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GLASS MICROSLIDE AS A THERMAL NEUTRON FLUENCE METER

H. S. SAINI, A. P. SRIVASTAVA Axp G. RAJAGOPALAN
Birbal Sahui Institute of Palaecbarany, 33, Usiversity Road, Lacknow 226007, India

ABSTRACT

Analysis of the spatial distribution of U induced fis.ion tracks in ordinary glass micro-
shdey te.eals that they can be used for integrated thermal neuwtron fuence measurement over
many orders of magnitude, Fission events ar. induced in U¥ atoms cccurung as natural
imourities in the glass slides by irradiation with thermal neuntrons in Apsara nuclear reactor. The
etching of fission tracks and the measurements of track density variation, both in area and depth
of the samples, have indicated a uniform and equal distribution of uranium in the shdes. The
microslides have been calibrated against NBS SRMS62 fission track standard glass and GE-
Fisher glass. The uranium content in the mucroslides has been found to be G:5pom. The value
for intet-laboratory calibration constant B has been determined as 1-353 x 10 nentrons per irack.

INTRODUCTION quantities. Hence the necessity arises fo calibrate a
glass standard available in large quantities.

LEISCHER erul! have used earlier the sodalime

GE-Fisher glass with a calibrated wuranium The basic criteria to be satished for dosimetric
content of 0-35 ppm as a thermal neutron fluence purposes are that the material (preferably glass) should
meter in F-T dating. F-~T standard glasses weire later have uranium as an impurity at a concentration level
prepared by many workers?™% At preseat, various of 0-0f to S00 ppm and it should be w iformiy distri-
methods exist for the determination of neutron dose buted in the volume, A box of Blue Star Super
given to @ material 1n a nuclear reactor® but fission  Daluxe microslides manufactured by Polar Indusirial
track (F-T) glass fluence mieter is one of the cheagest Corporatton, Bombay, was investigated for using it
and most accurate. Though small quanties of these as a uranium standard glass fluence meter. These
standard glasses car be purchased from US Natioral microslides are routinely used in optical microscopy
Burcau of Standards yet to use them on a large scale for mounting samples before scanning, They are opti-
and on routine basis, {0 study the spatial variation of cally plane, highly transparent and are of uniform
thermal net¢ron fuence i a capgsule, one needs large thickness.
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Since these slides are often used in F-T laboratories
for mounting thin sections of rocks for dating work,
it 1§ also essential to know the trace guantities of
uranium and thorium present in these slides. If the
U and Th contents are more than the average value
found in minerals, then there are chances >f errors
in the estimation of wuranium concentration of the
sample and therefore these slides will prove unsuitable
for mounting the mineral sample in F-T dating work.
The microslides will prove to be a good thermal
neufron fluence mefer if the U content is low, Ii.e.
at pom level,

EXPERIMENTAL PROCEDURE

A fresh box of microslides centaining 72 slides
(75 mm long, 25 mm wide and 1 mm thick) was
.clected for mneutron irradiation, Specimen samples
were faken from every fourth slide for study. In this
way, small pieces (area = 1'5cm? of the 18 slides
were broken from a corner of each slide. The samples
were thoroughly cleaned and were packed in an alumi-
nium capsule in the manner shown in Fig. 1, The
capsule was rradiated with thermal neutrons to a
fluer.ce of 10® n cm? using in IA-2 position of 1 MW
Apsara reactor of BARC, Bombay, vide irradiation
can No. Fl1-A 3009, The irradiation time was 103 s
(calculated from the flux value of 10'*n/cm?/s for
JA-2 position); NBS SRM%62 and GE-Fisher glasses
were also packed at specific locations (Fig. 1) in the
_capsule, to check the homogeneity of the flux given to
the finite volume of capsule and to calibrate the para-
meters of inter-laboratory constant R and elemental
uvranium concentration, C {eqn.2). The etching condi-
tions of track revelation were optimized by studying
the. variation of track density with successive etch
time intervals on the irradiated wafer of NBS SRM
962 (RT-3) glass®. The resulis_gbtained are shown
in Fig. 2. The cptimum etching conditions have been
found to be 209 HE at 21°C for 1 min.\‘h\ has been
found that optimum etching conditions for GE--Fisher
and microscope glasses are the same as thos%%m
SRM962, All the three types of irradiated glasses
(NBS SRM9%62, GE-Fisher and Blue Star microslides)
were etched with these optimized ciching conditions
for further analysis.

