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ABSTRACT

A new high temperature coconut-shell carbon
(1gnition temperature ~530°C), which was developed
by an American manufacturer, has been shown in
preliminary tests to meet specifications of the
Savannah River Plant confinement system for removal
of iodine.

A procedure was developed to measure igniticn
temperature, to evaluate promising new types of
activated carbon, and to evaluate the effects of
variables (such as air flow, bed properties, impreg-
nants, and plant service) on ignition temperature.
Results of these evaluations and a literature survey
of lgnition temperature are reported.
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HIGH TEMPERATURE ADSORBENTS FOR 10DINE
PROGRESS REPORT: JANUARY 1965 - SEPTEMBER 1966

INTRODUCTION

Removal of radioiodine from confinement systems'®’ is of
special interest,(a) because it 1s potentlally the most hazardous
fission product to the surroundings of a nuclear reactor.(?® At
the request of the AEC Divisilon of Operational Safety, a broad
program was undertaken at the Savannah River Laboratory to seek
a system that would remove fission product jodine from air at
temperatures higher than the limltations of the present activated
carbon systems. As a flrst step in this program, removal of
radiolodine by a variety of materials was reviewed extensively*
and a literature survey on the cleaning of reactor effluent
gases'1°) was utilized. Confinement of iodine by various alter-
native systems was carefully consldered, especlally (1) by
adsorption on activated carbon and on noncombustible materials
such as sllver, copper, and molecular sieves; and (2) by mechan-
ical separation with fllters and scrubbers.

In the unlikely event of a reactor accident, some risk of
igniting activated carbon occurs because of the decay heat of
adsorbed radloiodine or because of the decay heat from uncooled
reactor fuel that heats alr flowlng through the beds to a high
temperature. In elther case, low flow of alr would aggravate the
situation. Appreciable burning of the carbon could destroy the
beds and release most of the lodine. A second problem 1s the
possibllity that some of the ilodine may be desorbed at high bed
temperatures below the ignltion temperature. This second pro-
'blem will be investigated in the future. :
) The obJectives of the work at the Savannah River Laboratory
(SRL) on adsorbents for iodine were: a) to locate an adsorber
that would reduce the probablliity of fire, b) to develop a stand-
ard procedure for the measurement of ignltion temperature, c¢) to
measure the ignition temperature of promlsing carbons, and d) to
evaluate the effects of variables (such as air flow, bed proper-
ties, 1mpregnants, and plant service) on ignition temperature.
This progress report summarlzes work from January 1965 to
September 1966.

* See References, especlally items 4-9.




SUMMARY

Activated carbon 1s the superior adsorber of radlcactive
elemental lodine, despite the risk of ignition. An ignition tem-
perature of 340°C was measured with a full-size, Type 416%* carbon
bed now used in the Savannah River Plant (SRP) reactor ventila-
tion systems. The same temperature was measured in a small-scale
apparatus with a standardized procedure developed at SRL. This
small-scale apparatus was used to measure the ignition tempera-
ture of commercial carbons and to evaluate the effect of varia-
bles cn lgnition temperature.

A coconut shell carbon, Type 592%%, ignited at 530°C at an
air veloecity of 105 ft/min, both 1n a full-size bed and in the
small-scale apparatus. In preliminary tests, this carbon meets
speciflcations of the SRP confinement system for removal of
lodine and provides additional protection against lgnition by the
decay heat of adsorbed flssion products. PFull-size beds of this
carbon are being evaluated in the SRP confinement system.

Iodine forms a chemical bond with carbon and 1s not signifi-
cantly desorbed from coconut carbon at temperatures up to
250°C, 152}  Measurements are planned at SRL of the desorption of
lcodine from unimpregnated and impregnated carbons at temperatures
approaching the lgnition temperature.

A survey of the llterature revealed no satisfactory substi-
tute for activated carbon in applications requiring >99% removal
of radioactive iodine. Carbon has the advantages of:

o >99.9% efficlency for adsorption of lodine under a
variety of adverse conditions,

¢ gervice l1life up to 3 years,

o essentially maintenance-free operation,

0 low pressure drop, and

6 low cost,
A survey of the literature also showed that the ignition tempera-
ture can be raised by using a carbon:

0 with a smaller internal surface area;

o with a coarser mesh;

0 Impregnated wlth phesphates, borates, or halcgens; or

o purified to remove impurities such as sodium and
potassium that catalyze the oxidation of carbon.

* Product of Barnebey-Cheney Company.
*#Recently developed product of Barnebey-Cheney Co., discussed
in more detall in Reference 15.
-2 -
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Noncombustible adsorbents cf radiclodine are less gatisfactory
than carbon because:

o metals, such as silver, requlre temperatures >100°¢C
for acceptable efficiencies, '

o metals, such as copper, lose efficlency because of
surface contamination, and

¢ nonmetals, such as molecular sieves, actilvated
alumina, and silica gel, adscrb water preferentially.

Removal of radicilodine by liquids is unsatisfactory because:

o expensive equipment is required if a large flow must
be treated,

o organic compounds and aerosols of lodine are not
removed efficiently,

¢ 1liquids such as carbon tetrachlorlde are toxic and
veolatile, and

o0 agueocus solutions evaporate at elevated temperature.

DISCUSSION

LITERATURE REVIEW (SUMMARY)

Published data indicate that activated carbon from coconut
shells has adsorption properties for lodlne superlor to those of
activated carbon from cocal or wood. The coconut shell g¢arbon¥

" contalns fine-capillary pores, and therefore a large internal
_supface area; when new, 1t removes lodine with >99.99% efficlency

under a varlety of adverse conditions. Carbon from cocal has a
somewhat lower efficiency for adsorbing iodine. In addition,
1odine desorbs at rates of only 0.002-0.02 %/hr from coconut
carbon at 250°C, but at a rate of 0.7 %/hr from coal carbon under
the same conditions.‘*®?? Coal carbon 1s softer than coconut
carbon; soft carbon forms dust that can be carried out of the bed
during service. The superior adsorption characteristics of coco-
nut carbon make it the preferred material in confinement appli-
catlons, even though 1t may have a lower lgnlition temperature.

Published ignition temperatures are inconsistent; the data
appear to deperd on the measuring apparatus and procedures. As
examples, the ignition temperature of coconut carbon ranges from
270 to 560°C, and the ignition temperature of coal carbon ranges
from 345-515°C, Conditions that lower the ignition temperature

*# In this report, the word carbon refers to activated carbon.
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are: impuritles in the carbon that catalyze its oxidation, high

ash content, fine aggregate slze, thick beds, and large internal

surface area. Data in the literature on the effect of air veloc-
ity are also inconsistent.

The ignitlon temperature of carbon 1s raised 1) by impreg-
nation with halogens, phosphates, or borates; 2) by removal of
impurities such as sodium and potassium that catalyze oxidation;
and 3) by coating the surface with a heat-resistant porous
material.

Published data indicate that noncombustible substitutes fer
activated carbon are unsatisfactory for most reactor confinement
applications. The iodine adsorption efficiency of the noncom-
bustible adsorbents 1s slgnificantly lower than that of activated
carbon. The ventilation alr causes cxidation and other contaml-
nation of the surface, which interferes with the adsorption of

lodine on copper or silver. Humid atmospheres also interfere
with the adsorption of lodine c¢n molecular sieves, activated
alumina, and silica gel.

A detatled discussion of the literature review i1s In Appendix
A, and a summary of carbon specifications is in Appendix B.

EXPERIMENTAL PROCEDURES

Thermobalance

The relative 1gnitibillty of a variety of activated carbons
and other carbonacecus materials was measured qualltatively with
a thermobalance*, which reccrded continuously the welght of a
sample heated at a constant rate in flowing air.’

About 250 mg of carbon was heated on a platinum digk in dry
air at a rate of ~6°9C/min. The linear alr velocity was 0.14 ft/
min. The recorded plot of the weight of carbon agalnst temperature
showed a loss of welght (moisture) up to 100°C; there was no
significant loss of weight between 100°C and the ignitiocn tempera-
ture. As combustion occurred, the sample lost weight because of
the oxidation of carbon to carbon monoxlide and carbon dioxide.

No additlonal measurements were made with the thermcbalance,
because the data are gualitative and the range of condltions is
restricted.

* Type RV thermcbalance, Wm. Ainsworth & Sons, Inc., Denver,
Colorado.
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Small - Scale Apparatus

A small-scale apparatus for the quantitatlve measurement of
the ignition temperature of carbon under a wide variety of condi-
tions was developed by SRL (see Figures 1 and 2}. Air to the
apparatus i1s cleaned by a l-inch-thick carben bed and an absolute
filter. Flows up to 6.5 £t®/min (face velocity of 130 ft/min)
are measured with callbrated rotameters. The temperature of the
alr flowing through the preheater is lncreased at rates of 2 to
49Cc/min by adjusting the "Powerstat."* The temperature of the
oven is controlled automatically (at the same temperature as the
preheater) by a temperature controller connected to "Chromel-
Alumel"#* thermocouples 1 and 2. Stalnless-steel-clad, 0.025-1inch
0D, thermocouples were used inltlally to measure the bed tempera-
ture to avold bypassing of air. Now, 0.125-inch thermocouples
are used because they give the same result and are more durable.
Thermocouples 3 and 4 measure the temperature near the upstream
face of the carbon bed, and 5 and 6 near the downstream face.

The ignition temperature ls lndleated by an abrupt increase in
the rate of temperature rise of the bed. The downstream air
temperature, which also glves a prompt indication of ignition,
is monltored by thermocouple 7. The furnace temperature 1is
measured with thermocouple 8. Carbon beds with diamefers and
depths up to 3 inches can be tested in this apparatus. The
3-inch diameter was chosen, because thils size gave satlsfactory
results in earlier tests of lodine adsorption at SRL{:*-'*) and
because it was expected to adequately simulate a full-size bed.

The standard procedure for measurement of ignition tempera-
ture of carbon at SRL is described 1n Appendix C.

Full-Size Apparatus

The ignition temperatures of Type 416 and Type 592 carbon In
a bed framed with stainless steel were measured at the lawrence
Radiation Laboratory (IRL). Unfiltered air and the combustion
products from six gas burners entered a horizontal, uninsulated
metal duct 2 feet square x 15 feet long, as shown in Figure 3.
This duct contained four baffles to mlx the air to uniform tem-
perature before it entered the carbon bed. Effluent air from the
carbon bed passed through a 1-foot-diameter duct, 15 feet long.

The downstream face of the bed was observed through three
glass windows 1n the duct. An air eductor that was operated by
compressed air moved air through the apparatus, and a baffle con-
trolled air flow through the bed.

* Trademark of Superior Electric Co., Bristol, Connectlcut.
##* Tragdemark of Hoskins Mfg. Co.
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The temperature of the bed was measured where igniticn was
llkely with 20 calibrated iron-constantan thermoccuples (0.025
inch 0D, stainless steel clad). Temperature from each thermo-
couple was recorded every 26 seconds.

A pltot tube connected to an inclined mancmeter measured the
alr flow. Alr temperature was increased in ~50°C increments by
adjusting the burners; the bed temperature was allowed to come
to equilibrium after each increase. At ~50°C below the ignition
temperature, the alr temperature was increased continuously at
mlOOC/min. At the ignition temperature, the thermocouples in
the center of the bed suddenly indicated a rapld temperature
rise,

RESULTS

Relative Ignitibility

Thermobalance measurements showed the following relative
lgnitibility of activated carbons: Whetlerite* (lowest tempera-
ture), coconut shell, and bituminous coal. Pyrclytic graphite
foam** (an allotropic form of carbon, less reactive than activated
carbon) ignited at the highest temperature.

