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PRELIMINARY INVESTIGATION OF THE

FISSION PRODUCT RETENTION ABILITY

OF CERMET COMPACTS

W E Moody, Jr , A J Taylor,
J R Johnson

Ceramic Laboratory,
Metallurgy Division

ABSTRACT

A relatively simple comparative method for measuring fission product

escape from solid fuel elements has been devised Although the method has

limitations, it serves to "screen1 various materials as to their relative

ability to retain volatile or gaseous fission products The Xe, I and Te

which were collected from the ceramic specimens employed in this study

are probably representative of the fission products which are most likely

to escape On this premise it is shown that between 900° C and 1000° C

about 0 001$ to 0 01$ of the gaseous or volatile fission products are

likely to escape from nonporous ceramics

In addition to the above fission products, others collected from

tests made on loose UOg powder 'standards" included Mo, Ba, Zr, Sr, and

rare earths



Introduction

In order to prevent contamination of the machinery and reduce the

shielding requirements in reactor power systems, fission product leakage

from the fuel elements should be kept at a minimum Some means to

evaluate the leakage from various kinds of solid fuel elements is thus

necessary The most desirable test for a fuel element would be an m-

pile loop experiment, however, a less expensive screening test has been

devised which gives some information about relative fission product

retention in the fuel elements A number of ceramics have been examined,

comparing the fission product losses from "sandwich"-type specimens

with losses from UO2 powder "standards"

The test has certain limitations The m-pile exposure producing

the fission products is low so that there is virtually no burn up or

radiation damage Not all of the fission products are generated in suf

ficient quantity to permit detection in the final radiochemical analyses

Short lived isotopes are not detected inasmuch as two to three days elapse

from the time of removal from the pile to the time of analysis The

isotopes which are solely beta emitters would not be detected in certain

phases of the experiment Nevertheless, a considerable amount of useful

information has been obtained At 1000° C the leakage of certain volatile

fission products from nonporous cermets is reduced by 104" to !<¥ over

the loss from loose UO2 powder under the conditions of this test The

relatively good check between the amount of fission products collected

and measured and the amount calculated to have been generated in the UOg

samples is particularly interesting For example, about 68$ of I^j is



„ 3 -

is accounted for Inasmuch as these were experiments where some of

the details were still being worked out and some fabrication features

were imperfect, the reported results are probably somewhat conservative

Experimental Procedure

A schematic representation of the experimental procedure is shown

in Figure 1 The ceramic specimens were composed of cermet type bodies

with a uranium compound comprising the central portion in a sandwich

type construction The compositions of the bodies and uranium compounds

are given in Table III The structure of the specimens can be seen

from the radioautograph (Figure *)

The specimens were irradiated in the X-10 Graphite Reactor for

periods of 7 days in a flux of 5 x 1011 n/cnr^/sec On the morning of

the 8th day they were sealed in silica glass containers (Fig 3) and

heated for 2* hours The experiments reported here involved heating at

three different temperatures, 800° C, 900° C and 1000° C On the 9th

day the stem sections of the glass container were immersed in liquid

nitrogen for 5 hours after which the stems were sealed off and removed

for radiochemical analyses A scintillation counter, ionization chamber

and gamma spectrometer were used in the analyses After examinations

were made of the sealed capsules, they were broken, and studied further

The aluminum-silicate "wool" used to enclose the specimens was also

examined in some cases Surface Np was found by washing the specimens

in acid, basic, and neutral solutions which were analyzed radiochenacally

In order to make the test a valid comparison type, "standard'

specimens were prepared These are identified as G-33-1 and G-22*-l
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A small silica glass ring was filled with aluminum silicate wool

having in its center a small amount of very fine UOg powder (-325 mesh)

