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VOLATILIZATION FR ICATE GLASS MELTS OF SIMULATED
SAVANNAH RIVER PLANT WASTE®

NOTICE

PORTIONS OF THIS REPORT ARE ILLEGIBLE. It & g
fias been reproduced from the best available mm{} W, Wilds
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infringe privately owned rights.

Abstrect ;

Laboratory scale studies determined the rates at which the §
semivolatvile components -sodium, boron, lithium, cesium, znd ruthsniuzn!
Svo-latilized from borosilicate glass melts that contained simulated 3
Savannah River Plant waste sludge. Sodium and boric oxides volstil- :
ize as the thermally stao‘e compound sodium metaborate, and azcouni--
ed for ~90% of the semivolatiles that evolved. The amounts of ssmi-
volatiles that evolved idincreaged linearlty with the logarithm of !
sodium content of the glass—forming mizxture. Cesium volatility
slightly suppressed when titanium dioxide was added to the m=2l%,
was unaffected when cesium was added to the melt as a ceSLUM—Woa‘
zeolite rather than as a cesium carbonate solution. Volatilic
ruthenium was not suppressed when the glass melt was blanhebﬁﬂ o
nonoxidizing atmosphere.
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Trace quantities of mercury were removed from vapor streams by
adsorption onto a silver-exchanged zeolite. A bed containing silver s
in the ionic state removed more than 99.9% of the mercury and had a
high chemiscrption capacity. Beds of lead-, copper-, and copper )
sulfide-exchanged zeolite-X and also an unexchanged zeolite-X uers
tested. None of these latter beds had high removal efficliency and,
high chemisorption capacity. ¢ '

e Enbroducoion

Orie. process being studied for long. term management of S
River Plant (SRP) high-lievel waste sludoe is “incorporation ink
borosilicate glass matrix by spray calcination and electric m
Sevnral components of th? melt will wolatilize during the higi

ess. Savannah River Laboratory (SrK
to determine the types and quanti

'ﬁ
)

peracure svitrifieation o)
therefore initiated SuuuLe

mw Q

spécies that vaporize during fixation of SRP waste 1nto glaou. These
studies provide basic data that are required to design an off-gas
¢clean-p sysbem for a vitrification process. This paper discusssas

L:buz;,ov‘—schle studics of the vaporlization iof soddtmy EEcthiaime
beron, cesium, and rutheninm from glass melts. The chemical form i
which these semivolatiles vaporize, the rates of vaporization, and
soue 6f Lthe factors that influence volatility are dlscussed. ALl
results were obtained with glasses that contained simulated non- 0
radioactive sludges.
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- B2ased cn previous studies at SRL, all of the mercury in SRP

waste is expected to volatilize during vitrification. A process wa

developed to remove trace quantitiesz of mercury Iy
by adsorpticn onto a bed of silver-eéxchanged zeoll
is discussed in the second part of this paper.

com gaseous ‘st
©

CII. Experimeﬁtal Procedure

Sodium, Lithium, Boron, and Cesium Compounds

e. This procass

[

The avparatus used Lo measure the volatility of Na, Li, B, and

Cs is shown schzmatically in Figure 1. The crucible, collection

tube, 1id assembly, and_hyvodcwric tubing were all Tabricated ?”nw
platinum. Tne transier line from the collecticn tube to The scrug
was made of sta 1nles; steel, and the scrubber was made of glass.
Volatility was determined uy mixing the required proportions ci gl
frit/zimulated sludge in the vlatinum crucible, which was then plz
in the furnace. Normal melting conditions c0ﬁ51sted of holding 2
sample at 1150°C fer three hours. Nitrogen gas (750 mL/min) wes
introduced through the thodermic tubing and across the melt. &
vacuum was applied to the scrubber to insure that all volatilized
species were removed from Lhe crucible.

N2, Air or Argon

|
!

/Hypodermic Tubing

f] i Cotlection = - ' _ To Vocuum
-~ Tubz : T

ey

—_— Fitter
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FIGURE 1
VOLATILITY APPARATUS
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B, Ma, and Cs condensed at the top of the-

ect hypodarmic tubing, in the transfer linss, and .
ns ilter. Less than 1% of the semivolatlles p=zin-
te tzr; these wers collected in the scrubbsr.

co ¢ s : e washed from tne various pavtu of the

ratus ar vzed for Li, B, La, and Cs by atomic absorption
trophotomctry (DA) A solution of 0.1M HNO; was used both for
:ing out the apparatus and as a scrubber solution.

Ruthenium Compounds

cribed above were used %

o
ure ruthon: 11 ccept b a f-g sample size was used
the in- 11ne fllter was rkmou 2d. To minimize plating-out of ru
o tie walls of the platinum collectlon tube, the inside of the
was polished justT prior to running each sample. This procedurs
vencved buildup of ruthenium in the transfer line. The collect:
tube was washed out after each sample was run, and residual ruti um
was removed from the walls. The washings containing the residu:

ry theﬂlumxu m?covanoa with thﬁ scrubbpr $olution prior to ar“

rubhenluﬂ, nor dld it measure bh° ex tcnt to which rUbhonlum pL"‘
out . :

2]

J

"Tre ruthenium was analyzed by a nod1L§cation of the spectropho-
tom e*rﬁc technique developed by VWoodhead. This technique n‘afcge
“tha sorbanca at the isosbestic point (U415 nm) of a RuO,*—/Rul
"‘*uure Fafthenium was. converted to the mixture by the action of
K2 3203 in the presence of bolling KOH. The method detected .
ruthenium concentrations as low as 0.3 ppm in 100 mL of solution,
which covered the range of ruthenium concentrations in the sc“uuber

solutions.

o

ITI. Glass Compositions

Table I lists the two borosilicate glass—forming frits used in
these studies. The high Fe&, high Al, and average simulated calcined

Tabie I. Frit compositions.

Concentration, wt %

Component Frit 2i Frit 18
: - Si0, 52.5 52.5 -
Na,0 .~ 18.5 22.2
B,0y 10.0 10.0
110, 10.0 10.0
Ca0 5.0, 5.0

Li,0 4.0 L
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tities of the dried metal oxizi=s
’3 compositions shown 1in

)

17 :

Tavis X on actual analyses of SRY wanTsz
SLu»ge( sluawﬂs Ir waste tanis with typicallzs
nigh Fe conbenuratlons Al concenuratlons and an overall averag:s Iov
all tanks sampled. :

Table II. ComooSition of simulated calcined s]udges;

Metal Oxide in Sludge, wt % ;

Metal Oxide  Fign Fe High AT Averige -
Fel0s 0 6.4 6.5 43.5
A1,05 5.6 86.3 25.8
Mac, 4.1 4.9 1.7
U3, 14.2 1.5 11.0
Ca0 4.2 0.4 3.0
Nio 10.5 0.9 5.0

wt % (as Cs20). Because this small amount of material could
added in solid form to the 2-g samples, cesium was added by e
cadgorption of the cesium onto zeolite or by adding aliquots of a
cesium carbonate solution to the glass-forming mixture. In czzes
wh2re cesium was added from oo¢utlon the samole was dried to remrzz
excess water before placing the 1oad°0 crucible into the furnace.
Pre-drying prevented entrainment of particulates in the steam th
would result from placing the wet mixture in the furnace heated
11508°C. .

