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I. INTRODUCTION

T™wo relatively recent evenits marked the beginning of real advancement
in the field of ion exchange. The first event took plsce in 1930 when the
iirst organic cation exchange materisl was discovered. This made it
possible to operate a cation exchange in the acig, or, as it 1is commnonly
celled, the hydrogen cycle. The second event marked the discovery of
enion exchange in 1935, which made it possible to remove anions as well
as catioms fros agueous solutions.

It is the purpose of this investigation to (1) systematically
classify the existing industrial uses of ion exchange and {2) present
experimental data illustrating how ion exchange might be used more ex-
tensively.

- It will be made clear that a consideration of present nprocesses:
utilizing ion exchange will not suffice for a elear understanding of the
field. One imst becone familiar with three broad classes of "exchange
tools™, namely, (1) theory of ion exchange, (2) technigues of operation,
anéd {3) properties of éxchange materials, Advancement in these three
"exchenge tools™ will be z mejor factor in the future rate of progress of
ion exchange applications,

The experimental work reported in:this thesis was done prior to

’

September 1, 1948, Likowise, the bibliography and liierature review

involve the reported uses of ion sxchanwe resins up to the same date.
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II. HISTORICAL AND LITERATURE REVIEW

Ae Terminology

Very little standardization of test methods and terminclogy has
been doune in the field of ion exchenge, ilany terms now being used
were originally set up for siliceous exchangers and desigpned for water
softening practices, Kowever, since exchangers are now avallable that
exnibit properties entirely different from those exhibited by the
siliceous exchengers, and since there are meny other uses for exchangers
outside of the softening field, there is & need for staﬁdardization
of terminology.

Ko specific system of nomenclature or terminology is proposed in
this study, but the use of certsin terms is recommended, The broad
term ion exchange, with sub~headings of cation and anion exchange,
are generally accepted. The materials themselves should be called
exchange materials, exchange resins, or exchangers, rather than some
of the other terms found in the literature, such as organolites, base .
exchangers, zeolites, and the like.

It is impractical to define &t this point sl1 the terms used in
ion exchange, However, a few of the more common ones are listed below,

teken from an extensive glossery given in The Resinous Reporter (322):

1, ADSORBENT:; A synthstic resin possessing the ability to
attract and to hold charged particles.



2.

Se

4.

Se

6.

8.

%

i0.

12,

13.

AUSCRPTION: The attachment of charged particles to the
chemically active groups on the surface and ir the pores of
an ion exchanger,

ANALYTIOAL GRATE: A specially puritied form of the Amberlite
ion exchange resins for use in guantitative laborstory
determinations,

ANICN: A negatively éharged particle or ion,

ATTRITION: The rubbing of one particle sgainst snother in a
resin bed; frictional wear that will affect the size of resin
particles,

BACXI{ASH: The counter-current flow of waster through a resin
bed (i.,e., in at the bottom of the exchange unit, out at the
top) to clean and reclassify the bed after exhaustion.

BEP BXPANCION: The effect produced during backwashing: the
resin particles become separasted and rise in the column., The
expansion of the bed due to the increase in the space between
resin particles may be controlled by reguleting backwash flow,

BREAKTHROUGH: The first appearance in the solution flowing from
an ion exchange unit of unzdsorbed ions similar to those which
are depleting the activity of the resin bed, Breskthrough is
an indication that regeneration of the resin is necessary.

CAPACITY: Thke adsorption sctivity possessed in varying degree
by ion exchange materials, Thils guelity may be expressed as
kilograins per cudic foot, gram-millieguivalents per gram,
pound-sequivelents per pound, gram-nmiliiequivalents per
milliliter, etc., where the numerstors of these ratios
represent the weight of the ions adsorbed and the denominators,
the weizht or volume of the adsorbent,

CATION: A positively charged particle or ion.

CHENICAL STABILITY: Resistance to chemical change which ion
exchange resins must possess despite contact with aggressive
solutions.

COLOR=TERON: Discoloration of the liQuid passing through an
ion exchange material: the flushing from the resin interstices
of traces of colored organic reaction intermediates.

CYCLE: A complete course of ion exchange operation. TFor
instance, a complete cycle of cation exchange would involve:
regeneration of the resin with acid, rinse to remove excess
acié, exhaustion, backwash, and finally regeneration.
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14, TEIONIZATION: See deashing, Deionization, 2 more general term
than deashing, embraces the removal of all charged constituents
or ionizable salts {both inorganic and orgenic) from solution.

15, EFFICIENCY: The effectiveness of the operational performance
of an icn exchanger. Xfficiency in the adsorption of ions is
expreossed as the quantity of regenerant required to effect the
removal of a specified unit weight of adsorbed material, e.g.,
pounds of. acid per kilogram of salt removed,

16, EFTFLUENT: The solution which emerges from an ion exchange
column,

17. ELUTION: 'i’he stripping of adsorbed ions from an ion exchange
naterial by the use of solutions containing other ions in con-
centrations higher than those of the ioms to be stripped.

18, EXEAUSTION: The state in which the adsorbent is no longer
. capable of useful ilon exchange; the depletion of the exchanger's

supply of available ions., The exhaustion point is determined
arbitrarily in terms of: (a) a value in parts per million of
ions in the effluent solution; (b) the reduction in quality
of the effluent water determined by a conductivity dridge
which measures the resistance of the water to the flow of an
electric current.

18, ¥INES: ZIxtremely small particles of ion exchange materiels,

20, CRADNS PER GALLON: Ap expression of concentration of material
in solution. One grain per gaslilon is equivalent to 17.1 pards
per miliion.

21, HATDNESS: The scale-~forming andé lather-inhibiting qualities
which water, high in calecium and magnesium ioms, possesses,
Temporary hardness, caused by the presence of magnesium or
calcium bicarbonate, is so called because it may be removed
by boiling the water to convert the bicarbonates to the
insoluble carbonates, Calcium sulfate, magnesium sulfate,
and the chlorides of these two metals cause permanent harde
ness,

22, HEADLOSS: The reduction in liquid pressure assoclated with
the passage of a solution through a bed of exchanze materialj;
a peasure of the resistance of a resin bed to the flow of
the liquid passing through it.



25,

27.

23,

31,

-5-

EYCRAULIC CLASSIFICATION: The rearrangement of resin particles
in an jon exchange unit. As the backwash water flows up through
the resin bed, the particles are placed in & mobile condition .
wherein the larger particles settle and the smeller particles
rise to the top of the bed.

HYTROGEN CYCLE: A complete course of cation exchange operation
in which the adsorbent is employed in the hydrogen or free
acidé fornm,

IXAKAGE: The phenomenon in which scme of the influent ions are
not adsorbed and appear in the effluent when a solution is
passed through zn under-~regenerated exchange resin bed.

PEYSICAL STABILITY: The quality which sn ion exchange resin
mist possess to resist changes that might be esused by
trition, high temperatures, and other physical conditions.

WEENERANT: The solution used to restore the activity of an
ion exchanger. Aciés are employed to restore a cation

" exchanger to its hydrogen form; brine solutions may be used
to convert the cation exchanger to the sodium form. The
anion exchanger may be rejuvenated by treatment with an
alkaline solution.

STATIC SYSTEM: The batch-wise employment of ion exchange
resins, wherein (since ion exchenge is an eguilibrium reaction)
a definite endpoint is reached in which a finite quantity of
21l the ions involved is present., Opposed to a Gynamic,
column=type .operation.

SWELLING: The expansion of an ion exchange bed which occurs
when the reactive groups on the resin are converted from oxne
form to another.

TEETER: The suspended or buoyant state of resin perticles in
a column during backwashing; the bed is said to be in tetter
when the velocity of.the upflow solution maintains the
particle 1in suspension,

ZEOLITE: Naturally-occurring hydrous silicates exhibiting
limited base exchange.



B. Eistory of Ion Exchange ¥aterials

As previously indicated, the discovery of an ascid-resistant organic
cation exchange material in 1931 was z landmark in the evolution of ion
exchange (428), This material was made fTrom brown coal or lignite by
Borrowman, Before this time, the only cation exchansers known were the
natural zeolites, greensands, andé synthetic inorgamic siliceous zeolitss,
all of which deteriorated im the presence of acidic or alkaline solutions.
Borrowman's discovery allowed operation in the hydrogen cycle, such that
all cations in an agueous solution could be removed by exchange for the
hydrogen in the acid-regenerated cation exchanger., Such operstion
results in an acid solution.

In 1935 Adams and Holmes (1) discovered that a water-imsoluble resin
containing active amino groups could be used to adsorb or exchange acids
from agueous solutions. Thus, it became possible for the first time to
use cation and enion exchange materials in series to remove all ionized
electrolytes from an agueocus solution. The effluent water from such a
"deionizing” or "demineralizing®™ process is egquivalent to distilled water.,

Under the basic Adams and Holmes patents, as sole licensees in the
Uniteé States, The Resinous Products and Chemical Company beman in 13839
to investigate the synthesis and production of ion exchange resins (322).
Thus, strietly speaking, 4mberlite IR-1, the cation exchenger, end
Amberlite IR-3, the anion oXchanger, were the first synthetic resin
exckangers commercially produced in this country. Zeo~Karb, which was
produced some time previously by Permutit, was not strictly a synthetic

resin, It was made by sulfonating coal, following the basic discovery
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of Berrowman,

It was soon apparent that memy of the uses of ion exchangers in the
process Indusiries recuired speclal resins., Sorme of these agpplications
reéuired exchange reactions of precise selectivity. Cther uses demanded
exceedingly rapid exchange rates. Also, elution efficiency becams 2
necessity in still other exchanse reactions., As a resuld, in the pefiod
1946 to 1948, numerous ™tailor-made” resins eppeared on the market.

Eéch sueh resin had some specific nroperty making it the best resin for
a partieular use., Xowever, all resins are still basically similar,

Progress in the development of better and cheaper anion exchangers
hes been much slower than for cation exchangers, As a resuli, there are
only two or three suitable anion exchensers on. the market today, and

these cost several times as much as the cation exchangers.

C. ethods of Classifieation

No satisTactory classification of all phases of ion exchange has
been given. HMost pudblications classiéy ion exchange according to
{a) type of exchange reaction {197}, or (b} type of industry utilizing the

exchangers {324}, The former is preferable, but is not extensive enough.

1. Classification by type of exchange reaction

In this study the existing classification systems are modified in
order to make them more comprehensive anéd understandeble., This modified
system hus been used in the literature review that follows in a later

section, This classification consists of three beadings for the "exchange
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tools", followed by four headings Tor the ion exchange applications,
These are as follows:

a. Theory of ion exchange.

b. Techniques of operation,

¢. FProperties of exchange materials,

de Gaﬁion exchange.

€. Anion exchange.

f. Combined cation and anion exchange.

‘g. Exchangers as contact matérials.
The theory of ion exchange includes mechanisms, exchange equilibria and
rates. Techniques of operatiom involve columm, batch, fluidized bded,
revolving drum, and the like. Properties of exchange materials include
both chemical and physical characteristics. The next two headings, cation
and anion exchange are classified according to the following operations:
preparations, separations, concentrations, and purificeticns. Combined
catior and anion exchange ineludes deionization of water, and certain
processes such as the purification of sugar juice solutions. ZExchangers
as contact'materials are discussed regarding their use as catalysts, solid

acids and bases, and the like,

2. Classification by industries

From a theoretical or development point of view, a classification by
industries is not as satisfactory as one based on the type of exchange
reaction, XHowever, from a sales point of view, a knowledge concerning

which industries are already using ion exchange can be very useful. A
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partial list of industries using jon exchange is as follows (324):

1., Alkaloids 26, Minerals

2, Aminoc acids 27. Yunicipal waters
3. Beverages (soft drinks) 28, Non~ferrous metals
4. Breweries 29, 0Oils

S. Biologicals 30, Paper niils

6, Canned juices 3l, Paints

7. Cannexries 32. Petroisum producing
8, Catalysts 33. Pharmaceuticals

8, Ceramiecs 34, Pigments

10, Chemicals, water scoluble 35, FPowerhouses

11, Chenicals, fine 36. Precious metals
12, Coke oven products 37, Radium

13. Corn syrup 38, Railroads

14, Dye works 39, Restaurants

15, Ilectroplating 40, Resins

16. Flavoring extracts 41, Scap and glycerine
17. Foods 42, Steamboats

18, Glue and gelatin 43, Sugars, beet & cane
19, Hospitals 44, Tanneries

20, Hotels 45, Textile mills

2l. Hydroponics _ 46, Varnishes

22, Ice plants 47, Vinegar and cider
23, Insecticides 48, Vitamins

24, ILaundriss . 49, Vine

25, Hiik and milk products 50, ¥ood distillstion

Do Revie;w of Ion Exchanzge Literaturse
The number of publications on ion sxchange is increasing at an
accelerated rate. It is proposed to review here some of the more
important ones, iaar’c.icular}.y those concerned with the industrial uses
of ion exchange resins, This review is outlined as discusseéd previously
under section C~1, classification by type of ezchange reaction.
¥any good reviews have been written on ion exchange. The Resinous

Products & Chemical Company published 2 specisl issue of The Resinous

Reporter (322), Walton, formerly with the Permutit Company, has also

written an excellent review {421), Other discussions of theory and
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applications of exchangers imclude articles by Xyers (249, 251, 253),

Wiklander (434), Kunin {197), and the staff of Chemical Incineering

in a "Chem & Yet"™ Report (72). The review by Kunin was ineluded in

the third amnual Unit Operaticns Review of Industrial:and IEngineering

Chemistry in early 1948, indiceting that ion ezchange.is being accepted

as a unit operstion,

1. Theory of ion exchaﬁge

The theory of ion exchange will be considered unéer {a) mech~
anism, (b) equilibrium, and (¢} rate.

a, Mechanisa of ion exchanze., An ion exchanger is an insoluble

solid; which is et the same time a salt, acid, or bvase having ex-
changeable ions of its own. Furthermore, it has a highly porous
structure or a very large exposed surface to permit these lons to get
in and out.

It has been found {149) that the necessary conditions for cation
exchaﬁge in zeolite minerel structures are the presence of negative
cherges in portions of the lattice framework end of mmltliconnected
channels larse eﬁough for iomic migration, TFor example, in the
mineral natrolite, NazﬁlZSisold, the negative ions are not single
A158130yg groups, but én endless three~dinmensional framework in which
this unit occurs repeatedly, like the pattern on wallpeper. Two out
of every ten oxygen atoms bear a negative cherge. This ﬁarticular
framework has three sets of parallel channels at right angles to each

other, running through the whole crystal. The sodium ions are in
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these channels, such that their wositive charges exactly neutralize the
fixed negative charpes of the alaninosiliczte framework. Recause of

the chanpeled structure the sodiunm ions can easily move out, but when they
do move out, other positively cherged ions must move in to take their
rlace. Otherwise, the nezative charges of the framework would nct be
neutralized.

The synthetic ion exchingers, such as the sodium aluminosilicate
used ir water softenins, are far more porous then the natural zeolites.
A particle of the exchanger, magnified sufficiently, would resemble a
sponge whose walls were studded at intervals with fixed negative
charges. To palance these charges, positive sodium ions hover in the

ternal passages and on tie surface. In contact with a calcium
chloride sclution, calcium‘ions.can enter and diffuse through the
exchanger particle. For every calcium ion entering a particie, two
sodiun ions must leave to preserve electrical neutrality. It makes
no ¢ifference what kind of positive ions are in the exchanger channels,
so long as the positive cherges alwers exactly balance the Tixed
negative charges cf tke exchanger,

It has been foﬁnd by Jenny and Overstreet {172), snd Walton (422)
that, in genmeral, the higher the vaslence of an ion and the less hydrated
it is in solution, téelmore the ior is attracted to =n exchanser.
Correlations between equilibrium constant and ionic radius have been
mede by Hachod and ‘ood (260). TUp to a point, the larger the uneolvated
ion, the better it is kheld by an exchaanger. There is very little heat

of rezction in ion exchange, as indicated by temperature having very
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little influence on the egquilibrium of evchsnge. Ion exchsnge can be 2

[y

very rast process, dbut, of course, the rate ¢f exchenge dexends grzeatly on

the porosity of the exchanger. Tor a porous, rTapidly zcting exchanger,
temperature has little or no effect on the rote of exchange, showing

that no grest energy of activsiicn is needed,

If the
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the ion introduced in the solution phase 1s sufficiently gre=zter then

that of tie ion orizinally cosbined with the resin, repiacement will be
nea;ly comnletz, Russell found that the effective concentration of an

icn nay be lowered by complex formation. Spedéing and associates {378)
point out that in the separstion of the rare easrths by ion exchaangze, after
the pH is suitably adjusted, competition is set up for the rare earth

ions between the citrate complexes and the active centers of the resin,
Therefore, as the citrate solubtlon washes the rere earths down .t

columm, each rare eart: ion is evchanred many times, ince the equili-
brivim constants for the rare earth citrate complexes vary slightly

&

among the different rare earths, their rates of travel decwn the columm

Typicel eXchange reactions are ziver on Figures 1 and 2, applyving
perticularly to the softenxns of wat

b, Bcguilibrium of ion exchange. Sinece icn exchanze appesrs te

be a typical reversible rsaction, particularly for ithe alkali mebtsl
and 2lkaline esrik cations, its eguilibriun can be expressed by a

nodified mass action law. Yaliton {420) has utilized such an
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eguation, the derivation of which is as follows:
Befining 3 as the cations orizinelly in soluvition and B =s theA
cetions originally in the exchancer scliéd, the reaction can be
expressed by the eguation
A + BeS0lid == A-Solid + B
The eguilibriun coastant is then

K = B°A JAeB = (B/A)Soln: {4/B)

solid solig solid

and rearraunging,

(A/B) 110 = BB 0

solid

Assuming that the action law, where (4/B) is to a power

S Olnc
of one, will not hold, a2 modified, empirical equation can be

used, where {A/B) is to some power p. The resulting

soln.
equation is (A/B)g 144 = K'(A/B)gcln.

T,

Walton’s cata for a Teo-Karb cation exchanger, utilizing this
modified equation, is shown on Figure 3. The law of mass action was
nearly obeyed for sodiume-potassiunm, sodium-calcium, and calcium~
barium, but for scdiumehydrogen and calcium-hydrogen there was con-
siderable deviation. These differences were explained by zssuming the
Zeo=-Karb exchangsy tc censist of two or more solid acids of different
dissociation coustants. The exchanges were found to be reversible
except for sodium-caleium, where there was hysteresis in approaching
the equilibrium from opposite directions,

Myers and others (254) presented this equilibrius as adsorption
isotherms., Bauman and Eichhorn {25) have applied the Donnorn membrense

equilibrium to cation exchange studies. Oraham and Horning {128)
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have observed the phenomenon of anion exchange to occur with hydrous
alumina, An excellent study on eguilibrium in anion exchange resins
has been made by Xunin and Eyers {(199). Other studies on ion

exchange equilibrium include those by Beaton and Furnas (31), Boyd,
Schubert and Adamson {50), Tompkins and Mayer (404), and Kielland (185).

c. Rate of ion exchange. The rete of ion exchsnge has been

found to vary with both the type of exchenger and oporating conditions.
Nachod and Wood (259, 260) have reported that the rates for cation
exchangers follow a second order bimolecular reaction. Their results
are summarized in Table 1 for ﬁhe rate constant in equation

k=2,303 + 1n bia-x)
a=~b a{b=x)

where k = rate constant, meg.,™t x 1. x min.~1
a = ions originally in solution, meg.
b' = ions from cation exchenger in maximum amount released
when equilibrium is reached, meg.
X = jons exchenged at a given time, %, meg.
They also found thei temperature had no effect on the rate of exchange
in the 27 to 60°C. range, However, a tempereture coefficient of 0.91
per degree was found in the 0 to 27°C, range, It was suggested that
the latter may be due to a lower diffusion rate at the lower tem~
perature.
Boyd, Adamson and Myers (51) heve reported eguations capsble of
gescribing the rate of exchange of the alkall metal cations by

Zmberlite IR-l1. These equations were based on a diffusior mechanism



‘Table 1. Summary of eaporimentnl rate of ion oxchange constants roported by Nachod and Wood

T,
B R R R R s s A g e T A A A DO S el e R e e —_

, Rate constant
v Exchange  Temp,, (k in meq,~l x

Exchange material Commercial name Source reaction oc, 1, x min,~1)
Sulfonated coal Zeo-Karb The Permutit Oompany HpZ+Cat+ 27 & 60 6.6 x 10-1
Resin A . Amberlite IR=-100 Resinous Products Hpz+0a** 27 6.6 x 10~
Resin B Tonao Americen Oyanamid Co. HpZ+Oa*+ 27 1.5 x 1071
Resin 0 Duolite Chemical Process Go. HpZ+Ca*t+ o2 5.8 x 101
Sulfonated coal | Zeo=Karb The Permutit Company HgZ+Catt 0 1,7 x 10-1
Sulfonated coal 7eo-Karb The Permutit Company  CaZ+3H+ 27 8.4 x 10~1
Sulfonated coal Zeo-Karb The Permutit Company NapZ+Oa*t+ R4 6,0 x 10~1
Resin A . Amberlite IR-100 Resinous Products .=  NagZ+Ca*t 27 2,9 x 1071
Groensand type Zeo-Dur The Permutit Company NagZ+Ca 27 1.6

Synthetic siliceous gel Decalso The Permutit Company NagZ+Cat+ 27 2.6 x 101
Resin D , De-Acidite The Permutit Company  RsN+1ICL 2 1.6 x 10~3
Resin E Amberlite IR-4  Resinocus Products RgN+HOL 27 1.6 x 10~4
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and a bimolecular chemical rate eguation. The experimental reéﬁlts
revesled two rate processes governing:
| a, ¥%With solutions 0.1 ¥ in total electrolyte, or greater, the
rate was controlled by diffusion in and through the adsorbent
particle. | ‘ |
b, Uith solutioms 0.003 ¥ or iess the rate wés limited by
diffusiocn -through a liquid f£ilm at the pefiphery of the
particle,
" Differential z"ates of exchange over one-=half i.nch beds of zsolite
were obtained by du Domaine, Swain, and Hougen (97). Other studies on
ion exchange rates .include those of Jemny {170), Davis {89), and

Tompkins and Mayer - (404},

2. Technigues of operation

The column method of operation generslly is e:ﬁploye& because it
is céntinuous {excépt for regemeration), is controiled readily, and
ubilizes the exchanger to its fullest eapacity, In a static systenm,
such as the baich -process, a definite end point is:reached at which
there is a finite quantity of all involved ions present in the
solﬁticn being treated. In the colﬁm method of oéerecb ion, & dynamiec
sysﬁem, the countercurrent principlé is eftective because the ion
concentration of tﬁs solution passing down the bed 1s constantly
being reduced snd, at the same time, the solution is contacting fresh
exchanger., ‘Thns, there is no possibility of reasching an equilibrium

condition,
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Although the column method of operstion germerally is employed in
the usual applications of ion exchange resins, the batch method should
be given careful consideration. It is mmch simpler and can often be»
carried out with existing eguipment. Becauss head loss factorg do not
enter into consicderation, the batch process has proved to be valuable
in the treatment of wviscous soluticns, It should be remembered, howe
ever, that the batch process is & static process, such that at
equilibrium a finlte mentity of all.the fons involved will remein,

Theoretically, the ion exchenge reactions shounld take place with
equal efficiency whether the solution is passed upflow or downflow
through the columm bed. In practice, however, downflow operation is
generelly preferable because any flow rate, up to & practical meximam,
can be used with no danger of carrying the exchange resin out of the
column,

Continuocus operation of a column, without a periocd of time for
regeneration, was studied as far back as 1921 by Nordell {266, 267,
268). He obtaiﬁed patents upon apparatus, which in general were o0
unwieldly and elaborate to be put into practical use. A comparison
can be made with fluidized sollds beds, which had their beginning in
the 1910 to 1920 period, but were not msde practical umtil their
recent applications in petroleun cracking.

Various techniques for regeneration of the ordimary type bed have
been the subject of many patents, These have been concerned with the
regeneration of cation exchangers (133, 256}, enion exchangers (41,

256), and. deionizing units (98, 207).
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An interesting. technique was descrided recently (322}, which
involves a mixed-bed deionization. Two exchangers, ome containing
strongly acidic groups and the othsr strongly basie substituents,
were mixed intimetely in definite ratios to remove both cations and
anions simunitanecusly from solution., The two exchengers were then
separated by ordinary hydraulic classification, through a difference
in density. No data have been given, from which one might evaluate
the economics of this process, If it is found to he prectical from
~ an economic standpoint, it would have an important advantage by re-
moving a1l selts from solution at a neutral p‘:‘i of seven, Hencs, both
acid~- and alksli-sensitive systems can be treated easily for the
removal of all ionized comstituents.

Vearious other types of eguipment have been used or proposed for
ion exchange operations. For example, Pattock and Meier have used
a revolving drum (282}. Cochrane {76), Liguid Conditioning Corporation
{211}, The Permutii{ Company (286}, and others, furnish verious types

of egquipment for ion sxchange installatioms.

3e Properties of exchange materials

The types of cation and anlon exchangers which have been deseribed
in the literaturs can be clagsified on the basis of the funciionsl group.

These have been classified by Kyers {251), as listed in Tsble 2,
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Table 2. Types of cation and anion exchangers

Functicnal group Prineiple rezion of application

Acid resins:

—S0zH (nuclear) Vory low pH
—CHS0=H Low pH
—CO0K Neutrel soluntions
—O0H (phenolie) High pE
—CHZ0H Not yet investigated
—CHoSH Hot yet investigated
Basie resins:
—NHy {aromstic) Acié selutions
—NHp (aliphatic) Acid and neutral solutions
== (aromstic and aliphatic) Not fully investigated

= (aromatic and aliphatic) Not fully investigated

I‘c_ became apparent from early work on the synthetic-type exchangers,
most of which were modifications of the Adams and Holmss resins, that
chemical end physical properties could be varied to give certain desired
results. Hence, the wariocus funetional groups in Table 2 were inves-
tigated with respect to lon exchange selectivity and adsorptiocn on ioms
over the entire pH range. Physical end chemical properties, in addition
to mechanical means in processing, were utilized to give gzood chemical
and mechanical stability.

The Resinous Products and Chemical Company have introduced three
new ion exchangers, which revolutionize exchgnge concepts (322).
Amberlite IR-120 is a strong-ecid type, bead-form cation exchanger,
which has an exchangce capacity four times that of the old Amberlite 100.
It also possesses outstanding chemical stability and hish temperature

registance. It will find application in processes involving treatment
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of solutions of high soiids content, because of its high cepacity.

The second new exchanger is Amberlite IRC~-50, which is the first
exchanger to derive its excheange ectivity entirely from weakly-acidic
carboxylic groups. It gives a very high chemical efficiency in regen=-
eration, although its rate of exchange is exceedinglgr slow, The third
new development resulted in the strongly-dbasic anion exchanger, Amber-—
lite IRA=400, which behaves &s solid caustic with only its hydroxyl ions
in solution, .The extraordinsrily rapid rate of exchange of this resin,
in addition to its ability to remove anions from acid, neutral, and
even mildly-alkeline solutions, greatly expands the field of application
for 'ion exchenge methods.

Another development that has attracted as much attention as the
new Amberlite resins is the new beeded form of exchangers. The spherical
shape and wmiformity of bead size provide a more evenly-graded bed
classification than has been possidle with the standard granular types.
The formation of fissures or channels within the bed is less likely to
occur, thereby assuring a maximum exchange effectiveness, Losses of
exchange resin by attrition are greatly reduced. Also, increased
capacity per unit volums is usuelly obtained, due tc the large mumber
of ecapillaries existing in the spberical bead, There is every reason
to believe that any exchanger, which involves & gel or resin stage in
its formation, could be made into a beaded form. OCne method of bead
formation is illustrated by that used for TCC catalyst, which 1s am

activeted alumina contained in silica gel (301).



Figures 4 and 5 summarize the properties of ion exchange resins,
and illustrate the importance of this phase of the ion exchange Tield.
Figure 6 shows a typieal sprparatus, which may be used for either a

cation or an anion exchanger.

2, Uses of Cetion Exchange Materisls

Cation exchange has been xnown for n2arly s csatury. The first
important agplication was that of softening water. This use is still
the major one for cation exchange materials, but a great diversification
of application followed Borrowmant®s discovery {428) in 1930 that a suit-
able organic cation exchange resin could be made from brown cozl or
.lignit.e. This was the {irst acid-resistant exchanger, which mads

possible the use of a hydrogen cycle by acié regeneration.

1. Preparations by cation exchange

Preparations by means of the mechanism of cation exchange can de
classified into twc groups, namely, preparation of chemricsal products
and modificstion of various materials.

8. Preparation of chemical products. ZIarly attempts of preparing

chemicals by cation exzchange centered on salts. This was due to fact
that hydrogen cycle operation and also anion exchange were not yet
Giscovered.

The more recent acplications usually heve tsken advantage of the

fact that acids asre formed by exchange with a cation exchanger in the
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No longer is pH o foctor that limits the usefulness of ion exchange. Cation adsorption was once confined to the pH ronge
1.5 to 8.5; now cation exchonge may toke ploce in the extended pH range of 1.5 o 14. Anion exchange, once pr I in
medio of pH 1 to 7, now may be adopted to the wide range of 1 to 11. In this 3-dimensional representotion, the copacities
of the cation exchangers are compared ot a tant regeneration level of approximately 0.6 pounds of appropricte regenerant
per kilograin of cations adsorbed. The copacities of the onion exchangers ore based on regeneration levels of 7.5 pounds of

sodium corbonate per cubic foot of Amberlite IR-48 and 12 pounds of sodium hydroxide per cubic foot of Amberlite IRA-400.

14

" Fig. 4. Operating capacity of the amberlites in relatiom to pi.

Reproduced from: The Resinous Reporter 9, No. 4, 12.(1948).
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& In some instonces, shallower beds have been used successfully by flow rate adjustment.
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¢+ True Void Volume (%)= 100 * [ T
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NOTE: In @ summary of this type it is impossible to provide complets dofa on the operational performance of these resins. Prior to octual investigation of these
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Fig. 5. Summary of properties of the amberlite ion exhange resins.
Reproduced from: The Resinous Reporter 9, No, 4, 13 {1948),
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hydrogen cycle. Abtempts to procduce useful acids were made by Xathers
and Yency (225). KHowever, the result’ing solutions were mors dilute -
than desirable, and the acid iopns used in activating the exchanger
cortaminateé¢ the product solp.t ion, The esterificetion of butenol and
oleic &cid has been acccmplished in the presence of an acid-form catiom
exchange resin as catsalyst (389).-

A method of preparing and purifyving hydrous oxide sols has been
devised by Bird ond Ryznar of Nationsl Aluminate Corporeition (343).
Using a cetion exchange material, Na*, Ca**, Zﬁg*";, AT, anéd other
metal ions are removed and replaced with an H' ion. For example,
relétively pure silica sols are cbhtained by passsge of a dilute
solution of sodium silicate through ar scid=regenersted bed., The
sodium ion in the sodium silicate is then replaced by & hydrogen ion
to give é silicic acid sol in the effluent: |

R-Hp + NapSiOz = R-Fay + HySily
In plant operetion, solutions of sodium silicate, heving es high as
3.5 per cent siiica, have been pessed through the cation exchange resin
without @ifficunlty with a flow rate cf about one gallon per sguere foot
of cross-sectional area per minvte, A typical anaslysis of the efflu;ent
obtzined is 2,5 per cent silica and 0.0S per cent sodium oxide.

By allowing some sodium silicate to pass into the effluent after
the bed capacity is exhausted, the éol can be stabilized by the alka-
linity from the sodium silicate, It can then be concentrated by
evaporation to a silica content as high as 20 per cent, having only

0.37 per cent Negd, with no danger of gel formation.



ther sols can be prepared in this same menmer. The soluble salt
of any insoluble acidic cxide can be used to prepare the corresponding
0Xide scle. Asmonium metavanadate solubion gives cciloidal veanadium
pentoxide, & tungstic oxide sol cortaining 99 per cent tungstic acid
ard 0,5 per cemt sodium oxide can be msde, Dilnte ferric sulfate
solution, passed through an alkali-regererated anion exchanger, gives
& red ferric oxide sol, which is descrived in more detail under the uses
of anion exchansers.

Ar interesting example showing the effect of different types of
cation exchange resins on the final composition cf & sol was obtained
by passing a sclution of scdium molybdate through the acid-regenerated
beds of two different materials, When a clear colorless solution of
sodiuxd molybdate was passed through a swifonated phenol-~formaldehyde
resin, the effluent contained colloidal yellow molybdic acid, dbut when
the sodiun molybdate solution was passed through a sulfcpnated coal
exchanger, the effluent conteined colloidel molybdenum blue complex,
Since there is some queséion as to the chemical constitution of this
melybdenum blue complex, closer study of the reactions may lezd to a
more coiplete understending of this compound as well as the exchanger
itself.

The preparation of other chemicals have besn deseribed, but in
general do not appear -economically feasible., TFor example, Yen {440)
deseribed a Chinese process for the preparation of ammoninm sulfate

fron wine, apparently for use &s a fertilizer.
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b, Modification of materials. A typical example of how materials

are modified by cation exchangers is the readjustment of salts in milk.
Lyman, Browne and Otting (216) reduced the calcium content of milk by
cation exchange to give an edible product of improved digestidility for
infants, A patent by Lyman {215} has been assigned to ¥ & R Dietetic
Laboratories, Inc. on this ‘process. A specific case was described,
whereby a skim milk containing 9.40 per cent total s§]dds, 0.1319 per

cent Ca0 and 0.2403 per c':entAons, was péssed through an inorganic
cation exchanger. The effluent contained 0.1289 and 0.1671 per cent
Cal and P2°5' respectively. The ratio of Cal to ons was reduced
from 0.797 to 0.771, indicating thet most of the removal of ions was
due to adsorption, rather than true ion exchange.

Finely divided inorganic zeolitic exchenger has béen used Lo

reduce the viscosity of drilling mmds (58). Other modifications in~
clude éalt adjustments in the blocd {393} and removal of sodium from

the humen boéy {92).

2. Separations by cation exchange

The separation of cations is based on differences in those
properties that effect cation exchange. These properties include
valence, size, and type of iom or complex ior, and the characteristics
of the cation exchange material.

a. Separation of cations from anions. In most applications of

cation exchange materisls, certain cations are being separated from
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anions. TFor example, even in water softening, calcium and maganesium
are being separated fronm: the anions, such as chlorides, of the water.
Bowever, tiis section cof ibn exchanze classification is being limited
to those cases where certain snpecific cations are beings sennrzted fronm
certain arioans.

ion exchangers are useful anslyticzl tonls for the separation of
cations frox anions. 4 notorious ¢ifficulty in quantitative analvsis
is the exact determination of sulfate in soivticns which also contain
iron or aluminum. 3Barium sulfate precipitated from such solutions is
always contaminated with iren or aluminum, while if the txivalent nebels
are precipitated first as hydrous oxides, these hydrous oxides corry
cdown sulfate with them., If the solution is passed through & hydroszen
ion exchaﬁger {421), tke metal ions are retained br ﬁhe exchanger, and
the sulfate passed on as sulfuric acid, in which the sulfate icn is
easilf‘and accurately determined.

i#any other analytical separations are possible along similar lines.
Samielson of Sweden has been very active in this field, and has published
oumerous papers in the last few years (340, 341, 344, 345, 346, 347, 348,

349, 350, 351, 352, 553, 354, 353).

b, Separation of cations by differences in jonic forces. Since ions
of highef valence are retained more firmly than ions of lower valence
under identical conditions, it is general practiczl to eifect a separe-
ticn of such ions by means of cation exchangers. The usual water softening
process illustrates this, waereby divalent caleium znd magnesium ions

éisplace monovalent sodium ions from the exchanger.
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Catiops of strong bases can be separated from those of weaker
bases. One of the most interesting developments is in the separaticn
of enmino acids. These can be enions, cations, or neutral, depending
on the pH. For example, using both cation and anion exchangers, it
is falrly simple to separate lysine, HoNe{CHp) 4" TR TOCH, glyeire,
HoNeCHg*COOH, and aspartic acid, HOOC-CHgpeCHNHp+COCH from one another,
In approximately neutral solution (pH 6) the first forms cations, the
third anions, and the second neutral moleculss {actually zwitterions,
HaN*+CHpeCO0™). Pure amino acids produced in this way from protein
hydrolyzates are used for intravenous feeding. Englis and Fiess (104)
also studied the exchange and separation of glyeine, lencine nporleucine,
~ phenylalanine, tryptophan, hydroxyproline, glutamie acid, asparagine,
and lysine hydrochloride. Laboratory data for another process for the
separation of amino acids {402) are given in Figure 7.

Considerable work has been done on the separation of metal loms.
Date have been given {249) on the removal of irc?n- f£rom aluminum sulfate
solutions. A towsr containing 800 grams of Amberlite IR-1 (sodium
form} was used@ for purification of a 33° Baume alum solution {approx-
imately 25 per cent aluminum sulfate) containing 125 mg. ferric oxide
per 100 ml, The first 250 ml., portion of ths effluent contained no
alum, since it wes required to convert the sodium derivative of the
resin to the aluminum salt., The first portion of effluent contained
only 60 mg. FeyOg per 100 ml., compared with the 125 mg. per 100 mi.
initial valune. The amount of Fezo:5 increased to 77 mg. per 100 ml,

solution after 1500 ml. effluent, and to 120 mg. per 100 ml. solution
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after 3300 ml. effluent. Thus, a high efficisncy of iron removal was
effected, when the concentration of aluminum ion is considered.

Another inbteresting application is the romoval of coppsr f£rom
rayon wastes, in which the concentration of ammonium salts is high,
The waste contains 4.8 p.p.m. copper (as CuSCu;} and 2750 p.p.m.
amronia {as (NH4) 250, ) at a pE of approximately five. Using the static
exchange technigue, rather than column operation, the copper content
was reduced from 4.8 tc 2.0 p.p.m., even in the presence of the high
smmonium ion concentration. However, the ocspacity of thke resin for
copper under these conditions was only ome third of that obtained when
the concentration of cther salts 1s negligible, Further pilot plant
studies are being made upon this process, which appears to be economie
¢z2lly practicale

A study of the recovery of zinc from mine waters has been made,
bubt the sconomices of the process were not favorable. The mine water
studied had the following composition {in p.p.ms): zine 137.0, calcium
147,.7, magnesium 17.7, iron and aluminum 8,0, copper and lead less than
’0-.1 each, Column studies with Amberlite H-IR-1 {254) showed thst there
was a slight preferentlal adsorption of calecium over zine, as indicated
by 3.76 per cent calcium and 3.21 per cent zine in the first section of
the colum, Eowever, such a slight preferential adsorption would not be.
economical in practice,

Some separation is possible between certain metal loms having the
same valencs but different atomic weights. 4An I.G. Farbenindustrie

patent {249) zives data on the psrtisl separation of copper and zinc.
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Rozak and Walton {192) have reported attempts to separate metsl
ions by cation exchange. Their best results were obtained with an
eguimolar soiution of siiver and copper sulfetes. After pas.sing the
solution containing the twWo salts through the exchenger, they were
eluted¢ by 2¥ sulfuric acidé. In the first 600 ml. of effluent, 78.2
2ol per cent of the total silver .end copper was the latter, whereas the
next 700 ml. of effiuent contained 97.8.per cent silver and 2.2 per
cent copper. Interesting resulis were cohtained with eqﬁimolar solutions
of zinc 2né cedmium sulfates. When a solution containing each salt in
0.01¥ strenghbh was used, the eluted solutien was siishily richer in
zine, having 52.6 per cent zinc and 47.4 per cent cadmium on a molar
basie, When the strengith of each salt is 0.1¥, the eluted soltuion is
definitely richer in cadmium, consaining 64.1 per cent cadmium and 35.9
per cent zing on. a molar basis,

Reid (309) has proposed a miltistage system, utilizing cation
exchange and regeneration Iin each stage, for the concentration of
radium in a radium-bariom mixture. Using a solution eonsisting of a
mixture of 0.133 HC1l, 0.046M BaCly, and 0.104 x 10~%K ReCl,, equilibriuwe
values were obtained. It was predicted from these values that the
radium-barium ratio of a solution could be increased from 2 x 1078 %o
100 with less than 200 stages, ané an additional stripping section of
100 stages would save all but 0.0l per cent of the radimm, It appears
that a considerable conecentration of radinm can be effected by this
method, but it is doubiful if a radium~barium ratioc of 100 could be

achieved. It would be unusuwal for two cations, having suck similar
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properties as do radium and barium, to have an ior exchange equilibrium
curve allowing such a high radium-barium ratio. A close examination of
Reid's experimental data, run only on low radium-barium ratios, indicates
that his equilibrium "comstent", calculated on actual concentrations
rather than "active concentrations”, is actuslly varying in velue., Reld
made a good suggestlon that possibly a combination of the ion exchange
method for lower radium concenbrations with a fractional crystallization
method for the higher concentraiions would dbe practical for radium re-
fining.

c. Separation of cations by cormlex ion elution. By lowering the

effective concentration of an ion by means of complex formation, this
ion can then bve effectively replaced from its resin by a relatively
dilute solutior of a second cation. Spedding and co-workers (378, 379)
and others {143, 404) have utilized a citrate complex for the separation
of the rare earths. Corditions were given for the separation of cerium
and ytirium by adsorption on Amberlite IR-1 and elution with 5 per cent
citric acid-ammonium citrate solutions. Although this process is
probably too expensive for the usual industrial applicetiorns of ion
exchange, it 1is excellent for a numbexr of difficult separations involving

valuable products.

3. Concentrations by cation exchange

Dilute solutions of metel sslis can be passed through a cation
exchanger bed to remove the metallic ions., Regeneration by rather strong

acid results in a definite concentrsting effect with respeet to the metal.
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Pattock snd Meier (282) have petented a process for working up
complex ammoniacal sclutions of metals, based on Germsn processes and
econolly. They found that dilute emmoniacal copper, zinc, cadmium, or
silver solutions could be worked up economically in Cermeny by effecting
the regenerafion with a pF above 4.5, This method was fourd to be
advantageocus for ammoniwg salts of volatile acids as regenerating agents.

Dilute soluticns of Schwelzer's resgent were passed through a
cation exchanger to remove the copper as tetra-, tri- or diamines, A large
portion of the copper was then elated with en emmonium carbonate soln-
tion of 20 to 40 per cent (DE of 9.5}, with the amine complex being
exchanged for smmonia. It was found thet partial regeneration by meams
of ammonium sulfate or chlcride, insteal of the ammonium earbonate,
rade possible the precipitation of basic copper sulfate or chloride.

Certain orgenic materizls can be concentrated by the use of cation
exchanze neterials. For example, Bennstt and Nees (38,262) have assisgned
petents to The Grest Western Sugar Company for the recovery of betaine

and betaine szlts from sugar beet wastes,

4. Furification by cation exchangse

water for domestic and industrial use continues to be the most
important product purified by means of eation exchenze, Clson (274,
275), Streicher (387) and others have discussed the use of cation ex-
chengsrs for munlcipal water supplies, The advantages =nd disadvantages
of processes for the softening of industrial and boiler feed waters have

been discussed adequately by Applebaum {8), Bird {42), Burrell (62},
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Brown (58), Classen (74}, Clark (73), Collins (77) and some twenty to
thirty other men.

A large-oumber of chemical processes utilize cation exchange to
purify valuable products. In the pharmaceutical field, these include
the removal of nickel from sorbitol (321), preparation of cinchona
alkaloids (13), recovery of nicotine from tobacco wastes (398), and
barium salts from adenosine triphosphate (297), Patents have been
issued for the removal of salis from petrcleum oils to Jones (176) and
Schutze (361) of Standard 0il Development Company, Dahlberg (84)
patented a process (assiguned to The Jreat Jestern Suzar Company) for
purifying a portion of a sugar juice solution, which in turn is blended
with the rem.amlng portion of original alkaline juice. Usually, how-
ever, an apion sxchanger is used in conjunction with the cation exchanger
for purification of sugar juices, instead of the blending operstion

proposed by Dahlberg.

P. Uses of Anion Zxchange Materials

The experimental work and industrial applications of amion
exchange materials are not nearly as extensive as for the cation ex-
changers., This is Que chiefly tc two factors: (a) Anion exchange is
a relatively new principle, and (b} the anion exchamge resins ars two
to four times greaster in price.

It should be noted that most investigators have considersd anion

exchange to be an adsorption mechanism, They assumed that the acid saltb



of the exchanger was formed in a manpner analogous to the formation of
salts by orgsnic amines, However, Xunin and lyers (199) have provided
experimental evidence supperting the thecry that ion exchange is the
true mechanism. This supports the sarlier conclusions of Wiklander,

Griessbach, end Jenry that true anion exchsnge ean ocenr.

1. Preparations by anion exchange

The anior exchange resin cazn he used as a "earrier”™ for verious
acids, TFor exarple, Gaddis (112) has usedé en anion exchanger to hold
hydrogen sulflde until needed for the determinstion of froup II ions in
guelitative analysis, Likewise, these exchangers have heen used to
provide nitrates, and thks like, te :ﬁtrient solutions being used for
Flaznt nutrition.

The szlts of amines can be modified by anion exchange resims. In
the process for menufacturing streptomyein, one step invelves converting

the sulfate salt of streptomycin to the chloride,

2. Seperations by anion exchangze

The separation of acids can be schieved by anion exchange, This
is anelogous to the separation of cations by the principle of cation
exchange, Hesler end Behrman have assigned s patent o Infilco, Inc,
(153) for a method of freeing a lactic acid solution from sulfuric and
hydrochloric acids. Saturating the anion exechenger with lactic sascild
before beginning the trestment of impure acid solution provides the

proper equilibrium conditions in the bed for optimum purification,
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A wide range of organic acids msy similarly be purified =nd freed
froz relatively smaller amounts of stronger inorgenic acids. Tor example,
citric aecid can be prepared from lemons by neutralizinz the citric =ecic
in the juice with lime, separating the caleium citrate, treating the
celcium citrate with sulfuric scid to set free citric acid again, and

then freeing the citric acid of the excess sulfuric acid by anion exchange.

