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Hie btiisvlor of highly r*dioaetlv« iodine adscrbed on charcoal exposed

to aoist air (HO torr water vapor partial pressure) m s investigated in a

series of six experiments. The anouat of radioactive I on the veH-

insulated 23 sor be! ranged fron 50 to 570 d , aid. the relative huoiilty was

7̂jt at the bed inlet tenperature of 7 0 % .

B&dioactive iodine was released from the test beds at a continuous

fractional release rate of approxinately 7 x 10 /hr for all type* of char-

coal tested. The chemical fora of the released iodine was such that it was

very highly penetrating with respect to the nine different types of ccaa-rcial

impregnated charcoals tested in backup collection beds. Two types of silver-

nitrate-coated adsorption materials behaved similarly to the charcoals.

Silver-exchaaged type 13-X Molecular sieve adsorbers were 20 to 50 times more

efficient for adsorbing the highly penetrating iodine, but not as efficient

as normally found for collecting metfcyl iodide. The chemical form of the

highly penetrating iodine was not determined.

Methyl iodide was released from the main test beds only while the radio-

active iodir.% was being loaded onto the test beds. An exception was a sample
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of etaaxcoal that had beer in service for four years la a reactor buUdinc air

cleaning system at Oak RidQe Rational laboratory. This charcoal, Which con-

tained 108 ag of adsorbed atmospheric contasdnants per g charcoal, released

a nsthyl iodide-like material continuously at a fractional rate of 80 x 10 /tor

la addition to the highly penetrating iodine fora. A different type of char-

coal exposed for nine months at Savannah River laboratory, which contained

much less adsorbed organic impurity, released only the highly penetrating

form of Iodine.

When the moist air velocity was decreased from 28.5 fp* (25*C) to as

low as 0.71 fpm (25 "C), the charcoal bed tetqperature rose slowly and readied

the ignition temperature in three of the experiments. At 0.71 fpm (25"C)

the ignited charcoal beds reached Maximum temperatures of 1*30 to l*70"C because

of the liB&ted oxygen supply. The charcoal exposed for four years at Oak

Ridge ignited at 283 *C compared with 3 6 8 % for unused charcoal free the

same batch.

fkio of the experiments used charcoal containing 1 or 2$ TEDA (trie<2tyi«ie-

diaaine) and a proprietary flame retardant. 33ae oxidation and ignition

behavior of these charcoals did not appear to be affected adversely by the

presence of the TEDA.



I. Introduction

Me nave completed a series of experiments which had the primary objec-

tive of determining whether the ignition of charcoal can occur from the

decay heat of highly radioactive iodine before the iodine desorbs

thereby preculding ignition. The second objective of our program was

to provide supportive data for the calculation of charcoal bed temperatures*

and the third objective was to study the movement of iodine within charcoal

beds and the desorption of iodine frost these beds during exposure to intense

radiation fields and elevated temperatures. Seven experiments conducted

vith dry air were reported previously; six experiments conducted with

ooist air are reported herein.

We used four types of charcoal in our solst air experiments, Inns Hos«

8-13, Table I. All of then are coconut-based charcoals except for HI1C0

Grade hZ, which is petroleum-based. Bach batch perforajsd satisfac-

torily in other iodine or trtbyl iodide adsorption tests. Because same

large differences in iodine desorption and oxidation rates or ignition

temperature have been observed from batch to batch o£ a given Manufacturer's

type number, we caution that the experimental results presented hare apply

only to the particular batches tested.

Our experimental apparatus is shown in Fig. 1. Ibe charcoal Is con-

tained to a depth of 2-l/S-in. {$.k ea) in a quartz Uewar flask witk an iasid*

diameter of 1.03 in. (2.62 cm). A heater on the outside of the fJUuk is adjusted
to follow
/the temperature of the center of the bed In order to further reduce the chaace

for heat loss through the side in simulation of an essentially semi-infinite

reactor adsorber 3ystem. Except for a saali heat loss via conduction aud



heat radiation, th« only cooling aachanisa i s tht forced tlmr of air

through tbt bed. 1hcraocoupl*s neasure the teaperrture distribution la tht

charcoal. 7he Inlet teapfratitre va» controlled at 70% la siaulation of an

accident aabient teaperature, while tbt etiarcoal roachiid a bifjMr teaperature

depending on tit* aaount of radioactive iodlae present aad tbf> air flow rat*.

II. gxperiaental Procedure

The radioactive l~°j wut obtained by irradiating a alxtw* of 86JI ^ ' l —

n the chodcaL fora PH. packed a* powder in quarts "r***!!1-̂  and

in an alta&nia capsvilc. Me irnidlated tills Material for 30 nr

(except Bun Mo. 13) in the High Flint Isotope Heactor (uTSt) at a thereal

flux of 2.9 x 1015 n/ca2.*«, which resulted in specific activities of

5.7 Ci ^°I/«c I and l.k x !0"3 CI ^h/ms I at the tiae of reaoval fraa

the reactor.

After irradiation the capsule Mas transported to the hot cell aad sealed

into the reclreulatinc loop syatea. fne tips of the capsule

and aapoules were then sttuared off, thus aliening the Mopoole* to fe l l Into

a quartz-lined furnace ubesc the Wig «as theraally decoapooed to pailadlua

aetal and L, at &» to 700%. Air circulating at the aoraal flow rate carried

the radioactive iodJae througb two layers of CsatrUgt 30 mm filter aedla

Into the test charcoal bed.

A colliaated radiation detector «as aaved la l/B-la lacreaeats to follow

the distribution of Iodine la the bed »@ the experlaeats progressed. Ihe col-

llaator contained a ant that « i 3/16 la. vide aad 8 la. loaf (8-3/2 la. loag

begUming with Bun 10).