~
[ il
Loy
[V

%

RUbkenLJm was. 1Lc3rﬂ)rated into the glass—-forming mixture by 3
adding the volume of a 3 g/L solution of Ru(NO)(NCj3); reguired to
give 0.05 or C.15 wt 3 Ru in the final glass. The Ru(MO)(NC3)3 soiz-
tion was prepared by dissolving Ru(NO)(OQH)s; in 4M HNO;. After adili-
ticn of thz Ru(NO)(MNOi:); SOlLElOﬂ the glass-forming mixture was
dr 2d at 1i5°C to drive off ehcesu water to pvevont entrainment o7
i i

: " IV. Specific Element Volatility

Scdium, Boron, and Lithium Volatilities

‘Volatilities of NMNa, Li, and B arc discussed together becauss
"»‘sp“"st vaporized from fthe melt as alkalli vorates. The .
mally stable compound sodium metaborate (Na,0+B,03) accounts o
f the scmivolatiles that vaporized. Trace quantities of T.Z
02, Na,B02, and B20; were also detected in the vapor abowvs £

y Knudsen cell - mass spectrometer measurements. In the co
nhase, the species that volatilized were determined from t
ratios of Ha/B and (Li + Ma)/B in the condensate. A rat
ould indicate the metaborate, a ratio of two would indioate
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a mixture of th2 two CONwouni" .L
one and two. i f ¥a/B oL
coconvains 1ifhium, only 2
‘Z sodium; the maiy ron ms ligtnium co
Li + Ha)/B woul 12l one, however, 10 Li120-520; anc
03 are th couwpounds tnat volat11lzb A melt that contazins
sodium (but no lithium) should give a MNa/B ratio of 1 if Na,0-B,0;
i3 the v“ﬂofiélng species. When Frit 21, which contained both :
sodllm aﬂ” tithium, was used to prepare vlasses (Table III), the
‘mslar ratioc of Na /g was 0.89, and thzt of (Na + Li)/3 was 1.02. OOf-
gL»aes from glasses preparad from Frit 18, a frit that contaius no -
~lithium, gave a Na/B rqﬁ}gmg;'l 05 (T aole IV) . __Tnese three ratios are
Table III. Vo'!.'ati'l‘i-,y o7 Ma, Li and B from Frit 21 giass melits. )
Ha,0 in Glass, VYolatility, rng/crr _ Molar Ratios
“Ceaa mole % ) . a0 Li,0° 203 Na_A)/BzO; (NC;{U + L]zO)/BzO]
21-Avg-25 -7 0.4 0.04 0.4 1 1.0
-35 ‘ 0.4 0.05 0.5 1 1.1
-45 13.6 0.9 0.14 1.2 0.84 0.97
21-Fe-25 17.1 © 1.4 0.20 1.5 0.99 1.
-35 16.7 1.4 0.20 2.0 0.82 0.93
-45 14.2 0.7 0.3 1.0 0.83 0.98
21-A1-25 161 1.3 0.6 2.0. 0.74 0.8
-35 145 . -0.7 -0.13 1.0 0.84 1.0
-45 - 12.6 " 0.5 0.08 0.5 1 1.2 o N
' R Avg  0.85 .02k .
Table 1V. Vulalility of Na and B from Frit 18 glass melts. =~ e
Na,0 in glass, Vchhht/, n-o/m Molar PRatio,
Cod2 - role % Na,0 B B20s < _Nay0/8,05
18-Avz-23 21.2 2.6 3.0 0.97
-35. 19.4. 1.9 1.9 1.1 .
-65 17.7 1.5 - 1.6 1.1 |
: !
18-Fe-25 21.6 1.8 1.1 ;
-35 9.6 2.2 2. 1.1 L
‘ -45 17.7 1.0 1. 0.85
18-A1-25 20.4 0.7 0.7 1.1
-35 18.2 1.5 1.9 0.93
-45 ) 15.8 1.2 1. 1.2
Avg 1.05
- Frit 18 227 4.0 4.5
Frit 21 17.8 '
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zenanism of alkali and o n volau ilization as the
and Li.0+R,0;. Soclomin ‘ an almsley,(°7 in
iicate mlass wveolatility, aTSo co*cWUﬂ“d thet

rom borssilicate melts as thermally stzble &

he guantity of Na,0:B,0; evolved increased exponentially when

f sodium in the glass melt was increased (Figure 2).

ier= made over a range of 19 to 23 mole % Na,0 in the
i om 1. 5 mg /cm ( at 1? molﬁ % “azﬂ)

stuui,d tn“ sfsb Na,G-
"OLQC¢'L eS LrOW a bu““

ithm of sodium concth”auloJ-

ity, mg/cm?

'
]
h

0, Vaolot

Y

log N3,0-B

gz L L | 1 1 1t
12 14 15 18 20 22 24
. Na,0 Concentration, mole % ' P T,
FIGURE 2

EFrECT GF MNa 0 COMCENTRATICN ON hazO B203 VOLATILITY

thium metaborate volatility was about 1/10Athat of sodilum
bo:ate, hanges in mel{ composition or in melting conditilons no
aprreciable efifect on lithium volatility.
s The type sludge, the type frit, and the concentration of other
glass components affected volatility only to the extent that changes

irt these variables affected changes in the mole % of Ma.0 in the
g,; rlao T"l:,lb .

which volatilized from the melt as either elem~ial

cosi some oxido of cesium, is the most volatile of tus 15
aliali 5 studled. An average of 0.11 mg/cm? of cesium (25 Cu.0)
volatilized ifrom samnles that conbalned a ranée of 0.03 to C0.09 wt &
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im.  Bocaus
(@)
fot} 3,

e pravious

or MoOs3 to glas
current work com
irom frits

cesium as a
ion was made.

