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Abstract

The behavior of BeO sintered compacts toward fast-neutron doses
exceeding 10°% neu.trons/cm2 (> 1 Mev) was studied at 110, 650 and 1100°C
over the flux range 1.3 to 5.7 x lOllL neutroné/cm2 sec. Four types of
specimens consisting of two densities (217 end 2.9 g/cmB) and two grain
sizes (~ 22 and 34-72 u) were included.

At llOOC, there was severe fracturing of specimens irradiated Lo
fast-neutron doses greaterﬁthan 102l neutrons/cme, and most samples
disintegrated to powder after irradiation to doses exceeding 2 x 102-l
neutrons/cmg. Volume expansion, a reliable criterion of neutron damage
to‘BeO.compacts, increased from 2.5 to 6% over the dose range 0.7 to
2.2 x lO21 neutrons/cmg. In comparison, crystal volume expansion
calculated from lattice parameters increased only from 1.25 to 5.5%
over the ssme dose range, indicating that grain-boundary separation
accounts for abott 50% of the volume increase of cbmpag3§,rnggi§gtxqp1c
crystal expansion is the principal mechanism causing grain boundary
separation in BeO compacts lrradiated at low temperatures or to high
doses at high temperatures.

In-pile annealing of fast-neutron damage to BeO occurs %o some
extent at 65000 and is most effective at llOOOC, as shown by smaller
‘ crystal volume increases and smailer volume expansion of compacts.
There is much less gross damage and volume expansion of BeO irradiated
at 1100°C than at 65000, although some specimens irradiated at 1100°¢
disintegrated'to powder after exposures to fast-neutron doées greater
than 4 x 1021 neutrons/cmg. By comparisons with crystal volume expansions

it can be concluded that a major portion of the volume expansion

of compacts irradiated to high doses is contributed by grainmboundary
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separation. This has been confirmed by mierographic examinations.

No flux intensity effect on gross damage, volume expansion or lattice
parameter expansion is apparent from comparisons of data for samplés
irradiated at 65000 for different time periods at equivalent dose values.
In irradiations at llOOOC, there is no apparent flux intensity effect
on gross damage. BSurprisingly, however, volume expansion wés greater
in low fluxes than in high fluxes for eqguivalent doses, a result which
is difficult to explsin as a radiation effect. A proposed explanation
is that thermal cycling ;f the reactor can produce grain boundary
separation in compacts with anisotropically strained grain boundaries.
Accordingly, there could be more grain-boundary separation and
consequently greater volume expansion in a long-term, low-flux
irradiation than in a short-term, high-flux irradiation for equivalent
fast-neutron doses if the long-term irradiation experienced a greater

number of thermal cycles.
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INTRODUCTION

The BeO-irradiation program st ORNLl—g, now of several years duration,
has been directed primarily toward the determination of the effects of high
fast-neutron doses (> lO21 neutrons/bme) at elevated temperatures (up to
110000) on pure BeO compacts without additives. One of the major objectives
has been to evaluate the mechanisms of fast-neutron damage under conditions
to which BeO moderator bodies may be subjected in nuclear power reactors.

Much of the large amount of data on the neutron irradiation of beryllium
oxide, accumulated by many different investigstors, cannot be compared
satisfactorily because the data were obtained from BeO compacts made from
different starting materials and fabricated by different methods. Also
important, there may be sizable discrepancies in the flux, dose, and
temperature values in different experimental assemblies and reactor systems.
For these reasons, a seriesg of experiments was designed to permit comparisons
of radiation damage to BeO compacts of different grain-sizes and densities
ag a function of the flux, dose, and temperature under controlled conditions.

This report presents the results of these experiments.

LXPERTMEINTAY. DESTGN
Theré were two sizes of sintered cylindrical specimens (1/2 in. length
x 1/2 in. dia. and 1/4 in. length x 1/L4 in. dia.) for each of four types of
sintered BeO (two densities and two grain sizes). The characteristics of
the eight groups of samples irradiated in the experimental assemblies are
given in Table I. ALl the samples were prepared by the ORNL Metals and
Ceramics Division from the same batch of Brush Beryllium Company UOX Grade

BeO powder by cold-pressing and sintering at 175000 in a hydrogen
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atmosphere.lo The material of amall grain-size was gintered for onerhour,
and the material of large grain—size was sintered for 60 hours. The low-
density BeO samples were made by including epoxy resin in the pressed
material and removing it by heating at 900°C in air before sintering.