The procedure for counting of the tracks was the
same  given by Flencher esal®,  For ali measurce-
ments the irack counting was made vunder 400 <
magnification using an amplival (Carl Zeivs Jena make)
microscope. Lach measurement of the suiface track
density was followed by a grinding of at least 15 um
thickuess of the shide 0 remove ¢!l the surface tracks
(conlirmed by  observations under  microscope),
polishing and re-eiching, These rercated moasuremcnts
of track density were carried out in each case for at
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Fig, 2. Fission track density vy. eich time interval.

least 2 levels of depih to determine the volume distri
bution of U atoms in the microslides. The minimum
ground ofl thickness is approximately 60pm in this
process. Large number of tracks were counted in
order to Improve the counting slatistics. The resulls
thus obtained are summarized in Tabl. 1 for track
counts on microslides used in the present study. The
track density mcasurements on NBS SRMY62 and
GL- Fi.her glasses are ghven in Table LI,

As scen in Table 1, the average valug of induced
track density at ditferent Ievels of depth in the thicke
ness of these shides comes out to be 7:67 N 104,
7:63 X 10 and 7+-47 < 164 tracks om~® with an
averape of 7-59 5010V tracks em~®  Since the NBS
SKMY62 and GE-Uisher glasses were also irradiated
along with the microslides, the therma! neutron dose
given to tham was same, The uranium  standard
glasses (NI3S SRMI62 und GE-Tisher) placed at three
different plices in the capsule (shown in Lig. 1) indi-
cate that there was no flux gradient in the finite volume
(18 mm dia > 33 mm) of the capsule.
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TABLE 1
Track Analysis on Blue Star microscope gluss slides

Track counts in NBS SRMS62 and GE-Fisher uranium
standard glasses

il

GE-Fisher NBS SRM 962
Position —
of glasses Tracks/ Track  Tracks/ Track
in the 707 density 300 density
capsule graticules X 104  graticules  x 10°
fem2 tem™2
1 2238 5-28 19469 1-07
£ 2148 5-07 20015 1-10
113 2187 5-16 19842 1-09
Average
value 2191 5§17 19775 1-08

F o

The relation used for calculating thermal neutron
fluence, ¢, giver to the sample 1s

¢ = By, (1)

This relation’ has bewn obtained from the total
number of fission events induced ity a volume of unit
area and depth 2R, R being the range of fssion
fragment in the material. On chemical etching, etch-

Micrescope 1st Level 2nd Level 3rd Level
glass shde —_— ————— - — — ~ —
number Tracks/ Track Tracks/ Track Tracks/ Track
600 density 600 density 600 density
graticules ~ 10%tcm?®  pgraticules x 104tem—2 pgraticules X 10%t¢m=®
1. 2550 702 2431 669
2. 2720 7:49 2667 7-34 2690 7-41
3. 2695 7-42 2684 7+39
4. 2437 671 2598 7415 2407 663
8. 3000 8-26 2870 7-90
6. 2751 7+ 57 2752 7-58 2674 7-36
1. 2857 7- 87 2814 775
8. 2876 7°92 2883 7-94 2810 774
9. 2677 7-37 2524 6:935
10. 2759 7- 60 2890 7-96 2790 7-68
11. 2810 7-74 2954 8-13
12, 2562 7-05 2718 7-48 2710 7-46
13. 3102 8-54 2871 7-90
14, 2883 7-94 2777 7:63 2719 749
i5. 2586 7-12 3006 8-28 28490 7-82
16. 3275 9-02 3057 8- 42 2814 7-74
17. 2828 7-79 2910 8:01 bl
18. 2790 T-68 2490 6-85 2088 7-40
Average value 2787 767 2771 763 2714 7-47
TABLE 11 pits are formed wherever the fission fragments have

crossed the surface. p, refers to measured track density
in tracks/cm? due to neutron induced fission events
and B Iy a constant given by

