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The elution curve approaches & straight line in this semilog plot at
elution volumes greater than 4 column volumes. The slope of this
line, k, is given by Equation (15):

~10g(Cp/Cy)  _ -108(0.0017/0.0056) _ 0.6
np-n] 7-5

The average concentration of cesium left on the bed after 7 column
volumes of eluate are collected is given by Equation (16):

= Ce = O'OOlT - 0.0028 mole CS
g3k  (2.37(0.26) of bed

< H

The initial cesium loading was about 0.07 mole/ 3 thus the cesium left
on the bed after 7 column volumes represents 4 percent of the cesium
loaded.

The column volumes required to lower the cesium content to 1 percent of
that loaded can be estimated by letting Y/v = (0.01)}(0.07) = 0.0007.
From Bquation (16}, C = 2.3k(Y/v) = 0.000419. From Equation (15),

n-n, = % log(C/Cn)

1 1og 0.000419
0.26 0.0017

= 9.3 column volumes,

3.3 Pressure Drop

Pressure-drop data on the flow of fluids through beds of greaular
solids are not readily correlated because of the variety of granular
materisls and of their packing arrangement. For laminar flow of a
single incompressible fluid through a given bed of granular solids, the
pressure drop can be expressed empirically in terms of solution viscosity
and superficial flow rate by the equation

AP < keuv (18)
L
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vhere AP = pressure drop, psi
L = bed depth, ft
p = solution viscosity, centipoise

V = superficial flow rate, gal/min-ft2 (equivelent to the
linear solution velocity calculated as if the column were
empty; the velocity in inches/min times 0.623 or cm/min
times 0.245 equals V in gal/min-t)

1]

Ke
The constant, ; is a function of particle shape, size, and packed
density and can best be determined in a laboratory column using a bed
similar to the one to be used in the production plant. Some representa-
tive values of X, have been determined, as follows:

an empirical constant, consistent units.

TABLE IV-53
EMPIRICAL CONSTANTS FOR DETERMINING PRESSURE DROPS IN
BEDS OF JON EXCHANGE MATERIAL

Ke) 1b-ft-min

Material Mesh Size cp-gal-~in Reference
Dowex 50 20-50 0.10 (6)
Dowex 50 50-100 1.06 (6)
Permutit SK 20-50 0.10 (17)
Linde AW-500 20-50 0.095 (24)
Decalso 20-50 0.09 (5)
Clinoptilolite 20-40 0.11 (4)
Duolite C-3 20-40 0.013 (10)
Duolite C-3 20-60 0.15 (10}

Equation (18) holds only in the laminar flow region {(up to modified
Reynold's numbers of 10). Anticipated B-Plant flow rates fall well
within this range.

3.4 Fluidization

Upflow through the packed bed will tend to fluidize the particles,
Onset of fluidization occurs when the forces tending to raise the par-
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ticles (buoyancy plus frictional drag) are equal to the total weight of
the particles. The pressure drop where this occurs is

4 =03 (g 0) (1 -6 (19)
where p = particle density¥, g/cem3

p = solution density, g/cm3

€ = fraction void volume in the bed

The flowrate at the onset of fluidization can be determined by equating
Equations {18) and (19) to give

V. o= 0.43 (pg -p) (1 - ¢) (20)

Kfp.
where V . = minimum fluidizing velocity, gal/min-fta.

Increasing the flow rate will expand the bed proportionately to the
velocity until the superficial velocity of the fluld exceeds the free-
settling velocity of the solid particles. At this point the particles
in the bed no longer meintain an "interface" with the fluid but will
move in the direction of the fluid.

Terminal settling rates for spherica% B?rticles are presented in
Perry's Chemical Engineers' Handbook 19} ag a function of particle size.
For 50 mesh perticles of demsity 1.25 g/cm> settling in water, the
terminal velocity is 0.03 ft/sec. The corresponding minimum superficial
fluid velocity which would just prevent settling in an infinitely ex-
panded bed would be 13 gal/min-ft2, The settling rate is directly
proportional to the density difference between the particle and fluid,
80 increasing the particle density in the above example to 1.5 would
approximately double the settling rate.

Fluidization with water wes briefly studied in & L-in. diameter Lucite
column using 20 to 50 mesh clinoptilolite h). The bed was 20 percent
expanded at a flow rate of 7 gpm/ftz. The expansion was linear with

flow rates up to 15.5 gpm/fte, where the bed was completely fluidized.

* The weight contributed by the internal liquid must be considered.
The particle densities given in Tables IV-51 and IV-52 were,
regpectively, for dry zeolites and water-sosked resins.
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L. Recovery of Cesium from Stored Supernates

4.1 Introduction

The high cesium selectivity of certain mineral and organic cation
exchangers will be utilized to remove cesium from stored alkaline super-
nates. Currently, two zeclites - Linde AW-400 and AW-500 - are favored
for Purex supernate (PSN) and an organic exchanger - Duolite C-3 - is
favored for treating Redox supernate (RSN)}. Typical flowsh?et for the
two supernatant wastes are shown in Figures IV-T72 and IV-73 2l), The
procegses are similar and involve the following steps:

1. The supernatant soluticn, clarified and diluted as necessary
for solution stability., is passed through the conditioned
ion exchange bed until g pre-determined cesium breakthrough
level is reached.

2. The column is flushed with water or dilute NaCH to remove
supernatant solution. (This step may be essential only for
Redox supernatant to avoid aluminum precipitation on the
succeeding elution step.)

