the data points are obtained [12,13]. The basis vectors can be
interpreted as co-ordinate axes in the subspace and the “weights" of the basis
vectors determine the corresponding “co-ordinate values” of the point. In our
procedure there are some favourable circumstances where the linear
discrimination works properly in the safety index assessment: (1) all projections
of a standard normal distribution are also normal and generally linear functions
of normally distributed data result also in normal distributions; (2) because the
variates u are a set of standard uncorrelated variates the axes of the subspace
U? defined by these variates are orthogonal. Because the elements of kernel
matrix were reduced to linear inner products and the classifier is provided in a
linear configuration into a feature space, according to previous mentioned
circumstances the general prerequisites for an exact assessment of eqn. (5)
are fulfilled. The simulations are performed cyclic by multiple random trials.
The performance of the procedure was evaluated based on test set accuracy
(percentage of well-classified test data) and lower bound on the probability of
correct classification of future data. Long random trials do not get improved
accuracy or more reliable predictions, thus we considered appropriate to obey
recent statements [11] and to work with a reduced learning set and to limit the
random cyclic trials to k = 50...100.

RESULTS AND DISCUSSIONS

Numerical application presents an example based on the already
published paper [16]. The numerical analysis has been carried out for a thin-
wall pressure vessel working into a technological process of natrium salicilate.
The risk of failure is based on traditional permissible stress methods and
serviceability limit state. It is reported to the structural condition beyond which
the service criteria specified for the component are no longer met [17,18]. The
limit state function (LSF) was established based on the presumption of miss
regulated of multi-fluid heating/cooling closed loop system. This situation can
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conduct to an uncontrolled value of pressure through the reactor jacket. Under
these circumstances coupled with variations, uncertainties in service conditions,
variability concerning the main variables and continuous chemical corrosion, it
is possible that the pressure vessel cannot fulfil all the strength demands.

The main dimensional parameters of the pressure vessel, material
characterization and operating technological conditions, are shown in Tablel.
Full statistic characterization of all the parameters on which the limit state
function depends is not available. These parameters were set according to
values known in practice or to values reported in literature [15,16].

Table 1. The main parameters and working conditions of the case study

Symbol | Nominal value Statistical

Variable/Parameter distribution
Design thickness [mm] So 6 LogNormal

U =6; 0=0.60
Corrosion rate [mm/yeatr] Ve 0.1 Normal

U =6; 0=0.60
Young Modulus [MPa] E 2.12*10° Normal

U =6; 0=0.60
Yield technical limit [MPa] 00.2 255 Normal

U =6; 0=0.60
Admissible stress [MPa] Oad 170 Nominal value
Outer nominal diameter [mm] D 445 LogNormal

U =6; 0=0.60
Equivalent length for outer operating L 250 LogNormal
pressure [mm] KL=26;0=0.60
Tu - service life [year] Tu 12 Normal

U =6; 0=0.60
Operating pressure [MPa] Poe 1.2 Normal

U =6; 0=0.60
= Technological mixture -- NaOH and phenol;
= Steel K41.2b STAS 2883/2-80

The state of stresses in various operating technological conditions
obtained by simulations with the finite element method (FEM) using the
professional package COSMOS/M Designer Il is presented in Figure 1. The
higher stresses were determined in the area of welded reactor jacket. Because
stresses don't exceed permissible stress and stress concentrations are
moderate, the structure is one that will not be expected to fail, thus a real
structural safety may be suggested. Because uncertainties and variability
concerning the main variables, in fact any structure has a risk, even though
it can be extremely small. It follows that even though a structure is safe
there is still the possibility of failure.

By the proposed procedure we can express a global risk of failure for
the mentioned pressure vessel. According with main dimensional parameters
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of the pressure vessel, material characterization and technological conditions
(Table 1) the LSF system vectors are obtained by simulations of deterministic
relationships (Table 2). These simulations might substitute real data as inputs to
consequence models and illustrate the variability and uncertainty of the process.
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Figure 1. Equivalent Von Misses stresses in the area of welded reactor jacket
a. Von Misses stress at the beginning of the life cycle (So = 6 mm)
b. Von Misses stress along the life cycle (So = 4.8 mm)
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The experiments are performed cyclic ,k” times by multiple random trials. In
each experiment the data was randomly split into (50%...90%) training and
(50%...10%) test set. A number of different training and test sets are randomly
chosen at each cycle. In each cycle the safety index g is evaluated and
stored. The results of the proposed procedure are presented in Table 3. The
performance of the procedure based on the test set accuracy (percentage
of well-classified test data) and on the lower bound of correct classification
of future data reveals a reasonable level. In every experiment the lower
bound of correct classification of future data is smaller than the test set
accuracy as was stated by [12,13]. Thus the lower bound is not violated

and the linear approach is a robust one.

