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The fission track counting method which is very effective for neutron monitoring using poly-
carbonate film has been made rapidly and easily with automatic spark counting method initiated
by Cross W.G. and Tommasino L.. We have studied spark counting characteristics using poly-
carbonate detector films of different thicknesses, aluminized polycarbonate sheets of different
aluminum thicknesses for an electrode and positive copper electrodes of different sizes.

As the thickness of detector films decreases, percentage of round etch-pits to all etch-pits
increased and spark counting efficiency increased. From our experiments, Makrofol KG 10 gm
thick or Lumirror 6 pm thick appear to be more suitable for routine use.

Spark counts of etch-pits below 1000/cm? on Makrofol KG 10 um thick can be counted with-
in about 10% of relative standard deviation and its measuring range of thermal neutron fluence
was about 10*/cm?-10° /cm? with 1 mg of natural uranium target.
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Fig. 1 Circuit diagram and detector set of electrical spark counting system.
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Fig. 2 Microphotograph of the detector film
placed on the aluminized sheet.
a:two evaporated holes of alu-
minium.
b: unperforated etch-pit.
¢ : punched hole.
(Panlite 18 pm thick)
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plateaus of different detector films.

Table 1 Comparison of characteristics of different detector films

Thickness Optir}rlmm Optimum Sfpgark cour(1;i/r)1g
: punching counting efficiency (%
Film (wm) voltage voltage (No. of etch-pits:

V) V) 1000~2000)
Makrofol KG 5 700 450 100
Lumirror 6 700 450 74
Makrofol KG 10 1000 500 77
Panlite 18 1300 700 28

Makrofol KG 20 1300 800 8.4
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Table 2 Size distribution of etch-pits of different detector films

Film Makrofol KG Panlite | Lumirror
™ Thickness
(pm) 5 10 20 18 6
Eccentricity
0 =e<o0.4 0o % 1.2% 0o % 0o % 0o %
0.4 < e < 0.5 0.5 0.8 0 0.7 0.5
0.5 < e < 0.6 2 1 1 0.8 1.0
0.6 =< e << 0.7 3 2 0.5 2.7 8.5
0.7 e < 0.8 9.5 6 0.5 5.0 4.5
0.8 < e <0.9 32.5 16 6 16.8 29.5
0,9 ex< 1.0 52.5 73 92 74.0 56
Average major
diameter (py | 10-1%2.5 | 13.244.6 | 14.1£3.9 | 16.423.7 | 8.83%2.51
Average minor
diametor (amy | 4-54%0.87 | 3.8720.42 | 3.37:£0.49 | 5.67=0.72 | 3.67+0.71

Etching conditions:30% KOH solution, 60°C, 20 min.

Fissile material: natural uranium.

Table 3 Distribution of etch-pits before and after spark-punching of detector films

Film Panlite (18 pm thick) | Makrofol KG (10 #m thick)
l:‘rgfélreial Uranium Thorium Uranium Thorium
Eccentricity | Before After Before After Before ‘ After Before After
0 =e<o0d| 0B oF| o %] oF| 12%5| o%| o % %

0.4 <e<0.5 0.7 0 1 0 0.8 0 0 0

0.5 <e<0.6 0.8 0.5 0.5 0 1 0 0 0

0.6 <e <0.7 2.7 0.5 1 0 2 0 0.5 0
0.7 e<0.8 5.0 1.7 3 0 6 0 0 0

0.8 <e<0.9 16.8 7.8 5.5 0 16 3 4 0
0.9=ex1.0 74.0 89.5 89 100 73 97 95.5 100
Average major

diametor (amy  |15-4%3.7 [16.423.4 11.3%2.7 |12.7+2.0 [13.24.6 [14.6%4.1 [10.122.8 [11.7£1.9
Average minor ;

diameter (um) 5.6710.725.55t0.723.50i0.813.51i0.463.8710.423.614_-0.582.27&0.422.16'_"0.32
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Fig. 5 Microphotographs of etch-pits and etch-holes on the detector film.
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Fig. 6 Spark counting plateaus of Makrofol KG 10 gm thick for different
Al thicknesses of aluminized sheet electrodes.
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Table 4 Spark counting characteristics on the size of positive electrode

Diameter of Diameter of Diameter of aluminum | Maximum detectable
positive electrode | punched hole | evaporated hole limit
(mm) (pm) (pm) (n/cm?)
10 5.3+1.2 130+9.6 2200~3300
25 9.0%1.9 203£6.1 700~1000
50 31.4+6.2 352+28.0 —
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Table 5 Maximum detectable limits of spark counting
Maximum Evapolated
Researcher Detector film detectable ?lg‘gms?;m
o limit (pm)
D. R. Johnson et. al® | Cellulose nitrate 10-20 pm thick | ~5000/cm? 100-200
E. T. Agard et. al¥ Makrofol KG 10 pm thick ~220/cm? —
S. Pretre!® Makrofol KG ~400/cm? —
W. G. Cross et. al»13 | Makrofol KG ~5000/cm? —
F. ]. Congel et. al®® Kimfol A 10 pm thick ~100/cm? —
A. M. Bhagwat et. al? | Makrofol KG 12 pm thick 100-1000/cm? 140-210
A. Sandell et. al. ® Makrofol XG 12 pm thick ~1000/cm? —
M. Varnagy et. al.1® Makrofol KG 12 pm thick ~50000/cm? 96
Y. Nishiwaki et. al*"1® | Panlite 18 pm thick ~400/cm? 600
” Makrofol KG 10 pm thick ~3300/cm? 130
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Table 6 Measurable range of thermal neutron fluence using
the spark counting method

Fissile material Range of thermal

Detector film natural uranium neutron fluence
(rg/4.52cm?) (n/cm?)
Panlite 18 pm 10 107-101°
thick 100 108-10°
1000 103-108
Makrofol KG 100 5% 105-101°

10 pm thick 500 103-2%10°
900 10%-10°
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