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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United
States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accu-
racy, completeness, or usefulness of the {nformation contained in this report, or that the use
of any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the
use of any Information, apparatus, method, or process disclosed in this report.

As used in the above, ‘‘person acting on behalf of the Commisaion’ includes any em-
ployee or contractor of the Commission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee of such contractor prepares,
disseminates, or provides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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TN 1w Tedes, rncozgsoratea, — i of WAPD smm 1316 from

| “ B Dedenbés 1, 1952, to September 30, 1953, The four main cmgories

";"u o this ser.rhien of tha exporimontal program were 2s listed below,

| ?’ 5 (4) Investigation of tho thermal 8bahﬂ.lity of 1on-axchanga

f ‘g | reaine.

| {3) In‘«:r_aa-bigation ol pH centrol of solutions using ion-mhmge

‘; “ reoin bad columns, In these studies various anionic resin

;‘ forms were used in conjunction with cationic resin in thes

\.‘ - Jithiwe ion form,

J’i . (€} Invostigation of deomineralizaticn performence at high

l b thz'ow;hpu'h rabes of ion~exchange bede in the hydrogen and

4 J‘/) hydrexyl resin forma, This work was & conmbinuation of

studies carvied oub 2% Ionics on mixed bed demineralizs-

2 tion (L),

| (1} Analyeis of resins and water from WAFD experimental loops,

| Shability of lon-Exchenge Reains

f & Hosulbs from bhe thermel stability study program have demon-

< shimted thabh bobth Amborlize IR-120 end Dowex-50 reein in $he lithiwm ion

w ;: @ forvn s mora Stable than the hydrogen foxrm of these resins, The thermal

‘ ¢ ;‘ shebidily of Shese two resins has been shewn Lo be equivalent. 4t a

f’ e temmarabore of 150° ¢, the lithium form of the IR-120 resin iz predicted

; g te lopo Bolf it ecapacity in 300 doys., At this temperature the half-life

: of Hhe hydwogen form of this resin is pradicted to be 100 days, The

5‘ hydeozen form of IR-120 vesin decomposes ab two different rates, The
o,

e o - e e TIE
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more rapid decomposition is associated with 15% of the resin capacity,
Half-life values presented in this report are based on the slower decom—
position reaction. An estimate of capacity less at time i must include
a factor which corrects for the initial 15% loss in capacity.

The phosphatc form of Amberlitc IRA-400 has been shown to be
mich mere stable then the hydroxyl form, Half the capacity of this
resin in the phosphate form is lest in 35 days at a tempsrature of
13L° ¢, Hydrolysis of phosphate to acid phosphatcs also occurs, The
regin in the hydroxzy) form loges half its capacity in 0.5 days at &
ternperature of 132° C, The phosphate form of Amberlite IRA-L00 at
I00° €, is about as atable as the hydroger form of IR-120 at 150° C.,

end the lithium form of IR-120 at 180° C, A% these temperatures the

tomporabure lipitation for stable operation of ion-cxchenge equipment in

the STR loop may Lo raised from 60° C. to about 90° C, by replacing the

nydvegen-tgdroxyl bod presently used with a lithium-phosphate bad, The
use of a single rosin type (hydrogen form) for deminerslization mey also

N ” 3 - PR B - - t
be feasible, 1In this case a temperature as high &3 130° to 140° C,. car

&

thrl(vs E ‘J'TJ

m3 T - ¥ s RSy © e e ] et s v ] 1
The phosphate, carbongte, and hydraxide form, respectively, of

(A-H00 in combinatic th Amberlite IR-120 in the lithiuwm form have

b . 2 " 17 s o . 2 -2 2 Fe ,

besn uead in the pl control stuwiisa, The dovelopment of methods for at=
bedring & higl pd effluent (9-11) during demiwsralization of 100 ppm,
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In the first experiment, varying amounts of resin in ths hydro-