The specimens were encapsulated in stainless steel and irradiated in
the Idaho Engineering Test Reactor at 110, 650, and 1100° ¢. Temperatures
were achieved in each case by gamma heat generated within the capsules.

The arrangement of the capsules of Experiments U1-8, 41-9, and 41-10
is shown in Fig. 1. Each narrow bar represents a capsule containing 30 1/&—
in. specimens; each wide bar represents a capsule containing 15 1/2~in._
specimens. All four types of BeQ samples were included in each of the
capsules. Fach of the eight capsules of Experiment 41-10 was maintained
during irradiation at approximately'llOOC. In both Experiments 41-8 and
41-9, which were irradiated for different periods of time in order to achieve
a separation of the flux and dose parameters, four capsules were maintained

et 650°C and four were maintained at 1100°C.

IRRADTATION OF BERYLLIUM OXIDE AT 110°C

The four types of BeO compacts were irradiated at epproximately 110°¢
over the fasgt-neutron dose range 0.5 to 2.2% x 1024 neutfons/cm2 (> 1 Mev)
in Experiment 4#1-10. The fast-flux ranged from 1.3 to 5.7 x ILOllL neutrons/cme sec
(> 1 Mev). The gross damage to specimens irradiated in this experiment is
summarized in Table IT. An examination of the damage data revealed no
significant differences between types of BeO. Although major fracturing of
Type IT began at a lower neutron dose than other types, a larger number of

specimens of Type II survived intact up to a dose of 2 x lO21 neutrons/cm?.
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this difference is not considered to be gignificant. Nearly
21

5n§equentlY:
11 specimens disintegrated to powder at doses above 2 x 10 neutrons/cme.
Volume expansion caleulated from dimensional increases of the irradiated
samples was found to increase nearly linearly from aboub 1.25% at a fast~
newtron dose of 0.5 x 10°T neutrons/cn® to about 5.5% at 1.4 x 10°
neutrons/cmg. Figure 2 shows the volume expangion of samples which survived

without fracturing or powdering plotted against fast-neutron dose. It is

apparent that there are no significant differences in volume expansion among
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the four types of BeQ irradiated in this experiment. Also shown in the plot
is the volume expansion calculated from density measurements of single
erystals irradiated in the same experimental assembly and the volume expansion
calculated from the lattice parameters from X-ray diffraction examinations
of powdered BeO compacts. Self-congtraint in the relatively very large single
crystals may account for the lower values found for their volume increases
as calculated from density changes compared with values calculated from
lattice expansion of powdered specimens. Obviously, grain boundary separation
contributes - importantly to the expansion of compacts irrddiated to doses: above ~
0.8 x 10°% néutrons/cm? (> 1 Mev).

Two mechanisms have been proposed to explain grain-boundary ééparation
in BeO compacts exposed to fast-neutron irradiation: (1) anisotropic expansion.
of randomly oriented crystals, resulting in stresses at the grain boundaries
which ultimately overcome the intergranular bonding forces and (2) breaking
apart of grain boundaries by gas pressure of helium, which diffuses to the
grain boundaries after its production by neutron reactions within the grains.
In low temperature irradiations (less thaﬁ 25000,=for example) the evidence

indicates that the helium mechanism cannot be significant. First, diffusion
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of helium to the grain boﬁndaries should be very slow at low temperatures.
Second, grain boundary separation has been observed in photomicrographs of
BeQ irradiated at very low fast-nesutron doses where very little helium has
been producedll’le. On the other hand, X}ray diffraction patterns of
powdered Bel specimens irradiated at 110°C in Experiment 41-10 show lattice
parameter Increases large enough to produce grain boundary separation; the
anisobropic expansion rabio Q@E[EO)/ﬁgﬂ/go) averages aboub 20 in these .
patterns.

