JAERI| -M
93-095

- U O FHLER 75 T O 23 Bl

1993%3A

EfE O H AR Rahc Wil HE
BRA =HE - ATH

B X E F Hh W R M
Japan Atomic Energy Research Institute



JAERIM v — i3, BEBEFAREFRATERLFIL T2 HERESFTT.
AFOMAHEIE, BERETNFEAEMERIERENR (T9- 1R IEH AR K
WD) AT, BEHLILIZS v, B, JolscBEEREAREF LGS ER A 7 —
(T319 -11 kS s E RS O RE T HIFRAA) THECLAERBAZS 4 - T
BYET,

JAERI-M reports are issued irregularly.
Inquiries about availability of the reports should be addressed to Information Division,

Department of Technical Information, Japan Atomic Energy Research Institute, Tokai-
mura, Naka-gun, Ibaraki-ken 319-11, Fapan.

=

© Japan Atomic Energy Research Institute, 1993

BERET AR AR
BB WRELREY YR



JAERI-M 93-0953

B HH R 0D 5 AL 2 R Hh T O 4 EC T

B A7 I T R I LA M L 2 THEE
EE OB AR RN ER
B =M -THE %

(19934 3 A 108 ZH)

PUREX 7ot 2ils5\ W THELEB 47T ENROSEEKEMAE TBP, v v BE
NG A= T UTHIEEIT - 12,

HEEOSHTL, F 1 A(Flow Injection Analysis) 2R 5T &0k - THRAENBML N,
HRFETOTEiTd T ENMREE M - /o SHUCE D, EMBOSRIC L 20 EELBET 2
ZENTE,

WRREZ I A—F T Lick, WBEEE Inl/f A TENBOSEREIRAME
(#935) &7 Do £/, WMBEN—TOLE, FEFRITBPEECHETS, —F, 30
%TBP/nDD— B2 (3mol/£) —~ ™ 5 VR TONEFEEIZ, FEBOY S vEECH LTREMT
Ho EHIT, KEAF VBECL - THRRMIBET 20, EHMMEER R 4 o RmEwr
BEF LTI Eiginofes KICN Ox 25K EA TSN/ ENEEK - BB+ )
U LKEBERTOGEFEROEREIT - 720, BFIIERR SN - 1,

HHBOPUREX o ATOBHO T O, KEOKEAF L BE L free— THP B
Ik -»THkaN5, HBBEOSEREAUREREL:,

Hi@t A - T319-11 FBRAMHBEREHOLSFARZ — 4



JAERI-M 93-095

Distribution Equilibrium of Nitrous Acid

in Reprocessing Selution

Shinobu HOTOKU, Takehiro KIHARA, Gunzo UCHIYAMA
Sachio FUJINE and Mitsuru MAEDA

Department of Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Tbaraki-ken

(Received March 10, 1993)

The distribution coefficient of nitrous acid (HNO;} has been measur-
ed under PUREX conditions with the parameters of HNO3, TBPF and uranium
concentrations.

FIA (Flow Injection Analysis) was applied to the measurement of HNO,
concentration to simplify the operation and to shorten the reguired
analysis time. That enables us to avoid the decomposition of HNO; in
sample solution.

The following results are obtained. The distribution coefficient
of HNO, in 30%ZTBP/normal dodecane(nDD)-HNO3 has the maximum value of
about 35 at 0.lmol/% HNO3, is proportiomal to TBP concentration in organic
phase, and is inversely proportional to uranium concentration in 30ZTBP/
nDD at 3mol/% HNO3. Furthermore, the distribution coefficient of HNO 5
is dependent on the concentration of hydrogen ion, but is independent of
HNO, and NO3 concentrations. There is no difference between the distribu-
tion coefficient of HNO, using sodium nitrite solution and that using NOx
gas.