The loss of welight at temperatures up to ~100°C, as shown in
Figure 4, 1s due tc the desorptlon of water. Above 100°C, the
welght of the carbon dces not change significantly until ignition
occure; at lignition, there 1s a rapld loss of welght. Whetlerite }
was heated 1n a vacuum in the thermocbalance to ~400°C with no
significant loss of weight. This verified that the lcss of welght
in air at an elevated temperature was caused by the: combustion of
carbon and not by decompositicn of the lmpregnated Balts.

The relative ignitibility of the carbons tested agreed with
relative ignition temperatures measured in the small-scale appa-
ratus under different conditions. Whetlerite ignited at a low
temperature, because the impregnated metal salts catalyzed the
oxldation of carbon.

Although pyrolytic graphite foam has the highest ignitibii-
1ty, 1t adsorbed iodine with an efficiency of only 2% in the
apparatus described in Dp-T78.(14)

* Whetlerite, a product of Pittsburgh Activated Carbon Co,, 1s
bituminous carbon impregnated with ~10 wt % salts of copper,
silver, and chromium to ernhance adsorption of toxie gases,

*#* Product of General Electric Co.
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Type 416 carbon used in SRP confinement facllitles was
coated with porous pyrolytic graphite.* This material was
tested in the thermobalance to determine if the porous coating
(~50% volds) might increase ignition temperature without decreas-
ing iodine adsorption by the carbon. ‘

The coatings, 80- and 200-p thick, were not adherent and
some was removed by gentle brushing. The pyrolytic coating was
tco soft for confinement purposes and insignificantly improved
the ignition temperature, as shown in Flgure 5.

Dependent Variables in Small-Scale Ignition Tests

Tests at other sites and at SRL with the small-scale appara-
tus showed that the ignition temperature of carbon is affected by:

¢ type of carbon

o internal surface area

o service life

o particle size

o bed depth

o air veloecity

o adding carbon with lower ignltion temperature

o 1lodine impreghaticn
Because the ignition temperature of carbon is a function of

several variables, measurements were made as each variable was
changed. ;

Type of Carbon

Three materials commonly used to prepare c¢arbon are coconut
shell, petroleum, and bituminocus coal. The ignition temperatures
of six commercial carbons are shown in Table I.

Normally, carbon from coconut shell has the lowest lgnitlon
temperature. However, by special processing to remove impuritiles
that catalyze oxidation, the ignition temperature of cococnut
shell carbon can be increased to 530°C.

Normally, bituminous coal has a higher ignition temperature
than coconut shell because it is more crystalline than coconut
shell., Impregnation of bituminous carbon with ~10 wt % salts of
copper, sllver, and chromium (Whetlerite) lowered the ignition

* Cpated by the General Atomics Division of General Dynamics Corp.
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temperature from 480 to 250°C. Most metallic salts, especlally
godlum and potassium, catalyze the oxidation of carbon as dis-
cussed in Appendix A,

Internal Surface Area

The effect of internal surface area was reported by
Kovach. %) He showed a rapld decrease in ignition temperature
from 485 tc 370°C when the internal area was increased from 750
to 1500 m®/g. These results agreed with kilnetics of oxldation of
carbon, as discussed by Kovach.

Service Life

The ignltion temperature of Type 416 carbon lnereased about
80°C after 18 to 25 months of service in the SRP reactors. This
was due to the increased concentration of iodine, chlorine,
phosphates, and other impurities adsorbed on the carbon, which
was conflrmed by mass spectroscopic analysis. These impurities
(atmospheric comtaminants) inhibit the oxidation of carbon, and
increase the ignition temperature, as shown in Table II.

Particle Size

Ignition temperature increases with increasing particle
size. However, the effect of particle diameter on ignition
temperature was not significant (~25°C) for diameters of 1 to 4
mm¢ * 8? normally used in confinement applications,

Bed Depth

The dependence of ignition temperature on bed depth from
% to 3 lnches was determined with Type 416 and Type 592 carbon.
Alr velocity was 70 ft/min, the normal face veloclity for SRP
carbon beds.

The lignitlon temperature of Type 416 was unaffected as the
bed depth inereased from % to 3 inches, as shown in Figure 6.
3imilar results were obtalned for PCB* coconut shell carbon at 1-
and 2-inch depths. However, the ignition temperature of Type
592 carbon decreased significantly as the bed depth increased
from 1 to 3 inches. In the deeper Type 592 beds, ignition
usually occurred inside the bed, as reported in the 11terature,(15’
instead cof near the face of the bed.

* Product of Pittsburgh Activated Carbon Co.
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Alr Veloelty

The dependence of ignltion temperature on air veloclty was
measured with a l1-inch-thick by 3-inch-diameter bed filled with
Type 416 carbon currently used at SRP, or with Type 592 high
temperature carbon. The results are summarlized in Figure 7.

The ignition temperature of Type 416 carbon was unaffected
(within the 1imits of precision, *10°C) as the veloclty increased
from 10 to 120 ft/min. The l1gnitlon temperature of Type 592
carbon differed between batches. The first (and hilghest) igni-
tion temperatures were obtained wlth carbon prepared on a labora-
tory scale by the Barnebey-Cheney Company. Results from this
carbon are labeled Batch A 1n Flgure 7. Results from a second
batech of Type 592 carbon (Bateh B, Figure 7) were lower and were
only slightly affected by air velecity. This bateh was one of
the flrst made on a plant scale. Results from the Type 592
carbon used in the full-size test are shown as Bateh C 1in Flgure
7. This curve shows the same veloclty dependence as the carbon
prepared in the laboratory, but the ignition temperature is
~55°C lower. After these measurements were made, Barnebey-
Cheney installed new eguipment for the manufacture of Type 592
carbon with a consistently high ignition temperature. Measure-
ments on subsequent batches have shown uniformly high ignition
temperatures.

In actual confinement applications, ignitlon is not probable
at high alr veloeities, because alr flow through the bed will
rapidly remove heat from radloactive decay. Ignition 18 much
more likely at low velceities (<10 ft/min, for example). More ]
experimental measurements of ignitlon temperatures at low
veloclities are 1n progress at SRL to evaluate the risk of igni-
tion.

Addlng Carbon with Lower Ignition Temperature

The effeet of addling carbon with a low ignition temperature
in a bed packed with hlgh-igniltlon-temperature carbon was tested.
5g of Whetlerlte was placed around an upstream thermocouple 1n a
bed packed wilth 100g of BPL* carbon; the bed ignited at 270°C.
This temperature is about the same as that measured for a bed of
Whetlerite only. When the Whetlerifte was placed at a downstream
thermocouple, the bed ignited at 260°C. The bed was cooled
after lgnition, and the test was repeated on the same material,
The second ignitlon cccurred at 280-30000; the third ignition
oceurred at 310°C. The rise in i1gnition temperature wlth re-
peated ignitlons was attributed to decompositlon of the chemicals
used to make Whetlerite. Successive ignlition temperatures of
250, 280, and 290°C were measured for a bed packed with
Whetlerite only.

# Product of Pittsburgh Actlvated Carbon Co.
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lodine Impregnation

The effect of impregnating carbon with elemental iodine and
potassium lodide was investigated because of the inecreased
interest in impregnated carbons to adsorb methyl iodide from
humid air. Methyl iodide, which may be present in small quanti-
ties in confinement applicaticons, is not adsorbed efficlently by
carbon from very humid air, However, radiocactive methyl lodide
exchanges rapldly with lodine-impregnated carbon; the radio-
activity 1s retained on the carbon and inactive methyl lodide ig
released. 8RL requested Barnebey-Cheney Co. to impregnate Type
416 and Type 592 carbon with 1, 3, and 104 iodine by welght.

ILmpregnation of Type 416 carbon increased the ignition tem-
perature 20-40°C, as shown in Figure 8. Apparently there is a
saturation effect at about % lodine, and added iodine has 1ittle
effect on ignition temperature. In each case, the second 1lgni-
tion (350°C) always occurred at a lower temperature than the
first. Apparently, the first ignition velatilized some of the
lodine impregnant. The loas of lodine, an inhibltor of ignition,
depressed the ignition temperature.

Measurements of the desorption of lodine from unimpregnated
and impregnated carbon at temperatures up to the ignition tem-
perature are planned at SRL.

The results obtained with lmpregnated Type 592 carbon were
erratlc, as shown in Figure 8. The ignlition temperatures of the
1 and 3% iodine impregnations occurred unexpectedly below that
for unimpregnated carbon. A second ignition of each of these
carbons occurred unexpectedly at a higher temperature than the
first ignition. Additional tests are scheduled.

The ignition temperatures of other commercial Impregnated
carbons, measured with the small-scale apparatus, are summarized
In Table III.

Type CB* carbon, a coconut carbon with the same internal
surface (1100 m®/g) as Type 416 but a coarser mesh (6 x 10} and
impregnated with 10% I, ignited at 400 and 415°C on the first
ignition. The second ignition, as expected, occurred at lower
temperatures (385 and 400°C) due to the loss of iodine during
the first test. Type CK#* carbon, a coconut carbon with a high
internal surface area (1600 m®/g) and impregnated with 20% I,
ignited at a low temperature despite Impregnation, because of the
large internal surface.

* Product of Barnebey-Cheney Co.
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The ignition temperature was 360°C for type 727* coconut
carbon impregnated with lodine and potassium lodlde (surface area
of 1600 m®/g and 8 x 14 mesh). The second ignltion on the same
bed ocecurred at only 310°C because the inhibitor of oxidatlon,
iodine, was released during the first test; the catalyst for
oxidation, potassium iodide (boiling point, 1420°C), was retalned
on the carbon.

Independent Variables in Small-Scale Ignition Tests

The ignition temperature of carbon in the small-scale
apparatus was unaffected by the following variablea:

o bed dlameter

o baffles

o corrosion products

0 reignition

o relative humlidity of supply air

o reduction of oxygen content of supply air

o0 heating rate

o prolonged heating below lgnlition temperature

Bed Diameter

The effect of the diameter of the test bed on the ignition
temperature of carbon was investigated for 1- and 3-inch-dlameter
‘beds of Type 416 carbon. The ignlition temperature was ihdependent
of the bed diameter, as shown in Table IV.

Baffles
Baffles minimize bypassing of air at the carbon-metal inter-
face. Elimination of baffles from the bed had no effect on

ignition temperature, as shown 1ln Table 1V.

Corroslon Products

The corrosion products of stainless steel preduced during
repeated tests with the same bed had no effect on ignitlon tem-
perature. The same ignition temperature was observed with a new
bed and with a bed that had discolored durlng reuse. Some
materials (e.g., compounds of iron, cobalt, and nickel) catalyze
the oxidatlon of carbon and cause low ignitlon temperatures.‘®®’

* Product of Barnebey-Cheney Co.
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Reignition

Contrary to expectations, the ignition temperature of un-
impregnated carbon was not affected by igniting the bed a second
and third time, as shown 1n Tabie V. Ignition temperature
has been shown to be dependent upon ash content,(ls) and repeated
lgnition should inerease the ash content and depress the ignition
temperature. In SRL tests, ignition may not have produced
sufficient ash to cause this effect or alr flow may have swept
any ash out of the bed., As many as three ignitions can be made
on the same bed without affecting its lgnition temperature 1if the
fire 1s extingulshed immediately after ignition occurs.

Relgnition of carbon impregnated with halogens (inhibitors
of ignition) produces lower ignltion temperatures becaugse of the
loss of some of the halogens. Reignition of Whetlerite (carbon
impregnated wlth salts of copper, sllver, and chromium) produces
higher 1gnition temperatures probably because of decomposition
of the salts.

