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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



o u 
LBL-4965. 

PRELIMINARY OBSERVATIONS OF ELECTRON IRRADIATION DAMAGE IN SHORT-RANGE 
ORDERED Ni

4
No 

R. Sinclair*, D. S. Gelles** and G. Thomas* 

*Department of Materials Science and Engineering and MMRD, Lawrence BerI~eley 
Laboratory, University of California, Berkeley, CA 94720. **Hanford 
Engineering Development Laboratory, P.O. Box 1970, Richland, WA 99352 

Short-range order (SRO) in a solid solution is an inherently stable state. 
It is a highly localised phenomenon, with atomic correlations rarely extend
ing more than a few unit cells and which is difficult to study and interpret 
by conventional methods. It has been invoked as one of the possible causes 
of low swelling rates during irradiation of specific alloys (1). This idea 
is currently gaining some foundation especially as swelling has been found 
to be low in Cu l5%Al (2) and Ni

4
Mo (3), both of which are well-knmvn SRO 

alloys (4,5). 

The present experiments are aimed at evaluating the behaviour of SRO Ni
4

Mo 
(produced by quenching from above the 'critical ordering temperature) in an 
irradiation environment. For this purpose, thin foiis, prepared by electro
polishing 3mm. discs in dilute H

2
S0

4 
at room temperature, were examined in a 

JEOL high voltage electron microscope operating at lMeV (i.e. above the 
threshold displacement energy for both Ni and Mo). The temperature of the 
irradiated area was estimated to be 100°C, from the known temperature rise 
caused by the focussed electron beam in this microscope (6). The variation 
of selected area electron diffraction patterns was recorded during irradia
tion and dark field micrographs were taken in and near to the irradiated 
area. 

SRO in Ni4Mo is manifested by weak diffuse scattering at {l%o} positions in 
diffraction patterns. A [112] zone illustrates this feature. Little varia
tion was found in the intensity of the diffuse reflections upon irradiation 
of the sample in this orientation, up to a dose of five displacementr per 
atom (fig. 1). · Any change occurred in the direction of increased {lZO} 
intensity. Thus SRO is indicated to be stable by the diffraction patterns. 
It seems significant that SRO was not destroyed by irradiation (disappear
ance of {lZO} spots) nor that long-range ordering was induced4(2s would be 
revealed by the appearance of long-range order reflections at{S SO} posi
tions) . 

Dark field micrographs taken using {l~} reflect!ons are shown in fig. 2. 
In the unirradiated area (fig. 2a) the tiny (-lOA) microdomains, which 
characterise SRO in this material and which are extremely difficult to image 
(7), are unresolved . In the irradiated area the image resolved ordered 
domains (fig. 2b), indicating that the nature of SRO has indeed changed 
during irradiation, with the production of larger microdomains. 

This experiment shows that SRO in Ni
4

Mo is not destroyed by electron irra
diation up to 5 d.p.a., but indicates that domain coarsening may occur. 
Clearly this result is of considerable interest in assessing the effect of 
radiation damage on the fine structure of alloys, and vice-versa, and that 
further characterisation of this reaction is desirable. 

Financial support from N.S.F. (RS, GT) and E.R.D.A. (DSG, GT) is gratefully 
acknowledged. 
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Fig. 1 (a) 

[112] electron diffraction patterns of SRO Ni 4Mo 
after 0.25 d; p.a. 
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Fig. 1 (0) XBB 763-2691 

[112J ~lectron diffrRction patterns of SRO Ni~Mo after 
2 .. 5 d.p.a. by H1eV electron irradiation. 
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(a) 

(b) 
. XBB 763-2748 

Fig. 2 

{ l~O} dark-field micrographs of Ni 4Mo 
(a) unirradiated, (b) irradiated to a 
5 d.p.a. 
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r---------LEGAL NOTICE---------..... 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Energy Research and Development Administration, nor any of 
their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately 
owned rights. 
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