3. Concentrations by anion exchange

A mumber of vaiuable materials hsve been concerntrated by means of
anion exchange., NachoC has assiguned & patent to The Permutit Company
{257}, which described a process for the recovery of precions netals.
Gold end the metals of the platinum group {iridium, osmium, polladium,
rhodium, and rutheniun} were removed from dilute solutions as complex
anions by means of anion exchange resins, The metal was then recovered
by either burning the resin or eluting with an alkali., When the lzatter
metnod is used, a substantial part of the metal is tenaciously retained

by the anion exchanger.

4. Purifications by emlon exchange

One ¢f the most important spplications of anion exchange is the
renoval of traces of acids in the purif'ication steps for valuable
products, In the pharmaceutical field, acidic materiasls have been
removed from vitamin B solutions (218) and d-tuborcurarine (24), The
Pirst process is deseribed in a patent assigned to Vico Froducts Co.

and the latter in a patent assigned to E. R. Squibb & Sons, Many
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similer espplicaticrs zre Gescribed in the literature.

. Combined Uses of Cstion an¢ Anion Txchenge ¥eierials

The combined use of cation and anion exchange materials involves
the formation of acids by catlon exchange in the hydrogen cycle in the
first step, followed by the acld removal in the second step. Thus,
with raw water as the feed, a completely "deionized™ or "demineralized"
water is obtained, It is equivelent to distilled water in guality.
Bachuan (20), dorrison {239}, Riley (332), Lindsay {(210), and others,
have discussed the economics of deionized water. In general, it is
very mich cheaper than the standard multiple-effect evaporation,

. The deionization process has been applied to the process industries.
Intensive interest has been centered upon this process in the sugar
industry. Witk present standard methods of purifying suger juice, both
cane and beet, it is possible to obtain s juice approximately ‘90 per
cent pure azid to recover 83,5 to 85 per cent as pure sugar (72}. HowWe
ever, with the lon exchangze process it is possible to remove a greater
proportion of these non-sugars to produce a juice of 95.5 to 98;5 per
cent purity. This gives a 95 per cent or better recovery as white
sugar. This ion exchange trestment slso removes 60 to 90 per cent of

the organic non-sugar solids, which affect taste, odor and color.

A large number of patents have been granted recently on processes
for purifying sugar juices. A partial list of such patents is given in

Table 3,
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Tabie 3. Patents pertaining to purification of sugar juices

refexrence o, U.S. Patent Tic. inventors Company
8 2,559,902 Dahiberg Great ¥esterr Suger Co.
5 2,365,221 Shafor The Torr Co., Ine.
206 2,366,650 Rewliings, et al The Torr Co., Iuc.
414 £,388,1%4 Vallez Infileo, Inc,
78 2,388,222  Behrman Infileo, Inc.
35 2,388;224 Behrman Infileo, Inc.
367 2,391,64¢ Shafor The Dorr Co., Inc.
- 305 2,391,843  Rewlings The Torr Co., Inc.
131 2,402,96C Gustafson, et a1l Infilco, Inc.
132 2,403,177 Custafson Infileo, Ire.
33 2,413,676 Behrmen, et al Infileo, Inc.
307 : 2,413,784 Rewlings The Dorr Co., Inc.
304 2,413,844 Rawlings The Dorr Co., Inc.

H. Excheangers as Contact Haterials

Ion exchange materials have been used as catalysts. The inorganie
aluminosilicate type was studied in Russia by Bitepazh (44} for use as
a catalyst in pstroleunm cracking. The cracking catalytic activity could
be correlated with the exchangesble hydrogen or aluminum ions iIn the
exchanger catalyst. The high catelytic actlon was found %o be due to
the exchsnge of hydrozen loms for the original scdium ions in the gel
zeolite, Sodium end potassium ions couléd be adsorbed on the negetively
charged surface in pumbers sufficiently large to dlock the surface and
catalytic action. This does not apply to hydrogen ions on sccount of
their exéeptionally small size and high mobility, which results in

large ereas of the surface being accessible, Displacement of sodium by
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trivalent cations, such as aluninum, requires only cne~third the number
of ions, which a2lsc results in a msjor part of the surface being zccess-
ible. Calcium and magnesiﬁm.gave intermediate results, compered with
sodiun and aluminum,

Other special products were made fronm ion exchangérs by Riley, the
patents for which were assigned to The Pesrrutit Compsny. A cOpPDEr-COn-
taining zeolite {381) was effective as a fungicide, ané a nicotine-con-

taining resin (330) acted as an insecticide,



IIT EXPERTMENTAL

Studies on ion exchange were made to illustrate {a) the ™exchenze
tools” and (b} the possibilities for new industrisl uses., Under
"exchange tools”, theory was represented by studies or equilibria and
fates of ion exchange, tec!mique.s of overation by a fiuldized bed study,
ané properties of exchange materisls by the preparation of a beaded
inorganic zeolite exchanger. A process for copper production was studied
as a typical cetion exchanze application. Similarly, the purification of

phenol wastes was studied as a $ypical anion exchanze appliecation.

A, Fquilidbrium of Ion XZxchange

As noted in the literature review, the eguilibria of various systems
involving alkali metal and alksline earth cations have been studied
ratier thoroughly. Therefore, the equilibriuam of nickel with Zeo-Karb

cation exchanger was chosen for this investigation.

1. Preparation of msterials

Zeo=Karb caticn exchanger, obtained from The Permutit Company, was
screened to -20 + 35 mesh. A batch of "standard" sodium Zeo-Karb was
prepered by agltation with eight times its volume of a 5 per cent
solution of sodium sulfate. This ope;-ation was done three times,
foliowed by thoroagh washihg with distilled water, The resulting Ne-

Zeo~Karp was eir dried, and stored in an air-tight bottle for future use,



=45-

To cetermine the amount of exchangeadle sodium in the standard
lia-Zeo=Karb, five gram samplss weré agitated with three successive
100 ml. portions of 0.1005 W HCl, The resulting effluent wos filtered,
evapcrated to dryness to remove the excess bydrochloric acid, and re-
géissclved in distilled water. The chloride content wos determined by
dlobr zethod, from whick the amount of exchangeszble sodium wss caleulated
as 0.029¢ graus per grap of Na-Zec~-Karb.

A standard nickel exchanger, Ni-Zso~-Kard, was prepsred in a manner
sizilsr ¢c that for Na~-Zeo~Karb. The nickel content wes checked by two
nethods. It was rexoved from the resin by »_repeated treztment with nitric
acid and analyzed colorimetrically. An exchanger sample was 2lso ignited,
residue dissolved in nitrie acid, and the nickel determined colorimetri-
cally., The calculated resvlis indleated the exchangeable nickel as

0.150 grems per gram cf Ni-Zeo~-Karb.

2e Gperating procedure

In order to obtain sufficient datza for an equilibrium curve, five
samples were run simnltaneocusly. A welghed amount of stendard exchenger
was placed in each of five 250 ml, rubber-stoppered bottles. Also,

100 =3, of & known concentratiorn of the other ion being studied was
added %o each bottle. These samples were then tukbled end ovsr end in
an sttachment to a motor-driven b2ll mill for & period of 15 nminutes
to reach equilibrium. The resulting ecuilibrium mixture was allowed Lo

settle, end the supernatsnt liguid filtersd for avalysis.



3« Zxperimental runs

Nickel nitrate solution wes contacted with standard Na-Zeo-Karb in
Pun 1 until equilibrium conditions were obtained. The equilibrium wes
avproached from the opposite direction in Run 2 by countacting sodiunm
chlgride sclution with standard Ni-Zeo-Karb., The experimental dats

and calculated results are given in Tables 4 throcush 7.

4, sAnelytical procedures

The nickel concertration in the solution ab equilibrium was
determined colorimetrically, based on the procedure outlined in Snell
and Snell {375) for the dimethylglyoxime method. This procedure was
mocified as follows: A standard 6 inch test tube was filled half full
of the solution being tested, which ranged from 0.5 up to 20 ppm nickel.
Two drops of saturated bromine water was added, allowed to stand 15
seconds, at which time 2 drops of 6if ammonium hydroxide were added.
Three drops of indicator were then zdded and the sample set aside for
five minutes. A photolometer reading was then teken, which could be
used to read the ppm.nicke; from a photolometer calibration curve., &

typical calibration curve for this method is ‘shown om Figure 8,

5. Results and correlations

The experimentel data were correlated dy plotiting the ratio of
nickel to scdium ioms in the solution at equilibrium against the nickel
to sodium ratio in the solid cation exchanger. These vlots were made

on log=log peper, resulting in straight lines.



Usually, it is necessary to plot the "active™ molar concentrations
in order to obtain straight lines, but, as can be seen from exanining
Figures 13 through 17, these Gata could be correlated also on weicht
and actual molar concentraticns. This can be attributedé chiefly to the
fact that rather dilute solutions were used in these studies,

The active molar ratios listeé in Tables 5 and 7, and used for the
correlations in Figures 15 and 16, were calculated from the mean ac-
tivity coefficients plotted in Figure 12, These in turn have been
calculated by use of the Debye-Huckel equaticn, with correetions for
lonic size.

The most important point to note in this equilibrium study on nickel-
sodium lorns is the Tact that the same equilibrium was not attained by
approaching it from opposite directions. TFigure 15 shows the correla-
tion for what might be called the "forward" run, whereby nickel nitrate
solution is contacted with Wa-Zeo-Karb until equilibriunm is sttaired.
Figure 16 gives the correlatic. for the "reverse™ run, whereby a sodium
chloride solution is contacted with a standard Ji-Zeo~XKarb exchanger
until equilibriua is attained, In the forward run, for an active molar
ratio of 30 for nickel to sodium in solution) the ratio in the solid is
0.0155 at equilibrium. Invthe reverse run, for the same ratio of 30 in
sclution, the ratic in the solid is 36,000 at equilibrium. It can be
seen immedistely that the cation exchange takes up & normel amount of
nickel, but bolds on te it very tenacilously in the reverse reaction,
This behavior of nickel metzl is in contrast to that observed for ths

alkali metal and alkaline earth cations, which give the same eguilibriunm



when approached from both directions.

This preference For nickel over sodium is also clearly illustrated
by examination of the slope of the straight line plot of Figure 16, which
represents the power p in the modified mass action eguation of |

whereas thc value of p is less tnan 1.0 for all the alkeli metal and

alkaline earth cations, it has a2 value of 1.84 for this correlation on
nickel., Thus, with ﬁhe active ratic of nickel to sodium in the sclution
to the 1.84 power, it cen be seen that a much lower ratic of Ki/Na in
the solution is required in order to obtain a given ratio on the solid,
in comparison with the alkali metals ané alkalize earths.

It should be noted that equivalent exchenge was assumed between
the nickel and sodium for the czleulations of the sbove-mentiocned
correlation. In view of the fact that the exchanger has a great affinity
for nickel in comparison to sodium, it is doubtful that an equivalence
of'nickel was displaced from the exchange by each equivalence of sodium
in the reverse run.

An.équilibrium correlation for sodium chloride solution contacted
with ¥=-Zeo=-Karb is show: <z Figure 17. The data fér this plot were
taken from the rate of exchange Runs 7a, 8a, and 12a of the next section.
Since these points renresnnt the engd condltlons of 30 minute rate of
exnhange runs, they are true equilibrium points. It is iﬁportant to
note that this type of run can he used to determine the rate of exchance

and at the sazme time one peint on an equilibrium curve,
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Dgtz from the literature were included in Figures 9,. 10, and 11
on the activity coefficients for various elecirolytes. Since these
activity cosfficients represent the "active™ concentrations, particular-
ly at the higher solution conecentrstions, they denote & trend or effect
that one ezr expect to be exerted on the egquilibrium of the ions under

consideration.



Table 4. Equilibrium of nickel nitrate solution with Na=Zeo-Kurb (Run 1)28

——r v D T D R A B R T e T ey e e S T e,
Vol. of Before exchange
Weight of Ni(NOz)z  Na in Ni*¥ in At oxchange equilibriwnd
Test Na~-Zeo~Karb, solution, exchanger, solution, In exchanger In solution
No. g0 ml,C meq. meqs . Na, meq. Ni, meq. Na*, moq. Nit+, meq.
1l 1.000 100.0 1.30 0.668 0.6544 0.6544 0,6544 13,62 x 10~
2 2,000 100,0 2.60 0.668 1,933 0.6593 0,6593 8.86 x 10™9
3 5,000 100,0 3490 0.668 3,232 0.6646 0.6646 3.40 x 10~9
4 5,000 100.0 6.50 0.668 5,832 0.6658 0.6658 2,21 x 10=9
5 7.000 100.0 9.10 0,668 8.432 0.6661 0,6661 1.91 x 109

aSamples tumbled in 250 ml. stoppered bottles for 10 minutes.

byg.zeo-Karb contained 0,0299 grams exchangeable sodium per gram dry exchanger,
¢standard N1(NOz)p solution contained 196 p.p.m. of nickel.

quuivalent oxochange assumed between sodium and nickel.

CNickel in solution determined colorimetrically by dimethylglyoxime method.



Table 5. Equilibrium caleulations for nickel nitrate solution with Na-%eo-Kurb (Run 1)

» Woicht ratios Molar ratios Active molar ratios
Test Activity coeflicionts® In exchanger In sSolution In exchanger In solution In‘exohang;er'b In solution
Noe  pg++ Na+ Ni/Na Ni*+/Nat Ni/Na Ni++/Nat Ni/(Na)®  8ni# /8Rya+
1 0.845 0,917 1.319 0,0266 0.617 0.0104 0.816 160,0 &
2 0.844 0.918 0.429 0.0172 © 0.,168 0,0067 0.,0882 101.9 e
3 0.844 0.918 0,863 0.0085 0,103 0.0035 0.,0318 38,52
4 0.844 0,918 0.145 0.,0042 0,087 0,0016 0.00978 24..95
5 0.844 0,918 0,101 0.0036 0.039 0,007 0.000468 21,56

8Activity coefficients valoulated by Debye~Huokel equation, with correction for ioniec aize,
bratio in exchanger solld based on total millimols of nickel and sodium.



Table 6. Equilibriwa of sodium chloride solution with Ni-Zeo-Kerb (Run 2)8

: Vol. of Before exchange
Woight of NaCl Ni in Na* in At_exchenze equilibriumd
Test Ni-Zeo=-Karb, solution, exchanger, solution, In exchanper In solution
No. g0 ml,¢ meq. meq, Ni, meq. Na, meq, Ni**, meq,® Na*, meq.
1 0,500 200,0 2,56 2,140 2,551  9.26 x 109 9,8 x 10™ 2,131
2 1,000 200,0 5411 2,140 5,098 11,86 x 10™° 11,86 x 10~ 2,128
3 1,500 200,0° 7,67 2,140 7.668 12,27 x 1070 12,27 x 10~ 2,128
4 2,000 200,0 10,22 2,140 10,207  13.29 x 100 13,29 x 10~ 2,187
5 24500 20040 12,78 2,140 12,766 14,18 x 10~ 14,18 x 103 2,126

8gamples tumbled in 250 ml, atoppered hottles Tor 10 minutes,

Ni-Zeo-Karb contained 0,150 grams exchmngeable nickel per gram dry ©Xchanger.
Ss5tandard NaCl solution wos 0,007 in normelity.

dEquivalent oxchange assumed hetwesn sodium snd nickel,

®Hickel in solution determined colorimetriocally by dimethylglyoxime method.



Table 7. Tquilibrium of sodium chloride sgolution with Ni~Zeo-Kurb (Run 2)

| Welght ratios Tolar ratilos Active molar ratlos

Teat Activity coefficients® In exchenger In golution In exchanger In solution In exchangorb In solution

No.  Nitt Na+ | Ni/Na Nit++/Nat Ni/Na Ni++/Nat Ni/(Na)? B4 ++ /8RN +

1 0.812 0.899 352,0 0.00565 137.9 0,00217 14,860, 20,42

2 0.812 0.899 548.5 0,007 215,00 0.00278 18,130, 26,20

3 0.812 0,899 797.0 0,0073 31.2,0 0.00288 25,460, 87.12

4 0,812 0,899 981,82 0.00%79 384,83 0.,00312 28,870, 29,41

6 0,812 0.899 1150,5 0.,0085 = 450,65 0,00334 31,700, 31,40

8activity coefficients calculated by Debye-Huokel equation, with corresction for ionle size.
bRatio in exchanger solid based on total millimols of niockel and sodium.
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5l
B. Raete of Ion Exchange

The rate of exchange for Zeo-Karb was determined for various con-
diticus and by 4ifferent experimental procedures, Data were obizined
for the rates of exchange of other cation exchunge resins, Correlations

have been made in crder to postulate 2 mechanism for the rate of ex-

change.

1. Preparation of materisals

A batech of stendard Na-Zeo-Kerb, other than the batch made for
equilibria studies, was prepared in the usuzl mzumer, The amount of
exchanggable sodium was checked by two methods. It was eluted from
the exchanger by means of 0.1005 X BCl, evaporated to drymess and
analyzed in the usual manner. A check was made by igniting a sample
of sténdard exchénger, anfl &issoclving the ash in hydrochloric acid,
which was then analyzed for sodium as previously descrided.

4 batceh of standard E-Teo-Xarb was then mede from a portion of
the @bove Ha-Zeo-Kaxrb, Again the exchanger was analyzed for residual
sodium, from which the exchangeable hydrogen was calculated by assum-

ingy egquivelent exchange.

2. Operating procedure

Several different experimental procedures were used in these
studies, the details of which are described in the following seetions.,

a. Combined rate of exchance and static capacity. The ordinery

static test for determining exchanger capacity kas been modifieé so thet



I
[
(3]

rates of cation exchange can be determined simmltaneously with the static
cepacity. Isseatially, tiis new metiod involves noting the periodé of

tine required for each constant inerement of sodium hydroxide to be
absorbed by the exchanger (actually, reaching an equilibrium), The de-
tailed procedure of a typical run {Rur 3 in Table &) is as follows: After
two or three preliminary runs tc condition the resin, & regeneration is
made by treating a one graa sample of exchanger with exaetly 50 ml. of

4.6 per cent HCl. Toe regeneration period is carried out by constant
stirring for exactly 30 mimutes, after which the exchanger is lmmediately
washed with distilled water until colorless to phenocl red. Then 50 ml,

of distilled water is #@dded ito a .dry beaker. The moist saﬁple is filtered
to remove most of its surface water, znd weighed in order to determine the
amount ox éree:water'still ci the test semple. The moist sample is placed
in the 50 ml. of water in a 150 ml. beaker, where 2 constant stir;ring
speed can be maintained. Five drops of phensl r2d are added to the mixture
being stirred. The test proper is now reesdy to proceed. A wide-mouthed
pipette is used to add 0.5 ml. increments of 0.08%5 ¥ NaCH. 4 stop-

watch is snapped as the first portion of the increment goes into the
solution. It is stopped at the end of the increment period, as denoted

by change in color of the indicator. The rates of exchange become slower
as the exchanger.becomes saturated with sodiua ions, or, thinking of it -
from the equilitrilw stan&point, as the ratio of sodium to hydrogen becomes
inereasingly lerge. The final éndpoint, of course, rerpresents the statie
oxchange capacity, which also represents one point on an equilibrium curve.

b. Combined rate of exchanze and ecuilibrium curves. It is possibie

to modify the above procedure even further, although nc experimentzl data



were taker to illustrate this procedurs. It will be noted that the one
ecuilibriun point of the above procedure represents a low sodium to hy-
drogen ratio in the solution. Im fact, very often, it is too small to

be 21 accursate eguilibrium point, Thérefore, this nmodified procedure
proposes that several additiomal equilibrium points be determined at the
ené of the rate of exchange pericd. This can be done by acding four or
five well-chosen increments of stronger NeCH standard solution, and taking
out samples for snalysis after each incremsnt has been allowed to come to
squilibriun.

c. Comblned rate of exchanze 2né equiiibriuam point. This proce~

dure éiffers from the "combined rate of exchange sncd stutic capacity™
in that the final equilibrium pocint reprecsents a higher sodium to
hydrogenr ratio, and is, therefore, a more accurate point. The detailled
procedure of a typical run {Puns 7a anﬂﬁ;b in Tables 12 and 12) is as
Poliows: A 150 ml. colume of test solution is placed in & dry, 200 ml.
beaker, whici is equipped for comstant stirring. A standsrd cation
exchange resin, or one regenerated in the standasrcd manner, is weighed
(usually 6 gram sample}, washed with distilied water, filtered to a low
free moisture content, and sdded to tie test solution te start 2 run
proper. At timeé imtervals of 1, 1, 1, 2, 3, 4, 8 and 10 nminutes, two
nil. samples are withdrawn for analysis. At the end of the final inter~
val a 5C ml, sample is withdrawn for analysis, and the exchanger is fil-
tered and washed so thst it can be used in further runs., It will thern
start out with the same ratio of ions in it as were present at the enc

of the previous run.
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d. Combined rate of exchanse and ecuilibrium curve by pi. 4

procedurs wWas ceveloped ‘to avold the trouplesoms removal of periodic

5
s

[}

amvles the complicated czlculations required for such runs. This
procedure is typified by Runs l4e snd 14b, tabulated in Tables 26 and 27,
an¢ is @s follows: The test solution and stendard estion exchanger ars
addeé 1x the usual mammer to a beaker egquipped with g stirrer, The
electrodes of & pH meter are also placed within the beaker and ir contact
with the solution. XHence, as soon as the standerd exchanger is added to
the solution, instantanecus pH reading can be taken, indicating the rat

of ezchange in the Tirst few critical seconds.. After equilibrium has been
attained, & second increxzent of solution is added, This procedure can
be centinuved until five or six rate cwrves and_equilibriﬁm points ure
obtained. A solutionm sample was te=ken at the end of the last inerement

-for analy sia, although it would have beeg nreferabie tu taxe samples for

analysis at the end of each increment, at which point equilibrium is at+

3. Experimental.runs

Jombired rate of excheange and static capacity were investigated
in Runs 8 throuzh 6 {Zables 8 throuzh 11). Rate of exchanze was corbined
witk & realistic equilibrium point in each of Puns 7a and 7b throuzk 12=
{Tebles 12 through 22, except 12 and 21). The remsining runs of this
secticn, up to and ineluding Run 23b and Table 45, present dats taken by
the pH and multiple increment method. These also ineclude data on various
cation exchange resiﬁs, in addition to various solution concentrations and

types of cations.
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4, Resulis and correlations

Several factors affecting the rate of exchansce were illustrated
in the rupms combining rete of exchange and static capacity. A comparison
of Figures 18 ané 19 indicates that the amount of washing sample after re-
zeneration affects the Tate of exchange. Washing until acid-free to
phenolphthalein in Figure 19 (Run 4) gives an initisl increment time of
40 seconds .compared with 52 seconds for Run 3 in Figure 18, which was not
washed as thoroughly (ecid-free to methyl orange). Since both of these
times ere relatively slow, iﬁ comparison with chemiecsl reactions; it is
believed ithat frée'acid in the exchanger must be diffusing to its surface
and then reacting chemically with the HaCH in the solution. This theory
is further verified by the fact that & similer run, not shown here, gave
almost instantaneous increment times for the first part of the rum, This
fast rate was due to a relatively large amount of Tree acid being present
in or on the exchunger. )

Figure 20 represents graphically the effect of a driving force in
the solution., ZExtrapolation of the upper 0.5 ml. inerement curve, back
one increment, gives e time of approximately 41 seconds., The same
increment number on the lower 1.0 inerement curve hss an increment time
of 50-seconﬁé. Hence, only nine seconds were required to reduce the
driving from approximately 0.00663 N NaOH to 0.00331 K NaOH, with the re~
maining 41 seconds required to reduce the concentration down to the color
change of the phenol red end point,

The criticel nature of the stirring speed is clearly illustrated in

Figure 21. Each section of the curve represents a different stirring



speed. The breaks are definite and occur at the deginning of the incre-
ment bavipg a different speed. Hénce, it is apparent that diffusion of
ions to and from the exchanger is exerting a major influence on the rate of
exchange. This is particulariy true at the bdeginning of a run, where the
ratio of hydrogen to sodium on the exchanger is very low,

4 correlation for the rate of exchenge has been made, hased on the
data in Runs 7a and 7b, and the similar yuns that follow them., Since
these runs were run with & large initial volume of soclution, gsnerslly 150
ml. to 200 ml., and had only small samples withdrewn for analyses,. the
solution concentration remsins nearly constant throughout the run, Cor-
rections can be made for the changes in concentrations caused by the |
withdrewal of samplies. This was done in Acalcm.ating the data for the |
milliequivalents of exchaenge that hed taken place at any given time, Like-
wise, the actual solution concentrations are listed, based on the results
from the analysis samples. However, in correlating these data to obiain
straight line plots of eguations from which rate of exchange constants arg-
avallable,, these minor changes 'in solution concentration were ignored.

The basis of this correlation is thet the rate of exchange varies
gs some function of the amount ‘of' éxchange still available on the exchénge;'.
;I‘ﬁis Wis a modification of the second order bimolecular squation of Hach.ad‘ '
and Hood {259). The solution concentration was assumed to be constant. »
Hence, the following equation was proposed:

az/dt = E{b-x)2
where the terms are defined as
dx/dt = rate of exchange, Meq./gram resin/min,

K = rate of exchange constant, including the effects,



. =0

if any, due to concentration in the soiution,

{b-x} = approach to equilibrium, where b is the mazimm
exchange capaeity of resin at equilibrium, and x
is the emount of exchange at given time t.

n = power exponent of (b~x), indicating the degree of
influence, which the ™residual capacity" can exert.

In order to correlate these data in the form of this equation, the
exchange, X, was plotted egainst time. The slopes were determined at
various points along the curve to get instantaneous rates of exchange.,
These values ere listed in Table 47 for ihe various rums. These in-
stantanecus rates of exchange, dx/dt, werc then plotted against (b-x),
the gpproach to equilibrium, These plots are given on Figures 23 esnd 24,
'ﬂlé povier, n, of {'D‘-x)_. was next determined f{rom the slopes of these-
straight line correlations. Thence, the rate of exchange constant, K, was
determined.

The values of n, the power to which (b-x) is raised, and the rate of
exchgnge constants, K, as obtained in this correlation are as follows:

Rur 7= n = 1,00 X = 0.1338

8s 1.00 0.192
a’. 2.24 . 8.65
10s 2.07 3445
1la 1.32 1.06
12a 1.65 6.90
O 2.00 8.20
" 8b 1.15 0.44
b, .24 1C.00
12b 2.14 775

The fact that the "rate constants® are not constant for runs having same
iopns indicates that other fectors are involved in the value of K.
Dividing K by the average solution concentration for each ryun does not

bring the values much closer together. The equilibrium values at the end



of Runs 7a, 8a, and 1l2s, all of whickh involve sodium chloride solutions in
contact with B-Zeo-Xarb, were examined., The egquilibrium plot of these
three points shows that Rum 7a, although having the lowest solution con=-
centration, was represented by the middle point on the straight eguilidri-
um line. This neans that a different amount of excess sodium chloride
wss used in this run, which resulted in a different set of fom ratios at
equilibrium, This indicates that the ratio of ions on the solid is impor-
tent, rather than just the ion beingz removed from solution {as indicated
by the approach to eguilibrium). Dividing the ¥ values of Runs 72, 8a,
and 12a by the sodium to hydrogen ratic in the exchanger at final
equilidbriun give 0.1133, 0.1182 and 11.82, respectively. These dajta are
inwufficient to say which of the ahove values sre in error, if at all.

The other rate values cannot be considered in this comparison, because
"they were run with ions other thap sodium.

t should be noted that for Runs 7a ané 8a for sodium chloride sciu~
tions in contact with standard E-Zec~Xarb, the value of the power n was
1.0, Thus, the eguation of the correlation for these two runs give -
straigut lineé on semi-log paper. These runs were correlated by plotting
the fractionsl approach to equilibrium, (b-x)/b, against time as shown
o Figure 22. |

it is believed that most rate of exchange data must be taken under

conditions similer to those of 2z desired operation., On the other handg,
equilibria data can be utilized under ali circumstances. Hence, 2
procedure, such as the modified pH method, cen be of grest utility in

collecting & maximum of data with a minimum of effort and time., If is



preferable to analyze solution and exchanger sampies wherever possible in
these studies. It is particularly true for the metal ions, which do not

exhibit equivaleat exchange.
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Table 8. Rete of exchznge of E-Zeo-Karb at constant ineremental
concentrstion in solution (Rum 3)2»°

— e — —
— — ——

Test Std. NaOE increment® T

Test __Std, Na(E increment® Tinme,

¥o. Differential Cumlsative sec., No. Differentizl Cumuletive sec,
1 0.5 0.5 52.0 26 0.5 13,0 50.0
2 0.5 1.0 52,0 27 0.5 13.5 52,0
3 0.5 1.5 52,0 28 0.5 14.0 52.0
& 0.5 2.0 52.0 29 0.5 14,5 530
S 0.5 2.5 52,0 30 0.5 15.0 54,5
8 0.5 3.0 52,0 31 0.5 13,3 58.0
7 0.5 35 50.0 32 0.5 18.0 61.0
8 0.5 4.0 49,0 33 0.5 16,5 64,0
9 0.5 4.5 50,0 34 0.5 17,0 67.0
10 0.5 5.0 49,0 35 0.5 17.5 69.5
11 0.5 5.5 48,0 26 0.5 18,0 74,0
12 0.5 6.0 48,0 37 0.5 18,5 80.0
13 0.5 6.5 48,8 38 0.5 18,0 105.0
14 0.5 7.0 48,5 39 0.5 19.5 84.0
15 0.5 7.5 £8,0 40 0.5 20,0 100.0
i6 0.3 8.0 47,0 41 0.5 20,5 115.0
17 0.2 8.5 47,0 42 0.5 21.0 125,0
18 0.5 3.0 4740 43 0.5 21,5 145,.C
19 0.5 8.5 46,0 44 0.5 22,0 171.0
20 0.5 10.0 47,0 45 0,35 23,5 207.0
21 0.5 10.5 45,0 46 0.5 23,0 240,0
22 0.5 11.0 4840 47 0.5 23.5 300.0
23 0.5 11.5 47,0 43 0.5 24,0 360.0
24 0.5 12.0 46,0 45 0.5 24,5 480,0
25 0.3 12,5 48,0 50 0,5 25,0 900.0

8pry H-Zeo-Karb sample weighed 2,000 grams; sample {after use in
precedins run) is regenerated by stirring with 50 ml. of 4.59% EC1 for
45 minutes, and washed until acid-free to methyl orange.

bIpitially, 50 ml. distilled water added to sample in 150 ml, sample.
Cstandard NaOH was 0.0995 in normality. -
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Table 9. FEffeet of initial washing on rste of exchange
of H-Zeo-Xarb (Run 4)8,P

Test _ Std. NeQE ingrementC Tinme, Test  Sté. Na0H increment® Tine,
Lo Differentizl Cumulative gec, No. Differextial Cumulative sec,
1 0.8 .5 £0.0 - 20 0.5 15.0 47,0
2 Ce3 1.0 40.0 31 0.5 15.5 45,C
3 0.5 1.5 40,0 =2 0.5 16.0 48,0
4 C.5 2.0 40.0 23 0.5 16.5 49,0
5 0.5 2.5 40.0 34 0.5 17.0 52,0
6 C.5 3.0 40.0 35 0.5 17.3 54.0
7 0.5 3.5 40.0 36 0.5 18.0 57.0
8 0.5 4.0 40.0 37 0.5 18.5 81.0
9 0.3 4.5 41.0 z8 0.5 19,0 65.0

10 G.5 5.0 41,5 39 0.5 19.5 70,0

1 0.5 8.3 £1,0 40 0.5 20,0 73.0

12 0.5 6.0 £0.0 41 0,5 20.5 82.0

13 0.5 8.3 40.0 a2 0.5 21.0 83.0

14 0.5 7.0 40.5 43 0.5 £1.5 $0.0

15 0.5 7.5 40.5 44 0.5 22,0 93,0

15 0.3 2.0 41,0 45 0.5 22.5 7.0

17 8 8.5 40,5 486 5 23.0 109.0°

18 0.5 8.0 42.0 47 0.5 25.5 117.0

1 0.5 9.5 41.0 48 0.5 24,0 125,0

20 0.5 10.0 42,0 48 0.5 24.5 140.0

21 0.5 10.5 42,0 50 0.5 25.0 155.0

22 0,5 11.0 41,5 51 0.5 25,5 190.,0

23 0.5 11,5 42.0 52 0.5 28,0 195.0

24 0.5 12.0 41.5 3 0.5 25,5 225,0

25 0.5 12.5 42.0 " 54 0.5 27,0 225.0

28 0.5 135.0 42,5 55 0.5 27.5 255.0

27 0.5 13.5 44,0 56 0.5 28.0 320.0

28 0.5 14.0 43.5 57 0.5 28.5 375,0

29 0.5 14.5 43,0 58 0.5 29,0 480.0

8nry H~Zeo-Karb sample weighed 2.000 grams; sample (after use in preceding
run) is regenerated by stirring with 50 ml. of 4.58% HC1 for 45 minutes,
and washed until acid-free to phernolphthalein.

PInitially, 50 ml. distilled water added to sample in 150 ml. sample.

Cstandard NaOH was 0.0995 in normelity.



Table 10. x=ffect of incrementsl concentratioa in solution on rate
on rete of exchange of HeZeo-Karb (Run 5)2s°

— ——— s pm—
——— re—— a— =~

Test __ Std. NaOH increment® Time, Test _ Std. NaOH incrementC Time,
No Tifferential Cumulative sec, ¥o. Differontial Cumalative sec.
1 0.5 0.5 C.1 21 0.8 17.86 71.5
2 0.5 1.0 0.1 22 0.4 18,0 63.0
3 0,5 1.4 0.1 23 0.9 18.5 76.0
4 0.5 2.0 0.1 24 0.5 19,0 87.0
35 1.0 3.0 C.l 25 0.5 19.5 75,0
6 1.0 4,0 1.0 26 0.6 20,1 113.0
7 1.0 3.0 1.0 27 0.4 20.5 114.0
8 1.0 6.0 2.0 28 0.5 21.0 127.0
9 1.0 7.0 8.0 29 G.5 21,5 132,0

10 - 1.0 8.0 8.0 30 0.5 22.0 187.0

11 1.0 2.0 2.0 31 0.55 22,52 197.0

12 1.0 10.0 14,0 32 0,45 23.0 185.0

13 1.0 11.0 15.¢ 33 0.50 22.5 202,0

14 1.0 12.0 20.0 34 0.50 24,0 S1.0

15 1.0 13.0 30.0 35 0.50 24,5 256.0

16 1.0 14,0 40.0 386 0.50 25,0 275.0

17 1.0 15.0 49,0 37 0,50 25.3 290.0

18 1.0 16.0 50.0 38 - 0.50 26,0 294.0

19 0.5 16.5 42,5 39 0,50 26,5 318.0

20 0.5 17.0 56.2 490 0.50 27.0 1200.0

aDry H-Zeo-K2rb sample weighed 2.000 grams, and contained 0,865 meq,.
ezchangeable and 0,035 meq. free hydrogen per gram dry H-Zeo~Karb.
Initially, 50 ml. distilled water added to sample in 150 ml. sample.

Cstandard NaOH was 0.0985 in normality. : : :



Table 11. EIffect of agitation on rate of excheange
of E-Zeo-Karb (Run 6)&,D

Test _ Std. NaOH increment® Tine, Test _ Std. NaCH inerement® Tine,
No. Differential Cumlative sec.@ No. Differential Cumlative sec.
1 0.5 0.5 8.0F 28 0.5 14.0 33,0
2 0.5 1.0 6.0 29 0.5 14.5 35,0
3 0.5 1.5 640 30 0.5 15.0 38.0
z 0.5 2.0 7.0 Z1 0.5 15.5 58,0
5 0.5 2.5 7.4 32 6.5 16.0 40.0
6 0.3 3.0 8.4 23 0.5 16.5 43.0
7 0.5 2,5 9.0 ¢ 0.5 17.0 57.0V3
8 0.5 4,0 9.6, 35 0.5 17.5 61.0
9 0.5 4,5 12,54 36 0.5 18.0 61.0

10 0.5 5,0 12.6 37 0.5 18.5 72,0

11 0.5 5¢5 15.0 3 0.5 19.0 73.0

iz 0.5 6.0 15.0 39 0.5 19.5 85,0

13 0.5 6.5 15,5 40 0.5 20.0 81,0F

14 0.5 7.0 15.6 41 0.5 20.5 77.0

15 0.5 7.5 16,0 42 0.5 21,0 84.0

16 0.5 8,0 16.6 43 0.5 21,5 99,0

17 0.5 8.5 22,59 44 0.5 22,0 25,0

18 0.5 5.0 22.7 45 0.5 22,5  135,0

19 0.5 5.5 23,2 46 0.5 23,0  140.0

20 0.5 10.0 Bl 49 0.5 25,5  165.0

21 0.5 10.5 27.0 48 0.5 24,0  180.0

22 0.5 11.0 27.0 49 0.5 24,5 255,0°

23 0.5 11.5 23.0 50 0.5 25.0  330,0

2¢ 0.5 12.0 33.0 51. 0.5 25,5  590.0

25 0.5 12.5 27.0 52 0.5 26.0  450.0

26 0.5 13.0 29.0 53 0.5 26.5  570.0

27 0.3 13.5 31.0 54 0.5 27.0  900.0

8Dry He-Zeo-EKarb sample weigheé 2,000 granms; sample (after use in
preceding rTun) is regenerated by stirring with 50 ml. of 4.59% EC1 for
45 minutes, and washed until acid-frec to methyl orange.

bInitially, 50 ml. distilled water added to sample in 150 ml. sample.
®sStendard NaOH was 0,0995 in normality.

OSpesd of stirring indicated as follows: F for fast; M for medium; S for
silow; and VS for very slow.



Table 12. Exchange of sodium from 0,0182 M NaCl solution with H-Zeo-Karb (Run 7&)“.5.0,6.

Volume NaOH H ion Cumula- Cumvla- .
Volumo Volume NaOHl (0.0100 I7) removed tilve tive Cumulative
Total solution (0,0100 N) for 5,00 ml. by I ion H ion H ion
Stirring stirring (before  for 5,00 nl. sample 5,00 ml, in golu~ from exchanged
Test interval, time, sample), sanple, (smoothed), sample, tion, resin, from resin,
No. min. min, L, ml, ml, neq,® meq,f  meq.8 meg, It
1l 1l 1 301.1 0.50 0,50 0,0050 0.301 0,301 0,266
2 1 2 296,13, 0.66 0.66 0.0066 0.391 0.396 0,361
3 1 ) 891.1 0,76 0.69 0,0069 0,402 0,414 0,379
4 "2 5 286,11 0.73 0,73 0.0073 0.417 0.436 0.401
5 3 8 28L.1 0.75 0.77 0.0077 0.432 0,458 0.423
6 4 12 276,.1 0,80 0.80 0.0080 0.442 0.476 0.441
7 8 20 271.1 0.84 0.4 0,0084 0.455 0.497 0,462
8 10 30 266, 0.85 0.88 0.0085 0,453 0.503 0.468

8pry HeZoo-Knrb sample weighed 1.0 grams, and contalned 0.865 meq. exchangeable and 0,035 meq. froe
hydrogon pex gram dry H-Zeo-Karb.
Yijator on moist Il-Zeo-Karh sample weighod 1.l grams,

Coriginal volume of 0.0182 } NaCl solution was 500.0 ml.

drotal free acid washed from Hereo-Karb sample was 0,085 meq. (out of 0.120 meq. total free acid).
8Column seven equals column six times 0.0100 normality of standard NaOH solution.
Teolumn eight equals the product of columns seven and four, divided by the 5,00 ml, volume of analyti-

cal samples,

€Column nine equals colurn oight plus cumulative of previous valves of column seven,
hgolumn ten equals colimn nine minus 0,035 meq, free hydrogen on 1,0 gram H-7eo-Karh samples,



Exchange of hydrogen from 0.0090 N HCl solution with Na~Zeo~Karb (Run 7b)8,b,0,4d

Table 13.
Volume NaOH H ion Cunule~ Cumula-
Volume Volume NaoOH (00,0100 N) removed tive tive Cumulative
Total solution (0.0100 N} for 5,00 mdl. by H ion H ion, W ion
Stirring stirring (before for 5.00 ml., sample " 5.00 ml, in solu=- incl, exchanged
Test interval, time, sample), sample, {smoothed), ssmple, tion, sample, from resin,
No. min. min, mi. ml. ml., meq.®  meq,T  meq,8 meq.,
1 1 1 171..2 3460 3.60 0.0360 1,833 1.233 0.297
2 1l A 166,.2 3627 3,27 0.,0327 1,085 1.12) 0.419 )
3 1 K 61,2 3.14 3.14 0.0314 1.010 1.079 0,451 3
4 2 5 156.2 3,00 3,03 00,0303 0,946 1.046 0,484 1
5 < 8 151.2 2,99 2499 0.0299 0,905 1.035 0,495
6 4 12 146.2 3.97 2497 0,0297 0.868 1.088 0.502
v 8 20 l4l.2 3.00 2.94 0.0294 0.630 1.020 0,510
8 10 30 156,.2 2,99 2.9 0.0293 0.798 1,017 0,513

8Nawzoo-Karb sample weighed 1.0 grams

sodium per gram dry l-7eo-Karb,
Water on nolst Na~7eo-Karb sample weighed 1,2 prams,
Coriginal volume of 0.,0090 M HC1l solution was 170,0 ml,
dI‘ree acid washed froi sample uptil trace only romaining,
CColumn seven equuls column six times 0,0100 normality of' stendard NaOH solution.
fGolumn eight equals the product of columns seven and four, divided by the §
analytical samples,
€Column nine equals colwmn eight vlus cumulative of previous values of column seven,
hgolumn ten equala aifferonce bestween column nine and the 1.530 moq. original H ion,

.00 m1,

{as dry H-Zeo-Karb), and contained 0.468 meq, exchangoable

volume of



Table 14, Txchange of sodium from 0.1018 M NaCl solution with H-Zoo-Karb (Run 8a)8sDs0,d

VYolume NaCOH H ion Cumula- Cumulaw

Volume Volume NaOH (0.0100 N) removed tive tive Cumulative
Total golution (0.0100 N) for 2,00 ml, by H ion H ion H fon
Stirring stirring (before for 2,00 ml, sanmple 2,00 ml, in solu-~ from oxchanged
Test interval, time, sample),? sample, { smoothed), aample6 tion, renin from resin,
No. min. mins , mle ml, mle meq. meq. ¥ meq (B meq .
1 1 1l 20145 1.43 14 0,0143 1,442 l.442 1.362
2 1 3 1995 1.40 1,48 0,0148 1.476 1,490 1,410
3 1l 3 197,65 1,58 1,51 0,0161 1.491 1,520 1,440 LS
4 2 5 195.5 1,56 1,66 0.0156 1.524 1,568 1.488 P
5 3 8 193,56 1.59 1.68 0,0158 1.529 1,589, 1.509
6 4 12 191,65 1,58 1.59 00,0169 1.523 1,599 1,519
7 8 20 189,56 1,60 1,605 0,01605 1.08L 1.613 1,533
8 10 30 18745 1,61 1.61 0,0161 1.509 1.617 1,537

8ppy ll-Zeo=-Karb sample weighed 5,0 grams, and contained 0,865 meq, exchangeable and 0,027 meq, free
hydrogen per gram dry He-Zeo-Knrb,

Wator on moist J-Zeo-Karb sampleo weiphed 4.5 grams,
Soriginal, volume of 0,1018 4 naCl solution wae 200.0 ml.

dTotal free acid washed from li-Zeo-Karb sample was 0,280 meq. (out of 0,360 meq, total free acid),
©Column seven equals column six times 0.0100 norinality of standard NaOH solution,
feo1umn eight equals the produet of columns soven and four, divided by the 2,00 ml, volume of
analytical samples, :

&0olumn nine equals column elght plus cumulative of previous values of column seven,
Bgolumn ten oquals column nine minus 0,080 meq., free hydrogen on 3,0 gram H-Z7eo-Karb,



Table 15,

¥xchsnge of hydrosen from 0.0%07 N HOl solution with Na~Zeo-Karb (Run g8b)a,b,e,¢

Volume NaOH H ion Cumula-  Cumula-
Volume Volume NaOH (00,0100 N) removed tive tive Cumulative
Total solution (0,0100 Nl for 2,00 ml, by i ion H ion, W ion
Stirring stirring (before for 2,00 ml. sample 2,00 ml, in solu-~ incl, exchangzad

Test interval, tlme, sample), sanple, (smoothed), sample, tionm, sample, from resin,
No, min, min, ml, ml. ml, meq,® moq,¥  meq,® meqk
2 1 2 149,9 4,33 4,03¢ 0,0433 3425 3,30 1,30
3 1 3 147,9 4,17 4,17 0.0417 3,08 3,17 1.43
4 2 5 145.9 4,04 4,04 0.0404 2,95 8,08 1,52
5 7 8 143,9 3,84 34,94 0,0394 2.84 3.01 1.59
8 4 12 141,9 3,89 3,89 0.0389 2,76 2,96 1,64
7 8 20 139,9 3,07 3,87 0,0387 2.70 2,94 1,66
8 10 50 157,9 5.69 3.86 0.0586 2,86 2,94 1.66

- ———

BNa-Zeo-~Karh sample welghed 3,0 grams (as dry H-Zeo-Kayb}, and contained 0,512 meq., exchangeable
godium per gram dry I=-700-Karb,
Water on molst Na-Zeo-Karlh sample weipghed 1.9 grams,

Soriginal volume of 0,0307 N HOL solution wns 150.0 ml,
dyree acid washed from sample until trace ohly remaining.

