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[57] ABSTRACT 
Activated carbon particles for use as iodine trapping 
material are impregnated with a mixture of selected 
iodine and potassium compounds to improve the iodine 
retention properties of the carbon. The I/K ratio is 
maintained at less than about 1 and the pH is maintained 
at above about 8.0. The iodine retention of activated 
carbon previously treated with or coimpregnated with 
triethylenediamine can also be improved by this tech-
nique. Suitable flame retardants can be added to raise 
the ignition temperature of the carbon to acceptable 
standards. 
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ACTIVATED CARBON MATERIAL 

CONTRACTUAL ORIGIN OF THE INVENTION 5 

The invention described herein was made in the 
course of, or under, a contract with the U.S. Atomic 
Energy Commission. 

BACKGROUND OF THE INVENTION 1Q 

This invention relates to activated carbon material 
that has improved iodine retention properties and, to a 
method of treating said material to improve its iodine 
retention characteristics, in particular at elevated tem-
peratures. This product is particularly useful as an effi- 15 
cient filter or trap for extracting radioactive iodine 
components from the gaseous effluents of nuclear facili-
ties. 

Activated carbon, in the physical form of granular 
charcoal beds, has been extensively used for the extrac- 20 
tion of elemental iodine and iodine compounds from the 
gaseous streams of nuclear facilities. See Nuclear Safety, 
Vol. 9, No. 5, pp 373-382,1968. Carbon beds are used as 
traps for fission product iodine both in nuclear reactor 
confinement systems and in nuclear fuel processing 25 
facilities. Untreated activated carbon will remove a 
substantial portion of the iodine content of airborne 
radioactivity when the iodine isotopes are present in 
elemental form. Depending upon the compound form, 
the temperature, and the humidity of the system, iodine 30 
removal efficiencies ranging from less than 10% to 
about 99% are possible with untreated material. How-
ever, present standards require that iodine removal 
from the effluents of these confinement systems ap-
proach 100%. 35 

In attempts to improve the iodine retention charac-
teristics of activated carbon, various chemical treat-
ments have been used. One well known treatment is to 
iodize the activated carbon using KI or I2. The best 
results were obtained with coconut base carbon, but a 40 
uniform product was not always obtained. For example, 
samples of iodized carbon (nominally 5% KI-I2on 1500-
m2/g coconut base carbon) tested at 180° C showed a 
variation in iodine penetration rate ranging from 
0.023% to 12.8%. The results of tests of coal and petro- 45 
leum base carbons that were iodized by conventional 
techniques do not even approach the lower range of the 
coconut base carbons in iodine retention. Another treat-
ment technique comprises impregnating activated char-
coal with certain water-soluble secondary and tertiary 50 
amines. Triethylenediamine (TEDA) impregnation, in 
particular, enhances the affinity of charcoal for the 
compound methyl iodide. This latter technique is dis-
closed in U.S. Pat. No. 3,453,807, issued to Roland 
Taylor on July 8,1969. Unfortunately, in the most effec- 55 
tive percentage range of TEDA, the amine addition 
substantially reduces the ignition temperature of the 
impregnated charcoal, rendering it unsuitable for use in 
the nuclear facility environment wherein ignition tem-
peratures for filter media below about 300° C cannot be 60 
tolerated or are unacceptable under current safety stan-
dards. 

In view of these limitations, it is, therefore, an object 
of the present invention to provide an improved acti-
vated carbon material having improved iodine retention 65 
characteristics. It is another object of the invention to 
provide a method for improving the iodine retention 
properties of activated carbon without reducing the 

ignition temperature of the carbon below acceptable 
limits. It is a further object of the invention to provide 
an activated carbon material having improved radioio-
dine retention properties at elevated temperatures. 

