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Crosslinked poly(styrenesulfonamide) with iminoacetic acid
chelating groups for hard-water treatment
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SUMMARY: Chlorosulfonated polystyrene-DVB (10%) copolymer (in beads form, 720+840has been
modified with triethylenetetramine (TETA) to give the corresponding polymeric sulfonamide. By treating
with the potassium salt of chloroacetic acid in water, amino groups of the polymer have been carboxymethyl-
ated almost quantitatively. The resulting material with iminoacetic acid pendant groups has very efficient
chelating ability for Ca(ll) and Mg(ll) ions in ppm levels. The chelating polymer can be regenerated ten
times by acid leaching without losing its original reactivity. It is suitable for removal of calcium and magne-
sium ions to supply soft water.

Introduction ated to obtain chelating polymers with high binding capa-
Removal of calcium and magnesium from water is 0Fities‘”. Recently Fritz et al. have described the use of this

great interest to supply soft water for steam generato%pe of chelating resins in packed columns for large scale

and domestic applications. Although many improvement&¥ater processing to remove Ca(ll) and Mg(ll) iéns
The present paper deals with preparation of crosslinked

have been carried out on ion exchangers and chelatin%I i id ith diethvl o
resins, hard water treatment is still a confronting subjecPC!Y(Styrenesulfonamide) with - diethylenetriaminetetra-

especially for large water quantities. acetate chelating groups. Its efficiency in removal of trace

For Ca(ll) and Mg(ll) ion uptakes, ion-exchange poly_quantities of Ca(ll) and Mg(ll) ions from aqueous solu-

mers having carboxyl ligating groups seem to be somdons has been stud|ed_. ) ) ,

what superior to sulfonated polystyrenes. Among many Although the mate_rlal IS glso quite reactive towards

organic complexing agents, probably ethylenediaminet arious heavy metal ions, this study has been conflpeq to
traacetic acid (EDTA) is one of the most efficient chelat- ardlwater treatm.e.nts. pH_d_ependence of metal -blndm.g
ing agents for metal ions. There have been numeroddd its regenerability conditions have also been investi-
reports on its use in complexometric titrations of variou§ated:

metal iond. EDTA can be used over a wide pH range,

and it has reasonable stability against acid and base

hydrolyses. Since it is a hexadentate ligand, its Ca(ll) a
Mg(ll) complexes have relatively high stability constant
(log K = 10.6 for Ca(ll) and 8.7 for Mg(ll)). On com- aterials and methods
plexation it coordinates with metal ions by forming five-

membered chelate rings which are stable thermodynam%hloroalcetIC acid was purified by recwstalllzatlon from_
chloroform before use. All the other chemicals were analyti-

. . t§aI grade chemical products. They were used as supplied.
(e.9., CaC@ become soluble in EDTA solutions. chemical transformations on the crosslinked polymers were
Although its lower and higher analogues have similafgjiowed by classical titration methods. All the metal ana-
chelating abilities, EDTA has attracted most attention agses were performed by classical complexometric titrations
complexing agent. using EDTA or its salts, as described in text bobks

For this reason, polymers bearing EDTA-like structures Crosslinked polystyrene-DVB (10%) beads were prepared
have found interest for metal uptakes in the last two de®y suspension polymerization as described béforter
ades. Of several polymers, poly(glycidyl methacrylﬁte)dryingv the product was si_eved and the 720—g#0fraction
and chloromethylated polystyréhbave received special Was used for further reactions.

. o . . . _ Chlorosulfonation of the polystyrene-DVB (10%) beads
Zgrerg;? da: I\:vr};ﬂoﬁité%?;:; t?ca?éligg pgrll)érgﬁtrs'gljos(ﬂywas performed with chlorosulfonic acid as reported béfore

M . P g . P he degree of chlorosulfonation was determined by boiling
been presented as chelating polymer, although it tendsﬁ% product with a 10% NaOH solution for 4 h. The chlorine

hydrolyse in mineral acid solutions during regeneraion  content of the NaOH solution was determined by the mercu-

Hexamethylenediamine has been incorporated inig thiocyanate methdt The chlorine content was found to
chloromethylated polystyrene resin and carboxymethybe 3.24 mmot g™

xperimental part
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Sulfamidationof the abovepolymerwith triethylenetetra-
mine (TETA) was carried out by treating with excessof
triethylenetetraminasdescribecelsewherg.

