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Abstract

A simple end rapid radiochemical separation method has been
developed to separate radiomanganese from neutron-irradiated sample
materials. The method is based on manganese oxide precipitations
from basic and acidic media and has been successfully used in
activation analysis applications for trace stable manganese. This
radiochemical procedure is readily adaptable for the determination
of radiomanganese species in other msterials.
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In radiochemistry, the most frequently used method of separating
manganese has been by perchlorate precipitations of the manganese(l_é)
carrier added to a solution of the irradiated materials. It is often
necessary to repeat the perchlorate precipitation several times to

achieve the degree. of purification needed for the separation of radio-

56 or 310-d Mn5b')

mangenese (either 2.6-h Mn . If the sample is a large
equeous solution, the Mn02 is difficult to precipitate quantitatively
by the perchlorate method. Hence, other methods of manganese separation
and precipitation have been eveluated with respect to interests concerned
with degree of radiochemical purification and the time required to sepa-
rate the manganese species.

The formation of MnO2 in a basic medium met these'conditions of time

and purity. Thus, the separation method was investigated further.

Experimental

A current problem concerned with the determination of trace manganese

56

in water by an activation analysis method, involving the Mn55(n,y)Mn re-

action, provided a need for the study reported here. The sample volumes
used varied from 10 ml to 100 ml of water. Each sample was neutron irrad-
iated in approved plastic bottles in the ORNL Graphite Reactor for four
hours and then returned to our laboratory for processing. Depending upon
the volume, centrifuge tubes and beakers were used to precipitate the
manganese dioxide. In each test, a solution of manganese carrier (as man-
ganese nitrate, containing 10 mg/ml) was added as Mn(NOj)E' Holdback
carriers of Cu, Fe, Na, and Ba were also added. A known amount of cobalt
carrier (cobaltous nitrate, 10 mg/ml) was sometimes added as a carrier

when cobalt was also to be determined in the sample. This initial



solution was made basic with either 2 M NaOH or 2 M NH)OH. Due to

the chemical reaction with the added peroxide, the use of NaOH was pre-
ferred. Upon the addition of NaOH, Mn(OH)2 was formed (a light pink
precipitate) and 10 drops of 30% solution H202 was added dropwise and
the solution stirred until MnO2 was completely precipitated. After the
reaction was complete, the solution was heated to near boiling to coagu-
late the precipitate, The mixture was then centrifuged and the superna-

tant liquid discarded. The separated MnO_, precipitate was then washed

2
in 6 M HNO3; the mixture centrifuges and the wash liquid discarded. The
MnO2 precipitate was then dissolved in 2 ml formic acid, HCOOH; 5 ml conc.
HNO5 was then addedvand the solution heated to boiling. Solid HClO3 was
then added cautiously in small amounts; after each addition, the solution
was bolled. Sufficient K,ClO5 was added until the Mn02 is completely pre-
cipitated. The mixture was then centrifuged and the supernatent liquid
discarded. The precipitate of MnO2 was then washed with 2-3 ml conc. HNOE;
the mixture centrifuged and the wash liguid discarded. The Mn02 precipi-
tate is filtered, washed, dried, and mounted for counting.

The precipitate of the maenganese carrier and radiomanganese may be
counted elther by beta, gross gemma, or gaemma spectrometry. In our study,
gamma, spectrometry was used to determine the purity of radiochemical sepa-

rations.

Data
The manganese radioactivity in water sources varies greatly depending
on a number of factors. The water source utilized in this study was pro-

cessed river water and some of the samples had menganese added for back-



water valye prevention devi&e,(7) The data given below (Table I) shows the
manganese content in tap water and gives some of the results obtained in
anslyses involving the addition of stable manganese to distilled water.

The yield of the radiochemical of the separation method is slso shown in

Table I.