P

gen form wore added to a lithium-hydroxide bed in sn attempt to control
the effluwent pH, The hydrogen ion, however, selsctively exchanged with
the moderately high pH desired, There was no leakage of lithium-hydroxide
until a major frection of resin in the Iydrogen form had reacted.l The
effivent pll of the lithiwm-hydroxide bed remained constant at about 11
unbil the bed was exhausted,

Use of phosphate and carbonate forms of IRA~LOO resin in con-
Junctlon with ITR-120 resin in the lithium form did not provide rigid pH
control, fHydrolysis of the phosphate snd carbonste forms of the resin
to acid phosphates and bicarbonate cccurred during the resin preparation,
As @ result, the efflvent pH from theme resin beds varied during an ex=-
pariment,

Hydrolysis of resin in the phosphate and carbonate forms which

occurs whon these vresin forms are washed fres of the salt used in their

Q

preparation cen be minimized by using dilute solutions of these 3alts
ag the leeching agent, However, the hydrolysis of these resin forms
during bed operation cennot be inhibited, As a resuly, variation of the
P of solubion effluent is to be expecied during treatment of selt solu-
Gion in these resin bed systems,

The lithiur-hydroxide bed ssems most useful for pH control on
tho basis of this phage of the study., The thermal instability of the
hydroxyl resin form, however, is an undasirable property of this system,

while the lithiuwm-phosphate bed i8 better in this respect,

On the basis of this result, the employment of partial regeneration
of exhausted mixed bede to permit reuse of thase beds appears to be

practical,

b

metallic ions in solution to provide a neutral efflusnt and did not provide
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C, Demineralization at High Rates of Throughpub

Inveatigetion of the demineralization performance of mixed
hydrogen~hydroxyl resin beds ah very rapid throughput rates has shown
that this mammer of operation is satisfactory, For exampls, at a flow
rate of about 20 gal,/ft? min,, only 23% of the bed eapacity was wnused
at 107 breakthrough, This result was predicted from correlation of data
obtained from an earlier inwvestigstion by Ionies, Incorporatsd (é).

D. fnalygis of Samples from Loop Testis

With regard to the analytical program, mixed resin samples :
from the M-3 experimentel loop dated April 3, 1953, April 30, 1953, and
Juna 15, 1953, and an M-3 lcop water smmple dated June 17, 1953, have
been analyzed during the period of this study program, The results axe
presented in a later ssction of this report,

B, liscellanesoung Studies

Several short-term 8tudies conducted during this work period
vielded tha following resuvlis:

(1) A monobed containing uniformly mixed resins in the hydrogen
and hydroxyl form did not neticeably classify after 15 1/2 hours vibra-
tion ab a frequency which produced an sccelsration 1,7-1,8 times =8 g;est
&8 graviity,.

(2) Cation-szchange resin in the thorium form did not exhibit
énion«exchange properties as 1t was expected to, On ths basis of mem=
brane potential measursments made at Ionics {8), it was beljeved that a
cation-axchange resin in the thorium form would behave as an anion
exchanger, |

(3) The purity of lithium form resin prepared at Tonics exceeded
Navy specifications of 0,3% sodium (equivalent basis),

b e T ]
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A, Ths Thermal Stability of Ion-Exchange Resins

& An earlier invesbigation by ITonies, Incorperated, of ths stabil-
£ ity of varicus resing at high temperature had indicated that Amberlite
5 IRA-40O and Dowex~l and Amberlite IR-120 and Dowex-50 are the most stable

gynthetic organic reszins which esn be used above room temperature for

ot
-
1

mixed bed demineralization ( _):;_). The hydroxyl form of the anion exchangers

ig much leoss stable than the hydrogen form of the cation exchangers, how~

ever, and limits the system tesperature %o 120°-1400 F, when thess resin
formg ave cmployed, Ags a resulb, a lerge amount of cooling is necsssary
r +o operate a mixed bed exchanger in the STR,
The possibllity of incressing ths thermal stabilily of the ione
» axchange system by employment of different rezin forms was inwestigated,

