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Abstract

The correction factor of neutron fraction absorbed by % Mn in the MnSOs bath was determined
for the absolute measurement of neutron emission rate by using the solution circulation-type man-
ganese sulfate bath system. For the determination of this correction factor, 1/f, the atomic number
desnsity and the effective neutron capture cross section data of Mn,S and impurity elements in the
MnSO:s solution were determined. For the atomic mubmer density determination, the MnSQOa solution
concentration was determined by using the volumetric EDTA titration and gravimetric method. The
impurity contents were analyzed by using the ICP method. For the calculation of effective neutron
capture cross sections, a FORTRAN computer program EASCAL was devloped in this study, in which

Westcott's parameters and Axton’s empirical relations are used.
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1. Introduction

The manganese sulfate bath method has been widely
used for the neutron emission rate meaurement of
a radioactive neutron source since 1960.

In this method a neutron source is placed at the
center of the spherical bath, and the fast neutrons
emitted from the source are moderated, captured and/
or scatterd, by the hydrogen, sulphur, manganese and
others which are impurities in the manganese sulfate
solution in the bath.

The captured neutron by “°Mn produces the rad-
ioactive ™Mn, i.e., **MnSQq solution, which is contin-
uously circulated through the detection system, where
thus one can count the "Mn y-activity which corres-
ponds to the number of neutrons affecting the produc-
tion of “Mn neuclides and emitted from the neutron
source.

The neutron emission rate of a neutron source, Q,

is given by the following equation.

Q=A/g * fILL)1-0)(1-S) «+revverermvmmremnnennns (1)

Where ¢ is the system efficiency, 1/f is the inverse
neutron absorption fraction. L is the correction factor
of neutrons leaked form the bath boundary. O is the
correction factor of the fraction of fast neutrons cap-
tured by sulphur and oxygen and S is the correction
factor of the thermal neutrons captured by the source
it self and the source holder.

The inverse neutron absorption fraction. 1/f, in the

manganese sulphate bath is given by

term is omitted because the absorptioon cross section
of Oxygen, oo, is negligible compared to omn.

In this work, the chemical analysis and theoretical
calculations were carried out for the determination of
the atomic number densities and the effective neutron
capture cross sections of the each elements for the

determination of absorbed neutron fraction factor.

2. Principle of the Effective Cross Section Deter-

mination

For the determination of neutron absorption fraction
factor in the manganese sulfate bath, it is required
that the effective neutron capture cross section be
considered because the neutrons emitted from a neut-
ron source have the wide range of energies which
contain the thermal and the epithermal neutrons.

According to the Westcott's convention [1] for ef-
fective capture cross section, the neutron reaction rate,
R, is given by

Where is the neutron density including both thermal
and epithermal neutrons. v, is the neutron velocity,
2200 m/s and & is the effective capture cross section.

In this convention, n- v has a role of flux, ¢, and
& is defined by following equation.

G=0 o (@S] wrererrrrrr
where 04 is the cross section for neutrons of 2200 m/

s and g and rsare special values as a function of the

:NMnO'Mn(l‘{‘GFS)Mn‘f‘NsUS (g+FS)s+NH0‘H (£+FS)H+N060+;NiUz(g+FS)i

l/f NMndMn(1+GFS)Mn i
— 14 os{g+rs)s Nu O ;m(g-FI"S)i
! 0'Mn(1+GT“S)Mn Nun D'Mn(1+(;FS)Mn NMnUMn(1+GT"S)Mn
Where Ny, Nmn,  are the number density of H. Mnand ~ temperature T depending on the departure of the 1/

impurities, respectively and as (g+rs)s, o:{g+rs).,
oun(14+Grs)un are the effective cross section of S,

impurities and Mn, respectively. The g, ¥, s and G

will be explained in the next section. The N, - o,(g-+Ts),

v form. It the neutron cross section follows only 1/v
form, the values of g and s are 1 and 0, respectively.

These values are derived by the neutron velocity
distribution and neutron flux density. The detailed
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derivation processes of them are omitted in this paper.

The neutron reaction rate, R, is also given by

R=n- v, o= [,(v) - olv) -

- 4P
=n(1-p) SO//,?V%

e Wl | d(v)dv+np BTN

/7§ ;% o (v)dv

In this equation, if the pure Maxwellian distriburion

is only considered i.e., if P=0, R is given by

4
R=n:vo- §=n - IS;_TQW/VT)? . a(V)dV ...... (6)
/n— VT
Where effective cross section & is equsl to & m which
is th effective cross section of the Maxwellian distribu-
tion neutrons. Now the g-value is defined as the fol-

lowing equation.

4.

IO/;V_?}

In the mean time, if it has not the pure maxwellian

g=om/o, = e v L g ()dye - (7)

V-0,

distribution, equation(6) will become

N p- /—‘_ * 0 %m .

