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Abstr <-_ ct 

,-----NOTICE-----, 

This report was prepared as an account of work 
sponsored by the United States Government. Neither the 
United States nor the United States Department of 
Energy, nor any of their employees, nor any of their 
contractors, subcontractors , or their employees, makes 
any warranty, express or implied, or assumes any legal 
Uability or responsibility for the accuracy, completene~~ 
or usefulness of any information, apparatus, product or 
process disclosed, or represents that its use would not · 
infringe privately owned riJhll. 

La~oratory scale studies determined the rates at which the I 
semi volc.:.t ile c omponents soclit!m, boron, lithium , cesium, and rut:;.;;:n.::.. :..; ::-_ t 

vo-latilized from borosilicat e glass melts that contained simu1c:.ted ~ 
Savannah River Plant waste ~ludge. Sodium and boric oxides vo l atil- ~ 
ize as the therrr.ally stable compound sodium metaborate :.- cE!d c.~.::::J~;:::::.- · 
ed for ~9 0% of the semivolatileG that evolved. The amounts or se~i ­
vola tiles that evolved incre2.s ed linearly with the logarithm o.;:~ the 
sodium c ontent of the glass-forming mixture. Cesium volatilit~ ~a3 
slightly suppressed when titanium dioxide was added to the rn~lt, but 
was unaf'fect~d when cesium v1as added to the melt as a cesj_um- ::!.o2.de~ 

zeolite r ather than as a cesium carbonate solution. Volatili~~ or 
rutl·! eTiiu_m ,.\-as not· SlJ.ppressed \~rhen the glass melt \\ras blanl\:eted ~·:it!~ c.. 
nonoxidizing atmosphere . 

'Ira ce quantities of mercury ~-re:re removed from vapor stre2.ElS b:,,.. 
adsorption onto a silver-exchanged zeolite. A bed contain~ng silver 
{n the ion ic state remov~d more than 99-9% of the mercury and had a 
high chemisorpti on c apac ity. Beds of lead-, copper-, and cop per 
su.lfide-e.zchanzed zeolite - Z: and also an unexchanged zeol:Lte-X i.·:ere­
tested. None of these latter beds had high removal efficlency an~ 

' d 

hish chemisorotion cnpa~~ty . J 

I. Introduct ion 

One process being studied for long term management of Savan~a~ 
River Plant ( SRP) hi~h-level waste sludge is incorporation in~o a 
borosilicate glass matrix by spray calcination and electric melt~~~­
Sevc ral 6o~ponents of t he melt will volatilize during the high te~­
per:.a~u.re vi trifj_cat:ion prOCE;SS. Savannah River Laboratory (S HL) h a:: 
th~reforo initiated stujie s to determine the types and quantities cr 
sp~cies that vaporize during fixation of SRP waste into glass. ~~:e~e 
s tur..li:::'; provide b2.sic d~ta that are requj_red to design an off-2:as 
c:.ean-·).p system for a vJtrification proc.es~ . This paper d5. scuss2-s 
l .::.Lo l· ;_~Col.'y-~c 2. le ~;tudi 2s of th e vaporization of sodium, litl1 ix:: , 
b c:.:: · o:~ , ce ~d.um _, a nd ruthe niilm from glass melts. The chemical fo ~ ·;:;, -~·: :-
1t:Lich thc::;e semi volatiles vaporize, the rates of vaporization, a:~d 

so::~ e of the factors that influence volatility are discussed~ AJ l 

.. 

r s-s ults i·:ere obtained with glasses that contained simu_lated no1_1- ~ 
radioactive sludges. 
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B~sed on previous studies at SRL, all of the mercury in SRP I 
waste is expected to volatilize durinv vitr5fication. A proces3 ~as: 
developed to remove trace qu.a.nt:Ltie::; of mer~~ 1J!'.'/ i'ro::1. r;aseou$ ·st~-:",::J.::::: 
by adsorption onto a Led of silver-exchanged zeolite. This proce3s 
is discu3sed in the second part of this paper. 

II. Experimental Procedure 

Sodium, Lithium, Boron, and. __ Cesium Compounds 

The apparatus used to measu~e the volatility of Na~ Li~ B, and 
Cs is sho~n schematically in Figure 1. The crucible, tollection 
tube, lid assembly, and hypodermic tubing were all fabricated f~om 
platinum. The transfer~lina from the collection tube to the scrubber~ 
was made of stainless steel, and the scrubber was made of glass. 
''ol .. ·:,;·;il·l"tv Fa~· a'-:.."·nrm.·in:..,a·: "" r·:)-l·ng f-hn ·..,...eo·,·;·~ea·1 t"l~opor~-l·o"'c:: or~ cr'::>:····""~: Y _._--- J •• 0 C: '-''-• ·~-~......... l.,j,J -It_!_ '- V~-C: J_ .A.l_.._.l._.i ;t..J \J 14-.J - Q-: .. - .... ~-' 

frit/simulated sludge in the platinum crucible, which was then pla8~d 
in the furnace. Normal melting conditions consisted of holding a 2-~ 
sample at ll50°C for three hours. Nitrogen gas (750 mL/min) was 
introduced through the hypodermic tubing and across the melt. A 
vacuum ~as applied to the icrubber to insure that all volatilized 
species were removed from ~he crucible. 

N2, Air or Argon 

+ -

Hypodermic Tubing 

Collection 
/ Tube 

- _Filter 

llJ Crucible 

" . 

FIGURE l 
VOLATILITY APPARATUS 
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-Com9oundG of Li, B, Na, and Cs condensed at the top of the­
ccllec::. :.0:1 tt;b<~, on ::he h~rpod~:rr:~i~: tubing, in the transfer l:Lnf::::, and 
on the surface of th~ filter. Less thah 1% of the semivolatiles pen­
e~rated throu~h tj~ fi~ter; these were collected in the scrubber. 
'I~:~~ coE-:~cm:::~r;:l ga~: ::::; •sere I•Iashed from t:ne various parts of the 
ap:jarat us and analyzed for Li, B, La, and Cs by atomic absorpt io~ 
spectrophotometry (AA). A solution of O.lM HN0 3 was used both for 
w2shing out the apparatus and as a scrubber solution. 

RutheniuR. Conpound::; 

Th~ apparatus and procedure described above were used to meas~ 
U -~-,. r··"'-: .. --,-: .. 'l.~ -T,-.,1,-."'-~, ~.L.--- ...... ----~-.L.. +--ll--4- ....... c:. ....... _,............,.""""',e c..;,..,.IJ T\;" ..... s !!~P.i""! ~-;""""_._--.._-._ ' 

.Lt:,.;.; Ui..•;.:.::.i~-LL~.:L 'vv_,_L!,.V.L...i...Lv;;-> ~ .. · ... ~~.:__::..,... v ..... C:..V C..' -Q .:>C'.!~t.!...J..!.. .._•...l-LJ.C \:,G. _.._.. ___ ·-

tnr> in-line filter \·Jas removed. To minimize plating-out of rut::enlum I 
o:·. the i·:alls of the platinur'1 collection tube, the inside o:f th<..-:: "':.ul:--2 t" 

\·r2.s polished just prior to running each sample. This procedu~e ;;:'e- 1 
vented builduo of ruthenium in the transfer line. The collection I 
tube was \•rashed out ·after each_ sample. vras run, c:-n~ residual :~u.th::-,ium 
was removed from the walls. Tne wash1ngs conta1n1ng the res1du~1 
rutheDium ,,;,~-::c2 comb:l.ned "\-·r:Lth the scrubber solutton prior to ar:.s.L:;·~:;-::_.::; •. 
This technique did not distinguish between particulate and volatile~ 
ruthenium, nor did it measure the extent to which ruthenium pla~~s 
out. 

"The ruthenium was analyzed by a modif~cation of the spectropho­
t6setric technique developed by Woodhead.(lJ This technique ~~~~~~es 

'-'-\-.-, 6bc·-....,br"""'"' a+- th"" l·so-be.s+-"c pol"n-'- (415 nm) of a· RuO 2 -/R•·r·-V :. ~ ·.::,.. c;,. o..J ~ •• ) .l. Ci.. !. ._, r..;. V ... l ...._. :::; · .. ~ ~ _ V . 4 ~ l.A ~_; ~~ 

wixt;ure. R:Jthenium '.•las. converted to the mixture by the action of' 
K2 S 2 0 8 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 r~nge of ruthenium concentrations in the scrubber 
solutions. 

III. Glass Compositions 
-~.-

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

Tc.ble I. Frit compositions. 

Concentration, \'It % 
Co:nlJonent Frit 21 Frit 18 --·--

Si0.2 52.5 52.5 

Na20 18.5 22.2 

Bz03 10.0 10.0 

liOz 10.0 10.0 

CaO 5.0 5.0 

LizO 4.0 

... 
-~ 
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f,lu.cl.:;es ~·rer·~~ preparec1. b~' mixi~·tg q_u.ar:ti.ties of the dried metal OY~.~'i22· 

i~ t~~ proportions re~uired to gi~c the comp6sitions shown in 
'1:~;-..,- -:-- 'f'n"" co··"o'"'<-·i ...... Lon·· a"""' 'c-· ~-:..-·' on ac'-ual analyc-es of· sn.,.., ··- ·-- · 
s :~·~d~e f~; 3 ) -~~d r~-~;~;~~~t- ~lud~e~d.~~~m ~-,~st ~ tanks -Hi ~h typic~~ 1~/~ ... - :-:: 
high Fe concentrations, Al concentrations, and an overall averag2 ~~~ 

all tanks sampled. 

T.:.ble II. Comoosition of simulated calcined sludges-: 

t·leta 1 Oxide in Sludq2, wt Cl 
h 

It::: tal Oxide .Hi (: f1--F e .fii.S. h A l . Avera~· ·-·---
' 

Fez OJ 61 ~ t, ,.. 
" ,..., f;: u.v 'T.J.,J 

I\ l2. 0 3 5.6 86.3- 25.8 

r~n'='z 4.1 4.9 11.7 

U30;; 14.2 1.5 11.0 

CaO 4.2 0.4 3.0 

NiO 10.5 0.9 5.0 

The cesium content of SRP waste glass was calculated to b0 J.:5 
1.-1t % (as Cs 2 0) . Because this small amount of rna terial could ~~'~ '~. 8 ~ 
added in solid form to the 2~g samples, cesium was added by e~tha~ 

r. 