Tables
ths wt & °

10, added, the

of
tration of c,ulum in the melt.

work

th

2.0

rs(8) nhave
radu

DA cesiun

The

ices cesium vola

;
A
M
onta_red O,

a fomu31;00n between cesium volatility from melts which

raporteo uh

o1ab1117atLut
5, and :iC

and

raflect the high surface-arez-to- lghu ratios for the small sam
used and should not be interprete d as a direct measures of the
of cesium expacted to volatilize from a full-scale melter.
levels of volatility arce scelad up to a 2.2 ton/day melter,
Tahble V. . ‘Effect of addition of Ti0, on cesium volatility.
Cesium Cs,0 1in Glass, Ti0, in Fr1t Vo]atiiity,
Addzd as wt wt & mg/fcm?
Ieciite 0.03 0 0.03
Zeolite 0.03 10 0.06
Carhonate 0.03 : 0 0.08
Carhsnate 0.03 10 0.06

Table VI. Effect of form of addition on cesium volatility.
Cesium Cs,0 in Glass, Ti0, in Frit, Volatility,
Added as wi % wt % mg/cm?
faolite .03 0 0.08
Carbonate 5.03 0 0.08
Zeclits 0.03 10 0.06
Carbonate - 06.03 10 0.06
Zealite 0.09 10 0.10
Carbonate 0.063 10 - 0.15

Table VII.

Cs,0 in Glass, wt %

T30, in Frit, wt %

Effact of Cs,0 concentration on cesium volatility.

Volatility, mg/cm?

0.03
0.03
0.06
0.06
0.09
0.09

0
10

10

0.08
0.00
6.11
0.13
0.21
0.15

IV through VII summarize the effect on cesium volﬂ‘ility-
Torm of cesium addition,
high volatlllules in thnsc te

20N —
cesium~loaded zeolite and as a cesium carbowata

u‘_-D

Ir

they

e
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G.05% of the cesium in the melter
Lﬂborﬂtories (BW”L), by comderiszen,
: hey vitrifiad 51mulaued light-watar-
0.2 wt. § of Cs,0. A melting
was used in the BMUL study.

T2 slight suopresclon of cesium volatility by titanium dioxide

can be seen by cemparing o]°* in Table V. The volatility
dreoreasad 'sO slightly tbﬂb it would not significantiy reduce

¢l cesium vaporizatvion during glass melting. The failure of
dioxide to suénlfAbun'ly 1reduce cesium VOlauTlizaElOﬂ can be :
plzined by the work of Rastogi, et al.,(19>11) yho found that re-
ductlons in cesium volatility were obtained only &t tempe rdbifaS
below 1000°C and for viftrification times <1 hour. They foun ffom
example, that twc compound Cs5,0-UTi0, does not volatilize at LCG°C,
bu:% that 31% o LhL° compcound volatilizes at 1200°C. Other work b
‘Rudolph, et al.\s) nd by Xupfer and Schulz (12) report that uffanlua
Gioxide effectively suppressas cesium volatilization, but in th=s

1000 to 1050°C temperature range. Another probable causz of ths
feilura of titanium dioxide suppress cesium volatility significantly
is the largs amounts of boric oxide present in the melt composition
ucad Ffor SRP glasses. Rudolph, et al.l®) found that boric oxids,

S

“trhougnh not as effective as u;banlum dioxide, does reduce the
Vi iullity of cesium. The effect of tltanlum_dioxide, then, is
prabably reduced when the melt contains boric oxide as a constituent.
Incorporation of ce51um into the glass as cesium-loaded ze2lite
(06.02 g Cs/p 2 eclite), rather than as a cesium carbonate solution,
did not increas: Cﬁ31um volatility from the glass melt. The inssnsi-
cesium volatility to the form of cesium additicn is shown in
Kelley, in his work on radionuclide vaporization from SRP

2 also found that volatility of cesium was unchanged when
‘um-lcaded zeolite was substituted for direct addition of cesium
carbonate.

Total cesium volatility. increased when the total amount of =
cesium ir the melt was increased (Table VII). The increase in 2
volatility was proporticnal to the increased cesium concentration,
suggesting that cesium vaporizes by diffusion from the melt surface,.

The ¥nudsen cell studies conductea as a part of the experimants
in this report did det=ct elemental cesium above the melt at a g
temperaturs of .1200°C. No cesium borates were detected. :

Rutheniun

The high alumina, high iron, and composite sludges (Tablwe IT)
aloang with Prit 21 were used to study ruthenium volatility. T tio
gazes used to blanket the melt, air and argon, showed the eflfext of
ti zyeon on rutnenium volatilization., Each sludge-atmospnor: -
b ion was run in duplicate, and the result was interpret:d Lt
ar vsis of variance method. For these experiments, nitrate-rT
sirulated sludge was used. Neither the composition of the sludge nor
ti atmosohere over the melt affected the volatilization of rutinenii
Tavle VIIT shows the per cent of ruthenium volatilized for thz variosus
combinations of sludges and atmospheres above the melt. The failursa
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Table VIII. Effect of sludge type and atmosphere.
over melt on ruthenium volatility.

Siudza Type Cover Gas Ru Volatilized, %
High Al Argon : 5.5
Air : _ 6.3
High Fe Argon N » 2.8
Air 7.4
Composite - Argon - : 7.5
Air 5.3
of oxygen to increase rutinsniium volatility, indicates that vol:d
izatiorn of ruthenium d@ﬁcndo onn the bulk rather than surface
ditions of the melt. This result also indicates that atmospihs :
oxygen 1is not the only xidant for ruthenium. This is consistent
with previous wor thav identifisd manganese dioxide as one
oHmpon of SE? sluoces that oxidizes ruthenium. All threes sluirss

an excess of manganese dioxide relative to the ruthzniunm

The effect of nitrate concentration on ruthenium volatili=s:
dev=ndad on. the level of ruthenium 1in the melt. Flgu"'== 3 summario

20 -

I
LYY

o
{

" NoNOj, absent L’

Ru Volatilized, %

l L
0.05 0.10 0.
Ru Concentration, wt%

o

: FIGURE 3
EFFECT OF SODIUM NITRATE COMCENTRATION OM RUTHENIUM
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ths velatility dependance on th° level of ruthenium and the conceri- )
i ta 1 Neither increasing the nitrate con-

tration of nitrats in tha
contranion atv a 1ow ruchsniuwa concentration nor increasing the ru-
trneadum concentrotion in nitrate-free melts caused increased ru-

fon However, A sharp increase in volatility

the nitrate and ruthsnium contents were increzs .
Th= nature of the “1t rate/ruthenium concentration interaction has ot
been defined. These results do show, however, that acceptable
nitrate lavels fo* SR? waste sludges may depend on the amount of ru-
thenium present in composite (blended) SR sludge.

tro-mivm volatilivas
onizined when both

V. So9olid Sorbents for lercury Vapo

It is estimated that 2.3 1lbs/kr of mercury will be vaporizad
f-dm the calciner/melter during vitrificetion of SRP waste. Ths
ceicinzr/melter off-gas syst 111l include a quench column and &

stem
condenser that is cooled to 5°C to reduce the mercury vapor ccocncen—
tration to ~3 x 107° g/cm?®. Laboratory data show that the-final
traces of mmercury can be remcved by adsorption onto silver-exchanged

>

zeoiite. A ved of A;r exchanged zeolite irreversibly chemisorhad
0.190 g Hg/g of bed at an adsorption efficiency of >99.¢%.% OQOvar
temperaturs range of 20 to 400°C, the efficiency of the silver

bed remained >99.9%; at 500°C, efficiency dropped to $2%.