• Iodine that penetrated *T wa* *4eserbed tram the test bed MM

in sequentially operated traps. HEM filters (Caribridee *<*) ••*• «*•*

collect |4«ticuiat« ratter, »: ! «!sa*coal .and *il¥«r>exe'!'AT r̂#d r.<selite

ueed to collect both eleaentel iodine and the aor* penetrating orpnle fonts

of iodiM. Wt cxMintd the 41«trltwttioit of iedlat MManf tit* emrtrUfts to

dtttndnt the relative w»unt* of «tawr.t*l mn& o/faolc 1O.J,IM.

UMI «xptri»«ntal proe«dur« emn be 4r«crlb*d m» follow*, tbt lattalled

colltctlua trap* and heated loop wtrt purged with Irl** and filtered air,

uslflg a onc*-tbrmv:h mode and a flow rat* of *<.? llt*rc/ain for 3.$ hr to

dry the loop «ni raw! volatile ecn>taair4i»t*. A t̂ -ca"1 valvac of the test

charcoal in th« a«-recefved nnltttura condition m* then pmoned into the insu-

lated bed through the outlet tube, (the presence of «any tberMoeeqelM and

the restricted fall, tvaultwJ In a j/meklnc, demity semrwfeat le«« than that

•ewmred by the Method of AiTK-D-2d5»»-70. AMwdLat a void fraetioa of O.lt|

for noreal packing* vc «stlaato O.J*̂  tor the test bed void fraction.) Subse-

quently, the loop heaters were turned on, the irradiation s*peut* inetalled,

air circulation started, and the capsule sheared when the 4«t*r*d bed teafwrm-

ture was reached. The htsuHifler «»# heated to ^t or 59% to SMintair. ;r:j«r

hvaidity.

She air inlet t«q>cratw« tc» th« bta was cantrolled at 70*C, and 'the

charcoal bed was lieatei hy the d«ny heat te tone higher t*e&tn£"2Mt £t;«:ii-

iog ttpon the level of radioactivity and air flow rate, a* shown in tables II-

VII. The period of operation at nonml air flow rate at the becianiac of

each experistcnt *>mhhi& cib^crvation of the Io4i,ne mavoment and Aecorption at

nearly constunt-t<«ntK!ratur« conditions. The air flow rate was then reduced



in siwulation of an accident situation (except Sun So, 1? j , allowing, the

teaptrature to rise because of reduced air cooling, the operating conditions

an* also sumarj.sed in tables II-VII.

211." Oxidation of, Charcoal

the temperature behavior durlne several of the runs i s shorn la Figs. t»5.

The accelerating teaperatur* rise during a period of each of these eagwriaents wutht

result of an locrMwing rate of heat release froa the osidation of charcoal

as the tsaperatur« rose. She rate of rise depended upon the amount of radio-

activ* iodine decay heat, the oxidation characteristics of the charcoal, and

the air flow rate. We calculated the heat balance for the test bad, described
(11in store detail previously, and obtained the rate of heat release also shows

In Fics. ?»9. A? ttic v< o' l<v air flow rates estployed in these «xperis»»ts,

the rate of tictri. roli«as<: decreased follovinj; ignition, possibly a result of

<vjfiswsptiQn of the rtwfliitaJlv aet-ive r.ll** and poisoning of the charcoal

.turface.

the calculated rate of beat release frosi oxidation i s shOMB la Fig. 6 as

a function of toaperature. Tb* heat release data prior to IgwW-i^ oaa be

correlated for each experisent using the JU*b*Bivs*type equation

Ho <• a constant (eal/siin.g charcoal),

A • an activation encrey (eal/sM>le),

R - 1.967 cal/bole. %

H « the rate of heat release by oxidation (eal/Bda.fi charcoal).
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The values of H Q and A are given in Table VII. She experimental heat release

data are more accurate within the range of 0.5 to ?0 eal/nin.e charcoal; the

accuracy of extrapolations beyond this ranee is uncertain.

The rat* of heat release for W H 85851 during Run Wo. 0 was only

approximately one-third that Observed during Sun Wo. 1* conducted in dry «ir
' using charcoal from the same batch
/ and with nearly three times as much radioactive iodine. We believe that

much of this difference resulted from the very slow rate of heatup during *

Sun Wo» 8 Which allowed consumption of chemically active sites in the char-

coal. When the air flew rate was increased for the final 2 min of the

experiment, the oxidation he&c release rate and the bed temperatures

increased rapidly as seen in Fig. <5«

Hun Wo. 9t using HIZCO Grade U2 charcoal; reached a maximum temperature

of l9t*C and did not evolve measurable heat from oxidation at that temperature.

In ftun Wo. 10, charcoal from the same purchase lot that had been used for Tour

years in the High Flux Isotope Reactor (HFIR) air cleaning system at ©a'fe

Ridge released heat toy oxidation at much lower temperatures and ignited at

283%. Previous tests with unused charcoal from the same purchase lot indi-

cated an ignition temperature of approximately 3&81C. ' It is quit* clear

that the adsorbed atmospheric contaminants pj emoted ignition of the base char-

coal, the first 1-inch depth of our test t*«u contained charcoal from the

first l-l/6-in. bed in the HFIR system an& the second inch of car test bed

was taken from the second l-l/3-in. HFIR bed. Infrared analysis of OCl^

extracts revealed hydrocarbon concentrations of 1^5 and 71 •£ hydrocarboos/c

charcoal in the respective HFIR charcoals. Bssed on the reported air flow

during the four years of service, the concentration of adsorbed hydrocarbons



-9was approximately 50 *: 10 e hydroearbons/sj air. Uils is cojqiatible with

the 290 x 10"° g hydrocarbons/g atr (excluding Methane) found in the HFIR

buMilioe in 1967. Ihe apparent density ©f the I3FIK fterm?, indicates

• total might gain almost twice that given by the OCl^-infnmd method.

