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Abstract 

The results of laboratory-scale experiments concerning the 
behavior of iodine in the dissolution of spent nuclear fuels, which 
were carried out at the Japan Atomic Energy Research Institute, are 
summarized. Based on previous and new experimental results, the 
difference in quantity of residual iodine in the fuel solution between 
laboratory-scale experiments and reprocessing plants is discussed. 
Iodine in spent fuels is converted to the following four states: (1) 
oxidation into I, by nitric acid, (2) oxidation into I, by nitrous acid 
generated in the dissolution, (3) formation of a colloid of insoluble 
iodides such as AgI and PdI,, and (4) deposition on insoluble residue. 
Nitrous acid controls the amount of colloid formed. As a result, up to 
10% of iodine in spent fuels is retained in the fuel solution, up to 3% 
is deposited on insoluble residue, and the balance volatilizes to the 
off-gas. Contrary to earlier belief, when the dissolution is carried 
out in 3 to 4 M HNO, at lOO"C, the main iodine species in a fuel 
solution is a colloid, not iodate. Immediately after its formation, 
the colloid is unstable and decomposes partially in the hot nitric acid 
solution through the following reaction: 

AgI(s) + 2HNOJaq) = !02(aq) + AgJNO,(aq) + NO,(g) + H,O(U. 
For high concentrations of gaseous iodine, 12(g), and NO,, this reaction 
is reversed towards formation of the colloid (AgI). Since these 
concentrations are high near the liquid surface of a plant-scale 
dissolver, there is a possibility that the colloid is formed there 
through this reversal. Simulations performed in laboratory-scale 
experiments demonstrated this reversal. This phenomenon can be one 
reason the quantity of residual iodine in spent fuels is higher in 
reprocessing plants than in laboratory-scale experiments. 

I. Introduction 

Long-lived (T1,2 = 1.57 x 10' y) and hazardous, radioiodine, 12'1, 
generated in the dissolution of spent nuclear fuels should be strictly 
controlled in reprocessing facilities. For gaseous iodine, various 
kinds of silver-impregnated adsorbents have been developed to very 
efficiently remove it from the off-gas. Therefore, it is desirable for 
environmental safety that all possible iodine be expelled from fuel 
solutions to the dissolver off-gas (DOG) where it will be fixed on an 
adsorbent such as silver-impregnated silica gel (AgS). The remaining 
iodine, that not expelled to the DOG, migrates into the Purex process 
which allows its escape to the environment. Therefore, understanding 
the chemical species and amounts of iodine in fuel solutions as well as 
developing a way of expelling it therefrom are important. Extensive 
work has been performed by many researchers.(i)-(3) 

Before our research, the main iodine species in fuel solutions was 
postulated to be iodate (IO,-) from the chemical reaction of iodine in 
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hot nitric acid solution or uranium-nitric acid solution or both. 
Sparging with NOx has been recommended for iodate removal from these 
solutions. More than 99% of input iodine was expelled to the DOG in 
both laboratory- and plant-scale experiments.'1'*'2"(4) According to the 
reports from an actual reprocessing plant, however, considerable 
amounts of iodine (up to 5%) remained in spent-fuel solutions and 
migrated to the Purex process.'5'~'6' Although the causes were not 
clarified, this finding suggests the presence of other iodine species 
in spent-fuel solutions and/or the presence of some factors that 
influence the behavior of iodine between laboratory-scale experiments 
and actual reprocessing plants. 

Japan has been constructing a commercial reprocessing plant having 
a throughput of 800 t/d. Since the release of "'1 into the environment 
is strictly regulated, we began to restudy the iodine species in spent- 
fuel solutions and the methods of expelling this iodine to the DOG. In 
beginning this study, we labeled other fission products (FPs) in spent- 
fuel solutions. The interactions of iodine with other FPs were 
examined for the first time with simulated spent-fuel solutions. These 
interactions had not been questioned by earlier researchers. It was 
found that colloids of such insoluble iodides as silver iodide (AgI) 
and palladium iodide (PdI,) played an important role in the behavior of 
iodine in the dissolution stage. 