Praparation of Zeolite and d Analytical Method

Ag*, Ag’, Fb?* and the CuS forms of zeolite were avaii-

B o

The Nz, g
anle. f'rom previous studieo.(?“) The Cu?* zeolite was preparad by ex- ;
changing Cu?* from a saturated cupric acetate solution with Linde |
Type 13X°® molecular sieve for 10 days at 80°C. After exchange, the ‘
Cu?* zeolite was thoroughly washed to remove any residual cupric P
acetate solution and then dried.

Mercury vapor concerntrations were measured with a mercury “3
analyzer pravicusly used in a study of thes dispersion-of buried
elemental mercury.({!%) Th2 analyzer is shown schematically im
and 1s mor2 fully describsd. in Reference 15. 1In these experi:
the accessory marcury - or source is replaced by the adsorptior
being tested A septu through which kncwn amounts of air sa
with mercury vapor car injected, 1is placed just upstream from T}
bed.

. Capacities of adsorption beds were measured by passing marcury
through the bed at a face velocity of "3 m/rmin and measuring
2ignt of the bed until no further welight gain was recorded.

constant weight was attained, argon Tas vpassed through the i

ne welght loss racorded. The weilght-lost to the argon SfPC”‘
assumed to be physically adsorobd mercury, wnile the remaini
;i galn by the bed was assumed to be chemisorbed mercurs ng
orotion of physisorbed mercury, the bed was placed in line
;vc1f;c mercury analyzer, and the evolution of mercury was
ed
2fined as the % of mercury in the vapor stream Thal

:e dsorbent bed.
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| FIGURE 4
'SCHEMATIC DIAGRAM OF MERCURY ANALVYZER

t (nv20°C). The results in Table IX show that o
Ag s Ag°; and uls exchanged beds have a high adsorption efficis:
fcr mercury. fTable IX also shows that apparent residence tima:
fluence mercury adsorption efficiency. The 1mportance of resid
time is shown by comparing the efficiencies of the Ag* exchang
at verious residence times. The efficiency of >99. 9/ at 0.04 seco
apparent residence tims decreased to 80% at 0.00056 sec. 1In th:
perimsnts, the lower desteciion limit for mercury was 0.17%,

erficiericy of at least 99.9% may be assigned for the cases

mercury was detected in the vapor. This assumption gives a 2
limit of ~10% for the mercury decontamination factor for cases

which nc detectable mercury vapor was found exiting the adsorptio:

lsor ptlon efflc1°pcy of the bsds was first measurasd zz
; _

J

Effect of Temperatures on Efficiency

et

The eflfect of bed témperature on adsorption efficiency for
'Aga, and CuS exchanged .zeolite beds was measured over a temperat:
range of 20 to 500°C (Tahle X). Beds were first heated to the
sired tempesrature, and then the mercury vapor was passed throug:
adsortent.  Of the three beds, the Agt form was least affected ur»
temperature, showing an adsorption efficiency of >99.9% up to boo=,
The Az bed had >99.9% efficiency up to 200°C, while the CuS b2l ial
this lcvel oF efflce¢ncy only up to 50°C. These resulfs are cun-
sistent with work reported by Barrer and Whiteman,(!®) who fou 3 :hzs
sorption of mercurj onto metal-exchanged zeolites was inverselys ori-
portional to temperature..

[S]

Anparent residence time is de flned as the bed volume leld“C Dy
the volume flow rate of the vapor stream.
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TARLZ TX.

<
Sorkant®

Efficiency of mercury adsorption beds.

‘Nena )
Skradded Rubb~r
Ma-X
Pb-X
Cu-X .

CuS-X

Ag®-X
Agt-¥
Ag*-X

=X

Agt-X

a. X = A near-faujasi

b. HNo mercury wa
bad; percent
detection lev

Tavle X.

a%
ad
/e

Rpandrant Pesidence Hg Vapor
Time, sec Adsorbed, #
0.05 0
0.04 0
0.04 0
0.0 15
0.04 0
0.04 >99.9P
0.04 >35.5?
0.04 >99.9P
0.0002 98
0.001 95
0.0006 80

te type of zeolite.

ed in the gas exiting the
on taken by ur1ng minimum

/J

~- ot

RN

5017
c
)

Effzct of temperature on efficiency of mercury

adsorptica beds.

cad Temparature,

~Adsorption Eff1c1ency, % Hg Adsorbed

°C CuS-X AgT-X Ag®-X
20 to 25 >99.9 >99.9 >99.9
50 >59.9 >99.9 >99.9
100 97 >99.9 . >89.9 A
230 79 >99.9 >99.9
3360 59 >99.9 92
409 39 >99.9 88
530 - - 92 -
Adsorption Capecity
) Tne capacity of a zeofite adsorption bed depends on the bel
deg=ir, the face velocity of the gas stream entering the bed, and
nz<.r2 of the sorhent The capacities of Ag', Ag® and CuS b\11==“
meézsurzd for a,bed depth of 1.5 cm and a superficial face veloc
ol VIn/min

Tns only
i3+ exchanged

bed with an appraciable adsorption capacity
zeolite which chemisorbed 0.190 g of Hg/g

of

vhiwsisorbad another 0.0284 g Hg/g of bed before a constant

wWas the
rted a:d

e

velgnt

FOR}
oz

W

;
B\
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- [agh2N 1 4oy 2N B - = . ~ B
anrleved ine dlrraversinle chemisornticn of mercury 1s atiributed hof
Ttz reaction :