The latitice parameters of sgpecimens irradisted atb 110°¢ are given in
Table III. These data were obtained from measurements of the 21°1 and 21°0
reflections using Ni-radiation, and represent the average c and a paremeters
including the agglomerations of defects between some of the planesls.
Valu?s of lattice parameters reported for specimens of previous experiments
were calculated from reflections observed as diffuse maxima, but which

represent spacings between those planes which do not include defect

agglomerates.,

IRRADIATION OF BERYLLIUM OXIDE AT 650 AND 1100°¢

In each of the high temperature experiments (41-8 and 41-9), the four
types of Bel were irradiated at both 650 and 1100°¢. The two experinents
were similar except that the irradiation time of Experiment 41-8 was about
twice that of BExperiment 41-9. The purpose of this procedure was to permit
comparisons of the radiation damage to specimens of the same types irradiated
to the same fast-neutron doses for different fast-neutron flux values. In
conjunction with the irradiation experiments, out-of-pile control tests were
carried out to determine the effect of thermal treatment alone on BeO

specinmens of these types.




==

Out—omeile Control Tests

Specimens of the four iypes ofrBeO were encapsulated in stainless steel
and subjected. to essentislly the same thermal treatment out-of-pile that
these types of specimens received during the irradiation of Experiments 41-8
and 41—9 at 650 and 1100°C. The total irradistion times (hours at 175
megawatts in the ETR) for Experiments 41-8 and 41-9 were 3573 and 1501 hours,
respectively, and there were 45 thermal cycles of the ETR during the |
irradiation of Experiment 41-9 and 132 cycles during the irradiastion of
Ekperiment 41-8. The out-of-pile tests were planned to correspond with
thege times and to include the thermal cyecling.

Examinations of the specimens after conclusion of the tests showed no
gross fracturing or significant dimensional changes as a result of the thermal
treatment at either 650 or 1100°C. Photomicrographs of the samples in the
as-polished condition at 100X revealed no grain-boundary separation or
transgranular fracture. The out-of-pile tests do not, of course, provide a

temperature differential necessary for determining the effect of thermal:

stress, which may be important in irradiastion studies.

Gross Damage to Trradiated Specimens
The experimental conditions and the gross damage dats (fracturing and
powdering) for the four types of half-inch BeO specimens irradiated in
Experiments 41-8 and 41-9 are summarized in the bar graph of Fig. 3. BEach
lof the bars covers. the range of fast—neutron'exposure of the specimens of
the type represented. The boundaries of the damage regions shown in the bar
graph are approximate. Some samples survived without visible gross damage,

although in a greatly weakened condition, even in fast-neutron dose ranges
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where most samples of the same type were severely fractured or powdered.
Post-irrasdiation removal of the thick steel cladding required to achieve the
necessary gamma heating of the capsules containing the guarter-inch samples
proved to be very difficult. The gross damage data for these_samples are
not presented because many were probably demaged during the disassembly
process. |

Several conclusions may be drawn from the data summarized in Fig. 3:

1. The gross demage, which increases with increasing dose, is greater
at 650 than at 1100°C for all four types of BeO.

2. Powdering of BeO compacts, which previously has been observed only
in low temperature irradiations, can occur at temperatures as high
as llOOOC after exposure to doses greater than L x lO21 neutrons/cmg
(> 1 Mev).

3., 1In general, Type I BeO (low density-small grain size) withstood
irradiation better than the other types in both experiments, while
Type IV BeO (high density-large grain size) was generally demaged
to a greater extent than the other types, particularly in
irradiations at 650°C

h, Unexpectedly, there is no indication that damage is greater to
samples irradiated in high fast-neutron fluxes than to samples
irradiated in low fluxes at eguivalent fast-neutron doses.

There iz less damage to samples irradiated at 65000 in BExperiment h1-9

than to samples irfadiated at 110°¢ in Experiment 41-10 (see Table II).
This indicates that in-pile annealing occurs even at temperstures as low as
65000. Therefore, the absence of a flux intensity effect on gross damage
must be related to reactor operational variables such as thermal cycling or

thermal stress.
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Volume Bxpansion of Irradiated Specimens
Volume expansion of irradiated BeO compacts has proved to be a good
criterion of fast-neutron damage under a wide variety of experimental

1-9

conditions. The increase in volume of the half-inch BeO compacts which

survived irradiation without severe fracturing in Bxperiments 41-9 and 41-8
are plotted against fast-neutron dose in Figs. 4 and 5, respectively. The

volume expansion of the quarter-inch specimens is not included because ths

dimensional data for these specimens were not consistently relisble.