Relatlve Humidity of Supply Air

In prelimlinary measurements, the humidlity of the supply air
to the bed had no effect. Air, saturated with moilsture at 43°C,
produced a normal ignition temperature.

Reductlon of Oxygen Content of Supply Alr

Reductlion of oxygen content of the supply air to the bed
from the normal 20.9% to 15.9% had nc effect, as shown in Table
VI. In the industrial preparation of actlvated carbon, ignition
of ¢arbon can occur 1n an atmosphere of 10% oxygen. The SRL test
was made to verify that the ignition temperature of a full-size
bed (discussed later) was not affected by air that contalned
16.2% oxygen.

Heating Rate

The ignitlon temperature was not affected by changes in the
rate of heating the bed from 0.5 to 4.8°C/min, within the limits
of precision (+10°C). As dlscussed later, a heating rate of
10°C/min had no effect on the ignition temperature of full-size
ecarbon beds,. Tests at even hlgher heating rates are planned.

- 12 -
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Prolonged Heatlng Below Ignition Temperature

The effect of prolonged heating of Type 416 carbon just
below the lgnition temperature was evaluated 1n the small-scale
apparatus. A sample, heated at 325°C (about 15°C below the
ignition temperature) for 6 hours with an air flow of 70 ft/min,
lost 11% of its weight. A second sample, heated at 3359C for 5
hours, lost 10% of its weight. Most of the weight losses were
attributed to the desorption of water.

Barnebey - Cheney Measurements

At the prequeat of SRL, Barnebey-Cheney Co., measured the
ignition temperature of Type 416 as a function of air velocity
and bed depth in an apparatus deseribed in the literature.’®®’
The ignitlon temperatures of both the 1- and 3.5-inch-thick
beds increased with an increase in air veloeity, as shown in
Figure 9. This increagse was not observed at SRL on Type 416
carbon. 'The Barnebey-Cheney Co. measurements were obtained with
a l-inch-diameter carbon bed in an "Inconel"* hcolder. The SRL
measurements were made with a l-Ilnch-thick by 3-inch-dlameter
bed in a stalnless steel holder. SRL measurements showed that
changing the diameter of the carbon bed from 1 to 3 inches and
changing the thickness from 1 to 3 inches had nc effect. The
differences 1n these results may be due to the materlal of con-
struction of the bed. Addlticnal work is in progress fo resolve
the dlfference.

Adserption Properties of Type 592 Carbon

Efficiencies of 99.994+% were measured for the adsorption of
~1odine on new, Type 592 carbon at loadings to 1.5 mg I,/g carbon.
The results, shown in Table VII for steam-air mixtures, ‘%’ are
comparable to those for Type 416 carbon now used in SRP confine-

ment facllities,

Full-Size Ignition Tests

Type 416 Carbon

The i1gnition temperature of Type 416 carbon was 340°C at a
face veloelty of 70 ft/min in a full-size, stainless steel-framed

* Trademark of International Nickel Co.
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bed that was a prototype of a bed under evaluation in the SRP
confinement facilities.‘!’ This agrees wlth the temperature
measured for a l-inch-thick by 3-inch-diameter bed in the small-
scale SRL apparatus (340:£10°C).

The oxygen content of air flowlng through the apparatus at
the lgnition temperature decreased from the normal 20.9 to 1622%
because of the combustlion products from the burners. As expected
from tests 1n the small-scale SRL apparatus, the decrease in
oxygen had 1little effect on the ignition temperature. Carbon can
ignlte in an atmosphere of 10% oxygern.

When the Type 416 carbon ilgnited, glowlng particles of car-
bon blew out of the center of the bed. The gas burners and alr
flow were stopped immedlately, and the tep of the upstream duct
was removed, The upstream face was gprayed with 160 pounds of
carbon dloxlde that solidified on the stainless steel mesh and
plugged the perforations. The C0z; cooled the upstream face, but
the thermocouples in the middle of the bed indicated that the bed
was still burning. Because 1t appeared that carbon dioxide would
not extinguish the fire quickly, water was used,

Water reacts with hot carbon to produce a mixture of hydrogen
and carbon oxides that might form an explosive atmosphere. There-
fore, alr flow was restored and the hed was flooded with water
from a l-inch-dlameter hose. The water melted the solidified
carbon dloxlde and steam flowed out of the apparatus.

After 10 minutes of flocoding, two areas of the bed continued
to burn, sco two of the glass windows on the downstream face were
cpened and water was sprayed on the downstream face. After 5
minutes, the fire was extingulshed and all thermoceuples indi-
cated normal temperature.

Type 592 Carbon

An ignition temperature of 530°C (face veloeity 105 £t/min)
was measured for Type 592 carbon packed 1n the same stainless-
steel-framed bed described previously.

The fire in the Type 592 carbon was extingulshed easily with
& water spray* that blanketed the face of the bed. The gas
burners were stopped immediately after the carbon ignlted and the
air flow was maintained at a veloclty of 10 ft/min to avold
explosion of the effluent gases. The water spray, at a rate of

* From Fulljet 3#HH29 Square Nozzle, product of Spraying Systems,
Bellwood, Illinois.
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B gpm, cooled the bed from a maxlmum of 850°C to ambient tempera-
ture in 5 minutes. After the fire was extingulshed, the bed was
dried with warm air and then removed from the apparatus for 1in-
spection. There was negligible damage to the stalnless steel
framing of the bed and to the rubber gaskets. The upstream face
of the bed showed no corrosion, and there were only a few square
inches of a white deposit on the downstream face. The ignitlon
caused loss of less than % pound of carbon.

The bed was relnstalled 1n the apparatus and a second
ignition test was begun at a face velocity of 40 ft/min, The bed
ignited at 330°C; 1t ignited at 510°C in small-scale tests.
Sodlum and other impurities 1n the water that extingulshed the
fire were adsorhed by the carbon. These adscorbed lmpurities
catalyzed the oxidatlon and lowered the ignitlon temperature. A
sample of carbon from this bed was bolled 1n dlstllled water and
washed to remove these adsorbed ilmpurities. The washed carbon
ignited at 465°C. Additional washing probably would restore the
normal ignition temperature of ~500°C at a face velocity of
70 ft/min.

In the second l1gnition test, the bed was cocoled from a max-
imum of 850°C to ambient temperature in only 2 minutes by the
water spray. The fire was localized and produced a flame about
1/8-ineh in diameter. Only 1 thermocouple of the 19 mounted in
the bed indicated the fire.

In an endurance test, the same bed of Type 592 carhbon was
exposed for 35 minutes to air at 280°C flowing at a face veloclty
of 70 ft/min with no significant damage.

A nondestructive test{1772?®) of this bed with "Freon"-112%
showed that leakage flow was less than 0,01%. This low leakage
rate confirmed the visual obgervation that there was no signifl-
cant damage to the bed or gaskets as a result of the ignition
test and from heat’ng the bed at 280°C for 35 minutes.

The iodine adsorptlon efficlency of a carbon sample from
the section of the bed in which ignition occurred was 99.98% 1n a
steam-air test.‘*?’ The carbon for this test contained visible
amounts of ash. The adsorption efficlency cof new Type 592 earbon
18 99.99+%, as shown 1n Table VII.

* Du Pont's reglstered trademark for its flucrinated hydrocarbons.
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TABLE T

TIgnltion Temperature of Vardous Commeprcial Carbons

Ignition i

Mesh‘®) Temperature,‘®) ©°cC 5

Coconut Shell oo
Type 416%b? 10 x 14 340 Y
Type 592¢0) 10 x 14 530 :
Type PCB!¢} 6 x 16 340 -
Petroleum ;
Type 348¢d) 6 x 16 420 i
Bituminous Coal : ‘ﬁ
Type BPL'® % x 10 480 ‘i‘}

Whetlerite!®? 4 x 10 250

(a) The variations 1n mesh are not expected to ;
affect the lgnition temperature significantly. v
Alr veloelty, TO ft/min; l-inch-thick by 3- i
inch-dlameter bed.

{b) Product of Barnebey-Cheney Co.

(¢) Product of Pittsburgh Activated Carbon Co.

(d) Product of Witeo Chemical Co.

' TABLE TII

Effect of Service®) on the Ignition Temperature of
Type 416 Carbon '

Service, Ignition
months Temperature, °C
0 340
18 400
18 410 :
25 _ 430 :

(a) Exposure to flowing air in the exhaust ventila-
tion system of SRP reactors. Face veloeclty,
TO ft/min; l-inch-thick by 3-inch-dlameter bed.
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TABLE IIT
Ignition Temperature of Commercial
Impregnated Carbons

{(Face veloecity, 70 f£t/min; l-inch-
thick by 3-inch-diasmeter bed)

Barnebey-Cheney Ignition
Co. Carbon ~ Temperature, °C
Type CB (10% I.) 400, 415
Type CK (20% 1) 305
Type 727 (Iz + KI) 360
TABLE IV

Effect of Bed Diameter and Baffles on Ignltlon Temperature

(Type 416 Carbon, 1 inch thick)

Bed Diameter, Ignition Alr Velocity,
inch Temperature, °C ft/min
3 (baffled) 340 20
1 (baffled) 350 22
1 (unbaffled) 360 22
TABLE V

Effect of Relgnition on Ignition
Temperature of Type 416 Carbon

(Face veloecity, TO ft/min; l-inch-
thick by 3-inch-diameter bed)

Ignition Ignition
Number Temperature, °C
1 340
2 3Rk0
3 360
- 17 -
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TABLE VI

Effect of Reduced Oxygen in Supply Air on
Ignition Temperature of Type 416 Carbon

(Face veloecity, 60 ft/min; 1-inech-
thick by l-inch-diameter bed)

Oxygen Igniticn
Content, % - Temperature, °C
20.9 (normal) 340
13.3 330
16.8 330
15.9 340
TABLE VII

' Adsorption Properties of Type 592 Carbon@)

ITodlne Loading, Todine Adsorptilon
mg I,/gC Conditions'P’  Efficiency, %
0.314 Steam-air 99. 99+
0.84 Steam-alr 99.99+
1.51 Steam-alr 99. 99+

(a) Product of Barnebey-Cheney Co.
(b) Conditions: Duration of test: 2%-3 hr
Face velocity: 70 ft/min ;
Isotople dilution: 1.5 mCi *2'I/100 mg **71I
Temperature: ~T73°C.
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APPENDIX A

LITERATURE REVIEW
IODINE REMOVAL ON ACTIVATED CARBON

The atoms, molecules, or ions of a substance are held to-
gether in a sclld by forces that exist throughout the solld and
at the surface. The forces at the surface are available for
binding molecules of foreign matter that come sufficiently close.
Because of this binding force, a gas, vapor, or liquld tends to
adhere to the surfasce of a solld. This behavior is called

adsorptlion.

Activated carbon 1s a material that has heen treated to
produce a large internal surface, usually 1000 m2/g.{(23-27) The
large internal surface area contalns speclal sites where the
bindling forces are strong enough to bind an atom, moclecule, or
lon that comes sufficiently close.‘28-39} Tn the case of iodine,
a chemlcal bcocnd between carbon and lodine 1s formed and the
icdine is held securely.

The rate of adsorptlion of icdine 1s a function of the rate
at which il1odine molecules arrive at the active sites, the frac-
tion of i1odine molecules that adhere after arrival, and the
rate at which iodine molecules escape. ‘%)

Letlivated carbon from both coconut shell and bifuminous coal
has been used to remove radioiodine from gas streams in the
nuclear industry.(12-14,31-35) (aphon from eoconut shell pro-
vides better retention of iodine and methyl iodide!®®) but has
a lower lgnition femperature than carbcon from bltuminous coal.