KM h«at from oxidation measured for CK-17& during Ira Mo. U was

slightly lower than that measured previously during Run No. 7. As shown

in Fig. 5# the oxidation heat release rate decreased and the bed temperatures

stabilized after ignition.

lua Ifc. 1.̂  used type 0-615 charcoal that toad heen use! for nine wonttis

at Savannah River laboratory and contained 12 IRC iDydr.ocirbfflis/g charcoal

according to infrared analysis of a CCl̂  extract. As shown in Figs. 3 «»3 €<

the orgardc eontaainants and/or tE3M laprecnant ar-parently oxidised at rela-

tively low temperatures but there vas »ot sufficient iheat r«leased to ignite

the base charcoal, lie believe that * higher rate »f tenperattirff rite provided

either by lower air f 1 w or higher radiation deejy beat could well have

resulted In ignition of the base charcoal.. Both S-61'5 and Qt-176 are

reported to contain a proprietary f laaw retardant timt could influence tt&e

oxidation heat release rates.

4 sophisticated cs^utatioii of temperatures of a charcoal bed coniaiaiae

organic smteria?, would properly assume separate oxidation heat reiaase rate

equations for the base charcoal and for t&s organic material, asi jrovii* a

—TIIMI total heat release for the organic material depending on the amount

present.
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JT. Belbeaae and Deaorption of Iodine

AM asntioned previously, we used sequentially operated traps eoaposed of

high-efficiency filter** charcoal cartridges, and eilver-inccisanncd seoilte to

Identify the iodine ftps releaeed daring the course of the experiment*. The

restdts are suaaar*sed in tables IX-VH. Identification of the font of the

collected iodine we* uncertain in sane cases. For exaapLe, most of the released

elemental Iodine plated out in tubing caaaos to ell of the individual coll*-

tion trans. Many of our collection beds operated at unusually low air velocity,

a condition for which very little 3^/CH-I adsorption efficiency data have been

reported, 'or constant residence tine, adsorption efficiency decreases vlVn

velocity. Our rather scattered data suggest that for velocities in the ranee

«f 1 to 10 cm/sec, the adsorption (trapping) efficiency for nethyl iodide <aa

good quality Istpregnated charcoal will not exceed values extrapolated fran

the data of Nay and Jtolaon^' given by than for nearly dry air. Another

departure fron conventional adsorption techniques was the absence of

air purging following a collection period, this permitted loosely adsorbed

foras of zadioactive iodine to be spread throughout the collection bed.

Highly Penetrating Iodine

Our first experiment with .-aoist air, lun Mo. 8, revealed that «os* of

the radioactive iodine released rron the aain test bed was in a cheolcai

f b m usually penetrating with respect to iapragnated charcoal. For subse-

quent runs we elisdnated the silver-plated honeycoaibs (vs»A for trappinc

•lanentai iodine) and increased the nunber of cartridces eontainiag silver-

exchanged zeolite (AgX).



The highly penetrating nature of the released radioactive iodine is i l lu-

strated in Fie. 7* T h e collection trap from which these data were obtained

was operated for 2 hr, beginning *• hr after loading VM cocpleted. fhc tr*j>

teaperature was 33O*C, air velocity 17.3 em/see at 13®*2f and the total resi-

dence tfac (charcoal * 'k&) was 0.t»3 see. (The collection traps were heated

' in order to produce low relative hiaeidity and therefore proaot* high adsorption

efficiency. With the exception of Run Ho. 10, the distribution of radioactive

iodine aaong the charcoal cartridges indicated loosely held or poorly sorbet!

species. For Run Mo. 10 we believe that the large aaouht of radioactive

iodine on the first cartridge was aethyl iodide. For the operating conditions

of this collection toed, each charcoal cartridge should collect aore than 95%

of the entering methyl iodide. Tn addition to t»-6l®, eight other types of

eomovelnl Itsprectmtei charcoal were tested In other collection traps without

significant difference in Aloorption efficiency.

the flllvpi-cKelMtrircil acolite was such sons efficient for colle*ti«c tfae

highly penetrating radioactive iodine. The decrease in slope between the AJ£C

cartridges (Fig. ?) suggests that at least two foists of highly penetrative

iodine were present. Our AgX swterial was prepared froB type 13JT nolecular

sieves in the l/ l6-in. dims pellet fora (aean particle dtan O.2O em, void

fraction 0.$$) exchanoed to < 99*. silver content. Two other batches of the

saae sice AfiX prepared by others were tried lii other collection beds and no

efficiency difference was observed. AgX beads in the 10-20 aesh range and

granular Agjt in the 12-Jfi mesh range (particle dlaa 0.26 c% void J*r*etioB

0.1*3) were also tried and both were found to have higher efficiency. OK

seen particle siae and void fraction differences could easily account

for the higher adsorption efflci-.-ncy bscause of iaproved gas phase Mass

transfer.
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Beginning with Run Ho. 10 we added high temperature toacfeup bed* In tJ»

circuit* wed during norawl air flow rate operation. Becinaine with Run

No. 12 al l flow lines were routed through tlwse beds which contaln-d h$ •enf

total of Hopc*lit«, an,oxidizing catalyst, MBA lot Do. 2121?.* Ibis wai

•ollowd by 1*2 a? total of silver-axchacged zeolite pellets* i l l l a i

2.8U ca diam tube. Table X shows the results of aost of tfo*s feign taoper*-

ture backup traps. Tr* AgX appears to have perforated efficiently, y«t a

large aaount of radioactive iodine reached the loop cleanup filter which

contained 550 car of BC-721 charcoal.