As can be seen in Fig. 4, the specimens irradiated at 65000 in the shqrt
term experiment (41-9) expanded less than specimens irradiasted at 110°¢C in
Experiment L41-10, but considerably more than the samples irradiated at 1100°C,
There were no definite differences between BeO Type I, II, and III at 65000;
there was no survival of Type IV BeO. In irradiations at l].OOOC, however,
it is clear that Type I BeO (low density-small grain size) expanded much
less than Type IV (high density-large grain size). Types II and III were
intermediate in expansion.

There was no survival in irradiations at 65000 in the long term
experiment (41-8). The volume expansion of the four types of samples
irradiated at llOOOC, shown in Fig. 5, are in the same order as in Experiment
41-9, with Type I expanding the least, Type IV expanding the most, and Types
IT and IIT intermediate. As in the case for Experiment 41-9, the volume
expansion increases with increasing fast-neutron dose.

If the volume expansions for irradiations at 1100°C in the two
experiments are compared at equivalent dose values (see Table IV), it is
apparent that there is greater expansion in Experiment 41-8 than in Experiment

41-9. The volume increases of Type I, Type III, and Type IV BeO in both
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experiments are plotted against the fast-neutron dose in Figs. 6, 7, and 8,
respectively. This unexpected finding of greater expansion in lower fluxes
for equivalent doses can possibly be explained as an effect resulting from
reactor operational variables such as thermal cycling. For instance, the
long term experimental assembly (Ml—8) experienced three times the number of
thermal ecycles during irradiation as did the short term assembly (hl—9).
Thermal cycling of anisotropically strained grain boundaries in a BeO compact
may result, therefore, in fracturing of some of the boundaries with each
cycle. A greater number of thermal cycles during an irradiation could result,

consequently, in greater expansion caused by grain boundary separation.

Micrographic Examinations

Photomicrographs of as-polighed specimens clearly demonstrate that grain-
boundary separation is the primary mode of fast-neutron damage in BeO compacts
irradiated st low temperatures or to high doses at high temperatures. Trans-
granular fracture also occurs to some extent, especially in specimens of large
grain size {~ 70p). Grain boundary separation in irradiated specimens 1sg
illustrated in Figs. 9 and 10. Figure 9 shows photomicrographs comparing
wnirradiated BeO of high density (2.9 g/cms) and small grain-size (23% p) with
BeO of the same type which was irradiated at 1100°C to a fast-neutron dose
of 3.92 x 1021 neutrons/cmg, Extensive grain boundary separation can be
seen. There is no significant reduction in apparent grain size from that of
the unirradiated BeO, indicating that transgranular fracture is not severé.
Figure 10 shows high density BeO of large grain size (70 u) irradiated to a
dose of 3.4 x 102l neutrons/cm2 ¢> 1 Mev) at 1100°C. 'Separation between grains
appears to be wider than in the small-grained Bed, and there is evidence of a
considerable smount of transgranplar fracture. There is an apparent grain-

size reduction of about 25% as a result of the transgranular fracture.
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X-Ray Diffraction Examinations

Results of X-ray diffraction examinationsl3 of selected Be( samples
irradiated at 650 and 1100°C in Experiments 41-8 and 41-9 are presented in
Teble V. The values for the ¢ parsmeter were calculated from measurements
of the 21-1 and 21°0 reflections from Ni-radiation from Be compacts
ground to a fine powder.

