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ABSTRACT

Service aging studies conducted at the Savannah River
Laboratory (SRL) show that Type GX-176 carbon has a useful life
of at least 30 months as a halogen absorbent in the airborne-
activity confinement system for the Savannah River production
reactors. The studies also show that elemental iodine retention
by this carbon at high temperature (180°C) is more a function of
the pH of the service-aged carbon than of the length of time in
service, Type GX-176 carbon is a 10 x 16 mesh coconut shell
charcoal impregnated with potassium iodide and triethylenediamine.

Studies of new absorbent formulations at SRL show that coal-,
coconut-, and wood-base carbons can be impregnated with hexameth-
ylenetetramine (HMTA) and combinations of iodine, iodine salts,
potassium hydroxide, and phosphate salts to obtain methyl iodide
penetration values of less than 1%. Consistent penetration values
of less than 0.5% have been obtained with two coal-base carbons
when the total iodine and HMTA were added at the 2% level, Three
phosphate salts (NaH,PO4*H,0, Na,HPO,+7H;0, and Na3P0,+12 H»0)
have been used successfully as pH buffers and ignition retardants.
Boric acid was found to be an unsatisfactory ignition retardant.




CONTENTS

Introduction 5

Service Aging Studies 6
Radiolysis Tests 6
High-Temperature Tests 8
pH Determinations 11

Other Tests 12

New Impregnant Developments 15
Coconut- and Wood-Base Carbon 18
Petroleum-Base Carbon 20
Coal-Base Carbon 20

Additional Tests 25

Conclusions 25

References 26



LIST OF FIGURES

Radiation Test Data 9

High-Temperature Iodine Penetration as a Function of
Service 10

High-Temperature Iodine Penetration as a Function of
Carbon pH 13

LIST OF TABLES

10

11

Iodine Penetration of Service-Aged Type GX-176 Carbons
Iodine Penetration of CTF-Aged Type GX-176 Carbons 7

High-Temperature Test Data for Confinement-System
Carbons 11

pH of Service-Aged Carbons 12

Other Properties of Service-Aged Carbons 14

Methyl Iodide Penetration of Confinement-System Carbons
Base Carbons Used in Experimental Impregnations 17
HMTA Impregnations of Coconut- and Wood-Base Carbons 19
HMTA Impregnations of Petroleium-Base Carbons 21

HMTA Impregnations of Types'G—352 and 207A Coal-Base
Carbons 22

HMTA Impregnations of Types BPL, BPX, and MBV Coal-Base
Carbons 24

-4 -



CONFINEMENT OF AIRBORNE RADIOACTIVITY
PROGRESS REPORT: JANUARY — DECEMBER 1976

INTRODUCTION

The airborne-activity confinement system for each of the
Savannah River Plant (SRP) production reactors is a continuously
online, off-gas cleanup system designed to collect halogens and
particulates that could be released in the highly unlikely event
of a reactor accident.! Active components in the system include
moisture separators to remove entrained moisture droplets, HEPA
filters to remove particulate radioactivity, and beds of acti-
vated carbon to remove halogens. All air from the process areas
of the reactor buildings passes through the confinement system
before being exhausted to the atmosphere.

The Savannah River Laboratory (SRL) has conducted a contin-
uing program to characterize and improve the performance of the
confinement system components, This report summarizes (1) work
during 1976 to evaluate the performance of carbon in the confine-
ment system and (2) research efforts to develop improved carbon
types to further enhance iodine retention capabilities.

Previous confinement studies at SRL®"'® have shown that iodine
retention on activated carbon is greatly influenced by impregnants
on the carbon, temperature of the carbon beds, length of time the
carbon has been in service, moisture content of the air passing
through the beds, radiation exposure received by the carbon as
a result of the decay of trapped iodine, and the particle size
distribution of the carbon granules.

To improve the performance capabilities of the system, the
unimpregnated carbon that had been used as an iocdine absorber
for many years was replaced by an impregnated carbon. The new
carbon, Type GX-176,% is a 10 x 16 mesh (U.S. Sieve Series) coco-
nut shell charcoal impregnated with potassium iodide and tri-
ethylenediamine (TEDA). Changeover to Type GX-176 carbon was
completed in 1975.

* Product of North American Carbon Company, Columbus, Chio.



SERVICE AGING STUDIES

Studies to characterize the performance of carbon Type GX-176
in service were begun in 1974. Samples of the carbon were in-
stalled in the Carbon Test Facility (CTF) for accelerated aging
tests before full-sized beds were placed in service in the con-
finement system. The confinement system carbon has also been
sampled routinely by periodic removal of beds of carbon from the
confinement compartments.

