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Spectrophotometric Determination of Uranium (V)
Investigation of Distribution of Uranium (VI) in Phosphate Rock
and IMI-TOYO SODA Process Phosphoric Acid Production

Toshiharu Takagi
Michio Izuhara

Ichizo Okimura

Several methods have been published for the determination of uranium in phosphate rock. However,
no published report is known dealing with the determination of uranium in the wet phosphoric acid processes.
In order to investigate the material balance of uranium in IMI-TOYO SODA process phosphoric acid produc-
tion and the possibility of its recovery, a spectrophotometric method for its determination has been studied
by the authors. As a result, a modified TOPO-DBM method has proved to be most suitable.

U(VI) reacts with tri-n-octyl-phosphine oxide (TOPO) in acidic solution to form a U(VD-TOPO
complex, which is extracted into the organic phase. U(VI) extracted is then colored with dibenzoylmethane
(DBM) in pyridine. The absorbance of the organic phase is measured at 416mp against ethyl alcohol.
Separation of interfering ions prior to the colorimetric determination is accomplished using ether extraction
and ion exchange method. From the continuous variation method, the chemical formula of the extracted
species is deduced to be {[:UOZ(TOPO)ZJ2+ . (Nog)g_} , and the colored complex U(IV)-DBM is found
to have a composition of 1 to 2 in the metal-ligand ratio. The recommended procedure for the calibration
curve is as follows.

Varying amounts of a standard uranyl nitrate solution (100 7v/ml, 0.1~1 ml), 2 ml of 10 N-HCI, and 5¢g
of NaNO; are mixed, and 5 mi of TOPO (1x1072M) solution is added to the mixture. The solution is
shaken for 5 min, and then allowed to stand for 10 min. A 4 ml aliquot of the organic phase is transferred to
a 25-ml volumetric flask. After adding 4 ml of DBM solution and 2.5 ml of pyridine solution, the solution

is diluted to 25 ml with ethyl alcohol. After shaking, the solution is allowed to stand for 10 min., then
the absorbance of the organic phase is measured at 416 mu against ethyl alcohol. Beer’s law is followed in
the range of 10~100 7/ml of uranium (VI) in aqueous phase, using 50 mm glass cells.

By using the proposed procedure, the material balance of uranium in the actual plant was obtained, which
shows that more than 80% of uranium in phosphate rock was going to the waste calcium chloride

solution, indicating that considerable amounts of uranium could be recovered by use of suitable methods.

(28)
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Table 1 Error produced by diverse ions in deter-
mination of uranium (VI) with dibenzo-
ylmethane (507 of U(VI) present)

Ton mg Added 9 Error produced
Fe(I) | 2 7
10 27
80 72
40+ether extn.? 0
Cr(1ID | 10 —4.5
20 -5
40 —8.5
20+ion exch.b 0
vy | s 1
10 4
20 5.5
10+ion exch. 0

Mo(VD) | 2 2
5 18
10 41
10+ ether exth. 0
Cu(1D) 20 1
80 4.5
80+ion exch. 0
Mn(ID) 5 0
20 3
40 7
40+ion exch. 0
ThdV)| 0.1 2.5
0.2 6
0.5 20
1 38
2 +ion exch. 0
Ti(IV) | 0.4 41
1 83
2 130
4 +ion exch. 0
Zr(IV) | 0.4 62
1 113
2 167
4 +ion exch. 0
Ce(1ID) 4 0
Rt(IV) 4 0
Hg(ID) | 40 0
Bi(ID) 20 0
Cd(ID 20 0
PO3- 0.5 -1
1 -3
5 —10
10+ion exch. 0
10+Al (Noz)s 0
F- 10 —5.5
20 —9.5
40 —24
40 0
40 0
SO%- 140 2
280 5
1000 11

a; Separated by ether extraction method

b; Separated by ion exchange method

Fe (III) Mo (VDRI AK & o THETE B 15,
Mn (ID), Cr (IID), V (V), Cu (II), Th (IV),Zr (IV),
Ti (IV) @ATUEBI X » TEECRETE S,
F- % LOPOYT BRTMEBIC & T3k T& % 23,
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Table 2 The results of emisson spectrometry

Detected

~element Fe Al Mg Ca
Phosphate rock | 4 -+ — +— H
Mud o H
% in phos— 0.5 1 0.2 3.8
phate rock

Cu Cr Mn Na Ti P
- + + + - +
- + + + - +

trace 1.0 17

ﬂwomm@@Ai@woawﬁmmiof%%m«
DA R X2 D L2 TE 210, Al (IID),Mg(ID),
Ca@)&(W)NﬁﬂiﬂPOKion&§ﬂk
Vo

(10) =HE SR
BHERIFICHE o THEABNT oL TENTENGH 21T
Table 3 Analytical results

Sample U(VID) found

Sand (the River Tonda) 1p.pm.

Sand (the River Yaji) 1.5p.p.m.

Mud from sea-bed 3.5p.p.m.

(TOSO harbors)

Process number
@ phosphate-rock A 70p.p.m.

phosphate-rock B 120p.p.m.

® 30p.p.m.
® 15p.p.m.
€)] 9 p.p.m.
® 20p.p.m.
® 7~8p.p.m.
@ 7~8p.p.m.
13p.p.m.
® 7~8p.p.m.

> TefER % Table3ic, VHRBLE TR OB % Fig. 12
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Fig. 12 The flowsheet of phosphoric acid production by IMI-TOYO SODA process
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