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FOREWORD

' This publication was prepared under contract for the
i Joint Publications Research Service as a translation
: or foreign-language research service to the various
federal government departments,

The contents of this material in no way represent the
policies, views or uttitudes of the U, S, Government
or of the parties to any distribution arrangement,

PROCUREMENT OF JPRS REPORTS

All JPRS reports may be ordered from the Office of Technical
Services, Reports published prior to 1 February 1963 can be provided,
for the most part, only in photocopy (xerox)., Thosé published after
1 February 1963 will be provided in printed form,

Details on special subscription arrangements for JPRS social
science reports will be provided upon request,

No cumulative subject index or catalog of all JPRS reports
has been compiled,

All JPRS reports are listed in the Monthly Catalog of U, S,
Government Publications, available on subscription at $4.50 per year
($6.00 foreign), including an annual index, from the Superintendent
of Documents, U, S, Government Printing Office, Washington 25, D. C.

All JPRS scientific and technical reports are cataloged and
subject-indexed in Technical Translations, published semimonthly’ by
the Office of Technical Services, and also available on subscription
($12,00 per year domestic, $16,00 foreign) from the Superintendent
of Documents, Semiannual indexes to Technical Translations are
available at additional.cést, o
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[Follow'wn is the translation of an articic publisbed bv the Central
Instituce fov Juclear Energy Rossendorf/bresden in the Cerman-language
periodical Kernenergle (Nuclear Encrgy) Vol 5. No 9, Berlin September

* 1962, op 685-689;7

' Chapterlc. Basic aad Solid State Materials

The Depavtme. t of #asic and Solid State Materials was created within
the Central Tnsticute for Suclear Encrgy in order to combine the multiple
tasks of physical, chemical and metaliurgical rescarch in the area of reactor
materials Loto a uniform c¢ffort, Prohlems of hasic research, cespecially that
of irrad.ated solid state mateciuls, and applied roscarch, resulting from the
GhiY's contribution to the development of nuclear cacryy among the socialist
countries, shall be based heveo.

Fig. 1 Laboratory of tiie Department of Busfc and Solid State Materials




'deplxtmept. THe collectives are grouped around this central task, and they will

Over the last tour years a great effort has been made to provide ill the
equipment and dacumentation needed for this purpose. The main building of the
depactment was o rupled {n the surmer of 1959, as seew in £1g. L. In addition
there are some swallec unlis for wechanical proceassiug of uranium metal and
matallographic research of irradiated fiesion matarials.

The S0 emnployees of the department, of which there are about 40 scientists
end engineers, have been ussigned to three major sections, vamely fuel technology.
chenmical nuclear technology and solid statc physics. The collective cooperation
smong netollurgists, chemists and physicists is an important prerequisite which
will lead to the solution of the problems arising from the coumon task,

The .devalopment work on reactor fual represents the main effort of the

perform the basic work..

' The section "Fuel Technology', as the nams iwplies, is cherged primarily
with the solution of fuel production snd testing probelms. This secticu is also
in charge of metallogrephy, uranium metallurgy and resesrch on ceramic fission
materials . Resagich on {rradiated fission materiils, especially as Lt concerns
procuessing, is handled in the section for "Irradiated fisslonsble materials".
Another section deals with reactor fuel corrocsion. Experinental resaeartch on
irradiated solid state materials in the azection "Solid State Physice" forms the
physical besis for the common problems of the department,

The work performed by the Department <f ‘asic and Solld State Materials
up to early 1962 has been publicized in 39 publicactiona, 14 petent applications
and numerons lectures at national and international comventions. The most impor-
tant results will be dealt with briefly in this article:

' Fuel Technology

In addition to preliminary work on manufaciv:-ing and testing problems
connacted with fual specimen, the first trial datches for a ‘“zero-performance'
(prototype) recctor ware made and its conatruction in the Central Institute
was initiated. This reactor will use disperaion fuel, consisting of U;Og and Al
coverad bty an aluminun alloy, as shown in fig. 2.