Table 2. Deterministic-explicit relations

Outer operating pressure in reactor jacket

Deterministic
Numerical Values

Tu=0
[year]

Tu=12
[years]

Ellipsoidal closure
D’/H*s <E/2*cb, — 0.0269 < 0.25 — Plastic domain
Outer critical operating pressure

o = 8*s*ga*H/(D+(2H/D)*s)*D

4.54 MPa

3.33 MPa

Cylindrical shell

1.5(2*s/D)’° <L/D s(D/2*s)*® _

0.2463 < 0.55955 < 6.089 - Short shell

s/D > 1.1*10°%(L?* %0 2/10°*D2*E?) -
1.3483*10% >0.8524*10

Outer critical operating pressure

Pe = 2*E%*s/D*K1
K1=(1.5*E" b 2)+1.39* 0 2*D*L?(Cs2-1)/ E™s®
Cs2=1.5(1+0.93(Cs1-1.5)*(L* oo/ E*s)**DlIs)
where Cs1 = 2.6

4.36MPa

3.067MPa

LSF = P — Poe

Original explicit limit state functions LSF =

Original explicit kernel function
A polynomial kernel with a unit offset K(z; Zj )=(z Qj +1)

Table 3. Results for safety index assessment based on averaged values

Safety index 8 Probability of failure LBCPFD TSA
[%] [%]
2.8131 0.00245 0.896 0.990
k =100 cycles

LBCPFD = lower bound on correct classification of future data
TSA = test set accuracy (percentage of well-classified test data)
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The reported results are averaged over the entire random cyclic
trials, as was stated [12,13]. Due to uncontrolled combinations of the variations
in service loads, uncertainties and variability of any parameters, during service
elapsed time, damage can occur. In fact, the mentioned pressure vessel has a
risk, even though it is small. Extending Mc.Leods and Plewes’s conversion
scale to structural safety, this probability of failure P; = 0.00245 is placed on
the scale of risk in the range between 1072...10™. This risk is characterized
as a reduced one, when the failure is possible. It follows that the pressure
vessel is still possibility of failure even though it is relative safe under a pure
deterministic analysis.

CONCLUSIONS

The paper presents another insight into safety assessment and
structural risk analysis using artificial intelligence methods. The proposed
procedure offers a greater reliability in the safety prediction and reduction
the risk of failure. High values for safety factor 5 lead to low values for the risk
of failure. This approach improves some drawback of the traditional reliability
methods, reduces the need for excessive safety margins in design or additional
cumbersome experimental-analytical approaches. At the same time it
focuses on uncontrolled combinations between the variations in service
loads, uncertainties and variability of parameters, during service elapsed time.
This is a key factor that could have a profound impact on the risk assessment.
Based on numerical application we can highlight that using a corrosion
decay model it is possible to establish a safer working life of the pressure
vessel. These types of studies become recommended and necessary for
engineers, especially for chemical engineers to work out optimal safety
decisions, inspection and maintenance schedules.
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SOIL AND SPRING WATER POLLUTION IN TWO
PROTECTED NATURAL AREAS IN MARAMURES DISTRICT
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ABSTRACT. This paper presents recent data on soil contamination with Pb,
Cd, Cu and Zn at 5 and respectively 30 cm in depth and the pollution of
surface waters in two protected areas in Maramures County. The measured
values are presented in comparison with the limits defined by the Romanian
legislation. In the case of Creasta Cocosului reservation, lead pollution reaches
the intervention limit at 5 cm in depth and it exceeds the alert threshold at 30 cm.
Lead contamination in Chiuzbaia reservation is also high at the 30 cm in
depth, the Cd content exceeds the alert limit, while the values for Cu, Zn and
Mn are over the normal admitted values. The high level of contamination with
heavy metals of these areas is mainly related to local mining activities and
non-ferrous metals concentrates processing.

Keywords: soil pollution, heavy metals, natural protected areas

INTRODUCTION

Maramures County has a surface of 6304 km?, including natural
heritage areas of special value: 36 protected natural areas, of which one
national park, Rodna Mountains Natural Park — Biosphere reservation, and
one natural park, Maramures Mountains Natural Park. These areas place
Maramures County on the 7" place in Romania as far as the number of
protected areas is concerned (Fig.1).

The presence of several pollution sources in the area (former mining
activity and metallurgic processing) involves a strict monitoring of the types
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of soils and the physical-chemical features (heavy metals content, pH,
humus amount) in relationship with vegetation (types, ecological preferences)
but also of the quality of spring waters, especially in the protected areas.

