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QUARTERLY PROGRESS REPORT 

RESEARCH AND DEVELOPMENT ACTIVITIES 

FIXATION O F  RADIOACTIVE RESIDUES 

JULY-SEPTEMBER, 1961 

IN TRO D UC T I 0  N 

This  p rogres s  repor t  is the eleventh i n  a series presenting r e s e a r c h  

and development activit ies i n  the field of fixation of radioactive wastes.  

Resea rch  and development work continued i n  the study of pot calci- 

nation and radiant-heat sp ray  calcination of synthetic Purex  high-level 

wastes.  A prototype radiant-heat spray  calciner  unit is being constructed 

f o r  la rge-sca le  s tudies  with nonradioactive solutions. Equipment is being 

fabricated and assembled  fo r  smal l - sca le  s tudies  with actual Purex wastes  

i n  ca lc iners  to be located i n  the High-Level Radiochemistry Facil i ty.  

Sorption s tudies  using natural  minera ls  i n  w a s t e  fixation p rocesses  

have been expanded to include synthetic mine ra l s  and res ins .  

of v a r i o u s  sorption phenomena i n  the over -a l l  w a s t e  fixation p rocess  is 

being explored. In addition to providing a fixation technique fo r  low-level 

wastes ,  sorption react ions may be utilized f o r  t reatment  (e. g. , recovery 
of heat-producing, long-lived radionuclides C s  137 and SrgO) of high-level 
wastes  p r io r  to solidification o r  calcination of the bulk salts. 
procedure may simplify management of the bulk salts and improve  the 

f o r m  of Cs137 and S r  

The  place 

Such a 

90 
f o r  fixation and possibly.future use .  

Some experimental  work charged to p rograms  o the r  than those of 

the Division of Reactor  Development is included for genera l  in te res t  and 

completeness;  such work is identified i n  the headings. 

The previous r epor t  i n  the series is HW-70517, ,Apr i l  - June, 1961. 
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RESEARCH AND DEVELOPMENT PROGRESS 

A. CALCINATION STUDIES (R. L. Moore, A. M. Platt) 

Batch calcination studies with simulated Purex high-level waste 

solutions w e r e  continued. 

and internal  pressurization. 
use as a liquid-level detection element.  

The i t ems  investigated included solution foaming 

A heated thermocouple w a s  tested fo r  potential 

A prototype radiant-heat sp ray  calciner  o r  f lame denitration unit 

is being constructed for  large-scale  studies with nonradioactive solutions. 

Design and construction of the calciners  for  the High-Level Radio- 

chemistry Facil i ty a r e  proceeding on schedule. 

be used has  been built. 

w i l l  be  assembled i n  a "cold" a r e a  and thoroughly tested with operations 

being conducted through a "dummy" wall with s p a r e  manipulators.  
f o r  installation in  A-Cell a r e  targeted fo r  March, 1962.  

Most of the equipment to 

A s  soon as  a l l  components a r e  available, the ealciner  

Plans 

Batch Calcination 

(J. J. Shefcik) 
(Not charged to Division of Reactor  Development) 

Solution foaming, internal  pressurizat ion and liquid- level control 

were  the major  i t ems  investigated during recent studies of the batch calci-  
nation of simulated Purex.high-level w a s t e s .  The pot s izes  ranged from 4 

inches i n  diameter  and 15 inches high to 8 inches i n  diameter  and 5- 112 feet  

high. 

The behavior of a simulated Purex  high-acid (6. 2M - FINO3) w a s t e  
during batch calcination w a s  the objective of one study. 

pot used w a s  fabricated f r o m  6-inch and 3-inch pipe and was 15 inches high. 

Extensive foaming occurred  during the boil-down step,  and a reduction i n  
power input w a s  necessary  to prevent boil-over. 

partially effective i n  reducing the foaming problem. 

The annular calciner 

An air  sparge  w a s  
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The effect of two specific chemical compounds o n  foaming w a s  

investigated. 

two runs  to simulated Purex low-acid ( 0 .  5M - HN03)  w a s t e  solution that had 

previously demonstrated little tendency to foam. 

acetate  salt did not cause foaming o r  affect calcination. 

Lead acetate  and sodium acetate were individually added i n  

The presence of e i ther  

A s  reported previously, ( ”  in ternal  p r e s s u r e s  can  develop within 
the solids during the calcination s t ep  i f  only partial  calcine melting occurs  

and if  the sulfate molarity i n  the waste solution is i n  excess  of the stoichio- 

me t r i c  sodium equivalent. 

i n  a 4-inch diameter  by 15-inch high pot. The waste solution used met the 

above cr i te r ia .  A 2-inch thick layer  of solids r o s e  approximately 6 inches 
to the top of the pot. Later  inspection revealed a 7-inch long void between 

two layers  of solids. A run with the s a m e  waste i n  a 6-inch diameter  by 
15-inch high annular pot failed to give any indication of internal  p re s su r -  
ization. 

of the two runs  were  s imi la r .  

vessel  has  a n  effect on the generation of internal  p r e s s u r e s  during the 

calcination step. 

In a recent  study internal  pressurizat ion occurred  

This  w a s  a r e r u n  of a previously reported(2)  study, and the resu l t s  

Evidently, the geometry of the calcination 

A pilot plant run  w a s  made using a pot 8 inches in  diameter  and 5 -1 /2  

A 16-inch diameter  by 2-foot high disengaging section surmoumted feet  high. 

the pot and extended out of the furnace.  

inspection. 
si t ion gases  obscured vision. The furnace temperature  w a s  maintained at 

500 C. 

A translucent lid permitted visual 
Feed  addition to the unit w a s  continued until nitrate decompo- 

Observations made during the run  include: 

1. The boil-off r a t e  w a s  a uniform 1. 9 l / (h r ) ( sq  f t  of heated surface) .  

(1) Pea rce ,  D. W. Quarter ly  P r o g r e s s  Report  - Research  and Development 
Activities - Fixation of Radioactive Residues,  October - December,  19601 
HW-68193. January 15, 196 1. 

( 2 )  I r ish,  E. . R. Quarier ly  P r o g r e s s  Report  - Research  and Development 
Activities - Fixation of Radioactive Residues,  Apr i l  - June, 196 1. 
HW-705 17. July 15, 196 1. 
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2. Splashing and bumping became worse a s  the run  progressed and the 

liquid increased  in  solids content. 
the liquid level became coated with a 1-inch thick layer  of solids. 

Some of the liquid splashed up to the lid which w a s  3 to 3-1/2 feet 

above the liquid. 

After the liquid was siphoned f rom the pot, a continuous 1/2-inch 

thick coating of solids was observed on the pot wall below the 

operating liquid level. 
There  was an 8- to 10-inch layer of solids on the bottom of the pot. 

Most of these solids were fine crystals .  

The pot w a l l  1 to 1 - 1 / 2  feet above 

3 .  

4. 

