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This invention relates to the treatment of aqueous 
liquid media containing metal ions with dictate exchange 
resins. More particularly, it pertains to chelate exchange 
resins which contain a high proportion of polymeric 
vinyl-phenyl aliphatic amisocarboayljc acid units and 
which are characterized by a large capacity for chglatc-
binding metal ions, and to a method for employing such 
chelate exchange resins in separating and isolating metal-
containing ions from aqueous liquid media. 

Conventional ion exchange resins, such as the water-
insoluble, sulfonaled crouslisked polystyrene ration ex-
change resins, are capable of effecting ion exchange re-
actions with soluble electrolytes in aqueous media con-
tacted therewith. The predominant mechanism is the 
establishment of equilibrium in a metathetical chemical 
reaction itsssslvissg the labile ion of the insoluble resin 
electrolyte and the corresponding ion of the soluble elec-
trolyte. While practical separations of one metal from 
another in mixtures have been accomplished with 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 particular ton exchange resin employed, 
and these differences are often very small. 

It has already been proposed to construct inst exchange 
materials wherein the ionically active groups would by 
capable of binding ions by complex formation, e.g. as 
cisetatea. However, the kinds of chelate exchange reams 
that have heretofore been proposed have been unsatis-
factory for use in practical extraction said separation 
processes because the actual capacities of these resins for 
absorbing callous by chetale complex formation are ap-
preciably tower than the theoretical capacities, and the 
rates of taking up chclase-formlng ions from contacting 
solutions are impracticably slow. 

For example, a resin obtained by condensing m-phenyl-
ens sliglycine with formaldehyde is described by H P. 
Gregor et at. in "Industrial and Engineering Cisesnistry," 
vol. 44, No, 12, pages 2834-2839 (December 1952). The 
capacity of this resin for clielate-forming metal ions is 
quite low relative to its theoretical capacity, and from 
7 to tO beaten are required for the resin to absorb 90 
percent of its capacity as equilibrium. 

In an article by D. K. Stale in "Research," vol. 9, 
pages 104-108 (1956), chelate exchange resins are de-
scribed that contain suninucarboxytic acid groups and that 
see obtained from ctsloromethylaled highly crosslinked 
polystyrene resins. The author stales (page 108) that 
’The stew rate of exchange observed with many of these 
resists in a very serious disadvantage and would severely 
limit their practical application." 

An object of this invention is to Provide improved 
chclate exchange resins and a method for treating liquid 
media containing metal ions therewith, 

A more particular object is to provide improved means 
for separating and isolating metal-containing ions from 
aqueous liquid media comprising the sasssc by treatment 
With chelate, exchange reams that contain a high mace.-
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nation of chet�ate-forming ligands, that have a Isigit ca-
Parity spacity for the chelate-forming meted 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 folloss’ing description. 

The objects of this invention have been attained by 
treating aqueous liquid solutions of sneodcontp,ielng 
ionized salutes with solid, insoluble cbetate exchange 

10 rmine 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 
representations of data obtained as described hereinafter 

19in  the examples. 
The chelate exchange resins with which this invention 

is conerrned arc ones that have in their polymeric stroc-
tore at least 80 percent by weight of a chemical stnit 
having the formula 

20 -oua-rtss--- at, at, 

, 5t, 

lb wherein the symbol It5 represents a radical selected from 
the group consisting of �It, --CO5lsf, and �CitaCOufel; 
the symbol Ra represents a radical selected from the 
group comistieg of --It and ---C8i; each of the symbols 
R5 and R. individually rcgsreseamts a ra.di,’si selected from 

30 the group consisting of ---H, �CHs, 

--CH- 1CH4�C1l’11, CH5COM, 
�CH5CII,cO5M, ’CH(CO5M)CH5fO5M, 

CH5CU5--N(CIf2COnM)ss 

30 - CII5CH2C18r--.N(CItaCOatrd)a and 

.-s!Y-flO,se 

40 
where e is an integer from 1 to 4, m is an integer from 
010 2, and M is a cation, and wherein at least one of the 
radicals represented by the symbols R,, R,, and R4 con-
tains a �CO5M getup which together with the nitrogen. 

49 aloes constitutes a metal.chelating group. 
Exemplary of such dictate exchange resins are the 

polymers of N-(ar-vinylherceyl)isninodiaceaic acid, N-(ar-
sinylbenzyl)aspartic acid, 2-(vinytpheoyl)glycine, and 
N,N-bia(.ar-vinylbencyl)glycinc. 

6th Monomeric vinylphenyl aliphatic aminocarhonylic 
acids suitable for making the resins required by this in-
vntstion are described in pending application, Serial No. 
615,509, filed October 12, 1956, by Richard A. Mock et 

55 
ad., now U.S. Patent 2,840,603. According to the method 
described therein, a number of the vinytphenyl aliphatic 
asuinocarboxylic acids are prepared by reacting on ar-
vioylbenzyl halide such as the chloride with an a- or p. 
asr,inocarboxylic acid ’having at least one hydrogen atom 

(19 on the amino nitrogen atom. For example, ar-vinyl-
beneyl chloride is reacted with disstcisatn inuinodiacetate 
in alkaline aqueous medium, and the reaction mixture is 
acidified to produce N - far - ’einylbeszyl)iminodiacetic 
acid, Other vinyl-phenyl aliphatic ssminocarhoxylir acids 

69 are prepared from ar-vinylbenzylasaslne. For example, ar-
vinytbanzytomine is condensed with diethyl maleate It, 
obtain  diethyl N-(ar-vinylbeazyl)-nspartale which is hy-
drolyzed to provide N-(ar-vinylbenzyl)-aspartie acid. 
Ar-sinylbesszylaminc dun also he reacted with sodium 

70 chloroacetatc in alkaline aqueous media to produce N-
(sr.vinylbrsszyl)insinottiscectc acid. in similar manner, 
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other primary and sccs’vdary oeiens having a viseylplaenyl 
group can he cart’osysmrthyla.led by reaction with halo--
acetic acid Salts in aqueous alkaline media to produce 
vinylphcnyl atiptsarir asrinucarhoxyltc acids. Some of 
these sesinaearbs-rsytic acids can also be obtained Irons ar-
s’mylheozsldehydc. For enampie, p-virsylbenzaldehyde is 
rosslesoed with entry, ryassisle and aossssr.niam etslorsde-
in aznrnssirsrn hydroxidr aqueous solution, and the result-
ing product is hydrolyzed with alkali and then acidified to 
produce 2-(y-viaytphenyl)glyci,se. 

In pending application Serial No. 615,508, tiled Octo-
ber 12, 1956, by Leo R. Morris, now Patent No. 2,875,. 
162, polymers of one or more of the afore-mentioned 
’einylphestyl aliphatic assinoearboxyliz acids, are described. 

In pending application Serial No. 615,467, filed Octo-
ber 12, 1955. by Richard A. Mock et xi., now Patent No. 
2,910,445, inrerpolymers of one or more of the adore-
mentioned vinylphenyl aliphatic atnisrocurhoxylic acids 
and one or more other polymerizablo etlsylenicalty un-
saturated compounds such as styrene, diviaylbenzeese, and 
acrylonitrile are described. - 

In pending application Serial No. 615,486, filed Octo-
ber 12, 1956, by Leo IS.. Morris, now Patent No. 2,888,- 
441, there is dcscribrd a method that comprises reacting 
an ur-vinytbrnzylanslses polymer in which the amino 
group has at least terse hydrogen aeotrs with a hsatesacetic 
acid in an alkaline aqueous medium to convert the amino 
groups to N-raetrosymcrbvl groups. For, example, poly-
meric ar-s’iaylbrnzylasnisc is reacted in aqueous alkali 
with sodium chlorretssetale to produce polymeric N-(ar-
sinylhenzy()jailssoetiacelic acid. 

The vinylphenyt aliphatic atsstnocarbcrxytio acid poly-
mers of the kind just described are characterized by con-
raining at least Itt) percent by weight of a vinylpheeyl 
aliphatic e- or 5-ammuoearlerccytic arid unit. The vinyl-
phenyl aliphatic asssirsocnrboxylir acid polymers are gets-
really hard, solid, resinous bodies that are insoluble, but 
xwcijehle, in rqaroos media. These resinous polymers 
contain a high concentration of functional -groups of lise 
kind represented by the eerssctssre 

referred to herein as the chelate-forming higand. Specific 
illustrations of sorb groups in these dictate ion exchange 
reuses are the glycino radical 

N-Cfficolv 

the inninodiacetiz acid radical �N(CH3CO5M)a and the 
anparlic acid radical 

he-releco,M 
ets’CO,M 

The vtaylpbenyl aliphatic aminoeaeboxylic acid chelate 
exchange resins with which this invention in concerned 
are fm’elaer characterized and distinguished by a relatively 
Open gel structure. All of three resins are highly swollen 
when saturated with watrr at a high pH, e.g. p11 values 
Of 10 or more. One mcasssre of this open get ntrtsceure 
Is a high ewellieg factor, represented by the symbol SF, 
slellnesi for the present psrrposes ss the arithmetic product 
of the gel -water content (GWt’t’ in weight pnrcossl at the 
isoelectrir pH of use resin ansi the change is, volume of 
the resin (V’/V) with change of pit from the isoelettric 
Point to a pit of 10, expressed as the ratio of the vtssnse 
(V) of the resin eweilrs, with water at phi of 10 to the 
volume (V) of the resin swollen with water at the iso-
electric pH of the resin, i.e. 1. 

SF(GWC)x(rf F) 

4 
Resists meeting the requirements of the present invention 
are ones for whirls the swelling factor is at [cast 30 and 
preferably at least 40, there being no upper limit. 

The gal-water content is measured on Craig particles at 
It the isorlectrie pit, saturated with water at room tempera-

ture. The saterased resin particles arc superficially dried 
(without loss or water from the iuter,ssl gel structure), 
and the amount of water retained by rIte gel, i.e. the 
get Watercontest of the redo.  is detersssiocst by beating 

10 the superficially dry, water-saturated resin piseticlea under 
vacuum until the resin is anhydrous. The gel-water con-
tent is computed as the less in weight during drying an 
percent by weight of the emie at the inoeleclric phi and 
saturated with water. 

15 The volume change with phi is measured by saturating 
a quantity of resin at the isoeleotsit point by immersing 
the resin in ester at room temperature. observing the 
volume (V) of the resin, adding strong alkali, e.g. sodium 
hydroxide or potassium hydroxide, to the aqueous me-ss diuiss Is convert the resin Co the corresponding malt bros 
in an aqueous medium having a pH of 10, allowing the 
system to equilibrate, and observing the volume (V’) of 
the resin swollen with water at a pH of 10. The volume 
change is expressed as the rosin of the volume of the resin 

25 swollen with water at pIt 10 to the volume of the resin 
-swollen with water at the inoeleciric p1-I of the resin, i.e. 
V1/V. 

The vicytpiscnyl aliphatic aminoearboxytie acid chclatn 
exchange resins hot described and .efsatactes’ized are ad-
vantageously useful tee isolating and separating metal-
containing ions Irons aqueous liquid media in accordance 
with the present invention. 