Mf
¥ = INoRCda, o6 @)

where M 1s the mass number for uranium: f is the
rroduction factor equal to 2 for uranium, 7 is the
isotopic abundance of the fissioning nuclide (U5 No
1s Avogadro’s number; R is the range of the fission
fragment, 10 um for glass; C is the concentration of
uranium in the glass; o is the density of the matrix
material; o, is the thermal neutron fission cross section
for U™ atoms, and cos® @ is an etching efficiency factnr
which is taken {3 be 1. The values of B for different
glasses determined by different workers are given
in Table IlI. U.ing the known valie of B for GE~
Fisher glass (2-26 X 101 neutronjtrack), the total
thermal neutron fluence given to the capsule has been
determined to be 1:16 x 10'*n/mc?,

The expermental results obtained on the micro-
slides (Table I) clearly show that the uranmum present
in them is homogenegusly distributed and is of equal
concentration in all the slides. This uniform distri-
bution of uranium is not only observed on a parti-
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TArLE III

Characreristic features of various uranium standard glasses used at present in fission track work

Glass fluence  Uranium content U23s J2ss Yalue of B
meter ppm X 10-3 neutron/track

Blue Star ¢ 540-01 7-25 (1-53 £ 0-005) x 101

Microslide (127184)*

NBS SRM962 37-38+0- 085 2-3925 (1-06-£0-005) X 10
(59325)

NBS SRM 962 37-38-k Q- 08° 2- 3925 5-12 % 10¢°

GE-Fisher 0354+ 002! 7-25 2:26 x 101

Corning U2 4341°% 0-036? (6-41 £ 0-06) x 109
(10000)

Kleeman KS43 0-3240-038 Not known (1-964+0-02) % j017
(11000)

Temrir”

* Brackets show total number of tracks counted,

6. Naeser, C. W. (1980), Perscnal Communication,
7. Saini, H. S. (1978), Ph.D. Thesis, Unpublished, data,

8.

cular surface but in the whole volume of the glass
slides.

The concentration of uranium present in the micro-
slides can be determined from the following relation

C = 2Mp,[No dpo, I R (3)

where ¢ has earlier been calculated using eqn. (1) and
by comparison with standards (NBS SRM9%62 and
GE-Fisher glass)., The uranium concentration of
microstides has been calculated tc be 0-5ppm.

CONCLUSIONS

The box of microscope shides used in the present
study has been found to have€ a uranium impurity at
concentrationn level of 0-Sppm. The track density
measurements in the volume indicate that the uranium
1Is very uniformly distributed in the whole volume of
the slides. This characteristic alorg with the low
concentration of uranium present makes these micro-
slides ideal as a neutron fluence meter for all F-T
dating work. Since track densities of 10% to 107
tracks/fcm?® can be measured with ease, the microslides
wsed in the present study (containing 05 ppm U)
are uscful for monitoring thermal neutron fucnces
ranging from 10 to 10'® ncutron/cm? In TA-2
position (lw. 10'* niem?(s) of the Apsara reactor, this
will mecan that the microslides can be used as thermal
ncutron monitors for irradiation limes ranging from
a few seconds (o about 10 days, The value for the
interlaboratory calibration constant, B for the micro-
slides has been determined 1o be 1-53 < 10 noutron/
track, The preownt study indicates that each F-T

Kleeman, J. D. (1977), Personal Communication,

dating laboratory may be able to standardize their
own neutron’” fluence meter glass standards using
microslides since the box of microscope slides used
here has not been chosen under any specific criteria.
Specimen sample of the mniicroslides used in the
present study is available to any laboratory wishing
to use the same as a thermal neutron fluence meter,
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