A reliable and practical  means of detecting the liquid level and/or  

foam in  a calciner  pot during the boil-down s tep  is required f o r  plant 

application of the batch calcination technique. 

dip tube became plugged with solids and required frequent clean out during 

the boil-down step; a s team bleed reduced the plugging frequency but may 

still not be adequate to prevent i t .  

unsuccessful because bumping and splashing of the boiling liquid eoated the 

probes with sa l t s  and thus provided an electr ical  short  circuit..  

a ture  differential between the boiling liquid and the vapor can be used as a 

bas is  for  a liquid-level control system. However, such a sys tem requi res  

a relatively large number of temperature  detection elements and i s ,  there- 
fore ,  costly and not readily adaptable to a remotely-maintained installation. 

The s tandard air-purged 

Conductivity probes proved to be 

The temper-  

A liquid-level detection device which operates  on the principle that 
the heat dissipation r a t e  f r o m  a heated element to a liquid is grea te r  than 

that to a vapor w a s  designed and fabricated. This liquid-level probe is a 

s ta inless  steel-sheathed thermocouple heated by an  alternating cur ren t  

flowing through the thermocouple wire. 

output is grea te r  when the probe is in  the vapor than when i t  is submerged 

in  the liquid. 

run  with an  8-inch diameter  by 5-1/2-foot high pot. 

The thermocouple d-c millivolt 

The probe w a s  used i n  the previously described pilot pl.ant 
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During the ear ly  s tages  of the feed addition s tep,  the probe functioned 

sat isfactor i ly  although splashing of the boiling solution caused the probe to 

r eac t  as i f  i t  were submerged in  the liquid. 

8 inches above the liquid level was necessary to overcome this effect. 

the run  progressed ,  splashing of the liquid deposited solids along the length 

of the probe. 

Shortening the thermocouple o r  pointing the junction up r a the r  than down 

may reduce o r  eliminate the problem of sol ids  deposition. 

Positioning of the probe 6 to 

As 

A s  a resul t  the probe sensitivity decreased markedly.  

Melting of Pot Calcination Products  

(G. B. Barton) 

Investigation of Phosphate Addition to Purex-Type Wastes  

The work descr ibed i n  the last  Quarter ly  Report'') w a s  completed. 
The only significant additional information learned was that an excess  of 

sulfuric acid i n  a mixed phosphate-borate sys t em leads to difficulties with 

foaming of the melt  at  t empera tures  in  the neighborhood of 800 C. 

this foaming is d u e  to the sulfate being decomposed in  a viscous melt; unless 

this is done slowly (by gradual temperature  change), the melt  will foam 

ex c e s si v e  ly . 

Apparently, 

A few qualitative experiments  on crucible  ma te r i a l s  indicated sil icon 

nitride to be very promising. 
to attack by the melt  but did not have sufficient thermal  shock res i s tance .  

A magnesia-ti tania crucible w a s  a l so  res i s tan t  

G las ses  Containing High Concentrations of Strontium and Cesium 

One m o r e  type of strontium-containing glass w a s  examined. This  w a s  

based on beryll ium fluoride as the glass fo rmer .  

melted, containing 6 7  and  50 pe r  cent s t ront ium fluoride with the balance 

being a mixture  of beryll ium fluoride and aluminum fluoride. The higher 

s t ront ium fluoride content mixture  melted below 900 C to g ive  a g l a s s  that 

T w o  compositions were 

(1) Ibid. 
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partially crystal l ized on cooling, 

but, when poured, i t  crystal l ized and f rac tured  badly. 

density of 3. 1 g /ml .  

water  test. 
moderately insoluble g lass  of medium stront ium content (1. 45 g/ml) .  

The other  mixture melted below 925 C, 
The g la s s  had a 

About 2 per  cent dissolved in  the four-hour boiling- 

This  type of ma te r i a l  might be of in te res t  as a low-melting, 

A few additional experiments  on the cesium-aluminum phosphate 

sys tem indicated that the solubility could be reduced considerably by the 

presence of lanthanum o r  zirconium to the extent of 5 mole per  cent. 

melt contained 40 pe r  cent cesium. 
appeared like an  opaque white glass. 
on the first four-hour boiling-water test period but increased  to 2 per  cent 
i n  the next test period. 

(The 

This  gave a meltable sys t em that 
The solubility w a s  about 0. 6 pe r  cent 

Spray Calcination 
(H. T. Blaine, R. T. Allemann) 

(In par t  charged to Division of Reactor  Development) 

Cold Semi-works  Spray Calciner  

Construction of the prototype spray  calciner  is underway. The 18-inch 

d iameter ,  10-foot long r eac to r  will have a nominal capacity of 20 gallons of 

simulated waste per  hour. 

During the init ial  phases of the experimental  p rogram,  the unit  w i l l  

be operated to study techniques fo r  waste fixation by both radiant-wall  heating 
and f lame heating. 

fac tors  for  the calciner .  

High- Level Radiochemistry Facil i ty Equipment 

A second phase test program w i l l  determine scale-up 

(1) 

Much of the equipment which will be used for  the in-cel l  ca lc iners  

has  been built. 

on hand. 

The melt pots and their  covers  and the sp ray  calciner  a r e  

The insulation cans fo r  the spray  calciner  a r e  being made, and 
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the calciner  should be cold-tested during the next quar te r .  

induction heater  motor-generator  will be used to heat the melt  pots. 

Coaxial cable w i l l  be used to t ransmit  the energy f rom the generator  

through the cel l  wall. 

calciner  be moved vertically . in o r d e r  to change spray  nozzles. Therefore ,  

the column-supporting framework is to be se t  on jacks.  Also,  a relatively 
shor t  manipulator is required f o r  nozzle changing, but an on-hand Model-8 

manipulator can be modified to do the job. 

the calciner  a r e  available, i t  will be assembled i n  a "cold" a r e a  and 

thoroughly tested with synthetic feed (al l  operations being conducted with 

a s p a r e  pa i r  of manipulators through a 

into the High-Level Cell. Exact date of installation in  A-Cell  of the High- 

Level Radiochemistry Facil i ty is dependent on  successful  cold testing and 

completion of present in-cel l  p rograms and cel l  decontamination, but plans 

a r e  targeted fo r  March, 1962.  

A surplus  

Cel l  height limitations will requi re  that the spray 

A s  soon a s  a l l  components Qf 

I I  dummy" wall) p r io r  to moving 

Off-Gas Treatment  

(R. T. Allemann, G. B. Barton) 

Scrubber  and Filter T e s t s  

The proposed method of sampling the of f -gases  f rom the in-cel l  
ca lc iners  is to u s e  membrane f i l t e r s  i n  disposable plastic holders.  
the radioactivity on the f i l t e r s  is counted w i t h  an in-cell gamma spectro- 

meter, the f i l t e r s  can be thrown away o r  removed from the eel1 for  fu r the r  

analysis.  Use of the plastic holder wi l l  greatly simplify f i l t e r  handling 
with manipulators. A s e r i e s  of runs  i n  the 8-inch (cold) demonstration 

unit were accordingly made to prove the effectiveness of this sampling 

scheme f o r  the very s m a l l  par t ic les  which pass  through the off-gas clean- 

up sys t em associated with the calciner.  