The clsclesle exchange resins are preferably ztssptoye,-t 
in the form of entail pieces, e.g. granules or beads baring 
diameters in the order of from 0.005 to 0.02 inch, and 
in a manner such as son exchange resists are used, 

The method of the invention is practiced by contacting 
pieces of the ,t1rls5r exchange resins with aqueous liquid 

80 solutions containing at leant one solute ionized to pro-
vide metal-eesntamning ions capable of interacting with 
the liganads of the chelate, ernie and forming a ebrlate 
structure therewith. Metals which forts, chelatea with 
amino acid ligastds of the kind described are found irs 
groups I-It, It-A. ti-B, [It-A, lit-B, IV-A, VI-B, VII-D, 

41 and VIII of the periodsc classification of the elements. 
Typical such metals are copper, silver, gold, calcium, zinc, - 

iron, cobalt, nickel, platinum, and palladium. The alkali 
metuin, ammonia, and amines form salts with the chelata 
exchange resin carboxylic acid groups but presumably do 

50 not form chelate complexes, 
The cbelate 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 

55 
greater than approximately one. Since the proton is 
competitor of the metal ions for the carboxy group, the 
capacity of the dictate exchange resin for metal ions in 
acidic solutions diminishes with the phi value of the con-
tacting solution. Preferably, the contacting solution of 
chelate-forming metal inns should have a p14 value of at 

60 least 3, e.g. from 3 to 14. Because the reaction of each 
chelate-Iorsning metal ion with the carboxylic acid tigand 
liberates at least one proton, the chclatsssn reaction tends 
to lower the phi value of the, contacting solution. For 

61 this reason, and to maintain substantially constant pit 
values dating the treating operation, it is sometimes de-
sirable to provide a pit buffer in the solution to be treated. 
jhlthouglt many metal loss are precipitated from aqac-

ous solnsesnf’is byâm’lites at pit values above 6, amphutci-ic 
matals sslbh,.s nec are actable at higher pH values, and 
a numbrr,a$’metale are scstabilized by ammonium by-
drotidc by formarfon of =mine conspIre ions. In such 
instances, the present chelate exchange ions can he errs’ 
ployast with metal ion-cesntaiuuisg solutions at high pH 

75 values, - - 
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The pieces of dictate exchange resin can be contacted Because the selectivity of the rheixee-forming lagandv 

with the liquid solution of ionized solute in any desired in the present dictate exchange resins fat the chelate-

manner, Its many instances, the pieces of dictate cc. focusing metal ions involves the stability of the resulting 

change resin can be mixed with and saspendoti in, a hasty dictate complex, the affinities of the chelate exchange 

of the liquid solution to he treated. This mode of opec- 
a 

’esies for different metal ions often differ by several us-

alien is particularly advantageous where the chelate-form- jury of magnitude, in contrast to the closely similar aunt. 

lag metal ion to be removed from the solution has a high ties often found in ordinary ion exchange resins. These 

affinity for the ligandn of the resin and where the capacity differences in affinities, combined with the relatively large 

of the resin for such metal enceeds the amount of such capacity and high reaction eases at the present darlate 

metal in the treated body of solution After treatment. I, exchange resins, form the bush for the ssdvantap.nnux sepa-

the solid pieces of resin can be separated tram the treated ration and isolation of metal ions by the present method. 

solution, e.g. by filtration. Furthermore, the present cbelatee exchange resins gro-

in smother mode of operation, the pieces of chelate side a choice of higands, as hereinbefore sat forth. e.g. 

exchange resin are maintained as a permeable bed, and the glycine-type, the lminodiacetic acid-type, or the us-

the solution to be treated in brought into contact there- 15 partsc acid type, by which optimum separation of a pat -

with 
’

ar.with,
 tn various embodiments, the solution to be treated birder ton mixture can be obtained, 

and the particles of the bed are caused to move relative. The metal-laden chelate exchange resins can he Fe -

to each other, e.g. by moving a stream of the solution generated, and the metals eluted therefrom, by entree-

through a fixed or moving bed of the resin, or by mon. lion with solutions capable of dissociating the chelate 

ir.g a stream of the resin particles through a fined or moo. 
as 

complex, e.g. with aqueous acid. In eoternn operations 

ing body of the liquid solution. These mechanical mattes involving a ctsetate-rosin bed laden with a mixture of 

at contacting solutions with solid particles are already metal ions, it is frequently possible to obtain selective 

well known as applied to conventional ion exchange aper elation of the several metal ion species, as shown -below 

stains and we readily adapted to similar modes of han- in Example 6. 

siting the present dictate exchange resins and liquid solu. iitt For the purpose of demonstrating the kinds of sega-

Sinus to be treated therewith. rattoim that can be accomplished by the use of the pets -

tons of metals that form ehelatrs with the ligauds of ent chelate, exchange resins, and for the purpose of sIlos-. 

the dictate exchange resin are readily separated from (rating the present method, tests were carried out on 

those ions that do not form such ubelales. In reels in- several of those ehelute exchange resins to obtain the 

stances, the starting liquid solution of ianiecd salulrn is aa data shown en Table I. in this table, the hind of dictate 

contacted with the chelate resin whereby the chelate- exchange ream employed is identified. The preparation 

lamming metal is.-es become bound by the resin is atsalate of the N-Or-sinylbenzyl)imlnodiacetka acid resin is de. 

etrecrures whereas the non-chelate forming i’eaa remain scribed in Example 1. The preparataon of the N-(n, 

ireely dissolved in the liquid solution The resin and vtnylbenzyl)aspartic acid resist is described in Example 

the liquid are mechanically separated to complete the aa 3. The N’(ar.vsnyibenzyl) glycine resin was similarly 

separation of the ion species, prepared by copolymerization of t’l-(ar-vinytbenzyl)gly. 

Ions of metals that form dictates with the tigansls of rune and approximately 2 percent by weight of divinyt-

Ilse chelate exchange resin are also separable from each beozenc.-

other on the basis of the relative stabilities of the re- The swelling factors of these resins were detersaincet 

speetive metal chelate complexes. in such instances, 40 (by the method heresolsefore described) at follows: 

when a chelate exchange ernie Is contacted with a solu-
tion containing two or more metal-containing ions capable 
of forming chelate complexes with the ligssnds of the 
dictate exchange rests, the resin will combine with such 
chelate-forming metal tons until she resin is satiated. 
Further contact of the metal-containing resin with more en 

solution containing more than one kind of inn capable 
of chelating with the ceslsi results in the ion species which 
forms the stronger, more stable chelate entering the die-
tale structure of the resin and displacing therefrom on 60 
ion species whose chelate structure is ’lean stable. The 
metals- bound in such chelate resin structures according-
ly become richer than the starting solution in the metal 
species which form the stronger chrlatea. In instances 
where the starting solution in contact with the resin con- - 
Initis an amount of each metal-containing ion species 

Ia 

capable of forming chelate complexes with the ltgands 
of the resin in excess of the capacity of the resin for such 
metal ions, there is established an equilibrium between 
the kinds and amounts of ions bound on the resin and 
the kinds and amounts of ions in the ionizing solution 
in contact therewith. 

The relative (but not necessarily the absolute) affni. 
ties of chelate-formiag metal--containing horns Ss aqim-
out solution for the Uganda of the chelate-cxebangc resins, 
i.e. the relative stabilities of the corresponding chelate 
complexes, are substantially the same as the relative 
alfieltien of these chelate-forming metal-containing ions 
in aqueous solution for similar tigands of water-soluble 
chelating agents. Chelate stability constants for a aims-
her of metals and waler-salable chelatisg agents under 
certain conditions have been reported in the literature, 
e.g. by A. E. Martell and M. Calvin in "Chemistry of 
the Metal Chelate Compounds," published (1953) by 
Prentice-Hall, Inc., New York, page 525 If, -  7  

Oot-Wsim tTalun,a Siennhsme 
aanrs Osristart I (Oman mesas 

Wt.t’rrori1 V’lV 

L Au N’ far- vtsyibm’xr]5 . am- 
lnn,tismue asic mcix-------S1.0 2.07 00- 

tt. Ax N - (Sr. vleytbonayt) 
uiyni,ierwin---------------------icr isa us 

tar Ax Nine - ninybtienari) - ii-
paetisaaid rents---------. u.s s. so 53 

In Table 1, the kinds of metals and the molar con-
reiteration of each mete!, in the starting solution are 
shown for each test. The solutions were prepared by 
dissolving the corresponding amounts of the di-valent 
metal chloride or sulfate salts in wales’, in all instances, 
the starting solution was buffered with equinsolar acetic 
acid-sodium acetate mixture. In each teat, 150 ml. of 
notation was admixed with the amount of chchite exchange 
resin shown (dry basis), The mixtiurro were allowed to 
room to equilibrium, after which the resins were sepa-
rated from the solutions by dltratiou. -The solutions 
in contact with the resins at equilibrium were analyzed, 
and the table shows, for each lest, the molam concontra-

- ton of each metal and the molar ratios of the metals in 
such solutions. 

The resins were washed with water to remove solntioa 
held mechanically, and the washed mans were eluted 
with 6 N hydrochloric add- The etaatcs were analyzed 
to determine the amount of each metal in milligram’ 
moles per gram of dry resin and the molar ratio of the 
metals held on the resin in each teat, as shown in the 
table The equilibrium qmaotiem is obtained by dividing 
the molar ratio of metals in the resin at equilibrium by 

i the molar ratio of those metals in the solution, 

2,9G0601 - 

TABLE 1 

Chemist Exchange resins in eqailibriam with moral ions is 
ba,flei’ed aqaereaa media 

(Octal, tardy 

Rind;Srur,,a 

STrtais is niarasat OstrSos, 
Ototieiiy 

Mr’tc.t.s In Ortonac it 
i 
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sit 
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ins 
-3.751 
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i.022 
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is 
no 
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o.asi 

v.01st sass 
coma 0 214 

iso 

:7 
It a.ci 

ala 
lc’l,s.wsC......Ze,a.tsas------t.worO 
oa,oxonas.....Cs,a.1U0------astral 

0.0525 

outs 
-cbs 
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4.3 4.3 0.ouc 

0_819 
0.130 5.174 

cons 

O_ 8012 
024 its tt 

ist,O.iOt........0.551 

--asia san 

m.sts s.t 0. 533 0 141 0.051 anI -----------tic 0.05 
Zo,s,isSn...__ )st.s.sIos .casue.JIM to.a 1.312 0.ia7 ten tot Mats; 

Chaiaiv Earhusca aria, i crc as N.lar.viayibrsoyliseltnrdtaonar alit ernie. 
CbntsS, iiersuaer muds it tins ima N-0.sr-sissyibesnytlgtyd,m rosa;. 
crosusea c-sebs;msrr Rooms iti tics vs N-(u--vluyibvsnytlaatsrmis and sues. 

In order to demonstrate the rapid rate with which 
the present cheiatc resiaa take up chelate-forming metal 
ions from a contacting solution, tents were carried out is 
which a quantity of dry resin was mined with a chelate-
forming metal-contaisting aqueous solution, and the ph 
value of the solution was plotted as a function of time 
until the resin reached eqamiiiticiumn withthe contacting 
v,,hicion. As the ,smetal ions spare takm asp by the dictate-
s’ssrbasiga resin, bydiogen ions were, displaced from Inc 
resin into the solution, causing a decrease in the pit of 
such solution. The ormtattir,ns were unbuffered aqueoas 
solistloliss of di-valeut metal chlorides as follows; 

Solution: Cmimpooitiao 
A----------------------- 0.05MCu+0.4MCo 

B----------------------0.07 at Cii -]- 1.01 lot lii 
C ------ - -----------..... O.O5MZn 0.O5MNi 
D --------------------- --0.05 M Ni -4- 0.06 at Co 

The resins employed were the N.(ar-vinylt’enzyl)im’mo’ 
diacetie acid resin (Resin ) and the N-(ar.vinytbeazyh) 
asparlic acid resin (Resin Ill) described in Examples 1 
and 3, respectively, and employed above in obtaining the 
data in Table 1. 

The pit data obtained in these teats wore then recalcu-
lated in term of the percentage of the total reaction that 
had taken place at measured intervals of elapsed time. 
These data are shown in Table 2. 