Service-aged carbon from the CTF and the confinement compart-
ments are tested for iodine retention under simulated accident
conditions using the SRL radiolysis test to assure performance
within design specifications. The radiolysis test consists of
loading elemental icdine onto the carbon (0.7 mg I/g carbon) in
a humid air stream (v95% relative humidity) at 80°C in the pres-
ence of an intense radiation field (at least 1.5 X 107 rads/hr
absorbed dose rate in the carbon) and measuring the amount of
iodine desorbed from the carbon during the five-hour test pericd
{one-hour loading period followed by four-hour desorption period).

Other tests performed on the carbon include measurement of
iodine penetration at a higher temperature (180°C), determination’
of the pH of the carbon, and measurement of the carbon ignition
temperature. Selected samples have also been analyzed for residual
impregnant levels and for methyl iodide penetration.

Radiolysis Tests

Results of radiclysis tests on Type GX-176 carbon exposed in
the confinement system are shown in Table 1. Radiolysis test data
on the same type of GX-176 carbon exposed in the CTF are shown in
Table 2.

CTF-aging data is compared to confinement-system aging
data by assuming a linear relationship between the flow rate of
air through the carbon and the rate of deterioration of carbon per-
formance. Since air flow rate is proportional to linear face
velocity, the aging rate should be proportional to the linear
face velocity as well. Carbon in the confinement system is ex-
posed to reactor building air with a linear face velocity of about 52
feet per minute (fpm). Carbon samples in the CTF are exposed with
a linear face velocity of about €5 fpm in the "normal-flow' test
positions and about 81 fpm in the "accelerated-flow' test positions.
Thus, the CTF samples in the '"normal-flow'" positions should be ac-
cumulating pollutants from reactor building air at rates approxi-
mately 1.25 times greater than those of carbons exposed in the con-
finement compartments, and the aging rates in the CTF "accelerated-
flow" positions should be about 1.56 times greater than those in
the confinement compartments.



TABLE 1

Iodine Penetration of Service-Aged Type GX-176 Carbon

Service Age,
_ monthe

12
18
24
30

9
14
19
27
12
24
30

@. Confinement compartment number where the carbon

was exposed.

b. SRL radiolysis test.

TABLE 2

Iodine Penetration of CTF-Aged Type GX-176 Carbon

Exposure Period,
months

0
6
6

12

12¢

12

18

19¢

24

Compartment
Number®
(Control)
K-2

K-2

K-2

K-2

k-2

pP-2

P-2

pP-2

pP-2

P-3

P-6

P-6

P-6

Face Velovity,
fom
(Control)
65

81

65

65

81

65

81

65

Tedine Penetration,b

%

Y
0
o
0
0
0
0,
0
)
0
0
0
0
0.

.028
.052
. 060
.090
176
.335

062

.051
.121
.228
.359
.055
.145

165

Equivalent Serviee,?
months

0

9.
15,
15.
18.
22,
30.
30.

o o v O o &

See Text for test description.

Todine Penetratian,b

%

0.028
0.128
0,248
0.156
0.169
0.207
0.375
0.741
1.374

a. Assumes linear relationship between linear face velocity and service

aging rate,

b. SRL radiolysis test.

See Text for explanation.

See Text for test conditions,
¢. Production lot of Type GX-176 carbomn.

Other samples listed were proto-

type samples installed before the production lot was available. See
Text for discussion.



Data from Tables 1 and 2 are shown graphically in Figure 1.
Radiolysis test data for service-aged, unimpregnated Type 416*
carbon {the type formerly used in the confinement system) are
shown for comparison.

Examination of Figure 1 shows that Type GX-176 carbon exposed
for 27-30 months in confinement compartments P-3, P-6, and K-2
retains iodine as well as Type 416 carbon does with no service
exposure. The data also show that carbon exposed in compartment
P-2 deteriorates somewhat more rapidly than carbons exposed in
other compartments, Extrapclation of the data shows a minimum
useful service life at SRP of about 30 months. Even though carbon
in other confinement system compartments performs better for longer
periods, all the Type GX-176 carbon in the system is being replaced
after approximately 30 months' service. Installation of new Type
GX-176 in all compartments began in November 1976. Used carbon
from all confinement system compartments will be tested to deter-
mine whether some carbon can be safely used for longer periods of
time.

Earlier service aging studies on CTF samples indicated that
the prototype sample of Type GX-176 carbon first installed in the
facility aged more rapidly than the production lot of Type GX-176
installed in the confinement system. Tests performed on production-
lot carbon installed later in the CTF show that no difference in
iodine penetration is evident after 12 months' exposure {15 months
equivalent confinement exposure), but that penetration through the
prototype carbon is nearly twice that of the production lot after
30 months equivalent service (Table 2). As indicated in earlier
publications,!®’!? iodine penetration differences are caused by
differences in the particle size distributions of the two carbons.
The particle size distribution of the new production lot of Type
GX-176 is essentially the same as that of the Type GX-176 in the
confinement system. Samples of the new lot of carbon are being
installed in the CTF for further aging studies.