This paper first summarizes the results of our laboratory-scale 
experiments. The difference in behavior of iodine in the dissolution 
stage between laboratory-scale experiments and the dissolution process 
that occurs in reprocessing plants is then discussed. 

II. Main Iodine Species in Spent-Fuel Solutions 

2.1 Preliminary Study with a Simulated Spent-Fuel Solution 
To obtain preliminary information about iodine species in spent- 

fuel solutions, experiments were performed using a uranyl nitrate- 
nitric acid solution and a simulated spent-fuel solution that contained 
uranium and simulated FPs equivalent in composition to a solution of 
spent fuel with a burnup of 40 GWd/t. Varying amounts of potassium 
iodide labeled with 13' I were added to these solutions (30 to 50 me) at 
100°C and the iodine species produced were analyzed using the carbon 
tetrachloride extraction method. This analysis determined the 
quantities of dissolved iodine (I,(aq)), I-, IO,-, and organic iodine 
using an analytical scheme and considered the remaining species in the 
aqueous phase as non -ionic submicroparticles."' The following results 
were obtained concerning the main iodine species in the solutions.(8'*(g) 

(1) The main iodine species in the simulated spent-fuel solution 
was submicroparticles, while iodate was the main species in uranium- 
nitric acid solution. 

(2) The quantity of iodine in the submicroparticles increased with 
increasing concentrations of Ag' and Pd". When heated in 3 to 4 M HNO,, 
the submicroparticles released molecular iodine (12). 

(3) When the simulated spent-fuel solution containing the 
submicroparticles was subjected to ultracentrifugation of 65,000 rpm, 
a decrease of 13' I radioactivity was observed in the upper portion of 
the solution. 

(4) A thermochemical calculation indicated that iodate cannot be 
the main iodine species because it is reduced to I, by NOx produced in 
dissolution of fuels."' 
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From these results, it was concluded that the submicroparticles, the 
main iodine species, were colloids of AgI and PdI,. The measured 
solubilities of these iodides also supports this conclusion.(lO) 

The colloidal iodine is unstable in hot nitric acid solution 
immediately after its formation so it decomposes into molecular iodine: 

AgI(s) + 2H' + NO,- = +I,(aq) + Ag' + NO,(g) + H,0(1), (1) 
PdI,(s) + 4H' + 2NO,- = 12(aq) + Pd2' + 2NO,(g) + 2H,0(1). (2) 

Concurrently with this process, however, the remaining colloidal iodine 
ages and changes to stable species. For decomposition of the 
stabilized colloidal iodine, it was found that the addition of an 
excess amount of iodate (e.g., HIO,) was effective: 

5AgI(s)+HIO,(aq)+5HNO,(aq) = 312(aq)+5AgN0,(aq)+3H20(1), (3) 
5Pd12(s)+2HI0,(aq)+10HN0,(aq) = 612(aq)+5PdN0,(aq)+6H20(1). (4) 

These reactions are illustrated in Fig. 1 and essentially refer to the 
following reaction: 

51-( "'I-) + IO,- + 6H' = 31,(1,*) + 3H,O, (5) 
where the asterisk denotes radioactive iodine, 1291 . Based on these 
results, the following two-step process for expulsion of the iodine 
remaining in spent-fuel solutions was proposed.(lO)*(ll) 

Step One - Heat the fuel solution without supplying NOx to 
decompose the colloidal iodine. When aging of colloidal iodine has 
proceeded after dissolution, an excess amount of iodate should be 
added. 

Step Two - Sparge (bubble) NOx through the solution while heating 
to reduce the iodate( 12'103-) to form volatile I,. This process is 
necessary because there is a possibility of formation of the iodate 
during Step One. 

The same process was proposed by Boukis and Henrich for 
decomposition of non-volatile organic 
organic impurities in nitric acid.(12) 

iodides that originated from 

In our experiments, however, the amounts of organic impurities were 
negligibly small. 