Column seven equals column s8ix times 0.0100 normality of standard NaOli solution,
Teolumn eight equals the produst of columne seven and four, dividod by the 2,00 ml, volume of
analytical ssmples,
€Column nine equals column eight plus cumulative of previous.values of column seven,
hgolukn ten equals diffoerence between column nine and the 4,60 meq, original H ion,

08~



Table 16. Exchange of caloium from 0,100 M CGaCly solution with H-Zeo-Karb (Run 9a)®:b,c,d

Volume NaOH H ion Cumula- Cumula-
Volume Volume NaOH (0.,0100 N) removed tive tive Cumulative
Total solution (0.,0100 N) for 2.00 ml. by H ion H ion H ion
Stirring stirring (before for 2.00 ml, sample 2,00 ml, in solu- from exchanged
Test interval, time, sample), sample, (smoothed), . sample, <tion, . resin from resin,
No., min. min, ml, ml, ml. meq.® meq.t meq,& meq,lt
L 1 1 158.1 4,57 4,57 040457 3,47 3447 3481
2 l a 150,11 5,02 5,02 0,0508 3.76 3481 3406
3 1 3 148,1 54826 54826 00,0526 3,89 3,99 3,73 &
4 3 5 146, 5,43 H.43 0,0543 3.96 4,11 3,85 T
) 3 8 144,1 5.50 5451 0.055), 3.97 4,17 3.9
6 4 12 142,1 5,66 5,58 0.0658 3.97 4,23 5,97
7 8 20 140,1 5.73 5,69 0,05669 3.98 4,89 4,03
gl 10 30 158,1. 5477 5,77 0,0577 5,98 4,35 4,09

-

aDry H-7e0-Karb somple weighed 6,0 grams, and contained 0,865 meq. exchangeable and 0,043 meq, free
hydrogen per gram dry H-Zeo-Kaxb,
byjater on moist HeZeo-Karb sample weighed 2.1 grams,
Coriginal volume of 0,100 1 CaCly solution was 150 ml,
dprotul free acid washed from HeZeo-Karh sample was 0.459 meq. (out of 0,720 meq. total free noid).
®Column seven equals column six times 0.0100 normality of standard NaOlf solution,
Column oight equals the product of columns seven and fouyr, divided by the 5,00 ml. volume of
&Column nine equals column eight plus cwmlative of previous values of column seven,
hgorumm ton equals coluwm nine minus 0.26 meq, free hydrogen on 6.0 gram H-Zeo-Karb samples,
1pt end of Test Noe 8, solution analyzed 0.0546 M Cally {by soap titration).



Table 17, Exchange of hydrogen from 0,0902 N HCL solution with Ca=Vso-Karb (Run 9b)8yb,0,d

Volume NaOH H ion Cumula~  Cumula-
Volume Volume NaOH (0.0100 N) removed tive tive Cumulative
; Total solution (0,0100 H)  for 2,00 ml. by H ion Hion H ion
Stirring  stirring (before for 2.00 ml. sample 2,00 ml, in solu~ inel, exchanged
Test interval, tine, sample), sample, (smoothed), , sample, tion, sample, from resin,
No, min, .min, ml, ml. ml, meq.®  meq. meq,& meq b
1 1 i 153,8 16,44 16.44 0.1544 10,33 10,33 1.58
2 1 2 131..8 14,89 14.89 0.,1489 9,95 10.10 1,81
3 1 3 129.8 14,78 14,78 0,1478 9.56 9.86 2,05
4 2 5 127.8 14,69 14,69 0,1469 9.38 9.83 2,08
5 3 8 125,8 14.61 14,65 061465 9,21 9.81 2,10
6 4 12 1.23.8 14,63 14,63 0.1463 9,06 9.79 2.12
7 8 20 121.8 14,64 14,61 0.1461 8,90 9,79 2.12
sl 10 30 119.8 14,60 14460 0.1460 8,75 9,79 2,12

80a-Zeo-Karb ssmple welghed 6,0 grams, (as dry H~Zco-Karb), and contained 0.34) meq. oxchangeable

caleiunm per gram dry l-Zeo-Karb,

fiator on moist Ca=-Zoo-Korb sample weighed 1.8 grams,
Coriginal volume of 0,0902 N HCL solution was 132,0 ml,

drree acid washed from sample until trace only remeining.

9olumn seven equals coltumn six times 0.0100 normality of standard NaOH solution.
foolumn eight equals the product of columns seven and four, divided by the 2,00 ml, volume of

analytical. samples,

gcoluarmn nine equals column eight plus cumulative of provious values of column sovell,
hoolum ten equals differoence hotween column nine and the 11,9 mec¢., original H lon,
1At end of Test No. 8, solution analyzed 0.0143 M CaClg (by soap titration).



Table 18. Kxchange oi' copper from 0,100 M CuCl, solution with H-Zeo-Karb (Run 10a)8yby0yd

e : B T T Ry R e

Volumo NaOH H fon Cumuloe  Cumyloe

Volume Volume NaOH {0,0100 N) removed tive tive Gumulative
Total solution (0.0100 H) for 2,00 ml, by H ion H ion H ion
Stirring otirring (before for £,00 ml, samplo 2,00 ml, in solu- from exchanpged

Test interval, tine, sonpleo), sample, -~ (snoothed), samplo, 4tion, resin from resin
No, nin, min, nl, 1o ml., meq,® moqef  maq.® meq,
1 1 1 1652, 4,84 4,84 0,0484 3.68 3.68 3454
2 1 2 15001 6.54 3)004 030554 4.16 4.21 4.07
3 1 3 148, © 5,86 5.86 0,0586 4,35 4446 4,32
4 2 5 146,11 6,12 6,12 00,0612 4,47 4,64 4,50
5 3 8 144,) 5 e 34 6,33 0,0633 4,066 4,79 4,65
6 4 12 142,1 6.42 6,42 0,0642 4,56 4,85 4,71
7 8 20 140.1 6.55 6.55 00,0055 4,59 4,94 4,80
8 10 30 18841 8.68 6468 0.0668 4,61 9403 4,89

8ppry Hefeo~Karb sample weighed 6,0 grams, and contained 0,865 meq. exchangeable and 0,023 meq, free
hydrogen per gram day leZeo=Karb, ‘

byater on moist HeZeo-Xarb sample woighed 2,1 grams,.-

%0riginal volume of 0,100 M CuCly solution was 15040 ml.

dTobal free acid washed from HeZeo-Karb sanple was 0,583 meq. (out of 0,720 meq, total free acid).
C0olumn seven aquals colwmn gix times 0,0L00 normality of standard NaOH solutlon,’

foolumn oight equals the product of columns soven and four, divided by the 2,00 ml, volume of
analytical samples, .

€Golumn nine equals colwmn oipht plus cumulative of previoun values of column seven, '

hoo1man ton oquals column nine minus 0,14 meq, free hydroren on 6,0 gram H-7eo-Knrb samples,

it ond of tost Wo. 8, solution analyzod 0,0715 M CuCly (by colorimetric method).



Table 19, Ixchange of hydrogen from HCL solution with Cu-7eo-Karb (Run 10b)2

oA s ot o s - — oot e et o

Vol. HOL, ml,” 200.0 10,0 0.0 25,0 25,0
Increment No, 1 2 3 4 5¢
Corr., off pH reading 0.00 0,00 0.00 0.00 0,00
Time, sec, pH N, i N, i N. _pH N, pH N,
10 2,04 0.00956 1.91 0.,0131 1.79 0.0174 1.58 0.0289 1.50 0.,0351
20 2,07 0.00891 1.92 0,0127 1.80 0,0170 1.61 0.0269 1.51 0.,0342
30 2.12 0,00793 1,95 0.,0118 1,81 0,0167 1,62 00,0262 1.5). 0,08342
40 2,14 0,00755 1.97 0.0113 1.81 0.,0167 = 1.62 0.0262 1.52 0,0324
50 2.16 0,0072) 1.97 0.0113 1.82 0,0162 1.62 0.0262 1.52 0,0334
60 2.17 0.00705 1.98 0,0110 1.80 0,0170 1.62 0, 026? 1,53 0,0327
80 2,17 0.,00705 1.99 0,0107 1.82 0,0162 1.62 0,026 1.52 0.0327
90 2,18 0.,00688 1,99 0.0107 1.83 0,0158 1.63 0. 0?56 1.52 10,0327
120 2,19 0.00672 1.99 0.0107 1.80 0,0170 1.64 0,0850 1.53 00,0327
180 2.20 0,00688 1.99 0.0107 1.82 0.0162 1.66 0,0238 1.56 0,0303
240 2,21 0,00642 2,00 0,0105 1.83 0.0158 1.67 0.0232 1,56 0,0303
%00 2.21 0.00642 1,984 0,01104 1.84 0,0154 1.67 0.,0232 1.57 0.0297
420 20 22 0. 00627 : badd Ladadad Radead Lk e Ll -~ - ot =
480 g e - ——— 1.84 0,0154 . —e—— 1,59 00,0283

—%8-—

gDry Cu-Zeo-Karb sagmple weighed 6,00 grams (as H-Zeo-Karb), and contained 2,7 grams free moisture.

The HC1l solution additions wero 0,0090 N for first ineremont, and 0,0902 N for last four inerements,
CAt end of last increment, solution analyzed 0,0014 N CuCl,(by colorimetric method).
lHeter was fcund out of callbration, and was adjusted at tﬁis point.



Table 20. Hxchange of cadmium from 0,100 M CACl, solution with HeZeo-Karb (Run 1la)@sby0,d

v—

Volwne NaOH H ion Cumula- Cumila-

. Volune Volume NaOH (0.0100 N} removed tive tive Cumulative
Total solution (0.,0100 W) for 2,00 ml, by H ion H ion H ilon
Stirring stlrring (before for £.00 ml. sample 2,00 ml, in soluw.~ {from exchanped
Test interval, time, somple), sample, (smoothed), sample, tion, rosin from resin,
No. min, min. T ml, ml. noq.® meq.f  meq.® meq.h
1 1l 1 152,12 5,59 3.63 0,0353 2.68 2.68 2451
2 1l 2 15041 4,02 4,02 0.,0402 3,02 8,06 2.89
3 1 3 1486.1 4,21 4,321 - 04,0471 3,12 3420 3.03
4 2 B 146,11 4,31 4,45 0.0445 3,85 3,37 2.20
5 g ] 144,1 4,58 4,58 0,0458 3.30 3446 3.29
8 4 12 142,1 - ) 4,63 0.0463 3829 3,50 3,33
4 8 20 140.1 4,69 4,67 040467 3.27 3,68 3.86
8 10 $0 138,1 4,66 4,68 0.0468 %e23 3.53 3.36

-gg=

8pry H-7eo-Karb sample weighod 6,0 grams, and contained 0,860 meq. oxchangeablo and 0,028 meq., free
hydrogen per grawn dry H-Zoo-Karh,

Water on moist H-Zeo-~-Karb sample weighed 2.1 prams,

Coriginal volume of 0.100 M CdCly solution was 150 mi.

drotal free acid washed from HeZeo-Karb gample was 0,549 meq. {out of 0,720 weq. total free acigd).
Colwm seven equals colwm six times 0,0100 normality of standard NaOH solution,

Toorum oipght equals the product of colums geven snd four, dlvided by the 2,00 ml, volume of
analytioal sampleg.
Column nine equals colwm oipght plus cumulative of previous values of column seven,

bgolwnn ten ogquals column nine minus 0.17 meq, free hydrogen on 6.0 grom H-7eo-Karb samples,



Table 21. Exchenge of hydrogen from HOL solution with Cd-Zeo-Karb (Run 11b)8

Vol. HGL, ml.P - 100,0 10,0 25,0 25,0 . 25,0
Increment Noe 1 2 3 4 5
Corr, of pH reading 0,00 0.01 0,01 0.02 0,02
Time, sec, puit N, pH Ny il N, U N, N
10 2,06 0,00912 2,00 0,0102 1,82 0,0158 1.54 0,0303 1.48 0,0351
20 2,08 0,00871 2,00 0.0102 1,61 0.0262 1,51 0,0327 1.48 0,0351
30 2,12 0,00793 2,00 0,0102 1.63 0,0250 1.52 0,0%19 1,48 0,035
40 2,13  0.00774 2,00 0.,0102 1.66 0.0232 1,53 0,081) 1,48 00,0351
50 2,14 0,00755 2,00 0,0102 1,66 0,0232 153 0,081l 1.49 0,0242
60 2.14 0,00755 2.01 0,0100 1,67 0.,0228 1,53 0,081 1,49 0.0342
80 2,16 0,0072L 2,03 0,00057 1.68 0,0222 1.55 0,0207 1,49 0,0342
100 2,17 0,00705 - - 1.69 0,0217 1.56 0,0289 1.50 0,03%4
120 2,18 0,00688 2,03 0,00057 1,69 0.0217 1,55 0,0297 1,50 0,0334
180 2.19 0.00672 2,03 0,00967 1,69 0,0217 1,57 0.0283 1.60 0,0334
240 2.18 0.00688 2,03 0,00957 1,70 0,0212 1,56 0,0289 1.50 0.03%4
- 800 2,19 0,00672 2,03 0.00957 - —— 1.58 0.0277 1.50 0.,03%4
360 2,19  0.00872 — 1.69 0,0277 1.68 0.,0277 1.60 0,0334
420 e — s 1,70 _0.0212 —— e —_— ——

. =98~

SDry Cd~-Zoo~Karb sample weighed 6,00 grems (as H-Zoo-Karb), snd contained 2,1 grams free moisture,
The HOL solution additioans were 0.0090 N for first inecrement, and 0,0902 N for last four increments.



Table 22,

Exchange of sodium from 0,050 I NaCl solution with H-Zeo-Karb (Run 12a)8»Ps0,d

Volume NaOH H ion Cumule~  Cumula-
Volume Volume NaOH (00,0100 N) ryemoved tive tive Cumulative
Total golution (0.0100 N)  for 2,00 ml. by 1 ion H ion I ion
Stirring stirring (before for 2.00 ml. sample 2.00 ml..in s0lu- from oxohanged
Test interval, time, sample), Bemplo, (smoothed), sample, tion, resin from vesin,
No.,  min. min. nl. ml. ml. meq.®  meq, meq ., meq,
1 1 1 152.,3 2,54 2:64 00,0254 1.934 1,934 1,762
12 1l A 15043 2461 2461 0,0261 1,960 - 1,960 1,788
3 1 3 148,: 2.66 2,66 0.0266  1.970 2.021 1.849
4 2 5 146,93 2465 2470 00,0270 1.974 2,062 1.880
5 3 8 144 .3 2.66 278 00,0272 1,961 2,066 1.894
6 4 12 142, 3 2,73 2473 00,0273 1.940 2.072 1.900
7 8 20 40,3 Re74 2,74 0,0274 1.920 £.079 1,907
8 10 30 158,83 2.75 2475 0.02756 1,901 2,087 1,915

aDry H-Zeo~Kerb sample weighed 6.0 grams, snd contained 0,865 meq, exchangeable and 0,029 meq. free

b,

hydrogen per gram dry li-Zeo~-Karb, .
Viater on moist H-Zeo-Karb sample wolghed 2.3 grang.,

®0original volume of 0.050 I NaCly, solution was 150 ml,
dTotal free acid wushed from H-7so-Karb sample was 0,548 meq., (out of 0,720 meq. total freo acid).
®column seven equals column aix times 0,0L00 normality of standard NaOH solution,.
TGolumn elpght equals the produst of colwms seven and four, divided by the 2.00 ml, volume of
analytical samples,
€Coluwan nine equals colwm oight plus oumlative of previous values of column seven,
olumn ten equals column nine minus 0,172 meq. free hydrogen on 6,0 gram H-Zeo-Karb samples,



-88-

Table 23, Exchangse of hydrogen from BCl solution with
Na-Zeo-Karb (Run 12b)3s° '

Time, sec., pH HClL N.© Time, sec. DH HCl W.©
10 1.12 0.0884 160 1.21 0,071
20 1.16 0.080L 170 1.2 0,0711
30 1.18 0.0764 180 1.21 0.0711
40 1.18 0.0745 210 1.21 0.0721
50 1.19 0.,0745 240 1.20 0.0728
60 1.20 0.0728 300 1.20 0.0728
70 1.20 0.0728 260 1.22 0.0694
80 1.20 0.0728 420 1.22 0.06%4
90 1.20 0.0728 480 1.225 0.0685

100 1.21 0,071 540 1,22 0.06%4 .
110 i.21 0.0721 800 1.2% 0.0677
120 1.21 0.0711 200 1.22 0.06%4
130 1.21 0.071 A 1200 1.20 0.0728
140 1.21 0.0711 1500 1.22 0.06%
150 1.21 0.0711 1800 1.23 0.0677

8Try Na-Zeo-Kard sampls weighed 6.000 grams (as H-%eo-Karb), and con-
tained 2.1 grams free mocisture, :
bThe HC1 solution was 0.0902 in normelity and 110.0 ml. in volume.

®No correction required for salt effect in converting from pH reading.



Table 24, lxchange of lithium from LiCL solution with H-Zgo-Karb (Run lSa)“nb

Yol, L1iC)., ml..° 9,1 10.0 10,0 25,0 25,0
Incremont, No, 2 4 5 —
Qorr., of pH reading 0.00 .00 0,01 0,01 0,0l
Time, s0C, i N il N. il I, pll N, pH N,
{) ~ e -~y om o o e .- A"'- Lahad [ to Feadcada 2.03 0000957
10 - - 2.17 0,00705 2,07 0,0087L 2,02 0,00979 2,01 0,0100
20 2.39 0,0042] 211 0,0081) 2,04 0,00933 2,00 0,01028 2,00 0,0102
30 2.8 0.,00497 2.10 0,00832 2,03 0,00957 1.99 0,0105 2,00 0,0102
40 230 0,00681 2,09 0.00851 2,035 0.00057 1,98 0,0107 2.00 0,0102
50 228 0,00546 2.09 0,0086]1 2,02 0,00979 1,98 0,0107 1,99 0,0105
60 227  0,00559 2.08 0,00871 2,03 0,00957 1.98 0,0107 2,00 0,0102
80 2,87  0,00559 2,08 0,00871 2,01 00,0100 1,98 0,0107 e -
1.00 8,25 0,00084 2,08 0,00871 2.00 0;0162 - ——— 1,99 0.0105
120 2:25 0,00584 2,07 0,00891 2.00 0,0102 1.98 0.0107 1.99¢ 0,0105
180 2,85 0,00618 2,07 0,0089) 2,00 0,0102 .98 0,0107 1,98 00,0107
240 8425 0,00613 - ———ame 200 0.,010% e . 2,00 0,01082
300 - ——— - ) - - - - 1.99 0.0105
4, O ey - o . ~r oy - “ere s - Lainaiond 1398 0.0107

aDry H~Zeo=-Kuxrb sample weighed 6,00 grams, and contained 0,865 meq, exchangeable and 0,095 meq, free

hydrogen per gram dry H-Zeo-Karh,

bInitial vol, distilled water added to resin sample was 90,9 ml,
®mhe LiCl solution additions wore 0.,1178 N for all increments.

Water on moist sample weighed 2,1 grams,

~ga-



Table 25, Ixchanpge of hydrogen from HOL solution with

Li-"e0~Korb (Run 13hH)8

—

Vol, HCL, ml,P 100,0 10,0 10,0 25,0 25,0
Increment No. 2 4] 4 5
Corr, of pH reading 0,00 0,00 0,00 0,00 0,00
Time, soc, i N, - pH N, il i, pH N, -~ p ¥,
51 —— e 1.98 0,0110 1,87 0,0144 1.63 00,0256 1,53 00,0327
10 2.2 0,000642 2,03 0,00979 1.88 0,0140 1l.64 0,0250 1.54 0,0319
20 2,88 0,00546 2.07 0,00891 1,91 0,013l 1.64 0,0250 1,54 0,0319
30 2.37 0,00441 2.09 0.,00851 1,92 0,0127 1,65 0,0244 1.54 0,0319
40 2.42 0,00394 2.11 0,00811 1,98 0,0124 1.66 0,0238 1,54 0,0319
H0 dedd  0,00376 2.13 0,00774 1.93 00,0124 1,67 00,0232 1,65 0,0311
60 2.44 0,00376 2,13 0,00774 1,94 0,0122 1,67 0,0222 1,65 00,0311
‘80 2.47 0,00355)1 2.13 0.,00774 1,95 0,0118 1,67 00,0232 1,56 0,03%08
100 2+49 0,00333 214 0.00755 - - - - - -
120 2,49 0,0033% 2,14 0,00756 1,96 0,0116 1.68 00,0228 1,88 0,0303
150 2451 0,00319 - L ewue - - - - —— - -
180 2,61  0,00319 2.15 0.,00737 1,96 0,0116 1,68 0,0228 1,56 0,0303
240 2,51 0,00319 2,16 0,00721 1,96 0,0116 1,69 0,08222 .- ————
300 2.02 0.00312 2416 (.00721 - e - ———— 1,56 00,0307
360 R ——— - - - - 1.69 0,0222 -
420 2,98 0,00318 2616 0,00721 - - - - - -

aDry Li-Zeo=-Karb sample weipghed 6.00 grams (as He-Zeo-Karb), and contained 2,1 grams free moisture,

Prhe HCL solution additions wore 0,0090 N for first inerement, and 0,0902 N for last four increments.



Table 26, Rxchange of nickel from NiCl, solution with H-Zeo-Karb (Run 14a)@b

Vol, NiClp, ml.© 9,1 10,0 10,0 25,0 25,0
Inorement No, 1 : 2 3 4 5
Qorr, of pH reading 0,01 0,02 0,03 0,05 0,07
Time, B0C, il N, pH N, pH N, 1 N, pH N,
5] 2424 - 0.00584 - e 1,74 0,083 1,79 0,0154 1.79 0.0146
10 2,19 0,00658 1.86 0,0140 1,75 00,0187 1,78 00,0158 1,79 00,0146
20 2,05 0,00913 - 1.81° 00,0158 1,72 0,0192 1,76 0,0167 1,78 0,0151
30 1,98 0.0107 1,79 0.0167 .71 0,0197 1.75 0,0170 1,78 00,0151
40 1.96 0,011 1L.79 0.0167 1.7 0,0197 175 00,0170 1.78 0,0151
650 1.93 0,0122 1.78 0.,0170 1,71 0.0197 1l.74 0,0174 1.78 0,015L
60 1,93 0,0122 1.78 :0.0170 L.71L 0,0197 1,74 0,0174 1.78 0,0151
80 1,91 0.0127 1.77 0,074 1.69 00,0207 1.74 0,0174 1.78 00,0151
1.00 1,91 0,0127 1.79 0.0193 1,69 0,0207 1.72 0,0183 . 1,786 0,015
120 1.88 0,0137 1,76' 0.0178 1:70 0.0201 1.72 0.,0183 1.78 0,0151
650 1,81 00,0127 1.75 0,01838 1,69 0.0207 l.72 0.0183 1.78 0,0151
180 1,91 0,027 1.72 0.,0197 1,69 0,0207 1.72 0,0183 1.78 0,0151
240 I 1.91 0.,0127 1.71 0.020). 1.69 0,0207 _ 172 0,0183% 1.78 00,0161
300 1,91 0,0127 1.72 0.0197 - -t om - v an o 1.78 0,0151

aDry il-Zeoo=Iarb sample woeipghed 6.00 grang, and contained 0,865 moq. exchangeable end 0,08 meq, free
hydrogen per gram dry H-7oo-Karb, Vater on moist sample weiphed 1.9 grams.
Initial vol. éistilled water added to resin sample was 90,9 ml,

®The WiClp sclution additions were 0,201 N for all increments.

At end of last increment, solution analyged 0,0740 N NiClg (by oolorimetrie method),



.

Table 27, Ixchange of hydrogen from lCl solution with Ni-Zeo-Karb (Run 14b)@

.

Vol. HCL, ml,” 100,0 10,0 10,0 25,0 25,0
Tueroment No. 1 2 3 4 56
Cory. of pl reading 0.00 0.01 0.0 0.01 0.01
Pime, sec. pH N. pH N, pH N. piL N. pI{ N,
5 2,20 0,00658 1.82 0,0158 1.74 00,0192 1.56 0.0297 1,49 0.,0351
10 2,19 0.,00672 1.89 00,0134 L.76  0,0183 1.56 0.0897 1.50 0.,0342
20 2,12 0.00703 1,91 0,0187 1.78 0.0174 1.58 0.0283 1.51 0,0334
20 2.12  0.00795 .92 0,0124 1.78 0,0174 1,59 0,0877 1.51 0,0324
40 2,15 0.00737 1.93 0,01L22 L.79 0,0170 1,52 0,0277 1.52  0,0%27
50 2,16 0.00721 1.93  0.,012% 1.79  0,0170 1.59 0,0277 1.52 0.,0327
60 2,18 0.,00688 1.94  0,0118 "1.79  0.0170 1.59  0.,0277 1.52 0.032
80 2,19 0,00672 1.94 0,0118 ..79 0,0170 1.59 0,0277 1.52  0,0027
100 2,19  0,00672 1.94 00,0118 1.80 0,0167 1.61 0,0262 1,52 0,0327
120 2.19 0,00672 1.94 0,0118 1.79 0,0170 1.61.  0,0262 . 1.52  0,0287
150 2,19  0,00672 1.94 0,0118 1.81 0,0162 1,61 0,0262 1,52 0,0327
180 2,19 0,00672 1.94 0.0118 * 1.80 0.0167 1.62 0,0256 1.52 0.,0387
240 2,19  0,00672 1.95 0,0116 1.80 0,0167 1.62  0,0256 1.52 0,0327
200 2,19  0,00672 1,95 0,0116 1.80 0.,0167 1.62 0,0256 — —
a

bDry Hi-Zeo-Karb sample woighed 6.00 grams (as H-Zeo~Karb), and contained 2.1 gramns free moisture,
The HCl solution additions were 0,0080 N for first incremont, and 0,0902 N for last four increments,
CAt end of last inerement, solubion snalyzed 0,0064 N NiCls (by colorimetric method),



Tuble 28, lxchange of cobalt from CoCly with H-7eo-Karb (Run 15a)@,D

Vol, CoClg, ml.® 9.1 10,0 10.0 25,0 25,0

25,0
Increment No, 1 2 3 4 5 6
Coxrn of pH yesading 0,02 0,03 0,04 0,05 0,07 0,08
Time, sec, pH N. nH N, pH N, pH N. pH N, pH N,
5) : - - 8432 0,00497 2,06 0.00832 1,99 0,00957 1,90 00,0113 1.88 0,0140
10 2.68 0,00205 2.19 0,00672 2,01 0,0098% 1,94 0,0107 1,88 0,0118 1.87 0,0118
20 2.48 0.,00327 2,13 0,00774 1.98 0.0100 1,90 0,0118 1,84 00,0131 1,87 0,0118
30 2,38 0.,00412 2,09 0,0085) 11,96 0,0105 1,88 0,0124 1.85 0,0127 1,87 0.0118
40 2.32 0.,00474 2,08 0.00871 1.93 0.0113 1,86 0,0131 1.86 0.,0124 1,87 0,0118
50 2,30 0,00497 2,06 0,00913 1,93 0.0113 1.85 0,0134 1,86 0,0124 1,87 0,0118
60 2.29 0,00508 2,04 0,0089). 1.92 0.0116 1.84 0,01%7 1,86 0,0124¢ 1,87 0,0118
80 2,28 0,00521 2,02 0,00933 1,92 0,016 1.83 0.,0140 1.8 0,0124 1.87 0,0118
100 2,27 0.,00532 2,00 0.00979 1,92 0,016 1.8 00,0137 1,86 0,0124 1,87 0,0118
120 2,86 0,00046 2,01 0,00957 1,92 0,016 1.8 0,037 1,8 0,0124 1,87 0,0118
180 2,26 0,00546 2,01 0,00957 1,92 0,016 1,83 0,040 1,83 0,0134 1.85 0,01L24
240 2.24 0,00572 2,01 0,00957 1,91 .0.0118 1.83 0,040 1,83 0,0134 «~~ ——
300 2.24 0,00572 1,99 0,0100 1,91 0,0118 1,83 0,0140 1,83 0,0134 1,84 00,0127
360 ~— —— 1.99 0.0100 1,90 0,0122 1.82 00,0144 1.83 0,014 =~ -
420 2.84 0,00572 2,00 0,00979 1..89 0,0124 - ~ - - l.84 0,027
540 - ———— 2,00 0.00979 1.89 0,0124 - - - - 1.83 0,0131
780 —— - - ——— - - .- - - - 1.8 0,0137
1380 — ——— —— come —— - - - - - 1.78 0,0147

8pry H-Zeo-Karh sample weighed 6,00 prams, and contained 0,865 meq. exchanpgeable and 0,086 meq. free

hydrogen per gram dry H-Zco-Karb, Water on moist sample weighed 4,1 grams,
bInitial vol. distilled water added to resin sample was 90,9 ml,
CThe CoClg solution adcitions were 0,0888 N for all increments,

[{e]



Table 29, Ixchange of hydrogen from HOL solution with Co-7o0-Karb (Run 16b)2

Vol. HCL, ml,P 100.0 10,0 10.0 25.0 25,0
Incroment No. 1 2 3 4. ' 5]
Corr, of DH reading 0.00 0,00 . 0.00 0,01 0,01
Time, soc, Pl Na pH N. nH N, pH N, nH N,
5 2,00 00,0105 1.86 0,0147 1.7 0.0212 1,51 0.0%42 1.46 0,0378
10 2.02 00,0100 .88 0,0140 1.73 0,020 1.56 ©0,0303 1.47 00,0369
20 P.1)  0.00611 1.89 0,013% 1.79 0.0192 1.56 0,050 1.48 00,0360
30 2.13 0.,00774 1.89 0,037 1.76 0,0187 1.59 0,0897 1.48 00,0360
40 2,14 0.,00755 - L 1.77 0,0183 1.57 0,0°97 1,48 0,0360
50 : .15 0.00737 1,90 00,0154 1.77 00,0183 1.57 00,0297 1,48 0,0360
60 2.16 0,00721 1.90 0,.0134 1.78 0,0178 1,58 0,0289 1.48 0,0360
80 2.18 0,00688 1.91 0.,0131 . 1.78 00,0178 1L.57 0.0297 1.48 0,0360
100 2418 0,00688 1.9) 00,0131 1,78 00,0178 1,57 0,0297 1,48 0,0360
120 2,18 0,00688 1,92 0,0127 1.78 00,0178 1.58 00,0289 1.49 0,0351
1560 2.18 0.,00688 1.92 00,0127 1.78 0,0178 .58 0,0289 1.49 0,03581
180 218 0,00688 1.92 0.,0L27 1.73 0,078 1,58 0,0289 1.49 00,0351
240 2.18 0,00688 1.92 0.0127 1.78 00,0178 1,858 0,0269 1,50 00,0342
300 2.18 0,00688 1,92 00,0127 1,78 0,0178 - - 1.50 0,0342
420 2,18 0.,00688 - - - ——— - - 1.50 0.0342

a
Dry Qo-Zeo~Kuxb swnple welghed 6,00 grams (as H-Zeoo-Karb), and contained 2,0 graws free noisture.
bThe HCL solution additions were 0,0090 N for first incremont, snd 0,0902 N for last four inorements,



Table 30, Xxchange of sodiwm from NaCl solution with Amberlite H-IRC-50 (Run 16a)@,b

et e et et e e e e et et e e et e e e S e e T

Vol. NaCl, ml.® 10,0 10,0 10,0 26,0 25,0
Increment No. 1 2 3 4 B
Corrs of vH reading  0.00 0.00 0.0 0.0 0,01
Time, sec, pH N, pH N, pH N pH N. pH N.
6 3.,45 0,000361 3,30 0,000842 3,16 0,0000688 3,19 0,000642 3,19 0,000642
10 3441 0,000398 3,12 0,0006568 3.16 0,000704 3,18 0.000658 3,18 0,000668
20 3435 0,000457 3,18 0,000673 3,16 0,000704 3,18 0,000658 3,18 0,000668
30 3.3 0,000500 3,18 0,000673 3,14 0,00072) 3,17 0,000873 3,18 0,0006568
40 - 3429 0,000523 3,17 0,000688 3,14 0,000721 Y.17 0,000673 3.18 0.000658
50 . . 8;28 0.000535 3,17 0.000688 3,14 0,00072) J.16 0,000688 3,18 0,000658
60 3.87 0,000648 3,16 0,000704 3.14 0,000721 3.16 0,000688 3,18 0,0006858
80 . 34.24 0,000587 B.16 0.000704 3,13 0,00073% 3,15 0,000704¢ 3,17 0,000673
100 ‘ 425 0.000601 3,15 0,000721. 3,12 0,000755 3,15 0,000704 3.17 0,000673
120 - 3482 0,000613 3,15 0,000721L 3,12 0.,000755 3.15 0.000704 3,17 0,000673
150 3,81 0,000628 3,18 0,000721 3412 0,000758 %,15 0,000704 3,17 0,000873
180 - 3,80 0.,000642 3,12 0,000773 3,12 0.0007565 8.14 0,000721 3,16 0,000688
240 B.19  0,000658 3,12 0,000773 3,12 0.0007656 3,13 0,000737 3,16 0,000688
300 3,18 0,000673 3,128 0,000773 3,12 0.000755 3,13 0,000737 3,16 0,000688
420 J.18 0.,000673 3,13 0,000785 3,12 0,000755 3,12 0,000785 3,16 0.000888
540 34,18 0,000673 o - - e - - 3,16 0,0008E8

apry H-IRC-50 sample weighed 6,00 grams, and contained no free moisture,
bInitial vol., distilled wator (of 6,21 pll) added to resin sample wae 100,0 ml,
GThe NaCl solution additions woere 0.1281 N for all increments.

~c6~



Table 31, Ixchange of hydrogen from HOL solution with Amberlite Na-IRC-50 (Run 16b)&sD

20,0 55,0 10.0 25.0

Vol. HOl, ml.® 10.0
Incroment No, 1 2 3 4 3]
Gorr, of pH reading 0,00 0,00 0,00 0,00 0,01
'I‘ime, 560 pH . N. _DH N, DH No pH N, DH N.
5 2,08 0,00871 1,87 00,0144 1,61 0,0269 1,05 0,0934 0,70 0,8%4
10 2,09 0,00881 1,87 0.,0144 1.6 0,0269 1.05 00,0934 - -
20 2,09 0,00850 1,87 0.0144 1,61 0,0269 1,06 0,1020 —~ ——
30 2,10 0,00852 1.87 0.,0144 1.6l 0,0269 1,06 0,1020 0.68 0,245
40 2,11 -0,00811  1.87 0,014¢ 1,61 0.,0269 - e — o
50 2e)R2 - 0,00793 1.87 0,0144 1.6 0,0269 - -~ - ~——
60 ) 2:12 0,00793 1,87 0,0144 1,61 0,0269 1.06 0,1020 0,68 0,245
80 2.12 0.00795 1.88 000140 1060 0.0277 - o baalndad - - vn
100 212 0,00793 1.88 0,0140 1.60 0,0277 g . - -
120 2.13 0,00774 1.88 0,0140 1,60 0,0877 1.06 0,1020 0,68 0,245
150 2,13 0,00774 1,88 0,0140 1,60 0,0277 - e - PP
180 2.15 0.00774 1.88 0;0140 - Lol L lad - = o -~ - -
240 R2.13 0,00774 1,88 0,0140 1,60 0,0277 1,06 00,1020 0,68 0,245
300 - 2414 0,00756 1,88 0,0140 - —— ~- ——— 0.68 0,245
420 2.15 0,00787 1,90 0,0134 1,60 0,0277 1,06 0,1020 0,68 0,245
600 2416 0.00737 1,90 0,0134 1.60 0,0877 1,06 00,1020 0,68 0,245

apry Na-IRC-050 sample weighed 6,00 grams (as H-IRC-50), and-contained 3,90 grams free moisture,

bInitial vol. distilled water {of 6.13 pH) added to rosin sample was 100.0 ml,, after which pH was 5.32.

OThe HOL solution additions were 0,1000 N for first three inorements, and 1,2597 N for last two in-
crements.



Table 32, Exchange of sodium from NaCl solution with Amberlite H-IR-100 (Run 17a)&,b

oot T o o e e v s
Vol, Nagl, ml,® 10,0 10,0 10,0 26,0 26,0
Inorement No, 1 2 pé 44 )
Corr. of pH reading 0.00 * 0,00 0,01 0,01 0,01
Time, 8eC. pH N, pH N pH Ne pH N. pH N,
5 3.2 0,000642 2:.30 0,00521 2,05 0,00913 2,09 0,00832 2,03 0,00957
10 269 0,00128 2.85 0,00584 2,00 0,002 2,08 0,00850 2,02 0,00979
20 2,68 00,0084 282 0,00627 1.98 0,0107 2.02 0,00979 2.01 0,0100
30 2,564 0,00298 2.18 0,00793 1,98 00,0107 1,86 0,0147 1,99 0.,0105
40 2,51 0,00319 2.11 0,00811 1,97 0.,0110 l-él 0,0162 1.99 0,0105
50 2.47 0,0035) - 2,10 0,00832 1:96 0,0113 1.81 0.0162 1.99 0.0106
60 2.46 0,00359 2,10 0,00832 @ 1,94 0,0l18 1,81 0,0162 1,99 04,0105
80 2,40 0,00412 2,06 0,00933 1,91 040127 1.69 0,0817 1.99 0,005
100 239 0,00421 2;05 0,00979 1.88 04,0137 1.80 0,0167 1,99 0,0105
120 238 0,00432 2.02 0,0100 1485 040147 1.81 0,0162 1:99 0.0105
150 2.38 0,00432 2:02 04,0100 182 0,0168 1.59 0.0877 1,99 0.0106
180 Aed7 0.00441 2.01 0,0102 2,02 0,00979 1.99 0,0105 1.99 0,0105
P40 2,82 0,00497 2,00 0,01086 2,02 0400979 1,98 00,0107 1:99 0,0105
300 2.31 0,00508 2,00 0,01086 2,02 0,00979 l.74 0,0192 1.99 0,0105
420 2.20 0,00668 2,00 0,0105 2.03 0,00957 1,99 040105 2,00 040102
6540 2.20 0,00668 - om - o - e - - e 2401 04,0100

apry H-IR-100 sample woighed 6,001 grams, and contained 7,50 grams free moisture,

bInitial vol. distilled water (of 6,57 pH) added to resin sa

wag 44,10,

SThe NaGl solution additions were 0.1281 N for all increments.
Loose torminal on pH meter wag discovered, asccounting for these erratic readings.

mple was 100,0 ml,, after which pH

-46=



Table 3%, Nxchange of hydrogen from HC1l solution with Amberlite Na-IR«100 (Run 17b)a’b

— S .

e or bty
st St

Vol, 0L, mL.® 10,0

10.0

e wb

10,0

1060 25.0
Inorement Nos 1l 2 3 4 B
Corr. of pH reading 0,00 0,00 0,00 0,01 0.01
Time, sec, pH Ne pH N. pH . N, pH N, pH N,
B 2,22 0,00627 2,06 0.00913 1,95 0,0118 1.88 0,0137 1.70 0.0212
10 B:24 0,00599 2.08 (,00871 1.96 0.,0116 1.88 0,0137 1.71) 0,0207
20 2,33  0,00497 2.12 0,00793 1.98 0,0110 1,89 0.0134 1.72 0,0201
30 2:38 0,00432 2:13 0.00774 2:00 0,0106 1.89 0,0134 1,72 0,0201
40 2.42 0400394 2.15 0,00737 2.00 0.,0105 1.90 0.0131 l.72 060201
50 2,43 0,00385 2,16 0,00721 2,01 0,01082 1.91 0,0127 1,73 0,0197
60 2:45 0,00368 2.17 0,007086 2:01 0,0102 1,91 0.0127 1.73 0,0197
80 2446 0,00859 2,17 0.00705 2,01 0,0102 1,92 0.0124 1.72 0,0197
100 ' 246 0:00859 2:18 0,00688 2,01 0,0102 1,92 0,0124 1.73 0,0197
120 8446 0,00369 218 0.,00688 2,08 0.0100 1.92 0,0124 1,73 040197
150 - B:46  0,00659 2.18 0,00688 2,02 0,0100 1:92 0,0124 1.74 0.,0192
180 2:47 0,00851 2.18 0,00688 2.02 00,0100 1.92 0,0124 1.74 0,0192
240 2448 0,00342 2:18 0,00680 2:02 0,0100 1.92 0.0124 174 0,0192
300 2:.48 0.,00342 2,18 0,00688 2,02 0,0100 1.92 00124 1.74 0,0192
420 2:48 00,0034 2,18 0,00688 2,02 0,0100 1,92 0,0124 1.74 0.,0192

8pry Na-IR=-100 sample woeighed 6,001 grams

(as H-IR-100), and contained 2,30

grams free moisture,

DPrnitial vol, distilled water (of 6,13 pH) added to resin sample was 100 ml,, atter which pH wasa

4,19,

SThe HCL solution additions were 0.1000 N for all increments.

