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1. INTRODUCTION

The manganous sulfate(MnSOu) bath method has been in use over
two decades for the most accurate measurement of neutron emission
rate. The MnSOy bath has been developed accordingly and the bath
system has been operated for the standardization of neutron meas-
urements at the Korea Standards Research Institute(KSRI) since
1986. There are three types of the radioactive neutron sources:
(Y,n), (d,n) and spontaneous fission. 1In this research work, a
spontaneous fission source, Cf-252, as the reference neutron source
calibrated by the standard neutron source, Am-Be, is introduced to
determine the characteristics of the bath system in terms of the
bath efficiency %%), the saturated manganese activ%ty (AS), the in-
verse manganese(--Mn) neutron capture fraction (f~') and eventually
the bath system correction factor (Cg).

2. PRINCIPLE OF THE METHOD

Figure 1 shows the events which take place in the MnSOy bath
during a Cf-252 neutron source calibration. The neutron source is
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Fig. 1. Schematic Diagram of Principle of MnSO4 Bath Method
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mounted at the center of a spherical bath containing an agqueous so-
lution of manganous sulfate. The solution is continuously stirred
by the impellers and at the same time pumped in a closed circula-
tion circuit through a detection system. Figure 2 shows the sche-
matic arrangement for the bath system. Neutrons from the neutron
source are thermalizegéin the MnSOy solution and captured by the
V%rious nuclei. The Mn resulting from the capture of neutron by
55Mn is measured by the counting system in the bath system.
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Fig. 2. Schematic Diagram of MnSO4 Bath  Circulation System

The neutron emission rate of a Cf-252 source, Q, is given by

Q= (Bs/m) - (£71) - cp (1)

where f is the fraction of neutrons captured by 52Mn. In the exist-

ance of impurities in the solution, the inverse 55Mn capture frac-
tion becomes(1)

£l = 1+ (VIm/ny) - (TIn/ey ) - (8 T T Im/ (1 4 aTe)yy,) +
(1 + "I/ )) x (OS/a) - (8 T TS /(1 4 aFs ) ¢
(NH/NMn)'(q‘H/q-Mn)'(l/(l + GfS)Mn) (2)

where Ny, Ny, and Nyp are the respective concentrations of manga-
nese, hygrogen and impurities in the solution. The factor 1 + GFs
allows for the resonance capture in manganese. In the notation of
Westcott et al.(2), s is the resonance activation integral, T is the
the epithermal flux parameter averaged over the MnSO, bath and G is
the resonance self-shielding factor for the solution. Rearranging
eq. (2), a straight line is fitted to the data(3).
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3. EXPERIMENTAL PROCEDURE

3.1 Measurement of Bath Efficiency, E

A guantity of radiocactive 56Mn of high purity is divided into
portions by weight, some of which are used to activate the bath and
others are absolutely measured by the 4MB-Y coincidence counting
technique to determine the specific activity. To obtain the effi-
ciency, the mean counting rate of 6Mn Y -rays measured by the MnSOy
bath counting system and corrgcted for decay back to a suitable ref-
ence time is divided by the 56Nn activity measured absolutely and
corrected to the same reference time. Since this gquantity is con-
centration dependent, E is determined at least once for each concen-
tration.

3.2 Calculation of Saturated Manganese Activity, Ag

The 56Mn activity produced during neutron irradiations in the
MnSOy bath is counted by the two 1.5" ¢ x 1.5" NaI(Tl) scintillation
detectors equipped in a 12.5-1liter detector bath of s.s. Marinelli
beaker-type. A third detector monitors the room background. The
saturated activities are calculated using the computer progr%g taken
from the Gilliam model(4) in the growth and decay phases of Mn
activity. The parameters used in the calculation are the total num-
ber of counts (Ci) observed during the counting period which began
at a time after insertion of the neutron source into the batgé the
duration of the neutron irradiation, the decay constants of Mn and
Cf-252 and the mixing constants.

3.3 Calculation of Inverse 55Mn Neutron Capture Fraction, -1

To obtain the inverse 55Mn capture fraction from eqg. (2), the
necessary data are taken from Mughabghab et al.(4) and Hwang et al.
(5). The NH/NMn ratio is determined by the gravimetric method by
drying and weighing weighed samples of the MnSO4y solution.

4., EXPERIMENTAL RESULTS

The neutron emission rate of the reference source, Cf-252, cal-
ibrated by the comparative yethod to the standard source, Am-Be is
determined to be 2.232 x 10 n/s at the reference time, 12:00 on
November 15, 1987(6). The bath efficiency and the inverse 55Mn neu-
tron capture fraction, the saturated manganese activity are given in
Table 1 and Table 2, respectively.

According to the data, the following empirical formulae as a
function of NH/NMn are derived by the least squares fitting method:

Xx~4.348 ang v

From Table 1, Yg = 0.024842 X + 1.025252

o1
_0.8270 X + 166.3797 (Growth phase of 5°Mn)

From Table 2, YG

Y_ = -0.8292 X + 165.5645 (Decay phase of >°Mn)

D

Substituting these results into eq. (1), the bath system cor-
rection factor, Cp is obtained at a reference time.
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Table I Bath Efficiency, £ ond Inverse

Bhin

) Table 2. Soturcted  2®Mn Activity, A
Neutron Capture Fraoction, :
X Ny /Ny Ag (cps) in Ag {cps) in
X { Ng/ Ny, ) £ (10 5cos/dps) £ ) Growth Phose | Decoy Phose
45.034295 —_ 2147862 45.034295 133.8850 131.20200
58.191625 1423550 2.470228 58.191625 15.32310 -
71588090 1.502855 2.798636 71.5886090 102.67140 101.21610
94.411795 14575!5 3370241 94.41795 89.45201 -
11.04887 1476193 3786437 11.04887 76.07417 7549648 |

5. CONCLUSION

From the graphic analysls of data obtalned by the manganous
sulfate bath method, the bath system correction factors to the neu-
tron emission rate can be determined as a function of the NH/NMn
ratio. Figure 3 shows the straight lines fitted to the data in or-
der to determine the unknown correction factor of a Cf-252 neutron
source at the given ggtio of NH/NMn in a MnSOy solution.6 In compar-
ison of the line in Mn growth phase with the line in 204 decay
phase, the difference of the correction factors between them turns
out to be a range of 0.77 % to 1.44 % to the growth phase activity.
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i Y =-7.8684x1074X + 1.2419
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Y =-2.6566x10 %X + 11507
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Fig 3. Bath System Correction Factor
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