After 

Much of the previous off -gas  clean-up experimentation was done 

wi th  membrane f i l t e r s  as off-gas sample r s ,  and fur ther  tests showed their  

use to be the best  method. Most of the powders produced i n  the spray  
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calciner  have a sur face-area  mean par t ic le  diameter  of 2 - 5 microns.  

However, there a r e  sma l l e r  par t ic les  which pass through the pr imary 

fi l ter  and the condenser. Their  total m a s s  is very s m a l l  since decon- 

tamination fac tors  ( D F ’ s )  of 10 

off-gas coming f rom the condenser,  

were tr ied (including a thermal  precipitator and cascade impactors)  , but 
none appears  to be a s  s imple o r  a s  accura te  a s  the membrane f i l ter .  

5 were measured between the feed and 

Several  methods of off-gas sampling 

Electron photomicrographs (F igure  l a  and lb) of the powder caught 
on a membrane f i l ter  show the extremely sma l l  s ize  of par t ic les  passed 

through the condenser. The par t ic les  range f rom 0. 01 to 0. 1 micron. 
However, membrane f i l t e rs  a r e  available which collect 99  per cent of 

0. 0 1  micron par t ic les .  

l b  is believed to resu l t  f rom high relat ive humidity in  the condenser,  

causing some par t ic le  dissolution with a tendency to round off par t ic le  

corners .  The rounding-off could also resu l t  f rom t r aces  of mois ture  

i n  the acetone used to dissolve the membrane fi l ter  during preparation 

of the electron microscope screen .  The tendency of some par t ic les  to 

agglomerate on the microscope sc reen ,  and a very sma l l  (< 1 pe r  cent) 

weight loss  of powder in  acetone, is evidence of the la t ter  effect. 

The sphericity of the par t ic les  i n  F igure  la and 

Off-gas clean-up experiments utilized the 8-inch sp ray  ca lc iner  
as a dust generator .  

from the condenser and condensation ca r r i ed  out a second time. 

gave an additional D F  of about two. This improvement is about the same  

a s  with an  impingement plate sc rubber  on a Raschig-ring packed scrubber  
of the same  length. (’) Fu r the r  t e s t s  a r e  being made with new models of 

the electrostat ic  bubble scrubber .  

A run  w a s  made in  which s t eam was added to off-gas 
This  

(1) 

Removal of Ruthenium Tetroxide f rom.  Gas S t reams 

Studies were continued to determine the effect of elevated temper-  
1 

a tu res  o’n the removal  of ruthenium tetroxide f r o m  a gas  s t r e a m  by a 
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e ,  

FIGURE 1 

Dust  Removed f rom Off-Gases of Spray Calciner  
Process ing  Simulated Purex  Waste 

(Subsequent to P r i m a r y  Fi l t ra t ion and Condensation) 

ALC.GE R I C H L A N D .  W A S H  
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s i l ica  gel bed. In shor t  t e r m  tests  no measurable  effect was observed when 

the temperature  of the si l ica gel w a s  varied f r o m  25 to 80 C. The measured 
decontamination fac tors  were grea te r  than IO4, higher than some previously 

The s i l ica  gel w a s  not a s  intensely colored by the ruthenium report  e d. 

tetroxide at  the higher temperatures;  perhaps an  extended test  would show 

lower decontamination fac tors  o r  reduced capacity. 

(1) 

Measurements were also made at various gas  temperatures  up to 

156 C with the s i l ica  gkl bed being held at room temperature.  

objective of these measurements was to see i f  ruthenium decontamination 
The pr imary 

would be adversely affected by holding the ruthenium-containing gases  at 
elevated temperatures  fo r  a period of time before passing them through 

the s i l ica  gel bed. 

in the downstream caustic sc rubber  were very sma l l  ( 3 0  - 100 c / m  out of 
approximately l o 6  c / m  in  the gaseous feed), so the analytical uncertainty 

is large.  

by the sys t em was indicated a s  the inlet gas chamber temperature  was 

ra i sed  f rom 80 to 156 C. This effect is attributed to the deposition of 

ruthenium (possibly a s  the dioxide) on the walls of the heated glass  

chamber  pr ior  to passage through the s i l ica  gel. 

The amounts of ruthenium ,passing the bed and collected 

However, i f  the data a r e  cor rec t ,  an increase  in  decontamination 

Experiments were then made so that the ruthenium tetroxide-air  
s t r e a m  w a s  passed through the heated chamber and directly to the down- 

s t r e a m  absorber ,  by-passing the s i l ica  gel bed. 

collected i n  the absorber  and apparently deposited in  the chamber a r e  

indicated i n  Table I, the data listed i n  o r d e r  of consecutive experiments. 

The amounts of ruthenium 

The extent of deposition on the chamber  w a l l s  is shown in  Figure 2. 

It is evident that the bulk of the deposition occurs  near  the inlet to the 

chamber. 

half of the chamber.  

oxide surface and continues to build up there. 

i n  Table I are  interpreted a s  a r i s ing  from the build-up of this surface.  

Close visual inspection fails to show any deposit on the exit 

Apparently, the decomposition occurs  on the ruthenium 

The variable results listed 

This 

(1) Ibid. ~ - 
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TABLE I 

DEPOSITION OF RUTHENIUM FROM THE GAS STREAM 

BY PASSAGE THROUGH A HEATED GLASS CHAMBER 

(Residence Time - 30 Minutes) 

Chamber 
Tempera tu re ,  C 

150. 

143- 16 1 

14 7 

152- 155 

188- 196 

17 0 

155 

Per Cent Ruthenium 
Collected i n  Absorber  

80 - 85 

80 

6 

75-96 

1. 3 

0 . 7  

0 . 4 5  

Apparent Pec Cent 
Ruthenium DeDosited 

15- 20 

20 

94 

4-  25 

> 98 

> 99 

> 99 
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is i n  agreement  with the resu l t s  reported by invest igators  a t  Vitro Labora- 

tories'") who report  that ruthenium dioxide reduces o r  eliminates the in- 

duction period f o r  decomposition of ruthenium tetroxide. 

An additional observation that may be of significance w a s  that 

the ruthenium compounds deposited on the g lass  sur faces  at low temper-  

a t u r e s  readily dissolved i n  sodium hypochlorite, whereas ,  those deposited 

a t  the higher tempera tures  were  nearly insoluble. 

of equipment and piping may be difficult. 

This  implies  clean-up 

Measurements  were  a l so  made on the vapor p r e s s u r e  of ruthenium 
tetroxide over  6M s u l f u r i c  acid up to a concentration of 0. 05M. - 

information is needed because the dilute ruthenium tetroxide s t r e a m s  used 

in  the above studies a r e  prepared by volatilization f r o m  6M - sulfur ic  acid 

containing periodic acid. 

eliminate considerable sca t t e r  in  the data; however, a l inear  variation 

w a s  observed,  indicating ideal  behavior up to at  least  0. 05M. - 
r a tus  was assembled to make m o r e  prec ise  measurements .  

