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ABSTRACT

& new procedure for the analysis of the TEDA eontent om ASC
uhetlerized charcoal has beenr developed. The results of the analysls of
commerciall y-supplied and custom-made AST whetlerites co-impregnated with
TEDA are presented. Some background information on this analytical
procedure {3 also presented.

Une nouvelle procddure dranalyse de 1z quantité de TEDA dans le
charbon activé ASC-whetlerite z &t& déwvelopple. Les résultats de L'analyse
¢réchantillons de sources commerciiles et de charbons actiwés ASC-
whetlerite co-immrégné de TEDA prépards en laboratoire sont preséntés. (ne
revue des antécédents de cette procfdure analytique est auassi présentde.
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r.0  INTRODUCTION

J In the course of researcit ad development on charcoal, chemical

impregnants were incorporated cito charcoal surfaces ta afford hetter

- protection againat some,Cd )agents.” The uce of copper, ciromium, and sil ver
as charcoal impregnants (the "ASC* in ASC-whetlerite) originated in 1942
(1) and i3 atill regardec as the best available multi-purpise adsorbent for
military aim flltera. Huowever, recent studies cn the health hazards of
tri- and hexavalent chromiuw (2) have demonstrated that they are both
cancer—inducing age-ta. Although the absorption of cwomium (VI) by the

} lungs after inhaling charcial dust from testing a military canister
containing ASC-whetlerite is not sufficient to cause any harm (2), it is
desirable that the percentage of chromium (VI) im ASC-whetlerite be
reduced, if aot completely rmved.\\

Recently, triethyienediamine ¢TEDR), more formally loown as DABCO
or (T, W-diazabicyclo [2,2,2] cctame), has received the attention of
Britiah, American and Camadian investigators as a suppliementary additive
for entanced CK-protection. Qne implication of this iz that it may be
possible to partially or totally substitute the civromiuw witit TEDA. TEDA
appeard to be more ugeful than other amines (e.g. pyridine or
hexamethylene tetramine) used earlier as adsorption enhancing agents on
charcoals (7). The majar adwantage Iies in the fact that TEDA does not
deaord from the charcoal surface to any apprectable extent. & rercent
report (3) from Westvaco Inc. indicates that the applieation of T.5% TEDA
to a laboratory ASC~whetlerite mrovides a significant increase i CK life
for hotlr freah and aged charcoal. However, the same charcoal without. any

- chromium has a lower CK life, even when the TEDA content is increased to
! T7.5%. This indicates that 1t may not be possible to completely replace
] ctromivm witit TEDA in order to provide adequate protection againet CK. -

;\»In- support of this increased interest i TEDA impregnated
chareoal it has become apparent tnat there is a need for- an: accurate
analytical method which allows accurate TEDA desterminations. This
techniczl note describes a method which achieves this goal. < /VASA p—

\\

- T.7T BACKCROUND

Air Cliltery containing activated charcoal ispregnated wit!t TEDA
have bheen widely used in the nuclear reactor industry for~ the monitoring
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and trapping of radicactive iodine and methyl icdides (4). The trapping
mechaniam is bhased on the atable 7:1 complex formed between the amines and
the ragicactive iocdine. Of the knowy u-u’types of charge-tranafer
complexes, those involving icdine and amines as acceptor and donors
respectively have been most extensively studied (5). In these complexes,
the iatermolecular bond is lecalized, and the H-1-L motety i3 linear (6).
For momafunctional amines, such as amoniz, the complexes are strong with
formation constants i1 the pange of 10* - 0% L/mole at 20°C and enthalpies
of farmation between -5 and -12 kcal/male. Camplexation involving
multi-functional donors and acceptors (such as TEDA and iodine) pose °
difficulties in determining the nature and extent of lnteractions betwesen
active sites and an underatanding of now complexaticn at cne site
influences the activity of the uncomplaxed site.

TEDA i3 a cage-like ditertiary amine. [t is characterized by
nigh symnetry, globular structure, high melting point (158°C), and contains
tWwo exposed nitrogen atoms whose unshared el2ctron pairs are free of ateric
hindrance, The preparation procedure forr the TEDA:I, complex has bheen well
dncumented (6,7). The same 2:1 complex of iadine to TEDL forms when the
concentration of todine equals o doublex the concentration of TEDA (6).
This is contrary ta the canplex formed betweenr bromine and the diamine, in
which the mono—adduct hetweern bramine and TEDA is alsc farmed (5c, 8).

The detailed theuretical considerations of this diamine-halogen
charge—transfer complex i3 very complicated and beyond the scope cf this
repart. However, tnis TEDA-iodine coeplex forms the '‘msis on which the
concentration of TEDA on charcoal is deterwmimed. TEDA is strongly adsarted
ontn the charcoal surface, therefore after {t is leached cut from the .
charcoal surface with acid, it has t3 be complered immediately. The stable
TEDA-icdine ecmapiex iz an abvious chaoice. The TEDA-icdine complex i3 a
nigh-melting salid wiiich is inacluble in most organic solvents and
decomonases in the presence of acids. Therefore allowances have Lo be made
30 that .he TEDA concentraticn can be determined gravimetrically.

