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FOREWORD 

The traditional Annual Report of the Israel Atomic Energy Commission has long been a source 

of pride and satisfaction. 

The 1991 report follows the footsteps of its many predecessors in presenting to the world 

nuclear community current results of our ongoing program of basic and applied research, vigorously 

pursued in spite of less than adequate funding and ageing equipment and facilities. 

The quality of the program is manifested by the large number of entries representing abstracts 

of papers published in leading scientific journals or presented at major international conferences. 

Continuing collaboration with fellow scientists at other institutes in Israel and abroad is also 

noteworthy. 

In terms of contents, the 1991 report does not reflect any major changes in the program. Sound 

research should not be subject to fashion trends driven by a rapidly changing environment. 

In this sense I am gratified by the stability of our program in a turmoiled world. 

Stability, however, should not lead to stagnation. A more careful analysis readily reveals the 

evolutionary changes that take place over periods of several years. For example the extent and scope 

of our research effort in the field of nuclear power in 1990-91 is greatly reduced in comparison with 

1987-88 and earlier reports. This shift of emphasis reflects worldwide trends as well as local factors. 

On the other hand, more work is being done in the areas of material sciences and environmental 

effects. Additional efforts are devoted to the development of new products for diagnosis in nuclear 

medicine. Several unique labelling methods for brain and tumour imaging are being investigated. 

Most of the studies reported here are being continued this year. I would therefore like to use 

this opportunity to wish the staff of our laboratories even more success in their endeavors and a 

fruitful and productive year. 

July 1992 Dr. S. Yona Ettinger 

Director General 

IAEC. 
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Variational Principles for Reactive Collisions Based on the Generalized 
Lagrange Multiplier MethodWS 

M. Baer and H. Nakamura* 

A general approach was studied to derive variational principles for physical magnitudes, 
Q(<|)), which are dependent on functions <j> known to be solutions of physical equations^2]. The 
approach is based on Lagrange multipliers which are incorporated into the expression for 
calculating Q by requiring that the functions (j> fulfill their equations. The approach is *irst 
applied to derive a general variational principle for the T-matric elements based on the 
Lippmann-Schwinger equation. As special cases we obtained the bilinear forms of the 
Schwinger and the Newton variational principles. Next, the approach is employed to derive a 
new Kohn-type variational principle for the S-matrix elements for reactive collisions based on 
the Schrodinger equation, which contains complex potentials. Finally, the approach is utilized 
further, to derive a novel variational principle for the flux function. 

References 

[1] M. Baer and H. Nakamura, J. Chem. Phys. (1992, in press). 
[2] E. Gerjuoy, A.R.P. Rau and L. Spruch, Rev. Mod. Phys. 55:725 (1983). 

Variational Treatments of Reactive Scattering: Application of Negative 
Imaginary Absorbing Potentials and Contracted L2 Basis Sets to 

Calculate S-Matrix Eiementsm§ 

I. Last and M. Baer 

Recently we introduced a time-independent approach to treat reactive collisions employing 
the negative imaginary absorbing potentials and L2-basis sets. The application of these 
potentials led to the formulation of a method whereby only one arrangement channel has to be 
considered in a given calculation. In the present work we extended the theoretical basis of this 
approach as follows: (i) We employ the Lagrange Multiplier method to construct a new Kohn-
type Variational Principle for reactive S-matrix elements obtained from the Schrodinger 
equation, which is solved for absorbing boundaries, (ii) We solve the Schrodinger equation 
using L2-basis sets; the translational, relatively narrow Gaussian functions; and the contracted 

§ Work supported by the U.S.-Israel Binational Science Foundation and the Israel Academy of Sciences and 
Humanities. 

Inst, for Molecular Science, Myodaiji, Okazaki, Japan. 
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vibrational adiabatic functions. In the numerical part, we (a) showed that our modified 
approach is capable of producing S-matrix elements which lead to the correct state-to-state 
reactive transition probabilities; and (6) solved the Schrodinger equation twice: once by 
employing regular L2-basis functions and once by employing the above mentioned L2-basis 
functions. The number of algebraic equations to be solved for the second case was found to be 
significantly smaller. 

Reference 

[1] I. Last and M. Bacr, Advances in Molecular Vibrations and Collision Dynamics, (1992, in press). 

Application of Negative Imaginary Arrangement Decoupling Potentials 
to Reactive Scattering: Conversion of a Reactive Scattering Problem 

into a Bound Type Problemni§ 

I. Last, D. Neuhauser* and M. Baer 

This work involves a time-independent treatment of a reactive system employing negative 
imaginary decoupling potentials. We show how, with the help of these potentials, a reactive 
scattering problem is converted into a bound-type problem; and that a reactive treatment can be 
carried out entirely in the products' arrangement channel without the use of the reagents' 
arrangement channel. By doing that we are able to obtain exact reactive state-to-state S-matrix 
elements or transition probabilities. 

Reference 

[1] I. Last, D. Ncuhauscr and M. Bacr, J. Chcm. Phys. 96:2017 (1992). 

§ Work supported by the U.S.-Israel Binational Science Foundation and the Israel Academy of Sciences and 

Humanities. 

* Dept. of Chemistry, Princeton University, Princeton, NJ, USA. 
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Variational (Time-Independent) Calculations of Reactive S-Matrix 
Elements: Application of Negative Imaginary Absorbing Potentials and 

Contracted U-Basis SetsUli 

I. Last and M. Baer 

Recently we introduced a time-independent approach to treat reactive collisions employing 
the negative imaginary absorbing potentials and L2-basis sets. The application of these 
potentials led to the formulation of a method whereby only one arrangement channel has to be 
considered in a given calculation. In the present work we extend this approach further. We 
show how this method is capable of yielding reactive state-to-state S-matrix elements (in the 
previous versions of this method, these elements could not be obtained). By employing 
contracted vibrational adiabatic and translational Gaussian functions, the number of algebraic 
equations to be solved within this approach is reduced significantly (by a factor of four). 

Reference 

[1] I. Last and M. Baer, Chem. Phys. Leu. 189:84 (1992). 

A Study of the Diabatic Electronic Representation Within the Born-
Oppenheimer Approximation^] 

M. Baer and R. Englman 

The adiabatic-diabatic transformation for electronic states and the diabatic representation 
which follows accordingly were considered. In two cases ambiguity was encountered: one in 
which the reduced electronic manifold is not well separated everywhere in configuration space, 
and the other in which conical intersections are exemplified by the E x e Jahn-Teller situation. 
In both cases, well defined diabatic states can be formed in most regions of configuration 
space. 

Reference 

[1] M. Baer and R. Englman, Mol. Phys. 75:293 (1992). 

s Work supported by the U.S.-Isracl Binational Science Foundation and the Israel Academy of Sciences and 

Humanities. 
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Vibrational State-to-State Calculations of H+ + O2 Charge Transfer 
Collisions^1! 

M. Sizun*, D. Grimbert*, V. Sidis* and M. Baer 

A comprehensive theoretical investigation of vibrational excitation and vibronic charge 
transfer in the H+ + O2 collision atEcm = 23 eV is reported. The'calculations of differential and 
integral scattering observables are undertaken within both the quantal infinite order sudden 
(QIOS) and the vibronic semiclassical (VSC) approximations. They involve 2 x 1 5 vibronic 
expansions associated with the diabatic states determinec' by Grimbert et alP-} using a so-called 
effective model potential (EMP) method. A quadri-partite comparison involving experimental 
data of Noll and Toenniesl3], results of a QIOS treatment of Gianturco et a/.M based on DIM 
potentials and the present QIOS and VSC results is presented. From the comparison of the 
theoretical and experimental results, it was found that the present calculations based on the EMP 
reproduce much better the experimental data than those based on the DIM potentials. Although 
differences are found between the present QIOS and VSC results, the experimental data do not 
help us to decide between the two theories. The relative merits of the QIOS and VSC 
approaches were compared. By scrutinizing intermediate results of lengthy calculations, we 
have been able to construct elementary models. Pure vibrational excitation was found to be a 
prominent process in this system, but it is substantially affected by the charge transfer process. 

References 

[1] M. Sizun, D. Grimbert, V. Sidis and M. Baer, J. Chan. Phys. 96:307 (1992). 
[2] D. Grimberl, B. Lassier-Govers and V. Sidis, Chan. Phys. 124:187 (1988). 
[3] M. Noll and J.P. Toennies, /. Chem. Phys. 85:3313 (1986). 
[4] F.A. Gianturco, A. Palma, E. Semprini, F. Stefani and M. Bacr, Phys. Rev., A 42:3926 (1990). 

Fragments of Matter from a Maximum-Entropy Viewpoint^] 

R. Englman 

After introducing the formalism of maximum entropy and reviewing alternative approaches 
for fragment size statistics, a general distribution law (similar in form to the Bose-Einstein 
statistics) was derived and applied to distributions observed in rock mining, exploding metallic 
shells, shattered crystal pieces, droplets in spray, atomic or molecular clusters, space debris and 
fragmented nuclei. Variations of fragment number with size that are power-law-like (fractal), 

Laboratoire des Collisions Atomiqucs ct Molcculaires, Univcrsit6 Paris XI, Orsay, France. 
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humped or exponential can lead to physically significant conclusions regarding the fracturing 
mechanism. Theoretical aspects of the maximum-entropy method in the derivation of the 
distribution law (including some inherent difficulties) were considered. 

Reference 

[1] R. Englman, J. Phys.: Condens. Matter 3:1019 (1991). 

A Numerical Simulation of the J?-Curve Behavior in Microcracking 
Materials!11 

M. Murat, R. Englman and Z. Jaeger 

Several models are proposed for crack propagation in ceramic materials with microcrack 
formation and coalescence. The models differ in the relative time scales involved in the internal 
relaxation processes and the external loading rate. It was found that when the external loading 
rate is very high, a rising R-curve is obtained. For slow external loading, the results depend 
upon the relative rate of the different internal relaxation processes and upon the distribution of 
the critical stresses needed to form the microcracks. In this regime, the existence of a rising R-
curve behavior is found to be due primarily to microcrack shielding. 

Reference 

[1] M. Murat, R. Englman and Z. Jaeger, J. Appl. Phys. 70:158 (1991). 

Polymers End-Grafted onto a Cylindrical Surface^ 

M. Murat and G.S. Grest* 

Equilibrium properties of linear polymers grafted at one end onto a repulsive cylindrical 
surface of radius/? are studied by using molecular dynamics simulations. R is varied between 
the limiting cases of a flat surface (/? -> °°) and a grafting line (/? = 0). Polymers consisting of 
50-150 monomers are grafted randomly at an average surface coverage of p a onto a cylindrical 
surface immersed in a good solvent. p a is taken to be large enough to induce overlap and 
consequent stretching of the chains. We present results for the monomer density profile and the 
density of the free ends. We find no evidence for the existence of a dead zone near the surface 

Corporate Research Science Laboratories, Exxon Research and Engineering Company, Annandale, NJ, USA. 
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from which the free ends are excluded in any of the systems with finite R. This is in contrast 
with some recent predictions that such a dead zone should exist in the case of polymers in a 
melt state, and probably under good solvent conditions as well. Only when R -» 0 (that is, 
polymers grafted on a line) do we see an indication of a dead zone. 

Reference 

[1] M. Murat and G.S. Grest, Macromolecules 24:704 (1991). 

Gruneisen Parameters of a Cracked SolidH] 

R. Ruppin 

A method was developed for calculating the dependence of the Gruneisen parameters of a 
cracked solid on crack density. The method utilizes the effective elastic moduli, for which two 
alternative theories are employed: the self-consistent scheme and the differential scheme. 
Numerical calculations indicate that the Gruneisen parameters decrease with increasing crack 
density, the rate of decrease being higher for the self-consistent scheme. 

Reference 

[1] R. Ruppin, J. Phys. Chem. Solids 52:941 (1991). 

A Percolation Theory Approach to the Lowering of Ionization Potential in 
Hot and Dense Plasmas^ 

J. Stein* and D. Salzmann 

Percolation theory is introduced in conjunction with a cylindrically symmetric Thomas-
Fermi model to calculate the ionization potential lowering in hot and dense plasmas. The. bound 
electron level shifts due to the interaction with the nearest neighbor are calculated by means of a 
cylindrically symmetric model. The critical energy for which a negative energy electron wave 
function overlaps a macroscopic portion of the plasma is then computed by percolation theory 
methods. 

Reference 

[1] J. Stein and D. Salzmann, Phys. Rev., A 45:3943 (1992). 

Hebrew University of Jerusalem, Jerusalem. 
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Analysis of Noisy Signals^] 

A. Rabinovitch* and R. Thieberger 

Autoregressive moving average (ARMA) models have been used extensively for predicting 
the time evolution of signals!2!. Recently the ARMA method has been applied to the analysis of 
chaotic data!3-4!. 

When a Box-Jenkinsl2! or similar analysis is carried out, a specific ARMA filter is obtained 
as being responsible for 'creating' the signal from a random shock generator. Usually there 
appears an added white noise as a result of measuring instruments or as an intrinsic property of 
the process measured itself. The amount of noise included in the signal is generally unknown. 
This noise brings about alterations in the ARMA parameters obtained^5! and hence also in the 
predicted time behavior. Since the exact magnitude of such noise is usually not available, 
unraveling of the 'pure' signal from the noisy one is impossible. However, it would be of 
advantage to have even a partial possibility of 'purifying' the signal, such as a knowledge of all 
possible pure signals which could have played the role of our signal's origin under the addition 
of different amounts of white noise. 

We developed a method whereby 'partial' noise puritication is performed. For the ARMA 
(2,2) case a complete analysis is carried out and by a nonlinear transformation the loci of the 
parameters, for all possible pure îgna1*?, are shown to lie on a straight line. The Fourier tran
sform and predicted time evolution can be calculated. This analysis can answer, for ins-tance, 
the question whether the original signal could have been of a pure AR(2) or ARMA(1,2) type. 

References 

[1] A. Rabinovitch and R. Thiebergcr, J. Time Ser. Anal. (1992, in press). 

[2] G.E.P. Box and G.M. Jenkins, Time Series Analysis. (Oakland, CA, USA: Holdcn Day, 1976). 

[3] A. Rabinovitch and R. Thicbergcr, Physica 28D:409 (1987). 

[4] A. Rabinovitch and R. Thicbergcr, J. Theor. Biol. 131:509 (1988). 

[5] S.M. Kay, Modern Spectral Estimation. (Englcwood Cliffs, NJ, USA: Prcnticc-Hall, 1988). 

Degree of Spatial Coherence in Refractive Median] 

O. Zahavi**, Z. Zinamon** and G. Hazak 

An expression for the degree of spatial coherence of radiation, which undergoes refraction 
was developed for a general profile of index of refraction. For some eases, this expression 

* Ben-Gurion University of the Ncgcv, Becr-Sheva. 

** Weizmann Institute of Science, Rchovot. 
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yields a simple generalization of the van Cittert-Zernike theorem, which was derived for non-
refractive media. This result was applied for a mirrorless laser, with a refractive index profile 
which depends quadratically on the transverse coordinate of the medium. The resulting 
analytical expression for the degree of coherence, in the presence of refraction, predicts an 
enhancement of the coherence length as compared with the non-refractive case. The validity of 
the analytical results was tested and compared with results of numerical calculations. 

Reference 

[1] O. Zahavi, Z. Zinamon and G. Hazak, Submitted to /. Opt. Soc. Am., A: Opt. Image Sci. 

Behavior of Spectral Lines and Degree of Spatial Coherence in the 
Presence of Refractional 

G. Hazak, O. Zahavi* and Z. Zinamon* 

The propagation of radiation from a source embedded in a non-homogeneous refractive 
medium was studied, using both mode analysis and ray-tracing methods. Scaling laws were 
deriveJ for excitation strengths of the modes, die degree of spatial coherence and the shift of the 
special line. 

Reference 

[1] G. Hazak, O. Zahavi and Z. Zinamon, Submitted to J. Opt. Soc. Am., A: Opt. Image Sci. 

Fundamentals of the Anisotropy of Elastic Interactions Between Dilating 
Particles in a Cubic Material!1! 

R. Shneck**, R. Alter**, A. Brokman*** and M.P. Dariel 

The anisotropic nature of the elastic interaction that prevails between point defects or 
precipitates, associated with pure dilatational misfit strains, within an elastically linear cubic 
material, is well established theoretically as well as experimentally. In most natural materials the 
interaction is attractive when the particles are arranged along the [100] direction of the matrix, 

Weizmann Institute of Science, Rchovol. 
Ben-Gunon University of the Negev, Bcer-Sheva. 

***Hebrew University of Jerusalem, Jerusalem. 
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and repulsive when they are arranged along the [110] or [111] directions. A detailed study of 
the elastic fields associated with the presence of a spherical dilating particle provided insight 
into this anisotropic nature of the elastic interaction energy. 

The displacement fields, the strain fields and the stress fields associated with a dilating 
sphere in an isotropic and in a cubic matrix were calculated by direct three-dimensional 
integration using a Fast Fourier Transform algorithm. The sphere exerts a uniform radial 
pressure on its surroundings and the primary strains at each point can be traced back as being 
directly related to the elastic compliance in the radial direction. Continuity of displacements and 
system symmetry induce, however, significant changes in the elastic fields, the origin of which 
lies in the small strains along the hard [111] and 1110] directions. A simple explanation for the 
elastic anisotropic interaction between neighboring point defects or precipitates ensues from the 
dependence of the interaction energy on the sum of the normal stresses within neighboring 
particles. 

Reference 

11] R. Schneck, R. Alter, A. Brokman and M.P. Daricl, Philos. Mag. A (1992, in press). 

Mass Transfer Under the Influence of an Electric Fields,2] 

A. Glitzen stein 

The phenomenon of increasing the mass transfer rate of a solute between two liquid phases, 
across a plane interface, was studied under the influence of an electric field. A model based on 
the movement of electric charges in the organic phase was developed to predict the mass 
transfer coefficient under the influence of an electric field normal to the interface. The major 
conclusion drawn is that a correlation between Sherwood number and Grashof number in a 
system with free convection due to concentration gradient of the solute, is also suitable for the 
same system when an electric field is applied, if Grashof number is modified to take into 
account the effect of the electric field on the electric charges. 

The model was tested experimentally in a system where mass transfer of acetic acid from 
kerosene to water takes place. The effect of the electric field on the electric charges was found 
by measuring the hydrostatic head changes in the kerosene phase. 

Two correlations, in the presence and absence of an electric field, were developed for the 
dependency of Sherwood number on Grashof number. They were found to be in good 
agreement with each other, as predicted by the model. 

References 

[1] A. Glitzensiein, M.Sc. thesis, Bcn-Gurion University of the Ncgcv, Bccr-Shcva (1990) (Hebrew, with 
English summary). 

[2] A. Glitzenstein, Y. Oren and A. Tamir, submitted to Chem. Eng. Sci. (1992). 
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Convergence of the Iterative Process for the Diagrammatic Expansion as 
Related to Liquid Structure and Freezing!1! 

Y. Rosenfeld 

The stability of the solution of the hypernetted-chain (HNC) integral equation for the pair-
correlation function of the fluid, with respect to its defining diagrammatic iteration loop, was 
investigated in one, two and three dimensions for the inverse power potentials characterized by 
a single dimensionless coupling parameter T. The solution of the HNC equation and its 
asymptotic (Onsager-) limit belong to the same basin of attraction with respect to the 
diagrammatic iterative map. A connection was established among (i) convergence properties of 
the diagrammatic low-density Mayer-expansion, (ii) the asymptotic strong-coupling, r —» «>, 
'Onsager' limit of the HNC integral equation, and (iii) the freezing density of simple liquids!1]. 

Reference 

[1] Y. Rosenfeld, Phys. Rev., A 43:6526 (1991). 

Instability of the Fluid Pair-Structure and the Freezing Density of 
Liquidŝ 1 J 

Y. Rosenfeld 

Instability of the pair-distribution function of the fluid was discovered recently!2!, which 
was closely correlated with the freezing density of the soft inverse power potentials. The study 
was extended to a large variety of pair interactions and for mixtures, in an attempt to find 
general systematic behavior. The ratio between the 'instability' (pc) and freezing (PF) 
densities, prj/pB increases monotonically as the steepness of the interaction decreases, between 
the extreme values of 0.9 for hard-spheres and 1.3 for the Coulomb potential. Preliminary 
results were obtained on the instability lines for mixtures, which are in qualitative agreement 
with freezing densities from thermodynamic calculations, and from recent experiments on the 
phase behavior of mixtures of colloids. It is predicted that (i) the fluid phase is stable to a higher 
density in the binary mixture than in the monodisperse system; (ii) the density of the binary 
mixture fluid increases from that for the monodisperse case up to a maximum value for diameter 
ratios of approximately 1.5 and then decreases; and (iii) the maximum fluid freezing density 
occurs in mixtures rich in small particles, with the proportion of small spheres increasing 
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sharply with increasing diameter ratio. The same integral equation, namely, the hypernetted 
chain, provides an accurate description of both the fluid pair structure and its limit of stability. 

References 

[1] Y. Rosenfeld, submitted to Phys. Rev., A. 
C2] Y. Rosenfeld, Phys. Rev., A. 43:6526 (1991). 

Relation Between the Free Energy and the Direct Correlation Function 
in the Mean Spherical Approximation^ 

L. Blum* and Y. Rosenfeld 

It has been shownM that the direct correlation function of a mixture of hard ions in the mean 
spherical approximation (MSA) can be expressed in terms of overlap functions of charged 
spherical shells. In particular, if the system is a mixture of pairs of ions of equal and opposite 
charge, then the MSA direct correlation function is given by the electrostatic interaction energy 
of a pair of charged shells, with a radius equal to thnt of the hard ion plus l/(2r). This direct 
correlation function can be derived from a free endgy functional, and a simple extension to 
nonuniform systems has been given, as an extension of the model for hard sphere mixtures^. 

References 

[1] L. Blum and Y. Rosenfeld,./. Stat. Phys. 63:1177 (1991). 
[2] Y. Rosenfeld, Phys. Rev. Leu. 63:980 (1989). 

Intermittency and Phase Locking of the Bonhoeffer-van der Pol Model 

S. Yasin**, M. Friedman, S. Goshen, A. Rabinovitch** and R. Thieberger 

Stimulated responses of action potentials in squid giant axons can be understood in terms of 
a dissipative structure that behaves as a nonlinear neural oscillator. In this work we considered 
the Bonhoeffer-van der Pol model!11 for this problem. 

In a recent theoretical paper!2] the bifurcation scheme for a specific parameter region was 
discussed. In an experimental paper^ on normal squid axons, a global bifurcation diagram was 

University of Puerto Rico, Rio-Piedras, Puerto Rico. 

Bcn-Gurion University of the Negev, Bccr-Sheva. 
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obtained. The main interesting features were the appearance of mode locking and intermittency 
of the III type. In our calculations we obtained intermittency of the I type in the region of the 
first paper, and qualitative agreement with the mode locking and intermittency of the i n type for 
the experimental paper in the range between winding numbers 1/3 and 2/5. 

References 
[1] R. Fitzhugh, in: Biological Engineering. HP. Schwan [Ed.] (New York, NY: McGraw Hill, 1969). 
[2] S. Rajasekar and M. Lakshmanan, Physica D 32: 146 (1988). 
[3] N. Takahashi, Y. Hanyu, T. Musha, K. Kubc and G. Malsumoto, Physica D 34: 318 (1990). 

Calculating Fractal Dimensions^11 

S. Goshen and R. Thieberger 

Dur ing the last few years much attention has been paid to the study of fractal sets'2* in a 
metric space, such as a geometric object or the phase space trajectory of a dynamic system. It 
was shown'3! that the Renyi dimensions are good candidates to characterize the statistical 
distributions of these sets of points. One approach to the calculations of these dimensions is the 
box counting algorithm. A m e o d o et al.W demonstrated the utility of this approach. However , 
this method has not been widely used because i t apparently requires too much computer 
memory and computation time. 

W e have shown how one can construct a program that saves memory and how the use of 
transputers can help us to reduce the computation time to reasonable lengths, at a relatively low 
cost. 

References 

[l] S. Goshen and R. Thiebergcr, Int. J. Mod. Phys., C (1992, in press). 
[2] B.B. Mandelbrot, The Fractal Geometry of Nature. (San Francisco, CA, USA: Freeman, 1982). 
[3] P. Grassberger and I. Procaccia, Physica D 13: 34 (1984). 
[4] A. Arneodo, G. Grasseau and EJ . Kostclich, Phys. Leu., A 124: 426 (1987). 

Asymptotic Self-Similar Solutions: I. New Solutions to the Strong 
Explosion Problem' ̂  

E. Waxman and D. Shvarts 

The flow resulting from a strong explosion at the center of an ideal gas sphere, the density 
of which drops with the distance r from the origin as r-°\ is assumed to approach 
asymptotically the self-similar solutions by Sedov and Taylor. We have shown that the Sedov-
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Taylor solutions, which exist only for QK5 and are probably the most familiar example for self-
similar solutions of the first type, fail to describe the asymptotic flow obtained for 3^co<5. New 
second-type self-similar solutions, which describe the asymptotic flow for 3<a>'*5 as well as 
for co>5, have been found. Analysis of the new solutions shows that there exists some a)c>3 
for which a qualitative change in the asymptotic flow behavior takes place. For co<coc, the 
asymptotic flow contains no characteristic length or time scale and the self-similar length scale 
is of the usual form R(t) = Ata. For co>Q)c, a typical time-scale appears in the asymptotic flow 
and the self-similar length scale assumes the form: R(t) = T>e^1 for co=<Oc, and R(t) = A/(x= l) a 

for co>Oc. These results are in conflict with the common assumption that asymptotic self-similar 
solutions never depend upon parameters with the dimensions of length or time. A generalized 
approach to asymptotic self-similar behavior must therefore be constructed. 

Reference 

[I] E. Waxman and D. Shvarts, Submitted for publication to Phys. Fluids. 

Asymptotic Self-Similar Solutions: II. A Generalization of the 
Asymptotic Self-Similar Solutions and its Application to the Imploding 

Shock Wave ProblemH] 

E. Waxman and D. Shvarts 

The general form and properties characterizing asymptotic self-similar solutions to the 
equations describing one-dimensional adiabatic flows were studied. First, we constructed a 
new generalized physical explanation for the occurrence of an asymptotic approach to self-
similarity. In contrast with customary assumptions, constants with the dimensions of length 
and time may appear among the parameters determining the asymptotic self-similar flow. As a 
consequence, the time-dependent self-similar length scale R(t) is not restricted to the traditional 
form R(t) = Ata. The asymptotic solutions are divided into two types in a new way, based 
upon a qualitative physical difference between flows that belong to each type. Although the 
resulting types are similar to those of Zel'dovich, our analysis sets a physical criterion for 
determining the type of self-similarity relevant to a particular problem. It furthermore allows us 
to explain why second-type solutions must pass through a singular point of the hydrodynamic 
equations. Finally, we considered a generalization of the imploding shock-wave problem, and 
find new self-similar solutions that demonstrate the validity and importance of the general 
analysis results. 

Reference 

[1] E. Waxman and D. Shvarts, Submitted for publication to Phys. Fluids. 
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Autoionization and Radiationless Electron Capture in Complex Spectral 

J. Oreg, W.H. Goldstein*, M. Klapisch** and A. Bar-Shalom 

The factorization-interpolation model'2! developed to compute collisional excitation rate 
coefficients in dense plasma efficiently, is applied here to autoionization and radiationless 
electron capture. Results using a parametric atomic central potential, and factorization-
interpolation for autoionization rates and dielectronic recombination rate coefficients in Ne-like 
Fe, were compared with Multi-Configurational Dirac Fock calculations!3', with excellent 
agreement. As a further application, we treat the problem of indirect ionization via collisional 
excitation followed by autoionization in Zn-like Fe and Mo. 
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Excitation Autoionization from the Ground States of Highly Ionized 
Ga-I-Like Ions Through An=l Transitions^] 

J. Oreg, W.H. Goldstein*, P. Mandelbaum***, D. Mittinik***, E. Meroz***, J.L. Schwob*** 
and A. Bar-Shalom 

A systematic investigation of ionization enhancement due to collisional excitation followed 
by autoionization (EA) was conducted for Ga-1-like rare earth elements. Both nuclear charge 
and temperature dependence were analyzed and compared with direct impact ionization (DI) 
rates. Collisional excitation and autoionization rates were calculated in the distorted wave (DW) 
factorization-interpolation method'2'. DI rates were calculated by a modified plane wave Born 
approximation method. The rates for the combined EA process for selected Ga-I-like ions from 
Mo XII to Dy XXXIII were presented for the relevant temperature ranges. Indirect ionization 
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was dominant for Mo through Pr but reduced gradually with Z and approached zero at Dy. A 
density diagnosis was provided by open EA channels wh :zh are not active at low densities. 
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Sum Rules for the Collisional Radiative Model 

J. Oreg, W.H. Goldstein*, A. Bar-Shalom and M. Klapisch** 

We derived 'level-configuration' sum rules, giving the total transition rate from a detailed 
atomic level to a summed configuration, for dielectronic capture, autoionization, collisional 
excitation and ionization. For each process it was shown that it is possible to factor out the 
dependence on the continuum electrons' wave-functions, so that the explicit dependence of the 
rates on the level is obtained from the matrix element of an effective operator acting in the 
bound orbitals space only. In a large class of cases, the latter reduces to a one-electron 
rnonopole operator, whose matrix element is proportional to the statistical weight of the level if 
the radial factor is assumed to be independent of the energy. Explicit analytic expressions for 
the 'level-configuration' sum rules were drawn up for all cases of all these processes. The 
results allowed the analysis of some assumptions usually made in collisional radiative models. 
Together with the well known J-file sum rule of the radiative rates'1!, they offer a systematic 
and efficient procedure for collapsing high-multiplicity configurations into 'effective' levels for 
the purpose of modeling the population kinetics of ionized heavy atoms in plasma. 
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Dynamics of Multidimensional Barrier Crossing in the Overdamped 
LimitHl 

B. Carmeli, V. Mujica* and A. Nitzan** 

Two methods for numerical solution of multidimensional diffusion prot.sms were applied to 
the two-dimensional barrier-crossing problem in the overdamped limit. One of these methods is 
based on evaluating the smallest non-vanishing eigenvalue of the Smoluchowski equation, and 
the other is based on an adaption of Chandler's steady-state correlation function approach. Both 
methods make use of the fast Fourier transform algorithm for solving a transformed version of 
the Smoluchowski equation. The numerical solutions were compared with results based on 
Kramer's theory. 
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Fission Product Release Following a Severe Accident in a Medium-Sized 
HTGR 

S. Ron, J. Szabo and J. Tzoref 

The potential for fission product release in a beyond-design accident in a medium-sized 
high-temperature gas reactor (HTR-500) was investigated. The Dynamic Simulator for Nuclear 
Power Plants modular simulation code!1! was employed in the simulation of the risk-
dominating depressurization accident coupled with the failure of forced circulation of the decay 
heat removal systems. For such an extreme accident, the maximal fuel temperature would reach 
3050°C, and during 100 h from the beginning of the accident 0.O34 of the 137Cs inventory 
would be released from the fuel elements to the primary circuit, and 2.4xl0~3 is estimated to be 
released to the containment atmosphere (Fig. 1). The importance of the gaseous releases of CO 
and He from the graphite matrix in sweeping the fission products from the primary circuit was 
demonstrated. 
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Fig. 1: Cs release fractions into the primary circuit and containment atmosphere. 
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Comparing Thermal-Hydraulic Aspects of Small Modular and Medium-
Sized High-Temperature Gas Reactor Plants 

D. Gal, D. Saphier and M. Shapira 

The HTR-ModuleM (200 MWt) and the HTR-50012! (1390 MWt) plant's response to loss 
of flow transients was simulated using the DSNP (Dynamic Simulator for Nuclear Power-
plants) modular code. The HTR-Module is characterized by the following thermal-hydraulic 
parameters: core height to diameter (aspect) ratio, 3.2; mean power density, 3 MW/m3; helium 
mass flow, 85.4 kg/s; cold and hot gas temperatures, 250 and 700°C, respectively; and 
360,000 fuel spheres. The corresponding design data of the HTR-500 are: core aspect ratio 
-0.8; mean power density, 6.5 MW/m3; helium mass flow, 585 kg/s; cold and hot gas 
temperatures, 260 and 720°C, respectively; and 1.154-106 fuel spheres. 

Three qualitative conclusions are drawn from the above considerations: (i) comparing the 
two plants' design data it is seen that the helium mass flow's ratio is about the same as the 
thermal power's ratio producing very similar helium temperatures, (ii) The HTR-Module has 
less than half the mean power density of the HTR-500, leading to lower maximum fuel 
temperatures in the event of a core heat-up accident, (iii) The higher aspect ratio of the modular 
core provides enhanced capability to release decay heat (in the event of loss of flow transients) 
by means of passive heat transfer mechanisms, namely, conduction and thermal radiation — in 
the radial direction rather than in the axial direction towards the top and bottom reflectors. 

DSNP simulations of depressurized loss of flow in the HTR-Module indicate that a 
maximum fuel temperature of 1415°C is attained 38 h after the initiation of the event. Simulation 
of the HTR-500 by Ron and Tzorefi2! using the DSNP yielded a maximum fuel temperature of 
3040°C after 43 h. Although this temperature is lower than the graphite sublimation temperature 
(3650°C), it is much higher than the temperature (1600°C) at which diffusion of fission 
products from the fuel particle starts. 

The complex numerical simulations performed using DSNP are consistent with the above 
qualitative considerations. 
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Dynamic Modeling of Gas-Cooled Reactor Thermal Hydraulics with the 
DSNP 

D. Saphier, D. Gal and M. Shapira 

Several large-scale simulations of various high-temperature gas reactor (HTGR) plants have 
been developed using the DSNP (Dynamic Simulator for Nuclear Power-plants), a special-
purpose block-oriented simulation language. The DSNP is a modular modeling system by 
which a large variety of nuclear power plants can be simulated. HTGR phenomena simulated 
include forced and natural circulation, normal operational transients and accidents, pressurized 
and depressurized conditions, and decay heat removal by various operational modes. Several 
models of HTGR components were developed and added as modules to the four DSNP 
libraries. Three of the libraries include component models at increasing levels of sophistication, 
and the fourth is a material property library including a large number of equations of state for 
different coolants as well as heat transfer and flow correlations. 

The major components developed for HTGR studies include one-dimensional (1-D) and 
two-dimensional (2-D) thermal hydraulic pebble bed core models, a detailed 1-D once-through 
steam generator model, a 2-D solid conducting cylinder model to represent heat transfer through 
the prestressed concrete reactor vessel (PCRV), an improved heat exchanger model for the 
decay heat-removal (DHR) unit, an improved circulator model, a 1-D gas chamber 
(multichamber cavity module), and a 1-D conducting block with centrally bored passage to 
represent the upper and lower graphite reflectors. All the other models used in the HTGR 
simulations were available previously in DSNP. These include such modules as pipes, cavities, 
mixing plena, pumps, turbine, neutronics, xenon poisoning, control elements, safety modules, 
valves and the many material property functions that are needed when a nuclear power plant is 
being simulated. 

For each plant several DSNP simulations were developed, depending on the accidents to be 
simulated. In a depressurization accident with a total loss of flow, a 2-D core model was used 
to investigate the detailed temperature distribution throughout the reactor. For reactivity 
transients the 1-D core model was sufficient, with a simple representation of the primary loop. 
For ATWS (Anticipated Transients Without Scram) accidents in which natural circulation 
phenomena occurred with decay heat removal through a DHR or through the PCRV surface 
cooler, detailed modeling of the primary loop was necessary. 

The major conclusion from these studies is that in the small modular reactor (-250 MWt), 
the fuel temperature during a Loss-of-Coolant-Accident will be always below the critical value 
at which fission products will be released; even if no flow through the core exists, the heat will 
be dissipated through the PCRV into the environment. For the medium-sized HTGR (~1000 
MWt), some mode of minimum natural circulation must be established in order to maintain the 
fuel temperature below its critical level. 

23 



Transient Analysis in a Medium-Sized High-Temperature Reactor Power 
Plant 

M. Shapira, D. Gal and D. Saphier 

As part of a safety analysis of medium-sized HTR power plants, DSNP (Dynamic Simulator 
for Nuclear Power-plants) was used to study the reactivity transient initiated by an increase in 
the core reactivity followed by a scram action. The transient is initiated from a full power 
operation. A positive ramp of reactivity is introduced into the core by assuming an uncontrolled 
control rod causing a positive reactivity perturbation of 0.5% ok/k. As a result of the reactivity 
increase, the temperature rises and when the hot gas temperature at the steam generator inlet 
reaches 750°C, the reactor scram is activated. Five seconds after the scram is activated, four of 
the six steam generators are shut off. The flow in the main circulator is reduced from 
554 kg/s to 185 kg/s (one-third of its value) and then during 20 s is decreased to 36.9 kg/s. At 
the same time the total feed water flow is decreased from 557.4 kg/s to 50 kg/s, through the 
two remaining steam generators. It is assumed in this study that the decay heat in the core is 
removed from the primary loop through the steam generator. A full-scale simulation of the 
primary loop was studied, with the components and the physical process simulated by the 
DSNP modules. 

The mass, momentum and energy balance equations were solved as rigorously as possible, 
and thus the core module CORPB2 was modified. The cold gas, upper plenum, hot gas plenum 
ducts, blowers and cavities in the report were simulated using the DSNP gas control volume 
module GCAVaa. Another feature of the study was the coupling of core neutronics with the 
main loop, which implies high stiffness of the system of equations to be solved. The transient 
was analyzed with a new steam generator module OSTGM3 using a moving boundary method, 
and with two steam generators representing the six steam generators in the actual plant. Xenon 
poisoning was also considered in the analysis. 