3. Sodium is selectively eluted with 0.2M (NH),COg - O.1M NH)OH.

b, The cesium is eluted at 55 C with b to 84 NH,* with about 75
percent of the NH4+ added as (NH),),C03 and 25 percent added
as NHAOH.

5. The column is reconditioned by flushing excess ammonia ion
from the column with water or, in the use of Redox waste, by
eluting the ammonium ion with 1M NeOH to prevent aluminum
precipitation in the succeeding losding cycle,

6. The cesium product is concentrated, and the distilled ammonium
carbonate eluant is recovered by condensation and absorption
of the distillate. Ammonia and CO, are added as necessary to
maintain the desired eluant concen%ration.

The jon exchange portions of the flowsheels are cerried ocut at flow rates
of 50 gal/min (sbout 2 column volumes/hr end 2 gal/min-ft°) at ambient
temperatures, except for elution which is more efficient at higher tempera-
tures.

The laborstory and engineering development work that led to the selected
flowsheets are described in the following sections.
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FIGURE IV-72

Cesium Recovery from Purex Alkaline Supernatant by Linde AW-500 Zeolite Ion Exchange
(Source of Data: HW-78061)

THIZTISSVIoNN

612Y

00T=081



«
E
(9
W
=~
|

T

I
et

a

sopium eLuent (3)
coLumn wash  {7) INH,L,CO,  0.ZM e B
BED MAKE-UP NaOH  O.01M N OH [ CoumN wASH(3)
pulile C-3 50t T 0F NaDH bl COZ AND NH3
emp Temp 0F AS REQUIRED
Mesh 20-50 SPG LD PG 10 fTemp  T0F
b A Volume 4500 Gal Velume 12, 000 Gal PG L0 10 AIR
- Flow  50GPM d Volume 4500 Gal
Volume - Flow 50 GPM Fi TURNEL
Flow Bagn ow  S0GPM
3
B
RSH FROM
C-FARM TANK
\Ox
4 RECYCLETO
10N EXCHANGE
CESIUM EXTRACTION FEED TIME CYGLE wabﬁlaggugzikm COLUMN
Siream Kour 3
5X H x5 1 20 3
H 15
NaM0, 2@M 3BM | o7 oa 20 0B : i
3 Ru-105  cfial 008 0.0B3 ¥ ¥ A H
Nah0, 0.36 %9 mgfGal 168 2.8 TON EXCHANGE 5 Ls -+ GESIUM PRODUCT CONCENTRATE
NS0, @ b D—p{  COLUMN Total i RECOVERED PRODUCT ELUENT (4 e ABSORPTION TOHER s 5
NaH oe LA ~ Na,CO) ORM ONM
Al oM e Bed Volun 141,00, LM Gas Flow S » 3
Total Ka 4.9 5.4 1suu“s§| o NH o Lo C5,L0,  a06 0.0
3% ; Buclite C-3 L Hyd fa Cs-137 120 20
1 E  WF 00 b Temp BaF My % SPG @ 1@
" 1 i > spe L& 1) % BuMriGs 41 Q75
! Bed Height BuHrGal ] riar 4
S Lm L et LAl 2 00 Gsl Volume Flow 483 Gal
BiuftriGal 0.M85 0. 006 Flow 1o Col 5ﬂ'GPM Flow Batch
Votume 68, 000 Gal
Flow 50.GPM
CONCENTRATOR
s
EXTRACTION WASH WASTES CESIUM PROOUCT
o CONCENTRATE
. [ E AFTER RECYCLE SERIES
NaCH [T Lam 3
W0y ET TECHNETIAM (ON EXCHANGE FEED (1] :;gf_-% ﬁﬁﬂ
NH, 04 — .
4 % 5 8 Cs-1it 78 Ke
G Loss <0L5% NanG, M LM cel? 1 1 < Erut‘s ; LB
, Lo 104 HaNC. 0% - Ru-16 98 58 Hri6al ]
§ffmrma. b : sé T 9B 9 cesium prooucT [E] Yolume 3 Gal
Volume S0 12,00Ga  45005al NS0, 0B - - S Balch
Flow SOGPM 50 GPM 50 GPM e L% 5%
Al ve  o¥ co, L0184 QOMM
TaiNs AW AW oo, DAt asx”
S 5 W00 L5 L5
:;'“" mear i O 10 L0
PG Lz 1n PG 106 106
- BluMriGal GOB - Buricel  0.16 oE +
Velume 40,000 Gzl volume 12, 000 Gai
l 70 WASTE HANOLING | Flow 5 GPM Flowlo Conc 8.0 GPM TO CES Uit PACKAGING

Cesium Recovery from Redox Alkaline Sup
(Source of Data:

FIGURE IV-73

ernatant by Duolite C-3 Jon Exchange
HW-78061)

TZISSVIONI

,_
Ul

a

0zen

00T=0SI



UNCLASSIFIED L4221 IS0=~100

4.2 Loading Studies

4L.2.1 Equilibrium Data

The equilibrium loading characteristics and exchange capacities
of several natural and synthetic zeoclites have heen determined for
binary systems of fgsiﬁT’ strontium, and other cations found in separa-
tions plant wastes'\™’ . The equilibrium data for three candidste
zeolites, shown in Figures IV-Th, IV-T75 and IV-76, have been correlated
by use of the mass action law quotient, as discussed in Section F 1.
The equilibrium cesium lcading on a zeolite column can be determined
from these figures when the feed composition is known. For a simple
two-component feed, the equilibrium fraction of cesium on the zeolite
is given by

cs (s 'y
B 7Y
Cs_ = . (21}

+
s (cs))
1t (Ce
(B7)
A muiticomponent mixture of moneo-valent ions can be treasted as several
binary systems, using the technique deseribed in Section F 1. Thus,