-86~



PTable 34, Fxchange of sodium from NaCl solution with Dow H=-MXa30 (Run 18a)8sP

——

Dot cgetes
- et

= —= e
=

1

Vol, NeQl, ml,° 10,0 - 10.0 10.0 25,0 25.0
Incremont No. 1 2 3 4 5
Cory, of piH reading 0.00 0.00 0,00 0.01 0,01
Time, 8egd. DH Nu }JH No DH Na ]‘)H No 'QH N.
5 270 0.00205 2,18 0,00688 2.0 0,0100 2.01 0,0100 1,94 0,0118
10 2,45 0,00368 2.13 0,00774 2,01 0,0102 1,99 0,0106 1.91 0,0127
20 8,35 0,00463 2.09 0,00850 1,99 0.0107 1.94 0,0118 1.89 0,0134
30 2,28 0.005646 2,06 0,00013 1.99 00,0107 1.93 0,0122 1.87 0,0140
40 2,87 0,00859 P04 0,009067 1.98 0.0110 1.91 0,0127 1.87 00,0140
50 2,26 0,00584 2,08 0.,00979 1.98 0.0110 1.90 0.,0131 1.88 0.,0137
60 B4  0,00599 2,03 0,00979 1,98 0.0110 1.90 0.0131 1.83 0,0154
80 LeR8 0.,00627 2,02 0,0100 1.97 0.0113 1,90 0,013 1.83 0,0154
100 2e21 0,00642 2,02 0,0100 1.97 0.,0113 1.90 0,0131 1,89 00,0134
120 2,81 0,000642 2,02 0,0100 1.97 0,0113 1,89 0,0134 1,82 0,0134
150 2,2) 0,00642 2,02 00,0100 1,97 0,0113 1.89 0,0134 1.89 00,0134
180 .21 0,00642 2,02 04,0100 1,97 0,0113 1,89 0,0134 1,89 0,0134
240 2.2 0.,00642 2,02 0,0100 1,97 0,0113 1.84 00,0161 1,89 0,0134
300 2.2l 0,00842 2,02 0,0100 1.90 00,0134 1.89 00,0134 1,89 0,0134
420 : 2.2). 0,00642 2,02 00,0100 1,91 0,013 1,89 0,0134 1,89 00,0134
480 ?n 21 0000642 20 02 000100 1.91 030131 ) haded s Labnd L adaend

aDry H~MX~30 sample weighed 6.000 grams, and contained 4.80 grams {ree moisture,

Prmitial vol. distilled water (of 6,12 pH) added to resin sample was 100,00 ml., after which pH was
4,39,

CThe NaCl solution additions were 0.1281 N for all increments,



Table 835, Iixchange of hydropgen from IHCL solution'with low Na=i¥=350 (Run 18b)avb

Vol. Hcl, mi,° 10,0 10.0

25,0 ‘ 10.0 ] 26,0
Increment No, . 1 _ 3 A 4 ) 5

Corr. of pH reading 0,00 0.00 __.0.00 0.01 __0.01
Time, 860, . PH N; pH Ne - TH f Nf pH N pHI- N,
5 2,10 0,00832 1.95 0,0118 l.68 00,0228 1,07 0,09875 0,68 0,248
10 2,17 0,00708 2,00 0.,0105 1,69 00,0282 1,08 0,0980 0,69 0,240
20 ' 2,85 0,00684 2.05 0,00933 1,72 0,0207 1,08 0.09850 0,69 0,240
80 | 2,52 0,00497 2,07 0,00891 1,73 0,0201 1,08 0,0950 0.69 0,240
40 , 2,36 0,00453 2,08 0,00871 1,74 0,0197 1,08 0.0950 0,69 0,240
50 2,38 0,00432 2,11 0,00811 1,75 040192 1,09 0,0928 0,69 0,240
60 ' 3.41 0,00402 2,12 0,00793 1.76 030187 1.09 00,0928 0,69 0,240
80 2.42’ 0.00594 8.12 0.00793 1.77 0.,0183 1,10 0.0995 0,69 0,240
100 2442 0,00894 2,13 0,00774 1,77 0,0183 1,10 0,0905 0.69 0,240
120 ' 2444 0,00378 2,13 0,00774 1,78 0,0178 111 0,0884 0,69 0,240
150 2444 0,00376 3,18 0,00774 1.78° 0,0178 1,11 0,0884 0,89 0,840
180 2444 0,00876 2413 0,00774 1.78 0,0178 1.1l 0,0884 0,69 0,240
240 » 2¢44 0,00376 2,13 0,00774 1,78 0,0178 1,11 00,0884 0,69 0.240
300 2,44 0,00376 2,13 0,00774 1.78 0.0178 1,11 0,0884 0.69 0,240
420 S¢44 0400876 2,13  0.,00774 1,78 00,0178 1,11 0,0884 0,69 0,240

8Dry Ne-Mi-30 sample”Weighed 6,000 prans

(a8 H-MX-30), and

contalined 4.30 grams fres moisture,

bnitial vol. distilled water {of 6.1% pH) added to resin sample was 100,0 ml., after which pH was

4,77,

®The HC1 solution adaitions were O.iOOO N for first three increments, and 1.2697 N for lest two

increments,



Teble %6. Iixchange of sodium from NaCl eolution with Amborlife H-IRC-50 (Run 19a)8,b

b e oo =l S i v it e e oo e - > SN s e : _— m e P S e B S e g e e e ot e v
Vol, NaGl, ml.® 10,0 10,0 10,0 25,0 25,0
Inorement No, ' 4
Corr of pH reading 0,00 0,01 0,01, 0,01 0,01
Time, sec, pil N. _pH Ne pH N, pH . N, pH N.
) 4,32 0,0000488 3,78 0,000.65 3,59 0,000856 3,59 0,000256 3,54 0,000287
10 4,20 0,0000642 3,76 0.,000177 3,58 0,000262 3,58 0,0002628 3,54 0,000267
20 4,08 0,0000846 3,73 0,000185 3,57 0,000268 3,57 0,000268 3,53 0,000293
30 4,02 0,0000972 3,72 0.000189 3,57 0,000268 3,56 0,000874 3,53 0,000293
40 3,98 0.,000107 3,71 0,000194 3,56 0,000874 3,556 0,000280 3,53 0,000293
50 3,96 0,000112 3,70 0,000197 3,66 0,000274 3,54 0,000287 3,52 0,000300
60 3,93 0,000119 3,69 0;000202 5,66 0,000274 3,54 0,000287 3,52 0,000300
80 3,89 0.0001%2 3,68 0.,000207 3,54 0,000287 ©,62 0,000300 3,58 0,000300
100 3,87 0,000137 3,68 0,000207 3,53 0,000208 3,52 0,000300 3.51 0,000308
120 3,86 0,000140 3,67 0,000212 3,63 0,000293 3,51 0,000308 3,61 0,000308
160 3,83 0,000151 3,67 0,00021.2 3,63 0,000293 3,51 0,000308 3,51 0,000308
180 .82 0,00016¢ 3,66 0,000217 3,53 0,000293 3,51 0,000308 3,61 0.000308
- 240 3,80 0,000182 3,66 0,000222 3,63 0,000292 3,50 0,000314 3,50 0,000314
300 3,79 0,000165 .64 0,000228 3,53 0,00029% 3.50 0,000314 3.50 0,000314
420 3,78 0,000168 .62 0,000238 3,55 0,000203 3,50 0,000814 5,50 0,000314
720 | eememen 3,56  0,000874 e ~easn e i~ 3,50 0,000314

8hry HeIRC-50 sample woighed 6.004 grams,

4,67,

and contained 3,60 grams free moisture.
bInitial vol, aistilled wator (of 6.82 pH) added to resin sample was 100.0 ml,, after which

OThe NaCl solution additions were 0,128L N for all inorements.

pH wes

-101-



Table 37, Iixchange of hydrogon from HCL solution with Amborlite Na=IRC-50 (Run 19b)8,®

B S S T B R B R R e S R T R S R R s R Sl sl T T T e e S R S e S e e s
Vol. HO1, ml.© 10,0 25,0 10,0 5,0
Increment Nog 1 2 _ 5 4
Corr, of pH reading 0.00 0,00 0,00 0,00
Time, 50, pH =~ N, vH N pH N. - pH N,
5 2,08 0,00871 1,66 0,0238 1,04 0,0957 - -
10 2,08 0,00871 1.67 0.,0282 1,05 0,09%4 0,42 0,466
20 2,09 0,00861 1.67 0.0232 1.03 0,0979 © 0,42 0,466
30 2.10 0.00832 1,67 0,0832 1.03 0,0979 0.42 0,466
40 2,11 0.008)1 1.67 0,0232 .04 0,0957 0.42 0,466
50 2.11 0,00811 1.67 0,0852 1.04 0,0957 0.42 0,466
60 2,11 0,00811 1.67 0.0232 1.04 0,0857 0.42 0,466
80 2,09 0,00851 1.67 0,0232 1.04 0,0957 0.,4) 0,478
100 Bell 0,00811 1,67 0,0232 1,01 0.116 0,40 0,489
120 ’ 2,11 0.00811 1.67 0,0232 1.04 0,0957 " 0,40 0,489
150 2,1). 0,00811 1.67 00,0232 1.04 0,0957 " 0,40 0.489
180 2,11 0.00811 1.67 0,0232 1.04 0,0957 0.40 0,489
240 2,128 0,00793 1.67 0,0232 1,04 0,0957 0.,40 0,489
300 2,13 0.,00774 1.67 0,0232 1.04 0,0987 0,40 0,489
360 2,13 0,00774 1.67 0.0232 1.04 0,0957 0.40 0,489
420 2,14 0,00755 1,67 0,0832 1.04 0,0967 0.40 0,489
540 C B.15 0.00737 1,67 0,0232 1.04 0.0957 0,40 0.489
600 215  0,00737 1,67 0,0232 1,04 0,0957 0,40 0,489

gDry Ne-IRC~50 sample weighed 6.004 grams (as H-IRC-50), and contained 4,60 grams free moisture,

Initial vol. distilled water (of 6,12 pH) added to resin sample was 100 ml,, after which pH was 4,98,
®The HOL1 solution additions were 0,100 N for first two inorements, 1.,2597 N for third, and 12,65 N
for last inorement,

-20T-



Table 38, Nxchange of sodiwn from NaCl solution with Amberlite H-IR-100 (Run 20(1)5‘-b

Vol, NaCl, ml,° 10,0 1.0,0 : 10,0 ., 25,0 25,0
Increment No, 1 , 2 3 4 5
Gorr. of pH I‘Gﬂdi% 0,00 . 0,00 . 0.01 0,01 0.01
Timo, seg, pH N pH N, nH N H N, pi N.
s} .04 0000737 2461 0,00252 2,49 0,00327 2442 0,00385 239 0,00402
10 291 0,00127 2,57 0,00278 2.43 0.,00376 2,40 0,004082 2.85 0,00453

20 2,77 0,00174 2.851 0,00319 2,41 0,00094 237 0.00432 2,33 0,00474
30 2,69 0,00210 240 0,00333 2,40 0,00412 2,35 0,00453 2,33 0,00474
40 2,66 0,00226 3,49 0,003358 2439 0,00412 2,33 0.00474 2,32 0,00486
50 2,65 0,00230 2,48 0,00342 2439 0.00412 232 0,00486 2,31 0,00497
60 2464 0,00236 2.47 0,003561 2,39 0,00412 2432 0,00486 3,81 0,00497
80 2,68 0,00247 2.46 0,00359 2.358 0,00421 2,32 0.00486 R¢31 0,00497
100 2461 0,002562 2:46 0,00369 2.38 0,00421 2,31  0,00497 2,31 0,00497
120 2,61 0.00262 2446 0,00359 2358 0,00421 2431 0,00497 2431 0.00497
150 2,61 0,00262 2.45 0.00368 2438 0,0042) 8,91 0.,00497 2,31 0,00497
180 2,61 0.002562 2.45 0,00368 2,38 0,00421 2.31. 0.00497 2,31 0,00497
240 2,62 5.60247 2.45 0,00368 2,38 0,00421 2,31 0,00497 2,31 0,00497
300 2,61 0,00262 2,45 0,00368 = 2,98 0,00421 2,31 0.,00497 281 0,00497
420 .65 0.,00241 - 2,47  0.008561 288  0,00421 Ze8) 0,00497 281 0,00497

-201-

ey H~IR-100 sanple welghed 68,00 grames, and contained 3,10 grams frec moisture,
bInltiaJ. vol, distilled water (of 6.62 pH) added to resin sample wos 100 ml., after which pH was 4,46,
®The NaGl solution sdditions were 0,1201 N for =11 increments,



Table 39. HIxohange of hydrogen from HCL solution with Amberlite Na=IR-100 (Run 20b)8,b

ey - ——— rvrsme.

—— — e —

wetn—
-ave—

Vol. HG1, ml.® 10,0 10.0 10,0 25,0 25,0
Increment No. 1. 2 3 4 5
Time, sec, pH N _pH W, ‘oH N. kit Ne pH N,
53 2,87 0,008659 2,18 0.00688 2,07 0,00871 1.86 0,0144 1.76 0,0183
10 2,34 0.,00474 2.23 . 0,00627 2.08 0,00851 1.86 0,0144 1,77 0,0188
20 2447 . 0,00361 2.27 0,00569 2,11 0,00793 1.87 0,0140 1.78 0,0174
50 258 0,00312 2,28 0,00546 2,12 0,00774 1.88 0,0137 1.78 00,0174
40 2,67 0,00278 2.89 0,00532 2,14 0,00737 1.88 00,0137 1,78 0,0174
50 2,88 0,002871 2431 0,00508 2,15 0,00721 1.89 0,0134 1.79 0,0170
60 ReD9  0,00866 2482 0,00497 2,15 0,00721 1.89 0,0134 1.79 0,0170
80 2,09  0,00266 2e38  0,00497 2.16 0.00705 1.90 0,0131 1.79 0,0170
100 : 2.6l 0,00852 2,83 0,00486 2,18 0,000672 1.91 0.0127 1.79 0,0170
120 2682 0,00247 2,38  0,00486 2.17 0,00688 L9l 0,0127 1.79 00,0170
150 2,65 0,00241 2.35 0,.,00463 2,16 0,00705 1.91 0.0127 1.80 0,0167
180 2,64 0,00236 2.35 0,00463% 2,18 0,00672 1.92 0,0124 1.80 0,0167
240 2,66 0,00825 2,35 0.00463 2,19 0.00658 1.92 0.0124 1.80 0.0167
300 2.67 0,00220 2.85 0,00463 2,19 0,00668 1,92 00,0124 1.80 0,01867
480 2.68 0,00814 2.35 0,00463 2,19 0,00658 1.95 (0.0182 1.8l 0.0162

gDry Ne=-IR-100 sample weighed 6,00 grams (as H-IR-100), and contained 3.00 grams free moisture,
Initial vol, distilled water (of $.98 pH) added to resin sample was 100.0 ml., after which pH was
4,98, .

®The HCL solution additions were 0.,1000 N for sll inerements,



Table 40, xehange of sodium from NaCl solution with Dow HeMX-30 (Run 2la)8,b

Vol. NaGCl, ml.® 10,0 10,0 10,0 : 25,0 25,0 25,0

Incerement No. 1 2 3 4 5 6

gorr, of pH reading 0,00 . 0.00 0.01 0,01 0,01 0.0l
Time, B0, pH o P N. pH N, wH . N. pH N. pi N.
il 3.09 0,000829 2,68 0,00214 2,45 0,00376 2,41 0,00394 2,34 0,00463 2,35 0,00453
10 2,83 0.,00152 2,57 0.00878 2,41 0,00394 2,38 0,00421 2,38 0,00486 2,34 0.00463
20 2,72 0.00196 2,50 0,00827 2,38 0,00421 - 8,34 0.,00463 2,31 0,00508 2,32 0,00486
30 ‘ 2.68 0.,00214 2.48 0,00342 2.38 0,00432 2.31 0,00497 2.30 0,00508 2,31 0,00497
40 2,63 0,00241 2,47 0,00361 2,38 0,00432 2,31 0,00497 2,30 0,00508 2,31 0,00497
50 2.62 0.,00247 2.46 0.,00359 2,37 0.,00432 2,30 0,00608 2,20 0.,00508 2,31 0,00497
60 201 0,00852 2,45 0.,00368 2.37 0.,00432 2,30 0.,00508 2,29 0,00521 2.3) 0,00497
80 2.60 0.00259 2,44 0,00376 2,35 0,00453 2,30 0,00508 2,29 0,002 2,31 0,00497
100 2:99 0,00266 2.44 0,00876 2,36 0,00453 2,29 0,00521 2.29 0.,00521 2,31 0,00497
120 2.60 0,00259 2,44 0.00376 2,35 0.00453 2,290 0,00521 2.29 0,00521 2,32 0.00486
150 R.60 0,00259 2.44 0,00376 2,35 0.,00453 2,28 0,00532 2,290 0,00521 2,32 0,00486
180 2,59 0,00266 2.44 0,00376 2.35 0,00453 2.28 0,00532 2,29 0,00521 2,32 0,00486
240 2.59 0.,00266 2,44 0,00376 2.%5 0,00453 2,28 0.006382 2,890 0,00521 2.%2 0,00486
300 2689 0.00266 2.44 0,00376 2.35 0,00453 2,29 0,00521 2.29 0,00521 2,32 0,00486
420 2.69 0.,00266 2.44 0,00376 2,37 0.,00432 2,30 0,00508 2,30 0.006508 2.%2 0,00486
600 - — - - —— ———— - —-—— - - 2,23 0,00474
900 - - - - - e - ———— - - 2,54 0,00463
1200 “e ——— - - - - g - - e 2.38 0,00421
1500 e o o - - e e e n - e o e - - 2.98 0.00421

aD:ry H-MX-30 sample weighed 6,00 grams and contained 4,10 grams free moisture,
b1nitiel vol, distilled water (of 6,50 pH) added to resin sample was 100,0 ml., aftor which pil was 3,96,
Crhe NaeCl solution additions were 0,1£81 N for all increments,

-S0T-



Table 41, Txchange of hydrogen from HC1l solution with Dow Na-M¥-30 (Run alb)a’b

= S
Vol. HCL, ml,® 10,0 10.0 2540 25,0 25,0
Inerenent No, 1 2 . 3 4 5
COI‘I‘. of pN I‘Qﬂ(]ing . 0.00 , 0000 0.01 000]. 0.01
‘f iﬂle 1y $50C, DH Iqo R}I No I)H N. pH Nt 'p{{ No
5 2.15 0.00737 2,18 0.,00688 1.89 00,0134 1.82 0.,0158 1.73 0.,0197
10 o 2.34 0,00474 2.2 0,00842 1.92 0.0124 1,82 0,0158 1,76 0,0182
20 2,47 0.,0035L 2.28 0.00846 1.98 0.0107 1.83 0,0154 1.77 0.,0178
30 2,57 0,00278 2,32  0,00497 1.99 0.01C5 1.84 0,015 1.78 0.0174
40 2,61 0,00252 2,36 0,00453 1.99 00,0108 1.86 06,0144 1.78 0,0174
50 266 0.,00225 2,37 0.,00441 2.00 0,0102 1,87 0.0140 1.78 0,0174
60 2,68 0,00214 2438 0,00432 2.,0). 0.,0100 1.87 0,0140 1.78 0,0174
80 2,70 0,00205 239 0,00431 2.02 0,00979 1.87 0,040 1.78 0,0174
160 24,71 0,00201 2.39 0,00421 2,05 0,00957 1.87 0,0140 1.78 0,0174
120 2,72 0,00196 2,39 0.,0042) 2,03 0,00957 1.G7 0.0140 1.78 0,0174
150 2.72 0.,00196 2.40 0,00412 2.04 0,00933 1.88 00,0137 1.78 0,0174
180 2472 0,00196 2.41 0.,00402 2,05 0,00913 1.88 0,0137 1.78 0.0174
240 2473 0.00191 2.42 0,00394 2.06 0,00891 1.88 0.0137 1.78 0,0174
300 2,74 0,00187 2,43 0,00385 2,06 0,00891 1.88 0,0157 1.78 0.,0174
480 8,75 0.,00183 2.44 0,00376 2,07 0,0087)1 1.80 0,0134 1,79 00,0170

-90T~

8pry Na-MY-30 sample welghed 6,00 grams (as H-}MX~30), and contained 8.00 grams free moisture.
binitial vol. distilled water (of 6.67 pH) added to resin aample was 100 ml., after which pH wes 4,92,
®The HCl solution additions uere 0.1000 N for all incromonts.



Table 42. Lxchange of nickel from NiClp solution with Amberlite H-IR-100 (Run 22u)ﬂpb

Vol. NiClg, ml.® 240 2.0 10,0 10.0 25,0
Incroment Nog 1 2 3 4 5
Corrs. of pll reading 0.01 0,02 0,05 0,07 0,10
Tine,; sec. pH N pH No i N pH N, pH N.
5] 2470 0,00201 2408 0,0089) 1«75 0,0170 1.55 0,0262 1.58 0.,0228
10 2:44  0.00868 2:.00 0,0100 1.70 0.0192 1.54¢ 0.,0269 1.58 00,0228
20 2:24 0,00684 1,92 0.0122 1.63 0.0228 1.54 0.0269 1.87 0,0232
30 2417  0,00688 1.88 0,013 1,61 00,0238 1.54 0,0269 1:57 0.0232
40 2.1% 0.,00755 1.87 0.,0157 1,59 0.0250 1.54¢ 0.0269 1,67 0,0232
50 2:12 0,00774 1.86 0,0140 1:68 0,0256 1.54 0.0269 1.57 0.0232
60 2,10 0,00811 1:86 0,0140 1:07 0,0262 1.54 0.0269 197 0.0232
80 2,10 0400811 1.86 0.0140 1.65 0.0277 1.54¢ 0.,0269 1.67 0.0252
100 210 0,008L1 1.86 0,0140 1,54 0,0283 1.54 0.0269 1.57 0,0232
120 2,10 0,008L1% 1.86 .0,0140 1,53 00,0289 1.54 0.0269 1.67 0,0232
160 2,10 0400811 1.856 0,0144 1L.63 0.0289 1.54 0,0269 1.57 0,0252
180 2,10 0,00811 1:85 0.0144 1.62 0.0297 1.50 0.,0297 1,57 0.,0222
240 2.10  0.00811 1.856 0.0144 1.62 0,0297 1.50 0,0297 1.57 0.0232
300 2410 0.00811 1.85 0,0144 1.52 00,0297 1.50 0,0297 1,57 0,0232
420 2410 0400811 1.85 00,0144 1.52 040297 1.50 0,0297 1,67 0,0232

8pry H-IR=100 sample weighed 6.00 grams, ond contained no free moisture,
bInitial vol, distilled water (of 6.20 pH) added to resin sample was 100,0 ml., after which pH was 4.03,
®The NiCl,, solution additions wore 0,606 N for sll increments,
At end of last increment, solution snalyzed 4.46 prams nickel per liter (by Ni-dimethylglyomime
precipltate).

-40T-



Table 43, lxchange of hydrogen from HOL solution with Amberlite Ni-IR-100 (Run 22b)&,b
Vol, HCL, m1.° 10.0 10,0 25,0 5,0 25,0
Increment No, 1 2 3 4 5d
COI‘I‘. Of pII I‘Gading 0. 00 0.01 Oo 02 0.03 0007
Time, sec. pH N, ol N. pH N. oH N. pH N.
5 2¢12 0,00793 1.9 0.,0127 1.70 0.0207 - — 1.20 0.0613
10 2.4 0,00755 1,94 0.,0118 1,70 0.,0207 1.37 0,0449 0,97 0,0957
20 2,16 0.,00721 1.96 0,0113 1.71 00,0201 1,37 0,0449 0.85 0,143
30 2,17 0.00705 1.98 0,0107 1.7l 0,0201 1.38 0.,0428 0.85 0,143
40 2,18 0,00688 1.99 0.0105 1.71 0,020), 1,38 0,0438 0.85 0,143
50 2419 0,00672 1.99 0,0105 1.72 0.,0197 1.39 0,0428 0.86 0,143
60 2,19 0.00672 1,99 0,0108 1.72 0.,0197 1.39 0,0428 0.85 0,143
80 2,19 0,00672 1,99 0,0105 1.73 0,0192 1.39 0.0428 0.85 0,143
100 2,20 0,00658 1,99 0,0105 1,73 0,0192 1,39 0.,0428 0.85 0,143
120 2,80 0,00658 1,99 0,0105 1.73 0,0192 1,39 0.0428 0.85 0,143
1560 2.20 0,00658 1.99 0,010b6 1.73 0.0192 1,39 0,0428 0,856 0,143
180 2.2l 0,00642 1,99 0,01056 1.73 0.,0192 1.40 0,0417 0,85 0,143
240 2,21 0,00642 1,99 0,0105 1,73 0,0192 1.40 0,0417 0,85 0,143
300 2.21 0.00642 1.99 0,0105 1.73 0.0192 1.40 0.,0417 0.856 0,143
420 2,81  0.,00642 2,00 0,0102 1,73 0,0192 1,40 0,0417 0.86 0,139
Spry Ni-IR-100 sample weighed 6,00 grams (as I-~IR-100), end contuined no free moisture.
PInitial vol. distilled water (of 6,18 pH) added to remin samples was 100.0 ml., after which pH was

4,87,

SThe HC1l solution additions were 0,1000 N for first three incrementis, and 1,2597 N for last two in-

crements,

At end of last increment, solubvion analyzed 0,6502 prams nickel per liter (by Ni-dimethylelyoxime

precipitate),



Table 44. Txchange of caleium from CaClg with Amberlite H=-IR-100- (Run 23a)aob

Vol, CaClg, ml.° 10,0 10,0 10,0 25,0 26,0
Increment No, 1 a8 3 4 5
Corr., of pH reading 0,08 0,03 0.04 0.05 4 0.06
Time, seg, P Ne pH Mo pH N, pH N. pH N
5] 'Y 2,87 0.,00132 2.10 0,00774 1.88 0,0127 1,79 0,0154 1,71 0.,0188
10 2,49 0,00319 2,04 0,00891 1.85 0,0137 1,75 0,0170 1.71 0.,0188
20 2,28 0.00621 1.97 0.0105 1,8L 0,0161 1.71 0,0187 1,71 0,0188
30 2,19 0.,00642 1.93 0,0116 1.79 0,0158 1.70 0.0192 1..70 0,0187
40 2,16 0.00688 1.92 0.,0118 1.78 0,0162 1.69 00,0197 1.70 0,0187
50 2e14 0,00721 1,91 0,0122 1.77 00,0167 1,68 0,020% 1,70 0,0187
60 213 0,00737 1,89 0,01L27 1.77 0,0167 1.68 0,0201 1,70 00,0187
80 2,11 0.00774 1.86 0,0187 1.76 0,0170 1.68 00,0201 " 1.68 00,0197
100 Sell  0,00774 1.86 0.0140 1,75 0,0174 1.68 0,0201 1,68 00,0197
120 d411 0,00774 1.85 0,0140 1.76 0.,0174 1.67 0,0207 1.68 0,0197
160 2.1l 0,00774 1.86 0.,013%7 1.75 0,074 1.67 0.0207 1,68 0,01.97
180 2411 0,00774 1.86 0,01.37 1.76 0,0174 1.66 0,0212 1.68 040197
240 2,11 0,00774 1,86 00,0137 1.75 0,0174 1.66 0,0212 1.68 0,0197
300 2.1 0.,00774 1.86 0,0137 1.7 0,0174 1,66 0.,02123 1.68 0,0197
420 2.1 0.,00774 1.87 00,0134 1.75 00,0174 1l.66 0,0212 L.6% 0,032

gDry H~IR-100 sample weighed 6.00 grams, and contained no froe moisture,

34724
°The Ca012 solution additions were . 0.200 M for all increments.

Initial vol. distilled water (of 6.23 pH) added to resin sample was 100.0 ml., after which pH was



Table 45, Ixchange of hydrogen from HC) solution with Amberlite Ca-IR-100 (Run 23b)8,b

Vol., HOl, ml,® 10,0 10,0 5,0 2,0 5,0
Increment No, 1l a 3 4 5]
Gorr. of pH reading 0,00 " 0,00 0,02 0,05 0,07
Time s 86C, pH N )')I{ N, ’pH . N, pH N, DH N.
5 2,13 0,00774 1.90 0,0134 1.65 0,0297 0.72 0,208 0,50 0,326
10 2,13 0,00774 1,90 00,0134 1.3 0,0531 0,73 0,198 0,37 0,445
20 2,14 0,00755 1,91 0,013) 1,32 0,0518 0.73 0,198 0.35 0,460
30 2,15 0,00737 1.91 0,01381 1,32 00,0618 0.77 0,181 0.34 0,478
40 2:15 0,00737 1,91 0,013) 1.3 0,05056 0.78 0,177 0.32 0,500
50 2,16 0,00721 1.91 0,0131 1,83 0,0506 0.78 0,177 0,3l 0,512
60 24,16 0,00721 1,91 00,0131 1,33 00,0805 0.78 0,177 0,30 0,526
80 2,16 0,00721 1.91 0,0131 1,33 00,0805 0,79 0,172 .0.30 0,528
100 2.16 0,00721 1.91 0,0131 1,33 0,085086 0.79 0,172 0.30 0,526
120 2,16 0,00721 1,81 0,0131 1.33 0,0805 0,79 0,172 0,31 0,512
160 2,16 0,00721 1,91 0,0131 1.33 0,0805 0,78 0,177 0,31 0,512
180 2.16 0,00721 1.91 0,013 1,33 0.,0508 0.78 0,177 0.31 0,012
240 2.16 0,00721 1.91 00,0131 1,33 0.,08056 0,78 0,177 0,31 0,612
300 2,16 0,00721 1,91 0,0131 1.33 0,0505 0.78 0,177 0.31 0,512
420 R.16- 0,00721 1,91 00,0131 1,33 00,0505 ~ - 0,31 0,512

8pry Oo~IR-100 weighed 6.00 grams (s H-IR-100), and contained no free moisture,
binitial vol. distilled water (of 6,17 pH) added to resin sample was 100.0 ml,, aftor which

was 4,38,

SThe HCL solution additions were 0,1000 N for first two increments, 1.2597 N for third, and

for last two incerements.

-0TT-



Table 46, Equilibrium calculations for sodium chloride with H-Zoo~Karb

Pefore exchanger

=Tt~

Vol, of Hor Na in Na* or I*'in At _exchange equilibrium
Run JTon in solution, oxchanger, solution, In exchanger In solution
No. solution mle . moq, meq. - H, meq. Na, meq. H*, meq. Nat, meq.
7a Na* 26641 . 0,860 4,877 0,397 0.468 04453 4,409
8a Na* 187,5 . £.D95 19,057 1.058 1.537 1.509 17,520
12a Na* 138,83 | 5,190 6,98 3.275 1,916 1,901 5,066
7b H+ 136.2 0.468 1.311 0.910 ~0,045 0.798 , 04513
8b ut 137,9 C 1,587 4,318 2.716 - -0,121 2,660 - 1,658

12b Ht 112.1 1.915 9.922 5,798 -0,608 74399 2,583




. -llz-

Table 47. Rate of exchenge celculations to engineering units

Rates of excﬁangg

Run Time, dx/at, megq. per 1b. per
No. min. meq./g. meq./g./min, hr.~1lb. hr.~1b.
7a 1 0.266 0.01570 0.942 21.67

2 0.381 0.01443 " 0.867 19.93
3 0.379 0.01212 0.728 18,76
5 0.401 0,00927 0.557 12.80
8 0.423 0.00622 0.373 8.58
12 0.441 0.00301 0.180 4314
20 0.462 ‘ 0.00126 0.0758 1,746
7 1 0.297 0.412 2.47 2.49
2 0.413 ' -0:049 2,93 2.9¢
3 0.451 0.0237 1.42 1.43
5 0.484 0.0087 . 0.522 0.527
8 0.495 0.00217 © 0.180 . 0.181
12 0.502 0.0012 0.0722 0.728
20 0.510- _ 0.0007 0.0420 0.424
8a 1 0.454 0.02634 1.58 36,32
2 0.470 0.02208 1.32 30.34
3 0.496 0.01307 0,783 18,02
8 0.503 0.00777 0.467 10.73 .
12 0.506 - 0.00389 0.233 5,36
20 0.511 : 0.00093 0.0558 1.284
8h 1 0,393 0.0854 5.12 5,17
2 0.433 © 0,0383 2.30 2,32
3 0.477 0.0206 1.23 1.24
5 0.507 0.0130 0.780 0.787
8 0.530 0.00576 0.347 0.350
12 0.547 0.00194 0.117 0.118




Table 47 {contimued)

‘Rates of exchange

Run Time, dx/dt, meg. per 1bd, per.
No. min, meg./g. meq./g./min. hr.-1b. hy,=1b.
1l 0.535 0.259 7.60 304.6 .
2 0.592 0.0387 1.16 46,50
3 - 0.622 0.0198 0.533 23.75 -
S 0.642 0.00462 0.138 5,53
<8 - 0.652 0.00299 0.0897 3.59
12 0.662 0.0019 0.0570 2,28
20 - 0,672 0.0010 0.0300 1.202
1 0.263 0.0438 2.63 2,85
2 0.302 0.0304 - 1.82 1.84
3 0.342 0.01785 1.07 1.08. -
5 0.347 0.00491 0.295 0.298
"8 0.350 0.00140 0.0842 . 0.848
12 0,353 0.00025 0.0150 0.0151
1 0,590 0.1600 4.80 304.8
2 0.678 0.0537 i.61 102.3
5 0.750 0.0123 0.368 23.35
8 0.775 0.00482 0,145 9.22
12 0.785 0.00189 0.0567 3.600
20 0.800 0.,00154 0.0462 2,932
1 0.418 0.1020 3.070 345.10
2 0.4817 0.0362 1.080 121.40
S 0.505 0.0203 0.610 68,60
5 0.533 0.00846 0,255 28,67
8 0.548 0.,00338 0.102 11.47
12 0.555 000105 0.031 3.54
1 0.294 0.01210 0.727 16.720
2 0.298 0.00427 0.257 5.920 -
3 0.308 0.00174 0.104 2,392
5 0.313 0.00050 0.0300 0.690
8 0.316 0.00018 0.0108 0.249
12 0.317 0.00008 0.0048 0.110

Ve
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C. Fluidized Zeolite Pines Bed

These studies were made to demonstrate the advantages of a ﬂuidizedv
bed for ion exchange operations. This technigue of opsration would seem
to have particular utility for the finer or denser materials. Hence, the
zeolite fines, which are normsally waste material, were used in this inves-
tigation. Thus, a techknique of operation and a utilization of az waste

cation exchanger are combined.

1. Description of apparatus

The main part of the fluidization apparatus consisted of a standard
two inch pyi-ex pipe, five feet in diameter. It was adequately supported-"
in a2 vertical position by wall clamps., The details, as shown in Figure v'
27, are as follows: A conical bottom connection allowed proper entrancé_ |
conditions for the water. A one-inch ais;charge line was provided et the
top, which assured an adequate cross-sectional area with very low pressure:
drop. The conical bottom Was comneeted to & tap water outlet by means df“*-"
a flexible rubber hose. It should be noted that an open went was providg&
at the top of the column for charging zeolite samples, Hence, the re- ‘
moval of pipe flanges was not reguired. An inclined manometer was attaéhéé
by rubber hose to the upstream side of the apparatus, with the other end :
open to the atmosphere. A calibrated container end drain pipe were pro-

vided, but are not shown on Figure 27.
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2. Preparation of materials

The zeolite fines used in this study were obtained from the Culligen
Zeolite Company, and ere representative of their fines. This rmaterisl is
too fire for normal bed operation, and, as a result, millions of pounds
have been w.;.zsted.

A screenA enslysis was obtained by‘:cunning a 200 gran sample for
45 minutes in a standard Ro-Tap machine, The data on this analysis are

listed in Table 48 and shown graphically in Figure 28,

Teble 48, Iry screen analysis of zeolite fines
using Ro-Tap machine (Run 24)

Mesh Weight material rebalned by correspondinz mesh, g.

Noe. Differential per cent - Cummlative per cent
28 0.1 0.1
35 25.8 25.9
48 - 42,2 638.1
60 8.8 76.9
80 18.4 95.3
100 2.7 88.0
150 1.5 99.5
200 — 0.3 - - 99.8

An important factor in any flﬁidizeé bed, paﬁicﬂuly one c‘lesiring
high rates of flow, is the density of the material. It was anticipated
that the zeolite fines ﬁvould permit a rather high rate of water flow |
through & flnidized bed, since they asre demser than most cation ex-

changers. The bulk, dry, density of these fines is epproximately 35
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pounds per cu. Tt., but the density of the actual particles is rela-
tively high. A hydraulic claséification of these zeolite: fines was
nmade by placing a sample in the fluidized bed, and increasing the rate
of flow by inerements., Each differentisl of flow rate caused a portion
_of the zeolite fimes to be carried out of the bed. "Each portion of
fines was collected, filtered, dried and weighed. These data are given
in Table 49 and presented graphically in Figure 29.

An exemination of Figure 29 indicated that in practice it might be
desirable to discard a portion of the finer materisl. Therefore, a
large baich of zeolite fines was prepared for future use by sScreening
through 50 mesh, The 68.6 per cent by weight portion retained on the 50
mesh screen was beld for the future runs 6f this study, and the ma{;erial |

through 50 mesh was discarded.

3e Operating procedure

For the runs in which tﬁe flow characteristics of the.' fluidized bed
were observed, the exchanger was added in inerements of 1:50 grams, It
was adéed to the column through the top vent, utilizing e glass fumnel,
In a typical run measuring ﬁmssu;-e drop and related daﬁa,: the flow rate
was set at a low valve im’.ti.ally. Readingsl were made and fhe flow rate
increased slightly for another set of readings. 4 zero reading on the
manometer was obtained at the beginning and end of each run.

In a typical softening Tun, the haxd tép watér standing on the bed
was first diéplace& by distilled water. This was done for experimental

purposes ohly, in order to observe rinse water requirements. A
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regeneration step following, using a 4 gram NaCl per 100 ml. water solution.
This regenersting solution was added slowly to the bed by gravity flow

from a ome gallon bottle supported above the apperatus. The excess salt
solution was then washed from the bed., The run proper was then ready to
begin, The flow rate was set at.some constant, predetermined value. It
was checked during the run by stopwat-ch and adjusted when necesszry.

The soft water effluent was collected in calibrated conteiners, with 250 ml.
samples taken out of each liter of effluvent., The run is terminated when

the hardness of the effluent water approesches that of the tap watsr feed,

- 4. Experimental rumns

Data on the rate of approach to egquilibrium are given in Table 51
for this fluidized zeolite fines ved. Flow cheracteristics, incluéing ﬁo;rz.
rates, bed heiéhts, ‘de:‘zsities, and pressure drops, are preéented in Tab}.és
52 through 6l. Then, the operations of rinsing, resenerating and soften—

ing are considered in Tables 62 through 7.

5. .Analvtical procedures

The only analysis of importance usgd in this study of 2 fluidized
bed was thet for haidnéss, utiliéi-ﬁg a standard sbap‘soiu;cian: The efflu-
ent from tﬁe bedé was tested periodicaliy throughout eack run irn order to
follow the process of exiiausting the bed capacity. The standardization of

the soap solution, utilizing tap water, is shown in the following Table 50,
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Table 50. Stancardéization of soap solution using tapr water (Run 26)

Volune tap Volume distiiled Volume st'd. Haraness, grains
water, mi. water, ml, . soap soln., ml. per gal. {as CaCOgz}

10 490 1.70 4,82

10 40 1.72 4.2

20 30 3.20 9,64

20 30 Selb 9.64

30 20 4.75 14.47

30 20 4,78 14.47

40 10 8.21 12.28

8Based on hardness of 24.1 grains per gal. (as CaCO0z} for campus water,
as determined with standard CaClgsclution versus st'd. soap solution.

6. Results and correlations

It can bé seen from the hydraulic classification of Figure 29 that,.
o{er 90 per cent of the zeolite fines, as received, were retained in the
Eeq up to a velogity of 80 gal. per min. per sq. f£t. of cross-sectional
area.. This fiow rate is ten times the normel rate of. flow utilized in
softening by the usual fized bed, FHowever, this is no% the entire story,
as will be seen in resulte further along in this section. |
| The reproducibility ofréxﬁerimental data for pressure drops iz il-
lustrated in Figure 31, Also, it should be noted that the first run
sh&wn on this graph wes m=zde immediately after the dry zeolite sampie
Qas placed in the tower, whereas the zeolite for run 2 hes soaked in
water overnight. Therefore, it is evident that very little, if smy, " wa-
ter-logging® of zeolite occurs,

The data for pressure drons thrq&Sh the fluidized zeolite fines bed



are given in Figure 32. The regular spacing between curves indicates that
the pressure drop is proportional to the weight of the bded. Approxi-
nately 0.9 inches water pressure drop per 100 grams of zeolite wes obssrved.
A portion of the pressure drop can probably he attributsd to the increzsed
bed density, and thus ¢an be conzidered as pert of the hydrostatic head,

The rincing and regeneration operations that must be carried out in
conjunctioﬁ with exchanger beds are clezrly illustrated in grapk form
on Figure 34. The initisl period, up to almost one gallon of effluent,
shows the regeneration salt solution displacing the distilled water that
was standinngn the bed. It is interesting to note that the peak cone~
centration of the excess regeneration salt solution is within 3 per cent
Vof the original comcentr tion entering the column., The amount of rinse
water cannot be taken directly Prom this figure, becanse it represents
that required for a very thin bed. The curve, from ths peak of the efflv-
ent to the point where there is negligible salt remaining, represents an
"end effect™ that depends upon the degree of mixing, Henee, the rinse
water requirements for a column can be estimated by adding this end effect
to tke volume of soluﬁion standing on the bed at the end of a rezeneration
period.

The zeolite fines bed used in {hese studies was thoroughly exhausted
by the large guentities of hard water that passed through it during the
runs on flow characteristics., Therefore, the first three softening runs
"conditicned™ the bed. It can be seen on Figure 35 that a certain operat-
ing capacity has been approached in the third run of this series, As the

bed is conditioned, the slope of the curve is greater, giving more ef-
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ficient softening, and the break~through point is further to the right,
indicating grezter capacity. It might be mentioned at this point that the
breax-tarough point is surprisingly sharp for this type of opsration.
There was so much turbulence in the bed, that one would have predicted
such a break-through point for very tall beds only. The softening
capecities {determined by arcas sbove curves and below line representing
the 24.1 grains per gallcon tep water) were 17,500, 19,250, and 21,800
grains per cuft.,, respectively, for thesé three conditioning rums,

Figure 36 shows the softening capacities of Rums 43, 45, and 47, all
of which were maintained at the same flow rate. The capacities of these
runs were 21,800, 22,750, and 17,550 grains per cu. ft., respectively.

It is believed that the last value is lower than it should be,.

Figure 37 illustrates fhat ¢ifferent flow rates, varying from 0.2 to
. B.2 gal; per &in. ver sg. ft., bad litile effect upon the softening capsci-
ty. Tﬁe highest rate curve does show a break-through point that is eon~
siderably lower than the others. Tiuese runs indicate that the flow rates
were not high enough for the rate of cation gxchange to becone critieal..‘

4 correlation of bed density with various flow rates is given on
Figure 38, The fact that most of the points were on or neaxr the curve
shows that bed height measurements undsr steady operation are & fair
indieation of the flow ratse through the bed.

A further correlation was made to show the critical flow rate at
which & given size of material would be carried from the bed. This is
plotted on Figure 9.

The bed demsities, £low rate, and volume of water softened in unit
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time were used to establish én optimum rate of flow. The volume of
water softened varies directly with the flow rate, Iikewise? the volunme
of bed requi:ed for a gziven émount of exchznger veriss with the ratef

4n optimum rate of flow of 1%.0 gal. per min. per sg. ft. 1s shown on

Figure 40.

7. Proposed industrial unit

t is believed that an industrial unit employing the fluidized bed
techniquevanﬁ waste zeolite fines cou;d be made econocmical and practical..
I£ would havé the economical features of o cheap exchanger and large
through-put per unit volume of equipment. Two to three times the usual
flow r.tes are possible., The bed operation can be made "fool-procof™ by
irnstalliing "exchanger collectors” or separators on all effluent lines,
Alsb,vthe pzccesé could be made contimumous, if desired, by having = simi—A‘
larjfiﬁidizeé bed column operating on the regeneration cycle.

As an éx&mple, two 3 ft. x 20 ft. towers, one softening and one réa ”f
'generating,”utilizing 30 to 50 meshk zeolits fines having 18,000 grains
per cu. ft. capacity, could soften 905 gpm of 24.1 grain waters The
zeolite eiréulation rate would be 1.2l cu. £t. per minute, based on a "sta-
tie™ density of 31.8 lbs. per cu. ft.  The residence time of the zeolite
_in-tﬁe bed would be 45.7 minutes, The helght of the static bed curing shub-
downs would be 7.86 feet.

In addition to the advantages previously mentioned, the use of zeolite

fines gives higher capecity per cubic foot of exchanger. 0On the other
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hand, the abrasion of the zeolite might prove to be a disadvantage. It
should be checked in 2 pilot unit over an extended period of tine.
Likewise, careful comsideration should be given to the design of the unit,
in order to keep it simple for operation and yet not using an excessive

anount of auxiliary eguipment.



Table 49, Hydrsulic classification of zeolite fines (Run 28)

Intexrval Water flovi ratel Material carried out of column
Test time, Observed, Caloulated, VWieight, Differential Cumulative
No. min. ht., in, aal. gr,al./min./ftf.2 Oe per cent per cent
1 21 5,38 1,34 2.9 0.5 0.67 0.67
2 49 43,07 10.68 10.4 1.0 1.34 2,01
3 29 72,20 17,91 28,3 R5,3 33,92 35,93
4 28 97,38 24,19 50.3 41,0 54,95 90,88
5 14 104,31 25,91 84.4 6.8 9.12 : 100.00
AR
Qpap water used throughout run, o 3
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Taeble 5l. Rate of approach to steady flow rate
in fluidized zeoliie bed (Run 27)

Interval tlater fiow rate Zeisbt of bed
Test tine, Observed, Calculzted, Cbserved, Calc.,?
No. min. ml./min,® gel./min,2 gal./min./ft.2 in. in.
1 G — — — 18.8 23,0
£5) — — - 18.6 22.8
5 0.2 0.0238 1.08 18.6 22.8
S —— —— — 18.6 22,8
i0 —— ——— — 18,5 2247
10 85,3 0.0225 1,02 18.5 22,7
8 — — —— 1€.4 22.6
s} —— —— -— 18,2 22.4
15 [ m— ——— — 18.2 22.4
2 0 — — —— 20.1 24 .3
2 —— ——— ——— 20.0 24,2
153 — — — 19.9 24,1
12 131.5 0.0347 1.59 19.6 23.8
-8 — — —— 1%.4 2Z.6
8 i14.2 0.0302 1.3 18.4 23.6
15 116.8 0.0308 1.4l 19.4 23.6
3 G — —-— —-—— 21.9 26.1
1 — —— — 21.% 26,1
1 ——— —— — 21.8 26.0
& — —-—— —— 2l.4 28.6
3 196.1 0.0508 L.32 21.0 25,2
7 — — —_— 20.5 4.7
10 161.% 0.0427 1.5 20.5 2.7
S —— — —— 20.1 24.3
10 150.0 0.0396 1.81 20,1 24,2
4 (6] — — — 24,2 28.4
1 ——— — 24.1 28.3
3 — —— — 23.8 28,0
14 283.3 0.0748 542 232 27 .4
10 —— — —— 2z.8 27.0
o) 266,56 0.0705 3.22 22,7 26,9
ié 237.0 0.0626 2,86 21.8 26,0
& —— ——— —— 21.5 25.7
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Table 5l. {Continued)

Interval Hater flow rate Height of bed
Test time, Observed, Calculated, Observed, Calc.,b
No. min. ml./min.8 gel./min.® gal./min./ft.?  in. in,
5 0 — ——— ~— 0.8 35.1

3 — —— — 30.8 35.1
5 — — —— 30.6 34.8
9 452.0 0.1182 5.45 30.4 34,6

8 0 — — — 31.5 35.7
6 — — — 31.5 35.7
3 —— — —— 3l.4 35.6
4 495.0 0.1308 5.98 31.3 Z5.5
8 —— —— — 31.0 35,2
7 — —— — Zl.5 35.7
2 — —_— J— 3l.4 S5.6
2 514.0 0.1357 620 3l.4 35,6
7 — — — 30.7 34,9
5 —— — — 3l.1 35.3
1 492.0 0.1300 5.95 31l.1 35.3
5 — — — C3l.1 35.3
3 — _— — 31.0 25,2
2 490.0 0.1283 5,92 : 21.0 35.2
3 — — —— 30.5 34,7
4 —— - — 30.3 4.5
7 0 —— ——— — 33.4 37.6
3 - - —— 3Z.2 27.4
2 523.3 0.1382 6,32 23.1 37.3
3 - —— ——— — 32.9 37.1
5 ——— —— — 32,8 37.0
3 513.3 0.1358 6.21 32.5 6.7
3 —— —— - 32,5 36,7
4 510,0 0.1349 6,17 32,5 36,7
3 — —— — 32.5 36.7
3 508,3 0.,1343 €.,15 32,3 36.5
3 — — ——— 32.2 Z6.4




Table 51, {Continued)

Interval Water flow rate Heizht of bed
Test time, Observed, Calculated, Observed, Calc.,P
No. min., ml./min.® gal./min.2 gel./min./ft.2  in. in.
8 0 — —— —— 42,2 46 .4
3 —~———n ———— —— 42,1 46.2
3 -—— —— — 42.0 46.1
3 - —— —— 41,¢ 46,0
2 7533 0.1990 $.10 41,8 45,9
3 —— — —— 41,8 45.9
s — ——— — 41,8 45,9
2 78533 0.1990 9,10 41,7 45,8
g — —— — 41.4 43,
g O — — — B5leD 57.6
1 ———— - —— B3.4 57.5
2 — —— — 53.0 57.1
2 —— —— — 52.6 56,7
1 —— —— — 52.5 56.6
1 983.3 0.2600 11.80 52.3 56.4
5 -— — ——— 52.1 56.2
2 — —— —— 52.1 56.2
2 976.7 0.2582 11.81 52.4 5645
4 — ———— —— 5246 56,7
4 — — —— 52.7 56.8
3 —— —— —— 5249 57.0
1 983.3 0.2600 11.80 52,9 57,0
S ——— — 52.5 57.0

8yoiume of Water measured in a graduated cylinder for a convenient
period of time by use of stop~watch.

bPIncludes an equivalent height for zeolite fines in cone at bottom of
column,.