Adsorptlon on carbon is affected by atmospherlc conditions.
The effilciency of carbon filters for adsorption of elemental
radioledine is greater than $9.9% under a wlde varlety of adverse
conditions, (125 14,85,87-44) guch a5 extended service(11s14,45)
and steam.!*%%7) Impurities in air such as NO, and SO, are
also adsorbed. Water wvapor is not strongly adsorbed, because 1t
is a polar compound, and the intermclecular forces promcte the
attractlion of water molecules for each other rather than for the
carbon. In reactor confinement, sufficient carbon 1s used so
that only a small fraction of 1ts 1odine adsorptive capaclty is
utilized. (24)

Desorption of lodine from unimpregnated coconut carbon 1s
insignificant. At 250°C and an alr veloelty of 220 ft/min, ‘%%
iodine desorbed from a 6-inch-deep bed at rates of 0.02-0.002
%/hr from coconut carbon, 0.3 %/hr from coconut carbon treated to
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raise its ignition temperature, and C.7 %/hr from coal-based
carbon. Although most of the lodlne 1s released as elemental
10dine,‘**»%®) some lodine may appear 1n other forms. Iodlde
{(which is adsorbed efficiently), lodate, and periodate may be
released. ®°)  Alkyl fodides (primarily methyl iodide),¢®?-%®)
which are not adsorbed efflciently by carbon, may be formed
under some conditions.(!) Investigation of methods to improve
the efficilency for methyl ilodlde led to a carbon lmpreghated with ;
5% triethylene diamine which removes methyl lodide with an effi- :
ciency of 99.99+% from humid alr at 23°C.(%% ®8) Methyl iodide f
is removed by reaction with the amine to form a methylated com-

pound (the Menschutkin reaction).‘sg’ Some of the amines tested

were highly volatile and caused severe corrosion of the ductwork.

Commercial carbons, impregnated with several percent by
weight* of iodine, will also remove methyl 10dide(®%,81) by a
mechanism that 1s at least partly explained by lsotopic exchange:

CHe 2T + 27I (on carbon) — CHg 127I + 21 (on carbon)

The usefulness of impregnated carbons for trapping methyl lodlde
has been demchstrated at 24°C and relative humidities up to
71%.(81)  These carbons probably will be satisfactory for even
more severe conditions.

ALTERNATE FORMS OF CARBON

Carbon exlsts in allotroplc forms, some of which may have
application in confinement. One form is pyrolytic graphite foam, }
a product of the General Electrle Company that has outstanding
high-temperature propertles. Porous carbon (10 to ;OO pores per
linear inch) 1s coated by passing hydrocarbon vapor over the sur-
face at low pressure and high temperature (800 to 2800°C).

Pyrolysls oceurs and pyrolitic carbon is deposited on the surface.
By proper control of temperature, pressure, gas flow, and starting
material, a coating of 0.5 to 1.7 mlls can be deposlted.

IGNITION OF CARBON

ITodine that could be released in a nuclear reactor would
produce a significant amount of heat by radloactive decay. The
most important isotope in the production of heat for most appll-
catlons 1lg *22I, which has an 8-day half-life. The equilibrium
activity of 19T 1s 25 kCi/MW.‘BE’ The total heat generated 1s
7.8 x 107 Btu/g.‘es!

* Type 727, Barnebey-Cheney Co.; Mine Safety Appllances co.,
No. 85851.
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The temperature of carbon that has adsorbed radiloiodine will
increase because of the decay heat. Temperature is dependent on:

© Quantity and distribution of lodine, and

© Rate and temperature of air flow through the carbon;
at very low alr flows the carbon mlight be heated to i
- 1ts 1gnition temperature. i

Ignition temperature received attention in commerce before
the advent of the nuclear industry. The study of ignition tem-
perature and the development of safe storage procedures have
continued, (®4) and now the technology 1s belng applied to the
1gnition of propellants in the space industry. (85!

The early investigatlon of ignition temperature was aimed
at efficlent combustion of coal.!88-88) The 1gnition of
wood (®2-71) ang fiberboard!72:72) hag been studied to evaluate
thelr fire hazard in bulldings. The ignition of combustible
vapors {74} and 11quids!75) was studled to provide safe handling

procedures,

In the nuclear industry, work on the ignitilon of carbon
began in 1958, {78) and the current status of filter systems was
summarized in 1964.'77) A peview of ignition temperature infor-

mation was published recently.(78)

DEFINITIONS OF IGNITION TEMPERATURE

Although standard definitions and methods of determination
have been established for density, viscosity, and golublllty
there has been no general agreement on the definition or deter-
mination of ignition temperature. Consequently, determinations
by different investigators have variled widely both in numerical
value and significance, resulting in confusion and difficulty in
the Interpretation and practical application of information. 75!

Although ignition characteristics of a material are a Func-
tion of some actual property, measurement of that property by any
means avallable 1s greatly affected by ambient conditions. Hence,
any practical definition of ignition temperature must be based
on a careful definition and standardization of the test apparatus

and procedure.

Ignition temperature 1s usually defined as the temperature
at which the rate of chemical heating exceeds the rate of heat
loss from a system. According to this definition, based on
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classical reactlon rate theory, it is that temperature to whiech E
a combustible mixture must be raised so that the rate of heat 3
evolved by the exothermic oxldation reactions of the system will
Just overbalance the rate at which heat 1s lost to the surround-
ings.(72)

Sometimes 1t is called the Spontaneous Ignition Temperature
(SIT) to emphasize that i1t 1s the lowest temperature at which a
substance will ignite in air without the aid of a spark of
flame,(7®)

Others have termed this property Autogenous Ignition Tempera- _
ture, (8°) Self-Ignition Temperature, (7] Temperature of Initlal 1
Combustion (TI0),‘81,82) and Critical Inflection Temperature. 82}

TIgnition temperature is markedly dependent on the method
and apparatus employed for its determination.'7®) Results
cbtained by one method are not easily related to results obtalned
by another method.'®%) In early work, and even as late as
1954, (75,85} thne criteria used to indicated ignition, i.e., visi-
ble or audible combustion, were quite subjective. ‘7!
Spontaneous ignitiocn is subject to homogeneous catalysis,(28,87)
Impurities can accelerate the rate of oxldation, which results
in ignition at reduced temperature.

MECHANISM OF THE CARBON-OXYGEN REACTION

The mechanism for the reaction of carbon with oxygen begins )
with the adsorption of oxygen. Carbon adsorbs oxygen at room
temperature. If the carbon is warmed, oxygen 1s released as
carbon dioxlde. The temperature for oxidation depends primarily
on the material, its impurilties, particle silze, internal surface
area, and the air velocity. A theoretical analysis(®®91) yas
made of ignition temperature.

Chemical reactions involved in the oxidatlon of carboen are:

¢+ 0, — COp
2C + 0, = 200
200 + 0, = 200,
¢ + C0p — 2C0.
The reac?%g? between carbon and the adsorbed oxy§§? ig hetéro-
geneous, and 1s first order for both atomic and molecular

oxygen‘94) at temperatures below 1300°C. The energy of activa-
tion is 44 keal. Below 1000°C, the reaction kineties control the

oxidation rate.
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The mechanism for the oxidation of carbon is based on experl-
mental work under a variety of conditions.!93:28) parben con-
sists of a hexagonal arrangement of atomg in rarallel planes, as
shown in the following figure. The carbon atoms at the edges of
erystallites have unpaired electrons that are avallable to form
bonds with adsorbed oxygen.‘97’ These edges are more reactive
toward oxygen‘sa’ than the basal plane surfaces where electrons
form chemical bonds between adjacent carbon atoms.f©®,100)
Impurltles in carbon diffuse to, and concentrate at, crystallite
edges during high temperature treatment.(101)
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Small amounts of these impurities can strongly catalyze or
inhiblt the reactlon with oxygen. The region occupled by the
reactive edges is the active surface area (ASA), (192) yhich is a
small fraction of the total surface area (TSA). The TSA is
measured by the adsorption of nitrogen at 78°Kf1°%) or by pro-
longed exposure to oxygen at 300°C to form a carbon-oxygen complex i
on the surface.!194) ps oxidation occurs, the crystallites in- o ;ﬁ
crease 1in silze and become orilented to yield a surface composed o
of more basal planes,.!?09%5-110)

The effect of Impuritles has been studied extensively. Most
impurities vatalyze combustion and lower the ignition tempera-
ture.(18:111-113) (n1y o few impurities inhibit oxidation and
ralse the ignition temperature.
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Measurements wlth the thermobalance showed that the ignition
temperature decreased with an lncrease 1n cationlc lmpuri-
ties, (2°2:114} A1paii metals had the strongest effect, espe-
cially potassium. The effectiveness of catlons is:

K> Na > Cu> Ag > Zn > Ca.

The ignition tempersture decreased linearly with the square root
of the amount of impurity.(?15) Arthur and Bowring showed that
salts such as CuClp, ZnCl,, KC1, KI, NaCl, and NayC0, increased
the rate of oxldation and increased the ratio of C0p to CC 1in
the exhaust.{118) The effectiveness of salts tested by Kiyama :
and Osugi 1is(117): :

KOH > NaOH > KoCOs > Na,C0q > NaHCOz > Ca(OH)s.

Removal of impurities that catalyze combustilcn provides a carbon
with a higher lgnition temperature. Such a carbon, Type 592, 1s
avallable commercially.

Ignition temperatures as low as 50°¢(118-120) are reported
for carbon that contained adsorbed solvents and hydrocarbons.
The low temperatures are attributed to the igniticn of organle
matter and not to any catalytic properties.

Certain compounds of chlorine, phosphorous, or boron inhlbit
the combustion of carbon and provide higher ignition temperatures,
due to the change in the products of combustion. Certalin com-
pounds of chlorine, phosphorous, and boron promcte the formation i
of carbon monoxide instead of carbon dicoxide. Thesge additives
interrupt the chain reaction that is responsible for the oxida-
tion of carbon monoxide to carbon dioxide. The heat of reaction
for carbon monoxide is much lower than that for carbon dioxide,
which leads to a lower combustion rate and higher lgnition tem-
perature. Chlorine, hydrogen chloride, {121) and carbon tetra-
chloride (122,128) 1nhipit the combustion of carbon and promote
the formation of carbon moncxide. Similar behavior with carbon
has been observed for phosphorous compounds, such as phosphorous
oxychloride, (124-280} and with wood impregnated with dibasic
ammonium phosphate or sodium tetraborate. 181) The effect of a
varlety of compounds on the rate of combustion cf graphite 1s
summarized in the following table.
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Rate of Oxidation of Graphlte
Impregnated with Various Salts!108)

Rate of
Oxidation
Concentration, at 600°C,
Impregnant wt % g/(m?) (hr)
None - 30
Zine borate 1.9 7.4
Zinc borate 1.3 16
Potasslum borate 1.9 72
Calcium borate 1.0 80
Cobalt sulfate 1.2 30
Cobalt sulfate 2.8 75
Sodium silicate 1.7 380
Sodium tungstate 9.4 > 2000 ‘ by
Sodium telurate 1.2 >2000 ;e
Sodium selenate 0.24 >2000 S
Sodium arsenate 5.0 >2000 -
Barilum bromide 2.1 »2000
Barium sillicate 1.1 >2000
Lead silicate 3.4 > 2000
Bismuth trichloride 3.0 »>2000
Strentlium chloride 0.5 2000
Vanadium pentoxide 9.0 2000
Arsenious oxide 4.5 2000
None - 25
Zine phosphate 3.1 1.4 }
Sodium phosphate 2.0 1.3
Sodium phosphate 4.0 1.2
Sodium phosphate 5.4 5.0
Sedium phosphate 2.6 11
Sodlum phosphate 3.0 16
Sodium pyrophosphate 3.9 6.2
Scdium pyrophosphate 3.0 110
Pctasslum phosphate 3.4 2.7
Aluminum phosphate 4.0 7.5
Aluminum phosphate Bl 1.3
Copper phosphate 2.1 2.2
Phosphoric acid 6.5 7.3
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MEASUREMENT OF IGNITION TEMPERATURE

I%nition properties have been investigated for at least 60
years.'1®2) Methods used in the determination of ignition tem-
perature may be grouped into two general types, the "risin%
temperature" method and the "constant temperature" method. 78)

In the former, the combustible mixture is introduced into the
apparatus and 1ts temperature 1s contlnuously increased until
positive evidence of ignition 1s observed. Self-lgnition tem-
perature is usually taken as: a) the point a2t which the time-
temperature curve for the materlal shows a definite increase in
slope or, b) as the point of intersectlon between the time-
temperature curve for the material and that for the heating
medium. In the constant-temperature method of determination, the
apparatus 1s preheated to a constant temperature before the speei-
men 1s introduced; no adjustment of heat 1nput to the apparatus

1s made after the specimen 1s introduced. The test 1s repeated
with fresh specimens at different initlal temperatures until the
lowest temperature is established at which ignitlon 1s produced.