This  - 

The method used w a s  not p rec i se  enough to 

New appa- 

B. SORPTION STUDIES (J. F. Honstead, C. E. Linderoth) 

A s ta t is t ical  design to minimize experimental  requirements  fo r  
chemical  r e s e a r c h  involving multiple var iables  w a s  utilized fo r  obtaining 

data i n  minera l  research .  
express ion  was found m o r e  representat ive than a l inear  r eg res s ion  
equation. 

f o r  the poor correlat ion of the data by the l inear  r eg res s ion  equation, 

Thorough s tudies  of the influence of sodium concentration on the cesium 
capacity of zeolites confirmed the selectivity data obtained i n  statist ically- 

de signed experiments.  

For  correlat ion of these data a quadratic 

The column residence . t ime-variable w a s  probably responsible 

Laboratory r e s e a r c h  w a s  continued i n  s tudies  of Hanford high-level 

neutralized waste. In par t icular ,  the application of Duolite C - 3  (a sulfonated 

(1) Or tne r ,  M .  H,., C .  J .  Anderson and P. F. Campbell. Resea rch  and 
Development Studies on Waste Storage P r o c e s s ,  V-2138- 13-0. 
August 31, 1959. 
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phenol res in)  for  removing radioisotopes f rom the high-sodium waste appears  

interesting. 

High- Level .Cell  with actual Purex waste. 

laboratory indicate the desirabil i ty fo r  a higher caustic concentration in  the 

wastes  used i n  future experiments.  The influence of temperature  and r e s in  

grain s i ze  was a l so  evaluated in  smal l - sca le  laboratory columns. 

An experiment wi th  a column of the r e s i n  was conducted in  a 

Supporting experiments i n  the 

The removal  of radiocer ium f rom condensate wastes by adsorption 
was found to be much more  effective at  pH 3 than at  pH 9. 

to the formation of a colloidal precipitate at  the higher pH. 
polystyrene r e s i n  appeared to have a higher capacity for  adsorbing radio- 

cer ium than did clinoptilolite. 

indicated that beds of clinoptilolite and sulfonated polystyrene r e s in  in  

s e r i e s  can sat isfactor i ly  decontaminate such waste solutions with respec t  

to cesium, s t ront ium, and cer ium. 

This is ascr ibed  

A sulfonated 

Experiments with dilute ni t r ic  acid solutions 

In the Micro Pilot Plant,  extended experiments were continued to 
study the application of laboratory findings to the, decontamination of fuel 

processing plant condensate s t r eams .  A pretreatment  operation to remove 

organic and ammonia by s t e a m  stripping w a s  successfully c a r r i e d  out over  

a period of 3000 hours.  

which is not effectively removed by any of the adsorbent mater ia l s  tested. 
Ruthenium continues to be the major  radiocontaminant 

Mineral Reactions 

(L. L. Ames ,  K. C. Knoll) 
(In par t  charged to Division of Reactor  Development) 

Laboratory work was continued on the problem of s t ront ium removal 

from w a s t e s  by adsorption on natural  and synthetic zeolites. A method was 
studied for  evaluating adsorption performance f r o m  the C/Co value attained 

a t  a fixed throughput through a column. 

to a l inear  r eg res s ion  equation were  only modestly successful.  

f i t  w a s  obtained when a quadratic relationship was assumed. 

correlat ion coefficient of 0. 87 was obtained f o r  the l inear  equation and 0. 97 

Attempts to f i t  these C/Co values 

A bet ter  

A multiple 
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fo r  the quadratic equation. To clarify the relationship between column 

residence time and column capacity (meq S r f 2 /  lOOg zeolite),  complete 

breakthrough curves  were measured  f o r  s eve ra l  experimental  sys tems,  

as shown i n  F igure  3. 

as the factor  responsible fo r  the poor correlat ion of the data by a l inear 

r eg res s ion  equation. 

means of ascer ta ining and defining the adsorption select ivi t ies  and capacit ies 

of zeolites. 

These  r e su l t s  pointed to column residence t ime 

The s ta t i s t ica l  technique remains  as a n  excellent 

Experiments  were conducted to confirm selectivity data obtained 

f rom a statist ically designed r e sea rch  program that indicated the superi-  

ori ty of clinoptilolite for  cesium adsorption. 

concentration on the ces ium adsorption capacit ies of clinoptilolite, Linde 4A 
(a Type A zeolite) and Decalso (a  s i l ica  gel; S i 0  /A1203: S / l )  were  2 
investigated. 

limited, even with no competing sodium present ,  

cesivm capacity of a column of clinoptilolite with that of Decalso with 

increasing concentrations of sodium i n  the influent. 

of Decalso is initially g rea t e r  than that of clinoptilolite, but rapidly diminishes 

i n  the presence of increasing sodium concentration. 

The effect of increas ing  sodium 

A s  shown i n  F igure  4, the cesium capacity of Linde 4A is 
Figure  5 compares  the 

The ces ium capacity 

Analysis of the s t ront ium selectivity data indicated that Linde 4A w a s  
The effect of competing the most s t ront ium-select ive of the zeolites tested. 

sodium and calcium on the s t ront ium capacit ies (as determined by the 50 

pe r  cent column breakthrough volume) of clinoptilolite, Decalso, and Linde 

4A a r e  given i n  F igu res  6 and 7. At neutral  to alkaline pH, Linde 4A w a s  

the most  strontium-selective zeolite,  as w a s  a l so  indicated by the statis- 
tical studies. However, acidic conditions cause the physical deter iorat ion 
of Linde 4A and Decalso as is shown i n  F igu re  8. 

the grea tes t  acid resis t ivi ty ,  and hence, the grea tes t  s t ront ium capacity of 

these three zeolites at low pH. 