The data shown in Table I were obtained from acidic 
starting solutions. In order to demonstrate further vsuia-
lions of this method, other trill were carried out watt, 
mixtures of metals in emmosiacal aqueous solution. The 
data shown in Table 3 were obtained in manner like that 
described for 

the tests in Table I. .’snimoaiacal Sell -
tiers of metal ions (cupric and nickaloas) in cancel -

g traaions shown in Tattle 3 were prepared, the omos,uia 
being approximately 7 molar in the solutions. In racb 
instance. ,ivaatitieo of minand of solution were used 
such that the metal present in Ienvt amount was protest 
in amount more than twenty limes the trial rapacity of 
the chelate resin, i.e. xii that the composition of the iota -
lien remaroiterd sabatantmstiy anchaugeal during the -rcat.Tas 
with the dictate exchange ri-sir,, the resin and tulabios 
being allowed to coma to em,uitubriamu at tusoimt 100per’e-
hare, The rexics were separated from the solulioaas. 

40 washed with ammonia water to, remove residual metal 
solution held mechanically, and cleated with 6 it hydro-
chloric arid to extract the metal held by the dictate ex-
change resin. Table 3 shows the amount of each meist 
(in milligram-mules per gram of dc’ resin) and the ratio 
at metals on the resin in each tent. The equilibrium 

45 quotient is obtained by dividing the molar ratio of nicituti 
to copper on the resist at equilibrium by the molar ratsa 
of nickel to copper in the solution in equilibrium their. 
with, 
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The data shown in Tables I and I were obtained nude  
iS equilibrium conditions. When similar metal-containing 

starting solutions are contacted with these chelate en-
change s-calm in column-type operations, the separation 
of metal species is considerably enhanced. 

In a typical such column operation, a permeable bed 
73 of small pieces of the solid chelate exchange resin is 

provided and flooded with a liquid conditioning solution. 
The conditioning solution is preferably one which places 
She amino acid groups of the resin in the desired ion 
form and adjusts the pit to that of the solution to be 

Oh treated. - -- - 
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To the column of chelate exchange resin, immersed 

in such conditioning liquid, is then fed a stream of a 
starting solution to be treasid, which solution contains 
at least one triad of metal-containing ions capable of in-
teracting with the amino carboxylic acid groups on the 5 
chelate exchange resin, displacing the cations originally 
associated therewith, and funning a chelate complex slice-
Wee with such amino carboxylic acid groups. When the 
rations displaced from the amino acid groups are hy-
drogen ions, it is preferable to provide in the starling it 
solution a system of pit batter salts, e.g. sodium acetate, 
to maintain the desired pit value in the solution traversing 
the chelate resin column. 

The starling solution can be fed to the chelate resin 
column at any desired temperature from just above the it 
freezing or crystallization temperature to just below the 
bolting point, conveniently at room temperature. With 
the rhelale exchange resins described herein, the rate 
of flow of solution through the resin bed can be, for 
example, in the order of from 0.8 Its 1 or more gallons 2� 
of solution per pound of resin (dry basis) per hour, al-
though slower Bose rates can, of course, be employed. 
The flow of solution can be in any direction relative to 
the bed of resin, i? upward, downward, or laterally; 
usually the flaw of solution is downward through the resin 21 
bed in order to avoid fluidizing the solid particles of the 
bed. 

During passage of the starting solution through the 
resin bed, the clselate-forming metal ions in the solution 
reset with the amino acid groups on the resin, displacing 30 
the rations therefrom, and forming chelate complexes 
with such amino acid groups. The flow of solution 
through the column of resin results in an effluent, the first 
of which is the conditioning liquid displaced from the 
bed. This fraction is followed by an effluent derived 35 
from the starling solution but substantially free of the 
etsetoec-formiag metal ions originally contained therein. 
This part of the effluent contains the solutes of the start-
ing solution that did not react with the amino acid groups 
of the elselaic exchange resin and, in addition, the rations 40 
displaced from the resin in exchange for the chelate’ 
forming metal ions from the starting solution, Eventual-
ly, the resin becomes satiated with metal chelate, and the 
cbclale-forming metal ions of the starting solution ap-. 
peer in the effluent. 45 

When the starting solution contains only one kind 
of metal capable of forming a claelaie 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 effluent soon 50 
becomes substantially the name as that of the starting 
solution. 

When the starting solution contains two Or more of 
such metals capable of forming chelaees with the resin 
under the instant conditions, a different result occurs. 
In such cases, the resin first removes all of such ions 
from solution, and the first fractions of effluent are free 
of such metal ions, as described above, Al flint then, 
the resin, e.g. at the feed end of the column, is converted 
to a form comprising chetate complexes of all of the 60 
chelate-forming metals in the contacting solution. An 
the flow of chelate-forming metal feed solution over such 
resin continues, a farther exchange reaction takes place 
in which the lea species Which forms the most stable 
dictate complex with the resin, e.g. ion species A, dis  65 -
places the ion species whirls forms the least stable chelate 
complex with the resin under the instant conditions, e.g. 
ion species B. The displsced loan 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 solo- yo 
lion by interaction with amino acid groups and forma-
tion of dictate complexes of species B. One consequence 
of this selective displacement of a less chelate-stable 
species by a more chelate-stable species is that the metal-
laden resin column develops a gradient of composition 76 

10 
from the most stable species (A) at the feed end to the 
least stable species (B) at she outlet end of the resin bed. 

Another, and important, consequence of the selective 
displacement just described concerns the composition of 
the effluent. 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-
tains chelate-forming metal ions. At first the effluent 
contains only the least chelate-stable species (B) and is 
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 displacement into the contacting solu-
tion of absorbed species B from the resin by species A 
augments the concentration of species B already present 
from the starting solution. In this way, there is obtained 
an effluent fraction comprising the least chelate-stable ion 
species B, substantially free of the more ebelatc-stebte 
ion species A, and in which fraction the concentration of 
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 effluent contains all 
of the Ion species, and eventually the composition of the 
effluent is substantially the same as that of the feed. In 
such circumstances, the metal content of the satiated 
resin is Chu 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 assets solution. The 
proportion of the most chelate-stable metal species, e.g. 
species A, in the total metals bound to the chelate train 
at equilibrium is always greater than the proportion of 
that metal ion species among the chelate-forming metals 
in Use starting solution. Where the chelate daIntily 
constant of the most chelate-stable metal species, ne. 
species A, is very touch greater than that of any other 
just species in the starting solution, the metal bound in 
the clselate exchange resin may consist essentially of such 
species A and be substantially free of other metal species. 

The metal-laden min can be regenerated and the 
metals bound thereto can be recovered by elusion with, 
for example, an aqueous solution of a strong acid, i.e., a 
solution of an acid having an ionization constant of at 
least 10-°.  Usually, the solution remaining in the resin 
bed at the end of the loading cycle in flushed out, e.g. by 
means of more of the conditioning notation used prior to 
feeding the starling solution, and the resin is elated. A 
suitable etuent for the metals whose chlorides are notable 
in water is hydrochloric acid. Nitric or sulfuric acid ran 
also be used to elute enetala artisan corresponding suite 
are soluble in water. The eluent can be fed to the resin 
bed in the name or different direction relative to the slow 
of the solution in the loading cycle, and at similar rates 
and temperatures. 

When the resin bed contains more than one species 
of chelate-bound metal, these can be selectively removed 
in the eluate, the least chelala-stable (B) coming out first, 
often in a form substantially free of the others, followed 
by s mixture of the metal species lea whirls the propor-
tion of the most chelate-stable ion (A) is greater than it 
had been in the starting solution, and is often greater 
than it had been in the metal-laden chelate resin. 

Thus, the method provides practical tarsus for treat-
ing a starting solution that eosstaies at least one kind of 
chelate-forming metal-containing ions to separate such 
tons from other inns, including other kinds of chelate-
forming metal-containing ions, and to isolate such dictate-
forming metal-containing ions from such solutions. 

Other means for contacting the starting solution with 
the chelate-exchange resin can be employed, as herein-
before set forth. It will be obvious that certain metal-
containing effluent fractions obtained in the practice of 
this method as set forth above can advantageously be 
employed as feed solutions to further stages of treatment 
with these kinds of ohelate exchange realm. 
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The following specific examples further illustrate the 

invention, but are not to be construed as limiting its 

scope. 
ttxxMPt,lt a 

In this example, beads of a water-’msolubie chettte ex-

change resin containing iminod’iaeetic acid radicals were 

used. This chelate exchange resin was prepared in the 

toltowing massser. 
A mixture of 20 g. of technical ar-vinylbeazylamine, 

2 g. of technical divisylbenzene, and 0.020 g, of azobisiso-

Isutyranisrile was dispersed into it) nil, of a 0.01 percent 

by weight seater solution of soethoxycellstlose. The 

technical ar-vinylbenzylatniae contained approximately 
10 percent by weight of bis(ar-vinylbenzyl)amine, the 

amines being a saixtares of isomers consisting essentially 

of approximately 65 percent by weight pars-isomer and 

approximately 35 percent by weight ortho-isomer. The 

technical diviuytbeszesc 
was 

approximately 55 percent 

by weight divinylbenzenc, 35 percent etiaylvinytheezene, 
and II) percent diethylbeozene, these several compounds 
being mixtures mostly of mete- and pars-isomers. 

The resulting dispersion was stirred and heated at 10-
90’ C. for 12 hours, alter which there was added thereto 
0.040 g. of azob’nisobutyronitrite, and heating at 10-90’ 

C. was couti used for 4 hours, 
The resulting beads of polymeric ax-viuytbenzylamisse 

were collected, wshrd with water and with acetone, and 
dried under saran-rn. 

The bends 01 polymeric ax-vinyll,enzyluiuinn were sus-
pensled its as excess of aqueous It) percent by weight 
chioroacetic acid solution (containing approximately 5 
mules of chinesacetic acid per atom of nitrogen in the 
polymer), the suspension was heated on a steam bath, 
and sodium carbonate was added to a p11 value of 9. 
tteatieg on a steam bath was continued for three days, 
after whirls the beads were collected, washed with water, 
and dried to obtain a resinous pendant in which was 

more than It) percent by weight of Polymerized units of 
N-(sr-viisytbeszyl ) insissudiacettc acid. The swelling fac-
tor of this resin was 66, as, shown heeeinbcfore. 

The resulting chelating resin beads were conditioned 
by soaking in an aqueous buffer solution of the follow-
ing composition and having a pH value of 4.5: 

0.1 M acetic acid 
0.1 M potassium acetate 
0,9 M potassium chloride 

12 
It can be seen from the data in Fig. I that the first 

metal-containing effluent fractions (after displacing the 

original liquor from the column) contained cobalt ions 

fine of copper ions. It will also Inc seen that in some 

of the copper-free effluent fractious, the concentration of 

cobalt ions was greater than is the feed solution. 

Daring the first portion of the fond and exhaustion cycle 

just described, the volume of the resin diminished by ass 

estimated 40 percent, due to the contraction of the resin 

structure by formation of metal cbelste linkages, and the 

bed-volume referred to is the valssnse of the contracted 

bed. 
After exhaustion of the resin, the remaining metalcon--

taming solution was flushed from the bed with some of 

the aqueous buffer solution hereinbefc’re described, and 

the metal-contrat of the chelate resin hod was recovered 

by elution with 6 N hydrochloric acid aqueous solution. 