I 
! 
I 
I 
I • 

. ads~rption of the cesium onto zeolite or by adding aliquots of a 
cesium carbonate ·solution to the ~lass-forming mixture. tn cases 
wh~re cesium was added from solution 3 the sample was dried to re~~~~ 
excess 0ater before placing the loaded crucible into the furnace. 
Pre-drying prevented entrainment of particulates in the steam the~ 
would result from placing the wet mixture in the furnace heated t~ 
1150°C. I

~ 

. ... 
Ruthenium •das. ir:corprJrated into the glass-forming mixture b~.,"'-~ ! 

adding the volume of a 3 g/L solution of R~(NO)(N03)3 req0ired to t 
give 0.05 or 0.15 wt % Ruin the final glass. The Ru(NO)(N03)3 so:~-' 
tion was prepared by dissolving Ru(NO)(OH)~ in 4M HN0 3 • After ad~~­
tir:;:', of tne Ru(NO)(~I0 3 ) 3 solution, the glass-forming mixture 1-..ras 
dr~~d at ll5°C to drive off excess water to prevent entrainment o~ 
rut ::e:::'li u.m. 

·rv. Specific Elem~nt Volatility 

Sodium, Boron, and Lithium Volatilitiei 

Volatilities of Na, Li, and B arc discussed together becaus~ 
t!-1·.:-:::->~ · so~c:i.es 'ICLoori~ .. ,:f~c1 ft'OF1 tl1P. melt a3. all~al:L torates. The 
tL ·:'r~:::.liy stable. compo-:1n.d sodium metaborate (NazO·Bz03) account~·< :::-:-;::­
rv·:.-r:~ of ·the sc:mivolatiles that vaporized. Trace quantities of T..::.:: ::-~ 3 

L:~·::;i.rYJ 23 Na,B0 2 , and B2 0 3 w~re also detected in the vapor abo\r<': :::-·.:; 
rr:·:<~t by Knud:::;en cell - mass spectrometer measurements. In th·.) cG:-:.­
d·Jts:=d 9lns-:~, the sp . .=cies that volatilized \·iere .determined f!'o.::: :::.:-::.· 
r::c;l~l' r.J.tios of Ha/B and (Li + Na)/B in the condensate. A ra.t~:.) '"'"' 
cr.~ ':roulcl ind.Lcate the metaborate, a ratio of two ~,:ould indica\:~: 7..::-:-:: 

... 
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a T,,-;.,_.i-,1·~=- o·"' ~..~,"" ·~-1··o c·o·-no·t,.,;l~ ···ou..,·"~ bC.· ;,1r,ic·~T-,, .... , b'" ;.") 1 
: ~ .:... r. L1 \~. J. C. l V ..;. ..:. .... -' .·J · ;, : ~ ~-' · !.. l t ;_ •.i ';I . -~ ....... ._ -- .1. ..._t -· , ._ J •• • ... •• ~i ~ . 

one a:·1d t \'.'0. T!1e re.t io of Na/B should be less t11a.:1 or:~~~-

~;~-~:~:~~c ~~ :~ .::~ 2 ;~~ ~: ~ C>~\~~1~~; 1 t ~~i ~~r:u:i ~~~~~ 3 ~o~~~y f~~~~ ~f l~ ;~i~~l1~~~r,~ ~ c·-
' ~ ·. . . ~ ( - . n ) 't'' ~ 1 1 • ~ ·r • 0 -. 'I --1-:1~ rc:.t2.o oi ,Ll + ,·,:~~ /1) l·iot.t.LC equ.J._ one, ho'lfev~;r·, li -'l2 ".!.l:l 1J3 anc:: 
r·:a.20·B203 ar'e the cot;~s)oLtnds that volatilize. A melt that contains 
Sodium (but no lithium) shoul4 give a ~a/B ra~io of l if Na20·B203 
i~ the vaporizing species. When Frit 21, which contained both 
sudi!lm and lithium, \·:as u~;ed to prep2.re glasses (Table III), the 
mclar :::"~1.t:i.o of N<:-!./B i·ras 0.8,9) and thE:.t of (Na + Li)/3 v:a3 1.02- Crf.'t­
ga::;ses fro;:, glasse::j prepar-2d from Frit 18, a frit that contains no 
lithium, gave a Na/B ratio of 1.05 (Table IV). These three rntio~ are 

. ·- . ·- ---··~· ···-··~~-·-·· . . .. . .. ··-----·--···- ·- ·-···----r---·· . ·---·-··---- .. ---··--··----· 

Table III. Vo1~tility of Na, .Li and B from Frit 21 glass melts. 

·Code 

21-A:;g-25 

-35 

-45 

21-Fe-25 

-35 

-45 

21-Al-25 

-35 

-45 

l!t1 20 in G1a5S, 
_ _E.~~_!_ __ 

13.6 

17.1 

15.7 

14.2 

16.1 

14.5 

12.6 

V?1" til i!l_~/cm~_ 
~~a?.Q !:.i.&. !!..~..:!. 

0.4 0.04 

0.4 0.05 

0.9· 0.14 

1.4 0.20 

1.4 0.20 

0.7 0.13 

1.3 0.16 

0.7 0.13 

0.5 0.08 

0.4 

0.5 

1.2 

1.5 

2.0 

1.0 

2.0. 

1.0 

0.5 

Avg 

t-:o l a r Rr. t i o s 
Na 2 o; B 2 o ~-;-o+LT;"c!VB-;o-;· 

0.84 

0.99 

0.82 

0.83 

0.74 

0.84 

1 

0.89 

1.0 

1.1 

0.97 

.1.1 

0.93 

0.98 

0.84 

1.0 

1.2 

1.02 

T<l~1l: I\f. Vu1clillty of Na and B from Fdt 18 glass melts . 

Cod2 ----
18-Jl,vg-23 

-3:i. 

-45 

18-Fe-25 

-35 
_l',•j 

18-Al-25 
-35 

-45 

Fri t 18 

Frit 21 

Na 2 0 in g-hss, 
F-01{; t 

21 .2. 

19.4 

17. l 

21.6 

19.9 

17.7 

20.4 

HL L 

) 5.B 

22.7 

17.8 

. Volatility, mgLcm2 

tla 2 0 

2.6 

1.9 

1.5 

1.8 

2.2 

1.0 

0.7 
,. r: 

·'-' 

1.2 

4.0 

1.7 

820~ 

3.0 

1.9 

1.6 

1.9 

2.3 

1.4 

0.7 

1.9 

1.2 

4.5 

t·!o 1 ar Ratio, 
NazO/BzOJ 

0.97 

1.1 
1.1 

1.1 

1.1 
0.86 

1 . 1 

0.93 

1.2 --
Avg 1.05 

... 
·-~ 
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Co'-·,_.-:::~c:tr:·.,,,i· ;_.,-J·.t:· .. ,. ···--,~'.-.-.~.:--~or alJr~li'· and 'o?-"'9n vol"+-·ill'z.atl·o.,., -,c- .;..ho 
4 _.. __ ,._ v .,. -:·. ,.·: . ..._..L~ ..... \!.-L...:.., •• L .J. _._ ... c.:. - av- '~,~.u•> (_.,_,._. 

ccc::;c.:..t:~--.. ': :::::.::~:-;-_:-"····; a:!~J. Li~J·B 2 S 3 • Solorn:ln 4 and ~-:alr::sley_,( .. ; L: 
t \-,.:· .. o·r·····>·,.-• 1 ·~ 0~! Q''>~··>;>Sirl"'.o>f-eo c.l•o.''-: Hn'1::>t-ill'f-u alSO cor.clur1 ed thc.f· .. - ... --- "' ..... ~ .... • . .., - ..... ·- -· .J---! -· -_,;--C..'.. .,J -.J y -· _..._ '-"' _, ...... '-'.) ' - . .. • - • _.. . .... 

al:~-: ::tl is i.'O l c. t j_l ~!...Ze fror7t bo~::':J s il ic ate rne 1 t s as t !!ermall;/ s ~ 2.ble. ~-I.:~·-:·:'~:.li 

b::,~:·.:Ltes .. 

The quantity of Na 2 0·B 2 0 3 evolved increased exponentially whe~ 
the mole % of sodlum in the glass melt ''las increas~d (Figure 2). 
Me~suremsnts were made over a range of 12 to 23 mole % Na 2 0 in the 
g'Lt:L.;. · Vulat:Llity vc.rie-:.'i from 1. 5 mg/cm 2 (at 12 mole % Ha2.0) t.e; 
8 ,., ,.,.,~ ',,. .. :: (··+- 2·) ,..,,..,,e r. --~~ ·"'~\ · T1 e 1·'~.-·.,r· Y"'"la.._·ion,,.h·ip 1-et•··-.,...·~--..., ..,. 1 ~---) '-''-'./ '-'-.! '-~'-' J ,;,._,~ I'' !'.C.2\..i 1 • ,1 • .Lll<::::c' - '-' v- "'-"·•- u .;-::'~ .. " '-'·""':: 

lo .·:·;.:,ri;-h:n Of' ,,,,;rrhL lO"'S aY'I·::t' \i,;-. 0 cr-->1+-e,.-,+- Of tho me.lt l.S Sl'mil·>,.-. '·.-, .:;.:-,.~ _. _ ........ - ... :. . .... ~. t~ _._ t.J 1. .~ V ... ) • - 1.... !. • a 2. v, v .1. .'. v ._ 1 - Cl.- L :....~· 

tha~ o~tained by KolykovC 6
) when he studied the system Na20-B 2 ~ 3 -S~G~-. 

Barlow~ 7 ) also concluded th2t sodium vOldtilizes from a bo~osilic&~~ 
glass melt as either sodiu~ ~etaborate or sodium diborate~ and that 
volatility increases as the logarithm of sodium cbncentratio~. 

10· 
9' 

I 
"' 8 '·· 
E l 
u 7t ...... 
CJ'>. 
E :L ::~ 

+ 

0 4 
<:; 

::::> 
3 r.· 

.. 
C' 

r, .. l 

ro 
0 2 N 
Q 

z 
·t:J'I 
0 

12 24 

f\l;-J;!.O Concentration, mole% 

FIGURE 2 
EFFECT OF Na 20 CONCENTRATION ON Na 20·Bz03 VOLATILITY 

Lithium metaborate volatility was about 1/10. that of sodium 
bo;-ate, Clw.ng·~s ;i,n melt :.::o:npo:;;it:Lon or in melting conditions h~·:\ no 
appreciable effect on lithium volatility. 

The type sludge, the type fri t ,· and the co~centration of oth~r 
glass compo~ents affected volatility only t6 the extent that changes 
in th~~se v2.r·:Lables affected changes in the mole ;;, of NazO in the 
f;J ,.,_s s melt. 

