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ABSTRACT 
The major R&.D work carried out in the CIRP laboratory on removal of radioiodine is 
introduced, which involves the adsorption performances of various kinds of fruit shell base and 
coal base charcoal impregnated with chemicals, the influence of various parameters, the 
technique of non-destructive test for commercial scale iodine adsorber, and the iodine samplers 
for both gross iodine and iodine in different forms. The experimental results have been applied to 
the design and test of iodine adsorber and the monitoring of airborne radioiodine. 

1. Introduction 
The removal of airborne radioiodine is always one of the main subjects of air purification in a 
nuclear power plant for the sake of reducing the environmental radiation impact. Airborne 
radioiodine occurs in the form of aerosol or gas. The latter includes elemental and organic 
iodine. Aerosol iodine can be trapped by filters and gaseous iodine normally by charcoal. 
Untreated charcoal has high adsorption efficiency only for the elemental iodine. But when it is 
impregnated with some chemicals, the activated charcoal can effectively adsorb both organic and 
elemental iodine. 

2. Study on Iodine Adsorption Performance of Impregnated Charcoal 
The performance of impregnated charcoal depends mainly upon the sorts of charcoal and the 
composition of imprégnant. Several kinds öf charcoal were examined on the dynamic adsorption 
capacities for elemental iodine. Among them, Beijing coconut charcoal, Shanghai oil palm 
charcoal, and Jilin wild walnut charcoal were selected. For the imprégnant selection, solutions 
KI, KI3, TEDA, and their mixtures in different concentrations were used to impregnate the 
wild walnut charcoal. The removal performances for methyl iodine (Mel) were tested using 
these impregnated charcoals. Some of the test results are given in Table 1. 

In order to examine whether the selected charcoal can meet the requirements for nuclear air 
purification, test conditions were determined on the basis of ASTM standard D-3803 and also 
the needs in engineering design and the specific conditions of the laboratory. Several test results 
are given in Table 2. These results indicate that most of the charcoals are satisfactory in 
performance. For comparison, the test results of two kinds of U. S. impregnated charcoal are 
also listed in Table 2. 

Since not only charcoal sorts but also operating conditions affect the iodine removal efficiency, 
the influences of several parameters were studied, including gas velocity, relative humidity 
(R. H. ) , and temperature on the Mel removal efficiency of wild walnut charcoal impregnated 
with 5% TEDA. The results are given in Tables 3 , 4 , and 5 respectively. It can be seen that 
the efficiencies decline with increase of gas velocity and relative humidity. Under lower relative 
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humidity « 4 0 % ) , increase of temperature has no obvious effect on the efficiency, and under 
higher R. H. , the increase of temperature is in favor of the adsorption of Mel. 

The relationship between penetration time and concentration of Mel is emphasized in design of 
adsorber. Fig. I shows that in the range of 2-1000 jig/1 there was a linear relation between 
penetration time and concentration on log-log plot. The minimum Mel concentration used in the 
test was 2 ng/1, higher than the actual concentration in nuclear power plant by a factor of 106. 
In such a consideration, penetration time will probably be much longer than the figure shown in 
Fig. 1. 

The test results mentioned above have been used as the basis of the design of iodine adsorber 
Dx 1700 I with 2. 5 cm thick charcoal. This kind of adsorber has been adopted in some nuclear 
facilities. 

In some countries, there appeared the tendency that the fruit shell charcoal used in iodine 
adsorber is replaced by coal base charcoal and the thin bed adsorber, by deep one. Some research 
work has been carried out in the CIRP laboratory. 

Although fruit shell charcoal has higher adsorption capability and mechanical strength, they are 
very expensive because of the limited sources. In recent years, production of high-quality coal-
base charcoal has been developing rapidly in China. With some domestic coal-base charcoal 
impregnated with 5% TEDA, the performance test has been conducted to study the possibility of 
applying it in nuclear air purification. The test results are given in Table 6. Additionally, the 
impregnated Dx-15 charcoal has been tested according to ASTM D3803, the results of test A, 
B, and C are listed in Table 7. As compared with Table 1, the coal-base charcoal is comparable 
to fruit shell charcoal in performance. So it can be used in iodine adsorber as a substitute for 
fruit shell charcoal. 