Cs = - . (22)

i (") . (e R

Kgs (Cs+) KCs (Cs+)

c

The equilibrium data shown in the above figures was obtained at 25

to 27 C with 20 to 50 mesh crushed and sieved zeolites and at total
solution normalities of 0.1 tc 1. Over this range of nomealities, the
total solution normality had little effect on the equilibrium distri-
bution, but extrapolation of the data to higher sclution normslities
may introduce some error, Column loading studies, however, show the
error to be slight for synthetic supermatant solutione up to 5@_Na+‘

Increased temperature had & significant adverse effect on the eguili-
brium cesium loading from scdium solutions. This effect is caused by
partial dehydration of the sodium ions at elevated temperatures which
in turn increases their ability to compete for zecljite exchange sites
with the essentially unhydrsted cesium ions 15).

Most of the cesium-bearing solutions to be processed in B-Plant con-
tain only trace quentities of monovalent ions other than sodjum and
cegium. Where this is true, only the binary cesium-sodium equilibrium
need be considered (see Section F 4.2.2). The Cs-Na data in Figures
IV-7h, IV-75, and IV-76 have been reploited in Figures IV-77 and IV~78
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in & more usable form. Figure IV-T77 represents the+cesium/sodium mole
ratio on the three zeolites as a function of the Cs /Na mole ratio in
the feed. In Figure IV-78, the equilibrium fraction of cesium on the
zeolite has been converted to the equilibrium loading in mocles of
cesium per liter of packed bed, using & packed bed demsity of 0.8 g/ml
and the zeolite capacity presented in Table IV-51. The equilibrium
capacity of Decalso is also indicated in Figure IV-78 for reference

since Decalso has alsc been extensively used to adsorb cesium from
stored supernates(12,27),

4,2.,2 Sample Calculation: Estimation of Cesium Equilibria
in the Presence of Competing Cations

A typical supernate feed is that used by Popovich in cold pilot
plant studies (Table IV-Sk). Masg action quotients for loading the
competing cations Cs+, Rb*, and X from this sodium-based feed onto
Linde AW-500 can be estimated from the data in Figure IV-76.

+
Ce = 0.00076 - 4.0. and KCS = 1.2.
%ﬁﬁ*% 5.00019 > 25 TRo
Cs+ = 0.00076 = 1.3, and KCS = D
3. 00060 i x - 23
+
Cs = 0.00076 - ,00017, and K°° = 190.
2
(Na™) k.37 =

From Equation (22), the equivalent fraction of Cs on the zeolite in
equilibrium with this feed is given by

cs, = 1 = 0.031
0.00019 N 0.00060 N k.37

1+ 76.000765 (1.2) (0.00076) (2. 3) (0.00076) (190)

The equivalent fractions of Rb and K can be estimated from the
respective mass action quotients and Csy,:

(Cs,) (R0™)

(cs™) (kEE)

Rb, = (0.031) (0.00019) - o,0065

and K = (0.031) (0.00060) = 0.011.
(0.00076) (2.3)
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If the effect of trace competing cations on cesium loading is neglected,
Equation (21) or Figure IV-27 may be used to estimate equilibrium cesium
loading.

Thus, Kﬁs cs*
B
cs, = Na© = (190)(0.00017) = 0.031.
1+ C: cs" 1+ (190)(0.00017)
Na

This answer 1s the same ss that determined previously, thus confirming
thaet interferepnce from trace element loading can safely be ignored.
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FIGURE IV-74

Mass Action Quotients for the Exchange of Cesium With Sodium,
Potassium, Rubidium, Ammonium and Hydrogen Form Clinoptilolite
(Source of Data: HW-74609 and HW-78461)
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Mass Action Quotients for the Exchange of Cesium With Sodium,

Potassium, Rubidium, and Ammonium Form Linde AW-400

(Source of Data: HW-74609 and HW-"78461)
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FIGURE IV-76

Mass Action Quotients for the Exchange of Cesium With Sodium,
Potassium, Rubidium, and Ammonium Form Linde AW-500
(Source of Data: HW-74609 and HW-78461)
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Equilibrium Ca/Na Ratios in Zeolite and Solution Phases at 25C
(Source of Data: HW-74609 and HW-78461)
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FIGURE IV-78

Equilibrium Cesium Loading on Zeolites
From Cesium-Sodium Solutions at 25C
{Source of Data: HW-74609, HW-78461, and HW-70874)
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%,2.3 Column Loading Studies

The effects of several operating variables on the shape of the
breakthrough curve have been correlated in terms of the slope "A" of
the breakthrough curves plotted on log-probability paper, as discussed
in Section F 3.1. The data were obtained in laboratory and pilot plant
column runs using the feed compositions shown in Table IV-54.

TABLE IV-5k

SYNTHETIC ALKALINE SUPERNATE WASTE COMPOSITIONS
USED IN COLUMN IOADING STUDIES

Molarity
= RSN: Kngll

Constituent N;%f;gu%;%igser Hwﬁggﬁgi 50) HW-SLIOS(lO)

Nat 4.5 4,37 4.89

K 0 0.00060 0.00028

Rb* 0 0.00019 0.000027

cst 0.005 0.00076 0.000108

A10,” 0 0 0.85

NOB- 1.3 0.58 2.65

o 2.1 2.00 0.35

c1™ 0 0.051 0.08

OH™ 0 0 0.9

03 0.5 0.77 0

50, 0.0k5 0.09 0.03

PohE 0.014 0.051 0

Net/cst 9000 5750 45,000

The following summary illustrates the effects of some of the more
important variables on the slope of the breskthrough curve, A.