Tao ctuate was copper chloride solution sal,stzotrally free 

of cobalt. The total amount of copper clutni from the 

so resin as copper chloride corresponded to 3.23 Milligram-
moles per graze of the dry resin. 

srxsati’e.lt 2 

To the resin bed employed in Example 1, after recoil-

25 
dilioning the resin in the aqueous buffer solution as  do., 

scribedtherein, was fed an squsosss solution of the fol-

lowing composition: - 

0.1 M cupric chloride 
0.092 M nickel chloride 

30 0.1 M acetic acid 
0.1 H potassium acetate 
0.9 H potassium chloride 

thu latter three ingredients being those of the buffer ss,’t-
tern with which the resin beads had been conditioned. 

so The feed solution was paused into the column at room 
temperature, and eltineat solution was displaced from the 
column, at an average race corresponding to approxi-
mately one nation per pound of resin (dry basis) per 
hour. Successive fractious of effluent solution were ml-

40 
tented and analyzed. The resulting data are graphically 

portrayed is Fig. 2 of the drawing, in which the dimen-

sion C/C0 is the ratio of the concentration of she lest 

ions in the effluent to the concentration in the feed solo-
lion. 

45 It can be seen from the data in Fig. 2 that the first 
metal-eootaississg effluent fractions (after displacing the 

The so-conditioned beads, immersed lathe aqueous buffer 
original solution from the column) contained nickel ions 
free of copper ions. It will also be seen that the concen-

aolsstion, were then placed as a bed in a column of the tration of nickel ions In some of the copper-free fractions 
kind conventionally used for loss exchange operations. 50 was greater than in the feed solution. 

To the bed of ebelate exchange resin beads was fed 
an aqueous solution of the following composition: composition 

exhaustion of the resin, i.e. when the effluent 
composition wns the same as that of the feed solution, the 

0.113 M cupric chloride , remaining metal-containing solution was flushed from 

0.132, NI cobalt chloride the bed with some of the aqueous buffer solution herein. 

0.1 M arctic acid 55 before described, and the metal content of the chelate 

0,1 M potassium acetate resin bed was recovered by elution with 6 N hydrochloric 

0.9 M potassium chloride acid aqueous solution. The eluate was copper chloride 
solution substantially free of nickel. 

the latter three ingredients constituting a buffer system 
analogous to the solution in which the resin had been 
conditioned. The feed solution was passed into the 
column, and effluent solution was displaced from the 
column, at an averatc rate corresponding to approximate-
ly use gallon per pound of resin (dry toasts) per hour, the 
operations being carried out at coons temperature. Suc-
cessive fractions at effluent solution were collected and 
analyzed. The resulting data are graphically portrayed 

in Fig. t of the drawing, in which the dimension C/C0 

is the ratio of the concentration of the test ions in the 
effluent to the concentration in the feed notation. When 
the plotted curves merge as C/C5-t, the effluent com-
position is the same as the feed composition, and the 
resin is considered to be saturated with respect to she 
loss of the Iced solution under the conditions of the 
gent. - - 

60 
h’XAS,sPg.tt 3 

in this example, beads of a water-insoluble polymeric 
N-(ar.ainylhenzyl)uspartic acid resin were used. This 

chelate exchange resin was prepared in the following 
manner. 

65 In a reaction vessel were mixed 48 g. of technical or-
sinylbenzylam’me and 90 g. of diethyl muleate in 60 ml. 
of ethanol. The ar-vinylbenzylasssise was a mixture of 
isomers consisting essentially of approximately 60 percent 
by weight of p-visylhcnsylasnine and approximately 40 

o percent by weight of o-v’mylbeazytamtee. The resulting 

reaction mixture was kept stream temperature for three 

days under an atmosphere of nitrogen. The resulting 
solution was diluted with four volumes of water, acidified 
to pit of 2 with concentrated hydrochloric acid, and en- - 

7a tracted with approximately 45 ml, of chloroform. The 
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water layer was made alkaline by addition of sodium 
hydroxide to pt-I 10 and was extracted with chloroform.The

 latter chloroform extract was condensed by vaporiza-
tion of chloroform wider 5505mm, leaving approximately 
90 g. of residue consisting essentially of diethyl N-(ar-
vissytbesyl) aspartate. 

A mixture of 85 g. of diethyl N.(ar-vinylhesszyt) 
asyarlate (prepared in the manner just described), 43 g. 
of technical divissylbenzeae (containing approximately 55 
pnrcrat by weight ilivinytbeozenc 35 percent cehylvinyt-
bencerse, and It) percent diethylbenzene, these being 
named isomers, predominately mclx- and para.isamers), 
0.9 g. of sodium ar.vinythesazenesatfoaic acid, 0.9 p, of 
azollisisobtayronitrile and 400 ml. of water is stirred and 
heated to ft’ -SO’ C. After addition of 100 oil, of I 
Percent by weight aluminum sulfate  aqueous solution, the 
resulting dispersion is heated to tOO’ 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 water and with ace-
tone and again with water. 

Beads of resinous polymer so obtained we than sus-
pended in 15 percent by weight sulfuric acid and heated 
at reflux for 18 hours to hydrolyze the enter proupx 
After washing with water the resin beads, having diam-
eters in range from approximately 0.01 inch to approxi-
mately 0.03 Well, are ready for use as described below. 
These resin beads had a swelling factor of 53 as shown 
hereinbefore. 

The resulting resin beads were conditioned by soaking 
in an aqueous solution having the following composition: 

14 
tion. The solution was fed at room temperature at an 
average rate corresponding to approximately 0.8 gallon 
per pound of resist (dry basis) per hour, and fractions 
of the effluent were collected and anslvred. Cobalt ions 

i appeared in the effluent after sf-pr oximaseiy 3.5 beet -
volumes of solution bait passed out of the bed. The 0 rat 
metal-eontaicsiog effluent fractions were free of copper, 
and the concentration of cobalt in the isulastroas effluent 
row rapidly to a value of more than 0.125 88 and there. 

to after diminished toward the feed concentratino. Ap-
proximately 5 bed-volumes of effluent containing cobalt 
and free of copper were collected before copper ions up. 
reseed in the effluent. The Operation was terminated be-
fore the instantaneous composition of the effluent was 

11 quite identical with that of the feed, and the bed was 
flushed with the atom -mentioned aqueous butter solution. 

The metal-laden chelstc resin hod was then elated by 
passing therethrough an aqueous solution which was 0.1 
Normal in respect to hydrochloric acid and 1.0 Normal 

28 in respect to potassium chloride. The elaate contained 
cupric chloride in amount corresponding to approxi-
mately 0.25 pound of copper per pound of chelate resin 
(dry basis) and was substantially free of cobalt. 

88 EXA.arPLtt 5 

1 N potassium chloride 
S N ammonium hydroxide 

The conditioned resin beads were placed as a bed in a 35 
column of the kind conventionally used in ion exchange 
operations, and the bed was flooded with the afore-assen-
cloned ammoniacal solution-

To
olution.To

 the bed of chelate exchange resin brad, was fed 
an aqueous solution winch was one molar in potassium 4 
chloride, five molar in ammonium hydroxide, and 0.01 
molar in each of the metals capper, cobalt, and nickel 
originally added is cupric chloride, coballous chloride 
and aickelom shatoride, the metal ions being in the ant-
mine complex mew in the ammonium hydroxide solu-
tion. The feed solutior, was fed into the column at room 45 
temperature and at a rate corresponding to approximately 
0.8 gallon per pound of dry main per hour. Fractions 
of effluent were taken and analyzed. The first metal-
containing effluent fractions contained cobalt substan-
tially free of copper and nickel s,slil approximately 23 50 
bed-volumes of effluent bad been collected. At this point, 
copper appeared in the effluent. As the feed continued, 
the concentration of copper in the instantaneous effluent 
ease 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 SO bed-volumes of effiscot had 
been collected the instantaneous effluent composition was 
substantially the same as that of the feed. 60 

tXAMPLIf 4 

The same chelate exchange resin bed used in Example 
3 was conditioned by soaking in an aqueous buffer solu-
tion has-lug the following composition and having a pH 61 
wine of 4.5: 

- 1.1 9sf potassium chloride 
O.t M acetic acid 
0.1 1sf potassium acetate 70 

To the bed, initially flooded with the above buffer 
solution, was fed an aqueous solution containing the 
same lthsds and concentrations of ingredients as the butter 
solution and, in addition thereto, cupric and eobaltous 
ions originally as chlorides, each in 0 1 Molar conecntra- 75 

In this example, granules of a water-insoluble rests 
comprising copolymeric 2-(p-vinylplsenyl)glyaissc crass-
linked with N,N’hls(ar-vinylbeazyl)glycine were used, 
This chelate exchange resin is prepared in the following 
manner. 

A solution of 10 parts by weight of 2 (p.s’tayiphesyt) 
glyciue, 0.5 part by weight of NN-bis(ar-vieylheneyl) 
glyeine, - 100 parts by weight of I N sodium hydroxide 
solution, and 0.05 part by weight of sodium persotfate is 
heated to reflux. The 2-(p-vinytphesyl)gtycine is oh-
lamest from p-vinylbcnzaldehyde by the Stroker reac-
tion. The N,1,1-his’(ar.viayllsetszyt)glycino is obtained by 
reaction of ar-vinylbenzyl chloride (OO percent p- 40 
percent n-isomer) with glycine in an alkaline aqueous 
reaction mixture. From time to time, further aissotmit 
of catalyst (sodium pemulfage and/or uzotvisivobutyro-
nitrite) are added to the refluxing mixture until the 
monomers we substantially polymerized. The mixture is 
then cooled and acidified to pH value of 5 with Isydro. 
clitoric acid. The precipitated resin solid is collected. 
washed, dried, and ground to line granulm which are suit-
able for use in the manner described below. The swell-
ing factor, an bereinliefore defined for this resin prod-
uct is more than 50. - 

The resulting resin granules were conditioned by soak-
ing in an aqueous salt brine containing 4.8 88 sodium 
chloride and sodium hydroxide to a pH value of to. 
The resin granules - were placed as a bed in a conven-
tional ion exchange operation column and flooded with 
the alkaline salt brine. 

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

4.8 14 sodium chloride 
0.022 M calcium chloride 
IS ppm. (Pamper million, by weight) mercury, prob-

ably as NauHgC4 

the solution having been made alkaline to pIt 10 by ad-
dition of a small amount of sodium hydroxide. The fend 
solution was fed to the column at room temperature and 
at an average rate corresponding to approximately one 
gallon per pound of resin (dry basis) per hour. The 
effluent solution comprised sodium chloride and calcium 
chloride in concentrations the same as those of the feed 
solution, but she concentration of mercury was much 
reduced. After passing 800 bed -volumes of solution 
through the column, the instantaneous effineel contained 
I= than one part per million of mercury, and after 2400 
bed-volumes the concentration of mercury in the effluent 
was only 1,8 parts per million. It was the opinion of 
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the operator that channeling was taking place in this teat, 
i.e. that part of the feed solution was traversing the 
column without intimately contacting the resin best, and 
that an effluent free of mercury could have been obtained 
by meclsaeical improvement in the apparatus to prevent 
such channeling. 

The foregoing operations were stopped before the 
resin bed was sat.-td with mercary, and the bed was 
flushed with the alkaline brine mentioned above. The 
chelate resin bed was thee elated with as aqueous solu-
tion that was one Normal with respect to hydrochloric 
acid and 5 Molar with respect to sodium chloride, where-
by mercury was removed from the did ate and recovered 
in the curate. 