A varlety of heating methods have been used: rapld adia-
batle compression,‘laa’ electric resistance furnace, (132,194) pog
porcelain surface, ‘123) molten metal, ‘%) hot metal block, {287}
hot Pyrex Erlenmeyer flask,(138) intense radiant heat, {18®) ang
several other methods.(14°)

Published reports state that there 1s an optimum air veloecity
for measurement of the minimum self-ignition temperature.f4l)
The optimum veloclty varles with the type of material and the in- }
tenslty of oxidation. Below optimum velocity, the proeducts of
oxidation are not removed rapidly and the combustion of the mate-
rial is retarded. At low velocity, elevated ignitlon temperatures
are usually observed. Above optimum velocity there is excesslve
cooling of the reacting masses, and elevated ignition temperatures
are observed.

IGNITION TEMPERATURE APPARATUS

The SRL apparatus for measuring the ignition temperature of
activated carbon 1s patterned after equipment that was designed
to measure the lgnition temperature of coke and coal, (1427348},
A constant-temperature oven was frequently used to heat the
gample. The large thermal Inertia of such ovens caused d4diffi-
culty in following rapid changes in the specimen temperature.

An early apparatus‘i*®’) was a vertical combustion tube
in which the carbon was lgnited; exhaust gases passed into an
adsorption tube of barium hydroxide. The amount of carbon oxl-
dized was determined by analysis of the adsorbent.
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The first American apparatus was reported by the National
Bureau of Standards in 1949.!%3°} oxygen or an oxygen-nitrogen
mlxture at 91 ml/hin was passed through a vertical 1h-mm-diameter
"Pyrex"* tube that contalned 0.5 to 5 g of carbon. The tube
fltted inside a brass bloeck to ensure uniform distributlion of
heat from & vertical furnace around the block. The sample tem-
perature was obtained from a thermocouple mounted 1n the block
adjacent to the sample. The amount of CO, produced by the oxl-
datlion of carbon was determlned by the amount of carbon dioxide
adsorbed by an ascarite-anhydrone tube. Carbon monoxide from the
oxidation was oxldized to CO; by "Hopeallte"** prior to adsorp-
tion.

An automatic furnace %) was used to measure ignition tem-
perature. The sample was brought to thermal equilibrium at a
temperature below the lgnition point. The furnace temperature
was automatically 1ncreased and the welght changes of the sample
were contlnuously monltored and recorded. The control system
automatically stopped the operation af'ter a preselected tempera-
ture was reached. Air was supplied at 200 ml/min, which was
equal to 0.06 ailr change per minute. An internal fan circulated
alr around the sample.

Another apparatus(132) sonsisted of a preheater to warm the
inlet air and a heated chamber that contalned a carbon bed, 1.75
inches 1n dlameter by 7 inches deep, supported by ceramlic beads.
The importance of loading the bed by the free fall of carbon from
a funnel (to ensure dense packing and to avold channeling) was
emphaslzed. The bed contained 13 thermocuples to Indicate a pro-
file of the temperature prior to ignition.

Ignition temperature was measured at veloclties from 94 to
360 ft/minute.{1%2) In this work two types of ignition tempera-
ture were reported. The actual ignltion temperature 1ls that
temperature 4t which a runaway oxidatlon reaction would ocecur in
a carbon bed of Infinlte area. Below thls temperature, although
some oxidatlion heatlng occurs, the bed temperature is stable and
controllable. The temperature of the Inlet air upon ignifion of
the seven-inch bed was always lower than the aetual ignition ftem-
perature, sometimes by over 100°C, due to the heat of oxidation
liberated in the bed. The lowest temperature of the inlet air at
which 1gnition will occur in a bed of infinite area 1s called the
effective ignition temperature.

* Trademark of Corning Glass Works,
*#* Trademark of Mine Safety Appliance Co.
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The ignitlon temperature apparatus used by the Barnebey-
Cheney Company 1s a vertical "Inconel"* tube, l-inch diameter by
2.5-feet long. The tube 1s enclosed In a vertical combustion
furnace that 1s divided into three gections. The temperature of
each section can be controlled 1lndependently.

Carbon that has been dried at 150°C i1s poured into the upper
end of the "Ineconel" tube to form a bed 3.5-1lnches deep. The
sample is packed by the free fall of carbon onto an "Inconel"
sereen attached at the middle of the tube. New carbon is used
for each test. An "Inconel” screen at the top of the bed pre-
vents fluldizing by air that passes upward through the carbon.

Compressed air, dried by bubbling through concentrated sul-
furic acid, passes through a rotameter to the bottom of the
"Inconel" tube. A uniform air temperature is obtained by passing
air over 3-mm-diameter quartz spheres that are packed in the
bottom of the heated "Inconel" tube. Alr temperature is lncreased
at an average rate of 4.4°/min by manually adjlusting a control-
ler. The temperature of the furnace adjacent to the carbon bed
is regulated by a thermocouple at the top of the bed. The tem-
perature 1/8-inch from the upstream face of the bed is measured
by a thermocouple, and 1s recorded as a plot of temperature versus
time. (This thermocouple 1s 0.025 inch 0D tec aveld air channels
around the sheath and to improve sensitivity.) The ignition
temperature is indlcated by a sharp deviation 1n the nearly
straight line temperature plot on the recorder. The estimated
precision is about *5°C.

EFFECT OF VARIABLES ON IGNITION TEMPERATURE

In a study of the variables that affect the ignition tem-
perature of carbon, the Barnebey-Cheney Company, Columbus,
0hio{1%) found that removal of oxidation catalysts in a groprietary
manner increased the ignition temperature as much as 130°C., Both
the normal carbon and the treated carbon had an adsorption
efficiency of >$9.9% for elemental iodine,(!%)

Reduction of the ash content from 4 to 0.4% produces a
linear increase of about 75°C in ignition temperature. These
data were obtained by selecting carbons of different ash content
and by impregnating carbon with impurities such as 8510, and Al,O04.
The effect of ash content on the icdine adsorption properties of
carbon has nct been established.

* Trademark of Internaticnal Nlckel Co.
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As the internal surface area (degree of activation) is
reduced, the ignition temperature increases. The effect of
reduced internal surface area on the lodine adsorption efficlency
of carhon has not been determined.

An increase 1n the particle size (from & mean particle diam-
eter of 1 to 4 mm) produces a 30° rise in the ignition temperature
because of the reductlon of external surface area (for the same
relative volume).

Barnebey~-Cheney Co. also measured ignition temperatures in
a quartz apparatus to eliminate interference from corrosion
products. In such an apparatus the ignition temperature will
rise because hydrogen, formed by the decomposition of molsture by
het carbon, 1s strongly adsorbed on carbon and inhibits the re-
actlon of carbon with oxygen. The interaction of moisture and
metal may release corrosion products that could catalyze lgnition.

The effect on ignition temperature of air velocity through
the carbon bed 18 complex. Most carbons show an increase in
ignition temperature as the velogity Increases. However, litera-
ture about the effect of veloclty contains many inconsistencles.
Some carbons show no change in ignitlon temperature as the veloe-
ity inereases; other carbons show some maxlmum value for a
certain veloclty.

PUBLISHED IGNITION TEMPERATURE DATA

An 1gnition temperature of 362°C was reported for Columbia
Type C* activated carbon (8 x 1} mesh) {3%®) in an oxygen atmos-
phere with essentially no flow. :

An ignition temperature of 290°C was reported for Columbila
Type G* activated carbon in oxygen at a face veloclty of 2 and
4 £t/min7®) 1n a bed 0.5-inch in diameter by 5.75-inches long.
The ignited carbon was completely extinguished by stopping the
oxygen flow. The downstream movement of the combusion front was
suf'ficlently slow that ignition could be detected and corrective
action taken.

Ignition temperature of activated carbons manufactured in
Great Britain is summarized in the following table.{152)

* Product of Unlon Carbide Corporation.
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Ignition Temperature of British Carbon!?%2)

Surface Effective* Actusl* Face
Avea, Mesh Ash, Ignition Ignition Veloolty,

Carbon Description m%/g Size % Temp., °C Temp., °C ft/min
Coconut SCTI 1400 6 x 10 2.2 260 345 ol
Coconut " sCII 14¢0 8x12 2.2 301 357 360
Coconut 208CAW 1200 Bx12 1 433 515 360
oconut 208¢ 1200 8 x 12 3 313 338 360
Coconut 207C 1000 12 % 25 Z2.5 310 355 360
Bituminous cP 850 - 8.5 415 476 120
Bituminous CP 850 - 8.5 4yo ko7 360
Bituminous CP 850 6 x 10 8.5 443 hre 360
Bituminous 207B 1100 8 x 12 12 416 436 160

* The effective ignitlon temperature g defined as the lowest temperature of the

inlet air at which ignition will occur in a bed of infinite area. The actual
ignition temperature is defined as that temperature at which a runaway oxlda~
ticon would cccur in a carbon bed of infinite area.

Ignition usually occurred at the center of the downstream
face of the bed. In 3 out of 26 tests ignition occurred in the
center of the upstream face. The depth of the bed was seven
inches.

MECHANICAL SEPARATION

Although carbon beds have superior efflclency for the adsorp-
tion of ilodine and are in most general use, mechanlcal separation
has been lnvestligated also. ‘

Particulate Filters

Particulate filters are inefficient in removing radicactilve
icdine because a large fraction of the released lodine probably
will exist as vapor. In laboratory tests, the efficlency of'
particulate filters for elemental iodine ranged from 1024 o
g9%!254) of the lodine released.

Liquid Scrubbers and Foam Suppression

Removal of radicactive elemental iodine from gases by ligquid
scrubbers (155) or spray systems(132-158) 15 complicated by the
various states 1n which lodine may appear.
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lodine adsorbed on particulates 1s not readily'removed by a
liquid scrubber. Carbon beds also fail to remove submicron
particles efflclently. Such partliculates are removed efficlently
by a high efflelency particulate filter upstream of the scrubber
on adsorptlion bed.

Iodine mey react wlth organic matter tec form alkyl iodides
such as methyl 10dide ‘1) that are not efflciently removed by a
liguiag scrubber. {259}  Degontamination factors of only 1.3 were
reported for lodine compounds.

