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This invention relates to the treatment of aguecus
tiqeid media containing metal ions with chelate exchange
resins. More particularly, it pertains to chelate exchange
resins which contain a high proportion of polymeric
vinyl-phenyl alipbatic aminocarboxylic acid umits and
which are characterized by a large capacity for chelate-
binding metal ions, and to a methed for employing such
chelate exchange resins in separating and jsolating metal-

ining ioas from liquid media.

Conventions! ion exchange resins, such as the water-
insoluble, sulfonated crosslinked polysiyrene cation ex-
chapge resins, are capable of effecting ion exch re-
actions with soluble efectralyles in agueons media con-
tacted therewith. The predominant mechanism is the
cstablishment of equilibrium in 4 metathetical chemical
reaction involving the labile ion of the imsoluble resin
electrolyte and the corresponding ion of the soluble elec-
trolyte.  While practical separations of one metal from
another in i have been lished witk con-
ventional cation exchange resins, such separations involve
selective absorptions that depend upon differences be-
tween the respective affinities of the several metals in the
mixtures for the particalar ion exchange resin employed,
and these differences are often very small.

It has already been proposed to construct ion exchaage
materials wherein the ionically active groups would be
capable of binding ions by complex formation, e.g. as
chelates. However, the kinds of chelate exchange resing
that have herciofore been proposed have been unsatis-
factory for use in practical extractios and separation
processes because the actual capacities of these resins for
absorbing cations by chelate complex formation are ap-
preciably lower than the theoretical capacities, and the
rates of taking up chelate-forming jons from contacting
solutions are impracticably slow.

For ple, a resin obtained by densi pheny!
ene diglycine with formaldehyde is described by H. P.
Gregor et al. in “Industrial and Bogineering Chemistry,”
vol. 44, No. 12, pages 2834-2839 (December 1952). The
capacity of this resin for chelate-forming metal ions is
quite low relative to its theoretical capacity, and from
7 to 10 hours are required for the resin to absorb 90
percent of its capacity at equilibrium.

In an article by D. K. Hale in “Research,” vol. 9,
pages 104-108 (1956), chelate exchange resins are de-
scribed that contain aminocarboxylic acid groups and that
ate obtained from chl hylated highly Tioked
polystyrene resins. The author states (page 108} that
“The slow rate of exchange observed with many of these
resins is a very serious disadvantage and would severcly
limit their practical application.”

An object of this invention is to provide impqud
chelate exchauge resins and a method for treating liguid
media containing metal ions therewith.

A more particular object is to provide improved means
for separating and isofating metal-containing ions from
aqueous liquid media compriging the samc by treatment
with chelate exchange resins that contsin a high copcen-
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tration of chelate-forming ligands, that have a high ca-
pacity for the chelaie-forming metal ions, and that are
capable of rapid reaction with the chelate-forming metal
ions in the contacting solution.

Other objects and advantages of the invention will be
apparent in the following description.

The objecis of this invention have bect attained by
treating aqueous liquid solutions of “metal-containing
jonized solutes with solid, insoluble chelate exchange
resing which contain a high proportion of polymeric
vinyl-phenyl aliphatic amino carboxylic acid units, as set
forth below. .

The figures of the accompanying drawing are graphical

ioms of data obtained as described hereinafter
in the examples.

The chelate exchange resins with which this invention
is concerned arc ones that have in their polymeric struc-
ture at least 80 percent by weight of a chemical unit
having the formula .

20 —CHyOl—~ B,  Ra

VEL— :AN/

Ra

2% wherein the syrabol R, represents a radical selected from

the group consisting of —H, —CO,M, and —CH;CO,M;
the symbol Ry a radical sclected from the
group consisting of -—H and --~CHj; each of the symbols
Rs and R, individually represents a radical sclected from

30 the group consisting of -—H, —CH,

—CHp— CoH—CH-=CH;, —CH,COM,
—CHCHCOM. —CH(CG;M)CH,CO.M,
—CHCHy—-N(CHzCOxM) s,

2 ~ CHZCH,CHy —N(CH000;M ) 5, and

Caler
~O— 0
mHansg
where n is an integer from 1 to 4, m is an integer from
010 2, and M is a cation, snd wherein at lcast one of the
radicals represented by the symbols R,, Rs, and R, con-
tains a —CO3M group which together with the nitrogen -

48 atom constitutes a metal-chelating group.

Exemplary of such chelate cxchange resins are the
pol of N-{ar-vinylbenzyl)iminodiacetic acid, N-(ar-
winylbeozyl)aspartic acid, 2-(vinylphenyl)glycine, and
N,N-bis(ar-vinylbenzyl) glycine.
M. :  Anheny]  alinh

ic 1 toxylic
acids suitable for making the resins required by this in-
vention are described in pending application, Serial No.
615,509, filed October 12, 1956, by Richard A. Mock et
al., now U.S. Patent 2,840,603. According t; the method
described therein, a number of the vinylphemyl aliphatic
aminocarboxylic acids are prepared by reacting an ar-
vinylbenzyl hatide such as the chloride with an @- or §-
aminocarboxylic acid having at least ope bydrogen atom

go on the amino nitrogen atom. For example, ar-vinyl-

benzyl chloride is reacted with disodium iminodiacetate
in alkaline aq dium, and the it i is
acidified to produce N - (ar - vinylbenzyl}iminodiacetic
acid. Other vipyl-phienyl alipbatic aminocarboxylic acids

85 are prepared from ar-vinylbenzylemine. For example, ar-

y famine is cond d with diethyl maleate to
obtain diethyl N-(ar-vinylbenzyl)-aspartate whick is hy-
drolyzed to proviGe N-{ar-viny/benzyl)-aspartic acid.
Ar-vinylbenzylamine can also be reacted with sodium
chloroacetate in alkalize agueous mediz to produce N-
(ar-vinylbenzyl)iminodiacetic acid. 1In similar manner,

3,080,807
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other prisnary and secondary wmines having a vinylphenyl
group can be carboxymethylated by reaction with halo-
acetic acid salts in aqueous alkaline media to produce
vinylphenyl alipbatic aminocarboxylic acids. Some of
these aminocarbexylic acids can also be obtained from ar-
vinvibenzaldehyde. For exampie, p-vinylbenzaldelyde is
condensed with sodium cyanide and ammoeniom chioride
iz ammonium bydroxide aqueous solution, and the result-
ing product is hydrolyzed with alkali and then acidified to
produce 2-{ p-vinylphenyl Y glycine.

in pending apphcation Seriaf No. 615,508, filed Octo-
ber 12, 1956, by Leo R. Morris, now Patent No. 2,875,
162, polymers of one or more of the afore-mentioned
vinylpheny! aliphatic aminocarboxylic acids are described.

In pending application Serial No. 615,467, filed Octo-
ber 12, 1955, by Richard A. Mock et al., now Patent No.
2,910,445, interpolymers of one or more of the afore-
mentioned vinylphenyl aliphatic aminocarboxylic acids
and one or more other polymerizable ethylenically un-
saturated compounds such as styrene, divinylbenzene, and
acrylonitrile are described.

In pending application Serial No. 615,486, filed Octo-
ber 12, 1956, by Leo R, Morris, now Patent No. 2,888,-
441, there is deseribed a method that comprises reacting
an ar-vinylbeazylamino polymer in which the amino
group has at feast one hydrogen atom with z haloacetic
acid in an alkalise agqueouns medium to coavert the amine
groups to N-carborymethyl groups. For example, poly-

b
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Resins meeting the requirements of the present invention
are ones for which the swelling factor iz at least 30 and
preferably at least 40, there being no upper limit.

The gei-water content is measured om resin particles at
the isoclectric pH saturated with water at room temperz-
tuere. The saturaied resin particles are superficially dried
(without loss of water {rosa the interna! gel structure),
and the amount of water refained dy the gel, ic. the
gel-water content of the tesin, is determined by heating
ihe superficially dry, water-saturated resin patticles under
vacoum until the resin is anbydrous. The gel-water con-
tent is computed as the loss in weight ducing dryving as
percent by weight of the resin at the isoelectric pH and
saturated with water.

The volume change with pH is measured by saturating
2 quantity of resin at the isoelectric point by immetsing
the resin in water at room temperature, observing the
volume (V) of the resin, adding strong alkali, e.g. sodium
fiydroxide or potassium hydroxide, to the agueous me-
dium to convert the resin to the corresponding salt form
in an aqueous medium havieg a pH of 10, allowing the
system 10 equilibrate, and observing the volume (V') of
the resiu swollen with water at a pH of 10. The vohune
change is expressed as the ratio of the volume of the resin
swollen with water at pH 10 to the volume of the resin
swollen with water at the isoelectric pH of the resin, i.e.
ViV,

The vieylphenyl aliphatic amirocarboxylic acid chelate

meric ar-vinylbenzylamine is reacted in aq alkali
with sodium cbloreacetate to produce polymeric N-(ar-
vinylbenzy!)iminodiacetic acid.

The vinylpbenyl aliphatic aminocarboxylic acid poly-
mers of the kind just descrived are characterized by con-
taining at feast 80 percent by weight of a vinylphenyl
aliphatic «- or g-aminocarboxylic acid usit. The vinyl-
phenyl aliphatic aminocarboxylic acid polymers are gen-
ecally hard, solid, resinons bodies that are insoluble, but
swellable, in 2queous media. These resinous polymers
contain a high conceniration of functional groups of the
kind represented by the structure

AN

N O3~ C Qbi
AN/ M

referred to hercin as the chelate-forming ligand. Specific

illustrations of such groups in these chelate ion exchange

resins are the glycine radical

|
P{'—CH.C M

the iminodiacetic acid radical -~—N(CHyCO,M),, and the
aspartic acid radical

{
N CHC0M
CRI00M

The vinylpheny! atiph inocarboxylic acid chelate
exchange resins with which this invention is concerned
are further characterized and distinguished by a relatively
open gel stracture.  All of these resins are highly swollen
when saturated with water at a high pH, e.g. pH values
of 10 or more. One measnre of this open gel structure
is a high cwelling factor, represented by the symbel SF,
defined for the present purposes ys the arithmetic product
of the gel-water content {GWCY in weight percent at the
isoclectric pH of the resin and the change in volume of
the resin (V'/V) with change of pH from the isoelectric
point to a pH of 10}, expressed as the ratio of the v6hune
{V’} of the rcsin swollem with water at pH of 10 to the
volume (V) of the resin swollen with water at the iso-
electric pH of the resin, ie. >

SF=(GWC) X{V'/V)
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h resins just deseribed and characterized are ad-
vantageously useful for isolating and separating metal-
¢ ining ions from liquid media jn accordance
with the present inveniion.

The chelate exchange rosins are preferably employed
in the form of small pieces, e.g. granules or beads having
dinrmeiers in the order of from 0.005 i 0.02 inch, and
in a manner such ac ioa exchange resius are used.

The method of the invention is practiced by contacting
pieces of the <iclate cxchange resins with aqueous liquid
solutions contdining ar least one solute ionized to pro-

vide roetal-containing ions capable of interacting with

the ligands of the chelate resin and forming a chelate
structure therewith. Metals which form chelates with
amino acid ligands of the kind described are found i
groups I-B, 1-A, U-B, IJI-A, JIL-B, IV-A, VI-B, VII-B,
and VIII of the periodic classification of the elemeunts.
Typical such metals are copper, sitver, g0id, calcium, zinc,
iron, cobalt, nickel, platicum, and palladiom. The alkai
metals, ammonia, and amines form salts with the chelate
exchange resin carboxylic acid groups but presumably do
not form chelate complexes,

The chelate exchange resins can be employed in acid
or salt form of the carboxylic acid groups, and can be
employed with aqueous liquid solutions having pH values
greater than approximately one. Since the proton is a
competitor of the metal ions for the carboxy aroup, the
capacity of ‘the chelate exchange resin for metal jons in
acidic solutions diminishes with the pH value of the con-
tacting solution. Preferably, the contacting solution of
chelate-forming metal fons should have a pH value of at
feast 3, e.g. from 3 to 14. Because the reaction of each
ghalat&forming metal ion with the carboxylic acid Ugand
liberates at least one proton, the chelation reaction tends
to Jower the pH value of the contacting solution. For
this reason, and to maintain substantially constant pH
values during the treating operation, it is sometimes de-
sirable to provide a pH buffer in the solution to be treated.