EXAMPLE 

In this example, the chelate exchange resin materiel 
was in the form of small beads (0.01- to 0.03 -inch disuse-
ten) and was a water-insoluble copolymer of N-(ar’ 
vioylbenzyl)-iminodiacelic acid and approximately 2 per-
cent by weight of divinylbenzene as crossliekieg agent 
(cf. the resin of Example 1). The resin beads were 
placed as a bed its a conventional ion exchange column 
and were conditioned by soaking in a 3.8 88 ammonium 
hydroxide aqueous solution. To the bed of resin so 
conditioned was fed an aqueous solution having the 
following composition: 

0.39 M CuSO4 
0.050 M NiCt5 
3.8 M NH40H 

the metal compounds being those its the form of which 
the metals were originally supplied to the solution: ’In the 
smnsooiacal solution, the copper and nickel loss probably 
existed is the form of ammine complex ions. The teed 
solution was fed at an’ average rate corresponding ap-
proximately to one gallon per pound of resin (dry basis) 
per boor, and the operation was carried out at room tem-
perature. Fractious of the effluent were collected and 
analyzed to obtain the data shown in Fig. 3 of the draw-
ing. It will be seers that approximately 7 bed-volumes of 
offlcesst containing copper were taken before any nickel 
appeared, and that the concentration of copper in most 
of this nickel-free effluent was greater than in the starting 
solution. When the composition of the effluent was the 
same as the feed, the resin bed was considered to be 
saturated, and the feed of starting solution was stepped. 

The bed was flushed with I 54 ammonium hydroxide-
I M ammonium chloride solution, and the metal-laden 
resin was then doled with 03 M hydrochloric acid solu-
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 elation ware amseontacal, the WPMbeing pref-
erentially elated. The alkalinity in the effluent persisted 
to about fraction No. II, From about fraction No. 10 
through fraction 16, the effluent contained a large con-
centration of nickel and veer little copper, the nickel be-
ing preferentially elated. After fraction 16, the effluent 
container copper until both nickel and copper were com-
pletely doted from the column. In combined fractions 
10-16 (the shaded area on Fig, 4) approximately 64 per-
reel of the total amount of nickel on the resin was elated 
at a molar purity of 965 percent. The total amounts of 
metals elated from the bed corresponded to 0.058 pound 
of copper and 0.09 pound of nickel per pound of resin 
(dry hash), 

That which is claimed in: 
I. A method which comprises contacting an aqueous 

liquid solution of an ionizable metal rasusposmt with a 
solid chelate exchange resin insoluble but swehiabte there-
in, the resin being one whose issolerohar structure is an 

-- - 16 
addition polymer of an ar-vinylpbenyl aliphatic amino-
carboxytic acid having the monomeric formula 

- c.ae,-son, to5 at, 

t,iis-st--at’ l, 

wherein the symbol R5 represents a radical selected from 
the group consisting of -----ti, �005M, and �CH5CO5M; 
the symbol It2 represents a radical selected from the 

10 group consisting of �H and �015; each of the symbols 
It5 and 84 individually represents a radical selected from 
the group consisting of 

�I’I, �CIt, 

15 -CH�CI04�Cbtr=CH5 
�CH5CO5M 

�CH5CH5CO3M 
�CH(C05M)CH5C05M 

’CHiCHe-N(CHuCOaM)n 

25 -----CH5CI45CRv---N(CH5CO2M)2 
and 

where,, is an integer from Ito d,m is an integerfrom 0 
to 2, and 14 in a cation, and wherein at least- one of the 
radicals represented by the symbols It5, R, and It4 con-. 
totes a �CO5frI group which together with tIle nitrogen 

35 atom constitutes a rectal-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 

35 
SP(GWC)x(’/V) - 

wherein the symbol (GWC) represents the get water cots-
tent of the resin at its issielecteic pH in percent by weight 
of water an 0w ream saturated with water at room tem-
perature, and wherein the sysribol (y’11’) represents the 

40 ratio of the ’plume of the resin saturated with water at 
a pH value of 10 to the volume of the resin saturated with 
water at the isonlectrie pH of the resin, the contacting 
aqueous liquid solution being one that contains at toast 
one kind of metal-containing ion that is capable of dis-
placing the cation 88 from the melal-ehelating groups of

resin and forming therewith a chelate structure. 
2. The method according to claim 1 wherein the solid 

chelate exchange resin Is one whose molecular structure 
in an addition polymer of an ar-vinylphenyt aliphatic 

60 
- aminorarboxytia acid having the monomeric formula 

dll,-og - 

515,ThOflsNtOH,00s50, 

3. The method according to claim I wherein the solid 
chelate exchange resin is one whose molecular structure 

55 is an addition polymer of an ar-vinylplsenyl aliphatic 
aminoearbouylic acid basing the monomeric formula 

CH�CH 

ckit,cseoo,sc 

to t!fsl, 

4. The method according to claim I wherein the solid 
chelate exchange resin is one whose molecular structure 
is an addition polymer tel an ar-vinyIphenyl aliphatic 

05 
uminocarboxylic acid having the monomeric formula 

CSte"CsI 

t!tsat.cEsNuCaucosM 

sjtt’COsM 

s 5, The method according to claim 1 wherein the con-
tacting -aqueous liquid solution contains mess of at least 
two kinds of metals that are capable of displacing the 
cation M from the metal-chelating groups of the resin and 
foussieg a  chelate structure with such groups, one of 

75 which kinds of metals has a greater affinity for the 



S S 

11 18 
chelating groups of the resin thin do other kinds of is ass addition polymer of an. ar-vinylphenyl aliphatic 
metals in the aqueous solution. aminocarboxylic acid having the monomeric formula 

6. A method winch comprises feeding a starting 
aqueous liquid solution of an ionizable metal compound 
to a water-immersed best of a granular, water-insoluble 
but water-awellalsle, solid chelate exchange resin whose 

5 
ltl. The method according to claim 11 wherein the solid 

molecular structure is an addition polymer of an ar-vinyt- chelate exchange resin is one whose molotular ttrsctoro 
phenyl aliphatic asstnoearboxylic acid having, the mono- is an addition polymer of an ar-vinylphenyl aliphatic 
nieric formula aminocaeboxylic acid having also monomeric fortoatla. 

cmr-cac 
a 

R. 10 cnom 
s.u.ogttosse 

wherein she symbol R5 represents a radical selected from II. The method according to claim   wherein the solid 
the group consisting of �H, �CO,5M, and --CH5CO5M; 15 dictate exchange resin is one whose molecular structure 
the symbol it5 represents a radical selected from the is an addition polymer of an ar-vinylphenyl aliphatic 
group consisting of �H and --M; carts of the symbols aminocarboxylic acid having the monomeric formula 
It5 and it4 individually represents a radical selected from 
the group consisting of L.cu.rsmouoo,se 20 

�1*, �CR5 
OHrC5R5�CIICH5 12. A method according to claim 6 wherein the start-

-CH2002M 
�CH2CH5CO2M 

leg aqueous solution cootaim ions of at least two kinds 
of metals that are capable of displacing cation M from an --CH(C05M)ClJ20O2M the metal-chelating groups of the resin and forming there-

CH5CIO2�N(C}{5C05M)5 with a chelate structure, one of which kinds of metals, 
�CHC1i8e--N(Cl1aCOM), identified as type A, has a greater affinity for the ctsetat-

and mg groups than do other such kinds of metals, suit one 

30 of which kinds of metals, identified as type B, has a tessoe 
--.t--oOsss slinky for the chelating groups than do other such kinds 

of !netals, the flow of the starting solution through the 
resin bed being continued to produce a series of effluent 

where a it an integer from I to 4, as is an integer from fractions comprising  a fraction that contains tons of metal 
010 2. and M is a cation, and whetrin at least one of the 35 B and is substantially free of tom of metal A. 
radicals represented by the symbols R, lt5, and it. con. Ii. A metal according to claim 12 wherein the flow of 
tains a --CO5M group which together With the nitrogen starting solution -is continued until the instantaneous 
atom constitutes a socIal-chelating group, the resin being effluent has substantially the same composition as the 
further characterized as basing a swelling factor of at starting solution and the chelate exchange resin is satiated 
least 10, the swelling factor being defused as the arith- 40 with chelate-forming metal. 
mctir product in the equation 14. The method according to claim 12 wherein the solid 

dictate exchange resin is one whose molecular structure 
is an addition polymer of an ar-vinylphenyl aliphatic 
ainiaocarboxytic acid having the monomeric formula 

wherein the symbol (GWC) represents the get water 
con-tent of the resin as its isoelecteic pH in percent by weight as 

of water is the resin saturated with water at mona tem- ssicstsusertomco,so, 
perature, and wherein the symbol (V’/V) represents the 

ts. The method according to claim 12 wherein the solid 
ratio of the volume of the resin saturated with water at chelate exchange resin is one whose molecular structure 
a p21 value of 10 to the volume of the rosin saturated is an addition polymer of an ar-vinylphenyl aliphatic 

50 with Water at the isoetectric p11 of the resin, the contact- arorarbuxyBe acid having the monomeric foetmsta 
tag aqueous liquid solution being one that contains toss 
of at least two kinds of metals, one of which kinds of 

has than metals a greaser affinity any other in the starting 
solution for the met at-chelating groups of the resin and 

4!lsH2OHOo.M 
- 

is capable of displacing cation f.f therefrom and forming 55 
a chelate structure with such groups, thereby displacing 16. The method according to claim 12 wherein the solid 
water from the bed and obtaining an effluent liquid frac- chelate exchange resin is one whose molecular structure 
lion which is substantially free of ions of that kind of is an addition polymer of an sr-vinylphessyl aliphatic 
metal in the starting solution that has the greatest affinity austitoctirboxylie acid having the monomeric formula 
for the metal-chelating groups of the resin, cBcm 7. The method according to claim 6 wherein the start-
tag solution contains tom of at least two kinds of metals 
capable of displacing the cation M from the metal-chelut- t!,5t.00sM 
leg groups of the resin and forming a chelate structure 
with such groups. 65 17. A method according to claim I which comprises 

8. The method according to claim 7 wherein the teed- the further step of eluting the metal from the chelate ax- 

tag of the starling solution is continued until the chelate change min by contacting the same with an aqueous 
solution of a strong acid, exchange resin contains chelate-bound metals in which 18. A method according to claim 7 which comprises 

the proportion of that kind of metal having the greatest 70 the further steps of feeding to the resulting metal-laden 
affinity for the metal-chelating groups of the resin is 

chelate exchange resin a liquid aqueous doting agent 
greater than the proportion of that kind of metal in the comprising a strong acid capable, of dissociating the 
metal-containing ions of the starting solution, chelate sts-ssctsres of the resin and sotutstlioing the metal 

9. The method according to claim 8 wherein the solid constituents thereof, thereby obtaining as ehiate fractions 
chelate exchange resin is one whose molecular structure 7o a series of metal-containing aqueous liquid sotusiorss, 

2,030,007 

19 20 
t9.Amethod according to chins 18 wherein the metals proportion in the metal-laden chelate exchange resin 

Ironed in the metal-laden chelate exchange resin are of at subjected to such elation. 
least two kinds, one of which, identified as metal A, forms 
the most stable dictate with the chelating group of the RofereflCCS Cited in the file of this patent 
resin, and one of which kinds of metals, identified as 5 UNITED STATES PATENTS 
metal B, forms the least statue chelate with the chelating 2,875,162 

’ Mon-is Feb. 24. 1959 groups of the resin, whereby there are obtained in the --------- 
’ 

eluate fractions a fraction that contains loss of metal B , OTHER REFERENCES 
and is substantially free :of ion of metal A, and a frau- Gregor at at: ted, and Eng. Chem., vol. 44, panes 
lion that contains ions of metal A in a proportion to the 10 2834-2339. December 1952. 
total metals In such fraction that is greater than such Hale; Research, vol. 9, pages 104-108, 1956. 
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11 Claims. (Cl. 260-2.1) 
This application is a continuation-in-part of our ap-

plication tier. No. 216,958 which was filed on Aug 1.5, 
1962, and which has 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 rencting a diaosirsn com-
pound with an insoluble, cross-linked copOlymet- possess-
ing cyano gcoaps attached to the polymer structure is 
such a way as to produce rings of the general cyclic 
structure 

N�ClotS, N.�cta’nt’ 
_ 

�C �C 
N 
CR01’ 

N \ / 
N�CR’tt’ se�casts’ 

in which R5, R, R5, K’, R5 Kt and R5 are snlnelnrj from 
the group consisting of hydrogen, lower alkyl or sub-
stituted alkyl. 