SUMMARY OF THE INVENTION 
The foregoing objects are accomplished in the pres-

ent invention by providing an activated carbon or char-
coal material that is impregnated with a mixture of 
iodine and basic potassium compounds to improve the 
iodine retention properties of the activated carbon. To 
achieve maximum iodine retention on the impregnated 
carbon, the ratio of I to K in the carbon is maintained at 
less than about 1.0 and the pH of an aqueous extract of 
the carbon is maintained above about 8.0. Mixtures of 
compounds, such as KOH-I2, KOH-KI and KOH-KI-I2 
have been found particularly suitable for impregnation 
of the activated carbon. Also, activated carbon that is 
coimpregnated or has been previously treated with 
other compounds, such as triethylenediamine (TEDA) 
can also be impregnated with the above-mentioned 
compounds to improve the iodine retention. Further, in 
accordance with the present invention, there is dis-
closed the method of improving the iodine retention 
properties of activated carbon by treating the carbon 
with a mixture of iodine and basic potassium com-
pounds while maintaining the ratio I to K of less than 
1.0 and pH level above about 8.0. Flame retardants, 
sodium dihydrogen phosphate or potassium dihydrogen 
phosphate, can also be used along with the iodine and 
basic potassium compounds to raise the ignition temper-
ature of the treated carbon to meet acceptable levels 
required in some nuclear facilities. 

Activated carbon that is impregnated, as herein set 
forth, regardless of the origin i.e., coconut, coal, petro-
leum, or wood, provides improved iodine retention 
particularly at the high temperatures that may be en-
countered in a nuclear facility environment. As will be 
described hereinafter, a more uniform and stable prod-
uct also results. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

From the analyses of anomalous iodine retention 
properties of prior art iodized activated carbon pre-
pared from coconut base charcoal, I have discovered 
that the principal factors essential to high iodine reten-
tion at elevated temperatures are the ratio of iodine to 
potassium content of the carbon and the pH of the car-
bon. For instance, samples of nominally identical coco-
nut carbon (5% KI-I2 in 1500 m2/g coconut carbon 
particles) when subjected to high-temperature penetra-
tion tests exhibited iodine penetration values of between 
0.028% to 12.8%. Neutron activation analyses of these 
samples indicated that the best iodine retention was 
obtained with carbon that had the lowest iodine to 
potassium ratio and the highest pH of the group of 
samples. These results will be readily apparent from the 
following Table I: 

TABLE I 
C h e m i c a l Analys i s of C o m m e r c i a l 

Iod ized C o c o n u t C a r b o n s 
C a r b o n 
S a m p l e 

K , 
w t % 

I, 
w t % 

A t o m R a t i o 
I / K P H " 

I, Pene t r a -
t ion, % 

A 0.958 4.01 1.29 7.05 12.82 
B 1.14 4.42 1.19 9.56 2.41 
C 1.75 3.78 0.664 9.36 0.052 
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TABLE I-continued 
Chemica l Analys is of C o m m e r c i a l 

Iodized C o c o n u t C a r b o n s 
C a r b o n 
Sample 

K , I, A t o m Ra t io 
w t % w t % I / K p H ° 

I, Pene t ra -
t ion, % 

D 1.55 3.01 0.600 9.62 0.028 

"5 g carbon in 20 ml distilled water. pH of water measured after 20 minutes soaking. 
^High-temperature desorption comprising a 10-minute loading of elemental iodine at 
ambient temperature and humidity followed by 4 hours desorption at 1808 C and 
< 1 % relative humidity. 

10 
While coconut carbon, with its high natural basicity 

and high natural K + content, has been the preferred 
base material for iodine trapping filters, these data indi-
cate an unacceptable wide variation in iodine penetra-
tion of commercially available iodized coconut carbon. 15 

Although my invention is not to be understood as 
limited to a particular theory, it is suggested that the 
basic reaction mechanism for high efficiency elemental 
iodine retention by activated carbon can be illustrated 
in idealized form by the following equation: 20 