Determinationof the aminecontentof the sulfamidation
product

For determinationof the amine content,0.2g of polymer
samplewasleft in contactwith 10 mL of 5% NH; solution
for 3h. It was filtered and washedwith excessof water
Thenit wastransferrednto 10 mL 2 m HCI solutionandleft
overnight.After filtration 5 mL of the filtrate wastakenand
diluted to 25 mL, and its acid contentwas determinedby
titration with 0.4m NaOH solution in the presencephe-
nolphthaleincolor indicator A total aminegroup contentof
7.10mmol- g (sumof both primary and secondaryamine
functionalities)wasdeterminedrom the differencebetween
HCI contentdn original andfinal solutions.

Elementalanalysiswasalso consideredor the determina-
tion of nitrogen. However this measurementailed as a
result of incompleteburning of the samples.The Kjeldahl
method was consideredas an alternative method for the
determinatiorof the nitrogencontent.For this 0.2 g of poly-
mer samplewasaddedto 10 mL of H,SO, (65.0%)solution
and boiled for 4h. This enablesboth hydrolysis of the
sulfonamide linkages and extraction of amines from the
polymer After chilling, the mixture wasfiltered andwashed
with cold water The filtrate togetherwith washingswas
dilutedto 50 mL andsubjectedo Kjeldahl analysisasusual.
The analysis gave 9.44mmol- g of total nitrogen. By
assumingideally one-fourth of the total nitrogenis being
usedfor sulfamidelinkages,the free amine contentof the
polymer must be 9.44x 3/4 = 7.08mmol - g, which is in
good agreementwith the one obtained by the titration
method.

Carboxymethylatiomf the aminegroupsof the polymer

Forthis purposefirst the potassiunsaltof monochloroacetic
acid wasprepared23.6g (0.25mol) monochloroaceti@cid
was dissolvedin 35 mL of water While stirring at 0°C, to
this solution the solution of 17.25g (0.25 mol) K,CO; in
40mL water was added dropwise. The resulting solution
was directly reactedwith 10g of the polymer sample,i.e.,
theamountof choroacetiacid wasaboutl.5timesin excess
of the total amine content.The mixture was stirred at room
temperaturefor 24 h. The reactioncontentwasfiltered and
washedseveraltimeswith waterand30 mL of ethanol.The
weightof the dried productwas 15.1g. Basedon the weight
incrementthe transformatioryield wasroughly estimatedas
98.3%.

Determinationof the carboxylcontentof the modified
polymer

For this purpose0.2g of the polymer samplewas treated
with 10 mL of 2 M NaOH solutionfor 4 h. Thenit wasfil-
tered,and 5 mL of the filtrate was titrated with 0.1m HCI
solution. The carboxyl content was calculated as
6.04mmol - g*. Comparisorof the aminoandcarboxylcon-
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tentsrevealsthat 98% of the free amino groupsof the poly-
merhavebeencarboxymethylated.

Determiration of metalchelatingcapacitiesof the polymer

Metal loadingexperimentavere performedwith 0.2m aque-
oussolutionsof Ca(ll), Mg(ll), Ni(ll), Co(ll), Cu(ll), Fe(llI),
Zn(ll) and Cd(ll). Thus, 2.4 g of the carboxymethylated
polymerwastreatedwith 30 mL of 4 M NaOH solution for
3 h. By this way all the carboxylgroupswere neutralizedto
attain maximal loading capacities.After filtration it was
washedwith wateranddried undervacuoat room tempera-
turefor 24 h. The samplewasdividedinto partsof 0.2g, and
eachpart wastreatedwith 10 mL of the metalion solution
for 3 h. 1 mL aliquotsof thefiltered solutionswere usedfor
the metalion determinationsThe unreactedmetal contents
of the aliquots were assayedby complexometrictitrations
using 0.01m EDTA solutions.From the differencesof the
metal contentsof the initial and final solutions,the metal
chelatingcapacitiesverecalculatedcf. Tab. 1.

Bindingkineticsof Ca(ll) andMg(ll) ions

Kinetics of Ca(ll) and Mg(ll) ions sorptionwere performed
by simple batch experimentsat different pH’s which were
adjustedby NH,CI/NH; (for pH = 8.2, 6.3) or Na(CH;
COO)/CH;COOH (for pH = 4). Experimentswere con-
ducted by interacting 0.225g of polymer sampleswith
50mL of 9.4- 10* ™ Ca(ll) and7.7- 10* ™M Mg(ll) solutions
at different pH’s. While stirring, 2.5 mL of sampleswere
taken from the mixtures and transferredinto 50 mL flasks
throughfilter paper The filtrate togetherwith washingwas
titratedwith 0.01m EDTA solution (Titriplex 11l) in the pre-
senceof Erichromeblack T, asdescribedn the literature”.
Variations of the concentrationsof Ca(ll) and Mg(ll) ion
solutionsareshownin Fig. 1 andFig. 2.