The products Of this invention arc stable to osmotic 
shock and resistant to nttrilioa. They have high capacity, 
high basicity, and are able to go through a large number 
of cycles between the acid form and the base forw with-
out appreciable change and with negligible physical break-
down of the resin parttcten. 

The insoluble cross-linked copolymers which are re-
acted with the diamioo compounds to give the ion ex-
change resins of this invention are those which contain a 
major proportion of an unsaturated compound which can 
undergo polymerization and which contains the cyano 
group: �CssN, as a snbslituent. The cross-linked en-
polymers are made by copolymerizing an unsaturated 
nitrile with a polyetbyleeically unsaturated compound 
such as divinylhenzeee, which gives rise to a three-di-
mensional macro-reticalar network insoluble in water and 
other solvents. 

Saitable cyano-containing compounds include ucrylo-
nitrite, nethacrylooitrile, and vinytidene cyanide; 1-cyano-
methyl. 1-cyanoethyl, I-cyanopropyl, 2.cyaoapeopyt, l 
cyanohutyl, 2-cyanobotyt, 3-cyanobutyl acrytatea and 
nsethaerylates; the corresponding l’t-cyoaoalkyt acryl-
amides and mcthncrylamides; n-, ottlso-, meta-, and pari-
cyaeo styrene; 1-cyanobutadirne and 2-cyanobuladiene: 
the methyl, ethyl, propyl, and butyl esters of e-eyano-
acrylic acid: and the N-eyanaalkyl esters and atniites of 
a a-eyaaoacrytic acid. 

Suitable cross-linking agents for the desired polyot’ 
erizabte monomers containing a cyano group are poly-
vinyl compounds used singly or in mixtures. such as mcla-
divinythe’szene, para-divinvlbenzenc, mixtures of these 
isomers, 1,15 - trivittylbeneene, 1,2,4 - trivinylheneene, 
lrsvinonypropanc, the isomeric divinyl xylencs, dioiuyl 
toluenes, and divinyleaphthnlenes, -N,N’-nsethytene bi-
sacrytawide, N,N’-metttylene bismettiacrylamide, and 
N,N’-slisinyl ethylene arcs. The amount of cross-link-
ing agent can be varied over wide limits, but too large 
an ansotmt of cross-tinker leads to an onion exchange 
resin with a reduced number of functional groups and, 

hence, to a low weight capacity, whereas too small an 
amount of cross-linker leads to excessive moisture con-
tent of the ion exchange resin and, hence, 10 a less’ volume 
capacity. The useful range of croon-linker context is 
0,5% to 31,1% by weight of the polymericabtr monomer, 
will, 2% to 20% being the preferred range. 

Although the addition of sn0000mees which to not con-
tain cyano groups resells in decreasing tire capacity of 
the final anion exchange resin, it is scstnetirnrs desirable 
to do so for several seasons. It may be, necessary to 
improve the physical characteristics of the resin, and fre-
quently the addition of the monomer, such on methyl 
metbacrylate, will give the desired effect. 

It has been noted than the addition of vinyl pyridine, 
15 will increase the moisture content of the resin. (SItter 

monomers which can be copolymerized with the cyano-
containing monomers include the alkyl aerylalca and 
melhacrylatro, stycene, vinyl toluene, etc. 

The mixture of the cyanocontuljsing monomer and 
gu cross-linker may be copolymerized to a cross-linked macro. 

molecular structure by means of free radical chain initia-
tors activated by the influence of heat. Such initiators 
are well known and are exemplified by the following 
compounds; beuzoyl peroxide, Insiroyt peroxide, arelyl 

g peroxide, terl-butyl ltydrsapecoxide, di-tert-butyl peroxide, 
tert-butyl perbeveorste, tett-butyl peracetale, curncne by-
droperoxide, azo - his - tsotsutyronitrile, am - ui, - cyclo-
heaaoscarbo stitrile, and di-vert.huty.l peroxalate. Such 
initiators may he used in amosnis ranging from .01% to 

30 5% of the weight of polymerizabte monomers, but pre-
ferably in amounts ranging from .02% to 1.5%. 

The cross-linked cpolymers may be obtained in the 
particulate form desired for ion exchange precursors by 
carrying out the copolymecization in bulk, and then gsi.tod-

35 ing the polymer mass to granules of the desired size. It 
in, however, more convenient to carry out the copolym-
erization by suspending the monomer mixture containing 
initiator as droplets in a well-stirred aqueous medium. 
In this manner, spheroidal particles of the desired size 

40 are obtained directly, and more precise control of the po-
lymerization temperature is made feasible. Liquids o,is-
cibte with the monomers may also he added to else reac-
tion mixture. Any such liquid diluent will serve to mod-
erate those temperature increases which may be dncoan-

45 tored with particularly reactive monomers. If the liquid 
diluent is also a good swelling agent for the cross linked 
copolymer formed by the polymerization of the m000-
nsers, the efficiency of intercttain cross-linking is reduced 
and the resulting copolymer, when converted to the dc-

no sired ion exchanger, will exhibit the properties of iii-
creased swelling and increased get 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 sloes not swell or is not imbibed 

as by the croon-ticked copolymer formed by the polymeriza-
tion of the monomers, hut is in fact a precipitant for said 
copolymer, the resulting copolymer will have the macro-
porosity and high surface area characteristic of a macro-
reticular stnsct,sre. These structures are preferred for mrs 

Ito exchange resins which are to be used in non-polar media, 
since the macroporosily endowed by the macrorelicatar 
structure allows rapid diffusion of materials into and out 
of the resin particle in these media as well an its dilate 
aqueous nseslsa. If the copolymer is to be -made is Use 

65 form of a balk casting, any monomer mixture and misci-
ble liquid diluent may he used; if the copolymer is to he 
made by suspension polymerization in aqueous nseiliam, 
the monomer mixture and liquid diluent should be immis-
cible with water, or be made immiscible by salting out 

ye of aqueous solution. 
In order to obtain the anion exchange resins of this 

invention, the copolymera containing cyano groups must 

0,311,572 

he reacted with diammso eompoasds of the general struc-
tures: 

R’NHCR5R°CR°R%lH5 

R514 F{cRaRscRaRscRoRrNH, 

wherein R’, It°, K’, R5, tt. K°,  and R’ are hydrogen, 
lower alkyl or substituted alkyl. That, the dinmiocs 
possess a: feast one primary amino grump and one sec-
ondary amiss group or two primary amino groups sepa-
rated by two or three carbon atoms. As indicated be-
low, the amino Compounds react with the nitrite group 
of the copolymer to give the following general cyclic 
vtr’tietllres: 

N --CRiR 
/ 

in,cst * ncNstotc,nrctxtxieets, ---. a,�tt 

and

 

ii 

n,cri + sn’rctrCts’ttrctt’rt’Cte.ls’satt, 
N� -Ctt’R’ 

\ 

sir�CSr
 

Ctt’O’ 
IN / 
N CB’R’ 

it,

In the second method, the cyaua groups of the eopoty 
user axe first converted to imidatr ester salt groups by 
reaction under anhydrous conditions wilit strong mineral 
acid and as alcohoL 

nIx 
u,�cte �a te CNiLIlX ttiota I oiL 

in which X is Cl�, HS05,N05, or (210,1- The reactive 
ivsidate ester salt is then treated with the cliastinis com-
pound to give the desired heterocycle as the salt of the 
acid used. The anion exchange resins made by this 
method are obtained is, salt fas-sss rather than in the free 
base leers, but are readily converted to the free base form 
by treatment with alkaline solution. Typical of the al-
cohols which may he used to form the imidste enter sell 
are methyl, ethyl, isopropyl, n-propyl, isobntyl, and n-
butyl. Since the alcohol moiety is not present in the 
finished product, it is advantageous to use the lowest cost 
alcohol available. Typical of the strong mineral acids 
which may be used are lId, H1SO. IINO, and [OCt12,. 
Since the reaction mast be mu under- anhydrous corals-
-tirssss, HIS and H2SO4 are preferred since they are more 
readily available in anhydrous form. Substances which 
generate [OCt in the presence of alcohols, such an SO,Cl,. 
C1S05H, and chlorometlsyl ether may also be used advass-

- , , tageously. The reaction is nocnsally run at --tO’ C. to 
in which ice 55 the polymer chain and K, R,, K, , K, K, 

40’ C, for one to sixteen hours. Convenient conditions 
K’, and K’ are as described heresnbnfore. - - am l) C. to 25’ C. for three to nix hours. The imidate 

The resetting live-membered heterocycle is known 
ester salt form of the resin is then treated with a slight 

the inssdazotme rang; the resulting six-membered helero- 31 
cycle is known no the tetrahydropyrtmidane ring molar excess of the desired amine for five to fifteen bouts 

. - 
- at temperatures ranging from 60’ C. to 105’ C. The 

Satisfactory ammo compounds include the Following 
resin is then washed free of alcohol and amine, and is 

dinmines: ethylene d,amsne. Isropylesse dssrnine, tamethyl- 
either used directly in the salt form as obtained, or ma-

cen diasnioe, ansinoeth’tethnnolaHss55st. N-hydrostyethsl 
vetted to the free base form by regeneration with an 

propylene dsansme, neopentyt dsanssne, N-alkyl ethy me 
aqueous asoasaotsia or alkali solution. 

diamoses, N.allcyl propylene dnamsoes, and N-alkyl to- 
The following examples, in which all parts are by 

-mnth’1eae dsamlnm. , . . ’ weight, serve further to illustrate the process of this in-
Critical to the successful operation of the rnventtoeit 

ntial vetstion and the products thereof. These examples should 
the use of diatinincs, as illustrated 
that Yed ’have 

t=: 
e in 40 not be construed as restrictions upon the scope of this 

which the N is separated by 2 or 3 carbon atoms, other- imsention.
Example I 

wise the invention wilt not work as hereto described. P 

Thus, for example, if diethylntselriaflsine and its boom-
logo" are used a cyclic structure such as features the 
novel compounds herein disclosed cannot be obtained. - 
This is because the potyarnino nature of the reactant will 4, 
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 
use at least a slight excess of amine even when conduct-ing

 the reaction in a solvent. It is also possible to conduct 
the reaction without using an additional solvent but us-
ing an excess of notion which functions an a activating 
agent. Under these conditions, an much as 10 moles of 

amise per mole of cyano group in the polymer may be as 
employed. 

The reaction between the illumines and cross-linked co-

polymer may be carried out by two different methods. 

On the first method, the copolymer in simply heated in an - 

excess of the amine until the evolution of ammonia has Ill. 

ceased. For the reaction to occur, the temperature of re-

action mixture muse be at least 105’ C.; a temperature 
range of till’ C. to 200’ C. is usually preferred. Alkali 

metal alkcrxiites such as sodium usethoside, and sulfur 

compounds such as H,S, sodium methyl mercaprsde, and ot 

thioacetassside can be used to advantage as catalysts for 

the reaction. Reaction times may vary from I hours to 

411 hours, the shorter times being achieved at higher teas-

peratares and in the presence of catalysts. After the re-
action mixture tans cnoled, the excess nation is drained off. 70 

tnto a three-liter four-necked flask equipped with a 
thermometer, stirrer, tbermoregulatur mechanism, and or-
flax condenser was charged a sedation of 21) parts salt, 
0.03 pant gelatin, and 2.5 parts of a commercial dispersing 
agent in 665 parts water. Tu this solution was added a 

mixture of 318 pacts aceylonitrite, 182 parts of commer-
cial divinylheozeee assaying 55%, and 5 parts lanroyl 
peroxide. The stirred mixture, containing droplets of the 
polymerizabte material suspended no droplets in the aque-
ous medium was heated to 65’ C. The batch was held 
at 65’ C. for four hours, during which time an exotherm 
was observed, which was controlled by external cooling 
with an ice bath. The polymerization was finished by 
heating 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 85’ C. 