I 2 + 2 K + + 2 ( O H ) ~ 2 K + + 2 1 - + H 2 0 + J 0 2 

In a strongly basic environment (pH>9.0), one could 
postulate the formation of the iodate, hypoiodite, or 
periodate ions as well, but for the present purposes, the 2 5 

conversion of I2 to I - is illustrative. Thus, it has been 
found that the potassium salts of iodine show high in-
herent stability and that stabilized ionic iodine forms 
under conditions where there is an excess of K+ and a 
basic environment. Therefore, the selection of activated 3 0 

carbon starting material for impregnation must include 
consideration of the potassium content of the base car-
bon, whether the base is coconut, petroleum, coal, or 
wood. In addition, the method of preparation of the 
activated carbon and the subsequent impregnation ef- 35 
fects the potassium content of the product. In general, 
use of potassium-free carbon base material is preferred 
as starting material because the amount of K+ added can 
be controlled and because it has been found that added 
potassium (preferably as KOH) is more readily available 40 
for reaction with the iodine than the natural potassium 
present in a carbon base such as coconut carbon. Thus, 
activated carbon particles, of known K + content or 
potassium-free and sized to a suitable mesh, such as 
about 8 to 16 mesh (U.S. Sieve Series) (Sieve openings 45 
between about 2.36 mm and 1.17 mm) are the preferred 
material for impregnation. 

Impregnation of the carbon particles comprises 
slowly saturating the particles with a solution of a mix-
ture of compounds preferably selected from one of the 50 
following: KOH-I2, KOH-KI, or KOH-KI-I2. Al-
though vapor-phase iodine impregnation followed by 
liquid KOH impregnation can be used, it has been found 
that a superior product results from a liquid phase co-
impregnation with the mixture of KOH or K2C03 and a 55 
suitafite iodine compound. The saturation technique 
also effects the quality of the product with the best 
results being obtained by either spraying or dripping the 
solution onto the particles to assure a uniform saturation 
of eaich individual particle. After saturation, the impreg- 60 
nated particles are dried in a suitable drying oven at 
between about 120° C to 130° C. 

In the performance of the impregnation, the solution 
is adjusted so that the I/K ratio is maintained at less 
than about 1.0 and the pH of a water extract of the 65 
product is greater than about 8.0. 

Having described a preferred embodiment, the fol-
lowing specific examples will serve to further illustrate 
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the method of preparing the improved activated carbon 
material of the invention: 

EXAMPLE I 
Four samples of potassium-free activated carbon ma-

terial having different organic origins were sized to 
between 8 and 16 mesh U.S. Sieve Series and saturated 
with liquid solutions of KOH-I2 in the concentrations 
shown in the following Table II. The samples were 
saturated by spraying the solutions onto the particles 
while tumbling in a modified laboratory ball mill until 
the particles were uniformly saturated. After saturation, 
each sample was dried overnight at 120° C. For com-
parison, a fifth sample of coal base carbon was vapor-
phase impregnated with 4% I2 and subsequently satu-
rated with KOH (1.2% K). Table II also lists for com-
parison three samples (Samples Nos. 6, 7, 8) of activated 
coconut base carbon having natural potassium content 
that were vapor-phase impregnated with iodine to the 
concentrations indicated. All of the samples were sub-
jected to a 10 minute loading of elemental iodine 
(tagged with B1I) at ambient temperature and humidity 
(23° C-25° C at about 50% relative humidity). Iodine 
penetration was then measured using a high tempera-
ture desorption test by subjecting the iodine loaded 
sample to 4 hours desorption at 180° C and <1% rela-
tive humidity. In a separate test, the ignition tempera-
ture was measured in a standard quartz apparatus at a 
heating rate of 5° C/min. at a dry air velocity of 17 
m/min. (at 200° C). The results of these tests are tabu-
lated in the following Table II: 

TABLE II 

Sample 
Ca rbon Base 

K O H - I 2 * 
Impregna t ion 
% b y W t I / K PH 

I Pene-
trat ion, 

% 

Igni-
t ion 

T e m p . 
* C 

1. Coa l 2 . 8 % I 2 , 1 . 2 % K 0.72 10.9 0.003 330 
2. Coa l 4 . 4 % I 2 , 1 . 9 % K 0.72 11.0 0.002 310 
3. C o c o n u t 2 . 2 % I2 ,1.1%IC 0.62 10.4 0.002 355 