High-Temperature Tests

Earlier studies®’®’'" at SRL showed that the ability of carbon
to retain iodine at elevated temperatures declines rapidly with
increasing service. Data presented in Table 3 and Figure 2 show
that at 180°C, iodine penetration is lower in service-aged Type
GX-176 carbon than in either Type 416 carbon or Type G-615** carbon
{a TEDA-, KI-impregnated carbon exposed experimentally in the SRP

* product of Barneby-Cheney Company, Columbus, Chio.

** Product of North American Carbon Company, Columtus, Ohio.
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TABLE 3

High-Temperature Test Data for Confinement System Carbons

Carbon Service Age, Compartment Todine Fenetration
Type months Momber at 180°C, %2
416 0 - 0.006

21 c-2 7.22

22 pP-2 6.84

24 L-2 8.59

29 P-3 10.2

33 p-2 9.48

35 p.3 17.7

46 K-3 25.2
G-615 0 -- 0.004

6 Cc-2 0.295

9 c-2 0.474
GX-176 0 -- 0.002

6 K-2 0.027

12 K-2 0.093

i8 K-2 0.392

18 pP-2 1.97

30 K-2 5.05

a. Elemental iodine loaded at room temperature, then
desorbed for 4 hours at 180°C.

confinement system).'?® Examination of Figure 2 shows that high-

temperature iodine desorption rates for Types 416 and G-615 car-
bons are similar, despite the fact that Type G-615 is an impreg-
nated carbon. The superior performance of Type GX-176 is attrib-
uted to the combination of impregnants and the particle size dis-
tribution of the carbon,

pH Determinations

pH tests are performed on carbon by measuring the pH of
water extracts of the carbon. The SRL test consists of placing a
5-g carbon sample in 50 ml of cold, distilled water, heating the
slurry to boiling, then cooling to room temperature in a sealed
flask., Carbon granules are removed from the water by decanting
the liquid from the carbon after cooling and before the pH meas-
urement. Data obtained by this method (Table 4) show a rapid de-
crease in pH with increasing service exposure.

As indicated earlier, Types G-615 and 416 carbon show similar

high-temperature proportions of iodine desorption, while Type
GX-176 carbon deteriorates more slowly. When the high-temperature

- 11 =



TABLE 4

pH of Service-~Aged Carbons

Carbon Service Age, Compartment PH of Water
Type months Number Extractd
416 0 - 9.59
21 C-2 4.80
22 P-2 4.75
33 P-2 4,33
35 P-3 3.99
46 K-3 3.01
G-615 0 -- 5.86
6 c-2 7.20
9 C-2 6.63
GX-176 0 -- 9.70
6 K-2 7.60
12 K-2 6.60
18 K-2 6.46
24 K-2 6.15
30 K-2 5,20
7 pP-2 7.70
14 P-2 6.89
19 p-2 6.06
12 P-6 7.15
24 pP-6 6.70
30 P-6 5.36

a. See Text for description of methed.

desorption data for Types GX-176, G-615, and 416 carbons are com-
pared with the reciprocal of the carbon pH (1/pH instead of service
age), all three carbons appear to behave similarly, as shown in
Figure 3. Earlier studies on new carbons showed a similar pH
effect on high-temperature iodine retention and indicate that one
of the principal mechanisms for high-efficiency iodine retention

is th?gconversion of elemental iodine to ionic iodine on the char-
coal.

Other Tests

Determinations were made of the ignition characteristics of
carbons exposed in the confinement system. The data for impreg-
nated carbons show an initial increase in carbon ignition temper-
atures for the first few months of service followed by a decrease
tc values well below those obtained for new carbons. The total
iodine content of selected samples of Type GX-176 carbon in service
in the confinement system also show an initial increase followed by
a slight decrease. Ignition temperature and total iodine content
data are shown in Table 5.

- 12 -
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TABLE 5

Other Properties of Service-Aged Carbons

Carbon Service Time, Compartment Ignition Temp,® Total Iodine,b
Type months Number °c wt %
416 0] (Control) 340 --
43 K-3 275 --
G-615 0 (Control) 360 --
6 Cc-2 420 -
9 C-2 415 --
GX-176 0] (Control) 386 1.41
6 K-2 437 1.72
12 K-2 322 1.59
18 K-2 312 1.59
24 K-2 297 --
30 K-2 295 --
7 pP-2 420 --
9 p-2 415 : --
14 p-2 336 -
19 P-2 287 . --
12 P-6 333 -
24 P-6 320 --

a. As measured in a standard ASTM quartz ignition-temperature apparatus
at a heating rate of 5°C/min and a linear face velocity of 55 fpm
at 300°C.

b. Determined by neutron activation analysis.