Particle Dismeter. The log-probability ?lg?e varied in-
versely with the particle diameter (i.e., AJVﬁ%.) 16), gince the
effective particle diameter is inversely proportionmal to the sieve
mesh size, A is directly proportional to the average mesh size.

Thig effect is illustrated in Figure IV-79 for Linde AW-400 zeolite.
For the data shown here, A % (0.12) (average mesh size). An average
20 to 50 mesh particle size has been chosen for the B-Plant columns
as a compromise dictated by exchange kinetics and flowrate (pressure
drop) considerations.
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Type of Zeolite. The slope varies slightly with different
zeolites, increasing with increaged cesium selectivity. This effect
is i1llustrated in Figure IV—80(1 ). Although Linde AW-400 is slightly
better than Linde AW-500, the latter may be used in B-Plant because of
the limited availability of Linde AW-4CO.

Purex vs. Redox Supernate. Breakthrough curves for Purex(lé)
and Redox \*Y) wastes are shown in Figure IV-81. The zeolite break-
through curves were steeper for Purex supernatant, apparently because
of the lower salt strength and viscosity of the Purex waste relative to
the Redox waste. The Duolite C-3 breakthrough curve, however, was
steeper with the Redox waste than with Purex waste. This may be due to
the higher pH and corresponding greater cesium selectivity of the Redcx
waste.

Temperature. The slope of the breskthrough curve was nearl¥ 6)
upaffected by temperature for Linde AW~-400 zeclite (see Figure IV-82) 107,
Since elevated temperatures lower the breakthrough capacity, low cpera-
ting temperatures are recommended for the Plant columns during loading.

Superficial Velocity. The superficial velocity, V (the flow
rate divided by the cross-sectional area of the column), had a la?ively
minor effect on the breakthrough slope, as shown in Figure IV-83 20},

The slope was approximately proportional to y0.125 up to 2 gal/min-ftg.
An apparent maximum slope was obtained at 2 gal/min-ft~, the design
velocity of the B-Plant column.

Flow Rate. The effect of flow rate, expressed in column
volumes/hour By on cesium breakthrough for Linde AW-500 is shown in
Figure IV-SLL(2 ). The log-probability slopes obtained from this and
comparable data are shown in Figure IV-85 as a fungaigg of flow rate.
From this plot, A is shown to be proportiomal to R ~'““, in good agree-
ment with the relationship presented in Section I 3.1.

The superficial velocity and flow rate correlations may be combined
for a given zeolite bed and feed system. For exesmple, with 20-50 megh
Linde AW-500 and Purex supernatant feed at 25 C,

2
A= 7__1__"0__5 (23)
rU.55

A similar ex?rgfsion can be derived from laboratory column dats for
Linde AW-400(10).

A= Z;gc¥§éfiiﬁ (24)

In both equations, V is expressed gal/min--ft2 and R in column
volumes/hr.
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Zeolite - Linde AW-400

Waste - Synthetic Purex Superaatant
Column - 6. 8 em ID x 26 cm long
Temperature - 25C
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FIGURE IV-79

(Source of Data: HW-76449)
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Cesium Breakthrough Curves for Several Zeolites
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FIGURE IV-80

(Source of Data: HW-76449)
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I [ I |
Waste - PSN=Purex Alkaline Supernatant((}g; AW-400, RSN
ASN=Redox Alkatine Supernatant
Column - 0,8 cm ID x 20 cm long,
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FIGURE 1V-81

Comparison of Cesium Breakthrough from
Purex and Redox Supernatants
(Source of Data: HW-76449 and HW-84105)
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Waste - Synthetic Purex Supernatant
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FIGURE IV-82

Effect of Loading Temperature on Cesium Breakthrough

{Source of Data; HW-76449)
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Effect of Column Volumes per Hour on Cesium Breakthrough

(Source of Data: HW-83461)
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- Zeolite - Linde AW-500 (20)
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Column - 2,0 in. ID

Particle Size - 20-50 mesh
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FIGURE IV-85

Effect of Column Volumes per Hour on the Constant A
(Source of Data; HW-83461)

Cesium Concentration. Varying the cesium concentration in
the feed from 10-2 to 2 x 10~3M had little effect on the breakthrough
curve slopes (shown in Figure IV-96) when processing Purex acid waste
solution through clinoptilolite(15). This appeared to be true also of
Purex supernatant over the limited range of concentrations studied.

L.3 Wash and Scrub Studies

Following loading, the ion exchange beds are washed with several
column volumes of water or dilute NaQH to remcve the supernatant solu-
tion. This wash is essential for the Redox exchanger bed to prevent
aluminum hydroxide precipitation in subsequent ammonia-ammonium carbo-
nate elution steps; however, Purex supernatant does not contain alumi-
num, snd the water wash prior tc the ensuing sodium scrubbing step is
optional.

Virtually all of the ion exchange sites are occupied by sodium ions
after the loading step. The sodium can selectively be removed without
displacing cesium by passing dilute sclutions of smmonium salts or wesk
acids through the bed.