2.2 Demonstration of the Main Iodine Species Usinq Actual Spent-Fuel 
Solutions 

Expulsion of iodine from solutions of spent PWR-fuel with burnups 
of 21 to 39 GWd/t was performed to identify the main iodine species in 
actual spent-fuel solutions. Two procedures were used and their 
efficiencies were compared.('),(') One procedure was conventional NOx 
sparging to reduce iodate to volatile iodine (I,) through the following 
reaction: 

210,' + lONO, + 2H' + 4H,O = lOHN0, + I,. (6) 
The other procedure was as described above, viz., the addition of 
iodate to decompose colloidal iodine through Reactions (3) and (4). 
This process was also applied to the solution subjected to the NOx 
sparging to determine the amount of iodine remaining after NOx 
sparging. 

The results showed that, while 27.4 to 45.7% of the initial iodine 
quantity in the solutions remained after NOx sparging, the iodine was 
completely removed by the process of adding iodate. This clearly 
indicates that the main iodine species in actual spent-fuel solutions 
is colloidal iodine, not iodate. 

552 

.--- ..^._ 



24th DOE/NRC NUCLEAR AIR CLEANING AND TREATMENT CONFERENCE 

Figure 1 Mechanism for decomposition of colloids of Agf and 
PdI, by addition of iodate 

371 (HN02) 
0 ’ I I I 

350 400 450 500 
Wavelength, nm 

Figure 2 Influence of the dissolution rate of UO, on the 
concentration of HNO, produced during UO, dissolution in 3.5 
M HNO, at 100°C 
Production of HNO, was observed spectrophotometrically. 
Dissolution rate was [A] about 2 min for 0.909 g UO, powder 
and [B] 2.5 h for a 0.9321 g UO, pellet. 
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III. Distribution of Iodine in Spent-Fuel Dissolution 

In the dissolution of spent fuels in laboratory-scale experiments, 
radioiodine in spent fuels (assumed as CsI) was distributed among the 
off-gas, fuel solution, and insoluble residue as follows.(ll) 

3.1 Volatilization into DOG 
The majority of the iodine (90% or more) was expelled to the off- 

gas through its oxidation by HNO, and by the nitrous acid (HNO,) 
produced in the dissolution (Figure 2): 

I- + 2H' + NO,- = 3i12(aq) + NO,(g) + H,WU, 
I- + 4H' + NO,- + 2NO,- = +iI,(aq) + 3NO,(g) + 2H20(1L 

(7) 

The dissolved iodine, 12(aq), 
(8) 

off-gas, 
then volatilizes and is expelled to the 

leaving a small fraction as iodate in solution: 
12(w) = 12(sL 

Since 
12(ag) + 8H' + lONO,- = 210,- + lONO, + 4H,0(1). 

(9) 
(10) 

the iodate is reduced to I, by the NOx and HNO, produced in fuel 
dissolution, only small quantities of iodate can be produced in fuel 
dissolution occurring in 3 to 4 M HNO,. 

Of the iodine volatilized to the off-gas, 7% or less consisted of 
organic iodides, which were probably produced through the reactions of 
I- or I, or both with organic impurities in the fuel solutions.(g) 

3.2 Retention of Iodine Species in Spent-Fuel Solutions 
Besides I, and a small amount of IO,-, colloidal iodine is produced 

in spent-fuel dissolution by the following reaction: 
31- + Ag' + Pd" = AgI(S) + PdI,(s). (11) 

Since this reaction competes with Reaction (8), the amount of colloids 
produced decreased for high dissolution rates, even with high burnup 
fuels. (11) This occurs because high dissolution rates result in high 
concentrations of NOx and HNO,. On the other hand, when the 
concentrations of NOx and HNO, are too high, secondary formation of 
colloidal iodine may result. In high concentrations, NOx and HNO, react 
with the iodine produced in Reactions (7) and (8) reversing Reaction 
(1) and forming AgI. Details are discussed below. 

In experiments with simulated spent-fuel solutions, the iodine 
species in the solutions consisted of 60% colloidal iodine, 20% I,, and 
20% iodate. 