In practice, it has been noted that the service life of thin layer adsorber is often shortened due to 
aging and poisoning of charcoal. Poisoning is caused by organic vapor occupying the active sites 
of charcoal, whereas aging is the results of long period exposure of charcoal to ambient air. To 
study the effects of the two processes, artificially aged and poisoned charcoal has been compared 
with unused one on their adsorption performance. The results are shown in Fig. 2. In semilog 
plot, the Mel penetrations through new charcoal bed decrease sharply with increase of bed 
thickness, and those through aged and poisoned charcoal bed decrease slowly in the front section 
but quickly in the rear section with increase of bed thickness. This shape of penetration curve 
shows that the front section serves as guard bed so that the rear section can maintain its normal 
adsorption capability. This reflects the advantages of deep bed adsorbers. 

3. Non-destructive Leak Test for Iodine Adsorbers 
The efficiency of iodine adsorber depends upon not only the charcoal properties but also its 
manufacture quality. As a result of improper design or manufacture, or imperfect filling of 
charcoal layer (uncompacted, nonuniform), channels would occur in charcoal, which will 
cause leakage and decrease of absorption efficiency. To ensure high efficiency of the adsorber, 
non-destructive leak test must be carried out before it is used. 

In this test, Freon 112 (F-112) is used as a tracer. By comparing the penetration rate of F-112 
through adsorber, the quality of the manufactured adsorber can be identified. In case of an 
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adsorber with satisfactory performance, the penetration rate shall be less than 0. 0.1 % when the 
time extrapolated from the penetration curve is 0. 

In a non-destructive test, the following conditions should be met : 

(1) The upstream F-112 concentration shall be no less than 104 times the detection limit of the 
instrument; and 
(2) The load of F-112 on charcoal in each test shall be as small as possible so that the test can be 
carried out repeatedly. 

On the basis of lalporatory study , the test conditions are selected as follows • 

Upstream F-112 concentration 20X10~ 6 (v /v) 
Gas velocity > 1 . 5 1/min • cm2 

Temperature of gas stream <40°C 
Relative humidity of gas stream < 7 0 % 
Water content in charcoal <C37%. 

The leak test equipment for commercial scale adsorber was designed and installed, as shown in 
Fig. 4. The equipment consists of test system, F-112 generator, and sampling system. To get 
the representative samples, multipoint sampler was designed. With this equipment, following 
operation conditions could be obtained : 

Gas flow rate; 500—2100 m 3 /h 
Gas temperature; ambient temperature to 50°C 
F-112 generation rate. 0. 2 5 ^ 5 0 g/min 
Pressure drop : 2. 2 kPa (when flow rate is 1700 m 3 / h ) . 

The test for one set of absorber can be completed in 5 minutes. This equipment is used for 
routine delivery inspection. 

4. Development of Radioactive Iodine Sampler 
In routine or emergency radiation monitoring, radioiodine is one of an important items. In order 
to obtain the representative samples of gaseous radioiodine, two kinds of iodine samplers have 
been developed in the laboratory: one is sampler DQ-01 for gross iodine; the other is for iodine 
in different forms. 

The sampler DQ-01 shown in Fig. 4 consists of several 4)50 mm polyethylene cells filled with 
5% TEDA impregnated coconut shell charcoal. The sampling efficiencies of cells with different 
thickness were examined under various gas velocities (100~200 l /min) , temperatures ( 1 3 ~ 
40°C) and relative humidities ( 5 6 ~ 9 5 % ) . Even under severe conditions, e. g. 200 l/min gas 
velocity, 35 °C, and 94% R. H. , the efficiency of the sampler with 2 cm thick charcoal is near 
100% for elemental iodine in 2 hours of sampling. For Mel, with 6 cm thick charcoal, the 
efficiency is over 97%. The thickness of charcoal bed and air flow rate can be adjusted 
according to the environment conditions. 