Such large penetrations are difficult to uniierstani. IRae dlntritUitSa-,

of radioactive iodine in the loop cleanup filter wet: examined to see i baefc

diffusion froa the htaddlfier and aain test bed durinc the S-day cootiam

period could be the source on the iodine, lems tercfc-tliffusion occurred,

but only perhaps 10$ of the total an the cleanup bed. Acltley and OBVJB

tested this saae catalyst and found i t to be beneficial when CILI was used

but detriaental when Ig was being tested. * ' A single test with AgK aoly

in a high teaperature backup trap in our systea was inconclusive because of

possible penetration through a Hopcalite-AgX combination used later in th?

sase run. Our calculations indicate that such of the iaprored perfocsumee

of AgX with aethyl iodide as the teaperature i s increased, can be accounted

for by is&roved gas phase sass transfer.

Two other adsorbing Materials were tested for their ability to trap
if, at

the highly penetrating iodine. AC-6120 is an Incewbustible adsorbent

traps Ij, and CH^I very efficiently.''' It is a porous fora of/siUci*;

lapregnated with AgMOL. We tested this bead-shaped aaterial in our standard

collection beds at 130% during Bun Mo. 13. Its performance was

Safely Appliances Co-

Hayer
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tc the charcoals and inferior to A3X for trajppJsic -our tol$sly peoetratine

ioditve. Similar results were obtained far fiJM35» a £r*r,ul*r si lver nitrate-
eoated alw&inuB sllieate-tosfcd material vDiiidi i s »© longer nanutfaetwcd.

i'j Highly. ftenetratlBC Iodine

Beginning; vltfi itfun >'o. 10 we fcddksii * saeplioc circuit,, oot Atiowi to

Fie. 1* in an «tt*»:pt to es>ll«et %%& Identify the 'hl&iXy pmttrM.tbB£ iodine

fom(s) . Hw circuit coaaitUtd of two VSSfk ,fi lt«rj, • coodcawtr at 0 % »

rrceze trmp at -?£,%, and a trap at -75% containing <ourtri4ets of type IS*

sodiua zeolite, siMch. «el# Temut, «nd Hor«j» ĉ-ft {the latter two art corner*

c ia l chramtocrajii 2Mck.inzzj alone or in e«0bimtifims depeodiiv upon the «xperJbMOt.
The 3!SrA f i l l e r : ; , '̂;5:;'i<.:3:i«er, tiTi-i i'rucn:? t r a y s •^oll-ust-jd 'OMlly vcr^ S3»l l awsmjt-s of
the radioactive iodine. All of the sorbeats retained the radioactive iodine effl-

eiently at -T'̂ 'C, l»ut fi-? J'orajate-8 a;^jar-c4 to rs>2:ea.-r;« tise iodine

i^i.'sily Jdiea tiJ'.- ^orl^nta v«r« wawiicd iutc-r S"-nr tnuinffr of the sadioaellv£

Iodine to «.»» «vi»'!aat»a'I s«*5i'il«M jst^el. 'toldiM^ Ian3i.

After s^v^r/ij. i3;i;v/. to tillvw rcduuLiisn of 1*30 rauli»t3naM ifitfensity toy

d*;cay, tfc1* eontent^ of tbt* taid: were adiiJtiwd tu % »*sfl sjwetraaeter 3*«r

mass identifieatiwi. Relatively larc<* tuttountE of a ir and CCU aiuoft*^.

alflng with the radioactive iodine during the experiaeot were preaeat l a the

holding tank and provided a. high background which concealed iodiae-cotttaiaisc

•ass peaks in the smss speetroaeter. A positive peak at oass 130, prtui—11r

XT I vat observed in the gas tram Rita 10, but me believe ttoLm to >* a

result of reaction vith COBIC equipaeat coB^ooeat, probabl/ the type 13X

sodiua zeolite used AS th« original sorbeet. m later experJaeats we

decreased the air * C0? backcround by eoncentratiAC the radioactive iodine

in a snail traji containing cooled tettax, but the mass results were

Inconclusive.
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Our original radioactive lodin* loaded onto vbe sain test bed

120 127

contained 7I and I in the xatio of 6:1. In the n&ss spe -roncter we

observed several paired aass peaks with approxlaately this sane ratio. 18*3

larger of the paired peaks occurred at Buses 131, Iftl, iSS, xSl, i8S, xfi'i,

and 198. Mass peaks a$ 262, 278, 281, 33J, and 35^ W N also seen frequently

but appeared to be associated vith the background waiiating froa within t&e

needle valve, probe, and mss sprctroaeter internals.

Hone of thisse Basses correspond to rrwmn iodine compounds, and we do

not know nhetfcer any actually contained iodine. Since Hhs eharenals in the

main test bed a l l contained ij^regnant iodine ( ^ l ) in gsvafosT quantity tl»an

the loaded radioactive iodine, we expected that the Mgiily »i:nct«ittttg ±<s>Mwe

leaving our test bed sdght nave isotojuc ratios of 129/127 much less -than &:.l.

Sevewt.1 incidental non-lodine-contaiaing aasses imre observed. Prow

Run Ho. U (n<sv GX-176) and Run Mo. 12 (new MSA 85951) we o&s&rvad Masses

101, 103, and 109 corresponding to the fragMOt CfCl|. fkoa Sun MO. 32

(G-615 used nine sooths at Savannah Biver laboratory) we observed freou 3UL3

(1,1,2 trichloro-1,2,2 trifluoroethane), Freon 112 (1,1,2,2

ethane), and a large aaount of trichloroethylene.

Froa the aaount of radioactive iodine collected in i&e condense? is.

circuit lie could estiaate the solubility of the fom of iodine present, for

Bun MO. 10 (which contained predominantly a aethyl iodide-Ukc tcm) and for

later runs («hieh exhibited only the highly penetrating tos& ef lo&ss} %*s

calculated partition coefficients < 10 ^ / ^ " ] | ^ ~ *t 0%. The radioactive

iodine in the condensate ins extracted readily by carbon tefcrachloride

behavior an! tt»e low partition coefficient suggest sane orgsmic iodide

Foraation and release from tlte aaia test bed nas essentially ittd@p®ndmt of



velocity tad teaperat'ire. Only traces of hi$«2y penetrating Iodine ware

observed during the dry air experiments. We observed that with m long too!

tiae on most of the aentionsd Adsorbents (iaelnitin§ charcoal) most of t&e

radioactive iodine becaae tightly bound. J. 6. Wiltoeia^^ hu chows that

aryl iodides exhibit such of the behavior described above, but we have not

been able to detest any of this class of compounds.

