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Simultaneous Determination of Uranium. Nitric Acid and
Nitrous Acid by Direct Spectrophotometry
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Abstract; A second-order derivative spectrophotometric method for simultaneous determina-
tion of uranium, nitric acid, and nitrous acid in Purex process was developed. The molar
absorbance matrix was calibrated with absorbance data measured in the wavelength range
350-500 nm for a series of standard solutions by linear least-squares regression. This method
uses the information from the absorption spectra of U( V] )-nitrous acid-nitric acid solutions
to determine U( V[ ), nitrous acid, and nitric acid. In the ranges of 0.95-74.1 g/L. U(V]),
5X 10 *-2X10 * mol/L nitrous acid and 3-5 mol/L nitric acid aqueous solution, the measur-
ing precision for determination of U(V[), nitric acid, and nitrous acid are 0.46%, 0.68%,
4.09% respectively. In the solution of 30 % TBP-kerosene, the measuring precision for deter-
mination of U (V[ ) and nitrous acid are 0.42% and 4.2% respectively in the ranges of
0.95-74.1g/L U(CVI) and 5 X 10 *-2 X 10 * mol/L nitrous acid. The spectrophotometric
method could be valuable for monitoring and controlling of both species in Purex process
operation, thanks to its simpleness, quickness and trueness.
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Fig. 2 Absorption spectrum of U(V[) ,HNO, and HNO;
1——1. 0 mol/L. HNO3 ,2——0. 002 mol/L. HNO, +
1.0 mol/L HNO;,3——23.8 g/L U(V[)+1.0 mol/L. HNO;
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Fig. 3 Absorption spectrum of 11. 9 g/L UO}" -
HNO,-HNO,-30 % TBP-kerosene(h) at different concentration of nitric acid
(a):1—1.0 mol/L. HNO3, 2-——3. 0 mol/L. HNO;, 3——
5.1X10 * mol/L. HNO; ;2——0. 10 mol/L. HNO;,1X 10 ® mol/L HNO, ;
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(b) :1——0. 30 mol/L. HNO;,

HNO;-1X10* mol/L HNO, (a) and

5.0 mol/L HNO;

3——0. 50 mol/LL. HNO3,2X10"* mol/L. HNO,
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E;c, (U0 )i, (NO;) (6)
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THEARE i WSO R E O K A B WO BE (R U Ji
Bk (0. 95~74. 1 g/1) \HNO, ¥k & (1~5 mol/L)
LI HNO, ¥ JiE (5 X107 ~2X 107° mol/L) . fif
18 EE, E TR L,
3.2.2 350~400 nm @[ N U.HNO, .HNO, &
BEMKME  350~400 nmis [l 4 . B T WA R
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Table 1  Values of E in the range from 400 to
500 nm of UCV[)-HNO,-HNO, solution

A/nm E, E, E;

402. 5 6. 246 0. 901 —0.093
408. 5 5.863 1.076 —0.083
414.5 6.577 1. 823 —0.225
420. 5 5.063 1.919 —0.194
427.5 4. 872 2.210 —0. 256
434.5 2.950 1. 813 —0. 147
441.0 2.511 1. 300 —0.075
454.5 1. 285 0.474 0.015
457.0 1. 069 0.373 0.013
469. 5 0.913 0. 147 0. 008
486.0 0. 385 0. 045 —0.002

MY AETE WG JRE RN
A =¢,c(UOF) 4+ e,c(UO,NOT) +
e5¢(UO, (NO;),) +e,c(HNO,) (7)
[ 0T mGn=1,2, s M, M= k) A i EFE
i s (D ATE Ny
A, = E ¢, (UO}) + E,c, (UO e, (NO; ) +

Esc, (UO3 )%, (NOy) + E ¢, (HNO,) (8)
PO B e B 0 [ Y 26 DR fEARE S iy U W B2
2 B DL S HNO, W B2 [F 3 B R4 E, — E M E
Tk 2,

# 2 HNO;KF R+ 350~400 nm L[ A
AL E B
Table 2 Values of E in the range from 350 to
400 nm of U(V])-HNO,-HNO, solution

A/nm E, E, E; E,

353.5 2.270 0. 399 0.015 34.136
360.0 2.818 0.202 —0.013 40. 757
365. 0 2.251 0.119 0. 004 32. 245
370.0 2.616 0.168  —0.022 14. 636
375.0 2.297 0.162  —0.017 32.721
380. 5 2.720 0.198  —0.022 21. 379
385. 0 3.116 0.238  —0.024 25.975
390. 5 4.373 0.346  —0.037 16. 982
396. 5 4.834 0.499  —0.037 3.287

3.3 30%TBP-#ih & U HNO, fFiL % 5
3.3.1 400~500 nm JERE A 30% TBP-4tyi U
FEE KRG U FZUP LS MIE A8
TBP ZEHL, HNO; S 02 iz e Y 52 i BE A8 /0N xfE LA
A RS R g . AE 400~500 nm {5 FEl A
W BE IR K A, =Ec, (U), EC Wi 4y ik
b AR AR 18 AR HEAE R Wi
FRAE I 4 A0 9 WO BE (N U JE o ok B (0. 95 ~
74. 1 g/Ofig XS E BT 3.

