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Electrical Model Synthesis Technique for the Analysis of 
Impedance Spectroscopy Data 

S. Baltianski and Y. Tsur 
Chemical Engineering Dept., Technion - Israel Institute of Technology, Haifa 

32000, Israel. 
 

Abstract 

Impedance spectroscopy gains much attention as a non-destructive analysis technique in many areas 

of materials science and device manufacturing. While it is very easy to collect data, the correct 

analysis and the data interpretation is not a straightforward task. In this contribution, a novel 

analysis technique will be shown.  

A “black box” represents the sample under test (SUT). Formal circuit theory is used for 

construction of possible electrical model for the SUT. This is done in two steps. First, one of the 

four possible system functions that best suits the SUT is chosen. Second, by investigating the 

behavior of the SUT under various changes (i.e., temperature, radiation, other environmental 

conditions, sample construction, etc.) the best electrical model within the system function family is 

found. 

The technique was tested on various circuits with lamped capacitors and resistors. We will show 

results of these tests, and discuss the advantages of this analysis technique and its limitations.  
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Chemical Mechanical Polishing Road Map  
in the Semiconductors Industry 

Leah Markowitz 
Tower Semiconductors Ltd. 

 

Abstract 

Poor step coverage over rough topographies and an increasingly limited depth of focus of steppers 

were the two main drives for the chemical mechanical planarization (CMP) as a critical tool for 

geometries under 0.35 µ.  Further reduction in minimum feature size and the need for faster devices 

introduced new materials, such as low-k dielectrics and copper,  as well as new techniques such as 

Shallow Trench Isolation (STI) and Damascene.  CMP process has developed as a strategy for 

advanced manufacturing of both Front-end and Back-end applications.  As a result, CMP has been 

implemented to create new industrial applications such as advanced MOSFET devices and MEMS. 

The presentation will describe the STI process as well as the Damascene process, as applied to 

Front and Back End dielectric and metal layers. 

Incorporation of copper and low K dielectrics in future devices will be outlined.  Examples of future 

applications such as MEMS and advanced MOSFET devices will be presented.  
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Controlling TiN processes. 
B.Rozenhaimer 

Tower Semiconductor Ltd. 
 

Abstract 

Ti and TiN layers are use as barrier layers and as liner layers up to 0.18um technologies. 

The Ti and TiN layers can be deposited in PVD or in CVD processes. CVD processes are used in 

the higher technologies because of step coverage limitation on when using PVD processes. 

On 0.35um technologies the methods that are used for PVD are: Long through, IPVD, Accumulator 

PVD. In tower we use HiFill chamber for deposition of TiTiN layers. 

The main problems that encountered are- 

1. Particles. 

2. Sheet resistance and contamination. 

The sheet resistance is a critical parameter that indicate on the layer’s properties the values for TiN 

layers are about 10-13 ohm/sq. Oxygen content in the TiN layer is one of the main concerns on the 

sheet resistance values. It is important to control the properties of the layer in order to control the 

contact and via resistance of the device. 

Recently we have developed new methods in order to deal with sheet resistance problems and a 

more efficient way. The improvement is in identifying the source of the problem in the machine, is 

it in the module itself or in the steps before the deposition. New monitoring and procedures were 

implemented in order to improve the control on the processes. 

New procedures were also entered in order to reduce the particles level and in order to increase the 

die yield. 

The control on the TiN and Ti processes is important because the are the processes that create the 

barrier layer therefore it is important to create a process control in high level in order to maintain 

good production in means of yield.   
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Large CMOS Image Sensors �The Yield Challenge 
Roni Schwartzman, 

Tower Semiconductors, Migdal Ha-Emek 
 

Abstract 

Large CMOS image sensors introducing a great challenge to the semiconductor industry. Die yield 

strongly depend on the die size, the die yield decreases exponentially with increasing die size. The 

main yield killer for large CMOS image sensors manufactured in Tower Semiconductor is defect 

density, which might be generated during each step in the sensor production.  

Yield modeling defining design sensitivities, In-line inspections and correlation between final test 

and In-line inspection are some of the tools used in Tower in order to define critical layers and killer 

defects. 

A demonstration of yield modeling concept, correlation between final test and In-line inspections 

and preliminary results will be presented.   
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The Chemical Engineer Challenges in the Semi-Conductor 
Industry 
Oren Riess 

Intel 
 

Abstract 

The semi-conductor industry is comprised of great challenges directed to different professions. The 

process flow of semiconductor fabrication applies one of the complicated state-of-the-art 

technology tool sets and is therefore at the front of technology and science. The main need of the 

semiconductor fabrication community is of highly professional, multi-disciplinary engineers to 

support production. This industry evolves rapidly and requires innovative and dynamic people to 

deal with the complex processes involved. 

This presentation will include a short overview of the semi-conductors process flow and will 

illustrate cases where the contributions of chemical-engineering skills are significant and what are 

the requirements that are needed to support these contributions. 
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Tools and Methods for physical failure  
analysis in microchips fabrication 

M. Horev 
Intel 

 

Abstract 

The microchips fabrication involves many tools that use high purity supply of gasses, liquids and 

solids. The fabrication process consists a repeating sequence of building, definition and selective 

removal of solid layers over silicon substrate. 

Continuous effort to minimize yield loss is being done using sophisticated analytical tools. A tool 

set in a typical materials laboratory of a fabrication site is aimed to assist in rapid identification of 

failure mechanisms that may affect the fabrication process. 

Most of these tools (Electron microscopy, SIMS, FTIR, etc.) are dedicated to solid analysis either 

over surface or under layers. 

The emphasize in these tools and methods development is directed to the ability to compete with 

ever-shrinking dimensions and failure mechanisms by improving tools resolution (Spatial, depth 

and concentration). 

A schematic representation of process sequence will be shown followed by brief introduction to 

materials lab tool set.  Case studies will be presented to demonstrate the typical use of the analytical 

tools. 
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A Web-Based Library for Testing Performance of Numerical 
Software for Solving Nonlinear Algebraic Equations 

 

M. Shacham(1), N. Brauner(2), M. B. Cutlip(3) 
(1)Dept. of Chemical Engineering, Ben Gurion University of the Negev, Beer-Sheva, 84105 

(2)School of Engineering, Tel-Aviv University, Tel-Aviv, 69978 
(3)Dept. of Chemical Engineering, University of Connecticut, Storrs, CT 06269, USA 

 

Abstract 

An extensive test problem library of nonlinear algebraic equations (NLE) has been created and 

implemented on the World Wide Web. This web-based test problem library contains complete 

problem descriptions with the following information: the model equations in the same form as the 

input for the numerical solver, the explicit definitions of constraints on the variables, the initial 

estimates and function values at the initial estimates, and the variable values and function values at 

the solution. All variables and function values are reported with the full precision of the numerical 

solution. This library improves upon existing test problem collections regarding the type of 

included information and the form in which this information is stored and presented. 

The NLE library can be accessed through the Web site: http://www.polymath-software.com/library. 

It presently contains over seventy problems of various dimensions on lower, average and higher 

difficulty levels. Some of the problems exhibit multiple solutions in the feasible and/or the 

infeasible subspaces, discontinuities, and false solutions that are identified as true solutions by most 

numerical solvers. This library can be of significant benefit to users and developers of NLE solvers 

for verifying the robustness and reliability of NLE solvers. 

 

http://www.polymath-software.com/library
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Calcite Crystals in the Pineal Gland of the  
Brain: Second Harmonic Generators 

 

Simon Baconnier, Sidney B. Lang 
Ben-Gurion University of the Negev, Beer-Sheva, Israel 

 
Garry Berkovic, Guilia Meshulam 

Soreq National Research Center, Yavne, Israel 
 

Maria Polomska, Bozena Hilczer 
Institute of Molecular Physics, Polish Academy of Sciences, Poznan, Poland 

 

Abstract 

Second harmonic generation (SHG) had been observed previously in slices of human pineal gland 

tissue. The present research was conducted in order to determine the source of the SHG. Two 

principal forms of crystals were found in the tissue. One is known as the “mulberry-form” and 

consists of aggregates of hydroxyapatite with typical dimensions of several hundred microns. These 

have been studied extensively by others. Hydroxyapatite is centrosymmetric and our laboratory 

studies have proven that it could not be the SHG source. The second type of crystal, not previously 

studied, had well-defined morphology and typical lengths of 10-15 µm. Selected-area electron 

diffraction (SAED) and Raman spectroscopy showed that these crystals were calcite. Calcite 

crystals have not been observed previously in the human body, other than as pathological growths 

in various organs. Calcite is also centrosymmetric and would not be expected to produce SHG. 