Belease of Methyl Iodide

A n a i l anoint of nettoyl i<odi«2e-_i4se material cither penetrated

or was released tram the ml© teat bed dwrisae the loading phase of cads experl-

«ent. fhe identification was based •only by it® trappljug behavior «m

nated charcoal. Msthyl talid'j-llfeg saterlal was »@t ©teserv-ei

runs except for Bun Ho. 10 in wfd&ts tteis type of stm^srlal was

released. With the dry air exiJsrlaeuts, *~" mtst of itoe fora of i©M**e

described as **penetratinGw i^ believed to be have besa metl^l iodide altii'SUigh nm por,i

tive identification was aade. Small amounts of tiae highly pettatrali»g $crm

was present in at least soae of the dry air experiments, but i t was rarely

detected because of saaller collection beds, only occasional use of AgX

sorbent# and concealamt by ^^te radioactivity (a daughter of

accuaulated in the rettlroilAtins loop.
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Deaorption of Elenental Iodine

Since vezy little elaental iodine w released from the end of the main

test bed* we used data collected by the collimated &ama smmier to calculate

iodine adsorptiofl/desorption coefficients. Gaaaa scan data arc shown J»

Fig. 8 and in liable II. A computer program was written to calculate the

partial pressure of iodine in equilibrium with the charcoal according to

the observed rate of movement within the bed. the rate of aass transfer

for elemental iodine is very rapid, so that there is an essentially con-

tinuous equilibrium between the charcoal and the vapor phase. Therefore,

the movement of iodine should be directly proportional to the air velocity

within the bed. The gamma scanner Monitored 17 inereaents or slabs along

the length of the bed. He assumed that iodine which steorited. from the first

(inlet) slab was readsorbed on the second sMb, ote. We assumed a linear

adsorption iuofchern; thus the partial pressure ©f Iodine is diractly propor-

tional to the mass concentration on the charcoal, P - x/kt tdacre F is tte

partial pressure of iodine (ata), x is the total Cte.-antra.tloa of iodine on

the charcoal, including iapregnant (0.03 to 0.1 g of iodine total per gran

of charcoal)* and k is the adsorption coefficient.

The calculation is aest accurate for the first ifz-iai. of bed depth;

hence we correlated experimental It values for this region with the tes^eratture

obtained from a thermocouple located in that region of the bed. Results are

shown in Fig. 9. For each type of charcoal we can express the value of k

satisfactorily with the equation k - *<? m» where A is the activation

energy (cal/*°le)j R i» ^^ K*» constant, T is the absolute teaperature (*K),

and k is a constant for each type of charcoal (g l/s charcoal-atm I).



The coefficients calculated for fK-±>e solas* air experiments are essen-

tially the sane as these £eterained previously for the dry otr experiments. '

The one exception is Run Mo. 10 which used heavily eontanLiiated charcoal ttoat

desorbed iodine at a rate approxiaat&ty six times greater than other c&areoals.

When test bed tenpciatures remained constant, the calculated eaefifflctastts

generally rose sonewnat with longer times indicating stronger adsorption.

ooefficienta shown in fig. 9 ibculd therefore be used only for short-term

situations such as in our experiments. She relatively large nass of raiio-

active iodine used in our experiments aay have contributed to this behavior.

He had expected that significant dlfferesses in adsorption coefficient

might be observed for different charcoals since previous observations have

denoastrated a strong effect of relative pw*!f̂ Ti"M and iodine concentrations

on iodine desorption.v^ " Our assuvtion that the observed mmoitnt oT

iodine within "be test bed was siaple elenental iodine adsorpti.«w/desorptian

could be in error; the hl#h radiation field could enhance %ka aaaveatent fay

some yet unrecognized nechanlsm. fhe ion ehaaber gaHHi sewnner readiags

fcained distortions introduced by eoUiaator inefficieocy and ths inelusim

of scattered radiation. Mo corrections were aade for these distortions

sade the low activity readings appear histaer than their true levels. F. S

perforaed a calibration utaich rtramiirrstrrfl the type of distrotion inherent In

the system. ^

Y. Conclusions

Heat froffi the oxidatJos of

iaqportant contributor to attainaent of ignition. Coaputer prognuu such as

CmBr'1' and TOOHOT ĥave dewnstrated satisfactory calculation of char-

coal bed temperatures induding SgrJ-fcton, when heat release resulting from

oxidation of the charcoal was Included.

Moveaent of radioactive iodine within the charcoal bed and oescrptieti

from the end of the bed was trivial before ignition at th» low air flour rater

n::<:4 in our experiments: (0.7 to 3.8S Tpm at £5"C reference}, fii'gber flow
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rates would enhance radioactive iodine movement and desorpfcion soaewhat,

but unusually large heat sources would be required to reach a critical

teaperature.

Ibf decreasing heat release rate, stabalixed bed taoperaturws, and

very slow radloiodlne desorption rates following ignition when low air

velocities prevail provide tine asd opportunity for combatting tiae coafcus-

tion i f suitcfele Methods can be developed. Increased air velocity or

induced turbulence wouli be undesirable.

The formation end release of highly penetrating iodine* although

occurring at a vexy lew rate, ̂ msara t-r toe a prrafliUEt of sssistsiire and ra4la-

tion. Identification and trapping of this material were not completely

solved, but th« use of stsae silver-exchanged zeolite i s recoaBendcd in

the collection nysbm wheneV'Sr the Iti^hly fterw^ratiaf, fewti i s suspeetcd

to be present.
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Figure Captions

1. Flow dltgr— for experiments wifh aolst air.

2. ttnperature behavior during Run Ho. 8 with MSA 8588I charcoal.