For alkaline supernetant waste flowsheets, nonacidic solutions are
advantegeous for sodium removal. Two of these have ?eg? tried; dilute
solutions of ammonium carbonate and ammonium oxalate{l®), Data on
sodiun removal from clinoptilclite by these chemicals and oxalic acid
are shown in Figure IV-86, and data on sodium removal from AW-400
exchanger, including a higher concentration of ammonium carbonate, are
shown in Figure IV-87.
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Removal of Sodium from Clinoptilolite with Various "Scrub' Solutions
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Removal of Sodium from Linde AW-400
with Various "Scrub' Solutions
(Source of Data: HW-76449)
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Over 95 percent of the sodium was readily removed by the dilute smmon-
ium solutions, but the final 2 to 5 percent eluted much more slowly.
Thus, little practicel benefit is gained by eluting with more than 5
column volumes of 0.2M (NH )200 or 8 column volumes of O.1M (mﬂh)eco
unless very high purity cesilm Is desired. Sodium removal from
Duolite C-3 was similar; over 98 percen’E 0')6‘ the sodium was eluted
with 6 column volumes of 0.2M (e, ) 50 5. 13

3

Dilute ammonium carbonate would be the least costly solution for a flow
sheet employing aged alkaline waste. However, zirconium-niobium re-
moval is improved by using ammonium oxalate. Oxalic acid sclutions can
be effectively used in ascid waste flowsheets (see Secetion F 5) where a
high degree of zirconium-niobium removal is necessary; however, a subse-
quent ammonium hydroxide wash is required in this case to prevent
gassing vhen ammonium carbonate is added to the acid mineral.

Cesium losses during sodium removal are dependent on the degree of
cesium loading as shown in Figure IV-88(16). 1osses are not greatly
different usiné the dilute alkaline scrub solutions than with nitric or
oxalic acids't ). In & practical operation, loading would be stopped
at less than cne percent breakthrough so that cesium loss would be low
in the scrubbing step.

l I l I I | l I

Scrub - 0. 2M NHY

Columns - 0,8 c¢m ID x 20 cm long
Particle size - 20-50 mesh
Temperature - 25C

Flow rate - 2 col, vol. /hr,

8— Superficial velocity - 0,16 gpm/ft®

{NH,},C,Q, Scrub
Column loaded to
6% Cs breakthrough .|

Percc it Cesium Loss
Y

(NH, },CO, Scrub e
Column loaded to
2% Csbreakthrough

8 10 12 14 16 1
Column Volumes

FIGURE IV-88

Cesium Loss from Clinoptilolite During Scrubbing
for Two Cesium Breakthrough Levels
(Source of Data: HW-76449)
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L Cesium Elution

Cesium can best be removed from zeclites by cations that are
gimilar in size and charge to cesium. Potassium and rubidium ions are
good eluting egents, but the subsequent separation from cesium is
difficult. Ammonium ion is not as efficient an eluting agent as potas-
sium and rubidium but is much easier tc separate from cesium. Elution
curves for several ammonium compounds are shown in Figure IvV-89(15),
The differences can be explained on the basis of dissociation and thus
availability of ammonium ions in sclution. (The elution curves in this
and subsequent figures were obtained with eluant upflow, i.e., counter
to the loading flow, unless otherwise noted.)

100 g —— ~
h \ NH 4on/ 7
(NH4)2C03 n
Column - 0. & em ID x 40 cm long -
Particle size - 0.4 to 0,7 mm
Temperature - 40C ]
Flow rate - 1,2 col, vol, /hr,
Superficial velocity - 0. 30 gpm [ft?
NH4C2H302
. (NH,) 80,
&
: /
o NH ,NO,
8
=
g 10 7
g -
B
o
8 —
k] *
g -
7]
[
[
i ]
u ¢
-
1 1 ! LR L

0 10 20 30

Column Volumes

FIGURE IV-89

Elution of Cesium-137 from Clinoptilolite
by Various 2N Ammonium Salts
{(Source of Data: Reference 15)
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Ammonium scetate and ammonium carbonate have the advantage of being
volatile. If a scluticon of ammonium acetate and cesium acetate is
evaporated to dryness, all of the ammonium acetate is volatilized,
leaving only solid cesjum salts. The boiling point gradually in-

creases from e little more than 100 to about 160 C. However, ammon-

ium carbonate begins to volatilize rapidly at about 70 C, and the
volatilization is complete before 10C C. Thus, with ammonium carbonate,
it is possible to stop the evaporation at a point where a relatively pure
aqueous sclution of cesium carbonzte is obtained.

Experimental work with ammonium carbeomate elutions indicated that elution
efficiency could be greatly improved by incressed temperatures for sev-
eral reasons: relative bonding strength of cesium is lower at higher
temperatures, ammonium carbonate disscociation increases with increased
temperatures, ionic mobilities snd diffusion rates are improved, and
solution viscosity is lowered. With soluticns of other ammonium com-
pounds, elution has been accomplished at 80 ¢, but the temperature of
ammcnium carbonate solutions is limited by gassing. Gassing is also
influenced by the ammonia content.