3.3.2 350~400 nm 5 B 30% TBP-#3h 4 U,
HNO, &% E 93K it #F 350~400 nm 35 Fl N,
W SCREE R R KA, =E ¢, (U)+ E,c, (HNO,)
TEIC B o0 1% B P A AL L AR 18 MR
PHEAE ot R WSS v R AIE i R A B W O BE (R AR U T
HEUEE (0. 95~74.1 g/L) (R B LA K HNO, ¥ JiF
(5X10 *~2X10 * mol/L) ., f# X158 E, \E, . ¥
T34,
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F# 3 30X TBP-#Eh 400~500 nm F 4 30%TBP-BEl H 350~400 nm
JLE N AR K AR E 8 TWHEIN AR KA E |
Table 3 Values of E in the range from 400 to 500 nm Table 4 Values of E in the range from 350 to 400 nm
of UCVD-HNO;-HNO,-30% TBP-kerosene solution of UCVD)-HNO;-HNO,-30 % TBP-kerosene solution

A/nm E, A/nm E, E,

403.5 7.510 355.0 1. 807 21.753

409.0 5.652 359.0 3.203 39. 557

415.0 8. 800 364.0 1. 407 46. 664

421.0 6.168 369.0 2.545 19. 812

427.5 7.653 374.0 1.419 65. 186

433.0 4.750 379.0 1.794 32. 301

437.0 5.726 382.0 2. 690 12. 651

439. 5 5. 935 389.5 3.015 37.675

442. 5 3.367 392.5 4. 690 36. 519

454.0 2.963

457.5 1.653 3.4 Hmaoth

o6 o L1 3.4.1 JKEW Pt UHNO, VHNO, G081 i i

Lo i R TR ¢ B2 BB M U S WL 4% 9 TLE 350 ~

150 . 500 nm ) W Y& i . 7E 350 ~400 nm 5 [l 18 A
_ FisR R B E, ff J7 Bk 45 HNO, ¥ 5 1E 400 ~

e o 500 nm 7 [P LA R B EL it ih U By R ok 1

00 o2 HNO, ¥ Ji , 45 5] F 45, %6 . &5 LI &

#5 HNO, KIERH 350~400 nm HNO, 53 #r 4%
Table 5 Determination results of HNO,

#n i {E (Standard) e 2 fi
caa (HNO, ) / e (Concentration
No. p(U/ ¢(HNO;)/ ¢(HNO,)/ (ol » L1 (Relative difference)! /
(g- LD (mol » L™1) (mol « L™1) error) /% (ol L)
1 0.95 1.0 0. 000 5 0.000 63 26.5 1.3X10°¢
2 71.4 1.0 0. 000 5 0. 000 48 —24.7 —1.2X10*
3 71. 4 1.0 0.0010 0. 000 08 —1.7 —0.2X107¢
4 0.95 1.0 0.0010 0.001 21 21.0 2.1x10¢
5 0.95 1.0 0.002 0 0.002 19 9.5 1.9x10
6 71. 4 1.0 0.002 0 0. 002 00 0.0 0.0
7 23.8 1.0 0.002 0 0.001 96 —2.0 —0.4X10 ¢
8 0.95 3.0 0.002 0 0.002 12 6.0 1.2X10°1¢
9 2. 38 3.0 0.0010 0.001 29 29.0 2.9X10¢
10 2. 38 3.0 0.002 0 0.002 32 16.0 3.2X10°¢
11 11.9 5.0 0.002 0 0. 002 42 21.0 1.2X1071
12 23.8 5.0 0.0010 0.001 19 19. 0 1.9X10°¢
13 23.8 5.0 0.002 0 0.002 33 16.5 3.3X10 ¢
14 47. 6 3.0 0.002 0 0.002 34 17. 0 3.4X10¢
15 71.4 3.0 0.0010 0.001 17 17. 0 1.7X10°¢
16 11.9 3.0 0.002 0 0.002 48 24.0 4.8X101

7 (Note) : 1) I H2{E 5 B ) A5 kL e & 2Z 18] 49 221 ( The concentration difference of determination results and standard samples)
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Wl T HNO, A& Bk BEAR /N (5 X107 ~2 X
10 * mol/L) , B AR I St {E 5 C 1 A5 AF VR B2 19 22
EAR /N 72 25X 10" mol/LEAN o fH 2 73 #7 45 R
AR X IR ZZENAE £ 20 % e 4. ANt AL SR
LU 7k S ZKORE R 5 A R S I o A AL AH R A T
JEE AN K A G TR AT 0 AL, 5 W R R B 2R
B A G kiR 22, WL X Fagdh A
Vi W A A A — e M T2 43 b RN 4 4 LA K% T B
R T 40 606 BE A 35 1 AR 2k Sl — Fl ) B w]