G-33-1 contained 3 3 nig UO^ while G-22*-l contained 22 * mg Thus it

was assumed that the volatile fission products could readily escape

from the relatively loose wool compact

The specimens A, B, C and D were 1 1 cm diameter by 0 1 cm thick

with the covering layers and the fuel portion of the "sandwich" having

about equal thickness (/^ 0 03 cm) The E specimens were 1 * cm

diameter and 0 * cm thick, the covering layers being about 0 1 cm

The specimens were placed in the pile at 9 00 A M on Mondays and

removed at 9 00 A M on the following Mondays An arbitrary time, 9 30

A M Wednesdays, was selected as the reference time for the radio

chemical analyses in each experiment

Discussion of Results

The relatively short in-pile exposure was sufficient to generate

in experimentally useful quantities only those fission products in the

bimodal peaks of the fission yield spectrum Among those elements

generated, however, are Xe, I and Te, which are representative of those

isotopes most likely to diffuse through and escape from solid fuel elements

at high temperatures Thus the results may be interpreted to indicate,

at l«ast to an order of magnitude, the relative merits of various speci

mens in retaining the most volatile or gaseous fission products

It is estimated that the specimens reached a temperature of 100-200° C

during irradiation so that some gaseous products may have been lost at

this time A specimen was sealed in glass during exposure and it was

found that about 22$ of the Xe calculated to have been generated was lost



from a 'standard' powder sample in the 7 day exposure Losses from

the ceramic specimens would be dependent on the diffusion rate of I

and Xe in these ceramics at this temperature This rate has been

calculated to be very low so that losses from specimens other than

the loose powder "standards' have been assumed negligible

As shown in Table I, the amounts of fission products collected in

these tests from the 'standard" samples are between *6$ and 118$ of the

amounts calculated to have been generated 62$ of the generated Xe!33,

for example, was actually measured in the radiochemical analyses

These data are corrected to a specific time - in this case, the time

of removal of the sample from the furnace This amount of Xe-1^ plus

the 22$ found lost during exposure accounts for 8*$ of the calculated

amount generated This indicated a reasonably good efficiency in the

collecting system

Because of the nature of the test, the very short half life

isotopes could not be measured It was not convenient to measure 3

activity for the majority of the samples, although Table II shows the

results of washing a collection tube from sample G-33-3, which is

representative of the f3 measurements made

The data in Table III show the ratios of the activity collected

from the ceramic specimens to the activity collected from the ap

propriate "standard' The Cr-Al203 specimens (A) were prepared from

powders prepared in a tungsten carbide ball mill The resulting

tungsten impurity formed a volatile oxide on the surface during heating

which contributed nearly all the measurable activity The carbide

cermets (B, C) were found to have the uranium distributed uniformly
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throughout them which presumably resulted from diffusion during the

sintering step of their fabrication Since there was fissionable

material on and near the surface, much more activity was noted The

(D) specimens, ftgO-Ni, showed the very lowest activity at 900° C while

the (E) specimens, SiC-Si, were not quite as good It must be pointed

out, however, that there was a small amount of U exposed on the surface

of the (E) specimens due to imperfect fabrication

Where the activity resulting from diffusion in the ceramics was

identified, it was found to be Xe, Te and I Under the conditions of

this test, it is estimated that the best ceramic fuel elements will

retain most of these and other fission products generated Approxi

mately 0 001$ to 0 01$ of the volatile fission products will escape

Table IV shows that Np was found on the surface of the specimens,

and is roughly proportional to uranium surface contamination Np was

also found in the aluminum silicate wool surrounding the specimens

Table V shows representative data obtained from some of the (D)

specimens These data are self-explanatory The last column indicates

that in general more of the activity is condensed in that portion of

the collecting tube which was deepest in the liquid nitrogen and

therefore the coldest

Methods of calculation, equations used and references are given

in the appendices
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Compact
Specimen

No

G-33-3**

G_22*-l(^)

- 9 -

TABLE I

TABULATED RESULTS FOR STANDARD COMPACTS

00 -P

£3
Isotope Photons/min

Activity
Corrected
to d/min (7)

Xel33
1133
Tel32

ll32

jl31

Mo99

Xel33

H33(2)
Tel32(3)
1132

jl31
Mo99

3

2

3

7

3

3

3
2

1

3
2

1

x 10°

x 106
x 106
x 106
x 106
x 106

X

5 x

7 x

x

X

5 x

10T
IOT

H>7
107
IOT
10^

9

2

3

7

3

3

75

3

x 10°

x 106
x 106
x 106
x 106
x 106

Activity
Ratio

G-33-3

10

11

5
*

6

5

#>
UOa

Ratio

6 8

Efficiency
Ratio

Change

*7

69
838

633
985

736

s

O a

o

« a
•H iH
O -P
•H O

a> h
0

62

68

75
118

*6

91

115

63
75

*5

(^Activity Ratio to G-33-3 x$ Efficiency of G-33-3 - Efficiency of G-22*-l UCg Ratio
(o)
v 'Some Ru-103 may contribute

(3)some Xe-133 m, -135 may contribute 8 of this energy
(^'Rough calibration, absolute error probably less than 50$
(5Calculated using data of LRL-153* Appendix 'B'
(^'Sample calculation Appendix 'A"
(7Conversion Factors given in Appendix "A", Table IV

*Calculated from data and not LRL-153
jMf Detailed Radiochemical Analysis of 87$ of the activity dissolved from

tube in dilute nitric acid given in Table II
•**•*• These calculations are dependent on numerous factors which may include

experimental errors or uncertainty The exact reactor flux, for
instance, is not known