:' ) The ghbability of the lithium form o¢f IR-120 and the phosphate form of
TiA-4,00 wes tested for use in a mixed bed, Each of these salt forms was
expactod to be thermally more stable 4$han the rospective hydrogen and
hydrexyl resin form Opszration of a hydrogen bed alone for demineraliza-

tion ssemed feasible, since the major corrosion products ars probably
oy

pregent @8 baglic oxides, and the thermal St&b_l.ll ty of the hydrogen form

(2
t

ito IR-120 was also studiled,

B, The Control of System pH by Mixed Ton-Exchange Resin Bed Systems

i e

! Do%a obbained by WAFD (1) hed indicated that the corrosion of
A ctainlogs steel was minimized in a slightly basic (pHd 9-10) system, An
: ion-axchange syotem which affectively removed covirosion producte while
mpintaining the pH of the system at 2 value of aboub 9-10 wes therefore
’ conght., Use of the carbenate and phosphate forme of IRA-L0OO in combina-
A :

tion with the lithium form of IR-120 was investigated. Column operation

e p—
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with respect %o demineralization and pll control was tested using these
resin forms, The hydroxyl form of IRA-4CO in combination with the IR-120
regin in the lithium form wes also investigated,
C. The Deminerslization Performance of Mixed Hydrogen-Hydroxyl Form
Resin Bads Exposed %c Rapid Flow Conditions
The effect of certain operating variables on the demineraliza-

#ion of sodium chloride soluticn has been studicd carlier at Ionics (4).
Correlation of the datg obtained facilitsted prediction of demineraliza-
tlon performance at various operating conditions, Extrapolation of this
corvelation indicated that satisfactory operation might be obtained at

much higher flow rates than had previously been anticipated. P. Cohen
and V. W, Thompson of WAFD requested additionsl data ( _2_) in the high flow
ate region %o confirm vhis prsdiction,

D. fAnslysis of Resing and Solution from WAPD Experimental Loops Using 8

Lithiuwn-Eydroxide ¥ixed Bed

The pregsnce of small amounts of lithium in samplez from cor-
rosion study tests at WAFD which used exparimental loops and a lithiume
hydroxide ion exchanger prevented accurate analysig of the corrosion
elsments in these samples by spectrogrephic techniques at WAFD (9). This

nolytical difficulty had not been enticipasted, and gtandardized methods

[S]

for amalysis of the corrosion elements by other methods were not available
to WAPD, To avoid delay in the WAPD corrosion study program, Ionics was

requested by P, Cohon (2, 9) to anslyze resin and solution samples fram

these tests, Analyses of regin and solution samples from WAPD experimental

leops wers conducted at Tonics, Incorporated,
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amples of resin (aboubt 2 g,.) were

lazs fukes, The glass tubes were

anclosed in sheal tubes containing waler und were heated abt a fixed
bemporatura in a laboratory drying oven, Samples were removed periodically
for capeciiy determination, Loss of capacity wss taken to be a measure
of the resin docomposition, The resins studied were Amberiite IR-120 in
the hydrogen and the lithium forms and Amberlite IRA-L00 in the phosphate
form, The hemparatures covered were 150° C,, 180° C,, and 190° C,, using
hydrogen form IR-120; 150° €, end 180° C,, using lithium form IR-120; and
i00° o, and 134° C,, using phosphate form IRA-400,
R ‘-{f‘qn’? L

The resulis of the various tests ave summarized in a semi-
logardtheic plet of the reciprocal of the fraction of initial resin cap-
sclty remaining after a given time of hoating (1n Co/C) vorsus the time
of hoating in days (Figure 1), In Figure 2 the same methed of plotting

i nged on en expanded scsle to compars the decomposition rates at 150° C,

of the lithium form of Amberlite IR-120 and the hydrogen form of Amber-

Llite IR~120., With this type of plot a first ordsr decomposition reaction
is Indicated by a straight line, and in such a case & half-life value can
bo obbained directly for a given resin form at a given temperature, The
axperimental points plotted in Figures 1 and 2 asre listed in Table AII,
wiich ig in the Appendix,