Aqueous adsorbers are unsulited for exhaust gases at tempera-
tures above 200°C because the heat will evaporate the water.

Liquid adsorbents are best sulted to moderate air flows.(180-163)
Expensive equipment is required to treat large air flows and pro-
vision must be made for safe dlsposal of the resulting large
volume of radioactive liquid.

Carbon tetrachloride!28%) is superior tc the aqueous scrub
solutions tested (sodlum thicsulfate, sodium hydroxide, and
sodium hypochlorite) but has the disadvantages of high volatility
and high toxicity.

Aquecus chemical foams have been tested for confinement of
icdine by the large reaction surface provided by the foam.!28%-167}
Iodine collectlon in tests was considerably less than predicted
by theory. A major problem in applylng the technigue is the
development of a feoam that i1s compatible with chemical addi-
tives, ' 288) This system has the disadvantage of not being on-line
and therefore must be actlivated rapidly during an accident.

NONCOMBUSTIBLE ADSORBENTS

Silver and silver compounds(18®,170) react efficlently wlth
lodine in air, especially at temperatures of 100-300°C, (171} ¢o
form silver iodide and silver iocdate.‘172) Iodine has been
removed at 99.9% efficiency, and at temperatures up to 260°C.
Silver iodide is stable at 350°C, but 78% is decomposed at 550°¢.
Silver surfaces are not completely rellable for lodlne adscrpticn
because impurities and an oxlde surface film can cause unsatils-
factory efficiencies,(178-176)

Clean, oxide-free copper reacts efficiently with iodine at
room temperature (177,178} to form copper iodide.!1®®) However,
copper oxidizes readily and loses 1ts high efficiency. Oxides,
grease, and lnactlve sclids reduce the effectlive reacticn
surface.182,172)  (opper iodide is unstable at temperatures
above 2429 and liberates iodine. JTodine adsorbed on copper can
exchange readily with icdine vapor.(18°)
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Copper deposited on charcoal removes lodine from helium gas
at temperatures up to 54%0°¢. {181}

Molecular sieves can remove lodine with an efficlency
greater than 99.9%.(182-183) However, molecular sleves have a
strong affinity for molsture which limits the life of the bed.
Mclecular sleves are best sulted to remove lodine from dry gas.

Activated alumina adsorbs iodine with an efficiency of
99.76% at room temperature. The &fficlency decreases with
increasing temperature and is not satlsfactory except for dry
atmospheres because of its strong affinity for water. Activated
zlumina containlng about 0.5% platinum adsorbs icdine, but falls
to retain 1t during continued air flow.'184,18S]

Silica gel has an even lower efficiency (#0%) and also has
a strong preference for water. However, silica gel coated with
silver had an efficiency of greater than 99.9%.(176’

Granular potassium iocdide!®%) was tested as a high tempera-
ture adsorber of lodine; however, the adscrber bed would probably
nave to be held at 250°C to ensure efficient trapping.'®! Mois-
ture in the system would cause rapid deterloration of the bed.
The possibllity of applying chemical exchange with potassium
jodide has been demonstrated. (184}

The adsorption of lodine has been studled for lead, bilsmuth,
magnesium, bilsmuth oxide, lead oxldes, uranium oxides, magnesium
oxide, concrete dust and glass woolj (17®) zine, potassium hydroxide,
tin, porous glass, cadmium‘?7®) zinc granules; potassium hydroxide
pellets, slag wool fiber coated with potassium oxilde, and calcium
hydroxide, sintered bronze;‘lae’ and coke and magnesdlum carbon-
ate.'*®87) ¥None of these materials was satisfactory.
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APPENDIX B
ACTIVATED CARBON SPECIFICATIONS

Avallable Specifi-
catlong

Methods of Testing

Particle Slze

Materizl

Hardness
Water Content

Chloroplerin Adsorptive
Activity (CClaNog}

Chlorine
Carbonization

Activation

Heat of Wetting

Adeptabilizy to
Impregnation
(absorption ectivity)

Copper Content
Ammonie

Bulk Density
Fines

Iodine Number*

Activity for Carbon
Tetrachloride*

Retentivity for Carbon
Tetrechloride

Ash Content* ¢

Efficlency for Removal
of Iodine

Leaks**
Tanition Temperature
Internal Surface Area

Activated, High Quallty

Impregnated, Type A,
High Quality

CWS No. 197-52-93
Approved Aug. 9, 1938

CWS Pamphlet No, 2,
Part II, Secticn A,
Chloroplerin Test
Standard Sleve - Federal
Specification No. RR-8-366
Pan for Hardness Test
CWS No. A18-29-1

CWS No, 197-52-104
Sept, 10, 1941
CW$ No, 197-52-105
Oct. 31, 1941

CWS Pauphlet Fo. 2,
Part II, Section A,
Chloropicrin Teat
Standard Sleve - Federal
Specification No. RR-85-366
Pan for Hardness Test
CWS No, Al8-2g-1

CWS No. 197-52-105
Dct. 31, 1941
CWS No. 187-52-104
Sept. 10, 1941

CWS Pamphlet No. 2,
Part IT, Sectlons C-F

Standard Sieve - Federsl
Specification No, RR-5-366
Fan for Hardnese Test
CWS No, A18-29-1

Three Sizes ' Four Sizag
No, 6-20 % by wt No. 6-20 % by wt No, 8-30 % by wh
on 6 Mot 5 m 6 9-5 on 8§ 9-5

Pass 6 on 8§ 10-20 Page 6 on 8 5-20 TPass
Pags 8 On 12 Not <20 Pass & on 12 g20-65 FPass
Pass 12 On 16 Not <25 Pass 12 on 16 15-60 FPass

8 ¢n 16 30-60
16 ©On 20 15-45
20  On 30 7-15

Pass 16 on 20 Not <15 Pass 16 on 20 15-60 Pags 30 0-3
Pass 20 Not »8 Pass 20 on 30 0-7
Pass 30 Not >1 Pass 30 0-1
No, 12-30 No, 12-16 No. 12-3C

on 12 Kot »5 on 8 0-1 on 12 0-5
Page 12 Oon 16 10-30 Pass B on 12 0-25 Pas@s 12 on 16 10-30
Pass 16 On 20 Not »>70 Pass 12 on 16 6£5-100 Pass 16 on 20 20-70
Pass 20 On 30 10-40 Pass 16 On 20 0-25  Pass 20 on 30 10-40
Pass 30 Not >5 Pass 20 On 30 0-3 Pase 30 0-5

Pass 30 0-1

Ho. 12-16

on 8 <l
Pasa B On 12 Kot »1%
Paas 12 on 1& Not <75
Page 16 On 20 Neot >25
Pass 20 <4
Pass 30 <1
Grown or proeduced in Conti- Three Typee

nental U, §, Excluding:
nuts, nut shells, &1, Sb,
¢r, I, Mn, Ni, Hg, 3n, W,
and thelir compounds

Not <65
Not >3%

Nene detectable within 35
minutes at egncentration
of #7 £2.5 mg/1 1n @ry
air at 25°C

Net >0.35%
Not apecified

Steem, alr, carbon dioxide,
or mixture thereof

Not specified
Not epecified

o

Not specified
Kot specified
No
Not specified
Not specified
Wot, apecified

o

specified

o

Not specified

Hot apecified
Not specified

Not applicable
Hot specified
Not specified

I - Coconut shells
IT - Cohune nut ehelle

ITI - Cerbonizable material produced in Continental U, S.
in quantities of 100 tons/day

Not Specified
Net >5%

Nene detectable through S-om
layer of dry 12-16 mesh in
37 uinutes at concentration
of 45 mg/1 1n dry sir at a
flow of %00 ml/min/cm?

Not >0.35%

Heat treatment or by heat
treatment in presence of
ZnCl,

Steam, alr, carbon dioxide,
flue gas, or mixture thereof

Not <9.0 cal/ml

Not <50
Not 3%
Not specified

Not >0,35%
ot specified

3

Not specified

Not specified

Life of not minutes

Gas Concentratlion 1
HCN 3.0 0,15
AsHy 10.0 £0.5
cocl, 20.0 £1.0

CHNC1 6.0 0.3

Not specified
Hot specified
Not specified
Not speclified
Kot specified
Not specified

=
=]
o+

specified

Not specified
apecified

=
o
I

Noy

o

applicable
Not specified
No

ot

spacified

3-10% by wt on dry basis
Not specified
Not epecified
No
Nor
Not specified

er

specified
specified

o

Not specified

Not spacified
Not specifisd

Not epplicable
Not. specified
Not specified

#* For definitlon of tests, see Adsorption, . L. Mantell, McGraw-Hill Book Co., New York, N. Y., 2nd Ed,, 1951.

4% For definition of test, see AEC Ressarch and Development Report, DP-870,

for Reactor Gontaloment Application, Progress Report, June 1962 - December 1963.

58 -

Nondestructive Test of Carbon Beds




APPENDIX B (contd)

\ ¢arbon — :
FProperty Activated, Technical Activated, Impregnated, ASC

Available Specifli-
cations

Methods of Testing

Particle 3Size

Material
Hardness
Water Content

Chloroplerin Adserptive
Activity [CCLoNOg}

Chlorine
Carbonlzation
Activation

Heat of Wetting

Adaptabllity to
Impregnation
(absorption activity)

Copper Content
Ammonia

Bulk Density -
Packing Density

Flnes
Icdine Number*

Activity for Carbdon
Tetrachloride*

Retentivity for Carben
Tetrachloride

Ash Content*

Efficiency for Removal
of Iodine

Leaks**
Ignition Temperature

Internal Surface Area

t <0.01% through size 50.

¢

MIL-C-102024

June 30, 1959

MIL-C-13724A
May 4, 1960

Chemical Corps

MIL-G-13724A
May ¥, 1960

Directive 610 Standard Sieve - Federal

February 24%, 1956 Specification No. RR-5-366
Two Slzes
% by wt

Grade I Grade IT

Pase B8 on 12 0-2
on 10 ree Q

Pass 10 on 12 cee 0-0.5
Pass 12 on 16 10-30 10-30
Pass 16 on 20 40-65 Lo-65
Pass 20 o 30 10-35 10=35
Pass 30 G-2.5 Q-2.5

Not specified
Not specifled
Not >5%

Hot specified

Not >0.35%
Not specified

Not specilied
80 minimum

Grade I - 2.0% mex
Grade II - 0.5% max

None detectable within

20 minutes at concentratiocn
of 50 £2.5 mg/1 in 50% Rela~
tive Humidity, air at

32 1/min at 70°F

Not specified
Fot specified

Not specified Not specifled
Kot specified Not specified

Life in Minutes with M1l Canister {minimum}

Rough Gas Conc Gas, Flow Rate,

Unaged Aged Handled R.H. mg Sl L/min
QC1aN0, 20 e 18 50 50 2,5 32
HCN 25 cae cee 50 10 £0.5 32
COCl, 25 e eas 50 20 1.0 3z
CHC1 30 40% of fea 8or 4 to.2 ¢!