However, prior work has shown that it can yield SHG, possibly through a quadrupole moment 

mechanism. We have observed weak SHG on calcite powder. SEM photographs of a variety of 

pineal gland calcite crystals will be shown. 
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Optimization Analysis of Solar Thermal Power Systems 
 

Aharon Roy 
Department of Chemical Engineering, Ben-Gurion University, Beer-Sheva 84105 

 

Abstract 

Solar thermal power systems predominantly engage concentrating solar power (CSP) technologies, 

mostly one of the three genera: the line focusing (trough) collector, the point focusing (dish) 

collector, and the central receiver (heliostats field). Each is typified by an energy flow diagram 

which gives a detailed account of a series of energy losses arising fron reflection, shadowing, 

focusing, transmittance, absorptance, thermal (radiation, etc.), fluid transport, storage, power 

conversion and conditioning, and system integration.  

 After having documented the technology status of solar-electric power generating systems and 

analyzed their design and performance parameters, an optimization analysis has been studied, based 

on recent field data. One of the significant issues is equipment size and geometry. It is generally 

accepted that, in order to increase efficiency, boosting the physical size of collectors, power tower 

field, etc., should be helpful, as this lowers the value of the equipment surface to cross-section areas 

ratio for receivers, piping, etc., and thus reduces thermal losses. However, larger and taller receiver 

structures in the field are subject to higher convective heat loss due to stronger wind and also to 

lower optical aiming accuracy; two major loss mechanisms. Also, equipment windload requires 

sturdier and heavier structure, carrying a noticeable price tag. Such aspects are analyzed and 

coordinated with experiments and case studies of CSP plants. Elucidation is needed of both the 

major system design parameters interaction, and the dilemma of preferences between technology 

genera. 
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Concurrent Stratified Flow Of Two Liquid Phases In Inclined 
Tubes: The Issue Of Multiple Holdups 

S. Gat, M. Zamir, A. Ullmann and N. Brauner 
Faculty of Engineering Tel-Aviv University Tel-Aviv 69978, Israel 

 

Abstract 

Extensive efforts and numerous theoretical and experimental investigations into concurrent 

stratified flows in pipes are reported in the literature. However, the issue of multiple holdups 

attracted a rather limited attention despite of its significance to the design of two-phase flow 

systems. 

Models of stratified flow in inclined tubes yield, under certain operational conditions, more than a 

single holdup (multi holdups). For the first time, the feasibility of obtaining multi-holdups in 

concurrent flows is validated experimentally using an oil-water system. This proves that the issue of 

multiple-holdups is not an artifact of the models. The multiple holdups are shown to be associated 

with hysteresis phenomenon.  

Multi-holdups are obviously associated with multi-value pressure drops and other flow 

characteristics. Therefore, in the range of operational conditions where multiple solutions are 

suspected, the modeling and design of two-phase flow systems should be approached with extra 

care. Computational codes usually consider only one solution for specified operational conditions. 

Therefore, it is necessary to make sure that this solution indeed corresponds to a relevant physical 

configuration. Moreover, the possibility of other relevant configurations should be examined. 

In this study, a simple procedure, which is based on the analytical solution of laminar flow between 

two-plates, is established for identifying the regions where multiple holdup are suspected in con-

current flows. Mapping the multiple-holdup regions clearly show the existence of a complete 

similarity between upward and downward co-current inclined flows. The locations of these regions 

on the flow pattern maps imply that the conditions associated with multi-valued holdups are of 

special significance for the transition from stratified flow to other bounding flow patterns.  
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Algal Extracted Biopolymers: From Process to Product 
I. Lir, M. Haber, H. Dodiuk, R. Azhari 

Biota Ltd. P.O. Box 212, Nesher 36601, Israel 
Tel: 972-4-8308352, Fax: 972-4-8210531 

Web site: www.algawish.com 
 

Abstract 

In the search for natural materials intended for biomedical applications, algal biopolymers provide 
useful candidates. Algal bioadhesive property and film-forming ability may be successfully utilized for 
developing wound care and tissue repair products. Algae naturally secrete bioadhesives that are mainly 
glycoproteins which form strong, flexible, durable and moisture-resistant underwater bonds. Adhesion 
in a marine environment is comparable to tissue repair physiology in terms of wetness, salinity, 
enzymatic activity and mechanical stress. Use of algal biopolymers is efficient, safe and economic. Risk 
elimination of infectious diseases transmission, natural biodegradation to nutrient products as well as 
traditional use as food, wound dressing  and cosmetic goods, ensure safe application. Economically, 
large-volume biomass can be cultivated by applying known technologies. 

Our main objectives are development of wound care and tissue repair products, including surgical strips 
and wound dressing, tissue adhesives and sealants, scaffold for tissue engineering, and skin and trans-
mucosal drug delivery systems.  

Based on interdisciplinary methodology, including biotechnology, biochemistry, biomechanics and 
biomedical engineering, Biota developed a technological platform for algal biopolymers extraction and 
application. Semi-industrial extraction was scaled up utilizing 20 kg of the cultivated Mediterranean 
algae specie (US Pat. 5,859,198 modified).The extracted biopolymers consist of glycoproteins and 
polysaccharides. The extract has a high ratio of glutamic and aspatric acid, contains at least one RGD 
(Arg-Gly-Asp) or RGD-like (e.g. Arg-Tyr-Asp) adhesion recognition sequence and does not contain 
hydroxyproline or 3,4-dihydroxyphenyl-L-alanine (DOPA) units. 

Transparent films having a thickness of 0.030±0.01 mm were produced using said biopolymers. The 
films possess high cohesive strength, biocompatibility in cell and animal tests (ISO 10993), cell 
attachment and adhesive capacity toward various biological and synthetic substrates. Mechanical 
properties of the obtained  films have been evaluated using Lloyd Universal Testing Machine LRX-plus 
equipped with a load cell of 5 kN and the Nexygen 4.0 software package. Tensile strength was found to 
be as high as 60 MPa that is significantly higher than that of other plant protein films. Surface properties 
of the extracted biopolymers were evaluated by a static contact angle method. The contact angle of a 
solid substrate coated with the algal extracts was in the range of 45-55º. Surface wettability was in the 
range of 0.11-0.18 º /s. Some techniques to modify mechanical and hydrolytic properties of the films by 
plasticizing, cross-linking and combination with various natural and synthetic polymers were developed. 

Several tissue repair products based on the extracted biopolymers are presently developed in our 
laboratory. The first product to be commercialized, DermaWishTM, is a surgical strip intended for skin 
wound closure procedures in plastic and reconstructive surgery. The product is distinguished for its wet 
tackiness ensuring adhesion to wet surfaces, high water vapor permeability (405±13 g·m2/24h at 25 °C 
and 2500±103 g·m2/24h at 37 °C), sufficient shear adhesion to skin up to 0.1 MPa and low peel 
adhesion ensuring non-traumatic removal. The strip’s tensile strength, elongation at break, degradation 
rate and water absorption may be tailored for specific applications in the range of 10-70 MPa, 2-40 %, 
2-50 %/24h and 25-500 %/24h, respectively. 



�������������-	
�����������	���	
���������
��	��� 17 

 

 Optimal Controlled-Release Systems for Delivery of Insect 
Growth Regulators 

 

Arie Markus¹, Liliana Schwartz², David Wolf¹�², Zeev Wiesman¹, Polina 
Strongin¹, Zhana Abramovitz¹ 

1Institutes for Applied Research, Ben-Gurion University of the Negev, 1 
Hashalom, Beer-Sheva, 84105, Israel, Fax: +972-8-6472960 

2Dept. of Chemical Engineering, Ben-Gurion University of the Negev, Israel 
 

Abstract 

Demand for CRSs is on the rise in light of the significant advantages such systems offer in different 

areas, including agriculture, biotechnology, and pharmaceuticals. In previous work we investigated 

systems containing pyriproxyfen, a juvenile hormone active against mosquitoes. In the studies 

reported here we focused on developing CRSs for a different type of insect growth regulator – 

cyromazine. This active compound belongs to the triazine family and has the generic name N-

cyclopropyl-1,3,5-triazine-2,4,6,triamine: 

This biodegradable agent is non-toxic to mammals and affects only insects that pass through a four-

stage reproductive life-cycle (egg, larva, pupa and adult). The methods we developed, which are 

designed to assure maximum efficiency and safety, involve extrusion in combination with a 

supplementary coating, as well as encapsulation of the active ingredient in a polymeric material 

through an interfacial polymerization technique. Various inert materials were used for the 

construction of the CRSs: low-density polyethylene, polyurethane, polyurea, perlite, ammonium 

carbonate, and salts. The systems were investigated in an in-vitro dissolution system and were then 

adapted to the life cycle of the mosquito culex pipiens. 
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Controlled Calcium Carbonate Crystallization by 
Electrochemical Methods at Carbon Based Electrodes 

Rinat. J.(1,2), Korin. E.(2) and Bettelheim. A.(1,2) 
1Nuclear Research Center – Negev , P.O.Box 9001, Beer-Sheva 84190, ISRAEL 

2Ben Gurion University of the Negev , Chemical Engineering Department , 
P.O.Box 653, Beer-Sheva 84105 , ISRAEL 

 

Abstract 

Calcium carbonate scaling is often a major problem in natural water supply of industrial plants and 

various chemical engineering processes. The precipitation and crystallization of calcium carbonate 

as an insulating layer causes a decrease in the flow rate in pipes and causes reduced heat transfer. 

