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Determination of uranium and plutonium by
sequential potentiometric titration. Yoshiharu
KATo and Masao TakaHAsHI (Japan Atomic Energy
Research Institute, Tokai-mura, Naka-gun, Ibaraki)

The determination of uranium and plutonium in
mixed oxide fuels has been developed by sequential
potentiometric titration. A weighed sample of uranium
and plutonium oxides is dissolved in a mixture of nitric
and hydrofluoric acids and the solution is fumed with
sulfuric acid. After the reduction of uranium and
plutonium to uranium(IV) and plutonium(IIl) by
chromium(II) sulfate, 5ml of buffer solution (KCI-
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HCIl, pH 1.0) is added to the solution. Then the
solution is diluted to 30 ml with water and the pH
of the solution is adjusted to 1.0~1.5 with 1 M sodium
hydroxide. The solution is stirred until the oxidation
of the excess of chromium(II) by air is completed.
After the removal of dissolved oxygen by bubbling
nitrogen through the solution for 10 minutes, uranium
(IV) is titrated with 0.1 N cerium(IV) sulfate. Then,
plutonium is titrated by 0.02 N cerium(IV) sulfate.
When a mixture of uranium and plutonium is titrated
with 0.1 N potassium dichromate potentiometrically,
the potential change at the end point of plutonium is
very small and the end point of uranium is also unclear
when 0.1 N potassium permanganate is used as a
titrant. In the present method, nitrate, fluoride and
copper(II) interfere with the determination of plutonium
and uranium. Iron interferes quantitatively with
the determination of plutonium but not of uranium,
Results obtained in applying the proposed method to
50 mg of mixtures of plutonium and uranium {(7.5~
50)}% Pu were accurate to within 0.15 mg of each

clement.
(Received Feb. 21, 1976)
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Table 1 Effect of the hydrogen peroxide

concentration

3% H»0; added Titre of Mn2+

Catalytic indicator

(ml) (ml)
m-AP 0.5 11.62, 11.63, 11.62
1.0 11.62, 11.62, 11.62
2.0 11.61, 11.61, 11.62
N, N-Dimethyl-m-AP 0.5 11.62, 11.61
1.0 11.63, 11.62

11.63 (calculated)t

0.0l M EDTA taken : 10.00ml ( f:-1.000,); Initial conditions :

0.4M NaHCOj; solution containing 0.012% aminophenol ;
t Data obtained by metal indicator method (EBT)

DTV X OVESIRE BRI L LB A O
% Table 2 (TR L7z, ZESEE(LICHT 5 UERKOK
L m-AP T HAR TR TR B2 e
5 HERTORBELIEY 7 VX VEBEDIZ S 238D
x5THY, HEETROBMICE LTV

Table 2 Comparison of catalytic indicators

Titre of Mn2* Mn?2* concentration

Catalytic indicator (ml) (mg/ml)
m-AP 11.62 (mean) 0.4730
N, N-Dimethyl-m-AP 11.62, 11.62, 11.62 0.4730

11.63%, 11.62f, 11.63% 0.4728
N, N-Diethyl-m-AP 11.61, 11.60, 11.63 0.4733

11.63 (calculated)tt

0.01 M EDTA taken : 10.00ml ( f=1.000,);
0.4 M NaHCOj; solutions containing 0.012% m-aminophenol and
0.06% hydrogen peroxide; 1 Values obtained in ammonium
hydrogen carbonate media;
method (EBT)

Initial conditions :

1t Data obtained by metal indicator
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Table 3 Analytical results for manganese (11) ion

1

II

Catalytic indicator -
Medium

Mn2* concn. (mg/ml)

Medium Mn2* concn. (mg/ml)

m-AP NaHCO,
N, N-Dimethyl-m-AP J—
p-Anisidine ”
p-Phenetidine —_—
Acid Blue-45 _
Metal indicator (EBT)

0.4730

0.4721

(NH,)2CO; 0.5307
7 0.5302

0.4726 —_—

” 0.5279
” 0.5307
0.5256

TwroHowzEe LRy Table 3 iR 7.
REME TVWThd 3 PEERT > 2RO FEfET
5. FERRERIECHRE L p-T=vord, Acdd
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325 HREN, A K IV L, KRRV RO HETE
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SRERE BET L ey (1) OE#EEEE v
LEHERICX D, M8, BRI YA, KR A ED
EREPARETHD. 2-3 OHEZRIECH > T—EBEE
@ EDTA ZEEHERICIRINL 7%, WEERc X - T
INODOTLEEER L. TOERIX Table 4 2R L
7z

Table 4 Determination of zinc(II), cadmium (IT),
mercury (II) and lead (1I)

Zn Zn Cd Cd Hg Hg Pb Pb
taken found taken found taken found taken found
(mg) (mg) (mg) (mg) (mg) (mg) (mg) (mg)
1.05 1.05 2.53 2.54 5.18 5.14 3.69 3.50
2.63 2.60 5.07 5.13 12,94 12.87 7.38 7.25
4.73 4.77 7.60 7.60 25.88 25.68 9.22 9.07

Initial conditions : 0.4 M (NH,);COj; solution containing 0.012%
m-aminophenol and 0.06% hydrogen peroxide
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Fig. 1 Absorption spectra of oxidation products

(B) p-Anisidine; ) m-
Anisidine; Time elapsed after addition of manganese
(II) : 5 min; Mn concentration : 4pg Mn2+/50 ml ;

Recording speed : 100 nm/25s

(A) m-Aminophenol;
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Fig. 2 Absorption spectra of N, N-diethyl-m-
aminophenol and its oxidation products

Time elapsed after addition of manganese(II) (min)
0:0, 1:1, 2:3, 3:5 4:7, 5:9;
2pg Mn2?+/50ml; Recording speed :

Mn concentra-

tion : 100 nm/25 s
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The use of m-aminophenol and its derivatives
as a catalytic indicator for the determination of
manganese(Il) by EDTA titration. Shigeki ABE
and Shunichi Kon (Department of Applied Chemistry,
Yamagata University, 4-3-16, Jonan, Yonezawa-shi,
Yamagata)

The suitability of m-aminophenols as a catalytic
indicator for the determination of manganese(1I)
with EDTA was evaluated. Manganese(Il) catalyzes
the oxidation of aromatic amine and phenol derivatives
by hydrogen peroxide in hydrogen-carbonate ion
solutions. The effect of substituent groups on the
catalytic oxidation of the indicator was investigated
and the criteria for the selection of the indication reac-
tion were briefly discussed. The optimum catalytic
action of manganese(II) ion was limited in carbonate
concentrations of (0.3~0.4) M and pH ranges between
8.4 and 9.7. In N,N-dialkyl-m-aminophenol indicator
system, the absorption maximum of the oxidation
products shifts to longer wavelength and bathochromic
effect of substituent group was observed. The recom-
mended procedure for manganese determination is;
add 3 ml of 0.295 m-aminophenol(I) {or N,N-diethyl-
m—aminophenol (II)} and 1 ml of 395 hydrogen peroxide
to about 50 ml portion of 0.4 M carbonate solution
containing known amounts of EDTA. Titrate the
solution with a manganese(II) solution. At the end
point, the solution turns deep orange(l) or violet(II)
by the catalytic action of manganese(II). This catalytic
titration method was applied to the determination of
zinc, cadmium, mercury and lead by back-titration of
excess of EDTA with standard manganese(II) solution.
The results were in good agreement with those obtained
by the standard titrimetric method with metal indicators.
The coeflicient of variation for the catalytic titration of

manganese was 0.1%.
(Received June 18, 1976)
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