The two reservations under study are presented on the map (Fig.
1); they are located north-east from Baia Mare municipality, where non-
ferrous metal concentrates rich in Pb, Cd, Cu and Zn have been processed
for the last fifty years in the local metallurgical plants. Some toxic gases
and heavy metals powders (particulate emissions) have been, but in small
amounts still are released in the air, transported by air currents and finally
settled on the surface of the soil in various areas.

In spite of the fact that the activity of these plants have lately take
place using more environmental-friendly technologies (according to
European legislation) and less-polluting raw materials (including wastes) were
used, soil and water pollution are still clearly visible, negatively affecting flora
and fauna of the region and consequently, human health. By taking into
account the long-term effects of pollution, but also by considering the need for
preservation of some areas of high touristic potential, continuous investigation
and monitoring activities take place. The two metallurgic plants include
installations for pollution prevention and integrated control, IPPC, of which
one (related to secondary copper processing) already works in agreement
with the UE regulations, while the second one (related to primary lead
processing) is currently submitted to specific transformations in the frame of
a detailed programme to end in 2010, when the environmental requirements
of the EU will have to be fulfilled.

The territory of Maramures County and especially the areas in the
vicinity of Baia Mare represent “environmental hot spots” proper due to the
long period of mining activity and non-ferrous metallurgy; for this reason,
such areas have been intensely investigated especially concerning heavy
metals pollution [1].

The aim of the present work is the quantification of the pollution
degree, concerning heavy metals (Pb, Cd, Cu, Zn and Mn), of soil and spring
waters in two geological reservations: Creasta Cocosului and fossiliferous
reservation Chiuzbaia. Samples were collected from 5 and respectively 30 cm
in depth and the measured and determined values were compared with the
limits allowed by the Romanian legislation. Samples collected in the first step
of the study were used to evaluate the pollution degree of the areas considered,
as a preliminary stage of a more complex research concerning that region.

The obtained data are necessary for soil type mapping and correlation
of their physical-chemical features with type and abundance of flora and
fauna in the protected areas of Maramures County, for the evaluation of soil
quality and interpretations concerning the influence of pollutants on both
vegetation and tourists in these areas.
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Figure 1. Schematic map of the protected areas in Maramures County

RESULTS AND DISCUSSIONS
CREASTA COCOSULUI protected area

The protected natural area Creasta Cocosului was created in order to
protect and conserve some natural elements of special ecological, scientific and
landscape value and significance. The most prominent feature within the area is
the Creasta Cocosului itself, a steep and wavy ridge, about 200 m in length,
located at an average altitude of 1200 m, with an almost vertical spatial display
[2]. The results of the soil investigation in this area are presented in Table 1.

The data on soil samples collected at 5 cm in depth evidenced a
high content of lead, about three times more than the intervention threshold
in the samples collected from the uppermost part of the Creasta Cocosului
ridge and near the alert threshold for those collected near the spring below the
ridge. The lower content in the second group of samples may be correlated to
the local pattern of the air currents leading to a better protection of the area.
The lead pollution degree is relatively higher (above the alert limit) also in the
case of soil samples collected at 30 cm in depth, pointing to a long term
“pollution history” in the area.
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The experimental data for copper, zinc and manganese fall within
the normal limits for this type of soils, however towards the upper limit in
the case of copper and zinc. It is worth to mention that cadmium is missing
from the investigated soil samples.

Concerning the organic matter content, the soil samples collected in
the vicinity of the spring below the ridge are slightly polluted (organic C < 3
%), those collected near the top of the ridge at both 5 and 30 cm depth are
medium polluted (< 4 % organic C) while those from the area near Masa
Pintii are strongly polluted (> 4 % organic C).

Table 1. Results obtained on soil samples collected from Creasta Cocosgului reserve

S(()(l:lrsee;r:ge pH Pb Cd Cu zn Mn | Humus | Org. C
Cocosulul reserve) mg/kg | mg/kg | mg/kg | mag/kg | mg/kg % %
The top of the ridge
(5 cm depth) 41 |311.65| 0.0 | 21.40 | 90.06 |323.18| 6.63 | 3.84
(30 cm depth) 43 | 6734 | 0.0 | 13.91 | 67.23 |190.98| 6.03 | 3.50
Near the spring
below the ridge 45 | 5726 | 0.0 | 13.15 | 79.63 |366.02| 2.72 | 1.58
(5 cm depth)

Near “Masa Pintii”

(5 cm depth) 45 |294.18| 0.0 | 18.90 | 92.22 |176.61| 7.95 | 4.61
?'S%aén'\q"f‘j‘f;‘i‘)ti')”t" 44 |86026| 00 |15.463|103.99205.15| 7.21 | 4.18
Normal values * 20 1 20 100 900

Alert threshold ™2 50 3 100 | 300 | 1500

mtrgfs‘;]eor;goﬁ‘z 100 5 200 | 600 | 2500

lin the case of soils for sensitive usage, in mg/kg; 2according to OMAPM 756/1997
approving Regulations on the evaluation of environmental pollution

Sail acidity showed relatively high (pH about 4) but relatively constant
values with depth and horizontal distances in the sampled areas.