5=g .60+__2‘{__V_T . [a(v)_"T"]ATdE
0

‘=1 for E) #kT, A= Qfor E{ ukt] “*v*-= (8)

At this stage, we can define the spectral index, r, which

is given by

r=P-,

and the excess reconance absorption integral, s, which
accounts for the contribution of the epithermal neutron

flux distribution to the thermal neutron flux distribution

is given by
s 2 /T D TP (10)
Jr To o

Where 3" is the integral term of Eq(8).

In order to determine the effective capture cross
section of ®®Mn in the manganese sulfate bath KW.-
Geiger [2] suggested that the capture cross section
of%Mn increases as much as %omn -(1+Grs)vn where

G is the resonance neutron self-shielding factor which
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can be calculated by using the flux measurement from
the activated thin Mn foil. But this G-value is more
difficult to evaluate in the manganese sulfate bath
because it has a large moderation media where strong
scattering resonaces are present. EJ.Axton et al., [3]
calculated the G-value in the manganese sulfate bath
by using the removal cross section of manganese, ormn..

They assumed that the resonance neutrons were
monoenergetic with a removal cross section, or and
suggested that G, for the manganese sulfate solution,

is given by

% Nkosk

G=
% Nk0sx+Nmn * 6rmn

Where Nk is the atomic number density of nuclide k
and o is the scattering cross secion of nuclide k. The
averaged epitermal flux parameter, T, was defined by
the ratio of epithermal flux density, @ epi. to Maxwellian
flux density @ max and is given by

Booi  _/7

= % Nk%ok
¢ max 2

;Z( Nkosxk - éx

Where is the capture cross section of unclide k
and £k is the averaged logaritmic decrement of neuclide
k in the bath and is given by [4]

(A1)
2A

A+l

=1—
¢ Al

In (

)

Where A is the mass number of the scattering nuclide.

3. Experimental Results

1) Chemical Analysis of the MnSOs Solution
Concentration

It is well known that the volumtric method by EDTA
(Ethylene Diamine Tetracetic Acid) titration and gravi-
metric method are used for the concentration analysis
of MnSOs4 solution in troduced in the manganese bath.
In this work, 8 samples of MnSQOa solution were ana-
lyzed by using these two methods, whose detail proce-
dures are referred to J.R.Smith’s report [5]. The results
of the concentration analysis for 8 solutions are shown
in Table 1.
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Table 1. MnSO, Solution Concentration Data.
Unit : g of MnSO, - H,0O/ kg of Sol'n
No.| CV[Conc. by EDTA] +% CG[Conc. by Grav] +% %"
1 2625464 0.8004 271.1594 0.1963 32121
2 2155414 0.7242 2236434 04813 3.6227
3 182.3694 3.8879 189.7337 04201 3.8814
4 1265195 0.6342 131.1546 0.8336 3.5341
5 104.3047 1.0434 110.0724 02972 5.2399
6 96.4608 0.3369 99.4206 0.1353 29770
7 71.2710 0.7808 72.3658 0.2901 15129
8 419511 1.1466 44 6714 01757 6.0896

% %={CG-CV)/CGx 100

According to the results in Table 1., the concentration
by EDTA titration, CV, are less than the concentrations
by gravimetric method. CG. It accounts for the existence
of the impurities which were analized by ICP method

and will be mentioned following section 2.

2) Impurity Analysis of MnSO, - HO

The impurities in the MnSOa solution absorb the
neutrons emitted from a neutron source and moderat-
ed by the solution in the manganese bath. To calculate
the fraction of the neutrons captured by impurities,
the impurity contents must be determined.

Table 2. shows the analytical result of impurity con-
tents in the MnSOs H-O. These results were obtained
by ICP method [6]. The error range of the impurities

is £5% typically.

Table 2 : Impurities in the MnSO, - H,O

Impurity element Content(ppm)
Co 61
Cd 9
Ni 72
Cu 13
Al 14
Zn 2201
Fe 20
Cr 4
Ca 1383
Mg 3404
K 2650
Na 150

Total 9981

3) Calculations of Ny/NynEffective Cross Sections

and 1/f Factors.

In order to calculate the correction factor of the
manganese capture fraction of neutrons, 1/f, the atomic
ratios of the number density of hydrogen atoms to
the number density of manganese atoms were firstly
calculated by using the concentration data of MnSOs
solution and the atomic number density data which
were obtained by impurity analysis. The results of N/
Nuw. ratio calculation are summarized in Table 3.

In This Work, The Nt/Nun ratios in the third column
were used for the determination of 1/f factor. the
effective cross sections of manganese, (1 -+ GFs)n,
sulfur, (1+7s) and impurities, ¥N, - o,(g—+rs), were
calculated by using the recults and equations of the
previous sections and the developed program FEASCAL,

The calculation results of effective cross section for
the MnSQOs solutions are shown in Table 4., where
the excess resonance absorption integral of sulfur (Sg
=0.025) referred to the report of Axton et al. [7]
For the evaluation of the effective cross section of
manganese in the NnSOs solution used in this work,
the obtained values of (Grs)mn were compared with
the results of De Juren [8], Wunderer [9], Louwrier
[10], and Axton [3]. The comparison results are shown
in Fig. 1.

