Macromol.Chem.Phys.201,577-584(2000

Full Paper: Glycidyl methacrylatewas reactedin 2-
methyl pyrrolidone solution with N-methyl-D-glucamine
(NMG) to produce N-D-glucidol, N-methyl-2-hydroxy
propyl methacrylate(GMHP). The reaction proceeded
exclusivelyvia ring openingof the oxirane.The resulting
vinyl monomerwasa waxy productandsolublein water
ethanol,methanol,DMF, and NMP. Copolymerizationof
GMHP with N,N’-tetraallyl piperazinium dichloride by
the inverse suspensionmethod (water in oil), using a
toluene/chloroform(3:1) mixture as continuousphase,
led to crosslinked hydrogels in imperfect bead form.
Crosslinkingwas also achievedwithout using additional
crosslinker Heating of N-methyl-D-glucaminewith 10%
excessof glycidyl methacrylatein NMP at 60°C for 4 h,
resultingthe formationof N-methyl-D-glucaminecarrying
two methacrylategroups. These dimethacrylategroups
serveasa crosslinkingagents.In situ redox polymeriza-
tion of the mixture in waterled to transparenhydrogels.
Thesehydrogelsin the swollen state have beendemon-

stratedto be very efficient sorbentsfor the removal of
boronon ppm levels. The boronloadedpolymerscan be
regeneratd by simple acid (0.1m HCI) and base(0.1m
NaOH)treatment.
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Intr oduction

Water contamination by boron is a widegread enviro-

mental problem,sinceevena few ppm presentin irriga-

tion water cancausesturting of plart growth. Until now,

theremoval of boronfrom water is still a challengingpro-

blem. Since the worldwide largest boron sourcesare
locatedin Turkey and USA, boron pollution is a severe
problem for these counties. For instance,a big area
aroundMencderesriver in WestAnatolia, suffer from the
boronpollution causedby geothermakourcesand boron
mines. Although a boron-sgsific absorption resin
emepged in the mid-1968)’s the remowal of boron from

watersstill remairs a problem, sinceonly low amouns of

boroncouldberemowedusingthisresin.

As presated by Deul andNeukon?, it is well known,
thatcompoundscontainingvicinaldiol groupsarethemost
efficient materiak for the chelaton of boror?. Various
methodsfor the chelaion of boronusingfuranosidesand

piranosideswere studed by mears of 'B NMR spectre

soopy?). Thesestudes showal that diol/boron complexes
with adiol/boronratio of 1:1 or 2:1 arevely stable since
five-memberedchelates basedon vicinal diol groups are
eager formedthansix-memberedings. Gererally, mono-
borat complexesarelargely predomirantandtheaverae
stablity constats of thesecomplexes are about10. As

expectedthechelationis favouredatahigherpH. In acidic
meda, belowpH = 3, the equilibrium of chelationshiftsto

theadductideandalmostnobindingoccursbetweerboric
acidgroups anddiol groupsoccurs.Thereforecrosslinked
polymerscarryingmonosacaridederivativesvere consid-
eredfor boronsorptionandpatented. Asreportedoy Bow-

man and coworkersin 199, an ultrafiltration membrane
containingN-methylglucamine graftedonto linearpolye-
pichlorohydrin, is a efficient approachor the removal of

boron from wateP. The only drawbackof the methodis

polymerlinkagefromthemembraneintime.
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Recenly, we describeda crosslinkedpoly(styrenesul-
fonamide)carrying sorbitd functionsfor the cheldion of
boric acidin ppmleves. However, the capaciy wasrela-
tively low dueto thelow degreeof somitol functionaliza-
tion®. Based on thesereslts, onecandeducethatall the
polyme's carrying sugar defivatives may be used for
boronsorptim. In fact, thisis truein the presencef buf-
fered solutiors. Howe\er, in real apgdications, especidly
whentracesof boronhasto be removed, the useof buffer
solutiors is not practicalle. This fact is frequently
omitted. The conplexatian of boron using suga deriva-
tives like D-glucose, D-sorbtol andDb-mannitd acconpa-
nies the formation of protons that lowersthe ph. Henee,
the protonitself, liberated duringthe complexation, limit-
atesthe complexation of boron In orderto overcomethis
drawbad&, sugarsconprisingamine functions,suchasN-
methylD-glucamire, were used by Yoshimura and co-
works for the complexation of boran”. Here the overall
formation constant of the boroncomplex is in the range
of 10* Obviously, the role of the aminegroupsis to cap-
turethe proton releasd. The commercialresin(IRA-743)
contdaning N-methyl-D-glucamire groups were provedto
be a powerful sorbentfor removalborontraces. It was
possilke, to reducethe boran concentation upto 1 ppn.
However eachregenerationby acid treatment,reduced
its capacly about 149%". This can presunably be
explanedby anacid catalyzedsidereacton basedon het-
eroconensatiorby phenylrings.