3.3 Deposition onto Insoluble Residue or to a Precipitate or both 
Part of the iodine in spent fuels is transferred to insoluble 

residue or to a precipitate or both via. formation of colloidal iodine. 
Of the iodine in spent PWR-fuels, 
insoluble residue.(lO) 

3% or less was deposited onto 

In dissolution of simulated spent-fuel pellets, an increase in 
U022' concentration in the solution beyond 170 g U/f2 resulted in the 
precipitation of large quantities of metal molybdates on which iodine 
was deposited.(13) The causes have not yet been clarified. 

The behavior of iodine in the present laboratory-scale dissolution 
at JAERI (the Japan Atomic Energy Research Institute) with the results 
earlier researchers have reported is summarized in Fig. 3. The 
differences noted are partially attributed to differences in the 
concentration of nitric acid used. 
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Table 1 Comparison of the amount of iodine in spent-fuel solutions 

Scale Literature Burnup of Wt. of fuel lzgI in the 

fuel, GWd/t dissolved fuel solution, $ 

Laboratory N.Boukis and 

E. Henrich 
(1991) (12) 

45 80 g 0.7 

I 

A. Leudet et 
al., (1983) (‘) 

32 Half of a 
fuel pin 

< 1 

Plant F. J. Herrmann 
et al., 

(1993) (*’ 

15 -2ot/y 
(WAK plant) 55 

Conditions of 
the dissolution 

7.5 M HNO:, 
co.22 I?), 
97x, 2h 

Boiling 

Table 2 Calculation for secondary formation of 
colloid(Ag1) at the liquid surface of 
an assumed plant-scale dissolver 

Conditions of the dissolver: Size, 5 x 0.3 x 2 m; 
Liquid surface, 1,5 x 10’ cm2 ; 3.5 M HNOg 3 m3(100”C); 
Bottom air supply, 40 Nm3/h; 
Throughput of spent fuels, 5 t/d (burnup 40 GWd/t) , 

Concentrations 
at the liquid 

surface 

Chemical 
equilibrium 
concerned 

Equilibrium 
concentration 

of 12(aq) 

12(g) 88 wm 

NO2 36% 

I2 (g) = 12(aq) 

AgI(S)+2 HI0 (aq) 
= l/2 12(aq) 
+ AgNO,(aq) 
+ NOz(g) + HzO(1) 

2.3 x lo-*M 
-so (a) 

7.2 x lo-‘M 
-II (b) 

Since 
(4 > b), 
AgI will 
be formed. 

556 

..-. _---. .--~--__---_ ..- _.-l-_--. _ ._..._. _.. 



24th DOE/NRC NUCLEAR AIR CLEANING AND TREATMENT CONFERENCE 

IV. Iodine Behavior Differences between Laboratory-Scale Experiments 
and Reorocessinq Plants 

Table 1 cites an instance where the quantity of iodine remaining 
in a spent-fuel solution is greater in a reprocessing plant than in 
several laboratory-scale experiments. While laboratory-scale 
dissolution of high burnup fuels left only 1% or less of the iodine in 
spent-fuel, up to 5% of the iodine remained in spent-fuel solutions at 
the WAK reprocessing plant. Several factors may cause this difference. 
Through our studies, however, we noted the possibility that colloidal 
iodine (AgI) is formed secondarily at the liquid surface of a plant- 
scale dissolver. The reasons are discussed below. 