The simulation indicated that the peak core gas temperature is 857°C, and occurs at t=290 s. 
The peak fuel temperature of 1026°C is attained at t=188 s at 3.75 m from the core top. This 
temperature is far below the value of 1600°C which is considered to be the threshold above 
which the fuel coating's integrity is in danger. 

Dynamic Steam-Generator Model for General Power Plant Application 
with the DSNP 

M. Shapira, D. Saphier and D. Gal 

A reliable model for a Once-Through Dynamic Steam Generator is crucial for the safety 
analysis of most nuclear power plants. The steam generator (SG) is one of the most 
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complicated components of the power plant, due to the fact that different regimes of two-phase 
flow occur in the secondary side of the SG. The secondary side can be divided into four main 
regions: subcooled, nucleate boiling, film boiling, and superheated region. The boundaries 
between these regions depend upon the mass flow rate, the rate of the heat transfer, and the 
thermodynamic properties of the secondary fluid, which in turn depend on the dynamics of the 
entire plant. To obtain a solution for the dynamics of the SG, the energy, momentum and 
continuity equations must be solved separately for the gas and the liquid phases for the four 
regions. The locations of the boundaries between the different flow regimes should be a part of 
the solution as well. 

In this study we assume a one-dimensional flow and apply the approach where we solve one 
set of equations for the two phases and use a void fraction correlation to consider the fact that 
the two phases have different velocity and different thermodynamic properties. We use here a 
movable boundary formulation such that the locations of the boundaries between the different 
flow regimes are part of the dynamic solution. 

Many void fraction correlations appear in the literature. The analysis with different 
correlations for the void fraction can yield different results. Various correlations need to be 
tested to find the best correlation for each region in this type of flow. 

A Once-Through Dynamic Steam Generator model for the Dynamic Simulator for Nuclear 
Power-Plants (DSNP) package was developed, where different void fraction correlations are 
applied by changing an input parameter of this model. In this model each flow regime of the 
secondary side is treated separately and can be divided into as many sub-regions as necessary 
for the simulation. Solutions were obtained using the data from an operating high-temperature 
gas-cooled power plant and comparisons were made between solutions with different 
correlations for the void fraction. 

A DSNP Movable Boundary U-Tube Steam Generator ModelHl 

D. Gal, D. Saphier and E. Elias* 

A U-tube steam generator (UTSG) module (Fig. 1) for the Dynamic Simulator of Nuclear 
Power Plants was developed. It is to be used in the simulation of pressurized water reactor 
(PWR) transients and parametric studies, and is based on a movable boundary model in which 
the volumes of the various control volumes are dynamic variables. The UTSG is divided into 
ten control volumes with movable boundaries between them. The intensive mass and energy 
balance equations are solved in each control volume, while two integral momentum equations 
are solved for the primary and secondary flow paths. A homogeneous equilibrium model is 

*Technion-Israel Institute of Technology, Haifa. 
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assumed in the boiling region. The UTSG model was included in a detailed simulation of the 
Trojan PWR primary loop. 
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Fig. 1: Schematic drawing of the UTSG model. 
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Precursory Cooling During Top-Spray Revvetting of a Narrow 
Rectangular Channel 

A. Nagler, E. Elias* and S. Oleic* 

A typical core of a Material Testing Reactor (MTR) consists of fuel plates separated by 
narrow rectangular gaps (== 1.2 mm wide) for coolant flow. In the hypothetical event of a loss-
of-coolant accident the heat transfer rate in the core may be drastically reduced, under certain 
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conditions causing the temperature of the fuel plates to rise above the quenching limit. To 
prevent the clad temperature from reaching undesirable high values, the core must be equipped 
with an emergency core cooling system (ECCS) which sprays water at the top of the core when 
the fuel plates, temperature exceeds a certain predetermined level. To evaluate the effectiveness 
of the ECCS in a MTR, one has to consider a variety of operational and design parameters. 
Unfortunately, most of the published data on the rewetting of hot surfaces!1-3! are derived for 
open geometry configurations and thus cannot be readily applied for predicting the cooling rate 
in a confined narrow channel. The prime goal of this study was to investigate the heat and mass 
transfer phenomena occurring during top-spray cooling in a confined geometry and to provide 
basic data for estimating the safety margins of a MTR's core. 

The physical model is based on solving the conduction equations in the solid fuel plates in 
conjunction with the mass and energy conservation equations of the fluid in the wet and dry 
regions of the channel. In the present phase of the study, it is assumed that the channels are 
open to the environment via holes in the bottom grid plate such that the vapor is forced 
downward and out of the core by the piston-like motion of the coolant. Moreover, it is 
recognized that the conditions typical to the present rewetting problem (low Biot and Peclet 
numbers) justify the use of a one-dimensional model, i.e., the assumption of a uniform 
temperature in the fuel plates in the direction normal to the flow. 

Most of the heat is removed from the solid by heat transfer to the liquid on the wet side, 
upstream of the quench front. Nevertheless, heat transfer to the two-phase liquid-vapor mixture 
downstream of the quench front (precursory cooling) plays an important role in the rewetting 
of a confined channel. Precursory cooling is therefore considered by using an analytical 
solution for the heat convection in the vapor region as a boundary condition for the heat 
conducting in the fuel plates. The phenomenon of liquid droplets penetrating downstream of the 
triple interface line (quench front) is investigated by computing the vapor temperature profile in 
the dry region. The boundaries of the droplets penetration zone are defined by the isotherm, in 
the vapor region, corresponding to the minimum rewetting temperature. The effect on the 
quench front velocity of the coolant inlet temperature, wall initial temperature and the coolant 
inlet flow rate are studied parametrically. 
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A Two-Fluid Model for Critical Flashing Flows in Pipes 

R. Dagan, E. Elias*, E. Wacholder* and S. Olek** 

The thermal hydraulic design and safety analysis of light-water nuclear reactors involves the 
determination of the water conditions in the primary cooling system during a depressurization 
event resulting from a hypothetical rupture of a vessel or pipe. Reliable estimation of the 
maximum flow (also known as critical or choked flow) and the fluid characteristics exiting from 
the ruptured flow circuit is important in this case, as it determines the time at which the core is 
uncovered, and the forces produced by the expanding fluid jet on the pipe and surrounding 
equipment in the vicinity of the jet. 

The present work extends the two-fluid model which was suggested previously by other 
investigatorsH-31. The model emphasizes some new aspects, in particular with respect to the 
heat and mass transfer to bubbles forming in the flow. The problem considered is that of a 
compressed fluid expanding from a large vessel through an open pipe. The model consists of 
five conservation equations that include mass and momentum equations for each phase and a 
combined energy equation for the phase mixture. A separate equation is introduced to relate the 
void spatial distribution to the growth rate of the vapor bubbles along the flow path. 

The model is validated against data measured in small- and large-scale test systems. Good 
agreement with experimental data can be obtained by proper modeling of the heat and mass 
transfer processes between the two phases. The model accounts for thermal and mechanical 
rionequilibrium in a low quality flow using a conduction-controlled bubble growth. This mode 
of bubble growth may not be valid near the choking plane where, as pointed out by Olek et 
d/.W, other parameters, such as bubble inertia, may be important. It is also recognized that the 
assumption of saturated vapor phase in a superheated liquid phase may not be realistic at high 
flow qualities where vapor bubbles may coalesce to form a continuous phase. The model is 
therefore limited to low flow qualities in which direct thermal and momentum transfer between 
the bubbles can be neglected. 

References 

[1] H J . Richter, EPRI-Rcport NP-1800 (1981). 

[2] K.H. Ardron, Int. J. Multiphase Flow 4:323 (1987). 

[3] F . Dobran, J. Heat Transfer 109:731 (1987). 

[4] S. Olek, Y. Zvirin and E. Elias, Warme-Stoffubenrag. 25:17 (1990). 

* Technioii-Israel Institute of Technology, Haifa. 

** Israel Electric Corporation Ltd., Haifa. 

28 



Absorption of Collimated, Uniform and Monochromatic Beams of 
Neutrons in a Cylindrical Sampled 

H. Shaked 

The absorption probability of neutrons in a cylindrical sample was studied. The neutron 
beam is monochromatic and collimated, and its intensity is uniform across the beam. Uniform 
(one-region) and nonuniform (concentric two-region) samples were considered. An exact 
solution in an analytic form was found for the uniform case, whereas for the nonuniform case 
the exact solution was in the form of an integral (which should be numerically integrated). In 
the nonuniform sample, concave {i.e., low in the center) and convex distributions of absorber 
were considered. There was some symmetry with respect to these types of absorber 
distributions, in the change in the absorption probability due to the absorber nonuniformity. 
The applicability and limitations of the solutions were considered. 

Fig. 1: Cylindrical sample with a uniform-absorption cross-section, L, illuminated (from the left) by a 
collimaicd neutron beam of uniform intensity. The neutron path at x is equal to 2"V (R - X2). 

A purely absorbing cylindrical sample of radius, R, having an absorption cross-section, X, 
uniform throughout the sample, is illuminated by a neutron beam. The neutron beam is parallel 
and uniform and its axis is perpendicular to the cylindrical axis of the sample (Fig. 1). The 
absorption probability in the sample is given by: 

p _ number of neutrons absorbed in the sample 
number of neutrons which entered the sample 

The absorption probability, P, can then be written as an integral over the absorbing paths 
and readily integrated^: 
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P = ^[Ii(u)-Lx(u)] =S(u); u = 2ZR 

Hence, P is obtained in terms of a well known function, S (related to Struve functional), of 
a single variable, the absorption parameter, u (=2ZR). This function is small for small values of 
u. For large values of u, it asymptotically approaches unity as u is increased, as expected of a 
function representing probability. 

Fig. 2: Cylindrical sample with a nonuniform-absorption cross-scclion. It consists of two uniform concentric 
regions with absorption cross-sections Si and IQ,. The neutron paths in these regions are 2a and 2p\ 

respectively. 

The exact solution of the two-absorption region sample is obtained as 

P = S(2S2R2) + J - dx exp [-25^] [exp [-l^a] - exp[-2Z2CX]] 

and is studied as a function of the sample parameters. 
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Derived Intervention Levels of Radionuclides in Food Following a Major 
Nuclear Accident 

Y. Gur, T. Schlesinger and Y. Shamai 

After the Chernobyl accident in April 1986, it was recognized that the available guidelines 
did not adequately cover the precautions to be taken to protect the population in areas far 
removed from the accident site, and over long time scales. One of the major difficulties 
concerns decisions regarding the safety of contaminated food and drinking water. Therefore 
WHO developed guidelines in 1988, expressed as two types of Derived Intervention Levels, 
DIL and DIL*, to assist national authorities in making decisions on the control of contaminated 
food and drinking water following a major nuclear accident. 

Aiming to overcome some of the limitations of the WHO method, in particular the 
difficulties in checking different strategies for handling given situations, and in order to enable 
the decision-maker to make interactive optimization, we developed a user-friendly Personal 
Computer Application called 'RAMOT', with built-in age-specific dose factors for several 
radionuclides, and other relevant information. With this tool, the decision-maker himself, 
without any help from a programmer or an expert, can try different management strategies, 
such as selective food consumption constraints or hypothetical contamination levels of each 
food type by each radionuclide, and see, in real time, the consequences of his actions, namely, 
the age-specific whole-body dose to individuals in the public. Once the reference level of dose 
(say, 5 mSv) is achieved in an enforceable set of conditions, the DILs are established. If the 
quantities of contaminated foods or the areas of affected fields, together with contamination 
levels and transfer factors from ground to food, are known, the collective effective whole-body 
dose is computed and represents an aid in decision making. 
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Distinct Features of Double Phase Conjugation in Photorefractive Semi-
Insulating GaAsM 

D. Chomsky, S. Stemklar, S. Jackel and A. Zigler 

We present two special features of the Double Phase Conjugate Mirror (DPCM) in 
photorefractive semi-insulating GaAs. The first one is the apparent discrepancy between the 
measured photorefractive coupling coefficient for the DPCM (r = 2.03) and the one of two-
beam coupling ( r = 1.5) in the same crystal. The discrepancy is explained by a theoretical 
model which includes the effect of absorption. The second feature is the self-frequency 
detuning of the phase conjugate beams relative to the pump beams in the DPCM. The detuning 
is necessary to satisfy the DPCM oscillation condition. 
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Photorefractive Beam Coupling in B a T i 0 3 

D. Chomsky, S. Sternklar, S. Jackel and R. Lalluz 

In the research carried out with photorefractive BaTi03 as part of the 1990/91 schedule for 
the Coherent Light Amplifier Project, we studied three features of beam coupling: spectral 
filtration in two-beam coupling, the possibility of enhancing the photorefractive gain, and beam 
combining. The theory and experiment on spectral filtration has been described elsewhere^1!. 
Bandwidth narrowing is experienced by a laser beam subjected to a photorefractive two-beam 
coupling process. Contrary to the conventional method of frequency filtration with a Fabry-
Perot etalon, this technique has no intrinsic finesse limitation on its resolution, A factor of 2 in 
bandwidth narrowing is achieved with an argon ion laser. 

In an experiment on gain enhancement, seeding a photorefractive stimulated scatter process 
was shown to enhance the two-wave mixing gain by a factor of 5 in the transient regime, and to 
decay to a steady-state enhancement of 2. Results on photorefractive beam combining showed 
that the four-wave mixing configuration known as the Double Phase Conjugate Mirror is a 
leading candidate for this task. 
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Signal-to-Noise Ratio in Brillouin Two-Beam Coupling!1! 

S. Sternklar, Y. Glick, S. Jackel and A. Zigler 

Brillouin two-beam coupling has been used to achieve high gain!2! as well as image 
intensification!3!. Recently, the issue of noise, which accompanies the amplification, has been 
treated theoretically!4]. We have carried out an experimental and theoretical study of the signal-
to-noise ratio (SNR) for this amplifier, using CS2 as the Brillouin medium. This work was 
performed for two different cell lengths, 50 cm and 100 cm. Our theoretical analysis includes, 
perhaps for the first time, a treatment of SNR in the pump depletion regime. 

The experimental dependence of SNR on input signal or pump intensity is shown to be 
linear in the nondepleted pump regime. The minimum number of input signal photons per mode 
(needed to achieve SNR = 1) is ~5xl04. However, for pump intensities above ^4 MW/cm2, 
the SNR peaks and falls sharply. This degradation of SNR vs pump intensity may present a 
fundamental limitation, because it can prevent the operation of the amplifier to achieve 
simultaneous maximum amplification and SNR. 
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Noise Limitations of Brillouin Two-Beam Coupling: Theory and 
Experiment Jl 

S. Sternklar, Y. Glick, S. Jackel and R. Lalluz 

A theoretical and experimental study of noise in Brillouin two-beam coupling was 
conducted, including both the nondepleted and depleted pump regimes. The signal-to-noise 
ratio (SNR) was shown to be proportional to the weak signal input power as well as the pump 
intensity in the nondepleted regime. Pump depletion causes both the SNR and gain to degrade 
significantly, leading to an optimum working point of gBlpL = 20. The minimum detectable 
signal power per mode of noise, predicted and measured to be approx. 5H.W at X = 1.06 |j,m, is 
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dependent upon frequency and temperature, while die peak gain is also dependent upon the 
Brillouin coupling coefficient gs, interaction length and cross-sectional area of the amplifier. 
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Geometrical Separation Between the Birefringence Components in 
Faraday-Rotation Fiber-Optic Current Sensors*1! 

A. Ben-Kish, M. Tur and E. Shafir 

A new layout architecture for the Faraday-rotation fiber-optic current sensor is proposed. 
This layout, which has the form of a polygon with loops at its corners, circumvents the bend-
induced birefringence problem that limits both the size and the sensitivity of these devices. The 
new layout was tested employing commonly used low-birefringence single-mode optical fiber; 
linear dependence of the device sensitivity on the number of fiber windings was demonstrated. 
The proposed layout opens up new possibilities in designing more compact and more sensitive 
fiber-optic Faraday-rotation current sensors. 
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Non-Destructive Health Monitoring by Embedded Optical FibersHl 

Y. Weissman 

Optical fibers are thin glass wires that are extremely efficient in transmitting light. The 
primary application of optical fibers is in the field of telecommunication. However, the special 
properties of optical fibers and the development of the associated technologies have made other 
applications attractive. The most important spinoff of optical fiber technology is optical fiber 
sensing. Many types of fiber-based sensors are already commercially applicable, in fields 
ranging from industrial temperature measurement to inertial rotation sensing. An important new 
class of fiber-based sensors is embedded sensors. Structures with embedded sensors were 
given the generic name 'smart structures'. Optical fiber material is extremely convenient for 
most applications. Silica is dielectric, chemically inert and withstands high temperatures. The 
standard fiber diameter is only 125 p., with smaller diameters available as well. The bending 
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radius is typically a few millimeters. These properties allow the embedding of fibers in a wide 
range of materials, including composites, during the fabrication process. This embedding can 
be designed to have a minimal effect on the embedding material's properties. Embedded fibers 
allow continuous health monitoring of the material status, including the production stage, the 
effects of long-term storage, and material degradation or response in the service-operation mode 
itself. Embedded fibers can measure temperature, strain, pressure and even chemical 
composition. Applications include vehicles (marine, land and avionic), spacecraft, pressure 
vessels, dams, nuclear reactors and many more. 

Reference 
[1] Y. Wcissman, 1st Conf. Israeli Soc. of Quality Control (Ramat Gan, Israel, Nov. 1991), pp. 16-18. 

Theoretical Study of a Supersonic High-Repetition-Rate H2 + F2 Pumped 
HF Laser 

J. Strieker*, K. Waichman and D. Chuchem 

A numerical model for calculating the performance of a pre-mixed pulsed supersonic HF 
chemical laser, pumped by the H2+F2 chain reaction, was developed. The laser kinetic 
equations, which are coupled to the supersonic gas dynamics and to the chemical equations, are 
integrated along the flow direction. The model, which has been shown to predict accurately the 
measured gain coefficients, the lasting induction times, and the laser power output, was used 
for parametric studies leading to a better understanding of the laser operation. Conditions for 
maximum gain and maximum laser energy for each of the input parameters were investigated, 
and lasing zone length in the flow direction was studied. A comparison between the 
experimental and the calculated results showed that the model can be used to evaluate unknown 
chemical and energy transfer rates. 

Supersonic Pulsed Chain-Reaction-Pumped Chemical HF Laser!1! 

K. Waichman 

A chemical supersonic pulsed chain-reaction-pumped HF laser was investigated both 
theoretically and experimentally. The small-signal gain coefficient of some of the laser lines, the 

* Technion-Israel Institute of Technology, Haifa. 
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output power and the spectral distribution of the output were measured; a numerical model was 
developed; and a theoretical parametric investigation of the laser characteristics was conducted. 

The transition with the highest gain coefficient was P2(3). The maximum gain coefficient of 
approximately 0.2 cm-1 occurred 12-15 mm downstream from the center plane of the initiation 
electrodes. The width of the P2 (3) gain coefficient profile (at the height of the threshold gain of 
our resonator) was at least 40 mm, and we found that the measured gain coefficients increase as 
the ratio between the concentrations of the oxidizer and the fuel increases. 

There was a linear dependence between the output power and the pulse frequency, and an 
optimum for the power was achieved at 5 kV charging voltage. In addition, an optimum for the 
power was found at a reactant molar concentration ratio of F2/H2 = 0.4. 

From measurements of the relative powers of the various laser transitions, it was found that 
most of the power is contained in the low J transitions. A comparison was made between the 
performance of a chain-reaction-pumped laser (oxidizer F2) and a cold-reaction-pumped laser 
(oxidizer SF6) and the specific energy (per unit mass of the oxidizer) of the former was found 
to be 30 times higher than that of the latter. The duration of a laser pulse pumped by the chain 
reaction is longer than that pumped by the cold reaction. 

A numerical model has been developed. Good agreement was found between our calculated 
results and published theoretical and experimental results. This verifies the assumptions of our 
model and proves its validity as a simulator of the lasing processes. A parametric investigation 
was made of the laser performance and we compared our experimental results with those 
calculated by the computer code. 
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Spectroscopic Properties, Energy Transfer and Laser Operation of a 
Pulsed Holmium Laser^s 

Y. Kalisky, J. Kagan, D. Sagee, A. Brenier*, C. Pedrini* and G. Boulon* 

Spectroscopic studies of Er:Tm:Ho:YLF and Cr:Tm:Ho:YAG crystals were performed, with 
a detailed analysis of the absorption spectra of Er:Tm:Ho:YLF at 4 K. The dynamics of energy 
transfer Cr3+ -> Tm3+ -» Ho3+ (in YAG) and Tm3+ -> Ho3+ (in YAG and YLF) were studied 
utilizing laser-induced fluorescence. Pulsed, free-running laser performance of a freon-cooled 

§ Supported by Centre National dc la Recherche Scicntifiquc (CNRS). 
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EnTm:Ho:YLF at -10°C and-50°C, at different current densities with maximum laser energies 
of 1.5 J/pulse and 2.25 J/pulse, respectively, was achieved. 
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Electron Density and Gas Temperature Measurement in a Copper 
Vapor Lasert U 

P. Blau, I. Smilanski, S. Gabay and S. Rosenwaks* 

The simultaneous measurement of gas temperature and electron density in the plasma of a 
copper vapor laser was achieved. These parameters are measured utilizing Doppler and Stark 
broadening of the first four Balmer lines of the hydrogen atom's emission. The dependence of 
the broadening on gas temperature and electron density for hydrogen is well established. The 
experimental set-up allows radial and temporal resolution of these parameters. The line profile 
analysis involves evaluation of all line-broadening mechanisms, including natural, pressure 
(Van-der-\yaals and resonance), instrumental, self-absorption and fine-structure splitting. An 
iterative algorithm was employed to deconvolve the different line-shapes. An average 
temperature of 4300 K and an average electron density of 1.3 • 1013 cm-3 were measured along 
the laser axis. 
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Time-Dependent Gain Saturation in a Small-Bore Copper Vapor Laser 

Amplifier 

M. Lando and S. Gabay 

In the pastel, the following law has been employed in curve-fitting of pulse amplification in 
a copper vapor laser amplifier: 

* Ben-Gurion University of the Ncgev, Beer-Sheva. 
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Values of gD L (small signal gain multiplied by the active length) and Isat (the saturation 
intensity) have been reported for the optimal delay time between the probe signal and the 
electrical drive pulse to the amplifier circuit. However, for the design of either a master 
oscillator-power amplifier chain or an injection scheme, it is essential to measure thesee 
quantities as a function of delay time. For this purpose, the amplified power was measured vs 
delay time for varius input power values. The measurement was conducted for the green laser 
line in a 1.5-m-long, 28-mm-diameter copper vapor laser head operated at 5.5 kHz. Typical 
values for the optimal delay time are 1.55 W and 9.3, for Isat and go L, respectively. The 
corresponding values for 25 nsec after the optimal delay time are 1.1 W and 7.5, respectively. 

Reference 

[1] R.S. Hargrove, R. Grove and T. Kan, IEEE J. Quantum Electron. 15: 1228 (1979). 

Overview of Pulsed Premixed Short-Wavelength Chemical Laser 
Concepts 

I. Bar*, D. Heflinger*, Y. Kaufman, M. Sapir, A. Ya. Temkin**, Y. Tzuk* 
and S. Rosenwaks* 

All efforts to obtain short-wavelength (<1 u,m) chemical lasers (SWCLs) have failed to date. 
The reasons for failure and possible ways to overcome the difficulties were considered. In 
particular, a novel approach to obtaining SWCLs based on a premixed fuel-lasant capable of 
producing high energy pulses, was developed. Electronically-excited nitrogen molecules are 
produced by detonation of metal azides. Lasing is expected via energy transfer from the 
nitrogen molecules to metal atoms or within the nitrogen molecules. Preliminary results were 
obtained by detonation of lead azide. Calculations based on a coupled hydrodynamic-kinetic 
model show that the detonation should result in population inversion between potential laser 
levels of lead atoms. 
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Dynamics of the Detonation Products of Lead Azide: II. Formation of 
Charged Particles 

D. Heflinger*, I. Bar*, T. Ben-Porat*, G. Erez and S. Rosenwaks* 

On detonation of lead azide (Pb(N3>2) [LA], free charges are generated; we collected them 
on electrostatic plates and studied their temporal and spatial distribution. The dynamics of the 
rapid processes occurring in the cloud of detonation products and leading to production of 
excited species is very complicated! *]. The charges are embedded in the outer part of the 
expanding products-cloud. Under suitable conditions enhanced emission in the 
Pb(3Pi° -» !D2) transition at 722.9 nm (Fig. 1) is obtained. The cloud is opaque. It contains 
solid particles, but the possible existence of plasma in the cloud can contribute to the light 
absorption if the plasma frequency is equal to or higher than the frequency of the light that 
traverses the medium. 

Five to 20 mg of LA in a colloidal form (typical particle size -10 |im), kept under ethanol to 
avoid spontaneous explosion, is spread in a tantalum crucible located at the center of a reaction 
cell!2!. The cell handles on its perimeter 30 samples on a rotating carousel; in each experiment 
one sample is moved to the center of the cell by a mechanical arm. After loading, the cell is 
evacuated to dry the sample. The background pressure is <10 mTorr. A sample is detonated 
using a 15 ns pulse from a XeCl excimer laser (Lambda Physik EMG MSC 101) at 
A. = 308 nm; this is weak enough to preclude direct plasma production. The light emitted is 
monitored by an OMA. To prevent breakdown between the charge-collecting plates, a low 
collecting voltage (0 to ± 45 V) is used. 
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Fig. 1: Spectrum of the emitted light. 
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The ion and electron currents show the same temporal behavior; they increase sharply 
around 6.5 |is after initiation and then gradually decrease, having a width (FWHM) of ~5 |is 
(Fig. 2). It is concluded that the charged particles are collected at the edge of the electrodes; as 
the product cloud propagates, the density of the charged particles that hit the edge of the 
electrodes rapidly increases and then decreases. Introducing the electrodes does not change the 
emission (Fig. 1), indicating that the electrodes do not interfere significantly with the expansion 
of the products. 
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Fig. 2: Ions and electron current for a 10-mg charge. 

Ion yield was found to be 4.3 x 10 n - 1.3 x 1012 cm-3 for 5 - 15 mg LA, and the specific 
yield was -1.5 x 1012 mg-1 (Fig. 3). The maximum cloud front velocity was -4.5 mm/[is. 
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Fig. 3: Total electrical charge as a function of the sample size. 
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Assuming that the charged particles consist of singly ionized lead atoms, die Saha equation 
reads: 

Plugging in the densities found, one gets T -3000 K. This is consistent with the vibrational 
temperature of the N2 in the literature!3!. 
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Modal Study of the Role of Excess Noise in X-Ray L a s e r s ^ 

P. Amendt*, R.A. London* and M. Strauss 

Current X-ray laser designs rely on amplifying spontaneous emission in a high-temperature 
plasma. A central problem in the study of X-ray lasers is determining and optimizing the degree 
of transverse spatial coherence for holographic applications. The inherent non-power-
orthogonal character of the normal modes in a general amplifying medium necessarily results in 
excess noise and cross-correlation effects that can significantly affect the predicted coherence 
and intensity profiles of an X-ray laser. In particular, loosely bound discrete transverse 
eigenstates of the paraxial wave equation have previously been found to dominate the intensity 
and coherence in the low-amplification regime if the continuum eigenstates are omitted from the 
spectruml2]. A detailed analysis of the role of excess noise on steady-state laser intensity and 
coherence was made for the simple case of a transverse square gain and density profile in a 
finite geometry. The inclusion of the continuum portion of the spectrum was found to reduce 
substantially the level of excess noise and to alter the coherence predictions for low and 
intermediate gain-length products. 
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Coherence X-Ray Lasers for Holography Applications^ 

R.A. London*, P. Amendt*, M. Strauss, M.D. Rosen*, M.D. Feit* and J.A. Fleck* 

Many of the projected applications of X-ray lasers require high quality output radiation with 
properties such as short wavelength, high power, good focusability, short pulse, and a high 
degree of coherence. We studied the requirements of an X-ray laser for the application of 
holography of biological samples and developed ideas for achieving these properties. Given 
that population inversions can be established to provide laser gain, we considered how the 
propagation and amplification of X-rays within the lasing medium affect the quality of the 
output radiation. Particular attention was given to the development of transverse coherence. 
Several methods for calculating the coherence, including a modal analysis and a numerical-
wave propagation, were tested. Calculations were made of the expected degree of coherence of 
standard X-ray lasers, as well as designs for more coherent lasers. 
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Computer Code for Diode-Pumped Solid State Laser Design 

M. Strauss and L.A. Lavin 

Laser diode-pumped Nd solid state lasers are undergoing rapid development because of 
recent progress in laser diodes^. Continuing improvement in their performance will allow a 
variety of applications. An effort has been made to construct a computer program for diode-
laser side pumping and amplification of a Nd:YAG laser slab. The code constructs a two-
dimensional map of the population inversion induced in the transverse direction by an array of 
diodes. Population inversion is obtained for a general side-pumping profile including 
reflections at opposite boundaries. Amplification is calculated in the Nd system for a general 
input profile, including several reflections for increased efficiency. The set of equations for the 
amplification and the level populations are coupled and depend on three spatial coordinates and 
time. The computer code correlates the pumping and amplification for relatively general 
conditions, and can be useful for efficient design of laser diode-pumped solid state lasers. 
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Stripe Structure in Bulk CdTe-CdZnTe-CdTe 

M. Azoulay, M. Sinvani, M. Mizrachi and H. Feldstein 

Both CdTe and CdZnTe crystals exhibit high transmittance in the infrared region, 1-30 
limM. However, their index of refraction differs significandy at these wavelengths12!. Thus, a 
stripe structure of CdTe-CdZnTe-CdTe might be applied as a light waveguide in the far IR 
region. The preparation of such a stripe structure must involve an interaction between Zn and 
CdTe. It is therefore necessary to study a selective diffusion process in which a stripe structure 
can be obtained. Preliminary work has been carried out to establish the diffusion coefficients of 
Zn in CdTel3!, and depth profiles of Zn in CdTe have been calculated from those data. 

A 'tooth-like' bulk CdTe crystal was subjected to high temperature annealing in the presence 
of Zn vapors. The sample was then cut perpendicular to the direction of diffusion, followed by 
compositional analysis of the Zn concentration. As expected, a stripe structure was obtained, 
although the decay profile of Zn in CdTe crystal varied from the classical diffusion equation!4!. 
A model is suggested in order to explain the experimental results. A practical implementation of 
this phenomenon for IR light guiding is under study. 
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Photoluminescence Spectra of Cdi_xZnxTe Wafers Subjected to Thermal 
Treatments 

M. Azoulay, R. Tenne* and H. Feldstein 

CdZnTe single crystal is a good candidate to serve as lattice-matched substrate for the 
growth of HgCdTe epitaxial layers!1' and therefore considerable effort is expended to obtain 
high-quality crystals. The electrical properties of CdZnTe are very sensitive to the growth 
conditions and slight deviations from stoichiometry affect both the type of the conductivity and 
the concentration of the free charge carriers. The analysis of these electrical properties is 
difficult due to the very high resistivity (=107 Qcm) of the CdZnTe wafers!2'. 
Photoluminescence (PL) analysis was found to be a sensitive tool for determining both the 
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crystalline quality and the chemical purityl3'4]. It has been shown!5*6! that deviation from 
stoichiometry or post-growth annealing of CdZnTe crystals can be observed clearly in the PL 
spectra. The changes observed in the PL spectra of CdZnTe wafers which were subjected to 
various thermal treatments were correlated with the deviation from stoichiometry and diffusion 
of residual impurities. 
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The Growth of Cubic, Single-Phase, Single-Crystal Cd0.6Mn0.4Te by the 
Vertical Gradient Freeze Technique 

M. Azoulay, R. Weingarten, H. Schacham and H. Feldstein 

CdMnTe is a semi-magnetic semi-conductor with promising properties. It can be applied for 
both magneto-optic devices and substrates for the epitaxial growth of HgCdTe layers^. 
However, growth of single crystal CdMnTe faces some difficulties due to phase transition in 
the solid state at high temperature, immediately following solidification. To overcome this 
problem it has been suggested to grow the crystal by the Traveling Heater Method^2!, or from 
the melt at high axial thermal gradient near the interface!3!. 

We describe for the first time the growth of cubic, single-phase, single-crystal CdxMni_xTe 
by the vertical gradient freeze (VGF) technique under a very low axial thermal gradient in the 
melt (3°C/cm) and high manganese content (X = 40%). The solidification stage is characterized 
by rapid cooling of the crystal through the phase transition temperature region followed by 
annealing at ~800°C. The crystal exhibits a very high crystalline perfection, as measured by the 
Double Crystal X-Ray Rocking Curves with a full width at half maximum of 30 arcseconds and 
low optical losses of ~1 dB/mm between 650 and 800 nm, with ?i-cutoff at 630 nm. Further 
magneto-optical properties are being examined for possible application in various devices. 
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Application of CdTe Epitaxial Layers for Passivation of p-Type 
Hgo.77Cdo.23Te 

G. Sarusi, G. Cinader, A. Zemel, D. Eger and Y. Shapira* 

The properties of CdTe/Hgo.77Cdo.23Te heterostructures were investigated in order to 
evaluate the use of thin CdTe cap layers for passivation of the HgCdTe surfaces. The energy 
band diagram across the interface of this structure was calculated using Anderson's model. Flat 
or near-flat band conditions could be obtained by using p-type CdTe with carrier density in the 
range of 1014-1015 cm-3. CdTeZHgo.77Cdo.23Te heterostructures were grown on CdTe 
(2ll)B-oriented substrates using the metal organic chemical vapor deposition technique. The 
interface properties of CdTe/HgCdTe were investigated by a combination of Hall and 
photoelectromagnetic effect measurements as a function of temperature, magnetic field and light 
illumination wavelength. Interface recombination velocities of less than 5000 cm/sec were 
obtained at 77 K for heterostructures grown under the proper conditions. These values are more 
than two orders of magnitude lower than those obtained for freshly Bnmethanol-etched 
HgCdTe surfaces. The results demonstrate that CdTe cap layers may be used for good 
passivation of HgCdTe surfaces. 

Growth Orientation Study of CdTe Layers on GaAs Substrates 

G. Cinader and A. Raizman 

CdTe layers have been grown by the metal organic chemical vapor deposition technique on 
GaAs substrates of different crystallographic orientations. The dependence of the layer's 
direction on the substrate orientation, surface preparation and growth conditions was 
investigated. For each substrate direction studied, it was found that two layer orientations can 
exist. Experimental conditions were found under which only one layer orientation dominates 
the growth process. We propose a model, in terms of twin conjugated directions, explaining 
our results as well as those of others appearing in the literature. 

* Tel-Aviv University, Tel Aviv. 
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The Temperature Dependence of the Ferromagnetic and Paramagnetic 
Resonance Spectra in Thin Yttrium-Iron-Garnet FilmsM 

I. Laulicht*, J.T. Suss* and J. Barak 

The ferromagnetic resonance (FMR) spectra of an yttrium-iron-garnet (YIG) film were 
studied from room temperature to 120 K above Tc (Tc = 553 K). The spectra were measured 
for a magnetic field parallel to the film as well as perpendicular to i t In the ferromagnetic phase 
the FMR lines represent the magnetostatic modes whose field positions and spacing are 
determined by the magnetization of the sample. When anisotropy terms are added to the 
theoretical expressions for magnetostatic waves of Damon and van de Vaartl2! for the 
perpendicular orientation and of Damor ^,d Eshbacht3! for the parallel one, good agreement is 
obtained between the experimental results and theory. Magnetization values extracted from the 
FMR spectra are also in good agreement with the published magnetization data for YIG, 
obtained by a vibrating sample magnetometer. At temperatures higher than 413 K, the 
normalized cubic anisotropy Ki/M is found to be practically temperature-independent, in 
contrast to previous studies of YIG spheres which conclude that K /̂M -> 0 when approaching 
Tc. In the paramagnetic phase we observe an anisotropy in the resonance fields due to the 
sample shape and the induced magnetization. The linewidths AH were also measured and the 
product [AH - AH(TC)] x T was found to be practically linearly-dependent on T-Tc at a wide 
range of temperatures. AH (Tc) is the linewidth at Tc. This result is in good agreement with 
recent experimental studies of paramagnetic YIG linewidth and in fair agreement with Huber's 
zero-field theory of paramagnetic linewidths near Tc of non-Heisenberg ferromagnets, where 
the 'critical speeding-up' effect is absent^. 
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A Nuclear-Resonance Photon Scattering Study of Nitric Oxide Adsorption 
on Activated Carbon FiberW 

R. Moreh and D. Levant* 

The nuclear-resonance photon scattering cross-section <7S from 15N in the form of NO 
adsorbed on activated carbon fiber (ACF) was studied as a function of temperature in the range 
15-300 K. The value of o~s was found to be much higher than that from a pure NO sample. The 
increase in crs amounted to approximately 14% at 297 K and 45% at 15 K, and is explained by 
the effect of the strong binding NO-ACF potential and in terms of the dimerization of adsorbed 
NO on ACF. The magnitude and the behavior of the scattering cross-section can probably be 
used as indicators of the occurrence of chemical adsorption. The average zero-point energy of 
the binding potentials is deduced using a simple model. 

Reference 

[1] R. Moreh and D. Levant, Mol. Phys. 69:735 (1990). 