·>::::..l.um, 1·:hich volatilized from the melt as either eler.:··._.-;i:al 
e;,_:>:.;·i t::-: o~·· as some oxJdo of cesium, is the most volatile o.f t:;"' t::r·::.e 
a:kali mesal~ studied. An average of 0.11 mg/cr~ 2 of cesium (nc C~20) 
volatili~0d from samples that contained a range of 0.0} to 0.09 wt % 

, .. 

·~· 
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c~sium. Because previous workers(~) have reported that additio~ of 
Ti~~, BzOJ, o~ Ma03 to glass selts r~duces cesium volatility, o~c 
:r.;.o·;_:· of t::i..:' cur-rent 1;.rc.,rk co;:l~)i.:!.J:'ed cesi\.1.!,1 volatilizat .. i.o~-, frcm gla::;::, . 

. - ... - r··'-~'l''o'•'>,'"\"l r ....... -.·n 1~1'.;-t .... tJ~.-,+- cr·,.,r-,·~- ,.-l 0 5 al-d ""'('• 7 ' 7 "- r;' o.P ;;:-~.-~-~ I:'"~-::.:.'..~:.' ::--~·=·=~-.:-.. t-\.....o.. -..:.. .. .-~ •• ~ -~ ._, J.i.C..V '._l.1uC. .... --lc;•_ :1 :1 .! .Jl.u ._ .• L, ,J l. .L-~.'--'..:.-

f,"j_-.__;• __ :, a '..:omparisor1 bet'.-;een cesium -,olatility from melts Hhicl1 ::-.o:;­
tai.r'.'::d c8sium as a cesium~loaded zeolite and as a cesium carbor-1at.e 
solution was made. i 

I 
. l 

Tables IV thro~1gh VII summarize the effect on cesium vol~t:I.ii.t~r! 
of th~ wt % TlOz added, the form of ce3iUm addition, and the co~~~~~ i 
tration of cesium in the melt. The high volatilities in these test~ · 
reflect the high surface-area-to-weight ratios for the small sas9le~ 
us2d and shoL!ld not be inter)reted as a direct mea.sure of the :u:-~-::'...;.::t­
of c~sium expected to voJ.atilize fr0m a full-scale melter. rr t~1e5e 
level~ of volatility arc sc2l2d up to a 2.2 ton/day melter; they 

Ta!)le V. · ~Effect of addition of Ti0 2 on cesium volatility. 

C~sium CszO in Glass, TiOz fn Frit, Volatility, 
Adci =-J as \•It Cl \•It C! ma/cm 2 

I> ,, 
--·-·-.- ---- .._..:.:....,v _____ 

Zeolite 0.03 0 0..03 

Zeolite 0.03 10 0.06 
Carbonate 0.03 0 0.08 

Car~·Jnate 0.03 10 0.06 

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

Cesium CszO in Glass, TiOz in Frit, Volatility7 
Added as wt Cl wt % mg/cm2 

-~ /0 

Leo l-ite 0.03 0 0.08 

Carbonate O.iJ3 0 0.08 -~--
~ 

Zeolit<= 0.03 10 0.06 

Carbonate 0.03 10 0.06 
Ze\J l i·te 0.09 10 . O.lO 

Ca r-h·J :1 ate 0.09 10 0.15 

Table VII. Eff2ct of Cs 2 0 concentration on cesium volatility. 

CszO in Glc.ss, \·It % TiOz in Frit, \•Jt ~~. Volatilit,t, mg/cm 2 

0.03 0 0.08 

0.03 10 0'.06 

0.06 5 0.11 

0.06 5 0.13 

0.09 0 0.21 

0.09 10 0.15 

... 
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represc.~:: volatilization: of 0. 05~; of the cesium in the melter 
ch2.rGe. ?2' -::811,~ r.:ortl"~:,-;.:=st L::1.bor8.tor·ies (B~f1:!L), by compc.rison, 
c2~sur~d ~C.3% volatility wh~n they vitrified simulated light-water-
r ···o"tO" (•;.:::•) '''2''-1-·, '-n' ::lL CQ .• , ... ,l·n::.,-'1 0 2 ··"- cl· o·"' c~· ,_, ( 9 ) r, m-::. 1 "-"i·.,'-:.:: .... _ ....... .!. , .!....1 •• .:. ._ ~-. ..:.. ..:;, -~· t.; v c... v · ! ~ :_, c.. .~. ! ',:.. ..._.. • v·: ,.... . ,.) .L :) 2 \.. 1 • :~ u .. c . .:_ v _ l. -c., 
t c:tn;>eru. t::.1.re of 1050 "C for 6 hours was used in the BI'!HL study. 

~h~ slight suppres~ion of cesium volatility by titanium dioxide 
c~n be see~ by cc~paring samples in Table V. The volatility is 
d~crea~~d so sligh~ly that it would not significantly reduce prohlems 
o!:' cesiu!.: va.poriza.tion during glass melting. The failure of tj~t2:niu~: 
dlaxide to significantly 1·educe cesium volatilization can be ex­
p!.::lined by the \Wd~ of Rastogi, et al., ( 1 0 ' 

1 1
) VJho found that re­

du~tions in cesium_vola~ility were obtained only ~t temperatures 
below 1000°C and for vitrification times Sl hour. They foun~~ fo:· 
e.:-:.::u-r:ple~ that the compour:O. C:z; 2 0·LfTi02 does not volatilize at 400°C, 
bl·f- thr,-1- ?l<;l o"' l;Ytco co-,~~']'·'1."\ ,~r";:)t·i1i"'P"' <>r l')00°C Otr.,er T"O"'r 'c-r _:_., -lC-V _)..i./J .l ( ,l. u lt,;_JV;, .. .:.-·....t. :J.la. -- LJ ..... u ~i \" . _.~.. /r .:...::: ... J-.::·. 

·Rudolph, et al.' 8 J and by K~pfer and Schulz~ 12 J report that titaniu~ 
dloxid~ effectively suppress2s cesium volatilization~ but in the 
1000 to l050°C temperature range. Another probable cause of the 
failure of titanium dioxide suppress cesium volatility significantly 
is ~he large a~ounts of bOric oxide pres~nt in th~ melt ?ompo~i~ion3 
U rorl "'or· s·:JP gL~~--~"'S R··'d.)l~h e"- al (a) found tnat borJC ox--·1··, ~.:' \,:. \, .1. .:. \"" - .::.: •• .:.,. u c.: • -'- ._. . - }:..1! l ' v • . - . .. ..:....._ .. :-;. > 

t~::·:~.tgh not as ef.f'ect:i.ve as titanium dioxide, does reduce the 
v-:~ .::!.tility of cesium. The effect of titanium dioxide :J then~ is 
probably reduced when the melt contains boric oxide as a constituent. 

Incornoration of cesium into the glass as cesium-loaded ~eal~te 
(0.02 g Cs/~ zeol{te), rathe~ than as a cesium carbonate·solutio~, 
did not in~reas2 6esium volatility from the glass melt. The inse:1si­
ti·•.rity o:L ce::;iur!1 'rolatili.ty to the forl!1 of cesium addition is sho~·m in 
·Ta~le VI. Kelley, in his wor.k on radionuclide vapor~zation from-SRP I 
y.;~·.>~e, ( 13

) also found that volatility of cesium Has unchanged Hhen ... 
ces~um~loeded zeolite was substituted for direct addition of cesium · 
car·bonate. 

Total cesium volatility incr~ased when the total amount of ,_ 
cesium i~ the melt W2.3 inc~eased (Table VII). The increase in 1 
volatility ~as proportional to the increased cesium concentration, 
suggest:L:-,g that cesi~.1.2 vaporizes by diffusion from the melt s:.i.cface. 

The Knudsen cell studies conducted as a pa~t of the experimer1ts! 
in this report did detect elemental cesium above the 1!1elt at a ~ 
tempera'c'-lre of l200"C. No cesium borates werP. detected. 

Ru t-r1eniu::! 

The high alumina, high iron, and composite sludges (Table II) 
al:;ng •,.,;;Lth Fr:Lt 21 ~· . .r:?re u~;ed to study ruthenium volatility. 'I':·;;.: t:r .. :J 

gD.:::cs ·used to blanket the melt,. air and a:rgon, sl1oviec1 the effe.::J.: c;[' 

tl·~':: 8.i:yr:.:,~:: on ruthenium ":olatil:i.zat.ion. Ear.h sludf.~e-atmospl·:.2:r'·: c,.-,·:~- j 
b:i.-:::!.-::ion \'ELS ;run in dupli(:ate~ and the result Has interpret,:.·d Ly t>~ ~­
an~lysi~ of variance method. F9r these experiments, nitrate-fr2e 
::;:Lr··.:.:.lutco-:.~ sludge 111as used. Neither the composition ·or the sludg<:: ::or 
t:1·.' atmG.:ohere over the melt affected the volatilization of rut.h~~ri.~um. 
Tubl~ v:~r_i shm·;s the per cent of ruthenium volatilized for the v~1~·:t..-_:,~~s I 
cor.,::nn<:).tlons of sludges and atmospheres above the melt. The fa·l..LUc'2 
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Table VII I. Effect of sludge type end atmosphere. 
over melt on ruthenium volatility. 

~]_:._::~ :::~ ·Type Cover Gas Ru Volatilized, ---
H·igh Al Argon 5.5 

Air 6.3 

H:l gh Fe Argon 2.8 

Air 7.4 

Cornposit.e Argon 7 .5' 

Air 5.3 

<I 
/0 

of oxygen to increase ~uthe~ium volatility~ indicates that va!a~il­
izatio:-' of ruth~~;.iurrt :depends on the bulk rather than surf:~cE: co::­
ditions of the melt. This result also indicates that atmospl1er1~ 
oxygen is not th2 onl)' oxidant for ru.thenium. This is consist:::n:: 
with previous workC 13 that identif~ed ma~ganese dioxide as one 
cD:r~ponent of s:s.P sludges that oxidizes ruthenium. All three· sl.:;:::;z:e: 
C n_:-,;~_::.-_in;·,,:1 an pv,-·r=.r~ of' man"·~~"'S 0 dl"ovl'dp 1'"'1~-~-l· . ..,, +-o the .,.,ut>·.-.. ,,-;· .. ,-. v _ -· ~. •. -.r ........ .._.u;:,. 1 .... t;,C.-1C '- .1\. _, -"-" c.v v...:. v 1 • ..L. .:..~-..:.:. •. -· • ..; ••• .:. 

content. 