Fifty parts of the copolymer prepared so described here -

iubefnre were mixed with 200 parts of ethylene diansine. 
*

 
The mixture was heated at the reflux temperature of 
109’ C. for 60 hones, at which paint evolution of Nit, 

had ceased. After the hatch had cooled, excess amine was 

removed from line beads by washing With water. The re-

sulting anion exchange resin had a capacity of 1.5 milli-
equivalents equivalents per gram of dry resin in the chloride form. 
Addition of 10 pates of thioacetemide to the same mixture 
and reltcxing for 9 boors gave a resin, after washing, with 

is capacity of 3.4 meq./gm. dry resin in the chloride form. 

eII 

and the beads rate washed with methanol and water. The Fifty parts of the copolymer prepared according to the 

particles are then baetcwnshed to remove the last traces process described in Example I were slurried into 68 parts 

of useinc and to remove any solid suspended matter and of anhydrous methyl alcohol, contained in a 500 ml. flask 

fines. Using this method, the anion exchange resin is equipped with stirrer, thermometer, gas delivery tube, and 

produced in the free base form. 75 drying tuba. The mixture was cooled to 5’ C., and 45 



fl 

5 
parts of dry HCl 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 were drained, 
washed with one portion of dry methyl aicebot, and 
mixture of 30 parts dry methyl alcohol, and a mixture of 
120 parts ethylene diamine was added. The mixture was 
refioxed for 7 hours to complete the martian. The heads 
were washed with methyl alcohol and water, and then 
bacttwashed to remove fines and residual amine. The 
finished resin had ass anion exchange capacity of 5.0 
meg/gm. dry resin in the chloride farm. 

Example III 

50 parts of copolymer prepared by the process described 
in Example 0 were slurried into a mixture of 43 parts of 
96% 5lSO and 68 parts methyl alcohol contained is a 
501) ml. flask equipped with stirrer, thermometer. mOos 
condenser, and drying tube. The mantels of the flask 
were healed to the reflsx temperature of 85’ C. for 6 
boors. The batch was then allowed to coal, alter which 
the beads were washed with dry methyl alcohol. A aster-
tare of 30 parts methyl alcohol and ethylene diamiec 
were added to the heads, and the hatch was tel) axed for 
7 hours, The batch was then cooled, and the beads were 
washed with methassn2 and Water, and then further hack-
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 I were starriest into 152 parts dry ninllryl alcohol 
contained in a SIlO ml. flask equipped with stirrer, ther-
mometer, reflex condenser and drying tube. The mixture 
was stirred and cooled to 3’ C. To this slurry won added, 
over the course of three hours, 13% parts sulfuryl chloride, 
technical grade. After addition of the sutfuryl chloride 
was complete, the batch was stirred for four hours at 5’ 
C. and for 16 hours at 25’ C. The beads were thee 
washed with dry methyl alcohol, and then treated with a 
mixture of 30 parts methyl alcohol and 120 parts ethyl-
ene dinnaine for seven hours at 80’ C. The washed and 
back-washed resin had on anion exchange capacity of 5.11 
-eq./gm. day resin in the chloride form. 

Example V 

Into three-tiler four-necked flask equipped with a ther-
mometer, stirrer, thermoregutator mechanism, and reflax 
condenser was charged a soiatinn of 30 parts salt, 9 parts 
of a commercial dispersing agent and 0.6 port of gelatin 
in 1000 parts water. To this was added a mixture of 37 
parts trivinytbenzene, 420 parts cyanuethyl methncxylate, 
and 4 parts heazoyl peroxide. The stirred nrixlssee, con-
taining droplets of the polyrnerizable material was heated 
to 70’ C. and held at this temperature for four hours, 
after which it was heated for one hour a; 90’ C. The 
batch was cooled, and the clear heads were filtered, 
washed, and dried for fine hears at 125’ C. 

Fifty ’parts of the copolymer bends were treated accord-
ing to the procedure described in Example IlL An anion 
exchange resin with a capacity of 3.2 mg/gm. dry resin 
in the chloride form was obtained, 

Exasspin VI 

Fifty parts of the copolymer obtained from the proc-
ess described in Example I were heated with 210 parts 
eminoeehylethosrolanaiae at a temperature of ISO’ C. for 
nine boats, after which time ammonia evolution had 
ceased. The butch was cooled, washed with methyl al-
cohol, with water, and then backwaahed. A resin was 
obtained with an anion exchange capacity of 2.7 meg./ 
gel. dry resin in the chloride form. 

Example VII 

Fitly, parts of the copolymer obtained by the process 
described in Example V was treated with 264 parts nen-
peatyldiamioe at a itmyceatart of 110’ C. for 22 hours. 
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After washing and backwashiug, the resin obtained had 
an anion exchange capacity of 3.0 meq./gos. dry resist its 
Use chloride form. 

Example VIII 

The process for making copolymer pearls described in 
Example I was modified to include the addition of 102 
parts terl-arcyl alcohol to the monomer mixture. The co-
polymericatioa reaction was carried out just as described 
in Example 1. The added alcohol was reasoned from the 

10 copolymer by steam distillation and the copolymer pearls 
were fitted for 24 hours at 85’ C. Hard, white, opaque 
beads, typical of materials with a macroreticular structure, 
were obtained. 

Fifty parts of copolymer beads were treated with dry 
13 l4Cl gas in methyl alcohol as described in Example IL 

To the treated beads was thee added 45 parts methyl al-
cohol and 150 parts trionethyleoediamine. The mixture 
was refluxed for six hours, and the beads were washed 

20 
with methyl alcohol and water. After washing and back-
washing, the resin had an ion exchange capacity of 4.2 
meq./gnu. dry resin. 

We claim: 
0. An insoluble anion exchange resin containing hetero-

cyclic rings obtained by reacting 
(A) a crosslinted copolymer doomed by cnpolymcriza-

lion of a aitrite-containing ’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 

(11) a diaruino compound selected from the group con-
titling of 

R5NIICR°R3CR4R5NH5 
and 

35 lt5NHCR5R1CRR5CRR5NH0 

in which R5, lk, Its, R, R5, Its and R7 are selected 
from the group consisting of hydrogen and lower 
alkyl radicals, the reaction being carried out with a 

40 
minimum of one mole of amine per mole of cyano 
group in the polymer, the temperature of the rear-
don bring at least about 105’ C. when the method 
employed is simply to heat the copolymer and the 
amine need evolution at ammonia has substantially 
ceased, and being in the range of about 40’ C. to 

45 105’C. when the method employed is to first con-
vert the cyano groups of the copolymer to imidate 
cater salt groups, by reaction under anhydrous con-
ditions with strong mineral acid and an alcohol, and 
thee react the isoidate ester salt groups with the 

o 

amine. 
2. An anion exchange resin prepared as set forth in 

clams I in which the cross-linked copolymer possesses a 
maeroreticsslor Structure. 

3. An anion exchanger prepared as net forth in claim 
65 I in which the reaction is conducted in the presence of 

as 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-
amino compound. 

o 

S. An insoluble anion exchange resin containing hetero. 
cyclic rings obtained by reacting: 

(A) a cross-linked copolymer ’prepared from a mono-
ethylerrically unsaturated monomer which contains a 
cyaao group selected from the group consisting of 

to 

1aceylonitrile, methucrylonitrile, vinyhdenc cyanide, 
l.eyuncrmcthyt, 1-cyanoethyt, l-cyanopropyl, 2-cy-
anopropyt, l-cyunolsstyl, 2-cyanubsstyl,3-eyanorthyl, 
1-cyanopropyl, 2-cyoaograpyl, t.cyanobutyt, 2-cyano-
batyl, 3-cyuusrbuiyl acrylates and sssethacrylaient the 

70 . corresponding N-eyauoalkyl aerylunnides and meth-
arsylamides; n-urtho-, meta,-, and paru-eyanostyrene; 
l-eyasobatudieae and 2-cyonobutadiene; the methyl, 
ethyl, prstpyl, and I,utpl esters of a-eyunoacrytic 
acid; and the N-cyanoalkyl enters of n-cysaoacrylir 

75 acid, and a polyethylenically unsaturated compound 

,selected from the group consisting of metadivinyt-
hormone, paradivioylbrnzruse, rnrstssees of these Iso-- 

mers. ,t,3,5.trivioylbonzcne. l,2,4-leiv,nylhoureest 
viaonypr:Spauo. the isnararic divaryl sylrsns, di-vinyl 
toluenes, and clivioylaaplstlratcart, N,N’.sssethyteae 
hisacrrlamido, N.N"esehyleae brsnscthscrylamde, 
and N.14’divioylethylcise uren ’with 

(B)adiansioo coaIpoun:l selected from the group cots-

sistiag of 
iltNtlCR5R1CRR5N1qs 

sass! 
R:NttClgstxtCf/IUCR5EN1ts 

in which R’, R, Its, 114, 155, R5 and R° are selected 

from the group censistiug of hydrogen and tower 

alkyl radicals, the reaction being carried out with a 
minimum of one mole of awiao per mule of cyanu 

group in the polymer, the temperature of the reac-

tion being at least about 103’ C. when the method 

employed is simply to heat the copolymer and the 

amiae until evolution of ammonia has substantially 

ceased, and being is the tango of about 60’ C. to 

105’ C. when the method employed is to first con-

vert the cyaao groups of the copolymer to iasiduto 

ester salt groups, by reaction under anhydrous con-

ditions with strong mineral acid and an alcohol, and 
then react the imitate ester salt groups with the 

amine. 
6. An anion exchange resin -prepared as set forth in 

3,311,572 

claim 5 in which the crcss.l:altrd copolysser possesses a 

reaccoreticular structure. 
7. An anion eschooge rein prepared as set forth in 

rtsina 6 in which the mOanelItylelicOtlY uosaluratesl mon-

omer is acr1’l0sitrIe. 
8. an An ion exchange roSa propsred as set forth in 

claim 6 in which the moriOeI-hyieoCatlV unsaturated moss-

005cr is t-eyanoellryt eerylatc. 
9. An anion exciasupe resin preparod as set forth in 

claim 6 in which Inc sssoncthylricuIIY ’unsaturated moe-

010cr is l-cyunomelhyt snrthacrylatc. 
10. An anion exchanger as tel forth in claim 6w which 

the polycthylesically srs,satarr.lrd eemyroaad is dsvsnyl-

benrone. 
tL An anion exchanger as set frith in claim bin which 

the polyeohyienieuliy ans-atarated compound is tciviisyl-

benzeae. 
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Via PCT (fase nacional) Cap.I ElCap. II EE F1 
No. Sol. Internacional PCT/AU2004/000605 
Fecha de Presentación Internal. 7 de septiembre de 2004 

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

1. Documentos estudiados 

DescripciOn: Folios: 61a74 mod ificadas 
Reivindicaciones: Folios: 75 a 78 mod ificadas 
Prioridad: AU 2003902237, 9 de septiembre de 2003 

2. Objeto de la invención 

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

El problema planteado en esta solicitud consiste en como lograr la extracciOn 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 do Patente (segUn el caso) 

Descripciôn (artIculo 28 D. 486) 

La descripción no divulga la forma de obtenciOn de la resina reclamada ni la 
mejor manera conocida por el solicitante para ejecutar o Ilevar a cabo su 
invención. No se divulga las condiciones (temperatura, catalizadores, entre 
otras) ni la forma de polimerizaciôn (bloque, emulsiOn, etc) de la resina de 
intercambio iOnico, tampoco las caracterIsticas tØcnicas de la resina 
obtenida como el peso molecular, temperatura de trabajo de la resina, 
distribuciOn de tamaæo de partIcula, entre otras. Es asI como se le 
recomienda al solicitante modificarla la descripciOn, pero se le enfatiza, que 
esta no podrÆ implicar una ampliaciOn de la protecciOn que corresponderia 
a la divulgaciOn con tenida en la solicitud inicial. 