Testing the Phonon Spectrum of Metallic Chromium with the Nuclear-
Resonance Photon Scattering Technique!1] 

D. Levant*, R. Moreh and O. Shahal 

The nuclear-resonance photon scattering (NRPS) cross-section o~s from 50Cr in a metallic 
form was studied as a function of temperature in the range 15-300 K. The value of as was used 
for deducing the effective temperature Tc which is related to a weighted average of the phonon 
spectrum of metallic Cr. This Tc is also a measure of the total zero-point kinetic energy of the 
lattice and was used to define another Debye temperature ©n; its value for metallic Cr was 
measured and found to be 0n = 510+20 K. This value is -10% higher than that obtained from 
the known phonon spectrum deduced by inelastic neutron scattering. A similar deviation occurs 
in other elements. The reason for this deviation of the values of Tc and hence of Go obtained by 
the NRPS technique and by inelastic neutron scattering was considered. 
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In situ Neutron Diffraction Study of the Structural Properties of 
YBa2Cu30<;+x at Elevated Temperatures^1] 

H. Shaked, J.D. Jorgensen*, D.G. Hinks*, R.L. Hitterman* and B. Dabrowski* 

The structural properties of YBa2Cu306+x have been determined at elevated temperatures in 
controlled oxygen partial pressure by in situ powder neutron diffractionl2!. The temperature-02 
pressure plane was studied by varying the O2 pressure along constant temperature lines at 490 
and 440°C. As O2 pressure is lowered, oxygen content, x, decreases. The general high 
temperature behavior of the structural properties as pressure is reduced, resembles the room 
temperature behavior in quenched samples as their oxygen content is reduced. As the pressure 
is lowered, the orthorhombic (Pmmm) structure undergoes a phase transition to tetragonal 
(P4/mmm) structure. All the structural parameters (with a single exception) change conti
nuously as the pressure is lowered (Fig. 1) and throughout the transition, as expected in a 

h — a/2 M o(5) 
Fig. 1: Portion of the unit cell of YBa2Cu306+x. showing the direction the atoms move as O2 pressure 

decreases. Site occupancy for 0(1) decreases with pressure decrease; site occupancy for 0(5) (blank) is practically 
zero at O2 pressure of 1 ami, and increases as the OT transition is approached. OT transition occurs at 

n(O(l))~n(O(5))~0.25. 

second-order phase transition. No phase other than the high temperature orthorhombic (01) and 
tetragonal phases was observed. A considerable increase in equilibration time (following a 
pressure step change) was found as the orthorhombic to tetragonal phase transition was 
approached. 
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Neutron Diffraction and AC-Susceptibility Studies of U(Ni0.iCu0.9)2Ge2 

M. Kuznietz, H. Pinto, H. Ettedgui and M. Melamud 

Polycrystalline samples of the solid solution U(Ni0.iCuo.9)2Ge2 have been investigated by 
neutron diffraction and AC-susceptibility. This material exhibits the tetragonal ThCr^fo-type 
crystallographic structure!1!. Neutron (X = 2.45 A) diffraction measurements were done with 
the KANDI-II diffractometer at the IRR-2 reactor, at room temperature and low temperatures 
(LT) down to 10 K. Data were recorded up to 26 = 105°. In Figure 1 the data up to 56° are 
presented. AC-susceptibility measurements, in the 80-300 K temperature range, were done on 

20 30 40 
Scattering angle, 20 (deg) 

Fig. 1: Neutron (X = 2.45 A) diffraction patterns of a polycrystalline sample of U(Nio.iCuo.9)2Gc2. For clarity, 
only data up to 20 = 56° are presented: top, at 295 K, indicating a ThCr2Si2-typc single phase; and bottom, at 10 
K, showing satellite magnetic reflections at {hk(l±2/3)J positions around nuclear {hkl} reflections and absence of 

{00(1+2/3)} reflections. 
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a 0.62-g sample. The temperature dependence of the molar AC-susceptibility and the inverse 
susceptibility in the paramagnetic state are shown in Figure 2. 

U(Nio.iCuo.9)2Ge2 orders ferromagnetically at Tc = 115±5 K, undergoing another 
transition at T0 = 100+5 K to a ferrimagnetic phase with a wavevector k = (0,0,2/3) and with 
(++-) stacking along the tetragonal axis of ferromagnetic planes of uranium magnetic moments 
(1.9±0.2 U,B at 10 K). A similar ferrimagnetic structure was found in the LT phase (below 53 
K) of the related compound UNi2Si2 by neutron diffraction studies of polycrystallinef2! and 
single-crystal^ samples. The magnetic results obtained for U(Nio.iCuo.9)2Ge2 fit closely the 
results obtained with U(Nii - xCux)2Ge2 solid solutions^4!. 
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Fig. 2: Temperature dependence of the molar AC-susceptibility (at 80-300 K, thin curve) and its inverse (in the 
paramagnetic state, thick curve) in a polycrystalline sample of U(Nio.iCuo.9)2Ge2. 
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Magnetic Ordering Phase Diagram of the U(Nii_xCux)2Ge2 System 

M. Kuznietz, H. Pinto, H. Ettedgui and M. Melamud 

Our previous studies of UCu2Ge2[11 and UNiCuGe2t2l were extended to the 
U(Nii_xCux)2Ge2 system, formed between UNi2Ge2 and UCu2Ge2. Polycrystalline 
U(Nii_xCux)2Ge2 solid solutions, investigated by neutron diffraction and AC-susceptibility, 
exhibit the ThCr2Si2-type crystal structure^] and magnetic ordering of the uranium sublattice, 
with moments along the tetragonal axis. The type of magnetic ordering changes with 
x: antiferromagentic type-I [k=(0,0,l), AF-I] for x=0, 0.25 and 0.50; ferromagnetic between 
T c and TD (<TC) for x = 0.75, 0.90, 0.95, 1.00. Below T0 these become: AF-I for x = 0.75, 
ferrimagnetic [k=(0,0,2/3)] for x=0.90, AF-IA [k=(0,0,l/2)] for x=0.95, and stays 
ferromagnetic for x=l. 

The neutron diffraction and AC-susceptibility results in the system U(Nii_xCux)2Ge2 are 
summarized in Table 1. The tentative magnetic phase diagram (temperature vs composition) of 
the U(Nii_xCux)2Ge2 solid solutions, at zero applied magnetic field, is shown in Figure 1. 

Table 1 
The neutron diffraction results for the U(Nii_xCux)2Ge2 solid solutions: room-temperature lattice 

parameters (a, c in Angstrom), fitted position parameter (z of the germanium atom), magnetic ordering 
temperature (TylTc), transition temperature (T0), type of ordering, and uranium ordered magnetic 

moment at =10 K 

x a c x Tc TJM Order T0 Order Moment 
(±.01) (±.02) (±.001) (±5) (±5) below (±5) below (atlOK) 

(K) (K) TC/TN (K) TO (WB) 

0 4.106 9.464 0.384 80 AFJ 1.9±0.5 
0.25 4.054 9.810 0.373 135 AF-I 2.0+0.4 
0.50 4.055 9.970 0.377 140 AF-I 2.2±0.1 
0.75 4.060 10.070 0.376 133 Fcrro 117 AF-I 2.2±0.2 
0.90 4.060 10.150 0.379 115 Ferro 95 Ferri 1.9±0.2 
0.95 4.053 10.190 0.379 110 Ferro 95 AF-IA 1.9+0.1 
1 4.050 10.250 0.379 107 Fcrro 1.9±0.4 

As the type of ordering and transition temperatures in the U(Ni,Cu)2Ge2 system, as well as 
in the U(Co,Cu)2Ge2 system!1!, seem to vary with the number of conduction electrons 
(RKKY-like behavior), we expect a similar magnetic character of UNi2Ge2 and UCoCuGe2, 
and indeed both have the AF-I structure. However, we also expect similar magnetic behavior 
for UNiCuGe2 and UCoo.5Cu1.5Ge2, which is not the case: the former is AF-I, while the latter 
is ferromagnetic. We see that in the U(Coi_xCux)2Ge2 system!1!, ferromagnetism is achieved 
for a smaller number of conduction electrons, and other factors should be considered to 
reconcile the differences between the two systems. 
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Fig. 1: The tentative magnetic phase diagram (temperature vs composition, al zero applied magnetic field) of the 
U(Nii_xCux)2Ge2 system. The dashed lines are presumed structure limits. 
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Localized Properties of the Itinerant 5f Electron Antiferromagnet 
NpSn3ni 

J. Gal, S. Fredo, I. Yaar, J.C. Spirlet*, G.M. Kalvius**, S. Zwirner**, U. Potzel**, 

J. Moser**, W. Potzel** and F.J. Litterst** 

Electronic properties of the itinerant-electron antiferromagnet NpSn3 were studied by ^ N p 
Mossbauer spectroscopy under pressures up to =6.2 GPa. These measurements revealed totally 
unexpected results: with reduced volume the hyperfine field changes very slightly, but the Ne*el 
temperature (TN) increases strongly (Fig. 1). Such behavior is typical for a localized 5f electron 

* European Institute for Transuranium Elements, Karlsruhe, FRG. 
**Physik-Department E15, Technische Universitat Munchen, FRG. 
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Fig. 1: Pressure dependence of the magnetic hypcrfine field Bhf (a), isomer shift S (b) and Neel 
temperature Tfj (c). 
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system. The volume coefficients of the ^ N p hyperfine parameters found in the present study 
are summarized in Table 1 and compared with similar data from other Np intermetallicsl2^!. We 
propose that NpSn3 should be viewed as a concentrated Kondo system!4*, similar to CeAl^ . 

Table 1 
Volume coefficients of the magnetic transition temperature (TORD)> t n e Np (or Dy) ordered magnetic 

moment (UORD)> and the electronic charge density at the Np (or Dy) nucleus (p(0». The Np-Np 
separation (d\p-Xp) is also given 

C o r a p o u n d 1 0 4 d l n T ° * ° 1 0 4 d l n ^ R D ^ d j n p t o ) dNp-Np 
compound _ ^ t a Y _ d ] n V _ d l n V ( A ) 

DyAl2 +5.3 +b7l +5.6 -
NpCo2Al2 +7.0 +0.2 =+5 3.90 
NpAs -1.3 -0.8 +4.2 4.07 
NpAl2 -16.0 -4.0 +5.0 3.37 
NpOs2 -80.0 -46.0 +12.5 3.28 
NpSn3 +8.0 <+1.0 +2.0 4.62 
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Magnetic Properties of NpX 2 Intermetallic C o m p o u n d s ^ 

I. Yaar, J. Gal, W. Potzel*, G.M. Kalvius*, G. Will** and W. Schafer** 

The magnetic and electronic properties of NpX2 (X = Ga,Si) intermetallic compounds were 
studied by Mdssbauer and ac-dc magnetization techniques. Both compounds order 
ferromagnetically below Tc = 55(2) and 48(2) K, respectively. The properties of both 
compounds are summarized in Table 1. A comparison of our data with the results for other 

* Physik-Department E15, Tcchnischc Universititt Miinchcn, FRG. 

**Mineralogisches Institut, Univcrsitat Bonn, FRG. 
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Table 1 
Magnetic properties of NpSi2 and NpGa2 

Property Compound 

NpSi2 NpGa2 

Isomer shift (nun/sec) 
Hyperfme field Bhf (T) 
Quadrupole Int. (mm/sec) e^ qQ 
TC(K) 
Magnetic structure 
Ordered moment (UQ) 
Saturation moment (p.3) 
Paramagnetic moment (ufl) 

7.9 
244 

=0 
48 

F 
1.10 
0.8 
2.15 

15.2 
522 

=0 
55 

F 
2.39 
2.4 
2.60 

NpX2 (X = Al, As, Sb, Te) compounds!?! indicates that NpGa2 is a highly localized 5f electron 
system, whereas in NpSi2 the 5f electrons are partially delocalized. The magnetic properties of 
NpX2 compounds cannot be explained consistently within the conventional crystal electric field 
picture (CEF) or by taking into account hybridization dressing or local spin density models^3!. 
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Localized and Itinerant f Electrons in Concentrated Spin Glass Systems: 
Mossbauer, Magnetization and Neutron Diffraction Studies^ 

J. Gal, I. Yaar, E. Arbaboff, W. Schafer*, G. Will*, W. Potzel** and G.M. Kalvius** 

Combined ac-dc susceptibility measurements, neutron-diffraction and Mossbauer studies of 
the intermetallic compounds AnFe4Alg (An=U,Np) and HoFe4Als argue for the establishment 
of a spin glass (SG) state in these systems!2-3!. Localized and itinerant behavior of the f 
electrons strongly influence the thermodynamic properties of these concentrated SG systems. 

Mineralogisches Institutder Universitat Bonn, FRG. 
**Physik-DepartmentE15, Technische Universitat Miinchen, FRG. 
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Fig. 1: Temperature dependence of ac susceptibility curves of NpFc4Als (lop), UFe4AIs (middle) and HoFe4AIs 
(botlom). Contrary to the An compounds, no cusp is observed in HoFe4Als. 
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HoFe4Alg shows unusual SG behavior, with no cusp in the vicinity of the SG temperature, 
TSG (Fig- !)• In addition, a new thermodynamic transition from aligned to random SG state, 
TOG(H), was found. The relation: 

TOG(H -> oo) -» TSG(0) , TOG(H -> 0) -> 0 

holds for this localized 4f electron SG system. 
NpFe4Al8 and UFe4Als are itinerant 5f electron SG systems, with a sharp cusp at TSG(0) 

(Fig. 1). The relation: 

TSG(H -> 0) -> TOG , TSG(H -> ~) _> 0 

holds for an itinerant 5f SG system, similar to iron 3d SG. 
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Hypervelocity Impact Damage in Carbon-Carbon and Carbon-Epoxy 
Composites!1! 

I. Gilath and S. Eliezer 

A high irradiance single-beam short-pulsed Ndrglass laser was used to generate shock 
waves in carbon-carbon and carbon-epoxy composites. Dynamic brittle fracture at 
hypervelocity impact conditions was observed as a result of reflected shock waves as tensile 
waves from the back surface of samples. Successive stages of damage from incipient spallation 
to complete sample perforation were obtained by increasing gradually the laser energy. The 
thermo-mechanical damage on the front surface as a result of laser interaction with the target 
material, and the mechanical damage at the back surface as a result of shock wave reflection, 
were characterized by optical and scanning electron microscopy. The failure properties of the 
carbon composites were related to the processing of densification and graphitization mode, 
while those of the carbon epoxy composites were related to impact direction vs fiber direction. 
A comparison was made between spall properties of carbon epoxy composites with aluminum 
and. iron. 

A new experimental method was developed to calculate the attentuation of laser-generated 
shock waves. This technique enables also the evaluation of the laser-induced spall pressure in 
different materials. 
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Laser-Induced Shock Waves and Dynamic Damaged] 

S. Eliezer, I. Gilath and Y. Gazit 

A high-irradiance short-pulsed Nd:glass laser was used to generate shock waves in 
aluminum and copper. Dynamic fracture at hypervelocity impact conditions as a result of 
reflected shock waves as tensile waves was observed from the back surface of the samples. 
Damage development from incipient spallation to complete sample perforation occurred in 
planar shock wave conditions. Maximum elongation at fracture at ultra-high-strain rate was 
measured for several metals, and shock wave attenuation and dynamic strength were evaluated 
for Al and Cu. The experimental results of threshold for spall and spall width at this energy 
were compared with numerical simulations. 

The laser pulses were used also to generate hemispherical shock waves in planar targets 
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(focal spot smaller than target thickness). A linear experimental relationship was obtained 
between laser energy for threshold spall conditions and the cubic target thickness. This relation 
is equivalent to the propagation of a strong point explosion where the internal energy per unit 
volume of the shocked material is constant. 
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Nanostructure of Gold and Silver Thin Films Studied by Scanning 
Tunneling Microscopy HJ 

S. Matlis 

In order to investigate the structure of chemical and biological monomolecular layers, one 
should first characterize the substrate on which these layers are deposited. Noble metal thin 
films are the most commonly used substrates for deposition. The main goal of the present work 
was to study the structure of the substrate surface — its asperity and ordering on the atomic 
scale — and the stability of this structure during use. 

Gold and silver thin films deposited on mica and silicon were studied by scanning tunneling 
microscopy with atomic resolution and scanning tunneling spectroscopy characterization of 
their electronic structure was done. Gold and silver crystals {111} with terraces and atomic 
steps of 2.3±0.2 A height were observed. They represent hexagonal close packing with atomic 
spacing of 2.8±0.3 A. Gold and silver films differed in their electronic structure. 

A step plane of a fresh film is not entirely smooth but has bumps of 3-5 nm diameter and 
monoatomic height. In the course of time the step-motion phenomenon leads to the vanishing of 
the bumps, and pits of the same dimension appear on the step plane. It was demonstrated that 
the scanning process of the STM tip does not activate this process. 
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Epitaxial Electrodeposition of Semiconductor Nanocrystals on Metal 

Substrates^! 

Y. Golan*, L. Margulis*, G. Hodes*, I. Rubinstein* and S. Matlis 

Thin (30-100 nm) gold films were deposited on glass, mica and silicon substrates by 
sputtering or evaporation. The films are characterized by transmission electron microscopy 
(TEM), electron diffraction (ED), cyclic voltammetry (CV) and scanning tunneling microscopy 
(STM). While gold sputtering produces very small grains with no crystallographic texture, 
evaporation on glass or mica results in large, flat gold crystallites with a pronounced {111} 
texture. Substantial morphological differences are observed between gold evaporated on Si 
{100} (smaller gold crystallites, no crystallographic texture) and on Si {111} (larger, flat gold 
crystallites with a strong {111} texture). 

Electrochemical deposition of CdSe on evaporated {111} gold substrates produces 
epitaxially-oriented quantum dots (ca 5 nm diameter) with controllable spatial distribution and 
narrow size distribution. The degree of aggregation of the nanocrystals can be controlled by the 
deposition temperature and current density. All the nanocrystals deposited on a single gold 
crystallite are of the wurtzite structure with the basal plane parallel to the gold {111} plane and 
with the same azimuthal orientation. This simple and convenient method of preparing oriented 
size-quantized particles may provide a new tool for studying the transition between molecular 
and bulk properties, as well as a new surface architecture on the nanometer scale. 
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The Microstructure of Bainite Formed in Quenched 7StabiIized Uranium 

Alloy 

A. Landau, G. Kimmel, S. Nathan, E. Nechama and M. Talianker** 

The engineering properties of uranium can be substantially improved by small additions of 
some alloying elements. The most important ones used in uranium alloys are Ti, Mo, Nb, V, Zr 
and Cr. These elements are soluble in y-uranium and quenching from the /-phase region gives 
rise to various metastable phases depending on the alloy composition and rates of coolingt1-2!. 

Weizmann Institute of Science, Rehovot. 

** Ben-Gurion University of the Negev, Becr-Sheva. 
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Details of the transformation that occurs in such alloys are not yet fully understood and 
additional experimental work is required. We investigated U-2.9 at%Ti-1.35 at%V alloy, which 
was solution-treated in the y-region and then water-quenched to room temperature. While the 
dilute U-Ti alloy usually transforms martensitically when quenched from the y-i)hase, in the 
present case the observed structure resembles that of bainite, consisting of very find lamellae of 
the 5-phase (U2T1) and the a'-phase formed side by side. 
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Surface-Energy Effects in the Growth of Sapphire Boules and Domes by 
the Gradient Solidification Method 

A. Horowitz, D. Gazit, S. Biderman, Y. Einav, G. Ben-Amar, A. Stern and M. Weiss 

Surface-energy effects have long been recognized as important factors in crystal growth. 
The forces operating on a melt contained in a crucible arise from gravity, ambient pressure and 
surface energies. The first two effects tend to press downward and level the melt surface, while 
the third sometimes causes unexpected attraction of the melt towards the crystal or the crucible. 
Such an attraction may lead to an undesirably shaped crystal, with a distorted upper part. In 
certain cases this may disqualify the crystal for component production. 

Using the gradient solidification method to grow large sapphire boules and near-net-shaped 
domes, three kinds of problems often arise: (a) slanting of the upper part of the crystal away 
from the crucible wall (as mentioned above); (b) polycrystalline material that had solidified 
between the crystal and the crucible wall at the disattachment area; and (c) small cracks initiating 
at the polycrystalline material zone. The surface energy is dependent on the materials involved, 
their impurity, and the temperature. The effects of the surface energies are emphasized mostly 
when there is a small amount of melt relative to large solid-melt surface areas. To prevent such 
effects, measures were taken to increase the ratio between the axial and the radial thermal 
gradients. This prevented the formation of a thin peripheral ring of melt around the top center 
of the crystal, at the final stage of the crystallization. In this manner distortions were minimized, 
which enabled the production of desired optical components from the grown crystals. 
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Production of Sapphire Domes by the Growth of Near-Net-Shape Single 
Crystalstu 

S. Biderman, A. Horowitz, Y. Einav, G. Ben-Amar, D. Gazit, A. Stern and M. Weiss 

Sapphire single crystals with the geometry of near-net-shape domes are grown by the 
gradient solidification method. Growth is carried out in double-wall crucibles and perfect 
crystals, free of grain boundaries and scattering centers, can be produced. The process can be 
used to grow sapphire domes with different crystallographic orientations, including the optical 
axis orientation. This process significantly shortens the fabrication process of the dome, thus 
leading to a cheaper, high quality product. 
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[1] S. Biderman, A. Horowitz, Y. Einav, G. Ben-Amar, D. Gazit, A. Stern and M. Weiss, Proc. SPIE 
1535:27 (1991). 

Growth, Fabrication and Characterization of Oxide Single Crystals^! 

Y. Einav, S. Biderman, G. Ben-Amar, D. Gazit, A. Horowitz and M. Weiss 

There is great interest in YAG (Y3AI5O12) as a host for lasing ions such as Nd, Ho, Er and 
others, for the application of optically pumped solid state lasers. Single crystals of Nd:YAG 
and (Ho, Tm, Er):YAG were grown by the Czochralski technique. An irridium crucible is 
heated by means of RF induction heating. The crucible is placed into the RF coil, surrounded 
by zirconia-based insulating material. After melting of the raw material, the crystal is pulled 
from the melt by a seed possessing the same crystallographic direction as the desired crystal. 
The crystals were grown using an automatic diameter control system, operating on a differential 
weight mode. The growth experiments were conducted in a N2/Ar atmosphere. 

Laser rods were fabricated from the grown crystals, in accordance with military 
specifications, by means of diamond core drilling and grinding, and polishing with different 
grid diamond pastes. The grown and fabricated laser rods were used successfully in solid state 
laser systems. The growth of single crystals of Thsapphire, for continuous-wave lasers, is now 
under development. 

Reference 
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More on the Confined Vertical Growth of Semiconductors 

A. Horowitz 

A recent paper by BourretM summarizes the recent literature on growth processes. In our 
opinion the commercial future of this technique, especially for the materials with relatively 
lower thermal conductivities (e.g. GaAs and the II-VI's), lies in the development of crucible 
materials more thermally-insulating than regular PBN and quartz^1-2!. Somehow, the need for 
the development of insulating crucible materials is overlooked in the reviews on the confined 
vertical growth of compound semiconductors. 

The accumulated data show that in order to facilitate a stable non-concave solid-melt 
interface, the thermal conductivity of the crucible material should be much lower than that of the 
crystal material. For the case of GaAs in regular PBN or quartz crucibles, the relevant thermal 
conductivities are: 

0.072 W/cm K for solid GaAs at the melting point; 
0.178 W/cm K for liquid GaAs at the melting point; 
0.0038 W/cm K for PBN — parallel to the c-direction at 1250°C; 
0.63 W/cm K for PBN — perpendicular to the c-direction at 1250°C; and 
0.07 W/cm K for quartz at 1250°C. 

References 

[1] E.D. Bourret, AACG Newsl. 20:8 (1990). 
[2] A. Horowitz, AACG Newsl. 19:3 (1989). 

Factors Affecting the Quality of Electron Beam Welds of Al 1050 End 
Caps to Al 6062 TubesH] 

A. Stern, I. Dahan and D. Eliezer* 

An experimental study was conducted of automatic and autogenous electron beam (EB) 
welding of Al 1050 end caps to Al 6061 10 mm OD (1-mm-thick wall) tubes. The composition 
of the bulk weld metal in dissimilar metal EB autogenous butt welds depends on the location of 
the beam axis in relation to the plane of the joint faces. The effect of varying the composition of 
the fusion zone as a result of different EB positions, e.g. the weld metal dilution, on 
microstructure, discontinuities and the hardness of the weld joint, was studied. In order to 
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examine the role of the dilution on the properties of the weld joint, transverse sections through 
the fusion zone and the heat-affected zone (HAZ), were prepared for metallographic 
observations under optical and scanning electron microscopes. Electron probe microanalysis 
was employed to analyze the chemical composition of the weld metal. Microhardness 
measurements, carried out at a load of 0.2 N, were used to study the mechanical response of 
the joint to the welding parameters. Two sets of specimens, using 10 J/mm and 19 J/mm heat 
inputs, were welded. 

The following conclusions were drawn in this study: 
- The most frequent weld discontinuities found in the fusion zone were porosity and cracks. 

The extent of cracking and porosity was correlated with the dilution of the weld metal, 
which in turn was influenced by the symmetry of the fusion zone. 

- A general increase in cracking and porosity occurrence was observed in the welded 
specimens subjected to the 19 J/mm heat input. 

- The hardness profiles of the fusion zone were directly attributable to the degree of dilution. 
A significant increase in microhardness occurred adjacent to the fusion line in the Al 6061 
HAZ. This can be explained in terms of recrystallization and precipitation reactions in the 
HAZ of the Al 6061 tubes. 
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Effect of Heat Treatment Sequences on the Mechanical Properties of 
Welded PH15-5 Stainless Steel 

P. Benaim, Y. Rosenthal, S. Harush, S. Offer and I. Makover 

Welding of PH15-5 stainless steel in the aged state can lead to some problems^1-2!, such as: 
(i) formation of microcracks in the weld pool and in the heat-affected zone (HAZ); and (ii) a 
reduction of the mechanical properties of the alloy during the welding process caused by the 
precipitation of copper carbides. 

The influence of the process sequences — aging/welding and welding/aging — on the 
mechanical properties of PH15-5 stainless steel was investigated. The aging temperatures were 
480°C for 1 h and 550°C for 4 h; air cooling was used for both processes. The influence of the 
reheating process on the mechanical properties of the aging/welding specimens was also 
investigated. The reheating specimens were aged at 550°C/4 h before welding. All the tested 
specimens were subjected to solution annealing at 1040°C/1 h and were also air-cooled before 
the aging and welding processes were performed. Static room temperature tension tests showed 
a drastic decrease in strength and ductility in the aging/welding sequence (Fig. 1). The aging 
condition increased the alloy sensitivity to microcracks in the weld pool and HAZ areas. The 
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fracture mode was ductile for welding before aging and brittle for aging before welding (Figs. 2 
and 3, respectively). Reheating the aging-before-welding specimens (550°C/4 h) to 980°C/1 h, 
caused a transformation of the mode fracture from brittle to ductile and led to an improvement 
of the alloy ductility (Fig. 4). 

Aging at 550/C/4 h + Welding 
Welding + Aging at 550'C/4 h 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 

Strain 

Fig. 1: Effect of heat treatment sequences on the flow stress curve. 

sa&^^^Eeg&^scg 
Fig. 2: Scanning electron micrograph of fracture surface (specimen that was aged before welding process), 

showing ductile rupture mode in welded area (high density of dimples), x 625. 
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Fig. 3: Scanning electron micrograph of fracture surface (specimen that was aged after welding process), showing 
brittle mode in welded area. x312. 
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Fig. 4: Effect of reheating to 980°C/h on the flow stress curve. 
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Encapsulation of Ignition Powder in a Small Stainless Steel Container 

E. Tsory, V. Ram, H. Michaeli, J. Elia and G. Kohn 

Knowledge gained in the development of encapsulation technology of radioactive materials 
in tubes and containers was used to develop a special method to encapsulate ignition powder in 
a small austenitic stainless steel container. The small container is filled with compressed ignition 
powder, then sealed by a thin stainless steel membrane (0.09 mm thick). The container filled 
with ignition powder is sealed by welding the membrane to the container (Fig. 1) to avoid leaks 
(the level allowed is less than lxlO"5 cc(STP) He/sec). Two major difficulties were 
encountered during the development of the sealing process: welding a thin membrane to a thick 
container, and welding the membrane while avoiding ignition of the powder (220°C). 

Fig. 1: The container scaled with a welded membrane. 

Welding a thin membrane to a thick container is technically complicated, because the heat 
needed to melt the container might burn through the membrane before joining occurs. This 
problem was solved by careful design of the welding joint, i.e., thinning the container wall of 
the joint (to 0.2 mm), thus minimizing the heat needed for welding (Fig. 2). 

In order to avoid the ignition of the powder while welding, two kinds of heat-sinks were 
used. The container was held in a heavy Cu heat-sink, while a small cone-like Cu heat-sink was 
placed on the membrane itself before welding. Temperature-sensitive colors were used to check 
the temperature distribution near the welded joint. The temperature 3 mm distant from the weld 
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n 0.2 mm 

Fig. 2: The welding joint design. 

Fig. 3: The use of temperature-sensitive colors to check the temperature near the joinl. 

Fig. 4: Two melallographic sections of welded joints. 
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was found to be no higher than 177°C (Fig. 3). The powder was compressed to a distance of 5 
mm from the membrane, and since its ignition temperature is above 220°C, the risk of ignition 
was minimized. 

Figure 4 shows metallographic sections of two welded joints. No defects (porosity or 
cracks) can be seen in the welded area. The containers were checked with a helium leak 
detector, and a leak rate of less than 6xl0-10 cc(STP) He/sec was found. This leak rate was 
much lower than the permitted leak rate for the container. 

Characterization of an A53 Carbon Steel to AISI 304 Stainless Steel Arc 
Welded JointHl 

G. Kohn and A. Stern 

Large (up to 12" OD) vacuum-insulated pipes (VIPs) have recently found increasing use in 
the industry. The outer vacuum holding shell of the VIPs is constructed of A53 grade carbon 
steel pipe (5.3 mm thick, the jacket) welded at both ends to the fluid-conducting pipe via an 
AISI 304 short pipe (3.2 mm thick, the sleeve). A53 carbon steel was chosen for the jacket due 
mainly to handling strength requirements and low price, while stainless steel was chosen as the 
sleeve material because of its low heat conduction coefficient and good weldability. 

Two slightly different welding procedures (A and B) were developed by the manufacturer of 
the VIPs and sent to our laboratory for evaluation. A test piece which had both types of joints 
(A and B) was submitted to the following destructive and non-destructive tests: (a) X-ray 
radiography and dye penetrant testing for initial evaluation of discontinuities; (b) optical and 
scanning electron microscopy followed by defect analysis by means of conventional and micro-
focus X-ray radiography; (c) composition analysis, by bulk (chemical) methods and by electron 
probe microanalyzer; and (d) mechanical properties — tensile strength, hardness and 
microhardness measurements. The main results of the investigation were: 
— Sound welds can be obtained using either A- or B-type joints. 
— The dissimilar metal joint yielded a martensitic microstructure in the root seam which had 

characteristic high microhardness (-400 HV). The filler pass showed a dendritic 
microstructure with low hardness (-250 HV). These structures can be explained in terms of 
dilution of the weld pool using the Schaeffler and Delong diagrams. 

— The most commonly found defects were porosity, lack of penetration, and mismatch of 
welded parts in the joint. Type A welds exhibited a slightly larger amount of porosity. None 
of the above had any detrimental effect on the soundness of the joints. 

— The tensile strength of the joint was greater than that of the stainless steel parent material. 
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Load Interaction Toughening Under Monotonic and Cyclic Conditions!!] 

Y. Katz, M. Kupiec and A. Bussiba 

Load interactions affect the crack tip mechanical environment, resulting in substantial 
influences due to local field perturbations. Complex situations may occur reflecting on both the 
driving force and the material fracture resistance. Possible local modifications imposed on the 
crack stability equation can alter the instability critical conditions. The present investigation was 
conducted in a fracture mechanics framework. High-strength steels were selected for the warm 
pre-stressing studies, and Al-alloys, metastable austenitic stainless steels and superplastic alloys 
for the tracking of cyclic subcritical crack growth rates transients. In pre-cracked specimens, 
variables such as temperature, state of stress, phase stability and the rate of loading were 
included. The main focus was on the role of residual stresses, local process zone effects and 
phase stability aspects. A combined experimental program was followed in conjunction with 
compression-compression irregular cyclic spectra and residual stresses recovery after single 
overloads. Finite element analysis was employed to sort out some of the dominant influences 
but more is required in order to refine the local effective stress intensity formulation. 

The possibilities of coupling effects on the driving force/resistance terms were investigated 
in the case of the metastable austenitic steels. Austenite decomposition provides even 'second-
order' effects by dilatational stresses beyond some influences on the material resistance. 
Finally, some knowledge was obtained regarding the general concepts of extrinsic crack tip 
shielding processes, mainly in terms of additional factors concerning the time-dependent 
shielding behavior. 
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[1] Y. Katz, M. Kupiec and A. Bussiba, Joint FEFGIICF Int. Conf. on Fracture Engineering Materials and 
Structures (Singapore, Aug. 1991), p. 558. 

Local Approach to Interfacial Cyclic Behavior in Plasma-Coated oc/(3 
Ti-Alloysm 

A. Bussiba, A. Raveh and Y. Katz 

Continuous efforts are expended in developing advance processing methods or new 
directions in coating, but the foundations for appropriate surface layer properties assessment 
still remain very challenging. In this context are included mechanical properties which require 
refined insights into layers and interfacial structures^]. An experimental program was initiated 
with ce/p Ti-alloys after plasma nitriding. Single-edge notched specimens were utilized and the 
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fatigue stepdown technique was applied for detection of crack initiation. Near the crack tip, 
8.5-p.m layers were formed consisting mainly of two sublayers of TiN phases. The far-field-
affected zone extended to approximately 20 ^m. 

The cyclic behavior and the crack tip stability factors revealed marked influences due to the 
crack tip field perturbations, or fracture resistance modifications. The role of extrinsic crack tip 
shielding effects as related to closure or to the local effective driving force was elaborated, and 
the local interfacial crack arrest potential as a dominant term in the crack stability equation was 
analyzed. 
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Selected Residual Effects Upon Temperature Transitions 

Y. Katz, M. Kupiec and A. Bussiba 

The present study emphasizes substantial effects which originated as residuals while testing 
along the temperature scale (from high to low temperatures). The low-temperature regime was 
considered, but with additional complexities due to interactive aspects. A global physical view 
was attempted in a fracture mechanics framework on two levels: (i) development of some 
fundamental aspects associated with crack tip shielding potential, phase stability and damage 
assessments; and (ii) reflection of interactive effects on low temperature data as related to the 
intrinsic mechanical properties. For example, low temperature might affect the structural 
stability with implications for various properties such as environmental sensitivity. In this 
context, load interactions — particularly at the higher shelf — might cause significant 
modifications in the intrinsic fracture resistance values as obtained at low temperatures!1^4!. 
Accordingly, the current investigation was centered on illuminating some of these issues 
following an evaluation of the experimental findings. The experimental study of stationary and 
subcritical growing cracks included load interaction effects mainly in BCC (body-centered 
cubic) systems, and environmental interactions in metastable austenitic stainless steels. 

More refined views on residual or contact stress effects, process zone formation and cyclic 
crack growth transients were analyzed, and environmental interactions were described 
illustrating some phase stability concerns. Finally, the role of the time factor via the thermal 
activation approach was considered, with emphasis on low temperature materials' performance 
assessments. 
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Environmental Effects and Delayed Failure in Inconel-600m 

A. Bussiba, A. Tomer, M. Kupiec, Y. Fachima and Y. Katz 

Environmental effects up to delayed failure were investigated in Inconel-600 superalloy. 
Tests were conducted to broaden our understanding of some factors related to the present 
failure analysis. Mechanical tests, X-ray diffraction and Acoustic Emission (AE) were 
performed in addition to metallurgical and fractographical observations. Based on experimental 
findings evaluation, the role of residual stresses in the welding heat-affected zone was 
describedl2'3]. Additional assessments were made with regard to the mechanical component in 
the enhancement of stress corrosion or corrosion fatigue cracking, particularly as associated 
with cracking kinetics. Some \ ecommendations were drawn up for a periodic inspection 
program while emphasizing the importance of the basic material specifications. 
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Transients Under Uniaxial-Compression: Reflection on Materials 
Ductilitym 

Y. Katz, A. Bussiba, A. Tomer, H. Mathias and M. Kupiec 

The intrinsic ductility potential of various metallic systems, including materials with different 
crystallographic structures, was investigated. The research was motivated mainly by the 
realization of some confusion in revealing the intrinsic deformation and its constraint. 
Experimentally, a dynamic approach was adopted in tracking material response to a sudden 
strain rate variation!2!. Here, compression tests were performed in jump tests between 10-2 

sec-1 and 5.5 sec-1 in a given elastic plastic off-set. For this purpose preliminary uniaxial 
compressive stress-strain curves were established at different strain rates. In addition, uniaxial 
tensile tests were carried out for copper and uranium in a wide range of strain rates, from l(h2 

sec-1 to 102 sec-1. Metallographic and fractographic observations were performed, with the 
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emphasis on microcracking formation and fracture behavior. All tests were conducted at 
ambient temperature and a relative humidity of 40-50%. 

Accordingly, the intrinsic ductility was classified by the transient stress values activated by 
strain rate jumps. These were compared with other proposed classifications even at a high strain 
ratePI. Special attention was given to the superplastic Zn-Al system, which is associated with 
alternative deformation mechanisms. The implications of ductility in microcracking formation in 
copper and uranium were demonstrated by recognizing also the role of strain-rate effects. 
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Compressive Tests: Applicability Also to Uranium and Uranium Alloy si1] 

Y. Katz, A. Bussiba, M. Kupiec, A. Tomer and H. Mathias 

Beyond providing essential data for service requirements, compressive tests are applicable 
also for exploring loading modes' mechanical anisotropy. The current work emphasized the 
elastic and elastic/plastic regimes in various materials and crystallographic structures. Basically, 
uniaxial compressive tests on various materials, including uranium alloy samples, were 
performed at ambient temperature at a uniform strain rate of 1-10-3 sec-1. Results were 
analyzed in terms of true stress-strain values to allow appropriate comparison with tensile 
properties even at considerable deformation. Fundamental variables were realized including 
geometrical and friction factors!2-3!. 