Selected samples of carbon were also sent to the Naval Research
Laboratory (NRL) where methyl iodide penetration tests were per-
formed. NRL test conditions were 25°C temperature, 95% relative
humidity, 0.25-second residence time (2-inch-deep carbon bed),
0.1 mg CH3I/g carbon loading, and a total test time of 4 hours
(2 hours loading, 2 hours desorption) following a 16-hour pre-
equilibration period at 25°C and 95% relative humidity. This
test is intended as a qualification test for new carbons and is
not necessarily indicative of expected carbon performance under
accident conditions. Results of methyl iodide penetration tests
at NRL are summarized in Table 6.

Type 416 carbon was not tested because of the known poor
methyl iodide retention properties of unimpregnated carbons.
The initial lower methyl iodide penetration and slower rate of
deterioration during the first 6 months of service obtained for
Type GX-176 indicates the importance of particle size distribu-
tion in initial performance and in service aging rates, as dis-
cussed in References 16 and 17.



TABLE 6

Methyl Iodide Penetration of Confinement-System Carbons

Carbon Serviee Time, Methyl Jodide
Type months Penetration, %°
G-615" 0 0.79
11.4
22.3
GX-176% 0 0.45
5.82
12 28.5
18 . 32.1

NRL test data courtesy V. R. Deitz.
Service exposure in the C-2 compartment.

e¢. Service exposure in the K-2 compartment.

NEW IMPREGNANT DEVELOPMENTS

Joint studies have continued at NRL and SRL to develop new
impregnant-carbon combinations for efficient trapping of methyl
iodide in reactor off-gas cleanup systems. The purpose of these
studies is twofold. First, effective impregnant combinations
are being sought to replace formulations containing TEDA. While
the TEDA has been proven to be an effective additive for trapping
and retaining many forms of radiociodine, the combined effects of
high material cost, high vapor pressure, and low flash point neces-
sitates caution in both the manufacture and use of TEDA-impregnated
carbons, 16218

Research efforts were undertaken earlier at NRL to find a
suitable substitute for TEDA in impregnation formulations. Re-
sults of these studies indicated that the compound hexamethylene-
tetramine (HMTA, CgHi2Ny) could be used effectively in combination
with iodine salts and potassium hydroxide to retain methyl iodide.'®
Improved thermal stability of HMTA-impregnated carbons was demon-
strated in earlier studies at SRL. These studies showed a systematic
increase in carbon ignition temperature with increasing HMTA content
up to about 4% added HMTA.'®

The second purpose of the joint NRL-SRL studies is to demon-
strate effective trapping of radioiodine compounds on carbons de-
rived from domestic raw materials. Most of the reactors in the
United States specify coconut-base carbon for their iodine trapping

- 15 -



systems because of the unique combination of physical hardness and
chemical reactivity for iodine compounds. Excessive world demand
for coconut-base carbon or unfavorable international political
situations might conceivably limit availability of coconut-base
carbon, thus requiring availability of substitutes.

Earlier studies at SRL'*’'®’?° demonstrated that elemental
iodine could be efficiently trapped on a variety of base carbons
when excess potassium (as KOH or K,CO3) was added to the carbon.
These studies showed that the mechanism for very efficient re-
tention of iodine on carbon is a pH-sensitive chemical reaction
in which I, is converted to ionic iodine salts (I~, I0~, I03).
As indicated earlier in this report, icdine retention is a
function of pH of the carbon, and a high pH is required to form
the stable iodine salts.

Recent studies at NRL'® indicate that efficient methyl iodide
retention on iodized charcoals is also a pH-sensitive chemical
reaction in which CHsI is catalytically converted to methanol
{CH30H) and potassium iodide (KI) as shown in the equations

CH,I* + K' + OI" - CHs0I + KI*
CH30I + OH - CH3OH + QI
where I* = radioactive species.

A high pH is required to stabilize the (CI”) ion on the carbon
and to complete the conversion of the intermediate product (CH;0I)
to methanol. Thus, efficient trapping of both elemental iodine and
methyl iodide require a carbon with a high pH. Addition of KOH
(or K;CO3) to impregnation formulations, however, lowers the ig-
nition temperature of the resulting impregnated carbons.?® Accept-
able ignition characteristics can be obtained by the addition of
phosphate salts to the impregnation solutions. When added in the
right proportions, the phosphate salts also serve as pH buffers,
thus maintaining favorable chemical conditions for retaining radio-
iodine on the carbon.

During the current report period, approximately fifty
samples were prepared using several impregnation formulations
on nine different charcoals. The charcoals used in the experi-
ments are listed in Table 7.