Due to the above consideration, it becames necessary to introcuce
carbon standards so that the results from unknown samples may be ampared.
3ince the loading level of TEDA on charenal may typically vary from O to
1T0%, at least twd standarda, containing about 2 and 6% of TEDA, have tg be
amployed to cover this range. Each standard is alse duplicated ta take
care of, experimental variatian. Ncte that this procedure inwlving the
reference standards i3 the maat orities] 3tep in the whole analysis, The
gravimetric factor chtained for the reference standards will determines

(i) The extent of interference from the metal ions on the ASC-charcoal;
(these iona may bhe leached out by the acid and complex with the free
TEDA);

(ii) the extent of complexation between TEDA angd iodine in the acid
medium; and
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(iit) the extent of the salubility of the final TEDA-I, complex.

All three factors are subject to variabflity dus tg techmique,
reagent purity, and cons xey of the cardon samples.

2.0 REAGENTS MD EXPERIMENTAL

The TEDA was abitazired from RAldricht Chewical Co. Itmpurttx,ed
by sublimation wrder vacuum at 35°C until 2 comstant melting point was
chtaired. The purity vas checket by ' and “’C mar spectrescopy, and the
melting point was found to be 157-158°C. ACter sublimation, the white TEDA
corystzls were sealed by flame ix glass ampules, in asourts etther of 0.15
or 0.65 grans. The iodine employed was from Fisher Scientifte Co. and was
alse purffied by sublimation. The potassium todide was also abtzined from
Fistter- Setentiftc Co. The 0.1 K todine salution was prepmred from a
standard proceture (3). This reagent was always pregared freshy for each
exper-imeit. The sulfuric acid used was diluted frowr comeentrated sulfuric

. acid supplied by J.T. Bmicer Chemical Co.

3]

The clarcozls used in these experiments were all obtaimed from
Czlgon Carton Co. The stamard chureoal used s fror Bateh~-TOM8, wirtch is
a2 standard ASC-witetlerite containing copper, silver and civromtum. The
TEDA-lcaded ctarcosls were resedrcly samples of ASC-chareoal laaded with
specified amounts of TEDA. Two custom-sizde TEDA-lcaded clrareoals were also
tested.
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ALl chrarcoal samples were dried in an owsn at 1095°C aovernight
hefare the anal ysis.
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2.7 UETERMINATION OF TEDA CONTENT IN CHARCDAL SAMPLES

Weign 10 grams of the granular carbon to be analyzed to +0.007
grams. Weigh four 10~gram samples of & stamdard ASC carbton that have not
been [mpregnated witn TEDR to +£0.00T grams inta four 30 ml weighing
tottles fitted with gromd glass caps. Add about (.15 grams (acouraely
weighed ta +0.007 grams) of TEDA to escit of twe stamdard ASC carbon
samples, and about (.65 grams (accurately weighed toe +0.00% grams) of TEDA
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to the two remaining ones. Rllow the mixture to equilibrate for 2% hours
ta permit adsorptiom of TEDA by the carton. Qecasional shmking of the
weighing bottles helps the adsoruptiomr of TEDA. Transfer each of the
samples (iacluding any leftover TEDA crystals) to separate 400 mI beakers
and add 100 ml of T H,SO, to each. Cover with & watch glass and place
eacn ceaker o @ hot plate. Bring to @& Boil and boil for 18 + T mimute.
Remove {r-w Aot plate and allcw to cool to room temperature. Fliter
through & MiIlipore filter (3.0 um) apparatus into & 250 m@ filter flask
wuder reduced Nressure., Waslt beaker, watehl gloms, and cardbom with 3Ix 25 ml
portion of detonized water. Quantitatively tronsfer filtrate tc a 400 ml
veaker and wash flltering flasks with 2x 12 ml portiomr Of deiontzed water.
Add, with stirring, 200 mi of 0.7 M iodine solutian, and cover the beaker
with & watch glass. The supernatant sclution an top of the greyish to
reddisty precipitate should have a dari reddisic oW color fndicating an
excess of iadine. I a geeenish tint persists, add more fodine solution -
until the supernatant is reddisih btroun. AIlow the mixture to stand for %

to T how. Quantitatively filter each sclution thraughr 3 separate dried,

weighed, SO nl mediumr porasity filter crucible under reduced pressure.