Ithough many metal ions are precipitated from aque-
ous solugiot s hydrhies at pH values above 6, amphotcric
metals s gs zinc are soluble at higher pH values, and
a number_of metals are solubilized by ammonium hy-
droxide by formation of ammine compiex ions. In such
instances, the present chelaie exchapge ions can be em-
p::;yed with metal ion-containing solutions at high pH
valiues, :
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The pieces of chelate exchange resin <au be contacted
with the liquid solution of ionized solute in any desired
menner. In many instances, the pieces of chelate ex-
change resin can be mixed with, and suspended in, a body
of the Equid solution to be tu‘eated This mode of oper-
ation is particularly advantageous where the chelate-form-
ing metal ion to be removed from the solutjon has & high
affinity for the ligands of the resin and where the capacity
of the resin for such metal exceeds the amount of such

Because the sclectivity of the chelsre-forming {igands
in the present chelate exchange resins fos the chelate.
forming metal ions involves the stability of the resulting
chelate complex, the affinities of the chelate exchange
resins for different metal ions often differ by several or-
ders of magnitude, in contrast to the closely simtlar affini-
iics often found in ordinary ion exchange resins. Thess
differences in affinitics, combined with the relatively large
capacity and high reaction raics of the present chelate

metal in the treated body of sol After tr
the solid pieces of resin can be separated from the treated
solution, e.g. by filtration.

In another mode of operation, the pieces of chelate
exchange resin are maintaived as a permeable bed, and
the solution to be treated is brought into contact there-
with., In various embodiments, the solution to be treated
and the particles of the bed are caused to move relative
to each other, e.g. by moving a stream of the solution
through a fixed or movmg bed of the resin, or by mov-
ing a stream of the resin particles through a fixed or mov-
ing body of the liquid solution. These mechanical modes
of contacting solutions with solid pamcles ate wlreadv
well known as applied to conventional ion exchange oper-
ations and are readily adapted to similar modes of han-
dling the present chelate exchange resins and liquid solu-
tions to be treated therewith.

Tons of metals that form chelates with the ligands of
the chelate exchange resin are readilv separated from
those ions that do not form such chelates. fa such in-
stances, the starting liqnid sofution of ianised sulutes is
contacted with the chelate resin whereby the chelate-
forming metal icns hecome bound by the resin in chelate
structures whereas the non-chelate forming ives remain
#reely dissolved in the lquid solution The resin and
the liquid are mechanirally separated (o complete the
separation of the ion species.

Tors of metals that form chelates with the ligands of
the chelate exchange resin are also separable from each
other .on the basis of the relative stabilities of the re-
spective metal chelate complexes. In such instances,
when a chelate exchange resin is contacted with a solu-
tion containing two or more metal<containing ions capable

of forming chelate complexes with the ligands of the

chelate exchange resin, the resin will combine with such
chelate-forming metal ions until the resin is satiated.
Further contact of the metal-containing resin with more
solntion containing more thap one kind of ion capable
of chelating with the resin results in the ion species which
forms the stronger, more stable chelate entering the che-
late structure of the resin and dlsplacmg therefrom an
ion species whose chelate structure is less stable. The
metals bound in such chelate resin structures according-
Iy become richer than the starting soluuon in thc metal
species which form the 2 In &

where the starting solution in contact with the resin com-
tains an amount of each metal-containing ion species
capable of forming chelate complexes with the ligands
of the resin in excess of the capacity of the resin for such
metal jons, there is established an equilibrium between

the kinds and amounts of ions bound on the resin and 4

the kinds and amousts of ioms in the ionizing solution
in contact therewith.

The relative (but not necessarily the ahsnlute) affini-
ties of chelate-forming tal ing icns m aque-
aus solution for the ligands of the chelate-exchange resios,
ie. the relative stabilities of the corresponding chelate
complexes, are substantially the same as (hc relative
affinities of these chelat ming metal ing iofis
in aqueous solution for similar ligands of water-soluble
chelating agents. Chelate stability constants for a pum-
ber of metals and water-soluble chelating ageuts under
certain conditions have been reported in the fiterature,
c.g. by A. E. Martell and M. Calvia in “Chemistry of
the Metal Chelate Compounds,” published (1953) by
Preutice-Hall, Inc., New York, page 525 ff.

en
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h resins, form the busis for the advaniagoous sepa-
ration and isolation of metal icns by the present method.

Furthermore, the present chelate ¢xchange resins pro-
vide a choice of ligands, as hereinbefore st forth, e.g.
the glycine-type, the iminodiacetic acid-type, or the as-
pattic acid type, by which optimum scpacation of & par-
ticular fon mixture can be obtzined.

The metal-laden chelate exchange resins can be re-
zenerated, and the mel.a!s eluted therefrmn by extrac-
tion with of d iating the chelate

5 complex, e.g. with aqueous acid. In column operations

ifvolving a chelatc-resin bed laden with a mixtarc of
metal iops, it is frequently possible to obtain selective
clution of the several metal iou species, as shown below
in Example 6.

For the purpose of desuonstrating the kinds of sepa-
rations that can be accomplisbed by the use of the pres-
ent chelate exchange resins, and for the purpose of iflas.
rating the presenz method, tests were carried out oun
severa] of these chelate exchange resins to obrain the
duta shown in Table 1. In this table, the kind of chelate
exchange resin employed is identified. The prepuration
of the N-(ar-vinylbenzyl)iminodiacctic acid resin is de-
scribed in Example 1. The preparation of the N-(ar-
vinylbenzyl}aspartic acid resin js described in Example
3. The N-(ar-vinylbenzyl) v]yu’ne resin was similarly
prapared by copolymerization of N-(ar-vinylbenzyl)gly-
cine and approximately 2 percent by weight of divinyl-
benzene,

The swelling factors of these resins were determincd
{by the method hereinhefore described) as follows:

Qal-Water | Volume Swelling
Rogin Qontart Clmngu, Facror
v

L AnN- (lr vloylbonzyl} - fm -

inodiacetio acld wsin 21¢ 207 L]
. A.n N - (nr— vingibeneyl)
37 248 o
AnN(at vtnylbenzyl) -
............... 516 1.034 53

Tn Table 1, the kinds of metals and the molar con-
centration of each metal, in the siarting solution are
shown for each test. The solations were prepared by

the di. \] t
metal chlonde or sulfnte salte in water. In all instances,
the starting solution was buffered with equimolar acetic
acid-sodium acetate mixture. In each test, 150 ml of
solution was admixed with the amount of chelate exchsnge
resin shown {dry basis). The mixturez were allowed to
come to equilibrium, after which the resios were scpa-
rated from the solutions by filtration. The solutions
in contact with the resins at equilibrivin were analyzed,
and the table shows, for each test. the molar concentra-
tion of each metal and the molar ratios of the wetals in
such solutions.

The resing were washed with water to remove solution
held mechanically, and the washed resins were eluted
with 6 N hydrochloric acid. The elvates were analyzed
{0 determine the amount of each metal in milligram-
moles per gram of dry resin and the molar ratio of the
metsls held on the resin in each test, as shown in the
table. The equilibrium quotiemt is obtaincd by dividing
the molar ratio of metals in the resin at equilibriam by
the molar ratio of those metals in the solution.

2,880,607
TABLE 1
Chelate exchange resing in equilibrium with metal jons in
buffered aqueous media
: e e
holate Resin | Mobals in Starting Solation, Matals in Sclution at 1 { Metal in Chalate Resin Mg —~
Molarity Eaquilibrium, Molarity | D al ‘molos po. gram (dry) Eequilio-
Tost e, [ _ L B - : Rauilib- un
i Tiam i 1 Quatical
Kind | i¥rams A B A B AlB A B AR | AR
(Note] % {drvy
| - i B A
io03s 4.68 44 -
I 234 0.0t £3 n
0.0%6 .35 et 9.85
.44 0.415 L2 0.5
10.28 1.022 w3 1.04
119 788 38 7.7
Y 4. 102 43 0.28
022 . 0.084 43 13
215 X 609 | G500 | L8 3.7 a7z
834 Zn, 01923 NC 0010220 00994 | 0.00%0 | 10.0 4z 0.3

Nori
Chelam Bxaliange Besin 1 was an. N—(ur-vmynwnzyl)tmmodmwﬂc neld resin.
ne

Chelate Exchange Hesin IT was sn N -(ur-vinylic:

azy
Chelste Exchunge Hesin 11 was 2a N-(ar- —vinylbenzylyéspariic m:[d resin.

In order to demonstrate the rapid rate with which
the present chelate resins take up chelate-forming metal
jons from a contacting solution, tests were cartied out in
which 2 quantity of dry resin was mixed with a chelate-
forming metal-containing aqueous sofution, and the pH
value of the soluticn was plotted as a function of time
until the resin resched equilibfium witk the contacting
solution. As the metal jons were taken up by the chelate- -
exchango resin, bydrogen ions were displaced from the
tesin juto the solotion, causing a decrease in the: pA of
such solution. The soluticns were unbufiered agueous
solvtions of dr-valent metal chiorides as follows:

Solution: Composition E
- 00SMCu+404MCo
007 MCu - LOLTM N

- 005MZn 4+ 005 MNi

- 0.05 M Ni 4 006 M Co

1h

The resins employed were the N-(ar-viny i }iminc-

153
&
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2
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The data shown in Table ! were obtained from acidic
starting sohutions. In order to demonstrate farther varia-
tions of this method, other tests were curried out with
mixtures of metals in ammoniacal aqueous solution. The
daia shown in Table 3 werc obtained in manner like that
described for the tests in Table I. Ammoniacal soin-
tious of metal ions (cupric and nickelous) in concen-
trations showe in Table 3 were prepared, the ammoniy
being approzimately. 7 molar in the solutions. In each
ipstance, guantities of resin and of solution were used
siich that the metal present in least amount was present
in armovnt more than twenty times the total capaciiy of
the chelate rfsm, ie. so lha' lhe camposiiion of the soiu-
tien remained s Dy d dam‘.g the reaction
with the chclate exchange resin, the resin and soludion
being allowed to come 1o equilibriom at room. tempe
ture, The resins were scparated from the soluiions.
washed with ammonia water to remove residual ietal

diacetic acid resin (Resin I) and the N-(ar-vinylbenzyl}
a«partlc acid resm {Resin L) described in Examples 1
P 1y, and employed above in obtaining the

data m Table 1.
The pH data obtained in these tests were then recalcu-
tated in terms of the percentage of the total reaction that
had taken place at measured intervals of elapsed time.

»

{ution beld mectk lty, and elualed with § M hydro-
chloric acid to éxtract thc metal held by the chelate ex-
change resin. Table 3 shows the amount of each mera!
(in milligram-moles per gram of dry resin} and the ratic

_ of metals on the resig in each test. The cquitibrium

quotient is obtsined by dividing the molar ratio of pick=i
0 copper on the resin at equilibrium by the molar ratio
of mickel to copper in the solution in equilibrium there-

These data are shown in Table 2. with.
TABLE 3
Metalé n sm;rm&n Molar Metals in Chelate Resin Milligram-

oncaniration moles per gram resin Equilib-
Elud of Chetets Resin Test bex rom dry :1;‘1;11.1111)
No. Quotient

Nickel | Copper | Ratto | Nickel | Oupper | Total | Ratlo

NY/Cu NY/Cu
3 0.8 0.1 8.96 0.19 319 15.8 2.3
N-{ar-Vinylbenzyh-sspartie anid... ¢ 0.365] 0414 €.88 w67 287 3.2 504
3 U S oo 185 3.08 0.67 54
N-(ar-Vinylbenzyl) minodiaceti i onl om 514 oS 1% 68 596
e It .10 om| i [ 2 ] 18
The data shown in Tables 1 and 3 were obtained under
63 equilibrium cenditions. When similar metal-containing
IS o starting solutions are coatacted with these chelate ex-
TIE Ig I'I)Y change resins in column-type operations, the separation

s of metal species is considerably enhanced.