~ - ~ 3
- 5 o4
o ..}' 1T e u,-.”*
chg + Rz -~ Zng t Hy oo

Sarver ard Whiteman(la) studied adsorption of mercury onto sevaral
zaoclites., At low mercury concentrations, the exchange between silwver:
and mercury reachad 03% of the value calculated for complete ex-
gchnnge AU mercury concentrations higher than those expecied tc b2
ncounterad in the calciner/melter ofl—gas system adsorption bads,
h2 reacuvions, ‘ : ‘
-._.AO-L - - ]
Hg®™ + Hg ~ Hg, ™
£z + Hg » Ag(Hg) amalgam
and
2,2+ X > Hg2t
Ho? . He Ho(>\+2)
can alsc occur.’ : : ‘ A i
Thw ads n“pt¢on capacities of Ag" and CuS exchanged zeollia teds
are guite low under the condiitions of these experiments (Tablz K1)
No detectable welght gain wag'zecoroed for either bed.  Therefore,
The smallest measurabls weighi gdln (0.1 mg) was used to calc o
ti2 upper limits on capacitiss shown in Table XI. Even though thz .
czpacitiss are very loh,_’g° .and CusS excnanged zeolite beds -
efficiently removed mercury vapor at low concentrations.  Howaver,
Lzt zeolite beds are recommended for plant processing because less
fiequent replacemsnt 15 Pnaulrca.
Tabie XI. Capacities of mercury adsorbent beds. - -

Bed Langth, Bed Height,- Mercury Adsorbad, g Ha/g Bed

Surbant . cm , g Total - Chemisorbed
hgt-i 1.5 0.1525 0.2164 0.190°
CuS-X 1.5 0.1495 < x 10Tt -

Ag°-x 1.5 0.1505 <7 x 107 -
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- Based on pravious studies at SRL, all of ths mercury in SBR?
waste is expected to volatilize during vitrification. A prochq;
L"‘

developed to remove trace quantities of mercury I'ron gaseous stroam
by adsorpticn onto a bLed of silver-exchanged ZeOl;bC ~This process

<

is discussed 1n the second part of this ,ap

II. Experimental Procedure

Sodium, Lithium, Boron, and Cesium Compounds

The apparatus used Lo measure the volatility of Na, Li, B, and
Cs is shown schzmatically in Figure 1. The crucible, collection
tube, 1id assembly, and hypocdermic tubing were all fabricated from .
platinum. The transfer line from the collecticn tube to the scrutbar.
wvas made of sta 1nlesD steel, and the scrubber was made of glass. :
Volatcility was determinad uy mixing the required proportions ci gl
frit/simulated sludge in the vlatinum crucible, which was than vlazzad
in the furnace. Normal mcitlzv conditions conswsted of ho¢a1ng a
sample at 1150°C for three h01*s. Nitrogen gas (750 mL/min) wes
introduced through the hypodermic tubing and across the melt. A
vacuum was applied to the scrubber to insure that all volatilizsd
species were removed from lLhe crucible.

N2, Air or Argon

;
!

L—Hypodarmic Tubing

¢

To Vocuum

!

i Collaction

C—— . Filter

-

Crucible

FIGURE 1
VOLATILITY APPARATUS
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and Cs condensed at the top of the"

Comnound a,
ccllec! hypodermic tubing, in the transfer linss, and .
on tne lter Less than 1% of the semivolatiles pzn
gtrated =r; these were collected in the scrubbsr.
Tz cond 3 washed from tne various parts of the
apparatus and analyzed for Li, B, La, and Cs by atomic absorption
- spacitrophotometry (RA). A solution of 0.1M HNO; was used both for
wesning out the apparatus and as a scrubber solution.

Compounds

Ruthenium

[ apparacus and procedure de cribed above were used to m=28as3
ure ruthonium volatility, except that a f-g sample size was used an
the in-line filter was removad. To minimize plating-out of rutheni
or. the walls c¢f the platinum collection tube, the inside of ths tub
w2s polished just prior to rucnlno each sample. This procedurs pra-
venced builldup of ruthenium in the transfer line. The collecticn
tuce was washed out after each sample was run, and residual ruthesnium

was removed from the walls. The washings containing the residu=zl
ruthenium were combined with the scrubber solution prior to anzliiysd
This technique did not distinguish between particulate and vcls
ruthenium, nor did it measure the extent to which ruthenium plsa:
out . :

"Tne ruthenlum was analyzed by a nodl.

%cation of the spectrcpho-
tornetric t chuloum developed by Woodhead.

This techﬂique e

TPYD T
AN

. A

"th2 absorbance at the isosbestic point (415 nm) of a RuO,?—/Ruf
mizture. Huthe nium was.converted to the mixture by the action of
K25:0g in the presence of boiling KOH. The method detected.

ruthenium concentrations-as low as- 0.3 ppm in 100 mL of solution,
which covered the range of ruthenium concentrations in the sex uubmw

solutions.

Glass Compositions

III. -

W,

Table I lists the two borosilicate glass—-forming frits used in
studies. The high Fe, high Al, and avera ge simulated calcined

these

Frit compositions.

Concentration, wt %

Component Frit 21 Frit 18
- 510, 52.5 52.5
Na,0 18.5 22.2
8;0'3 10.0 10.0
Ti0, 10.0 10.0
Ca0 5.0 5.0
Li,0 4.0 _
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tities of the dried metal oxiz=zs

"

wers2 prepared by mlxi

in roportions -Fuﬁwﬂﬂ to rive ﬁhe cempositions shown 1w
i . The compositions are baszd on actual analyses of SRP waozT:
S »?) and represent slu m waste tanks with typicallsx
n concentrations, Al concé twons and an overall averags Iz
a s sampled. - :
Table II. Composition of simulated calcined sludges.
: Metal Oxide in Studge, wt % |
Mztal Oxide JHigh Fe High Al Average -
Fe,0s : 61.4 6.0 . 3.5
A1,0; 5.6 86.3 25.8
Mads . 4.1 4.9 11.7
VISP 14.2 1.5 11.0
Ca0 42 0.4 3.0
NiO 10.5 0.9 5.0

The cesium content of SRP waste glass was calculated to
(as Cs,0). Because this small amount of material could

in solid form to the 2—g samples, cesium was added by eithsr»
ption of the cesium onto zeolite or by adding aliquots of a
m carbonate solution to the glass-forming mixture. In cazes
veswuw was added from solution, the sample was dried to re
S} ter before placing the loadca crucible into the furnace
b g prevented ent raanent of particulates in the steam thn
uWL Irom placing the wet mixture in the furnace heated

"$<<:
@
92} ,J

Ruthenium was. incorporated into the glass-forming mixture o3
adding the volume of a 3 ¢/L solution of Ru(NO)(NCj3); reguired to
ive 0.065 or 0.15 wt $§ Ru in the final glass. The Ru(NO)(NC3)j; sci=
tion was prepared by dissolving Ru(NC)(OH)s; in 41 HNO;. After adi’i-
3
iv

ina of the RH(NO)’““ 3 OlLblOﬂ the glass-forming mixture was
*-gd at 1i5° C to dr i -

orf excesu water to prevent entrainment of
nium. ' ‘

({; ~ }.-.