(K-f ree) 
2 . 2 % I2 ,1.1%IC 

4. Pe t ro l eum 3 .0% I 2 , 1 . 5 % K 0.60 10.7 0.002 315 
5. Coa l 4 % I 2 ( V apor) , 0.99 10.7 0.018 — 

1 . 2 % K 
6. C o c o n u t * * 1.5%I 2<Vapor) 0.29 9.7 0.015 340 
7. C o c o n u t * * 2 . 7 % I 2 ( V a p o r ) 0.54 9.3 0.057 340 
8. C o c o n u t * * 5 .5%I 2 (Vapor ) 1.18 8.0 0.755 390 

•Samples 1-5 
"Samples 6-8 have natural K content. 

Samples 1-4 in Table II indicate that a pure activated 
carbon material that is liquid impregnated as described 
in Example I, will provide significantly improved io-
dine retention and that the ignition temperature is not 
unacceptably low. Further tests, shown in samples 5-8, 
indicate that as the I/K ratio increases above about one 
and the pH below about 8.0, the iodine penetration 
reaches an unacceptable level. 

In addition to using KOH-I2 impregnation of Exam-
ple I, the activated carbon can be saturated with a liquid 
solution of KOH-KI or KOH-KI-I2 to achieve an I/K 
ratio below about one and maintain the pH at 8.0 or 
above in the final impregnated product. Example II 
illustrates the use of KOH-KI treatment: 

EXAMPLE II 
Three samples of potassium-free activated carbon 

material were saturated with a liquid solution of KOH-
KI in the concentrations shown in Table III. The proce-
dure and testing were the same as described herein-
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above in Example I. The results of the tests are set forth 
in Table III: 

TABLE III 

Sample N o . 
C a r b o n Base 

K O H - K I 
I m p r e g n a t i o n 

% b y W t I / K p H 

I Pene-
t ra t ion 

% 

Igni-
t ion 

T e m p . 
° C 

9. C o a l 3 % I», 1 .5% K*» 0.62 10.2 0.002 340 
10. C o a l 3 % I*, 1 .5% K » * 0.62 10.1 0 .002 325 
11. P e t r o l e u m 3 % I*, 1 .5% K " 0.62 10.1 0.001 335 

• a s K I 
••as KI and KOH 

10 

The results confirm that other iodine and basic potas-
sium compounds that provide the appropriate I/K ratio 
and pH will also provide uniform activated carbon 15 
material having improved iodine retention properties 
with acceptable ignition temperatures. For example, 
other basic potassium compounds that can be used with 
the iodine include KOH and K2C03. 

Activated carbon material can be co-impregnated 20 
with triethylenediamine (TEDA) and a mixture of io-
dine and basic potassium compounds such as a mixture 
selected from the group KOH-I2, KOH-KI, or KOH-
KI-I2, to facilitate the recovery of organic iodides, such 
as methyl iodide, as well as elemental iodine. Also acti- 25 
vated carbon previously impregnated with TEDA can 
be further impregnated as hereinabove described. It has 
been found that TEDA in amounts in excess of about 
2% can not be used in some nuclear reactor confine-
ment systems, because of the significant reduction in 30 
ignition temperature that results from TEDA impregna-
tion. However, activated carbon impregnated with 
about 1% TEDA can be co-impregnated with the com-
pounds described while maintaining an I/K ratio of less 
than one and a pH in excess of 8.0 to provide a product 35 
that will retain both the organic iodides as well as the 
elemental iodine from a nuclear system. In the treat-
ment of activated carbon that includes TEDA, suitable 
drying temperature control must be exercised to avoid 
volatilization of the TEDA. 40 