Almost all the volume expansion calculated from the lattice parameters
results from the increase in the ¢ parameter; the a parameter increase is
negligible in irradiations at 650 and 1100°C. The anisotropic volume
increase calculated from the lattice parameters of samples irradiated at
650°C is considerably less than that of samples irradisted at 110°C (see
Teble IIT), but it is large enough (1.4 to 2.2%) to cause grain boundary
separation observed in photomicrographs of.these samples. The increased
rate of in-pile annealing at 1100°¢ substantially reduces the ¢ parameter
increases from the values found for samples irradiated at 65000. There
is a question whether the small anisotropic volume expansion (0.02-0.34%)
calculated from lattice parameters of samples irradisted at 1100°C can
cause the grain bounaary separation obgerved in photomierographs.

Comparisons of different BeO types in Table V provide no indieation,
within the precision of the data, that density and grain-size have a
bearing on lattice parameter increase. No flux intensity effect at 65000 '
is apparent from comparisons of data from the two experiments at comparable
neutron doses. Because in-pile anre aling at 1100°C should be very rapid,
a marked flux intensity effect wéuld be expected. The lattice parameter
measurements on samples irradiated at llOOOC, however, are not precise

enough to demeonstrate this effect conclusively.



~10-

Single Crystal Studiesl5

Single crystals of beryllium oxide were irradiated in Experiments
41-8, 41-9,and 41-10 together with BeO compacts. The single crystals
irradiated at 65000 in Experiment 41-9 exhibited a dark bending parallel
to the basal'planes which was not seen in crystals irrédiated at 110°C
in Experiment 41-10. The crystals irradiasted at 65000 were found to be
gquite fragile, fracturing easily along the basal planes. Optical and
X-ray diffraction data showed that the material in the dark banding is
isotropic and amorphous, which strongly suggests that it consists of
very large regions of BeO defect agglomerates. These regions are so
large that they would not contribute to the values obtained for the ¢
parameter through X-ray diffraction examinations. BSingle crystals
irradiated at llOOOC show some striations, but very little as compared
- with crystals irradiated at 65000. bpparently, at 1100°¢ in-pile
annéaling of point defects is g0 rapid that very little long-range
agglomeration can occur,

In Fig. 11, No. 2 shows the dark bending in a crystal irradiated
at 65000 to a fast-neutron dose of 1.1 x 1021 neutrons/cmz; No. b is a
crystal.irradiated at 650°C to a dose of 4.1 x 10°% neut;ons/cm? in which
the dark banding sppears to fill the crystal almost completely; No. 3
is a crystal irradiated at Bhoc_to 2.6 x lO21 neutrons/cm25 and No. 1
is an unirradiated crystal.

Single crystéls irradiated at 6SOOC to fast-neutron doses of 1.1
and 4.1 neutrons/cmg exﬁanded in volume by 0.9 and 3.8%, respectively,
as determined from density measurements. Irradiations of single crystals

1
at 1100°C to fast-neutron doses of 1.5 and 5.7 % 102 neutrons/cme,produced
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yolume increases of 0.6 and 0.9%, respectively. These volume increases
are substantially greater than those calculated from the lattice parameter
increases of powdered compacts irradiated to comparable doses., The

differences may be attributed to contributions of defect agglomerates in

planes perpendicular to the ¢ axis which are much too large to be included
in the c parameter expansions as measured by X-ray diffraction. These
agglomerates, nevertheless, would produce an additional anisotropic
strain at the grain boundaries.
DISCUSSION AND SUMMARY

Irradiation of sintered beryllium vxide compacts in high fast-neutron
Tluxes produces crystal damage through production of point defects, as
indicated by lattice parameter expansion, and leads ultimately to grain
boundary separation and fracturing and powdering of the material. In
irradiations at ~ lOOOC, a temperature at which in-pile annealing of
point defects is insignificant, the anisobtropic crystal volume expansion
increases from sbout 1.25% to about 3.5% over the fast-neutron dose range
0.7 to 2.2 x ;Ogl neutrons/cme, which produces grain boundary separation
in the compacts. The grain-boundary separation produces an additicnal
volume expansion of irradisted compacts. The totsl volume expsnsion of
compacts irradiated over this dose range increases from 2.5 o 6%.
Many specimens irradiated to doses greater than 1021 neutrons/cm2 fractured,
and most samples disintegrated to powder above 2 x lO21 neutrons/cmg.