A new formula is proposed to estimate the distribution coefficient
of HNO, under PUREX conditions. The formula is expressed by the concen-

trations of hydrogen ion in aqueous phase and free-TBP in organic phase.
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2NO; + H0 NO; +2H™ + NOj (L 1)
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—%, HEIETRERECESPu (D OPu (V) ~O@\RAEH 70, WlE Fo
FUNT Y (HAN) 303k F3 UV EROTRAY O &5 CREMESHT S LENSH

Do

NH30H+ + HNO, Ht +2H:0 + N:O (1.2)

N,H + HNO; HT + 2H,0 + NHj (1. 8)
F -, TREESITIE TEAUCEEHEE L UZLEBBEL S SN b EHIRIEZE T,
Zof & LT EREIC & ARG H D, BIENLZRIGRIZRDO LS ERIN TV S,

3

1 1 1
; H* + ENO3 __~  NpOit+ —szNOer ?Hzo (1.4

NpOQ; +

FO AR AL,

slow
NpOf + nHt =/ Np(V)’ (1.5)

fast
Np(V)'+HNO; ——= NpOj" + NO+ (n—L)H* + H:0 (1.6)

fast
——

2NO + NO; + Ht + Hz0 3HNO; (1.7)
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IEE R AR STV, X 54T, EMENIRERERBICT B PICiEETH 5 7- 0 TRAKIK

_1_



JAERI-M §3—09

SEL, STIERTEHECFEHL T3 EEL 0N,

BB IERE & LT OERBOTIRILE 2 ofTbn Ty 5% ik H & 055 Fgicou
CHANFTERILY I, BTER Aot a— F (Revised MIXSET® ) #3511 L Tuv2ilEf
SOWE? £ LOBEY Y TH b,

Pl XS5iz, HBEEIIPUREX 7ot ROFTHEENRS TH L bbb od, HRT
OEBAH S S L THELFRT— Y0 TR TH B, £2T, ARETHAE - FHRED
HEP L AR EERAERT— 40 olMETA I EiICk D, BRPOEFGOHLE IR
TAHAILEZRHIELI-LDTH 50

2. % R

HRSER O EER AR, TBP, 77 vEEENT A7 UTIEET» 7.

-, HEEBATEETAHEELTE (L DROXIITKENOIH AZKSAEETHES
FEOMc, BT MY ARKICERLTES FENEL 6N, JOBFIZK T SRR
OENMI LT, SRF-FICESRONENE D DI ELT - 7.

21 & E

AR EERICE - RERE, MR HREEROMNE, S5 1 ROEREBEKOKICN Ox
H2ZAERZAT TN/ bD) EALHERERER A EiEg, HAEHRO) VBN -
n—-79 (TBP) RUBFRHEREEFHON - F7FH V2RV

FREE O HFIC L, MEAFHRERREO AN T > VB, N— 1 —FI7FATFL L IT 3
v _EmiE R OEEE AV o
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L AP
il R LA O LB E R OBS | OREERDIISLTEANTOFEERE
free—TBPREAF U5 Lit k- TRO SNARAHNFHEI - FTHESNA TS,

D; = K; - T¢ (4.9)
K, 5§ 0snEOFRER n; : 5 i T B PRAE

T AEE SN ERROSRBEELR A BORS OFRREEUR LI, SRR
LEHETEDONB LI,

WREEL A 0 AT OFEEHOROH L UT Richardson@ESH SN TS, JITH
“H3 L, AMORREECHET S, WEEY T VO HOFEEEBORER . TOR
3t At |
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Table 1 Variation of distribution coefficients of HNO: with mixing time.

mixing HNOs cone. [ mol/g ] HNOz conc. | mol/g 1 distribution
time [ min ] aq. org. aq. Org. coefficient

2 2. 366 0. 561 9.06x1074 9.49x10°° 10. 48

5 2.373 0. 604 8. 54x1074 9. 06102 10.61

10 2. 375 0. 589 B.59x 1074 8.32x10°° 10. 85

temp. 22.2~22.7C

Table 2  Comparison of the effect of H® and NO; concentration
on HNO: disktribution coefficient.