Firet order decompositicn reactions were indicated for most of
the resin forms studied, The decomposition of the hydrogen form of IR-120,

howsver, appesred %o be more complex. DBy assuming the decay of this resin

y
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form to cccur by two cifferent paths (ebout 15% of the resin capacity
beinz lost more rapidly than the other 85%), the eemiiogaritlmic plot
resolvas into two straight linos, cns line intercepting the origin, At
150° ¢, the first dscay reaction is slowed and is not complete before
10-12 daye, At the higher temperatures (180° C, and 190° C.) decomposi-
tion by thes more rapid path occurs in less than a day,

In the case of the thermal stability etudies with lithium form
vesin, only a simple decay patiern is obserwved, The chemical analogue
of Amberlite IR-120, Dowex-50, in the lithium form gives identical results
to Auberlite IR-120 after 7 dsys! and 35 days! heating at 180° C,

In the case of phosphate form Amberlite IRA-4CO, the decomposi=
tion iz first order, The decomposition messurcments are bassd upon ion-
exchange capacily remsining after a given time of heating rather than
upon equivalents of phosphate rémaining on the resin, since the ionic
form of the wesin is not well known, There is evidence that the phos-
pherus (es a result of hydrolysis) can be present as a mixture of PO)S
and HPOL= in the resin matrix (ses Scetion V),

Regin half-lives have been calculated using the straight lines
ghovm in Figure 1, and the equation log Co/C = kb, where Co is the initial
resin capacity, C is the resin capacity at time ¢, and k is the first
ovder decomposition rate congtant, The half-life valuss which hawe been

compubed are presented in Table I,
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Temp. Degompogition Rate Resin Half-Life Calc, in

SC. . Constant (dsys~l)  Days from Rate Constant

o™ 60 2 x

OH™ 117 1x 10":" 2,5

oH™ 132 6 x 107 0,5
a-L00

x 1072 130
x :"fu..-" 35

ol
=
O N

> 10"‘;’ 100
10~ 8
e O"T' 2

150
180
190

P W
H

x 10™3 300
% 103 130

e
=
N

- )
N

o

(‘.ﬂ'?crlwm on of the half-life of the wore rapid reaction obserwed
with the hydrogen form IR-120 has not been attempted, The half-
11fe ‘\':‘\]UC"‘ are Jigted together with resin half-lives and decom-—
position rate constants estimated for the hydroxyl form of IRA-400,
Thoue valuea, obbained in an earlier sbudy (L), are included in

1is table for comparison and for the sale of comploteness,
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IV, EFFLUENT PH CONTROL SIUDIES OF ION-EXCHANGE RESTHN COLIMNS

- emmes

A.  Procedure |
Well~mixed rosin bada (about 1 foot in length and 1 inch in|
diameter) containing Amberliite IRA-400 in the forme to be tested were
traated wnder substentially air-free conditions with 100 ppm., NaCl solu-
tion, Prior o uvge, the bode were grounded %o remove their elactrostgtic
charge, thereby effecting a densely packed bed, The pH of eoffluent
samples was ireasuvred with a Baclmann pH meter, In some cases the effluent
solutions were sampled and analyzed for scdium content with a Baird flame
photomater, ‘

The resin bede first tested for pH control of effluent were
mizbtures of lithium and hydrogen form cation resin (IR-120) in varying
ratios with hydroxyl form snion resin (IRA-LO0), The study was ex-"
tended to cover carbonste ard phosphate anion resin forms used in con=-
wietion with lithium cation form, The phosphate form of Amberlite

1

IFA-00 was the only form tested ait several difforent flow rates and

SN

tempsrabures.