. Table 52. ¥low characteristics for 300 grams zeolite fines In fluidized bed (Run 28)8

S T R T o = == T
Water flow rate __Helght of bed Nensityd Pressure drop

Test, Observedﬁ Caloulated Observed, Cale.®, of bed,_ Meno. rdg.° AH,

No. in./min, gals/min, gal./min./Tt.%. in, in, 1v,/ft.° obser, in, Ho0 in, Hy0

1 93,3 0,025 1.13 7.3 11,95 31.6 37.0 H.%4 3.72

2 119.2 0,031 1.44 746 11.7 31.0 37,5 5,423 3,80

3 203.2 0,054 2.45 8.3 12.5 29,0 36,2 5,23 3.61

4 38l.2 0,101 4,62 10,5 14,7 4.7 35.5 5413 3451

5 707.6 0.187 8,57 17.0 1.1 17.2 3645 5,13 3,51 AN
6 1003.0 0,265 12,16 R3.6 27.6 13,1 3543 5,10 3448 P
V4 1143.0 0,302 13.85 32,2 36,1 10,0 35.4 65,11 3449 !
8 1663,0 0.413 18,93 47,0 50,7 7.2 35.2 5,08 3.46

9 0.0 0,000 0.00 7.3 11.6 31,6 11.2 1.62 0.00

8The zeolite f'ines were ~30 + 50 mesh, and were soaked in vater at least 12 hours before run,
olume of watexr measured in a praduated oylinder for a convenient period of time by e of stop-watch,
CIncludes an equivalent height for zeolite fines in cone at bottom of column,
Based on caloulated height of bed,
®ianometer inclined to Torm anpgle having tangent of 0.,1459, with respeet to horizontal line,



Table B3. 1low charactoristios for 400 grems zeolite fines in fluidized bed (Run 29)a

Watexr flow rate Height of bed Dongityd Pressure_arop
Tost Obs'ervadﬁ Caloulated _ Observed, Calc,®, of bed, MNano, rda.® AN,
No. in,/min, gal./min  gal,/min,/rt.3 in, in, 1v./1t.% obser. in. Hg0  in, HgO
1 112.4 0,0298 1.36 10.9 16.1 32.0 13.3 5.92 4,70
2 195.8 0.052 ReBY7 ' 12.1 18.3 29.7 12.8 5,70 4,48
1 SR22.8 0,085 3,91 14.1 18,3 26 .4 12,6 5.61 4,39
4 43%8,5 0,116 5,33 16.7 20.9 23,2 13;6 5,61 4,39
b 611.8A 0.162 7.41 21l.2 25,3 18,1 12,68 b5.64 4,42
6 768,0 0,203 9,32 2444 28,5 17.0 12,6 5.6l 4,39
7 1018.0 0,269 12,32 32.2 6.8 13.4 12.63 D62 4,40
8 1257,.5 0,332 15.21 40,5 44 .4 10.9 12,63 5.62 4,40
9 1480,0 0.391 ' 17.88 58,0 61.8 7.8 12,65 5,63 4.41
10 0.0 0.000 . 0,0 11,0 16.2 31.8 2,76 - 1,822 0.00

- @The zeolite rines were ~30 + 50 mesh, and were soaked in water at least 18 hours before run,

byolume of water measured in a praduated oylinder for a convenient period of time by use of stop-watch,
CIncludes an équivalent height Tor zeolite fines in cone at bottom of column, '

dpased on caleulated height of bed. '

SpManoneter inclined to form angle having tengent of 0,4968, with respect to horizontal line,

-4L2



fable 54 Flow characteristics for 500 grams weolite fines in fluidized bed (Run 30)8

T A At e SO .

et o,

Water flow rate Height of bed Densityd Pressure drop

Test  Observed, Calouluted Obgerved, Cale,®, of bed, Mano, rdg.® aH,

No. in,/min.® gal./min. gal./min./ft.2 in, in, 1b,/ft.% obsor. in, Hg0 in, Hp0

1 118.3 0,032 1.43 14.6 18,7 32,4  1B.23 6,78 5.60

2 173.1 0,046 2,10 16,2 20,4 29,7 15,05 8,70 5,62

3 2068.,4 0.071 3420 17.7 21,9 27.7 14.7 6,56 5,37

4 348,0 0,092 4,21 19.8 24,0 25,3 14,6 6450 5,32

5 502.6 0,138 6.08 24.1 28.3 2l.4 14,8 6.68 5,40
6 715,6 0,189 8.67 5046 34,6 17,5 14,75 6,57 5439 ¢
] 984.0 0,260 11,92 40,5 44.5 13,6 14,70  6.55 5437

2] 1241.0 0,328 16.03 52,0 56.4 10,8 14,65 6,52 5:34

9 14.4 18,6 52,6 2,66 1,18 0,00

0.0 0,000 0.00

8The zeolite fines were =30 + 50 nesh, snd were soaked in water at least 18 hours before run.
olume of water measured in a graduatod oylinder for a convenient period of time by use of stop-watch,
CIncludes sn equivalent height for zeollite fines in cone at bottom of column,
dpased on ocalculated height of bved,
®Manometer inclined to form angle having tangent of 0.4968, with respect to horizontal line,



Table 55. Ilow charscteristics for 600 grams zeolite fines in fluidized bed (Run 31)8

Water flow rate Heisht of bed Densityd Pressure drop

Test  Observed, galsulated Observed, Cale(®, of bed, Manos rdg.® A ¥,
Nos« in./mins® gals/mine gales/mine/ft.2 ing in, 1b,/£t.3 obser: in. Hg0  in, Hp0
1 10040 0:026 1,21 188 2840 31.6 17:8 7:66 6.58
2 14643 04039 1477 2040 P4.2 3040 1735 7:72 6464
] 2737 0072 3431 23¢1 R743 2646 16,8 7448 6.,40
4 41644 04110 ) 5404 27:4 31:6 23,0 16486 7¢50 6442
B H86¢4 0:1856 7409 3440 38:1 19.6 1668 7:48 640
6 74848 041986 9407 39.:8 4349 16,6 1675 7446 64%8
7 904.0 04839 10,92 46.0 50:0 14,6 16466 7442 6:34
8 1014:0 0.268 12,28 52:0 5640 1340 1665 7448 8:34
9 0:0 04000 0,00 19.83 23:5 3049 2443 1.08 0400

8The zeolite fines were -30 + BO mesh, and were not allowed to soak in water prior to run.
olume of water measured in a graduated cylinder for s convenient period of time by use of stop-watch,
OIncludes an equivalent height for zeolitoe fines in cone at bottom of aolumn,
Baged on oaloulated height of hed.
SManometer inolined to form angle having tangent of 044968, with respect to horizontal line,

=-68T=



Teble 56, Ylow characteristies for 600 grams meollte fines in flnidized bed (Run B2)8

Water flow rate Height of bod Densityd. Froesure drop
Test  Observed,’ Galoulated Observed, Oale.®, of bed, Msno, rdg.® AN,
No, in./min.% gal,/min,  gal,/min,/ft.2 in, in. 1b./ft,% ovser, din, Ho0  in. Hy0
1 0.0 0,0000 0.00 18,4 22,6 32,1 2.48 1.10 0.00
2 51,0 0.0135 0.62 18.4 22,0 32,1 13,10 5.83 4,73
3 25,8 0.0068 0,31 18.4 22,6 32.1 9,33 4,15 3.06
4 9.2

0,0024 0.11 18,4 22,6 32,1 6,09 2.71 1.61

8The zeolite fines were ~-30+650 mesh, and wers soaked in water at least 12 hours before run,

olune of water measured in a graduated cylindor for a convenient period of time by use of stop-
watch,

CIncludes an equivalent height for zeolite fines in cone at bottom of column,
dpased on caleulated height of bed,

OManometer inclined to form angle having tangent of 0,4968, with respect to horizontal 1line,

-09T~



Table 57, ¥low characteristics for 200 grame zeolite fines in fluidized bed (nun 33)8

I

i

Wator flow rate _ Pressure 4drop

Test Observed Galoulatea Mano. rdg8sd AN,

No, in./min,D gal,/min, gal./min, /f6.% obser, in, Fg0  in, HgO

1 15,856 0.00419 0:19 27.0 3490 8439

2 15,33 0.,00405 0419 25,5 3.68 2,17

3 15,74 0.00416 0419 27,0 3.90 2,39

4 16.28 0,00430 0,20 28,5 4,12 2,61

5 16,62 0.00436 0.20 29,0 4,19 2.68 ,

'-J

6 16451 0.00436 0420 27.4 5.96 2,46 i
7 16.51 : 0,00436 0420 - 7.4 3,96 2,45

8 16,48 0.00435 0,80 27.5 3,97 2.46

9 16.48 0.004356 0.20 27.5 3.96 2.45
10 16,60 0,00436 0,80 B7.9% 3.97 2.46

a

The zeolite fines were ~30+50 mesh, and were soaked in water at least 12 hours before run,
bVolume of water measured in a graduated eylinder for a convenient period of time by use of astop=
watoh,

Oylanometer inelined to form angle having tangent of 0.1459, with respect to horizontal line.

Zoro menometer reading assumed 10.44, equlivalent to 1.51 inches water.



Table H8. ¥Flow charvaoteristics for water in two ineh I.D. column (Run 34)8

i!

rsitorsten-
——.

e

Water flow rate

=t

e

Pregsure 4drop

< et o
ra——

Test Obsoxved, Caloulated - Mano, rdge® . AH,
No« in./min, gal,/min, gel,/min,/ft.° obser. - in, Hg0 in, Hg0
1 11.87 2,97 136,0 39.1 G.64 4,13
2 11.40 2.83 129.6 36,9 5,33 3.82
] 10,85 Re69 1R%,3 34,7 5,02 3.51
4 10.87 2455 116.8 3244 4,68 3417
5 9.70 2.41 110.3 30.6 4,42 2,91
6 84345 2,07 94,8 27,9 4,03 2,62
7 7.565 1.88 86.0 25,8 3,73 . 2,22
8 6,875 1.70 78,2 24,2 3.50 1.99
9 6.365 1,858 72.4 22,8 3,29 1,78

10 B.70 L.4l 64,8. 21.37 3.09 1.68

1l 5.393 1.34 61.4 20,97 3,03 1.62

12 5,167 1,28 58,8 20,45 2,95 1,44

13 4,933 1.228 66,0 19,90 2,87 1,36

14 4.587 1.12 51.4. 19.27 2,78 1,27

16 4,293 1,07 48,8 18,83 2,72 1l.21

16 $.689% 0,966 44,20 18,17 2,62 1,11

17 3,780 0,938 43,00 17,83 2,68 1,07

18 54490 0.867 39,72 17.47 2,58 1.0l

19 34200 0,794 36439 16.98 2,45 0.94

20 2940 04730 33,40 16,63 2,40 0,89

27l



Table B8, (Continued)

Wator flow rate Pregsure 4rop

Pesgt Obaervedf) Caloulated Mano, rdg.© AH,

Mo in,/min, gal,/min, gal,/min. /£t obser, in, He0  in, H0

21 2,740 0.680 31,15 16,29 2,35 0.84

22 ' 2,030 0,628 208,80 15,92 2,30 0,79

23 228283 0,567 25,98 15.61 2,24 0,73

24 - B.154 0,534 24,48 16,39 2.28 0.71

25 11925 0,479 21,87 15.04 2,17 0.66 \
|-J

26 1,671, 0,415 . 19,08 14,72 2,13 0.62 &

27 1.397 0,347 15.88 14,32 2,07 0.56 !

28 1,367 0,339 18,52 13,76 1,98 0,065

29 1.121 0.278 T 12.75 13.863 1.95 . 0.52

30 0.941 0,233 ) 10,69 13,28 1.92 0.49

31 0.789 0,196 8,97 13,01 1.688 0445

32 0,706 0,176 - 8,03 12,83 1,85 0.42

33 0.510 0,127 5,80 12,688 1.82 0.39

34 , 0.198 0,049 2,256 11,78 1.70 0,37

86 0.0 0,000 0,00 10.44 1,51 0,00

8The zeolite fines were -30+50 mesh, and were soaked in water at least 12 hours before. run,
elght of water in inches was measured in a calibratod ccntainer for a gonvenient period of time,
OMunometer inelined to form angle having tangent of 0.1459, with respect to horizontal line.



Table 59, ¥Flow cherscteristica for L00 grams zeolite fines in fluidized hod (Run 35)2

Yater flov rate Hoight of bed Densityd Progsure Arop

Tost 0bserved$~ Oaloulated Observed, Cale.¢, of bed,a Mano. rde.® AH,
No. in,/min, gal,/min. gal./min./ft,% in, in, 1b./£t.°® Gbeer, in, H0 in. Hg0
1 0,624 0,156 7,09 Se4 7.5 16,1 R3.10 3,34 1.7

2 1.322 0,328 16.03 0.4 13,3 9.1 22.50 3,725 1.66

3 1.680 0.417 19,18 18,0 21.7 5.6 28,68 3.37 1.68
4 1,989 0.493 22.569 06,0 39,4 3.1 22,90 3.31 1,72

5 2,096 0.H21 723.85 45,0 48,4 2,5 22,90 3,31 1.72

6 0.398 0,097 4,46 1.4 6.6 Pl.6 24,10 3,48 1.89

7 0.000 0.000 0,00 — - - 10,79 1.59- 0,00

8The zeolite fines were ~-30+5H0 mesh, and were not allowed to soak in water prior to run.

bHeight of water in inches was meesured in a calibrated container for a convenient period of time.
®Includes an equivalent height for zeolite fines in cone at bottom of column,

Bagseod on caleulated height of bed.

®Manometer inclined to form angle having tangent of 0,1459, with respect to horizontal line,

[



Table 60, Flow characteristics Tor 100 groms zeolite Tines in fluidized bod (Run 36)0

Wator flow vate Hoight of bed nensityd Pressure drop
Test Observed,’ __ Oaloulated Observed, Calc.®, of bed, Mano, rdg.° AN,
No. in./min.f’ gals/mine  gal,/min,/ft.2 in, in, 1b./rt.3 obser, in, Hg0 in, H,0
1 0,398 0,099 4,53 1,3 545 22,0 23,8 B.44 1,89
2 1,168 0,890 13,29 6,7 10,7 11,3 22,4 3,24 1,69
3 1.693 0,396 18,11 13,1 16.9 7.2 22,8 3.82 1.67
4 1,900 0.472 21.61 23.b 27,0 4,5 22,65 3,27 1,72
B 24214 0,549 25.156 48,0 51,3 2,4 22,7 3.28 1,73
6 0.000 0.000 0-00 Ll "‘"’ e 10‘75 1.55 0000 |’:
i
8The zeolite fines were ~30+50 mesh, and were soaked in water at least 12 hours before run, v

Height of water in inches was measured in a calibrated container for a convenient period of time,
OIncludes an oquivalent height for zeolite fines in cone at bottom of column,
dpased on calculated height of bed.

Spanometer inclined to form snpgle having tangent of 0,1459, with respect to horizontal line,



Table 61, Tlow characteristics for 200 grams zeolite fines in fluidized bed (Run #7)8

Water Tlow rate Height of bed Dermityd Prassure drop

Test Observed,- Caloulated Observed, Cale.®, of bed, Mano, rdg.® AH,

No. = in,/min,® gal,/min, gal,/min,/ft.2 in, in,.  1b./rt.,% Oobser. in. Ho0  in, Hp0

1 0,103 0,024 1,12 3,0 7.9 3.4 31,5 4,55 3.006

P 0,273 0,068 3,10 : 4,4 8.6 28,2 30,0 4,33 2.83

3 0.567 0,141 6.44 7.9 12.1 20.0 29,0 4,19 2,69

4 1.244 0.309 14.17 17.6 21,5 11.2 28,3 4,08 2.58

5 1,525 0,379 17.33 26,5 29.5 B.3 28,3 4,08 2.68 4,
6 1.842 0,457 20,956 40,0 43,6 He6 28,55 4,13 2,63 g
7 1,883 0.467 21440 43,0 47,6 5.1 28,5 4,12 2,62 t
8 0.000 0,000 0.00 3.1 7.3 33.2 10,39 1.50 0.00

@rhe zeolite fines were =B30+B0 mesh, and were soaked in water at lemst 12 hours before run,
bﬂeight of water in inches wias measured in a calibrated container for a convenient period of time,
Sinocludes an equivalent height for zeolite fines in cone at bottom of column,

d3as6d on caloulated height of bed,

®Manometer inclined to form angle having tangent of 0.1469, with respect to horizontal 1line,
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Table 62, Rinsing of hard water from Pluidized zeolite bed {Run 28)

i

Wash water volume® Effluent? Effluent hardéness®
Test Observed, Czlc., volunme, Sosap, Gr. per
Ko, liters zal. zal. .=, zal.
1 0.50 0.13 0,00 -— —
2 1.00 0.386 "~ 0.00 - -
3 1.50 0.40 0.00 - -
4 2.00 0.53 0.00 —-— -
5 2,50 0.66 0.13 4,62 14,1
) 3.00 0.7 0.26 3.58 1i.1
? 380 0.92 0.40 2.81 7.7
8 4,00 - -1.0¢ 0.53 2.04 5.8
g 4,50 1.19 0.66 1.41 3.9
10 5,00 1.32 0.79 : 1.32 36
11 5,50 1.45 0.92 G.87 2.2
12 6,00 © 1,58 1.06 1.00 2.6
13 6430 l.72 1.19 1.15 3.0
14 7.00 1.85" 1.32 0.90 2.3
15 7.50 1.98 1.43 0.78 1.9
18 8,00 2.11 1.58 0.64 1.5
17 8.50 2424 1.72 0.61 1.4
18 8.00 2.38 1.85 0.63 1.5
19 9.50 2.51 - 1.98 0.61 1.4
20 10.00 2.64 2.11 0.59 1.2
21 10.50 2.78 2.24 0.5¢ l.2
22 11.00 2,90 2.38 0.51 1.1

@pistilied water used as wash.

bzero effluent (initially) due to starting with drained bed.
CZeolite bed had been in comtact with campus water containing 24.1
grains hardmess per cal. (&s CaCOgz).
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Tcble 83. Rinsing of hard water fron fluidized zeciite bed {Run 39)

Fash weter volumed Zffluent Effluent hardness?®

Test Observed, Calc., volume, Soap, Gr. per
No. liters gale gala ml. - gal,
1l 0.50 0,13 0.13 6.64 20.4
2 1.00 0.28 0.26 £.20 1%.0
3 1.50 0.40 0.4C 6,04 18.5
4 2.00 0.53 - 0,53 5,56 17,0
5 2.50 0.66 0.66 4,62 14.1
[ 3.00 0.78 0.79 3.74 11.3
7 3.50 0,92 - 0.92 2,35 6.9
8 4,00 1,06 1.06 1.74 4.8
9 4,50 - 1.19 1.19 1.57 4.4
10 5,00 1.32 1.32 1.06 2.8
11 5.50 1.45 1.45 0.8¢ 2,1
12 " 6400 1.28 1.58 0.61 1.4
3 6.50 1,72 l.72 0.50 1.0
14 7.00 1.85 1.88 0.42 0.8
15 7.50 1.98 1.98 0.42 0.8
16 8,00 2,11 . 2.11 0.41 0.8
17 8,50 2.24 2.24 0.40 0.7
18 2.00 2,38 2438 0.31 .4
18 9.50 2.51 2.51 0.30 0.4
20 10.00 2.64 2.64 .26 0.3
21 10,50 2.78 2,78 0.28 0.3
22 11.00 2,90 2,90 0.27 0.3
23 11,50 3.04 3.04 .26 3
24 12.00 .17 3.17 0.23 0.2
25 12,50 330 3430 Q.22 C.2
26 13.00 344 S o4k C.22 0.2
27 13.50 3.57 3,57 G.21 0.1
28 14.00 3.70 3.70 0,19 0.1
22 14,50 3.82 3.83 0.19 0.1
30 15.00 3098 3,96 0.17 0.0

8nistilled water used as wash, _
bzeolite bed had been in contact with campus water containing 24.1
grains hardness per gal. (as CaCOgz}. -



Table 64,
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Regeneration and rinsing of fluidized zeolite bed (Run 40)

Salts in effluent?

Effluent volume - Flow rate Sttd As NaCic,
Test  Qbserved, Calc., Cbserved Calc., AgNOz Chloride, g. per
No. liters gal. ml,/min. gel./min. =1, neq. 100 g. Hg0
1 0.50 0.13 — —-— 0.30 ‘0,086 0.0007
2 1.00 0,26 -83.0 0.022 0.30 ‘0,06 0.0007
1 1.50 040 ‘56,0 0.015 0.25 0,05 0.0006
4 2,00 0,53 3340 0.008 0.27 ‘0,06 0.0007
5 2,50 0.66 56.0 0.015 0.50 0,10 0,0012
6 3.00 0.79 71.0 0.019 0.70 ‘0,14 0.0016
7 3,50 0.92 C — — 14.30 28,9 0.338
8 4,00 1.06 250,0 0.066 12,75 257.5 3.015
9 4,50 1.19 C —— —— 16.40 331.5 3.881
10 5,00 1,32 125,0 0.033 15.50 313,0 3.665
11 5,50 -+ 1.45 — —— 13.40 270.7 3.167
12 6.00 1,58 C — — 11.18 225,5 2.641
i3 6.50 - 1,72 187.0 0.044 9.47 191.2 2.235
14 7.00 - 1.8%  —— — 7.0 159.7 1.870
15 7.60 2,00 122,0 0.032 6,08 122.9 1.438
16 8.20 2,16 —_— — 4,23 85,5 1.000
17 8,80 - 2,32 —— —— 2.8¢ 57,4 0.672
18 9.40 - 2,48 —— —— 2.07 41,8 0.480
19 9,90 - 2,61 —— —_— 1.50 30.3 0,355
20 10,40 2,74 — — i.18 23,8 0.279
21 10490 - 2,88 100.0 0.026 8,00 16,2 0.190
22 11.40 - 3,01 125.0 0.033 5,80 11,7 0.137
23 11,80+ 3.14 100.0 0.026 4,19 8447 0.039
24 12.,4C + 3.28 100.0 0.028 3.27 6.61 0.077
25 12.%0 Se4l 83.0 0.022 2.40 4,85 0,057
26 13,40 3,5 = -71.0 0.018 1.83 3,70 0.04323
27 13.90 - 3.67 ‘71.0 0.018 1.25 2,53 0.0296
28 14,40 3,80 - wem — 1.10 2.22 0.,0260
28 14,90 - 3.93 100.0 0.026 0.85 1.72 0.0201
30 15.40 4,07 166.0 0.044 6.20 1.25 0.0146

Erirst 3600 ml. of column feed was salt solution (4 grams NaCl per
100 ml.} for regeneration, followed by distilled weter wash, '

bPInitial e

from previcus wash.
CExpressed as NaCl, but actually consists of a mixture of NaCl, MgCls
and CaCls.

f{luent low in sollds, becsuse it consists chiefly of water



Table 65, First run for conditioning of fluidized zeolite bed (Run 41)

Effluent volume Flow rate Hardness
Test Observed, Calc., Observed, Cale., Soap, Gr. per
No. liters gal, sec./250 ml. ml./min. ml.2  gal.
1 0.50 0.132 80,0 167.0 0.37 Oe.6
2 1.00 0.264 60.0 250.0 0.33 0.5
3 1.75 0.462 60,0 250,0 0.36 0.6
4 2.25 0,595 60.0 250,0 0.35 C.6
5 2.75 0.727 30.0 500.0 0.22 0.15
6 3.25 0.859 35.5 422.0 0.35 0.6
7 3.75 0.991 32,0 463,00 0.35 0.6
8 4,25 1,125 39.6 37%.0 0.32 0.5
9 4,75 l1.254 37.0 406,0 0.41 0.75
10 5.25 1,380 37.0 406.0 0.44 0.9
11 5.75 1.518 - ——— 0.34 0.5
12 60 25 10 655 bt - 044:0 007
13 6.75 1.783 —— — 0.40 0.7
14 7.25 1.82 36.0 417.0 0.37 0.6
15 7.75 2.15 36,5 411.0 0,39 0.7
16 8.25 2.18 - ——— 0036 0.6
i7 8.75 2.31 36.8 411.0 0.38 0.7
18 9.25 2445 - — 0.41 0.75
19 9,75 2.58 37,0 406,.0 0.34 0.5
20 10.25 2.71 —-— —-— 0.33 0.5
21 10,75 2.84 37.3 402,0 0,33 0.5
22 11025 2’98 - A OQ34 0.5
23 11.75 3.10 37.6 399.0 0.35 0.6
24. 120 25 3.24 - - 0.35 0.6
25 12,75 3.37 38.6 389.0 0.33 0.5
26 13.25 3.50 -— — 0.35 0.6
27 13.75 3;64" - -nemam 0057 006
28 14.25 377 - — 0.38 0.7
29 15.25 4,03 - — 0.36 0.6
30 16.25 4,30 38.2 393.0 0,43 0.85
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Teble 65, {(Continued)

Effluent volume Flow rate Hardness
Test Observed, Calc., Observed, Cale., Soag, Gr. per
No. liters gal. see,/250 ml. ml,/min, ml., gal.

31 17.25 4,56 38.0 395.0 0e46 0.9
32 18,25 4.82 37.4 401.0 0.38 0.7
33 19.25 5,09 - — 0444 0.9
34 20.25 5,35 38.4 3%1.0 0.43 0.85
35 21.25 5.62 37.5 400,0 0.44 0.9
36 22,25 5.88 37.0 406.0 0.43 0.85
37 23.25 6,15 38.0 395.0 Ce42 0.8
38 24.25 6.41 - - 004:8 1.0
39 25,25 6.57 -— — 0.58 1.2
40 26,25 6.94 39.0 385,0 0.33 1.15
41 27 .25 7.10 37.8 397.0 O.64 1.5
42 28,25 7.46 - e 0.59 1.3
43 29.25 7.73 37.8 387.0 0.66 1.5
44 30,25 8,00 - — 0.70 1.7
45 31.25 8.26 38.5 390.0 0.60 1.35
46 32,25 8.52 — — G.60 1.35
47 33,25 8,79 38.4 391.0 0.68 l.6
48 34,25 9.05 38.5 3590.0 0.72 1.7
49 35.25 9,31 - — 0.76 1.9
50 36,25 9.58 39.0 385.0 0.82 2.0
51 37.25 9.85 9.8 377.0 .82 2.0
52 38.25 10.10 3%.7 378.0 0.82 2.6
853 39.25 10,37 -— —— 1.00 243
54 40,25 10.62 39.7 378.0 0.91 2.6
55 41.25 10,90 34.5 435,01 1.00 3.1
56 42,23 11,17 38,0 395.0 1,17 3.1
57 43,25 11.43 38.3 382.0 - -—
58 44,25 11.69 —-— - 1.13 3.0
59 45,25 11.96 39.0 385.0 — -
60 46,25 lz.22 - — i.21 3.3
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Teble 65, {Continued)

Effluent volune Flow rate Hardness
Test Cbserved, Calc., Observed, Cale., Soap, Or. per
Xo. liters gal. see./250 mi. m1./min. m.2 zal.

61 47,25 12,49 39.1 384,0 1.36 375
62 48,25 12,75 38.8 387.0 1.39 Z.8
6% 49,25 13,01 29.3 z82.0 1.32 2.8
64 50.25 15.28 29.8 377.0 1.41 3.9
65 51,25 13,53 39,0 385.0 1.51 4,2
65 52.25 13,80 39,2 383,01 1.66 2.7
672 53,258 14,082 33,08 455,08 1.678 4,78
68 54,25 14,33 - -— 1.5¢ 4.3
69 55,25 14.60 30.0 500.,0 1,49 4.2
70 56425 14,87 51.0 485,0 1.52 4,25
71 §7.25 15.13 30.0 500.0 1.53 4.25
72 58.25 15.40 39,0 385,0 1.59 4,5
73 59,25 15.66 57.0 406,0 1.72 24,9
74 60.25 15.91 - -— 1.74 4,95
75 61,25 16.19 35,0 429.0 1.62 2,7
76 62025 N 16.45 Eaad —— 1081 5.2
77 63,25 16.70 34.0 442.,0 1.75 )
78 84,25 16.98 52,0 283.0 2.13 6.2
79 65.25 17.23 25,0 534.0 2.10 6.1
80 66.25 17.50 47,0 319.0 1.94 5.6
81 87,25 7.77 38,0 295.0 2.18 6.4
82 684,25 18,02 38,0 395.0 2.22 5
83 69.25 18.29 38.8 287.0 2.38 7.0
84 70,25 18,55 37.0 406.0 2.40 7.05
85 71.25 18.81 37.3 2402,0 2.70 8.0
86 72,25 19.09 37.2 404.0 2.65 7.8
87 73,25 19.35 37.0 406,0 2.75 8.15
88 74 .25 19.61 36.5 411.0 3.04 8.1
89 75.25 19.88 36.0 417.0 2,81 8.3

90 76.25 20.14 35,0 417.0 3445 10.4
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Tebles 65. (Continued)

Effluent volume M _H;ar_ég_gg_s_
Test Cbserved, Calec., Observed, Cale., Soap, Gr. per
No. liters gal. sec,/250 ml, ml./min, ml.2 gal.
91 77.25 20.40 38.2 426,0 3.64 11.0
s2 78.25 20.66 56.2 415.0 3.62 10.6
93 C 79.25 20,94 36.0 417.0 3,76 11.35
94 80.25 21.20 35.2 426,0 - —
85 8l.25 21.46 36.8 408,0 3.82 11.55
96 82,25 21,73 3%.0 406,0 — -—
97 83.25 22.00 37 .4 - 402.0 4,16 12.6
88 84,25 22,26 37.6 399.0 - —
99 85,25 22.52 37.0 406,0 4,42 13.45
100 86.25 22,79 37.4 . 402.,0 - ———
101 87,25 23.05 - — 4,52 © 13,75
1028 . BB.,25 23.31 37.2 402.0 - —
103 89.25 23.58 36.5 411.0 4,72 14 .4
104 ' 90,25 23,84 38.2 393.0 - —
108 91.25 24,10 38.0 395.0 4,98 15.2
106 - 92,25 24,38 37.0 406,0 - —
107 83.25 23.64 37.2 404.0 5.02 15,35
108 94.25 24.90 37.0 406.0 - —
109 95.25 25417 37.2 404.0 5.26 16.1
1.10 98.25 25.43 57 02 4’04:.0 — —tma
11 97.25 £25.70 37.0 406.0 5,38 16.5
11z 98.25 25,96 37.2 404.0 - —
113 99,25 26.22 37.0 406,.0 5.34 16,35
114 100.25 26.50 37.0 406.0 — —_—
115 101.25 26477 3648 408,0 5,62 17.2
116 102.85 27.03 37.0 406.0 - —
117 103.25 27429 37.0 406.0 5.92 18,3
118 105.25 27.80 3647 408.0 6.00 18,45
120 106.25 28,07 3642 415.0 - ——
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Table 65, (Continned)

Effluent volume : Flow rate Hardpess
Test Observed, Calc., Observed, Cale., Soap, Gr. perxr
No. liters gal. sec./250 ml, ml./min. ml.2 gel.

izt 107.25 28,33 37.0 406.0 6.42 19.8
i22 108.25 28,60 36.4 412.0 6.04 18.6
123 109.25 - 28,86 37 o4 401.0 6.32 19.4
124 110.25 29,13 40,0 375.0 5,94 18,3
128 111.25 29.40 39.0 385.0 65.04 18,6
126 112.25 29,66 36,8 408,0 6.16 18.0
127 113.25 22.93 36,2 415.0 6.06 18,6
128 114,25 30.20 37,5 400.0 5,90 18.1
129 115.285 30.46 39.0 385,0 5.86 18,0
130 116.235 30,73 38.0° 385.0 S5.92 18.2
151 117.25 31.00 40,5 371.0 6.00

18,45

8pun stopped for four days at this point.
iIncreased rate of flow by opening valve slightly.
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Table 66, Second run for conditioning of fluidized zeolite bed {Run 42)

Effiuent volums Flow rate Hardness
Test Observed, Calc., Observed, Cale,, Soap, Gr. per
No. liters gzal. sec./250 ml. ml./min, ml,2 gal.
1 2.0 0,83 60,0 250,0 0.28 0.4
2 4,0 1.06 38.0 395.0 0.23 0.2
3 6,0 1.59 38,4 391,0 g.22 0.2
4 8.0 2.1l 43,0 349,0 .23 0.2
5 100 2,64 36,0 417,0 0.22 0.2
6 12.0 3.17 37,0 4058.0 0.24 0.2
7 14,0 370 37.0 406.,0 0.21 0.1
8 18.0 4,25 36.8 408,0 0,22 0.2
a 18,6 4,76 38.0 398,0 0.26 0.3
10 20.0 5.28 39.0 385.0 0.22 0.2
11 228.0 5.82 39,8 377.0 0.20 0.1
12 24,0 6,358 41.0 366.0 0.23 0.2
3 26.0 6.88 38.6 379.0 .21 0.1
14 28.0 7.40 42,0 358.0., 0.25 0.3
15 30,0 7.94 39,0 385.0% 0.22 0.2
16 32.0 8446 36.0 407.0 0.22 0.2
17 34,0 8489 36.0 417.0 0.21 0.1
ie 36.0 9.53 36.4 412.0 0.24 0.2
19 38,0 10.03 37.0 406,0 0.21 C.l
20 40,0 10.57 -36.2 415.0 0.23 0.2
21 . 42.0 11.10 37.0 406.0 0.22 0.2
22 44,0 li.62 37.0 406,0 0.24 0.5
23 46.0 12,15 3%.4 38L.0 0.250 0.3
24 48,0 12.69 38.0 395.0 0.27 0.3
25 50.0 13.21 39.0 385.0 0.2% 0.4
25 52.0 13.75 38,0 585,0 0.29 0.4
27 54,0 14,87 3646 410,0 0.30 0.4
28 5640 14.80 37.2 . 404,0 0.31 0.4
29 58.0 15,33 37.3 202,0 0.31 0.4
30 60.0 15.85 38.4 391.0 .30 0.4




~156-

Tahle 66. (Continued)

Zifluent volume Fiow rate Hardness

Test Qbserved, Cale., Obsexrved, Calc., Soap, Gr. per
No. liters gel. ‘see,/250 ml. mi./min. .2 gal,
31 62.0 16.38 39.0 - 385,0 0.35 0.6
32 64.0 16.90 55,8 420,01 0441 0.8
33 66.0 17.44 36.2 415.0 0.38 0.7
34 6£.0 17.97 35.6 422.0 0.40 0.7
35 70.0 18.50 35.0 429.0 0.45 0.9
36 72.0 19.02 35,0 425.0 0.44 0.9
57 74.0 19.52 36.0 417,0 0.49 1.0
38 76.0 20.04 36.2 415.0 0,47 0.9
39 78,0 20.60 3642 . 415.0 0.55 1.2
40 80,0 21.12 37.2 404.0 0.62 1.4
41 82.0 21.65 3644 412.0 0.70 1.7
42 84.0 22,20 37.2 £404.0 0.82 2.0
43 86,0 22,73 36.4 412.0 - 0.94 2.4
44 - 88,0 23,25 36,2 415.0 1.01 2.6
A5 " 90.0 23.78 35.4 424,0 1.17 3.2
46 92,0 24,30 36.3 414.0 1.23 3.4
47 94,0 24.82 37.6 399.0 1.43 4.0
48 96.0 25,37 37.6 399,0 1.60 4.5
49 98,0 25.90 37.0 4£06.0 1.68 4,8
50 100.0 26,40 36.5 411.0 1.92 5.5
51 102,0 26.94 35.4 424.0 2.26 6.6
52 104.0 27.47 3540 429.0 2.71 8.0
53 106.0 28.00 37.6 299,0 3,50 10.55
54 108,0 28,53 32.0 469,0 -— —
55 110.0 29.06 32.0 469.0 3,76 11.2
56 112.0 29.60 53.0 455,0 -— —
57 114.0 30.12 33.4 449,0 4,26 13.0
58 116.0 30.65 33.1 4540 - —
59 118,0 31.20 34.0 441.0 4,44 13.5

&0 120.0 31,79 3440 441.0 | --
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Tebhle 68, (Continued)

Effluent volume Flow rate Hardness
Test Observed, Calc., Observed, Calc., Sozp, Gr. per
No. liters gal. sec./250 ml. ml./min. ml.2  gal.
61 122.0 32.23 34.2 439.0 4,54 13.8
62 124.0 32,78 3.1 440,0 — -—
63 126.0 33,30 33,6 447.0 4,84 14.8
64 128.0 33.82 33.4 4438.0 . 5.18 15.9
65 130.0 34,37 33.5 448.0 5.22 15.95
66 132.0 34,90 33.6 447.0 5.36 16.4
67 134.0 35.40 33.8 444.,0 5.56 17.0
68 136.0 35.95 34.1 440.0 5.84 17.9
69 138.0 - £6.48 34.6 434.0 5.76 17.7
70 140.0 37.00 34.6 434.0 6.04 18.6
71 142.0 37,53 34,7 433,0 6.00 18,45
72 144.0 38,06 35.0 429.0 6.34 i9.5
73 146.0 38.60 35.5 423,0 -— ——
74 148,0 59.10 25,6 422,0 - J—
75 150.0 39.63 35.3 - 426,.0 6.36 19.6
76 152.0 40.20 35.4 424.0 6.46 19.9
77 154.0 40,73 35.2 426.0 6.64 20.4
78 156.0 41.23 35.2 426.0 6.72 20.7
79 158.0 41,76 . 36.2 415.0 6.80 20.95
80 160.0 42,30 36.8 409.0 7.04 21.7
81 162.0 42,83 37.0 406.0 7.20 22,2
82 164.0 = 43.38 36.5 411.0 6.98 21.5
83 166.0 43,90 36.4 412.0 6.68 21.2
84 168.0 44,42 37.0 406,0 7.02 21.6
85 170.0 44,98 37.2 404.0 7.40 21l.4
86 172.0 45,48 57.2 404.0 7.56 23.3
- 87 174,0 46,00 36.4 412.0 7.06 21.8
88 176.0 46,53 37.3 403,0 7.12 21.9
89 178.0 47.05 37.5 400.0 7.50 23.1
90 180.0 47.60 - — 7.44 23,0

irncreased rate of flow by opening valve slightly.
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Table 67, Third run for conditioning of fluidized zeolite bed (Run 43)

Effluent volume M .i.lim__fii
Test OCbserved, Calc., Observed, Cele,, Soap, Gr. per
No. liters gal, sec./250 ml. ml./min. ml.2 gal.
1 3.C 0.79 16.9 887.0 0.28 0.4
2 6.0 1.58 16.7 898.0 0.14 0.0
3 9.0 2.38 18.7 801,04 0.18 0.0
4 12.0 3,17 57.4 401,08 0.18 0.0
5 15.0 3.96 39,0 385,0 0.12 0.0
6 18,0 4.76 39.0 385,0 0.19 0.1
? 21.0 5.55 55.2 426,01 0.16 0.0
8 24,0 6.34 35.6 422,0 0.15 0.0
9 27.0 7.13 35.6 422,0 0.13 0.0
10 5040 7.93 55,5 . 411.0 0.17 0.0
11 33.0 8.72 38.0 395.0 0.12 0.0
12 56.0 9.51 36.0 217,01 0.15 0.0
13 39.0 10.30 35.2 426.0 0.19 0.1
14 42,0 11.10 35.0 422,0 0.14 0.0
15 45,0 11.89 — -_— 0.11 0.0
16 48.0 12.69 24,2 439,01 0.16 0.0
17 51.0 13,48 33,0 455,0 0.20 0.1
18 54.0 14,27 32,8 458,0 0.17 0.0
19 57,0 15,05 32,0 469.0 0.17 0.0
20 60.0 15.85 52,4 464,0 0,14 C.0
21 63.0 16.64 31.8 472,0 0.15 0.0
22 66,0 17.43 54.8 431,08 0.17 0.0
23 69.0 18.21 34.8 431,0 C.20 0.1
24 72.0 15.00 54.8 451,0 0.18 0.1
25 7540 19.80 54,9 430.0 0.18 0.1
26 78,0 20.60 6.4 413,0 017 0.0
2% 81.0 21,40 57.4 401.0 0.15 0.0
28 © 8440 22,18 31.8 472,01 0.21 0.15
29 87.0 22,98 32.2 468,0 0.29 0.4

30 $0.0 23.78 32.4 464,0 0.29 0.4
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Table 67. {Continued}

Effluent volume Flow rate Hardness

Test Observed, Cale., Observed, Calc., Soap, Gr. per
No. liters gzl, see./250 mi. ml./min. ml.8 gal,
31 95.0 24,57 32. £61.0 0.28 Dud
32 96.0 25,37 31.5 477,0 0.38 0.7
33 99,0 26,17 31.4 478.0 0.51 1.1
34 102.0 26,96 31.2 481.0 0.75 1.8
35 105.0 27,76 31.0 484.0 1.22 3.3
z6 108.0 28,55 31.2 481.0 2.12 6.0
37 111.0 29,34 3.1 483,0 2.40 7.05
38 114.0 30,13 31.0 484.0 3.86 11.7
3% 117.0 30.91 33.4 450,08 4,21 12,8
40 120.0 31.70 33.8 4440 2.568 15.2
41 123.0 32,50 34,4 2436,0 2.51 17.4
42 126.0 33,29 34,4 476.0 2.89 16.0
43 129.0 24,09 34.4 436.0 2,93 17.5
44 132.0 54,87 35.0 422.0 3,03 18,2
45 135.0 35.67 35.0 429.0 3.19 18.1
46 138.0 36.46 35.2 426,0 3.15 18.8
47 141.0 37.35 35.6 422.0 3.15 18.8
48 144.0 38,04 36.9 407.0 2.16 18.9
49 147.0 38,83 31.0 485,01 5.20 19.2
50 150.0 39.62 35.8 419,04 2,27 19.58
51 153,0 40.4 36.0 417.0 3.17 19.0
52 156.0 41.2 33.4 450,01 3.35 20.1
53 159.0 42,0 | 53.8 444.,0 3.30 19.8
54 162.0 42.8 34.4 437.0 Z.47 20.8
55 165.0 43,6 34.5 435.0 3.31 19.9
56 168.0 44.4 34,4 £37,0 3.34 20.0
57 171.0 45.2 34,7 453,0 3.44 20.7
58 174.0 46.0 36.4 212.0 3.46 £0.8
59 177.0 46.8 7 233,01 5.47 20.9

4.
60 180.0 47,9 3246 434.0 3.46 20.8
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Tzhle 67. {Continued}

Effiuent volume Flow rate Hardness
Test Observed, Calc., Observed, cale., Soap, Gr. per
No. liters zal. sec./250 ml. ml./min. ml.a gal.
61 183.0 48,4 55,6 422.0 3.55 21.5
62 186.0 49.2 36.0 417.0 3.5% 21.3
63 189.0 50.0 3%, 445,01 5.46 20.8
64 192.0 50.8 33.8 444.0 5.49 21.0
65 195.0 51.5 33.8 2444,0 3.55 21.4
66 19€.0 52.3 34,0 441,0 B.47 20.9
67 201.0 53.1 34,4 437.0 3.56 21.4
68 204.0 53.9 35,0 429.0 3.52 21.2
69 207.0 54,7 35.0 429,0 3.51 21,2
70 210.0 55.5 35.1 430.0 3.50 21.1
71 213.0 56.3 32.7 459,01 5.48 21.0
72 216.0 57.1 33.4 450,0 3.51 21.2
73 219.0 57.9 33,6 447.0 3.50 21.1
74 222.0 58,7 33.0 455,0 3.50 21.1

75 225.0 99.5 -— — 3.55 21l.4

3semples from this point are 25.0 ml. in volume.
dpsereased rate of flow by closing valve slightly.
1tnereased rate of flow by opening valve slightly.
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fines in fluidized hed (Run 44)

Softening capecity at high flow rate with 200 grams zeolite

Effluent volume Flow rate Hardness
Test Cbsexrved, Celc., Cbserved, Cele,, Soeap, Gr. per
To. liters gale sec./250 ml., ml./min. ml.2 gal.
1 3.0 0.7 15.2 986.,0 0.42 0.8
2 8.0 1.58 16.0 837.0 0.71 1.7
3 9.0 2,38 20.8 720.0 0.70 1.7
4 12.0 3.17 20.6 728,0 0.5%9 1.3
S 15.0 3.96 20.6 728.0 0.66 1.6
g 18,0 4,76 20.9 718.0 0.80 2.0
7 21.0 5.55 20.8 ?720.0 0.%4 2.4
8 24,0 Ge34 20.8 720.0 . 1.24 3.7
9 27,0 7.13 21.0 714,0 1.42 3.9
10 30,0 7,93 2l.2 707.0 1.86 5.3
11 33,0 g.72 21.3 704,0 2.25 Be6
12 36,0 9.51 21.5 694.0 1.708 9.7
13 39,0 10.30 22.2 675.0 2.12 12,3
14 42,0 11.10 22.0 681.0 2.46 4.4
15 45,0 11.8% 21.8 688.0 2,75 16.3
16 48,0 12.69 22.0 681.0 2.98 17.8
17 51.0 13.48 21.9 685.,0 3.13 18.8
18 54.0 14.27 21.8 688,0 3.09 18.4
19 57.0 15.05 21.8 688,0 3.29 19.8
20 60,0 15.85 22,0 681,0 3,43 20.6
21 63.0 16.64 22.1 678,0 3,40 20.4
22 66,0 17.43 22,4 669.0 3449 21.0
23 65.0 18.21 22,5 666.0 3.57 21.5
72,0 18.00 23.0 £51.0 3.60 21.7
25 75.0 18.80 20,9 718,0% 3.59 2l.6
26 78.0 20,80 2l.4 700.0 3.58 2l.6
27 8L.0 21.40 £1.5 697.0 3.63 22.0
28 84,0 22.18 21.9 £685,0 3.65 22,0
29 87.0 22,98 22,0 681.0 3.76 22,8
30 80,0 23,78 22.0 681.0 3,77 22,8
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Table 68, {Continued)

Effluent vclune Flow rate Haréness
Test Observed, Cale., QObserved, Cale., Soap, Gr. per
No. liters gal. sec,/250 ml. 1ml./min, ml,2 gal,
31 83.0 24,57 22.0 681.0 3,77 22.8
32 86,0 25.37 224 669.0 3.81 23.0
33 89,0 26,17 21.9 685.0 3.83 23.2
34 22,0 26,96 22.2 675.0 3,73 22,6
35 95.0 27.76 - — 3.84 23.2

8samples from this point zre 25,0 ml. in volume.
itnereased rate of fiow by opening valve slightly.
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Table 69, Softening eapacity at intermediate flow rete with 200 grams
zeolite fines in fluidized bed {Run 45)

Effluent volunme EESELEEEi §§£§§E§§
Test Observed, Calc., Observed, Celc,, Soap, Gr. per
No. liters gal. sec./250 ml. ml,/min. ml,2 gal,
1 3.0 0.79 37.2 404.0 0.42 0.8
2 8.0 1.58 34.6 434,0 0.20 0.1
3 9.0 2.38 35.4 424.0 0.20 0.1
4 12,0 3.17 37,2 404.0 0.19 0.1
5 15.0 3.96 3740 406 .0 O.24 0.2
6 18,0 4,76 3842 293.0 0.32 0.5
7 21.0 5.55 3640 417,0 0.42 0.8
e 24,0 6434 3646 410.,0 0.57 1.3
9 27,0 7.13 35.0 429.0 0.83 2.1
10 20.0 7.93 35,4 424,0 1,30 3.6
11 33,0 8.72 35.4 424,0 2.51 6.8
12 26.0 9,51 33.5 248,01 1.91% 11,0
i3 39.0 10.30 33.8 444.,0 2,48 14,6
14 42,0 - 11.10 54,0 441.0 2,71 16.0
15 45,0 11.89 34,3 438,0 2.01 16.4
16 43,0 12,68 34,8 431,0 3.08 16.8
17 51.0 13,48 35.2 £26.0 3.21 17.6
18 54,0 14,27 32,8 458,0% 3.30 19.8
19 57,0 15,05 33,4 449,0 3.45 20,8
20 60.0 15.85 34,2 439,0 3,41 20,5
21 63.0 16,64 34,7 43%2,0 3.51 21.2
22 66,0 17.43 35.0 429,0 2.49 21.0
23 63,0 18.2L 36.0 417.0 3.54 21.4
24, 72,0 15.00 33,0 £55,0% 5,49 21,0
25 75,0 19.80 34,0 441.0 3.72 22,4
26 78,0 20460 33,4 450,0 2,67 22,2
27 81.0 21.40 34,2 439,0 3.72 22,4
28 84,0 22.18 54,0 441.0 3.73 22,4
29 87.0 22,98 34,5 435,0 3,84 23,2
30 90,0 23,78 34,9 430.0 3.69 22,3
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Table 68, {Continued)

Effluent volume Flow rate Hardness
Test Observed, Cale., Observed, Calc., Soap, Gr. per
Ho. liters gal. sec./250 ml. mi./min. nl.8  gal,
31 93,0 24,57 35.0 429.0 . 8.82 23,1
22 96,0 25,37 T 21,9 471,04 3.61 21.8
33 99,0 26.17 32.4 463,0 5,56 21.4
34 102.0 26.96 52,0 £69.0 3,81 2%.0
35 105.0 27.76 — — 3,77 22.8

8samples from this point are 25,0 ml. in volume.
iincreased rate of flow by opening valve slightly.
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Table 70. Softening capacity at low flow rate with 200 grams zeolite
fines in fluidized bed (Run 46}

Effluent volume Flow rate Hardness
Test Observed, ’ Cale., Cale., Soap, Gr. per
Ko. liters gal. nl,/min. mli.g8 eal.
1 3.15 0.83 70.0 0.452 0.9
2 4.15 lolo ——— 0030 0.4
3 5.15 1.36 - 0.17 0.0
4 6.15 1.62 - 0.14 0.0
S 11.07 2.92 41.0 0.16. 0.0
6 13.69 3462 32,8 0.15 0.0
7 14,72 5,89 17.2 0.18 0.C
8 19,17 5.06 12,9 0.17 0.0
j 27.73 7.32 11.4 0.18 0.0
10 31l.11 8.22 16.1 0.41 C.8
11 32.21 8.51 — 1.03 2,7
12 33.% 80 78 - 1017 5-1
13 34. 24 9 . 05 Rantnd 1043 4 Y 0
14 34.95 S.23 12.8 1.78 5.1
15 35.62 9.40 6.4 1.90 5.5
is 36,97 9.68 4,5 2,13 6.2
17 57 .47 8.90 1.6 3.59 10.8
18 38,34 10.12 — 4.42 13.4

8211 samples were taken from the mixed volume increments, ané hence should
be plotted at midpoints of volume increments.
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.Softening capacity at intermediate flow rate in fluidized bed
with two plates holdinz 200 zrams zeolite fines each {Run 47)

Effluent volune EEEE;EEEE EEEEE?EE
Test QObserved, Czlc., Observed, Calc., Soap, Gr. per
No. liters zal. sec./250 mi. ml./min. ml.2  gal.
1 3.0 0.7S 31.0 484.0 0.34 0.5
2 6.0 1.58 32.0 469,04 0.27 0.3
3 3.0 2,38 23, 447,09 0.14 0.0
4 12.0 3.17 35.8 419.0 0,17 0.0
5 15.0 2,96 3642 415.0 0.18 0.0
8 18.0 4,76 35.4 424.0 0.185 0.0
7 21.0 5.55 24.8 £31.0 0.15 0.0
8 26,0 6434 36,7 209,04 0.18 0.05
9 27.0 7.13 56.0 417.0 0.19 0.05
10 50.0 7.93 27.0 406,0 0.19 0.05
11 53.0 8.72 %6.6 410.0 0.19 0.05
12 36,0 9.51 37.0 206,0 0.18 0.0
13 39,0 16.30 35.1 428,0 0.19 0.05
14 42,0 11.10 36.4 412.0 0.28 0.4
15 45,0 11.89 %5.8 418.0 0.28 0.4
16 48,0 12.69 37.7 398.0 .35 0.6
17 51.0 15.48 37.5 200,01 0.41 0.8 °
18 54,0 14.27 45.0 334,09 0.45 0.9
19 57.0 15.05 30.5 ag2,01 0.98 2,55
20 60.0 15.85 39.6 379,04 1.45 4,0
21 63.0 16.64 43,0 349,0 1.98 5.7
22 66.0 17.43 47,0 %19.0 2,82 g.4
23 69.0 18,21 36.8 £08.0 2,10 12,2
2% 72,0 19.00 35.4 391.0 2.40 4.1
25 75,0 15.80 45,0 334,0 2,34 13,7
26 78,0 £0:60 40.0 375.0 2,58 15.2
27 81.0 21,40 26.0 417.0 2.86 17.0
28 84,0 22,19 47.0 519.0 3.08 18.4
29 87.0 22,98 50.0 300.0 3,21 19.2
30 90.0 23,78 40,0 375.0 3,49 21.0
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Table 71. {Continued)

Effluent volume Flow rate Herdness
Test Observed, Calc., Observed, Calce., Soap, Gr, Ter
%0, liters gal. sec./250 mi. mi./min, ml, 8 gal.
3 93.0 24,57 5C.0 300.0 360 21.7
32 86.0 R5.37 50.0 300.0 3,58 21.6
33 99,0 26.17 45,0 334,0 3.61 21.8
34 102.0 26.96 45.0 334.0 3.60 21,7
25 105.0 27,76 37.0 406,.0 Z.68 22.1

8semples from this point are 25.0 El. ia volume,
@pecreased rate of flow by closing vaive slightly.
irnereased rate of flow by operning valve slightly.
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Open vert for
chargings zeolite.