The initial SRL impregnation formulations incorporating HMTA
were used on coconut-base carbons. Methyl iodide penetration data
for the resulting test carbons showed the optimum level of iodine
and HMTA impregnation to be 2.0 weight percent (2% total iodine,
2% HMTA).'® These early preparations were made using 1% iodine

- 16 -



from I, and 1% iodine from KI. Sufficient KOH was added to the
impregnation solutions to assure an I/K atom ratio of 0.6 or less
{see Reference 20). The elemental iodine added to the solutions

was always converted to ionic salts in the high pH solutions accord-
ing to the idealized reaction?!

31, + 60H - 51  + I0; + 3H,0

Other oxiodides are probably also formed in the iodine-caustic re-
action as discussed in References 19 and 22.

Because consideration must be given both to cost and handling
safety of reagents in adapting the formulations to commercial car-
bon production, most of the subsequent impregnations have been
made with KI and KIO:; salts rather than the more hazardous and
expensive elemental iodine. Impregnation solutions are now pre-
pared by adding total iodine at the 2.0% level, but with a 5:1 mole
ratio of KI and KIO3. KOH is still added in varying amounts to
achieve favorable I/K ratios and to produce a carbon with a high pH.

Experimental carbons were subjected to a variety of analytical
and iodine penetration tests to confirm the levels of impregnation
and to determine optimum combinations for a given base charcoal.
Tests performed include pH measurements, ignition temperature meas-
urements, specific analyses for Na, K, and T (by neutron activation
analysis), I, penetration tests (at 180°C), and methyl iodide pene-
tration tests (performed at NRL).

TABLE 7

Base Carbons Used in Experimental Impregnations

Manufacturer’'s Source

Degignation Material Vendor

BPLY Coal Calgon Corporation, Pittsburgh, PA

BPX% " Coal Calgon Corporation, Pittsburgh, PA

Witcarb 965° Petroleum Witco Chemical Corporation, New York, NY
MBYV® Coal Union Carbide Corporation, New York, NY
20744 Coal Sutcliff Speakman & Co., Ltd., Bronxville, NY
G-352€ Coal North American Carbon Company, Ceclumbus, OH
G-210b Coconut North American Carbon Company, Columbus, OH
G-212b Coconut North American Carbon Company, Columbus, OH
Gx-2020 Wood North American Carbon Company, Columbus, OH
a. Sieved to a 10 x 16 mesh particle size distribution (U.5. Sieve Series).
b. 8 % 16 mesh particle size distribution.

c. 6 X 14 mesh particle size distribution.

d. 10 x 16 mesh particle size distribution,

[

Ground and sieved to a 10 % 16 mesh particle size distribution.



Coconut- and Wood-Base Carbon

HMTA was first applied to coconut-base carbons so compari-
sons could be made with TEDA-impregnated products. Systematic
studies of ignition retardants were also begun on coconut-base
carbon. Studies were then extended to other base carbons. Im-
pregnation and test data for coconut- and wood-base carbons are
shown in Table 8.

Three types of inorganic salts are commonly used as ignition
retardants in treating combustible materials: (1) halide salts,
(2) phosphorous salts, and (3) boron salts. The effect of all
three types of materials can be seen by comparing ignition tempera-
ture data on Samples 3, 2, 7, 8, and 38 in Table 8. Sample 3 was
prepared with elemental ilodine (I;) with no specific ignition re-
tardant. Sample 2 was prepared with KI and I,. The effect of half
the iodine being added as the KI salt was to raise the ignition
temperature from 265 to 325°C. Addition of 1% monosodium phosphate
{(NaH;P04 *H20) increased the ignition temperature to 390°C (Sample
7). When 1% disodium phosphate (NazHPOy+2 H20) was added (Sample
8), the ignition temperature increased to 355°C, but methyl iodide
penetration increased considerably. Addition of 0.8% boric acid
(H3BO3) (Sample 38), reduced the ignition temperature to 275°C and
increased the methyl iodide penetration to the highest value obtained
in this sample series. Similar poor results were chtained when
H3BO3 was used on a coal-base carbon and will be discussed later
in this report.

The data in Table 8 indicate that combining 1.3% KI with 1.0%
monosodium phosphate gives the best ignition retardant combination
without significant sacrifice in methyl iodide retention. Addi-
tional studies on phosphate additives are discussed later under
coal-base carbon impregnations.

Comparison of methyl iodide penetration data for Samples 28
and 35 indicates that HMTA is of some value in improving the per-
formance of iodized Type G-210 carbon. However, the level of
methyl iodide penetration of all the samples in Table 8 is gener-
ally greater than that obtained with TEDA-impregnated coconut-
carbon (0.79% for new Type G-615 and 0.45% for new Type GX-176 -
Table 6). The low penetration data obtained from Sample 22 (0.46%)
indicates that a satisfactory impregnation formulation can be de-
veloped for the HMTA-coconut carbon combination.