The experimental resulte sre expressed in Figures 3, L, and 5,
Tha figures are plots of the variation in tho effluent solution pH with
bime for different resin mixtures, lempesratures, and flow rates,

The sige of the resin beds was kept constant, and the method of
plotting is uniferm, so that the curves shown in Figures 3, li, and 5 are
directly comparable with each other. The columns used were necesegrily
small, and since 100 pmm, NaCl solubtion repredents a higher ionic sglu-

tion concentration than is likely to be encountered in the actual WAPD
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loop ion-amchangs bed, the vesulls should bo taken as only « qualitabive
pieture of effects to be expected when difforent colimn sizes and flow
rates are used, ;

In Figure 3 sre presented the effluent solution o historias
obbeined using resin mixtures conteining, initially, lithium or Llithium
and hydregen in the cation fracbion and hydrexyl in the anion fraction,
There is an exchange of dissolved sodium for resin<bound hydregen anq:/or

lithiun, Simultanecusly, an exchenge of dissolved chloride for the

s

regin-bound hydroxyl ion cccurs. It will be noted that whan hydrogeﬁ is
present, it tends to exchange first, produsing a noutral or nearly m]‘utml
effluent solution during the first part of the mun, Where hydregen form
cation resin is abeent, the 'pH is & measure of the efficiency of thej
anlon~exchangs reactions, : g

Pignre l shows the pH histories of effivemt solutions obtained
by pasging 100 ppm. NsCl solution through Li form IR-120 resin chbixfed
with either the carbonate, the HPOh", or the POy= forms of IRA-LCO, Con-
sbant effluent pH valuss of about 10, 11, end 9 were predictad for the
carbonate, phosphate, and scid phosphate forms, respectiwely, Inst,ea{d,
the pi petbern wee variable in 2ll of tha TUNg,

The slightly low pH of tho offlusnt at the start of he ;un
with the Li%-003” veain bed can be astiributed to some hydrolysis of
cerbonate Lo bicarbonate ien, The B pattern of effluent in the otf‘;ﬂr
WO runs may also be explained by hydrolysis., In She run with anion
form resin propared from tri-sedium vhosphate, the eventual redustion of

]
effivent pH from a valus of about 11 to 9 indicates the prasence of
PO)=, OH, amd HFO)," ions, FEimilarly, the reducllon in Fil of effluents

s
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from sodium aeid phesphate suggests the presence in the resin of some OH™
and HpPO}L,™ ions as well as some HPO)® ion,

The effect of temperaturs and flow rate on the pH control per-
formance of lithium-phosphate beds is shown in Figure 5, The slight
varizhion in effluent pH pattern a8 8 function of either temperature or
flow rave is within the limits of experimental control, This result
appsars o indicate that pH control is not strongly dependent on tempsrae
twre or flow rabo,

The efficiencies of the lithium-sodium exchangs in the runs
which ave listed in Table AI of the Apperdix have been evaluated
graphically according to the methoed of ccmputation which is outlined in
Tonics! Summavy Report of December 1, 1952 (L). The results indicate
thet the demineralisction is less efficiesnt than in the mixed bed which

uses resing in the hydrogen and hydroxyl forms,
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V., MIXED RESIN BED DEMINERALTZATION STUDIES

During lon-exchange demineralization a dissolved salt congiste
ing of a cation and an anion component 1s exchanged by contact with
resin-bound hydrogen ion end with resin-bound hydroxyl ion in such a
mamner that neutralization occurs, and pure water results, The distinc-
tion ie therefore plain betwsen the experiments to bs described, and
these deseribed in the precading seetion where godium and chloride ions

in solution were exchanged, respectivel: s for lithium ion and some other

anion,

The factors affeching mixed rosin bed domineralization wore

v

summarized in Jonics' Rsport of December i, 1952 ( h The results of

numerous laboratory column oxperiments are also described therein, This

0]

arlier work hss now been further amplified by a geries of laboratory
column experiments which were desipned to provide a basie for estimadion
of ion-axchange column performance ab very rapid flow rates,
A, Procedurs