In a typxcal such column operation, a permeable bed
oot H 70 of small pieces of the solid chelate exchange resin is
5 S B W &7 o0 85 provided and flooded with a liquid conditioning solution.

10 rofantes.. 90 8 o8 03 bovanii Vh 4
oy P gl 100 wo  The conditioning solution is preferebly one which places
Tlmi"tno‘mm?:'hi N WO . e the amino acid groups of the resin in the desired ion
w 3 5 5 form and adjusts the pH to that of the solution to be

76 freated.
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To the columa of chelate exchange resin, immersed
in such conditioning liquid, is then fed a stream of &
starting solution 1o be treaied, which solution containg
at least one kind of metal-containing ions capabie of in-
teracting with the amino carboxylic acid groups oa the
chelate exchange resin, displacing the cations originaily
associated therewith, and forming a chelate complex strue-
ture with such amino carboxyhc acid groups. When the
cations displaced from the amino acid groups are hy-
drogen ions, it fs preferabie to provide in the starting
solution a system of pH buffer salts, e.g. sodivm acetate,
o0 maintain the desired pH value in the solution traversing
the chelate resia column,

The starting solution can be fed 1o the chelate resin
column at any desired temperature from just above the
freezing or crysla!hzahon temperature to just below the
boiling point, co i , at room e. With
the chelate exchange resins described herein, the rate
of flow of solution through the resin bed can be, for
exaraple, in the order of from 0.8 to 1 or more gallons
of solution per pound of resin (dry basis} per hour, al-
though slower flow rates can, of course, be employed.
The flow of solution can be in any direction refative to
the bed of resin, ie. upward, dowaward, or laterally;
usually the flow of solution is downward through the resin
bed in order to avoid fluidizing the solid particles of the
bed .

During passage of the starting solution through the
resin bed, the chelate-forming metal jons ia the sohrtion
react with the amino acid groups on the resin, displacing
the cations therefrom, and forming chelate coraplexes
with such smino acid groups. The flow of solution
through the columan of resin results in au effluent, the first
of which is the conditioning Nguid displaced from the
bed. - This fraction is followed by an effluent derived
from the starting solution but substantially free of the
chelete-forming metal jons originally contained therein.
This part of the efffuent contains the solutes of the start-
ing solution that did not react with the amino acid groups
of the chelate exchange resin and, in addition, the cations
displaced from the resin in exchange for thc chelato-

10
from the maost stable species (A) at the fecd end to the
izast stable specics (B) at the outlet end of the resin bed.

Another, and importaut, consequence of the seiective
displacement just described concerns the composition of

5 the efffuent. When and after the resin column is satiated
with chelate metal complexes, continued feeding of start-
ing solution to the column produces an effluent that con-
taing chelate-forming metal ions, At first the effluent
contains only the least chelate-stable species (B) and is

10 substantially free of the more stable species (A). More-
over, the concentration of such species B is often greater
in such portions of the effluent than in the starting solu-
tion, because the displ into the ing sola-
tion of absorbed species B from the resin by specics A

16 augments the concentration of species B already present
from the starting solution. In this way, there is obtained
an effluent fraction comprising the lcast chelate-stable ion
species B, substantially free of the more chelatc-stable
ion species A, and in which fraction the concentration of

20 such ion species B is often appreciably greater than in the
starting solution.

When the chelate resin becomes satiated with the most
stable metal chelate complexes, the effinent contains all
of the ion specics, and eventually the composition of the

25 efffuent is substantially the same as that of the feed. In
such circumstances, the metal content of the satiated
resin is the same as though a batch of the resin had been
placed in a large quantity of the starting solution and
had been brought to equilibrium in such solution. The

30 proportion of the most chelate-stable metal species, e.g.
species A, in the total metals bound to the chelate resin
at equilibrium is always greater than the proportion of
that metal ion species among the chelate-forming metals
in the starting solution. Where the chelate stability

36 constant of the most chelate-stuble metal species, eg.
species A, is very much greater than that of any other
jop species ja the starting solution, the metal bound in
the chelate exchange resin may consist essentially of such
species A and be substantially free of othier metul species.

40  The metal-laden resin can be regenerated aoed the
metals bound thereto can be recovered by elution with,

forming metal jons from the starting
ly, the resin becomes satiated with metal che!atc and the
chelate-forming metal jons of the starting solution ap-
pear in the effluent.

When the starting solution contains only one kind
of metal capable of forming a chelate structure with the
resin under the instant conditions, the resin is converted
substantially to that metal chelate form, and, when the
resin is satiated, the composition of the effiuent soon
becomes substantially the same as that of the starting
solution.

When the statting solution comtains two or more of
such metals capable of forming chelates with the resin
under the instant conditions, a different result occurs.
In such cases, the resin first removes ail of such ions
from solution, and the first fractions of effluent are free
of such metal ions, as described sbove. At first then,
the resin, a.g. at the feed end of the column, is converted
to a form comprising chelate complexes of all of the
chelate-forming metals in the contacting solution, As
the flow of chelate-forming metal feed solution over such
resin continues, a further exchenge reaction takes place
in which the ion species which forms the most stable
chelate tomplex with the resin, e.g. fon species A, dis-
places the fon species which forms the least stable chelate
complex with the resin under the instant conditions, e.g.
jon species B. The displaced ions of species B return
to the solution to join other ions of that species and move
along the resin bed until again removed from the solu-
tion by interaction with amino acid groups and forma-
tion of chelate complexes of species B. One consequence
of this selective displacement of a less chelate-stable
species by 2 more chelate-stable specm is that the metal-
{aden resin column develops a of osition

for le, an lution of a stronp acid, i.e., a
solution of an acid having an ionization constant of at
least 10~%. Usnally, the solution remaining in the resin
bed at the end of the loading cycle is flushed out, e.g. by
means of more of the conditioning solution used prior to
feeding the starting solution, and the resin is eluted. A
suitable elnent for the metals whose chlorides are soluble
in water is hydrochloric acid. Nitric or sulfuric acid can
also be used to elute metals whose corresponding salts
are soluble in water. The eluent can be fed to the resin
bed in the same or different direction relative to the fiow
of the solution in the loading cycle, and at similar rates
and temperatures.

When the resin bed contains more tham one species
of chelate-bound metal, these can be selectively removed
in the eluate, the least chelate-stable (B) coming out first,
often in a form sabstantially free of the others, followed
by a mixture of the metal specics i which the propor-
tion of the most chelate-stable ion (A) is greater than it
had been in the suutmg solution, and is often greater
than it had been in the metal-laden chelate resin,

Thus, the method provides practical means for treat-
ing a starting solution that contains at least one kind of

@5 chelate-forming metal-containing ions to separate such
ions from other ions, including other kinds of chelate-
forming metal-containing ions, and to isolate such chelate-
forming metal-containing ions from such solutions.

Other means for contacting the starting solution with

70 the chelate-exchange resim can be employed, as herein-
before set forth. It will be obvious that certain metai-
containing effluent fractions obtained in' the practice of
this method as set forth above can advantageousiy be
cmployed as feed solutions to further stages of treatment

76 with these kinds of chelate exchange resins.
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The following specific c}ahplcs further iflustrite the It can be §éeii from the data in Fig 1 that the fiest
invention, but aré not to be constroed as limiting its metal-containing effluent fractions (after displacing the
scope. ’ original liquor from the column) contained cobalt jons
CXAMPLE 1 frée of copper ions. It will also be seeu that in some

In this example, beads of a water-insotuble chelatc ex- 5 of the copper-free effluent fractions, the concentration of
change resin containing iminodiacetic acid radicals were cobalt ions was greater than io the feed solution.
used, This chelate exchange resin was prepared in the Duriyg the first pomon of the feed and exhaustion cycle
foliowing manner. just described, the volume of the resio diminished by an

A mixture of 20 g. of technjcal ar-vinylbenzylamine, estimated 40 percent, due to the contraction of the resin
2 g of technical divinylbenzene, and 0.020 g, of azobisiso- 19 structure by formation of metal chelate linkages, apd ih‘ei
butyronitrile was dispersed into 50 mi. of a 0.01 percent geg—voil.mc referred 1o is the volume of the contracte:

thoxycelluiose. The e

el wm%marﬁ?:fyr' Sdumm of cs:mng approximately After exhaustion of the resin, the remaining metal-con-
10 percent by weight of bis{ar-vinylbenzyl)amine, the taining solution was flushed from the bed with some of

lutiop hereinbefore described, and
amines beiog a mixturcs of isomers consnsl.mg essentially 15 the aq buffer
of appmxxmate!y 65 percent by weight para-isomer and the metzlcontent of the chelate resin bed was recovered

; by elution with 6 N hydrochloric acid aqueous solution.
fgf{;ﬁ‘éﬂns 151,:;::: l:a)s ‘;’;ﬂm‘:ﬂg;’s O;er,,erg;:i Sm cluate was copper chicride solution substantially free
by weight divinylbenzene, 35 percent ethylvinylbenzene, of cobalt. The total amount of copper E;I;L;dmf‘r;":; the
and 10 percent diethylbenzene, these several compounds 20 fesin as copper chloride corresponded to -
being mixtures mostly of meta- and para-isomers. moles per gram of the dty resin.

The resulting dispersion was sﬁ;rcd and hs:l:; ';t 8(:— ) EXAMPLE 2
90° C. for 18 hours, after which there was a ereto . loyed i Example 1, after recon-
0.040 g. of azobisisobutyronitrile, and heating at 80-90 . d“;{;ut:ge ;hfmmblid 1§mtll)1e };qucous b uﬂl:e © solution as do-

C‘.;;:: iz:ﬂ?;?ég;ih; psol eric ar-vinylbenzylami seribed thérein, was fed an aqueous solution of the fol-
s of polym . amine s
were collected, wushed with water and with acetone, and lowing composition:

dried under vacuum. 0.iM cupn:ic chlorid«?
‘fhe beads of polymeric ar-vinyibenzylamine were sus- 0.092 M mf.:kel ‘chlonde
pended in ar excess of aqueous 10 percent by weight 30 0.1 M acetic acid

chioroacetic acid solution (containing approximately § 0.1M potassium acetate
moles of chloroacetic acid per atom of nitrogen in the 0.9 M potassium chloride
polymer). the suspension was heated on a sicam bath, the latter thies mgz-edmnls being those of the buffer sys-
und sodium cachonate was added to a pH value of 9. lem with which the cesin beads hiad beea conditioned.
Heating on a steam bath was continued for three days, 35 Tpe feed solution was passed itko the coltmn at toom
after which the beads were collected, washed with wateT,  (opupecatare, and cffiucnt solution was displaced from the
and dried to ubtain a resinous product in wbxch' was column, at an average rate corresponding € approxi-
more than 80 percent by weight of polymerized units of mately one wallon per pound of resin (dry basis) per
N-{ar-vinylbenzyl) iminodiacetic acid. The swelling fac- hour. Successive fractions of cfffuent solution were col-
tor of this resin wes 66, as shown hereinbefore. lected and analyzed. The resulting data are graphically
The sesulting chelating Tesin beads were conditioned  poirayed in Fig. 2 of the drawing, in which the dimen-
by scaking in an aqueous buffer solution of the follow~ sion C/C, is the ratio of the concentration of the test
ing composition and having a pH value of 4.5: jons in the cffiuent to the concentration in the feed solu-
0.1 M acetic acid . tion. .
0.% M potassiuin acetate 45 It can be seen from the data’in Fig. 2 that the first
0.9 M potassium chioride . mgts_al-conu‘u":lfng E'ﬁ]ueztxé ﬁmi:nons) (aft::;. dex(s;pllle‘_ncci;;; ix
. . ori; solution from the column) contain
The so-conditioned beads, immersed in the aqueous buffer frei“:zl copper fons. Tt will also be seen that the concen-
solution, were then placed as a bed in & columa of the tration of micke! ions in some of the copper-free fractions
kind conventionally used for ion exchange operations. 50 ‘was greater than in the feed solution,

To the bed of chelate exchange resin beads was fed After cxhaustion of the resin, ie. when the efflnent
an aqueous solation of the following composition: oomposmon was the sams as that of thié feed solution, the
0.113 M cupric chloride . was ftushed from

the bed with some of the aqueous buffer solution herein-
before described, and the metal content of the chelate
resin bed was recovered by élution with 6 N hydrochloric
acid aqueous solution. The eluate was copper chloride
solution substantially free of nickel.