Data obtained from the wood-base carbon indicate that the
addition of 2% HMTA to the formulation does not improve methyl
iodide retention (Samples 23 and 32). As with coconut-base carbon,
further experimentation would be required to develop a product
yielding consistent results.
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TABLE B

HMTA Impregnations of Coconut- and Wood-Base Carbons

Carbon Type and
Number®
G-210 3
G-210 2
7
8
18
22
28
40
38
35
G-212 19
25
GX-202 15
23
43
32
a.

&

| d RO

-

See Table 7 for description of base charcoals.

Todine

Fbrw#

I;

Iz,
Iz,
Iz,
Iz,
I,
I-,
I,
I,
1,
Iz,
I,

I

103

103
103
103
-

103
-

103
103
103

Impregnation Level, weight %

HMTA  Jodine KCH I.R.°
5.0 2.0 1.4 None
5.0 2.0 0.7 None
5.0 2.0 0.7 1.0
s.0 2.0 0.7 1.0
5.0 2.0 0.7 1,0
2.0 2.0 0.8 1.0
2.0 2.0 0.4 1.0
2.0 2.0 0.8 1.0
2.0 2.0 0.8 0.89
0.0 2.0 0.4 1.0
2.0 0.7 1.0
2.0 2.0 0.4 1.0
5.0 2.0 0.7 1
2.0 0.4 1
2.0 2.0 0.8 1.0
0.0 2.0 0.4 1.0

pH
10.40
10.62
10.40
10.20
10.66
16.48
10,30
10.24
10.03
9.09

10.37
10.20

10.21
10.16
8.72
9.86

Ign. Temp,
oc

265
325
390
355
398
320
375
350
275
377

335
335

436
412
425
403

ITodine Penetration, %

CH3I?

2.
1.
1.
.18
.74
.46
.59
.32
4.
4.

3
1
0

2
0

0
1
pA
1

53
33
86

45
10

.47
.91

.99
.49
.39
.42

I.€

0.41
0.31

'0.52

0.57
2.89
1.04
0.88
0.56
0.84
0.79

2.31
1.20

4.50
1.15
1.34
1.53

Sample numbers are laboratory identification numbers.

Designates source of iodine for impregnation solutions (see Text).
I, 1.31 wt % KI; (I, I03) = 2.18 wt % KI, 0.56 wt % KIO,.

(I, 1) = 1.0 wt %

Ignition retardant.

Methyl icdide test data courtesy V. R. Deitz (NRL).

NaHyPO4 +Hy;0 used except where noted.

See Text for test conditions.

SRL high-temperature test (see Text), iodine penetration at 180°C.

Naj;HPO4 « 2H, 0.

H4BOs.

1073
10-?
107?
107°
10°%
107°
10-3
1073
1073
107?

1073
10-3

10-3
1073
1073
1073



Petroleunm-Base Carbon

Promising results have been obtained from HMTA impregnations
of Witcarb 965 as shown in Table 9. The data indicate that the
level of HMTA and KOH impregnation must be carefully controlled
to obtain the optimum methyl iodide and elemental iodine retention.

Coal-Base Carbon

Coal-base carbons suitable for air cleaning applications are
all manufactured by blending finely pulverized coal or coke with
a binder, forming the plastic blend into pellets or cake, then
burning the binders out to leave a porous material. The pore
structure of the final product is affected by a number of manu-
facturing variables such as the mineral and volatile component
content of the coal, the particle size range of the pulverized
coal, the binder used, furnace conditions during carbonization
{(binder burn-off), and the degree of activation after carboniza-
tion. The pore structure, in turn, affects the iodine retention
properties and the ability of the carbon to accept and retain im-
pregnants added to enhance the iodine retention properties. Thus,
it is necessary to select a coal-base carbon with a favorable pore
structure as well as an optimized particle size distribution to
produce a good iodine adsorber.

Five different coal-base carbons have been tested at SRL with
iodine-salt, HMTA impregnation combinations. Two of the carbons tested
{Types G-352 and 207A) are manufactured outside the United States.

The remaining three (Types BPL, BPX, and MBV) are domestic carbons.
The most consistent methyl iodide penetration data were obtained
from impregnations of the foreign carbons. Test data are summarized
in Table 10.

Experimental carbons prepared from Type G-352 (ground and
sieved to 10 x 16 mesh) show methyl iodide penetrations consist-
ently less than 0.5% with a number of different combinations of
HMTA, iodine salts, and KOH. The only poor result was obtained
when H3B03; was used as an ignition retardant (Sample number 39,
Table 10}, This result confirms the earlier observation that
H3BO3; is an unsatisfactory additive (see Sample 38, Table 8).