Since different forms of iodine have different radiation effects, and different physical and 
chemical properties, it is necessary to determine the concentration of various forms of iodine to 
correctly assess radiation effects and to select proper cleaning process. For this purpose, a kind 
of sampler has been developed. Polytetrafluoroethylene has been used as the material of sampler 
casing in order to minimize the iodine adsorption on the wall. The sampler is composed of 
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several sections which are connected one another by screws and sealed with O rings (see Fig. 6). 
For this sampler, suitable materials are chosen to trap iodine selectively, cbnn-25 high efficiency 
glass fiber paper (material 1) for aerosol iodine, carrier 6201 impregnated with CdÏ2(material 
2) for elemental iodine, and coconut shell charcoal impregnated with 5% TEDA (material 3) 
for organic iodine. The efficiencies of various trapping materials have been examined under 
various conditions involving bed thickness, gas velocity, temperature, and relative humidity, 
and the performance of the combination of these materials are also tested. The test results are 
given in Table 8. This kind of sampler has been used on site, the results are shown in Tables 9 
and 10. 

Table 1 Methyl Iodide Removal Efficiency (%) of Different Impregnated Charcoal 
Content of imprégnant 

Charcoal 
section 4%KI3 3%KI 5%TEDA 2 % K I + 

4% TEDA 
Charcoal 

W.W. -201 

0-1 82.50 81.31 95.0 94.67 49.72 
1-2 14.52 14.89 4.80 5.06 29.73 
2-3 2.40 3.32 0.18 0.24 13.05 
3-4 0.42 0.39 0.02 0.03 5.23 
4-5 0.10 0.04 0 0 1.74 
5-6 0.06 0.04 0 0 0.43 

Charcoal particle size 
Gas velocity 
Concentration of methyl iodide 
R.H. 
Temperature 
Test duration 

8—20 mesh 
15 m/min 
32 mg/1 
40% 
40°C 
2h 

Table 2 Test Results for Six Impregnated Charcoals 

Charcoal * 
Penetration Efficiency 

Test 1 Test 2 Test 3 Test 4 Test 5 
Charcoal 1 + 5%TEDA 0.05 0.2 0 0.02 99.97 
Charcoal 1 + 4%KT3 0.2 0.2 0.3 0.06 99.98 
Charcoal 2 + 5%TEDA 0.05 0.04 0.8 0.01 100 
Charcoal 2 + 4%KJ3 0.7 0.16 0.8 0.01 99.92 
Charcoal 3 + 5%TEDA 0.02 0.04 0.03 0.04 99.90 
Charcoal 3 + 4%KI3 1.7 0.4 0.2 0.04 99.84 
U.S. Bc-727 4.2 0.8 0.34 0.15 99.50 
U. S. Nusorb KÎETG 2 6.2 7.6 0.02 0.00 99.99 
Acceptable value < 3 < 1 < 2 < 0 . 1 <99 .5 
* Charcoal 1—Beijing coconut shell charcoal 

Charcoal 2—Wild walnut charcoal-201 
Charcoal 3—Oil palrr. charcoal-1 
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Table 3 Methyl Iodide Removal Efficiencies (%) 
Charcoal Gas velocities 1/min • cm2 

section 1.0 1.5 2.0 2.5 
0-1 98.55 96.60 95. 40 89.52 
1-2 1.40 3.23 4.46 9.82 
2-3 0.05 0.07 0.14 0.63 
3-4 0 0.10 0 0.03 

Table 4 Methyl Iodide Removal Efficiencies (%) 
versus Relative Humidities 

Charcoal Relative humidities (%) 
sections 40 60 80 95 

0-1 96.61 91.67 83.60 72.58 
1-2 3.32 8.15 14.95 22.58 
2-3 0.07 0.18 1.45 4.01 \ 
3-4 0 0 0 0.83 
4-5 0 0 0 0 