Accordingly, while considering aspects of thermomechanical treatment, also some views 
concerning the load-bearing capacity in compression were included. In the investigated 
materials, U and U-alloys, as in other materials, similar intrinsic flow behavior existed, 
namely, in both tensile and compressive tests. Finally, macroscopic fracture modes in uniaxial 
compression were demonstrated. 
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The Influence of Rapid Solidification on Precipitation of the 8' (AI3 Li) 
Metastable Phase of an Al-Mn-Li Alloy 

J. Baram*, M. Polak* and A.N. Sembira 

The incentive for using metal-matrix composites (MMC) is the possibility of achieving 
highly beneficial property combinations, such as increased strength, higher service temperature, 
better wear resistance, higher elastic moduli and improved fatigue behavior. Tailoring the 
properties of MMC to specific applications has motivated extended research over the past two 
decades. Numerous methods have been used for the fabrication of MMC, all aimed to 
incorporate the reinforcement particulates into the metallic matrix, either in the liquid, molten 
state or in the solid, powder state. All fabrication techniques have to overcome two main 
hurdles in order to incorporate non-metallic reinforcements, whether powder or casting 
technologies are used for the production of metallic matrix composites: (i) poor wetting 
between reinforcement particles and liquid melt, or poor adhesion between powder particulates; 
and (ii) chemical reactions that take place at the metal-reinforcement interface, either oxidation 
during the powder processing or reactions induced by the highly active liquid metalHl. The 
approach for solving these problems, i.e., for promoting wetting and minimizing detrimental 
interfacial reactions during fabrication, is the Spray Atomization, Injection and Co-deposition 
process!2]. It is similar to the Ospreyl3-4! and the VCM'5-6! processes and has been inspired by 
the spray-forming principles formulated by Singer as early as 198H71. The thermal analysis 
study of the 5' (AI3U) metastable phase in an Al-Mn-Li alloy has been discussed!8'. 

The precipitation kinetics of the 5' (AI3U) phase in two rapidly solidified samples and one 
conventionally cast sample of an Al2.3Li6.5Mno.65Zn (in wt.%) alloy was compared. Following 
high cooling rates, manganese is retained in solid solution in the aluminum matrix (aAl) up to 
6.0 wt.%, far beyond the thermodynamic equilibrium value (0.3 wt.% at 500°C). Extended 
solid solution of manganese in aluminum induces strain gradients, similar to those produced by 
dislocations. The effect of such gradients, the size of which is proportional to the solute atomic 
fraction, is to enhance lithium precipitation by lowering the activation energy, as observed, and 
also by affecting the rate parameter. Kinetic thermal analysis has been performed in a series of 
nonisothermal experiments in the heat flux differential scanning calorimetry mode. The 
precipitation of the 8' (AI3LO phase is evidenced by an exothermic peak, the characteristics of 
which were analyzed. The rate of transformation (precipitation) is assumed to obey the 
Johnson-Mehl-Avrami equation. The activation energy for the precipitation process as well as 
the kinetic rate parameter have been evaluated for the rapidly solidified and the conventionally 
cast specimens. The activation energy for precipitation is lowered from 107.0 kJ mol-1 for the 
conventionally cast material to 81.8 and 77.0 kJ mol-1 for samples that exhibit manganese solid 
solubility extensions of 2.10 and 6.00 wt.%, respectively. The rate parameter for the 
precipitation reaction, which has the generally agreed value of 1.50, for a transformation 
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involving diffusion-controlled growth, is affected by the strain gradients, too. Its value is 
reduced from 1.40 for the slowly cast sample to 1.32 and 1.20, respectively, for the two 
rapidly solidified samples, as a result of competing mechanisms, namely, growth controlled by 
diffusion and strain-assisted precipitationl9!. 

The morphology of the studied samples is shown in Figure 1. 

Fig. 1: Scanning electron micrographs of the rapid solidification sample as-alomizcd (top), and polished and 
etched (bottom). 

An increase in heat capacity of the dissolution of the 8' (AljLi) and the 5 (Al Li) phases is 
seen in Figure 2. 
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(a) 

(b) 

120 220 320 420 
Temperature (*C) 
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Fig. 2: Differential thermal analysis curve of (top) the rapid solidification sample: as-atomized Al2.3Li6.5Mn (in 
wL%) powders sieved in <45 urn fraction size; and (bottom) the conventionally cast ingot material of the same 

alloy composition. (I) precipitation and (II) dissolution of the metastable (GP) 
AlLi phase; (III) precipitation of the 8' (AI3LO phase; (IV) dissolution of the 8' phase; 

(V) precipitation and (VI) dissolution of the 8 phase; (VII) decomposition of the Al6Mn phase. 
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Isotopic Effects of Metal Hydrides^ 

I. Kalacheim 

According to the existing literature, the isotopic effect of metal hydrides is dependent on the 
hydride structure. There are two types of metal hydrides: (i) the MH2 type, where M represents 
a metal of group IVB (Ti, Zr, Hg); and (ii) the MH type, where M represents a metal of group 
VB (V, Nb, Ta). 

The isotopic effect can be used to separate hydrogen isotopes. Palladium, which belongs to 
the first group, is used to obtain concentrates highly enriched in heavy hydrogen isotopes. 
Vanadium, which belongs to the second group, is used to purify hydrogen (or water) from 
impurities of heavy hydrogen isotopes. 

The main issues considered in this work were analytical and separation methods of 
hydrogen isotopes, thermodynamics of the system H metal, isotopic effects of metal hydrides, 
and correlations between hydride structure and isotopic effects. 
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Trapping and Release of Hydrogen Isotopes in Polycrystalline Nickel 
Pre-Damaged Due to Helium Implantation 

E. Abramov and D. Eliezer* 

Hydrogen profiling employing nuclear reaction analysis and the thermal desorption 
technique coupled with scanning electron microscope observations, has been used to study gas 
trapping and release in high-purity polycrystalline nickel. The effect of the pre-implanted helium 
dose on both deuterium and He desorption was investigated over a wide range of He doses 
(1 x 101 9- 4 x 1021 ions/m2). A computer code, DIFFER, was used to simulate the deuterium 
flux curves and the trapping parameters were evaluated. The simulation results show that a 
wide distribution of trapping energies exists. This can be explained using a stress-field trapping 
model. The effective binding energy, Ebcff, was estimated to be in the range of 0.4-0.7 eV. For 
samples which were irradiated with He ions to high doses, a massive He release was also 
observed.-Thermal charging with deuterium was found to reduce the He self-trapping energy, 
which was expressed by He release at a lower temperature. For the high-dose samples, 
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deuterium or hydrogen gas charging and thermal desorption were also found to induce blister 
growdi and surface exfoliation. 

The Theory of Near-Surface Helium Concentration Affecting Blister 
Formation 

D. Moreno, S. Zalkind, E. Abramov and D. Eliezer* 

The effect of the pre-implementation thermomechanical condition of CuBe on blister 
formation for two different total doses (2xl017 ion cnrr2 and 4xl017 ion cm-2) implanted at 
10, 20 and 40 keV was studied^!. The transport of residual interstitial atoms by dislocation 
loop glide toward the surface due to helium and coalescence of vacancies during the formation 
of subsurface bubbles, could be a good explanation for this phenomenon. The continuous 
coalescence of bubbles tends to build up large cavities parallel to the surface. During the 
implantation and the agglomeration of the injected gas, the pressure inside the cavity rises. At a 
certain depth, when this pressure is high enough to produce a thin film between the cavity and 
the surface, blisters will be created. The thickness of this thin film depends on the mechanical 
properties of the specific metal. A correlation between the near-surface He concentration and 
blister formation for annealed, rolled and aged CuBe is explained by a mathematical approach 
based on the uniformly loaded circular plate with clamped edges and the ideal gas rule behavior 
for the agglomerated He gas in the blister cavity. In this model the thickness of the blisters' cap 
is not correlated with the projected range of the implanted He, as had been suggested by several 
authors^2,3!. 
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Channelling and Blistering Effect in the Copper Single Crystal 

D. Moreno, S. Zalkind, E. Abramov and D. Eliezer* 

The study of channelled ranges is of great interest for all the techniques using ions in the 
low-energy range, such as ion implantation in semi-conductor devices and analysis techniques. 
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The relation between the stopping power, the near-surface concentration of bombarded ions and 
the nature of the target has not been investigated for low energy and high total doses. High 
near-surface concentration of implanted ions acts to build up blisters on the surface of the metal 
or to deform the surface in other ways. 

Blister formation on the surface depends strongly on parameters such as target temperature, 
crystallographic orientation of the irradiated surface, pre-thermomechanical treatment and 
chemical alloying of the metal. A study was made of the near-surface helium concentration, 
stopping power in channelling directions, and blister formation in Cu single crystal with the 
principal orientations'11. Blisters' distribution in Cu single crystals implanted by He at an 
energy of 10 keV and a dose of 4x10'7 ion cm-2 depends very strongly on the crystallographic 
orientation. The theoretical approach based on Firsov's theory^ for channelling effect due to 
electron energy losses, may explain the differences in blister size and appearance for the [101], 
[001] and [111] clirecrionsM. 
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Sputtering from the [001], [011] and [111] Crystallographic Plains in the 
Copper Single Crystal 

D. Moreno, S. Zalkind, E. Abramov and D. Eliezer* 

The effect of ion bombardment of metals generally does not result in uniform etching but in 
the formation of surface structure. Energetic ions cause atoms to be ejected or sputtered with a 
consequent erosion of the surface. The characteristics of the surface topography are a function 
of the material surface and of the ion bombardment conditions. The ejection of atoms from a 
crystal surface by sputtering is due to atomic collisions in a surface layer of the crystal induced 
by the bombarding ion. The effective depth of this layer depends on the penetration of the ion 
and on the efficiency of kinetic energy transfer through the crystal and may involve mechanisms 
such as channelling, and focused collision sequence! 1_31. 

In the present work we studied the effect of interaction behavior between [001], [011] and 
[111] plains and the helium ion bombardment at different energies (10 and 40 keV) and total 
doses (2-4xl017 ion cm-2) observed in a scanning electron microscope (Figs. 1-3). 
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Fig. 1: Different exposure conditions of a copper (Oil] single crystal, a: chemically etched; b: total dose 
implanted, 2xl01 7 ion cm -2 at 40 keV; c: total dose implanted, 2xl01 7 ion cm - 2 at 10 kcV; 

d: total dose implanted, 4xl0 1 7 ion cm - 2 at 40 kcV. 

Fig. 2: Different exposure conditions of a copper [001] single crystal, a: chemically etched; b: total dose 
implanted, 2xl017 ion cm-2 at 40 keV; c: total dose implanted, 2xl017 ion cm"2 at 10 keV; d: total dose 

implanted, 4xl017 ion cm-2 at 40 keV. 

Copper single crystals grown by the Bridgman technique were used. Slices 12-15 mm in 
diameter and 0.5 mm thick were cut from the annealed (780°C for 8 h) single crystal rod. 
Samples were prepared within 5° deviation of the principal directions [001], [011] and 11111 by 
means of Laue patterns. All the samples were subsequently recovered at 200°C, polished 
mechanically, and chemically etched in a solution of 12% HNO3, 47% H3PO4 and 41% 
C2H4O2. Irradiation was carried out using MEIRA, a high-output isotope separator. 
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Fig. 3: Different exposure conditions of a copper [111] single crystal, a: chemically etched; b: total dose 
implanted, 2xl017 ion cm-2 ai 40 keV; c: total dose implanted, 2xl017 ion cm-2 at 10 keV; 

d and e: total dose implanted, 4xl017 ion cm-2 at 40 keV. 

A correlation was found between symmetrically shaped sputtering formed on the eroded 
surface and the respective crystallographic symmetric number. Sputtering of the surface up to 
blister formation led to the development of pyramid-like and rectangular-like stnictures on the 
[111] and [001] plains, respectively. This behavior is attributed to the collision of atoms for 
different projectile energies, caused by the nonaligned beam, which changes the angles of 
incidence and defines the preferred sputtering level. 
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Stress Corrosion Cracking and Hydride Formation in U-0.1%Cr 

S. Zalkind, D. Moreno, A. Venkert, R. Eshkenazy, D. Halperin, R. Arkush, S. Harush 
and E. Abramov 

A study was conducted of stress corrosion cracking in the hydride phase, formed in a 
relatively humid environment. Samples made of 10-mm-diameter rivets introduced into an 
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Fig. 1: Melallographic cross-section of the rivet edge. 

• v 

'-*kf- ' 

1 , 000 

Fig. 2: Backscattcrcd electron image of the bore edge. 

adjusted bore, both U-0.1%Cr, were pressed together. The assembled specimens were placed 
for 3 years in a sealed chamber containing helium, with a relative humidity up to 5%. After the 
chamber was opened, a large amount of corrosion products was found at the rivet-bore 
interface of the specimen. Radial cracks occurred from the bore edge outwards. It is supposed 
that swelling created by corrosion products, increased the volume of the rivetf1!. According to 
estimates of stresses which developed during those reactions, the stresses reached the yield 
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stress of the metal. X-ray diffraction patterns of the rivet corrosion products showed mostly 
UH3 and some UO2. A metallographic cross-section of the rivet edge is shown in Figure 1. 
Hydride formation along the edge is characterized by the formation of hydride needle-like plates 
that penetrate into the bulk!2-3!. A backscattered electron image in composition mode (Fig. 2) 
from the bore edge, shows cracks propagation into the hydride paths. It is assumed that the 
brittle hydride phase is responsible for the developed cracks and failure. 
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Enhanced Helium Release by Hydrogen Isotope Charging in 
Polycrystalline Nickel 

E. Abramov, San-Qiang Shi*, D.A. Thompson** and W.W. Smeltzer* 

Thermal desorption analysis and scanning electron microscopy were used to study helium 
release behavior from nickel charged with or without hydrogen isotopes. It was found that 
hydrogen isotopes in the material may enhance helium release and induce helium blister 
formation for nickel pre-implanted with 10-30 keV, 8 x 1015 to 4 x 1017 He ions/cm2. This 
phenomenon is explained using a Hydrogen-Assisted Interbubble Fracture mechanism. 

Thermal Desorption of Deuterium from Polycrystalline Nickel 
Pre-implanted with HeliumUl 

E. Abramov, San-Qiang Shi*, D.A. Thompson** and W.W. Smeltzer* 

The thermal desorption technique has been used to study the trapping of deuterium atoms in 
high-purity polycrystalline nickel pre-implanted with helium from lxlO19 to 5xl020 ions/m2. 
The effect of post-implantation annealing at 703 K and 923 K on the desorption behavior was 
investigated. Measured values of the total amount of detrapped deuterium and helium were used 
in a computer simulation of the desorption curve. It was found that the simulation using one or 

Dept. of Materials Science and Engineering, and 
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two discrete trap energies resulted in an inadequate fit between the simulated and me measured 
data. The binding mechanism was considered. An effective binding energy, E% , was estimated 
to be in the range of 0.4-0.6 eV. Deuterium charging appears to stimulate a release of helium at 
a relatively low temperature. 
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Synergistic Effects Between Helium and H Jrogen Isotopes on Gas 
Detrapping in PolycrystaJJMne Nickel^ 

E. Abramov, San-Qiang Shi*, D.A. Thompson** and W.W. Smeltzer* 

The thermal desorption and SEM techniques have been used to study the effects of the 
presence of deuterium and hydrogen atoms on the retention of implanted helium in 
polycrystalline nickel. For samples pre-implanted with 40 keV helium to a dose of lxlO21 ions 
m~2 the ratio of trapped deuterium atoms to the implanted helium was found to be 
approximately 0.4 D/He and an effective trapping energy of -0.5 eV was found. For samples 
pre-implanted with 10 keV He to doses from 1.5xl021 to 4xl021 ions nr2 , low temperature 
helium release stages were observed, and resulted in a decrease of deuterium trapping efficiency 
to as low as 0.0075 D/He. Both deuterium and hydrogen charging were found to enhance the 
helium release and to decrease the release temperature. For the high dose samples, deuterium or 
hydrogen gas charging and thermal desorption were also found to induce blister growth and 
surface exfoliation. 
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Deuterium Diffusion, Trapping and Release in Ion-Implanted Nickel^ 

R.G. Macaulay-Newcombe*, M. Riehm*, D.A. Thompson*, W.W. Smeltzer** and 
E. Abramov 

A series of implantation/thermal release experiments was performed on deuterium-implanted 
polycrystalline nickel which had been pre-implanted with He+, B+ , C+, 0+ or Ni+ ions. The 
deuterium was implanted at 180 K: the amount retained and its approximate depth distribution 
were determined by periodic nuclear reaction analysis during thermal ramping of the samples. 
The retention vs temperature data were compared with calculations based on a diffusion model 
in order to extract trap energies and concentrations. Trapping at radiation defects introduced by 
the 180 K deuterium implantations retarded the diffusional release of deuterium; pre-
implantation with He+ caused a significant increase in the release temperature; pre-implantation 
of the other ions produced little or no effect on the release temperature, except possibly in the 
case of C", which may have produced 0.6 eV traps. The He+ implantation produced traps with 
an apparent energy of 0.69 eV, which was reduced to 0.59 eV by annealing for 63 h at 605 K. 

Reference 

[1] R.G. Macaulay-Newcombe, M. Richm, D.A. Thompson, W.W. Smellzcr and E. Abramov, Radiat. Eff. 
Defects Solids 117:285 (1991). 

Oxygen-Induced Surface Segregation of Hydrogen in Polycrystalline 
Titanium 

A. Azoulay***, U. Atzmony, M.H. Mintz and N. Shamir 

Oxygen-induced surface segregation of hydrogen was investigated in polycrystalline 
titanium. It was found that sulfur impurities in titanium segregate preferentially to the surface 
when the sample is heated. Consequently, the properties and reactivity of the sulfur-containing 
surfaces were modified relative to sulfur-free samples, in a way which enabled the performance 
of quantitative kinetic segregation measurements, utilizing direct recoil spectrometry. The time 
behavior of hydrogen accumulation on the surface pointed to a segregation mechanism 
involving subsurface to surface hopping as the rate-determining step. 
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Hard Carbon Films Deposited Under High Ion FluxW 

L. Martinu*, A. Raveh, A. Domingue*, L. Bertrand*, J.E. Klemberg-Sapieha*, S.C. Gujrathi* 
and M JL Wertheimer* 

Hydrogenated amorphous carbon (a-C:H) films were deposted from methane or methan/ 
argon mixtures in a 'dual' microwave/radio frequency (MW/RF) plasma: the substrates were 
placed on a negatively biased, capacitively coupled RF (13.56 MHz) electrode and 
simultaneously exposed to a microwave (MW-2.45 GHz) discharge. Application of the MW 
power and/or addition of argon is found to enhance substantially gas phase processes such as 
dissociation of CH4, formation of atomic hydrogen and of C2, C3 and CH species (revealed by 
optical emission spectroscopy), and the concentration of the sp3 component in the layers 
(infrared spectroscopy). This approach was demonstrated to enable deposition of thick 
(-10 fun), hard (30-50 GPa), low stress (0.5 GPa) a-C:H films at a lower ion bombardment 
energy (<100 eV) than in a simple RF plasma. 

Reference 

[1] L. Martinu, A. Ravch, A. Dominguc, L. Bcrtrand, J.E. Klemberg-Sapicha, S.C. Gujrathi and 
M.R. Wertheimer, Int. Conf. on Metallurgical Coalings and Thin Films (San Diego, CA, USA, April 
1991). 

Structure-Property Relationships in Dual-Frequency Plasma Deposited 
Hard a-C:H Films!*] 

A. Raveh, L. Martinu* S.C. Gujrathi*, J.E. Klemberg-Sapieha* and M.R. Wertheimer* 

Films of amorphous hydrogenated carbon (a-C:H) which are hard (30-50 GPa), dense 
(1.7-1.8 g/cm3), and low in stress (0.5 GPa), have been deposited in a dual-frequency 
(microwave [MW]/radiofrequency [RF] plasma system, where the substrates are placed on a 
radio-frequency-powered electrode while simultaneously being exposed to a microwave 
discharge in CH4, or in CrLj/Ar mixtures. This MW/RF deposition mode, and/or the addition 
of argon to the hydrocarbon feed gas, result in highly efficient monomer fragmentation in the 
gas phase and in the creation of species which contribute to enhanced sp3 features in the 
deposits. Film properties such as microhardness, density, hydrogen content, and refractive 
index are related to microstructure and composition, which are determined by Fourier-
Transform infrared sepctroscopy, scanning electron microscopy, X-ray photoelectron 
spectroscopy and Elastic Recoil Detection Analysis. The MW/RF films exhibit a systematically 
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lower stress, and a higher density than their RF counterparts. The observed structure-property 
relationships can be interpreted if we distinguish three categories of a-C:H films with diamond
like properties, namely, hard carbon with bonded hydrogen, hydrogen-doped (unbonded) 
carbon, and hard, polymer-like material. 
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Deposition and Properties of Diamond-Like Carbon Films Produced in 
Microwave and Radio-Frequency PlasmaW 

A. Raveh, J.E. Klemberg-Sapieha*, L. Martinu* and M.R. Wertheimer* 

Hard a-C:H films were grown in a dual-frequency plasma sustained simultaneously by 
microwave and radio frequency power. 'Optimum' growth conditions, namely, those leading to 
the most pronounced sp3 structural features in the films, depend very strongly on the methane 
feed gas flow rate and on the argon concentration, in the case of CHj/Ar mixtures. These 
optimum conditions have been found to correspond to maximum values of ion flux at the 
growing film surface, and high concentrations of precursor species such as CH, C2, C3 and 
atomic hydrogen in the plasma, as revealed by optical emission spectroscopy. Films grown 
under optimum conditions have very high microhardness (-50 GPa), high density 
(1.8 g/crn-3), and low internal stress (0.5 GPa). Addition of argon to the methane was shown 
to enhance the gas phase fragmentation and to raise the microhardness, but argon atoms trapped 
in the films' structure increased the internal stress. 
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Aging Effects of Epoxy Resin on Joining of Aluminum Plates^ 

A. Raveh, D. Marouani, R. Ydgar, J.E. Klemberg-Sapieha* and A. Bettelheim 

Aluminum plates (type 2024) were subjected to various surface pretreatments and then 
joined by epoxy resin. The joints were tested for shear strength close to the time of joining, and 
after various storage periods at 25±5°C and 40% r.h. Surfaces of the aluminum plates were 
examined using X-ray photoelectron spectroscopy, and scanning electron and optical 
microscopies. Specimens examined shortly after being joined showed a trend of cohesive 
failure, but those which were stored for some time showed a trend of adhesive failure. The 
mean shear strength (MSS) of the specimens treated by a chromic acid solution was lower than 
that of specimens treated by a phosphoric acid solution. Hardness (Shore type D-2) and 
structure (by X-ray diffraction) of epoxy control samples were also examined. The hardness 
increased with longer aging time, while changes in the structure were observed after long-term 
storage (63 months). The failure development with time was correlated with the MSS and the 
failure mode. 
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Layer Structure and Mechanical Properties of Low-Pressure RF Plasma 
Nitrided Ti6Al4V AlloyHl 

A. Grill**, A. Raveh and R. Avni 

TieAUV alloy has been nitrided in low-pressure inductively-coupled rf plasmas of nitrogen, 
hydrogen and argon. The structure and composition of the nitrided layers were investigated by 
a variety of methods including X-ray diffractometry, transmission and scanning electron 
microscopy, and Auger electron spectroscopy. Mechanical properties, i.e., surface 
microhardness, erosion resistance and fatigue of nitrided samples, were determined as a 
function of preparation conditions. It was found that the nitrided layer is composed of an 
external compound layer, followed by a diffusion layer: the former consists of the cubic 5-TiN 
and the tetragonal e-Ti2N phases, and is composed of the e-Ti2N and cc'-(Ti,N) (solid solution 
of nitrogen in titanium) phases. The relative concentration of the different phases and their 
crystallographic orientation have been found to be strongly dependent on the plasma 
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parameters, such as composition of gas feed and position in reactor. 
Surface microhardness as high as 29.4 GPa (3000 kg/mm2) was obtained for the nitrided 

layers, with significant improvements in the fatigue life and erosion resistance of the nitrided 
alloy. Erosion resistance and fatigue improvements were obtained for different nitriding 
conditions: the erosion resistance was directly correlated with the surface microhardness and 
concentration of the 5-TiN phase, while the resistance to fatigue was correlated with the 
concentration of a ' + e phases. 
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Modification of Metal Surfaces by Ion Implantation: Initial 
Hydrogenation of Sputtered Ce 

R. Arkush and N. Shamir 

Ion-implanted surfaces are also sputtered by the implanting beam. When the surface is not 
annealed after implantation, it remains with the typical morphology and surface damage of 
sputtering that affects the interactions with gases. In order to distinguish sputtering effects from 
implantation ones, one should study the effects of net sputtering on the interaction of gases with 
surfaces. 

Fig. 1 a: Round (some of two concentric) circles of attack, the center of which seems to be untouched (as if 
hydrogenation started somewhere beneath the surface and spread conically outwards); b: In some areas of attack, 

the cones seem to be melted together. 
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The initial hydrogenation of Ar^-sputtered Ce was observed by Scanning Electron 
Microscopy (SEM). On the one hand, compared with unsputtered Ce, the hydrogenation rate is 
not affected significantly by sputtering. On the other hand, since the surface morphology of 
sputtered Ce is that of tiny (~1 p.m width) cones, one can use these cones as a microscopic 
probe of the details of the hydrogen-attacked areas. Two distinct and intriguing features of 
hydrogen attack spots were revealed in the SEM pictures (Fig. 1). Both these phenomena are 
yet to be explained. In order to understand them better, we plan to monitor continuously the 
hydrogenation process of sputtered Ce in the Hot-Stage Microscope in our laboratory. 

Fatigue Failure of Ferritic Nodular Cast Iron in Heavy-Section 

Castings!1! 

M. Mark-Markowitch, F. Schubert*, R. Arkush, H. Nickel* and E.P. Warnke** 

Over the last two decades, ferritic grade nodular cast iron (NCI) has been used increasingly 
as the structural material for heavy-section (>200 mm) integral castings, e.g. storage and 
shipping casks for spent nuclear fuel elements. With some castings, wall thickness may be as 
much as 500 mm, while the weight may exceed 100 tons. 

Very few fatigue data are available for heavy-section NCI castings. The need for such data 
arises from the particular thermal history of heavy-section castings: due to the temperature 
gradient across the wall, solidification and the gamma-to-alpha transition of the material near the 
thermal center of the casting proceed at low cooling rates. As a result, both graphite 
morphology and matrix structure tend to degenerate and the mechanical properties to 
deteriorate. 

This research was conducted with the following scope and goals in mind: 
- Determination of high-cycle-fatigue uniaxial S-N curves with specimens sampled from the 

outer layers (fast cooling) and near the thermal center (slow cooling), respectively, of heavy-
section (450x600x650 mm) ferritic NCI, produced to meet different quality gradings. 

- Investigation of possible relations between fatigue-limit and ductility. 
- Investigation of possible relations between fatigue-limit and stereologic parameters of the 

graphite morphology. 
- Identification of the main fatigue failure-modes by SEM fractography. 

The following conclusions were drawn from the research. 
- For a given casting technology, section size may influence the fatigue strength of ferritic 
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NCI, inasmuch as it determines the graphite morphology and the macroscopic ductility at 
various levels of the wall thickness. 

— Small graphite nodule-spacings (^,0.100 mm) and high local ductility (dimpled-rupture 
'bands') appear to promote fatigue strength. Conversely, large nodule spacings (^0.200 
mm) and low local ductility (infrequent dimpled-rupture 'bands') seem to reduce the fatigue 
strength. 

— An interesting effect of macroscopic ductility was revealed: while elongaticn-to-fracture 
values of 12-15% are adequate for most applications of ferritic NCI castings, higher A5 
values may be required to ensure a high fatigue strength. 

— Crack initiation in ferritic NCI is associated with decohesion of graphite nodules from the 
surrounding matrix. Emission of microcracks from the decohesion 'moat' created around the 
nodule constitutes the first detectable stage of crack growth, while cracks connecting two 
nearest-neighbor graphite nodules represent the next and main crack-propagation stage. 
Transcrystalline and, to a lesser degree, intercrystalline fractures represent the major (brittle) 
modes of the fatigue failure of ferritic NCI. 
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Simulation of Neutron Irradiation Damage in A1-A5 Alloys by Ion 
Implantation^! 

A. Munitz and C. Cotler 

Ion implantation was used to simulate neutron irradiation damage in A1-A5 alloys. The 
damage was investigated by scanning electron microscopy. H+ and He+ ions were implanted up 
to a dose of 2X104 ̂ Ci. It was found that H+ ions caused the appearance of blisters and holes 
on the surface, the density of the blisters and holes being a function of the implanted dose. The 
He+ ions caused sputtering of the surface via flaking. 
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Delbruck Amplitudes: New Calculations^ 

S. Kahane 

Calculation of the first-order Delbruck scattering amplitudes was parallelized in a medium-
grain mode assuring a very efficient, equal load implementation, on systems with a moderate 
number of processors. This is a continuation of our previous work^l, in which only a coarse 
mode parallelization with a factor of =2 imbalance was attained. Altogether 176 new numerical 
values were calculated in the energy range 7.92-28 MeV and in the angular range 0.001-120° 
with an estimated accuracy of 1%. The old tables of Bar-Noy and KahanePl are improved by 
these new calculations, and in particular the values of /?M+_ amplitudes. A comparison 
between the old calculations, and the present results is shown in Figure 1. Good agreement 
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Fig. 1: The present results (solid lines) compared with the calculation of Bar-Noy and Kahanet3! (triangles). Real 
amplitudes at 9 and 28 McV. 
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is found with the calculations of Turrini, Maino and Ventura!4!, with smoother behavior of the 
present values. The calculations were performed on an eight-transputer system. The typical 
running time is 40 min for a given (E, 6) pair, of which 10 min is for the imaginary part and 30 
min for the real part The tables which were drawn up in this work consist of 176 entries and 
required about 5 days of cpu rime. The entire calculation was completed in about 10 days using 
an AT personal computer platform during afterwork hours and at night. These illustrative 
figures are to be compared with the work in ref. [4], in which 128 entries were calculated, 
necessitating 450 days of cpu time and one year to complete on several VAX computers. 
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A Strong Dynamic Neutron Source Based on the 209Bi(y, n) Reaction!1] 

R. Moreh, R.Fedorowicz*, W.V. Prestwich*, T.J. Kennett* and M.A. Islam* 

An intense dynamic n-source, / = 105 n/s, having two n-groups, En = 177 keV and 114 
keV, is reported. It is based on the BiCy, n) reaction where a chance overlap occurs between the 
Y-line of the Cu(n,Y) reaction and a nuclear level at 7637 keV in 209Bi. The thermal neutrons 
which induce the Cu(n,y) reaction are obtained from a reactor. The spin, parity, and total and 
radiative widths of the 7637 keV level in Bi were determined. The resonance cross-sections for 
n-production are: <Jyn = 275±40 mb and 93±14 mb for the 177 keV and 114 keV groups, 
respectively. The resulting dynamic n-source is the most intense which can be produced by this 
method. 
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Analytic Formula for B(E2) Values in Even-Even Nuclei with A>60m 

A. Wolf, O. Scholten* and R.F. Casten** 

An approximate analytic formula for calculating fl(£2;2| —» Of) transition probabilities is 
proposed. This formula reproduces quite accurately numerical calculations based on the 
interacting-boson model (IBM), and experimental data for a large number of nuclei from Zn to 
Pt, and in the actinide region, the largest discrepancies being of the order of 40%. The analytic 
relation is based on an IBM Hamiltonian, the four parameters of which can be estimated using 
simple expressions. Since these expressions are based on a microscopic shell-model 
description, the formula requires knowledge only of the (N, Z) values of the isotope in 
question. 
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Investigation of the Iron-Binding Properties in Zr(AlxFei_x)2 by Nuclear 
Resonant Photon Scattering^ 

I. Jacob***, A. Israel***, R. Moreh and A. Wolf 

A previous investigation of the Ni-binding properties in LaNis^Alxt1! compounds, 
0<x<\.5, indicated that a rule of reverse capacity (RRC) may exist in some intermetallic 
systems. The RRC states that the hydrogen absorption capacity of isostructural intermetallic 
compounds may decrease with the increase of the lattice rigidity. The Zr(AlxFei_x)2 system 
was suggested!1! as a comprehensive demonstration of the RRC. In the present work a study of 
the iron-binding properties in the Zr(AlxFei_x)2 system, 0<x<l, was carried out by utilizing the 
nuclear resonant photon scattering of 8.512 y rays from 56Fe. Large samples of Zr(AlxFei_x)2 
compounds, approximately 200 g each, were introduced into the photon beam emitted by a 
Cr(n,y) source at the IRR-2 reactor. The scattered 8.512 MeV y radiation was detected by a 
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large, 130 cm3, HPGe detector. An experimental setup was designed to enable a direct 
comparison of the scattered intensities, thus obviating complicated self-absorption and 
geometrical corrections. Substitution of small amounts of Fe in ZrFe2 by Al (e.g. x = 1/12) was 
found to cause a reduction of the resonantly scattered intensity. This indicates a softening of the 
Fe bonding strength in the corresponding compounds. Since such a substitution is also known 
to cause a drastic increase in the hydrogen absorption capacity PI, our results seem to conform 
with the prediction of the rule of reverse capacity. 
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Beta-Decay of ssgzi-m 

M.S. Rapaport, D. Bucurescu*, C.F. Liang* and P. Paris* 

Decay studies of 85sZr sources were carried out to deduce the 85Y level scheme with 40 
levels up to 2.66 MeV. In the spallation reaction of a 280 MeV He beam with a natural Mo 
target, activity of 85ZrF3+ was extracted and mass-separated at the ISOCELE-2 facility, 
operating on-line to the Orsay synchrocyclotron, y, X-ray, conversion-electron singles and 
time-multiscale, and y-y-t and e-y-t measurements were carried out. 

The low-energy levels in 85Y have been investigated!2! through the chemically separated Zr 
sources produced in the 89Y+70 MeV proton reactions, but the proposed 85Zr decay scheme is 
only tentative. In the present study, with the exception of a level at 1608 MeV, all levels 
proposed previously!2! are confirmed. However, for many of these levels more transitions are 
observed, and 20 additional levels are proposed. As seen in the decay scheme of 85£Zr (Fig. 1), 
some of the levels decay finally to the g.s. 1/2- level and are thus very likely of negative parity. 
Most of the levels decay mainly to the low-lying positive-parity levels, and due to their feeding 
through the decay of the 85Zr 7/2+ ground state with either allowed or first-forbidden non-
unique character, they are very likely of positive parity and J = 5/2,7/2 or 9/2. The number and 
average excitation energy of levels with spin-parity 5/2+, 7/2+ and 9/2+ below 2 MeV 
excitation agree well with those predicted by earlier IBFM-1 calculations!3!. 

* C.S.N.S.M. Campus Orsay, France. 
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Fig. 1: Decay scheme of 85Zr. 
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Decay Studies of Neutron-Deficient Nuclei Near the Z = 64 Subshell: 
i42Dy, 140,142Tb, i40,i42Gd, i40,i42Eu, i42Sm , and i42pmm 

R.B. Firestone*, J. Gilat, J.M. Nitschke*, P.A. Wilmarth* and K.S. Vierinen* 

The electron-capture and P'-decay branchings (EC/pO and delayed proton decays of A = 142 
isotopes with 61 < Z < 66 and A = 140 isotopes with 63 < Z < 65 were investigated with the 
OASIS facility on-line at the Lawrence Berkeley Laboratory SuperHBLAC. Electron capture and 
positron-decay emission probabilities were determined for l42Pm and 142Sm decays, and 
extensive decay schemes were constructed for 142Eus(2.34 ±0.12 s), 142Gd(70.2 ± 0.6 s), 
140Eu(1.51 ± 0.02 s), and 140Gd(15.8 ± 0.4 s). Decay schemes for the new isotopes 
142Tb8(597 ± 17 ms), 142Tbm(303 ± 17 ms), 142Dy(2.3 ± 0.3 s), 140Eum(125 ± 2 ms) and 
140Tb(2.4 ± 0.2 s) were also constructed. We assigned y rays to these isotopes on the basis of 
YY and xy coincidences, and from half-life determinations. Electron-capture and P'-decay 
branchings were measured for each decay, and P-delayed proton branchings were determined 
for 142Dy, 142Tb, and 140Tb decays. QEC values, derived from the measured EC/P' branchings 
and the level schemes, were compared with those from the Wapstra and Audi mass evaluation 
and the Liran and Zeldes mass calculation. The systematics of the N = 77 isomer decays were 
discussed, and the intense 0+ -»1+ and 1+ -> 0+ ground-state beta decays were compared with 
shell-model predictions for simple spin-flip transitions. 
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Fragrance-Loaded Lyophilized Liposomes^ 

M. Juszynski, R. Azoury, C. Barash and R. Rafaeloff 

The use of liposomes for the transport of drugs, enzymes and cosmetic products is now 
recognized as a promising method for delivering a wide variety of agents to the precise site of 
action, at a controlled delivery rate. The major problems encountered in liposome formulation 
are their stability and shelf life. 

In spite of the improved methods of forming liposomes, further development is required to 
optimize their preparation for industrial scale-up. The manufacture of liposomes requires 
inexpensive materials; rapid and reproducible preparation methods; high trapping efficiency, 
active ingrcdient-to-lipid ratio, and stability; and long shelf life. In order to overcome these 
obstacles we developed a procedure for the preparation of lyophilized liposomes with high 
entrapment efficiency of hydrophobic agents!2'. The procedure is simple to use and its scaling-
up is straightforward. Stable fragrance-loaded liposomes were prepared by the ethanol injection 
method with 0.18% w/w entrapment, and by the dehydration-rehydration technique with 
2% w/w entrapment efficiency. 