Discussion

This method of separating radiomanganese from large volumes of water
is rapid since it only requires sbout 30 minutes to analyze duplicate
samples. This speed is essential because of the half-live of Mn56 (2.58 nr.)
MnO2 precipitates as the basic oxide from a large volume much faster than
the acid perchlorate; thus, shortening the analysis time and giving better
chemical ylelds of the added stable mangenese carrier. The preferred use
of NaOH brings the manganese down rapidly as MnO2 without the violent
ef'fervescence which occurs when NHAOH is employed. However, there are
occasions where NHhOH should be used instead of NaOH; for example, if much
radioactive copper is present in the neutron-irrasdiated water, NHaOH will
aid in removing the copper by complexing it (and its holdback carrier).
The use of cobalt carrier in the basic oxide precipitation of manganese
permits the quantitative precipitation of cobalt slong with manganese.
It can be separated from manganese during the acid perchlorate step and
quantitatively determined.

Many other elements can be precipitated in the basic peroxide method,

but most of these will dissolve and be removed by the HNO, agid-wash step.

3

Any residual contamination in the initiasl MnO2 precipitate can be

removed by the perchlorate preci?itation. In analyzing water samples, the
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TABLE T

Manganese Concentration in Valve Water Samples

Stable Mn Found,

Semple 10-3 pg/ml
Natural Water-A 1
~-B 1
Valve Water
leak 1A 16
1B 17

Valve Water
Teak 2A LT

2B Lo



TABLE II

Mn Tracer Determination by Activetion
Analysis and Chemical Separation

Chemical® Stable Mn Found Mn Added
Sample Yield, % 1070 Lg/ml 107 ug/ml
Tap Water 1 54.2 <1 0
2 62.0 <1 0
3 60.2 1 0
b 59.6 1 0
Distilled Water 1 59.0 6 5
2 51.0 5 >
3 69.9 5 >
L 76.5 5 >
5 80.1 20 20"
6 78.8 19 20
T 82.5 21 20
8 80.1 20 20

*
Theoretical chem. yield: 16.6 mg MnO, -



primary contaminant is Nagh which is completely separated by either the
acid or basic precipitation of mengenese and the acid washes. Greater
than 106»counts of sodium-24 have been added to test the procedure, and
it was found that complete decontamination could be achieved by this pro-
cedure.

The dats in Table 1 shows that a legk in the back-prevention device
had occurred, permitting manganese to seep into the natural water chamber.
This process is described in detail elsewhere. Most of the data in Table
I was obtained by gross gemma counting and then checked on a gamma-ray
spectrometer for contamination. Appendix I shows a step-by-step procedure

for use in the separation of radiomanganese.

Conclusions
This method appears to be useful in the determination of manganése in

water samples where a radiochemical separation is required. Since it is
rapid, there is only a small loss of time from the end of the neutron
irradiation until the sample may be counted for its manganese radioactiv-
ity, thus, having a better counting rate so that better statistics can be
obtained for the Mn56 measurement. This procedure is now being used
routinely in the analysis of manganese in water. It may be applied to

manganese in many other materials, either nonradiocactive or radioactive.
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APPENDIX A

Mangenese-Chemical Separation -~ Alkaline-Acidic Procedure

Target Material: Tap Water

Yield:

Degree of Purification: TFactor of 10

Approximately 85%

>

from other activities; 106 from Na2

Advantages: Fast and good separation

Time: 30 minutes for duplicates

Procedure:
1. To 10.0 ml aligquot in a 50-ml centrifuge tube,’add 10.0 mg Mn as
carrier in Mn(NOB)Q solution form, 1 mi.
2, Add holdback carriers: Cu, Fe, Zn, Co, as solutions in approx-
imately 5 mg amount.
3. Dilute to 15-20 ml with HQO.
b, Add 2'M.. NaOH dropwise until the solution is basic - universal
indicator.
5. Add 10 drops of H,0,, 30% solution.
6. Heat cautiously until near boiling.
7. Centrifuge and discard supernatant.
8. Wash precipitate with 6 N HNO5.
9. Dissolve precipitate in 2 ml HCOQOH.
10. Add 5 ml HN’O5 conc. and heat to boiling.
11. Add KZClO5 s0lid - in small amounts to a not boiling solution;

add until the precipitation of MnO

12.

13.
1k,

15.

o is complete.

Boil after each addition.
Centrifuge and discard supernstant.
Wash ppt. with 2-% ml HNO, conc.

3
Transfer to tared filter paper - Munktell 00 - filter, wash

with HQO, alecohol, and ether. Mount and count.
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