Ammonium carbonate solutions are actually equilibrium solutione of
ammonium bicarbonate-ammonium carbonate-ammonium carbamate and are
displaced towerd the carbamate at high pH and high ammonia content.
Table IV-55 shows he relationshi? of temperature and ammonia content
with gas evolution during elution 15),

TABLE IV-55

EFFECT CF TEMPERATURE AND AMMONTIA CONCENTRATIONS
ON GASSING OF (NH,DECO3 SOLUTIONS

(Source of Data: Reference 15)

Column: 75 ml of 20 x 50 mesh clincptilolite
Flow Rate: 7% ml/min

< NH
FiX
Soluticn Composition Added as Temp., Gas Evolution,
M COp M NHy NH, OH o M1/Min
1.9 3.8 0 50 0.00GL
55 0.038
&0 2.8
1.9 L,z 12 50 Trace
55 0.0023
60 0.066
1.9 5.8 35 50 Trace
55 Trace
60 0.0023
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b Cesium Eluticn

Cesium can best be removed from zeolites by caticns that are
similar in size snd charge to cesium. Potassium and rubidium ions are
good eluting esgents, but the subsequent separation from cesium is
difficult, Ammonium jon is not as efficient an eluting agent as potas-
sium and rubidium but is much easier to separate from cesium. Elution
curves for several ammonium compounds are shown in Figure IV-89(15).
The differences can be explained on the basis of dissociation and thus
availability of ammonium ioms in solution. (The elution curves in this
and subsequent figures were obtained with eluant upflow, i.e., counter
to the loading flow, unless otherwise noted.)

100

™ S NH, OH™" —+ >

(NH‘I)ZCOS

Column - 0.8 ¢m ID x 40 cm long -
Particle size - 0.4 to 0.7 mm
Temperature - 40C

Flow rate - 1,2 col. vol. fhr,
Superficial velocity - 0, 30 gpm fft?

NH4C2H302

(NH4) 2504

Percent of Cesium Remaining

L | L ]

0 19 20 30
Columh Volurnes

FIGURE IV-89

Elution of Cesium-137 from Clinoptilolite
by Various 2N Ammonium Salts
(Source of Data: Reference 15}
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Ammonium acetate and ammonium carbonate have the advantage of being
volatile. If a sclution of ammonium acetate and cesium acetate is
evapcrated to dryness, all of the ammonium acetate is volatilized,
leaving only sclid cesium salts., The boiling point gradually in-

creases from a little more thean 100 to sbout 160 C. However, ammon-

ium carbonate begins to volatilize rapidly at about 70 C, and the
volatilization is complete before 100 C. Thus, with ammonium carbonate,
1t is possible to stop the evaporation at a point where a relatively pure
aqueous solution of cesium carbonate is obtained.

Experimental work with ammonium carbonate elutions indicated that elution
efficiency could be greatly improved by increased temperatures for sev-
eral reasons: relative bonding strength of cesium is lower at higher
temperatures, ammonium carbonate disscciation increases with increased
temperatures, lonic mobilities and diffusion rates are improved, and
solution viscogity is lowered. With solutions of other smmonium com-
pounds, elution has been accomplished at 80 C, but the temperature of
emmonium carbonate sclutions is limited by gassing. Gassing is also
influenced by the ammonia content.

Ammonium carbonate solutions are actually equilibrium solutions of
ammonium bicarbonate-ammonium carbonate-smmonium carbamste and are
displaced toward the carbamate at high pH and high ammonia content.
Table IV-55 shows he relationshi? of temperature and ammonia content
with gas evolution during elution 15},

TABLE IV-55

EFFECT OF TRMPERATURE AND AMMONIA CONCENTRATIONS
ON GASSING OF (NH),)pC0, SOLUTIONS

(Source of Data: Reference 15)

Column: 75 ml cf 20 x 50 mesh clinoptilolite
Flow Rate: 75 ml/min

% NH
P2
Sclution Composition Added as Temp., Gas Evelution,
M COp M NHy NH, OH oC M1/Min
1.9 3.6 0 50 0.00%4
55 0.038
60 2.8
1.9 h.3 12 50 Trace
55 0.0023
60 0.066
1.9 5.8 35 50 Trace
55 Trace
60 0.0023
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Elution efficiency per mole of total ammonia is slightly improved by
moderate additions of smmonium hydroxide to the emmonium carbonate.
From the available information, 55 C has been chosen as a practical
elution temperathlre with about 25 percent of the smmonium being added
as the hydroxide 155.

Cesium elution curves for cesium removal from clinoptilclite by three
concentrations of elution solution are shown in Figure IV-90. Az would

be expected, the dilute solutions elute cesium more effectively per mole
of emmonium; however, the advantage of lower volumes outweighs the los?

in efficiency, and thus the 8@_ solution is the choice eluting sclution 16) .

100

Column - 0,8 cm ID % 20 cm long
Particle size - 20-50 mesh -
Temperature - 55C

Flow rate - 2 col. vol, /hr,
Superficial velocity - 0,16 gpm fft®
(25% of the NH, iona are supplied

as ammonium hydroxide)

50 —

b
(=]
i

Percent of Cesium Remaining
-
o

Colurnn Volumes

FIGURE IV-90

Elution of Cesium from Clinoptileolite by Three Concentrations of
Ammonium Carbonate - Ammonium Hydroxide Solutions
{Source of Data: HW-76449)
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Compafisof6?f cesium elution from several exchangers is shown in Figure
IvV-91 2 . There appears to be a significant difference in the elution
performance depending on the solution used tc load the exchangers. For
example, cesium was eluted much more readily from a clinoptilolite column
loaded from PSN than from a similar column lcaded from RSN. On the other
hand, cesium loeded on Duclite C-3 was more readily eluted from a RSN-
loaded column that from a PSN-loaded column. A slight fraction of the
cesium does not elute from Linde AW-400 and AW-500 and is probably re-
tained by the b%ng r. This amocunted to 4 to 8 percent of the cesium (10)
loaded from PSN(1C) ang 3 to 17 percent of the cesium loaded from RSN .
This fraction does not appear to lower the capacity on subsequent losding
cycles nor does it build up any further; therefore, for practical pur-
poses il can be ignored. This fraction was not included in the calcula-
ticng for the AW-400 and AW-500 curves.