In earlier tests of ignition retardants, the monosodium
phosphate salt (NaH;PO,*H»0) was superior to the disodium salt
{NapHPO,*2H,0} when each was present at the 1.0 weight percent
level (Samples 7 and 8, Table 8). Additional samples were pre-
pared with Type G-352 using each of the three sodium phosphate
salts (NaH,PO,*H,0, NapHPO,+7H,0 and Na3PO,+12ZH,0). For these
samples the total salt added was adjusted to obtain a constant
phosphate ion (PO;?) content of 0.69 weight percent., The potassium
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TABLE 9

HMTA Impregnations of Petroleum-Base Carbons

Carbon Type Impregnation Level, weight % Ign Temp, Iodine Penetration, %

and Numberd Iodine FormP HMTA  Iodine KOH  I.R.© pH o CH3IZ 1,8

Witcarb 965
17 Iz, 17 . 5.0 2.0 0.7 1.0 8.54 425 0.73 7.21 x 107°
44 I, I03 2.0 2.0 0.8 1.0 10,10 425 0.72 1.06 x 1073
27 17, I0; 1.7 2.0 0.8 1.0 10.10 415 0.44 6.92 x 107°¢
29 1, 103 2.0 2.0 0.6 1.0 9.77 432 1.10 0.41 x 107°
33 1, 103 0.0 2.0 0.8 1.0 10.08 425 1.09 1.73 % 1073

a. See Table 7 for description of base carbon. Sample numbers are laboratory identification numbers.
b, (I, I') = 1.0wt % I, 1.3 wt % KI; (I, 103) = 2.18 wt % KI; 0.56 wt % KIO;.

e, Ignition retardant, NalzPOy+H:0.

d. CH3I penetration data courtesy V. R. Deitz, NRL.

e. SRL high-temperature test {180°C).
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TABLE 10

HMTA Impregnations of Types G-~352 and 207A Coal-Base Carbons

Carbon Type

Todine Form?

See Table 7 for description of base carbons.
1.3 wt % KI; (I7, 103) = 2.18 wt %

and Number@

G=-352
14 I, I~
24 1, 103
27 17, 103
48 1, 105
31 1, 103
39 I°, 103
51 17, 103
52 1, 103
53 17, 103

207A
54 17, I03
58 17, 103
57 I, 103
56 17, 103
55 17, 103

[

b, (lz, 17} = 1.0 wt %

c.

d.

€.

f. H3BO;.

g. NasHPO,+7 H,0.

h. NajP04+12 H,O.

Impregnation Level, weight %
HMTA Todine  KOH I.R.C

5.0 2.0 0.7 1.0
2.0 2.0 0.4 1.0
2.0 2.0 0.7 1.0
2.0 2.0 0.8 1.0
0.0 2.0 0.8 1.0
2.0 2.0 0.8  0.8F
2.0 2.0 0.8 1.0
2.0 2.0 0.4 1.99
2.0 2.0 0.0 2.8"
2.0 2.0 0.8 1.0
1.5 2.0 0.8 1
0.98 1 0.8 1.0
0.5 2.0 0.8 1
0.0 2 0.8 1

Ignition retardant; NaH;PO,+H,0 except as noted.
CHaI penetrdtion data courtesy V. R. Deitz, NRL.
SRL high-temperature test at 180°C.

pH

8.33
8.36
9.82
9.85
9.42
9.12
10.20
10.02
10.00

9.24
9.53
9.54
9.48
9.32

Ign Temp,
°c

450
447
430
397
420
395
419
417
440

400
400
400
390
395

KI, 0.56 wt % KIOa.

Todine Penetration, %

CHAID I,8

0.50 1.41 x 1073
0.37 6.95 x 107°
0.36 1.21 x 1073
0.48 1.09 x 1073
0.21 3.25 x 107 °
1.17 1.60 x 107°
0.48 1.1 1078
0.46 5.23 x 107°
0.51 5.11 x 107°
0.21 1.82 x 107°
0.22 2.14 x 107°
0.35 0.77 x 1073
0.38 1.04 x 107°?
9.21 1.55 x 107°

Sample numbers are laboratory identification numbers.



hydroxide content was adjusted to obtain a tribasic phosphate

salt {NaK:PO,, Na-KPQO, or NasP0,). Test results (Samples 51, 52,
and 53, Table 10) show nearly equal methyl iodide penetration for
each combination, and indicate that the phosphate ion content is
more important than the salt form. The choice of reagents for
production lots would thus be based on material costs and handling
convenience. '

Data reported earlier!®’!® showed an optimum HMTA content
for coconut-base carbons of 1 to 2 wt %. A series of samples
was prepared on Type 207A carbon in which the HMTA content was
varied from 0.0 to 2.0 wt % as shown in Table 10. While all
the samples showed low methyl iodide penetration, the samples
containing 1.5 and 2.0% HMTA (Samples 58 and 54) were slightly
better than those containing 0.5 and "V1.0% HMTA (Samples 56 and
57}).