Inaged

AsHy 45 ves Lo Bot 10 0,5 50

t Charcoal humiqified at 80 3% Relative Humidity

Not specified
Not specified
Not specified

Not specified
HNot specified
Not epecified

Not gpecified

Not apecified
Not specified

Nos

ot

appllcable
Not specifisd
Wot specified

Not specified
Max ©.005 mg NHa/l alr/100 ml

charcoal
Max 0,57 g/ml

Not specified

. Not specified

Not specified

Not specified

Not specified
Not specified

&

&+

Kot applicable
Not specified
No

o

specified

59 -

Activeted, Technical, Unimpregnated

MIL-C-17605B (SHIPS)
10 September 14664

Standard Sieve - Federal
Specification No. RR-S5-386
Hardness Testing Pan
CWS No. A-18-29-1

U. 8. Standard Size

E by Wt
on 4 0
Pass U on 6 0-5
Pass 6 on & 40-60
pass 8 on 12 o-60
Pags 12 on 16 0-5
Paga 16 on 50 0-0.4
Pama 50 0-0,01

Not specifisd
Net <90.¢
Not 5,04

50 minutes minimum
standard accelerated
chloroplerin test
{MIL-C-17605B (Shipe)}

Not epecified
Not specified
Hot specified
Hot specified
Not specified

Ngt specified
1
Npt specified

Wot >0,57 &/ml
Not <0.42 g/ml

t

e

Not specifled

50% by wt min
65% by wt max

specified

=
o
=3

Not specified
Not specified

Hot applicable
Not specified
Not specified

e




APPENDIX B {contd)

Barnebey-Cheney-Type 592

\ Carbon ——=
Property Acsivated, SRP Confinewmsnt Barnebey-Cheney-Type 416

Available Specifi- DP-778, Sept. 1962
cations Dp-1028, Jan. %gg

DP-1971, Aug.
Barnebey-Cheney-Type 416,
or agqual H

Metheds of Teating

Particle Size Tyler Size Tyler Size Tyler Size
% oy Wi wt LY. WL L
ch 8 0.1 max on 8 0,1 max on 8 0.1 wax :
On 10 10,0 max On 10 10, max On 10 10, max : .
on 14 88,9 min Pase 10 On i 89,4 min Pase 10 On 14 89,4 min
Through 14 1.0 max Pags 14 0.5 max Papss 14 0.5 max .
Material New coconut shell Coconut shell Coconut shell
Hardness 97% winimum 97% minimum 37¢ minimum
Water Content Not >2% 2% max ae packed 2% wax as packed

Chloropicrin Adsorptive
Activity (0CLaNOg)

Chlorine
Carbonizagion
Activation

Heat of Wetting

Adaptability to
Impregnation
(absorption activity)

Copper Content
Ammonla

Bulk Density -
Packing Denzity

Finea

Iodine Humber*

Activity for Carbon
Tetrachlorida*

Retentivity for Carbon
Tetrachloride

Ash Content*

Efficlency for Removal
of Iodine

Leaks**
Ignition Temperature
Internal Surface Area

Barneoey~Cheney Standard
Methods or Methods eatab-
lished by the Savannah
River Laboratory

Barnebey=Cheney Standard
Methods or Methode estab-
lished by the 3avannah
River Laboratory

50 minutes minimum,
Standard Accelerated
Chloropicrin Test*

Not specified
Not specified
Not specifiled
Kot specified
Not speclfiled

Not specified
Not apeelfied
34 1b/2e?

o+

Finee blown out with pure
alr at 5000 fpm from fish-

tail shaped orifice 0,8-in,2

min
Minimum 1050 mg I/g carbon
50% by wt minimum

Not specified

4% by wt maximum

99.99% minimum frow eteam
air mixture at 160°F, face
velocity 70 ft/min and

loading of 1 mg I/g carbon

0.1% of total bed flow, max
>330%¢
Not specified

50 minutes, min

Hot specified
Thernal
Steam

Not specified
Kot specified

Not epecified
Kot specified
©.51-0,58 g/ml

0.5% max through 14 mesh

1050 to 1250 mg I/g canbon
50% ty wt min

308 ty wt min

4% by wt mex
99,99% min

0.1% of total bed flow max
320°0 min
1000-1100 m®/g (BET)

- 60 -

Barnebey-Cheney Standard
Methode or Methods eatab=-
lished by the Savennah
River laboratery

50 minutas, min

Not specified
Thermal
Steam

Not specified
Not mpecified

Not specified
Not specifled
0.51-0.58 g/ml

0.5% max through 1% mesh

1050 to 1250 mg I/g carbon
50% by wt min

30% by I‘wt nin

3¢ by Wt max
99.99% min

0.1%4 of total bed flow max

575%C min
1000-1100 n?/g (BET}




APPENDIX B (contd)

\ Carpon ———r
Property Pittaburg-Activated Garbon PCB

- Available Specifi-
. cations

Methode of Testing

f4 Particle Size

Material
Hardness
Water Content

Chloropilcrin Adsorptive
Activity (CCLgNOz)

Chlorine
Carbonization
Actlvation

Heat of Wetiing

Adaptabillity to
Impregnation
{absorption activity)

Copper Content
Ammonie

Bulk Density
Fines

Todine Number*

Activity for Garbon
Tetrachloride®

Retentivity for Carbon
Tetrechloride

Ash Content*

Efficiency for Removal
of Iodine

Leaks**
Tgnitlon Temperature
! Internsl Surface Area

pittaburg-Activated Carbon BPL

Pittsburg-Activated Carbon Company Data Sheet

Pittsburg-Activated Carbon Couwpany
control Laboratory Test Methods

Three Sizes (U. 3. Sieve Series)

Pittsburg-Activated Carton Company Data Sheet

Pittsburg—Activatqd Carben Company
Control Laboratory Test Methods

Four Sizes (U, 3, Sieve Series)

4 x 10 Loy we 6 x16 € by wt L x 6 g oy wt b xB % oy ¥

on b 0-5 on 6 0-5 on 4 0-15 on 6 0-15

pase 4 On 6 45-65 ©Pmss 6 On § 15-45 pags 4 oOn 6 B0-100 Pass 6 ©On 8 80-100

paes 6 On & 2545 Pass 8 On 12 35-55 Page & 0-10 Pass 8 0-10
Pass 8 On 10 2-12 Pass 12 On 16 15-55
Pase 10 0-5 Paas 16 0-5

12 x 30 % by wt 4 x8 Fby wh 8 x 1% £ by wt

On 12 0-5 on 4 0-10 on B 0-5

pags 12 On 16 20-40
pags 16 On 8¢  40-85
Pags 20 On 3¢ 10-20
Pass 30 o-5

Cocenut shell

92% win

3.0% max as packed

43 minutes min

Not spacified
Not specified
Not specified
Not speclfiled
Not specified

Not specifled
Not specified
0.44 g/mi, 27.5 lb/Tt®
Not spscified
1200 mg 1/g carton, min
0% by Wt min

Not spscified

4¢ by wt max
Not specified

Net applicable
300°¢
1200 m?/g (BET)

- b1 -

Pesa 4 On 6 40-60 ©Pams 8 oOn 12  60-80
pass 6 on B 30-50 FPass 12 On 14 20-40
Pass £ o-5 Pass 14 o-5

Coal

0% min

2.0% max a8 packed
46 minutes min

Not apecified
Not speclfied
Not specified
Hot specified
Not speclfied

Not specifled

Not specified

.48 g/mi, 30 1b/ et

Not specifisd

1050-1200 mg I/g carbon, min
60% by wit min

Not apecified

8% by wi max
Not specified

Wot applicable
$00°C
1050-1150 m?/g (BET)

R.
.

BT




\ Carbon ——w
Property Union Carbide Corp. NXC

APPENDIX B (contd)

Union Carbide Corp.

JAC

Available IJpecifi-
cations

Methods of Testing
Particle Size
Material

Rardness

Water Content

Chloropicrin Adsorptive
Activity (CClaNOa)

Chlorine
Carbonization
Actlvation

Heat of Wetting

Adaptability to
Impregnation
(absorption activity)

Copper Content
Amtonis

Bulk Denaity
Flnes

Icdine Numbar¥

Aotivity for Carbon
Tetrachloride*

Retentivity for Carbon
Tetrachloride

Ash Content*

Efficiency for Removal
of Indine

Legkg**

Ses Feotnote (1)

See Footnote (2)

4/6, 6/8, 8/10 (rellet)
Petroleum residue

95% min

2,04 max

Not apscified

0.02%
Fluldized bed
Thermal

Not specified
Not specified

20 ppm

4]

0.48 g/ml min

1% max

1230 mwg 1/g carbon
60% min

354 min

2.84 nax
Not specified

Not applicable

See Footnote f1)

See Footnote {2)
4/6, 6/8 (Pellet)
Petroleum residue
95% min

2.0% max

Not specified

0.02%

Fluildized bed
Thermal

Not specified
Not specified

20 ppm

o]

0.50 g/ml min
0.5% max

1230 ng I/g carbon
&0% min

35% min

2.0% max
Not specifled

Not applicable

Unlon Carbide Corp. 3JLXC

See Footnote (1)

See Footnote (2)

4/6, 6/8, B/10 {Pellet)
Petroleum residue

95% win

2.0% max

Not specified

0.02%
Flujdized bed
Thermal

Not specified
Not specified

20 ppm

0

0.55 g/ml min

1% max

121¢ mg I/g carbon
50% min

30% min

2.0% max
Not specified

Not applicable

Ignitlon Temperature 350°C min 350%C min 350°C min

Internal Surface Ares 580 m2/g (4/6 mesh) 980 me/g 880 u?/g

Footnote (1) Footnote (2)

References to Avallable Specifications Beferences to Methods of Testing

Grade Properties Datg Sheet UCC Test catalog UCG Teet

A1l Typleal 12 Activity AC 5-48 Moisture on New

e Typlcel 9 Air Retentivity AC 6-48 Activatell Carbon

ACC Typleal 3 ¢Cl, Minute Service Test AC T-50 Ash Content

8X¢ Typleal 2 Iodine Activity AC 9-38  Chloride

Preseure Drop Typlcal 1 Apparent Density AC 10-51 Sulfur

JXC Typleal f Bulk Denaity AC 11-50 Chemical Examination

CXC Typical 8 Sereen Analysis AC 12-58  of Activated Carbon
Strength AC 13-51  Ash
Accelerated Attritien AC 14-51 Kindling Polnt

- 62 -

Catalog #

AC

AC
AC
AC
AC

AC

15-48

20-48
21-48
23-48
28-48

26-51

g Ty




APPENDIX B (contd)

\ Carben —=
Froperty Unicn Carblde Corp. ACC Union Carbide Corp, SXC

Available Specifi- See Footnote (1), page 62 Ses Footnote (1}, page 62

cetions
Methods of Testing See Footnote (2), page 62 See Footnote (2}, page 62
Particle Size &/1% (Granular) 2/4%, 4/6, 6/8 (Pellet) .
Material Petroleum residue Petroleunm residue ,
Hardness 96% min 96% min '
Weter Content 2.0% max 2.0% win
Chlorcpicrin Adserptive Not specified ot specified r
ACLLVILY {CCLaho,) |
Chlerine 0.02% 0.02% :*
Carbonization Fluldized bed Fluidized bed :
Activation Thermal Thermal i :'
Heat of Wetting Not specified Not specified -
Adaptabllity to Not epeciried Not specified ;
Impregnation
{absorpticn activity) |
Copper Content 20 ppm 20 ppo :
Ammonle 0 a
Bulk Density 0.49 g/ml min 0.45 g/ml min
Fines 1% max 1% max
Iodine Number® 1250 ug I/g carbon 1250 mg I/g carbon
Activity for Carbon 65% min 65% min
Tetrachloride*
Retentivity for Carbon  35% min 354 win
Tetrachloride
Ash Content® 2.0% pax 3.0% max
Efficiency for Remcval
of Iedine Not specified Not specified
Leakg*® Not applicable Not applicable
Ignition Temperature 350°¢ 350°C
Internsl Surface Area 1040 w2/ g 1035 (6/8 mesh)

- 63 -




Carbon —w

Property

Witco Chemical Co, Grade Z17

Availlable Specifi-
cations

Methods of Testing
Particle size

Material
Hardness
Water Content

Chloroplerin Adsorptive
Actlvity {CClgNOa)}

Chlorine
Carbonization
Activation

Heat of Wetiing

Adaptability to
Impregnation
(absorption activity)

Copper Content
Ammonia

PBulk Density
Pines

Iodine Numher*

Activity for Carbon
Tetrachloride™

Retentlivity for Carbon
Tetrachloride

Ash Content*

Efficiency for hRemoval
of Lodine

Lesks**
Ignition Temperaturs

Internsl Surface Area

Witco Chemleal Co. Technical
Data Sheet

Not, specified

U. 5, Sieves
i8 x 40

Liquid hydrocarbon
Not specified
Not specified
HNot specified

Not epecified
Not specified
Not spscified
Not specified
Not specified

Hot specified
Not specified

0.50 g/ml, 31.5 lb/ft®
Not specifiled

Not specified

SB% by wt

Not specified

0,654 by wt
Not specified

Not applicable
Not specified
1150 m®/g {BET)

APPENDIX B (contd)

West Wirginie Pulp and Paper Type WA

West Virginia Pulp and Paper Type C-100

1961 Report No. K 4005,01

1961 Report No. K 4005.01
4 x 30

Wood pulp residue
Not specified
3%

Not specified

Hot specified
Not speclfied
Not speclfied
Not specified
Not specified

Not specified
Not epeclfied
g9-11 1n/ft?