Wasly eactr beaker with 2x 25 ml of deionized water, being careful to

transfer all the precipitates f{nto the crucidle. Wash the precipitate with

2% 25 ml of datonized water. Place the crucible fnte z 150 mI beaier,

cover Jithr a watchr glass, and dry the precipitate avermight tre & 105°C

ovanr. Rewsigh oucthle after coonling im 3 desiccator and determine the

weight of precipitate by the difference from original weightt of empty

crucible. Determine the gravimetric factor as followa:

where A = gravimetric factar,
B =~ weight of precipitate from the standard ASC carton sample,
C = waight of TEDA umed.

A] The final gravimetric factor U, is then the arithmetic meam of
o the four determinationas. These four vaiues should not deviate by more than
: 5%, othervise the procedure for the reference standards has to be repeated.
o Calculata the percent TEDA on the unknown carbon samples a3z follows:
"
]
i 4 TEDR ~ 52100
Dx F
) witere D = final gravimetric factor frar above,

E = weight of the precipitate,
T F = weight of the carton sample used.
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3.0 RESULTS AND DISCUSSION

wam 3.52 with a stasdm-d deviation of less tham 5%. This valuse for the
gravimetric factor is different from the value of 2.3 obtained by the
Calgon (10) procedure from which the previcus DND speciffcatiom (11) was
dertved. It i3 beliewed “hat the reason for the cbserved differencs in
gravimetric factors results from fgnoring the solubility of the TEDA.I,
complex im water in the previous DND specification; subsequent to this
study the speciffcatior was modifted.

The experimntal results of the TEDA analysis om unkmown: charcoal
samples are Listed in Table 1. There was no {nformation, such as
preparation procedure, purity lewel, and accuracy of the TEDA concentration
supplted with the TEDA-Icaded ASC-ciarceoals from Caigon Carton Ca. The
analysis results show consistently Tower values compared to the
manufacturer-specified values, although the analysis values are in the same
arder of magnitude as the "true™ valuss. Thisx conszistentt lower value of
TEDA content may also be dus to Ioss of TEDA (by sublimatiomr o oxidation
in air) during the drying of charcoal. A quantitative estimate of this
Loss of TEDA cannct be easily determined.

TABLE T: TEDA Analysis

ASC/TEDA Inorganic © ¥ TEDA € TEDA from DifTerence
Sample Impregnants analysis

| Calgon-12 Cu, Cr (VI),Ag 1oz g.21% o.8

; Carguu-za ~ Cu, Cr (VI),Ag 6% S.45% 0.5

; CaIgtm-} Cu, Cr (VI),.Ag % Z.urg 0.6

" Calgom-42 Cu,Cr (VI).Ag r.5%¢ 1.20% 0.3

" DREO-1? Cu, Cr (VI) 6.uTed 6.19% a.3

' DREQ-2P Cu, Or (VI) 0.2734 0.22% 0.1

2 gemearch samples supplied from Calgon Cartom Co.
" rEDA-Ioaded ASC-charcoal prepared from BPL charcoal at DREOC.

® This value for TEDA-Icading Ievel was supplfed by the manufacturer
(na indication of accuracy of this data was provided) .

¢ perimated from the T TEDA in the spraying sclutian, and the
volume of the spraying sclution used.
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Since there iz a varfatiom of adbout 5% in the gravimetric factor,
one would expect that the analysis result for TEDR would vary by at least
that much. If one further assumes thdat the experiments erved on the low
side, and adjustments of the experimental datz arc made accordingly, then
there is a bBetter agreemen® between the analysis results and the "true™
value.

Some may argue that tnis experimental procedure iz too
time-comsuming, especially i the drying of the TEDA-fodine complex. An
alternate method would be to dor an lodometric titration {(with a thiosulfate
solution) to determine the fodine comcentraticn in the solfutfom after
complexation has occured and the TEDA-I, complex removed. This will yield
the concentration of TEDA-itodine complex indirectly. This alternate method
waF not attempted inm this laboratory beczuse higher precision, such azs
exact concentration of the 0.7 ¥ I, sclutionm, titrationr voluwres etec., ts
required. &lso, the I” used in the 0.T ¥ I, solutiom may be oxidized by
the Cr(VIl) and Cu ionz leached out from the charcoal. This extraz effort is
more tham compemsated by the more time-commsuming gravimetric method.

. . Another feature of this gravimetric procedure iz that Rmowledge
of the exact ctemistry of the TEDA-todine complex i® not required. A
gravimetric factor could be abtzinea from the charcoal stamdards to aceount
for all of the experimental varfations discusyed im Sectfom T.T.

4.0 CONCLUSIONS

& procedure was developed for the analysis of TEDA concentration
onr ASC-charcoal loaded with TEDA. The results are satisfactory for a
TEDAR~Ioading Ievel from 0.2 to T0%.

%.0 RECUMMENDATIONS

It is recommended that the analytical procedure for the analysis
of TEDA described in this report be adogted inm DND Specification
D~TT-0C0t~01 3/SF-Q0T for TYDA/ASC carbon.
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