Flp. 2 Crogs-secrion of a dispersion fuel element. Dark area UsOg,
11ght srea aluwainuwn,
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This element is manufactured using the process of pressing alloys together
S8imultaneocusly experiments are being conducted to make neadle shaped fuel batches
of U0, to be used as fuel aad stainless stecl to be used as an envelope, accord-
ing to the process of hammer condensation,

In addition to uranium alloys with small amounts of sirconium, well kmowm
due to their temparature changing characteristics, other potential fission systes
are being investigated, such as powder metallurgical elemeants combined with urani
such as U,Si, (Refs. 1 and 2.) Much attention is focused on developing technique
of mu!ccgurinz this type of uranium combinations and the investigation of their
interesting nuclear properties. Thus, for axample, the behavior of the high tempe
rature stable U3Si; phase in water up to 300°C has been detormined and compared
with other corrosion-resistant uranium alloys for pressure and boiling water
reactors (fig. 3). '
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Pig. 3 Corrosion rate of U3Si; as compared to corrosion rate of uranium
alloys in stationary water, as determined by Poote (Ref. 35)
=== ANL (Argonne National Laboratory); ==~ WAPD (Westinghouse, Atom. Power Div.)
0!35-13 2fK (Central Institute for Nuclear Energy)

To ensure balanced produciion it is necessary to know the factors affecti
sintering. In cooperation with the Research Institute for Non-ferxrous Matals in

3.




Freiberg and based on axperimental results an efficient production process for i
powder has been found. Closely ccunected with this work research proceeds on a
uranivam~u, ygen sysven, (Ref, 4), Furthermore, experiments with uranium oxide an.
mixed oxides are bLeirg conducted, aimed at improving the heat conductivity of 1
sinter elements. '

In connection with this work the compatibility between UOs and various 4
alloys at temperaturse up to 620°C is haing investigated. It has been shown th::
pot only the grain size of the U0, powder but also the aluminum content, such .
alloy coatent and oxide content in aluminuw sinter materials, a3 well as glow
atmosphere have an effect on the UOp-Al reaction. (Refs. 5 and 6.)

Irradtated Pission Matecrials

A laboratory study for chlocine processing of lrradiated vranium oxide
revealed s new way of regenerating the burned up U0, by separaiing fiszsion
preducts from plutonium in the absence of water. This process provides for ,
chlorination of U0y by means of CCl,, followed by a gas chrematographic separa-
tion of the chlorinatina products through active ccal at 7009°C to isolate plu-
tonjum, followed bv the absorption of,UCl& iu an alkall chloride smelter, from v
which uranium is sgain removed in the furm coi Uiy i large concentration. (Ref.,
7). Upon the conclusion of thils work research in the field of salt melting
chemigtry becomes ©f greatest interest.

To provide the hot¢ metallography the VEE Rabthienower Optical Works develo
2 "hot" metal microscope (Ref. 8) and installed 1t in a hot csll on the reactor
(Pig. 4.

Fig. 4 'Hot" Matal miecroscope
a. 7Tnactive part in the observation b. active part inside the
area with comparison microscope, "hot" cell

radiation ducts, light sources
and gervice table

Maximum enlargement is x800. This instrument permits direct observation and
photographs in the bright field and with polarized light, and micro measure~
ments of hardness. There is alsc an inactive comparison portion. The picture
18 transmitted from the cell te the operator area by way of light optics.
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To complete the research facility in dealing with lrradiated fissiom
materials an instrument to measure fission gas liberation has been added.

Corrosion of Reactor Fuel .

Research on silicon containing aluminum sinter fuel in stationary water
at high temperatures (Ref, 5, 9) reveals a considerably more favorable corrosic
behavior than that previously known from the literature on other aluminum alloy

(rig. 5.)
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Fig. 5 Corrosion of aluminum fuel vigh high 81 content in stationary
distilled water ( x = 5 * 1070 8 cn"l) at 300 and 350°
OAl 81 9 Ni 1 at 300°C; @ AL 84 9 Ni 1 T1 1 at 300°C; & ASW 8L 9 NL )
at 300°C; X ASW SLi 9NL 1 Ti 1 at 300°C; @ ASWSL 9NL 1 TLi 1 at
3509C, Cross-hatched: Corrosion of Ni-Fe alloyad ASW in 300°C water

according to ref. 36,

In tha field of zirconium and zirconium alloys corrosion tests at high
temperatures in water have been conducted primarily on certain materials and ti
veld alloys manufactured in the GDR. Very good results have been obtained by me
of electron beam welding. (Ref. 10). Weld seams proved to ba corrosion resistar
to the samg extent as the original material.