In the present work the entrapment efficiency of fragrances was multiplied by their 
integration in negatively charged small unilamellar liposomes, in order to obtain a prolonged 
and lasting effect after mixing the liposomes with cosmetic products. The liposomes were 
prepared from soybean phosphatidylcholine and a negatively charged phospholipid, which 
prevents aggregation, stabilizes the liposomes and improves the entrapment. 4% (w/w) of each 
fragrance was entrapped in liposomes after rehydration of lyophilized samples prepared from 
phospholipon 90 and phosphatidic acid or phosphatidylglycerol in a fragrance: lipid ratio of 
1:3.1. In the presence of cholesterol or dicetylphosphate, poor dispersion was obtained. 
Increasing the fragrance content over the 1:3.1 w/w ratio decreases the stability of the formed 
liposomes. 

The liposomes were characterized by transmission electron microscopy and by measuring 
their particle size distribution (PSD) optically by scanning with a He-Ne laser beam. The 
liposomes are uniform, ranging in size between 40 and 70 nm. After lyophilization, due to 
fusion and reorganization, the size increases to 60-100 nm. The average mean of the PSD is 
318 nm. The relatively large mean average value can be attributed to agglomeration of vesicles 
which may have been measured by the light scattering method as large particles. 
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Thermosensitive Liposomes for the Delivery of Cytotoxic Drugs 

M. Juszynski, R. Azoury, C. Barash and R. Rafaeloff 

The present work focuses on the development of liposome anticancer drug formulations, in 
which cytotoxic drugs are entrapped in temperature-sensitive liposomes (TSL). Hyperthermia is 
used for liposome targeting. TSL are formed from lipids which undergo sharp transitions 
between gel and liquid crystalline states at a given transition temperature, e.g. at the temperature 
of hyperthermia, between 40 and 45°C. Close to the transition temperature, the permeability of 
the liposome membrane increases and the drugs are released at an enhanced concentration in the 
target tissue. Neutral liposomes composed of dipalmitoyl phosphatidyl choline (DPPC) and 
distearoyl phosphatidyl choline and negatively charged liposomes composed of DPPC and 
dipalmitoyl phosphatidyl glycerol were loaded with adriamycin, m-platin, carboplatin or 
bleomycin. At the present time the encapsulation efficiencies of the drugs in the liposome are: 
29% cw-platin, 70% adriamycin and 20% carboplatin in neutral liposomes; and 30% cw-platin, 
85% adriamycin and 35% carboplatin in negatively charged liposomes. Preliminary release 
experiments showed that up to 90% of the entrapped drugs is released at 42°C. Optimization of 
the preparation methods, stability and in vivo performance of this system is under 
investigation. 

Highly Electrically Conducting Polyurethane-Based Composites 

B. Zinger, D. Behar and D. Kijel 

A new conducting composite based on a polyurethane (PU) membrane was prepared. PU 
films were radiation-induced grafted with acrylamide to form a highly hydrophilic composite 
material PU/PAAM. This composite was loaded with polypyrrole (PPy) using the new 
chemical-electrochemical catalytic method to form the highly conducting composite 
PU/PAAM/PPy. The hydrophilicity of the host matrix is essential for the incorporation of the 
conducting phase throughout the film in aqueous solutions. The interaction between the 
insulating host membrane and the PPy is important to achieve high conductivity. Conductivities 
as high as 100 S cm-1 were obtained. The environmental stability of these films was good, 
with 97% of the initial conductivity maintained after 100 days at room temperature. Flexible, 
stretchable and strong conducting films were prepared. Films which exhibit conductivity of 
70 S cnr1 could be stretched to 24% of their original length. Thick transparent films having 
fairly high levels of conductivity were prepared in methanol-water solutions. The mechanical 
and thermal properties, as well as the composition and morphology of the new conducting 
composites, were investigated. 
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Radicals Formed in Radiolysis of Alkylbenzenesulfonates 

D. Behar 

Oxidation of alkylbenzenesulfonates by OH radicals proceeds via two routes: 75-85% of 
the OH radicals react via addition to the benzene ring, while the rest abstract an H atom from 
the alkyl group. The relative distribution between the two paths of reaction depends on the 
nature of the alkyl group. No evidence for the formation of cation radicals from OH adducts 
was found. H radicals add to the benzene ring to form cyclohexadienyl-type radicals, but when 
reacted with isopropylbenzenesulfonate, ~15% of the H radicals abstract hydrogen from the 
alkyl to form the benzyl-type radical. The reaction of the SO4- radicals with 
alkylbenzenesulfonates produces 50-70% OH adducts, with the rest being benzyl-type radicals. 
At high concentrations of solute and persulfate, a short-iived precursor to the benzyl radicals 
was observed. The precursors observed with p-toluenesulfonate, isopropylbenzenesulfonate, 
and m-toluenesulfonate decay in a first-order process at rates of 1.4 x 106, 9.4 x 105 and 
2.5 x 105 s_1, respectively. The short-lived precursor is identified as an unstable OH adduct to 
the benzene ring. 

Development or a Continuous Electropolymerization Process 

S. Shkolnik, Z. Vagish and C. Barash 

A continuous electrocoating device was built according to the scheme developed earlier!1!. 
Inasmuch as some parts of the device (the body of the electrochemical bath, the anode plates, 
etc.) should be stable to the relatively aggressive monomer-electrolyte solution and to the 
specific conditions of the process, some of the construction materials were chosen only after 
laboratory tests. 

The constructed semi-industrial electropolymerization-coating device consists of a spool 
holder, prewetting, electrochemical and washing laths, drier, and driving system. The liquid in 
the available baths is circulated by pumps; the driving system is computer-controlled. The 
electrochemical and washing baths, as well as the drier, are located in a hood with an efficiency 
of250F/m. 

Surface-untreated carbon fibers (CF) (Hercules, U.S.A.), in tows of 12,000 filaments 
(AU4-12K), were used. The feed ratio of the monomers was calculated according to Tg=60°C 
and was equal to a methyl methacrylate: methacrylate ratio (MMA: MA) of 0.77:0.23. The 
coating of the fibers with poly(MMA-co-MA) was carried out at speeds of 9-12 m/h and 
current densities of 0.2-0.3 mA/cm. 

SEM micrographs of untreated and coated CF showed that the surface of the Hercules 
fibers, in contrast with the locally manufactured CF (ACIF, Israel), are smooth and do not have 
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a wavy texture. The micrographs of fibers coated with a 300-nm-thick layer in a laboratory 
three-compartment cell showed that there is no difference between their structure and that of the 
virgin fiber. The surface of the coatings formed during the continuous electropolymerization 
process is smooth, but swelling-like microprojections are budding from the coated surface of 
the filaments. 
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Electropolymerization-Coating of Carbon Fibers with Terpolymers 

S. Shkolnik and C. Barash 

Bonding between the interlayer and matrix in composite materials can be improved by 
introducing monomers with functional groups which are capable of reacting with one of the 
epoxy resin's components. On the other hand, if the bond's density is high and, consequently, 
the interface is too rigid, cracks tend to pr pagate into the fibers, causing failure. Therefore, it 
Is expedient to diminish the GMA content ir the methyl methacrylate/glycidyl methacrylate 
(MMA/GMA) copolymer!1!. In order to maintain the .equired Tg of the interlayer, methyl 
methacrylate (MA) was added. 

The electropolymerization of the three monomers was performed in the cathodic 
compartment of a divided cell. The calculated weight fractions of the monomers in the 
terpolymer MMA/MA/GMA, as an interlayer with Tg=60°C, were 0.56:0.31:0.13; the 
respective estimated mole fractions in the monomer feed were 0.66:0.25:0.09. The reactions 
were carried out at current densities of 0.2-0.3 mA/cm. 

The results obtained showed that in the investigated range of monomer concentration (10-
14%), at reaction times up to 40 min, an insignificant difference of the polymerization rates was 
observed: 0.51 and 0.42%/min for concentrations of 10% and 14%, respectively. 

For Tg determinations, the electropolymerized terpolymers were extracted with 
dichloromethane and then precipitated with petroleum ether. The Tg value of the nonextracted 
part of the terpolymer, as determined by differential scanning calorimetry, was 61-62°C, almost 
identical to the calculated value. However, surprisingly, the Tg of the soluble part was 
significantly higher (~80°C). It should be noted that ~20% of the terpolymer was insoluble in 
dichloromethane and acetone, in contrast to 60% insolubility of the MMA/GMA copolymer 
with the same Tg. 

Spectroscopic characterization of the polymer coating was performed in a Fourier-Transform 
infrared spectrophotometer. The peaks at wave numbers 909 and 1732 cirr1 are typical for the 
epoxy and carbonyl groups, respectively. It was reported recently that the insolubility of a part 
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of the MMA/GMA copolymer is conditioned by the reaction of carboxyl groups on the surface 
of the carbon fibers with epoxy groups!2!. The formed esteric groups could not be detected by 
the instrumental methods used. Thus, also in the case of the synthesized terpolymer, the 
absorbance ratio of the epoxy and carbonyl groups can be linearly related to the GMA 
contend2!. 

SEM micrographs of fibers coated with MMA/MA/GMA terpolymer, showed that on the 
smooth 280-nm-thick polymeric layer, rare hillocks arise from the fiber surface. 
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Development of a Cationic Net-Reinforcement 

S. Shkolnik, R. Azoury and Z. Vagish 

Electmdialytic cells, which contain a bipolar membrane (BP), are used for industrial waste 
recovery (neutralized acid byproducts or the acids themselves), water sweetening, etc. Tney 
comprise several zones, separated by individual membranes, with a BP membrane in between. 
The membranes comprise a cation-exchange and an anion-exchange layer. The interface 
between the oppositely charged layers is of decisive importance, as water splitting occurs there. 
For high efficiency of the membrane, a sharp interface — in which groups of opposite charge 
do not neutralize each other — is necessary. 

For removal of contamination from membrane surface for wetting of the interface, and for 
other purposes, a current is passed through the BP in the reverse direction. The change in 
current direction leads to blistering and delamination of the opposite-charged layers. To prevent 
the destruction of the BP membrane, a non-woven fabric (NWF) bearing cation-exchange 
groups was proposed as an interlocking element between the two layers (instead of the usual 
planar interface). The NWF, prepared from fibers of a polyethylene-polypropylene blend, have 
a tensile strength of 170-260 N/50 mm and an air permeability of 140-250 dm3/s»m2 at 2 
mbar. Two radiation-induced grafting methods were used to impart ion-exchange properties to 
the NWF: the use of 60Co as the y-irradiation source; and the preirradiation technique, in which 
the samples are irradiated with electrons by means of an electron beam accelerator. The grafting 
was performed with styrene in the presence of divinylbenzene as the crosslinking agent. The 
grafted polystyrene was then sulfonated by the usual method with sulfuric acid. Ion exchange 
capacities of 0.5-2.0 were achieved. Owing to the density of the chosen type of NWF, besides 
the function of reinforcement of the BP, the NWF-bearing sulfonic groups could play the role 
of the cation-exchange layer. This conclusion was supported by scanning electron microscope, 
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Fourier-Transform infrared, and differential scanning calorimetry tests of the NWF, which 
were performed before and after grafting and sulfonation. 

Phase Diagrams of the Ternary Systems NaCI/CsCI/H20 and 
NaBr/CsBr/H20 Elucidated by Mechanochernical Equilibration 

S. Yariv*, H.J. Seifert**, J. Uebach**, S. Shoval*** and R. Azoury 

Mechanochemical equilibration of the two ternary systems NaX-CsX-H20, where X is CI 
or Br, was investigated using a ball mill, which is a closed system. Products obtained by 
grinding mixtures with different molar "-alios of NaX, CsX and H2O were identified by X-ray 
diffraction, IR spectroscopy and thermal analysis. The water content of the different species in 
the mixtures was determined by heating the samples at 350° and by Tg. The products of 
grinding are solid solutions of hydrated NaX in CsX, Csi_x[Na(H20]xX (with X=C1, x 
£0.43; with X=Br, x <0.48) and the hydrated double salt Cs[Na(H20]2X3. With X=Br, the 
di-hydrate NaBr«2H20 is also obtained. The phase diagrams of the NaCl-CsCI-H20 and 
NaBr-CsBr-H20 systems were constructed for that part in which only solids exist in the 
equilibrium state. From the phase diagram it is obvious that the double salt cannot be 
crystallized from aqueous solutions. In the mortar grinder the ground material was in contact 
with the atmosphere and water was exchanged between the solids anr! the atmosphere 
(adsorption or desorption). Solid solutions were obtained by both techniques, whereas the 
double salt was obtained only by ball mill grinding. The differences in the results of the two 
grinding techniques could be explained on the basis of the phase diagram. 

In vitro Biocompatibility of a New Hydroxyapatite (HA-SL1) Determined 
by SEM 

R. Azoury, H. Ben-Bassatt, B.Y. Kleint, E. Lerner*, E. Rahamint, Z. Shlomai'1' and 
S. Sarig* 

A pure hydroxyapatite (HA-SL1) was prepared by a new, rapid and easy method through 
precipitation from aqueous solutions using microwave irradiation. The biocompatibility and in 
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vitro performance of HA-SLl were compared with two other ceramics. Cells relevant to 
osteogenesis — human bone cells and endothelial cells participating in angiogenesis — were 
cultured on ceramic surfaces. Structural and functional aspects of these cells grown on HA-SLl 
were examined by scanning electron microscope. HA-SLl was found to be an in vitro-
biocompatible and non-toxic material, supporting growth of human bone cells and bovine 
endothelial cells. 

Crystallization of Doped Chalcogenide Glasses^ 

L. Boehm and H. Assaf 

Chalcogenide glasses have been used for many years as passive optical components for 
infrared applications up to 12 (am. However, the main problem in the practical application of 
these glasses lies in their low mechanical strength and low softening temperature. The 
possibility that fine-grained polycrystalline chalcogenides would meet both the transmission and 
strength requirements of such materials stimulated research in the field of crystallization 
phenomena of doped chalcogenide glasses. 

A chalcogenide glass of the composition ^ ^ S e ^ T e i s , transparent up to 14 \im, was 
nucleated by various amounts of TiSe2, ZrSe^ or ZrTe2- X-ray diffraction spectra, scanning 
electron microscopy (SEM) and energy dispersive analysis of X-ray (EDAX) were employed to 
observe the type of crystallization obtained during the thermally activated devitrification of the 
glassy samples. 

Based on differential scanning calorimetry measurements, the samples were subjected to 
different annealing temperatures before heat treatment. A typical annealing temperature was 
30O°C, with time varying from 18 to 40 h. The parameter AT=Tx-Tg, which is an indication of 
the stability of glass to crystallization, increases with increasing duration of annealing. It should 
be emphasized that annealing did not promote uncontrolled crystallization if it was carried out 
under vacuum. 

Powder x-ray diffraction patterns of 'as quenched', annealed (for different periods of time), 
and heat-treated samples were recorded. The x-ray diffraction of the composition Ge32Se4nTe28 
+ 0.25 mol% ZrSe2 is shown in Figure 1. No phase separation was observed in the 'as 
quenched' sample (curve a). The pattern consists of two diffuse halos showing the amorphous 
character of the sample. Curve b shows the pattern corresponding to a sample heat-treated at 
40O°C (a few degrees below the onset of crystallization) in air. In this case, distinguishable 
reflections are obtained, indicating the presence of crystalline phases. The pattern obtained 
reveals the existence of oxides such as GeC>2 and SeC<2, rather than the formation of a 
germanium selenide phase, as expected. This result indicates that the presence of oxygen during 
the process of loading the raw materials, or during the annealing stages, is critical. These 
impurities act as undesired nucleating catalysts; they cause premature devitrification of the glass 
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Fig. 1: X-ray diffraction spectra for Ge32Sc4oTe28 + 0.25 mol% ZrSe2 glass: (a) 'As quenched'; (b) Heat 
treated, in air, at 400°C for 16 h. 
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Fig. 2: EDAX spectra of a 'light' crystal and a 'dark' crystal. 

5.6 

and uncontrolled nucleation and crystallization (resulting in crystal sizes >1 |im), and 
consequently the IR transparency loss becomes very important. 

In order to understand the nature of the phases formed in the prepared samples, a study was 
carried out by SEM and EDAX using a Jeol 733 Superprobe. The deleterious effect of oxygen 
impurities causing uncontrolled crystallization is evident also from these measurements. In 
SEM of the glass Ge32Se4oTe28 doped with 0.25 mol% ZrSe2, annealed in air at 300°C, 
crystalline phases were observed. In backscattered electron imaging, contrast in the picture 
corresponds to composition difference. In this SEM picture two types of crystals were evident: 
a 'light' and a 'dark' one. Heavy elements or particles scatter electrons more efficiently than 
light particles, so that the light crystal represents a phase in which a heavier material, such as 
ZrSe2, is concentrated, while the darker phase is probably richer in Z1O2. 

These conclusions were checked by EDAX. Figure 2 presents the EDAX spectra obtained 
from the 'light' and 'dark' crystals observed by SEM. The dark crystal consists of-40% Zr, 
and hence may be attributed to ZrC>2, as it is very difficult to detect a light element such as 
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oxygen. The light particle is also rich in Zr, but a higher concentration of Se is also observed. 
Here the ratio of Se/Ge is much higher than in the case of the base glass. Therefore, we 
conclude that the 'light' crystal is ZrSe2. 

The formation of ZrSe2 or ZrTe2 nucleation substrata is difficult to detect either by x-ray 
diffraction or SEM techniques. Dopant Zr could not be detected in the continuous matrix, as its 
concentration was below the threshold of detection of the instrument. GeSe2 and GeTe2 phases 
were observed after the controlled heat-treatment. 

The optical measurements showed that the low wavelength cut-off moves to a longer 
wavelength with crystallization, due to the enhancement of absorption, because the crystallized 
phase has a lower band gap than the original phases. 

Reference 

[1] L. Boehm and H. Assaf, Proc. SPIE 1535:171 (1991). 

"Wavelength Dependence of the Primary Photodissociation Processes in 
Acetone Photolysis!1] 

A. Horowitz 

The quantum yields of CH4 and CO were determined in the photolysis of acetone - HC1 and 
acetone - HCI-CO2 mixtures at 285, 300 and 313 nm and 25±2°C. In these mixtures HC1 is 
used in order to ensure conversion of CH3 into methane, thus allowing evaluation of primary 
photodissociation processes from the pressure dependence of 3>cH4 and 4>co- The results are 
interpreted in terms of the occurrence of two primary photodecomposition modes: 
CH3COCH3*-* CH3 + CH3CO#(hot) followed by CH3CO# ->CH3+CO (I) and 
CH3COCH3* -> CH3 + CH3CO (II). The low pressure quantum yields of these processes (Oi 
and <I>II, respectively) are estimated as being equal to 0.10 and 0.90 at 285 nm, 0.06 and 0.94 
at 30O nm, and 0.03 and 0.28 at 313 nm. The observation that 4>cH4 and *co do not exhibit the 
same pressure dependence suggests that decomposition of acetone proceeds from two distinct 
excited states. Process II appears to originate from a vibrationally rich first excited'triplet state 
of acetone (Ti*), while CO formation can be envisaged as arising from high vibrational levels of 
first excited singlet (Si). 
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[1] A. Horowitz, /. Phys. Chem. 95:10816 (1991). 
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Improvement of Soreq CBW Protective Clothing 

M.G. Katz 

A new type of CBW protective clothing has been developed recentlyf1*2!. Its distinguishing 
features are that in spite of being made of a nonporous and gastight material, it allows almost 
unobstructed selective passage of water vapor, thus enabling the natural process of 
perspiration, needed for cooling the body, to proceed freely. It has been demonstrated in the 
framework of physiological and laboratory tests that the problem of heat buildup, which is 
characteristic and constitutes the main problem of all the state-of-the-art CBW protective 
garments, has been eliminated in the new garments. In this respect the Soreq garments are 
comparable to plain, nonprotective clothing, while providing excellent chemical protection!1-4!. 

The main weakness of the new protective material is that its content of glycerin, which 
serves as a plasticizer, is washed out very easily in the presence of water. This causes the 
material to become stiff and brittle upon drying. In order to eliminate this problem we tried to 
replace the glycerin with other plasticizers. Most of the plasticizers tested were less effective 
than glycerin, and they were also leached out by water, not much less readily. In addition, 
replacing glycerin by the new plasticizers was found to reduce significantly the protective 
quality of our materials. The list of plasticizers tested includes various glycols, polyethylene 
glycols, polypropylene glycols, diglycerin and other polyols. 

The best results so far were obtained with certain polyethylene glycols. Following an 
adequate preparation procedure, we obtained samples from which the rate of plasticizer 
migration in the presence of water was reduced by a factor of over 12. The original elasticity 
and softness of the samples was comparable to that of the glycerin-plasticized materials. 
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Preliminary Research on the Kinetics of Oxidation of B2H6 by Atomic 
Oxygen^ 

G. Gal and E. Bar-Ziv 

The objective of this work was to study the kinetics of oxidation of B2H6 by atomic oxygen. 
The research tools were developed while studying the oxidation kinetics of C2H6. The kinetics 
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of oxidation of C2H6 by atomic oxygen, much better known than B2H6/O kinetics, was used as 
a tool for developing and testing the research nvihods. OH concentration as a function of 
oxidation time was measured in a plug flow reactor, using the laser-induced fluorescence 
diagnostic method. A model containing 51 elementary reactions describing the oxidation 
process was developed. The model simulations with minor parameters fit, yielded very good 
agreement between the measurements and the calculations for a wide range of conditions. This 
enhances the reliability of the model, which is expected to have good predictive power for the 
entire oxidation process. 

Reference 

[1] G. Gal andE. Bar-Ziv, Report NRCN-610 (1991) (in Hebrew). 

Investigation of the Reactions of B2H6 and C2H6 with Oxygen Atoms in a 
Flow Reactor Using Laser-Induced Fluorescence 

G. Gal and E. Bar-Ziv 

The present research was the result of the interest in high-energy fuels for aviation purposes 
or as additives to existing fuels in order to enhance their performance. The family of 
boron/hydrogen compounds, being capable of releasing high energy per unit mass per unit 
time, is of special interest. The primary goal of this research program is to elucidate the burning 
mechanism of borane adducts. A preliminary study including kinetic-transport simulations and 
experimental measurements was carried out. The model included the mass, heat, and 
momentum equations in a one-dimensional system and a comprehensive kinetic mechanism. A 
flow reactor is used with laser-induced fluorescence (LIF) as the diagnostic tool. The LIF 
system is based on a pulsed lasers system that is capable of radiating light in the range 
256-960 nm. OH concentration transients were measured by LIF, using the 308 nm absorption 
band. The laser pulse width is less than 10 ns, allowing us to follow the LIF transient, which 
lasts 2 /is. Special care was taken to insure that the LIF signals are proportional to the OH 
concentration under all experimental conditions and that the signals are reproducible. We have 
conducted preliminary tests with the B2H6+0 and C2H6+O systems. Results for the B2H6+0 
system show clearly that the previous kinetic mechanism is erroneous. 
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The Kinetics of Oxidation of C2H6 with Atomic Oxygen from 
Concentration Measurements of OH in a Flow Reactor 

G. Gal and E. Bar-Ziv 

A flow reactor was used to study the mechanism of oxidation of ethane by 0(3P) at ambient 
temperature and low pressure (20 torr). OH concentration measurements as a function of time, 
using laser-induced fluorescence, were carried out. The measurements were conducted under a 
great excess of inert gas (>89.9% helium and 10% nitrogen) and an initial ethane mole fraction 
in the range 0.15-2.35»10-3. The mole fraction of 0(3P) at the generation point was 9.7'lCr4; 
however, due to recombination, its mole fraction decreased with the axial distance (it was 
determined by a titration with NO2). By careful examination and consideration of the 
experimental conditions which were reflected into the kinetic modeling, a 52-elementary 
reaction mechanism was proposed for the oxidation of ethane by atomic oxygen. From this 
analysis a revised rate coefficient for the reaction C2H6+O -> C2H5 + OH was found to be 
3.2»108 (cm3mol-1s_1), approximately double the reported value in the literature, with 
uncertainty of <20%. 

Flame Synthesis of Diamondŝ 1! 

Z. Gavra and E. Bar-Ziv 

The synthesis of diamonds at atmospheric pressure in an oxygen-acetylene flame was first 
reported by Hirose and Kondoh in 1988I2'. We conducted preliminary experiments of growing 
polycrystalline films on silicon (100) using the flame method, and determined that the 
acetylene-to-oxygen flow ratio, the position of the substrate in relation to the torch, and the 
substrate's temperature, are critical to the quality of the crystals. The deposited material was 
analyzed by X-ray diffraction, scanning electron microscopy (SEM) and Raman spectroscopy. 
SEM measurements show a mixture of octahedral and cubo-octahedral crystals and also of 
twinned and intermediate forms. Most of the crystals are octahedral, which grow at the lower 
temperature region of the substrate. The size of the grains is ~40 (lm for 20 min of deposition. 
Secondary nucleation of small diamond particles was observed on the surfaces of some 
diamond particles. This was true especially on the (111) surfaces, while the (100) surfaces 
remained smooth. Raman scattering measurements showed a sharp peak at 1332 cirr1 which is 
the characteristic band of the diamond structure. The X-ray diffraction pattern is well defined as 
a single-phase diamond structure. 

More studies of the complete range of growth parameters are in progress. Modification of 
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the torch and of the substrate holder, ar.d using other substrates (SiC, Mo) will be investigated 
in the attempt to improve the quality of the diamond deposition. 
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Low-Temperature Chemical Vapor Deposition of Silicon CarbideH] 

M.S. Dariel, J. Yeheskel, S. Agam, D. Edelstein, O. Lebovits and Y. Ron 

Graphite was coated with silicon carbide from the gaseous phase in a hot-wall, open flow 
reactor at 1150°C. This study constituted the first part of an investigation of the process for 
coating of nuclear fuel by chemical vapor deposition (CVD). A parametric study identified the 
conditions under which a uniform coating of j3 silicon carbide of extreme hardness (2400 
kg/mm2) is obtained. The chemical system consisted of H2 and CH3SiCl3 (MTS), with Ar as 
the carrier. 

The coatings were characterized by scanning electron microscope (SEM), X-ray diffraction 
(XRD) and auger electron spectroscopy (AES). A satisfactory correlation between the two last 
techniques was found for the quantitative elemental analysis of surfaces by XRD and of 
fractured cross-sections of coatings by AES. 

The influence of gas phase composition — expressed as the H/Si atomic ratio — on the 
deposition rate and on the characteristics of the coating, was studied. The deposition rate varies 
from 0.04 to 0.4 /i/min at H/Si ratios of 25 to 5, respectively, with the more uniform and hard 
coatings obtained at the low ratios. At H/Si ratios higher than 25, elemental Si is codeposited 
with.SiC, causing a decrease in hardness of up to 75% and having a deleterious effect on the 
morphology and uniformity of coatings. The 5-25 range of H/Si ratios is therefore 
recommended for optimal deposit qualities and rate of formation at the temperature in question. 

Since the anticipated fluidized-bed process will require high gas flow rates in order to 
achieve fluidization, but high H2 concentrations are forbidden, the influence of an inert gaseous 
carrier was determined. Argon at Ar/Si ratios of 25-70 was suitable, when the H/Si ratio was 
maintained within the permitted limits of 5-25. 

Data were obtained from a quadrupole mass-spectrometer connected on-line to the CVD 
reactor, and included material balances and process monitoring. Information on intermediate 
gaseous species will be used to improve our understanding of the chemical processes occurring 
during the complex mechanisms underlying vapor phase deposition. Comparison of mass 
spectra at the inlet and outlet of the reactor shows a two- to threefold increase in HC1 and CI and 
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a decrease in Si-containing decomposition products of MTS which ultimately appear as SiCLj. 
The volatile hydrocarbon part of MTS appears as CH4. 

Thermodynamic calculations using the SOLGASMIX program enable comparison of the 
calculated equilibrium composition of solid phases with those actually obtained. The 
unexpected codeposition of Si is consistent with previously described kinetic effects, which 
have been reported in CVD reactions. 

Reference 
[1] M.S. Dariel, J. Yeheskel, S. Agam, D. Edehtein, O. Lebovits and Y. Ron, Report NRCN-608 (1991) (in 

Hebrew). 

Ion Mobility Spectrometry Studies of Organophosphorus Compounds^] 

Z. Karpas and Y. Pollevoy 

The mobility spectra of several organophosphorus compounds were measured by ion 
mobility spectrometric methods. The correlation between the mass and structure of the ions 
formed and their mobility was investigated. Compounds in which the phosphorus atom was 
trivalent had higher mobilities than their phosphonate isomers. It was also found that 
substitution of an alkoxy group by chlorine had little effect on the mass-mobility correlation. 
The tendency of these compounds to form protonated dimers was studied, and the protonated 
monomer-to-dimer ratio in dimethylmethylphosphonate as a function of the concentration was 
measured. 

Reference 
[1] Z. Karpas and Y. Pollevoy, Anal. Chim. Acta 259:333 (1992). 

Determination of the Total Organic Carbon Content in Solutions and 
Solids 

S. Melloul, Y. Pollevoy, M. Minster and Z. Karpas 

The performance of the analytical system used for determination of the total organic carbon 
content in solids and solutions was evaluated. The method is based on wet oxidation of the 
organic carbon to CO2, in boiling phosphoric acid with 10% chromic oxide, and quantitative 
measurement of the released CO2 by a gas-chromatograph. There was good agreement between 
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the measured and known carbon content of solutions with aliphatic (glucose) and aromatic 
(potassium biphthalate) carbon and mixtures of the two, thus demonstrating an accuracy of 
±10%. The precision of the method was tested in uranyl nitrate solutions, in which, with or 
without the standard addition of a glucose solution, the reproducibility was better than ±5%. 
Several solutions from sewage processing plants were also examined, and reproducibility and 
accuracy (judged from the standard addition) were good. Solutions of several volatile organic 
substances were also tested, and it was found that oxidation of the more volatile compounds, 
such as acetonitrile, was incomplete. Fine graphite granules also gave systematically low 
results, as not all the carbon was oxidized under the experimental conditions. 

Behavior of Hydrided and Dehydrided LaNi5Hx as a Hydrogenation 
Catalyst^ 

J.R. Johnson*, Z. Gavra, P. Chyou** and J.J. Reilly* 

The catalytic properties of varying phase compositions of LaNisHx were studied using the 
hydrogenation of 1-undecene as a model reaction. All experiments were carried out with the 
catalyst in liquid suspension at 308 K under varying pressures of hydrogen. The H content of 
the catalyst particles was tracked during the course of each experiment. Four types of catalytic 
behavior were observed and are catalogued in turn. While the metal solid solution phase 
(a LaNisHx) exhibits catalytic properties, catalytic activity is significantly enhanced by the 
presence of the hydride phase (/? LaNisHx) in the particle bulk, even though the surface 
composition of the particle is probably unchanged. It was concluded that three factors 
contribute to this enhancement: (i) the hydride phase acts as a reservoir of H atoms which 
communicate with the surface via microcracks and grain boundaries; (ii) the substantial increase 
in bulk volume upon the conversion of the metal to the hydride phase enlarges these conduits 
and facilitates said communication; and (iii) weak chemisorption of hydrogen on the surface, 
due to the high hydrogen atom activity when the hydride phase is present, increases the amount 
of labile hydrogen. 
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Synergistic Extraction of Transition Metal Cations from Aqueous Media 
by Two Separated Organic Phases*1] 

I. Goldberg 

Mixtures of chelating agents and neutral donors have been used extensively in the 
synergistic extraction of transition metal ions and actinides. It was inferred that the adduct 
formation responsible for the observed synergist occurs in the organic phase, but the 
information available on the nature of species extracted, the mechanism of extraction and the 
role of each constituent of the organic phase in the process of extraction is rather unsatisfactory. 
We have therefore initiated novel approaches to the study of the mechanism of the synergistic 
extraction of metal ions by means of two separated organic phases, which are brought in 
contact with the same aqueous phase. This research was concerned with the extraction of 
transition metal and actinide ions from nitric acid by chelating agents, e.g. HTTA 
thenoyltrifluoroacetone, in a diluent — the first organic phase, and by a neutral donor, e.g. 
tributyl phosphate (TBP) in a diluent — the second organic phase. The adduct formation was 
studied by means of spectrochemical and radiochemical methods. In the first approach the 
aqueous phase was contacted with both organic phases simultaneously (the static or parallel 
extraction, U-tube experiments). In this method organic phases are separated from each other. 
Even in the absence of mixing, synergism is observed under these experimental conditions. The 
results indicate that adducts formation occurs in both organic phases. Nevertheless, extraction 
in the TBP phase is enhanced much more than in the HTTA-containing phase. This approach 
has one disadvantage, viz., the experiments are very time-consuming, a typical experiment 
requiring over 10 days. In order to overcome this difficulty, the following experiments were 
carried out. 

(i) The aqueous phase was first shaken with diluent containing an anionic ligand and the 
phases were allowed to separate. Then the aqueous solution was shaken with diluent containing 
a neutral donor and the phases were again allowed to separate. The concentration of metal ions 
in all the phases was determined, (ii) The aqueous phase was first shaken with diluent 
containing a neutral donor and the phases were allowed to separate. Then the aqueous solution 
was shaken with diluent containing an anionic ligand and the phases were again allowed to 
separate. 

The concentration of metal ions in all the phases was determined. The experiments were 
repeated with another diluent replacing the first diluent in one or both organic phases. In this 
way eight sequences of experiments were carried out for each concentration set chosen. The 
results obtained corroborate the conclusions derived from the U-tube experiments, i.e., that the 
synergism stems mainly from the formation of complexes in the aqueous phase, which is then 
extracted into the second organic phase via formation of the adducts. 

The results show that these experimental approaches open up new possibilities to investigate 
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the mechanism and the kinetics of synergistic extraction processes. The role of the components 
of the organic phases can thus be studied in detail. 

Reference 

[1] I. Goldberg, Ph.D. thesis, Ben-Gurion University of the Negev, Becr-Sheva, May 1991. 

Evidence for Through-Bond Long-Range Electron Transfer (LRET) in 
Peptidestn§ 

M.R. DeFelippis*, M. Faraggi and M.H. Klapper* 

The indolyl radical formed in the one-electron oxidation of tryptophan, oxidizes the tyrosine 
side chain to the phenoxy radical. Oligoproline is particularly appropriate as a spacer in LRET 
studies, since the redox centers at its two ends are held scrupulously apart, and the separation 
distance increases linearly with each added proline. For this reason there have been several 
studies with oligoproline separating a variety of redox couples, among then the trpH and tyrOH 
pair. Table 1 presents the apparent first-order intramolecular rate constants and activation 
energies of this intramolecular transfer in two sets of peptides. In both sets the rate constant 

Table 1 
Electron transfer between tryptophan and tyrosine 

Peptide 

trpH-tyrOH 
trpH-pro-tyiOH 
lys-trpH-pro-tyrOH-lys 
trpH-(pro)rtyrOH 
tepH-(pro)3-tyrOH 
trpH-(pro)4-tyrOH 
trpH-(pro)s-tyrOH 

tyiOH-trpH 
tyiOH-pro-trpH 

lys-tyrOH-pro-trpH-]ys 
tyrOH-(pro)2-trpH 
tyiOH-(pro)3-trpH 
tyrOH-(pro)4-trpH 
tyiOH-(pro)5-trpH 

Kintra ( s ) 

7.4x104 

2.4X104 

2.4xl04 

0.67x104 

0.23x104 

0.085xl04 

0.025x104 

6.7X104 

0.72x10" 
0.53x104 

0.32x104 

0.20x104 

0.086x104 

0.048x104 

Ea (kJ/mol) 

22 

17 

22 
27 

§ Work supported by grant No. 86-00206 from the U.S.-Israel Binational Science Foundation (BSF), Jerusalem, 

Israel, and by NIH grant GM-35718. 

* Dept. of Chemistry, Ohio State Univ., Columbus, OH, USA. 
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decreases exponentially with increasing distance (number of prolines), as predicted by Marcus 
theory, but with an unusually small and unequal value for the slope /J (0.23 A_i and 0.37 A_i 
for tyrOH-tproVtrpH and trpH-(pro)n-tyrOH, respectively). One result of this difference is the 
singular crossover in rate constants: while LRET is faster in trpH-pro-tyrOH than in tyrOH-
pro-trpH, the reverse occurs in the longest peptides. These low (3 values are indicative of a 
through-bond electron transfer process, since there is general agreement that through-bond 
interactions fall much more slowly with distance than do through-space interactions. The pH-
dependence of the rate constants with the peptides and the magnitude of their decrease suggest 
that N-H or O-H bond making/breaking, protonation/deprotonation cannot be rate-determining. 
One might suggest a 'chain-end' effect to explain the observed difference between the two 
peptide series; tyrOH and trpH are at the two ends of the peptide and so might interact 
electrostatically with the N-terminal ammonium and/or the C-terminal carboxylate to affect 
electron transfer differentially. However, the LRET rate constants are unchanged when tyrOH 
and trpH are moved into internal positions by addition of lysines at both the C- and N-terminal 
positions of trpH-pro-tyrOH and tyrOH-pro-trpH (Table 1); i.e., there is no chain-end effect. 
In the absence of further atlernative explanations, we are forced to conclude that the order of the 
tyrOH and trpH residues in the asymmetric polypeptide chain may alone be responsible for the 
kinetic differences observed in the two sets of peptides. In both sets the net direction of electron 
transfer is from the tyrOH to the trpH side chain. Thus, the electron transfer direction along the 
chain differs, going from N- to C-terminal in one set and from C- to N-terminal in the other. If 
there is indeed such a directional specificity, then it would be reasonable to argue that LRET in 
this system is through-bond and not through-space. The results presented here are the first to 
describe a path-specificity based perhaps on a simple molecular ordering. It remains to establish 
the physiological significance of this observation. 

Reference 

[1] MR. DcFelippis, M. Faraggi and M.H. KJappcr, J. Am. Chem. Soc. 112:5640 (1990). 