Control samples (those containing only iodine salts with no
HMTA) for both Types G-352 and 207A also showed very low methyl
iodide penetration. Control samples for all other base carbons
tested showed higher CH3;I penetration than their companion samples
prepared with HMTA. These results suggest that the pore structures
of Types G-352 and 207A carbons are well suited for methyl iodide
adsorption and subsequent reaction of the CH3;I with the iodine
salt impregnants. Service aging of Types G-352 and 207A should
reduce the efficiency of the methyl iodide catalysis reaction,
however, and the beneficial presence of HMTA would become more
apparent by providing a second reaction mechanism for trapping
the organic iodides.

Impregnation and test data for three other coal-base carbons
(Types BPL, BPX, and MBV) are shown in Table 11. Examination of
the data shows that satisfactory methyl iodide penetration data
(less than 1% penetration) have been obtained with each carbon.
The data show, however, that these carbons are more sensitive to
minor variations in impregnation formulation (particularly the
amount of KOH added). For a more extensive investigation of the
effect of impregnation formulation on Type MBV carbon, see Refer-
ence 19.
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TABLE 11

HMTA Impregnations of Types BPL, BPX, and MBY Coal-Base Carbons

Carbon Type Impregnation Level, wetght % Ign Temp, Iodine Penetration, %
and Numberd Todine Form HMTA Todine KOH I.R.C pH °c CH3T? I:€
BPL
16 12, I” 5.0 2.0 0.7 1.0 8.99 433 0.53 3.37 % 10°°
26 I, IO 2.0 2.0 0.6 1.0 9,99 420 0.69 1.84 x 1072
50 17, 10; 2.0 2.0 0.8 1.0 9.77 412 1.28 12.6 x 107°®
34 17, 10; 0.0 2.0 0.8 1.0 9.90 392 1.30 0.79 x 1073
BPX
36 17, I0; 2.0 2.0 0.82 1 9.80 410 1.05 1.21 % 1¢7°?
47 17, 105 2,0 2.0 0.80 1.0 9.69 415 0.67 0.85 x 10°?
37 17, 105 0.0 2.0 0.79 1.0 9.56 405 2.20 3,14 x 1077
MBY
30 17, 103 2.0 2.0 0.7 1.0 9.88 445 0.75 14.8 x 107°
49 17, 10 2.0 2.0 0.8 1.0 16.34 435 0.44 21.0 = 107°%
a. See Table 7 for description of base carbons. Sample numbers are laboratory identification numbers.
e (I, 1) =1.0wt % I,, 1.3 wt % KI; (I, IO3) = 2.18 wt % KI, 0.56 wt % KIO;.
c. Ignition retardant; NaH;PO,+H,0 used for all samples.
d. CHj3l penetration data courtesy V. R. Deitz, NRL.

©

SRL high-temperature test at 180°C.



Additional Tests

While satisfactory methyl iodide retention values have been
obtained for several combinations of carbon and impregnants on
newly impregnated carbons, the service aging characteristics and
service attrition characteristics of the samples have yet to be
determined. Small samples (about 300 g) of several of the carbons
have been installed in the CTF for preliminary evaluation. The
first of these samples is scheduled for removal in the spring of
1977. The test beds {especially the coal-base samples} will be
examined for evidence of carbon loss, then tested for methyl iodide
retention. NRL is currently considering the impregnation of larger
samples (50 pounds each of several base carbons) for more detailed
analysis. SRL will participate in both the service exposure and
analysis phases of this program. Quantitative evaluation of the
rate of wear of carbon granules in a flowing air stream {(a service
attrition test) must await development of a test method.

CONCLUSIONS

A variety of foreign and domestic base carbons have been im-
pregnated with several combinations of iodine salts, KOH, HMTA, 4
and ignition retardants. Acceptable methyl iodide retention (less’
than 1% penetration) has been obtained after impregnation of each
type of base carbon tested. For some of the carbons, however,
wide variations in methyl iodide penetration data were observed
with only minor changes in the impregnation formulation. Consist-
ent data were obtained for several impregnant variations on two
types of coal-base carbon (Types G-362 and 207A}, indicating that
the impregnation formulations investigated at SRL are well suited
to these particular carbons. Further development work will be re-
quired to determine the proper impregnant combinations for the other
base carbons.
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