4.1 Chemical Equilibrium 
As already described, colloidal iodine is partially decomposed in 

hot nitric acid solution through Reactions (1) and (2). However, 
Reaction (1) can be reversed near the liquid-gas interface of a plant- 
scale dissolver. The liquid surface may have high concentrations of 
12(g) and NO, because bubbles containing these gasses rise through the 
liquid after formation. When dissolution of fuel proceeds continuously 
at a constant rate, the concentrations of I,(g), Iz(aq), NO,, Ag', and 
HNO, remain constant with time at the liquid surface. This condition 
is regarded as a state of quasi equilibrium among these species: thus, 
an approximate chemical equilibrium treatment is appropriate for the 
system. Figure 4 shows the chemical equilibrium relationships of 
Reaction (l), in which the abscissa denotes NO, pressure and the 
ordinate represents the corresponding concentration of dissolved 
iodine, I,(aq). These relationships were derived from the following 
commonly accepted set of thermochemical equations:(141 

rT2 

In (K(T,)/K(T,)) = ,1(AH",/RT2) dT, I 
tT 

HTO = HTlo + j AC dT (b) 
CP = A + B 10" + e 10' T-2 + D 1O-6 T2, (cl 

where H,' is the standard enthalpy of formation at T K, C, is the heat 
capacity, and A, B, C, and D are constants specific to each substance. 
The equilibrium constant K(T,) = 298 K; H2980 
the literature.(15)-'17' 

and C, were adopted from 

In a fuel solution, when the concentration of I,(aq) increases 
beyond the curve corresponding to its temperature and HNO, concentration 
under a specific value of PNo2, colloidal AgI is formed through the 
reversal of Reaction (1). By assuming a simplified continuous 
dissolver, the concentrations of NO, and I, near the liquid surface were 
estimated (see below). 

4.2 Concentrations of NO, and I, in a Plant-Scale Dissolver 
The assumed dissolver, similar to a continuous dissolver in a 

reprocessing plant described in the literature,(2)'(3) is 5 x 0.3 x 2 m 
with a liquid-gas interface of 1.5 x lo4 cm'. To stir the solution in 
this dissolver, 40 Nm3/h of air is fed from the bottom. Spent fuels 
with a burnup of 40 GWd/t are dissolved at a rate of 5 t/d in 3 m3 of 
3.5 M HNO, at 100°C. The NOx produced consists of 80% NO, and 20% NO 
for the chemical equilibrium 

NO(g) + 2HN03(aq) = 3NO,(g) + H,0(1) 
at 1OO'C. Fuel solution containing 250 g U/e overflows toward 
downstream processes. Calculations indicatethatgaseous iodine, I,(g), 
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and NO, volatilize at rates of 4.1 x 10S3 mol I,/min and 16.6 mol 
NO,/min, respectively. The bottom fed air increasingly collects these 
gasses as it rises through the solution. At the liquid surface, the 
air consists of 35.8% (0.358 atm) of NO, and 88.4 ppm of I,(g). The 
concentration of dissolved iodine, 12(w), corresponding to 88.4 ppm 
12(g), was calculated to be 2.3 x low5 M using the equilibrium constant 

K(373) = P,,/[I,(aq)] = 3.798 
of Reaction (9) where PI2 is in atm. Figure 4 shows that the 
concentration of I,(aq) (in 3.5 M HNO,) in equilibrium with 0.358 atm 
NO, (36 kPa) is 7.2 x 10m6 M, which is lower than the foregoing value 
(2.3 x 10S5) in equilibrium with 88.4 ppm I,(g). This excess I,(aq) 
causes the reversal of Reaction (1) and the secondary formation of 
colloids of AgI at the liquid surface of the plant-scale dissolver 
(Table 2). 

4.3 Experiments to Reverse Reaction (1) 
To verify the progression of the reversal of Reaction (1) under 

conditions similar to those at the liquid surface of the assumed 
dissolver, laboratory-scale experiments were performed using the 
apparatus shown in Fig. 5. A 30 m9. volume of 3.5 M HNO, solution 
containing 7.5 g U/30 mE (250 g U/e) and 0.8 mg Ag'/30 me was heated to 
100°C and bubbled with nitrogen flow (22 mQ/min) containing 88 ppm 12(g) 
labeled with 1311 and 36% NO, for 1 h (Run 1). After its radioactivity 
was measured, 20 me of the solution was transferred to a centrifuge 
tube (solution depth, 4 cm) and subjected to centrifugation of 4,500 
rpm for 5 min. The top 10 me was then examined by gamma spectrometry. 
Table 3 lists the results. The radioactivity of the solution decreased 
to 8% of the initial value and a whitish yellow sediment was observed 
on the bottom of the centrifuge tube., This confirmed that supplying 88 
ppm I,(g) and 36% NO, produced a colloid of AgI at 100°C; that is, 
Reaction (1) was reversed. In Run 2, also listed in Table 3, a higher 
concentration of I,(1) (263 ppm) and 38% NO, was fed to 30 me of 3.5 M 
HNO, solution containing 12 mg Pd2'/30 me, 7.5 g U/30 me, and 0.8 mg 
Age/30 me for 1 h. In this case, precipitate was observed on the bottom 
of the dissolver flask before centrifugation. The same sedimentation 
as in Run 1 was produced by the centrifugation. 