Addition of chemical reagents to the water, even in trace amounts, is sometimes undesired, such as 

with biological systems. The present study deals with removal of calcium ions from water by 

controlled electrochemical deposition  and crystallization of CaCO3.  

This method is based upon reduction of dissolved oxygen in water, formation of hydroxide ions and 

precipitation of CaCO3 on the electrode surface:  

OHCaCOeOHCOCa S 2)(323
2 24444 +→+++ −−+  

Electroprecipitation of CaCO3 on several electrodes has been studied [1,2], mainly for the study of 

the crystallization mechanism. The attempt to remove calcium from water by electroprecipitation of 

CaCO3 on carbon electrodes is the main purpose of this research. This process on carbon electrodes 

has not yet been reported. The factors influencing the rate of calcium carbonate precipitation from 

water by electrochemical methods on several carbon-based electrodes with different morphologies 

and surface area are the subject of the present study. Nucleation and growth rates are highly 

affected by the carbon electrode type and the potential applied at the electrode. Calcite and vaterite 

appear as the typical polymorph at different experimental conditions, but with different layer 

coverage and dependence on the electrode type.    
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Pattern Transfer Using Molecular Templates: Insight to 
Nanofabrication 

Simcha Srebnik 
Department of Chemical Engineering, Technion – Israel Institute of Technology 
 

Abstract 

Molecular patterning of materials is a highly pursued topic that spans many scientific disciplines. 

One aspect involves the generation of nano- and mesoporous structured materials using molecular 

templates (which could be an inorganic molecule, an organic molecule, a biological agent, or a 

molecular assembly). Using functional templates to generate pores having specific recognition 

ability of the “lock-and-key” type results in imprinted materials. Polymerization in the presence of 

the agent and its subsequent removal leaves vacant complementary pores within the gel. While 

numerous experimental techniques and synthesis routes have been developed in this respect, 

theoretical and computational work is only in its incipient stages. Theoretical models are developed 

to understand the physics governing the structure and stability of the patterned structured materials. 

Computer simulations are used to understand the dynamics of the synthesis process. The models 

provide insight to physical phenomena that are observed experimentally as well as guide 

experimentation towards efficient fabrication.  
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Aqueous Suspensions of Steroid Nanotubules: Structural and 
Rheological Characterizations 

Pierre Terech 1 and Yeshayahu Talmon 2 

1 UMR 5819 CEA-CNRS-Université J. Fourier, Département de Recherche 
Fondamentale sur la Matière Condensée, 17, rue des Martyrs, 38054  Grenoble 

Cédex 09, France 
2 Department of Chemical Engineering, Technion- Israel Institute of 

Technology, Haifa 32000, Israel 
 

Abstract 

It has been known that lithocholic acid self-assembles in highly alkaline aqueous dispersions. By a 

combination of cryogenic-temperature transmission electron microscopy (cryo-TEM) and small-

angle neutron and X-ray scattering we were able to characterize the long single-walled nanotubules 

that are formed in the system. We have found that the nanotubules appear quite monodisperse with 

cross-sections of 52 nm outer diameter and an internal cylindrical cavity of 49 nm diameter. Such 

steroid introduces a new class of tubule-forming systems with cavity dimensions in a not previously 

reported nanoscale range. The flowing properties of the lithocholate suspensions are analyzed and it 

is concluded that the uniform nanotubules are interacting moderately in the suspensions. As these 

nanotubes are fairly insensitive to presence of salts they are potentially good candidates for 

metallization and mineralization templates. 
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Comparison of the Sintering of Titania-Doped Alumina Foams 
Prepared by In-Situ Addition and by Impregnation 

M. Mann, G. E. Shter and G. S. Grader 
Chemical Engineering Dept., Technion, Haifa 32000, ISRAEL 

 

Abstract 

The morphological and phase composition changes during sintering of ultralight pure Al2O3 and 

Al2O3/TiO2 foams was investigated in the temperature range of 900–1600 oC in air atmosphere. 

Two methods of introducing titania to alumina ultralight foams were studied. The first method was 

incorporated Titania during a nonhydrolytic foaming procedure to facilitate its uniform dispersion 

in the alumina matrix and the other method was impregnation, that was carried out by immersion of 

presintered alumina foam in a sol of titanium isopropoxide-acetylacetone complex. The changes of 

linear shrinkage, foam effective density and porosity were studied along with morphological 

evolution and relationship between these properties was demonstrated. Finally, the unconventional 

formation of tialite phase in the Al2O3/TiO2 foams at relatively low temperatures, below 1400 oC, 

and its stability under 1200 oC without stabilizers was achieved.  
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Effervescent Atomization – An Experimental Study 
 

Alex Rashkovan(1), Vladislav Kholmer(2), Eran Sher(1) 
1Dept. of Mechanical Engineering, Ben Gurion University, Israel 

2The Negev Academic College, Beer-Sheva, Isarel 
 

Abstract 

An Experimental study of the atomization of a steady spray of fuel containing dissolved CO2, under 

atmospheric conditions, is presented. 

A high-pressure fuel injection system has been designed to produce a spray having a lower SMD 

than that obtained typically with a common-rail fuel injection system for the same injection 

pressure. In the present design, a mixture of fuel and dissolved CO2 is introduced to an injector 

unit. The downstream part of the injector consists of an inlet orifice, an expansion chamber, a swirl 

duct, and a discharge orifice. 

When the mixture enters the expansion chamber, a part of the dissolved gas is transformed into tiny 

bubbles that grow inside the expansion chamber. When the mixture is discharged through the 

discharge orifice, these bubbles undergo a rapid flashing process while the liquid bulk disintegrates 

into small droplets. 

In the present work, we investigate experimentally the effect of the design parameters (geometrical 

proportions and injection pressure) on spray characteristics and on liquid disintegration process. 

The spray characteristics (SMD and D90) were measured with a laser particle size analyzer 

(Malvern X-Mastersizer). A high-speed digital camera was employed to trace the liquid 

disintegration process. An overall analysis has been performed to evaluate the advantage of the 

proposed method over its counterparts, in terms of the total energy required to produce a desired 

spray. 

It is concluded that the atomization of gasoline fuel containing dissolved CO2, is significantly 

promoted by the flash-boiling phenomenon to result low SMD and D90 sprays. It was found that 

the spray structure of a fuel/dissolved gas mixture is essentially different from that of a single-

component fuel. 
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Implementation of the Data Envelopment Analysis for 
Optimal Operation of Ultrafiltration Systems for Effluent 

Reclamation 
Amos Bick1, Gideon Oron1,2,3, Leonid Gillerman2 and Yossi Manor4 

1Ben-Gurion University of The Negev, The Department of Industrial Engineering and Management, 
Beer-Sheva, 84105, Israel. E-mail: Abik@mekorot.co.il, Tel: +972-3-623-0631; Fax: +972-3-623-

0672 
2Ben-Gurion University of The Negev, The Institute for Desert Research, Kiryat Sde-Boker, 84990, 

Israel. E-mail: Gidi@bgumail.bgu.ac.il,  
Tel: +972-8-659-6900; Fax: +972-8-659-6909 

3The Grand Water Research Institute, Technion Haifa 32000, Israel 
4Central Virology Laboratory, Sheba Medical Center, Tel-HaShomer 52621, Israel 

Abstract 

One of the major problems in operating a combined UltraFiltration (UF) and Reveres-Osmosis 
(RO) membrane systems is identifying optimal working regime for the UF stage. That is associated 
with adequate decision-making regarding the flow rates, back flushing strategy and the use of 
reagents to minimize scaling and fouling processes. The appropriate decision-making can be 
maintained upon analyzing experimental field data. It includes the permeate flow rates, permeate 
turbidity, and pressure head loss across the membranes.  