For the calculation of inverse neutron absorption frac-
tion factors and their errors, the EASCAL program

was used also. Table 5. shows the 1/f factors and their

errors depended on the solution concentration, Ni/

Nwma ratio values.
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Table 3 : Ny/Nun Ratios of MnSO, Solutions.

Sample | Ny/Num Ratio Calculation Method :

No. (1) (1) ()

1 470851 | 450342 | 465294

2 | 610091 | 581916 | 603790 | (1) NH/NM,,=% XE*

3 751554 | 715877 | 744785

4 |1157313 | 11.0489 | 1151172 ) NN 100G

5 | 1439500 | 1355288 |143.0230 W/Nun="5"—

6 |1570187 |1518451 | 1565043

7 [2184396 2099882 [2178110 | pinon 10(2(:)\-/cc; S

8 3828243 | 3683590 | 3821947

" F=16.7631335
20158(H,) 2 Mole 6,023 %107
g of HOX o 0Teo0r < 20158(H) X~ 1 Mole
F=
54.9380(Mn) 1 Mole 6.023x10%
8 of MnSO. X 173 5056(MnS0,) < 54.9380(Mn) < 1 Mole
Table 4. Effective Cross Section Data

No. (1+ Grs)un(b) (1 +7s)s (b) 2 No,(141s),{b)
1 1014158 1.000681 19861360
2 1013333 1.000608 154.41220
3 1012757 1.000561 12671570
4 1011782 1.000488 83.02465
5 1011437 1.000464 6821178
6 1011264 1.000453 60.68726
7 1.010852 1.000433 4413784
8 1.010366 1.000396 2530478

Table 5. Calculated 1/f Values

Nit/Nun 1/f factors % errors
46,5294 2.19269740.03235034 1475
60.3790 2.53546440.03931766 1.551
724785 2.8844894 0.08443096 2927
1151172 3.890740+0.06801727 1.748
143.0230 4.581690+0.0880878 1923
156.5043 4915681 +0.08772113 1.785
217.8110 6.433942 4012550100 1951
3821947 10.5052104+0.2298067 2188
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4. Conclusions

From the present work the conclusions can be made
as follows:

1) The 1/f factors determ1 ned have accuracy of 4+ 3%

2) The (Gis)mn values are comparable with the Axton’
s results, but it is about 5% of discrepancy between
ours and Axton’s. This difference is due to the
existence of impurities in the solution used. That
is, our impurity contents are more than Axton’s
impurity contents.

3) It is required that the impurity analysis of solution
be more precise and the elements having high
neutron capture cross section, Cd, B and rare

earth elements, have to be analyzed.
Reference

1. CH. Westcott," Effective Cross Section Values for
Well-moderated Thermal Reactor Spectraf CRRP-
787, Chalk River, Ontario (1958)

2. KW.Geiger, Recent Improvements in the Absolute
Calibration of Neutron Source! Metrologia, Vol4,
No.1(1968)

3. EdAxton, P. Cross and J.C.Robertson,” Calibration

-+ KJ Lee, KO.Choi, S.T.Hwang and K.J.Lee 17

of the NPL Standard Ra-Be Photoneutron Sources
by an Improved Manganese Sulphate Bath Tech-
nique” Journal of Nuclear Energy, Parts A/B, Vol.
19, pp 409~422(1965).

4. John R. Lamarsh, Introduction to Nuclear Engin-
eering, 2nd. Ed.,, 500, Addison Wesley Publishing
Co., Reading, Massachusetts(1983).

5. JR.Smith, et al.' The Ratio of the Hydrogen and
Manganese Absorption Cross Sectiort, EGGPHY-61
10, Idaho National Engineering Lab.(1983)

6. KW.Lee, et al.”Basic ICP-Emission Spectrometry?
KSRI-ET-59, Korea Standards Research Institute
(1984).

7. EJ. Axton, A.G.Gardell, S.T Felgate, E.MALong," The
Ratio of the Thermal Neutron Capture Cross-Sec-
tion for Hydrogen and Manganese and its Impact
on the Measurement of Neutron Source Emission
Rates by Manganese Bath Techniques,” Metrologia
21(1985).

8. De dJuren and J.Chin, J.Research Natl, Bur. Stan-
dards, 55, 311.(1955)

9. Wunderer, P., Z. angew, Physik, 10, 537(1958).

10. Louwrier, PWEF." Calibration of radium{a,n) ber-

ryllium neutron source! Thesis, University of Am-
sterdam(1966).