0.132 M cobalt chloride

0.1 M acetic acid B
0.1 M potassinm acetate

0.9 M potassium chloride

the latter three ingredients constituting a buffer system

@

analogous to the solution in \_vhich the resin had been EXAMPLE 3

conditioned. - The feed solution was passed into the In this example, teads of a water-insoluble polymeric
column, and efflucnt solution was dnsplaced from d:e N-(ar-vinylbenzyl)aspartic acid resin were vsed. ‘This
coluenn, at an averale fate corresp chelate exch resin was prepared in the following

ly one gallon per pound of resin (dry -basxs) pcr hour, the manner.

operations being carried out at room temperature. Suc- 5 In a reaction vessel were thixed 48 g. of technical ar-
cessive fractions of efffuent solution were collected and vinylbenzylamine and 90 g. of dicthyl maleate ip 60 ral.
analyzed. The resulting data are graphically porirayed of ethanol. The ar—vmvlheuzylamme was a mixture of

in Fig. 1 of the drawing, in which the dimension C/C, isomers y of approxi ly 60 perccat
is the ratio of the conceniration of the test ions in the by weight of rpv‘ny]benzyhmme and approxuuately 40
effluent to the concentration in the feed solution. When 7g percent by weight of o-vinylbenzylamine. The resulting
the plotted curves merge ai C/Cy==1, the efuent com- reaction mixture was kept at room tempereture for three

posiziou is the same as the feed composition, and the days under an atmosphere of nitrogen. The resulting
resio is considéred to- be saturated with respect to the solution was diluted with four volumes of water, acidified
ioss of the feed. solution under the conditions of the to pH of 2 with concenirated bydrochloric acid; and ex-
test. 75 tracted with approximately 45 mi. of chloroform. The




2,080,807

water layer was made alkaline by addition of sodium
hydroxide to pH 10 and was extracted with chloroform.
The latter chloroform extract was condensed by vaporiza-
tion of chloroform under vacuum, leaving approximately
90 r. of residue consisting essentially of diethyl N-(ar-
vinylbenyl) aspartate.

A mixture of 85 g. of diethyl N-ar-vinylt 2}

5

14
tion. The solution was fed at room temperzture at an
average ratc corresponding to approxi y ¢.8 gallon
per pound of resin {dry basis_) per hour, and fractions
of the efffuent were collected and analyzed. Cobalt ions
appeared in tke effluent afier approximaiely 3.5 bed-
volumes of suhmon had passed out of the bed. The first
metal-c ing efffuent fractions were free of copper,

asparmc (prcpared in the mannet just described), 4.5 g.
ing approximately S5
percent by welgh! divinylbenzene, 35 percent cthylvinyl-
benzene, and 10 percent dicthylbenzene, these being
mixed isomers, predominately meta- apd para-isomers),
0.9 g. of sodinm ar-vinylbenzenesulfonic acid, 0.9 g. of
azobisissbutyronitrile and 400 ml. of water is stirred and
heated to 40°-50° C. After addition of 100 ml of I
percent by weight aluminum sulfate aqueons solution, the
resulting dispersion is heated to 100° C. and vigorously
stirred for three hours, after which the mixture is heated
without stirring for 18 hours on steam. The polymer
‘beads are collected, and washed with watcr and with ace-
tone and again with water.

Beads of resi polymer so d are then sus-
pended in 15 percent by weight sulfaric acid and heated
at reflux for 18 hours to hydrolyze the ester groups.
Afier washing with water the resin beads, having diar-
cters in range from approximately 0.01 inch to approxi-
mately 0.03 inch, are rcady for use as described below.
‘These resin beads had a swelling factor of 53 as shown
hereiabefore.

The resulting resin beads were conditioned by soakmg
in an aqueous soletion having the following ofl:

10

15

30

and the concentration of cobalt in the instantcous cfffuent
rose rapidly to a valne of more than 0.125 M and there-
after diminished {oward the feed concentration. Ap-
pr ly 5 bed-vol of efffuent containing cobalt
and free of copper were collected before copper ions ap-
peared in the effluent. The operation was terminated be-
fore the instantaneons composition of the effiuent was
quite identical with that of the feed, and ihe bed was
flushed with the afore-mentioned aqueons buffer solation.

The metal-laden chelate resin bed was then eluted by
passing therethrough an aqueous solution which was 0.1
Normal in respect to hydrochloric acid and 1.0 Normal
in respect to potassium chloride. The eluale contained
cupric chioride in amount corresponding ie approxi-
mately 0.25 pound of copper per pound of chelate resin
(dry basis) and was substantially free of cobalt.

KEXAMPLE 5
In this example, granules of a water-insoluble resin
comprising copolymeric 2-(p-vinyipheryi)glycine cross-
finked with N,N-bis(ar-vinylbenzy!)glycine were used.
This chelate sxchange resin is prepared in the foilowing
mamger. -

1 N potassinm chloride
3 N ammonium hydroxide

The conditioned resin beads were placed as & bed In a
column of the kind conventiopally wsed in ion exchange
operations, and the bed was flooded with the afore-men-
tioned ammoniacal solution.

To the bed of chelate exchange resin beads was fed
an equeous solution which was one molar in potassium
chloride, five molar in ammoniwn hydroxide, and 0.01
molar in each of the metals copper, cobalt, and nickel
originally added 4s cupric chloride, cobaltous chloride
and nickelous chloride, the metal jons being in the am-
mine complex form in the ammonium hydroxide sotu-
tion. The feed solution was fed mm the column at room
temperature and at a rate corresp 2 to app ly
0.8 gallon per pound of dry resin per hour. Practions
of effiuent were taken and analyzed. The first metal-
containing effluent fractions contained cobalt substan-
tially frec of copper and nickel natil approximately 23
bed-volumes of effluent had been collected. At this point,
copper appeared in the effluent. As the feed continued,
the concentration of copper in the instantancous effluent
rose rapidly to a value more than twice that in the feed
solution and thereafter decreased to the same value as
that in the feed solution. After approximately 31 bed-
volumes of total effluent nickel appeared in the effluent,
and- after approximately 50 bed-volumes of effluent had
been collected the instantaneous efftuent composition was
substentially the same as that of the feed.

BXAMPLE 4

‘The same chelate exchange resin bed used iz Example
3 was conditioned by soaking in an aqueous buffer sofu-
tion having the following composition and having a pH
value of 4.5:

1.1 M potassium chioride
0.1 M acetic acid
0.1 M potassium acetate
To the bed, initially flooded with the above buffer
solution, was fed an aqueous solution containing the
same kinds and cencentrations of ingredients as the buffer
solution and, in addition thereto, cupric and cobal

A solution of 10 parts by weight of 2 (p-vinyiphenyl)
glycine, 0.5 part by weight of N,N-bis(ar-vinylbenzyl)
glycine, 100 parts by weight of 1 N sodium hydroxide
solution, and 0.05 part by weight of sodium persulfate Is
heated to reflux. The 2-(p-vinylpbenyl)glycinc is ob-
fained from p-vinylbenzaldehyde by the Strecker reac-
tion. ‘The N,N-bis-(ar-viuylbenzyl) glycine is obtained by
reaction of ar-vinylbenzyl chloride (69 percent p-, 40
percenl o-isomer) with glycine in an alkaline agqueous
reaction mixture., From time 1o time, further amounts
of catalyst (sodium persulfate and/or azobisisobutyro-
nitrile) are added to the reﬂuxmg mzxmre until the

ized. The mixtore is
then cooled a.nd acidified to pH value of 5 with hydro-
chloric acid. The precipitated resin solid is coliected.
washed, dried, and ground to floe granules which are suit-
able for use in the manner described below. The sweli-
ing facmr, as hereinbefore defined, for this resin prod-
uct is more than 50.

‘The resulting resin granules were conditioned by soak-
ing in an aq salt brine ining 4.8 M sodium
chloride and sodium hydroxide to a pH value of 10.
The resin granules were placed as a bed in a conven-
tional ion exchange operation column and flooded with
the alkaline galt brine.

To the bed of chelate exchange resin granules was fed
2n aqueous solution having the following composition:

4.8 M sodium chloride

& 0.022 M caicium chloride

65
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15 p.p.or. (parts per million, by weight) mercury, prob-
ably as NayHgCl,

the solution having been made alkaline to pH 10 by ad-
dition of a small amount of sodium hydroxide. The feed
solution was fed to the column at room temperature and
at an average rate cor to approxi y one
gallon per ponnd of resin (dry basis) per hovr. The
effluent solution comprised sodizm chieride and calcium
chloride in concentrations the same as those of the feed
h but the ation of mercury was much
reduced. After passing 200 bed-volumes of soluuon
through the colume, the i effiuent
less thsm one {ll:m per million of mercary, and after 2400

ions originally as chlorides, each in © 1 Molar concentra-

%

by ation of mercury in the effluent
was only L8 parts per million. It was the opinion of
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the operator that channeling was taking place in this test,
ie. that part of the {eed solution was traversing the
column without intimately coatacting the resin bed, and
that an cffluent free of mercury could have been obtained
by mechanical improvercent in the apparatus fo preveni
such channeling.

The foregoing operstions were stopped before the
resin bed was saturated with mercury, and the bed was
flushed with the alkaline brine mentioned above. The
chelate resin bed was then eluted with an agueous solu-
tion that was one Normal with respect te hydrochioric
acid and 5 Molar with respect to sodium chloride, where-
by mercury was removed from the chelate and recovered
in the eluate.

EXAMPLE 6

In this example, the chelate exchange resin material
was in the form of small beads (0.01- to 0.03-inch diame-
ters) and was a water-insoluble copolymer of N-(ar-
vinylbenzyl) -iminodiacetic acid and approximately 2 per-
cent by weight of divinylbenzene as crosslinking agent
(cf. the resin of Example 1). The resin beads were
placed as a bed in a conventional ion exchange column
and were conditioned by soaking in 2 3.8 M ammonium
hydroxide aqueous solution. To the bed of resin so
conditioned was fed an aqueous solution having the
following composition:

0.39 M CuS0,
0.050 M NiCl,
3.8 M NH,OH

the metal compounds being those in the form of which
the metals were originally supplied to the sotution; in the
amumoniacal solution, the copper and nickel joas probably
existed in the form of ammine complex ions. The feed
solution was fed at an-average rate correspoading ap-
proximately to one gallon per ponnd of resin (dry basis)
per hour, and the operation was carried out at room tem-
perature. Fractions of the offluent were collected and
analyzed to obtain the data shown in Fig. 3 of the draw-

“ing. Tt will be seen that approximately 7 bed-volumes of

effiluent containing copper were taken before any nickel
appeared, and that the concentration of copper in most
of this nickel-free efftuent was greater than in the starting
solution. When the composition of the effivent was the
same as the feed, the resin bed was copsidered o be
saturated, and the feed of starting solution was stopped.