Reduction Potentials and Reactivity of Nucleic Acid Bases§ 

F. Broitman, A.K. Mishra*, M.H. Klapper* and M. Faraggi 

Cyclic voltametry (CV) and differential pulse polarography (DPP) current-potential curves 
were obtained with some nucleic acid bases. From the values of the peak potential (Ep), Em (the 
mid-point potential relative to the normal hydrogen electrode, NHE) of these one-electron 

§ Research supported by grant Nos. 86-00206 and 90-00247 from the United States-Israel Binational Science 
Foundation (BSF), Jerusalem, Israel, and by NIH grant GM-357I8. 

* Dept. of Chemislry, Ohio State University, Columbus, OH, USA. 
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Table 1 

One-electron oxidation potentials (in volts vs NHE) of some nucleobases in aqueous solutions 

Compound pH 
(pKa) 

7.0 8.0 9.0 10.0 11.0 12.0 13.0 

Adenine 0.96* 6^90 O i 0/77 0/76 (L77 0.75 
(<1;4.15; 9.8) 

Cytosine 1.21* - 1.09 1.02 0.95 0.88 0.81 
(4.55; 12.2) 

Guanine 0.82* - - 0.70 0.65 0.60 0.60 
(3.3; 9.2; 12.2) 

1-Methyl guanine 0.82 0.75 0.67 0.60 0.54 0.50 0.42 
« 1 ; 3.2; 10.4) 

Guanosine 0.97V - - 0.85 0.78 0.73 0.71 
(1.6; 9.2; 12.3) 

G?*IP 1.14x 1.04 0.96 0.91 0.88 0.89 0.89 
(2.4; 6.1; 9.4) 

Thymine 1.04 0.97 0.92 0.89 0.90 0.84 0.79 
(-0; 9.9; >I3) 

Uracil 1.18 1.12 1.07 1.03 1.02 0.96 0.88 
(-0.5; 9.5; >13) 

Xanthine 0.76 0.76 0.71 0.64 0.59 0.58 0.58 
(-0.8; 7.4; 11.1) 

Hypoxanthine 0.94 - 0.81 0.76 0.74 0.74 0.74 
(2; 8.9; 12.1) 

zEstimated value obtained by extrapolation, assuming a linear increase of 60 mV per pH unit. 
vEstiniated value obtained by extrapolation and the pKa value of 9.2. 
^Values obtained at pH 6.1 and 5.1 are 1.17 and 1.22 volts, respectively. 
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oxidation waves could by calculated using a non-linear fit of Nicholson equation. Experiments 
were carried out at several concentrations (1-10 mM) and showed the normal ip (peak current) 
vs concentration and vs the square root of the scan rate relationship. Bimolecular second-order 
rate constants of some of the oxidized radicals were obtained by pulse radiolysis. The 2k values 
at pH 7 were of the order of 1x10s M-V1 . At pH 13 they were of the order of lxlO7 M ' V 1 , 
similar to the values in the literature. 

Each of the Em in the tables was calculated from the average of two independent 
determinations at each concentration, and all have an estimated standard deviation of ±20 mV or 
better. More nucleosides and nucleotides were tested at pH 7 (adenosine, adenosine 5' 
monophosphate, cytidine 5' monophosphate, and uridine), but their reduction potentials were 
>1.3 V (the maximum limit of our glassy carbon working electrode). Our results at pH 13 are 
generally in good agreement with those in the literature!11. Table 1 can be summarized as 
follows: 

— A difference of 0.2 V between the reduction potentials at pH 7 and those at pH 13. 
— AE m decrease of 60 mV per pH unit is normally observed, except at the pH region which 

coincides with the pK value of the nucleobase, where it remains constant. 
— Reduction potentials of pyrimidine's nucleobases are 0.3 V higher than those of purine's 

nucleobases (e.g. uracil vs xanthine). 
— The presence of enolic hydrozyl group(s) decreases the reduction potentials of the 

nucleobase. 
— On the average, the reduction potential of a nucleoside is 0.2 V higher than that of its 

corresponding nucleobase; that of the nucleotide is at least 0.3 V higher. 
Tables 2 and 3 summarize the pulse radiolysis experiments. Table 2 presents the reactivity of 

the bases toward the N30 radical. The second-order rate constants at pH 13 are probably 
governed by diffusion, since the reduction potential of the azide radical is 1.31 V more than that 
of the bases. At pH 7, however, the influence of the reduction potentials of the bases on the 
second-order rate constant is better illustrated. 

Table 2 
Second-order rate constants (in 107 M-1s-1) for the reaction of some nucleobases with the azide 

radical in aqueous solutions 

Compound 

Adenine 
Guanine 
1-Mcthyl guanine 
Guanosinc 
Guanosinc monophosphate 
Thymine 
Xanthine 
Hypoxanthinc 

7.0 

< 0.3 
10±1 
40±1 
10±1 
2.3±0.2 
<0.5 
170±3 
<0.3 

8.0 

_ 
_ 
— 
_ 
-
_ 
_ 
-

9.0 

2.1±0.1 
150±10 
42±1 
135±4 
63±1 
S0.5 
470±10 
1.5±0.3 

PH 

10.0 

— 
260±20 
— 
-
-
— 
— 
— 

11.0 

_ 
220±10 
240±10 
— 
— 
— 
420±10 
— 

13.0 

330±30 
250±10 
310±10 
320±30 
250±10 
280±10 
480±10 
480±10 

13* 

4.7 
25 
-
25 
-
27 
88 
26 

Oxidation with the bromide radical anion as measured via its decay at 360 nm (Rcf. [1]). 
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Adenine 
Guanine 
1-Methyl guanine 
Guanosine 
Guanosine monophosphate 
Thymine 
Xanthine 
Hypoxan thine 

10 
10 
30 

9 
4 
-

24 
-

_ 
10 
-
— 
— 
-
— 
-

15 
7 

40 
4 
2 
-

11 
10 

Table 3 
Second-order rate constants (in 107 M~Is~1) or the decay of some oxidized nucleobases' radicals2 

Compound pH 

7J5 ifo <u) ToZ TLO 13T0 15* 
- - - — 

6 - 3 2 
3 0 - 3 0 
- - 12 

2 
- - 30 
1 3 - 1 0 

6 

zSecond-order rate constants are within ±20%. Experimental decay rates were found to be dose- and wavelength-
dependent, and independent of the nucleobasc concentration. 

It is encouraging that the electrochemical measurement of an irreversible process 
successfully gives a reversible equilibrium potential, since it suggests that DPP and cyclic 
voltammetry can both be used to determine the reduction potentials of unstable radicals. Pulse 
radiolysis, although useful for kinetic and thermodynamic measurements, does require a much 
larger initial equipment investment. Moreover, the pulse radiolytic determination of Em requires 
a reference couple with a potential close to that of the unknown. As a result, a number of 
preliminary attempts at a reduction potential are often required before the proper reference can 
be found. On the other hand, pulse radiolysis has the advantage of permitting an equilibrium 
measurement and the comparison of kinetic with equilibrium results may yield additional 
mechanistic information. Since CV and DPP are simpler, faster and cheaper techniques to use 
than pulse radiolysis, they should be useful in future experiments with those radicals that 
dimerize rapidly to electrochemicallty inactive species. 

Reference 

[1] S.V. Jovanovic and M.C. Simic, J. Phys. Chem. 90:974 (1986). 

Deamination of /3-AIanine Induced by Hydroxyl Radicals and Monovalent 
Copper Ions: A Pulse Radiolysis Study 

S. Goldstein*, G. Czapski*, H. Cohen and D. Meyerstein** 

Hydroxyl radicals abstract hydrogen atoms from /J-alanine at the a position with a specific 
rate constant of (4.5±0.8)xl07 and (l.l±0.2)xl08 M-V 1 at pH 3 and 6.5, respectively. The 

* Hebrew University of Jerusalem, Jerusalem. 
**Ben-Gurion University of the Negev, Beer-Sheva. 
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carbon-centered free radical reacts with Cu+gq to form organometallic intermediate with a rate 
constant of (2.4±0.5)xl09 M_1s_1. This intermediate decomposed via a first-order reaction 
with a rate constant of (1. l i O ^ x l O V 1 at pH >3 and (2.7±0.3)xl04 s"1 at pH <3. A detailed 
product analysis showed that the yield of carbon dioxide was insignificant and the final stable 
product was acrylic acid. It is concluded that the complex with the copper-carbon c-bond 
decomposes via a j8-elimination of ammonia causing degradation of the amino acid. The 
spectrum of the organometallic intermediate and the factors affecting the mechanism of its 
decomposition were determined. 

Reactions of Low Valent Transition-Metal Complexes with Hydrogen 
Peroxide: Are They 'Fenton-Like' or Not? 4. The Case of Fe(II)(edta) and 

Fe(II)(Hedta)ru 

E. Luzzatto*, H. Cohen and D. Meyerstein* 

A thermodynamic analysis of the Fenton reaction and the 'Fenton-like' reactions show that 
their detailed mechanisms involve the formation of a transient complex between the low-valent 
cation, MLm

n, and hydrogen peroxide of the type MLm_in*02H-. This complex might 
decompose into MLmn+1 + 'OH or MLn,_in+2 + H2O or react directly with a substrate. Recent 
data from studies in neutral aqueous solutions indicate that (nta)(H20)Fe2+*02H_, where nta = 
N(CH2COC>2-)3, reacts either directly with >0.1 M 2-propanol or 2-methyl-2-propanol, or 
decomposes into the corresponding tetravalent iron complexes which then react with these 
alcohols. 

The reaction Fe(II)(edta)2- + H202 , edta = ( - (^CC^NCI^CI^NCCl^CCVk, is used 
extensively in experiments to determine the structure of DNA. This use is based on the 

• assumption that hydroxyl free radicals are being formed in this reaction. As edta and nta 
complexes have generally similar properties, it was deemed essential to check whether hydroxyl 
free radicals are indeed being formed in this reaction. The results point out that indeed the 
mechanism of this reaction involves the formation of hydroxyl free radicals. Similar results are 
obtained when the reaction Fe(II)(Hedta)- + H 2 0 2 , Hedta = (-02CCH2)2NCH2CH2N 
(CH2CO2-XCH2CH2OH), is studied. 

The source of the surprising difference in the mechanism of reaction of Fe(II)(nta)~ on the 
one hand, and of Fe(II)(edta)2- and Fe(H)(Hedta)- on the other hand, with H 2 0 2 is not clear. 
Some speculations have been raised and further studies to resolve this question are in progress. 
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Mechanism of Oxidation of 5,7,7,12,14,14-HexamethyI-l,4,8,ll-
Tetraazacydotetradecane-Nickel(II) by H02" Free Radicals in Neutral 

Aqueous Solutions: A Pulse Radiolysis Study 

A. Meshulam* , H. Cohen, R. van Eldik** and D. Meyerstein* 

We have recently shown that HO2* free radicals oxidize 5,7,7,12,14,14-hexamethyl-
1,4,8,1 l-tetraazacyclotetradecane-nickel(II), NiL2+, in neutral and slightly acidic aqueous 
solutions in the presence of a variety of stabilizing axial ligands. This reaction is of special 
interest as it proves that HO2* free radicals can act as strong single electron oxidizing agents in 
aqueous solutions. This property offers a plausible alternative mechanism for the toxicity of 
superoxide free radicals. It was decided therefore to study the mechanism of this reaction in 
detail. 

The effect of the concentration of the stabilizing axial ligand X, X = S042-, H2PO4- and 
HCO2-, was studied. The results show that the detailed mechanism involves the formation of 
an ion pair followed by the reaction with the free radical, i.e.: 

NiL2+ + X & {NiL2+, X} (ion pair) 

{NiL2+, X) + H02. -> LNim(H02)X 

followed by: 

LNim(H02)X + X H ^ + LNiUIX2 + H202 

For X = SO42-, a second pathway seems to contribute also to the reaction mechanism, as 
depicted in the following scheme: 

NiL2+ $ {NiL2+, X} ^P2 LNim(02H)X 

LNi^OzH)^ LNi,n(02H)XX-i>H30lLNin,X2 + H202 

* Institute for Inorganic Chemistry, University of Witlcn/Herdccke, Witten, FRG. 
**Ben-Gurion University of the Ncgcv, Bccr-Shcva. 
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Measurements of the volumes of activation of the oxidation process under different 
conditions suggest that the ion pairs {NiL2+, X} are contact ion pairs. 

Reference 

[11 A. Meshulam, H. Cohen, R. van Eldik and D. Meyerstein, Abstracts 56th Annual Meeting Israel 
Chemical Society (Jerusalem, Israel, Feb. 1991), p. 113. 

Mechanism of Reaction of Methyl Free Radicals with the Complex 
CuKCiH^+aq in Aqueous Solutions: A Pulse Radiolysis Study 

A. Feldman*, H. Cohen and D. Meyerstein* 

Following a recent report that the detailed mechanism of reaction of methyl free radicals with 
CuCCWaqis: 

Cu(CO)+
iq + -CH3 -> (CO) CuD'CH3

+
 iq -> Cu» - C(0)CH3

+
aq ^ ? Cu2+aq + CH3CHO 

it was deemed of interest to study the analogous reaction of methyl radicals with the complex 
Cu^HO+aq. The results obtained can be summed up as follows: 

- The reaction of methyl radicals with the complex Cu(C2H4)+
aq forms a short-lived 

intermediate. 
- This reaction obeys a first-order-rate law, the rate being proportional to [Cu(C2H4)+aq]. 
- The spectrum of the intermediate indicates that a copper(II)-carbon o bond was formed. 
- The kinetics of decomposition of the intermediate obeys a first-order-rate law, the rate of 

reaction being proportional to [Cu2+aq]. 
- Cu+aq is a final product of the reaction. 
- The final organic radicals have still not been identified. At present it is known only that they 

are not light alkanes or alkenes. 

These results suggest that the mechanism of this process is: 

Cu(C2H4)+aq + «CH3 -> ^^Cu^-CHs+aq 
(C2H4)CuII-CH3-

,-aq-> Cu"-C3H7
+

aq or (C2H4)CuI,-C3H7+aq 

CuH-OjHy+aq or (C^CuH-CsHy+aq ^ Cu(C2H4)+
aq+'C3H7 

Cu2+
aq + -C3H7 -> Cu+

aq + C3H7OH 

* Ben-Gurion University of the Negev, Beer-Shcva. 
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It is plausible that heavier alcohols are also formed via a chain reaction. Efforts to determine the 
nature of the organic final products are in progress. 

Reference 

[1] A. Feldman, H. Cohen and D. Meyerstein, Abstracts 56th Annual Meeting Israel Chemical Society 
(Jerusalem, Israel, Feb. 1991), p. 86. 

Stabilization of Monovalent Copper Ions by Complexation with Linear 
Tetradentate Saturated Tertiary Amine Ligands in Aqueous Solutionŝ 1! 

G. Golub, H. Cohen and D. Meyerstein* 

Recent studies have shown that N-methylation of the ligands of transition metal complexes 
with te^aazamacrocyclic ligands stabilizes their low valent complexes. Three arguments were 
offer*a as plausible explanations of this effect on the redox potential: (i) N-methylation causes 
an increase in the size of the cavity of the macrocyclic ligand, thus stabilizing the low valent 
complexes, (ii) N-methylation decreases the a donating properties of the nitrogens, (iii) N-
methylation increases the hydrophobic nature of the complex, thus stabilizing the low valent 
complexes. If arguments (ii) and/or (iii) are the dominant factors causing the stabilization of 
[CuL3]+ and [CuL4]+, then [CuL2]+ is also expected to be stable in aqueous solutions, although 
it is generally accepted that saturated polyamino ligands catalyze the disproportionation of 

•^ ^rv ^ / ^ X 
( } C } C J C ) 

N N N N - N N . . N N . 

L1 L2 L.3 L< 

We decided, therefore, to study the physical and chemical properties of the copper ion 
complexes with L2 and compare them with those of the analogous complexes with L1. The 
results can be summed up as follows: 

- The ligand to metal charge transfer band of [CuL2]2+ is considerably shifted to the red 
relatively to that of [CuL1]2*-. 

- The electrochemical reduction of [CuL2]2+, at pH 10, in the presence of the lxlQ-3M free 

* Bcn-Gurion University of the Negev, Beer-Shcva. 
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ligand, occurs via two consecutive single electron processes, whereas that of [CuLJ]2+ 

occurs via a single two-electron process. 
- [CuL2]+ is stable under these conditions, whereas [CuL1 ]+ disproportionates. 
- [CuL2]2+ reacts under these conditions with copper metal to form 2[CuL]+. 

These results prove that, as suggested above, L2 stabilizes copper(I) in aqueous solutions 
and the stability constant of its complex with Cu+ is larger than with Cu2+. These results 
indicate that the major factor causing the stabilization of low valent transition metal complexes 
by N-methylation of tetraazamacrocyclic ligands is the increase in the hydrophobic nature of the 
complex due to the N-methylation. 

Reference 

[1] G. Golub, H. Cohen and D. Meyerstcin, Abstracts 56th Annual Meeting Israel Chemical Society 
(Jerusalem, Israel, Feb. 1991), p. 93. 

Stabilization of Monovalent Copper Ions by Complexation with Saturated 
Tertiary Amine Ligands in Aqueous Solutions: I. The Case of 2,5,9,12-

Tetramethyl-2,5,9,12-Tetraazatridecanen] 

G. Golub, H. Cohen and D. Meyerstein* 

The complex of copper(I) ions with 2,5,9,12-tetramethyl-2,5,9,12-tetraazatridecane in 
aqueous solutions is stable in the absence of oxygen. This observation indicates that the 
stabilization of low valent transition metal cations by tertiary-tetraazamacrocyclic ligands is due 
to the hydrophobic nature of these ligands. 
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Pressure-Assisted Formation of a Cobalt-Carbon (7 Bond: 
A High-Pressure Pulse Radiolysis Study§ 

R. van Eldik*, H. Cohen and D. Meyerstein** 

The effect of pressure (up to 150 MPa) on the formation and breakage of the cobalt-carbon o 
bond in the reaction [Con(nta)(H20)2]- + «CH3 <* [Co111 (nta) (H20) (CH3)]~ + H 2 0 was 
investigated using pulse radiolysis techniques. The reaction is characterized by a significantly 
negative reaction volume (-16.4 ±1.6 cm3mol-1), which results from an almost pressure-
independent bond formation reaction and a strongly pressure-decelerated bond-breakage 
process. This indicates that pressure assists the formation of the cobalt-carbon or bond by 
shifting the overall equilibrium to the right with increasing pressure. These results were 
considered in terms of ligand substitution of Co(II) and homolysis of Co(III) complexes, 
respectively. 

Effect of Pressure on an Intramolecular Electron-Transfer Reaction 
Induced by Pulse-Radiolysis 

D. Meyerstein**, I. Zilbermann, H. Cohen and R. van Eldik* 

There is continued interest in the study of the mechanistic details of electron-transfer 
reactions of coordination complexes in solution. Modern techniques, including the application 
of high pressure and pulse radiolysis, have increasingly been shown to assist the elucidation of 
the intimate reaction mechanism of such processes. In this respect, high-pressure kinetic studies 
have been focused mainly on outersphere, intermolecular electron-transfer processes, and only 
a few studies have been performed on some selected innersphere electron-transfer reactions. 
Similarly, pulse radiolysis techniques have been applied to the study of various types of 
electron-transfer processes. This has led to a better understanding of outersphere electron-
transfer processes. By way of comparison, considerably less information is available on the 
factors affecting the rates of innersphere processes. This stems partly from the fact that 
innersphere electron-transfer processes usually involve several consecutive steps, viz., ligand 
exchange leading to a precursor formation, followed by intramolecular electron-transfer and 
dissociation to the final reaction products. Thus, kinetic parameters for such processes are 

§ The technical assistance of D. Carmi, Y. Nahon and Y. Nchcmia is gratefully acknowledged. This work was 

supported by the Planning and Granting Committee of the Council for Higher Education. 

* Institute for Inorganic Chemistry, Univcristy of Wittcn/Hcrdcckc, Wittcn, FRG. 
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usually composite quantities and consist of contributions from more than one step. In order to 
evaluate the factors affecting the electron-transfer step, it is helpful to study the transfer of an 
electron between two bound centers, i.e., from metal to metal center in a binuclear complex, or 
from metal to ligand or ligand to metal in a mononuclear complex. 

Kinetics and Mechanism of the Acetate-Catalyzed Heterolysis of the 
Metal-Carbon c Bond of a-Hydroxyalkyl-Chromium(III) Complexes: 
Effects of the Non-Participating Ligands, Temperature and Pressure 

H. Cohen, W. Gaede*, A. Gerhard*, D. Meyerstein** and R. van Eldik* 

The acetate-catalyzed heterolysis reaction of two a-hydroxyalkyl-chromium(III) complexes 
— Crni-CH20H and Crni-C(CH3)2 OH - with three types of non-participating ligands — 
(H20)5Cr-R2+, rra«s-([15]aneN4) (H20)Cr-R2+ and cw-(nta) (H20) Cr-R~— has been 
studied as a function of acetate concentration, temperature and pressure. The rate and activation 
parameters demonstrate that the catalytic effect results from a trans-labilization effect by 
coordinated acetate and involves the attack by a solvent water molecule on the metal-carbon 
bond. The positive volumes of activation support the operation of a dissociatively activated 
heterolysis mechanism, which is in line with the suggested labilization effect of coordinated 
acetate. 

Detection of Asymmetry in Homogeneous Membranes: Demonstration on 
a Carbon Molecular Sieve Membrane!1! 

H. Tobias, A. Amar, S. Saguee and A. Soffer 

The structural asymmetry of an apparently homogeneous membrane can be traced employing 
the nonlinearity of the permeate sorption isotherm. In this work the method is demonstrated 
with a dense wall carbon molecular sieve membrane. 
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A Novel Process for Decomposition of Polychlorinated Biphenyls and 
Other Halogenated Hydrocarbons Under Mild Reaction Conditions 

I. Pri-Bar, D. Azoulay and O. Buchman 

Since 1929, polyhalogenated hydrocarbons such as polychlorinated biphenyls (PCBs) have 
been used as dielectric and heat-transfer liquids in electrical equipment. The cumulative 
worldwide production of PCBs is estimated to be around 2 million tons. PCBs are chemically 
stable and of low flammability. These properties make them a serious threat to the environment, 
due to the difficulty of their disposal. 

PCBs disposal has been the subject of intensive research for the last 10-15 years. The most 
common method of their destruction today is high temperature incineration, performed at 
1600°C with a controlled amount of oxygen to prevent the formation of highly toxic dioxines. 
Disposal of waste contaminated with PCBs by such a process is extravagant in energy 
consumption and must be performed in specially designed and expensive reactors. 

We have invented and developed on a laboratory scale a novel dehalogenation process, very 
efficient for PCBs, in which over 99.99% decomposition is achieved at low temperatures (60-
70°C) and at atmospheric pressure. The dehalogenation is performed with safe, mild and 
inexpensive bulk reagents. A gas chromatogram of a commercial PCB sample is shown in 
Figure 1. Decomposition of the sample after the dehalogenation process is demonstrated in 
Figure 2. 
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Fig. 1: Gas chromatogram of a commercial PCB sample. 
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Other organohalides are also susceptible to dehalogenation under the reaction conditions. 
Some representative examples are given in Table 1. 

100 150 
Retention time (min) 

200 

Fig. 2: Gas chromatogram of a PCB sample following the dehalogenation process. 

Table 1 
Representative examples of several organohalides susceptible to dehalogenation 

Example 
No. 

8 
9 

10 
11 
12 
13 
14 
15 
16 

17 
18 

Compound 

C6H5C1 
L2-C6H4CI2 
1,3-C6H4C12 

1.4.C6H4C12 

1.2,3-C6H3a3 
1,2,4-C6H3C13 

1,3,5-C6H3C13 

Untreated 
sample (ppm) 

45,000 
60,000 
60,000 
60.000 

180,000 
180,000 
180,000 

hexachloro cyclohcxane 116,000 
1.2,3-C6H3C13 in 
mineral oil (0.5 ml) 
1 -chloronaphthalcnc 
4,4'-dichlorobiphcnyl 

n.d. = not detectable. 

180,000 
66,000 
86,000 

starting 
comp. 

n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

n.d. 
n.d. 
n.d. 

Treated sample 
(ppm) 

dichloro 
deriv. 

-
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
— 

n.d. 
-
n.d. 

monochloro 
dcriv. 

n.d. 
100 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 
-

n.d. 
n.d. 
n.d. 

Detection 
limits (ppm) 

10 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
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Neutron Activation Analysis for Environmental Trace Element 
Research: Determination of Elemental Composition of Settling Particles 

in Israel Following Saharan Dust Storms 

N. Lavi, E. Ganor*, E. Neeman* and S. Brenner* 

Several cases of transport and deposition of settling particles following dust storms over 
Israel, occurring between 1973 and 1987, were investigated experimentally. The storm particles 
were collected in Jerusalem and in Ramat HaSharon (north of Tel Aviv). Meteorological 
conditions during the storms examined were classified according to their tranjectories into two 
types: North African and Arabian Desert, the first type by far being the more common. 

The concentrations of 26 elements (Al, Ba, Br, Ca, Ce, Co, CI, Cr, Eu, Fe, Hf, K, La, Mg, 
Mn, Na, Rb, Sb, Sc, Si, Ta, Th, Ti, U, V, and Yb) in settling particles were determined by 
instrumental neutron activation analysis. The validity of the method was checked by analyzing 
U.S. NBS Standard Reference Material SRM-1633a; the elemental content found agreed well 
with the published certified data. Since Al as well as Si were determined through the formation 
of 27Al(n,y)28Al (Ti = 2.24 min) and 28Si(n,p)28Al, respectively, thermal and epithermal 
neutron activation were employed to determine the contribution of Si to the total 28A1 activity. 
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Fig. 1: The Cd ratio (the ratio of activities induced by activation with and without a Cd cover) of (a) 27Mg for 
mixtures of Al and Mg and (b) 28AI for mixtures of Al and Si, respectively. 

* Research Institute for Environmental Health, Tel-Aviv University, Tel Aviv. 

141 

5 10 
Al: Mg ratio 



Due to the high Al content found in dustfall samples, its contribution to the amount of 27Mg 
(Tfc = 9.46 min) by the 27AI(n,p)27Mg reaction was taken into account in the determination of 
Mg via the 26Mg(n,y) 27Mg reaction. The change of the Cd ratio of the 1778 keV peak of 28A1 
for mixtures of Al and Si is shown in Figure 1. 

Interpretation of the INAA results using enrichment factors reveals that settling particles are 
relatively enriched in Ca, probably from the local terrain and in CI derived from the 
Mediterranean Sea. 

142 



VIII 

RADIOPHARMA CEUTICALS, 
LIFE SCIENCES 

AND 
ENVIRONMENTAL STUDIES 

m/m 



A Semiautomatic System for Radiopharmaceutical Isotope Processing 

M. Zabari, G. Ringler, J. Trumper, E. Itzkin, J. Lavie, B. Sahar, J. Zalzman, V. Kaplan and 
P. Haster 

A semiautomatic system was developed for handling and dispensing 201T1 and 67Ga 
radiopharmaceuticals. A high-activity solution is processed at three work stations (Fig. 1) by 
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carriage 

Ionization chamber 

Calibration and Packing Station 

_, Fig. 1: Mechanical flow chart of the semiautomatic system. 

the following steps: suction, dilution, bottle filling and bottle packing in a lead container. This 
process takes place in a shielded glove box which provides almost complete protection against 
radioactive hazards. This system is controlled by a PLC (Programmable Logical Controller) 
which enables us to preset parameters such as sample volume, specific activity, etc., in a very 
precise manner. The activity of each bottle is recorded and calculated for the precalibration day 
and time; activity that remains in the diluting container is displayed on line on the PC-computer 
screen. 

The time system is being used with success for routine supply of 201x1 for hospitals. It 
improves performance in several aspects: safety, total precision of intensity calibration of ±1%, 
GMP, and production protocol. 
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Development and Production of a Gadolinium Gd-DTPA 0.5 M Injection 

J. Trumper, J. Shalev and S. Abrashkin 

Gd-DTPA (gadopentate dimeglumine) is a paramagnetic chelate used for enhancement of 
signal intensity, i.e., visual contrast in magnetic resonance imaging (MRI). It is the first and, 
for the time being, only FDA-approved contrast agent for MRI. The Schering Gd-DTPA 
preparation—Magnevist—is already in wide use all over the world. 

The Soreq Gd-DTPA preparation has the following components: repurified ground DTPA 
powder; Gd2C>3 powder; meglumine powder; and highly purified water (18 MQ). By reacting 
stoichiometric amounts of the components, a 0.5 M solution is obtained. The addition of 0.1% 
w/w DTPA avoids Gd-ion excess. 

The main features of this preparation method are summarized as follows: 

- Repurification of DTPA is necessary, as no commercially available pharmaceutical grade 
DTPA enables the preparation of a compound of the required quality. The commercially 
available DTPA is recrystallized twice, resulting in a melting point of 230°C, i.e., ~10°C 
higher than the values for pharmaceutical use or other extra-pure-grade DTPA. Grinding the 
purified DTPA improves the quality of the Gd-DTPA preparation. We developed a 
purification system (heating, dissolution, filtration, recrystallization and desiccation) for 1 
kg DTPA, i.e., 30 / of solution to be handled. 

- The addition of 0.1% DTPA in excess of the stoichiometric amount avoids Gd ion excess in 
the final preparation (due to lower toxicity, an excess of 0.2-0.3% DTPA is permitted). 

- Pure water of 18 MQ resistance is essential for obtaining a high quality product: iron at a 
level of several ppm induces changes in the UV spectrum. Using 18 MQ water and glass 
tools cleaned scrupulously with hot HNO3 helps to avoid the iron impurities. 

- Teflon-coated rubber stoppers protect the compound from very rapid deterioration due to 
unidentified impurities present in latex or rubber stoppers. The stability of the compound in 
vials sealed with Teflon-coated rubber stoppers was checked for more than 7 months, with 
no changes observed. 

- The above mentioned solutions have relatively high viscosity and serial-simultaneous 
filtrations save time and hard work. 

- A batch with an excess of either Gd203 or DTPA can be corrected by mixing it with another 
batch with an excess of the complementary component. 

- The entire production can be completed in one working day, unlike procedures reported in 
the literature, which last overnight or even longer. 

A comprehensive quality assurance system has been developed, to check the following: UV 
spectra (Fig. 1), Gd203 and DTPA excess, pH, density, viscosity, osmolality, paramagnetic 
effect (Ti relaxation time in solution and in mouse kidneys and liver), toxicity, and 
pharmaceutical qualities (sterility and apyrogenicity). 
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Fig. 1: UV spectra of Soreq Gd-DTPA and Schcring Magnevist. The similarity of the spectra profiles is evident. 

In order to obtain a Ministry of Health license to market this preparation for clinical use in 
Israel, it must be proven that it acts similarly to Schering's Magnevist. A clinical trial is to be 
performed (under the supervision of Prof. Itzhak, Sheba Hospital), following preclinical testing 
in rabbits. The results of the preclinical trials were reported to the hospital's Helsinki 
Committee, which concluded that the two preparations were similar. Based on this statement 
and on the file we presented, the clinical trial was approved. 

Preclinical Evaluation of 99mTc-BATO: A New Myocardial Perfusion 
Imaging Agen 

J. Weininger, D. Rintler, J. Shalev, N. Kanyon and L. Nehemia 

Boronic acid adducts of technetium dioxime complexes (BATOs) have been reported 
recently as promising myocardial perfusion imaging agents for humans^. 99mTc BATO's 
clinical properties — high myocardial extraction (>90%) and rapid myocardial clearance — 
make this agent well suited for rapid imaging protocols. 

In order to develop a 99mTc-BATO preparation we first developed an easy and high-yield 
synthesis method of methyl boronic acid^. Subsequently, a kit preparation was formulated, 
containing methyl boronic acid and nioxime as active ingredients and SnCl2 as a reducing 
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agent. Additional excipients such as DTPA (complexing agent), citric acid (catalyst) and 
cyclodextrin (solubilizer) were necessary to achieve a stable preparation with high labeling 
yield. pH was adjusted to the level suitable for injectable material. Biodistribution studies in rats 
suggest high extraction of 99mTc-BATO by the myocardium. The clearance of the complex 
from the blood is rapid. The liver, the major organ of excretion, contains the highest activity in 
the first minutes post-injection (pi). Excretion is primarily in the feces (approximately 70% 
during the first 24 h pi). 

The radiation dose estimates show that the small and large intestines are the target organs. 
Toxicity studies showed that no mortality occurred up to dose levels equivalent to the single 
injection of 525 maximal human doses (MHD) in mice and 750 MHD in rats. The LD50 was 
calculated to be 750 MHD in mice and 1050 MHD in rats. 

Clinical studies will be initiated soon in two hospitals within the framework of a joint project 
with the goal of certifying "mTc-BATO as an alternative to 20171 for myocardial perfusion 
imaging. 

References 

[1] R.K. Narra, A.D. Nunn, B.L. Kuczynski, T. Fcld, P. Wcdcking and W.C. Eckclman, J. Nucl. Med. 
30:1830(1989). 

[2] M, Boazi, 1. Jaffc and D. Rintlcr, Research Laboratories Annual Report, Israel Atomic Energy 
Commission, IA-1460 (1990), p. 153. 

A Novel Method of Spiperone Labeling with Technetium for D2 
Dopamine Receptor Imaging 

I. Feinstein-Jaffe, M. Boazi and N. Kanyon 

In vivo imaging of D2 dopamine brain receptors is very important for basic research, 
diagnosis and therapy of various neurological and psychiatric disorders, e.g. Parkinson's 
disease! 1 '21. 

Spiperone (I), a neuroleptic molecule with a high affinity for D2 receptors, has been used for 
D2 receptor imaging, mostly by PET techniques!3-5!. 

There has been a long felt need for an efficient and inexpensive agent for use in functional 
brain imaging. A new derivative of spiperone, spiperone ethyl azide, was synthesized for this 
purpose, according to the following reaction scheme: 

/ - ^ / " - N H - H B \ W -T W J \ J " ^ J A J 
- ^ r"S (l) 
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(i) Spiperone (I) was obtained from the commercially available spiperone hydrochloride. 

1 \ / ~ N - ^ ^ - ^ a - v O y-cH. 

(D 

TO 

(ii) Spiperone ethyl p-tosylate (II) was synthesized by reacting I with ethylene glycol di-p-
tosylate. 

o 

-N-(CH2)a-N3 

(II) 

(III) 

(iii) Spiperone ethyl azide (III) was obtained by reacting II with amberlite azide. 

o 

" -N-(CH2)2-N-TcAn 

(III) 

(IV) 

All the compounds thus prepared were characterized by microanalysis, !H and 13C NMR, and 
mass spectrometric analysis. 

This new derivative of spiperone should be able to reduce and bind "mTcC>4_ in a one-step 
reaction!6'7]. 

By reacting III with 99mTc04_ in the presence of acid, a covalently bound complex, of the 
general formula IV, is obtained. In principle, any acid capable of reducing the technetium from 
the heptavalent state to the lower valency needed for the preparation of the complex, may be 
used. The acid may be organic or inorganic. Initially, the complex obtained in the presence of 
hydrochloric acid was prepared. Two-dimensional TLC analysis of the reaction mixture shows 
a ~90% complex yield. 

where A is an organic or inorganic anion, and 
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n = 2 or 4, depending on the valency of the reduced " m Tc. 
Attempts are being made to separate the reaction mixture from the complex and to test the 

complex in vitro for specificity and binding affinity to the D2 dopamine receptors. 
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Iodination of Azidospiperone 

A. Freud and A. Canfi 

Several radiolabeled spiperone derivatives have been reported!1-4! for imaging of brain 
dopaminergic receptors. "Tc-labeled azidospiperone is believed to be a potentially useful tool 
for brain research!5!. In an attempt to investigate the site of "Tc labeling and to determine its 
specific activity, double isotopic labeling was performed. Iodination of spiperone to 4-I125 

spiperone prior to its azidation was very inconvenient and therefore iodination was performed 
directly on the azidospiperone molecule. In our experiments the oxidative iodination with 30% 
H2O2M was less effective than using TICI3 as the oxidizing reagent. 

Briefly, 10 /tfnole of azidospiperone in a slightly acidic phosphate buffer was iodinated with 
5-10 mCi of sodium iodide 125I in the presence of 9 nmole of thallium chloride. After heating 
to 65°C for 20 min, the reaction mixture was extracted with CH2CI2 and chromatographed on a 
silica thin-layer chromatography plate using ethyl acetate-.methanol (25:75) as the mobile phase. 
Two radioactive peaks, at Rf = 0.64 and 0.74, were eluted with CH2CI2 and taken for further 
99Tc labeling. In this system, spiperone and azidospiperone migrated to Rf = 0.37 and 
Rf = 0.51, respectively. Double isotopic labeling revealed that the 4 position remained blocked 
by 125I and that the azidospiperone molecule remained intact when labeled with "Tc l5l 
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Statistical Process Control (SPC) Approach to the Mo-Tc Generator 
Loading System 

G. Ringler, S. Shrem and H. Zauber 

A full statistical process control study was made of Mo-Tc generator column activities 
during 1990 production. Small sample statistical formulae were used, since the number of 
columns having a similar specific activity was always less than 30. R and X charts were 
prepared to check the deviation from a SPC system. Statistics were applied only to columns 
prepared at a specific calibration date (each calibration of the system means a new sampling 
date). Under those conditions approximately 90% of the columns were included in the study. 

The loading system is based on 5% extra activity for each column (at nuclear equilibrium, 
the maximum Mo-Tc yield is 94.8%). Results show that the average activity obtained for 
generators of 450, 600, 750 and 1200 mCi is 10% higher than the expected activity, including 
the 5% extra loading. As a consequence, taking into account the usual high yield of our 
columns, the overloading of the columns will be reduced. 