Column - 0,8 cm ID x 20 em long

Particle size - 20-50 mesh

Temperature - 55C

Flow rate - 2 col. vol, /hr.

Superficial velocity - 0. 16 gpm [ft2
100

Columns loaded from
RSN (10); eluted with
2M(NH,),COs, 2M
NH, OH

Columns loaded 1
from PSN (18);

eluted with 2M
{(NH,)}_,CO; ~

111

|

Linde AW-400 Linde AW-500 ]

Percent of Cesium Remaining

10 |—
— Duolite ¢-3
- . N
Clinoptilolite Clinoptilolite
i -~ e q
o
1 ] ] 1 ] 1 1 ! J ] ] i ]
0 2 4 6 8 10 12 0 2 4 6 8 10 12 14

Column Volumes

I'IGURE 1IV-91

Elution of Cesium from Several Ion Exchangers with
Ammonium Carbonate - Ammonium Hydroxide Solutions
(Source of Data: HW-76449 and HW- 84105)
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The effect of particle size and flow rate on cesium elution from

Duolite C-3 is shown in Figure IV~92. It can be seen that the elution
igs limited by kinetics and is considerably improved by decreased par-
ticle sizes and flow rates. The effect of flow rate on cesium elution
from clinoptilolite was less pronounced, as shown in Figure IV-93. All
of the elution studies were made in 0.8 cm columns, 20 em long; and the
effect of the superficiel velocity on elution efficiency was not investi-
gated independently.

k.5 Ion Exchanger Reconditioning

The ion exchange beds used for Purex supernatants require only a
a simple water flush following elution tc remcve the ammonium carbonate
eluant prior to the next loading cycle. For Redox wastes, however, the
ammonium ion must be eluted from the bed with sodium hydroxide to keep
aluminum in the RSN from precipitation with emmonium hydroxide generated
during loading. The flowsheet for Redox supernatant (Figure IV-73 indi-
cates the us of 3 column volumes of IM NeOH. The standard laboratory
procedure( also included recyeling & column volumes of 8M NaOE to
assure elimination of ammonia.

4,6 Ammonis -Ammonium Carbonate Recovery

Carbon dioxide evolution from smmonium cerbonate eluant solutions
begins when the solution is heated to about 55 C. Further hesting will
result in the rapid evolution of both COo and ammonia at 70-80 C. The
concentrations of NHz and CO, in the product solution eventually reach an
equilibriumn value, depending on the vapor pressure of the o ium and
carbonate salts in solution. In one pilot plant experiment , residual
concentrations of 0.076M NH; and O.40M COo{CO, ), were found after boil-
ing 8 simulated ion exchangé column eluant cohteining O. th Nat for 1 hour.
The final pH was 9.8. In continuocus operation, the solution composition
in the evaporator will alweys be at an equilibrium value similar to this.

A semi-continuous process based on the volatility of ammonium carbonate
will be used for recovering and reconstituting the cesium eluant. The
flowsheet is included in Figures IV-72 and IV-T73 and discussed below:

1. The concentrator must be brought to boiling with water or
concentrated product from & preceding run. (Startup with
ammonium carbonste svlution can pressurize the system and
overload the absorber.)

2. The concentrator will operate at the boiling point of the
cesiun product solution; snd water, CO», and NH, will be
continuocusly evolved at essentially the mole retic in the
eluant solution. The boil-up rate is set equal to the
feed rate to maintain a constant level In the evaporator.
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3.

For most efficient ammonium carbonate recovery, the off-
gases from the concentrator are passed through a down-
draft condenser. Up to 95 percent of the NH3 an%ec?g
were absorbed in this step in a pilot plant tnit 517
The heat transfer surface must be continuously wetted
with unsaturated solution to prevent deposition of
crystallized (NHu)QCO ; however, surfaces warmer than
60 ¢ will not allow dgposits to form. 'The heat
generated by absorption of NH, and CO. must be remocved
by the condenser. The combingd heat of formation and
solution for (NH,),CO, is 118.4 kcal/g-mol, and the heat
of soclution for 3 i8 8.8 kecal/g-mol.

The volume of vapor leaving the condenser is essentially
that of the non-condensible off-gases (purge asir, ete.);
consequently, the absorber unit can be quite smmsll. ZEven
when a pre-condenser is not provided, low gas flows through
the absorber are observed because condensation and absorp-
tion of most of the condensible gases cccurs in the bottom
few inches of the absorber tower.

Make-up NH; and CO» are added to the bottom of the tower and
meke-up water is added to the top.

Absorption is accomplished by recycling a portion of the
recovered eluant to the top of the abscrber tower. Mass
transfer coefficients in the pilot plant absorber packed
with 1/2 in. Intalox saddles were unaffected by flow rate
over the renge of 50 to 300 gph/ft2.

Ammonia and CC, lcsses are dependent on the partial pres-
sure of the (Nﬁh)QCO recycle soclution in the absorber off-
gas. Typical partiai pressures in the off-gases from the
pilot plant sbsorber ranged from 14 to 94 mm Hg for NH3 end
12 to 35 mm Hg for CO2 with 7C fo 90 F recycle solutions
containing about 8 to 10M Ny and LM COo.