Clinoptilolite showed 
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A 

n 

Influent solution - 0 .  008N - S r  + 2  , 120,000 Sr85  d / m / m l ,  0 .  1N - Mg(CzH302) 2 

Tempera ture  - 25 C 
Column 

F l o w  rate 
Column residence t ime - as  indicated 

D e s igna t ion Zeolite Time,  min Capacity, meq/100 g 

Influent pH - 7 . 0  

- 10 g of 1 . 0  to 0 .  25 mm, Na-based Decalso and clinop- 

- 285 m l / h r  and 57 m l / h r  
tilolite; 1/16-inch, Na-based, pelletized Linde 4A 

Curve  Re s ide nc e Strontium 

a 
a '  
b 
bl 
C 
C '  

0. fi 

0.5 

0.4 

0.3 

0.2  

0 u 0 . 1  
u 
\ 

10-3 

C linoptilolite 1 . 0 1  
C linoptilolite 5 . 0 5  
Decalso 1 .05  
Decalso 5 .25  
Linde 4A 1. 18 
Linde 4A 5 . 9 0  

58.4 
58 .4  

128.0 
128.0 

7 2 .  7 
7 2 .  7 

10 50 100 

Column Volumes 

FIGURE 3 

Effect of Column Residence T ime  on the Slope 
of Sr+2 Breakthrough Curves  of Clinoptilolite, Decalso and Linde 4A 

( E r r o r  Function C/Co v s  Log Column Volumes) 
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Influent solution - 0 . 0 1 N  - CsC1, 100 ,000  Cs137 d / m / m l  
Influent pH - 6 . 6  
Tempera tu re  - 25 C 
Column - log of 1 . 0  to 0 .  25 mm, Na-based Decalso and clinop- 

tilolite: 1 / 16-inchJ Na-based, pelletized Linde 4A 
Column flow rate - 835 m l / h r  

Column 
Curve Res  ide nc e Cesium 

a Clinoptilolite 0 . 3 7  1 3 5 . 2  
b De calso 0 .  36 250.0 

De s i gna t ion Zeolite Time,  min Capacity, meq/ lOOg 

C Linde 4A 0 . 3 9  4 9 . 7  

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0 . 2  

0.1 

0.01 
10 50 100 

Column Volumes 

FIGURE 4 

Comparative Cesium Capac it ie s of C linopt ilolite, 

(E r ro r  Function C/Co v s  Log Column Volumes) 
Decalso and Linde 4A in the Absence of Competing Cations 

A C C . C I  RICWLAHD. WASW. 



-20-  HW-71374 

0 

137 Influent solution - 0 .  01_N CsC1, 100,000 C s  
Influent pH - 6 . 0  
Temperature  - 25 C 
Column - log, 1 . 0  to 0 .  25 mm,  Na-based zeolite 
Column flow rate - 835 m l / h r  
Column residence time - Decalso,  0 .  36 min and clinoptilolite, 0 .  37 min 

d /m/ml ,  Na' as indicated 

- 200 I 

100 

50 

40 

30 

0 1.0 2.0 

Sodium Concentration, Normality 

FIGURE 5 

+ Effect of Competing Na' on the C s  Capacity 
of Clinoptilolite and Decalso 

3.0 
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85 Influent solution - 1. ON Na', 0.008g 120,000 S r  d / m / m l ,  0 .  1N - 
M g E  2H 302)  2 

Influent pH - 7 . 0  
Tempera ture  - 25 C 
Column 

Flow r a t e  - 285 ml /h r  
Column residence time - s a m e  as l e s s e r  values given in F igure  3 

Curve S r+2  Capacity Index of 

- log of 1 .0  to  0 .25 mm, Na-based Decalso and clinop- 
tilolite; 1/16-inchJ Na-based, pelletized Linde 4A 

Designation Zeolite meq / lOOg Strontium Selectivity 

a C linoptilolite 0 . 0 3  0.001 
b Decalso 1. 71  0 . 0  13 
C Linde 4A 1 2 . 5 0  0 .  172  

The breakthrough curves  of F igures  6,  7, and 8 are directly 
comparable to the i r  sho r t e r  residence-time counterparts in Figure 3 .  
Strontium selectivity indices were calculated by dividing the strontium 
capacity in mq/lOOg zeolite for  the sys tems containing the competing 
cation by the strontium capacity of the same sys tems without competing 
cations present .  

0 u . u 

A 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0 . 3  

0.2 

0.1 
0. I 0.5 1.0 

Column Volumes 

FIGURE 6 

Effect of Competing Na' on the S r+2  Capacity 
of Clinoptilolite, Decalso, and Linde 4A 

(Error  Function C/Co vs Log Column Volumes) 

5.0 
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Influent solution - 0.4N Ca+2,  0 . 0 0 8 g  Sr+2,  120 ,000  Sr85  d / m / m l ,  0 .  l_N 
M g E  2H 30 2) 2 

Influent pH - 7 . 0  
Tempera ture  - 25 C 
Column 

Flow rate - 285 m l / h r  
Column residence t ime - same as l e s s e r  values given in F igure  3 

- log of 1 . 0  to 0 .  25 mm, Na-based Decalso and clinop- 
tilolite; 1/16-inch, Na-based, pelletized Linde 4A 

Curve s r+ Capacity, Index of 

a C linopt ilolite 1 . 7  0 . 0 2 9  
b Decalso 8 . 0  0 . 0 6 3  

Designation Z eo1 it e meq/lOOg Strontium Selectivity 

C Linde 4A 7 . 2  0 . 0 9 9  

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.02 
0.5 1.0 5.0 

Column Volumes 

FIGURE 7 

Effect of Competing Ca+2 on the Sr+2 Capacity 

( E r r o r  Function C/Co vs  Log Column Volumes) 
of Clinoptilolite, Decalso, and Linde 4A 
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Influent solution - 0.008N - Sr+2,  120,000 Sr85 d /m/ml ,  0 .  1PJ CH3 COOH 

Tempera ture  - 25 C 
Column - log  of 1 .0  to 0 .  25 mm, Na-based Decalso and clinop- 

Flow r a t e  - 57 m l / h r  
Column residence t ime - same as l e s s e r  values given in Figure 3 

Influent pH - 3 . 0  

t ilolite 

Curve Strontium Index of 
Designation Zeolite Capacity, meq/100g Strontium Selectivity 

a 
b 

0.9 

0.8 

0.7 

0 0.6 u 
u 0.5 

0 . 4. 

0.3 

0.2 

\ 

0.1 

Clinoptilolite 5 5 . 3  0.947 
Decalso 16.0 0 .  125 

I I 1 I 

10 50 100 

Column Volumes 

FIGURE 8 

Effect of Competing H+ on the  Sr+2 Capacity 
of Decalso and Clinoptilolite 

( E r r o r  Function C /Co vs  Log Column Volumes) 
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Previous research '  '' showed that, following a two-hour heat 

t reatment  at 400 C, clinoptilolite w a s  capable of adsorbing twice as much 

cesium f r o m  1IVJ sodium solutions a s  that which w a s  not heat t rea ted .  

F u r t h e r  experiments  confirmed evidence that heat t reatment  did not 
increase the total  ion exchange capacity of the minera l  but did improve 

i ts  selectivity fo r  cesium in the presence of high sodium concentrations.  

The effect of heating is shown in the data of Table 11. 

TABLE 11 

E F F E C T  O F  HEAT TREATMENT ON CLINOPTILOLITE 

Cation Exchange Capacity 
(Sodium Acetate Method) K~ for CS+ 4-hour 

Trea tment ,  c in 1s Na+ meq/100g 

10 0 2 30 180 
20 0 300 170 

400 450 150 
1000 1 0 

- c / m / g  exchanger 
Kd - c / m / m l  solution 

Fixation Chemis t ry  
(J .  L.  Nelson, R.  Ful ler ton,  K. C .  Knoll, 

L. A .  Bray,  E .  J .  Wheelwright) 

Fu r the r  laboratory r e s e a r c h  w a s  conducted in the application of Duolite 

C-3  to  the adsorption of radioisotopes f rom the supernatant solution of 

neutralized Purex  high-level waste.  In the case  of high-pH solutions that 

(1) I r ish,  E .  R.  9, c s .  