T, £6H.7£0.95~74.1g/L U Jii &
WG N U M Tk 227/ 9% LN, B R
ST R R N Al iR R B NO; Y e R T AR R
HNO, 8% & , 1 mol/L. HNO, i}, HNO, 17 43 #t
15 2% FH X 48 K, 3~5 mol/L HNO, B, 2 11 43 #7
WETE 10X AN X 6 SHEM BEFT T 6 IRFAT
5 . UL HNO, A HNO, & 54 A6 X A5 1 fig 25
4351k 0. 46 % ,0. 68 % Fl1 4. 09% ,

6 HNO; KR 400~500 nm U, HNO, 43 #7 45

Table 6 Determination results of U(V]) and HNO;
#r UE{E (Standard) M4l ( Measurement) FHXT 1% 2% (Relative error) /%
No. o(U)/ c(HNO;3)/ o(U)/ c(HNO3)/
U HNO;
(g« LD (mol « L™ (g« LD (mol » L™1)

1 0. 95 1.0 1.01 0.61 6.0 —38.7
2 2. 38 3.0 2.45 2.75 2.8 —8.4
3 2. 38 3.0 2.43 2. 81 2.2 —6.3
4 2. 38 5.0 2.37 4. 67 —0.5 —6.7
5 2. 38 5.0 2.42 4.61 1.7 —7.8
6 11.9 3.0 12.0 3. 05 1.2 3.2
7 11.9 5.0 11.2 4. 60 —6.2 —7.9
8 11.9 5.0 11.2 4.61 —6.3 —7.8
9 23. 8 1.0 25.6 0. 86 7.5 —13.7
10 23. 8 1.0 25.5 0. 85 6.9 —15.1
11 23.8 5.0 22.1 4. 65 —7.1 —7.1
12 47.6 3.0 45.6 3. 19 —4.3 6.2
13 47.6 3.0 46. 8 3. 19 —1.8 6.2
14 47.6 5.0 43.5 4.79 —8.7 —4.3
15 71. 4 1.0 71.9 1.17 0.6 17.0
16 71. 4 3.0 71.3 3. 30 —0.2 9.9

3.4.2 30% TBP-#tyidr U, HNO, /0 #7 Bl
ASTR] e BE AR E U i WL 5 4 T MTE 350 ~
500 nm W Y% . £ 350 ~400 nm i FH A A A
FTsR R EL E. i 7 FE R 15 HNO, ¥ B 5 78 400 ~
500 nm L N RECE i ih U BT fis . 45
RI|FR T, BF 7 FHH A 350~400 nm g H
P HINO, F 0 s X 5 2 B A AR it Ak s BEAS AR

£2000 LA 55 FR HERE SR BE 0 22 (EABAR N, 1~
6 g/L U, U 43 Hr 25 F 19 A0 3 22 /0 F 12%5
U R KT 6 g/ L i BRASBIFE S Ah, I A
PR ZE/NF£3% .0 KRG 6 $EAT T 6 W4T
E > U Hl HNO, 5 F 6 b 1 i 22 23 31y 0. 42 %6 Fi
4.2%.,
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Table 7 Determination results of U(V[) and HNO,
- ‘ Hd i HNO, 71 2% (i
5 fE{E (Standard) M4l (Measurement)
(Relative error) /% (Concentration difference
No.
p(U)/ cCHNO,)/ p(U)/ c(CHNO,)/ of HNO,)" /
U HNO,
(gL Y (mol « L™ 1) (g« LD (mol « L™ 1) (mol « L™
1 1. 00 0. 000 5 1.12 0.000 63 12. 0 26. 3 1.3X10°¢*
2 6.02 0.0010 6.18 0.001 33 2.7 31.9 3.3X10°*
3 6.02 0.002 3 6. 35 0.002 63 5.5 14. 4 3.3X10*
4 15.0 0.003 0 15. 47 0. 003 35 2.8 11.9 3.5X10°¢
5 20.0 0. 000 3 20. 42 0. 000 35 2.2 13.0 0.5X10*
6 30. 1 0.002 3 29.53 0.002 03 —1.8 —11.4 —2.7X10*
7 39.7 0. 000 5 40. 43 0. 000 59 1.8 18.2 0.9X101
8 50. 5 0.003 0 50. 82 0.002 64 0.6 —12.0 —3.6X10°*
9 60. 2 0.0010 59. 85 0.001 09 —0.5 8.5 0.9x10*
10 69. 8 0.004 0 67. 80 0.004 38 —2.8 9.5 3.8X10°1

71 (Note) : 1) i 45 {8 55 Be S B AL e BE 22 [8] 19 22 {8 ( The concentration difference of determination results and standard samples)
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