Consequently, there is a need for a common definition or measure for assessing the information 
quality and data-effectiveness concerning the UF performance. Data quality is conceived as a 
quantity of aggregated values of multiple subjective and objective criteria.  Fundamentally, 
efficiency of a system performance for various production scenarios can be defined as the ratio 
between outputs and inputs.  Therefore it is imperative to consider multiple inputs and outputs, 
leading to optimal system performance. 

The Data Envelop Analysis (DEA) can be implemented for better assessment of the UF system 
performance, leading ultimately to optimal working conditions. The DEA differs from other 
comparative normalization methods that it does not focus on the complete set of data, but rather on 
individual Decision-Making Units (DMU). It facilitates to determine optimal weights for each 
DMU. Accordingly, a discrete piecewise frontier of efficient DMUs’ is developed, entitled as an 
"Efficient Envelope”. In view of that, a production frontier expresses technological relationships 
that describe optimal output range that the membrane can generate. The outputs stems from any 
combination of inputs over a time period. Implementing the DEA allows to determine information 
quality of input data (e.g. trans-membrane pressure, feed temperature and feed turbidity) and output 
data (e.g. plant recovery, permeate flux and turbidity removal). Data normalization of the field 
results implementing the DEA with reference to the technical efficiency is therefore functional to 
characterize performance changes between data recordings for detecting deviations from expected 
behavior of the system. Field results from an integrative pilot plant system and an agricultural field 
demonstrates the potential of implementing the DEA for optimal operation of the UF system 

_____________________________________________________________________________ 
Keywords: Effluent Polishing; Data Envelopment Analysis (DEA); Membrane Normalization; 
Optimization; Ultrafiltration 
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Demonstration of an Attached Growth Airlift Reactor for 
Biological Wastewater Treatment 

Ronen Shechter¹, Jese C. Merchuk² 
AqWise – Wise Water Technologies Ltd., Netanya, Israel 

Dept. of Chemical Engineering, Ben-Gurion University, Beer-Sheva, Israel 
 

Abstract 

This paper presents an advanced stage in the development of a generic process for intensive 
biological wastewater treatment in either municipal or industrial wastewater plants (WWTP’s).  

The (AGARIM) process is mainly based on a combination of the following: process staging by 
dividing walls, thus creating a long flow path, distinctly divided into a series of CSTR’s, an 
especially lightweight carrier particle, holding a high surface area for the attached growth of bio-
films, large airlifts that create turbulence through the bed floating carrier particles in the aerobic 
stages, ensuring good mass transfer of substrate, nutrients and oxygen, and axial pump mixers to 
create turbulence through the bed of floating carrier particles in anoxic de-nitrification stages 
(where needed). 

Division into stages is intended to keep the number of process stage above the minimum determined 
by reactor design, while avoiding plug flow. This allows significantly different conditions between 
stages, e.g. biomass concentration and dissolved oxygen. 

Carrier particles for bio-mass are being developed worldwide as means for increasing sludge age 
and for holding high concentrations of bio-mass in biological reactors. A unique feature of the 
carrier used in the process is the density, controlled to correspond to the flow pattern in the reactor. 

The airlifts are used as means for controlled internal mixing and circulation, using energy provided 
to the reactor. The scale-up of airlifts to large sizes, and unique shapes, while minimizing energy 
consumption is an important feature in the development of the process. 

In municipal application, as well as in some industrial effluents, there is need to remove ammonia 
derivatives. In the AGAR process, along the flow-path in the reactor (from inlet to outlet, or 
through a series of tanks in some cases), intermediate anoxic stages are located at predetermined 
stages. Some fraction of the waste stream is fed to these anoxic stages (step feed), in order to create 
a number of nitrification/de-nitrification cycles that eventually remove the sufficient load of total 
nitrogen from the waste stream in a once-through mode. 

A demonstration plant is currently being installed at the Hadera municipal WWTP, in a basin of 
about 230 m³ with a capacity of about 35 m³/hr. 

The presentation will detail the conceptual basis for design of the process and show the 
corresponding preliminary results. 
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Catalytic Wet oxidation of Phenol with Nanostructured Metal 
Oxides 

M. Abecassis – Wolfovich(a), M. Herskowitz(a), M.V. Landau(a), A. Brenner(b) 
(a) Blechner Center for Industrial Catalysis and Process Development, Chemical 

Engineering Department, Ben – Gurion University of the Negev, Beer –Sheva 
(b) Environmental Engineering Department, Ben – Gurion University of the 

Negev, Beer –Sheva 
 

Abstract 

The production of by-products and waste materials dissolved in water is an increasing 
environmental and economical problem in chemical industry. For new industries there is a tendency 
to decrease toxic effluents but there is still a need for waste water treatment using special processes.  

The ability to eliminate contamination is not high enough in various treatment methods (physical 
treatment, biological treatment, chemical treatment etc.). Wet air oxidation (WAO) of organic 
compound is a liquid phase partial or full oxidation using a gaseous source of oxygen conducted at 
high temperatures (200-350oC) and pressures (70-230atm). The implementation of catalysts in the 
oxidation process decreases reaction severity and hence economic expenses.  

The purpose of this work is to explore nanostructured metal oxides catalysts and to examine them in 
phenol catalytic wet oxidation (CWO), both in batch and fixed-bed reactors. Phenol was chosen as a 
model compound. Chromium(III)- and manganese- based oxide catalysts were prepared and tested. 
The influence of preparation method on textural, structural properties and performance were 
investigated.  

The catalysts can be divided into two types: oxidative-polymerization and oxidation systems. For 
manganese-based catalysts a strong adsorption of carbonaceous polymeric material on catalyst 
surface was detected. Together with oxidation to soluble biodegradable oxygenates it caused a high 
and stable phenol conversion at WHSV ~100 h-1 for periods up to 20 h determined from the residual 
phenol concentration. After that period catalyst deactivation became visible. It is possible to 
regenerate the catalyst to its initial activity by oxidation at temperatures 200-270oC creating 
periodical process. With a chromia catalysts, after oxidative treatment, high initial conversion was 
detected at low temperature (<150oC) and at WHSV ~100 h-1. After run time of about 1 h a rapid 
deactivation was observed with negligible amount of carbonaceous material detected on the catalyst 
surface. Based on TPO data the catalyst was not able to readsorb oxygen and to continue the redox 
cycle at low temperature. After reoxidation at 270oC, the initial activity was recovered. With 
commercial Cu-Zn-Al catalyst designed for CWO processes the carbonaceous deposits were not 
detected but very low WHSV (~1h-1) was required to get high phenol conversion 
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Polymer-Surfactant Interaction:  
Effect of Surfactant Concentration on the  

Polymer Conformation and Aggregation Size 
Ofir Korenberg¹, Nadav Akner¹, Moshe Gottlieb¹, Heiko Zettl² 

1Stadler Minerva Center for Mesoscopic Macromolecular Engineering and 
Chemical Engineering Dept., Ben-Gurion University, Beer-Sheva 84105, Israel, 

E-mail: ofirkor@bgumail.bgu.ac.il 
2Physical Chemistry II Department, Bayreuth University, Bayreuth 95440, 

Germany 
 

Abstract 

Association between polymers and surfactants has drawn much attention in the last decades. Mixed 

aggregates are formed already at low surfactant concentration, and can dramatically change the 

solution properties, which affords a variety of industrial applications (cosmetics, paints…). In this 

work we study a system containing an anionic surfactant (SDS) and a nonionic polymer 

(Methylcellulose) in water. Electrical conductivity, rheology and FCS (Fluorescence Correlation 

Spectroscopy) were used to study the aggregates. Above a certain surfactant concentration (CAC), 

independent of the polymer concentration, mixed aggregates are formed. In the vicinity of the CAC, 

the polymer conformation shows a significant collapse (~50%). Further increase in the surfactant 

concentration causes expansion followed by another shrinkage in the chain size. 

At low polymer concentration C ~ C* the aggregate size increases with surfactant concentration up 

to a maximum value, followed by a decrease in its size. At high polymer concentration C >> C*, in 

a narrow range above the CAC, aggregates of two sizes coexist. The small one is an aggregate 

absorbed to a single polymer chain. The bigger one acts as a physical cross-link between several 

polymer chains, which increases the viscosity significantly. Increasing the surfactant concentration 

causes the viscosity to decrease up to a finite value even lower than the initial one. 
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Preferential Interactions between Nonionic Hydrophilic 
Polymers and Inorganic Salts: Effects on Gel Swelling, 

Osmotic Pressure and Intrinsic Viscosity of Polyacrylamide. 
Yoav Livney1, Benjamin Faupin2, Irina Portnoya1, Ory Ramon1, 

Uri Cogan1, Shimon Mizrahi1, and Yachin Cohen3. 
Departments of Food Engineering and Biotechnology1, and Chemical 

Engineering3, Technion, Israel Institute of Technology, Haifa 32000, Israel. 
Ecole Nationale Superieure de Biologie Appliquee a la Nutrition et a 

l’Alimentation2 (ENSBANA) Dijon 21000, France. 
 

