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IETRODUCTION

Application of synthetioc ion eachange resing hae constantly expanded
since their introduction in 1935 by Adame and Helmes (1)s The unique properties
of don exchange resins, such as permitting efficient exchange of one ion for
another without the necessity for forming a precipitate with subsequent filtration,
or; in the case of particuls resins, allowing adsorpticn of entire molecules, have
led to constantly expanding use ef theee materiale, The resins have been applied
to puch problems ass preparation of solleidal dispersions (without peptization and
dialynugg recovery of valuable elements from waste solutionms, as in the recovery
of oopper from plating solutions; purification of sugar solutions and other edible
gsompositionsy removal of wawanted salts from various chemical systemsg and various
separation procenses and analytical procedures.

An inventigation of lon exchange resins was undertaken with the intent
of developing possible epplications to the pigment indusiry. This report presents
the program of astudy drawn up as the result of a literature survey, and Briefly
‘discusses the very limited experimental program carried out to date.

The invostigation of iom~exchange rosine end of poesible applications
of these materials to colored pignents was initimted with a survey of the availavle -
literature.

Due t0 interruptiea of the program at an sarly date by amother problesm,
guantitative experimental work was very limited. Thias comsioted primarily of study
* of several comparatively salt-free 80ls; a few experiments on flocoulating irén
bluep and e molybdanum blue solleid were aleo conducted. HNo positive leads were
developed btut further study is reccamended.

L

Ionie exchange is wsually defined as the imterchange of ione between
a liquid phage and a 80lid, reculting im no redical change in the structure of the
solid. (Severel oases of exchange betwsen two solids in aqueous suspsnsione have
also been reporteds)

Ionlc exchange ean be of the following typess

Gatton Exchange

1. Salt exchange in which cne metallic or organic catiom is replaced
by another.

Ca"toazz  2Ma'Caz {2 = Cation Exohanger )

2. Hydrogen cycle im which metailisc or organic sations are replaced
by hydrogen ions.

oNa*oHpZ 20 *Nogl
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Anion Exchenge
1. True Anion Exchange.
BOgsva(RelH) 01 201"+ (RelH)g 80

(RsN = free anien exchanger.)
2+ Acid removal by addition,
| HO1{RgN) (RaliH)CL

Ion exchangers, frequently, show marked selectivity which ie controlled
by such factore as elsstric oharge, siss, and concentratien,

The original progras of the present investigation included proposed
study of the following spplicaticns of ion exchange regings ‘

1. Preparation of colleidal digpersions of various exides, much as
silicon dioxide, nluminum oxide, aund titanium oxide; by ion exchange methods and
study of these sols ag poseible lake-formers or precipitente for variouz dyes.
Through imsolubilization of the dyes, by addition of colleidel dimperazions, it was
hoped that pigmemts of unique properties, e.g. high strength, could be prepared.

2+ Preparation of a pigment-type chromium (IXI) oxide througk ute of
the resine. The present commercisl method of preparing pigmentegrade chiomium (III)
oxide is a rather expensive precedure involving, firet, caleination of a mixture
of a chremate or dichromate with boric acid or a phosphatey quenching the fused
mees in hot water, grinding, and washing. Although the more intense forms of the
piguent sre belleved to be hydrated oxldeg, the desired pigment proparties are not
obtained by direst preeipitation of the hydrous oxide from chromic salt solutions.

. The difficulty of obtaining the desired product by procipitation methods may bde

associated with the fact that precipitated materials oftem contain a considorable
quantity of foreign ious, whose removal 4§ very diffieult. It should be possibvle
to prepare hydrated chromic oxide with emly infinitesimnl emounte of impurities
by the ion exchange method, It was proposed to study the pigment properties of
such material,

3« Reoovory of veluable eloments from waste solutions and evaluation
of the costs of recovery. OCongentration of dilube selutions of electrolytes has
been effectsd through the use of ion exchange resine in many cases.