Table 5 Methyl Iodide Removal Efficiencies versus Temperatures 
Charcoal Temperatures (°C) 
sections 20" 40- 60" 80" 40 '" 8 0 " 

0-1 97.30 96.60 • 96.90 96.30 72.58 86.78 
1-2 2.60 3.30 3.90 3.61 22.58 11.68 
2-3 0.10 0.10 0.10 0.09 4.01 1.35 
3-4 0.83 0.19 

* R.H. = 40% 
* * R. H. = 95% 

Table 6 Methyl Iodide Removal Efficiencies (%') 
of Impregnated Coal-base Charcoals 

Thickness of charcoal bed (cm) 
»wiiarcoai 1 2 3 4 

DH-30+5%TEDA 96.66 99.34 99. 90 100 
DZ-30-f5%TEDA 95.44 99.16 99.74 100 
Dx-30+5%TEDA- 95.34 99.52 99.97 100 
Dx-15+5%TEDA 94.47 99.36 99.87 100 
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Table 7 Test Results for Impregnated Coal- base Charcoal 

Methyl iodide penetration ( %) 

Test Test A TestB TestC 

30°C, R . H . 9 5 % 80°C, R . H . 9 5 % 130°C, R. H. " 

Acceptable value 3 1 2 

Test result 0 0.15 0 

* Saturated steam at 100°C is heated up to 130°C 

Table 8 Adsorption Efficiencies of Combined Sampler 

for Elemental Iodine and Methyl Iodide 

Glass fibre paper Q1T 2 Charcoal -fTEDA Charcoal+TEDA 

r 2 3 1 2 3 1 2 3 1 2 3 

1 .84" 1.11 0.88 95.13 0.60 0.11 0.20 0 .13 0 0 0 0 

0.11 — 0.06 0.08 0.02 0.02 0.005 97. 26 2. 37 0. 05 0 0 0 

* layer of adsorbent 
* * for elemental iodine 
* * * for methyl iodide 

Table 9 Distribution of Elemental Iodine-131 in the Sampler (%) 

Test No. 
Iodine concentration 

10- 2 Bq/1 
4)itn -25-1 Carrier 6201+CdI 2 Test No. 

Iodine concentration 
10- 2 Bq/1 Layers 1 + 2 Layer 1 Layer 2 Layer 3 

P l - 1 82.7 0 98.12 0.81 1.12 
P l - 2 1128 0.07 99.78 0.13 0.02 
P l - 3 268.3 1.24 86.29 11.49 0.98 

average 0.44 94.70 4.14 0.71 

Table 10 Distribution of Organic Iodide on Charcoal ( % ) 

Concentration of 
organic iodine 

10~2Bq/l 

Charcoal layer 
Test No. 

Concentration of 
organic iodine 

10~2Bq/l 1 2 3 

P l - 2 
P l - 3 

Average 

9.0 
16.8 

97. 94 
90.07 
94.01 

2.18 
5.96 
4.07 

0 
3.97 
1.99 
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Fig. 1 
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Fig. 2 Effect of aging and poisoning 

l.IIEPA filters 
2. Heater 
3. Gas mixer 
4. Hydroscopc 
5. Sealing valve 
6. Differential gauge 
7. Iodine adsorber 
8. Clamping device 

9. Flowmeter 
10. Declination type differential gauge 
11. Fan 
12. Adjusting value 
13. F-112 vapor generator 
14. Rotating flowmeter 
15. Oil trap 

16. Compressor 
17. Single point sampler 
18. Multi-point sampler 
19. Sampling port 
20. Diluting system of samples 
21. Buffer 
22. Vacuum pump 

Fig. 3 Leak test equipment 
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1. Holder 
3. HEPA filter paper 

2. Press ring of HEPA paper 
'(. Cartridge 

Fig. 4 Gross iodine sampler 

Fig. 5 Sampler for iodine in different forms 
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