Abstract 

The swelling of PAAm gels increased according to the lyotropic series ranking of sodium halide 

anions: F- < (H2O) < Cl- < Br- < I-, and that of alkali chlorides cations: (H2O) < Cs+ < K+ < Na+ < 

Li+. Anion type effect was larger than that of the cation type. A good correlation was found between 

the swelling of the gels and the molecular conformation expansion evidenced by intrinsic viscosity 

increment. The effects of varying salt type and concentration on gel swelling well correlated with 

the osmotic pressure of the polymer (300kD) in the respective solutions, which is the main driving 

force for gel swelling. The following model was found to describe the effect of anion (crystal) 

radius (Å) and molal concentration, on the osmotic pressure of PAAm, in a series of alkali halides: 

Π = [A0 + (krcRan – kc)Cs]Cp
n. The scaling exponent, n, was 2.276±0.097 which is in accord with the 

theoretical value of 2.25, for a semidilute polymer solution in a good solvent. The effects of the 

anions studied on the osmotic pressure of PAAm may be explained through their preferential 

interactions with the polymer. Iodide, which increased the osmotic pressure of PAAm with respect 

to pure water, was preferentially adsorbed onto the polymer, while fluoride, which decreases the 

osmotic pressure, was preferentially rejected.  
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Adsorption of Amino-acids by Temperature Sensitive 
Hydrogel 

Ohad Kimhi and Havazelet Bianco-Peled 
Technion - Israel Institute of Technology, Haifa 32000 ISRAEL 

 

Abstract 

Gels are three-dimensional polymeric networks containing high percentage of liquids. The physical 

properties of gels are effected by those of the monomer and by the different interactions of the 

polymer with the solvent or the solute. Hydrogels, i.e. gels in which the solvent is water, are of 

great interest due to their possible uses in controlled release of drugs, separation techniques and cell 

immobilization. Hydrogels that are sensitive to environmental conditions such as pH, temperature 

and ionic strength are especially interesting since it is possible to manipulate the gel properties by 

changing the surrounding environment. In this research we use the temperature-sensitive hydrogel 

PNIPA (poly-N-isopropylacrylamide). This hydrogel have lower critical solution temperature 

(LCST) of 340C . Above this temperature the gel collapses due to hydrophobic interactions and 

expels large amount of water. 

Previous studies in our group and in other groups showed that proteins with different 

hydrophobicity adsorb differently on PNIPA, both above and below LCST. In the current research 

we examine possible uses of PNIPA as a sorbent for amino acids .The main goals of the research 

are: First , to improve our basic knowledge by measuring adsorption isotherms for amino acids  

with different hydrophobicity. Second, to quantify the hydrophobic interactions between the PNIPA 

and the amino acids by isothermal titration calorimetry measurements. And finally, correlate the 

adsorption properties of the gel with the ITC results. 
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Entropic effect in surface-induced polymer crystallization 
Jenny Naim1, Rachel Yerushalmi-Rozen1, Moshe Gottlieb1, H. S. Spiess2, Thilo Dollase2 

1Ben Gurion University, Israel. jnaim@bgumail.bgu.ac.il 
2Max Planck Institute for polymer Research, Mainz, Germany 

 

Abstract 

The presence of surfaces is known to strongly affect the behavior of polymers.  Here we investigate 

the effect of sub-micron filler particles on the thermal behavior of a semi-crystalline polymer, 

PDMS. This system is characterizes by a high surface to volume ratio. 

In the previous study conducted by us, we found that non-entangled PDMS crystallizes more 

efficiently in comparison to pure PDMS, in the presence of solid additives. Calorimetric studies 

show that different types of additives and surface interactions resulted in a similar behavior, 

suggesting that the origin of the phenomenon may be attributed to entropic interactions in the 

boundary layer. 

The entropic effect may be related to preferential orientation of the polymer coils in the boundary 

layer or the accumulation of chain ends in the surface region. We intend to use polymers of 

different topologies (star-like and ring-like) to test the mechanism responsible for the effect. 
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Polymerization of iso-Butylene and Depolymerization of 
Polyisobutylene Promoted by Methylalumoxane. New Insights 

Using GPC Analysis 
Victoria Volkis, Elza Nelkenbaum, Anatoli Lisovskii and Moris S. Eisen* 

Department of Chemistry and Institute of Catalysis Science and Technology, 
Technion - Israel Institute of Technology, Haifa 32000, Israel 

 

Abstract 

Methylalumoxane (MAO) is widely used as a cocatalyst with metallocenes and other transition 

metal organometallic catalysts in the polymerization of �-olefins. Being a strong Lewis acid, MAO 

can be considered as a useful potential catalyst for various acid catalyzed reactions. However, 

except for a few examples (polymerization of vinyl monomers and selective dimerization of 

terminal alkynes) the catalytic properties of MAO remains unexplored. 

Recently, we have shown that MAO is an active catalyst for the polymerization of i-C4H8 and its 

copolymerization with isoprene. The solvent (CH2Cl2) reacts with MAO as a protonolytic agent 

forming the active cationic species as shown in equation 1. 

   

                           (1) 

 

GPC (Gel Permeation Chromatography) was applied to studying 

the change in Mw of the polymers as a function of MAO 

amounts.  In the polymerization of isobutylene in 

dichloromethane and MAO two samples of polyisobutylene with 

high and low molecular weights were obtained as a mixture. 

Increasing the amount of MAO causes the reduction of the high 

molecular weight fraction and the concomitant increase of the 

low molecular weight fraction. In addition, the reaction of the 

high molecular weight polymer with MAO in dichloromethane causes a considerable reduction in 

the molecular weight of the polymer arguing that MAO can act as a masticating agent for 

polyisobutylene.  
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About Optimal Ratio of Reaction Rates and Rates of Transfer 
Phenomena in a Chemical Reactor 

A. Augenclick 
TAMI, Haifa 

 

Abstract 

Developing of the active catalysts or initiators in order to increase reactions rate is often task of R&D. 

The results may be promising in the laboratory conditions. However scale up to a pilot or an industrial 

unit can face a researcher with non expected problems: deterioration of selectivity, hot spots etc. It 

occur, as usual, due to change in mass and heat transfer pattern. This communications contains several 

theoretic and practice examples, which illustrate necessity to find reasonable ratio of reactions rates 

and rates of transfer phenomena in order to save or to improve the process characteristics after scale 

up. As a rule the ratio of reaction process rate to transfer process rate must be as small as possible. 

The examples are as follows: 

In the fluidized bed reactors for chlorination of hydrocarbons after scaling up from laboratory unit to 

pilot and semi industrial ones was observed drastic deterioration of selectivity. Chlorine and 

hydrocarbons vapor were introduced into fluidized bed through separate nozzles. It was shown that 

local ratios of chlorine and hydrocarbons significant differs from these ratios in the feed. Reaction rate 

was decreased by decrease temperature in the gas distribution zones of reactor. As the result the 

reagents were mixed in the desirable ratio before significant conversion and the same selectivity as in 

laboratory reactor was achieved. 

In the processes for partial oxidation and oxidized chlorination of hydrocarbons in fluidized bed scale 

up from laboratory reactor to pilot one is followed by significant increase of the yield of combustion 

products. It was shown that most possible reason of this phenomena is low gas exchange between 

bubble and dense zones of fluidized bed. This exchange was increased by installation in fluidized bed 

the sieve plates or packing. One of the results was reproduction of laboratory selectivity.  

The number of processes for production of anhydrous metal chlorides by chlorination of metallic 

powders in fluidized bed was piloted. The problem was formation of hot spots near the greed due to 

fast exothermic reaction and relatively low effective heat conductivity of the fluidized bed. The 

process stability was achieved by inhibition of reaction.  Additional examples and detailed 

explanation will be given in the lecture. 
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High Loading of Short WS2 Slabs inside  
the Nanotubes of SBA-15:  

Promotion with Nickel and Performance in 
Hydrodesulfurization and Hydrogenation 

L. Vradman*, M. V. Landau*, M. Herskowitz*, S. Nikitenko‡, Y. Koltypin‡, A. 
Gedanken‡, V. Ezersky§, M. Talianker§. 
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Department, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel. 

‡ Department of Chemistry, Bar-Ilan University, Ramat-Gan 52900, Israel. 
§ Materials Engineering Department, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel. 
 