A 
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, 

produced the best  cesium adsorption on Duolite C-3  resin,  very  little 

strontium adsorption w a s  obtained. 

columns w a s  complete a f te r  passage of only three  or four column volumes 

Strontium breakthrough f rom res in  

of waste,  compared with a t  least  thirty column volumes f o r  ces ium.  
ma jo r  radioactive isotope in aged, neutralized Purex  waste supernatant 

solution is C S ' ~ ~ ,  and ve ry  little s t ront ium is present .  

The 

Laboratory column studies of the effect of alkalinity on ces ium 

adsorption by Duolite C - 3  r e s in  corroborated the equilibrium experiments  

performed e a r l i e r .  (') Cesium selectivity of the r e s in  is greatly improved 

by ve ry  high alkalinity. 

50 pe r  cent column breakthrough a f t e r  6 column volumes. 

w a s  added to the solution to give 3 .  1M - hydroxyl ion, the 50 pe r  cent 

column breakthrough volume w a s  increased to 190 column volumes. 

Solutions having a pH of 9 . 9  were  found to  reach  
When caustic 

F u r t h e r  s tudies  were  also made of the elution of ces ium f rom Duolite 

C - 3  res in .  

alone. 
cations displace cesium m o r e  effectively than do hydrogen ions.  

experimental  resu l t s  a r e  reported in Table  111. 

Severa l  acid-sal t  mixtures  were  t r ied  and compared with acid 
The  acid makes the r e s in  l e s s  selective f o r  cesium, but a l so  meta l  

The  

TABLE I11 

ELUTION O F  CESIUM F R O M  DUOLITE C - 3  RESIN 

E luting Agent 
-Elution Volume ( Bed Volumes) 

50 P e r  Cent Elution 98  Per Cent Elution 

2N H2S04 7 

1N - A12(S04)3 + 1N H2S04 

1N - Na2S04 + 1N H2S04 

1N K2S04 + 12 H2S04 

1N(NH4)2 SO4 + 1N - H2S04 

7 

5 
3 

3 

20 

18 

14 

7 

6 
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Table  I11 indicates that the elution volume can be reduced by use  

of ammonium ion f rom that required by acid alone. This  would be 

advantageous i f  the eluate were  to be la te r  calcined, because the ammonium 

ion would not contribute to  the volume of calcined product. 

A High-Level Cel l  experiment was initiated, using Duolite C - 3  

r e s in  and actual  neutralized Purex  high-level waste solution. 

column used w a s  two inches in d iameter  and eight feet  long. About 100 

l i t e r s  of waste supernatant solution were  passed through the column. In 

the initial run no caustic w a s  added to the solution, and column influent 

had a pH of 9 . 9 .  

tamination factor  of 500.  

passage of 13 column volumes of solution and reached 75 p e r  cent a f t e r  

passage of 15 column volumes. 

The  r e s in  

E a r l y  effluent f rom the column showed a cesium decon- 

Cesium breakthrough reached 50 pe r  cent af ter  

The bed w a s  washed with water  and then 

with 3. 6 column volumes of 0 . 2 5 E  nitric acid.  

about 4 p e r  cent of the Cs137 and most  of the sodium f r o m  the bed. 

remaining C s  137 w a s  then eluted with 20 column volumes of 1M - nitric 

These  washings removed 

The 

acid,  giving 9 6  pe r  cent recovery. Following elution, washi water  w a s  

s ta r ted  through the bed, a t  which point gassing w a s  observed and flow 

through the bed w a s  blocked. 

An experiment  is planned f o r  processing waste with excess  caust ic  added 

and eluting with sulfuric acid.  

The  r e s in  had to be removed f rom the column. 

Experiments  were performed to study the effects of tempera ture  and 

grain s i ze  of Duolite C - 3  r e s in  on cesium adsorption curves .  The  column 

adsorption capacity, as indicated by the 50 per  cent breakthrough volumes, 

decreased  as the tempera ture  increased in the range of 20 to 80 C .  

Exper iments  with synthetic, formaldehyde-treated,  neutralized Purex  
waste,  diluted 1: 1, gave 50 pe r  cent cesium breakthrough af te r  74 column 

volumes a t  20 C,  57 column volumes a t  40 C,  43 column volumes a t  60 C,  

and 31 column volumes at 80 C.  Cesium breakthrough became m o r e  abrupt 

with increasing tempera ture ,  as is reflected in  the slope of the cesium 
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breakthrough curves  in F igure  9 . .  

lationship between r e s in  grain s ize  and the mean residence t ime ( inversely 
proportional t o  flow ra te )  required to give optimum adsorption performance,  

It w a s  found possible to  a t ta in  comparable adsorption performance a t  a 

reduced residence t ime by use  of a smaller r e s in  particle s ize ;  the p r e s s u r e  

drop  a c r o s s  the column w a s  not excessively increased with the s i z e s  tes ted.  

This  adsorption performance is reflected in the number of theoret ical  plates 

calculated f rom the data obtained fo r  a standard laboratory column and 

listed in Table  IV. 

Similar  experiments  showed the r e -  

TABLE IV 

CESIUM ADSORPTION BY DUOLITE C - 3  RESIN 
AS AFFECTED BY GRAIN SIZE AND FLOW RATE 

Residence Time.  min 

Gra in  Size 
m m  

20;833 

0.420-0.833 

0 .  246-0.420 
0 .  147-0. 246 

<O.  104 

12  6 3 
Number of Theoret ical  P l a t e s  

3 .50  1. 84 1.47 

13. 2 18. 7 3.50 

73 .5  32. 6 5 .97  

73.5 31. 9 - -  
10 3 1 2  1 127  

Laboratory scouting experiments  were performed to study reported 

react ions between salts and metals as a possible waste fixation mechanism 

for  high-temperature separat ions p rocesses .  

react ions between 1: 1 mola r  ra t ios  of tungstic oxide and antimony, lead, 

tin, and zinc. 

oxide-metal  mix tures  were  heated to 500 C for four days.  