LAbout 90 percent cof the residual NH. and COp can be re-
covered by passing the coff-gas throégh a small scrubber,
using elusnt makeup water as the scrub stream. A sug-
gested flow diagram using this modificaticn is shown in
Reference (2%).

L.7 Cegium Product Purification and Packaging

The purity of the cesium product after one cycle of ion exchange
is determined primarily by the sodium remaining on the bed after the
sodium scrubbing step, as discussed in Section F 4.3. Typical Na/Cs
mole ratios should be sbout 5 to 10 with Purex supernatants and 10 tc
50 with Redox supernatants.
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(Source of Data: HW-76449)

Column - 4,8 cm ID x 20 ¢m long
Particle size - 20-50 mesh
Temperature - 55C
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FIGURE IV-93

Effect of Flow Rate on Elution of Cesium from Clinoptilolite

with 4N Ammonium Carbonate Solution

(Source of Data; HW-76449)
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Most of the remaining sodium can be removed by a second cycle cf ion
exchenge using the same zeolite (Linde AW~500). Steep breakthrough
curves are obtained, as shown in Figure IV-G4 along with equilibrium
loadings in excess of 0.8 mole of Cs/liter of zeolite Th . Scrubbing
with dilute ammonium carbonate should remove over $5 percent cf the
sodium as before, and ultimate product Na/Cs mole ratios as low as
0.05 should be cbtained on elution with concentrated smmonium carbo-
nate. Contamination from other alkali metals (Rb and X) would be
about the same as for sodium.

Cesium in excess caf Tarket demand for C&-137 will be loaded on Linde
AW-5C0 and stored 2l The proposed flowsheet is shown in Figure IV-
95. It differs from the sbove purification flowsheet in that the
ceslum in the effluent approaches 1CO percent breakthrough and in
having no scrub or elution steps.

Most of the cesium stored on zeclite can he recovered by eluling with

ammonium or nitric acid solutions. In two experiments, 86 and 90 per-

cent of the cesium were eluted from Linde AW-500 with 2M NH3NO and

1M HNO 5, (ﬁ?spectively, after the loaded zeclite was held at 608 ¢ for
s

2k hou . The 1M nitric acid solution alsc leached aluminum from
the zeolite lattice.
1.0
Feed - 0, 32MNa, CO,, 0.04MCs,CO,
0.9 Column - 1.9 cm ID x 21 cm long {50 g Zeolite)
: Particle size - 25-30 mesh 7
Temperature - 25C
o.gl Flow rate - 4 col. vol. /hr. N
) Superficial velocity ~ 0. 34 gpm /ft®
0.7 -
0.6} .
o 0.5} , ~
2 Linde AW-500 Linde AW-400
8,
0.4} ]
0.3} -
0.2 -
0,1 -
0 | i L | | |
0 2 4 6 8 10 12 14 16 18 20 22

Column Volumes
FIGURE IV-94

Cesium Breakthrough Curves for Cesium Product Concentrate
(Source of Data: HW-78461)
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Stream Hour Flow Batch
? h v 4
7 TG CONTAINER WELDING, TO WASTE HANDLING RECYCLE 70
0 Y DECONTAMINATION, AND CONCENTRATOR
- INSPECTION
Total 13.5
Flowsheet for Cesium Waste Packaging
(Source of Data: HW-78061)
. . \
5. Reccovery of Cesium from Purex Acid Wastes

A flowsheet for removing cesium from Purex Acid W?ste (PAW) with
clinoptilolite ion exchange is presented in Figure IV-96{15). mMhe basic
procedure is similar to that used for alkaline supernatant wastes, with
the exception of the scrubbing and acid elution steps.

An oxalic acid scrub is required to elute sorbed zirconium and nicbium,

in addition to scdium. The hydrogen ion on the bed is then removed with
ammonia to prevent gassing during the following ammonium carbonate elution
step. Because ammonium hydroxide is only slightly ionized, it effectiv-
ely replaces hydrogen ions without displacing the cesium.

Typical loading curves showing the effect of flow rate and cesgium con-
centr%ti?n on the cesium breskthrough are shosn in Figure IV-97 and
IV-98i12) ; equilibrium data for clinoptilolite was previously presented
in Figure IV-T6, IV~T7, and IV-78. Generally, the effects of tempera-
ture, particle size, and flow rate were similar to those found with
supernatant feeds.

The effectiveness of Yig}ous scrub solutions in removing ZrNb-95, is
shown in Figure IV-99 . Oxalic acid, the preferred scrub, removes
the small amount of sorbed zirconium in the first one or two column
volumes, while the nicbium is removed at & slightly slower rate than
sodium.
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A small continuous decrease in cesium capacity, averaging 2 percent per
cyele was found on re-using the cjdg?ptilolite for several complete
cycles of the preceding flowsheet . This lose in capacity appears

to be due to a very slow dissolution of the mineral in the acid influent.
Other zeolites, such as Linde AW-400 and AW-500, are considersbly less
acid stable apd cannct be used for PAW processing.
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FIGURE IV-96

Extraction of Cesium from Purex Acid Waste
{(Source of Data: Reference 15)
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Effect of Flow Rate on Cesium
Breakthrough with Purex Acid Waste
(Source of Data: Reference 15)

Effect of Cesium Concentration on Cesium
Breakthrough With Purex Acid Waste
(Source of Data: Reference 15)
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FIGURE IV-99

Removal of ZrNb-95 from Clinoptilolite by Four Solutions
{(Source of Data: HW-76449)
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