Abstract 

The slabs of WS2 phase prepared by ultrasound irradiation of W(CO)6 solution in diphenylmethane (DPM) 

in presence of dissolved elemental sulfur under argon at 90 oC were inserted inside the nanotubes of 

hexagonal mesoporous silica SBA-15 by means of high-speed jets created by acoustic cavities collapse. The 

wide-pore pure silica SBA-15 material with surface area of 800 m2/g and uniform meso-pore diameter of 

6.3 nm (Fig. 1a) was sonicated in the W(CO)6-sulfur-DPhMe solution followed by treatment of the resulted 

solid with a 1.5% DMDS-toluene mixture at 593 K and 5.4 MPa under hydrogen flow. Several 

characterization techniques (N2-adsorption-desorbtion, HR-TEM, XRD) confirmed that short WS2 slabs 

with stacking number of 3.2 and length of 3.6 nm were located inside the packed silica nanotubes without 

blocking them (Fig 1b), even at loading as high as 60 wt%. The detected slabs length was comparable with 

the size of truncated triangular WS2 slab inscribed into cylindrical pore of used SBA-15 material. 

The Ni-component was introduced into the WS2/SBA-15 composite by impregnation with an aqueous 

solution of Ni-acetate, drying under vacuum at the room temperature and sulfidation with a 1.5% DMDS-

toluene mixture at 593 K and 5.4 MPa under hydrogen flow. No separate Ni-phase was detected up to Ni/W 

atomic ratio of 0.8. The Ni-component was uniformly dispersed (HR-TEM, XRD) decorating the edge 

planes of the WS2 slabs. The Ni-W-S/SBA-15 catalyst activity in both dibenzothiophene (DBT) 

hydrodesulfurization (HDS) and toluene hydrogenation reactions increased with increasing the Ni/W ratio 

up to 0.8.   

The optimized Ni-W-S/SBA-15 catalysts displayed 1.4 times higher HDS activity (DBT) and four times 

higher activity in aromatics hydrogenation compared with sulfided commercial Co-Mo/Al2O3. This points 

out excellent potential of Ni-W-S/SBA-15 catalyst for deep hydrotreating of petroleum feedstocks. 
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A Novel System of Rh-DuPHOS and Ionic Liquid for 
Asymmetric Hydrogenations 

Silvina Guernika, Adi Wolfsonb, Moti Herskowitzb, Noam Greenspoonc and 
Shimona Gereshd 

aDepartment of Chemistry, bDepartment of Chemical Engineering, 
dInstitute for Applied Biosciences, Ben-Gurion University of the Negev 

cChemada Fine Chemicals, Ltd. 
 

Abstract 

One of the most versatile routes for preparing optically active compounds is asymmetric synthesis, 

particularly by the use of enantioselective catalysts. The chiral diphosphine complex Rh-DuPHOS 

acts as an efficient homogeneous catalyst in asymmetric hydrogenation of enamides. However, as 

good as the performance is, the rather expensive Rh-DuPHOS is very sensitive to oxidation; hence, 

an inert atmosphere is required for its preparation and handling. Also, separation of the complex 

from reagents and products and recovery are not easy. 

Room-temperature ionic liquids (RTIL) have gained increasing interest as ‘green’ solvents in 

organic syntheses. An ionic liquid such as 1-butyl-3-methylimidazolium hexafluorophosphate 

([bmim][PF6]), which has poorly coordinating ions and which is highly polar, nonvolatile, stable in 

air, and immiscible with both water and nonpolar solvents can serve as a good and environmentally 

friendly medium for asymmetric hydrogenations. 

In this study, we performed asymmetric hydrogenation reactions by “immobilizing” the air-

sensitive Rh-(R,R)-MeDuPHOS complex in the air-stable molten salt [bmim][PF6]. This ionic liquid 

was not only a good host for the chiral catalyst regarding enantioselectivity, but also protected the 

complex from attack by atmospheric oxygen and facilitated easy recycling.  
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Isomerization of Light Paraffins on Zirconia based Catalysts 
S.B. Kogan1, M. Herskowitz1 and D. Yitzhaki2 

1 Department of Chemical Engineering, Blechner Center for Industrial Catalysis 
and Process Development, Ben-Gurion University of the Negev 

2  Israeli ORL (Haifa) 
 

Abstract 

Catalytic isomerization of normal paraffins into branched isomers is one of the most important 

processes for high octane motor fuels production. Industrial isomerization catalysts are sensitive to 

impurities and humidity in the feed. 

The objective of the present work was to upgrade straight run fraction of light paraffins with RON = 

68 containing about 30 % naphthenes and heavy paraffins C7+.  

Experiments carried out in bench fixed bed reactors indicated that sulfated zirconia catalysts yielded 

deep, low temperature (~200oC) isomerization of paraffins C5-C6  and mild hydrocracking of 

heavier components in one stage with a product of RON = 80+. 
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High - Surface - Area Chromia Aerogel – Efficient Catalyst 
and Catalyst Support for Ethylacetate Combustion 

H. Rotter, M.V. Landau, M. Herskowitz 
Blechner Center for Industrial Catalysis and Process Development, Chemical 
Engineering Department, Ben – Gurion University of the Negev, Beer - Sheva 

 

Abstract 

Chromia based catalysts display high efficiency in total oxidation of hydrocarbons [1-3]. In order to 
increase its activity chromia generally is supported on refractory oxides like silica or alumina that 
allows keeping it in a high dispersion state. 

The disadvantage of this approach is limited loading of active oxide. Furthermore, as it was recently 
shown [3], the chemical interaction between chromia and support yield surface silicates or 
aluminates which activity in total oxidation of ethylacetate used, as a model VOC is lower 
compared with supported α- Cr2O3 nanocrystals. The unsupported chromia with high surface area 
free from these disadvantages should demonstrate high performance in VOC combustion. 

The purpose of this work was to examine the effect of texture and structure of unsupported chromia 
with high surface area on its activity and selectivity in ethylacetate oxidation to CO2 and also 
examining the possibility of using the bulk high surface area chromia as a catalytic support for 
transition and noble metals. 

Chromia aerogel with high surface area was prepared by sol – gel processing, gelation of aqueous 
Cr(NO3)3*9H2O solution in presence of urea at 950C and aging. This was followed by replacing the 
solvent with methanol and its supercritical release at 3000C and 130 atm. Several chromia-based 
catalysts with varied loading of supported transition metals (Co, Cu, Mn, Ce) and noble metal (Pt) 
were prepared by impregnation and co-gelation. 

Based on water evolution in TPD experiments, BET – PSD and XRD data it was concluded that 
chromia aerogel with high surface area represented nanocrystals of CrOOH phase thermally stable 
up to 4000C. The additives did not alter its structure and in most cases did not form separate phases. 
The ethylacetate oxidation was studied in a fixed bed reactor with 0.5% mol. ethylacetate in air 
mixture at temperatures 250-3200C. The rate constant of CO2 formation measured at 2900C of 
supported transition metal (Mn, Ce) and noble metal (Pt) was increased by 1.5-2 times compared 
with pure Cr-support. The T50% and T90% temperatures were decreased relative to the bulk CrOOH 
by 10-30oC. The activity of modified nanostructured chromia catalyst was 5 times higher compared 
with 0.5 wt.% Pt/Al2O3 catalyst widely used for VOC combustion. 
 

References 

Yung-Fang Yu Yao, J.Catal., 28, 139, 1973.   

A.M.Padilla, J.Corella and J.M.Toledo, Appl.Catal.B-Enviromental, 22, 107, 1999. 

C.M.Pradier, F.Rodrigues, P.Marcus, M.V.Landau, M.L.Kaliya, A.Gutman and M.Herskowitz, 
Appl.Catal.B-Enviromental, 27, 73, 2000 

 



�������������-	
�����������	���	
���������
��	��� 45 

 

Dynamic Titanium Complex as Catalyst for the 
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Abstract 

During the last years several group IV complexes with amidine ligands have been synthesized and 

used as potential precatalyst for some chemical demanding transformation. One major interest in 

this type of ligation is based on the geometry of the obtained metal center, which normally is 

disposed in an octahedral environment. During the last five years we have demonstrate that 

octahedral complexes of group IV are good precatalyst for the stereoregular polymerization of 

propylene, if activated by methylalumoxane (MAO), to high melting point isotactic polypropylene. 

In addition we have found that tetrahedral group 4 complexes are able to polymerize propylene, in a 

non-stereoregular fashion, producing the oily atactic polypropylene. Thus a conceptual question 

arises regarding a dynamic complex that will have a rapid equilibrium between tetrahedral and 

octahedral environments in the polymerization of propylene. Theoretically, a polymer with different 

domains should be expected and the polymer will be easy to tailor by controlling the equilibrium 

process.  