3. Taaperature behavior during A w No. IX) with WXXCO grade 1*2 used

four years in the HFXR.

k. Teaperature behavior during Run Mo. 11 with GJC-176 charcoal.

5. Temperature bebavior during Run Ho. 12 with G-615 charcoal usei aSne

•onths at SRL.

6. Rate of oxidation heat release during experiaents with moist air.

7* Distribution of radioactive iodine among components of a collection

• trap.

8. Distribution and aovenent of radioactive iodine in the aain test bed

of Run Ifo. 10.

9. Desorption coefficients calculated for radioactive iodine in the sain

test bed of experiacttta conducted in moist air.
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tun 8,

Tias interval (ain)

Main bed activity (Ci l l 3 oi)* b*

Bad aldpoint teap. range (*C)

Flow velocity (fpa at 25*C)'d)

Water vapor partial pressure
(torr)

MSA 85851

-340 to
-243

465

72-93

28.5

85

Charcoal

M -240 to
-120

415

80-93

28.5

95

-120 to
0

370

79-80

28.5

95

• 0 to
ISO

320

79-147

3.8

100

150 to
465

240

147-42*

(•)

105

Iodine Fora Fraction of Radioactive Iodine Released (10 >

Bleaantal

Partic

,A'\ Penetrating*

0.C34

1

O.Gwi

<0.05

S.C01
V,j

•3;8 ***-
&

44*

0.13 0.74

0.001 1.20

"(f)

>2.4

(a) tigadint of 100 at of radioactive iodine took place during this period.
(b) Activity at end of tie* period. Hie half-life of 1 3 O1 is 12.3 br.

(c) The ignition teaperature (assuaed to la 310*C) was reached at 396 ain at
approxlaately 0.8-ln. bed depth.

(d) Hoist air at 0.98 ata.
(e) Velocity was reduced to 1.43 fpa at 150 «ia (147*C)t reduced to 0.71 tpm

at 300 ain (19S*C), incmaMNl to 1.9 fpa at 457 aia ( 3 W C ) , and increased
to 3.8 fpa at 460 tain (412"C).

(f) Ifutse collection traps did not contain silver-exchanged seolite. Total
fraction found In the trap charcoal, loop cleanup charcoal, and ttfinldlficr
was 4*x 10"6. Total of all penetrating Iodine released was 68 x 10*"6.

(g) Grand total fractional release of radioactive iodine was 71 x 10"*.



X
Prcliaiaary fuaaary of Conditiooa and Badioiodlne fteleaae, lUa 9 - WITCO Grade 42 Charcoal

_̂
Tina interval (Bin)

Mala bad activity (Cl 1 3 O I ) W

lad Midpoint tea*, rani* <*C)

-465 -360
to, * to

- 3 6 0 w -240
535 480

-240
to

-120
430

120
to
0
380

0
to
180
320

180
to
360
270

flow velocity <fpa at 25*C)(d)

Hater vapor partial praaaura
(torr)

70-92

28.5

95

81-92

28.5

100

80-81 79-80 79-166 166-181(c)

28,5 28.5 3.8 0.71

95 95 95 95

Iodine Fora Fraction of Hadioactlva Iodine Salaaaad (10"6)

t!

Bieaenta (e)

Penetrating

total«>

*0.4

0.03

*» 1.2

0.3

0.05

7*0

» 1.6 » 7.1 » 3.2 >12. 15.5

0.3 < 0.3 < 0.5 < 0.5

0.06 0.001 0.4 0.002

V.6 >12. 15.' 3*1

3.2

(a) Loadinf of 123 m oi radioactlva iodina took placa during thia pariod.
(•) Activity at tod of tlaa ptrlod. Balf-lifa of 1-130 ia 12.3 hr,
(«) Ignition v u not raachad bacausa of tha low radioactivity and tha high Ignition taaperatura

of WITCO Gtada 42 charcoal*
<d) Hoiat air at 0*98 ata, *
(a) total fractional ralaaaa of alaaaittai iodina vat probably in tha ranga 0*4 x 10 to

1.4 « 10-6.
(f) tha fraction which panatratad tha four colltction bada uaad during noraal air flow oparatlon

and vaa collected in tha backup bed and htiKidiflar waa 21 x 10*6. total fractional ralaaaa of
acMtrating iodina vaa 13 it 10~"« #

(l) Grand total fractional rtienaa vea 63 x 10 °. .,



Run 10 ProlimlRary Susraary of Conditions and Radloiodine Release - WTTCO Grade kZ
Charcoal froa C I S Air Cleaning Systen

Tim interval (min) -l»70 -360
to

-300

-300
to

-120

-120
to
0

0
to
160

180
to

train bed activity (Ci

Bsd Bidpoint tesp. rang* (*C)

Fleu velocity (fpa at 25 * C ) ^

Water vapor partial pressure (torr)

I*S5

70-88

25-7

ICO

tso
83-88

28.5

100

390

78-83

28.5

1.10

3**5

77-78

28.5

110

290

, 77-139

v 3 . o

110

r6o
139-376 ( c J

0.71

no

Iodine P0» (tentative) Fraction of Radioactive Iodine Release (10*6)

Articulate

Moderately Penetrating

V»ry Fenetr-tting

•Total (c>

1600

<0.2
130

8

139

< 0.03
<v7S

^ 8

@6

2.5

266 •

25

29!+

<o.7
v&

15

171

<0.03
Zks

20

kk

< 1
z 630

18

iicV

(a) tc»aif£ of 100 »e of radioactive iodin* took place during this period.
(i) Activity at end of tiae period. Kaif-llf* of 130l i s 12.3 hr.
(3) Issitisn tesra?fftture of 283*0 reached at t75 ssin at appst. 0.3-in. bed depth. Ignition tessperature ie- *s

on tfceitisseypie ratc-of-rice firse reaeMns 20'C/sin. Î xiaajw recerdsd tes^ersture NSS U73 *C.
Ksist air at atM.