Open end

inclined

manometer. B
1 in, std. pipe,
3 feet long.

l To calibrated receiver
for water rate deter-
mination, or to drain.

2 in. std. pyrex glass
pipe, 5 feet long.
€ inch, 20 gape sheet metsal,
2 ineh upper flange,
1/2 inch lower nipple.
Tap water —+ L 4 0

Fig. 27. Experimental spparatus for fluidization of zeolite fines bed.
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D. Beaded Zeolite Cation Exchanger

A preliminary study was made to determine the feasibility of pro-
ducing the synthetic gel-type zeolite in a beaded form. It was believed
that such a material would have better physical properties, such as
resistance to mechanical attrition, and possibly higher capacity than

the ordinary gramilsr zeolite exchanger.

1. General prepsration procedure

It was believed that the prineciples Iinvolved in meking beaded
catalyst for the TCC Process for cracking petroleunm oils (301} could be
utilized in msking a beaded sluminosilicate zeolite catlion exchanger,
Accordingly, the following operations were involved in this preparation:

a. Prepare a gel from sodium aluminate and sodium silicate,

b. Transfer the gel before, during, or after initial setting to

an inert medium to form spherical droplets of the soft gel,

¢. Provide sufficient time in the inert medium for the gel to

become stiff.

d. Remove soft beads from inert medium and &ry.

e. Temper dried beads to reliseve strains set up in the drying

operation,

2, Experimental preparation of exchanger

The gel was prepaied by nmixing squaliportions of 0.247 molar sodium
aluminate and 1.48 molar sodium silicate solutions. This resulted in a

gel with a six to one 8102/A1203 retio and & setting time of 90 to 100
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seconds.

Various inert media were used, including petroleum ether, distiliate
No. 2, a heavy mineral oil, glycerin, and alcohol., The glycerin proved
to be the be'st for laboratory scale worke.

Although several procedures were found to be successful in preparing
the soft beads of gel, the most convenient method for the preparation of
small batches was as follows: A standard one inch pyrex pipe, two feet
in length, was filled with the mineral oil to within a few inckes of the
top {held in a vertical position and rubber-stoppered at the bottom)., The
sodium aluminate and sodium silicate solutions were gquickly mixed in a
beaker and then added dropwise to the mineral oil in the pyrex pipe.
Approximately 20 ml, of reactants could be added before the first beads
reached the bottom of the pipe. The top of the pipe was then stoppered
and turned end over end to keep the beads in suspension until sufficient
time was allowed for setting into a stiff gel. The suspended beads were
then poured out into flat enameled pans, after which they were separated
from the oll by filtration through coarse filter paper by gravity.

Modifications iﬁ procedure gave beads of different physical proper~
ties. Typical examples are as follows:

a, Preheating the mineral oil to 70°C. geve a faster setting time
in the inert medium, and resulted in better beads, Preheating
the reactants was not practical for laboratory work, because
it gave insufficient time for thoroughly mixing reactants before

initiael setting time,
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b, The size of the beads varied with the rate of pouring reactants
into inert medium. It was found that beads with an initiel
diameter of spproximatsly one~eighth inch were preferable.

Several nmethods of drying the beaded ex_ehanger were Investigated,

The drying operation was a very critical step, becanse of the large
decrease in volume as the gel, containing over 90 per cent water initislly,
was debydrated. It is believed that many strains are set up during this
operation. Hethods of drying included the following:

a. Alr drying geve some beads with apparently good physical proper-
ties, but a high percentage of the beads cracked during the
operation.

b. A single bead was dried in a vacuum over a water atmosphere
until it reduced in size from one-half to one-eighth inch
diameter. TFurther drying in the air caused it to crack. The
undried core had a white, translucent color, whereas the outer
part {two-thirds of the disténce to the center) was perfectly
transparent and very hard,

¢. Batches were dried in an :msug\flted, electrically heated box, in
which a2 high humidity wes maintained by the use of a saturated
solution of ammonium sulfate. Drying temperatures ranging from
room temperature to 150°C. were satlsfactory, and gave the
desired slow drving.

d. Beads, with oil still on the surface, were placed in ethyl
alcohol to remove water and possibly the mineral oil also, The

beads became more clear in color and higher in strength within
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a few minutos. However, the resulting beads could not be air
dried, becanse the alcohol sveporated so rapidly that the beads
cracked in the operation,
The beaded product wes transperent for sizes of 1/32 inech or smsller
in dizmeter. The larger beads were translucent, indicating incomplete

drying in the core.
3. Results

Satisfactory beaded foram for the alumino-silicate zeolite exchanger
was obtained by several procedures, However, very Slow rates of drying
under controlled conditions were necessary.

Since small batches of only a few grams each were produced in these
preliminary studies, the stétic tests on softening capacity were incon-
clusive, Running them side by side with a Doucil sample {a granular
synthetic gel zeolite), tineir exchange capacities were approximately
10 per cent lower than that of Doucil, However, this was very encour-
aging, considering the fact that some residual mineral oil was apparently
on the beaded samples, There is every reason to expect that Pfurther work
on these bsaded materials will result in higher softening capacities, in
addition to better physical properties, than possessed.by the standard
granular zeolite. Although the inorganic zeclite exchanger has lost much
of its importance because of the acid-resistant resins, nevertheless, it
maintains a position in the water softening field.

Production of & beaded ezchanger on a commercial scale in continuous

operation should be simpler than batechwise in the laboratory. Better
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control of the dry conditions in z continuous system is anticipated,
Likewise, it should be nocted that the settinz time can be conbtrolled by
the concentrations of the reactants., Whereas a setting time of 90 to
100 seconds is required for laboratory manipulaetion, a large secale,
continucus plant could operate on a setting tims of a few seconds. This
short period of time can be attained by temperature and conceantration

.adjustments.

E. Process for Copper Production

The economies of using ion exchange resins in most metallurgical
processes ¢an be guestioned. However, a process hes been developed for
copper production, which merits serious consideration. It consists
essentially of three steps, namely, (1) leaching of ore with dilute
sulfurcus acid, (2) concentrating and separating from ‘impuritiesvby means
of cation exchange resin, and (3) acid recycling from electrolytic cells

for use in eluting copper from the exchanger beds.

1. Leaching of ore

Although there may be many types of ores that could be used in this
process, this study was limited to a consideration of the low grade
oxidize.d copper ores, which contain one per cent or less of corper., There
is considerable data available on the leaching operations of these ores.
The following information was obtained from Booth Engineers, Salt Lake

City, (49):



~188-

The informaticn I have available moy not be sufficient for your
requirements becsuse of the fact thay my method of lezching the
copper ore is probably not the rmost desirzble leaching method
when the solutions are to be used with Cation Exchange Materizls
or electrolytic precipitation, ZPractieally =11 my leaching
experiments have been done on -20 mesh material, It is well
Inown that this particular ore can be leached with weak suiphuric
acid solution at -3/8 inch crushing, I have some information
on work of this sort deme by others on the deslimed -3/16 inch
mzteriel end some solution analysis under these conditions.
Attached to this letter is some information utilizing this type
of treatment and showing amnalysis of solutions sesulting from
the treatment of -65 mesh materiel and -3/6 inck #£65 mesh, It
is possible that you could arrive at a synthetic solution made
up in asccordance with the solution snalysis as shown cn this
work. Since the fine ore represented 1G.5% of the original ore,
the solution resulting from the fine oxe treatment should beer
this reletionship to the solution resuliing from the deslimed
Ccoarse ore.

In the work that I have dome on this ore, complete solution
analysis were not obtained, but in acié treating -20 mesh ore
agitated for four hrs, S0.2% of the copper was dissolved and
the resulting solutions contained 0.405 greus Al Qs‘ per liter
and 0,36 grams Fe per liter, the leaching was done in a 3 to
1.pulp and by calenlation the sclution should have contaired
2.7 grams copper per liter. This was a botile agltation
lesaching test and the leaching solution at the start contained
26.6 1lbs H5S0, per ton of soluticn, .t the ené of the treat-
ment the solution titrated 10.0 1bs. EpSO, so thet 49.8 1lbs,
HgS04 were consumed per ton of ore treated.

Any yrocess of practicel consideration on this ore would have

to provide for low acid consumption, possibly =z net acid con-

sumption of from 18 to 25 1lbs of H_SO, per ton of ore treated
< X 2774

would be of intereste.

Coarse Ore Leaching Treceded by Deslimine - Por these tests, the
1/2% meterial was crushed to pass a 2/167 screen, The mimus
~-65~ mesh meteris) was screened out, somewhat duplicating the
deslinming operaticn which generally precedes coarse ore leaching.
A screen-~assay enalysis follows:

Size of Haterial Height % Copper % Total Cu %
3/16" =65 mesh 89,05 0.67 8l.5

iinus 55 mesh 1C.95 1.23 18,5
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The pius~65-mesh material was lesched with 4.40 percent Eés 40
and the results are in Table 1.

TABLE 1 - LECEING OF QXIDE COARSE ORE WITH DILUTE SULFURIC

)3
ACID PTER DESLIMING

Asrated Mot Aerated

lLeaching Tiume ' - 1 day 1 day
Lbs. HyS0, consumed/ton of cre - 25.72 27.64
Lbs. HpSO,/1be Cu in solution 2.43 2,71
Total Cu in solution-Fercent 80.64 77,59
Leaching Time 2 days 2 days
Lbs. H_SO,/ton of ore 29,60 31.52
Lbs. H5SC,./1b. Cu in solution 2.85 3.00
Total Cu in solutiom-Tercent 7¢.12 80,03
Leaching tiae 3 days 3 deys
Lbs. H,S0, consumed/ton of ore 25,33 30,36
Lbs. E;SC,/1b. Cu. in solution 2.27 2.86
Total Cu %n solution-Fercent 84,90 80,64

A secreen-assay analysis of the tzilings from the three-day
coarse ore aerated leaching test is given in Table 2, The high
Cu content of the minus-100-mesh material is probably due to
poor washing,

TABLE 2 - SCREEN¥ASSAY ANALYSIS OF COARSE ORE TAILINGS AFTHR
LEACHING %ITE DILUTZ SULFHURIC ACID

Yielsht-Percent Total Cu
Size Product Direct Cumulstive Cu Percent Percent
3/16™ = 10 mesh 70.0 ° 70.0 0.10 61.0
10 - 20 mesh 14.3 84.3 0.12 14.8
20 ~ 100 mesh 9.6 93.9 0.10 8.4
Iinus 100 mesh 6.1 100.0 0.30 15.8

Low HpS0, consumption in coarse ore leaching is due to low iron
solution as shown agein by comperison of leach solution anzlyses
in Table 3,
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TiBLE 3 - COMPARISCH CF IZACH CQLUTION ANALYSES WITH
COARSE ORE AND FINZ ORE LEACEING.

Teslined Coarse
Ore, Leached 3
Fine Ore Days with ZLeration

Lezch solution 32804-Percent 4,52 4,40
Total Cu ia solution-Percent 82,33 84,90
EpS0, consumption Ibs./ton of

Ore by titration method 60.80 28,33
HpS0, consumption Lbs./Lb. Cu

In solution 4,83 2,27
Cu in solution-Percent 0.315 0,279
Cal in solution~Percent 0.070 0,050
A1205 in solution-Psrcent 0.104 0,100
Iron in sclution-Percent 0.640 0,070

in ore sample also was cobtained from Booth Zngineers, It was crushed
ané screensd to -20 + 35 mesh. A series of samples were leachsed with
sulfuric acid ranging in conecentrstions from 0,75 to 2,00 per ceat by
weight, The leaching device consisted of a rack with bottles turned by
2 small electric motor with a2 reducer to sive a speed of approximately
20 r.p.m. The leachirg periods ranged from one to three days, The
longer leaching pericds and hizher acid concentrations leached out
slichtly higher percentages of the copper. The pi of the final leech
solutions are given in Figure 43, These values were higher than those
reported in the literature, which nay be due to the buffering action of
carbonetes frox the orés fmhis ore sample contained on a weight basis the
following:

An 4 Tot=l Cu Ox. Cu Fe Cad  Hg0 s
0.003 0.02  1.01 0.81 2.9 0.28 0.51 0.86

It wae found that exeellent leaching of itkis ore could alsc be
done with sulfurous acid, A dilute sulfurous acid solution of 0.233 K

was made by bubbling cylinder SO2 through water. A4 60 gram ore sample



was leached for five hours with 130 ml, of the 0.833 N sulfurous acid.
The leach soiution emaiyzed Z040 opi conmer (0.704 per cent], and zave a
2.6 pH readinz., Thus, slightly ov-.r 65 ner cent of the copper in the

ore was leached out with this dilute acisg,

2. Concentration arnéd purificaticn by catlon excharce

A synthetic leach effluent, ccontaining 0,30 per cent copper, was
passed throursh a bed of F-Dow ¥MX{Super) cation exchance resin. “hen the
effluent showed & colcr change from colorless to faint blue the resin
was assumed exhausted., The a2bsorbed copper weg eluted from the resin with
a 10 per cent sulfuric acid soiluntion. The major portion of the orisinal
copper was ccucentrated in the effluent as appreoximately € rer cent copper
sulfate. FHence, the copper concentration was increased nearly twenty-seven
fold over the criginal concentration of the synthetic leach solutien,

The main impurities leached out with the copper from the ore are
magresium, iron acd aluéinum. There is tie possibility that ion exchenge
can separate 2 consideregble amount of these impurities fror coprer. This
can be shown more clearly after the date in the following sections on in-
terfering ions, equilibrium and column distribution of cations have been

considered.

3. Tolerance for interfering ions

A study was nade to determine the concentretion of impurities
{interfering ions} that cculd be tolersted in = copper leach solution,
without materially reducing the exchanwer capacity for copper. A series

of synthetic test solutions were made up, using mixtures of copper ané
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10 ml. sample of I=Dow 1T7(Super),

which was asitated in 2 water solution by an electric stirrer. A2 period

of time was allowed after each addition for exchange to reach eguilibrium,

An inéicator of potassium ferro-cyanide was used. o determine the presence

»

D

of any residual copper in the solution. Yhen copper was indicated ir the

[

solution after a ten iinute period of continuous stirrinsz without tes

3

1o

aécitions, the run was terminated. Xuns 48, 49, and 50, together witi

Tables 73 through 78, list the experimenial datz and calculated resuits

In general, sluminuz causes the greatest magnesium intermediate,
and ferrous iron tie isast lcterferecnce,upon the exchanze capacity for
copper alone, As shown on Figure 45, the zmount of interference levels
off at the higher percentages of interfering ions. The inperferenee
by magnpesium becormes practically constant for 10 per ceat or hicher mas-
nesiun, Aluminun interference levels off st 20 per cent, wheress ferrous

1

H

on appears to level off zt 30 per cent, if at all. The percentages of
interferinz lons ere better corrsisted on & mol basis, as shown on Fisure

46.

?

It is intercsting to note that at hish vercentages of interferin

¥

icns, a2luminum is definitely the most troubiesome. However, at low ver-
centares, it beccies the least troublesome. The transition peint for thais

chenomenon occurs at approxiimtely 21 mol rer cent of interfering ion.

O
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The effects from all three lons are 2bout egual at this point.

4, Copper euuiliorius studies

In order to learn more concernins the nreperties of coprer in rela-

tion t¢ ion exchange, an equilibrium study was made, The agztatl on by

Y -

N

tusbling of samples, af described for the nickel eguilibrium studies, was

used to cstablish eguilibrium of the copper chloride solution and MNa-"eo0-

ifter equilibrium had been esteblished, the effluent solution wes
analyzed for copper colorimetrically. &4 nethod based on the formetion of
the cuprammonium complex was used. The cooper chloride equilibrium solu-

%

tion sample was messured intc a clean, dry beaker and sm eocual portion
of 1.0 X ammoniuvn hydroxide solution was added. This provided an exceasss
of emmonium ions over that cemplexed with the coppef present at these low
concentrations. Fhctolometer readinzs were taken, and used to obioin

N

the copper concentration in ppm from a calibraticon curve. A typical cali-

-

bration eurve for this method is shown on F igure &,

4s in the nickel equilibrium studises, a straight correlaticn was
obtzined by plctting the copper te sodium ratio ir sclution against !
corper to sodium ratio iﬁ the solié exchanzer on log-log naper. Likewise,
the correlstion could be made on a basis of active molar, molar, or weilcht
ratios with egqual facility. These>correlations are shown on Figure 42,
Arain, as in the case ef nickel, the exchan~ir hes a greater «ffinity for
the copper than for the sodiwz. This is shown by the fact that the slope
of the straight line plot Tor the active molar retios is 1.21, which ecuals

tha power p of the copper to sodium ratio irn the solution. Thus, in com~
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parison with Walton's reported values for the alksli metal and alkaline
earth cations, it can be seen that the exehangers have a much greater
affinity for the copper. In comparison with nickel, using the power p
es an index of exchanger affinity for a given cation, it is evident that

nickel would be held more strongly than copper by a cation exchange resin.

5. Distribution of copper and calcium in exchanser bed

Data were obtained on the distribution of copper and calcium In an
Amberlite IR-100 tower bed, as shown in Tables 81 ané 82, ZIZquimolar
concentrations of copper ¢hloride and ecslcium chloride (or 63.6 per ceut
copper agd 36.4 per cent calcium on & weizht basis of the cations) were
fed to the column. It can be seen graphically in Figure 49 that the copper
wes distributed down the bed, ranging from 10.6 at the top to 0.8 nag.
copper per c¢. resin at the bottom. It should be noted that the average
concentration for each of five bed sections has beern plotted. ‘Hence, a
differential portion of the bed at the top should contain as much as 12 mg,
per cc., and at the bottom very little, if any, copper. This latter
point is verified by the fact that no trace of copper was detected in the
effivent during the column rTun,

The copper has concentrated iﬁ the top of the tower as approximately
80 to 85% of the total cations by weight. On an equivalent basis,

Table 82 indicates that the copper has concentrated from an original 1:1
ratio with the calcium to a 3.08 ratio when the column was shut down.
Likewise, the calciun has concentrated in the bottom of the tower to a

7.18 equivalent ratio of caleium to copper.



«~195~

6. Discussion or propcsed process for copper production

The unigue advantages and possibilities of this copper produection

process are appsrent after a2 considerstion of the data presentsd in this

section. These points can be summarized as follows:

e

be.

Ce

The_acid conswiption is not =s critical as Por the standard sul-
fﬁric acid lesching process, due to thke use of chesp sulfurous
acid, Such acid could be mede available with a minimmm of equip~
ment at sulfite smelting plants.

Egaching with dilute acid is no disadvantage in a cation exchange
process, because the final solution concentration is dependent
upon elution technigues rather than originel concentration. On

the other hand, there is a lower economiczal limit for acid concsn~

‘tration in the standard leaching processes, since costly evapora=~

tion must be used to remove the water from the dilute acid.

Smaller amounts of impurities zre leached out by the use of

" weaker acids, which give less trouble in the purification steps

do

Ce

for electrolytic refining.

There are many indications that cation exchange upon a copper
solution, containing magnesium, iron, snd eluminum impurities, will
effect a further purification of the copper. Igquilibrium and
column studies both support this point.

Jation exchange concentrates the copper leach effluent such that

no evaporation is required, regerdless of the strength of leaching

acid,
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. Recycle acid from electrolytic cells, even with copper in it, can
. be used for elution of the exchanger to give an even stronger
copper nakeup sSolution.

It must be emphasized, however, that many points must be tested ex-
perimentelly before this process can be considered practical. These in-
clude such items as exchanger life, residual copper on exchanger beds,
more detailed study on the effects of impurities, elution techniques, and

corrosion of sulfurous acid ané sulfite solutionc.



Table 73, Interference Ly magnesium upon exchange capacity for copper (Run 48)

Test solutionP

Tost Resin sample, — ¢u/Ve ratio Magnesium content Nesin capseity®

o, ml 2 Veight Yolar Wb G Mol % Vol. soln., ml,

1 10.0 0.31 0.,1175 76,32 89,40 14,0

2 10.0 4,00 1,517 : 20,00 29,75 14,0

3 10.0 5,00 1,896 : 16.67 74,54 14.0

4 10.0 6,00 A.075 14,28 40,52 14,0

5 10.0 7.00 2,654 12.50 27.35 14,0

6 10,0 8400 3,054 11.11 24,78 14,0 b
7 _ " 1040 24,00 Oe4)4 10,00 2267 14.2 3
8 10.0 . 10,00 3.792 9.09 20,87 16,5

9 10.0 20,00 7.584 4,76 11.64 20,0

10 10,0 40,00 15,170 1.60 6.18 20,0
11 10,0 100,00 47,920 0.99 2,57 20.3

aExohan;;;e resin volume measured under water in a graduated cylinder.

bCopper concentration held constant ot 2,00 per cent by welpht throushout run,

Spased on "broak-throuzh™ point of deteeting copper in solution (aftor ntirring 10 minutoes) by ure
of potassium ferrocywenide test,



Table 74,

Interference by iron upon exchange capscity for copper (Run 49)

ot o

Test solutiond

-~

Tost Resin sauple, (u/te ratio . Iron content Resin capacity®
HNo. 0.8 Violght Holar Vte % Mol 5 Vol. soln,, ml,
1 10,0 1.0 0.878 50,00 55,20 5a0
2 10,0 5.0 4,390 16,67 18,54 20,5
3 10.0 20,0 17,57 4,76 5,38 26,0
4 10,0 25,0 21,95 3,85 4,36 29,5
5 10,0 3060 26,34 3,28 3.66 27.0
6 10.0 40,0 35414 1.G0 2,77 29,5

nxchange resin volume moasured undey water in a gradunted oylinder,

bCopper concentration held constunt at 2,00 per cent by weisht throupghout run,

Chased on "hroak-through' point of detecting covper in solution (after stirring 10 minutes) by use

of potassium ferrocyanide tost,

-g6T-



Table 75. Interference by aluminum upon exchsnpme capzcity for copper (Run 50)
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Table 76, Caloulated results for interference by magnesium
upon exchanme capacity for copper (Run 48)

aseos A J . et
Soorass b o pre ot v s yondeoy

Test Woinht exchunge Molar exchango o fquivalent exchonce Total. exchange,
No. Cu*t, g. Hgtt,.g. Cutt, miliimols Mett, millimols cutt, meq.  ¥et*, meq.  Cu't + Mz*', meo,

0,2800 0.9020 4,409 37,090 8,810 74,180 82,990

1

2 0,2800  ° 0,0700  4.405 2,881 8,810 5,762 14,572

] 0.2800 ° 0,066) 4,405 2,507 8,510 4,614 15,424

4 0,2600 ° 0.,0466 4,405 1,918 8,610 3,830 12,640

5 0.2800 ° 0.0400 4,405 1.645 8,810 3,290 12,100

6 0.,2800  0.,0851 4,405 1.445 8,810 2,806 11,696 &
7 0, 26840 0.08L5 4,470 1,296 8,940 2,502 11,522 o]
8 0.3300 0.0528 5,190 1,248 10,380 2,696 13,076 !
9 0.4000 0.,0200 6,285 0.825 12,570 1.646 14,216
10 0,4000 0.,0070 6,285 0.208 12,570 0,576 13,146

11 0,4060 0.00%0 6,380 0,125 12,760 0,246 13,006




able 77,

upon exehan:a capncity Tor copner (Run 49)

Calculsted resulte for interference by iron

-

———

Test Jieleht oxchango - Molaxr exchanpe quivalent exchango Total exchange,
No. Cu*t, g TFeott, g, Cit*, millimols Te*?*, millimols Cu**, mea., Te**, mey, Cu** + Fe**, nmoq,
1 0.5000 0.3000 4,723 5,370 9,446 10,740 204186
2 0.4:1.00 0.,0820 6.452 1,469 12,904 2,938 15,842
3 0, 5200 0,0260 8,180 0,466 16,%60 0,932 17.292
4 045900 0.0240 9,280 0,429 18,560 0,858 19.418
) 00,5400 0,0178 8,495 0,319 16,990 0.638 17.628
6 0.5900 0,0090 9,280 0.161 18,560 0,322 le,882




Table 78,

upon oxchanuy capacity for coprer {(un 50)

Caleulated reosults for interference by aluminum

apartrnrores sva
e

e e
- v

vr

Tost Voirht exchange Molar exchonge houivelent exchange Total exchanpe,
No, Cu**t, g. Al**t, g, Cutt, millimols Fe***, millimols cCu**, mea, 7Ye***, meq.s Cut* + AL**++ nmeq,
1 0.1320 041320 2:070 4,890 4,150 14,670 18,820
2 0,1560 0,0390 2e454 l.444 4,908 4,332 9.240
3 0.,4000 0,0270 642085 1,000 12,670 3,000 15,670
4 04700 0,083%0 74390 0,852 14,780 2,556 17.336
S 0.,4900 0.0200 7715 0,741, 15.430 2e 223 17,653
6 0,9H100 0.0170 8,024 0.6%0 16,048 1,890 17,938




Table 79. Equilibrium of copper chloride solution with Na-Yeo~-Karb (Run 51)8

) Vol. of Before oxchange
Weight of CuCly Na in Cut*in At exchanze oguilibriumd
Test Na-Zeo-Xarb soJuLlon, « exchonger, solution, In exchanger In solution
No. g.b ml,° mneq. neq. Na, meq., Cu, meq, MNa*, meq. Ouvu++, meq,®
1 04500 100,0 0,65 2,048 0,083 0.569 0.569 1.479
2 1,000 10040 1.30 2.048 0,297 1,003 1,003 1.045
3 2,000 100,0 2.60 2,048 1.010 1.590 1.690 0.458
4 4,000 100,0 5.20 2,048 5.267 1,933 1,933 0,115
5} 6,000 100,0 7.80 2,048 5,818 1.982 1.082 - 0.066

~a0g-

a“amples tumbled in 260 ml. stoppored bottle for 20 minutes,

bNa-veo-Karb contained 0,0299 grams exchangoable sodium por gram dry exchanger,
Cstandard CuCl, solutlon contuined 651 p.p.m. of coppoer.

quuivalont etohango agsumed botween sodium and coppor.

Copper in solution determined colorimetrically by cupranmmonium complex method.



Table 80, ddguilibrium correlation of copper chloride solution with Na-Zeo-Kerb (Run 51)

M SawIePr R AN

Active molar ratios

Welght ratios Molaxr ratlos .
Tost Activity coefficients In exchanrer In solution In exchanger In solution In exchanper? In solution
No. Cut+ Na* Cu/Na ou*+/Na* Cu/Na cut*/Ra* ou/(Na)2  egut+/aNg
1 04740 0,853 9.73 34590 3,520 1,300 43,30 331.3
A 0,746 0,858 4,66 l.444 1.688 0.522 H.68 53.7
3 0.756 0.864 2,18 04398 0.787 0,144 0.781 9.17
4 0.763 0.869 0.82 0.082 0.296 0,030 0.0205 1.55
5 0,763 0,870 0,47 0.046 0,170 0,017 0.0283 0.85

et e

Bactivity covfficients caleuloted by RDebye-Huckel ecuation, with corroction for ionic size,
Ratio in exchanger colid based on total millimols of nickel and sodium,

~503-
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Teble 81, Removali of covper and czlicium from egulmolar chloride

.

soilution by tower bed of Amberlite IR-100 {Run 32} 2

Lumilsative Vol. .0993 N.

volume of NaQE for Copper in Caleium in effluent
Test ef{luent, 50 mi. ef?,, effluent, Soap, Calcinm,
0. mls mls meq,b m.,t mg.
1 100 2.20 0.0 0.40 1.10
2 200 2,79 0.0 0.40 1.10
3 300 2.75 0.0 0.30 0.63
4 400 2.75 0.0 0.30 0.65
S 500 2,75 0.0 0,20 0.0
6 600 3.00 0,0 0.20 0.0
7 700 2.65 0.0 0.20 0.0
'8 817 2.80 0.0 0.20 0.0
g s27 2.7% 0.0 0.20 0.0
10 1032 2.79 0.0 0.20 0,0
11 1132 2.77 0.0 0.1¢ 0.0
i2 1232 2.87 0.0 0.20 0.0
13 1332 3.38 0.0 0.20 0.0
14 1452 2.85 0.0 0.20 0.0
15 1532 3.00 0.0 0.18 0.0
16 163z 2,81 0.0 0,21 0.0
17 1732 2.85 0.0 0.20 0.0
18 1832 2.89 0.0 0.19 0.0
IR 1933 2,80 0.0 0.20 0.0
20 2033 2.85 0.0 0.1° 0.0
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Table 81 {continued)

|

R —————s e e —— e e—
m——————— e e

Cumlative Vol. 0595 N,

voiume of Kal0E for Copper in Caleium in effluent
Test effluent, 50 mi. eif., effluent, Soapé Caleium,
Ho. ml. ml, meq, b ml. me.d
21 2141 - . 2.89 0.0 0.19 0.0
22 2244 2.82 0.0 0.20 0.0
23 2344 2.8C 0.0 0.20 0.0
24 2444 2.86 0.0 .17 0.0
25 2544 2.80 0.0 0.17 0.0
26 2644 2.50 0.0 0.20 0.0
27 2744 2.88 0.0 0.17 C.0
28 2844 2.85 0.0 0.18 0.0
29 2954 2.93 0.0 0.16 0.0
30 3061 2,94 0.0 0.17 0.0
31 3176 2.90 0.0 .17 0.0
32 3286 2.89 0.0 0.30 0.63
33 3386 2.86 0.0 0.32 0.68
34 3485 2,75 0.0 0.50 1.58
33 3575 2.54 0.0 0.59 2.03

8Feed solution comtained Z.40 mec. each of CuClg and CaClg per liter.
DurPluent tested colorimetrically for copper.

Cstandard soap test un 50 ml. sample.

9Calcium content in 100 ml. imerement of efflucnt.



Table 82,

Distribution of copper and ealeium in Amberlite IR-100 tower bed (Run 53)

-

Height of Vol. of ‘fotal vol. of

Section section, scetion, HC1 wash,® Copper distributiond Calcium distribution®
No,P in. cc. ml., PePom, nea.,  me. Soap, ml, meaq, mer,

1 1.30 6,85 51,0 145,0 2.8 72,5 1.50 0,74 14.8

2 1.20 6439 47.0 100,0 1.70 54,0 1,39 0.66 12,2

3 1.25 6459 49,0 108,0 1.70 54,0 146 l.24 24,8

4 1.90 10,00 74,0 77.0 1.21 38,5 1.86 1.14 22,8

H 1.26 6,59 49,0 10.5 0417 He2 0.73 122 24,4
Total 6.90 36,36 270,0 —— 7.06 224,2 - 5,00 100.0

8reod solution, containing 3.40 meq, each of CuClg and CaClg per liter, was pasced throurh column

until caleium appeared in effluent at
brirat section is at top of column,
°Wash, or regeneration, HCL was 0,0902 in normality,
dCopper determined coloximetrically in wash solution,

35

75 ml.

8Calcium determined by soap titration, with correction for presonce of CuClg.
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P. Purification of Phenol Wastes

One of the common applications of anion exchange resins is for the
removal of traces of inorganic secids from various solutions., The
possibility of removing the weakly-acidic phenmols from waste solutions by
anion exchange was considered. Such a recovery of phenol might pay for
part or all of the expenses normally incurred in preventing stream pollu~

tion, and the like, by phenol around coke ovens and refineries.

1. Laboratory investigétions

Preliminary studies were made on the adsorption of phenol, utilizing
Amberlite IR-4 of Resinous Products & Chemical Company and A-2 oflChehical
Process Company. Unfortunstely, neither exchanger possessed basic proper-
ties of sufficient strength to effectively remove phenol from solutions.

Using é 3 gram sample of Amberlite IR-4, increment volumes of a
200 ppm synthetic phenol solution were added according to the standard
statie test procedure. The pE readings of this run are shown on Figure 50.
The pH values indicate partial removal of the phenol, This was verified
by withdrawing a sample for analysis, The total capacity of this run was
quite high, being 0,234 grams of phennl per gram of resin. However, at no
time in the run was complete removal of phenol effected. A4 bed operation
was then tried, in the hopes that leakage of the phenol through the bed ¢
eould be prevented. Again, considereble rphenol was found in the éffluent
from the very first period. The same results were obtained with A-2 anion

exchanger.
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2. Future possibillities for phsenol recovery

Although the results of this study on phenol recovery was disappointe
ing, the present state of knowledge on the subject illustrstes what can
be expected in gemeral from ion excha;xge in the future., At the time this
study was just completed, Resinous Products & Chemical Company ann§unced
that an anion exchenger with strongly-basic properties had been prepared.
There is every reason to bélieve that this resin, Amberlite IRA~400,
would be very successful in the recovery of phenol., A sample was ordered,
but never tested. Hence, this case history illustrates clearly how ion e
exchange applications will follow closely on the heels of new developments
in "exchenge tools", one of which is the propertiss that can be expected

from the exchange materials themselves,
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Iv. DISCLOSURE OF INVENTICRS

A summery is hereby given for the ocutstanding processes and other

inventions that are disclosed in this thesis, and which should warrant

consideration from an application for patent standpoint, This summary

does no%t necessarily include all patentadle inventions disclosed in

this study.

1.

2.

Se

4.

The new beaded, -inorgznie, aluminosilicate cation exchanger
hag merit, particularly from the standpoint of mechanieal
properties and increased capacity.

The "procgss for eopper production™ combines the advantages
of cation exchange acd leaching by sulfurous acid. This pro-
cess hss been a joint development by R. B. Holt and D. H.
white.

The utilization of zeolite fines by the fluldized bed tech~-
nigue has the advantages of cheap ezchenger and large
througheput per unit volume of equipment.

Although no laboratory experiments have been performed, it
is proposed to separate cadmium ions from other metel loms,
on the basis of the exXtremely low activity possessed by
caémium ions, particularly as the concentration of the solu-
tior is increased. For example, at a molar concentration
of 2.0, CdCly has an activity coefficient of sbout 0,05,

compared with a value of 0.28 for ZnCly and 0.94 for NiCly



-220-

at the same molar ccuncentration. The "active molar”™ concen-
traticns of CdClg will be very low, such that impurities can
be more readily removed by cation exchangers, them for those

ions vossessing similar activity coefficients.



1.

2.

™
L

6.
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V. SURMARY AND CONCLUSIONS

The "exchange tools™ and industrial uses of icn exchange
have been classified for better understanding and use-
fulness.

Zguilibria studies indicated that the metallic iomns, sucﬁ
as copper and nickel, do not undergo equivalent caticn
exchange.

Rate of exchange studies revealed that diffusion of cations
to and from the exchanger surface can be an important fac-

tor.

Rate of exchenge data were correlated on the basis of approach

to egquilidrium irn the solid exchanger, and it was further
pointed out that the ratio of lons in the solild exchanger
should be included in rate of exchange correlations.

A technigue was developed for obteining data simultaneously
for rate of exchange, statie capacity, and equilibrium
poinis.

A technique of fluidized bed operation for zeollite fines was
developed, which simultaneously provided a potential use for
the waste zeolite fimes,

A new, beaded, inorganic, aluminosilicate cation exchenge

materiel was prepared.
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8. A "process for copper production” was developed, which com-
bined cheap ore lesaching by sulfurous acid with concentra-
tion amd purification by cetion exchange,

9. The purificetion of phencl wastes wes studied; although
the results were disappointing, it was pointed out that
new, strongly-basic anion exchange resins, such as Amber-

lite IRA-400, should te suitable for this appllcation.
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suger juice. TU.S. Pztent 2,359,902 (Oet., 10, 1944).
4 process was Lescribed for purifying e portion of sugar juices
by & cation exchanger ané then mixing with the remesining »ortion,
which has been made glkalice in & vrevious stage of juice
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Chem, :leb. ing. 45, 528 (1938).
A discussion of process wastss and possitle methods of disposal
were siven.
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of ion erxchange “°s¢hs in nithdrawi g sodoium from the body.
Trans, ASSoC. Am. Physicists 58, 283 (1946}, Orizinal not seen-

citeé in Resinous Prodi CtS & Chemieal Co., The., Ximeo
references, Fhiladelpaia, Pa, 1947,
- The use of exchangers for reducing sofium content in the human
body was founi useful.

b

Donnelly, B. P. - “Orzenolites™ for water treatment. Tower & Works
Eng. :_§, 85 {1%43).

& review of water softening by ion exchansze was ziven.
Tonnelily, R. Pe The selection and installation of a water-treatnment
plant. Zower & lLorks Eang. 41, 5 {1%48).

A complete discussion wias presented oa wmater treatment for

bollers, including ion exchanze use.

9

Dorr C0., Inc., The. Sugar. British Paient 557,890 {Dee. 1, 1843).
Original not seen; abstracted in C.A. S8, 3455 (7945)
£ suzer juice sol

ution was clarified by means of caticn znd
anion exchanpe resins,

du Domzine, J., Swain, R. L. ané Hougen, 0. A. Caticn-exchange

water softening rates. Ind. Bng. Chem. 35, 546 (1943).
chten‘ﬂb and m*enc rating rates were measured on thin beds to

obtalirn the differentizl rzte equations.

(O"



$8, TmfTield, R. B.

ané Calwin, X. The stebility of chelate compounds,
i1II., 7Zzchenne rez e
G4

ctious of copper chelate compounds., J. Am. Chen,
Soc. 68, 557 (1948). »
X ciscussion of cersain cormlex exchanges was preseanted,

99. Duraat, VWe e @nd Blann, W. A. [to American Cyanamid Company).
: Catent

ey
Yater nurification. U.S. Patent 2,404,367 {July 23, 1946).
A proeess wes dssceribad for Eeionizing water with cetion and
zion exchanrers and adjuss

7 the pH cf the effluent to 7.5
. of & carbonate a2né a bicar-

oL
O

3
by neans of an aguecus sclud
bonatce.
100. Zastmond, L. 7. Spectrograshic determinm:
biolorical culture media, J, Optieal 2
(18468},

tion of ezlcium in nmigcre-
c. Ame. 38, o, 1, 87

Ton exchange has been used t0 purify solutions intended Tor
use in stzndaxd analzytical nrocedures.

101, HEizebdbaly, I, i, and Jemny, E, Cation and arion interchance wiih
zine montmorillonite clays. J. Phys. Chem. 47, 3¢ (1943).
Trxehance nechanisms in soils were discussed,

As C. Urter-softening time shortened. TPower Plant Eng,
ocess Por softening water was described,

102. ZEngzlis, T, T. ¢ Tiess, ¥, A. OCcnduct of gnino acids in synthetic
ion exghapgews. Ind. Eng., Chem. gg; 604 (1944},

The seperation of amino =cids by caticn and anicrn exchrace

T 1= was cosceribed.

-

[
13
b

104. ZEnglis, D. T. aund Tiess, X, A, Profuction of a palatable artichoke
sirun. Iné. Zng. Chem. 34, 864 {1942).
The -urificesticn of =z sirup by ion exchange save & very rnure
“in
diamie

Q k-

L could be erystaliized.
103. ZEt'tablissesments Fhill
438,300 (iarch 12
26, 2970 {1942),
Ieproved operatica of a demineralizing unit wos ohtained by
passing the wesh viater, the portion having a salt content eguel
to or less than the rew water, through the catior exchanger.

lips & Pain. Vaser softening, Belgium Patent
, 1840). Original not seen; abstracted in C.Ah.

1068, Tellew, . W. TFundamenials of feed-woter treatment. Power 81,

s 1847).
& thorough discussion on the chemisiry, processes, and reiated
subjects of water Tor use in toilers was given.
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110.