The effect of nitrate concentration on ruthenium volatil~~~ 
d'?P'=!!ded on the· level of ruthenium in the melt. Figure 3 su!:-.::·.:,:< z.e;:-

L--------L---------:::-l:-:::-------=-L ... 
0.05 0.10 0.15 

Ru Conccntrat~on, wt% 

FIGURE 3 
EFFECT OF SODIUM NITRATE CONCENTRATION ON RUTHENIUM 
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the volatility dependence on the level of ruthenium and the concen­
tr:v~_Lc.Y~ of nitre_t,::. in th<~ ~ .. ':7.:~te. Neither ir;creasin[>; the nitr'cJ_t.c~ :·:,:.v:­
c·:~·=·--:.·:.:r·s.t:Lc:1 at 2 lc~·.·/ rLt~:!f.!nl~:~1 cc;~1cer1trc .. tior-;. nor in.crea.s.:l.r1.r; tt1e ru.­
t:·:-=:·::Lu.~.1 c·:::>nc:entr~:.~.· ion in nitrate-free ,r,elts caused in<:.:reasecl ru-
tL:::-.. iwr: volatilizE:.~,;io:t. Ho:,..;ever, ~- sharp increase in volatility :-.-.~;~ 
ob~~ineJ when both the nit~ate and ruthenium contents. were increa~~~­
The nature of the !litrate/ruthenium concentration interaction has ~ot 
bee:: defined. The:::;e results do shOTif, hOi·rever, that acceptable 
nit 'C'a 'ce le ve 1 s fo.:·· SRP l;i::ts te sludges may depend on tbe amount or 2'\J.­

the:!itl.rn present in compo .::;i te (blended) SR? sludge. 

' V. S·':::>lid So:cbent s for f·iercury Vapor 

It is estimated that 2.3 lbs/tr of mercury will be vaporized 
from the calciner/nelter during vitrification of SRP waste. The 
c~lcin2r/melter off-gas system will include a quench column and a 
co~denser that is ~ooled to 5°C to reduce the mercury vapor conce~­
tr'ation to rv3 X 10- 9 g/cm 3

• Laboratory de.ta shO':J that the,finc;.l 
treces or ~~ercury can be removed by adsorption onto silver-exchanged 
zeo1Jte. t, bed of A;:?;+ exchanged zeolite irrevers:Lbly chemisorrj~d _, 
0.190 g Hs/g of bed at an addorption efficiency of >99-9%.* Ov~r t~:e 
temperature range of 20 to 400°C, the efficiency of the silver ze8lite 
bed remained >99.9%; at 500°C, efficiency dropped to 92%. 

Preparation of Zeolite and Analytical Method 

The N2, Ag+, Ag 0
, Pb 2 + and the CuS forms of zeolite were avail­

a'Jle. from previous studi(!s. (t tf) T.he Cu 2 + zeolite 1,-ras prepared by e:-:-
c~artging Cu 2 + from a saturated cupric acetate solution with Lind~ I 
Type 13X0 molec~lar sie0e for 10 days at 80°C. After exchange, the •' 
Cu 2 + zeolite ~as thoroughly washed to remove any residual cupric ~ I 
acetate solution and then dried. 

filercury Vapo:!:" concer-:trations Here measured l•rith a mercu.ry 
analyzer pr-:::vicu.sly used in a study of the dispersion or buried 
e l e:-'""r· L. "'- ,..,,~.-~~u-..-.v ! 1 5 ) "':--,::, analvzor l. s c:no,.;n schemat·l· ca, ly l. r,. qJ· ,.,. 4--- -~~--~vc;..l J.!!-.Lv ..LJ•' ..l. ... 1._ .1. ,; "- ._.!.,. ,·,!:.. 11 ..1.. ..... ~-~:~ .. • · 

and is Gor~ fully described. in Reference 15. In these experi~~nt5, 
the accessory mercury vapor source is replaced by the adsorptibn.hed 
being te:;;ted. A septU.;:-1, through Hhich knm·m amounts of air satu2a +_;ed 
\-lith mercury vapor can be i!ljected, is placed just upstream f':co;;-~ the 
bed. 

Caoa~ities of adsorption beds were measured by passing.m2rcttry 
vapor th~ough ihe bed at ~ face velocity of ~3 m/min and measuz~ng 
the -,-;ej_g!1t of the bed until no further v1eignt gain was recordo(: . 
.L\f't8r constant l;;eight was attained, argo~ •:;as passed througlt th~': b,;'d 
ancl the :_,:e:Lg;ht loss recorded. 'I'he weight· lost to the argon st.re:!.:c: 
\·i2.S assumed to be phy;,ically adsorbed mer·cury, •:Thile the ren,a:L!t:i.~'.;::;­

i-:c: ight gain· by the bed \·!as as surr.ed to be chemisorbed mercury. D~:. ~·:'. :·~g 
desorption of physisorbed mercury, the bed ~as placed in line wit11 
t~2 specific ncrcury analyzer, and the evolution of mercury was 
1':1(; ~·'.:. .::; ~l t'ed . 

.. Ef.'Cicicncy :L::.; defined as the % of mercury in the vapor stream tl:c-.. ~ 
i~ trapped by t~e adsorbent bed. 
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FIGURE 4 
. SCHB,!/HIC DIJ\GPJ\1'·1 OF t·1ERCURY AN.l\L YZER 

Tl-:c· aei.~~o~cption efficiency of the beds was first measure:·:~ 3.t 
room temperature (~20°C). The result~ in Table IX show that o~1y 
Ag+, Ag 0 , and Cu.S exchanged beds have a high adsorption efficL:!:!cy 
fer mercury. Table IX also shows that apparent residence times* i~­
fluenc.e mercury adsorption efficiency. The importance of reside:'l~-:: , 
t :I.me is shoi·m by comparing the efficiencie$ of the Ag+ exchanged oecl I 
at various residence ti6es. The efficiency of >99-9% at 0.04 seconCs\~ 
aooarent residence tine decreased to 80% at 0.0006 sec. In these e~-. 
perim-::nt s, the ·loHer detection limit for mercury was 0.1%, so tr-:2.t~ ... ?.:1 1

\ 

efficiency of at least 99.9% may be assigned for the cases wher~ n~ • 
mercury was detected in the vapor.. This assumption gives a lo~2~ \ 
limit of ~10 3 for the mercury decontamination factor for cases i~ 
which no detectable r:1ercury vapor was found exiting the adsorp·c::_o:~ ted. 

Effect of Temperature on Effjciency 

The effect of hed temperature on adsorption efficiency for ~g+, 
·Age-, and CuS e::x:cl1angf.:d .zeolite beds \,ras measured over a temp8rC!.'.::::-,-:-,~· 
range of 2 0 to 500 o C ('.Cable X) . Beds Here first he a ted to th,:~ cL-·­
sired temperature, and then the mercury vapor v;as passed thro~1~(-: :::.::':= 
ad.sorb:.;nt;. Of' thr.:: thr:.=-·c bedi3, the Ag+ form 1.vas least affected ;_;:.: 
temporaturc, showing an adsorption efficiency of >99-9% up to t~~~:. 
'l'l·:e ~'>f!/' bed had >99. 9% efficiency up to 200°C, while the CuS b·.:< :.<:~ 
this level o.f e.ffice'inc:y only up to 50°C. These results are cc;:-t­
s:Lstent \·Jith \·:orl-:: reported by Barrer and Hhiteman, ( 16

) who fou !::: ·_-::·::=.':: 
s·:wpti.on of mercury or.to metal-exchanged zeolites was inverseJ_J ;::·_:­
por~ional to te~9erature. 

* .t.;:.p2rent resid8nce time is defined as the bed· volume divided by 
t!1e volume floi·J rate of the vapor stream. 
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TAf.~.=. I"X. E;''fici?.ncy of mercury adsorption b~ds. 

Sf: ;··edded Rubb .... r 

rl<!- x 
Pb-X 
C•.1-X 

CuS-X 

Ag 0 -X 
Ag+-x 

A~; :-_x 
A~t-x 

App.:!r2nt R.:sidence 
Ti r:;e, se:c _____ ::....;:..:c__..._ 

0.04 

0.04 
. 0.04 

o.o:.:. 
0.04 

0.04 

0.04 

0.04 

0.0002 

O.UOl 

0.0006 

a. X = A near-faujasite type of zeolite. 

0 

0 

0 

15 

0 

>99.9b 

>99.9b 

98 

95 

80 

b. No mercury 1~as <.!~~tee ted in the gas exiting the 
b::d; percent ~dsorption taken by u~ing minimum 
dctectio~ level of 0.1%. 

Table X. Eff~~t of temperature on efficiency of mercury 
adsorption beds. 

i 

B2d Temp:>.rature, 
oc Adsciq~t ion Efficienc,)(, % Hg Adsorbed· : · 

20 to 25 

50 

100 

200 

300 

4CO 

500 

Adsorption Capacity 

CuS-X 

>99.9 

>99.9 

97 

79 

59 

39 

· Ag+ -X Agu-x 

>99.9 >99.9 

>99.9 >99.9 

>99.9 :>99.9 

>99.9 >99.9 

>99.9 92 

>99.9 88 
. 92 

The capacity of a zeolite adsorption bed depends on the bel 
dE:.~·-'::·1, the face v2locl.t~· of t!1e gas stream entering the bed, a.ncl. ·t;1te 
na·:·_;_'.C'::: of the sorbe:nt. The c2.pacities of 1\g+, Ag 0 and CuS bed;~ , .. -~·Te 
mc:~::;;;;.r·:~:c~ for a, beet ct'2pt.h of 1. 5 em and a superf:Lcial face ve·.:.oc:L '. y 
o:;.~ "'3;::/min. 

The only b~od 1·1ith an appreciable adsorpt:ton capacity 11i3.~ t:·:,~ 

i-.?;+ ezchang!::d ::::eoli te vihich chernisorbed 0.190 g; of Hg/g of bed C.:;:J 
pr~ysisCJrbed another 0. 0264 g Hg/g of bed before a constant \·Ieif.i'!t ~-.-as 

... 
·~-

'· 
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a~~~ev2j. ~he irreversible chemisor~ticn of mercury is attributed to! 
t [·;::: reac ::: .i.o:·!, 

3arrer a~d Whiteman(l&) studied aGsorption of mercury onto several 
z-eolites. At loi-i r:H::rc: u.ry con.centrat ior.s, the exchange between s ll ~.t--:?r: 
an--~ mercu.ry reachc::~d 6::;;.~ of tl:ie value calculated for complete ez-
ch~~ge. At mercury cc~c~ntrations higber than those expected tc b~ 
en~ountered in the calciner/melter off-gas system adsorption beds~ 
t h8 reac ~ion::., 

+ Hg -- ? ..... ->- tig 2 - . 