The manual loading system will be replaced next year by a semiautomatically processed 
loading system. Sampling will be done with each loading and the volume will be adjusted 
according to an established SPC matrix. Thus the activity spread will be minimized and the 
activity brought close to the desired value. The CP factor of the new system will be 1, with 
CPKi > 1 and CPK2 < 1. We expect that this system will reduce raw material use for 
production of generators by 10%. 

Evaluation of 99mTc-Laheled L6 Monoclonal Antibody in Tumor-Bearing 
Nude Mice 

E. Lavie, M. Bitton and E. Lubin* 

This study was conducted to evaluate the localization of "mTc-L6 in transplanted tumors in 
nude mice. An additional goal was to compare the results with the localization of iodinated 
L6m. 

* Beilinson Medical Center, Petah Tikva. 
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1,6 mouse MAb of the IgG2a-isotype was used in the studies. It was obtained from ascites 
fluid and purified by protein A Sepharose affinity chromatography. A mouse immunoglobulin 
which does not bind to human tumor cells served as the control. 

L-2981 was used for the tissue distribution studies. It was propagated by serial 
transplantation in the mice. 

Nude mice were injected subcutaneously with ~150 \ig MAb on the right rear flank with 
pieces of tumors (0.2 cm3) which were allowed to grow for 3-4 weeks, by which time they 
had reached a weight of 0.22-0.9 g. The WmTc activity injected per mouse was 3 mCi, and that 
of 131I was 300 lid 

The procedure for labeling the MAbs with 99mT*c is patent pending, and employs a one-step 
lyophilized kit; time of labeling is 1 h, with 90% labeling yield. Iodination was with l 3 1 l , using 
the chloramine T method (iodobeads); labeling yield was better than 90%. 

Biodistribution 
The percent injected dose per gram tumor (% I.D./g) of 99mTc-L6 is presented in Table 1. 

The uptake increased from ~14.5% at 24 h post-injection (pi) to 17.6% at 48 h pi. In 
comparison, the accumulation of 131I-L6 was 13.65% I.D./g tumor (at 24 h pi). The main 
advantage of the Tc-labeled MAb compared with the iodinated, was the in vivo stability of the 
Tc label. No free 99mTc was observed (even at 48 h pi) as compared with the significant 
deiodination which occurred with the 131I MAb. 

At 48 h, other tissues with significant activity accumulation were: liver, 9.8±1.6% I.D./g; 
blood, 12.1±1.6%; and kidneys, 10.0% I.D./g; activity was observed also in the gut. In 
normal lung there was very low uptake: 1.73±0.66% I.D./g tissue. 

The control non-specific mouse IgG showed much lower uptake in the tumor (Table 1): 
7.1±0.94% I.D./g tumor. The control 99mTc mouse IgG differed from the Tc-L6 in its 
biodistribution in tumor-bearing mice. At 48 h there was much greater accumulation in the liver: 
36.4±4.87% I.D./g, and the level in the blood was 9.8±0.8% I.D./g. 

Imaging 
The mice were scanned by a gamma camera (Elscint, Apex 409). At 24 h pi of 99mTc-L6, 

the tumor was visualized very clearly. At 48 h the relative activity in the tumor and liver 

Table 1 
Uptake of labeled Lg MAb in the tumor of nude mice 

System Time % I.D./g tumor 
post-injection 

(h) 

Tc-L6 24 14.72±0.72 (n=4) 
Tc-L6 48 17.62±3.02 (n=12) 
Tc-IgG (control) 48 7.1±0.94 (n=5) 
I-L6 24 13.65+4.20 (n=3) 
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remained constant (n=12). The data are consistent with the results of the iodine-MAb system. 
In contrast, when 99mTc-IgG (control) was injected, no tumor was visualized at either 24 or 
48 h pi (n=5). Regions of interest (ROT) of tumor, liver and blood pool (background) were 
counted and ratios of activity were obtained. For the Le-injected animals: tumor/liver = 1, and 
tumor/background = 4. For the control IgG-injected animals: tumor/liver = 0.15, and 
tumor/background = 1. (These are rough estimates.) 

99mjc_L6 MAb can localize lung tumor in an animal model. Very good images were 
obtained even at 24 h pi (earlier images were not performed). This time-frame is suitable for the 
99mTc isotope (half-life = 6.02 h). The specificity of the L6 was also shown. 

Role of 9^mTc-Fibrinogen Scintigraphy in Detection of Deep Vein 
Thrombosis 

Y. Kraus*, M. Liebergalf *, E. Lavie, P. Lebensalt***, R. Marciano* and H. Atlan* 

Noninvasive imaging has become a major step in the diagnosis and treatment of patients 
with deep vein thrombosis. The role of 99mTc-fibrinogen scintigraphy was evaluated in 17 
patients with clinically suggested deep venous thrombosis following orthopedic surgery. 
Duplex ultrasound was obtained in 11 patients and contrast venography in five patients. 
Informed consent was obtained from all patients. Scintigraphy was performed after intravenous 
injection of 30 mCi of "mTc-fibrinogen with images obtained over the pelvis and lower limbs 5 
min, 3 h and 24 h post-injection. Abnormal uptake at 3 h which persisted throughout 24 h was 
considered as positive, in the absence of blood pool activity. Five of the 17 studies were 
interpreted as positive, with confirmation by duplex ultrasound and/or venography. The active 
process was detected only in the 24-h images in these studies, while the 3-h images were still 
negative. In 12 negative scans, eight were confirmed by negative venography; in two patients 
no further studies were performed. 

The delayed detection of deep vein thrombosis for 24 h by 99mTc-fibrinogen scintigraphy 
and the need to withhold heparin therapy, until after completion of the study, limit the use of 
this technique to screening of patients at risk, rather than to clinical use in the acute stage. When 
the results are equivocal, the study should be followed by duplex ultrasound or contrast 
venography. 

Dept. of Nuclear Medicine, 

Dept. of Orthopedic Surgery, and 

Dept. of Radiology, The Hebrew Univcrsity-Hadassah Medical Center, Jerusalem. 
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Guidelines for Safe Work with Devices Emitting Laser Radiation 

M. Margaliot, M. Oron and T. Schlesinger 

Electromagnetic (EM) radiation in the 1 nm-1 mm wavelength range is commonly known as 
optical radiation. 

In contrast to EM radiation in the X and gamma regions, which causes biological effects by 
ionization, the interaction between optical radiation and tissue is mainly photochemical (in the 
UV region) and thermal (in the IR region). In the visible region, the effects of radiation are due 
to a combination of these two modes of interaction. 

The laser beam is monochromatic (a very narrow wavelength band is emitted) and coherent 
(the EM radiation emitted is nearly all the same phase). The combination of these two wave 
properties results in special behavior of the laser beam: (a) it has very small divergence even 
over long distances (in comparison with conventional light beams); and (b) it can be focused, 
by appropriate lenses, to focal spots much smaller than those attainable with conventional light 
beams. The latter property is the basis for the hazardous potential of laser light, as the EM 
energy concentration at the laser beam focal spot may become very high, and exceed the 
damage threshold of the target tissue. 

Limits of exposure were defined as a function of laser wavelength and exposure duration. In 
addition, guidelines for safe work with laser-beam-emitting devices were drawn up. Working 
in accordance with these safety rules, will minimize the probability of hazardous exposures to 
laser radiation. 

The exposure limits and safety guidelines comply (with minor modifications) with 
internationally accepted safety schemes (Le., those published by IRPA, ACGIH, ANSI, etc.). 
The guidelines proposed are aimed solely to prevent hazardous acute exposures to laser light 
(as do the IRPA, ANSI, NRPB, ACGIH and many more current publications on this subject). 
It should, however, be noted that a few, and as yet unsubstantiated, works have been published 
that hint at the possible existence of laser radiation hazards which are due to weak but 
prolonged exposures. If these indications are supported in the future by reliable experimental 
findings, the exposure limits and safety rules will have to be revised. 

Exemption of Certain Radioactive Sources and Devices from 
Registration, Licensing and Supervision: Proposal for Israeli Regulations 

T. Schlesinger, T. Biran and M. Barshad 

A review was conducted of the basic considerations and international guidelines for the 
exemption of certain radioactive sources and practices (involving potential exposure to low-
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level ionizing radiation) from registration, licensing and supervision. The resulting document 
includes such exemptions in the U.S.A., U.K., and the OECD countries. 

Based on the above and taking into consideration the legal and administrative structure of the 
control of radioactive substances and machines and devices emitting ionizing radiation in Israel, 
the document proposes a system of general licences (partial exemptions) and of exemptions of 
certain sources and practices. The most important of these are: 
- Television receivers and VDUs (with limits on the radiation level in contact with the 

external surface). 
- Certain nuclear gauges. 
— Smoke detectors and certain self luminescent devices. 
— Radioactive sources with limited activities for calibration purposes. 
- Very-low-level radiopharmaceuticals for in vitro studies. 
— Natural radioactive ores. 

Synthesis of Radioactive 3-Azido-3'-Deoxythymidine (MethyMH) 

M. Shimoni, A. Sela, I. Gabay and O. Buchman 

In the past decade, 3'-azido-3'-deoxythymidine (AZT) has been used in the treatment of 
AIDS. In the light of the early successes, the need has arisen for tritium-labeled AZT for use in 
biochemical research. Until now there has been only one supplier of tritium-labeled AZT, and 
that with a specific activity of 2-5 Ci/mmol. Following a request to our laboratories for this 
material with a specific activity of at least 10 Ci/mmol, we investigated three possible routes: (i) 
the preparation of a precursor (I), which would allow tritiation to be performed at a late stage in 
the synthesis, as follows: 

H3CS(02)0 H 
II 
o 

CH2OH 

(D 

CH2T 

(VII) 

' u AZT (methyl-3H) 

However, instead of-CH2OH in position 5, which was to be the site of the tritium labeling, we 
obtained etherification of this group, making this route useless. The alternative schemes were to 
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use thymidine (methyl-3H): (ii) of 50 Ci/mmol specific activity, prepared from thymine 

(methyl-3H) via enzymatic synthesis; or (iii) of 10 Ci/mmol specific activity, prepared from 

5-hydroxymethyldeoxy uridine. The first alternative (ii) proved to be extremely expensive, 

because of the high cost of the sugar used in the enzymatic reaction step, and was therefore not 

suitable. The second alternative (iii) was applied as shown in the following scheme: 

O 
II 

if 7f 
CH2OH 

OH H 

5' - hydroxymethyl 
deoxyuridine 

H O H 2 C ^ ° V 

K. 

CH,T 
O 
II ^ \ CH2T 

(C6H5)3CCI O ^ N ^ 

(CgHsJaCOHgC/ " ^ 

am 
OH H 

Thymidine (methyl - 3H) 

OH H 

CH3SQ2CI 

(IV) 

5' -O- tr'rtylthymidine-
(methyl-3H) 

(C6H5)3COH2C 

^ \ C H 2 T 
HN ^ 

UN, 
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(C6H5)3COH2C 

(V) 

H3CS(Oz)0 H 

CH2T 

HOH2C 

O 
II 

O' CH,T 

(VII) 

5' - 0-tr'rtyl-3'-0-mesyl-
thymidine (methyMH) 

5'-0-trityl-3'-azido-
3*-deoxythymidine (methyl - 3H) 

AZT (methyl-3H) 

Thymidine was synthesized with a specific activit)' of 13 Ci/mmol, and AZT (methyl-3H) of 

99% radiochemical purity was obtained after purification on a precoated silica gel plate. 
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Conversion of siCr-Chromic Trichloride to 5ICr-Sodium Chromate 

A. Freud and A. Canfi 

Chromium-51, as sodium chromate, is used to label red blood cells so that their survival and 
volume can be measured. When reduced to 51Cr chromic trichloride, it is used for the 
determination of loss of serum proteins into the gastro-intestinal tract. Whereas the reduction 
procedure from Na251Cr04 to 51CrCl3 is used routinely in our laboratory, we have developed a 
reverse procedure, to oxidize the latter back to Na251Cr04. Oxidation is achieved by the use of 
30% H2O2 in the presence of NaOH. When performed stoichiometrically at room temperature, 
the conversion rate does not exceed 45%. When both H2O2 and NaOH 1M are taken in excess 
and the reaction is done in a sealed reactor at 65°C for 2 h, approximately 95-98% of 51CrCl3 is 
converted into Na251Cr04, as revealed by paper chromatography using NH4OH 1M as the 
mobile phase. Both procedures are now being used to produce each of the materials, depending 
on the availability of the starting material. 

Radioiodination and Radioimmunoassay of cAMP and cGMP 

A. Canfi, A. Freud, M. Zafran, Z. Kreim* and S. Nahshon** 

3':5'-Cyclic adenosine monophosphate (cAMP) and 3':5'-cyclic guanosine monophosphate 
(cGMP) are important in many biological systems. Usually these two cyclic nucleotides 
antagonize each other, especially in bidirectional systems such as contraction — relaxation or 
glycogen synthesis/breakdown. Also in such systems, when cellular concentration of one rises, 
the concentration of the other decreases and vice versa. cAMP is a 'second messenger' and 
mediator for many hormones such as epinephrine, glucagon, ACTH, luteinizing hormone and 
follicle-stimulating hormone. It is found in most animal cells and in bacteria. The quantitative 
determination of cAMP and cGMP is essential in most endocrine systems and it is done mostly 
by radioimmunoassay (RIA) methods. We radioiodinated both cAMP and cGMP and used the 
resulting tracers in RIA systems. 

The cyclic mononucleotides by themselves cannot be iodinated and must be first derivatized 
with a suitable molecular bridge. The derivatives used were 2'-0-monosuccinyl adenosine (or 
guanosine) 3':5' monophosphate tyrsyl methyl ester (cAMP-2'-0-TME or cGMP-2'-0-TME). 
These derivatives were iodinated by the chloramine-T method as described by Steiner et alW. 
However, the purification procedure described was unsatisfactory and we purified the iodinated 
products on silica plates using two successive elutions. The final products were >99.5% 

* Carmel Hospital, Haifa. 
Tel-Aviv University, Tel Aviv. 
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radiochemically pure and with a theoretical specific activity of >2000 Ci/mmol. The 
radiochemical yields were usually 50% and the radioiodinated products were stable for at least 5 
weeks when stored at-20°C. 

For both radiotracers, R1A procedures were developed based on protocols suggested by 
Kreim and Nahshon, and modified in order to improve the sensitivity of the assay and stability 
of the components. 

RIA ofcAMP. The components: cAMP-2/-0-TME-[12SI] served as the radiotracer; rabbit anti-
adenosine 3':5'-cyclic monophosphate (Biomakor, Rehovot, Israel) at a dilution of 1:1000 was 
used as the antibody; and cAMP (Sigma) in a concentration range of 30-300 frnol/tube served 
as the standard. The standard had to be acetylated prior to the assay. Maximal binding of 40-
50%, nonspecific binding of 2%, and sensitivity of 30 fmol were obtained. Acetate buffer at 
pH 6.2 was used in all assays and the incubation period was 18 h at 4°C. The antigen-antibody 
complex was separated from the unbound antigen with cold ethanol. 

RIA of cGMP was carried out essentially according to the cAMP RIA protocol, using the 
following components: cGMP-2'-0-TME-[125I] as the tracer; rabbit anti-guanosine 3':5' cyclic 
monophosphate (Biomakor) at a dilution of 1:1000 as the antibody; and cGMP (Sigma) as the 
standard, in a concentration range of 2-20 fmol/tube. The sensitivity of the assay was 2 fmol. 
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Radioiodination of Low-Density Lipoprotein for Receptor Assay 

A. Canfi, A. Freud, M. Zafran and I. Sarban* 

Elevated levels of low-density lipoproteins (LDL) and cholesterol are associated with the 
progression of adierosclerosis. LDL are internalized through receptor binding to many kinds of 
cells, especially in the liver and the adrenals. Deficiency in these receptors' number or activity 
is the major factor in familial hypercholesterolemia, in which very high levels of plasma 
cholesterol are observed^!. There are numerous research projects involving LDL, and in many 
of them 125I-LDL is required. 

Several radioiodination methods are reported, using chloramin-T (Ch-T), iodogen, 
lactoperoxidase (LPO), and IC1 as oxidizing agents. 125I-LDL for receptor assay was prepared 
using three iodination procedures and three purification methods. We have used Ch-T, LPO 
and IC1. The product was purified by gel filtration, ion exchange, and/or dialysis. 

* Rokach Hospital, Tel Aviv. 
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Radiolabeling of LDL with Ch-T resulted in 125I-LDL with radiochemical purity of 65%. 
Dialysis of the produce did not improve its radiochemical purity and it decomposed rapidly. 
When LPO was used followed by ion exchange purification, a product with 11% radiochemical 
purity was obtained; no improvement occurred upon dialysis. Iodination by IC1 was attempted 
as suggested by Bilheimer et al. l2h as no details were available, we used our standard IC1 
procedure. IC1 0.01M in 1M HC1 was prepared and stored. Prior to radioiodination, any free 
iodine was extracted by CCL4. The components for the radioiodination were mixed and then 
glycine buffer at pH 10 was added to initiate the iodination. The iodinated LDL was purified by 
dialysis until no free iodine was found in the dialyzing solution. By this method a stable 125I-
LDL was obtained, with radiochemical purity of 93% and a radiochemical yield of 20%. 
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Possible Application of Gamma Radiation as a Quarantine Treatment for 
a Variety of Agricultural ProductsHl 

R. Padova, M. Lapidot and I. Ross 

Export of various fruits, vegetables, and cut flowers is usually subjected to strict limitations 
enforced by quarantine of the importing countries, in order to prevent entry of dangerous pests. 
Quarantine treatments for ensuring pest-free fruits, vegetables and flowers fall into three 
categories: (i) Chemical treatments with fumigants — which often leave residues in the product, 
causing difficultires in view of the reductions of permitted toxic residues'in food by the 
importing countries, (ii) Physical treatments — such as chilling to low temperatures or heating 
to high temperatures (dry heat or dip in hot water). These are of limited use due to long 
treatment time, phytotoxicity to certain varieties of fruits, and high level of energy 
consumption, (iii) Ionizing radiation — a method being developed in various countries, 
representing a potential effective alternative method, wherever the conventional treatments are 
ineffective, phytotoxic, or do not penetrate sufficiently into the product. The treatment is based 
on exposure of the product to a field of ionizing radiation, emitted by the radionuclide 60Co. 
The radiation affects the vitality of the pest within the product and prevents its development and 
fertility by affecting adversely the metabolic activity and genetic matter of the insect. 

The advantages of radiation treatment are: high penetrability, lethality or inhibition of 
development of any stage of the insects. The fruit can be treated in the final commercial 
packaging with no increase in temperature and an absence of residues. The effects of ionizing 
radiation on food have been investigated over the past three decades, and the information 
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obtained enabled an expert committee of the FAO/WHO/IAEA to recommend clearnace of all 
irradiated foods (up to a dose ten times higher than the maximum expected in disinfestation 
treatments). These recommendations were incorporated in Codes Alimentaires as a world-wide 
standard. The U.S. Food and Drug Administration and the Israel Ministry of Health have 
cleared irradiation for disinfestation purposes up to a maximum dose. Irradiation can assist in 
solving quarantine problems in export to countries such as the USA, Japan and in Europe, with 
treatments against the following pests: Mediterranean fruit fly in citrus, persimmon, dates, bell 
peppers, tomatoes, melons, etc.; and Liriomyza trifolii and western flower thrips in flowers 
such as carnations, gypsophila, chrysanthemum, etc. 
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Gamma Radiation, a Quarantine Measure Against Bemisia tabaci in 
Ornamentals^ 

V. Melamed-Madjar*, S. Yathom*, R. Padova, I. Ross and M. Chen* 

The tobacco whitefly (TWF), Bemisia tabaci (Gennadius), is an important pest of many 
ornamental crops. Conventional treatments do not control it totally. To meet quarantine 
regulations of importing countries which allow entry of plants only if they are free of TWF 
infestation, the use of gamma radiation originating in 60Cowas tested. The survival of TWF-
irradiated eggs and larvae was studied, as well as the effect of radiation on the fertility of 
surviving individuals. 

Doses of 50,100 and 150 Gy applied to 1- and 4-day-old eggs, caused high mortality rates; 
6-day-old eggs were affected only by the highest (150 Gy) dose. A 25-Gy dose did not affect 
eggs or larvae at any age. Mortality of 2-7-day-old larvae was very high at a 100-Gy dose, 
whereas 8-9-day-old larvae were affected only by doses of 150 and 200 Gy. The effect of a 
50-Gy dose on oviposition of female TWFs that developed from irradiated eggs or larvae was 
studied. Females that developed from 2-3-day-old eggs did oviposit, but none of the eggs 
developed. When 4-5-day-old eggs were irradiated they gave rise to females which oviposited 
and the eggs hatched, but hatching rate was 40% lower than in the controls. One-day-old 
irradiated larvae gave rise to females with low fecundity and only a few larvae hatched. From 
2-3-day-old irradiated larvae individuals developed with a high mean number of eggs/female, 

Agricultural Research Organization, Bet Dagan. 
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but none of these eggs hatched. Fecundity of female TWFs that had developed from irradiated 
5-day-old larvae was greatly reduced. 

Reference 

p] V. Melamed-Madjar, S. Yathom, R. Padova, I. Ross and M Chen, Phytoparasitica 20:84 (1992). 

Radurization of Fresh Carp and Resultant Shelf-Life Extension 

E. Eisenberg, R. Padova, I. Ross, M. Lapidot, A. Gelman* and I. Klinger** 

A consignment of 200 kg fresh carp, provided by the Fish Production Organization, was 
submitted to a preliminary study of the effect of ionizing radiation under chilling conditions. 

Half of the fish were packed as such in polythene bags while the other half were eviscerated 
and washed before being packed in the polythene bags. In the preliminary test the temperature 
of the fish was kept for 15 h at 10-15°C, and the fish were kept on ice for the duration of 
irradiation. Subsequent to irradiation the fish were stored on ice, at a temperature between 0 and 
2°C. The irradiation dose was a minimum of 1.11 kGy. A variety of organoleptic evaluation 
methods was employed, both before and after cooking (in a closed petri dish, over a boiling 
water bath, for 35 min) as well as in a microwave oven as such or according to a 'gefilte fish' 
recipe. In addition, the samples were submitted to chemical evaluation (pH, TBA, TVB-N and 
K-value) according to AOACW, to chemical composition analysis, physical examination 
(penetrometry), instrumental determination of the smell (Cosmos), and microbiological 
examination. Samples were examined after different storage times over a period of 1-34 days. 

The results demonstrated a significant increase in shelf-life of the carp as a result of the 
ionization dose, without any detrimental effects on the physical, chemical and organoleptic 
characteristics of the raw and cooked fish. However, it was found imperative to ensure in 
future tests an immediate reduction of the initial temperature to 0-2°C before irradiation. An 
extension of shelf-life of up to 30 days is expected with improved pre- and postirradiation 
temperatures. 

Reference 

[1] Official Methods of Analysis of the Association of Official Analytical Chemists. (Arlington, VA, USA: 
AOAC, 1984). 
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** The Kimron Veterinary Institute, Bet Dagan. 
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Employing Radiation for Disinfestation of Flour for Orthodox Bakeries 

R. Padova, I. Ross, M. Lapidot and Z. Lindner* 

Orthodox rabbinical authorities are concerned with the appearance of larvae in flour that is 
stored in bakeries that deliver baked products to ultra-orthodox communities. Current chemical 
or physical disinfestation techniques cannot kill all the insect eggs, from which larvae can 
emerge in the warm and humid environment in bakeries. 

In a preliminary study of flour supplied by a commercial flour mill, several kilograms were 
irradiated at two doses: 0.3 kGy, the minimum considered sufficient for disinfestation; and 0.6 
kGy, the maximum that could be achieved in commercial irradiators. The dose rate was 0.3 
kGy/h. The irradiated samples were submitted to rheological tests in comparison with 
unirradiated samples. The results demonstrated that the baking characteristics of the flour were 
not adversely affected by the radiation dose. In fact, the expansion characteristic was improved, 
and this will provide a better bread (higher pore volume). 

Development of Radicidized Frozen Poultry for Distribution to Army 
Field Units 

R. Padova, M. Lapidot, I. Ross, E. Eisenberg, A. Hacek**, O. Berman, Z. Pearlman** 
and B. Rosen** 

Frozen poultry (over 70 tons) has been decontaminated by means of ionizing radiation at an 
average dose of 6.2 kGy (range, 4.9-7.5 kGy) in a medical gamma sterilization facility. The 
treated poultry, after 2-6 months' storage, was distributed during the four hot months of the 
year to all units in the Southern Command, including restricted as well as unrestricted (which 
do possess adequate frozen storage facilities and receive frozen poultry during the hot months) 
units. The temperature during irradiation was kept below -10°C and during storage below 
-18°C. 

Salmonella was found in 80% of the untreated samples removed from frozen storage, and 
Listeria in 40% of the samples. The radicidized poultry, stored up to 6 months, was free of 
both Salmonella and Listeria. The poultry from the particular slaughter house chosen was 
particularly low in microbial contamination (total counts of 102-8xl03/cm2 and counts of 
enterococci, coliforms, staphylocci and sulfite reducers usually below 10 and only in a few 
cases 10-60 enterococci/cm2); therefore, the contribution of radiation could be detected in the 

Food Products Laboratory, Ministry of Industry and Commerce, Haifa. 
* Food Branch, Chief Maintenance Command, Israel Defense Forces. 
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total count only, which was reduced by 1-3 logs. In samples taken from some kitchens the total 
count in cut parts (before cooking) was increased again to KP-lO^cm2, due to contamination 
from the kitchen. In these few cases coliforms and enterococci increased to KP-IO3, which 
confirmed contamination by the field kitchen's ambient environment. In other kitchens the total 
counts remained low. No Salmonella was found in any samples prior to cooking (or, of 
course, after cooking). 

The result of taste scores (by 616 consumers) was 5.09 on a scale of 1-7 (bad to excellent), 
that is, good acceptance. In some units the consumers knew they were eating radicidized 
poultry, but this did not affect the score significantly (in fact, it increased by 6%). 

An epidemiological study that accompanied the consumption of radicidized poultry did not 
reveal any increase in enteric diseases in the restricted units (which had not received any poultry 
in the previous summer), or any Salmonella infections. 

The results of this large-scale study confirmed those of a previous smaller studyM and will 
enable a decision by IDF to supply all units with radicidized poultry during the summer 
months, with a concomitant improvement in the microbial environment in field kitchens. 

Reference 

[1] R. Padova, S. Saveanu, M. Lapidot, I. Ross, E. Eiscnbcrg, G. Zchavy, A. Hacek, O. Bcrman and B. 
Rosen, IA-1460 (1990), p. 166. 

Combined Heat-Radiation Treatments to Control Decay of Tomato Fruit 

R. Barkai-Golan*, R. Padova, I. Ross, H. Davidson* and A. Copel 

The effect of combined heat and radiation treatments with doses up to 1 kGy on postharvest 
decay of tomatoes, was studied, both under natural infection conditions and following 
inoculation with common postharvest pathogens (Botrytis cinerea or Rhizopus stolonifef). 
Tomato fruits cv. 'Faculta 121' were picked at the light-red stage (fruits with 61-90% ripe 
color). In some experiments also mature-green tomatoes (fruits which have attained full size but 
are still green) were used. 

A hot-water dip at 50°C for 2 min was more effective than gamma radiation at 1 kGy in 
reducing B. cinerea and R. stolonifer decay in inoculated light-red tomatoes. The combined 
heat-radiation treatment acted synergistically on fungal development, resulting after 5 days at 
23°C in 1.7% and 6.7% infection by the two fungi, respectively. The suppressive effect of each 
of the treatments separately was reduced after 8 days' storage. Under natural infection 
conditions, heating alone reduced Alternaria alternata decay by 90% while a reduction of 40% 
and 60% was recorded after irradiation alone at 0.5 and 1 kGy, respectively. Heating followed 

* Agricultural Research Organization, Bet Dagan. 
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by irradiation at 0.5 kGy was more effective in decay suppression than heating along with 
irradiation at 1 kGy and completely eliminated decay development during 8 days at 23°C. 
Twenty percent of the combined-treatment fruits lost their firmness. 

Dust Intrusion Events into the Mediterranean Basin'1] 

U. Dayan, J. Heffter*, J. Miller* and G. Gutman** 

Seven dust intrusion events were identified and analyzed in the central and eastern part of the 
Mediterranean Sea beginning August 1988 and ending September 1989. In order to locate their 
sources, characterize their mode, and determine atmospheric transport levels, airflow back 
trajectories were calculated using the Branching Atmospheric Trajectory (BAT) model for two 
layers (300-2000 and 1500-3000 m) in conjunction with the synoptic situations prevailing 
during these dust outbreak events. Aerosol mass loading and horizontal visibility were derived 
for each of these seven cases from optical thickness values as analyzed by visible and near 
infrared radiances measured with the NOAA-9 and NOAA-11 satelliteborne radiometers. 
Optical thickness is displayed in composite weekly charts over the Mediterranean. 

The analysis has shown that transport of Saharan dust occurring in the central part of the 
Mediterranean is usually rather intensive in the atmospheric mass-loading capacity and takes 
place in deeper atmospheric layers for a longer duration (approximately 2-4 days) than eastern 
Mediterranean dust events. The eastern transport usually originates from the Arabian Desert for 
short periods (approximately 1 day) and is restricted to a rather shallow atmospheric transport 
layer featured by low optical depth values. 

Reference 

[11 U. Dayan, J. Heffter, J. Miller and G. Guiman, /. Appl. Meieowl. 30: 1185 (1991). 

Lidar Observation of the Atmospheric Boundary Layer in Jerusalem!1] 

R. Hashmonay***, A. Cohen*** and U. Dayan 

The temporal variation of the atmospheric boundary layer (ABL) over Jerusalem was 
accurately measured by means of a lidar system. The findings were explained and discussed 

* Air Resources Laboratory, National Oceanic and Atmospheric Administration, Silver Spring, MD, USA. 

**National Environmental Satellite, Data, and Information Service, National Oceanic and Atmospheric 

Administration, Washington, DC, USA. 

Hebrew University of Jerusalem, Jerusalem. 
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based on the specific synoptic situation of typical summer days in the Middle East. The 
different behavior of the ABL near the seashore and inland was marked. The measurement 
technique can be used also to detect the entrainment zone and its development over Jerusalem. 

Reference 

[1] R. Hashmonay, A. Cohen and U. Dayan, J. Appi Meteorol. 30:1228 (1991). 

The Impact of Improved Sealing of Dwellings on Indoor Radon Levels in 
Arad (Israel) 

M. Margaliot, T. Schlesinger, O. Even, M. Israeli, Y. Shamai, D. Zakoski, 
O. Elikam*, E. Neeman* and S. Brenner* 

Indoor radon levels are normally elevated, due to reduced ventilation rates compared with 
outdoors. This work was conducted to examine the reduction of indoor Rn levels that might 
result from improvement of dwelling sealing (intended to save energy) in typical Israeli 
housing. 

The measurements were conducted in five houses in Arad in southern Israel. Various sealing 
conditions were imposed on the houses, and the corresponding ventilation rates were 
determined by injecting a tracer gas (SEs) into the house, and subsequently measuring the 
variation of the SF6 concentration with time. Then the Rn levels were measured, under the 
same sealing conditions (thus leading to approximately the same ventilation rates), using 
activated charcoal canisters. 

The resulting relation between the Rn levels and the ventilation rates is presented by: 

R = 230Ac-<
)-57 

where R is the Rn level (Bq/m3), and Ac is the ventilation rate (air changes per hour). This 
equation presents a least squares fit of a linear equation to the data acquired in these 
measurements, on a semi-log scale (absolute correlation coefficient = 0.95). 

* Research Inst, for Environmental Health, Tel-Aviv University, Tel Aviv. 
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Effect of the External Pressure on the Conditions Inside the Discharge 
Tubeti] 

J. Ashkenazy 

Various electrothermal (ET) propulsion schemes make use of a high-pressure discharge tube 
to convert a pulse of electrical energy to the thermal and kinetic energy of a plasma jet. This 
plasma jet interacts with the propellant to produce the desired pressure pulse. It is clear that the 
operation of the ET propulsion scheme is strongly dependent on the flow properties of the 
discharge-tube-produced plasma, which depend, in addition to the input electric power, also on 
the external pressure. The quasi-steady-state operation of the discharge tube was analyzed in a 
model by Loeb and Kaplan^. This work considered the 'free-jet' case, i.e., when the plasma 
flow at the tube exit is sonic. In the present work this model was extended to include the 
dependence of the axial pressure, density and velocity profiles inside the discharge tube on the 
external conditions. It is found that the largest internal pressure gradients exist for the free-jet 
case. For large external pressure the internal pressure profile tends to become flat, while the jet 
velocity goes to zero. The implications of the present calculation for the design of a discharge 
tube and its limitations were also considered. 

References 

[1] J. Ashkenazy, 6th Symp. on Electromagnetic Launch Technology (Austin, TX, USA, April 1992). 

[2] A. Loeb and Z. Kaplan, IEEE Trans. Magn. 25:342 (1989). 

Capillary Discharge Response to an XRAM Inductive Generator!1] 

M. Kanter, R. Cerny and Z. Kaplan 

The use of inductive storage in pulsed power applications has advantages with regard to cost 
and energy density. These advantages are offset by the lack of high-current opening switches. 
The XRAM circuit extends the limited current capability of a single switch by sharing the 
required load current among many switches. The characteristics of the XRAM circuit are useful 
for a medium impedance electrothermal (ET) load where a current source with shaping 
capabilities is desirable. In contrast to PFN, which is difficult to match to the variable resistance 
of the gas discharge plasma, inductive storage does not require impedance matching, resulting 
in increased efficiency. 

The experimental circuit consists of four inductors each, with an inductance of 0.705 mH 
and a total of 8 mH when coupled in series. The inductors are charged from a 25 mF, 40 kJ 
capacitor bank up to a peak current of 2.25 kA during 20 ms. Through the time-programmable 
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switching action, the inductors are connected in 50-u.s time intervals parallel to an ET load. The 
ET load consists of a polyethylene tube with 4.8 mm I.D. and 62 or 82 mm length. The plasma 
is initiated through the evaporation of an aluminum fuse and results in a 8.2 kA peak current 
which decays to zero in 3 ms. The load voltage of this relatively 'cold' plasma (~1019 ions/cm3) 
drops slightly over the entire current range, resulting in a resistance proportional to I -1 instead 

0f 1-6/n for ( j e n s e plasma. The calculated voltages from the theoretical capillary model for the 
experimental currents were approximately 25% lower than the measured one. Resistive load 
was also tested up to 10 kA peak current. With 25 kJ stored energy, transfer efficiency was 
84%; most of the losses were due to the inductors' winding resistance. The current rise shape 
changed through the switches in the range of 100-2000 us, whereas the decay depended on the 
load. Pulse shaping capability of this circuit is very useful in order to obtain high efficiency in 
ET guns and for other applications. Gate turn-off thyristor opening switches rated at 1.8 kA 
peak repetitive turn-off current gave reliable performance up to 3.2 kA in a single-mode 
operation. 

Reference 

[1] M. Kanter, R. Cerny and Z. Kaplan, 8th IEEE Pulse Power Conf. (San Diego, CA, USA, June 1991). 

Operation of a Pulsed Electrothermal Device with the XRAM Inductive 
Generator!1 ] 

J. Ashkenazy, R. Cerny, M. Kanter and Z. Kaplan 

Many electric propulsion systems such as the pulsed electrothermal thrusterl2!, MW-class 
quasi steady-state MPD thrustersf3!, the Teflon pulsed plasma thruster!4!, or the pulsed 
inductive thrusterl4!, work in a pulsed mode. In laboratory experiments the power conditioning 
is usually accomplished using a pulse-forming network (PFN), in which the energy from the 
low-power prime source is stored in capacitors. An attractive alternative for space applications 
is to use inductive storage technology, where the energy from the prime source is stored in the 
magnetic field of inductors. Inductive storage has potentially a considerable advantage over 
capacitive storage in terms of energy and power density!5!. This corresponds to mass and 
volume savings, which are of great importance in space applications. 

A major problem associated with inductive storage is the limited current capability of 
opening switches. This limitation can be extended by employing a scheme of multiple opening 
switches, sharing the load current among them. One such circuit is the XRAM generator!6!. It 
consists of a number of inductors which are charged at low current in series and discharged in 
parallel (Fig. 1). This circuit is a current multiplier and, in a sense, is the dual of the well-
known MARX generator, hence its name. Commercially available GTOs (gate turn-off 
thyristors) are used to switch between the two operating modes and, using the appropriate 
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driving circuit, enable a programmed sequenced switching of the inductors, which allows for a 
certain degree of pulse-rise shaping. The use of solid state switches combined with inductors is 
especially beneficial in space missions, where long operating life is required. 

An experimental four-stage XRAM was assembled in order to investigate this technology. 
The self-inductance of each stage is 0.705 mH. The four inductors were stacked compactly to 
give a total inductance of 8 mH when connected in series. The XRAM generator was tested 
previously with a resistive load, and in the present experiments it was operated for the first time 
with an electrothermal (ET) load. It is, essentially, a high pressure discharge capillary, similar 
in kind to the pulsed ET thrusterf2!. Since the main purpose here was to investigate the electrical 
properties of this combined operation, no attempt was made at this stage to work in a repetitive 
mode or to use a supersonic nozzle. The prime energy source in these experiments was a 
25 mF, 40 kJ capacitor bank, which charged the inductors with a current of up to 2.25 kA in 
20 ms. The maximum peak discharge current was 8.2 kA, which decayed to zero in 3 ms. The 
corresponding peak power was approximately 10 MW. Through the programmable switching 
action, the discharge current rise time was varied in the range of 100-2000 |is. The decay time 
depends on the effective parallel inductance and on the load. Theoretical analysis!7! shows that 
this ET load behaves as a non-linear resistor, R a / _ 6 / n , where the proportionality factor 
depends on the length and radius of the capillary and on the ionization. Unlike a conventional 
L-R circuit, where the current decays exponentially, the time dependence with this type of non
linear resistance obeys a power law with a finite decay time to zero, which is longer for higher 
peak current. This type of behavior was observed in the experiments. 