CHIUZBAIA protected area

The Chiuzbaia fossiliferous reservation is located at the base of
Ignis Peak, between the Plopilor Valley and the “Biserica lui Spiridon” cliff; it
is well-known and protected for its diatomite deposits interlayered with volcanic
ash containing abundant rests of plant impressions. These geological deposits
were formed in a lake surrounded by a dense forest. The leaf impressions
point to the following plant species such as, oak (Quercus), alder (Alnus),
beech (Fagus), maple (Acer), chestnut (Castanea), besides which birch tree
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(Betula), hornbeam (Carpinus), Giyptostrobus, Liriodendron, Magnolia, Finus,
elm etc, were present, pointing to a forest growing in a temperate, relatively
warmer climate as compared to the present day one. The fossil flora from
Chiuzbaia represents one of the richest and best preserved floras of Pliocene
age from Romania: over 120 species of which 32 for the first time in Romania,
6 for the first time worldwide, and 3 new varieties have been identified [3].

Table 2. Results obtained on soil samples collected from the Chiuzbaia
fossiliferous reserve

Soil sample
(Chiuzbaia | pH
reserve)

Scmdepth | 47 |376.04| 3.88 26.61 | 145.18 | 1217.17 | 5.95 3.45

30cmdepth | 4.7 | 236.98 | 3.25 17.62 | 136.21 | 1298.12 | 4.64 2.69
lN(z)rmal values

Pb Cd Cu Zn ma/k Mn Humus | Org.C
mg/kg | mg/kg | mag/kg 9’kg mg/kg % %

20 1 20 100 900
Alert

throshold 2 50 3 100 | 300 | 1500
Interventi

throafold 12 100 5 200 600 2500

!in the case of soils for sensitive usage, in mg/kg; 2according to OMAPM 756/1997
approving Regulations on the evaluation of environmental pollution

The experimental data on the soil samples from Chiuzbaia
fossiliferous reservation collected at 5 and respectively 30 cm in depth are
presented in Table 2.

These data point to a relatively higher pollution degree both at
surface and in depth by comparison to the first protected area under study,
which can be due to the closer proximity from the polluting source, i.e. Baia
Mare town. A high Pb content, exceeding the intervention limit both at the
surface and at depth can be mentioned; high amounts were registered also
in the case of the other metals, Cu, Zn and Mn exceeding the normally
admitted values. More than that, Cd — a very toxic metal, was also evidenced,
in concentrations exceeding even the alert threshold.

Based on the carbon contents, the soils in this area may be classified
as slightly (at 30 cm in depth) and medium (at 5 cm in depth) polluted with
acidity values close to those recorded in Creasta Cocosului reserve.

Spring waters

The evaluation of the pollution degree of spring waters in the monitored
reserves was performed by investigating water samples from two springs
along the tourist path starting from the Suior mine perimeter, located in the
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upper part of the climb towards Creasta Cocosului ridge, while for Chiuzbaia
fossiliferous reserve the water sample was collected from the spring
located close to the forest road that crosses the reserve.

Table 3 presents the main physical-chemical characteristics of the
tested water samples compared with reference values for surface and
drinking waters.

The values in Table 3 obtained for this study show that lead and
cadmium exceed the admitted limits in the waters in the case of Chiuzbaia
Valley and the spring from the base of the Creasta Cocosului ridge, supporting
the data obtained for the soil samples in the same areas.

The acidity of these waters is higher than that of reference surface
water and decreases from the top to the bottom of the ridge, probably as a
consequence of the pH variation for the corresponding soils.

By comparing the data from Tables 2 and 3, it can be noticed that
lead concentrations in soil represent special issues, all the investigated
samples showing values higher than the alert threshold or in some cases
even values exceeding the intervention limit.

CONCLUSIONS

In the two investigated protected areas, the soil is contaminated with
heavy metals (Pb, Cd, Cu, Zn and Mn) in variable amounts depending on the
location of the sampling site and depth. High pollution with Pb exceeding the
alert threshold was evidenced in the top area of Creasta Cocosului reserve
and exceeding the intervention limit near the spring below the ridge at 5 and
30 cm in depth, as well as in all the investigated sites from Chiuzbaia reserve.
The degree of pollution with organic matter varies from slightly polluted soils
(at the spring below the Creasta Cocosului ridge) to strongly polluted soils in
the Masa Pintii area from Creasta Cocosului reserve.