Activated carbon, that is treated as hereinabove de-
scribed, can also be treated with a suitable flame retar-
dant to raise the ignition temperature. Such treatment 
may be required where ignition temperatures in excess 
of 340° C are needed to meet standards for certain nu- 45 
clear facilities. It has been found that sodium dihydro-
gen phosphate and potassium dihydrogen phosphate are 
particularly suitable for this purpose. For example, sam-
ples of impregnated petroleum base activated carbon 
material that had an initial ignition temperature of 330° 50 
C were separately treated with the flame retardants 
NaH2P04. H 20 or KH2P04. Each treatment raised the 
ignition temperature of the activated carbon to over 
400° C. 

What is claimed is: 55 
1. A carbon material having improved iodine reten-

tion properties consisting essentially of activated carbon 
materials impregnated with iodine, KI or mixtures 
thereof with basic potassium compounds wherein the 
ratio of I to K in said impregnated carbon material is 60 
less than about 1.0 and the pH of an aqueous extract of 
said carbon material is greater than about 8.0. 

2. The carbon material of claim 1 wherein the ratio of 
I to K in said impregnated carbon material is between 
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about 0.2 and 0.9 and the pH of an aqueous extract of 
said carbon is between about 8.5 and 10.5. 

3. The carbon material of claim 1 wherein the basic 
potassium compounds are selected from the group con-
sisting of KOH and K2C03. 

4. The carbon material of claim 1 wherein said acti-
vated carbon material is impregnated with a mixture of 
compounds selected from the group KOH-I2, KOH-KI, 
and KOH-KI-I2. 

5. The carbon material of claim 4 wherein the ratio of 
I to K in said impregnated carbon is between about 0.2 
and 0.9 and the pH of an aqueous extract of said carbon 
is between about 8.5 and 10.5. 

6. The carbon material of claim 1 wherein said acti-
vated carbon material also contains the compound tri-
ethylenediamine in amounts between about 0.5% and 
5% by weight. 

7. The carbon material of claim 1 wherein said acti-
vated carbon also contains a flame retardant selected 
from the group consisting of sodium dihydrogen phos-
phate and potassium dihydrogen phosphate. 

8. The method of improving the iodine retention of 
activated carbon material which comprises treating said 
carbon with iodine, KI or mixtures thereof with basic 
potassium compounds, said iodine, said KI, and said 
compounds being selected so as to maintain a ratio of I 
to K of less than about 1.0 and maintain the pH of an 
aqueous extract of said treated carbon at greater than 
about 8.0. 

9. The method of claim 8 wherein said ratio of I to K 
is between about 0.2 and 0.9 and the pH of said aqueous 
extract is between about 8.5 and 10.5. 

10. The method of claim 8 wherein the basic potas-
sium compounds are selected from the group consisting 
of KOH and K2C03. 

11. The method of claim 8 wherein said activated 
carbon material is treated with a mixture of compounds 
selected from the group KOH-I2, KOH-KI, and KOH-
KI-I2. 

12. The method of claim 8 wherein said activated 
carbon is treated with triethylenediamine and with 
compounds selected from the group KOH-I2, KOH-KI, 
and KOH-KI-I2. 

13. The method of claim 12 wherein said activated 
carbon is treated with triethylenediamine in amounts 
between 0.5% and 5% by weight. 

14. The method of claim 8 wherein said activated 
carbon is also treated with a flame retardant selected 
from the group consisting of sodium dihydrogen phos-
phate and potassium dihydrogen phosphate. 

15. A method of improving the iodine retention of 
activated carbon material which comprises (a) sizing 
activated carbon granules; (b) saturating said sized car-
bon granules with an aqueous solution of compounds 
selected from the group KOH-I2, KOH-KI, and KOH-
KI-I2; (C) adjusting said solution so that the ratio of I to 
K in said carbon material is less than about 1.0 and the 
pH of an aqueous extract thereof is greater than about 
8.0; and (d) drying said saturated carbon granules to 
form an impregnated activated carbon material having 
improved iodine retention. 