Here we present a Titanium [bis(diphenylphosphine amido) (bisdiethylamine)] complex which inter 

convert from a C2-symmetry to a C2v-symmetry within temperature. This complex is found to be a 

catalyst for polymerization of propylene to achieve a high molecular weight elastomeric 

polypropylene. The influence of parameters, such as solvent, duration of polymerization process 

and catalyst : co-catalyst ratio on the activity and the molecular weight of the achieved 

polypropylene will be presented. 
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Nickel Extraction from Mined Ores 
Raphael Rembrand and Oded Lerner 

Bateman Solvent Extraction Technologies 
 

Abstract 

The mining industry is facing the necessity to extract metals from metal ores that are becoming less 

rich.  To address this need a new process for Nickel extraction through reactive Liquid-Liquid 

extraction is proposed. 

The main problem is the need to avoid the precipitation of Calcium Sulphate (Gypsum) from Nickel 

Sulphate solution while maintaining 99% or better Nickel recovery.  The key to successful 

operation of this process is to maintain an intermediate level of acidity such that Nickel is extracted 

to a selective organic solvent, while the Calcium stays in the aqueous solution. 

The proposed process includes: 

• Extraction of Nickel from a leach solution by a solvent. 

• Scrubbing the solvent to remove Calcium that is extracted together with Nickel 

• Stripping the solvent of its Nickel and recycling the solvent back to extraction 

Scrubbing and Stripping are performed using Mixer / Settler sets.  This paper will focus on the 

Extraction process, which is performed in a Bateman Pulsed Column (BPC). 

Successful operation of the extraction is dependent on: 

1. The solvent selectivity to Nickel and Calcium 

2. The Organic to Aqueous phase ratio 

3. The pH profile along the extraction column 

All variables are strongly coupled to form a Multi-variable I/O system.  This system is expected to 

recover more then 99% of the Nickel while allowing less than 25ppm of Calcium to extract into the 

loaded solvent.  The required pH profiles needed to achieve these two goals are different and cause 

this system to be inherently unstable. 

Bateman Solvent Extraction Technologies ran a pilot of this process to study the operation.  

Recoveries greater than 99.5% were realized.  We found out that the process must have a good and 

quite sophisticated control system to stabilize it along the required operational profile. 
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Variation – The “Small” Difference 
Oren Yulevitch, Jehuda Hartman 

InSyst Ltd., 7 Hamarpe St., Har Hotzvim, Jerusalem, 91450, Israel,  
Tel: +972-2-540-0920 x128, Fax: +972-2-540-0044 

 

Abstract 

Hiding within your manufacturing process are the "small" differences that result in an inferior product and 
increased spending. 
Each batch of raw material has its own structure and properties. These differences affect the final product. 
Consider, also, the machine or process unit. Not only should it be set according to the specific raw material 
parameters, but attention must also be given to the particular life stage and condition of the unit. This means 
taking into account, for example, environmental factors or the deterioration of one of the unit’s component 
properties. The result is that these “small” variations combine together to produce significant variations in the 
product properties. 
Until now, these variation factors were rarely taken into account. They were simply dismissed as noise or 
disturbances. To uncover and deal with these hidden variation factors, InSyst Ltd., an Israeli company, has 
developed AiDiM™ (Advanced Intelligent Decision-Making) an advanced optimization and process control 
system.  
Traditional Methods 
Traditionally, it was the process engineer’s job to find the ideal set points and recipe that would produce a 
uniform product yield within target specifications. However, because of the huge number of variables and 
the staggering amount of value combinations, it is almost impossible to accurately predict and account for all 
variations. This leads to a wide distribution of the product properties — some below target, others above 
target, and some are even outside of the specification range. When these properties fall outside the desired 
specifications, the quality of the product is reduced, and in some cases must be discarded at additional cost.  
A Novel Approach 
AiDiM takes into account the variations introduced by incoming raw material, environment conditions, the 
machine or process unit and other influencing factors. Based on the measured values of these parameters, the 
control variables are automatically and continuously adjusted for each product item, batch, and lot. Control 
variables are the process settings in the control system that until now have been manually adjusted by the 
operator. These variables include, for example, speed, pressure, and time. 
AiDiM uses a multi-variable model to determine the exact settings that are needed to compensate for all 
measured variations. The model takes into account desired target outcomes, and measured and control 
inputs.  
AiDiM is constructed using both expert knowledge and actual data. The data can be historical, derived from 
the DOE or from on-line measurements. In addition, the model features advanced learning capabilities. 
Feedback algorithms and offset continually serve as self-correcting mechanisms to ensure maximum 
accuracy. 
To handle the numerous variables, InSyst uses a MIMO control system. Unlike other such systems, the 
InSyst MIMO system is as easy to implement as any SISO control application.  
By compensating for variations and assigning the best possible set-up to the process unit or machine – in 
real-time, the InSyst MIMO AiDiM has changed the concept of process control. The result is a product that 
achieves an optimal target with minimized variation. This means greater production yield and increased 
profit. 
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Optical Measurements of Drops Flow 
Prof. Raphael Semiat, Link Nitzan 

Department of Chemical Engineering, Technion–Israel Institute of Technology, 
Haifa 32000, Israel 

 

Abstract 

Laser Doppler Velocimetry (LDV) and Image Visualization (IV) techniques were applied to 

analyze the performance of ink jet printing heads close to operational conditions. The work was 

done under the “Digital Printing consortium ” which includes research cooperation between 

universities and companies. The printing heads used in this research were received from two 

commercial companies: “Scitex-Vision ”and “Aprion ”. The printing heads operated by “drop on 

demand ”, piezoelectric push mode type, but they differ design ant performance. 

The inks used were organic and water based inks, which differ in their physical properties. The 

velocity of the ink drops was measured at different operational conditions and statistical values 

were calculated. The spread of the drops on the printing media was estimated. The behavior of the 

drops indicates the quality of the printing in wide format printing machines. An important part of 

this behavior is the differences between the first drops ejected to the next drops in the swarm, as 

shown as their velocity and timing. In some cases, satellite drops appear and an attempt was made 

to determine the operation condition in order to minimize the phenomena. 

Processing of the images taken, gave complementary information, namely the shape of the drops 

ejected from the nozzle and along their flight to the media, the drops behavior at different 

conditions, etc. This, together with the velocity measurements allows determination of better 

operation conditions.  
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Passive Fire Protection for Chemical Plants. New Intumescent 
Technology 

Pes Borovietzky, Maoz Betzer 
Orshield- Ormat industries, Ltd. 

 

Abstract 

Fires, worldwide, cost 50 Billions $ annually. Thousands of people loose their life, or are  injured, every 
year. Just to mention: in the UK between 1990 and 1999 average 500.000 fires per year, 
casualties/injuries- 700 fatal, 18000 non-fatal.  In Germany, about 20% less. Most are in buildings. Over 
50% of businesses, which have had a fire close, same with plants. A fire in Texas City/ TX, in a refinery 
alkylation’s unit had direct loss of 32 Million $ and total of 46. An explosion of Ethanol tank in Dear 
Park/ TX resulted with direct loss of 68 Million $ 
In the industry: 39% of the fires occurred if petroleum refineries and 36% in chemical or petrochemical 
plants.  Mid 70s to mid 80s 56 such cases cost was 1.9 Billion $. 
Active fire protection is involved with extinguishing a fire by using sprinkler systems, firefighters, etc. 
Passive fire protection is by using construction and insulation materials. 
The requirements deal with the insulation factor of the material – the ability to protect temperature from 
rising above specified levels, and the integrity- for how long, during fire, can it be stable, independently 
from the temperature rise in the protected body. Type and thickness of the material determine it. 
Steel looses its strength at 550 degrees C.  Plastic materials, around electrical cables, melt at  low 
temperature. Both must be protected, to avoid loss and disaster in case of fire. Ignition temperature of 
gasoline vapors is 270 degrees C and ethyl ether vapor – 180. In hydrocarbon fires, flames may reach 
1100 degrees C in minutes. 
Intumescent materials, when exposed to heat, expand by factors 2 to 50 in volume, forming a porous 
char. Generally, intumescent formulations are composed of active ingredients as an acid source, or 
cabonific source, and some others. A series of chemical and physical events combine to control the 
intumescence. When temperature rises and endothermic reaction subsequently releases gases, 
principally CO2 and H2O. The intumesced layer acts as an insulating barrier, which protects the 
underlying material from flames. A large number of commercial products, based on intumescent 
materials, have been developed. For example, intumescent coatings are used to protect metal structures, 
flammable composite materials in marine applications. Intumescent caulks seal openings in fire walls 
and strips are used on fire doors. They are available in latex or epoxy resin coatings (some need a 
topcoat as polyurethane to combat weathering). The thicker the layer, the higher is the insulation and the 
integrity. Coating process is slow and costly, requiring thin layers to dry one on top the other. 
Orshield developed a new intumescent technology, enabling casting of material (fully intumescent, 
with no need for organic carrier) to desired thickness, resulting in a hard board. 
Such board may be fiber reinforced for strength, may be directly adhered to metal sheets, may be 
combined with other insulating materials as Rockwool.  
A typical Orshield board starts releasing H2O at 100 degrees C and expands by factor of 5. 
Such products withstand, at 5-6 mm thickness, 1hour insulation from fire to reach 1000 degrees C, 
according to ISO 834 test method. Longer time by additional thickness or material. 
We suggest using it, in electrical cable trays to protect them from fire and assure controlled shut off 
equipment in risk. We suggest using it for insulating tanks with flammable liquids, and/or use it in 
partition between such tanks and around them.  



