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FOREWORD

This publication was prepared under contract for the
* 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
policiesp views or Atitudes of the U. S. Government
or of the parties t0any distribution arrangdment.

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 providee,
for-the most part, only in photocopy (xerox). Those published after
I 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 Superintendentof Documents, U. S. Government Printing Office, Washington 25, D. C.

All JPRS scientific and technical reports are cataloged andsubject-indexed in Technical Translations, published semimonthly'bythe 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 cost.



Llo is~ the trans'lation of an jrtiUL. published by' the Central
Irts titutu for Nuclear Energy Rossendor f/Drc sden in. thu. Cerman-language
periodical Koernenergc (Nluclear EnL~rgy) Vol 5. No 9, Be~rlin September
1962, Ipl 685-689,. -

Mini)ter 6 . Plasic and Solid '! ta~e Materials

The Dvfportnmt. t of 1ýasic anid Soli1d State Miaterials wa~s ixenatd within
tfie Centra~l InJAriftiLe for Nutclje.ar Meurgy in order to combine tile multipleItasks of jphyz~ieai, chemical. -and iiietallurgi -a1 rt-csc,-irch in theQ area of reactor
mitLor [ls into a unitform offoi-t. Probleirs of hn~zi c researcl' , especinlly that
of[ irrad-i.ted solid state niatorials, and applied r-qearcli, rezwlting- from the

scontribution to the. develo~pment of nuclcar ---irgy among the socialist
cokintrkLrs, shall. bo hnsed tiercý

vr

Fi.1 Laboi. -tory of th~e Department ofl $asic and Solid State Materials



Over the last t-.ur years a great effort has been made to provide all the
equipment and doc'utontstion aeeded for this purpose. The mAin building of the
deprtnmen vas~ o,;1upitad In~ thea umn'mer of 1959, r sa., . iin fig. 1. In addition
there are some sualler units for mechanical proceesiug of uranium metal and
metallographic research of iradiated fission maotrials.

The 90 employees of the department, of which there are about 40 scientists
and engineers, have beeu assi$ved to three major sections, Eamely fuel technology.
chemical nuclear teahnology and solid etata physics. The coalloctive cooperation
mong metallurgists, chemists and physicists is an important prerequisite which

will lead to the solution of the problems arising from the common task.
* The developmaent work on reactor fuel represents the main effort of the
department. The c•le.ctives are grouped around this central task, and they will
pe*fo r thi b•abic work.,

The section "Fuel Technology", as the name iaplies, is charged primarily
with the solution of fuel production end tasting probesi. Th7is section is also
In charge of -metallography, uranium metallurgy and tesearch on zeramic fission
materials. Research on irradiated fission materisls, especially a8 ,t. concerns
processing, is handled in the section for "Irradiated fisstonable materials".
Another suction deals with reactor fuel corrosion. Experimeutal research on
irradiated solid state materials in the section "Colid State Physics' forms the
physical basis for the common proble1ms of the depart~ment.

The work perfonred by the Department, f 17asic and Solid State Materials
up to early 1962 has been publicized in 39 publications, 14 patent applications
and numerous lectures at national and international conventions. The most Impor-
tant results will be dealt with briefly in this article:

Fuel Technology

In addition to pro.liminary waork on manufacti.-.,•ing and testing problems
connected with f.uel spec•.mau, the f•irst trial batchea for a "•zaro-performance"
(prototype).reactor were rade and its construction in the Central Institute
was initiated. This reactor wrill use dispersion fuel, consisting of U308 and A'
covered by an aluminuid alloy, an shown in fig. 2.
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PiL:. 2 Crose-sectcior, ol a disperion. fuel e'ement. Dark area U3 0 8 ,
light &rea :i.,?.aunuxt.