11l.

1na.

113.
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Telsecker, J. J. (Lo Graver Tank % #fs. Co.j. iHethoé ané apparatus
for treatrin; weter compricsing the sters of passing a varistle

flow of relhtzvezy glxaline water upwardly tarousgh a bed of orranie
hyérosen-zeolite and aum eurlrﬂ sgid flow by hydrogen-zeolite
treated water. U.S. Petent 2 2,412,528 {Dee. 10, 1946).

An gpparatus is descrided for urilow operation of = cation

)
N

o

exchanirer bed,
Fister Scientific Conranv fimperlite ion exchsnmyse resins, Price
guotation. Pitisburgh, Fa, 1547,
Data =g prices on and¢"tlcai grade of ion exchange resins were
civen.

Pitzwilliam, C. U. and Yearwood, R. Ui, B, & critical study of the
suitg oblllt" of ion-exchange processes for use in the nanufacture
of raw suze iIntern. Susar J. 49, 69 (1547). Original not seen;
aostractec in C.A. 41, 4685 (1947).

The appllcatlon of icn exchangers in the npurification of
suger juices was discussed.

Fodor, ¥. Treatnent of boiler feed water by carbcnaceous zeolite
softener. Tag. T. 24, 455 (1941).
A planv using raw Lake Ontario water, including operating
data, was described.

Folin, 0. aané 3ell, R. T. Applicetions of 2 new reegent for the
separation of ammonia, I, The colorinetric determineation of
ammonia in urine. J. Biol. Chem. 29, 329 {1917).

An analytical :rocedure 1uvolv1n~ the use of zeolites was
presented.

Frizzell, L. D. Quantitative sevarztions with an exchense adsorber.
Ind. Eng. Chem., Aral. Zd. 1§, 615 (1944).
Cations were sepzarated Trom various anicss by means of a
cation exchange materizl.

Gaddis, S. & new precipitant for group II ions, J. Chem, Zducation
18, 327 (1%42).
An snalytiesl nrocedure was described, whereby hydrosen sulficde
is held on an znion exchenger until needed in gualitative
anzalysis.

Gaddis, 3. and Kubina, C. ZTistilled water supply for small schools,
J. Chem. Dducation 20, 281 (1843).
A small-scale app‘*atus for demineralizing water by ion ex-
chznse was Gescribed.



115. Gallaher, V. U. and ~eckwerth, I, P, Some economic aspects of
softeaing. J. &me ater Vorks Assoc. 39, 147 (1947).
The Tactors alffecting costs of water softening and several
based oa vyie of supply, personnel, and chemical reagents,
were gilven, wilch show that iz smenerzl it is more expensive to
reat river waters than Great Lakes waters,

ct

116, Gapon, L. H. Differential adsorpiicn coefficients of two ions,.
Lenin iecacd. Agric. Seil., Gedroiz. Res., Inst. Fertilizers, Soil
Honagement Soil Sci. Proc. Leningrad Tep., Pt. 2, 8% {1938).
Crizinal not seen; abstracted in C.i. 37, 295 (1943).

LZquations wecre derived for the adsorption cf Ag and I ions
from AgN0s and KI colutions on #gl, of Na and H ions fronm
solutions of acetic z2¢id and sodium acetate on zeclites and of
Cl and QH ions from a solution containing NEaCl and NE4OH

on AlgO3 and T102;

117. Gapon, . . IZon exzchange tetween sclid and liquid phases, III.
J. Phys. Chem. (U.S.S.R. 20, 297 (1946). Oricinal not seen;
abstracted in C.a. 40, 5616 (1946).

A theoretical cstudy was presented.

118, Gerb, L. (to The Permutit Corpany). Anion-exchenge reactions in
agueous liquids, as Geacidificaticn c¢f waoter with emeraldin,
U.S. Patent 2,323,990 (July 13, 1943).
4 process was described for carrying out snion exchange
reactions after just having reduced tihe content of dissolved
oxygen in the agueous sclution to a valve below 1 ppm.

119. Getman, ¥, H. and Laniels, F. Outlines of theoretiecal chemistry.
6th ed. HNew York, John Wiley & Sons, Ine, 1937.
Elemental principles of physical chemistry viere presented.

120, Cieseking, J. E. and Jenny, H. Behavior of mmltivalent caticn in
base exchange. Soil Sei. 42, 273 (1936).
Data were giver for the ecuilibrium exchange of rultivalent
cations in soils,

121, Gilwood, . E. ané Calise, V. J. FKineral-free water without
distillation. Power €9, No. 6, 101 (1945).
Several instellations involving icn exchange for the
demineralization of water were described.

122, Gilwood, . E. ané Calise, V. J. Recent expericnces in
deminerelizing water. Proc. Ann. Water Conf., EZnam., Soc. Western
Penna. 5, 11 (1944). Original not seen; abstracted in C.A. 39,
5373 (1945).

Operating data on demineralizing units were presented.
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Glasstone, S. Textboox of phnysieal chemistry., &nd ed. New Vork,
De Van Nositrand & Co., Inc. 1948

Data and TLeory on physical cheaistry has boei: oresented.

~ .y Ty A ~, ~ . K L9 . T o)) .. -
Gollmay, . A. Coxe ané gas industry. Ind. Ing. Chen. 32, 598
v
(1%47).

The congenvrations ol phenols that are toxic to fish and
cause objecticnable tastes were siven.

Gore, #H. C. Usc of =an aniorn exchanse resin in the preparation of
»
L

syrups fron oranges und zrapefrult juices. Truit Troducts
Journul 27, 75 (1947). Orizinal not seen; cited in Resinous
Procducts & Chemicel Co., The. Ilimeograpied references, Fhila-
delpaia, lPa, 1547, :

The purification of cidrous frult juices was described.

Goudey, R. F. =Zeduction of mineral content in water with orszanic
zeolites. Proc. An. Soc. Civil Zngrs. 68, 225 {1942},
The expcrimental. éats for the treatment of Los Angeles
agueduct and Colorado Niver water with organic exchanse resins
were presented.

Gyrahan, B, R, and Albrecht, V. 4. Nitrate adsorption br plants =s
an anion exchange phenomenon., Am. J. Botany 30, 195 (1943).
The utilization of the exchangeable ions of arnion exchance
resins by plents have been studied,

r

Graham, R. P. and Horaning, A. 3. The interaction of hydrcus =lumine
with salt solutions. J. Am. Chem. Soc, 69, 1214 (1947},
A mechaaism for the interaction of hydrous alumina ané icas of
salt solutions was discussed.

greve, J. J. ancé Baumen, W. C. {to the Dow Chemical Company).
Yzgnesiun salts from sea w ter. U.S. Patent 2,387,898 (Oct. 30,
1945}
4 process was Gescribed Tor concentrating and recovering magne-~
siuz fron sea water by means of cation exchanger.

Gregor, He P.. & general thermodynamic theory of ion exchange
processes. J. Am. Chem. Soc. 70, 1393 (1948).

P

A theoretical study was presented,

Gustafson, Ii. B. and Poley, L. A. {to Infilco, Inc.}. CFrocess of
elarifying sucar solutions. U.S. Patent 2,402,260 (July2, 1946).
A process zné apparatus, utilizing ion exchange materials,
were described for elarifying supzr sclutions conbaining 1&-

organic salts and colloidal orcanic materiels.
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132, sustafson, H. B. (to Infilco, Inc.). Suzar treatment. T.S. Patent
2,403,177 (July 2, 1946},

A vrocess was described for the purificetion of susar juices
by ion exchange, which avoids cloa:i“g of bads by passing
clarirfied sugar juice throush a hydrogen exchenger, passing a
portion ¢f the aclé effluent tnrOL.grh an anion exchangsr, mixing
thc renainder with raw, unclarified juice thereby precipiteting
eclloids in ths raw Juice, ond separating the juice from the
oraecinitate b filtrs 3704, thus completirz the cycle.

2%, Osustafson, H. B. {(to Infileo, Inc.). Zeolite regeneration. U.S
Patent 2,376,214 (Yay 29 1940).
£fn impreved method o¢ reseneratine a cation exchanger was de-
scribed, The use of acid followed by salt, for example, ga e
increased exchanse capacity for s ~iven amount of regenerating
material.

134. Custavson, X. He Ietemnination by zeans of or~_no7iuec of complex
fornetion in hasic curomium (;II) Salts, Svensk. fem. Tid. 5§,
14 {1944); Chexn. Zentr. II, 8 (1%44). Original not seen; abstracted
C.i. &8, 45Z7 (1945).
Compler chromiwn ions wers cedareted by means of ion exchange.

)

138, Gustzyson, . H. Investigetion of cemrlex formation in chromium
szlv te

VSO 1%
s by means of organolites. J. Intern. Soc. Leather Trades?
Chemists, 30, 264 {1948},

Ion exchanszers have been used to investircate the cgmposition
cf ckhrome liquors.

136, Gustavson, X. H. Investigation of the formation of chromium selt
complexes by means of orgenolites. J. Colloid Sei. 1, 397 (1948).
The composition of chrome liquors were investigated by mesns
of don exchange resins,

137. Cuileben, L. and Harvey, F. Report on the Vallez zeolite process
at t. Pleasant, Michigan., Intern. Sugar Je 47, 11 (1945).
Original not seen; abstracted in C.A. 3, 1771 (1945},

Operating data on an industrial scale were riven for the
cation and anion exchange resins beings used for the purifica-
tiozn of sugar juices,

138. Haagensen, E. A. Ion exchenpge apnlied t0 beet juice purificetion.
tern. Sugar J. £8, 240 (SCyt. 1¢45). Original not seen; abstract-
eé in C.A. 41, 30% (1947).
The operating data were iven " the treatment of beet julces
by lon exchangers.



140,

141.

142,

145.

Hlaggensen, G. Aes Ion eXchanpe applied to supsar julce puarification,
Sugar 41, Wo. 4, 36 (1946 ).

value of ion exchance in the purification of suzaer

Hadorn, H. The resoval of acids andé salts from fruit julees and
concentrates by lon-exchange resins, Hitt, aebensm Byz. 37, 114
{1845).

All dissociable saltis and free acid were removed from fruit
juices by passage through cation and anion exchanzers. Ten
velumes of juice ic one veolume of exch=nger c¢an he passed throvch
the bed per heur, but regenerotion is necessary =fter passarse

of six to eisht volunes of juice.

Earlow, I. ¥. aad Powers, T. J. Polluticn conirol =% a larsze
chemicel works. Ind. Zng., Chem. 39, 572 (1947).
Biological oxidation of l,.;e"ml:ic wastes was described.

Harned, H. 8. and Zwen, B, B. The vphysical chemistry of electrolytie
solutions. New York, Reinholé Publishing Corporation. 1543,
Tetz, including activities, on electrolyte solutions were pre-
sented.

o

Harris, L. M. and Tompkins, Z, B. Ion exchange 25 2 separations

method. II Separstions of ceveral rare earths of the cerium

group (La, Ce, Pr and Nd). J. Am, Chem. Soc. 65, 2792 (1947).
Data were presented for separestion of rare sarths by cation

exchanse resins.

Harrisson, J. W. E., ifyers, R, J. and Herr, I, 8, Durified mineral-
free water for phermaceutical purvoses. J. Am. Pharm, Assoc,.,
Sei. Zd. 32, 121 {1943).
Temineralization of water by icn exchange was described,

Hessid, Vie Ze, Doudoroff, 3,, and Barker, H., A, Zrpzymaticsally
synthesized crystalline sucrose. J. Ane Ckhem, Soc. 83, 1416
{1944).

In makings synthetic crystalline suerose, a solution of suerose
was trea+eé by caticn snd snion exchangers to remove all
lect olytes, including a smz2ll amount of glucose-l-

Heuck, C. Fo Influence of wastes on treatment and use of water.
Chen, Eng. Prog. 43, 481 (1947).
The protlems involved in ¢isposing of industrizl wastes were
discussed.
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148.

149.

150 L]
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i5z.

153.

154.

156.
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Helrieh, E., =n¢ Riexan, W, Teternmination of phosphorus in
phosphete rock. Separation fron: cations by ion exchange resin,
Ind. Zng. Chem., Anal. Zd. 19, 551 (1947).

An analytical procedurc io* determining phosphorus by ion
exchzn~e was described,

, Co B. (to Standard 0il Teveloprient Company). Regenera=-
ioz of catalysts, suelh a:: a clay or zeolite used as a catalyst
n oil cracking. TU.S. Tatent 2,330,710 (Sert. 28, 1i943).

A process was described for Lurning the combustible material

fron the effluent resexeration zases of a zeolitic catalyst,

nendricks, S. B. Bure exchange of crystrlline silicates., Indé. Eng.
Chen. 37, 625 (1945).
2 mechanism for base cxchenge by zeolites was discussed.

Heuszey, Re. O. DBoiler water impurities and their control, Bulletin,
Henszey Company, Jatertown, Wis. (1S40).
The treatment of boiler feed water was described,

Herr, D. S. Synthetic ion exchange resins in the separatina,
recovery, and concentration of thiamine. 1Ind, Eng. Chem., 37, 631
(1945).

The use of ion exchangers in the separation of amino acids was
described.

Terwig, R. S. OSoft-water rinse improves sluminvm finishes. Iron
158, o, 2, 58 (1946)._
The advantznes of a demineralized water were discussed.

Hesler, J. C. ané Behrman, A. S. {to Infilco, Imc.). Prenarstion
of acids. TUe.S. Patent 2,415,558 {Feb. 11, 1947}.
A process was described for purifying relatively concentrated
aqueous solutions of crgenic acids which contaln as impurities
relatively small guantities of stronzer inorganic acids by means
of an anion exchanger,

Hewitt, E. J. Use of water purifieé by synthetic resin ion exchange
methods for the study of mineral deficiencies in plants., Nature
158, 623 (1946).

The use of a demineralized water in plant nutrient studies was
described.

Hill, X. V. Treatment plant operating costs. J. Am, Vater Torks
Assoc. 39, 151 (1%47).
Costs of softening water for mmunicipalities vere given.



158,

160.

161.
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Hofer, X. Tests cf rcdern base-eXchange materials in practice.
Arch. Warmewirt. 21, 183 (1%40).
The use of ion exchanrse after lime softening of water vas
described.

Holues, F. L. (to Gesellschait ‘uv Vasserunter-nehmuncen Meb.M.).

Leashing gelatin, German Petent 741,401 (Sept. 23, 1943).
A vrocess was described for cemineralizing gelatin solutions

by meane of cation and anion exch 1T,

Folmes, E. L. (to Thc Persutit Co.j. Methcd of nurifying gelatin,
U.S. Patent ~,240 116 (4Apr. 29, 1941},
A process was described for purifying a 5-10% gelatin solution

by pzssing it through ceaticn and snion exchanger beds at a tem-
erature of S0-120°F

Holmes, E, L. Somes properties of crganic ion-exehanszer materials,
J. Soe. Dyers Colourists 61, 39 (1943).
The characteristics of ion exchange resins were describecd.

Bolmes, E., L. acd Spiers, H. H. (to Parmutit Company}. Treatment of
agueous liquors containing thiocyanate or thaiosulfate, Eritish
Patent 592,767 (Sept. 29, 1947).

¥aters containing thiocysnates ox thiosulfates were purified
by means ¢f an anion exchanser, which was regenerated by a sizong
mineral acid.

Houdry Process Corgoration. Synthetic corntact masses, Bri ish P tenu
512,808 (April 5, 1940}. Orizinal not seen; absiracted in C. Ah
858 {1942).
A process was cescribed for saking a catslytic material from
a zeolite.

Eouwinx, R, igration veloc* v of foreien ions in synthetic resins.
Kunststoffe 34, Xo. 2, 25 (1944},
Tae mechanism of ion exchange was studied.

Hull, ¥, E. {to ¥ & R Tietetic Laboratories, Irc.). Regeneration
of base~ezchsnge meteriale used in milk treatme=nt. TU.S. Fatent
2,346,844 {ipril 18, 1944;.
in improved process over that described in U.S. Patent 2,102,642
comprised substitution of an agueous wetting agent for the first
alkaline wash of tre cation exchanger.
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164, Munter, M. J. and Baunmen, ¥, C. {tc Dow Chemical Company). Process
ané ageats for the reccvery of magnesiun ions Iroz brine., U,S.
Patent 2,409,861 (Cet. 22, 1946).
A process was describogd for the recovery of macnesium from
brines by means of a carboxylated coction exchanzer, which is
more selective for the magnesium than is a2 sulfonated cation
exchanger.,

165, I. G. Farbenindusirie A.-3., Remcring multivelent retal ions from
suzsye solutions., Belgiunm Patent 445,518 (June 30, 1%42).
Originel not seen; adbstracted inm C.A. 35, 635 (184%).
KHultivalent metal ions have been removed from sugar solutions by
a cation exchancer.

166. Ion exchungers will be used by sugar mill. Chem, Znz. 54, 170
(1947).
The use of lon exchangers in sumar purification was discussed.

167. Irenas, Z. ESignificance of water in the platine rcom. HMNetal Finish-
ing 44, 195 {1948).

The vaiue of deminer=lized water Tor certain uses was siressed.

168, Jaag, E. Rescarch with base-exchange materials. Textil-Rundschau
1, 99 (1948).
A zethod of determining the capecity of cetion exchange materi~
als is described,

163. Jenny, H. Adsorbed nitrate ions in relation to plant growth,
Colloid Seci. 1, 38 (1945),
The utilizetion cf the exchanseable ions of an anion oxchenge
resin by plaats wes studied,

170. Jerny, H. <Simple kinetic theory of ionic exchance. I. Icms of
equal valency. J. Phys. Chen. 40, 501 {1936).

4 thecretical study was presented,

171. Jenny, E. Studies on thc mechanism of ionic exchansze inm colloidal
aluminug siliestes. J. Phys. Chem, 36, 2217 (1932).
Thecretical studies on the mechanism of ion eXchange were
studied,

172, Jenny, E. and Overstreect, R. Surface migration of iogs and contact
exchange., J. Phys. Chem. 43, 1185 {192%).
Hechanisms of ion exchange were studied.

178. Jenny, H. and Reitenmeier, R, ¥, Iomic exchange in relation to thk
stability cf colloidal systems. J. Phys. Chem, 39, 593 (18535},
Ion exchange ip soils was studied.
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174, 30%“ s Te Mo Inintsnance of baab-eA hanger softeners, Zouthern
v’er ané Ind. 64, Ho. 2, 85 (1946).

A procecdure was ziven Tor killing and rencvine algae from zeo=-
lite beds, whieh ineludes renoving =nd discardéins the top twoe
inehes of zeollte washing, chlorinstion and rewrshing, after
wikich new meterial was added *to restore the origiral deﬁnn.

175. Johmson, G., Zurz, A., Cery y J., Angerson, L. and Hatlaeck, G.
Hitrate levels in water “rom yural Iowa wells. J. Iowa State ted,
Soc. 36, ¢ {1948},
Haroful effects of nitrates in certain Iowa well wmatevs were
discussed.

176. Jones, ¥. Co X. (tc Stzndaré Cil Tevslopment Company). Refining
process. U.S, Patent 2,280,237 (4p-il 21, 194~,.
A process was described for redueing the corrosive action o
substantially unemulsified crude minersal oils by removing t
alkaliine earts metals by mesns of a sodiuvm zeolite,

Ly b

b
a

177. Jordan, H. . Industrisl reguirements for water, J. Am. Vater
Works Assoc. 3B, 65 {1946).
Volumss of water recuired for various industrial processes
uere taculated.

178, Xaganov, I. ¥, Ion exchangers. Sakharaya Prozm. 18, Wo. 3, 20
(1946). Orizinel not seen; =bstracted in C.A. 41, 2835 (1947).
The prevsraticn and functioning of verious cation exchangers
were revieved.
179. ZX=slbach, J. C. ZFluidization in cheamicel rezctions. Chem. Xng,
54, 105 (31947).
£ method was described for developing 4
tion of fluidizinz techrigues tco chenmie

e}

esizn
al incu

ata ir aoplica
st

TV.

180. Xasufrman, C. E. (to Eall Laboratories, Inc,). Treatment of water
for boiler feed. U.S. Patent 2,395,351 (Feb.ﬂlg, 1946).

A vrocess was Cescribed for 151nt91n 3 hish propeortion of
potassium in boiler water, the steps 'hicw conprise resenera-
tion of a cution exXchanger with rot izm :“ the concentrated

boiler water blowdown, and alternste ly treatins boiler weter
nakeup to remove caleium, nognesium, snd aulnm, thereby
returning a high percentase of notassium to the boiler water.

18l. Xemp, C. %. and Bandelin, ¥, J, 41 modified baze~-exchansme procecure
and apparstus for cetermination of thianmine and ridboflevin. J. Am,

Pharm. Assoc. 34, 306 {1945).
An apalytical nrocedure utilizing ion exchangers was {escribed.



iez.

182

184,

186,

1c8,

seny o*t.,, #e Lo andé zoward, J. N Purification of weater by ure of
syathetic lon-exchanze resins with pll as 2 control. Soil Sei. 57,

262 {1S44).
Creration of »x ilon exzhanre apparzius wes déescribed,

Fettele, B. L. and 307G, ¢. =. The exchanse adsorption of ions
from aguecus solutions by organic zeolites. IV, The separaticn

of the yttrium sroup rare earths., <., An, Chem, Soc. 63, 2807
47)

Data vere given on the gencration of the rare earths by cation

¥ibrick, A. C. The estinztion of the dicerbeorylic smino acids by
titraticn, J. Riol. Chem, 152, 411 (1944).
ation exchange resins were used in detersicing amino acids
rtically.

Y Q

Foe b

”'ellano, Jeo Lrernodraumics of base-exchanse ecullibria of some
different kinds of clays. J. Soc., Chem. Iné. B4, 2327 (1835).
A theorstical study on ion exchanse in clays was presented.

Hizsey, L. Go The soltenins
nst. Ingrs. 56, 270 (;946).

zrious processes, inci
were dircussed,

of rmmnicipal water supplies, J. Junior

ool
o
2]
W
[

on exchange, for scivening water

A, W4, tindler, &, 3. and Gilwood, ¥. Z. Yecovery of
tine by ion exchance. Chew. Enq. ?rch. 44, 497 (1948)
Solutions of nicotiniec aei

Xlein, &, Heconditioning zeolites which have lost exchange
epacity due to contumination, J. Soc. Chenm. Ind. 58, Ho. 10,
262 (1941;.
Spent zeclites wers ziven suyccessive acid, zluminste, and sili-
cate trestnents to restoxe the orizinal capacity

C,

éclfa*it. 7. anzl, Cneu. 127, 2 (1944),

n ion exchange resins were foundé to remove phosphorie
a id, but allcw 211 other ions to rase through the cxehanzer,

{dement, R. Zeparstion of HzPC, by means of the ion-exchsnse resins,
I =

Kolthsff, I, iif. and Stenger, V. 4. The adsorntion of cations from
ammoniacal solution by silica gel. J. Thys. Chem. 386, 2118 (1932),
Date were presented on the adsorption of verious catiocns by

silica gel.



192,

'—-l
(Te}
13
*

T ion exghanzers in brewing-water trest-
meat. Drevwers T “5 ("‘Oé-lOB) (1944), Oriszinal not
seen; abstract-d . 3, 6045 {1944).
Zffects of various sglis in water on P lsvor and apy e«rence
of beser wer: discususd, 7*n gtehan~e =né blending
be us2t Lo give salt cuntent.

dominelr, Z. Ce

,.
941
&
tpT)
;J
o))
6]
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Qp

ton, . ¥, Seperation of metal ions by eation
oo, &2, 471 (1948},
gaing the neitial sepsrstion of certain

rozak, R, #nc Vsl
gichansee J. Thvs, ©
Data were given sr

metai lons,

.._

r

fraemcr, :l. 4 new actacid for peptic ulcers, Post-Craduate edi-
cine 2, 6 (2947). Orizinal not seen; cited in Hesinous Products
& Crenicnl Co., Tie., Ilimeogranshed yoferenses, Philadelphia, Fa,
1947.
Finely ¢iviced eaion grelenxe » ein was applied to the treat-
T

< i
ment of neptic ulce

l-‘"

Yraerer, X, Antacid therapy {or pepihic ulcers, use of new qvnt?’tic
rerin, Connecticut Stete Med. J. 1, Moo 4, 305 {1948), Oririnel
not seen; eited in Resinous Troduete & Chemicel Co,, The. Tineo—
sraphed references, Philadelphia, Fa. 1947,
Finely divided anion exchansge resin was applied to the trest-
aent of peptiec ulcers,

Truskel, G. %, Treventing srecipitation of carbonaites on glauconite
ins. Ilekricheskie Stantsii 17, Fo. ¢, 24 (1946). Origzinal
coen; abstracted in C,A, 41, 2186 {1947).
¥Hothods of vpreventing the precipitetion of Call
on zeolites wers discussed,

e

.‘
R

Zubli, E. Information on the sevaration of anions by adsorption on
alumina, Helv. Chim. seta, 30, 453 (1847).

4 eeries of anions in their order of decreasinge adsorptiveness

by aluming was detvermined.

Junin, R,  Icn exchenge -~ Third annual unit operaticns review.

Ind. Ing. Chem. 4G, 41 (1948).

4 review was given on the

new develonments in ion exchange.

Yunin, R, end liyers, R. J. 'ate* of anion exchance in ion-exchange
resins. J. Phys. & Cclloié Chems S1, 1111 (1947).
Data =2nd tieoretiesl coL isicerations were ingiuded in this



199, Xunin, R. and livers, R. J. The anion exchanze equilidrias in a2z anion
excasnze resin. J. Am. Chem, Soc, 62, 2874 {1%47).
Data were given on arion exchance equilibria, which supported
the bellef? that the mechanism involved is actuzlly ion
exchanzed, not adszorption.

200, L'iuxilisire d°s chemins de fer et de ltindustrie and GSeza V.
Afusterweil. dlulQL comwounds to fertilizers. TFrench Patent
49,715 (June 22, 1929). Original not seen; abstracted in C.A. 36,
2376 {1%42).

Ion exchangzers resistant to acids and being at the same time
B-exchangers were used as addition agents to arsble ground
ané fertilicers.

20l. L'iuxilisire des chemins de fer et de l'industrie and Austverweil,
G. ¥. Regenerating anion-exchange substences. Jremch Patent
850,556 {Dec. 20, 1939). Orizinal not seen; abstracted in C.A.
36, 1716 (1942).

Regenerntion by means of lime water wes described.
202. Leva, Y., et al. A stuly of fluidization of an iron Fischer-Tropsch
catalyst. Chex. Znge. Prog
Lxperimental datz on a Tluidized bed were given,

203. Lleva, i., et al. Introduction to fluidization. Chem. Eng. Trog.
44, 511 (1948).

The techn gue o a fluidized bed was descriked,

204, hﬁvcsyue, C. L. and Craig, A. M. Xiretics of an esterification with
cation~exechange resin catalyst. Ind. Ing. Chem. 40, 96 (1948).
Data were presented on the kinetics of a reaction involvine an
exchanger casalyst.

205. Leviel, . Removal of siliea from boiler feed water. Chaleur et ind,
27, 195 {1946). )
ethods of removiag silica from boiler feed water were
éiscussed and compared, ineluding those involving ion exchange,

206. Liebig, G. F., Jr., Vanselow, A, T, ané Chapman, HE. D. The
suitability of water 1 urllled by synthetic ion-exchange resins for
the ~rowing of plantu in conirclled nutrient cultures. Soil Eei.
55, 371 {1943},

' Passage of distilled water through a hydrogen exchanger removed
ocbjectional traces of copper and other heavy elements, such as
lead ané zinec,
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207. Ligcett, L. il. Claremore, Oklshoma, snalwtical control of
perchlcrate in mixtures with chlorate and chloride by ioh exchance.
Fersonal cormmunicetion. 1944,
Informetiorn was obtained on an analyticesl method of converting
all the salts in 2 complex mixsture to the corresmnonding neils
by & cetion exchanger, the tobtal acidity of which can then be

titrated.
206, Lindsay, F. Xe Ior exchansers, Trans, Am., Imst. Chem. Zng. 37,
547 (1s41).
New types of organic cation resins andé their svplications were
J W M
Giscussed.
209, Lindsay, ¥. ¥. Removal of iron from weter, Iné. Znr. Chem, 35
< 9 ) ——3

378 (1943).
It was shown that soluble iron ion was resmoved by organie
cation sxchenze resins,

210. Lindsay, . 3. Some auplicatiors of the crganic ion exchangers.
roe. Ann, sater Conf,, Ens. Soe, wWestern Pemna. 3, 103 (1942).
Original nct seen; abstracted in C.A, 38, 6443 (1924

Neu types of orsanic exchancers =nd taelv anpllchblons were
discussed,

211l. Liguid Concditioning Corporation. Frocesses and ecuipment for cone
¢itioning of water and other licuids., Oondemsed Cat, B, Lincen,
T, Jo 1948,
Zquipnent end processes for water trestment were presented.

212, Liguicd Conditioning Corporation. &iliea removal, Dulletin 7.
Linden, K. J. 194E&.
A process was deseribed in which si in boiler feed water
eczn be converted to fluosilicic neid, and then removed by
neane of a2nion exchanes,

8}
o
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.

Lourier, Y. ¥, and Xlyochke, V. A, Femoval of siliea from bvoiler
feed water. OG. R. Acad. Sci. T.R.S.8. 49, 40 (1945}, Oririnal
not seen; abstrscted in C,A. 40, 4455 (1946).

The silicea in boiler feed wpter was redueced te less then 0.5
mg, silica per liter by adéing HF acid or a so;unlq Loriee
plus ECl, fcllowed by aeration, This converted the silicz to
hydrofluosilicic acid which in turn was removed by anion
exchenze,

214, Love, ¥, H. Soft water for the 0il imdustrr. TFet., Ing. 17, No. 13,
55 (1946).
Possible uses and advantares of soft water in the petroleum
industry were ciscussed.,
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tymen, J. F. (%0 1 & R Tietetic Lzboratories, Inc.). Treating milk
sreduets. Tl.S. Fatent 1,954,769 (Anr. 10, 1°934).
Tae removal of calcium an¢ ~hosthote ionq from liquid milk
vroducts can be effected under centrolled pH conditicnc by neans
of silicate base cachangers.

Lyman, J. T., Browne, L. H. ané Ctting, B, E. Readjustment of
salts ir milk by base exchange treatment, Ind. Enp. Chem, 25, 1297
(lnva .

It was foundé that the recduction of the calcium content o milk
by ion exchange yieldes an edible produet of improved {igesti- -
bility for infants.

ﬁagic zd, 0. C. The use of artificial zeolites in studyinm base
xchange thecomena, J. Am. Soe. Agron. 21, 1045 (192%).
i

Salts of both cat
synthetic soils fo
anocunts of specifi

on and znion exchangers have been used in
or plant nmutrition studies, allowing known
¢ ions to be supplied.

h izcl B. {to Tico Prac 5 Compary). Treatment of vitamin extracts,
JoS. Patent 2,364,835 (Dec. 12, 1944},
The acidic taste-forming nateriels of a vitasin B extract were
removed by nesns of an anion exchans
Manring, W, E. The demineralization of water by ion exchance.
Peper Trade J, 118, Ho. 12, 33 (1944).
The rcrfarn“nce of & Tour-bed demineralizins unit was cdeseribed,
kantell, C., L. Industrial electrochemistry., 2nd ed. Tew York,
MeGraw~Zill Book Company, Inc. 1940, . ,
Date on copper refining were presented.

¥artin, 5. J. a2né Yilkinson, J. Adsorption of ion exchanme materirsls
of putrefactive materials., Arch. Biochem, 12, 95 (1947).
1t was found that an anion exchanser could counteract the voi-
sonous effects of indols, and a siliceous csilon exchansger
could counteract the opoisonous_effects of guanidine.

Wartin, T. Teed-water treatmesnt at TUeerfielé Packing Corp. Food
Industr. 18, 1692 (1946).
Softenins of water by a combinsficn of ion exchanme and chemi-
ca3l means was described.

Metchett, J. R., LeCGeult, R. R., Nimme, C. C. and Fotter, G. K.
Recovery of tartretes from grape wastes. Fruit Products J.
28, 107 (1948).
Tartaric =zcidé vwas recovered from dilute srape wastes by means
of anion exchanze.
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228.

229.

230.

231.
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Zatchett, J. R., LeGault, R, R., lNimmc, C. C. and Notter, C.

Partrates from grape wastes. Ind. Eng, Chem. 36, 851 (1944).
4 process was Cescribed for recovering tartaric acid from
dilute grape wastes,

v
By

Mathers, F. G. andé Yaney, . ¥xXperiments with hydéroren-exchange
zeolites for preparing acids., Froc. Indiana Acad. Sci. 51, 132
(1%41). Original not seen; abstracted in C.A. 37, 45 (1943},

In attexmpts tc prepare free acids by base exchance between
alkali selts in sclution ané the exchanger, the conversion could
not be made complete and the scid ions used in regenerating the
exchanzer contaminated the resulting wesk sclutioms.

Mayer, S. Y. and Tompkins, L. R, Ion exchanzse as a separatlons me-
thod., IV. A theoretical anslysis of the columm separstions process,
J. &m. Chem. Soc. 69, 2866 (1947).

A theoretical study of ion exchange in relation to separsztion
of the rare earths was given.,

feirthur, F. ‘Yater treatment in Etiosicoke. iiater and Sewage 84,
No. 4, 66, 129 (1948).

Treatment costs ¢f asbout one-half cent per 1000 gel. of water
treated were ziven for a cation exchapge system. Calgon was
useé to inhibilt the corresive action of water, making certain
that it is added before the water coantsets air.

HeBride, G. A. The what, how aaé why of the scecelator. Bulletin
1824, 1Infilco Inc., Chicago, I11. (1948},
4 new type of water softening apparatus was described.
McCclloch, R. J. and Eertesz, 7. I. The use of an lon exchanse
resin foxr the complete removal of pectin-methylestersse from commer-
ciel pectineses. J. Biol, Chem. 160, 149 (1945).
The purification of sclutions by cetion exchanse resins was
descridbed,

MeCoy, J. We. Deternmination of small concentrations of caleium and
magnesium by titration with stancdard soap solution. Anal. Chem.
138, 1002 {1547).

4 procedure for cetermining calcium and ma-nesius by a soap
titration was discussed,

YeCready, R. M. and Hassid, Y. Z. The preparation and purificetion
of slucose l=-phosphate by the aié of ion-exchange adsorbents.
J. Aa. Chem. Soc. £6, 560 (1%44].
Glucose-l=-phosphate was removed by =snion exchange, with impuri-
ties passing out in the effluent.
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¥elsted, S. W. and Sray, R. E. Base-excharge equilidbria in soils
and other exchange materials, Soil Sei. 83, 209 (1947).
A comparison of the cation exchange egquilibria for several
orzanic exchanzers was made.

detzger, Fo J. {to U.S. Industriei Chemicals, Inc.). Production of
glycols., U.a. Patent 2,409,441 {oct. 15, 1946).
A process was described for the :removal of z2cid from an agueous
solution of ethylene glycol by use of an anion exchanger,

¥iedendorp, E. (uality textile products demend pure, clean and soft
water. Rayon Textile lionthly 28, No. 5, 79 (1547).
The applicability of an exchanﬁe unit for softening water to be
used in the quality textile industry has heen briefly reviewed
and strongly recommended.

¥iller, D, Lstest developments in removal of cations znd anions
from water by deminerelizing, Proe. 4nn, Water Conf. Enge. Soc,
Western Penna. 4, 121 (1943), Original not seen; abstracted in
Coi“.o 5_9_’ 2].67 (19‘1*5). -
Large installations have been made with wood to save steel &
rubber previously used for acid resistance,

#iller, L. R. Process water treatment for rayon mufacture.
Rayon Textile lionthly 28, No. 3, 95 (1947j.
The applicability of an exchange unit for softening water to
be used in the gquality textiie industry has been brieily
reviewed and strongly recommended.

Yonet, G. P. Inorganic separations using ion exchange, OCffice of
the Publication Board, Dept. of Commerce, ‘lashington, L.C. PB 52432
(August 29, 1946). :

Techniques of ion exchange operations were reviewed,

ongar, J. L. and iassermann, A, Ionic exchange ané fiber contrac-
tion. Nature 159, 746 (1%47).
A theory comcerning the mechanism of ion exchange in fibers
Was proposed.

iforrisor, W. S. De-ionized water for war plants and the ceramie
finishing field, Finish 1, Wo. 2, 44 (1944).
Adventages of deionized water for certain uses was stressed,

Morrison, W. S. Hew methods of purifying water for the ceranmic
industry. Bull. 4n. Cer. Soc. 20, No. 7 (1941},
Adventages of deionized for certain uses was strsssed,

¥orrison, ¥W. S. Some apovlications of de~-ionizing equipment.
Tech. Assoc. Papers 27, 222 (1944); Paper Trade J. 120, No. 1,
31 (1945).

Casec studies of iom exchange applications were presented,
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247.

248,
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dorrison, V¥, S. Synthetic cation ané union exchange resins as

new research tools in the field of electrodeposition and related

art. lonthly Rev. in, Zlectroplaters' Soc. 30, 702 (1943).
Suggestions were given for applying ion exchangers in the
electroplatinzg field,

Yorrison, W. S. Uses and limitations of de-icnized water. Chem.
Eng. 53, 250 (1946].
Teionized water was discussed with respect to its applications
and limitations,

Miorrison, Y. Se TUses and limitations of deionized water for
pharmaceuticel purpeses. Proc. Am. Pharm, Mfrs, Assoc. 39, 142
{1946). Original not seen; abstracted in C.A, 41, 1069 (1947).

Ion exchange in relation to the pharmaceutical field was
discussed,

lueller, E. R. Resinous ion exchange applications, Paper Trade
J. 118, o. 12, 30 (1944).
A brief comparison of the action of zedlites and resins, with
a brief gdiscussion of the applications of the latter were
given.

¥ukherjee, J. ¥. and iukherjee, S. X. ZEffects of H-ion concentra-
tion on cation exchange in clay salts. Nature 153, 49 (1945).
Mechanism of ion exchangé in clays was studied.

M¥yers, F. J. Ion exchanges, coatings, and plywood resins at
I.G. Farbenindustrie, Th. Goldschmidt A.G., Permutit A.~C. and
Chemische terke Albert. COffice of liilitary Government for
Germany {U3). TField Information Agency, Technical, TFiat Firal
Report No. 715 (Feb. 4, 1946). '

A review of ion exchange developments in Germeny during
Yorld War II was given. '

iyers, F. J. Iom-exchange resins. Colloid Chem, 8, 1107 (1946).
4 review was given on the uses of ion exchange resins in
the water softening field,

lyers, Fo J. Ion exchange resins., New tools for process
industries, Irnd. Eng. Chem. 35, 858 {1943).
A review was given on the uses of ion exchangers in the
process industries. '

iyers, ®. B. and Rouse, A, H, {to Sardick, Inc.). Extraction and
recovery of pection. U.S. Patent 2,323,483 (July 6, 1943).
in ion exchange process which has been successfully applied
in the food industries by Universal Colloid Corporstion, for
the preparation of a high quality pection from grapefruit hulls
by use of an acid-generated cation exchesnger to remove metallic
cation impurities was based on this patent,
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¥yers, R. J. Synthetic-resin ion exchengers. sdvances in Colloid
Science I, p.3l7. New York, Interscience Publishers, Inc. 1942,
A theoretical presentetion of lon exchange resins and their
operation was ineluded in this chapter of a book.

livers, R. J. and Lastes, J. ‘i. Synthetic-resin ion exchangers in
water purification. Ind. Eng. Chem. 33, 1203 (1941).
Complete operating date (softening & regenerating) were
given for the Amberiites upon various waters,

Xyers, R. J., Bastes, J. W, and ¥yers, F. J. Synthetic resins
as exchange adsorbents. Ind. Ing. Chem. 33, 697 {1941).
Operating data were given Tor the amberlite ion exchange resins,

iyers, Re. J., dzastes, J. W. and TUrguhart, D. Adsorption isotherms
c? synthetic resin ion-exchange adsorbents. Ind. Inm. Chem. 33,
1270 {1941).
Direct visual obscrvation of chromatozraphic bandings on
synthetic resins was observed., Capacities have been correlsted
with edsorption isotherms under conditions which simulated
those in columns aub was useful for ranid evaluation of new
resins.
¥yers, R. J. and Herr, D. S. (to Resinous Products & Chenmical Co.,
The.). Removal of Tfluorirne from water, U.S. Patent 2,373,632
(Apr. 10, 1945). ‘
A process was described for the remsoval of fluorine Trom water
by treatment with an anion exchanmer which has been treated
with an aqueous solution of an elumipnum saltb.

Xyers, R. J. 2né¢ Herr, D. S. (to The Resinous Products & Chemical
Jo.). Removing dissolved salts from water with use of za enion-
exchenge resin. U.S. Patent 2,354,172 (July 18, 1944).

A process was described {cr comtinuing the passage of water
throuzh the anion exchanyer to j;ive an scidie effluent for
use as wesn water for riasinz the alkaline receneratior solu-
tion from the anion exchanger. ’

¥achod, F. C. (to The Permutit Company). Process of recovering pre-
cious metals. U.S. Patent 2,371,119 (March 6, 1945).
The precious retals of the platinum group and gold were
recovered as complex negative ions by measns of anion exchange
aaterisls.

Nechod, F. C. ané Sussnsn, S. Renovel of electrolytes from solu-
tions by ion exchange. J. Chenm. Lducation 21, 56 (1944).
The chemistry of ion exchanse was reviewed and examples of
uses were discussed,
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263.

264,

267,

. 203~

Nached, ¥. C. and 'ood, ¥. The rezction velocity of
Jo A1, Chem, Soc. 66, 1280 (1944).
The rates of lon exchanse and their correlation were studied.

ya

on exchence,

achod, ¥, C. and Viood, V. The recction velocity of ion exchansze,
J. 4. Chem, Soc. 88, 629 (1845).
The rates of ilon exchznce and theilr correlation were studied.

Harwani, C. 5., an¢ Cursahani, G. T. 2Rese exchanre of mercuric ions
aésorbed on woOl. J. Inéian Chem. Soec. 18, 527 (1941).
A series of cations, arranged in order of capacity, was pre-
pared,

Nees, A. R. ané Berrett, 4, N. {to The Grezt Western Sugar Co.).
Recovery. of nitrozenous. products from ormanic wastes, U.S. Patent
2,375,165 {ifay 1, 1945).

4L process wes described for the recovery of va_uab1° ormanie
nitrcgenous substances, ineluding betaine and glutemic ecic,
from sugaxr beet ”a°tcs.

Melson, R. &ndé helton, X. F. Cstion exchange at hipghk pE. J. Fhys.
Chem. 48, 406 (1944).
it was found that unusually high capacities were obtained
for cation exchangers at high .

Nessler, R. L. BSoft weter for silk hosiery mill with zeolite water
conditioning. Rayon Textile Kon*hly_§§, No. 5, 82 (1947).
The anplicability of =n exchange unit for softening water to
ve used in thke guality textile indusiry has been briefly re-
viewed and stromgly recomsended,

Nielson, D. ¥. Developments in electronic instrumentetion. J. New
Enzl. Water Lorks Assoc. 59, 265 {1945).
Instrutentation in icn eXCnanre operations was discussed.

Nordell, C. H. ‘futonstic water softening apparatus. U.S. Patent
1,722, 998 {(Tuly 30, 1e2g).
A process zné apperatus were descrlbec for automatically
softeninz water for domestic use with the regenerstion taking
rlace st night. .

Hordell, C. H. Iethod of and apperaius for the continuous sofvening
of water. U.S. Patent 1,740,199 {Tec. 17. 1929).
i process and eguizment were deseribed for continuously
oftening weter with means of regenerating and washing the
exchanger in separate tanks,
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tie continuous softening

T
tent 1,808,651 (¥ov. 30,

268. Tordell, C. H. GLethod of znd apparatus fo
of water by the use of zeolites, U.S. Fa
1826},
4 process zné apparatus were deseribed for continucusly
softening water, with porticns of the exchanrser beingz con-
tinuously resenerated aond washed in separate tanks.
269, Hordell, ©. Deminerslizing industrial water and process liquors.
Kater and process liguors. Chem. iiet. Zng. 50, 112 (1943).
Opersting costs for deminerglizing weter were presented.

270. Hordell, I. Teminerslization of water for ithe pulp znd paper indus-

tries. Paper Trade J. 119, No. 14, 29 (1944).
Possible spplications of demineralized water were discussed.

Purification of liaquids

Norsk Hydro-Elektrisk Xvonelstofaktieselskab.
Originsl

271.
by base exchsznge. Cerman Tatent 711,051 {Aug. 21, 1941).
not seen; abstracted in C.i. 37, 3866 (1943).
4 modified tyve of eation exchunze resin was prepsred, containing
s cation which combines with the znions in solution to form
insoluble szl%s.
272. Ocean Sslts (Products), Ltd., Adasms, B. A. and 2ott, H. R. Drinking
British Fatent 568,129 (Mar. 20, 1945).

water from sea water.
Originzl not seen; abstracted in C.5. 41, 2827 {(1947).

A drinking water was prepared from sea water by a vreliminary
chemical treatment, followed by a cetion exchange treztmeant.

273. 0Olson, H. ii. Benefits and sevings from softened water for
municipal suprly. J. am. Weter Works Assoc. 31, 607 (1939).
Studies were mede indicating that when water is reduced from
51 ppa. down to zero herdness, the savings may be as great as
the sevings when = supply is softened from S10 down to 51 ppm.

of aardness.

Census of U.S. municipel water-softening plants. J. ..
> M

274. Olson, H. M.
Am. Tster Works Assoc. 33, 2153 (1941).
& complete list of cities by states heving municipal water

softeners has been compiled.

275. Olson, H. . Development anc¢ prectice of municipal water softening.
J. im. Water Yorks Assoc. 37, 1002 {1945).
4 review of muneipasl water softening was given.
Household water softening with removable zeolite units.

