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Abstract: Hydroxyurea(HU) is a reducing and complexing agent that can be used in the
PUREX process. Zr is an important fission product in the spent fuel and main element of
concern in the nuclear fuel reprocessing. The decontamination of zirconium in the route of
plutonium and uranium can be lowered by the complexation of hydroxyurea in the PUREX
process. The complexation of Zr([V) with hydroxyurea in the nitric acid system was investi-
gated in this work. Under the condition of 0.3 mol/LL. HNO,, the complex ratio of Zr([V)
with HU is 1 ¢ 8 obtained by Job’s method. Combining with the half-integer method, the
apparent stability constants of Zr([V) with hydroxyurea are calculated as following: lg K, =
1.59, lg K,~1.75, lg K;&1.88, lg K,~1.98, lg K;&2.09, lg K;=2.27, lg K;~2.51,
lg Ks=3.01. Under 1.0 mol/I. HNO;, the complex ratio of Zr (V) with hydroxyurea is
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1: 4, and the apparent stability constants of Zr([V) with hydroxyurea are lg K, & 2. 33,
lg K;=~2.51, lg K;~2.78, lg K,&3.31. Under 3.0 mol/L HNO,, the complex ratio of

Zr(IV) with hydroxyurea is 1 :

hydroxyurea are lg K;&2. 69 and lg K,=&2. 79.

2, and the apparent stability constants of Zr([V) with
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Fig. 1 Stoichiometric ratio of HU-Zr([V) complex calculated by Job”s method at different nitric acid concentration
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Table 1 Titration and formation function of hydroxyurea

pH V/mL a c(H™)/(mol « L™1) c¢(OH™)/(mol « L™1) n
8.13 0.02 0.022 5 7.413 1X107° 1. 348 9X10°°¢ 0.977 52
8. 37 0. 04 0.045 0 4.265 8X107° 2.344 2X10°¢ 0.955 03
8.56 0. 06 0.067 5 2.754 2X107° 3.630 8 X106 0.932 55
9. 26 0.14 0.157 5 5.495 4 X107 10 1.819 7X107° 0.842 73
9.53 0.22 0.247 5 2.951 2X10°1° 3.388 4X10°° 0.752 92
9.71 0. 30 0.337 5 1. 949 81010 5.128 6 X107 0.663 14
9. 84 0. 38 0.427 5 1.445 4X101° 6.918 3X10° 0.573 37
9.93 0. 46 0.517 5 1.174 9X 1010 8.511 4X10°° 0.483 56
10. 02 0. 54 0. 607 5 9.549 9X10 ! 1.047 1X10 ¢ 0.393 81

Ml e 2.3 0.3 mol/L HNO, JRET Zr (V) B &9
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Fig. 2 Formation curve of hydroxyurea
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Table 2 Average coordination number of Zr([V) complex at 0. 3 mol/L nitric acid concentration

V/mL V'/mL Vi /mL c(L)/(mol « L™1) n
4. 90 5.00 8. 00 0.028 88 0. 30
6. 30 6. 60 9. 60 0.022 19 0. 90
7.50 8. 00 11.00 0.017 73 1. 50
7.75 8. 40 11. 40 0.015 92 1. 95
7.90 8. 60 11. 60 0.015 26 2.10
8. 10 9.48 12. 48 0. 009 28 4. 14
8.12 9.52 12.52 0.009 11 4. 20
8. 16 9.57 12.57 0. 009 00 4.23
8. 18 9.61 12.61 0. 008 83 4. 29
8. 24 9.69 12. 69 0. 008 63 4.35
8. 26 9.73 12.73 0. 008 46 4. 41
8. 34 9.83 12. 83 0. 008 25 4. 47
8.42 9.92 12.92 0.008 13 4.5
8. 68 10. 26 13. 26 0.007 38 4. 74
8. 82 10. 51 13.51 0.006 51 5. 07
8. 88 10. 69 13.69 0. 005 63 5.43
8.92 10. 92 13.92 0. 004 31 6. 00
8.98 11.24 14. 24 0.002 57 6.78
9. 00 11. 44 14. 44 0.001 41 7.32
9.01 11. 56 14. 56 0.000 72 7.65

3r . # 3 0.3 mol/L HNO; F ¥
7t -— ZrC IV )T A ) R WURAE 4
6r o Table 3 Apparent stability constants of Zr([V)
5 complexe at 0. 3 mol/L. HNO,

=4 g K, IgK, lgK, lgK, lgK; IgK; lgK;: lgKq
3r 1.59 1. 75 1. 88 1.98 2.09 2.27 2.51 3.01
2+ [ 4

AR TN I T , 2.4 1.0 mol/L HNO; iRET Zr (N )EE & HY
OO L8 20 83 24 20 A8 50 52 MR RN

2470 2 A R P O ARV R A v W pHLE
ABEERT AR P (1—2) 38 8 1. 0 mol/L HNO;
TH cDOF 2.5 F3F 4,

3 0.3 mol/L HNO, T #Yy Zr(IV) Fe 439 25 1 ith 22
Fig.3 Formation curve of Zr([V)

complex at 0. 3 mol/L HNO,

F 4 1.0 mol/L HNOs ¥ BT Zr(IV)FCA 9 Y - 249 1 1 44

Table 4 Average coordination number of Zr([V) complex at 1. 0 mol/L nitric acid concentration

V/mL V'/mL Vi /mL c(L)/(mol « L™ 1) 77

18. 60 18. 70 21.70 0.005 12 0. 30
19. 20 19. 50 22.50 0.004 13 0. 90
20. 00 20. 50 23.50 0.003 19 1. 50
21. 40 22.00 25.00 0.002 64 1. 80
21. 80 22.50 25.50 0.002 24 2. 10
22. 20 23.00 25.00 0.001 92 2.40
22. 80 24.00 27.50 0. 000 44 3. 60
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1.0 mol/L HNO; &1+ Zr(IN)F1 HU fi W54
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2.5 3.0 mol/L HNO, iRET Zr(N B A& W
THRUBRRABEETH