‘The bed was flushed with 1 ‘M amsnonium hydroxide-
1 M ammoniom chloride solution, and the metal-laden

resin was then efuted with 0.5 M hydrochloric acid solu- - 5

tion. Fractions of the effluent during elution were taken
and analyzed to. obtain the data shown in Fig. 4 of
the drawing.

It will be seen from the data in Fig. 4 that the metals
were selectively eluted. The first fractions of effluent
during elution were ammoniacal, the copper being pref-
erentially eluted. The alkalinity in the effluent persisted
to about fraction No. 11. From about fraction No. 10
through fraciion 16, the effluent contained a large con-
centration of mickel and very little copper, the nickel be-
ing preferentially eluted. .After fraction 16, the effluent
container copper until both nickel and copper were com-
pletely eluted from the column. {n combined fractions

&
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addmon polymer of an ar- vmylphenyl ahphauc amino-
carboxylic acid having the monomeric formula

CHF~CH R Ry

Colly
1 Re

wherein the symbol Ry represents a radical selected from
the group consisting of ~-H, —COyM, and —CH,CO,M,
the symbol Ry a radical sel d from the
group consisting of —H and —CHj; each of the symbols
R; and R, individuaily represents a radical selected from
the group consisting of

—H, —CH,
—CH,—CH4—CH-=CH,
—CH,COsM
~—CH,CH,COM
—CH(CO,M }CH,CO;M
—~CH,CH;—N{CH;COM),
—CHyCH,CHy—N(CH,COM)2

and

Colinix

00
% : ooy
whére n is au integer from 1 to 4, m is an integer from 0
to 2, and M is a cation, and wherein at least. one of the
radicals represented by the symbols R;, Rs, and Ry con-.
tains a —COyM group which together with the nitrogen
stomn constituies A méial-chelating group, the resin being
further characterized as having a swelling factor of at
least 30, the swelling factor being defined as the arith-
metic product in the equation
SF=(GWCYX(V'/V)

whereid the symbol (GWC) represents the gel wafer con-
tent of the resin af iss isaeléctric pH in percent by weight
of water in the resin saturated with water at room tem-
perature, and wherein the symbol (V*/V') represents. the
ratio of the voiume of the resin saiurated with water at
a pH value of 10 10 the volume of the resin saturated with
water at the isoslectvic pH of the resin; the coatacting
aqueous liguid solution being one that contains at least
one kind of metal-containing iog that is capable of dis-
placing the cation M from the metal-chelating groups of
the resin and forming therewith a chelate structure.

2. The method according to claim 1 wherein the solid
chelate exchange resin is one whose molecular structre
is an addition polymer of an ar-vinylphenyl aliphatic
aminocarboxylic acid having the monomeric formula

CHe=CH
SHCHN(CH;C O

3. The method according to claim 1 wherein the solid
chelate exchange resin is one whose molecular structure
is an addition polymer of an ar-vinylphenyl aliphatic
aminocarboxylic acid having the monomersic formula

CHs=CH
.mclmooM
NHs

4. The method according to claim 1 wherein the solid
chelate exchange resin is one whose molecular structure
is an addition polymer of am ar-vinylphenyl aliphatic
i boxylic acid having the monomeric formula

10--16 (the shaded area on Fig. 4) approxi y 64 per-
ceni of the total amount of nickel on the resin was eluted
at a molar purity of 96.5 percent. The tetal amounts of
metais ehited from the bed corresponded to 0.058 pound
of copper and 0.09 pound of pickel per pound of resin
{dry basis).

That which is claimed is:

1. A method which comprises contacting an agucous
liquid solution of an iomizable metal compound with a
solid chelate exchange resin insoluble but sweliable there-
i, the resin being one whose molesular structure is an

65
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CHe=CH
b omNEGHC OM
SHyC OsM
5. The method according © claim 1 wherein the con-
tacting liquid sok: ins fons of at least

two kinds of metals that are capable of displacing the
cation M from the metal-chelating groups of the resin and
forming a_ chelale structure with such groups, -one of
which kirds of mefals has a grealer affinity for the
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chelating groups ‘of the resin thin do other kinds of
metals in the agueous solution.

6 A method whsch compnsu feeding 2 stanmg

q liquid of an ionizable metal P
to a water-h d bed of .2 lar, water-insolubl
but waterswellable, solid chelate exchange resin whose
molecular structure is an addition polymer of an ar-vinyi-
pheny! aliphatic aminocarboxylic acid having. the mono-
wmeric formala

CEs=CH R Ra
Hy—O—N
R

wherein the symbol R, represents & radical selected from
the group consisting of ~-H, —CO,M, and —-CH,COM;
the symbol K, represents a radical selocted from the
group coasisting of —H and —CHjg; each of the symbols
R, and R, individually represents a radical selected from
the group comsisting of

—CH,CHyCOM
—CH(CO,M)CH,CO,M
—CH;CH—N(CH,CO;M )4
—CH;CHzCHz—N (CH,CO:M) 5
and
[ :
—C—C0:M

mHimate

where r is an inleger from 1 to 4, m is an integer from
0 to 2, and M i a cation, and wherein at least one of the
radicals representzd by the symbols R;, R, and R, con-
tains 2 —CO,M group which together with the nitrogen
atom constitutes a netal-chelating group, the resin being
further characterized as having a swelling factor of at
feast 30, the swelling factor. being defined as the arith-
metic product in the equation

SF==(GWC) X{V'/¥)

wherein the symbol (GWC) represents the gel water con-
teat of the resin at its isoelectric pH in percent by weight
of water in the resin saturated with water at room tem-
perature, and wherein the symbaol (¥’/V) represcats tho
ratio of the volume of the resin saturated with water at
a pH value of 10 to the volume of the resin saturated
with water at the iscelectric pH of the resin, the contact-
ing aqueous liquid sohition being one that contains ions
of at least two kinds of metals, one of which kinds of
metals has a greater affinity than any other in the starting
solution for the metalchelating groups of the resin and
is capable of displacing cation M therefrom and forming
a chelate structure with such groups, thereby displacing
water from the bed and obtaining an efftuent liquid frac-
tion which is substantially free of ions of that kind of
metal in the starting solution that has the greatest affinity
for the meialchelating groups of the resin.

7. The method according to claim 6 wherein the start-
ing solution contains jons of at least two kinds of metals
capable of displacing the catiocn M from the metal-chelat-
ing groups of the resin and forming a chelate structure
with such groups. )

8. The method according to claim 7 wherein the feed-
ing of the starting solution is coniinued until the chelate
exchange resin contains chelate-bound metals in whick
the proportion of that kind of metal having the greatest
affinity for the metal-chelating groups of the resin is
greater than the proportion of that kind of metal ia the
metal-containing ions of the starting solutiop.

9. The method accordipg to claim 8 wherein the solid
chelate exchange resin is one whose molecular structure

I
@
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18 A
i an addit of an. ar-vinylpheny! afiph
ammocaxboxyhc acld having the monometic formula
CH=0H
SH CELRN(OHLC 0:M)

16. The method aecordmg to.claim 8 wherein the solid
chelate exchange resin is one whose molccular slrucum‘(
is an addition poly of an ar-vinylphe
aminocarboxylic acid having the mopomeric formuls

CH~CHE
J}oEuGHC’O:M

11. The method according to claim 8 wherein the solid
chelate exchange tesin is one whose molecillar structure
is an addition polymer of an ar-vinylpheny! aliphatic
aminocarboxylic acid having the monomeric formula

CHy=CH
HLCHINECH O 0
'HsC OsM

12. A method aécording to claim 6 wherein tho start-
ing aqueous solution coptains ions of at least two kinds
of metals that are capable of displacing cation M from
the metal-chelating groups of the resin and forming there-
with a chelate siructure, one of which kinds of metals,
identified as type A, has a greater affinity for the chelat-
ing groups thau do other such kinds of metals, and one
of which kinds of metals, identified as type B, has a lessor
affinity for the chelating groups than do other such kinds
of metals, the flow of the starting solution through the
Tesin bed being continued to produce a series of efffuent
fractions comprising a fraction that contains fons of metal
B and is substantially free of ions of metal A.

£3. A metal according to claim 12 wherein the flow of
starting solution -is continued until the ms!anxa.neons
cffftuent has suk ially the same if as the
starting solution and the chelate exchange resin is satiated
with chelate-forming metal.

14. The method accordln,, to claim 12 wherein the solid
chelate exchange resin is one whose molecular su'ucture
is an addition pol of an ar-vinylphemyl
aminocarboxylic acid baving the monomenc formula

CH=CH
éd’{«CH:N (CHJO:M),

15. The method according to claim 12 wherein the solid
chelate exchange resin is one whose moleculxx utructmje

is an addition pol of an il
aminocarbosylic acid baving the monnmmc formmia
CHe=CH
H(CHO 0:M
16. The method ng to claim 12 wherein the solid

chelate exchange resin is ‘one whose molecular structure
is an addition pol of en ar-vinylphenyl aliphatic
aminocarboxylic acid having - the . monomeric formula

CHs=CH
WHCHNHCHC 0:M
HyCOM

17. A method according to claim 1 which compriscs
the further step of eluting the metal from the chelate ex-
change resin by contacting the same with an agueous
solution of a strong acid.

18. A method according to claim 7 which comprises
the further steps of feeding to the resulting metal-laden
chelate exchange resin a liquid aqueous eluting agemt
comprising a strong acid capable. of  dissociating the
chelate structures of the resin and solubilizing the metal
copstituents thereof, thcreby obtaining as cluate frautlons
a series of metal liquid sol

2,980,007
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19. A method according to ciaim 18 wherein the metals
bound in the metal-laden chelate exchange resin are of at
least two kinds, one of which, identified as meta! A, forms
the most stable chelate with the chelating group of the
resin, and one of which kinds of metals, identified as
metal B, forms the least stable chelate with the chelating
groups of the resin, wherehy there are obtained in the
eluate fractions a fraction that contains jons of metat B
and is substantially free of fons of metal A, and a frac-
tior that contains ions of metal A in a proportion to the
total metals in such fraction that is greater than such

proportion in the metal-laden chelate -exchange resin

subjected to such elution,
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Delaware
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11 Claims. (CL 260—2.1)

This application is 2 continbation-in-part of our ap-
plication Ser. No. 216,958, which was filed on Aag. 15,
1962, and which bas since been abandoned.

This invention concerns anion exchange resins of the
weakly basic type. It also concerns processes for prepar-
ing such resins which comprise reacting a diamino com-
pound with an insoluble, cross-linked copolymer possess-
ing cyauo groups attached to the polymer structure in
such a way as to produce rings of the general cyclic
structare

N—CPRiRs N-—C R*R7
Z 4
—C -C, CRRI
AN AN
N—CRIR! N—OR*Rs
Rt ]

in which R, R, R3, B¢, RS RO and R7 are selected from
the group comsisting of hydrogen, lower alkyl or sub-
stituted alkyl.

The products of this invention are stable to osmotic
shock and resistant to attrition. They have high capacity,
high basicity, and are able o go through a large smumber
of cycles between the acid form and the base form with-
out appreciable change and with segligible physical break-
down of the resin particles.

The insoluble cross-linked copolymers which are re-
acted with the diamino compounds to give the ion ex-
change resins of this invention are those which contain a
major proportion of an unsatvrated compound which can
undergo polymerization and which contains the cyano
group: —C=N, as a substituent. The cross-linked co-
polymers are made by copolymerizing an unsaturated
nitrile with a polyethylenically vnsaturated compound
such as divinylbenzene, which gives rise to a three-di-
mensional macro-reticular network insoluble in water and
other solvents.