The allowable limits for heavy metals Pb and Cd are exceeded in
the water samples collected from Chiuzbaia Valley and in the spring at the
base of Creasta Cocosului ridge as a result of soil pollution in these protected
areas. The pH values for the spring waters are lower than those allowed for
surface waters and they increase from the top to the base according to the
variation of the pH values for the soils.

The high Pb values in some soil samples both at the surface and
deeper into the soil suggest the possible influence of the Pb-containing particulate
emissions from the dispersion furnace of the company that processes Pb ores
in Baia Mare, taking into account that the two reservations are located NE
from the metallurgical plant at a distance of only 4.5 km (Chiuzbaia reserve)
and respectively 17.5 km (Creasta Cocosului reserve). The lead content is
higher in the samples collected from Chiuzbaia reserve, located closer to
the metallurgical plant as compared to Creasta Cocosului reserve.
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Table 3. Physical-chemical features of spring waters

Cfeas‘% Creasta Reference
hiuzbaia Cocogului - Cocosului- value CMA value
No. Feature Chiuz spring at the 0C03 (drinkin
Valley b spring near the| (surface 49
ase of the : 3 water)
ridge top of the ridge| waters)

1 |pH 6.196 5.483 4.967 6.5-8.5 6.5-9.5
2 |Conductivity, uS/cm 68.5 24.4 41.5 2500
3 |CCOMn, mgOy/l 1.84 24 2.72 5.0

4 |Chlorides, mg/l 7.09 7.09 6.38 25 250
5 |Sulphates, mg/| 5.10 0.0 1.70 60 250
6 |Calcium, mg/l 8.55 3.89 5.44 50

7 |Magnesium, mg/l 3.26 0.47 0.93 12

8 |Total hardness, 1.96 0.652 0.978 5

Ge degrees

9 |Nitrites, mg/l 0.0 0.0 0.0 0.01 mgN/I 0.5
10 |Nitrates, mg/l 22.8 0.10 0.0 1.0 mgN/I 50
11 JAmmonium, mg/I 0.025 0.0 0.0 0.4 mgN/I 0.5
12 |Pb, mg/l 0.025 0.002 0.0 0.005 0.010
13 |Cd, mg/l 0.001 0.002 0.0 0.0005 0.005
14 |Cu, mg/l 0.0 0.0 0.0 0.02 0.1
15 |Zn, mg/l 0.021 0.018 0.012 0.1 5.0
16 |Fe, mg/l 0.087 0.023 0.045 0.3 0.2
17 |[Mn, mg/l 0.004 0.003 0.006 0.05 0.05

3according to the MMGA Order 161/2006 approving the Classification Norms for
surface waters quality in the view of establishing the ecological status of the water
bodies; 4according to Law 458/2002 on the quality of drinking water

These preliminary data suggest that soil pollution has an anthropic
source related to industrial air pollution by soil deposition of particulate emissions
containing heavy metals, especially Pb. If the natural substrate in the area of the
reservation would have been rich in heavy metals, these cations should have
been present in higher concentrations also in the investigated spring waters.

EXPERIMENTAL SECTION
Soil sampling

Soil samples were collected according to the procedures defined for
environmental pollution evaluation and the Romanian standard on soil sampling
for pedological and agrochemical studies [4, 5].

Soil sampling at 5 cm in depth is significant for the evaluation of the
bioasimilation processes of heavy metals by plants in the upper part of the
soil, and thus the potential risks on the trophic chain. Metal distribution
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patterns in deeper soil layers (30 cm in depth) may evidence the history of
pollution or accidental infiltrations.

In the case of Creasta Cocosului reservation, samples of both soil
and water were collected, due to the local morphological-structural complexity
of the landscape and of the co-existence of various altitudes.

The tested soils were collected in the upper part of Creasta Cocosului
area at 5 and respectively 30 cm in depth, from the vicinity of the spring at the
bottom of the cliff at 5 cm in depth, and from Masa Pintii area at 5, and
respectively 30 cm in depth. In the Chiuzbaia reservation, soil samples were
collected at 5 cm and 30 cm in depth from a single sampling point.

Water sampling

Water samples were collected and investigated in agreement with
the procedures defined by Romanian legislation (surface waters quality
types and quality of drinking water, for spring waters) [6, 7].

Water samples were collected from the existing springs in the two
reservations. In the case of Creasta Cocosului area the springs are more
abundant, thus two of the springs within the reservation were sampled. In the
case of the Chiuzbaia fossiliferous reservation a single spring was tested.