2 E o R AR S ORI A W O pH
B AH 25 mh, M4 X (1—2) 3 & 3.0 mol/L
HNO; T (L)l 2, 5] T3 5,

4.0r

3.5
3.0F

2.5

I=2.0F /

1.5

ot/
0.5 /

»O H 1 1 1 1 1 J
0 2.2 2.4 2.6 2.8 3.0 3.2 3.4
~lgle(L)/(mol=L™")]
4 1.0 mol/L HNO, F i Zr(IV) e & 4 4 1 th 2%
Fig. 4 Formation curve of Zr([\V)

complex at 1. 0 mol/L HNO;

# 5 3.0 mol/L HNO; 3BT ZrC( N D&y HYF- 24 7 A £

Table 5 Average coordination number of Zr([V) complex at 3. 0 mol/L nitric acid concentration

V/mL V'/mL Vi /ml c(L)/(mol « L™1) n

25.50 25.55 26.55 0. 002 09 0. 45
26. 00 26. 10 27. 20 0.001 88 0. 90
26. 40 26. 55 27.55 0.001 69 1. 35
27.50 27.70 28.70 0.001 46 1. 80

n 55 RN 3 ST A B TEC AR R v B ¢ (LD B 56
ZoRTE 5.7=1/2.3/2 X R —lg c(LOH™
SR O b 25 45 G C 07 3 UL AR S B o B0
1g lelg K,, K 5 ﬂuﬂ‘ﬁﬂﬁ 3.0 mol/L
HNO, %4 TF ZeCN) # HU By 26 Wk & 4 5k
lg K\=&2.69.lg K,~2.79,

0.8F

0.6

0.4F

1 1 1 1 1 1 Il 1 J

2.66 2.68 2.70 2.72 2.74 2.76 2.78 2.80 2.82 2.84
-lgle(L)/(mol + L) ]

5 3.0 mol/L HNO; F# Zr(IV) B & 4 A= il i &

Fig. 5 Formation curve of zirconium

complex at 3. 0 mol/L HNO,

2.6 it

HU #1y O J&F M N &5, 0 7 ¥a
IR X, 5 5 & A 2 9B 1 4 8 B I8 BB
BAEY ., Ce't Fe'™  Zr' W E 5 HU
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PEAREE T HU 1 O F1 N 9 58 LR A R B
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P A i B et R K 4 R s MO S AR Lo R
VIRV E TS

L+ H =——LH" 4
nl + M == ML, (5)

HU (¥ fi# 5 % %0 pK, =9. 90, 0.3 mol/L
HNO, & Ze (V) A HU B A7 BE /R el
1:8,Zr(N)-HU 1 B & % % 1g p=17. 08;
1.0 mol/L HNO; 44 F Ze (V) A1l HU 11y Bt fiz
FERIL A 1+ 4, Zr C(V)-HU By BB & W 5
lg p=10.98;3. 0 mol/L. HNO, &4 Zr(IV) Hl
HU A EE R LR 10 2,Zr(IV)-HU (i 28
JEH R 1g p=5. 45, XJEH TRRETEE . H ¥k
BEXG I R L 28 (4D ) A AT FC AR LAY v BE U
A BT RN (5) 1] 22 8% o BRI G AE S [R) R M A B8 R



220

Bfess Sictey H4dg

T T ARl R & B e &4 .

Bedrica %M BE5E T HU 5 Fe (I B L A7
TPk 8555, HU 5 Fe(IDIER 1 ¢ 1 W04
Yo BECALECE Z2 /0 R 1 HL T L AR DL R AR
RO AT R e, Zr(ND R & R K. A
FIFIE B e e A7 0 Be A7 B 0T . O 1) L T R
A X BCAR S R e W] AR 51 B 22 e 44 L
T B R BC A 0 LS BTG 5 o — 7 1D s HRoL R 2 AR
K HL & A R 8 19 25 (B 28 40 22 A e e+

— BT BT TR — i A B4 3 R B 78
I /b B TG AR B E 3G R AR e B8
{HJE Zr W8 R e W BURIE IR X AT g2 i T
Zr(IV) B A5 K0 4 2k 4% (0.84 A1 A=
0.1 nm) . 7E FL A ok 72 v s 224N L A7 i+ 4 IR0
TR0 T MG E AR SR IRE A
B A T R s i A L R R RO R

3 & #®

 HNO, W8 P, Zr (N M ERE S
HNO, ¥ B2 PIH G FE AN TR e B HNO, 3 A7
FEAR T AFFEE R Ze (V) S 2 07 DAL 6 5L
LB R 8 BCA ) AT RESS A . 4 ok e R4
3] 0. 3 mol/L HNO, & F Zr(IV) F1 HU fi i
PIEEIR AL+ 8. 45 Gk Bk By Zr(IV)-HU
R M E W N lg Ki~1.59.1g K, ~1.75,
lg K;&~1.88.lg K,&~1.98.lg K;a2.09.lg K;~
2.27.1g K, ~2.51,1g K; ~3.01, 1.0 mol/L
HNO, & F Ze (V) Ft HU 9 e 437 BE /R He
1:4, FWMBEF B Nlg Ki&~2.33.1g K, =
2.51.1lg K;y=2.78.1lg K, &= 3.31, 3.0 mol/L
HNO; & F Ze (V) #il HU B Bc 7 B /R LA
1: 2, M ERFECH lg K ~2.69.1g K,~2.79,
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