This element is manufactured using the process of pressing alloys, topethe,
8inaltaneously experiments are being conducted to make needle shaped fuel batches
of 0X to be used as fuel and stainless steal to be used as an envelope, accord-
ing to the process of hamier condensation,,

In addition to uranium alloys with small amounts of sirconium, well kiown
due to their temperature changing characteristics, other potential fission system
are being investigated, such as powder metallurgical elements combined with urani
such as eUfSL (Refs. I and 2.) Mbch attention is focused on developing technique
of manufacluring this type of uranium combinations and the investigation of their
interesting nuclear properties. Thus, for example, the behavior of the high tempe
rature stable U3 Si 2 phase in water up to 3000C has been detormined and compared
with other corrosion-resistant uranium alloys for pressure and boiling water
reactors (fig. 3).
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Fig. 3 Corrosion rate Of U3SI2 as compared to corrosion rate of uranitum
alloys in stationary water,, as determined by lootes (We. 35)
- ANL (Argonne National Laboratory); --- WAPD (Westinghouse, Atom. Power Div.)

YN-. UZfK (Central Institute for Nuclear Xnergy)

To ensure balanced production it is necessary to know the factors affecti
sintering. In cooperation with the Research Institute for Non-ferrous Metals in
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Wreibe-eg and based on experimental results an, efficient production process fort
powder has been founad. Closely connacted with. this work reseamch proceeds on a

(1-ef 4) FIL-hemor.,experimnents uith uranium oxide an.
mixed oxides are beixig- conducted, aimed at improving the. beat conductiv~.ty of I
sinter elements.

In connection with this work the compatibility between U02 and various A
alloys at temperatures up to 6200C is being investigated. It has been shown th,,
not only the grain size of the UT0, powder but also the aluminum content, such
alloy content and oxide content in aluminum sinter Materials, as well as glow
atmosphere have an effect on the U01-Al reaction. (Refsa. 5 and 6.)

Irradiated rission Materials

A laboratory study for chlo-crie prcce~seing of irradiated vrauium oxide
revealed a new way of regenerating the burned up IJ02 by separati-rg, fiae ion
prod-uct's from plutonium. in the absence of water. 1T11s process provides for
chlorination of TU02 by means of CC14 , followged by a gas chroma~tographic separa-
tion of the chlorination products through active coal aL 700 0C to isolate plu-
tonium, followed by the absorption of. UC1.6 it, an alk~ali chloride smelter, from
wh~ich uranium is again removed in. the. foriii ojf U)2. i-1 "Large concentration. (Ref.

7) Upon the. conclojst-on of this work rese-arch. f 1inte field of salt melting
charmistry becom~a- oif greatest Interest.

To provide the h.ot metallograrphy the VfEB Rathcmnoweer Optical Works develo
a 'hotl'~ metal ;alcr osc ripe (Rcef. 8) aad instalIled it -in a hot c6il ont the reactor

Fig. 4 1vot, pfetal micro$scope
a. Inactive part in the obser-vation b. active part inside the

area with compariLson microscope, "hot"1 call
radiation ducts, light sources
and service table

Maximum enlargement is x8OO. This instrument permits direct observation and
photographs in the bright field and with polarized light, and micro measure-
ments of hardness. There is also an inactive comparison portion. The picture
is transmitted from the cell to the opera~tor area by way of light optics.
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To complete the research facility in dealing with irradiated fission

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 tnown from the literature on other aluminuw alloy
(Fig.5.
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Fig. 5 Corrosion of aluminum fuel wi~h hih, Si content in stationary
distilled water ( x - 5 • 10-0 8 cm") at 300 and 3500C

OAl Si 9 Ni 1 at 3000C; o Al St 9 Ni 1 Ti 1 at 300oC; A ASW Si 9 N1 1
at 300°C; i ASW Si 9Ni I Til at 300C; N ASW Si 9 Ni I Ti I at
3500C. Cross-hatched: Corrosion of Ni-Fe alloyed A8W in 3000C water
according to ref. 36.

In the field of zirconium and zirconium alloys corrosion tests at high
temperatures in water have been conducted primarily on certain materials and t0
weld alloys manufactured in the GD. Very good results have been obtained by W
of electron beam welding. (Ref. 10). Weld seas proved to be corrosion resistw
to the same extent as the original material.