aq. conc. [ moifg 7 HND: conc. § mol/g ]

solution aq. aa. org. Doz
0.05 2.71x10°4 9.03x10°° 33.3

HNO 5 0.11 2.52x1074 8.59x10°* 34.1
1. 16 4. 65%X10°1 g.10x10°3 19.5

2.33 7.27TX10°¢ 7.30x1073 10.0

0.05 2.75X1071 1.0lx10°® 36.7

HCI 0. 08 2.55x 10" 8.88x10°® 38.7
2. 90 1.10x1074 9.76xX10°° 88.7

1250, 0.23 2.86X107¢  9.19X10°° 345
7. 30 1.88x 107 2.31x10°¢ 12.3

0.05 1.11Xx10°¢ l.11x10"¢ 0.01

NeNOs 0.10 1.02X107%  9.65X10°3 0.01
- 1.50 1.15X10°¢ 9.45x10°¢ 0.01
3.00 1.13%10°2 9.80x10°® 0.01

temp. 21.3~22.0C

__114“
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Table 3 Compariscn of calculated HNO: distribution data with Biddle's
experimental data.
aq. HNQs* free-TBP [ mol/g | Duos

conc. [mol/¢}

experimental® calculated experimental® calculated

1.72 0.76 0. 57
1. 78 0.67 0.52
1.79 0.58 0.48
1.79 0.48 0. 4]
1.88 0.41 0.34
1.88 0.41 0. 34
1.78 .36 0.31
0.95 Q.54 0,63
141 0.45 0. a7
2.31 .38 0.32
2.9 0.31 0.3l

12.5
10.4
10.

7.

—
<>

(o)
[aNe IR P B o B - N 4 B (o T o E )

e

e
€

10.8
8.9

—
= Ly o
[T+ - T B N |

o o
[ate] —

* experimentai datz from Biddle'™

0.012F 2-© 0

0.01

0.0081

o]

O ' pure water
[ 1mol/2 HNOs
< 3mol/ 2 HNOs

Time

[ min ]

Fig.1 Decompositicn of HNO: in aqueous solution.
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0.6 NQZ standard solution 0.1md
H2NCeH4S02H (HC!I solution) 1mé£

C1o0H7HNCH2CHaNH2-2HC!
HO  2md (HC! solution} tm£

Absorbance [ -]

WA

\
) \
4X19
“_/QX1U| ‘ \

0 500 800

Wavelength [nm ]

Fig.3  Absorption spectra of azo compound by colorimetric analysis.
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Fig.4t Calibrstion curve of HNO:
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0 - 1 2 3 4
Concentration of HNOs in aqueous [ mol/Z ]

Fig.5 Effect of HNOs concentration on HNO. distribution coefficient
in 30% TBP/nDD-HNO: system.

—
10
O ¥ nsl //6/
15r o - 1;_'
~ wir
o ot
Z
Z o} 7
o |
5 3 !
\ N
0.5F
L 1 1 A 1 1
c | 2 3 X 05
(HNOy g (N (TBP); (mal/l)
(a) Extraction (b) Solvation
behavior number

[HNO,];=0.2 mol/l, Temp.: ~25°C
Fig.6 Extraction of nitrous acid with TBP from nitrate media® .
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Fig.7 Effect of HNOs concentration on HNO: distribution coefficient
in 30% TBP/n-alkan. (B&hr®’ )
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Fig.8 Effect of HNOs concentration on distribution coefficient in
30% TBP/nDD-HENO: system. (sodium nitrite solution)
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Fig.10 Effect of organic uranium congentration on distribution
coefficient in 30% TBP/nDD-HNO: system.
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Comparison of HNOs distribution coefficient with Bahr's data.
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Fig.13 Comparison of calculated distribution coefficient with
experimental data in 30% TBP/nDD-HNOs system.
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Fig.14  Comparison of caleculated distribution coefficient with

experimental data in the presence of uranium.