[l T
cr i
(D

. .. IV. Specific Elcment Volatility | ;

Scdium, Boron, and Lithium Volatilities

at lities of Ma, Li, and B are discussed together becauss=
cclies vaporized from the melt as alkall borates. Thne
stable compound sodium metaborate (Na,0-B,03) account
ne scmivolatiles that vaporized. Trace qguantities of
Na,BCa2, and B,03 were also detected in the vapor above
ol ¥ Knudsen cell - mass spectrometer measurements. In tha
132d phase, the species that volatilized were determined from
ratios - of MNa/B and (Li + Na)/B in the condensate. A ratis
vwould indicate the metaborate, a ratio of two would indicavuc

»

“

;
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¥
i

xture of th2 two compounds would be indicatzd by a
and two. The ratioc of la/B should be less than one:.
‘aing lithium, hcbaqd only part of the borow is
dium; the rsmainin~ boron forms a litnium :

Ma) /8 would quﬁ’ ‘one, nowever, if Li20~52“3

compounds that volatilize. A HELu thau con
godium (but no 1Lth1um) should give a M¥a/B ratio of 1 if Na,0-B,0s;

i3 the vaporizing species. When Frit 21, which contained both
sodinm and lithium, was used to p“ﬁﬂﬁre c]ﬂsses (Table III), thre
‘molar ratic of Ve/; was 0.89, and thsz (M¥a + Li)/B was 1.@2. oo
gasses from Qlaso Drepa 24 from Frit 18 a frit that contains no .
“lithium, gave / atio OLA1105 (;aole IV). Tnese three ratios are
Table HI. Vo'lati‘l'i:y o7 Ma, Li and B from Frit 21 giass meits. )
lia,0 in Glass, = Volatility, mg/cm? tolar Ratiss
"Coae mole & . Na,0 L1,0 8,03 Na,0/8,03 (NC;{O + L];_O)/8203
21-Ayg-25 : ' .4 0.04 0.4 1 1.0
-35 - 0.4 0.05 0.5 1 1.1
-45 13.6 0.9 0.14 1.2 - 0.84 6.97
21-Fa-25 17.1 1.4 0.20 1.5 0.99 1.1
=35 15.7° ' 1.4 0.20 2.0 - 0.82 0.93
-45 14.2 0.7 0.13 1.0 0.83 0.98
21-R1-25 16.1 1.3 0.6 2.0. 074 0.8 :
-35 "14.5 .. 0.7, 0.13 1.0 0.84 1.0 ;
' !
-45 12.6 6.5 0.08 0.5 1 1.2
. ’ B . - f
Avg 0.8S 1.02
Table 1¥. Volatility of Na and B from Frit 18 glass melts. e
Na,C in glass, Volatility, mg/ca® Molar Ratio,
Coda ) rola % Na,0 820, - Na,0/8,0,
18-Av3-~25 21.2 2.6 © 3.0 - 0.97
-35. : 13.4 1.9 1.9 1.1 ,
-45 17.1 1.5 1.6 1.1 -
!
18-Fe-25 21.6 1.8 1.0 1.1
- -35 19.9 2.2 2.3 1.1 :
-%4 17.7 1.0 . 1.4 0.85
18-A1-25 27.4 0.7 0.7 1.1
-35 18.2 1.5 1.9 0.93
-45 . 15.8 1.2 1.2 1.2
Avg 1.05
Frit 18 S 2.7 4.0 4.5

Frit 21 17.8 1.7
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ach n volatilization as the
¥ 2N E and "ali‘“‘19y (S'; in
iid , also concluded that

iro; as thermally stzble &

antity of Na,0+-B,0; evolved increased exponentially when

qu :
of sodium in thz glass melt was increased (Figure 2).
ts wer2 made over a range of 12 to 23 mole % Na,0 in ti
g latility varied from 1.5 mg/cm? (at 12 mole % Na,0) &
8. (at 23 wmole % Ma,Ql). he linear relationship betwee:
1 thm of welght loss(aﬂd Na,0 content of the melt is similar to
thas obtalned by Kolkaj\G) whzin he studied the system Na0-B0:-330..
Barlow(7) also concluded that sodium volatiliizes from & borosi LG E
glass melt as either sodium metaborate or scdium diborate, and that
volatility increases as the 19%Arlthm of sodium concentration..
10
Sl ] ] I i
o 8 « 4
&
%.’ 74 7
£ 6 §
>3 5F - 7]
K / ]
L4
= O v 7
- R 8/ =
C . /
o, o) e |
o —
o 7 .
= Ov
o .
L
12 14 15 18 20 C22 24
Na,0 Concentration, moic % N
FIGURE 2

EFFECT GF MNap0 CONCENTRATION ON Na0-B203 VOLATILITY

Lithium metaborate volatility was about 1/10 that of sodium
Lerate. Changes in melt composition or in melting conaltlona n
aprreciaple effect on lithnium volatlllty

- The type sludge, the type frit, and the coqcent”atlon of- oth
glass components affected volatility only to the extent that ccarg
irt these variables affected changes in the mole % of Na:0 in the
gJ (7_Du melt. 4 ) ) ; i

which volatiliized from the melt as either e1°r~nh«=

coiiu some oxido of cesium, is the most volatlle of t:u nrae
alxall tals studied. An average of 0.11 mg/cm® of cesium (Np Cu.0)
volatilized from samnles that contained a range of 0.03 to 0.09 wt §

— ey ten
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: ass mel%s raducas ceslum vol ulllby, o)

it compared cesium volatilizaticn from gl

frits that contalred 0, 5, and iC =t & T

B, between cesium volatility from melts which o
tainad c351um as a cesium-loaded zeolite and as a cesium carbon

solution was made.

Tables IV through VII summarize the effect on cesium voiz

of ths wi % TiO, added, the form of cesium addition, and the cconcen-

tration of cesium in the mel%. The high VOlatllluleS in these te 2SLS
raflect the high surface-ares-to- hélﬁhu ratios for the small sams
used and =hou1d not be dntervreted as a direct measure of the
of cesium expacte

S}
d to volatilize from a full-scale melter. If

levels of »ol"'l ity are scaled up to a 2.2 ton/day melter, they

Table V. Effect of addition of Ti02 on cesium voletility. ;
l

Cesium Cs,0 in Giass, Ti0, in Frit, Volatility,
Addzd as wE % ’ wt % ‘ " mg/fem?
Zeglite 0.03 . o 0.038
Zeolite . 0.03 10 0.06°
Carbonate - 0.03 ' 0 ' 0.08
Carhonate 0.03 o 0.06

Table VI. Effect of form of addition on cesium velatility.