The foregoing assumed dissolver is a simplified one. In actual 
(plant-scale) dissolvers, however, concentrations of I, and NO, would 
be higher near the liquid-gas interface because these gasses rise 
through the liquid after their formation. Due to the difference in 
fluid depth of spent-fuel solutions, the concentrations of these gasses 
at the liquid surface would be higher in a plant-scale dissolver than 
in a laboratory-scale dissolver. The experiments suggest that when 
their concentrations increase beyond the equilibrium conditions shown 
in Fig. 4, colloidal iodine is formed. This phenomenon can be one 
reason for the residual iodine quantity in spent-fuel solutions being 
greater in reprocessing plants than in laboratory-scale experiments. 

V. Conclusions 

(1) In the laboratory-scale dissolution of spent-fuels with 
burnups of 21 to 39 GWd/t, up to 10% of the 12'1 in the spent fuel 
remains in fuel solutions, up to 3% deposits on insoluble residue, and 
the balance volatilizes and is expelled to the DOG. 

(2) Of the iodine in the DOG, 7% or less is organic. 
(3) The main iodine species in fuel solution are the colloids of 

558 



24th DOE/NRC NUCLEAR AIR CLEANING AND TREATMENT CONFERENCE 

Thermometer 

Iodine filter 

_Nz ch-0 
7 

Flow 
meters 

“---- I,(s) Solution 

20°C 

Figure 5 Experimental apparatus used for demonstrating the 
reversal of Reaction (1) 

Table 3 Evidence of the formation of colloid by the reaction of I*(g) 
with NO2 in simulated spent-fuel solutions at 100°C 

[Run 1] 30 d-3.5 M IWO3 solution containing 7.5 g-U/30 n8 and 0.8 mg-Ag+/30 me 
[Run 21 30 d-3.5 M HNO, solution containing 7.5 g-U/30 n8, 0.8 mg-Ag+/30 n& and 

12 mg-Pd2+/30 J. 
Time period of the supply of L(g) and NOZ, lh 
Centrifugation, 4,500 rpm for 5 mm. 

Run I2 supplied 
No. 

Iodine remaining in the solutions 
NO2 supplied Nz flow 

rate @ Before @ After Ratio of the 
centrifugation centrifugation decrease, Q/@ 

1 88 pm 
(1.8 md 

2 263 ppm 
(3.3 43) 

38 % 20 216pd30 a?' 13 jig/30 at 0.06 
(13 ml/min) ml/min (5.7~ 10e5M-I) (3.4x10e6M-I) 

* Before centrifugation, precipitate was observed on the bottom of the dissolver flask. 

36 % 417pg/30 Xi.% 32 &g/30 d 
(12 ml/min) m1Fii.n (1.1x10-'M-I) (8.4x10e6M-I) 

0.08 
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insoluble iodides, such as AgI and PdI,. 
(4) The amount of colloidal iodine tends to decrease with 

increasing concentrations of nitrous acid (HNO,) and NOx produced in the 
dissolution. So, for spent fuels with high dissolution rates, the 
amount of colloidal iodine is small, even if the fuel is high burnup 
fuel. 

(5) High concentrations of I, and HNO, (or NOx) cause formation of 
colloidal AgI. This is because the following reaction is reversed by 
conditions described above: 

AgI(s) + 2H' + NO,- = +I,(aq) + Ag' + NO,(g) + H,0(1). (1) 
The reversal of this reaction has been confirmed experimentally. 