Por to anterior, la descripciOn no cumple con el requisito de claridad y/o divulgacion 
completa Ia que harla difIcil su comprensiôn y ejecución de acuerdo al art. 28 de la 
DecisiOn 486. 

Reivindicaciones (artIculo 30 0 486) 

� La reivindicaciOn 2 tiene el mismo alcance de la reivindicaciôn 1, como se 
observa en la formula estructural del monOmero M que contienen X como 
catiOn, es decir no hay concision entre estas dos reivindicaciones. 

� El termino "alrededor" en las reivindicaciones 3 y 4, utilizado para describir 
el rango de las proporciones N:M:P:R, no proporciona precisiOn ni concision 
a estas caracteristicas de la invenciOn. 

� 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 
estÆn definiendo las secuencias de etapas destinadas a la obtenciOn de un 
producto ni las condiciones a las cuales se realiza este. 

Par to anterior, el capitulo reivindicatorio no cumple con el requisito de claridad de 
acuerdo at art. 30 de la DecisiOn 486. 

04. Reivindicaciones relativas a un uso o a un segundo uso (artIculos 14 y 21 
D 486) 

La reivindicaciOn 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 pÆrrafo 4) "la resina puede ser utilizada 
para sorber selectivamente. . . ", es decir, se esta definiendo el proceso por el uso de 
una la resina, Ia cual no es permitido. 

Por to tanto, la reivindicaciOn 5 y sus reivindicaciones dependientes, no son 
patentables par aplicaciOn de los articulos 14 y 21 D 486. 

S. Determinación del Estado de la TØcnica 
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0. 

NO Documento Titulo Fecha de
publicación 

TREATMENT OF AQUEOUS LIQUID 
DI US2980607 SOLUTIONS OF CHELATE-FORMING METAL 1961-04-18 

IONS WITH ELATE_EXCHANGE_RESINS  _OH 
WEAKLY BASIC ANION EXCHANGE RESINS 

PREPARED FROM 
D2 US331 1572 ACRYLON ITRILE-POLYETHYLEN ICALLY 1967-03-28 

UNSATURATED COMPOUNDS REACTED WITH 
DIAMINES AND PROCESS FOR MAKING SAME  

6. AnÆlisis de patentabilidad (segün requisfto) (artIculo 14 D486) 

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

Nivel Inventivo (articulo 18 D486) 

Respecto a las reivindicaciones 1 y 5 

La reivindicaciôn 1 dice: "Una resina de intercamblo iOnico adecuada para la 
hidroextracción de metales no ferrosos a partir de materia prima que incluye pero 
no estÆ limitada a minerales, concentrados, semiproductos, soluciones, pulpas y 
suspensiones, teniendo la resina la estructura: 

1 

N M 

. 1 
en donde la proporción de N: M : P: R estÆ dentro de los intervalos de 3-4 : 64-70 

25-30 : 2-2.5 respectivamente, y Xdenota un cation. 

La reivindicaciOn 1 dice: ’Proceso para la hidroextracción de metales no ferrosos a 
partir de un liquido, en donde el proceso incluye un paso de sorciOn selectiva de 
metales no ferrosos a partir de un Iiquido sobre una resina de acuerdo a cualquiera 
de las reivindicaciones 1 a 4". 

Respecto al estado de la tØcnica: 

Didescribe el tratamiento de un medio lIquido que contiene iones metÆlicos con 
una resina quelante de intercambio (Col 1 Imneas 14-15). Donde la resina tiene la 
siguiente estructura: 



donde el sImboto Ri representa un radical seleccionado de los grupos consistes en 
-H, -0O2M y -CH2CO2M, el sImbolo R2 el radical se representa por los grupos -H 
y -CH3;cada uno de los sImbolo R3 y R4 individualmente se representa por los 
grupos seleccionados de -H, -CH3, 

�CH2----C8H4---CH=CH2, �CH2CO2M,  
�CHCH2CO2M,  �CII (CO2M) CH2CO2M, 

�CH2CH2�N(CH2CO2M)2, 

� �CH2CH2CH2---N(CH2CO2M)2, and 

0 

of 

&iHm+1 

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

N�CRR N_CR6R7 

-o -c 0RR5 

"N�CR2R3 "N-0R3 

S 
b) Un copoilmeros reticulado preparado de un monOmero insaturado 

monoetilenicamente el cual contiene un grupo ciano seleccionado de los 
siguientes grupos acrilonitrilo, metacrylonitrilo, ciano viniledeno, entre otros. 

Respecto at estado de la tØcnica: 

De acuerdo con la reivindicaciôn independiente I de la solicitud en estudio el 
principio tØcnico de esta es una resina de intercambio iónico con monómeros 
divinilbenceno, monômero con el grupo iminoacØtico y con el grupo ciano. No 
obstante Di divulga un una resina de intercambio iOnico para la recuperación 
metales con los monOmeros divinilbenceno yet grupo iminoacØtico (Rely. 1). 

El problema tØcnico objetivo es como lograr estabilidad at choque osmótico y 
resistencia at desgaste de la resina de intercambio iOnico. 

El documento D2 menciona que se puede lograr estabilidad al choque osmôtico y 
resistencia al desgaste cuando se utilizan copoilmeros insaturados y que contienen 
el agrupo ciano coma 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 Ia materia que tuviera acceso a los documentos Di y 
D3, podrIa verse motivado una resina de intercambio iónico con los componentes 
de la solicitud en estudio. 

Dada to anterior, las caracterIsticas tØcnicas del resina de intercambio iónico de 
esta solicitud, no representa un avance tecnolOgico sobre el estado de la tØcnica. 

En conclusion, esta reivindicación y sus depend ientes se encuentran afectadas en 
su nivel inventivo ya que se derivan de manera evidente del estado de la tØcnica y 
nueden ser obvias nr un nrin Pn ni mAtt-rin 
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7. Conclusion 

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

N° Documento 
Reivindicaciones Requisito que afecta 

afectadas  

DI US2980607 1-20 Nivel Inventivo 

D2 US3311572 1-20 Nivel Inventivo 

En cumplimiento del artIculo 45 de la Decision 486 de la Comisión de la Comunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de sesenta dIas 
contados a partir de la fecha de notificación de la presente comunicaciôn. En caso 
de no dar respuesta at presente requerimiento, o si a pesar de la respuesta 
subsistieran los impedimentos para la concesión, se denegarÆ la patente. 

S NotifIquese el presente oficio conforme a to dispuesto en el numeral 5.2 literal e) del 
capitulo quinto del tItulo ppnpero de la Circular CJnica No. 10 de 2001. 

ALIX CARMNZA CESPEDES DE VERGEL 
Jefe de Diviôn de Nuevas Creaciones 

El anterior requerimiento tue notificado por fijaciôn en lista, de fecha 

CONCEPTO TECNICO EXAMINADOR TECNICO 
No.2777 Codigo No.202090 
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Industria y Comercio 
S U P E R I N T E N D E N C I A 

REPUBLICA DE COLOMBIA 

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO 

RESOLUCION - 

Por la cual se niega una patente de invenciOn 

Rad. PCT/05-124365 

EL SUPERINTENDENTE DE INDUSTRIA Y 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 invenciôn titulada "UNA RESINA Y 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 nUmero 05-124365 -00000-0000, para 
que se dØ comienzo a la fase nacional en virtud del Tratado de Cooperacion en Materia de 
Patentes (PCT). 

SEGUNDO: Que efectuado el examen de forma en cuanto a los requisitos que debe Ilenar la 
solicitud y cumplidas las exigencias legales, se ordenó 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 quo la invención no es 
patentable o que no cum pie con alguno de los requisitos establecidos en esta DecisiOn para 
la concesiôn do la  patente, /0 notificarÆ a! solicitante. Este deberÆ responder a ía notificaciOn 
don tro del plazo de sesenta dias contados a partir de la fecha de ía notificación. Este plazo 
podrÆ ser prorrogado por una so/a vez por un perlodo de treinta dIas adiciona/es. (..) Si el 
solicitante no respondiera a la notificaciOn dentro del plazo seæalado, 0 si a pesar de la, 
respuesta subsistieran los impedimentos para la concesiOn, la oficina nacional competente 
done gara la patente". 

CUARTO: Que realizado el examen de fondo, se requiriO al solicitante en los tØrminos del 
articulo 45 de la DecisiOn 486 de la ComisiOn de la Comunidad Andina, para que presentara 
respuesta a las observaciones de carÆcter tØcnico 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 
S U P E R I N T E N D E N C I A 

REPUBLICA DE COLOMBIA 

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO 

Rad. PCT/05-124365 

RESOLUCION M 

Por la cual se niega una patente de invenciôn 

RESUELVE: 

ARTICULO PRIMERO: Negar el privileglo de patente de invenciôn para  la solicitud 
correspondiente a "UNA RESINA Y UN PROCESO PARA LA EXTRACCION DE METALES 
NO FERROSOS", que entró en fase nacional en virtud del Tratado de Cooperaciôn en 
Materia de Patentes (PCT). 

. ARTICULO SEGUNDO: Notificar personalmente el contenido de la presente resoluciOn a la 
doctora Alicia Lioreda Ricaurte, en su calidad de apoderada de CLEAN TEQ PTY LTD., o a 
quien haga sus veces, entregÆndole copia de la misma, advirtiØndole que contra ella 
procede el recurso de reposición interpuesto ante el Superintendente de Industria y 
Comercio, al momento de la notificaciôn o dentro de los 5 dIas hÆbiles siguientes a ella. 

40 

NOTIFIQUESE Y CUMPLASE 
Dada en Bogota, D.C., a los 

EL SUPERINTENDENTE DE INDUSTRIA Y COMERCIO, 

Doctora 
ALICIA LLOREDA RICAURTE 
CaIle 72 No. 5-83, Piso 5. 
Bogota D.C. 

A, 

GUSTAVO VALBUEN’A QUIF4ONES 



JOSE LLOREDA CAMACHO & CO. 
ABOGADOS 

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

Seæor 

SUPERINTENDENTE DE INDUSTRIA Y COMERCIO 

DIVISION DE N U EVAS CREACION ES oe IN0U3TlJA Y COMCtO 

Rad: 0-12436- -OOOO-OOOO 
E. S. Fec 2007-03-15 16:47:14 Dep. 2020 NUECREACIONES 

Tra. 11 PATENTEtYU 
Eve: 378 FASENAClQNALI 
Act 538 PETICION Folios: 2 

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

Invención en Fase Nacional PCT l2ara "UNA RESINA Y UN 

PROCESO PARA LA EXTRACCION DE METALES NO 

FERROSOS".-Clase BOli 41/14.-ExDediente nümero 05-

124.365.-

1. Me refiero a ml 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 publicación de la 

solicitud en la Gaceta de la Propiedad Industrial nümero 568 de 29 de 

Septiembre de 2006, solicito a ese Despacho proceder a realizar el 

examen de patentabilidad de la presente invención. 

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

Petitorlo de la invención, la presente solicitud corresponde a CapItulo I. 

4. Anexo me permito acompaæar recibo nümero  07- 18.877, 

expedido por la Superintendencia de Industria y Comercio, que acredita 

el pago de la tasa que dicho examen causa. 

Seæor Superintendente, 

(1L 