Cesium .  Cs,0 in Glass, Ti0, in Frit, Volatility,

Added as Wt & wt % A _mg/cm? ,%

Zeolite . c.02 . 0 . o8

Carborate  §.03 - s
Zeolita 0.03 10 0.06 :

Carbonate - . 0.03 10 ~0.06 !

Zeolite 0.09 : 10 C0.10

Carhonate 0.09 - 10 : 0.15

Table VII. " Effact of‘Cszo concentration on cesium volatility.

Cs,0 in Glass, wit % Ti0, in Frit, wt % Volatility, mg/cm?

0.03 0o 0.08 i
0.03 10 | 0.06
0.06 ' 5 L0.11
0.06 5 0.13
0.09 0 0.21
0 0.15

0.09 ‘ 1
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6.05% of the cesium in the melter
Laboratories (BMYL), by comparison,

2n they vitrified simulated light 'aL“r-
ntaina2d 0.2 't % of C320.0%) 1 mul::n;
was used in the BMIJL study.

t volatilization o
e r 3 S

e}
=

el
w

‘2 slight suppreSQion of cesium volatility by titanium dioxide

an be seen by cemparing moles in Table V. The volatility is
rareasad so sligntily tﬂﬂb it would not significantiy reduce problems
¢! cesium vaporization duringz glass melting. The failure of titaniunm
dioxide to significantly reduce cesium volatilization can be ex-
pizained by the work of Rastogi, et al.,(!9:1!) yho found that re-.
ductions in cesium volatility were obtained only &t tempera»;r 3
below 1000°C and for vitrification times <1 hour.. They foun fox
exumple, that txﬂ compound Cs,0-4T7i0, does not Volatlllze at LCf°

bt that 31% o LhL° compound volatilizes at l’OO C.

‘Rudolph, ev al 8) and oy Xupfer and Schulz report that “itaniu:
dioxice effvctlvely-supp ess2s cesium volatilization, but iIn €

1000 to 1030°C temperature range. Another probable cause of thé

failure of titanium dioxide suppress cesium volafllluy significantly
is the large amounts of boric oxide pres 'nt in the melt compositions
usad for SRP glasses. Rudolph, et al. (8) found that boric oxids N

tiougn not as effective as titanium dioxide, does reduce the
iuility of cesium. The effect of titanium dioxide, then
pranably reduced when the melt contains boric oxide as a constituent.

o et rms —m

Incorporation of cesium into the glass as cesium-loaded ze

(6.02 g Cs/g zeolite), rather than as a cesium carbonate solutic
did not increase 3ﬂ51um volatility from the glass melt. The insvn
t‘”’uJ of cesium volatility to the form of cesium additicn is shour
= VI. Kelley, in his work on radionuclide vaporization from S
(13) also found that volatility of cesium was unchanged when
-um loauﬁa zeolite was substituted for direct addition of cesium

oy Ba N7

Total cesium vola ty increased when the total amount of =
cesium in the m=lt wes reased (Table VII). -The increase in E
volatility was proportio: to the increased cesium concentratinm,
suggesting that cesium orizes by dlf1u51on from fhe melt surfacs.

S conductca as a part of the experiments:
mental cesium above the melt at a :
sium borates wcrc detcected.

2 high alumina, high iron, and composite sludges (Tablz TT)
ith Frit 21 were used to study ruthenium volatility. Taas t

soed to blanket the melt, alr and argon, showed the effecat
syeon on ruthnenium volatilization. Each blud&h—atmosph’-w

was run in duplicate, and the result was interpret:d
of variance method. For these experiments, nitrate-r:
!.sludge was used. Neither the composition of the sliw or

nuJQ1°P“ over the melt affected the volatilization of ruth=nliunl
I shows the per cent of ruthenium volatilized for thoe variou
.atlons of sludges and atmospheres above the melt. The failure
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Table VIIT. Effect of sludge typs and atmosphere
over melt on ruthenium volatility.

Sludza Type Cover Gas Ru Volatilized, %
High Al Argon - 5.5
- Air . ‘ 6.3
High Fe : _Argon . : 2.8
Air 7.4
Composite - Argon - - 7.5
Air 5.3
of oxygen to increase rutieniium volatility, indicates that volz
izatior of ruthenium depends on the bulk rather than surface
ditions of the melt. This result also indicates that atmosy
vzen is not the iny oxidant for ruthenium. This 1is co
h previous work('3) that identified manganese dioxide

nt of SRKRY sludges that oxidizes ruthenium.
nzd an excess of manganese dioxide relative

20

6.
]

Nat0;, absent. L7

Ru Volatilized, %

! |
0.05 0.10 0.

Ru Concentration, wt%

[64]

FIGURE 3
EFFECT OF SODIUM NITRATE COMCENTRATION ON RUTHENIUM

*&i
{

N
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on the level of ruthenium and the conceari-

niunm concentrat
nitrate~free me
Hovev a shar

icn nor increasing the ru-
1ts caused increased ru-
p Increase in volatilitv o

ate/rutnenlum concentvaulon 1nteract10n has
results do show, however, that acceptable
Javels fO‘ SR? vaste sludges may depend on the amount of ru-
thenium present in composite (blended) SRP sludge.

V. Solid Sorhents for lercury VapO“

It is estimated that 2.3 1lbs/Lr of mercury will be vaporizad
from the calciner/melter du“"ré vitrificetion of SRP waste. Thz
ceicinar/melter off-gas system will include a quench column an
condenser that is cooled to 5°C to reduce the mercury vapor cc
tration to ~3 x 107° g/cm3. Laboratory data show that the-final
traces of nzrcury can bc fc“oved by adsorption onto silver—-exchangead
iite. A bed of F“' exchanged zeolite irreversibly chemisorhad
90 g Hg/z of bed at an adaertlon efficiency of >99.8%.% OQvur
vera

- -
ANe N L

®
- 0O

& D :
peraturs range of 20 to 4CG°C, the efficiency of the silver zsolite
d remained >99.9%; at 500°C, efficiency dropped to $2%.

W O !——'

T don
W M

Prezpoaration of Zeolite and Analytical Method

The Nz, Ag*, Ag’, Fb?* and the CuS forms of zeolite were availi-
romn prev1oug studies. (!*) The Cu?" zeolite was preparad by ex~
u?* from a saturated cupric acetate solution with Linde
molecular sieve for 10 days at 80°C. After exchange, the
*e was thoroughly washed to remove any residual cupric

tion and then dried.