6() S 6
(4) Crani tste* ftaetlsnal release was £p50 x 10 w or
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Itun 11* *Stsesary of Conditions and Radioiodine Release
GX-175 Charcoal

Tise interval (ale)

-36OU)

570

70-93

26-28

105

-350
to
-300

5&0

89-9U

16-26

105

-300
to
-120

*55

80-87

28.5

110

-120
to .
0

U10

79-80

28.5 ,

110

0
to
180

3fc5

79-120

5.8

110

160
to
363

291

120

1.9

110

Kain fced activity (Ci 13OiJtbJ

led sidpoint tesp. range (°C)

Flov velocity (ffo at 25*C)*d*

Water vapor partial pressure (torr)

Iodine Fora Fraction of Radioactive Iodine Released (1C"S)

Elesental

Farticulate

Msitrateiy Penetrating

V*ry

« 0.3

0.05

0.3b

6.3

§.7

< 0.2

0.26

« 0.2

5.2

5.5

« 0.2

3.0

« O.S

28.1

Si.l

< 0.2

1.5

« 0.2

20.7

2t.£

< 0.2

0.19

< 0.?

27.7

0.J5

19. T

(&) l&a'tisg of 133 R£ of radioactive isdine to@k pl»c« during this period.
(V) Activity «t end of t iae periea. Ifalf-life of I 3 0 I is 12.3 hr.
(e) Is».lti6n t»«|j»fature of 387*C vas fsaehed at 319»5 isin after f i rs t flcwr reduction.

i wa
(f) \li%.

ef iê !ft*» vas lesehesa fma tubing n t̂wevk feet«een the sain tes t
traps, rfesi of the release prefeafely e^etu*re^ at the high ted

siui!»;d v&re 7.t * 19'6 feasi in ieep cleanup fctd and 0.S* x 10 in V
ietai r t l tase vas 11^.£ x 10'^ er 0.01210.



. Run IV. Summary of Conditions and Hadioiodine Release .from Type G-615 Charcoal Used 9 Months ki SRL

Time interval (tnln)
•

r

tein bed activity (Cl 1 3°i)(b*

Bed Midpoint temp, ranee (*C)

Flow velocity (fpm at 25*t!)^

Water vapor partial pressure (tow)
•

Iodine Form *i

81*,-s&»tstl

Fferliiuiate

M&teratsly Penetrating

Very Fanetr&tine

fetal16*

-Ii91
to /B\

1»SO

71-85

21.5

110

Inaction

<0.6

* O.Of

0.6

8.5

9.2

-361
to

-300

1»55

85-95 •

9-22

no

-300
to

-120

380

80-85

T.2

115

of Rudi&aetive Iodine
•

<0.6

0.03

< o.€

10.9

U.O

< 0.3

0.5

< 0.3

W».7

ii5.i

-ISO
to

0

3*10

Tfc-ft)

23

115

Released

<0.6

0.3

<0.6

23.8

g£.l

0
to

.180
e

290

7>M13

5.8

no

CIO"5)

<0.5

0.0E

<0.5

35.0

35.0

180 •
to

J»50

225

113-219

2.9

115

6.0<*>

0.093

< 2.9

?3.T

79.7

() 4 ©f fej>;.{oxiss&tely 110 rag of r&df^etive ioilne toak place during this
(b) Activity at &u- of time psriod. Half its of i 3 S l is 12.3 hr.
(e) Kaist air ai O.|)3 at?a.
(^) Thtg tRSunt of iedins «as I»>aehe4 frea tht tubing network between the tain test bed and the adsorber

traps. Mae*, of th© relsase prabsb?;.- ©3Ju^i5ti at th§ high bed tenparature aast was

(e) Kst 10.f x 10 feuna in \h» Iss? cleanup bsd and 0.3 x 10 ̂  in the fcysi, tfier vater.
til 10*§ O O S ^ '

f feun
total "ftleast «as til x 10*§ or O.OS^.



Run 13. Suiwary of Conditions and Radioiodine Release from Type MSA 85851 Charcoal

Tics interval (min)
to,

0K

0
to
60

60
to
195

195
to
315

315
to
2895

2895
to
3015

bed activity (Ci

Bed midpoint temp, range (*C)

Fissr velocity (fpn at 25*C)*C*

Efeter vapor partial pressure (tor?)

50

70-71

28.5

120-150

1*7

t l . l rS.51

lso-150 i; 0-150

37

70

3.3

68-70

2.9

70

Isiine Fora Fraction of Radioactive Iodine Released (10*6)

Ktlsmtely penetrating

Very pe&etrating

< 0.2 < 0.05 < 0.0$

0.091 0.003 0.008

O.r < 0.05 < O.@£

8.3 ^«6 13.9

83 6.(1 13.9

< 0.1 < to < 0.6

O.CKM* O.OOU 0.007

< 0 .1 < SO < 0.6

15.3 Hi 1.6

15.3 H 1 1.6

a) Loading of approximately 77 B@ of radioactive iodins took place during this period.
t) Activity at end of time period. Half-iiie of i M I i t 12.% ht.
e) Msist air at O.98 atm..
d) Th@ fr&etion 0.8 x 10"* vac leached tm% tte tubing n«t«ork between the rain test bed and tte adsorber

traps. * «
i.'ot included were 2.6 x 10 found in tits loop cleanup bei and 0.3 x 10 ia the humidifier water.
Grand total rslt.-, s was 160 x 10*" or 0016^



IX.