In-pile anhealing of point defects occurs to some extent in
irradiations at 65000, as evidenced by a reduction in the lattice
parameter expansion compared with irradiations at 110°¢. There is less

total volume increase and gross damage at 650 than at 110°¢. Although
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gross damage data for irradiations at 110°¢ showed no gignificant
differences among the four grain size-density combinations, in irradiations
at 65000, BeO compacts of low density ana small grain-size withstood
irradiation better than other types, and BeO of high density and large
grain-size was damaged to a greaster extent than the other types. No
indicatioﬁs of a flux intensity effect on gross damage can be found in
comparisons of regults of the long term experiment with those of the
short-term experiment.

The gross damage and total volume expansion of BeO compacis
irradiated at 1100°C is less than that at 65000. The berylliium oxide
compacts of low density and small grain-size are damaged less and expand
less than the other types, and the compacts of high density and large
grain-size are damaged to the greatest extent and expand the most. Very
small crystal volume increases were found in samples irradiated at
1100°C where in-pile amnealing must be quite effective. The anisotropic
volume expansion at 1100°C caleulated from lattice parameters ranges
from 0.02 to O.Bh%. Density measurements of single crystals irradiated
at llOOOC, however,  give values for volume expansion as high as 0.9%.
The. additional expansion is probably a result of defect agglomeration.
There is a question as to whether crystal volume expansion even as great
as 0.9% can produce the amount of grain boundary separation and volume
inerease observed in the compacts irradiated at 1100°C. For example,
crystal volume eipansion greater than 1% must occur before grain boundary
separation begins in irradiations at ~ 100°cC.,

If the gross damage to samplesg irradiated at 1100°C in the long

term experiment snd the short-term experiment are compared ab equivalent
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fast-neutron dose values, no indication of a flux intensity effect can
be seen. If anything, there is greater damage in low fluxes than in
high fluxes. The data for volume expansion clearly show, however, that
there is greater expansion in low fluxes. This unexpected result is
difficult to explain as & radiation effect. The explanation may be that
lreactor operational varisbles such as thermal cycling cause grain-boundary
separation in samples irradiated at high temperatures. There may be
more grain-boundary separation in long-term experiments with a greater
number of reactor thermal cycles than in short-term experiments. This
explanatioﬁ could also account for the unexpectedly large amount of
grain—ﬁoundary separation in samples irradiated at 1100°% relative to the
small amount of crystal expansion observed. If there is a flux intensity
effect on crystal expansion at llOOOC, it is obscured by the grain-
boundary effect.
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Table I. Characteristics of Beryllium Oxide Specimens Irradiated in

Experiments 41-8, 41-9, and 41-10

BeO Type Batch Specimen Bize Average Bulk  Average Grain
Mumber {in.) Density Bize
{g/cm3) (W)
I. (Low density, All 0.25 2.7 24
small grain size) A18 0.5 2.7 17
II. (Low density, A3 0.25 2.7 60
large grain size) AlQ 0.5 2.7 3k
IIT. (High density, A10 0.25 2.9 23
small grain size) Al6 0.5 2.9 25
Iv.  (High density, 415 0.25 2.9 71
lerge grain size) A7 0.5 2.95 Th

Teble II. Gross Damage to Half-inch BeO Specimens Irradiated in Experiment

11-10 (~ 110°¢)

BeO Type Fagt-Neutron Fast-Neutron  Past-Neutron  Fast-Neutron
Dose Range Dose Tor Minor Dose for Major Dose for Major
(neutrons/cme) Fracturing Fracturing Fracturing with
(neutrons/cm ) (neutrons/cm ) Powdering
(neutrons/em®)
x 1094 x 10°% x 10°% x 107
I.  (Low density, 0.61-2.93 1.1 1.6 2.0
small grain size)
IT. Tow density, 0.56-2.2% - : 0.56 2.0
large grain size)
I1I. (High density, 0.67-2.2 - 1.3 2.0
small grain size
Iv. (High density, 0.5-2.22 - 1.5 2.1

large grain size
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Table IIT. Results of X-ray Diffraction Examination of BeO Irradiated
at 110°C in Experiment 41-10%
BeO Type Fast-Neutron Dose  Fast-Neutron Flux Aa/s Hefe AV/V i
(> 1 Mev) (> 1 Mev) o — ©
(neutrons/cm?) {neutrons/cm® sec)
x 1021 x 101h
Iv 0.7 1.8 0.0010  0.0100 0.0120
T 1.67 4.3 0.0012  0.0256 0.0280
v £.o2 5.7 0.0013 0.0298  0.0%24
I 2,0% 5.7 0.001%  0.03%326 0.0352

* Lattice parameters were calculated from measurements of the 21-1 and 21-0
reflections from Ni-radiation from BeO compacts which were ground to a
fine powder.