A pulsed ET device was operated successfully with the XRAM inductive generator. The 
operation of this non-linear resistive load with the XRAM generator is especially efficient since, 
in contrast to a PFN, the problem of matching to the variable resistance is avoided. 

l~nLc 

Fig. 1: Schematic drawing of the XRAM inductive generator. The horizonlal switches in this drawing are closed 
in the charging mode, while the vertical ones arc open; in the discharge mode ihc state of each switch is reversed. 
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A One-Dimensional (Axial) Dynamic Model of a Plasma Discharge Unit 

D. Gal and M. Caner 

A numerical one-dimensional model of a plasma discharge unit was developed. The model, 
which is based on the control volume approach for the solution mass energy and momentum 
balance equations, is more generalized than the accepted quasistatic model. It is more 
generalized in the sense that it does not assume steady state conditions and can accommodate 
for external pressure through the use of a quasistatic momentum balance equation as a boundary 
condition for the open end. The model was applied for simulation of a free jet experiment and 
predicted a peak pressure of 7.68 kbar and a peak stagnation temperature of 3.54 eV. 

Visualization of the Interaction Between Plasma Jets and Working 
FluidsHl 

S. Wald and A. Arensburg 

In electrothermal (ET) guns, energy is usually introduced to the propellant by impinging hot 
plasma jet on it. The dynamics of the interaction between the jet and the propellant control die 
entire ballistic process. In this work the mixing of plasma-jet with fluid was visualized through 
X-ray shadowgraphy. Two sets of snapshots taken at different times revealed the complex 
dynamics of the jet propagation in the media. 

Reference 
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Spectroscopic Measurements of Electron Density of Capillary Plasma 
Based on Stark Broadening of Hydrogen Lines^l 

J. Ashkenazy, R. Kipper and M. Caner 

A set of measurements was made of the electron density of plasma jets, generated by a high-
pressure discharge capillary operating at quasi-steady-state. The method of measurement is 
based on the dependence of Stark broadening of the hydrogen Ha and Hp spectral lines on the 
electron density. Spectra were sampled electronically, time-integrated over the electrical pulse 
duration, for various capillary currents and at different axial locations along the emerging 
plasma jet. The comparison of model predictions!21 with electron densities deduced from these 
spectra, by applying the theory of Stark broadening!3], indicates a good agreement over the 
tested current (1-8 kA) and density (1017-1019 cm-3) ranges. At greater densities, self-
absorption might be a problem. 
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A Laser Scanning System for Dose Measurements with Nuclear Track 
Detectors§ 

M. Margaliot, T. Schlesinger, 0. Even and A. Katzir* 

Nuclear Track Detectors (NTDs) are one of the accepted means for quantitative detection of 
radon and fast neutrons. A new automated method for reading this kind of detector, consisting 
of illumination of the NTD foil by a focused laser beam perpendicular to the NTD plane, was 
developed. An unirradiated NTD foil passes the laser beam with almost no scattering. Regions 
of the NTD which are affected by radiation (radiation-induced pits), scatter the laser beam. 
Most of the scattered beam (-70%) is internally reflected within the NTD foil and exists only 
through its edges, where it is detected. The degree of symmetry of the scattering is used to 
differentiate between radiation-induced damage sites (pits) and various artifacts. 

The performance of this system was compared with the results obtained in visual 
(microscopic) examination of the same NTD foils, and found to be satisfactory. 

§ Patented in the TJ.S.A. and elsewhere. 

* Tel-Aviv University, Tel Aviv. 
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A Small Radon Calibration Chamber: Properties and Mode of Operation 

M. Margaliot, T. Schlesinger, O. Even, R. Duchan and Y. Shamai 

The properties of a conventional glove box, which was adapted to serve as a radon 
calibration chamber (with a volume of 246 liter), are presented. Radon-222 is released into this 
chamber from two 226Ra sources, resulting alternately in 222Rn concentrations of 
7.5x10s Bq/m3 and 3.2X104 Bq/m3. 

Two problems arise from the small volume of the chamber, (i) Rn progeny attachment to the 
walls of the chamber (plateout) is enhanced, due to the high surface/volume ratio of the 
chamber, and hence Rn progeny calibrations conducted therein will be relatively inaccurate, 
(ii) The presence of charcoal canisters (in common use for Rn measurements) in the chamber, 
increases its effective volume by 50-250 liter, with a resultant reduction in Rn concentration. 
To compensate for this reduction, the effective volume of the charcoal canister, v, is calculated, 
using the following equation: 

v = aV/(A-a) 

where V is the chamber volume, A is the total Rn activity in the chamber, and a is the Rn 
activity measured in the canister. 

Current State-of-the-Art Applications Utilizing CdTe Detectorstn 

Y. Eisen 

The performance of room temperature CdTe solid state detectors has been improved 
significantly over the past decade. This has resulted in an X- and y-ray detector which, of all 
solid state detectors in the II-VI family, is the most suitable for use in many industrial and 
research applications. We have summarized the present performance of CdTe detectors and 
their shortcomings with respect to charge collection properties. Two types of detectors are 
described: one operating in a pulse-counting mode as a counter or as a spectrometer, and the 
other operating in a current mode. Applications of CdTe detectors in industrial imaging, nuclear 
medicine, astronomy and dosimetry are described. 
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Industrial y-Ray Computed Tomography!1! 

M.S. Rapaport and A. Gayer 

A second-generation translate-rotate photon transmission computerized tomography (CT) 
scanner was constructed and tested. The scanner was designed as an industrial device for 
imaging a variety of objects of interest. The object to be scanned is moved across a collimated 
fan-beam of a 137Cs radiation source (Ey= 662 keV; 2.2 Ci) while the transmitted photons arc 

Fig. 1: CT image of a composite structure: measurement time = 12 sec per sampling position; 
slice thickness = 1 mm. Upper and lower images arc vertical (x2 zoom) and horizontal slices, respectively. The 

two regions indicated by the arrows on the right-hand side of the upper image correspond to the two regions 
indicated by arrows on the right-hand side or the lower image. 
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sampled. The object is then rotated by 9° and the translational sampling is repeated. Objects up 
to 25 cm in diameter and 75 kg in weight can be mounted on the scanner table. The radiation is 
counted by a detector system employing ten BGO scintillators. The spatial resolution of the 
scanner is determined by a 1-mm-wide collimator slit in front of the detector system. An 
additional adjustable collimator determines the thickness of the object's slice to be imaged 
(0.5 to 10 mm). A personal computer is used for data acquisition and for image reconstruction. 
Usually a standard back-projection algorithm is employed to reconstruct images from the 
projection data. 

The CT scanner has been used in a number of studies in order to explore its utility. Although 
these studies were performed on an experimental scale, they can be adapted to full-scale uses in 
the Nondestructive Testing Laboratory and in production settings. For example, the usefulness 
of CT-imaging for engineering-development, problem-solving, and production of a given 
composite structure in the aerospace industry was examined. In Figure 1 are presented two 
cross sections of a carbon-fiber-reinforced epoxy composite material ( 4 x 6 cm2 and skin 
thickness 4 mm) with an aluminum honeycomb core. Typically the subjects of greatest interest 
in such structures are disbonds between the skin and honeycomb, and the above test object was 
manufactured with adhesive material lacking in predetermined regions. The CT image clearly 
shows these regions (indicated by arrows) and others with voids in the adhesive material. 

Reference 

[1] M.S. Rapaportand A. Gayer,NDT& E Int. 24:141 (1991). 

Deep Drawing with Fluid-Pressure-Assisted Blankholder 

S. Yossifon and J. Tirosh* 

A deep drawing process with a 'soft' lateral fluid pressure blankholder, based on replacing 
the rigid blankholder tool by controllable hydrostatic fluid pressure, is proposed (Fig. 1). The 
motivation for this apparently simple idea emerged from our accumulated experience in 
investigating the failure modes of the hydroforming deep drawing process^1,2'. Senior^3! 
investigated the deep drawing process with a blankholder exerting a nearly constant surface 
pressure on the flange area by a pneumatic or hydraulic method. In our design the fluid 
pressure is applied (laterally on the whole flange area and radially on the flange's edge) through 
a thin membrane partition. The advantages of this process, termed 'Deep Drawing with Fluid-
Assisted Blankholder' (FAB), are: (i) cutting down the friction area, thus enabling an increase 
in the limiting drawing ratio; (ii) greater uniformity in the thickness of the product; (iii) making 
it possible to deep draw relatively thin blanks; and (iv) by controlling the fluid pressure 
properly, making it possible to avoid premature wrinkling and rupture. 

* Technion-Israel Institute of Technology, Haifa. 
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FIV id Rubber membrane 

Fig. 1: A view of the deep drawing machine with a fluid-pressurc-assisted blankholdcr. 

This work examined the technical feasibility of the process by deep drawing of different 
materials under various conditions using a specially built FAB machine. The acceptable fluid 
pressure zone for annealed aluminum (1100-0) for a drawing ratio of 2.0 is shown in Figure 2. 
Fluid pressure beyond the rupture locus (the upper curve) or beneath the buckling locus (the 
lower curve) leads to failed products. A fluid pressure curve which is bounded between these 
curves (so-called 'working zone') will guarantee a sound product. 

40 

3b 

30 

"ro 25 
£> 

£?n 
3 
to CO 

SM5 
a. 

10 

5 

~"* 

— 

— 

• 
• 

o 

\ * V RUPTURE XL Sound product ^^-^-C^ 
Buckling point 
Rupture point 

WORKING ZONE 

• 

• ^frfi BUCKLING 
I \ f l I l I 

0.2 0.4 0.6 0.8 1.0 
Punch stroke (h/a) 

1.2 1.4 

Fig. 2: The 'working zone' for annealed aluminum blanks with a thickness ratio of t/a = 1/30 at drawing ratio of 
2.0, lubricated with Molykotc (M0S2). 
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The features of deep drawing with the process are summarized as follows: 

- The FAB process seems to work satisfactorily within certain fluid pressure limits. 
- Thinner blanks call for higher fluid pressure to suppress wrinkling. 
- A higher friction coefficient between the blank and the die leads to a lower fluid pressure to 

suppress wrinkling. 
- The higher the drawing ratio, the less fluid pressure is needed to suppress wrinkling. 
- The drawing ratio limit in the FAB process can be higher than in classical deep drawing, 

provided the 'working zone' of the permissible fluid pressure (subtended between the loci of 
the anticipated failure modes) is known a priori from previous tests (or from an approximate 
solution). 
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Modified Shape Factors for Isothermal Bodies Imbedded in a Semi-
Infinite Medium 

I. Anteby and I. Shai 

Numerical calculations were performed for isothermal surfaces imbedded in a semi-infinite 
medium with convection boundary conditions. A modified shape factor was defined combining 
the conduction heat transfer in the medium and the convection to the environment, together with 
geometrical characteristics of the problem. The numerical calculations were made using the 
finite element method. The infinite finite element was introduced, forming the last layer of 
elements toward the infinite directions. A new numerical approach for calculating the heat 
transfer was introduced, providing greater accuracy than the common numerical methods. The 
modified shape factors for a sphere and for a long horizontal cylinder were presented in graphs 
and correlations, both using nondimensional parameters. The heat flux distribution on the 
surface of the body, the temperature and heat transfer on the surface of the medium were 
determined. 
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Superposition of Thermal Loads for Measuring Thermal Diffusivity in 
Solids 

I. Shai, U. Laor and I. Gilad 

A new method for the measurement of the thermal diffusivity in solids, using transient 
conditions, was developed. It incorporates the principles of superposition of thermal loads. 
Only time measurements are required, and no accurate temperature or heat flow rate 
measurements are needed. The method utilizes the Seebeck effect for the measurement of the 
time dependence of the temperature. A solution of the heat transfer equation for the model 
pertinent to the described method was derived. 

Deflection Mapping Using a Single Ronchi Grating: A New Optical Flow 
Visualization Technique 

A. Dahan*. G. Ben-Dor* and E. Bar-Ziv 

A new quantitative flow visualization technique was developed. In general, it is based on 
mapping the deflection angles using a single transmission Ronchi grating. The performance of 
the method has been illustrated and verified using numerical simulations and an actual 
experiment. 

Optical flow visualization techniques (OFVT) are most useful for experimental investigation 
of flow fields associated with non-uniform densities, e.g. flow around models mounted in wind 
tunnels, shock tubes and shock tunnels, natural heat convection phenomena, etc. The use of 
OFVT has become increasingly widespread due to the advantages such techniques have over 
other measuring techniques: they do not interrupt the flow field under investigation, and they 
can be used to record extremely fast processes including transient phenomena. 

The OFVT, all of which are based on measuring the refractive index or its spatial 
derivatives, can be divided into two groups: qualitative techniques and quantitative techniques. 
The former group includes, for example, shadowgraphy and schlieren photography, and the 
latter group includes, for example, interferometry, holography, and moire deflectometry. 

Ben-Gurion University of the Ncgcv, Becr-Sheva. 
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Neural Networks Techniques in Intelligent Sensor Development 

Z. Boger and M. Ben-Haim 

The ability of neural networks (NN) to build a reliable model of a system's behavior from 
input/output data, can be used in improving the interpretation of sensor reading. The NN model 
of a sensor can be useful in signal validation, in signal analysis and in the development of 
'virtual sensors'. The availability of a fast learning algorithm of NNl1! facilitates the teaching 
and analysis of complex signals quickly on a powerful PC. Several examples of sensor 
enhancement by NN modeling are described. 

On-line effluent composition sensors readings in a wastewater treatment plant were fed as 
inputs to a NN, the outputs of which were the presence of specific process faults. Thus, even if 
the on-line sensor was in error, the NN would indicate the true process state based on the 
known pattern of all the sensors. Simulated sensor errors were tested, and the NN identified 
whether the sensor or the process was at fault, usually in more than 90% of the cases*2!. 

To demonstrate the ability of one type of measurement to predict the reading of another 
sensor, a set of 33 differential equations was used to build a model of the benchmark Zr/Hf 
countercurrent solvent-extraction process. Altogether, 6400 flowsheet simulation runs with 
random values of flowrates and compositions of the input streams, within three standard 
deviations of the nominal flowsheet, were performed using the ACSL simulation language. A 
NN model was taught to predict the simulated Zr loss values from the acidity values in selected 
locations in the extraction battery!3!. The model was able to predict more than 98% of the 
calculated model results within an error band of 3%. This means that in an actual process, 
conductivity probes — which can measure the acidity on-line — could predict accurately the Zr 
concentration at the effluent, thus functioning as a 'virtual sensor' of Zr. 

The ion mobility spectrometer can measure accurately the concentration of air pollutants in 
the parts-per-billion range!4!. The resulting 330 channel spectra are complicated, and need a 
computer program to analyze them correctly. To explore the possibility of rapid, on-line 
determination of the pollutant concentration, a range of bromine concentrations in air was 
measured. A NN model was constructed, and then was reduced several times to obtain a 10-5-1 
neural network, which predicted an unknown concentration with a 3.7% accuracy!5!. 
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The Application of Neural Networks Techniques to Knowledge 
Acquisition 

Z. Boger and M. Ben-Haim 

The ability of neural networks (NN) to build a reliable model of a system's behavior from 
input/output data, can be used for knowledge acquisition. The rules explaining the behavior of a 
system can be found by analysis of the NN model. The availability of a fast learning algorithm 
of NN'1! facilitates the teaching and analysis of large data-sets quickly on a powerful PC. 
Several examples of knowledge acquisition by NN modelling are described. 

The influence of glass components on its resistance to leaching was measured and analyzed 
by conventional statistical methods by Peipel et a/.'2'. The same data were used to teach a NN 
model, and the resulting model analyzed by the causal index algorithm!3!. It was found'4] that 
the NN model performed slightly better in predicting the leaching resistance of 'test' glass 
compositions, and the causal index predicted correctly the relative importance of all the glass 
components on the leach;.ng resistance, while the conventional statistical analysis did not predict 
correctly the importance of the silicon content (Fig. 1). 
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Fig. 1: NBR leaching knowledge acquisition by the linear and NN models. 

The use of differential equations in digital simulation of the steady state and dynamics of 
system behavior is widespread. However, it is difficult to formulate general behavior rules that 
may help the designer or the operator better to understand the real system. To demonstrate the 
ability of NN to perform this knowledge acquisition, a set of 33 differential equations was used 
to build a model of the benchmark Zr/Hf countercurrent solvent-extraction process. Two 
thousand seven hundred flowsheet simulation runs with random values of flowrates and 
compositions of the input streams, within three standard deviations of the nominal flowsheet, 
were performed using the ACSL simulation language. A NN model was taught to predict the 
simulated Zr/Hf purification factors and the Zr loss fractions from the flowsheet input values'5!. 
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The model was able to predict more than 80% of the calculated model results within an error 
band of 50%. The causal index method revealed some previously known influence of flowsheet 
parameters on the purification and loss factors, but also new knowledge on the relative 
insensitivity of these factors on some flowsheet input values (Fig. 2). 
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Fig. 2: Purification factor causal index. 

Analysis of high-temperature pH dependence on sodium/magnesium brine composition was 
needed to determine which of the theoretical reaction paths was the most important!6). 
Conventional analysis failed to yield the desired results, but when the NN model was taught 
from the data, the causal index method showed^] that the dominant reaction is Mg(+2) H2O = 
Mg(OH)+ + H+. 
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Simulation of Recovery Procedures of an Isotope Separation Distillation 
Plantm 

M. Ben-Haim, M. Tidhar and Z. Boger 

In order to investigate the unsteady-state behavior of isotope separation processes, a 
dynamic simulation program was developed by utilizing the ACSL simulation language. The 
program was employed to analyze the separation of oxygen isotopes by water distillation. 
Recovery procedures after a major upset, causing complete mixing of the isotopic profiles in the 
distillation columns, were simulated. The time needed to restore the original steady-state status, 
was derived from this analysis. 

It was found that the steady-state profiles derived by this dynamic simulation study 
converged with those calculated by traditional (step-by-step) steady-state techniques. It was 
also found diat large dynamic simulation programs in which thousands of differential equations 
have to be solved, can be handled successfully by personal computers. 
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Feasibility Survey for Detection of Hydrocarbons in Water 

J. Paran, E. Riklis, E. Bar-Ziv, Z. Karpas, I. Pri-Bar and D. Barak 

The goal of this survey was to determine the feasibility of utilizing seven different suggested 
methods for detecting and measuring oil content in water, according to given specifications: 

i. Extraction combined with detection by IR spectrometry 
ii. Trapping hydrocarbons on absorbing matrix combined with IR spectrometry detection 
iii. Measurements of Raman scattering due to oil-water suspensions 
iv. Measurements of hydrocarbons in water by means of NMR (nuclear magnetic 

resonance) 
v. Determination of hydrocarbons concentration in water by IMS (ion mobility 

spectrometry) 
vi. Using visible light to measure the turbidity of a solution due to emulsion caused by a 

mixture of the oils with additional substances 
vii. Use of a disposable fiber optic. 
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These methods were tested to meet the following specifications: 
- Sensitivity: 0-100 ppm with a resolution of 1 ppm. 
- Selectivity: The process should be sensitive to the hydrocarbons only, and ignore all 

other substances and turbidity that might exist in water. However, it must have an equal 
response for several oils, so that it will not over-respond for one hydrocarbon in 
comparison with the others. 

- Response time: On-line, a few tens of seconds 
- Transparency: The water might contain turbidity of black particles 
- Weight: A few kg (a portable instrument) 
- Maintenance: Minimal 
- Operation: Automatic, by a nonprofessional 

Cost: US $2000. 

The NMR method was eliminated because of the massive magnet system required and its 
high cost. The IMS method, tested in a series of experiments, was much more sensitive than 
needed, but was eliminated because of its selectivity within the range of hydrocarbons, which 
resulted in a different response for different oils. 

Extraction by solvent and detection by IR is the most common method utilized in most 
available commercial systems. Hence, there is no innovation to the development of a system 
based on the same principle. However, its advantage is that the IR measurement is performed in 
the solvent phase, which ensures the cleanliness of the cell. This method, being well known, 
does not require a parametric study before the system development is started. 

Absorption on a Teflon-wool filter, combined with flushing by organic solvents, has all the 
previous method's advantages with improved sensitivity, thus performing the measurement 
with less water and solvent, which could lead to a simpler system. The disposable filter can be 
in cartridge form, flushed and recycled. Since the method is innovative, it is worthwhile to 
continue with a further parametric study, which may lead to the development of a more 
marketable system. 

Raman analysis is a completely different approach, since it is applied directly to the tested 
water and does not require any previous manipulation. It has advantages such as selectivity and 
a short time constant. The problem of cell cleanliness is solved by using surface-scattering 
Raman. The sensitivity problem can be overcome by a further parametric study. A system 
based on this principle should be innovative, small, light and inexpensive. Consequently, it is 
worthwhile to invest and continue the investigation towards the development of a marketable 
instrument. 

Detection and measurement by turbidity was proved to work on several types of oils. 
However, many questions remain and therefore this method has to be eliminated for now. 

Using disposable fiber optics for measurement still leaves unsolved problems. This method 
should be kept in mind for possible future research. 

In conclusion, we recommend Teflon wool filtering and Raman analysis as the preferred 
methods for parametric study that will lead to the choice of one or both of them, for 
development of an applicable instrument. 
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Sub-Millimetric Gap Width Measurement by Finite X-ray Source 

B. Karp 

The utmost importance of Quantitative Nondestructive Evaluation (QNDE) has been 
acknowledged in recent years. Accurate extraction of dimensions from fuel element radiographs 
is one example. 

Geometric optics was utilized to obtain an exact mathematical formulation of the relations 
between radiograph parameters (U, Ug, FWHM [full width half maximum]) and geometrical 
parameters (gap width, source size, angle of unalignment, location of the film with respect to 
the No-Umbra point, wall width where the gap is located). The simplifying assumptions are 
stated explicitly, enabling rapid verification of the limits of the present analysis. In addition, the 
importance of the total reflection was demonstrated. Within the limits imposed by the 
assumptions, the effect of total reflection should not be disregarded. 

It was found that when the gap width is smaller than the source size and the wall thickness 
can be ignored, the gap width has no influence on the FWHM-based measurement of the gap 
width (usually used when interpreting radiographs without a microdensitometer). In cases in 
which the wall thickness cannot be ignored (determined and verified from the formulae) there is 
no one-to-one correspondence between the gap width and the FWHM. This lack of one-to-one 
correspondence imposes limitations on the range of applicability of FWHM-based 
interpretation. These limitations can be overcome by additional information from the U and Ug 
parameters. These parameters can be determined only with a microdensitometer. 

As a general procedure it is advised to use a microdensitometer when interpreting 
radiographs of sub-millimetric gaps. It also seems useful to refer to the present analysis in the 
design of gap measurement procedures and arrangements. 

Access and Attendance Control System 

S. Greenberg, N. Tsouri and A. Gabovitch 

A versatile data collection system, ORLOGIN-2000, was developed for a wide variety of 
applications. The system consists of a main computer, and microcomputer-based Orlogin 
stations connected via a serial communication link. The main computer is a PC386, supported 
by a multitasking operating system. The main computer is used as a communication controller 
for data collection, reports generation, alarms control, and man machine interface (MMI) for 
data entry and processing. The software package, which supports the multiterminal system, 
consists of a dedicated Orlogin software package, PC-DOS or MS-DOS version 3.3 or higher, 
and the Desqview multitasking operating system. 

The unique Orlogin software enables real-time data collection, data validation checking, 
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communication between main computer and stations, data processing at the host level, and 
detection of communication errors. The main computer software tasks are: real-time data 
acquisition, communication task, report and alarm control task, MMI, and data base 
management. These tasks are independent and operate in a multitasking environment. 

Up to 255 microcomputer-based Orlogin stations are linked to the main computer and to 
each other, via an RS485 serial multi-drop communication link. The station has the ability to be 
programmed for multi-purpose applications such as: attendance and data collection, access 
control, and shop-floor management. The Orlogin unit consists of a main CPU board, an 
optical slot reader, a wand reader as an option, an alphanumeric display, and a functional 
keyboard. The station software package is responsible for collecting real-time ID data, 
validating the data, saving it in station memory, and acknowledging the user. The 
communication software establishes the link between the main computer and attendance 
stations, downloads data (tables and instructions) from the main computer to the stations, 
collects the data from the stations, and organizes and prepares the data for further processing. 

The system is unique in its high flexibility and multi-purpose reliable operation. The various 
applications include employee attendance, access control, shop-floor management and data 
collection. Combining admittance and access control is an additional unique feature. The system 
utilizes state-of-the-art microprocessor technology, and advanced software tools like API 
(Applications Program Interface) for a multitasking environment. 

The Minimum Measurable Dose of the Sensitive Harshaw 
Thermoluminescent Dosimeters 

B. Ben-Shachar, U. German and E. Nairn 

One of the advantages of the thermoluminescent (TL) method is its ability to measure low 
doses, which is useful in environmental dosimetry as well as in archeology. The aim of the 
present work was to determine the minimum measurable dose (MMD) of the sensitive Harshaw 
TL dosimeters (TLDs) of the CaF2:Dy and CaF2:Tm types for chips from the same batch and 
from different batches, and to evaluate the merits of individual calibration of the chips. 

The TL-dose response was measured for CaF2:Dy and CaF2:Tm TLDs (G-2 and G-3 cards) 
in the 0.01-1.0 mGy range. Ten cards of each kind were divided into two groups: the first 
including cards from the same batch and the second from different batches. All the cards were 
irradiated with the 90Sr calibration source of an automatic Harshaw 2271 reader and were 
evaluated immediately after the irradiation. 

A semi-empirical expression following Zarand and Polgarl1-2! was fitted to the relative 
experimental standard deviations. This expression allows interpolation between the points 
measured and the MMD can be estimated more accurately. The MMD is defined as the dose 
level where the relative standard deviation is 20%. The MMDs obtained this way were 
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compared with those obtained from the readings of unirradiated chips (measurement of the 
background). The results are summarized in Table 1. A significant improvement in the MMD 
can be observed for both phosphors when individual calibration is performed and when crystals 
from the same batch are used. The values given in Table 1 can be used as a general guide for 
the MMD expected in specific cases. 

Table 1 
The minimum measurable dose (mGy) of CaF2'Dy and CaF2'Tm 

Dosimeter 

CaF2:Dy, same batch 
CaF2"Dy, different batches 
CaF2:Tm, same batch 
CaF2:Tm, different batches 

Analytic fit 

with without 
individual calibration 

0.010 0.021 
0.016 0.028 
0.015 0.019 
0.024 0.062 

Background 

with without 
individual calibration 

0.0087 
0.0130 
0.0128 
0.0295 

0.0185 
0.0291 
0.0152 
0.0661 
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Reassessment of High and Intermediate Doses from the Residual Dose 
and the Photo-Transferred Thermoluminescence 

B. Ben-Shachar, U. German, Y. Rachmian and E. Nairn 

One of the main drawbacks of the thermoluminescent dosimeter (TLD) method is the loss of 
the accumulated information during the readout process. However, when TLD crystals are 
irradiated to high doses, some memory effects are present. Intermediate and high doses can be 
reassessed by employing two methods: (i) reading the TLD crystal for a second time (evaluation 
of the residual dose); and (ii) reading the crystal again after U V excitation (measuring the photo-
transferred thermoluminescence [PTTL])!1-2]. 

LiF:Ti, Mg TLD cards of type G-l and G-7 produced by Harshaw were irradiated to doses 
in me range of 0.15 to 7.5 Gy. After irradiation the crystals were read twice; the first reading 
was a normal second reading for the evaluation of the residual dose. An additional reading for 
the evaluation of the PTTL was performed after UV exposure for 15 min to a 15 mW lamp. The 
accuracy and fading of the information were evaluated as well. Each experiment was performed 
with four crystals. The dependence of the residual dose and of the PTTL on the exposure is 
shown in Figures 1 and 2. 
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Fig. 1: Dependence of the residual dose on exposure. 
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Fig. 2: Dependence of the PTTL on exposure. 
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When using the residual dose information, the irradiation dose can be evaluated above 360 
mGy. The residual dose is an almost constant fraction of approximately 0.13±0.03%. The 
PTTL method is more sensitive and a fraction of 2.73±0.44% from the irradiation dose was 
obtained. The detection limit when employing the PTTL method is evaluated as 13 mGy. The 
detection limit values were calculated according to Zarand and Polgarl3'4!. 

The fading of the residual dose was found to be -22% after one day and -17% after one 
month. The fading of the PTTL is less, being -6% after one month. The residual dose and the 
PTTL methods can be used to reassess irradiation doses routinely in dosimetry laboratories 
when intermediate or high doses are encountered. 
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Effects of the Primary and Secondary Coefficients on the Buildup of a 
Pseudospark Discharge in Nitrogen!1! 

Y. Kaufman, K. Mittag* and P. Choi** 

A numerical simulation was conducted of the pre-breakdown phase in the hollow cathode 
region of a pseudospark discharge in nitrogen. A fluid description is applied. The motion of 
electrons and positive ions is followed in space and in time by solving simultaneously their 
continuity equations in a two-dimensional rotational symmetry. When using the values given in 
the literature for the ionization and excitation primary coefficients, the ionization growth dies 
out and no pseudospark behavior is observed, in contrast to experimental results for similar 
conditions. This suggests that not all relevant physical processes contributing to the ionization 
growth have been included in the model. Some possible processes are, for example, secondary 
electrons production by the fast ions bombardment of the cathode surface and ionization of 
metastable molecules by both electrons and ion impact or by other metastables. To study the 
importance of these effects, two free parameters have been added to the model. The first one is 
the ratio between the number of fast ions entering the hollow cathode region and hitting the 
cathode surface and the number of electrons leaving through the hole in the cathode. The 
second is a multiplication factor of both ionization and excitation primary coefficients. The 
significance of these parameters is discussed. 

* Kernforschungszentrum, Karlsruhe, FRG. 

**The Blackett Laboratory, Imperial College, London, UK. 
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Modeling of the Hollow Cathode Plasma for the Pre-Breakdown Phase of 
a Pseudospark Discharge!11 

K. Mittag*, P. Choi** and Y. Kaufman 

The ionization growth during the pre-breakdown phase of a pseudospark discharge is 
numerically simulated within a hollow cathode region. A swarm model based on the local-field 
approximation is applied. The continuity equations for electrons and ions are solved 
simultaneously with Poisson's equation as a function of time in a two-dimensional axially 
symmetric geometry. The distortion of the electric field due to the hollow-cathode geometry and 
to space-charge effects is incorporated. The numerics of the coding was outlined, and 
problems, like boundary conditions, and solutions adopted for this type of geometry, were 
described. The validity and the robustness of the numerical scheme were considered. The 
results of detailed tests prove that errors related to the limited physical model and to the 
numerics are tolerable. According to the simulations, the plasma density inside the hollow-
cathode region at first grows exponentially in time during several 100 ns, mainly because of 
electron impact ionization and photon emission releasing secondary electrons at the surfaces by 
photoeffect. 
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The Role of Long-Lived Species in Pulsed Hollow Cathode Discharges 
in N2»l 

P. Choi**, Y. Kaufman and R. Aliaga** 

Experiments in pulsed hollow cathode discharges demonstrated that long-lived species, with 

a lifetime of the order of seconds, play a significant role in the formation of the discharge in 

* Kemforschungszentrum, Karlsruhe, FRG. 

** The Blackett Laboratory, Imperial College, London, UK. 
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nitrogen. Detailed studies showed that the effect is strongest in the hollow cathode region. 
Similar effects were not observed in hydrogen. A simplified model of die destruction of die 
N2(A3Su+) state has been adopted to study the relevance of this level. The possible roles of die 
metastables in the formation of pulsed hollow cathode discharges were considered. 
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Sound Wave Velocity Measurement for the Monitoring of Densification 
Processes in a Hot-Isostatic-Pressed Sampled 

H. Klimker, M. Ganor, Y. Feuerlicht, S. Tamsut, D. Dadon, O. Yeheskel, M.P. Dariel 
and M. Rosen* 

Hot Isostatic Pressing (HIP) is used to densify metallic and ceramic powders into solid 
engineering components, by simultaneous application of high pressure and temperature to the 
powder batch which is contained in a sealed can. As time elapses pressure-assisted sintering 
takes place, dius raising the density of the powder compact. Several techniques were developed 
lately to monitor the densification behavior of powder samples as they are being HlP'edl2-3!. 
Our newly developed method of monitoring the sintering processes in the sample as it is being 
HIP'ed is based on the dependence of the velocity of sound propagation through a medium on 
the medium's composition and physical state. The measured velocity is influenced by the 
distinct sound velocities in the different phases which are present and their relative volumesi4!. 
In the case of a compacted powder sample, one phase consists of the material the powder is 
made of and the other is the free space between the particles (pores). As densification proceeds, 
the volume of the free space decreases and the measured velocity of sound in the sample 
increases toward that of solid, when measured at the same temperature. At the same time, the 
interparticle cohesive forces, responsible for transferring the ultrasonic energy, become 
stronger. 

Ultrasonic waves are transmitted into a wave guide by a quartz transducer that is glued to 
one of its ends, which protrudes through the upper plug of the pressure vessel. The sample (a 
pre-pressed powder tablet) is put in a copper can and attached to the other end of the wave 
guide, which is located in the 'hot zone' of the HIP unit. Using this technique it is possible to 
observe several features of the densification process as it occurs. Figure 1 shows that at higher 
pressure, sintering begins at a much lower temperature and progresses more rapidly as the 
temperature is raised. 

The relative sound wave velocity (the ratio between the actual velocity in the powder 

* The Johns Hopkins University, Baltimore, MD, USA. 
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Fig. 2: Relative sound velocities of iron powder being HIP'ed under different conditions. The final density 
achieved was the same and the difference in sound velocities is attributed to the quality of sintering and strength 

of cohesion as indicated by microslructurc. 

compact and that of a solid at the same temperature) is a sensitive measure of the extent of 
cohesion achieved between the powder particles. Figure 2 presents the change in relative sound 
velocities in samples HIP'ed at different parameters. Although similar densities were achieved 
at the end of the HIP process, sound velocities differed. In the specimen that was HIP'ed at 
600°C, grains grew somewhat and better bonding was established. The microstructure of the 
sample HIP'ed at 500°C is similar to that of a cold-pressed sample. The positive slope of the 
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change in sound wave velocity at the end of that experiment indicates that sintering was 
incomplete. The absence of change in slope of the velocity for the 600°C experiment indicates 
that for those HIP parameters, there would be no further densification. 
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Identification of Equipment Failure and Analysis of Microtopographical 
Effects of Anemometer Readings^! 

D. Skibin, H. Ohaion and A. Zeira 

Results of simultaneous measurements of four anemometers on a mast in the Golan Heights 
were analyzed. Some microtopographical effects were identified — mutual influence of adjacent 
anemometers, as well as effects of the mast and measurement equipment: acceleration/ 
deceleration of anemometers at adjacent (0.5 m) levels, blocking of one sensor by the other, 
effect of acceleration of the wind due to partial blocking — acceleration envelope. The analysis 
utilized simple means that can serve for effective quality control in the operation of a system of 
anemometers. Equipment failure was also discovered in this way: erroneous threshold values of 
the sensor, low readings in one sensor, and calibration differences between two anemometers. 
The main conclusion is that the wind speed measurements are sensitive to the structure, 
positioning and microtopography of the measurement system. Recommendations were drawn 
up to prevent mutual influences, similar to the ones detected, that caused errors of up to 10% in 
the wind speed, which are unacceptable within the framework of a wind energy utilization 
program. 
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Optimization of Steel Floors Designed for Uniform Load in gH] 

B. Raz, G. Miron, O. Daniely and E. Koren 

Many steel floors have been manufactured in our workshop, some of which did not meet the 
engineering requirements of maximum allowable stress and deflection. Others were 
overdesigned. A simple and easy-to-use design method was developed for such structures, 
which should eliminate mechanical failure and overdesigns. The standard steel beam 
characteristics were analyzed and the conclusions were applied to uniformly loaded steel floors. 
A simple geometric means of allocating loads to the frame was introduced. Finally, simple 
design steps were proposed to achieve minimum weight and acceptable safety factors. 
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[1] B. Raz, G. Miron, O. Daniely and E. Koren, Report NRCN (TN) -133 (1991) (in Hebrew). 

Design of Masks to Obtain Coating Uniformity on Planar Substrates by 
Magnetron Sputtering^! 

U. Admon, A. Berko, B. Yahav and S. Lavi 

The vapor cloud produced by a magnetron sputtering gun in a vacuum chamber is not 
uniform. In order to coat substrates within a desired tolerance of thickness uniformity, a 
'flattening' of the vapor flux distribution is required. This is achieved by means of mechanical 
masks which intercept the vapor cloud, by a carefully designed motion of the substrates 
through the vapor cloud, or by a combination of the two. The present work involved a design 
method for masks to be used with planar substrates, and its application in the case of a Varian 
S-Gun magnetron sputtering gun. Using the mask, the coating thickness uniformity on large 
ring-shaped flat substrates, 200 mm wide, has been improved from ±35% to ±9% around the 
mean value of the thickness. 

Reference 

11] U. Admon, A. Berko, B. Yahav and S. Lavi, Report NRCN-557 (1991) (in Hebrew). 
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(ABSTRACTS OF PAPERS). 
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RAVID, A., ZUSSMAN, A., CINADER, G. and ORON, M. 
Cavity internal losses and internal quantum efficiency of optically pumped 
Hgi_xCdxTe lasers grown by MOCVD and by LPE. p. 26. 
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PHENOMENA, 10TH, MONTEREY, CALIFORNIA, USA, 11-15 NOVEMBER 1991. 
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