A8 in the previously reporied demineralizaiion experiments,
hydrogen form Amberlite IR-120 was used in conjunction with hydroxyl
form Amberlite IRA-LCO, The zesin beds were disc charged by grounding with
2 copper wire, ard the sir-iree mized resin beds were tested in Pyvrex
glass colunme by passing 100 rrm, Bell solution down flow under Joiowm
benpsrabure conditions and 8t fixed flow raves, Samples of the effluvent
solutions were peviodically collectod end aralyzed for sodium content
uging the Baird flmme photemoter. Convertional len~oxchange column
breakthrough curves were conobructed and o graphically analyzed according

o the method referred to in 4he preceding section, Two-foot vesin cole

)D

—

wing wers used in order to eliminate the effect of column length (!

-’
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The resulis obtained and a ccmparison with earlier results are
shovm graphically in Fipgure 6 (see Table AIII, Appendix, for tabulated
values). The runs numbered l-d, 2-d, 3-d, and 4-d represent the new
data,

In Pigure 6, b, the fraction of the bed capacity umused at 10%

veakthrough, is plotted against a modificd Reymolds' modulus using a
log~log scale, The linear solution velocilty (related to the volumetric
flow rate and to the resin-solution contact time for a given size of
resin bed) is exprossed by the modifisd Reynolds' mcdulus, DPF/p., where

Do is the average resin particle diameter, 1,93 x 10.3

ft., v i8 2,35 1b,
per hr.ft., and F is the space velocity factor expressed as m./rtz.m-.

Tho demineralization performance of the mixed resin beds
studied in the hydrogen and hydroxyl forms at varying linear wvelocity of
solution throughput can be estimated by compariscn of the various b values
cbtained in the graph, For example, the effect of elevated temperature
is indicated by the lower b value of ruvn No, 3-d as compared to rum
Nose led and 2-d, In run No, 3-d, which was conducted at 75° C., the b
value is 0,11 as compared with 0,16 for the b value obtained at 25° Co
The difference is smll bub experimentally significant and indicates that
performence in this reglon is improved by raising the temperature of the
system, This result is to be expected, since mass transfer rate is
increased with temperature.

Extrapolation of the data obtained in the earlier study pre-
dicted very well the performance observed at higher flow rates,
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VI, AFALYSIS OF SAMPLES FROM WAFD EXPERTMENTAL 1OOP TESTS

A, Frocedure

The resins 28 received from WAFD were saparated into the anion
and cation components Ly flotation in a glycerol-water mixture, The
cation and enion components were eluted in separate glass columns with
21 HC1 (about 900 cc./column) followaed by 12N HC1 (about 100 cc.). The
olnates wore btesbed for Na and Li with the Baird flame photomster. Com=
binad calcium and magnesiuvm expressad as calcium carbonate was determined
by a versens titretien, The solubions were concentrated by boiling, and
the Fa wae vemovad by ether extraction for analysis,

T4 was establiched that Wi, Mn, and Co can be separated quan-
titatively in strong hydrechloric acid solution by the technique of Kraus

and ¥oore (3). In this methoed tha ¥n and Co are absorbad on an anione

e
£
W
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exchenge ride complexes from sirong HCl solution and are

soparated chromatographically on elution with HC1 of diminishing concen-

V.
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tratiion, The methoc

;2 concentretion of the metals for spectro-
vhobometric debermination using a Bsclmann DU apectrophotometer. The
anion resin fraction of Juno 18, 1953, was tested together with an unused
blank vosin sauple for carbonate, hydroxyl and chloride content by titra-

. ] snerion P on RTA RN o
tion of a saturated NaNC3 eluate solubtion,

the complete rosulis of analyses of mixed resins from the Me3
exesrimental loop dated April 3, 1953, April 30, 1953, and June 18, 1953,

and of an M3 locp water eample dated June 17, 1953, are listed in
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Anion
Juna 18(blank)