Analytical procedures

The soil samples collected from the pre-established locations were
packed in plastic bags and transported to the laboratory. There they have
been air dried at room temperatures, then powdered and sieved on a 2 mm
mesh. One gram from each dried soil sample was subsequently submitted
to acid treatment for releasing the heavy metals into solution. After cooling,
the solutions were filtered and diluted with bi-distilled water up to 25 ml
volume. The heavy metal content (Pb, Cd, Cu and Zn) in these final solutiuons
was determined using atomic absorption spectrometry.

The pH values and the humus content were measured in aqueous
mixtures obtained from fresh samples (solid matter: liquid = 1:5), the latter
by determining the content of organic carbon (warm oxidation with K
dichromate in the presence of sulphuric acid and titration of the excess
dichromate with Mohr salt solution).

The pollution degree of the studied soil samples was estimated
based on the scale proposed by Parrakova [8], according to the organic
carbon content C, as follows:

- unpolluted soil 0-1%
- slightly polluted soil 1-3%
- medium polluted soil 3-4%
- heavily polluted soil 4-6 %
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The water samples were collected in 500 ml plastic bottles that were
prior to this carefully rinsed and dried in the laboratory; the samples were
investigated right after they were brought to the laboratory from the field.

Conductivity and pH were measured by potentiometric methods
using a laboratory conductometer and pH meter; the anions were determined
by UV-VIS molecular absorption spectrometry while the metallic cations by
atomic absorption spectrometry.

Equipment

The investigations on the soil and water samples were performed at
the Laboratory for physical-chemical testing of the Agency for Environmental
Protection Maramures, Baia Mare, Romania, using a Varian SpectrAA-250
Plus atomic absorption spectrophotometer, an UV/VIS spectrophotometer
with molecular absorption Cecil 8000 series, a WTW InoLab Level2
conductometer, and a WTW InoLab Level2 pH meter.
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SIMULATION OF THE REACTOR-REGENERATOR-MAIN
FRACTIONATOR FLUID CATALYTIC CRACKING UNIT
USING ARTIFICIAL NEURAL NETWORKS
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ABSTRACT. The present work it is a successful approach for modelling the
dynamic behaviour of the FCC unit, using Artificial Neural Networks (ANN). An
analytical model, validated with construction and operation data, has been used
to produce a comprehensive input-target set of training data. The novelty of the
model consists in that besides the complex dynamics of the reactor-regenerator
system, it also includes the dynamic model of the main fractionator. A new five-
lump kinetic model for the riser is also included. Consequently, it is able to
predict the final production rate of the main products, gasoline and diesel. The
architecture and training algorithm used by the ANN are efficient and this is
proved by the results obtained both on training set and set of input-target data
not met during the training procedure. The same good ANN performance has
been obtained by the comparison between dynamic simulations results emerged
from the ANN model versus first principle modelling, both using the same
randomly varying inputs. The computation time is considerably reduced when
using the ANN model, compared to the use of the analytical model. The
presented results show the incentives and benefits for further exploiting the ANN

model as internal model for Model Predictive Control industrial implementation.

Keywords: Fluid Catalytic Cracking Unit, Artificial Neural Networks, dynamic
modelling

INTRODUCTION

A modern petroleum refinery is composed of processing units that
convert crude oil into valuable products such as gasoline, diesel, jet fuel,
heating oil, fuel oil, propane, butane, and several secondary chemical feed
stocks. Fluid Catalytic Cracking (FCC) is one of the most important conversion
processes in a petroleum refinery, Figure 1. The main goal of this unit is to

? Universitatea Babes-Bolyai, Facultatea de Chimie si Inginerie Chimica, Str. Kogélniceanu, Nr. 1,
RO-400084 Cluj-Napoca,Romania, mcristea@chem.ubbcluj.ro
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convert high-boiling petroleum fractions called gasoil into high octane gasoline,
high cetane diesel and heating oil. The process is complex, incorporating
most processes of chemical engineering fundamentals, such as fluidization,
heat/mass/momentum transfer and separation by distillation.

As presented in the schematic representation of FCCU, raw material is
mixed with the regenerated catalyst in the reactor-riser. The cracking reactions
and coke formation occur in the riser and the important products are then
separated in the main fractionator. Due to coke deposition the deactivated
catalyst needs to be regenerated in the regenerator [1].

Fractionator

Reactor

Regenerator

Wet gas compressor

Furnace

Steam
Fresh feed
svrgc

(| Combustion Air
Blower

Slurry Fuel Diesel Wash oil
gas

Figure 1. Schematic view of the FCCU plant.