(6) This reaction can also be reversed at the liquid surface of 
plant-scale dissolves where the concentrations of NO, and I, are higher 
than in laboratory-scale experiments. This phenomenon can be one 
reason the residual iodine in spent-fuel solutions is higher in a 
reprocessing plant than in laboratory-scale experiments. 

Acknowledaements 

The authors wish to express their thanks to Drs. Michio Hoshi 
(Director of the Department of Chemistry and Fuel Research) and Takeo 
Adachi (Head of Analytical Chemistry Laboratory), Japan Atomic Energy 
Research Institute (JAERI), for their advice and support. We also thank 
Mr. Haruka Shinohara (Physical Chemistry Laboratory of JAERI) for his 
assistance in preparation of this manuscript. 

References 

(1) Henrich, E., Hufner, R., and Sahm, A., "Improved procedures for 
efficient iodine removal from fuel solutions in reprocessing plant," 
IAEA-SM-245/16, p. 139, International Atomic Energy Agency, Vienna 
(1989). 
(2) Auchapt, P., Patarin, L., and Tarnero, M., "Development of a 
continuous dissolution process for the new reprocessing plant at La 
Hague," Proc. Int. Topl. Mtg. Fuel Reprocessing and Waste Management, 
Jackson Hole, Wyoming, August 26-29, 1984, American Nuclear Society 
(1984). 
(3) Poncelet, F.J., Hugelmann, D., Saudray, D., Mukohara, S., and Cho, 
A "Head-end process technology for the new reprocessing plants in 
France and Japan," Proc. 3rd Int. Conf. Nuclear Fuel Reprocessing and 
Waste Management," Sendai, Japan, April 14-18, 1991, Vol. 1, p. 55 
(1991). 
(4) Leudet, A., Miquel, P., Goumondy, P-J., and Charrier, G., "Balance 
and behavior of gaseous radionuclides released during initial PWR fuel 
reprocessing operation," Proc. 17th DOE Nuclear Air Cleaning Conf., 
Denver, Colorado, August l-6, 1982, CONF-8208-33-Vl, p. 639 (1983). 
(5) Herrmann, F.J., Motoi, V., Herrmann, B., Fang, D., Finsterwalder, 
L ., Kuhn, K.D., van Shoor, A., Beyer, Ch., Furrer, J., and Knoch, W., 
"Minimizing of iodine-129 release at the Karlsruhe reprocessing plant 
WAK," Proc. 22nd DOE/NRC Nuclear Air Cleaning and Treatment Conf., 
Denver, Aug., (1992); NUREG/CP-0130, CONF-902083-Vl, p. 75 (1993). 
(6) Weinlaender, W., Huppert, K.L., and Weishaupt, M., "Twenty years 
of WAK reprocessing pilot plant operation," Proc. 3rd Int. Conf. 
Nuclear Fuel Reprocessing and Waste Management (RECOD' 91)," Sendai, 
Japan, April 14-18, Vol. 1, p.55 (1991). 
(7) Castleman, A.W. Jr., Tang, I.N., and Mulkelwitz, H.R.,. "The 
chemical states of fission-product iodine emanating into a high 