03
r
0Q
O
c

Qe H,

OO0 ol
O N
w - @

N

O }.J-
!~‘ C

W

ations were maasured with a mercury
a study of the dispersion of buried
analyzer is shown schematically 1“'?T@ k.
.in Reference 15- In these experim=nts,
source 1s replaced by the adsorption bad
m, through which kncwn amounts of air saturat
be injected, 1s placed just upstream from

i
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. Capacities of adQO“utlon beds were measured by passing marcurs
vapor through the bed at ‘a face velocity of ~3 m/min and mea“¢r1~“
tne weight of the bed until no further weight gain was recorded.
After constant weight was attained, argon was passed through the b#d
and the welight loss racorded. The welght lost to the argon stroeim
vas assumed to be physically adsorbed mercury, while the remaining
wolght gain by the bed was assumed to be c¢chemisorbed mercury. During

{ ioﬁ of physisorbed mercury, the bed was placed in line wiitn
specific mercury analyzer, and the evolution of mercury was

# pificiency 1s defined as the % of mercury in the vapor stream Iha
iz trapped by tne adsorbent bed.

Neither irncreasing the nitrate zon-
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lscrption eff1c1°ncy of the beds was first measurad

room 2 (nv20°C). The results in Table IX show that o
Ag+, Ag ’uS exchanged beds have a nloa adsorption effic: 3
for mercury. fTable IX also shows that apparent residence tir in-
fluence mercury adsorption efficiency. The 1mporbance of residencs
time is shown by comparing the efficiencies of the Ag* exchaﬂgea oed
at verious residence times. The efficiency of >99. 9% at 0.04% second
aopparant residence tims decresased to 80% at 0.0005 sec. In thase =
perimants, the lowesr detection limit for mercury was 0.1%, so ti 2
o .

ei't'iciericy of at least 99.9% may be assigned. for the cases wh
mercury was detected in the wvapor. This assumption gives a loa”
limit of ~10® for the mercury decontamination factor for cases
wnhich no detectable mercury vapor was found exiting the adsorpilic:n

™

Effect of Temperature an Rfficiency

The eflfect of bed temperature on adsorption efficlency for
‘Ag®, and CuS exchanged zeclite beds was measured over a temperat:
range of 20 to 500°C (Table X). Beds were first heated to the . do-
sired temperature, and then the mercury vapor was passed through *
adsorcent. Of tie cthree beds, the Agt form was least affected

teuwperature, showing an adoo“otlon eiricicncy of >99.9% up to koo,
The Ag® bed had >99.9% efrficiency up to 200°C, while the Cu§ b2 ne'd
this level of efficeincy only up to 50°C. These results are cuan ,
sistent with work reported by Barrer and Whiteman,(1%) who fouisd izt

sorntion of mercury onto metal-exchanged zeolites was invers2ly ori-—
por:sional to temperature.

Apparent residence time is de flned as the bed volume d1v1d~c Dy
he volume flow rate of the vapor stream.

c‘f,rw
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TARLZ TX.

Efficiency of mercdry'adsorption beds.
i Apoarant .esfdence Hg Vapor
Sorbant™ Time, szc Adsorhed, #
Kona _ 0.04 0
Strzdded Rubbor 0.04 0
Ha-X . 0.04 0 ,
Ph-X - 0.03 15 E
Cu-X . 0.04 0 :
CuS-X 0.04 >99.9P ' :
AgC-X 0.04 >55.5 :
Ag*-x 0.04 >99. 97 ?
Agt-X 0.0002 98 §
AGT-X 0.001 95 §
Agt-X 0.0006 80 :
a. X =A ngér—faUJa ite type of zeolite.
b. MNo mercury was detected in the gas exiting the
bad; percent adsorption taken by ur1ng minimum
detect1on level of 0.1%.
Table X. Effect of temperature on efflcwonry of mercury

adsorpt

bod Temparature,

ion bcd)

l
!
i

Adsorption Eff1c1enggj % Hg Adsorbed

o
-2

°C CuS-X AgT-X Ag®-X
20 to 25 >99.9 >89.9 >99.9
52 >59.9 >99.9 >99.9
100 97 >99.9 >99.9 L
240 79 >89.9 >39.9
300 59 >389.9 92
40D 39 >39.9 88
540 - 92. -
Adsorsntion Capacity
i Thne capacity of a zeolite adsorption bed depends on the besd
deg=ir, the face veloclity of the gas stream enbcrlno the bed, and tie
nz<.rz of tha scroent The capa C’tleb of Ag®, Ag® and CuS b\dﬁ e
moeasurzd for a bed depth of 1.5 cm and a superficial face velocily
of “3m/min
+ Tne only bed with an appreciable adsorption capaclity was the
Lz" exchanged zeolite which chemisorbed 0.190 g of Hg/g of ted a:d
vhysisorbed another 0.0264 g Hg/g of bed before a constant weight wa
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irrsversible chemisornticn of mercury is abtiributed Lot
+ 24
IS 10 T e TY -
dag + HE > Jag b by .

Darrver and Whiteman(ls) studied adsorption of mercury onto sevaral
zaolites. At low mercury concentratiorns, the exchange between silwvar
ar. mercury reachaed &34 of the value calculated for complete ex-
chznga. AU mercury concenbtrations hilgher than those expected tc ne
ncounterad in the ce luLner/meloer off—gas system adsorptlon bads,
the reacvions, . ' : ~ : A ‘

T2k . e 24

[ + Hg > Hg»

Lz + Hg - Ag(Hg) amalgam

and

o2+ 5 2+
H 2 + XHg - Hg(x+2)

can alsc occur.

= zdscorption éapac

Th Ag" and CuS exchanged zeoliis
are guite low under the cor ions of these experiments (Tabls:
No detactable welght gain was rac oroed for either bed. Therer
the smallest measurables weight gain (0.1 mg) was used to calec:u
tiz upper limits on capacities shown in Table XI. Even though
czpacitiss are very low, Ag’ and CuS exchanged zeolite beds -
efficizsntly removed mercury vapor at low concentrations. Hows
Lzt zeolite beds are recommsnded for plant processing because
frequent replacement is raguired.
Tabie XI. Capacities of mercury adsorbant beds. - ,, bt
Bad Langth, Bed Veight, Mercury Adsorbad, g Ha/q Bed
Ssrbant cm ‘ g Total Chemisorbad
hgt-i 1.5 0.1525 - 0.2164 - 0.190
CuS-X 1.5 0.1495 <7 x 107" -
Ag®-X - 1.5 0.1505 . <7 x 107% -
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Alkali volatility

Boron volatility
Boroszilicate glass melt§
Cesium voalatility

Mwrecury adsorption
Metal-exchanged zeolites
Radioisotops waste storage
Ruﬁhenium volatility
Savannah River Plant waste
Volatility ofvglass melts.

Zeolites
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