+ Hg ->- Ag(Hg) amalgam 

and 

can also occur.· 

Th~ ~dsorption capacitie~ of Ag 0 and CuS exchanged zeoJ.~te beds 
are quit:(: }oe;~-; und,;r the cond.'.-~:.ions of these experiments (TabJ.::: ;:CI). 
i'S<) dot·c.cf-a'olc •.. ;o·l' ;rh+- gp·i n ·~-·~·': r··'-"'c;O. rdod .L.t:"Or ei+ 11er b"'d Th<">r2~'r··,~ro . _..... -..... v- ._, .._. •• .._. CJ. \.1 .:),_._ __ .1 • ..,__._ -- '-"' v.l - • . - - 1....1 _ _.. :t 

Lf.,·, s,..,~~ ~ oc:;.._: M""':l~·lr::>'oi :::-. \/"'; r--:~'- CJ''"l•n' (0 1 ffiCT) Trac:o used +-o cal ('"J·-'--, L .. · .. ::. .:..~c:....:.....i.-....o....;~ ::-cuVi...... ~ ..:....::::.. •c...:...o~·t..' 0 c1. • ~a ./"J v v -.-·· .. : __ -.. :.!.L·~· 

ti'1~ upper lini ts on capac-ities shm·m in. Table XI. Even thouf): ths 
capacities are very low, Ag 0 and CuS exchanged zeolite· beds· 
efficiently removed mercury vapor at low concentrations. How2ver~ 
/l.f:;+ zeolite ·bed~ are reco:n.!:Iended for plant processing because less 
frequent replacement is required. 

..,._ 
Tab'ie XI. Capacities of me·rcury adsor.bent beds.· 

'"!""-__ .. 

Bed Length, Bed Height, t-lercur_y_ Adsorbed, a Ho/g Bed 
" S!Jrb-~nt. em ( Total Chemiso:---bed ----

Ag7 ~x 1.5 0.1525 0.2164 0.190 

CuS-X 1.5 0.14% <I X -,u-~r 

Ag 0 -X l.!J O.l!JO::i ...:.7 X 10-<t 
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B~sed on previous studies at SRL, all of the mercury in SR? I 
waste is expected to volatilize durinv vitr~fication. A proces3 ~Qs: 
developed to remove trace qua~tities of merGury fro~ gaseou~ str·~~~: 
by adsorption onto a Led of silver-exchanged zeolite. This pro~ess 
is discussed in the second part of this paper. 

II. Experimental Procedure 

Sodium, Lithium, Boron, and. __ Cesium Compounds 

The apparatus used to measu~e the volatility of Na~ Li, B, and 
Cs is sho~n schematically in Figure 1. The crucible~ collection 
tube, lid assembly, and hypoder~ic tubing were all fabricat~d fro~ 
platinuln. The transfer~line from the collection tube to the scrubber 
~as made of stainless steel, and the scrubber was made of glass. , 
'·'o].'":•r:-il..L·-tv '"'a~· o'-=,"-nr..,m·in-"u·1 ~.\, 10-:)'l-ng the. -reo···i-->ed· DI~ooo-rtl"On"' cr~ cr'"'''"':;:·:: v -- ..... --. J •• ~U c::v,~ l.- .... -..... l....iv •• L.L1. _c: ..~.L .. ...~....L • .~... L _ v _ o--:--.._ .. ._. 

frit/simulated sludge in the platinum crucible, which was then pla8~d 
in the furnace. Nornral melting conditions cons is ted of holding a. 2 --;::­
sample at ll50°C for three hours. Nitrogen gas (750 mL/min) was 
introduced through the hypodermic tubing and across the melt. A 
vacuum was applied to the icrubber t6 insure that all volatilized 
species were removed from ~he crucible. 

N2 , Air or Argon 

+ 

Hypodermic Tubing 

Collection 
Tube ---

lJJ Crucible 
~ 

~ 

Filter 

FIGURE 1 
VOLATILITY APPARATUS 

i 

\ 
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-Com~ounds of Li, B, Na, and Cs condensed at the top of the 
r>r·lle·-.:- 'o·l .L•:b"> r)n -!-'.-,,::. hlrnor<.-..' l"n tubl"n. l"n .Lt'"' transfer 1-;,·1::-.<-: a-rr' ..., -' \,., · .. .;._ ~ V ,_._ c_ , .._ !. • ... .1 L _. • J :-' .._., ... 1:. !:1 ...... 1 g, ~ t., "'c ~l..L .... ·~ :J • l-:.1 

on the surface of th~ filter. Less thah 1% of the semivolatiles pen­
e~rated through tj~ fi~ter; these ver2 collected in the scrubber. 
'I'r:':: con.:'i!::n~:;'f::J ga~;':::3 \~·ere i·msJ:-:ed from ti1e various parts of the 
ap:Jaratus and analyzed for Li, B, La, and Cs by atomic absorptio~: 
spectrophotometry (AA). A solution of O.lM HN0 3 was used both for 
w2shing out the apparatus and as a scrubber solution. 

RL~theniura Compound::; 

Th2 acparatus and procedure .described above were used to m~as~ 
U -~"" r~-~:;."":"'.~-,-:;:,.·r. "':Tr'\l-:1+-~:·:~-;=· :::-.-, .. ,"'l';::'\:-"".7- ..{...11~4- ~ r:.-c- ,...,...~"0""\:e C:'.;r?'e T,\-r ..... s !!~P.r! ,..._"?_~_._ ....... ~ 

..L(..... Ul.·.!-'_..!. •• L. ...... ~:L v'-"...&...L.:..v~...L_,_v..;-> ............... -;.-· .... · u ........... v ........ 0 uc .. ~~.!.J- ...... ....~-LJ \;,c..~. -o..J--- ... - t 

the in-line filter was removed. To minimize plating-out of rut~enium[ 
o·:: the i::c.lls of the plat in~:,_ collection tub:=~ the inside of tb;o- .;- .. !--.'"--. 

1 w~s polished just prior to running each sample. This procedu;; ;;;: . 
vented builduo of rutheniun in the transfer line. The collectic~ I 
tu~e was washed out after each sample was run, and residual ruthe~ium 
was removed from the walls. The wa~hings containing the residu~l · 
rutheDium vr.:-~:c2 combined '1,-Iith the scrubber solut:lon prior to a.n.s."L~·;:,:: .. ::; .. 
This technique did not distinguish between particulate and volatile 
ruthenium, nor did it measure the extent to 1.1hich ruthenium plc:_7~ss 
out. 

·T~e ruthenium was analyzed by a modif~cation of the spectrcpho­
t6~etric technique developed by Woodhead.(IJ This technique ~~~?~res 

· th2 absorba::c<.: at the isosbestic point ( 415 nm) of a RuO<t 2 -/RuCt.­
mixture. Puthenium was-converted to the mixture by the action of' 
k2 S 2 0 8 in the presence of boiling KOH. The method detected. 
ruthenium concentrations·as low as 0.3 ppm in 100 mL of solution, 
wh~ch covered the r~nge of ruthenium concentrations in the scrubber 
solutions. 

Table I lists 
these stu.clies. The 

I.II. Glass Compositions 

the two borosilicate glass-forming frits used in 
hi_g::-1 Fe:~ high Al, and average simulated calcin.ecl 

Table I. Frit compositions. 

Concentration, wt% 
Component Frit 21 Frit 13 

Si02 52.5 52.5 

Na20 18.5 22.2 

[h03 10.0 10.0 

Ti02 10.0 10.0 

CaO 5.0 5.0 

Li20 4.0 

·~· 



1 ~th DOE NUCLEAR AIR CLEANING CONFERENCE . 

slud~es were prepared by mixirtg quantities of the dried metal ozije~ 
i~ ti:2 proportions recuired to gi~c the compo~itions shown in 
'1.:~;-,"1- ··y 'T''ne CO~""D'"''-'i ""l'on<· a....,"' 'r·-,~-··'l on ac"-ual analy"'es of· sv::o .. ~ --- · 
s :tC.d~e t~ >) -~nd r~-~:~~;~~t. ~lud~e~'"'~~~m \·rast~ tanks v1i ~h typic~lJ.;/~---::: 
high Fe concentrations, Al conc~ntrations, and an overall averag2 ~ar 
all tanks sampled. 

TJble II. Composition of simulated calcined sludges.: 

t·leta 1 Oxide in Sl udqe, \'It % 
rt::tal Oxide Hi (!fl Fe Hic;h Al Average 

.... _ r. 61 ~ L'; r " 43.5 re2U3 u.v 

I\ l 2 0 3 5.6 86.3 25.8 

f~nn2 4.1 4.9 11.7 

U30o 14.2 1.5 11.0 

CaO 4.2 0.4 3.0 

NiO 10.5 0.9 5.0 

The cesium content of SRP waste glass was calculated to b~ J.:5 
T.-Tt .% C1s Cs20). Because this small amount of material could :'··~':: "-:-2 
added in solid form to the 2-g samples, cesium was added by eithar 

1 

. ad~orption of the cesium onto zeolite or by adding aliq~ots o~ a · 
ce.shun c:.-rc·bona.te solut:Lon to the glass-forming mixture. In c=:.0es 
wh~re cesium was added from solution, the sample was dried to res~~~·! 
excess water before placing the loaded crucible into the furnace. I 
Pre-d0ying prevented entrainment of particulates in the steam th~~ 
•dould result from placing the >,•Jet mix'cure in the furnace heated t:; · -~ 

ll50°C. 
··~ 

Ruthenium was. incorporated into the glas~-forming mixture b!~ 
adding the volume of a 3 g/L solution of Ru(NO)(N0 3 ) 3 required to 
give 0.05 or 0.15 wt %Ruin the final glass. The Ru(NO)(N03); s0:~­
tion was prepared by dissolving Ru(NO)(OH)~ in 4M HN0 3 • After a~i~­
t:Lr:~ of the Ru (NO) (:'-TO 3 ) 3 sclu t ion~ the gla.s s-forming mixture i:fE!.S 

d:c :! ·:;d at. 115 o C to drive off excess \•Tater to prevent entrainment o: 
rut :-:.enium. 