�������������-	
�����������	���	
���������
��	��� 61 

 

�������	���
����	��
	�
������������� 
�
���
���	����
	����
���
	

���������
�� 

�
!����	��	�	�����
�*����
�������	("����	�	�
,&�%" 
 

����� 

��
��
���������	�����
������
���
��
���
�� �
��
#���

���� 
������
���
��
���
������
��
���
��


	
�����������
����������	�
�
���������������
����

��� 

��

�
� �
���
� �
� �� 
� 
�� �

	� �
��
��� �
����
� 
��� ��	��
� ����
�����

�� ������ �
�������
� ��


��

�� ��� "�	���� ����

�� ��� ����
� 	����� ���� �
�	� �	
�
� ��
�� ����
� ��
����
���� ��� �����
� ��	��

��

�
��
��

�����
�
����
�����������
�
��

��������	������	
�
�� ������������ �������	
�����


��
�����������������

����
�	��������������
�����	����
����
���
�
�
��
��������������������	�


��
�
��	#
�� 

�
������	������ ����
�	�
���� ���� ���
�� ��
	 
� 

������
���
����� ����
� 	
�����"������������


��

�����
���
��
��
�
��
�	���	
����������

����
��

����� �
�
���
	������ �
��� 

�
�
	 �� 

��� ���
� ���������
� 	
����� "����GMP� ���
����
��
������ �
�������� �

����� ���� 
�
�
� ��
�

���	�
��������	
�����

�����
����

����
���
������
������ ����
�
�
���
���
���������
�


�#�"����� 

��"����
� 
��
� 
��� ��� �	��
� 
�
��� ��� 	
����� "����� �����
� ��	���� ���

�� ���� 	�
���� �
�
��

"����
��
��
 ����
��
��
�
�	����
�����
������	
��������
���

�
�
���
�	
������
	���
#���
�

�	
�"�������
��

�
� 

����
�� �	����� 
���� ���
�
� ���
���� �
����� �
����� ������ ����
�� 	��� �	
�
� �

��� �����

���
������
������	
�������������������
�

�!�
���
���	
�����"�������� �
����
����
��	����


"����
�
 ��� 

���� 
��� ��
����
� ������� ��	���� "	��� ��� �
�
�� ������ 	����� ��
� �
��	�
� ��	���� ������ "


����
��
������"	���� 

�
�������	�
�������������
�����
��
������� ��
	��"	������"	�

���
����
����
�������
�������������

��
�������������
�����������������������	������
�����
�(�GMP�������	�����
��
��
#����
���	���


�
����� ��� �
��
	
����� 
 
� �
�	���� �
� ��

��� ���� ��
��� ��� ������� ���� �����	�� ��
�
 ���� �
��
��

� ��
	����	��
��������
� �
���
���� ��
	���"����������
��
�
 �����
��
���	
��� 

��	 ��
���
�������#�� ��
	��!
������
������
����!��(��
����
��
����
���� 


	The 38th annual meeting of the IIChE
	Session 1 - Microelectronics and Non-Traditional Industries
	Electrical Model Synthesis Technique for the Analysis of Impedance Spectroscopy Data
	Chemical Mechanical Polishing Road Map �in the Semiconductors Industry
	Controlling TiN processes.
	Large CMOS Image Sensors –The Yield Challenge
	The Chemical Engineer Challenges in the Semi-Conductor Industry
	Tools and Methods for physical failure �analysis in microchips fabrication

	Session 2a:  Novel Research in Chemical Engineering
	A Web-Based Library for Testing Performance of Numerical Software for Solving Nonlinear Algebraic Equations
	Calcite Crystals in the Pineal Gland of the �Brain: Second Harmonic Generators
	Optimization Analysis of Solar Thermal Power Systems
	Concurrent Stratified Flow Of Two Liquid Phases In Inclined Tubes: The Issue Of Multiple Holdups
	Algal Extracted Biopolymers: From Process to Product
	Optimal Controlled-Release Systems for Delivery of Insect Growth Regulators

	Session 2b: Novel Research in Chemical Engineering
	Controlled Calcium Carbonate Crystallization by Electrochemical Methods at Carbon Based Electrodes
	ניבוי של שיווי משקל בין פזות: הבעיות והפתרונות
	Pattern Transfer Using Molecular Templates: Insight to Nanofabrication
	Aqueous Suspensions of Steroid Nanotubules: Structural and Rheological Characterizations
	Comparison of the Sintering of Titania-Doped Alumina Foams Prepared by In-Situ Addition and by Impregnation
	Effervescent Atomization – An Experimental Study

	Session 3: Treatment of Water and Wastes
	הרחקה של מתכות כבדות משפכים על ידי ספיחה ביולוגית לאצות חומיות ממקור ימי במסגרת ניסויים מנתיים ורציפים
	Implementation of the Data Envelopment Analysis for Optimal Operation of Ultrafiltration Systems for Effluent Reclamation
	שילוב של טיפול ביולוגי והתפלה ליצירת משק מים סגור בתעשייה
	Demonstration of an Attached Growth Airlift Reactor for Biological Wastewater Treatment
	Catalytic Wet oxidation of Phenol with Nanostructured Metal Oxides
	טיפול בשפכי תעשייה במפעל מיקרואלקטרוניקה

	Session 4: Polymers and Complex Fluids
	Polymer-Surfactant Interaction: �Effect of Surfactant Concentration on the �Polymer Conformation and Aggregation Size
	Preferential Interactions between Nonionic Hydrophilic Polymers and Inorganic Salts: Effects on Gel Swelling, Osmotic Pressure and Intrinsic Viscosity of Polyacrylamide.
	Adsorption of Amino-acids by Temperature Sensitive Hydrogel
	שינויים מבניים במיצלות הפוכות עקב הוספת חלבון
	Entropic effect in surface-induced polymer crystallization
	Polymerization of iso-Butylene and Depolymerization of Polyisobutylene Promoted by Methylalumoxane. New Insights Using GPC Analysis

	Session 5: Reactors, Catalysis and Adsorption
	About Optimal Ratio of Reaction Rates and Rates of Transfer Phenomena in a Chemical Reactor
	High Loading of Short WS2 Slabs inside �the Nanotubes of SBA-15: �Promotion with Nickel and Performance in Hydrodesulfurization and Hydrogenation
	A Novel System of Rh-DuPHOS and Ionic Liquid for Asymmetric Hydrogenations
	Isomerization of Light Paraffins on Zirconia based Catalysts
	High - Surface - Area Chromia Aerogel – Efficient Catalyst and Catalyst Support for Ethylacetate Combustion
	Dynamic Titanium Complex as Catalyst for the Polymerization of Propylene

	Session 6: Technology of Process Information and Control
	Nickel Extraction from Mined Ores
	Variation – The “Small” Difference
	מודל מתקדם לניהול תהליכים: ייצור והנדסה
	ניהול ידע אירגוני – מכלי ניהול מידע אישיים לצבירת הון ידע בפירמה
	Optical Measurements of Drops Flow
	תכן שיפור מתואם של מערכות משולבות אנרגיה בעזרת אלגוריתם גנטי

	Session 7: Safety in Chemical Processes
	הערכות המפעל לטיפול באירוע חומרים מסוכנים
	ניתוח מאפייני בטיחות של מודל תיאורטי למתקן כימי
	השוואה בין שיטות להערכת סיכונים תהליכיים לתכנון שימושי ויעודי קרקע
	בטיחות טובה – עסק טוב (Good Safety Good Business)
	Passive Fire Protection for Chemical Plants. New Intumescent Technology
	פיתוח ויישום מודל הדרכה לעובדי תעשיה