Regeneation of theloadedsamples

In orderto follow regenerabilityof the metal-loadegolymer,
extractedCa(ll) andMg(ll) ionswerestrippedoff by interac-
tion of the loadedpolymersampleswith 10 mL of 4 m HCI
solutionsfor 3 h, andthe polymerwasfiltered. The amounts
of metal ions in 5 mL of the filtrate were determinedas
describel above.For comparisornthe extractedand stripped
amountgpergramof dry polymer)arelistedin Tab.1.

One of the filtered polymer sampleswas washedwith
water andtransferrednto about20 mL of 2 M NaOH solu-
tion. By this way amino groupsare convertedinto acid-free
aminogroupsandcarboxylgroupsaretransformednto their
sodiumsalts.The aboveproceduremetal extraction(Ca(ll))
andacid-basdreatmentwasrepeated times more without
measuringCa(ll) concentrationsat the intermediatesteps.
This wasdoneto testtherecyclingfrequencyof the polymer
used.In orderto examineany probablechangen the chelat-
ing ability, the polymersamplewassubjectedo Ca(ll) sorp-
tion in the same conditions. In that casethe amount of
extractedCa(ll) ion wasdeterminedo be 1.53mmol - g™
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Schemel:
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Resultsand discussion

In orderto remove trace quantties of Ca(ll) and Mg(ll)
ions from water we havedevdopeda chelaing resinous
polymer with iminoacetic acid perdant groups by the
reactionstepsoutiined in Schemel. The readion of the
chlorosulbnated polystyrere beadswith an excessof
triethylenetetranme proceedsquantiatively. Due to the
greatemucleophilidty of primary amines the sulfamida-
tion is expectedto occur preferaby through primary
aminogroups ratherthanthe seconary ones.But inevita-
bly the sulfamidation may also take placevia semndary
amines.Also, linking through two aminefunctionsof the
sameTETA moleculeis anotherdessprobablesulfamida-
tion. So the formula of the sulfamidaton produd shown
in the Schemel is subsantially simplified.

Chemistres of thesereacton stepsare well known in
organc chemisty. For long term uses,in the metd che-
lating polymersthe backboneof the polymermustprefer
ably be asinert as possitbe, besidethe strong chelding
ability of the ligating groups. This requirenent is being
fulfilled in our casebecawse the sulfonamide group is
highly stable towards acid and base hydrolysis. It has
beenreportedthat, for acomplee hydrolysisof sulfamide
groups, the sulfonamist compound should be boiled in
60% H,SQ, solution for 3 h'®, Moreower, incorporaion
of sulfonyl groups in phenyl ring provides additional

Scheme2:
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inertnessto the phenylring dueto the electon-withdraw-
ing charater of the sulfonegroup.This pointis especidy
important for recyding and long term usesof polymer
supports.

In the carboxymethyhtion of the amino grous of the
polymer, we haveobtainedalmostquantitaive conversion
yields.Calculationbasednweightincrementgives98.3%
transformaton.By carloxyl groupdeteminationwefound
98%. Theseresuts arein goodagreemenm, andthe minor
differeneis within experimeral errorlimits.Here,substi
tution on the sulfonamia nitrogenis ratherimprobalie
becawse, generdl, sulfamidegroups havepK,'s between
8-10.Hencetheirdeprobnationor saltformationcanonly
beachiewedby concentatedalkalinesoluions.

The high corversionyield obtainedseemdo be conta-
dictory in view of thoserepotedby Morcelletetal.™ But,
most probally, the low conversionyields in that report
arcsefrom the useof chloroaceticacidinsteadof its potas-
siumsaltfor modification of thevinylaminecopolymer.

Taking into consideréion the high conversionyields,
the carboxymethylation can be assuned to be quantita-
tive, andthefull structureof the resdting maodified poly-
mer canbe written asdisplayedin Scheme2. Amine and
carboxyl group determinaibns revealthat the secondand
third stepsof thereactionproceedalmostquanttatively.