Solid State Physics

A good deal of theoretical work deals with the mechanics of producing
radiation effects (Ref. 11), their quantitative aspect (Refs. 12, 13), the
experimental proof of radiation effects (Ref 14) and its cure (Ref 15).
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In the experimental area non-fissionable materials have boen examined &1-
most exclusively in the department. For example, the effect of reactor radiation
on carbon steel alteration has been• investlgated (Fig. 6, ref. 16). In addition
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Fig 6. *Rockwell hardness UW as a function of starting temperature

of only cold-formed (- ) and only irradiated --.- )
II specimen.

Starting ime: 20 min Rolling percentage 30%; integral flowv 3 • 108
thermal and 4.5'. 101) rapid nautr cp'..Radiation temperature 40-500C;
Original status of irradiated specimen: iormalized. 0 Kit 3b; x Mst 3u

experiments on the effect of mutation and neutron beam on electrical conduc-
tivity, the I modulus and attenuation of nickel (Ref 17) and copper (kaf 18
and 19) are being conducted. CFig. 7). In order to be able to conduct these
radiation experiments in the reactor even at low temperatures a nitro&an
kreosate has been developed (Ref. 20), which is in the. trial stage.

Some interesting results were obtained in irradiating non-metals. For
example, the so-called radiation dotting, i.e. the change in photo-conductivity
of UdS (Ref. 21, fig. 8) and the change in electrical resistivity of 1nsulators
due to nuclear mutation caused by thermal neutron botbardmont and reactor irrad-
Latton, respectively (Ref 22 and 23, fig. 9) has been determined.

Part of the research field of radiation offect~s is the electron microscop
investigation of the tffect of ion bombardment of metallic surfaces (lef 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 methods, allows considerable metallopraphic research
on the interrelationships between uranium alloys and uranium sinter elements,
which would have bean very difficult or impossible with other etching processes

Up to the end of 1961 an analytical section was part of the department,
which, however, for economic utilization of the instruments has been annexed
to the corresponding section of the Department of Radio-chemistry of the Contra:
Institute for Nuclear Physics. In the Department of Basic and Solid State Mater,
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{ost of the work centered around the detecmination of traces of contmlaination
of reactor materials (Ref 29 through 32).
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Fig. 7a ]'ortlon of modulus change as a function of amplitude

In this connection the newly developed 2-m plane grid spectrograph of
the VED Carl Zeiss Jena was used, and a spectral atlas was erected for this
.instrument. (Ref 33), To determine hydrogen and ox•y.en content in high melting
temperature metals a vacuum hot-extraction apparatus was developed and built
(Ref 34).

To solve the problems and task* shown there has been a long-standing
cooperation in existence with a number of GDR institutes and factories. for
example, to develop fuels a supra-factory level work cooperative was estab-
lished early in 1959. The close cooperation between scientists and engineers
of various specialties within and outside the department and the generously
lent work facilities at the Central Institute for Nuclear Physics assure us
that in the important field of reactor fuels the GDR can also make a contribu-
tion.
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Fig. 7b Portion of modulus chansig as a faction3 independent of amplitude

Figs. 'I a and b., Change of E modulus for copper fo~lowin.8 cold f orming
and irrqdiation with 1.3 • 1015 rapid aeutr./c=2
Measurement made at room temaperature

Fig. 8 Spectral, sensitivity
MV of a UdS crystal prior to (D.

and after (2) 0T-radiation wit
7.4 . 1016 thermal 5eiZ)r./cm2

l Thtc neutron dosds correspon
to 5 .ioo14 In- and 1.6 r 101u
Sn atemrs/c~r(2
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Fig 9. Electrical conductivity during reactor irradiation dii
vs. conductivity prior to irradiation *-*r foar various
dielectricul materials

Materials are arranged according to their conductivity before irradiatit

Measurements were made three hourv. after establishing an e~actric field
of 6 kV/cm; Gma-dosis was 75 r/riAu, neutron flow 2.3 10 nautrons/c'
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