4, Treatment of pigments with hydrous exide sols propared through the
use of ion exchenge resins. Certain piguents are troated with various oxides,
fermed by precipitation in the presence of the pigment, Use of colleidal dispersions
of the oxides for these ireatments should be iuvestigated,

5¢ Preparation of molybdenum blue precipitates by treating negstively
charged molybdemumy blue sols with positively charged hydroxide eols of metals like

Al, Fe, Cry, Th, Sr, and Ce, ?rcpnrnﬁion of both types of sols mormally involves

o pIES Y
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dialysiss Ion sexchange procedures, if applicable, would eliminate the time~
consuming didlytic metheds, and also result, precumably, in “"purer" sols which
mdght have improved pigment properties. Also, it wme proposed to study direot
preparation snd simultanecus purification of the above mols by ion exchange
methods, some euscess along these lines having been reported by J. W, Rysmar (2).

6. Removal of excess salts from irom blue pigments through spplication
of iou exchauge procedures.

7. Improvement of sinc yellow for use in metaleprotective primers.
Removal of the undesirable ions (ege. chloride, sulfate) might be effected threugh
purification of the ingredients used in certaln azinc yellow processes or possibly
through incopposhiion of & minute amount of an ion exchange resin into the zine
yollow.

8+ Preparation of a silica sol, comparatively free of salts, by use
of ion exchange resins, Some work has been done along these lines by Rysnar (2).
He prepared a silica 80l of pH (6.0 - 6.3) which is near the 6.8 pH of the very
pure sol formed by hydrolysing silicen tetrachloride. The colloidal solution wes
wade from sodium silicate and sulfuric acld. The asalts were removed by passing
the golution through a cedisne~exebanger and then an snicn~exchanger resine

This salt-free silica 501 might be applied to various pigwents
(esge phospho=tungstic or phospho-molybdic types) with the expectation of possibdle
improvement in lightfastnese, end, perhaps, variation of the particle size and spur-
face of the pigments.

Bome trouble has been had accasionelly with pigwents abgorbing
moigture too readily during storage. It is proposed that a small amount of salt-free
silica be ineorporated into such pigments., The moieture might then be adsorbed
specifically by the silioa, rather than by the pigment as 8 whole and the dispersing
properties might be favorably alierede

Experimental

Four resins were chosen for laboratory uses De-Acidite (emion
exchanger) and Zeo-Karb-H (hydrogenm sycle-cationm exchanger) both obtained from
Permutit Company, 330 West 42nd 8t., Mew York, also Amberlite IR-300«H, (cation
exchanger), end Amberlite IR~4 (anien exchanger), obtained from The Resinous
Produots and Chemical Company, Washington Square, Philadelphia, The Duolite
resins were not used; available information (3) indicated that they might have
slightly different characteristics than the four listed above.

Suffioclont time was not sllowed for study of variables sffecting the
gtability of sols prepared by intimately mixing a given salt solution with the
preper resin and then dosanting the sol from the so0lid reein particles. The sols
that were sztable vhen prepared by hand agitation of the salt solution with resing
(on = small scale) were not stable when prepared in larger amounts and stirred wore
thoroughly and over a longer pericd of time.

The use of these unwtable solutions as flooculating or treating agente
for soluble dyes or pigments i8 not a valid test of the effectivenedss of comparatively
salt~-free #8o0ls, for, upon precipitation, the charge on the colloidal gmol particles is
diminighed and their Iflooculating capacity ies correspondingly decreaged. This
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limitation must be considered in interpreting the experimental results whioh,
briefly, were ss followss _

(1) Dilute solutions of mluminum chloride, aluminum sulfate, chromium
chloride, chromium sulfate, titanyl sulfate, cobalt shloride, nickelous chloride,
nickelous sulfats, and coppér chloride wore treated with De~Acidite in attempte
40 prepare sols of the respective oxidesy, #£nalyses of the resulting solutions
showed a substantial removal of the anlons,

(2) Sols of aluminum oxide were prepared by removing the anions from
solutions of aluminum sulfate or sluminum ehloride by use of the anion exchanger,

Amberlite IR~4-B, These sols were us attempte to precipitate Peacodk Blue
Lake ax.-zz-n. normally manufactured b g0} Brilliant Blue E Dye on slumina
hydrate (prepared from aluminum sulfaté and sodium carbenate). Very little pre-

oipitation ocourred when the sols of aluminum oxide were added to the Blue. It
has not yet beea determined whether the ungatisfactorily slight precipitation was
due to the relative inwtadbllity of the sol or to possible similarity of eleotrical
cshargos of the dye and gole -

(3) Treatmeat of a eohrowe yellow with eluminum oxide sols of the above
type gave mno imprevement in pigwent properties over the gtandard Chrome yellowe.
{Instability of wole may bo the cauge of megative results),

(4) Settling rates of iron blue slurry treated with aluminuaz oxide
80l (aluminum sulfate + Amberlite (JR-4~B) showed mo improvement over those of
untreated blue slurry (stability of sols poseibly at fault)e A fairly etable sol
wias prepared from copper acetate in a like fushion, This e0l apparently did inerease
the initiel gettliag rate of the irom blue slurry.