276. Olson, H. K.
Yater Yorks Eng. 98, 296 (1949).
¥ethods of softening water in the home by cation exchunge

were dlscussed.
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Otting, B. E., Lrowne, L. H. and Hull, M. E. (to ¥ & R Dietetic

Laboratories, Inc.). ilk product. U.S. Patent 2,102,642

(Dec. 21, 1837).
This process involved the treatment of milk by first
adding a hydroxylated food acid, preferably citric acigd,
to give an acidity of 0.257%~0.35% {calculzied as lactic acid)
and passing through a cation exchanger to zlter or reduce the
‘caleiwn and phosphate ion proportions. Mixtures of NaCl and
ECl must be used for regereration to maintain proper alkeli
metal salt relationships in the millk,

Cwens, F. Re Sillica deposits in stean turbines from softeninz of
’ <

makeup through natural zeolite, Combustion 189, 37 {1947).
Original not seen; abstracted in C.A. 41, 7022 (1947).
It was reported that siliea, SiOg, is lost from greensand,
Tesulting irn contamination of boiler feed water,

Parker, A, later softening. Soxe observations on the principzl

methods. Chenistry & Industry 1941, 795 (1941).
The advantaces and disadvantagzes of various water softening
methods, ineluding ion exchange, were discussed.

Parrish, P. The design and working of ammonia stills. London,

Ernest Beann Limited. 1924,
The quantities of phenols in coke oven tars ané ammonia
liguors were given.

Pattock, K. (to I.G. Farbenindustrie A.-G.). Removing salts from

water. U.S. Patent 2,264,402 {(Dec. 2, 1541).
A process was describedé for washing the aniocn exchanger after
receneration with effluent from the cation exchancer, which was
obtained by continued operation. after the break-through
voint of the hydrogen cycle. This wash water was free from
alkaline earth metal icns dbut contained alkali metal ions,

Pattock, X. and lleler, E. Process of working up complex

emmoniacal sclutioms of metal. U.S. Patent 2,288,547 (June 30,
1842).
A process was described for the recovery of copper from cupram-
nonium reyon waste liquors.

Pattock, X. and Wassenegrer, E. (to I.0. Farbemindustrie).
’ (1% 3

Treatment of ammoniacal soluticns of metel salts for recovering
their constituents. U.S. Patent 2,184,943 (Dec. 26, 1939},
4 process was deseribed for recovering metals and ammonia
from hizhly diluted aqueous ammoniaeal sclutions of complex
metal salts by means of & cation exchangser.
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284, Permutit A.-G. Treating wator. British Patent 538,818 (4uz. 18,
1941). Orizinel not seen; adbstracted in C.i. 36, 3602 (1942).
A process is cdescribed for recycling a porticn of the wash
water from the anion exchanger.

235. Permutit Company, The. Ion exchangers for industriel processes.
Bulletin. Iiew York. 1848,
in ocutline of types of processes 2nd a list of Z0 industries
in whieh ion exchange has been applied were siven,

286, Permutit Company, The. The Terrmutit demireralizing process,

Bulletin. Ilew York. 1948,

Demineralizing reactions of ion exchenge, reseneration costs,
equivrent specifications ané detailed sketches were given,

287, rFerrutit Company, 1té., The. Ion-exchange reactiorns. 3British
Patent 531,694 (Jan. 9, 1%41l). Original not seen; abstracted
in C.A. 36, 204 (1942).
A process was described in whieh the excesc of regenerating
agent is recycled by evaporating it from the solution.

288, Permutit Company, Ltd., The. Regeneraticn of iorn-exchange plant.
British Patent 545,842 (Jure 16, 1942). Original not seen; ah-
stracted in C.A. 37, 2114 {1943).

£ process was described in which the wash water from the
cation exchanger is recycled throush hoth exchangers.

289, Yerrmtit Company, Ltd., The, axnd Holmes, Z. L. Turification of
gelatin ané cther substances, 3Sritish Patent 548,205 {Sept. 20,
1942). Criginal not seer; abstracted in C.A, 27, 6490 (1943).
A process was described in which an agueous solution of
gelatir is rendered free of ssh by csticn exchansge.

290, Permutii Company, Ltd., The, ané ¥iein, A, Catlon-exchange materi-
' als, British Patent 582,345 (XNov. 13, 1946). Orizinal not seen;
abstracted in C.4. 41, 2188 {1947).
4 silver-containing catlon exchanger was prepared for use in
making potable weter from ses water,

291. Permutit Compeny, iLtd., The, Pemberton. R, T, Walter, J. R. and
Holmes, . L. Treatment of sclutions by icn~exchanze methods.
British Patent 553,233 (¥ay 13, 1943). Original not seen;
abstracted in C.4. 38, D086 {1944).

A process was describel for the treatment ¢f sea v iom L0
ronoy. @l Jlosolved solids.
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Permatit Company, Ltds., The, and Prescott, V. . Icn-eXchance
processes, DRritish Patent 549,921 (Dec., 14, 1942).

not seen; abstractsd in C.A. 58 1038 (19A4)
The wash water from a cation sxchanser was ubil
seguent regeneration.

QOrisinal

lized

in a sybe

Pettyjohn, =. 5. aad Christiansen, E. B, Iffect of particle shane
on free-settling rates of isometriec particles. hen,

44, 157 (1948).

mng. Proc,

Correlztions on rates of settling for particles in a fluid

o+

were niven.

Pfiffner, J. J., Bink

(to Parke Davis & Com:
UeS. Potent 2,407,096 {Sept. 3, 194€).
2 proeess wes desceribedé for cdsorbinrm 2 vite Fi
fromn =2a acidified acuecus liver exiract by mean
Te

anion exchange

3
i]
O o

Flow sheet were rive
boiler feed water.

kg

c-!

iey, S. B., Bloom, E., S. ang smmett,
omnany). Antianermia vitamin products.

-

A )
sia e

n-3 complex

ns

of

an

ification for hirsh-pressure
Chem.~7tg. 68, 56 (1946)
the c0f@l zte deminerslization cf

Plank, C. J. ané Drake, L. C. Differences between silica ~nd silica-
alunine gels, 1. Factors alfectinn the vorous structure of these

zels,  J. Colloid Sei. 2, 292 (1947).

Fundemental studies upon structures and mechanisms of exchanse

in soilec were made.

Folis, B, D. and re"erho 0. Studies on acenosinetriphosphatase
in muscle. I. Coacentr n of tHhe euzyme on myosin.

Chem. 169, 329 (1&47).

Solutions were purifieé with respect to inorganic

by means of ion exchunge.

Polis, B, D. and Reinhold, J. G. The determination of

hem. 156, 231 (1942).

total base
of seran by ion exchange reactions of synthetic resins,

An analytical procedure involving cation exchsanrers

seribed,

Pomesin-l/ericec Tomm.-Ces. "ischer & Company., Zliming
dilute pectin juicez, Belpgium Patent 444,872
Orizinal not scen; zbstracted in C.A. 38, 566

The anions were removed Tronm dilute pectin
with a mineral acid, by passing through column
ion exchangers.

Je Biol,
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301.

308.

303.

305.

306.

307.
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Torter, L. B. DBeet-juice purification by ion exchange. Sugar 42,

No. 5, 22 (1947).
The use of ion exchsage for nsurificstion of sugzar juices wzas
discussed.

Torter, R. ¥. Unusual technizues feature the production of

syhithetic bead catalyst. Chem. Yet. Ung. 53, 94 (1946).

The method of profucing a beaded catzlyst for use in tae
thermofor catalytic cracking process was described.

Powell, S. T., Carpenter, L. V., Setter, L. R. and Coates, J. J.
Receni trends in vieter treatment. Chen. Met. Zng. 46, 431 (1939).
review of water trestnernt pius fubure expectations were

Randall, . and Cacn, J. ¥, ITicelles und base excaznge. Chem.
Revs. 7, 362 {1930}.
& review on the tyeory and aepplicstion of ion exchsnze ias
nacde.
Rawlings, F. ¥. {to The Dorr Compeny). Ilon exchznze treatment of
sugar. U.S. Patent 2,413,844 (Jan. 7, 1947).
&4 process was Jdescribed for removing the non-sugar impurities
fron suger juices by means of cetion and anion exchangers in
order to increase the efficiency of evaporation snd of
crystallization ac well as increasing the output of crystallized
sigar while redueing its loss into molasses.

Pawlings, F. N. {tc The Torr Company). Purificstion of sugar
solutions. U.S. Patent 2,331,343 (Tec. 25, 1945).
4 process was described for clerifiestica znd ioniec exchange
treatzents of suger juices.

Tawlings, F. N. and De Geofroy, L. (to Tze Torr Compsny). Base-
exchange znd regencration of the exchanger compounds. U.S. Patent
2,366,650 (Jan. 2, 12495},

A »rocess was described for regenerating a cstion exchsuger
containing caleiwa with a NaCl solution to replace the Ca
with Na, vhereupon it may be resenersted with HpS04 to aive
soluble NasS04.

Rawlings, F. M. and Te Geofroy, L. (to The Dorr Company). Icnie
exchenge operstions. T.3. Patent 2,413,784 (Jan. 7, 1947).
L process was cescribed for rscenersting a caleium cation
exchanger first with an alk:Ii =%l szlt and then with
sulfuric zeid, thus minimizing culcium sulfete precipitation
on tie exchunger particles.
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309,

310«

31l.

312.

313.

314.

315.

316,

Rawlings, ¥. N, and Shafor, R, W. Ion exchangers, Their
application in cane and beet sugar juice purification, Sugar
37, No. 1, 26 {1942).

‘Data were given on a process for purification of sugar
juices by ion exchange,

Reid, A. F. Hultistage lon-exchange system for the fraction~
ation of solutes. Ind. Eng. Chem, 40, 76 (1948).
A system was proposed for mltistage separation of
radium and barium.

Resinous Products & Chemical Co., The. Amberlite IR-43B,
Bulletin ¥-3~47, DPhiladelphia, Pz, 1947, '
Operating data were presented for a commercial anion
exchanxe resin,

Resinous Products & Chemicel Co., The, Amberlite IRC-50.
Bulletin ¥-2-48, Philadelphia, Pa, 1948,
Tata were given for a new carboxyllc type cation eoxchangse
resin,

Resinous Products & Chemical Co., The., Amberlite IR-100.

Mimeographed Bulletin ¥-13-46., Thiladelphia, Pa, 1946,
Operating data were presented for a commercial cation
exchange resin,

Resinous Produets & Chemical Ce., The., Artifieial kidney.
Amberlite IR-100 used in preliminary experiments. The
Resinous Reporter 9, ¥o. 5, 19 (1948},

Body wastes were removed by means of a cation exchange
resin,

Resinous Froduets & Chemical Co,, The, OControl of water
gquality in writing inks, The Resinous Reporter 8, Ne. 5,
5 {1547},
Certain guality of water was produced by lon exchange for
use in inks,

Resinous Products & Chemicel Co., The, Diesels steam ahesd.
The Resinous Reporter §, No. 1, 2 {1948).
The advantages of demineralized water for dissels were
stressed. '

Resinous Products & Chemical Co., The, High capacity cation
exchange msterial announced., The Resinous Reporter 9, Fo. 3,
4 {1948).

Operating data were presented for a new typs of cation
exchange resin.



S17, TResinous Froduects & fhemical Co., The. Ion IExchange Froves
Valuzble Tool for the Analytical Chemist. The Resinous
Reporter 8, No. 2, 1% {1947} .

The application of ion exchange in the analytical fisld
was reviewed.

318, TResinous Froductz & Chemical Cc., The. Orchids to the amberlites.
The Resinous Reporter 8, No. 1, 8 (1947).
Teionized water for spraying orchids was found to be of
advantage.

319, Resinous Products & Chemical Co., The. Pepsin indicted as
stomach~ulcer ageat, The Resinous Revorter 8, ¥o. 6, 12 {1947).
Finely ground anion exchange resins were used in treatment
of peptic ulcers,

320. Resinous Products % Chemical Co., The, Xemoval of fluorine from
waters. British Patent 569, 307 {May 17, 1945). Original not
seen; abstracted in C.A. 41, 5242 (1947).
An anion exchenger, which has been impregnated with a
solution of an agluminum salt, such as sluminum sulfate,
was used to reduce the fluorine content of waters below
the toxic limit,

321, Resinous Products & Chemical Co., The. Sorbitol botileneck
broken. The Resinous Reporter 8, No. 3, 14 {1947}.
A nickel impurity was removed from sorbitecl solutiomns
by a cation exchanger,

322, Resinous Products & Chemicsl Co., The., Specizl ion exchange
issue, The Resinous Reporter g, No. 4, 3 (1948).
A review of the progress made by ion exchange in the
process industries, apd the contributions to this progress
-made by The Resinous Products & Chemical Co. were given in
a specizl publicatien,

323, TResinous Products & Chemical Co., The, Streptomyein and
Amberlite IR-4B, Thae Resinous Reporter 8, Mo. 4, 6 {1947},
In producing streptomycin, it was found convenient to
couvert the sulfate salt to the hydrochloride by use of
an anion exchange resin,

324, Resinous Products & Chemical Co., The., The amberlites.
Bulletin., Philadelphia, Pa, 1947,
A general description of the amberlite exchange resins
was given in this bulletin,
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Resinous Precducts & Chemical Co., The, The role of the
asberlites., Bulletins, Fhiladelphie, Pa., 1947,
The range cf applications of the amberlite exchangers was
pressnted.

t
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*

526, Resinous Products & Chemical Co., The. The separation of rare-
earth isotopes by iom exchange. The Resinous Reporter ¢, No, 2,
3 {1948).
The work at Czk Ridge and Iowa State College on the
separation of the rare-earths by ion exchangs was reviewed.

3&7. Riches, J. P. Re Use of synthetic resins in the estimation of
trace elements. HNature 158, 96 (1944),
Traces of copper, cadmium, nickel, zinc =snd manganese in
concentrations of 4 x 10-% molar have been estimated by
use of ion exchange.

328, Richter, s. {(Vested in the Alien Property Custodian}. Process
for freeing water from salts, U.S. Patent 2,301,689
(Nov. 10, 1842).
4 process was desceribed for deionization of water which
gives a more uniform pH for the effluent through ths use
of a third bed conbaining both cation and anior exchengers,

329, Riley, R. {to The Permutit Company). Demineralizing water,
T.S. Patent 2,267,841 (Dec. 30, 1941).
A process was descridbed for recreling certain portlons of
the effluent from the anion exchanger back through the
cation exchanger.

330, Riley, R. {to The Permutit Company). Nicotins insectieide and
method of making the same, TU.S, Patent 2,226,383 (Dec. 24, 1940).
An insecticide comprising a finely divided insolubls
carbonaceous cation exchanger with nicotine as the ex=-
changeable part was described,

331. Riley, R. and Bruce, W. H. {to The Fermutit Company}. Cupri-
ferous rungicides, U.S. Patent 2,099,623 (Nov. 16, 1937},
A process was described feor making 2 copper glumino-
silicste zeolite, in which the copper apparently is part
of the molecule but is in a form avallable for fungicidal
purposes but not injurious to vegetation.

332, Riley, "R. . and Day, H. M. Icn-exchange demineraiizing of
solutions. Chem. Eng. Prog. 44, 353 ({1948).
A review of ion exchange applications was given.
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Rile j, R. nc¢ Saaborm, V. X, The ion-exchanse process has
nat rec. sugar 42, No. 7, 24 (1947).
The dustr;&l use of icn exeheance in the suzar industry

was iscusseu.

Riveira, L. T. The correction of the water in dbreweries.
Lev. colomeiana quim. I, 8 (1944). Original not =een;
abstracteé in C.A. 40, A847 (1945},

Denminerelization of process water for use in brewinm was
recommended, if excessive quantities of nitrste, nitrite,
chaloride, or sulfate icnz are present.

Rogers, ., Jr. and Selar, i, A medification of the Freunecliceh
adsorption isotherm. J. Phys, Chem, 36, 2884 (1¢32}.
A corralaticn on equilibrium in ion exchanze wes presented,

Rousselot, A, New method Tor the Jemineralization of gelatins
Compt. rend. 216, 54 (1943).
Date were present on the deminernlis
soluticns by ioa exchange.

v]
e
[N

1 of gelsatin

Rousselot, 4. New method of demirerslization of gelatims. 4.
Chim. Fhys. 40, 1869 (1943).
Gelatin, held at =z tempersture sufficient to keep it
fiuid, was pessed throush a cation exchanger to remove
trzeces of Al, lig, Ba end Ca, which recduced the ash
content from 1.58 to 0.06%.

Royal Naval Scientifie Service. Production of poteble water
fron sea water, Chimie & incustrie 56, 14 (1946).
A potable water was prepured from Sea water by treatment
with a nixture of barium ané silver zeolites, silver
ozide; Agy0, & disintegrating agent, and activated charcoal.

Runnebverg, G. Ion~eichanse substunces in analytical chemistry,
VIII. Tetermining potassium in the presence of sulfates.
Svensk Xem.Tid. 57, 114 {1845). Original not seen; abstracted
in C.A. 40, 2416 (194.0,. :

anelrtical nreocedure Tor determining potassiun by ion
exchange was described,
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341.

342,

343,

344,

345,

346,
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Runneberg, G. and Samuelson, O, JIon-exchanzge substances in
analytical chemistry. VII. Determining alkelies in the
presence of phosphate ioms, Svensk Kem. Tid. 57, 91 (1945).
Original not seen; abstracted in C.A, 40, 2416 (1946).

Analytical procedure was described.

Runneberg, G. and Sermelson, O. Ion-exchange substances in
analytical chemistry. X. Dstermination of alkali in the
presence of chromate, molybdete, tungstate phosphomolybdate,
rhosphotungstate and silicotungstate. Svensk Kem., Tid,57,
250 (1945}, Original not seen; abstracted in C.A. 40, 2417
(1946).

Analytical procedures were described.

Russell, R. G. anéd Pearce, D, W. TFractionetion of the rare
earths by zeolite action., J. Am. Chem. Soc. 65, 595 (1943},
Experimental data on fractional separation within the
rare earth group by ion exchange were presented,

Ryznar, J. W, Preparation and purification of hydrous oxide
sols by ion exchangers. Ind. Eng. Chem. 36, 821 {1944),
Sols of insoluble hydrous oxides were prepared by means
of both cation and =nion exchangers.

Samuelson, 0, Investigetions of complex salt solutions with
the use of organic ion exchangers. I. Svensk Kem. Tid., 58,
277 (1944)., Original not seen; abstracted in C.A. 40,

3358 (1946).
Analytical procedures involving ion exchange were
proposeds

Samuelson, 0. Investigations of complex salt solutions with
the use of organic ion exchangers. III. Investigations of
bivalent zine, nickel, cobalt and copper chlorids solutions.
Iva 17, 17 {1946). Original not seen; abstiracted in C.A.
40, 6360 (1946). :

A sulfonic acid type cation exchanger on normal solutions
of Ca, Zn, Ni, Co and Cu chlorides gave the game capacity
for all these ions. Also, see C.A. 40, 335585, C.A. 186,
3787,

Sammelson, O. On the fractionation of sulfite waste liquors.
Svensk Papperstidning 24, 1 (1943). Original not seen; cited
in Resinous Products & Chemical Co,, The. Mimeographed
references, Philadelphia, Pa, 1947,

Sulfite waste liguors were analyzed by means of ion
exchange,
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Samzelson, O, Orgenic lon exchange and its use in analytical
chemistry, Ted. Tid. 76, 561 (1946). Original not seen;
abstracted in C.A. 40, 5657 (1946},

A review vwiith 29 references was given on the uses of
exchangers in analytical chemistrys

Samuelscon, O Studies con ion exchange substances. Fh.D.
dissertation, Hersal, Sweden., (1944), Originsl not seen;
citeé in Kunin, R. Ind. Ing. Chem. 40, 41 {1948).

4 volunirouvs contribution on the physical and chemiczl
properties of synthetic cetion excharge resins was made,

Samelson, O. The dynamic equilibrium in filters of iomn
exchenging substances, Svensk. ez, Tid, 53, 422 (1941).
Criginal not seen; abstracted in C.A. 38, 3889 (1944),

A theoretical study was presented.

Samuelson, C. The use of bese-exchange material in
snelytical chemistry. Svensk., Kem, Tid. 54, 124 (1942),
Chem. Cenmtr. I, 307 (1943), Orizinal not seen; sbstracted
in C.A. 28, 2896 (1944).

A sulfonic acid exchanger was finely ground, treated with
25% Hel to remove Fe, and then used in the hydrogen cycle
to determine the sulfate ion in solutions containing Na,
K, Ca, Al, Fe or Cr.

Samielson, 0. The use of base-exchasnge substances in analytical
cheristry., Svensk., Kem. Tid. 51, 196 (1939). Original not
seen; cited in Resinous Products & Chemical Co., The.
Mimeographed references., Fhiladelphis, Pa. 1947.

Variocus enalytical procedures invelving ion .exchenge
viere propesede.

Semuelson, O. The use of ion exchange substances in analytical
chemistry. VI. The determination of the total lime content in
sulfite cooking acid. Svensk Papperstidning, 26, 1.{1945).
Original not seen; cited in Resinous Products & Chemical Co.,
The, Mimeographed references, Fhiladelphia, Pa. 1947,

Sulfite cooking acid was analyzed by use of ion exchange.

Ssmuelson, O, The use of ion-exchange substences in analytical
chemistry. IZ. Experiments with solutions containing nitrates
and perchlorates, Svensk. Kem. Tid. 57, 158 (1945). COriginal
not seen; zbstracted in C.A, 40, 2417 {1946).

Analybtical procedures involving ion exchange were
presented.
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Samuelson, 0, The uss of ion-ewchanze subsitences in analyviicel
chemistry, XI. Ive 17, 5 {1946). Oririnal not seen;
abstracted in C.A. 40, 5657 (19486),

The determination of wvarious anions by ien exchange was
described,

Samuelson, U, The use of ion-exchange substances in analyticsl
chemistry, XiI. Cadnium salts, =Svensk, Yem. Tid. 58, 247
(1948}, <Crizinal not seen; ebstracted in C.A, 41, 1571 (1947).

Cadmiunr ions were separatel from varicue anions br- means

of ign euckonge,.

Szundere, T. J. Deminerzlizetion processes, The Permutit
Company. HNew York. 194€.
Denmineralization processes, including the resioval of siliece,
and repgeneration eosts were siven.

Schindler, . {to Purc 0il Compeny). Removing copper {rom petro-
leum oils eeteuec with conper cotnounds. U.S. Patent 2,367,802

’
Copuer wue removed Iron copper-swestened petroleun cils and
distillates by means of a cation exchanger and the resuliing
zeid reaoveld by an znion exchanser.

Sehlenker, Fe S. IMlont crowth in euliure solution oné availability
of icuz adaorbed on permutit and aniline dlack. Am, J. Botany
27, 320 {124C). .

Salts of both cation znd znion exchansers have been used in
synthetic goils for plent nutrition studies, allowins known
anounts of specific ions to be supplied.

Sehmitt, ¥. Uorks expericnce in tho preparation of boiler feed
water by the Wirbos-Permutit precess, 2. Ver. dtsch. Ing. 88,
395 (1941).

Ve Tey Duvis, J. ¥. @nd Shafer, J., Jr. Deionized
T z sultable substitute for distillied water in boron
stuéies, J. Am. Soc. Agron, 3€, 754 (194€).
The usc cof Gelonized wrter in boron-deficiency culture
studies resulted ir no sysptoms of deficiency, indicating
that the boron was not resoved.

Schutze, H. Go (to Stconcard 01l Tevelopment Company). Trocess
of relining hydrocarbvon 0il for the purpose of removing meteal
ions. U.S. Patent 2,375,694 (May €, 1945).

A process was deseribed for e;lning wetroleun cils by
wssins therr throush & hydéroren cation exchanger to remove
je incroanie cations, »articulary socdium and COpRpeEr.

£
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“ehwarz, il Cl., Scwarde, %, =, and¢ Doudresux, G. Removal of
chlorides oné suifates by synthetic regins, Ind, "ne, Chem,
22, 1462 {1840).

The mecharism of anion exchense was studied,

Scott, W, We ©Standard methods of chemiecal znrlysis. Sth ed,

Tol. II. Mew York. I'. Tan ostrand & Co., Inc, 19Z%.
Standzyrd analvtical »rocedures were riven,

Segal, et a2l, & polyamine formaldenyde resin, III. Chronie
toxicity experiment in rats. Gasiroenterolosy. &, 0. 2, 199
{1547}

The toxicity of variocus exchansc resrins was studied,

Shafor, R, &

‘s {to The

Tor>» Company). Avparatus and method for

conducting lonic exchange operations, “.S. Patent 2,363,221
(Dec. 12, 1944),
I:provemcnts in method end apperatus for conducting the
various eycles of ion exchange, narticularly for purifieation
of sugzy juices, were deccribed.

Shafor, R. “. {(to The Dorr Company). TIracticnation of sclutes,
UaSe Patents ;,413, 01 {Jan., 7, 1947).
A process was cescribed s hlch is =n improvement wupon a
pateat by Rewlings, such improvement invelvine the use of
svent regenerant soluticn for displacing the organie
»nstituents from a cation exchanger, Rawlings invention
vropoced the isolation and recovery of orsanic non-sugur
constituents {rom irnorganic constitucnts by preferentisl

ezchonse

ané bancéinpg on the cation cxch°*~er.

Shafor, T. %W. {(to The Torr Company). Sugar refining. T.S.
Patent 2,3%1,64¢ (Tec. 25, 1943).

A process was describ cd for “leachines sucar 3u1ccr and then
trenting with = cation erchanser followed by an snion
exchanzer to remove the a:heforming ions,

Shapkhin, I. F. Interncl boiler water treatment with sludze
reroval by thermal siphon setion. Izvest. Tsesoyuz. Teploiekh,
Inst. 14, 9 (19¢4); Chexz. Tentr, II, 2832 (1942).

Part of & boiler feed water was softened by a suéium cation
exchanger,

Sheen, R, T. AMutomatic pE control in water and industriasl waste
treatuent. Ind. Zng. Chem. 2§, 1433 {(1947).

The izportance of controls in ion exX vehanse wae discussed,



270. Shocmzker, Y. J. (to Research Products Corv.). Trestment of water,
Ted, Patent 2,368,574 (Jan, 30, 1945},
£ process was cdencribed for nassings raw uster through a hy-
Zromeu cation exchanmer =nd then throcuzh a second one saturated
with the metals ol the raw tioter. Thic treatmeat converted
the metsl carbonates into 0., neutral medal salis and some
metel salts and some meial bicarbonate to cive o nearly soft

wober s1lizhtly elkaline to methyl oraase.

371. Silirp, T, ¥, Turification of bhest juice by ion exchange. Sakharnaya
Prom. 1&, No. 3, 19 (1%48).
The use of cation andé znisu exchan~ers for the purification
of beet sugar juice as practiced at the Mount Fleasant, fich.,
refinery wes described,

372, Sims, X, A, H. dierccéctermination of glycceyamine and srginine
by means of o synthetic ion exchange resin for chromatographic
separction, J. Bilol. Chem. 158, 239 (1943).
snalyticel nreocedure involving ion exchange was ~iven.
S78. Sait, P. Levelopmenit of the refining of sugsr juice with the aid of
ion exchenszers «nd synthetic rosins. Chem. Teekblad 43, 42 {1347).
The use of ilon exchanmers in the refinins of sugar juice was

e
discussed,.

%74, Smith, 0. K. ‘oter purification by the ion exchaase method, Tet,
Eng. 187, 37 (194Z).
~xethols of softeuning water were discussed,

375, Snell, T. D. andé Snell, C, T. Colorimetric methods of uznalysis.
Vol, X.  ©D.63., Hew York, D. Van ostrand & Company, Inc., 19237,
Tetailed nrocedure was ziven for determining phenosis by
phosphotungstic~zhosphomolybdic acid reacent.

376, Speers, . li, and Tfeiffer, M, rnion exchenge resin and oeptic ulcer
pain, Cestroenterology 8, Ho. 2, 181 (1947).

The uge of finely divided anion exchengers for trestment of
»eptic uleer: wrs deseribed.

27%7. Spedding, I, H., Fulmer, E. I., Eutler, T. 3., Cladrow, I, .,

ey Porter, F. M., Powell, J. Z, and Uright, J. ¥, The

enaration of rare earths by ion exchenze, III, Fiiot plant scale

. J. &z, Chen, Soc. 68, 2812 (1947).

ilot »lant work at Icowe State Colleze on rare earth

4
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385,

Spedding, ¥. M., Voirt, A, T., Tlodrew, Z. ¥, and Jleisht, ¥, R,
The separation of rare earths by ion exchanse, I, Cerium and

ke

w
yttrium, J. 41. Chei. Sce. 69, 2777 {1947),
Tata vere given con tihe senerctiocn of csriug ané ytitrium by

pedding, F. i, Voizt, A. F., (ladrow, I, U., Sleicsht, W, R
e

Te Ray
Powell, J., wright, T. A, Butler, T. A and Pigaré, P. The
:tion ¢ rare earths by ion exchanse, II. Necodymiun and
praseodymium, J. Am, Chem, Sﬁc. 88, 2786 (1947},
te were given on the raeparstion of necdvmium ané nraseo-
dymiun by ion exchange.

Spengler, Co and Toly, ¥. The use of bhase-exchonze substances
Tor delimirns =d 6eminera1izina suray juices, 7, Wirtschafts-
srupre Tuckerind., 92, 152 {19z2).

A Llov temperature process for purifying supar juice solutions
by ion exchange was deseribed.

¢, neutral, and acidie

Sperber, I, Dlectrolytic separztion of basi
zaetes. J. Blol, Chem, 166, 75

anino acids in urotein hyérolyz
{1946).
An enjon exchanger act

ed as a buffer in the middle connar*ment
of nn electrophoresis cel

T

1 to maintain PH within nroper limit
3 n, H. Y. {to Fercules Towder Cormany)}. Ienteerythritol.
T.S. Patent 2,364,525 (Dec. 12, 1944},

An onion nxchﬂ*‘ﬂ“ acted 25 2 solif base catalyst ino the

synthesis of pﬂptaerv*hrlts; froiw BCHO and acetic acid by

meintain ing a pE of at least 2.5 by =dsorbing the formic acid
produced in the reaction.

Standard I.1
528,780 (W
205 {19<2).
An gluminosilicate type of srathetic gel was used as cataly

for the hydrogenation of hyirocarbon oils.

Company. Eydrosenating catelysts. IDritish Fstent

o
. 6, 940). Oriminal not seen; abstracted in C.A

~
e
ov A, 36,

=22

Stein, 7. J. Xobhuta nlant treets cnoush water Tor = million homes.
Touer 83, Xo. 5, 78 (1345)

( .
water trsatrent plant for @ mmicipality was Jezcribed,

>
o

Stone, ¥, G. and Holliday, ©. ', (Lo the Dacar Chemical Iroducts
Company). V.S, Patent 2,351,160 (June 13, 1944).
in imvroved. formulation for cation exchansrer receneration was
descrived, which coneigted of ap aguesus solution of sodium,
bicsrvonate, potazsium carboncte, trisofiun phosphate, soliunm
netaphosphate, ¢ austlc sode ~nd sodium silicate,



386, Ltrain, X, H. Chronatcpraphic adscrption analysis. Ind, Zng.
Chem., <mal. T8. 14, 2435 (1%42).
Toe technigue ¢l carommborranhic adsorption was described.
Qperating
wm, Water

earson, H., &, and Dowers, &. . p r
s of synthetic siliceocus zeclite, J. am, W

33 (1547;.

387, treicihcr, L
haracteristic
Assoc. &9, 1

work
Lota were ziven for municipal wo
388, Ltringfellow, Al - iames, Iowae 4infornation on the-standard static
test {or c¢xchumge caacit y. ITrivate communicasion, J1S4E,
Infornation was cbtained on 2 stanfard static test for ecxchange
cEpacivy.
389, Susenon, T. Cadalyssis by oeid-resenerated cation exchans Ing,
Inge. Chen. 88, 1328 (1946, :
Cation cxchangers were applicd = catalysts {oar estorification,
vpee of reactions.

(&3
b
£
H
ot
oy
r[{
@

wnd sinm

nan, C., Mindler, H. D. anc ¥ood, W. TNecoverv of alkaloids by
Chem, Ind. 5'7, ass, 549 (1945}, :
of alkaloics by

overy by anion

ion exchenre,

390, Suss
on exchani .

Data were
Wood, 7. Mectal rec

5 Hachoc, . Co ané
d. Znge Chem. 37, 618 {1945},
Fe, ?:LO’ I)L“., =

< VieTe

; and ¥

et w.e:: i

overcd by @nion exchaare raesins.
0 I.C. Parberindustrie A.-G.). Purification of
Jerman Patent 737,879 {July 1, 1943).

ons of Au,

3828, Sutterlin, ¥, (%
alkaiil salt sclutiomns.
Criginal not ceen; sbstracted in C.A, 38, 4104 (1944).
] councentrated alkali salt solutionc were purified
2 to 11,

cxchange at @ pk of ©
333. Sweet, ¥, J. and Sweeney, 0. R, odification of blooé by zeolites
for tr&ncﬁ'eiou pirposes. Proc. lowa Acad. Sei. 51, 29% {1944},

The salt tcn‘ of ‘blood wes modified by pas~a~e through a
i+ a2 blood with less tendeney to

cation exchanger, re

-coazulate,

“r

ayr T4 Sn
SUL SANT

Thies, 1, It. ané Thorstensen, T. C. The complex chronium salis.
1I., Studies relative to catlonlc chreomium complexes throuzhk the
use of cationic excihange resin J. Intern. Soc, Leather Trades?
Chen. 31, 187 {1947},
The composition of chrome liguors, v
anionie, and neutral complexes, were inver

384,

v
%

ion exchange.



396,

397,

89,

400.

401. -

402,

Thouas, G. 3. oné Davies, C, . Ion-exchanse resins zg catalysts.
Neture 159, 372 (1947).
The usge of e€.chan~ers a8 cabtalvsts was described.

e
process of ion exchnnse applicable more esnecially to water
softening., British Tatent 548,895 (Oct. 28, 1942)., Original not
seen; abstracted in C.A. 38, 445 (1944).
A nrocess was described for reactivation of zeolites by neans
of an acid treatment.

Thoizpson, J. (Eennicott izter Softerners, Ltd.,) and Fleinm, 4, A

Tiger, H. L. Carbonaceous zeolites, an advence in boiler feed water
conditioning, Trans. Am. Soc, lech, Engrs. 60, S15-235 (1938).
A process for softening dboiler feed water by cation exchanse
was cecceribed,

Tiger, . L. and Deaz, J. G. {to The Permutit Commany). Recovery of
nicotine. U.S. Patent 2,293,954 {Aug. 25, 1942),
A proces: was described for trc recovery of nicotine, guinine,
and other alkaloids by cation exchange netheds,

Tiger, H. L. ané Goetz, P. C. (to The DPersmtit Company). Recovering
copper fros Cilube copser selt solutions, U.S. Patent 2,387,575
{ipr. 2, 1946).

A process was described for recovering copper from dilute oolu-
tions by a cabvicn ezchanrer, usine coneentrnted hydrochloric
zeid for regeneration and distilling the regenerating effluent
to recover the exeess, free hydrochloric acid.

Tiger, iI, L. and Sussnan, £, Demineralizing solutions by 2z two-
step ion exchan~e process, Ind. Zng. Chem. 35, 186 (1943).

Deionization of water and applications for such water were
discussed,

Tizer, H. L., Sussman, S., Lane, i, and Calise, V. J. Tesaltins ses

er ~=- a practical chenmical method, Ind. Zng. Chem. 38, 1130

A process for desaltins cem water, involvinsg ion exchance, was
described,

Z

Tiselius, A., Drake, R, andé Hazdahl, L. Group separation of amino
acids by adsorptiocn anelysis, DLxperientia 3, 21 (1947).

process was describeé for the separation of zromatic, basic,
neutral, a2nd ccidie amino =cids by meaanc of ion exchangers and
charcozl.



403. Tompkins, I, R., Ihym, J. X. and Cohn, %. I, Ioneexchanme as a se-
a“etlonu method. I. The separation of fission-procduced radio-
topes, including individual rarc earths by complexins elution
from amberlite resia., J. Aa. Chen. Soc. 68, 2769 (1947},
Fundamental research on the eparatlaé of rare earths by
complexing elution from cation exchangers was described,

404, Tompkins, L. R. ané Mayer, &
thod. III. Egquilid
coiplexes with
63, 2859 (1947).

A theorstical study on ion exchange equilibrium was presented,

s S ¥, Ion exchange ac a separations me-
iws studies of the reaciions of rare sarth
ic ion exchange resins, J. im. Chem, Coc,

403, Tyler, R. C. Frocess cif disposal of sulfite weste liquor. U.Se
Tatent 2,392,435 {(Jan. 8, 1946).
A process was »eocAlob@ Tor ezchenzing the celeium of waste
sulfite liquor for sodiun by means of & cation exchanrer »ricr

to its evaporation.

406, TUnrerer, ©. Research on base exchenge with selts of organic nitrocen
comnounds, Xolloid-7. 36, 228 (1925).
Tata were given on t“u recovery of ricotine, quinine, znd other
alkaloids by cation exchanre methods.

407, Urbain, O. i. and Stemen, W, R. (to Charles E, lewis}. Process for
producing materials for removal of certain halide ions from water.
U.S. Patent 2,157,507 {iay 9, 1939).
A process and anion exch snoee naterials were deseribed for removings
all halide ions, with the exception of chloride, from water,

408, Urbein, C. ¥. and Stemen, W. R. |
for the rccovery of iodides, as 1
2,157,508 (i=y 9, 1839).

A process andé exchange materisls were described for the
Trecovery o’ iodides as iodine from wsters such as sea and
deep well water.

v Charles K, Lewis), Trocess
uéine from water. T.S, Patent

409. Urbain, 0. . ané Stemen, W R. (to Charles H. Lewis), rocess
' for the removal of fluorides from water., U.S. Patent 2,157,509
{2y 2, 193%),.
A srocess and anion exchange materiels were described for the
removal of fluorides {rom water.

410, Urbain, 0. II. and Steaen, Y, R. (to Charles i, Lewis). DIurifica-
tion of potable water. U.S. Patent 2,210,965 (Auz., 13, 1840).
& yrocess was described for removing fluorides Irom water by
the use of a cation exchanger, which has been trested with a
highly concentrated aluminum selt solution,



411, Urbzin, 0. 4. ané Stemen, U, A. {%to Charles H. Lewis). Turifica-
' tion of potable water. U.S. Petent 2,210,966 {Zuz. 13, 1940).

A& r~rocess was descrihed for removinr fluorides Trom water
co.:prising treating the liguid with a scriptive mnteriel
selected fro:: the elass conorising aectivated carbon, adsorbent
clays, fuller's earth, bentonite, Cottrell dust, and silica rel,
after treating this adsorbent xlth a hishly concentrszted
aluninum salt solution,

412, TUrbain, C. I, and Stemen, . R. (to Charles ¥. Lewis). Tenoval of

Tluorides from water. U.S. Patent 2,268,971 (J=n, 6, 1942).

A process and saterials were described for the removal of
fluorides from érinking and industrial waters,

413. U.S. Tept. of sporiculture, Testorn Nesional Research Laboratory.
Bulletin AIC-14: Information sheet on recovery ¢f tartrates from
grase wastes, 1943,
Process for recovery tartrates Trom grape wastes by means
of anion exchange VoS cescrlbed.

414, TVallez, H. A, (to Infileo, Inc.), PYroccss for refining and
purification of sugar juices., U.S. Patent 2,388,194 (Oct. 30,
1945),
A process escribed for tus removal cof inorganic saltis
and certal ~anic non-sugars from raw sugay juices by means

was ¢
of ecation Gnd saion exchange materials, operated in series,

I
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h
[ 3

Tallez, ¥#. 4, {%to Infilco, Ine.,). Turification of sugar ju*cos
and the like. U.S. Patent 2,388,195 (Oct. 30, 1945). irina
not ceen; abstracted in C,A. 40, 756 (1946].

A Trocess was {esceribed for the purification ol sugs
by ion exchange,

o,
ol
e
Q
&

4156, vVentre, E. ., Brall, 5. and Furse, R. J. Crystallization of sorgo

sy B e
juices purified by icn exchancze., Sugar J. 10, Ko. 3, ¢ (1947).
Data on the increased yields and pu“ltj ot susar from juices
subjected to ion exehgnge treatment were ziven.

417. 7Vidal, R. E. Operating details at ralston purina, Power Flant
LZng. 49, YWo. 7, 74 (1945).

Data were civen on a water softenins process, utilizins both
sodium and hydrosen cycles of cation exchange.

414, iaeitel, J. S. and Cassidy, He G. Chromatography as & means of
seperating anino zcids, J. Am. Chem, Soc. 85, 665 (19_3).
The use of chromatography for sepsration of amino acids

x
was ..L oo,
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» exchanse ip & carbonaceous ion exchanrer,
te iead, Cei. 34, To. 2, 124 (1941).
£1é

A theorntlc study on ion exchange equilibrzium was prosonted

*
carbonaceous cation erchanrer.

n exchanse equilibriunm was presented,

Yalton, Il. F. ZIon excheange., J. Chenm, INdueation 23, 454 (1%46).
A review of ilont exwchanpe was given.

(o]

Waltorn, H. e Ioa exchanre botweon selids and solutions. 7.
Franklin Inst. 282, 305 (1941).
A tneo“etical study of the mechanismns of lcn eucianse Was
~iven.
amsley, R, andé Jones, W, &, Treatment of mine water for domestic
use. A, Inst. ining Eng., Tech b. No, 1913, (1945}.
jiethod of treating nine waters was described.

ward, G. 3., Pettijohn, O. G., andé Corhill, R, D, DProduction of
2,3~butanediol from acié hyérolyzed starch. Ind. Eng. Chem.
87, 1188 {1945).
The us¢ of ion exchange in a proeess fo
2, 3-butaonediol was described.

e procduction of

«

o

+
[Y

1]

Weaver, B. J. Rsaction of plant growth regulators with lon exchang
ers, Ocience 106, 268 (Sept. 19, 1947).
Studiez on the effecis of ion exchunze on vlent srowth were
ziven.
. Proctical prorress in wmater treatment, Gas World
47); Gas J. 250, 453 (19 4").
T synthetic zeolites after ¢ line-sod:
T treziment of boiler Teed water 138 deccrited,

wedrwood, 2
126, 688 (19
The use o
unit fo
Yeitz, F. W. Juice purificstion by ion exehonge as applied at
the Isabella Sugar Company. Sugar 36, No. 1, 26 (1943).
Data on suger julce purification b" ion °Ach“n~e in an
industrial plont were nresant.

Vinite, D. H. VYater softening nmaterials from polymerized furfural.
Unpuvlished ¥.3. Thesis. Library, Iowa Ttate College, Ames, Iova
{1942).

Few types of caticn exchanse resins were developeé from
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434,

436,

Wiitehorm, J. C. '"Permutit™ as o resagent i o
Cava, 56, 751 (1¥23).
4in apalyviical procadure uwtilizing cation exchanre wias described.
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Whitloer, T. We {to automatic Pul & Softener Corp.). Hydroren
ion e:chaonge &3 gcr tus. TUeS. Patont 2,331,648 {June 20, 1944},

An electrical cell cownrising a pailr of elcetrodes of
¢insimilar setal Adisposed in the effluent and operatirg a
mctorizel valve in the service line c¢f & hrdrogen csticn
exchangser unit autometically switched {rom rinse to serviee
afiuer regeneration, but only after all the excess acid has
heen rinsed out.

iiegner, G. Some physico-chemical »roperties of clays. II, Hrdrope
lay. J. Soec, Chem, Ind. 50, 103T (1S%1).
s on the properties of clarys have bsen nade,

Wiel=nd, Te Sezaration of basic amino acids by adsorption on
"iofatite~-C¥, Rer. 778, B3¢ (1944). :
A method wes Gescribed for the separstion of basic emino acids
oy means of a corhoxyl-tye catlon exchance material
wiklander, L. Xartition of uni- and bivalent cations by adsorpticn
on OT”QROlltOu. Cveask Xem., Tié, 57, 54 {1945). Orisinal not seen;
abstrzcted in Ceds 43, 2711 (1946).
Data wer ~*ven iLdic“t'*" that cations of different velence can
§o! T

equilior1¢m.

Wiklander, 1. Stucdies on ionic exchance (Vofatite 2 & %), Amm,
Roy. Agr. Coll, Sweden 14, 1 {1946j. Original not seem; cited in
Resinous Froducts & ChenlcaT Co., The., Philzdelphia, Ta, 1947,

A review end study of ion exchange equilibria were gilven.

Wilkeln, R, H. and Iwauk, M. ZFluidizebion of solicd particles.
Chem. Zsag. Drog. 44, 201 (1948},

Various solié particles were fluidized by xmeans of alr and
yater in 3 aznd & inch diameter colums.

(6]

}

“ilkinson, J. and dartin, G. J. >Physicoche
action of wnion exchsngze resins in blochemi
Biochen, 10, 205 (1546).

Studieo on application of anion exchange in biochemical
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437. Viillsrd, H. He. snd Furman, N. H. Eiementary quantitetive analysis.
%rd ed. New York, D. Van Nostrand Co., Inc. 1940.
cuantitative anelytieal procedures were given.

438, Williems, W. L. ¥icrobial fouling of zeolite water softeners. J.
km. Vater Works assoc. 358, 779 (1947).
The fouling of exchanger beds by bacteria was discussed.

439, Wilson, J. ¥e £ tdeory of chrometography. J. &m. Chem. Soc. 62,
' 1583 (1%40).
Tne technigue of chromstography was outlined.

440, Yen, P. C. Anmonium sulfate from urine by base-exchangze method.
J. Chinese Chem. Soc. 12, 19 (1945). Original not seen; sbstracted
in C.h. 40, 4183 {1946).
4 Chinese process was Gescrived for preparsticn of ammonium
sulfate from urine through the use of a cation exchange msteriel.

441, Young, R. S. Cobalt. A.C.S. monogravh. No. 108. ¥ew York,
Reinhold Publishing Corp. 1948.
4 comprehensive coverage of the metallurgy snd uses of cobalti
have been presented.
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