Solid State Physics

A good deal of theoratical work deals with the mechanics of producing
radiation effects (Ref. 11), their quantitative aspect (Refe. 12, 13), the
experimental proof of radiation effects (Ref 14) and its cure (Ref 15),

-s.
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In the experimental area non-fissionable materials have been examined al-
most exclusively in the department. For example, the effect of raactor radiation
on carbon steel alteration has been investigated (Fig. 6, ref. 16). In addition
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Fig 6, Rockwall hardness HRD as a function of starting temparature
of only cold=formed (w==e==) and only irradiated (ee~-=)
specimen. 18

Starting time: 20 min, Rolling percentags 30%; integral flcw 3 . 10

thermal and 4.5 . 101 1i rapid neutr cm?, Radiation temperature 40-50°C;

Original status of irradiated specimen: normalized, 0 MSt 3b; x MSt 3u

experiments on the effact of mutation and nautron besms on electrical conduc~
tivity, the E modulus and attenuation of nickel (Ref 17) and copper (Ref 18
and 19) are being conducted. (FPig. 7). In order to be able to conduct thase
radiation experimants i{n the reactor even at low temperaturos & nitrogan
kreosate has been developed (Ref. 20), which is in the trial stage.

Some intersating results were obtained in irradiating non-metals. For
exanple, the so-called radiation dotting, 1.e, the change in photo-conductivity
of CdS (Ref. 21, fig. 8) and the change in electrical resistivity of insulators
due to nuclear mutation caused by tharmal neutron borbardment and reactor irrad-
{ation, respectively (Ref 22 and 23, fig. 9) has been determined.

Part of tha research field of radiation effects ia the electron microscop
investigation of the effect of {on bombardment cf metallic surfeces (Ref 24.)

To support work on fission material the electron-microscope laboratory
further developed the process of vacuum etching (Ref. 25 through 28), which
through relatively simple mathods, allows considerable matallographic research
on the interrelationships between uranium alloys and uranium sinter elements,
vhich would have been very difficult or impossible with other etching procesazes

Up to the end of 1961 an analytical section was part of the department,
vhich, however, for economic utilization of the instrumants has been annexed
to the corresponding section of the Department of Radio=chemistry of the Centra:
Institute for Nuclear Physics. In the Department of Basic and Solid State Mater:
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most of tha work ceanterad around the determination of tracas ¢f contamination

of reactor materiale (Ref 29 through 32).
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Fig. 7a Portion of modulus change &s a function of amplitude

Iii this connection the newly developed 2-m plane grid spectrograph of

-the VEB Carl Zelss Jena was used, and a spectral atlas was erscted for this
-instrument, (Ref 33), Tu determine hydrogen and ciygan content in high melting

temperature metals a vacim hot-extraction apparatus was developed and built
{Raf 34). :

To solva the problems and tasks shown there has been a long-standing
cooperation in existence with a number of GDR institutas and fsctories, For
example, to develop fuels a supra-factory level work cooperative was estabe-
11shed early in 1959. Tha close cooperation betwean scientiats and enginesrs
of various spacialties within and outaide the departmsnt and the genarously
lent work facilities at the Central Instituta for Nuclear Physics assure us
that in the important field of reactor fuels the GDR can algo make a contribu-
tion.
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Fig. 7b Portfon of modulus ¢hasige as a function independent of amplitude

Figs. 7 a and b. Change of E modulus foi copper following cold forming
and ircsdiation with 1.3 - 1015 rapid aeutr./c
Measurement made at room temperature
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Fig. 8 Spectrel sensitivity
of a CdS crystal prior to (I}
and after (2) irradiation wit
7.4 + 1016 thermal neutr./cm?
This neutron dosis correspond
to § - 101% In- and 1.6 . 101
Sn atems/cind
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; Fig 9. Electricel conductivity during reactor irradiation Jw

z vs. conductivity prior tu irradiation™ 0y, for various

% ) dielectrical materials

% .

i Materials are arranged according to their conductivity before irradiati

i ' Measurements were made three hours after establishing an electric field
of 6 kV/cm; Gama~dosis was 75 r/min, neutron flow 2.3 + 10° neutrons/cwr
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