Attempts w e r e  made to  produce 

At a tmospheric  p r e s s u r e s  no react ions w e r e  observed when 

F o r  study of 
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h 

Influent solution - synthetic neutralized Purex  waste (lWW), diluted 1: 1, 
137 

2M NaOH (af ter  dilution), 0 . 0 0  1M - Cs', 30, 000 C s  
dTm/ml 

Column 
Column flow r a t e  - 25 m l / h r  
Column residence t ime - 5 .  2 min 

- 2 g Na-based Duolite C - 3  res in ;  5 ml  

Column Volumes (Diluted Waste) 

- FIGURE 9 

Effect of Tempera tu re  on Adsorption 
of Cesium by Duolite C - 3  Resin 

( E r r o r  Function C/Co vs  Log Column Volumes) 
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possible react ions at low p res su res ,  the tungstic oxide and meta ls  w e r e  
dr ied a t  105 C f o r  t h ree  hours  and placed in heavy-walled tubes which were  

heated, evacuated, sealed and annealed. 
tubes for  per iods ranging up to  five days,  the products were  examined by 

X-ray  diffraction. These  experiments  gave no evidence of react ions.  S imi la r  

experiments  were  a l so  conducted with aluminum oxide in place of tungstic 

oxide and again no react ions were  detected. N o  fur ther  experiments  of this 

nature  a r e  planned. 

After being heated to  500 C in these 

Condensate Wastes  
(B .  W .  Merce r ,  J .  M.  Skarpelos) 

Laboratory experiments with Purex  Tapk Farm condensate indicated 

improved removal  of radiocer ium when the pH of the condensate w a s  reduced 

f rom 9 to 3. The  condensate, a s  produced, contains a small concentration of 

ammonia,  resul t ing in the higher pH solution. 

radiocer ium content w a s  usually removed by a bed of clinoptilolite. 

both clinoptilolite and a sulfonated polystyrene resin gave cerium decon- 
tamination fac tors  ranging f rom 8 to 200 fo r  condensate was tes .  Ce r ium 

tends to precipitate in solutions having a pH above 3 and would fo rm a 

peptized colloid in these low-ion sys t ems .  

efficiently removed by adsorption. 
cer ium than did clinoptilolite, in these experiments .  

radiocer ium f r o m  m o r e  than 20,000 bed volumes of t reated condensate 

waste containing 0 . 0  12M - ammonia without ce r ium breakthrough. 

s t ront ium w a s  removed f r o m  the waste with a decontamination factor  g rea t e r  

than 1000 in the same  experiment without breakthrough. 

a bed of clinoptilolite showed 50 pe r  cent radiocer ium breakthrough af te r  

passage of 18,000 bed volumes of condensate. 

At pH 9 less than half of the 

At pH3 

This  colloid is apparently not 

The  r e s in  had a higher capacity fo r  
A r e s in  bed removed 

Radio- 

On the other  hand, 

Equilibrium experiments  w e r e  conducted with Decalso and clinop- 

+ + in these experiments  a r e  representat ive of the Na 

tilolite and solutions containing 1 - 1 2  ppm Na' and t r ace  Cs137.  

concentrations of N a  
The 
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concentrations found in condensate wastes  result ing f rom the evaporation 

of high-sodium process  solutions. These experiments  show that a bed of 

Decalso should remove the t r a c e  

of these solutions before reaching 50 per  cent cesium breakthrough. 

Actually, 150, 000 bed volumes of a solution containing 1 2  ppm Na’ and 

t r a c e  Cs137 were  passed through a sma l l  laboratory bed of Decalso to 

50 p e r  cent Cs137 breakthrough. 

o r  low pH solutions is not recommended because of i t s  chemical instability 

Considerable difficulty was experienced in performing equilibrium exper i -  

ments  with clinoptilolite involving low -sal t  solutions. 

fine suspension f o r m s  in the solution which is not readily removed by 

ei ther  fi l tration o r  centrifugation. 

coefficients measured  for  clinoptilolite in low -sal t  sys t ems  were  probably 

low. 

over  200 ,000  bed volumes of a 12 ppm Na’ solution - -  the same  solution 

f rom over  100, 000 bed volumes 

The use  of Decalso for  e i ther  very  high 

During mixing a 

Therefore ,  the equilibrium distribution 

However, a small bed of clinoptilolite removed t r a c e  Cs137 f rom 

as used for  the Decalso bed - -  without reaching breakthrough of the 

cs . 137 

Table  V shows C s  137 and Sr85 equilibrium distribution coefficients, 
.I, 

Kd, and column equilibrium distribution coefficients, h”’,  calculated f rom 

the Kd values,  f o r  clinoptilolite, a sulfonated polystyrene res in ,  and a 

sulfonated phenol-base r e s in . fo r  dilute ni t r ic  acid sys t ems  containing t r a c e  
C ~ ~ ~ ~ a n d S r  85 . 

Values of 6 above 100 a r e  essentially equal to  the number of bed 

volumes to 50 p e r  cent breakthrough of the radioisotopes.  

of dilute ni t r ic  acid wastes  could best  be accomplished by a bed of clinop- 

tilolite in s e r i e s  with a bed of sulfonated polystyrene r e s in .  

Decontamination 

:: exchanger-; = c /m /ml bed 6 = , p K  d where p is packed-bed density, pml bed c /m/ml  solution 



TABLE V 

.. . 

Exchanger  

C linoptilolite 

-- EFFECT OF NITRIC ACID CONCENTRATION ON cs137 AND ~r~~ 
K O R 6  -4- 

H + M  cs 137 - cs 137 ~r~~ K~ - ~r~~ 6 

0.  113 7 . 7 x  1 0 ,  5 . 7  x 10 11 8 

1 . 5  x 10 9 3  68 0.0410 2 . 1  x 10 
0 .  0134 6 .  3 x 10 4 . 6  x 10 1200 860 

0.00465 6 . 3 ~  10 4 . 6  x 10 

3 

4 4 

4 1 . l x  10 4 1 . 5  x 10 4 

3 

4 

5 
6 

2 .0  x 10 

2 . 4  x 10 

2 . 2  x 10 

2 .  1 x 10 

3 

4 

5 
6 

Sulfonated Polystyrene 
Res in  0 .  113 150 77 4 . 0  x 10 

0 .  0410 480 250 4 . 5  x 10 
i 

w 
F 
I 

0 .  0134 1 . 6  x l o 3  820 4 . 3  x 10 

4 . 0  x 10 3 0.00465 4 . 4  x 10 2 . 3 ~ 1 0  

Sulfonated Phenol 
Res in  0 .  113 490 200 2 . 1  x 10 830 

4 8 .  6 x l o 3  
4 5 
5 5 

0 .  0410 1 . 5  l o 3  600 2 . 2  x 10 

9 . 5  x 10 
3 . 9  x 10 

2 .4  x 10 

9 . 7  x 10 

3 

3 
0.0134 5 . 0  x 10 2 .0  x 10 

0.00415 1 . 3  x 10 5 . 3  x 10 

Tempera ture  - 25 C 

Mixing time - 72 hours  

Packed-bed densi t ies  - Clinoptilolite - 0.  736 g / m l  
- Sulfonated polystyrene r e s in  - 0.524 g / m l  

- Sulfonated phenol r e s i n  - 0.400 g /ml  
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The data in Table  V fits the mass action law reasonably well  f o r  

the following equilibria: 

H+ (Resin) + Cs+ (aq) ,5 Cs' (Resin) + H+ (aq) 

2HS (Resin) + Sr+2  (aq) ,+ S r  

and 
+ 2  (Resin12 + 2Hf (aq) .  