Teble II
Analytical Rgsults
a) ¥-3 Loop Water Sample of June 17, 1953
i 1l,0x10™ N
Na 0O (>10 N)
Fe 1,0 !Dg./ln (1 Ppm-)
Ni O
(02 JUE 0
¥n O
Co O
b) ¥=3 Loop Resin Samples
Cation Anion Cation Anion Anion
Apr, 3 Apr, 3 Apr, 30 __Apr, 30 _ Juno 18
Volums (cc.) 36 72 31 71 '
OH™ 2,5 meq/bone
dry resin gm
C‘C’Bw OoSh “'EQ/tdg
C1~ 1.7 meq/bdg
mz. per total resin ssmple
Li 450 mg 0 40T mg O
Na 2,9mg O 6.9 mg O
Ca
A;quCO3 78 ng 0 98 mg 0
Fe 202 ng Soo mg 007 ng OO:"“;"’ ng
Ni 0 trace 0 tracs
Co 0,0lmg 0,003mg O .
40,007 20,007 20,007 mg
Cr 0 0 ) 0,015 mg +
(»>0,0005 (20,0005 (>0,0005 0,0005 mg
mg mg) ng)
¥n 0,50 mg 0,13 mg 0,50 mg 0,09 mg

2,1 meq/bone
dry resin gm

0,52 meq/bdg

1.7 meq/bdg
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Vil, NISCELLANEOUS STUDIES

s T

Several additional tasks that are not included under the four
rain categories of the experimental program were completed during this
work period, These shorter-berm experiments have been reported elseshere
(5, 65 7)o A sumary of these experimenits is presented below.

Two runs were made to determine whether classification of a

hydrogen-hydroxyl bed occurred as a result of exposure to vibrations of

high frequency (5)s In these experiments the mixed bed endured an accelera=-
tion of 1,7=-1.8 times the acccleradion due to graviity as requested by

dr. Cohen of WATD in accordance with Havy specifications, The two vibration-
classification runs used a well-packed, one-foot mixed bed 4 1/4% in
diameter and a full amplituds of 0,068" and 0,04% at a frequency of 1550

and 1750 per minute, vrespectively., Resin classification did not occur

fber 15 1/2 hours vibration under each condition, This information

o

supplements data obitained during an earlier investigation by Ionics,
Incorporated, or resin bed classification as a vesult of exposure to
vibration (2),

Studies at Ionicas, Incorporated, (8) had shown that a cation-
exchange menbzane in the thorium form exhibits membrane potentlals which
are characteristic of an anion-exchange membrane, On the basis of this

ervation, i% wos believed that a cation resin in the thorium form

7]

ob
might behave as an anion exchanger, If this were the case, the quaternary
amine type of anion-exchange resin could be replaced by a cation-exchange
razin in the thorivm form to provide a mixed bed which is thermally stable.
The thorium form of Amberlite IR-120 was studied to see if it exhibited
anion-exchange properties, Ezporiments using sodium hydroxide and sodium
chloride shewed that the thorium form of IR=-120 did no% act as an anion-

axchange resin (6).



Finally, a cubic foot of lithium form Amberlite IR=-120 was
rapared for WAFD (7). The sodium content was 0,08% to U,12% on an
eqguivalent basis, No hydrogen was observed, The purity of the lithiwm

form resin exceeded Navy specifications of 0,3% sodium (equivalent

basis),
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VIII, APPENDIX

A, The Demineralization Efficiency of Mixed Bedg jn Various Ionic Forms

The relative efficiencies of the cation-exchange reaction in
the runs carried out are represented by the b values (calculated accord=-
ing to the graphical method discussed in an earlier report) (L) listed
belor in Table AI, The term b represents the fraction of the cation-
exchange caepacity of the resin column which is unused at 10% influent
cabicn breakthrough, The b values obtained in the present studies are
somewhalt higher than those previously obtained under identical experi-
menbal conditions using mixed resin beds initially in the hydrogen and

hydroxyl forms, The b values listed in Tabls AI range in general be-

twesn 0,25 and 0,35, The b value cbtained using the hydroxyl and the
rgsin forms was less than 0,10,
Table AI

ristics of Amberlite IRA-LOO, Ampgrlite IR-120

ltixed Resin Beds (cf. Figures 3 - 6)

b I % Resin Bed Composition (Ratios
Velue Valueg (2 C,) 1,1 anion eg, %o 1.0 cation eq,)