Component

Gross 7

Te 7

I 7

Mo 7

Rare earth y

Ba 7

Zr 7

Gross p

Rare earth p

Sr p

10 -

TABLE II

RADIOCHEMICAL ANALYSIS OF

G-33-3 NITRIC ACID WASH FROM TUBE*

Counts/Min /Ml

7 7 x 10^

2 9 x 101*

2 0 x 101*

6 3 x 103

810

186

100

7130

113

%of Gross

—

38

26

8

1

0 2

0 1

1 6

0 6

#(• Determination made after approximately one week decay from time
of removal from furnace or 10 days from time of removal from
irradiation



Compact
Specimen
No

A33-5

A33-7

A33-3
A33-*

A33-1

A33-2

B33-2

B33-5

C33-3
C33-6

D33-7

D33-9

D33-1

D33-2

D33-3
D33-*

E22*-l

E22*-2

E22*-3

Temp °C
of 2* Hr
Heating

1000° C

1000° C

900° C
900° C

800° c
800° c

Type of Activity
Detected as

Products of

Diffusion

(Wl87 in au A
(samples (forming
(impurity) and con
stituted majority
(of activity Xe
(and I present

(Not identified

( '

1000° C
1000° C (Xe, Te, I

(

(Xe, Te, I
} i i ii

(Xe, Te, I*6
( *

(Not identified

Specimen used for Np

Not identified

(Xe, Te, I, trace
(Aul98 in E221+-1
No elements could

be identified

1000° C
1000° c

1000° c
1000° c

900° c

900° c
800° c
800° c

900° c

900° c
900° c

* Complete Analyses given in Data

TABLE III

TABULATED RESULTS FOR CERMET COMPACTS

Ratio of Diffused

Activity to Activity
of G-33-3 Standard
(Fission Product )
(Retention Factor)

2 * x 10"1
1 5 x 10-3

^*x 10-

x 10-*

* x 10-5

8 x 10-5

3 3 x 10-2
1 5 x 10-2

1

6

2

3

*

9

7

9
2

x 10"1
x 10-2

x 10-3
x 10-3

x 10-5

x 10-5

x 10-5

x 10-*
xlO4
x 10-*

Compact
Composition

(Al203-28$
(Cr -72$

Uranium

Compound
in Compact

UOg
3 3 mg

Remarks

Wl87 contamination in
all A specimens due to
grinding media contam
ination in specimen
preparation

(ZrC
(Fe

-80$
-20$

uo2
3 3 mg

1

U02 distributed V
throughout specimen

(TiC
(Ni

-80$
-20$

UOg
3 3 mg

UO2 distributed
throughout specimen

(MgO
(Ni

-3*$
-66$

UO2
3 3 mg

SiC bonded

with Si

( USi3
(26 5 mg

( UOo
(22 * mg

Stringer of USio to
surface of specimen

Therefore, surface of
specimen contaminated



Compact
Specimen

A-33-3

A-33-1

B-33-2

D-33-7

D-33-3^

D-33-3^

E-22*-l

- 12

TABLE IV

Np RESULTS

Np Activity in
Acid Wash

Counts/min/ml

636

3 15 x 103

1 5* x 106

1 53 x 101*

1 87 x 101*

5 * x 103

1 26 x kA

Uranium in

Acid Wash(3)
>frg/ml

015

057

138 0

*1

1 85

21

092

'•*-'After removal from neutron flux
'2^After heating
^3)piuorimetric analysis

Temperature
Specimen

Subjected to

900° c

800° C

1000° C

1000° C

150° C

800° C

900° c



TABLE V

REPRESENTATIVE DATA

Scintillation

Elapsed time
from flux to

Elapsed time
from furnace

removal to Sealed
Compact
Specimen
No

Time^1)
Days

1 1

1 3
2 1

2 3

5 1

Counting
Data
c/min

Temperature
of Heating

°C

Furnace

Removal

Hr

measurement

time

Hr

Approx
Ratio to

G-33-3

0019
0019
0019
0019
0018

Tube

Top/Bottom
Ratio(2)