In the last step, carboxymethylation of the polyme
carnjing TETA functionscanbe followed by FT-IR spec-

CH2-CH
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tra. After carloxymethyhtion, the broadN—H stretdiing
vibration of amino groupsof the TETA at 3300 cnt?
becomeswider, which is typical for amino acids. More-
over, carboxy groupvibrationsof the carboxy functions
appearasa sharpbandat 1660 cnt.

Chelatingwith Ca(ll) andMg(ll) ions

Having sevenligating groups, the polymeris expectedo
representan efficient chelatng ability for Ca(ll) and
Mg(ll) ions, asin the cae of EDTA. Fortunatly, this
assumgon has been egablished by both kinetics and
loading experimers. From Fig. 1 and Fig. 2 it is clearly
seenthat Ca(ll) and Mg(ll) extractionsare reasonalyl
fast evenfor very diluted metd ion soluions, and their
kinetics obey a secondorder relation with ke, = 9.2
L - mol™-s? (per g of resin), ky, = 6.54 L - mol™- s
(perg of resin).Also, metalchelatiors are pH dependent,
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Fig.1. Concentation — time plots of 50 mL Ca(ll) solution
(38 ppm) interactingwith 0.225¢g polymer at differentpH’s (o:
pH4, A: pH6.0,0: pH 8.2)
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Fig.2. Concentation — time plots of 50 mL Mg(ll) solution
(38 ppm) interactingwith 0.225¢g polymer at differentpH’s (o:
pH 4, A: pH 6.0,0: pH 8.2)
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Fig. 3. Variation of pH during extractionof Ca(ll) ions with
0.225g polymer from 50 mL solution (with 38 ppm initial
Ca(ll) concentation)

Tab.1. Metalchelatingcharaceristicsof the polymer

Metalion Capaity of Color of the Stripped
the polymer metal-loaded metalion®
in mmol- g* polyme®  in mmol- g*
Ca(ln 1.53 colorless 1.53
Mg(ll) 1.54 colorless 153
Fe(ll1) 1.42 light brown -
Ni(l1) 1.53 green -
Co(ll) 1.57 purple -
Zn(11) 1.61 colorless -
Cd(ln) 1.47 colorless -

¥ Thepolymeritselfis light yellow in color.
Metal desorptionswere determined only for Ca(ll) and
Mg(ll) ions.Theresultsgivenarebasedon dry polymer

and obviowsly in acidic media complexion becomes
slower. It is interestingto notethat, during conplexaion

of the polymer, the pH of the non-bufered metal ion

soluionsdeceasedo thepH = 1.9 level. Fig. 3is arepre-
sentative exanple of pH variation for Ca(ll) conmplexa

tion. Thisimpliesthatmetalchelaion proceed by depre

tonation of the carboxy groupsof the polymer, asmight

be expeced.

The loadng datagivenin Tab.1 indicatethat the che-
lating capacitiesof the polyme for different metal ions
are about1.5mmol- g*. This comrespond to one metal
ion perseverligating groupswhich meanghateachpen-
dart unitin Sckeme2 is occupiedby onemetalion.

Regeneation of the loaded polymer samplesby 1 m
HCI is not complet in onestep.Only 86% of Ca(ll) ions
are decomgexedin the first contact with acid solutions
for 30min. Howewer, it has beenobservedthat, if the
acid treatmentsare repeatedthree times, the polymer
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samplescoud be completly freed from the metalions.
Or else, using 4 M HCI soluions, Ca(ll) ions can be
totally decompéxedin onestep.

In orderto find any potential differen in the readiv-
ities of the usedandoriginal polymer, the chelatingpoly-
mer was loaded with Ca(ll) and decompéxedwith 4 m
acid soluions, then recoveredby treating with diluted
NaOH. This procedue was repeatedten times and the
Ca(ll) binding capaciy was determined agan. This
inspectionimplies that, after ten times of recycling, the
calcium uptake capaciy of the polymea becomes
1.53mmol * g, which is the sameasthat of the original
polymer

In conclusion, this studyrevealsthat the polyme pre-
sentedhasa strong chelatng ability like its monomeic
analogueEDTA. The chelaation with Ca(ll) and Mg(ll)
ions is reasonabyl fast and suiteble for water treament.
The chelatd polyme is completdy regeneable, and it
canberecyded at leasttentimeswithout losingits origi-
nal reactvity. Sincethe staring chemicalsare available
commercidly with accepable costs,the chelaing poly-
mer preseted may be of interest for large-scalewater
treatmento remowe Ca(ll) andMg(ll) ions.
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