3,3 O 26 0.99 5 100% Li cation; OH anion
3.3 c) 1,10 25 95% Ii, 5% H cation; OH anion
33 0,25 1,04 25 70% 14, 30% 1l cabion; OH anion
3,3 0,2 '>" 1,02 25 30% Li, 70% H cation; OH anion
3.3 0021 1,13 25 Li cation* CC3 anion .
3.3 0,15 0,96 25 Ii cation; HPO), anion
1.0 0,34 0,98 25 Li cation; PO), anion
0.5 0,67 0,95 25 Li cation; PO) anion
3.3 0.25 0,95 90 L1 cation; PO}, anion
1.0 0sL0 1.0 20 Li catiuvn; PO} anion
0,5 0,15 0,97 90 Ii cation; PO} anion

‘able AT aleo lists I values for the variocus runs, The term I, as explained
in Ionics! Summary Report of Deecember 1, 1952 (L), represents the exactness
of fit betwsen the experimental data and the empirical mathemstical theory

¥ e (ALY

uged in the cemputation of b, An I value of 1,0 corresponds to an exact




A
\

e

=20=
correlation botween experiment and theory, A deviation of the I value
from 1,0, which is greater than + 0,07, is probably due to imperfect
experimentation or inappropriate application of the graphical method,
gince the maximum experimental errors likely to be encountered are ex-
pected to give a fluctuation in I of +7%,

B, Summary of Results
Table AII
Thermal Stahility Data

Ragin Experimental
¥y

and Form Temperature (° C,) Time of Heating (dgys) C/Ce Co/C
TRA=LCO 100 L 0,94 1,07
PO),3 5 0,89 1,13
7 0,95 1,07

134 3 D95 ¢ 1305

N 0,92 1,08

10 079 1.26

19 e MR B

IR=120 . 150 0.7 0,96 1.04
R 3o8 0089 118

7 0.86 1,16

12 0.78 1,29

20 017 - 1,31

31 0,69 1,L5

40 0,66 1,52

IR~120 180 0.7 0,79 1,26
H" p D71 141

7 0L5 2,24

12 31 3.2h

15 0.2k L,17

IR=120 150 ly 0,99 1,01
H® 10 0,98 1,025
21 0,950 1,05

20 0,95 . 1,05

L0 0,935 1,07

80 0,92 " 1,10

IR~120 180 ¥ 0,96 1,04
Li” 3 0,92 1,09
8 0.90 1,11

i} 0,88 1.1k
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Contact
Space Velocity Uodified Reynolds' L Length of Time
. b, /fbS, br, = Modulus DpF/w  Col, (f.) . . b. 1. (min)
5ol 0.h2 2.9 0,035 0,98 20,8
501 0.2 2,1 0.038 0,97 15,k
2,12 1,75 3.0 0,038 0,98 Sols
2,110 1,75 2.0 0,050 0,97 3.5
22300 109 208 00068 1000 h.5
2 3,500 2,9 3,15 0,078 0,97 3u2
—i) 375'00 209 202 00079 0491-‘ 202
11,600 9,65 2,0 0,16 1,01 0,76
g 11,600 9.65 2,0 0,16 1,01 0,76 !
11,600 9,65 2,0 0,31 1.0k 0,76 '
21,900 18, 2,0 023" 0,41

¢
¥ Temperature of run was 7S° iy
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