Not specified
Not apecified
Not specified

Not specified

£% max
Not specified

Not spplicable
Not specified
550-650 m*/g

- 64 -

1661 Report No. K %005.01

1361 Report Fo. K 4005.01
L x 30

Wood pulp residue
Not apecified

3%

Kot specified

Not specified
Not specified
Not specified
Not specified
Not specified

Not specified
Not specified
7-9 1b/1t*

Hot specified
Hot specified
Not specified

Not specified

6% max
Not specified

Net applicable
Not specified
T00-300 m*/g

s
[
£
‘ri'
I
B
i
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APPENDIX B (contd)

Carbon —w

Propersy

Available Specifi-
cations

Methods of Testing
Particle Size
Materlal

Hardness

Water Content

Chlorepicrin Adsorptive
Activity (CClaNOg)

Chlerine
Carbonizetion
Activation

Heat of Wetting

Adaptabllity to
Impregnation
(absorption activity)

Coppeir Content
Ammonia

Bulk Densaity =
Packing Denslty

Fines
Iodine Number®

Activity for Carbon
Tetrachloride*

Retentivity for Carbon
Tetrachloride

Ash Content®

Efficiency for Removal
of Todine

Leake**
Ignition Tewmperature
Internal Surface Area

American Norite Co., Inc., Grade RFZI

Bulletin G-109-2

Not eﬁacified

Pellets, 1 umm diameter by 2-4 mm long
Vegetable

98
No
Not specified

o

specifiled

Not apecified
Not specified
Not specified
Not specified
Not specified

Not specified
Not specified
C.48 g/ee

No
Not speeified
No

e

specified

o+

specified

Ro

et

gpecified

No

I3

specified
Kot specified

No
Hot specified
£00-1000 w2/g {BET)

cr

applicable

American Norite Co., Inc., Grade REZIL

Bulletin G-109-2

Not specified
Pellets, 2 mm diameter by 4-8 mm long
Vegetadle

98

Not specified

Not specified

Not specified
Not specified
Not specified
Not specified
Not speciflied

Fot specified
Not specified
.46 g/foc

Not specified
Not spectified
Not specified

o

Not specified

No
No

o

epecified
specified

o+

Not applicable
Not specilfied
600-1000 m2/g (BET)

- 65 -

dmericen Norite Co., Inc,, Grede RFZITI

Bulletln G-109-2

Not

Pelleta, 3 mm dlameter by 6-12 wm long

specified

Vegetable

98
Not
Not

Not
Not
Ne

-

ot

=
o
-

Not

Fot

specified
specified

specified
specified
epeciflied
specifled
specified

specified
specifisd

0.44 g/cc

No
Not
No

o

I

600-100¢ w®/g (BET)

specified
apacified
epecified

specified

specifled
apecified

applicable
aspecified




\ Carbon ——»
Property

APPENDIX B (contd)

Cliffs Dow Chemical Co., CliffChar

Atlas Chemical Industries, Inc., Granular Darco

Avallable Specifi-
cations

Methode of Testling

Particle Size

Material
Hardness
Watsr Content

Chloropicrin Adsorptive
Activity (CCLlsNO,)

Chlorine
Carbonizatlon
Activation

Heat of Wettlng

Adaptability to
Impregnation
(absorption activity)

Copper Content
Ammonia

Bulk Density -
Packing Density

Fines
Todine Number®

Activity for Carbon
Tetrachloride®

Retentivity for Carbon
Tetrachlorlde

Ash Content*

Efficiency for Removal
of Iedine

‘Leaks**
Ignition Temperature

Internal Surfece Area

Tetter dated 2/27/64

Not specified

Three Sizes, Tyler Screan

Bulletin D-80

Not specified

Four Sizes, U. 5. Sleve Sarles

Grade 2 x 4 Grade 4 x 10 Grade 10 x 20

b x 12 Mesh BSize % by wt 12 x 40 Mesh Size % by wWt

on2 oF on & 10% on 10

Pass 2 On 4 B85¢ pess 4 oOn 14 B7% Paes 10 on 28 93%

Pass 4 154 Pass 14 3% Pass 28

Not specified
Not specified
3.5%

Not specified

Not specified
Kot specified
Wot specirfied
Hot specified
Kot specified

o

o
Not specified
16 1b/rt®, 0.22 g/fec

o

specified

Kot specified
Not specified
Not specified

Not specified

3.8%
Not specified

Not applicable

Not specified
600-800 n¥/g

on 4 Not »>2 on 12 Hot >2
Pass 4 On 12 96-10C Pass 12 On 40 96-100
Pass 12 Hot >2 Pase KO Not >2

12 x 20 Mesh Slze % by wt 20 x 40 Mesh Size ¥ by wt
Not >2 on 20 Kot >2
96-100 Pass 20 On 40 56-100
Not >2 Pags 40 Not >2

on 12
Pase 12 On 20
Pags 20
Lignite bAasge
Not specified
6%
Not apecified

Kot speecified
Not specified
Not specified
Not specified
Not specified

Not specified
Not specified
0.3% g/ml, 24.5 1b/ft®

Not specified
Not specifled
Not specified

Not specified i

Not specified
Not apecified

Not applicable

Not specified
700 m?/g

P
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APPARATUS AND REAGENTS

Air filter:

Absolute filter:

Rotameter:

Preheater:

Powerstat:

Temperature
Regulator:

Recorder:

Oven:

Ignition Apparatus:

SRL IGNITION TEST PROCEDURE ‘

APPENDIX C

l-inch thick by 3-inches diameter stainless
steel, fi1llled with activated earbon.
Barnebey-Cheney Type 416, or equal.

3-inches dlameter, flat medium. Cambridge
Type C~30-B, or equal. Cambridge Filter
Corp., Syracuse, New York.

0-6.5 scfm air.
0-0.65 sefm air.

Type M2018 Electric Furnace, 1870 watts,
Hevl Duty Electric Co., Milwaukee, Wis.,
or equal.

Varlable Transformer, Type 3PF136 Superior
Electrie Co., Bristol, Conn., or egqual.

Brown Potentlometer, Model Y153C ([II) PS-
(36) KIWT-{IV)N4, Minneapolis Honeywell
Reg. Cc., Phlladelphia, Pa., or equal.

Brown Potentiometer, Model Y153X64(W)16-X-

{71)N4 Minneapolis Honeywell Reg. Co., |
Philadelphila, Pa., or equal, calibrated to

cover the temperature range 200 to 600°C.

Lindberg Box Type B-6W2 Furnace, 4000 watts,
Basic Products Corporation, Watertown, Wls.,
or equal. -

Thermocouples, Chromel-Alumel, Type #00-K-
{A)-18-12-Wh with 1/8-inch diameter over-
sheath extending tc 3.5-1nches from hot
Juncetion. Thermoccuple Products Co., Villa
Park, Illinois, or equal.

Bed Holder (See Pigure 2).

Bed, l-inch thick by 3-inch diameter stain-
less steel wlth mesh.

Aluminum foil gaskets, double thickness of
0.0007-inch foll.
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Water Cocler: 5 gallon pall, or equal.

Exhaust Hood: -

Compressed Air: 60 psig

Compressed Nitrogen: 20 psilg

Tubing: 1/2-inch dlameter stailnless steel, Swage-
lock fittings, or equal.

Valves: 1/?-1nch globe, brass, or equal.

Insulation: 1/8-inch thick asbestos cloth, wrapped 6

layers deep.

ASSEMBLY OF APPARATUS

1.

2.

Assemble apparatus, as shown in Flgures 1 and 2.

Install preheater with about 1 ft® of tubing to heat air to
the desired temperature.

Test all connections to ensure absence of leaks. Insgulate
tubing,

Connect thermocouples 1 and 2 to the temperature regulator
80 that the oven is maintained at the same temperature as
the air leaving the preheater.

LOADING THE BED

1.

Place sample of carbon to be tested in a stalnless steel
beaker. Weilgh the beaker and its contents; record the
welght.

Attach stailnless steel mesh bottom to the reftaining ring that
forms the bed, as shown 1n Figure 2. Use aluminum foll gas-
kets to aveold alr leaks at flanged Jolnts.

Place the bed on the holder whlle the heolder is inverted.
Allow the thermocouples to penetrate the mesh to a depth of
1/8-inch from the upstream and the downstream face.

Pour the carbon into the bed until the bed 1s fillled and
there 1s an excess that forms a mound about 1/4-inch high.
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10.

TEST

Tap the bed with a 6-inch length of 1/2-inch dilameter staln-
less steel tubing to pack the carbon.

Secrape off the remailnlng excess carbon with a stralght edge
ané return the excess carbon to the stalnless steel beaker.

Weigh and record the welght cf the beaker and 1ts contents.
Attach the top screen to the bed.

Attach the lower part of the bed holder, invert and place 1n
oven. '

Connect the heolder te the apparatus.

PROCEDURE

Adjust air to the desired flow. A face veloclty of 70 ft/min
has been used as a standard veloclty for carbons whose igni-
tion temperature i1s a function of wvelocilty.

Apply power to the preheater by setting the Powerstat to 60%.
This will heat the flowing air to about 200°C, at a face
veloeclty of 70 ft/min.

Tnerease the temperature of the preheater by adjusting the
Powerstat in 1% lncrements.

Adjust the rate of heating to 2 to 4°C/min when the tempera-
ture 18 ~50°C below the 1gnition temperature by increasing
the Powerstat about 1% every 10 minutes.
Record the 1lgniticon temperature when a sudden rise cccurs

in the temperature of one of the thermocouples in the carbon
ped {(TC 3, 4, 5, 6) or the thermocouple at the exit of the
holder (TC 7).

Stop the airflow by closing valve 1l; start the nltrogen flow
by openlng valve 2; and turn off power to the preheater and
oven.

Remove the carbon bed after 1t 1s cooled, and empty the

carbon into the stainless steel beaker contalning excess
carbon,

Weigh the beaker and record the welght.

- 69 -




g. Caleculate the approximate weight of the c¢arbon sample and
the welight of carbon burned.

10. The preecision of the ignition temperature measurement is
about *10°C.

- 70 -