#% The fractional volume increase, AV/Vb, was caleulated from the equation
mr/vO = E(AE/EO) + (Ag/g_o).

Table TV. Volume Expansion of Half-Inch BeOOSpecimens Irradiated in
Experiments 41-8 and 41-9 st 1100%C*

. BeO Type Experiment Percent Volume Increase at Fast-Neutron Dose
2.0 x 107 4.0 x 10°T 7.2 x 10°F
! peutrons/cm neutrons/cm neutrons/cm®
T 41-8 2.0 2,2 2.1
I 41-9 0.7 1.bh -

1rr h1-8 2.8 3.1 3.5

IiI hi-9 1.3 2.6 -

Iv h1-8 h.o h.3 b7

v k1.9 1.8 3.6 -

* The values of volume increase at the three neutron doses were interpolated

from linear data plots.

Type II was omitted because there were too little

data available, but the expansion sppears to lie between Types I and IV,
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Fig. 1. ORNL BeO Irradiation Experiments 41-8, 41-9, and 41-10.
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FPig. 2. Voiume Increase of l/2-in. BeO Compacts and Single Crystals
vs Fast-Neutron Dose in FExperiment 41-10.
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Fig. 3. Gross Damage to Be0 Specimens in Experiments 41-8 apnd 41-9 as
a Function of the Fast-Neubtron Dose and Temperature. '
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Fig. 4. Volume Increase of 1/2-in. BeO Specimens vs Fast-Neutron Dose
in Experiment 41-9.
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¥Fig. 5. Volume Increase of 1/2-in. Be0 Specimens vs Fast-Neutron Dose
in Experiment 41-8.
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Fig. 6. Volume Increase of Type I l/ewin. Be(Q Cylinders Irradiated at
1100°C as a Function of the Fast-Neutron Dose at Two Flux Levels.




-5

UNCLASSIFIED
ORNL-DWG 64-10430

TYPE IIl BeO BULK DENSITY: 2.9 g/cm®
GRAIN-SIZE: ~ 25
e EXPERIMENT 41-8,TIME: 1.4 x 10 " sec
© EXPERIMENT 41-9,TIME: 7.33 x 105 sec

5 [ -]
R 4 o |
Lt ¢ ®
o []
<03 ¢ ®
EB 9l e ////
z @ /OO
w2 o
= e -
= el
O /
- 1 oy

/
0
0 t o 3 4 5 6 7 (x108h

FAST-NEUTRON DOSE (neutrons/ecm?, >1Mev)

Fig. 7. Volume Increase of Type IIT l/2—in. BeO Cylinders Irradiasted
at 11007C as a Function of the Fast-Neutron Dose at Two Flux ILevels.
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Fig. 8. Volume Increase of Type IV l/E—:'Ln. BeQ Cylinders Irradiated at
1100°C as a Function of the Fast-Neutron Dose at Two Flux Levels.
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Fig. G.
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Irradiated to 3.92 x 102l neutrons em-2 (> 1 Mev) at 11000C in Experiment 41-9
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Fig. 10. Comparison of Unirradiated Cold-Pressed and Sintered BeO of High

Density (2.9 g/cm ) and large Grain-Size (70 p) with BeQ of the Same Type
Irradiated to 3.4 x 1021 neutrons em~2 (> 1 Mev) at 1100°C in Experiment 41-9

- Bhowing Grain-Boundary Separation and Transgranular Fracture.




-29-

UNCILASSIFIED
BHOTC 63235

A

Fig. 1l. Irradiated BeO Single Crystals.
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