If the mass action constant a t  one o r  two dilute concentrations of a par t icular  
ion is determined, calculation of Kd values for t r ace  radioisotopes at other 

dilute concentrations of the ion may be possible .  

Micro Pi lot  Plant  

The Micro Pilot  Plant s team s t r ipper  previously described'  ') has 

operated fo r  near ly  3000 hours,  satisfactorily removing g rea t e r  than 9 7  p e r  

cent of the ammonia and organic impuri t ies  f rom Purex  Tank Farm radioactive 

condensate waste .  

cent of the feed and consist  of two phases .  

isotopes present  in the organic and aqueous phases  a r e  indicated in Table VI. 

Because Cs137 is not detected in the overheads,  even though it is present  

in the feed in concentrations grea te r  than any other  radioisotope, entrainment 

of the feed is considered to  be minor .  

The condensed overheads amount f r o m  4 to 7 volume per 
The concentrations of var ious 

TABLE VI 

RADIOISOTOPES P R E S E N T  IN STEAM S T R I P P E R  OVERHEADS 
P 

C onc ent rat ion 
in Aqueous Phase  

Concent ration 
in  Organic  Phase  

Radioisotope (pc /ml) (IJ c /mU 

Iodine- 13 1 5 . 9  x 2 . 7  
Ruthenium- 10 6 5 . 6  x 3 .4  

Zirconium -Niobium - 9 5 9 . 4  not detected 
Cesium-137 not detected not d et  e c te d 

(1) I r i sh ,  E .  R .  QX. - c i t .  



e. 

-33- HW-71374 

In o r d e r  to effect  fu r the r  reduction of the  organic in the s t r ipper  
bottoms, the s t r e a m  w a s  passed through a bed of 10 l i t e r s  of Pi t tsburg 

Chemical  Company acid-leached, type CAL activated carbon in a 4-inch 

d iameter ,  50-inch long column a t  a flow ra t e  of 1. 2 m l / m i n / c m  I . 

( 0 .  3 gpm/f t2) .  During M P P  Runs 16 and 17  this  s t r e a m  was passed 

through the activated carbon without any adjustment of pH. 

18 the s t r e a m  w a s  adjusted to a pH of 3 by addition of n i t r ic  acid 

before  passage through the activated carbon. 

2 

During Run 

The  activated-carbon bed effluent w a s  then passed through 0 .25  

l i t e r s  of adsorbent in a l-inch diameter  column a t  a flow r a t e  of 18 
2 m l / m i n / c m  (4 gpm/f t2) .  During Run 16 the adsorbent tes ted w a s  highly 

regenerated Amberli te IR- 120 (a  sulfonated polystyrene resin)  in the 

hydrogen f o r m .  

w a s  regenerated with 1500 ml ( 6  column volumes) of 4N - nitric acid.  

regenerated r e s i n  w a s  then used in Run 17. 

tes ted was  clinoptilolite, having a particle s i ze  of 0 .  5 to  0 .  9 m m ,  which 

had been placed in the hydrogen form by t reatment  with about 3000 ml of 
4N - nit r ic  acid.  

Following the passage of 3000 l i t e r s  of waste,  this  r e s i n  

This  

During Run 18 the adsorbent 

G r o s s  beta decontamination fac tors  (DF) a c r o s s  the adsorbent beds 

ranged f rom 50 to  100 during Run 16, 15 to 30 during Run 17, and 10 to  30 
dur ing  Run 18. 

Ru106 which is not effectively removed by any of the ma te r i a l s  tes ted to 
Most of the gross beta activity in the effluent is due to  

date. 
during Run 18 is i l lustrated in F igure  11. Essent ia l ly  no Cs137 is removed 

Cs137 removal  during Runs 16 and 1 7  is i l lustrated in F igure  10 and 

~ 

by activated carbon.  

in F igu re  1 2 ,  and during Run 18 is il lustrated in F igure  13. 

operation of the activated-carbon column removed S rgO with a DF of 

grea te r  than 100, but a f te r  about 1000 l i t e r s  (100 column volumes) were  

treated,  the D F  leveled out a t  about 5 to 10.  Using the same carbon column 
during Run '18 and lowering the pH to 3 caused S r g O  to be leached out of 

S r g O  removal  during Runs 16 and 17 is i l lustrated 

The  initial 
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Cesium- 137 Removal by Activated Carbon and Amberli te IR-120 
from Purex  Tank Farm Condensate, 

M P P  Runs 16 and 17  n 
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I I I I 
2000 3000 4000 5000 1000 

Liters Treated 

FIGURE 11 

Cesium - 137 Removal by Activated Carbon and Clinoptilolite 
f rom Purex  Tank Farm Condensate, 

M P P  Run 18 

A E C - G E  R ICHLAND.  W A S H .  
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FIGURE 12 

Strontium-90 Removal by Activated Carbon and Amberli te IR- 120 
f r o m  Purex  Tank Farm Condensate, 

M P P  Runs 16 and 17  4 

a f t  GI R I C R L L N D  W A S H  
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FIGURE 13 

Strontium-90 Removal by Activated Carbon and Clinoptilolite 
f rom Purex  Tank Farm Condensate, 

M P P R u n  18 

A C C 4 C  I ICHLAND.  WASH 
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1 

& 

the carbon during the f i r s t  1000 l i t e r s  of waste t rea ted  as indicated by one 

sample  of the carbon effluent with a concentration near ly  30 t imes  the feed 

concentrat  ion. 

Comparison is made in Table  VI1 of the capacity of Amberli te IR-120 
90 and clinoptilolite fo r  removing Cs13’ and S r  

t ra t ions with the point a t  which the effluent concentrations of the radioisotopes 

reach  the i r  MPCw as  the end point. 

a t  var ious ammonia concen- 

TABLE VI1 

CAPACITY O F  AMBERLITE IR- 120 AND CLINOPTILOLITE 

FOR cs137 AND srgO IN PUREX TANK FARM CONDENSATE 

Ammonia Capacity Capacity Concen- 
t ra tion, fo r  C s  137 for  Sr 90 

Run N o .  - Adsorb en t mg/l col  vol col  vol 

M P P  18 Clinoptilolite -H 5 to 6 15, 000 5 ,400 

M P P  1 2  Clinoptilolite -Na ca 160 5,  800 negligible 

M P P  17 Amberl i te  IR- 120-H 4 to  5 8, 800 ’14, 800 

M P P  16 Amberl i te  IR- 120-H 6 to  7 6,  000 >12,000 

Elution and regeneration of the Amberl i te  IR-120 with 6 column 

volumes of 4N - nit r ic  acid was  eas i ly  accomplished.  Nitr ic  acid elution 

of clinoptilolite was not effective; however, 6 column volumes of 5_N ammonium 

ni t ra te  removed most of the activity adsorbed on the column. 
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