Mathematical modelling in the chemical engineering field has a
multidisciplinary character, dealing with different processes that have to be
described. The mathematical models can be used in the system design, process
control, identification of possible failures, training the operating personnel but
also for the safety operation and assessment of environmental impact of the
process.
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From the point of view of the relationship between variables of a
system, the models may be either analytical or statistical. Statistical mathematical
models are based on observation data and measurements originating from the
process (such as the Artificial Neural Networks models). Development of the
analytical models is complex and time consuming as they imply a good
knowledge of the phenomena and processes taking place inside the modelled
system. They imply special instruction of a specialist in order to develop the
specific equations. Statistical mathematical models are useful because they
are simple from mathematical point of view and they do not need extended
knowledge about the system, phenomena and processes underlying the system.

ANN models are able to capture the complexity of the intrinsic processes
featuring the global process behaviour. Artificial Neural Networks are composed
of simple elements, neurons, operating in parallel. The network function is
determined by the connections between its neurons. The weighted connection
paths link every two neurons to each other, the weighting structure providing
the total network performance. Statistical models developed by means of
ANNs and using process data are efficient alternatives to the traditional
analytical models [2-4].

RESULTS AND DISCUSSION

The performance of a trained network can be measured by the errors
on the training, validation and test sets, but it is often useful to investigate the
network response in more detail. A regression analysis between the network
response and the corresponding targets was first performed. The correlation
coefficient (R-value) between the outputs and targets it is an efficient
measure of how well the variation in the output is explained by the targets.
For the training test the correlation coefficient, R-value, showed high values
revealing a good correlation between targets and outputs.

The ANN was first designed and subsequently the quasi-Newton
Levenberg-Marquardt algorithm was used to train the network. The 23
ANN-inputs are: spent and regenerated catalyst valve position; gasoline
and diesel composition at the bottom and top of the main fractionator,
gasoline and diesel composition on the 36" and the 37" stage of the main
fractionator, reactor and regenerator temperature, main fractionator pressure,
regenerator pressure, reactor and regenerator catalyst inventory; coke amount
on the regenerated and spent catalyst; combustion air blower and wet gas
compressor pressure; velocity of spent and regenerated catalyst, inventory
of gas. All inputs are considered at the t sampling time. The last 21 variables
are the process state variables and also represent the ANN outputs, but
they are considered at the next sampling time, t+At.

A set of 201 input and output data (input/target pairs), provided by
the FCCU analytical model, has been used for the ANN model development.
The entire set has been divided into a set of data used for training the ANN
and the rest for testing the quality of the training process.
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Both for the training and testing sets of data, the R-correlation
coefficient is very close to unity, indicating a very good fit between targets
and the ANN model response and demonstrating a very good generalization
property of the designed and trained ANN, Figure 2.
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Best Linear Fit Best Linear Fit
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Figure 2. Results of the regression analysis between the ANN model response and
the corresponding targets (testing set of data): (a)- gasoline composition on top of
main fractionator, (b)- diesel composition on bottom of main fractionator, (c)- reactor
temperature, (d)- column pressure, (e)-regenerator temperature,

(f)- regenerator pressure.
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The network outputs are plotted versus the targets as open circles.
The best linear fit is indicated by a dashed line. The perfect fit line (output
equal to targets) is indicated by the solid line. Figure 2 also shows that it is
difficult to distinguish the best linear fit line from the perfect fit line, as they
actually merge. The data set used for training has been chosen in correlation
to the number of neurons in the hidden layer and covering the operating range
of change of the input and output variables.

As a second, more comprehensive test, a random amplitude sequence
has been generated for the input (manipulated) variables of the FCCU process:
spent and regenerated catalyst slide valve opening position. They having random
changes equally distributed in time. Within this final and complex test have
been compared the induced evolutions of the process variables described by
the ANN and the analytical models. The random amplitude sequence has been
generated for both considered input (manipulated) variables with random
changes equally distributed in time at multiples of 3000 seconds, as presented
in Figure 3. The simulation has been performed for 15000 seconds and the
evolution of the most important FCCU output variables was investigated
and presented in Figure 4.
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Figure 3. Amplitude sequence of the spent (svsc) and regenerated (svrgc) catalyst
slide valve opening position.

The trained ANN is designed to predict one step ahead into the
future the behaviour of the process variables. Applied repeatedly, the dynamic
ANN predicts the time evolution of the state variables over a desired future
time horizon. Again, this randomly generate testing set of data is completely
different of the training one and not yet seen by the ANN.

The dynamic simulation results of the trained ANN model for the FCCU,
compared to the analytical model, are shown in the Figure 4. As it may be
noticed from these results, the developed ANN model has good dynamic
performance. Results show the capability of the ANN model to capture the
time evolution of the most important FCCU output variables.
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Figure 4. Comparative simulation results of the ANN and analytical model for the
set of the most important FCCU variables.