Suitable cyano-containing compounds include acrylo-
nitrile, methacrylonitrile, and vinylidene cyanide; 1-cyano-
methyl, 1-cyancethyl, 1-cyanopropyl, 2-cyanopropyl, i-
cyanobutyl, 2-cyanobutyl, 3-cyamobutyl acrylates and
methacrylates; the corresponding N-cyanoalkyl acryl-
amides and methacrylamides; a-, ortho-, meta-, and para-
cyana styrene; l-cyanobutadiene amd 2-cyanobutadiene;
the methyl, ethyl, propyl, and butyl esters of e«<cyano-
acrylic acid; and the N<cyanoalkyl esters and amides of
a a-cyanoacrylic acid.

Suitable cross-linking agents for the desired polym-
erizable monomers containing a cyano group are poly-
vinyl compounds used singly or in mixtuores, siuch as meta-
divinylbenzene, para-divinylbenzene, mixtures of these

2

hence, to a low weight capacity, whereas too small an
amount of cross-linker leads to excessive moisture con-
tent of the fon exchange resin and, hence, 1o a low volume
capacity. The useful range of cross-linker content is

5 0.5% to 34% by weight of the polymerizatle monomer,
with 2% to 20% being lhe preferred range.

Although the addition of monomers which do pot con-
tain cyano groups results in decreasing ihe capacity of
the final anicen exch resin, it is i desirable

10 0 do so for several reasons. It may be mecessary to
improve the physical characteristics of the resin, and fre-
quently the addition of the monomer, such as metiyl
methacrylate, will give the desired effect.

It has been noted that the addition of vinyl pyridine

15 Will increase the moisture content of the resin. Other
monomers which can be copolymerized with the cyano-
containing monomers include the alkyl acrylaics and
methacrylates, styrene, vinyl toluene, etc.

The .mixture of the cyano-containing monomer and

2g cross-linker may be copolymerized to a cross-linked macso-
molecular struciure by means of free radical chain initia-
tors activated by the influence of heat. Such initiators
are well known and are exemplificd by the following
compounds; benzoyl peroxide, lauroyl peroxide, acetyl

95 peroxide, tert-butyl hydroperoxide, di-tert-buty! peroxide,
tert-butyl perbenzoate, tert-butyl peracetate, cumcne hy-
droperoxide, azo - bis - isobutyronitrile, azo - bis - cyclo-
hexancarbo nitrile, and ditert-butyl peroxalate. Such
initiators may be used in amonats ranging from .01% io

30 5% of the weight of polymerizable monomers, but pre-
ferably io amousts ranging from .02% to 1.5%,

The cross-linked copolymers may be obtained in the
patticulate form desired for ion exchange precursors by
carrying out the copolymerization in bulk, and then grind-

35 ing the polymer mass to granules of the desired size. It
is, however, more coavenient to carry out the copolym-
erization by suspeading the mondmer mixture containing
initiator as droplets in a wellstirred aqueous medium.
In this manner, spheroidal particles of the desired size

40 are obtained directly, and more precise conirol of the po-
lymerization temperature is made feasible. Liguids mis-
cible with the monomers may also be added tv the reac-
tion mixture. Any such liquid diluent will serve to mod-
erate those temperature increases which may be encoun-

45 tered with particularly reactive monomers. IF the fiquid
diluent is also a good swelling ageat for the cross-linked
copolymer formed by the polymerization of the mono-
mers, the efficiency of interchain cross-linking is reduced
and the resvlting copolymer, when converted to the de-

80 sited ion exchanger, will exhibit the properties of in-
creased swelling and increased gel porosity characteristic
of a copolymer made without swelling solvent but con-
taining a smaller amount of cross-linker, If, on the other
hand, the liquid dilucnt does not swell or is not imbibed

55 by the cross-linked copolymer formed by the polymeriza-
tion of the monomers, but is in fact a precipitant for said
copolymer, the resulting copolymer will bave the macto-
porosity and high surface area characteristic of 2 macro-
reticular structnre. These structores are preferred for ion

60 exchange resins which are to be used in non-polar media,
since the macroporosity endowed by the macroreticular
structare allows rapid diffusion of materials into and out
of the resin particie in these media as well as in dilute
aqueous media, If the copolymer is to be-made in the

isomers, 1,3.5 - trivinylbenzene, 1,2,4 - trivinylbenzene, 65 form of a bulk casting, any monomer mixture and misci-

trivinoxypropane, the isomeric divinyl xylenes, divinyl

k and divinylnaphthalenes, N,N’-methylene bi-
sacrylamide, NN‘-methylene bismetbacrylamide, and
N,N'-divinyl ethylene urea. The amoucnt of cross-link-

ble liquid difuent may be used; if the copolymer is to be
made by suspension polymerization in agueous medium,
the monomer mixture and liquid diluent should be immis-
cible with water, or be made immiscible by salting out

ing ageot can be varied over wide limits, but too large 78 of aqueous solution.

an amount of cross-linker leads to an 2nion exchange
resin with & reduced pumber of functional groaps and,

In order to obtain the anion exchange resins of this
invention, the copolymers containing cyano groups st
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de reacted with diamino compoonds of the general struc-
fures:
RINHCRZRICRR®NHy
RINHCR?RICR*RFCRIRNH,

wherein RYL R?, R3, RY, RS, RS, and R' are hyflrogcn,
lower alkyl or substitmted alkyl. Thus, the diamiacs
possess al least one primary amino group and one sec-
ondary amino group or (wo primary amiao groups sepd-
rated by two or threc carbon atoms. As mdx_cah‘.d be-
1ow, the amino compuunds react wiih the aitrile group
of the copolymer to give the foliowing general cyclic
structures:

N—CRIRS
RyCH ¢ RINIICR?RCRIRNT; ——> B.—C
N—-CR?R?
Yo
and
R,CN + RINUCRRICRIRSCRIRINGG -
N-—-CRSR?
#
Re—C, CRR2
& crewd
tu

in which Ry is the polymer chain and Ri, R%, R, R4 RS,
RS, and R? are as described hereinbefore.

The resulting five-membered heterocycle is known as
the imidazoline ring; the resulting six-memberpd hetero-
cycle is known as the tetrahydcopyrimidine ting. . R

Satisfactory amino compounds include the ft?llowmg
diamines: ¢thylene diamine, propylene diamine, trimethyl-
enc diami i hanolami N-bydroxyethyl
propylenc diamine, neopenty! diamine, N-alkyl c!.hylen_c
diamines, N-alkyl propylene diamines, and N-alkyl tri-
methylenc diamines. . .

Critical to the successful operation of the invention is
the usc of diamines, as illustrated above. Itis asenn_al
that the amino compounds employed have a structure in
which the N is separated by 2 or 3 carbon atoms, ofhcr-
wisc. the invention will not work as herein qescnhed.
Thus, for example, if dicthylenetriamine and its homo-

logues are used a cyelic structure such as feat_ugeg the
novel compounds herein disclosed cannot be

40
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In the second method, the cyano groups of the copo{y»
mer are first converted io imidate ester salt groups by
reaction under anbydrous conditions with strong mineral
acid and an alcohol.

HX
Bo—CN ——3 R, C=NMHAX
R0H
Gy

in wiich X is Cl—, HSO;—,NO;—, ot Cl0;" . The reactive
imidate ester salt is then treated with the diamino com-

1% pound to give the desired helerocycle as the sait of the

acid used. The anion exchange resing made by this
method are obtained in salt form rather than in the free
base form, but are readily converted to the free base form
by treatment with alkaline solution. 'Typical of the al-

18 cohols which may be used to form the imidate ester sait

are methyl, ethyl, isopropyl, n-propyl, isobutyl, and n-
butyl, Since the alcohol moijety is not present io the
finished product, it is advantageous to usc the fowest cost
alcohol available. Typical of the strong mineral acids

20 which may be used are HCl, HySOy, HNO; and HCIO,.

Since the reaction must be run uader anhydrous coadi-
tions, HC1 and H,80; are preferred since they are more
readily available in anhydrous form. Substances which

HCl in the p of aleohols, such as SO;Cla,

25 CISQ;H, and chloromethyl ether may also be used advan-

tageously. The reaction is normally run at --10° C. 10
40" C. for one to sixteen hours. Convenient conditions
are 0° C. to 25° C, for three to six hours. The imidate
ester salt form of the resin is then treated with a slight

30 molar excess of the desired amine for five to fifteen hours

at temperatures ranging from 60° C. to 105° C. The
resin i8 then washed free of alcohol and amine, and s
either used directly in the salt form as obtained, or con-
verted to the free base form by regeneration with an

38 ia or alkali

The following examples, in which all parts are by
weight, serve further to illustrate the process of this in-
vention and the products thereof. These examples shmﬂ.d
1ot be construed as restrictions upon the scope of this
invention.

Example 1
Into a threeliter four-necked flask equipped with a
iher , stirrer, ther lator | and re-
d flux d was charged a solution of 20 pars salt,

This is because the polyamino nature of the reactant will
cause side reactions to occur which will predominate over
the formation of the sought-for products.

A minimum of one mole of amine per mole of cyano
group in the polymer is required, but it is preferred to
nse at least a slight excess of amine even when Dondtlct-

453 .03 pact gelatin, and 2.5 parts of a commercial dispersing

agent in 665 parts water. To this solution was added a
mixture of 318 parts acrylonitrile, 182 parts of commer-
cial divinylbeazene assaying 55%, and 5 parts lauroyl
peroxide, The stirred mixture, containing droplets of the

80 polymerizable material suspended as droplets in the aque-

ous medi was heated to 65° C. The batch was held

ing the reaction in a solvent. It is also possibl

the reaction without using an additional solvent but us-
ing an excess of aminc which functions as a solvating
agent. Under these conditions, as much as 10 moles of
amine per mole of cyano group in the polymer may be
employed. .

The reaction between the diamines and cross-linked co-
pelymer may be carried out by two different methods.
1n the first method, the copolymer is simply heated in an
excess of the amine until the evolution of ammonia has
ceased. For the reaction 1o occur, the temperafure of re-
action mixture must be at {east 1057 C; a temperaturc
range of 130° C. to 200° C. is usually preferred. Alkali
metal alkoxides such as sodium methoxide, and sulfur
corapounds such as H,S, sodium methyl mercaptide, and
thioacetamide can be used to advantage as catalysts for
the reaction. Reaction times may vary from 8 hours 10
48 hours, the sherter times being achieved at higher tem-
peratures and in the presence of catafysts. Aﬂcr. the re-
action mixture has cooled, the excess amine is drained off,
and the beads are washed with methanol and watec. The
particles arc then backwashed to remove the last traces
of amine and to remove any solid suspended matter, and
fines. Using this method, the anion exchange resin is
produced in the free base form.

at 65° C. for four hours, during which time an exmhcym
was observed, which was controlled by cxternal_ cooling
with an ice bath. The polymerization was finished by

55 peating for one hour at 90° C. The batch was then

cooled, and the off-white, hazy beads were filtered, washed
thoroughly with water, and dried for 16 hours at 8s5° C.

Fifty parts of the copolymer prepared as described hgrc—
inbefore were mixed with 200 pasts of ethylene diamine.

80 The mixture was heated at the reflux temperature of

109° C. for 60 hours, at which point evolution of NHs
had ceased. After the batch had cooled, excess amine was
removed from the beads by washing with water. The're:—
sulting anion exchange resin had a capacity of 1.5 milli-

65 eguivalents per gram of dry resin in the chloride form.

Addition of 10 parts of thioacetamide to the same mixture
and refluxing for 9 hours gave a resin, after washing, with
a capacity of 3.4 meq./pm. dry resin iu the chloride form.
Example Il

Fifty parts of the copolymer prepared according to the
process described in Example I were slurried into 68 parts
of anhydrous methy! alcohal, contained in a 560 ml. flask
equipped with stitrer, thermometer, gas delivery tube, and
75 drying tube. The mixture was cooled o 5° C., and 45

70
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parts of dry HCI gas were passed into the mixture over
the course of one hour, after which the slurry was then
stirred for five hours at 5° C. The beads werc drained,
washed with one portion of dry methyl aicchol, nod a
mixture of 30 parts dry methyl alcobol, and a mixture of
120 parts ethylene diamine was added. The mixture was
refluxed for 7 hours to complete the reaction. The heads
were washed with methyl aleohol and water, and then
backwashed to remove fines and residual amine. The
finished resin had an anion exchange capacity of 5.0
meg./gm. dry resin ie the chloride form.