IV. _Specific Element Volatility 

Sodium, Boron, and Lithium Volatilitie~ 

Volatilities of Na, Li, and B are discussed together becaus~ 
U!·::::-;::; · soecies vaoorL::ed from the melt as alkal:L berates. The 
tL ·~'r::;;_liy stable- compo;,.tnd sodium metaborate Oia 2 0·B20 3 ) accot!nt:~~-:: :>-;::-­
'V/':3 of the sc:mivolatiles that vaporized. 'rrace quantities of r.~.:: :~, 
L:~:::.:1r~Oz, l'JazB02, and B20 3 were also detected in the vapor abot.'':: :::-·.:, 
m0~t by Knud~en cell -mass spectrometer measurements. In the co~­
d0nsed ph~se, the species that volatilized were determined fro~ t~~­
I~olar ratios of Na/B and (Li + Na)/B in the condensate. A ratto 2~ 
·c.~·~:.:~ •.-,=ould incHcate the metaborate, a ratio of two ,_.,JOuld indica~:~: ':>:: 

... 
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a ,.,.,.; .,_.i.,l....,"' o.C' '"'''"" t···ro co·- ....... o,~-1~ ··o·t.,'"' b"" ; '1r1 ; c·~'-:.-.. ·~ b" ::1 1 l:~_~.,,r_l,._#_J. C. 1 V ... # .. # J'o·, :.:~::)· U.lt~ •.) "o•l \... .:...~ ·- --J. \...l.~- ,\..-•...--· .. ~ .._/ U : 

one ancl t;,w. The re.tio of i"ia/8 should be les~ tl1;::.:1 or:;:~~-
1,-;~ .. :_-:;::-_~l tr.-: ;~:sJ.t: (~Q;lt:atn~' lithiu.ill, bec8.ust:-: o!!l\' cai.,t of the' bol'"'l:;~·! i~) 

~:,:.~:: :)c i~: >=0. ~~i ~:;-,.sodium; . the ~"'~'mD.in. i0··--:: boron~ f~r:rrs a. ~i t~:iuc-:1 ~ c:r-c..": e :. 
'1·:1_e rc: . ..:.:o..o OI (L:L + i-I:::.)/B ':IOU.Lcl eq:...<..J..!. On!.::, h0':!2V8:::', li Llz0•t:-zU3 anr::::. 
!•!a20·B203 a:ce the co:;'f10unds· that vvlatilize. A melt that cor.ta::..ns 

Svdiu~ (but no lithium) should give a ~a/B ratio of 1 if. Na20·B203 
i~ the v2parizing species. When Frit 21, which cvntained both 
su·Ji:un and lithium, 1·:as u::;ed to pr8p2.re gJ.asses (Table III), the 

·mclar ::,~.:-1.t:.1o o.f N<:t./B 1·ras O.S9, and thC"·J.t of' (r-Ia + Li)/3 .,._,.a::; 1.02. or·f­
ga::jses from gl...asse::.i preps.r·:=d ·from Fri t 18, a fri t that contains no 
lithium, gave a Na/B ra_~_~() ..... ?.L .. l .. 05 ( '1'~91~_1\C) __ ~. _ .. _T~-~~e t.~~-~~ ___ rat io~. -~·Te~----· 

Table III. Vol~tility of Na, .Li and B from Frit 21 glass ~alts. 

l:n20 ir. Glass, V?l"tility, mo/cm~- t·:o l ar R.:: ti os 
·Code -~~le ~ __ . ~ia~Q. h~..& Bz03 Na20/BzOl (Nil~O+ L i20)/B-;-cf;----·---

21-.Asg-25 0.4 0.04 0.4 1 1.0 

-35 0.4 0.05 0.5 l 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 1.1 

-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-A1-25 16.1 1.3 0.16 2.0 0.74 0.84 

-35 14.5 0,7 0.13 1.0 0.84 1,0 

-45 12.6 0.5 0.08 0.5 1 1.2 -- -
Avg 0.89 1.02 

ta-ble I'i. Vo1atil ity of Na and B from Fr.it 18 glass melts. 

Cod;;: ----
l8-Jl.vg~25 

-3:i 

-45 

18-Fc-25 

-3S 
-1'1"~~ 

18-A1-25 

-35 

-45 

Frit Hl 

Frit 21 

Na20 in g·1:J.ss, 
r::o 1~: t 

21. 2. 

19 . .!', 

17.1 

21.6 

19.9 

17.7 

20.4 

18.2 

i 5.8 

22.7 

17.8 

. Vo 1 at i 1 i t.L....E:.gLcm2 
tla20 

2.6 

1.9 

l.!i 

1.8 

2.2 

1.0 

0.7 
rr: .:.J 

1.2 

4.0 

1.7 

820! 

3.0 

1.9 

1.6 

1.9 

2.3 

1.4 

0.7 

1.9 

1.2 

4.!i 

t·!olar Ratio • 
Na 2 0/i3z03 

0.97 

1.1 

1.1 

1.1 
1.1 

0.86 

1.1 

0.93 

1.2 --
Avg 1.05 

... 
-~· 

.,"';..,. 
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cor~sist:::l•t,_r,.;j_t:~~~-=·-_ ::·.-:~ch~n:L~~:-. o£ alk:ali and _bQ::'Qn vol~tilizatio~\;:_L': the 
C ~---.~···---··-- ··.·~ r .•• ,. ,_ ,,_,,, T-, ....... ("'\ Solo~··Ln(lt) ~"'d T-.~lmt rlev ( I,-.~ 1.) •. ~~_,t.J;,.~_I..~~ .. .": . ..;.·.;;:i.~;,.' : .... _:: ••. Ci. ..... •. -J-'-2'.._, !..•2-'3• !Ll. ,_.....L:. ~.a :.~--J) -~-~: 

t!-,'.:_:_:·· ·,,.;~.:-·>: o~!. b~j~'osil:ic:9.t~ :L.:;_~~s volatility, also cor.cluc1ec1 th<:::.t 
aL:::tlis vol.:.tJ.1ize fro;-:1 bo::.:.silicate !Tlelts as thermall;)' s~_=:.ble ~u:-:;;,.l.i 

The quantity of Na 2 0·B 2 0 3 evolved increased exponentially whert 
t.h-:=! mole % of sodium in the glass melt was increased (Figure 2). 
Measurements were Qade over a range of 12 to 23 mole % Na 2 0 in the 
g'l.·:t::;.:.;. V(llatility varie._t from 1.5 mg/cm 2 (at 12 mole% Ea20) tu 
8 ,-. ·n-- '~<-- 2 (...,..__ 2'.) I"Ole r. ..,.~ n'; T11e l"'"'~ar· -r""la .... ·ionc-'-·ip hetr··-~:::.-·..., -!--~-.,. 

• ) t.;.~·~ ~-:t ~ '- .. u .. .J :.. r: La.~v.,._. ..1. ~ J..Ll;=..- _"""' t.,_. V!.L:- u.. ~.;..:::-..~.L .. i.).:...tt.. 

logar1cnm or welzht loss ana Na 2 0 conten~ of the melt lS s1m1lar to 
th.:::~ o~·tc.ined by Ko:Lyl-:0'!( G) 1dh:2n he st]..tdied the S2fstem r--ra20-B2:0;;;-SiG2. 
Barlo'.'r'- 7

) also corte lude6 th2. t sodium volutiliz·e s from a borosil.1.c.,:, ~ i:i­
glass melt as either sodium metaborate or sodium diborate, and that 
volatility increases as the logarithm of sodiu~ cbncentration. 

10 
g· 

I 
"" 8 ~-
E L 
'-' 7t ....... 
c;o_ 

E :L :;:. 

+ 

.... 4 0 

c 
> 

,..,. 3 .. 

0 
t:·i 

a:: 
0 2 "' 0 
z 
0\ 
0 

12 14 

l'!o20 Concentration, mole % 

FIGURE 2 
EFFECT OF Na20 CONCENTRATION ON Na20 ·B203 VOLATILITY 

Lithium rnetaborate volatility was about 1/10 that of sodlum 
bo-c-ate.. cr·1angr~s tn r:1el t ~o;nposi tion or in melting condi tior1s h~l..:t 110 

appreciable effect on lithium volatility. 

The type sludge, the type frit, and the concentration o~ oth~r 
glass componento affected volatility only to the extent that changes 
in. th~~se var:Lables affected changes in the mole % of NazO in the 
g1 n_ss melt. 

C·2:::..l.um, \·:hich volatilized from the melt as either eler.;·:.,.-,r:a1 
C')s·J.:.:::·: o::.·· as sol7le oxJdc of cesium, is the most volatile o.f t::~:: ·tLr·:.~e 

elk2li mecal3 studied. An average of 0.11 mg/cm 2 of cesium (~~ C~20) 
volatilized from samples that contained a range ·of 0.01 to 0.09 wt ~ 

... 
-~. 

' 
r 
r 
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cesium. Bc~ause previous workersC 8 ) have reported th~t addition or 
TiJ 7 , B203, or Mo03 to glass melts reducss cesium volatility, o~c 
p·.:.~: · of t:-i.:.c current 1/!Grk CO!:l~)ilr'c:d cesiw;~ vo1atilizat;ic.2·l fro·m gl<ls::;. 

~~-· .... - ,.., .... ~-~~·('·"'' 'f'Y'"··n r"-y··i·t" t·h·~+· cr-;·1r·.1·r·""''l 0 5 a1,d "':'L'"' ;., ..... "'o-r :o:-:n.~ r.t .... _.. _, ... • ~-- . ·-· t .... . - U - - U.: - - o..J .L ~ (. •• v J . v G..- • :. c; - :1 :1 ... ..•;. ~- • • '.,., lJ l. .L ••. -..' .:. .. 

p,-:__-._;·:.:, a '..:ompa.risor1 bet'.•;een cesium ·.Jolatility from m~lts v-rhicl1 eo:1-
tal.!:,~d cesium as a cesium~ loaded zeolite and as a cesium carbonate 
solution was made. i 

I 
I 

Tables IV throlu:::h VII summarize the effect on cesium vole..7,Ii i.t'r! 
of the wt% Ti02 adde~, t~e form of cesium addition, and the ca~~~n~w: 
tration of cesium in the melt. The high volatilities ~n these tests 
reflect the high surface-area-to-weight ratios for the small sac9le~ 
used and should not be inter)reted as a direct measure of the a~o~~~ 
of cesiv.m expected to vo.J.atilize fr0m a full-scale melter. rr L1E:::,;-s­
levelG of volatility are sc2led up to a 2.2 ton/day melter; they 

Table V. Effect of addition of Ti0 2 on cesium volatility. 