It has been measured and compared the computation time needed
for the dynamic simulation, using both the FCCU analytical and ANN based
model. It was observed a substantial computation time saving in the case of
the ANN. Using the ANN model the computational time is about 10 times
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shorter compared to the first principle model requirement. This computation
time reduction may have an important benefit on the real time implementation
of the model based control algorithms.

CONCLUSIONS

The paper presents the simulation results of successfully using Artificial
Neural Networks for modelling the dynamic behaviour of the complex FCC unit.
First, a comprehensive input-target set of training data were produced using
the FCCU analytical model. The first principle model was previously validated
with experimental data taken from a real industrial FCC unit, Rompetrol
Refinery, Romania. Correlation coefficients close to unity are shown on both
training and testing steps, the last one being performed on sets of input-
target data not met during the training procedure. The favourable fit between
results emerged from the ANN versus analytical modelling, using randomly
varying inputs, showed again that the ANN architecture and training algorithm
are very efficient. They demonstrate a good generalization property of the ANN.
The ANN developed model substantially reduces the computation effort and
supplies the potential control algorithm with speed necessary for real time
implementation. Due this favourable feature, the trained ANN model for the
complex FCCU can be successfully used, as inherent model, for FCCU
Nonlinear Model Predictive Control. This popular advanced control strategy
may be efficiently used for improving the quality and the productivity of the
gasoline and diesel products.

EXPERIMENTAL SECTION

An FCCU analytical model was available and it served as a rich
database needed for the ANN training and testing procedure. The FCCU model
has been developed based on reference construction and operation data taken
from an industrial unit: Rompetrol Refinery, Romania. The new developed
complex model of the FCCU reactor-regenerator-main fractionator and auxiliary
systems (wet gas compressor, air blower, feed and preheat system, catalyst
circulation lines) is a high order differential-algebraic equations system, consisting
in 933 differential equations and more than 100 algebraic equations. The
analytical model parameters have been validated with construction and
operation data from the industrial unit. The developed analytical model is able
to capture the major dynamic effects that may occur in the industrial FCCU
system.

The ANN architecture for the FCCU statistical model is a double-
layer feed-forward one with the backpropagation training algorithm used for
computing the network biases and weights [5, 6]. In the ANN architecture
two layers of neurons have been considered. The input layer has 23 neurons,
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in the hidden layer 26 neurons have been used and the output layer consists in
21 neurons. The number of nodes in the hidden layer has been set on the basis
of a trial and error process. Two ANN activation functions have been utilized:
the tansing sigmoid transfer function for the hidden layer and the purelin
linear transfer function for the output layer. The quasi-Newton Levenberg-
Marquardt algorithm was employed for training the ANN. Overfitting has
been avoided by the early stopping method which improved generalization.
Random initial conditions have been used for the weights and biases, during
the set of repeated sequence of training steps, in order to prevent convergence
to undesired local minima. For improving the training procedure all input-
output training data have been normalized using the maximum and minimum
values of the input and output sets of data.
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SOFTWARE APPLICATION FOR OBTAINING CERAMIC
GLAZES WITH PRE-DEFINITE COMPOSITION AND
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ABSTRACT. The paper presents a software application developed for fast
determination of glaze or glass properties with a known composition, optimization
of glaze composition using the pre-definite properties and calculation of necessary
of raw materials using the composition of glaze and available raw materials. The
software application was developed using Matlab software package. A friendly
and easy to use interface of the software application was built using GUIDE
(Graphical User Interface Development Environment) components of Matlab.

Keywords: ceramic glazes, glaze properties, optimization of glaze composition

INTRODUCTION

The ceramic glazes are glass thin films that cover the ceramic products
in order to improve some properties. The properties of ceramic glazes have
to be in a concordance with the ceramic support. The oxide composition of
glaze gives the properties of glaze.

A number of characteristics of glaze are important for the calculation
of composition of mixture of raw materials, such as:

- complexity of composition (the large number of oxides);

- glaze properties are correlated with properties and composition

of the ceramic body;

- raw materials available.

This work presents a fast method for calculation of raw material mixture
composition for glaze production using pre-definite properties, and oxides
composition of raw materials. Using the developed software application, the user
could choose the most suitable raw materials, in order to reproduce accurate the
chemical composition of glaze and subsequently the product properties.
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The calculation steps are followed:
- determination of glaze oxides composition, using the firing
temperature of ceramic product (by reading the Norton diagram);
- calculation of glaze properties using a pre-definite composition;
- calculation of composition of mixture of raw materials;
- optimization of the composition of glaze in function of the thermal
expansion coefficient.
The main importance of this software application is to decrease the
calculation time and the number of practical experiments which must be
done for obtaining an optimal composition glaze.

RESULTS AND DISCUSSION
Determination of ceramic glaze composition

The chemical composition of glazes is complex 