{3) A 80l prepared from aluminum chloride and Amberlite IR-4-B
flocculated e molybdenum dlus sele

(1) Dats nesded for successful preparation of sole mupt be obtzined
ezperimentally; there is very little of ¢his information in the literature. The

variables (time of agitation of the golution with the resin, temperaturs, oon=

centration of solution, ratio of sult to resin) must be studied for each ealts

all are critical varisbles in sol Srmation, Ths extent of hydration of the resins

must be known in order to establish the ratio of salt to "netive® resin.

{2) Yhe balance of the program as originally outlined (Page 2) should
be investigated.

(3) Study ef the flogculating action of aluminum oxide sols (4) and
hydrous ferric oxide en irom blues (5) might be of value.

(4) Most pigments must he washed free of selts before being dried.
Therefore,; use of salt~free sols would be advantageous, the wushing step deing
doorensed or eliminamted when the s0ls are used as floeculating or treating agenis
for pigmente, (e.gsy in the preparation of the blue lake Ble=72-D),
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{5) The use of the reoins should be studied to obtainm the h:lg,h'olt
exchanger capacity (6) (7) and the fastest exchange conditione.

(6) Processes in which ion exohange cceurs between tiko selids in
sugspensgion (8) (9) are of interest.

(7) Proparstion of & 80l of an exchauge resin that would rétain ite
sexchange properties inthe sol state. _

_ (8) Organosols of pigments might be made and flushed directly imte
organic vehiclesg These sols could be prepared through ion-exchange (employing
the »light amo\m{ of water that is required for the ion exchange) or by other
methoda, ) . k

In the course of the icn exchange program, the importance of true colleddal
solutione in the pigment field became quiteo apparent. 0Colloids, bescaugse of the
aotive charge on the colleidal particles, should logically be more powerful lake-
formers than enlt golutions, Wider investigation of the uve of true colloids in
pignents should be encournged (10).

: Humerous patents on ion exchange processes huve been igsuedy there mppears
t0 be a constant inoreage in thelr nmumber. 4 patent application by Rohm and Hams
gnut. &ppl. 22585, Nov, 15, 1944) outlines a process for aoidifying certain eflicates

whioh form gels in acld medium) without destroying the gel siructure of these
materialss A4 siurry of the silicates i1s mixed with a cation exchanger (hydrogen
oycle); separation is effectid by mechanical means. By analogy it might be possible
140 remove acid from pigment slurries by using en anion exchanger (e.g. De Acldite),
thus retaining the structure of the gels which is often depiroyed by ordinsry
neutraliszetion,

Boe Notebook 1183,
REFERENCESS

Reference (12}, below, presents a comprehensive (209 page) ocompllation of
abgtracts of litersture covering esientific and industriml application of iom~exchange

materiale, This wee published subsequent to termination of the study reported herein.
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5. Holtgmamn, Ind. and Eng. Ohem,, Vol. 37, p. 856, Septembar, 1945,
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British Patents 573, 814, Medification of the Relative Concentration
of Go.timl in Fluid Hediae

British Patent Application, 16598, Treatuent ef gel=forming hydrous
eilicates.

British Patent Applicetion, 22565, Stable, gelling, acidic hydrous
ailicaten. .

Hydrous Oxides by Yon Exohenge Techniguos. ' '

EEP -46-185, H, M, Stark, Experimental Station, DuPont, (Page 4¢)

Iouio Exchange, (Memorandum ¢o Dy. P. L. Salsberg from Norman G. 715&0‘!’;
and Martha M. Duffey), Bxperimental Station, Ootober §, 1945 » DuPont.

Ionic Exchenge, LeBS.Xe 1583' Martha mw. Chen, Dept, m‘ma
Btation, DuPont, Vay 1946
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