CHARCOAL O2IBATI03 CJfARACTBSFl

Charesal type

KSA 85851
Lot ao. 51969

VITCO Grade 1*2
HFIR, k yr service

GX-176
SR-7

6-615 (9 mo. s srv ice l
SR-6

Bun
270.

8

10

11

12

Air
velocity

(ffem at 25IB)

0.7

0.7

1.6

2.5

OxlduMon into

(eal/fBln)

' 2.05 x 108

1.25 x 109

3.37 x 106 -

5.1*1 x 106

20,000 &

20,000 283

lUoo »

ll»,500 a

*Mot determined.



fable 9. Bat* of release of penetrating foru of radioactive iodine

Run
Mo.

8

9

10

11

12

13

Aaouot of
radioactive

iodine
(Cl 1M£)

0 - 465
465-370
370-240

535-380
380-320
320-270

0-485
485-34S
345-290
290-260

0-570
570-410
410-345
345-290

0-480
480-340
340-290
290-225

0-50
50-37
37-3.3
3.3-2.9

Tlae izam
first flow
reduction

(•in)

*
-340 to -240
-240 to 0
o to 465

-360 to 0
0 to 180
180 to 360

-470 to -360
-360 to 0
0 to 180
180 to 2 %

-470 to -360
-360 to 0
0 to 180
180 to 360

-491 to -361
-361 to 0
0 to 180
180 to 450

-145 to *
0 to 315
315 to 2895
289S to 3015

Ave.
Itmp.
CO

82
82

M.S0

81
125
174

79
79

n.110
f260

82
82
MOO

%zm
78
80

M70

70
70
69
70

Partial
pressure
of water
(torr)

as
95 •
105

95
95
95

100
110
110
110

105
110
110
110

110
115
110
115

135
135
142
142

Release rate x
(fraction/hr)
Moderately
penetrating
iodine

0.3
<0.1
<0.1

0.2
<0.1
<0.1

71
83
16
<325

0.2
<0.1
<0.1
<0.1

0.3
<0.3
<0.2
<0.6

0.08
<0.04
<0.S
<0.3

10°

HiRhiy
penetrating
Iodine

%2
IS
*6

-W7
5
1.0

4.4
8.0
13
9.3

3.4
9.0
9.2
6.6

3.9
14
12
16

3.4
6.8
2.6
0.8



Table X. Performance of High Temperature Backup Beds

HEFA F i l t e r

1st Hopcalite

2nd Hopcalite

3rd Hopcalite

1st AgX

2nd AgX

3rd AgX

HEFA F i l t e r

Loop Cleanup Bed

Tina in Use (min)

Approximate
Temperature

(8C)

150

360

380

Uoo
U20

200

70

i

Apparent penetration of above.

Bun No. 10

(105 dpn 1 3 1 I )

0.0005

O.Ul

0.52

0.78

17.7

0.003U

O.OO69

< 0.0005

16.5

300.0

backup beds.

Run No. 11

(1O5 dap 3 3 1 I )

0.0010

0.52

O.65

1.6U

72.2

18.2

1.1

O.OOO3

31.8

UlO.O

Run No. 12

(105 dmp 1 3 1 I )

< 0.002

0.3^

0.63

1.5

1.9

0.007

0.005

not used

37.7

U91.O

Run
(10° dr

O.00U

0.010

0.009

0.036

13.2

3.3

0.0002

not used

5

U60.0

No. 13

0.0001

0.2U

0.26

0.30

20.0

0.1k

0.006

not used

.98

2700.0



Distribution of Radioactive Iodine in Main Test Bed

Percent of total radioactivity in each slab

Slab
No."

1
2
3
4
3
6
7
8
9
10
It
12
13
14
15
16
17

Run 8
Tine Iron flow
-235

17.7
59.7
13.3
3.92
1.62
0.86
0.52
0.39
0.27
0.18
0.13
0.09
0.08

Background
0.49

Bed mid-
point
temp.CO 85

0

12.4
61.4
15.9
4.48
1.89
0.95
0.55
0.42
0.28
0.19
0.13
0.09
0.07

82

reduction
300

7.5
57.4
23.3
5.93
2.27
1.03
0.55
0.40
0.27
0.16
0.11
0.07
0.04

196

(min)
465

3.2
26.2
22.8
17.7
12.7
7.74
4.09
2.34
1.18
0.55
0.28
0.13
0.08

429

Run
Tine from
-360

16.1
55.2
16.2
5.04
2.45
1.01
0.60
0.38
0.23
0.14
0.10
0.07
0.07

0.56

87

9
flow reduction (min)
0

13.9
53.3
18.3
6.33
3.11
1.24
0.75
0.47
0.29
0.18
0.11
0.08
0.07

81

360

6.3
46.8
26.9
10.2
4.21
1.56
0.84
0.55
0.34
0.21
0.14
0.10
0.08

178

Time from
-360

6.3
64.2
20.2
4.62
1.71
0.91
0.59
0.42
0.30
0.21
0.15
0.10
0.07
0.04

0.34

85

Run
flow :
0

4.7
61.4
23.5
5.37
1.97
1.00
0.61
0.43
0.31
0.22
0.16
0.11
0.07
0.04

78

11
reduction
180

2.9
59.7
26.4
5^78
2.07
1.02
0.62
0.44
0.31
0.23
0.16
0.11
0.07

o.os

120

(min)
360

0.5
7.8
11.2
11.6
12.2
11.8
10.8
9.47
7.59
6.10
S.50
2.75
1.44
0.61
0.26
0.18
0.16

394

aEaeh slab is determined by collinato? movement of 0.125 in. (0.318 em).
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FILTER

LECEND
RUN
NO, MAIN BED

• 9 WITCO GRADE 4 2
O 10 WITCO-42. 4yr of HFIR
X II GX-176
O 12 G-6J5.9 months at SRL
A 13 MSA 85851 (OIFFERENT SCAcE)

I
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DISTRIBUTION OF IODINE ON COLLECTION
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