Example I

50 parts of copolymer prepared by the pracess described
in Example I were slurried into a mixture of 43 paris of
96% HyS0, and 68 parts methyl alcohol contained in a
500 m). flask equipped with stitrer, thermometer, reflux
condenser, and drying tube. The conients of the flask
were heated to the reflux temperature of 80° C. for 6
hours. The batch was then allowed to cool, after which
the beads were washed with dry methyl alcohol. A mix-
ture of 30 parts methyl alcohol and ethylene diamice
were added to the beads, and the batch was refluxed for
7 hours, The baich was then coaled, and the beads were
washed with methanol and water, and then further back-
washed. The anion exchange resin had an anion exchange
capacity of 4.8 meq./gm. dry resin in the chloride form.

Example IV

50 parts of copolymer prepared as described in Ex-
ample 1 were shurried into 102 parts dry methyl alcoho)
coptained in a SO0 ml. flask equipped with stirrer, ther-
mometer, reflux condenser and drying tube.  The mixture
was stirred and cooled to 5° C. To this slurry was added,
over the course of three hours, 135 parts sulfuryl chloride,
technical grade. Afier addition of the sulfuryl chioride
was complete, the batch was stirred for four hours at 5°
C. and for 16 hours at 25° C. The beads were then
washed with dry snethy] alcohol, and then treated with a
mixture of 30 parts methyl alcchol and 120 parts ethyl-
ene diamine for seven bours at 80° C. The washed and
backwashed resin had an anion exchange capacity of 5.0
meq./gm. dry resin in the chbloride form.

Example V

Into three-liter four-necked flask equipped with a thes-
, stierer, ther } mechanism, and reflux
condenser was charged a solution of 30 paris salt, 6 parts
of & commercial dispersing agent and 0.6 part of gelatin
in 1000 parts water. To this was added a mixture of 37
parts trivinylbenzene, 420 parts cyanoethy] methacrylate,
and 4 parts benzoyl peroxide. The stirred mixture, con-
taining droplets of the polymerizable matenial was heated
to 70° C. and held at this temperature for four hours,
after which it was heated for one hour at 30° C. The
batch was cooled, and the clear beads were fitered,
washed, and dried for five hours at 125° C.

Fifty parts of the copolymer beads were treated accord-
ing to the procedure described in Example IIl.  An anion
exchange resin with a capacity of 3.2 meq./gm. dry resin
in the chloride form was obtained.

Example VI

Fifty parts of the copolymer obtained from the proc-
ess described in Example 1 were heated with 210 parts

i hylethamolamiue at a te of 180° C. for
nine hours, after which time ammonia evolution had
ceased. The batch was cooled, washed with methyl al-
cohol, with water, and then backwashed. A r1esin was
obtained with an anion exchange capacity of 2.7 meq./
gm. dry resin in the chioride form.

Example VIl

Fifty parts of the copolymer obtained by the process
described in Example V was treated with 264 parts nco-
peatyldiamine at a po ¢ of 110° C. for 22 hours.

30
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After washing and backwashing, the resin obtained had
an anion exchange capacity of 3.0 meq./gm. dry resin in
the chloride form.

Example VII1

The process for making copolymer pearls described in
Exampie 1 was modified to include the addition of 102
parts fert-amyl alcohol to the monomer mixture. The co-
polymerization reaction was carried out just as described
in Example I. The added alcokol was removed from the
copolymer by steam distillation and the copolymer pearls
were dried for 24 hours at 85° C. Hard, white, opague
beads, typical of materials with a macroreticular structure,
were obtaincd.

Fifty parls of copolymer beads were treated with dry
HCY gas in methyl alcehol as described in Exanyple IL
Vo the treated beads was then added 45 jparts methy! al-
cohol and 150 parts trimethylenediamine. The mixture
was refluxed for six hours, and the beads were washed
with methy! slcohol and water. After washing and back-
washing, the resin had an ion exchange capacity of 4.2
meq./gm. dry resin.

We claim:

1. An insoluble anion exchange resin containing hetero-
cyclic cings obtained by reacting

(A) across-linked copolywer formed by copolymeriza-

tion of a nitrilecontaining vinyl monomer and from
0.5% to 30% by weight of a polyvinyl monomer,
which weight is based on the total weight of the
polymerizable vinyl monomers, and

{B) a diamino compound selccted from the group con-

sisting of .
RINHCRIRCR*RINH,
and
RINHCRIR*CR*R*CRRTNH,

in which R!, R3, R3, R%, R%, R¢ and R” are selected
from the group coosisting of hydrogen and lower
alkyl radicals, the reaction being carried cut with a
minimbm of one mole of amine per mole of cyano
group in the polymer, the temperature of the reac-
tion being at least about 105° C. when the method
employed is simply to heat the copolymer and the
amioe urkl evolution of ammonia has substantially
ceased, and being in the range of about 60° C. 0
105° C. when the method employed is to first con-
vert the cyano groups of the copolymer to imidate
ester salt groups, by reaction under anhydrous con-
ditions with strong mineral acid and an alcohol, and
thep react the imidate ester salt groups with the
amine.

2. An anion exchange resin prepared as set forth in
claim 1 in which the cross-linked copolymer possesses a
macroreticular structure.

3. An anion exchanger preparad as set forth in claim
1 in which the ion is ducted in the of
an inert solvent.

4. An anion exchange resin prepared as set forth in
claim 3 in which the inert solvent is an excess of the di-
aminc compound.

5. An insoluble anion exchauge resin containing hetero-
cycliv rings obtained by reacling:

{A) a cross-linked copolymer prepared from a mono-
ethylenically unsaturated monomer which contains a
cyang group selected from the group consisting of

* acrylonitrile, methacrylopitrile, vinylidene cyanide,
l-cyanomethyl, 1-cyanoethyl, l-cyamopropyl, 2-cy-
anopropyl, 1-cyanobutyl, 2-cyanobutyl,3-cyanoethyl,
1-cyanopropyl, 2-cyanopropyl, 1-cyanobutyl, 2-cyano-
butyl, 3-cyanobutyl acrylates and methacrylates; the

+ corresponding N- 1ky! acrylam and meth-
acrylamides; «-ortho-, meta-, and para-cyanostyrene;
1< butadiene and 2-cyanobutadiene; the methyl,
ethyl, propyl, and butyl esters of a-cvanoacrylic
acid; and the N-cy lky! esters of ey ylic

acid, and a polyethylenically unsaturated compound
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7 - .
selected from fhe group consisting of me!xdnm?yl—
benzene, paradivinylbenzene, mixtures of these iso-
mers, 1,3,3-trivinylbenzene, 1,2,<Hrivinylbsnun:e,'m«
vinoxypropaae, the isomeric divinyl xyler’\es, diviay!
toluenes, and divinylnaphthalcaes, N,N qnethylgne
pisacrylamide, N N-methylene bismethacrylamide,
and N,N"diviuylcrhy!cnc urea with

(B) a dizrmino compound selected frem the group con-
sisting of
RINHCRIRICRARINH,
and
RINHCRPRICRIRICROR'NH,

in which R, R3, R?, R4, R%, RO and R7 are selcoted
from the group consisting of hydrogen and lgwcr
alky] radicals, the reaction being carried out with a
minimum of one mole of amine per mole of cyano
group in the polymer, the temperature of the reac-
tion being at least about 1035° C. when the method

employed is simply to heat the _copolymer and l_hc 2

5

Py
(2]

claim & in which the cross-linked copolymer possesses 2
macroreticutar structure. R
7. An anion exchaoge resin prepared as set forth in
claim 6 in which the monaethyienically unsaturated mon-
omer is acrylonitrile. . .
8. An anion exchange resin prepared as set forth in
claim 6 in which the monoethylenically unsatarated mon-
omer is 1-cyanoeihyl acrylate. .
9. An anion exchanpe resin prepared as set forth in
claim 6 in which the monocthytenically uasaturated mon-
omer js 1-cyanomethy! methacrylate. 3 . .
10. An anion exchanger as set forth in claim 6 n ya}rwh
the polyethylenically unsaturcted compound 15 diviayl-
‘benzene. . X . .
11. An anion exchanger as sct forth in claim _6 in .w.hlch
the polvethylenically umsaturated componnd is iervinyl-
benzene. .
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6. An anion exchange resin prepared as set forth in

[\

L3

3,037,052 571962 Bortnick -- oo 260—2.2
FOREIGN PATENTS

14,042 871961 Japan.

WILLIAM H. SHORT, Primary Examiner.
LOUISE P. QUAST, Examiner.
C. A. WENDEL, Assistant Examiner.

&b




SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

DIVISION DE NUEVAS CREACIONES

2020
Bogota, D.C.,
Doctora
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Abogada
ASUNTO Radicacién 05-124365
Tramite 011
Evento 378
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Oficio A
Folios 05
Patente de Invencion % Patente de Modelo de Utilidad
Via PCT (fase nacional) X Capl | X Cap. I
No. Sol. Internacional PCT/AU2004/000605
Fecha de Presentacion Internal. 7 de septiembre de 2004

Como resultado del examen de fondo, realizado con fundamento en el articulo 45
de la Decision 486 de la Comisién de la Comunidad Andina, se le comunica:

1. Documentos estudiados

Descripcidn: Folios: 61a74 modificadas
Reivindicaciones: Folios: 75a 78 modificadas
Prioridad: AU 2003902237, 9 de septiembre de 2003

2. Objeto de la invencién

Titulo:
Una resina y un proceso para la extraccion de metales no ferrosos (folio 1)

El problema planteado en esta solicitud consiste en como lograr la extraccién de
metales no ferrosos, de forma eficiente desde el punto de vista de procesos de
separacion y de costos.

La solicitud en estudio presenta un proceso adecuado para la hidroextraccion de



3. De la solicitud de Patente (segun el caso)
Descripcidn (articulo 28 D. 486)

e La descripcidn no divulga la forma de obtencién de la resina reclamada ni la
mejor manera conocida por el solicitante para ejecutar o llevar a cabo su
invencién. No se divulga las condiciones (temperatura, catalizadores, entre
otras) ni la forma de polimerizacién (bloque, emulsién, etc) de la resina de
intercambio i6nico, tampoco las caracteristicas técnicas de la resina
obtenida como el peso molecular, temperatura de trabajo de la resina,
distribucion de tamafio de particula, entre otras. Es asi como se le
recomienda al solicitante modificarla la descripcion, pero se le enfatiza, que
esta no podra implicar una ampliacion de la proteccion que corresponderia
a la divulgacion contenida en la solicitud inicial.

Por lo anterior, la descripcién no cumple con el requisito de claridad y/o divulgacion
completa lo que haria dificil su comprensién y ejecucion de acuerdo al art. 28 de la
Decisién 486.

Reivindicaciones (articulo 30 D 486)

¢ La reivindicacion 2 tiene el mismo alcance de la reivindicacién 1, como se
observa en la formula estructural del monémero M que contienen X* como
cation, es decir no hay concision entre estas dos reivindicaciones.

» Eltermino “alrededor” en las reivindicaciones 3 y 4, utilizado para describir
el rango de las proporciones N:M:P:R, no proporciona precisiéon ni concisién
a estas caracteristicas de la invencion.

e La reivindicacion 5 hace referencia a un proceso para la hidroextraccion de
metales no ferrosos, pero no es claro, como se define un proceso si no se
estan definiendo las secuencias de etapas destinadas a la obtencién de un
producto ni las condiciones a las cuales se realiza este.

Por lo anterior, el capitulo reivindicatorio no cumple con el requisito de claridad de
acuerdo al art. 30 de la Decision 4886.