Cesium CszO in Glass, TiOz i'n Frit, Vo 1 at il i ty, 
Acki:=d as \•/t 

Cl \·It C! mc/cr'12 ,, ,, 
--·-·-.- --·-

__,. ____ 
Zeolite 0.03 0 0..03 

Zeolite 0.03 10 0.06' 

Carbonate 0.03 0 0.08 

Car~onate 0.03 10 0.06 

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

Cesium 
Added as 

Z<~O 1 i te 

Carbo;.a te 

Zt::o 1 it<= 

Carbon:1te 

CszO in Glass, TiOz 
\·rt ;~ 

0.03 

0 . .03 

0.03 

0.03 

0.09 

0.03 

in Fri t, Vo 1 at i l ity, 
\'It % mg/cm2 

0 0.08 

0 0.08 

10 0.06 

10 0.06 

io 0.. 10 

10 0.15 

Table VII. Effect of Cs 2 0 concentration on cesium volatility. 

CszO in Gl2ss, \'it ~; Ti0 2 in Frit, \·It 0/ Volatilit,r, mg/cm 2 
/c 

0.03 0 0.08 

0.03 10 o·.oo 
0.06 5 . 0.11 

0.06 ~ 0.13 

0.09 0 0.21 

0.09 10 0.15 

·~· 
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repres~;1t V8latilization of 0.05% of the cesium in the mclter 
~·~~~.~>~n·.-:> qp·'."-nll'" \:o~!-ho:~·'='Sr L:C>'QOY'"'~-ov·.;C\s· (B~JPT) by comD. c:.~rl· c.:nn \,.. -.!.. :.:. .. ,...... ! ................ 0# ••• 1. v .... ......... ~ - "-· '.•.1..1 .!.. ...:............ .:. ·~~ ' • .. - """' ...... , 

me~sur0d ~0.3% volatility wh2~ they vitrified simulated light-~ater-
.. •) ... t " ( ,. ;.: :-:• \ ·'a .... +- ., .<.. l ::I ,_ .,, .. .• . ' ::.. .-:, 0 2 . ,.~-. ,,. ·f c-. ,..., ( 9 ) [, m -:.. l .0. .;. ''1 ,_ r~· ... c·~ 0.!. ,,_: .. ") \; _.,._.t:.: t..I1c..i.J ·CO,.v.?-lL•::.'-, • ;•,i.J. ,"; Q_ ::>2\J. •• t.o.c~.c...:..'-c· 

tc;<J_;>eru.t:ure of 1050"C for 6 hours was used in the Bl'·T\·JL study. 

~h~ slight suppression of cesium volatility by titanium dioxide 
c~n be ~een by comparing samples in Table V. The volatility is 
d·~creascd so sligh~ly that it would not significantly reduce prohle2s 
o:· cesium vaporization during glass melting. The failure of titaniu~ 
dloxide to significantly 1·educe cesium volatilization can be ex­
pJ.9.ined by the l·.;orl~ of Rastogi·' et al., ( 1 0 ' 

1 1
) v1ho found that re-. 

dt:.c:tions in cesium volat:Llitv \'Jere obtained only at tem.perat·xr·-:;s 
below 1000°C and f6r vi~rifi~ation times Sl hou~. They foun~, for· 
e.i:T::ple ~ that t.he compound Cs 2 0 • llTi0 2 does not volatilize at 4 00 °C, 
b1·.l- th::•r 3·1 '6 of t'trL"" cOFl:)Oll'"'d ,;ol::JtiliZ"'"' "'t: 1·)oooc; Ott..,er ·.-·o-,> t•"' 

. ---,~~ -~~v ::' rs ,) . ...,_~"' ~-~- ;·;:: ~· . a. - . -u ~{12) . ~.t :.!:..~-"".;' .. :, ~ 
Ru· ...... Olp:., e'> al. \ al:G uJ l"·.c.,p:r.er and Schulz, report tnat I..,..!..L,c;~:L:.!_ •. ::, 

dloxide effectively suppresses cesium volatilization, but in th~ 
1000 to 1050°C temperature range. Another probable cause of the 
failure of titaniu~ dioxide suppress cesium volatility significantly 
is tho large amounts of bOric.· oxide ~res~nt in the melt compasi~ian3 
U c•<:~r't !:'or· s:::>u 0'-L~~·<·c..s R··ld.) 1 ~h e+- al (SJ found that 'oorl"c QY.:·-1··· . u :::.:. ,_ J. ..:. \ J.. t:..i- .::..: . . j ..... ::::... • \.- - . ..!.. }-)! .l. ·' \..I • • - ... _.:_ ._ .. :::.. ) 

t.1
·: :~·.tgh not as effective as titanium dioxide~ does reduce the 

vc.-~tility of cesium. The effect of titanium dioxide, then, is 
p:··,;;:)ably reduced vrhen the r.1elt contains boric oxide as a constj_t;u.ent. 

Incorporation of cesium into the glass as cesium-loaded ~0slj_te 
(0.02 g Cs/g zeolite), rather than as a cesium carbonate· sol~tio~, 
did not increas2 6esium volatility from the glass melt. The inse:1si­
ti;_;ity of ce:::;ium 'iolatility to the form of cesium addition is sho~·m in 
·Ta~le VI. Kelley~ in his work on radionuclide vaporization from SRP. ~· 
ws~~2~( 13 ) also found that vo.latility of cesium was unchanged ~~en . 
c2a~um~loaded zeolite was substituted for direct addition of cesium 
ca:·bonate. 

Total cesium volatility increased when the total amount of ~-
cesium i~ the melt wa3 increased (Table VII). -The increase in ~ 
volatility was proportional to the increased cesium concentration~ 
su·::l·CTe ~-+- ·i ·~...,. t-h"" "- ces; •1m ,,·;:;D·ori -ze s by difr"'usion fro.m the melt sut~. face. bo .. ~v·-·•,0 vt..:.C..V ._. --~-.t.... -.~.,- ~ 

The Knudsen cell studies conducted as a part of the experiments! 
in this report did detect elemental cesium above the melt at a ~ 
temperature of 1200°C. No cesium berates were detected. 

Ru t.heniu::: 

The high alumina~ high iron~ and composite sludges (Table II) 
al ~;ng •,-::i.th Fri t ?.J ~·.r~;re Uf>P.ci to study ruthenium volatility. '.£':·,:.: t:' .. ,.J 
g<:~.:::c.s used to blanket the melt,. air and argon, sho1:!ec1 the effc.~:!.: cf 
tl .. , .. ,.....,.,,c···-,Y) O"' rut·rt,...,..,l· UI" ~···l'L"t-i l·i 7L·1t'Lon '~-'a· ch slud,rP-atmoso1-:"~~., c-·.·,--~~ 11 . -· ........ ~ c,) u ·- .1. - J. 1 ._.. I. .: ; J. • .. .... - CJ. ;J -'- -- _, - • • J....J ( .) .. -' .1.. ....... - • , • • -

b:!.-:~~!.-::ion \·.J::t..s run in duplicate~ and the result uas interpret•:.-d i.·J t ~·:c \ 
a:-~~.~."/.SL~ o.f.' variance method. For these experiments~ nitrate-f2.··.::<? 
si;--.u.lat·:~:.!. ~;ludge \·ras used. Neither the composition of the sltt'-i~;(: ::or 
t:1·.: atr:,o.;oh9r-e ove.r the melt affected the volatilization of rut.~1~~2 .. z:'.u.r.l­
Table v:~r:i shm·;s the per cent of ruthenium volatilized for th::: \"~l~':L:y~s I 
co~bin~tions of sludges and atmospheres above the melt. The fa~lLtPe 
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Table VIII. Effect of sludge type end atmosphere 
over melt on ruthenium vo)atility. 

$1!_::~-:',~ -T~ Cover Gas Ru Volatilized, 
-~-··~··- ---

lligh 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 ~uthe~ium volatility, indicates that volatil­
izati:::E'": of ruth:::~1ium depends oe1 the bull{ rather than surf'2.cE: co:~.­
ditio~s of the melt. This result also indicates that atmosplleric 
oxygen is not the vnly oxidant for ru-thenium. This is consi~>t:::n_;::: · 
with prevlous work< 13 J that identified manganese dioxide as one · 
ccj~r:ponent of SR? sludges that oxidizes rL!.thenium. All three· sL.:·:'i:;_::;e:: 
co;1te.in:::J an excess of' manga?J.ese dioxide relative to the ruth~;;i·_;_:-:-: 
content. 

The effect of nitrate concentration on ruthenium volatili~y 
d(-~pe:'.ded on the-level of ruthenium in the melt. Figure 3 sur•~:-:--:-~--::ze"' 

. I 

20 

i 
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FIGURE 3 
EFFE.CT OF SODIU1•1 NITRATE COI-:CENTRATION m) RUTHENIUi'1 
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the volatility dep0ndcnce on the l~vel of ruthenium and the conc2n­
tr--::tr~_Lo:-: of nit.rat>::. in t1-:·~ ~·.'3.:~te. Neither ir;creasing the nit:r·atc: :::,:..:;·:­
c·:_:--:.~.:r·~t:Lc:! at a lc~·.-i rLt~:-~f~n.iu.:!1 cc)~centratio:r~ nor increa.si.r1g tL·2e ru.-
t i·:·:::·: :Lu.~:-t c<::>nc en tr~< :Lon :i.:1 nitrate- free ,ne l t s caused in<:.!reased ru.­
tl~~~iu~ volatiliz~tio~. However, ~ sharp increase in volatility ~2$ 
ob~~ined when both the nit~ate and ruthenium contents. were increa5~~­
The nature of the nitrate/ruthenium concentration interaction has ~~ot 
been defined. These results do show, however, that acceptable 
nitrate levels for SRP w~ste sludges may depend on the amount of rtl­

the:"litt.rn present in coG.po .. :;i te (blended) SRP sludge. 

' V. Solid Sorbents for f·1ercury Vapor 

It is estimated that 2.3 lbs/tr of mercury will be vaporized 
fram the calclner/~elter during vitrification of SRP waste. The 
ce:: lcin-~:c/mel t er off-gas ·syst er~. i·Jill inc luc1e a quench column ar1d 2. 
co~denser that is ~cioled to 5cC to reduce the mercury vapor ccn~e~­
tration to ~3 x 10- 9 g/cm 3

• Laboratory data show that the,finel 
tra~es or i~ercury can be removed by adsorption onto silver-exchanged 
zeoJ.l.te. !~ bed of Ar:~+ exchanged zeolite irrevers:Lbly chemisorb~cl 
0.190 g Hs/g of bed at an adaorption efficiency of >99-9%.* Ovsr t~:c 
temperat4r2 range of 20 to 4oooc> the efficiency of the silver zeolite 
bed remained >9g.9%; at 500°C, efficiency dropped to 92%. 