560 

_. ..,_ .-- 



24th DOE/NRC NUCLEAR AIR CLEANING AND TREATMENT CONFERENCE 

temperature aqueous environment," J. Inorg. Nucl. Chem., 30, 5 (1968). 
(8) Sakurai, T., Takahashi, A., Ishikawa, N., and Komaki, Y., "The 
behavior of iodine in a simulated spent-fuel solution," Nucl. Technol., 
85, 206 (1989). 
(9) Sakurai, T., Takahashi, A., Ishikawa, N., Komaki, Y., Ohnuki, M., 
and Adachi, T., "Thermochemical and experimental consideration of NOx 
composition and iodine species in the dissolution of spent PWR-fuel 
specimens," J. Nucl. Sci. Technol., 30, 533 (1993). 
(10) Sakurai, T., Takahashi, A., Ishikawa, N., Komaki, Y., Ohnuki, M., 
and Adachi, A., "The iodine species and their behavior in the 
dissolution of spent-fuel specimens," Nucl. Technol., 99, 70 (1992). 
(11) Sakurai, T., Takahashi, A., Ishikawa, N., Komaki, Y., Ohnuki, M., 
and Kato, K., "A study on the expulsion of iodine from spent-fuel 
solutions," Proc. 23rd DOE/NRC Nuclear Air Cleaning Conf., NUREG/CP- 
0141, CONF-940738, 321 (1995). 
(12) Boukis, N., and Henrich, E., "Two-step procedure for the iodine 
removal from nuclear fuel solutions," Radiochim. Acta, 55, 37 (1991). 
(13) Sakurai, T., Takahashi, A., Ishikawa, N., and Komaki, Y., "The 
interaction of iodine with insoluble residue in the dissolution of 
simulated spent-fuel pellets," Nucl. Technol., 94, 99 (1991). 
(14) Moore, W.J., "Physical Chemistry," 3rd ed., p. 167, Prentice-Hall, 
Englewood Cliffs, New Jersey, 1962. 
(15) Lemire, R.J., Paquette, J., Torgerson, D.F., Wren, D.J., and 
Fletcher, J.W., "Assessment of iodine behavior in reactor containment 
buildings from a chemical perspective," AECL-6812, Atomic Energy of 
Canada Limited, 1981. 
(16) Criss, C.M., and Cobble, J.W., "The thermodynamic properties of 
high temperature aqueous solutions. V. The calculation of ionic heat 
capacities up to 2OO'C. Entropies and heat capacities about 2OO"C," J. 
Amer. Chem. Sot., 86, 5390 (1964). 
(17) Pourbaix, M. "Atlas of electrochemical engineering in aqueous 
solutions," Pergamon Press, Oxford, 1966. 

561 

- 



24th DOE/NRC NUCLEAR AIR CLEANING AND TREATMENT CONFERENCE 

DISCUSSION 

HERRMANN; I have a question about Point B . You have marked O-10% in the fuel solution, O-3% 
in insoluble residue. Is the value of 0% not too low? Does this mean that the rest, 87%, is in the offgas? 

SAKURAI; In our laboratory-scale dissolutions, iodine quantities in the fuel solution and in the 
insoluble residue varied in the range of 0 to 10% and 0 to 3%, respectively, largely depending upon the 
rate of dissolution of the spent-fuel specimens. The fuel specimen with a burnup of 39GWd/t dissolved 
quickly, leaving little iodine in the solution and 0.6% in the residue. But the fuel-specimen with a low 
burnup of ZlGWd/t took a long time to dissolve and 9.7% of the iodine remained in the fuel solution, and 
2.3% in the residue. As a whole, the iodine quantity volatilized into the off-gas varied between 88 and 
100%. 

JUBIN: I found this very interesting and I have one additional question. In your laboratory 
studies, have you had an opportunity to try to identify the iodine in the dissolver solution? Have you 
identified through your centrifbgation at the end a reduction in the iodine concentration? Have you been 
able to conduct any experiments using spent fuel to see if it does the same? Have you had an opportunity 
to look for the formation of iodine in the form of the colloid in actual dissolver solution? 

SAKURAI; Not directly. However, iodine species in spent-fuel solution 
showed the same behavior in the expulsion process as the colloid of AgI and PdI, did. It is almost 
impossible to directly identify iodine species in spent-fuel solutions because of the extremely high 
radioactivity of the solution and the weak radioactivity of 12’I. We had to identify them through their 
behavior in separating from the fuel solution. The expulsion of iodine was performed in two different 
ways for the Ibel solution. The insoluble residue had already been separated by centrifbgation. From their 
behavior in the two expulsion processes, the main iodine species in the actual spent-fuel solution was 
concluded to be the colloidal iodine already mentioned. 
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