4. Reivindicaciones relativas a un uso o a un segundo uso (articulos 14 y 21
D 486)

La reivindicacién 5 hace referencia a un proceso para la hidroextraccion de metales
ferrosos, donde la caracteristica esencial es la utilizacion de una resina de
intercambio ionico para la hidroextracion de metales no ferrosos a partir de liquidos,
esto se sustenta en la descripcion (folio 66 parrafo 4) “la resina puede ser utilizada
para sorber selectivamente...”, es decir, se esta definiendo el proceso por el uso de
una la resina, lo cual no es permitido.

Por lo tanto, la reivindicacion 5 y sus reivindicaciones dependientes, no son
patentables por aplicacién de los articulos 14 y 21 D 486.

5. Determinacion del Estado de la Técnica

Camon farha nara Aoatarminar ol actadma Aa la t&Amanicna om farmamrd 1o Eambm A




Fecha de

N° Documento Titulo publicacién

TREATMENT OF AQUEOUS LIQUID
D1 | US2980607 | SOLUTIONS OF CHELATE-FORMING METAL 1961-04-18
IONS WITH CHELATE EXCHANGE RESINS

WEAKLY BASIC ANION EXCHANGE RESINS
PREPARED FROM

D2 | US3311572 ACRYLONITRILE-POLYETHYLENICALLY 1967-03-28

UNSATURATED COMPOUNDS REACTED WITH

DIAMINES AND PROCESS FOR MAKING SAME

6. Analisis de patentabilidad (segun requisito) (articulo 14 D486)

A pesar de las deficiencias mostradas en la descripcion y las reivindicaciones, se
realizara el estudio de patentabilidad.

Nive!l Inventivo (articulo 18 D486)

Respecto a las reivindicaciones 1y 5

La reivindicacion 1 dice: “Una resina de intercambio idnico adecuada para la
hidroextraccion de metales no ferrosos a partir de materia prima que incluye pero
no esta limitada a minerales, concentrados, semiproductos, soluciones, pulpas y
suspensiones, teniendo la resina la estructura:

i j

L. ) N ™

s
b L R

en donde la proporcion de N: M : P : R esta dentro de los intervalos de 3-4 : 64-70
. 25-30 : 2-2.5 respectivamente, y X denota un cation.

La reivindicacién 1 dice: “Proceso para la hidroextraccion de metales no ferrosos a
partir de un liquido, en donde el proceso incluye un paso de sorcién selectiva de
metales no ferrosos a partir de un liquido sobre una resina de acuerdo a cualquiera
de las reivindicaciones 1 a 4.

Respecto al estado de la técnica:
D1describe el tratamiento de un medio liquido que contiene iones metalicos con

una resina quelante de intercambio (Col 1 lineas 14-15). Donde la resina tiene la
siguiente estructura:




97
donde el simbolo R1 representa un radical seleccionado de los grupos consistes en
—-H, -CO2M y —-CH2CO2M, el simbolo R2 el radical se representa por los grupos —H
y —CH3;cada uno de los simbolo R3 y R4 individuaimente se representa por los
grupos seleccionados de —H, -CH3,

~—CH;—CgH,—CH=CH,, —CH,CO,M,
—CH,CH,CO:M, —CH(CO,M)CH;CO;M,
'—CHQCHQ—-N (CHzCOgM) s v
—-—CHgCHzCHg——N( CHzCOzM ) 2s and
" QuHinn
- O OgM
JmHimer

D2 describe una resina de intercambio aniénico que contiene anillos heterocicliclos
obtenidos por la reaccion de:
a) Un compuesto diamino seleccionado del grupo consistente en

%N—-C R{Rs ¢N—C§°R7
—C —C CRiIRS
N-—CR3R3 N--CR?R3
Ilil 1

b) Un copolimeros reticulado preparado de un monémero insaturado
monoetilenicamente el cual contiene un grupo ciano seleccionado de los
siguientes grupos acrilonitrilo, metacrylonitrilo, ciano viniledeno, entre otros.

Respecto al estado de la técnica:

De acuerdo con la reivindicacion independiente 1 de la solicitud en estudio el
principio técnico de esta es una resina de intercambio iénico con mondmeros
divinilbenceno, monémero con el grupo iminoacético y con el grupo ciano. No
obstante D1 divulga un una resina de intercambio i6nico para la recuperacion
metales con los mondémeros divinilbenceno y el grupo iminoacético (Reiv. 1).

El problema técnico objetivo es como lograr estabilidad al choque osmético y
resistencia al desgaste de la resina de intercambio idnico.

El documento D2 menciona que se puede lograr estabilidad al choque osmético y
resistencia al desgaste cuando se utilizan copolimeros insaturados y que contienen
el agrupo ciano como un sustituyente. Los copolimeros reticulados copolimeros
insaturados tales como el divinilbenceno que da lugar una red macro-reticular
insoluble en agua y otros solventes.

Es asi como un experto en la materia que tuviera acceso a los documentos D1 y
D3, podria verse motivado una resina de intercambio idnico con los componentes
de la solicitud en estudio.

Dado lo anterior, las caracteristicas técnicas del resina de intercambio iénico de
esta solicitud, no representa un avance tecnoldgico sobre el estado de la técnica.

En conclusion, esta reivindicacion y sus dependientes se encuentran afectadas en

su nivel inventivo ya que se derivan de manera evidente del estado de la técnica y
Nnileden car obviae nara 11N avynarn an al mataria




7. Conclusion ¢

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados
asi:

Reivindicaciones . .
[o]
N Documento afectadas Requisito que afecta
D1 usS2980607 1-20 Nivel Inventivo
D2 US3311572 1-20 Nivel Inventivo

En cumplimiento del articulo 45 de la Decisién 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias
contados a partir de la fecha de notificacién de la presente comunicacion. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesién, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2 literal e) del
capitulo quinto del titulo pgimpero de la Circular Unica No. 10 de 2001.

ALIX CARMENZA CESPEDES DE VERGEL
Jefe de Diysion de Nuevas Creaciones

El anterior requerimiento fue notificado por fijacion en lista, de fecha

Gl LU
CONCEPTO TECNICO EXAMINADOR TECNICO T
No.2777 Codigo No.202090




—@-

el
Industria y Comercio
SUPERINTENDENCIA

JJENE

REPUBLICA DE COLOMBIA

SUPERINTENDENCIA DE INDUSTRIAY COMERCIO

RESOLUCION £ | 4° 4°

Por la cual se niega una patente de invencion
Rad. PCT/05-124365

EL SUPERINTENDENTE DE INDUSTRIAY COMERCIO
en ejercicio de sus facultades legales, en especial de las que se confirieron en el articulo
3, numeral 30 del decreto 3523 de 2009, y

CONSIDERANDO:

PRIMERO: Que la solicitud de patente de invencion titulada “UNA RESINAY UN PROCESO
PARA LA EXTRACCION DE METALES NO FERROSOS", que corresponde a la solicitud
internacional PCT/AU2004/000605 de fecha 07 de mayo del 2004, fue radicada en esta
Superintendencia el 07 de diciembre del 2005 bajo el nimero 05-124365 -00000-0000, para
que se dé comienzo a la fase nacional en virtud del Tratado de Cooperacién en Materia de
Patentes (PCT).

SEGUNDO: Que efectuado el examen de forma en cuanto a los requisitos que debe llenar la
solicitud y cumplidas las exigencias legales, se ordend publicar el extracto sin que se
hubieran presentado oposiciones por parte de terceros.

TERCERO: Que el articulo 45 de la Decision 486 de la Comision de la Comunidad Andina
establece que: “Si la oficina nacional competente encontrara que la invencion no es
patentable o que no cumple con alguno de los requisitos establecidos en esta Decisién para
la concesién de la patente, lo notificara al solicitante. Este debera responder a la notificacion
dentro del plazo de sesenta dias contados a partir de la fecha de la notificacion. Este plazo
podra ser prorrogado por una sola vez por un periodo de treinta dias adicionales.(...) Si el

- solicitante no respondiera a la notificacion dentro del plazo sefialado, o si a pesar de la

respuesta subsistieran los impedimentos para la concesion, la oficina nacional competente
denegara la patente”.

CUARTO: Que realizado el examen de fondo, se requirié al solicitante en los términos del
articulo 45 de la Decisién 486 de la Comisién de la Comunidad Andina, para que presentara
respuesta a las observaciones de caracter técnico visibles a folios 87 a 98 del cuaderno
administrativo, relacionadas con la patentabilidad o cumplimiento de los requisitos
establecidos por esta Decision para la concesion de la patente. Frente a dicho requerimiento
no hubo pronunciamiento alguno por parte del solicitante, por lo cual es procedente negar el
privilegio de patente solicitado con fundamento en lo dispuesto en el articulo 45 de la
Decision 486.



Industria y Comercio

SUPERINTENDENCIA

REPUBLICA DE COLOMBIA
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
RESOLUCION & :

Por la cual se niega una patente de invencion

Rad. PCT/05-124365
RESUELVE:

ARTICULO PRIMERO: Negar el privilegio de patente de invencion para la solicitud
correspondiente a “UNA RESINAY UN PROCESO PARA LA EXTRACCION DE METALES
NO FERROSOS" que entré en fase nacional en virtud del Tratado de Cooperacién en
Materia de Patentes (PCT).

ARTICULO SEGUNDO: Notificar personalmente el contenido de la presente resoluciéon a la
doctora Alicia Lloreda Ricaurte, en su calidad de apoderada de CLEAN TEQPTY LTD.,0a
quien haga sus veces, entregandole copia de la misma, advirtiéndole que contra ella
procede el recurso de reposicion interpuesto ante el Superintendente de Industria y
Comercio, al momento de la notificacion o dentro de los 5 dias héabiles siguientes a ella.

NOTIFIQUESE Y CUMPLASE 4 ¢ .. -y
Dada en Bogots, D.C.,alos f =

EL SUPERINTENDENTE DE INDUSTRIAY COMERCIO,

GUSTAVO VALBUENA QUINONES

Doctora

ALICIA LLOREDA RICAURTE
Calle 72 No. 5-83, Piso 5.
Bogota D.C.
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JOSE LLOREDA CAMACHO & CO.

ABOGADOS
Calle 72 No. 5-83 Piso 5, Bogota, D.C.  Tel: 6069700 Fax 6069701

Senor
SUPERINTENDENTE DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES SUPERINTENDENGIA DE INDUSTRIA Y COMERGIO
Rad: 05-124365- -00005-0000
E. S. Fec. 2007-03-15 16:47:14 Dep. 2020 NUECREACIONES

Tra. 11 PATENTEIYY
Eve: 378 FASENACIONALI
Act 538 PETICION Folios: 2

Re: P1.-CLEAN TEQ PTY LTD.-Solicitud de Patente de

Invencién en Fase Nacional PCT para “"UNA RESINA Y UN
PROCESO PARA LA EXTRACCION DE METALES NO

FERROSOS".-Clase B01J 41/14.-Expediente nimero 05-
124.365.-

1. Me refiero a mi memorial de 18 de Mayo de 2006.

2. De conformidad con lo dispuesto en el Articulo 5.2.12 de la
Circular Externa No. 03 de 28 de Abril de 2003, y estando dentro del
plazo de seis meses contados desde la fecha de la publicacion de la
solicitud en la Gaceta de la Propiedad Industrial nUmero 568 de 29 de
Septiembre de 2006, solicito a ese Despacho proceder a realizar el

examen de patentabilidad de la presente invencidn.

3. Me permito recordar a usted, que tal como se informd en el

Petitorio de la invencién, la presente solicitud corresponde a Capitulo I.

4. Anexo me permito acompafar recibo ndmero 07- 18.877,
expedido por la Superintendencia de Industria y Comercio, que acredita

el pago de la tasa que dicho examen causa.

Sefor Superintendente,

" (