D-33-7 10,800
10,000
8,330
7 900
*,070

1000° *8 0 27 *

D-33-9 2

2

5

1

3
1

1*,500
13,500
6 800

1000° 72 0 27 * OO33
0032
0030

D-33-1

1

1

2

2

l

25
0

3
0

3

316 + 16
*09 + 16
2*2 + 15
18* + 15
165 + 15
138 + 15

900° 25 0 *7 5

* X

3 x
*x

3 x

10-5
10-5
10-5
10-5

0 6

0 7

0 6

1 3
1 1

1 2

D-33-2 1

1

2

2

3
0

5*8 + 16
509 + 16
*10 + 15

900° *9 0 28 3 10 x

10 x

9 x

10-5
10-5
10-5

1 7

1 7

1 8
2 3 333 + 16 8 x 10-5 1 9

D-33-3 Specimen used for Np

D-33-* 1 1 107 + 15 800° 50 0 2* * 1 9 x 10-5 12+3
1

2

2

2

3
0

1

3

131 + 1*
10* + 1*

73 + 1*
65 + 1*

2 * X

2 3 x

1 7 x

1 5 x

10-5

10-5
10-5
10-5

12+3

12+3
10+*

09+*
6 0 50 + 13 2 5 x 10-5 0 7+*

'•'•'Days from 9 30 A M Wednesday reference time
(3)End of rube closest to compact designated as Bottom

I

H
CO
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APPENDIX "A"

APPROXIMATE

CONVERSION FACTORS

Conversion Factor

Photons/min x 1 = d/min

II It o _ »

* x 1 1 = '

" x 2 5 = "

' x 1 = '

" x 1 25 = ,r

" x 1 1 " *

1mv on Ion Chamber =137 + 03 x 10* c/min on Scintillation Counter
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APPENDIX "A'

CALCULATION OF Xe1^

The amount of Xe3^ which diffused through and became trapped at
the time of removal from the furnace was calculated from standard

radioactivity equations As Xel33 was in the same decay chain as 1133,
it was necessary to make calculations for both isotopes

1 Amount present at time of measurement

A =

N =

-*N A = activity

A y^= declay constant

N = number of atoms

A 9 x 106 - 9 9 x lOlO

* 9 09 x 10-5

A = 2 2 x 106
5 29 x 10-*

= *17 x 10*°

*Xe •

Ni

Amount present at time of removal from furnace

Elapsed time for furnace to measurement = 32 3 to"

I is the parent of Xe

N = NqB-^

NT = hll x 10 «1 15 x 1010 atoms of
° e-(3 IB x 10-* hr-lj(32 3 hr) 1133 at time of

removal from furnace
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APPENDIX A'

The decay equation for parent and daughter is

N2 = number of atoms of daughters at time t

>£ = 5*6 x 10-3 hr -1

99x1010 = ^j (1 15 x1010)(e-A*t ^-H*} +u2oe .^i

99x1010 =(1 21)(1 15 x1010) (14.79) = 839 NgO

U2o = 11 00 x 1010 atoms Xe!33 at time of removal from furnace
for amount diffused through specimen G-33-3
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APPENDIX "B"

Fission of Natural Uranium

The specimen contained 3 3 mg of U02

Natural uranium contains 0 719$ of U235

Umole wt xamount U02 x$1^35 =amount 1^35
UOg mole wt

|2| x 0033 gm x 00719 =20 92 x10"6 gm xj235
- 5 37 x 10l6 atoms t£35

« 1 152 x 1020 atoms T£35/ca3

Volume = 0033 = k 65 x 10"^ cm3
7 31

Reaction Rate = (J% NQ f
f = 5x1011 n/cm2 sec

(Tj = 57* x10"2^ cm2
N0 = 1 152 x 1020 atom/cm3

Reaction Rate = (5 7* x 10-2* cm2)(l 152 x 1020 atom/cm3)
(5 x 1011 n/c2 sec)

33 1x 10°- f/^ sec = (33 1x 109)
(* 65 x 10-*) f/sec

15 *x 106 t/aec

»?l,%1
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APPENDIX 'B

CALCULATION OF Xel33 FORMED AND PRESENT
AT TIME OF REMOVAL FROM FURNACE USING

DATA OF LRL-153(2)

1 Power Factor

The data of LRL-153 was based on a 2000 watt reactor The
power for the specimen was much lower and a correction factor was
introduced

3 1 x 1010 f/sec

f/sec for specimen
conversion factor

15 * x lQo" f/sec
3 1 x 1010 f/sec TOtt

5 x 10-* watts
2000 watts

2 Activity of Xel33

Build up time = 1 week = 1 008 x 101* min

Decay time = 97 hr = 5 82 x 1C)3 min

From the LRL-153 data, 2 90 curies of Xe1^ was formed

Report amount present x Power factor correction = amount present

2 90 curies x25x 10"7 =725 x 10-6 curxes

A =^N

= 1 watt

= 1 power of specimen

= 5 x 10-* watts

= 2 5 x lO-i correction factor

= _A_

N=(7 25 x 10-6 curies)(3 7x lO^-P c/sec curies)
l 515 x lO-o sec -1

= 17 72 x 1010 atoms of Xe^ present at time of
removal from furnace
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