Preparation_of Zeolite and Analytical Method 

The Na> Ag+, Ag 0
, Ph 2 + and the CuS forms of zeolite were avail­

able. from previous studies. (l t; ) The Cu 2 + zeolite "'i·Ias prepared by ex­
c~anging Cu 2 + from a saturated cupric acetate solution 'with Linde 
Type 1~X0 molec~lar sie~e for 10 days at 80°C. After exchange, the 
Cu 2 + zeolite was thoroughly washed to remove any residual cupric 
acetate solution and then dried. 

-"k •. -Mercury "' . .rapo::' concer-:tra t ions were measur~d \•Ti th a mercury 
analyzer oreviou.sly used. in a study of the dispersion o:t buried 
elemerital-rnercury.( 15

) The analvz~r is shown schematically in ·Ff~. 4 
and is so·c:; fully desc::cibed. in R~ference 15. .In these experi:::·•,---~nt3', 
the accessory merc~ry vapor source is replaced by the adsorptihn bed 
being teated, A septum, through which knovm amounts of air saturat~d 
with mercury vapor dan be injected, is pliced just upstream f~oQ the 
bec1. 

Capacities of adsorption beds were mea~ured by passing n~rcu~y 
vapo::.~ through the bed at ·a face velocity of "-'3 m/min and measu.ri.r:~; 
the ~eight of the bed until no further weig~t gain was recordQC. 
J\.f't~r con:-;tc:mt 1.-;eight l•ias attained, argon 1·ias passed throup;lt tit(': b<''·j 

ancl the 1.'1e·i g;ht. los~ recorded. The 1·-reight ·lost to the argon strc-:~~:r:: 
l·ies assumed to be phy::>ically adsorbed mer·cury, "!,·.(nile the ren,ai.:t:i.~'-C 
O::c:igl!t gain by the bed 1·"!as assumed to be che:nisorbed mercury. D:.~..-.:'-"::.g 
desorption of physisorbed mercury> the bed was placed ·in line wit~1 
t~e specific ~tercury analyzer, and the evolution of mercury was 
r:1-::~ t:.. .:-; ~J. !' ed . 

·· Ef.'CicienC.J' :L::.; defined as the % of mercury in the vapor strev.r.1 the: .. ~ 
i~ trapped by t~e adsorbent bed. 

·I· 
-~ I 

I 
I 
I 
! 



15th DOt NUCLEAR AIR CLEANING CONFERENCE 

FIGURE 4 

Seotum 

AGC;!:;sory Hg 
Vapor Source 

. SCHHl!-\TIC DI11.GRP.H OF t·1ERCURY AN.I\L YZER 

Tr:~.:: aei.::·.o:cption efficiency of the beds was first measure:.·::~ 2.t. 

room temperatu~e (~20°C). The result~ in Table IX show that o~1y 
Ag+, Ag 0 , and Cu.S exchanged beds have a high adsorption efficL:~:!-::;~: 
fer merqury. Table IX also ~hows that appar~nt residence times* 1~­
fluence mercury adsorptio~ efficiency. The importance of residenc0 , 
f:Lme is shoim by comparing. the efficiencies of the Ag+ exchanged. bee! '\ 
at various residence times. The efficiency of >99-9% at 0.04 seconds,~ 
aooarent r~sidence time decreased to 80% at 0.0006 sec. In these ex-~ 
perim-::hts, the lol,·Jer detection limit for mercury v.ras 0.1% .~ so tY:2.t'..,.,_f-.~ 1

\ · 

e..t'l'lci2ncy of at lee.st 99.9% may be assigned. for the cases \'1h·2re r,:::;:: 

m""rc·.J.~·y· '··a~ a,c-..-4-oc'-::-..-l it'! -'-}-,e "apo~ ml}ri~ ass'·lm""+-ion ,.,..ives a lo:-··-·~ \ ....... I .J. ,·; .::> .._v.._ '.,...._\,,). -·'" L.·.~.~ II .1.. 4---U .... L,. 1-'v- o-L . .·.:....... . 

lirr.it of ~10 3 for the m-:::'cury decontamination factor for cases i?-_ 
which no detectable merc<..:ry vapor was found exiting the adsorp·c:~_o:;. b~d r, 

Effect of TempeT'r:t,tu;->2 nn Rffir.iP.ncy 

The effect of bed t~mperature qn adsorption efficiency for ·=~, 
. n 
Ag ~-, and CuS exchanged zeolite beds ~~ias measured over a tempe:::.? .. '.::::·:~·-:.~. 
range of 20 to 500°C (r.rahle X). Beds v:ere first heated to th~:, .cl'>· 
sired temperature, and then the mercury vapor 1.·;as passed throu:~~;-~ ~::'.~ 
adsorc-cnt. Oi' thr:.: thr:.=.'e beds, the Ag+ form was least affected :_.:.· 

. teL~!)C:r.·ature, shov-ring; an adsorption efficiency of >99. 9% up to 1.~.:-,·:~·o ~: .• 
'l'l!e !;g 0 bed had >99.9% efficiency up to 200°C, while the CuS h·.::- ·:·.:·,~-:. 
this level of effice~ncy only up to 50°C. These results are c6~­
s:Lstetlt \·;ith ;·:orlc reported by BatTer and Hhitemat'l, ( 16

) 1.·rho fou.~::: ::::-:::.': 
s·)r~)t:l.on of mercury onto metal-exchanged zeolites VJas inverseJ_:·.· p:'.>­
por~ione.l to te~perature. 

* A~>parent r·es:tdence time is defined as the bed volume divided by 
the volume flOi·i rate of the vapor stream. 
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TAF.~.:=: I'X. E:'fici2ncy of mercury adsorption beds. 

$!": ·:·edded Rubb" r 

r1'J-x 
Pb<< 

C•.1-X 
CuS-X 

Ac/-X 

Ag+-x 

A·~/-X 

Ar./ -X 

App2r2n"t P2sidence 
Tk~, 52C ---- -"-'----

0.04 

0.04 

0.04 

O.O:t 

0.04 

0.04 

0.04 

0.04 

0.0002 

O.UOl 

0.0006 

a. X = A near-fauj_asite type of zeolite. 

Hg Vapor 
Ad~orbed, 7~ 

0 

0 

0 

15 
0 

>99.9b 
>"" ,.b ':J':J.':J 

>99.9b 

98 

95 

80 

b. No mercury was detected in the gas exiting the 
b~d; percent adsorption taken by using minimum 
detectio~ level of 0.1%. 

Table X. Eff':~:t ·of temperature on efficiency of mercury 
adso:--ption beds. 

B~d Temp~rature, 
oc 

20 to 25 

50 

l 00 

200 
3oo· 
400 

5GO 

Adsorption Capacity 

Adsoq~tion 
CuS-X 

>99.9 

>99.9 

97 

79 

59 

39 

Efficienc~, % Hg Adsorbed 
· Ag·r -X Agu-X 

>99.9 >99.9 

>99.9 >99.9 

>9'9.9 >99.9 

>99.9 >99.9 

>99.9 92 

>99.9 88 

92. 

Ti1e C3.pacity of a zeo:L:lte adsorpt:lon bed depends on the -be·:: 
dE::_~'-::·1, the face v2locl.t~· of the gas stream entering the_ bed, a.nd t;};e 
n,::;.·: ·..:.22 of the sor'oent. rrhe . C2.paci ties of f\g+' 1\g 0 and Cu.S bed~-:. ·--~·,::'2 
m:::::·~:s'J.r:~:d for a bed depth of 1.5 em and a superf:lcial face ve!.oc::L~.y 
o;:~ '~.>3~/min. 

The only b~?d •.-;ith an appreciable adsorpt:lon capacity \1i3.~ t:·:;~ 
l·.?~+ e;.:chang~d zeolite itlhich chemisorbed 0.190 g of 1-Ig/g of bf~d a.::J 
pt~ysisCJrbed another 0.0264 g Hg/g of bed before a constant \·Jeip:r~L !::as 

... 
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irreversible chemi3orptj.cn of mercury is attributed t6l 

Barrer and WhitemanC 16
) studied aJsorption of mercury onto several 

zeolites. At low mercury concentratio~s, the exchange between silv~~ 
a~-t<-~ merc;.Jr2-.- reaclv:~d 6::;;.: of tl:!e value calculated for complete ez­
c!~~nge. At mercury ccnc~ntrations higher than those expected tc be 
en~ountered in the calcinPr/me1ter off-gas system adsorption beds, 
th:~ reac~-:ion~~) 

and 

can also occur. 

-- ., .. ~ 
l-lr,-· 
Ho + Hg 

+ Hg + Ag(Hg) amalgam 

Th:~· <:!.d~.>o:t·ption capacn::;J..e:; of Ag 0 and CuS exchanged zeoJ l.t<c: beo.s 
ar-:= quite J..Ol·:· under the con-:L~tior:~ of these experiments (Tab};:; ;:,::[) .· 
.No det ec table i·re:LE~ht gain 1·ra ~,~ recorded for either bed. There~c;l~c" 
.I...Lf·.:;, s,..,:::.llos+- ,...,"""'S"r"''o 1 =- \·r~--ic:-:•t- ga·l·n· (0 1m()") T·'a'"' used +-o calr··l,c-"" .. · ...... ~.1....__ .............. oJ ::_ ....... (..1. t....\, '-'- ...:...,.._. t=-;.,.::~-"..,1 -·. • 0 ~~ v v .... • .. ·._: ... _ ... ....,...._ 

t;~~ upper limits on capijcities ihown in.Table XI. Even though the 
capacities are very low, _Ag 0 .~nd tus exchang~d zeolite beds · 
efficiently removed mercury vapor at low concentrations. However~ 
fl.[::;+ zeolite beds are recornr:,ended for plant processing because les~. 

frequent replacement is required. 

Table XI. Capacities of mercury adsorbent beds. · 

Bed Length, Bed Height, ~lercur_y_ Adsorbed, a Hq/ g Bed 
SrJ ,~bent em ( Total Chemiso~bed -·---

l;g"~-;.; 1 c: .J 0.1525 0.2164 0.190 

CuS-X 1. 5 0.1495 <7 X 10-'' 

Ag 0 -X 1.5 0.1505 <7 X 10-" 
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