In orderto overcomethis drawkack, in this study we
have prepared glycidyl methacylate basedcrossinked
polymes contining N-methylD-glucamine functions.
Thealiphatic support is expecedto preventthe sidereac-
tion during the acidc regeneationprocedire.

Here, the esterlinkage in the glycidyl methacrylate
(GMA) basedpolymers can be considerd as a type of
bond sensitivetowards hydrolysis. Fortunatéy, this bond
showsa reasonatd stabilty agairst acid andbasehydro-
lyses.Due to this fact, GMA monomerwasconsteredas
an alternatve key monomerfor the synthess of func-
tional polymerst©.

In the presentstudy two crossinked polymers were
preparel startingfrom GMA and N-mettyl-D-glucamine
(NMG). Boron sorption chaacteristicsand regeneation
conditions of the crosslinled polymes were investi-
gated

Experimental part

Glycidyl methacrylatg(Fluka), N-methyl-D-glucamine(Ald-

rich), and piperazine(Fluka) were obtainedin an analytical
grade and used as supplied. NMR spectrawere recorded
usinga Bruker model 200 spectrometer=T-IR spectrawere
obtainedMattson-100nvasusinga Mattson-10Capparatus.

Preparationof 3(N-glucidol-N-methyl)-2-hydixypopyl
methacrylatd GMHP)

9.75¢ (50.0mmol) of N-methylD-glucamineweredissolved
in 30 mL of 2-methylpyrrolidonen a 250 mL flask, by heat-
ing at 50-60°C for 20min. During stirring 6.8 mL

(50.0mmol) of glycidyl methacrylatevereaddedto the mix-

ture. The stirring wascontinuedat 60°C for 4 h.

After the mixture was cooledoff 150 mL of diethyl ether
were dropwiseadded.The supernatantvas decantedand 30
mL of ethanoladded.The solutionwas addedto 60 mL of
ethyl acetate The lessheavyphasewas seperatedgnd ethyl
acetateresidueswere removedusing a rotary evaporatarA
waxlike product was obtainedin 84% (14.2 g) yield. All
attemptsto crystallize the productfailed. The productwas
miscible with water acetone, ethanol, NMP, DMF and
immiscible with hydrocabon solvents such as benzene,
toluene n-octaneanddiethyl ether

The 'H NMR and FT-IR spectraof this compoundare
givenin Fig. 1 andFig. 2, respectively
C14H27NOg Calc. C49.85H8.01 N4.154
Found C49.25H 8.74 N 4.13

N,N'’-Tetraallylpiperaziniurmdichloride (TAP)

TAP was preparedaccordingto a modified procedureof
Bicak, asdisplayedin thefollowing reactionscheme.
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469 (0.5 m) of piperazinewere dissolvedin 50 mL of
methanolin a 500 mL-flask attachedto a reflux condenser
and dropping funnel. During stirring 82 mL (1 m) of
allylchloride were addeddropwise. Stirring was continued
for 3 h atroomtemperatureA 1 m solutionof KOH (56 g)
in methanolwaspreparedandthe half partaddedcautiously
After stirring for 3 h the remaininghalf of the KOH solution
was addedand stirred overnight. The stirring was stopped
andthe mixture wasleft to standfor 30 min for dismonuting
the KCI. Then the suspensiorwas filtered and the filtrate
was transferedto a rotary evaporatar The methanolwas
removedand the liquid residuewas transferecto a distilla-
tion flask. Distillation at 149-151°C (1 mm Hg) leadsto
62g (74.7%) N,N'-diallylpiperazine (DAP) as colorless
liquid.

509 (0.3 m) of N,N'-diallylpiperazineand 49 mL (0.6 m)
of diallyl chloridewere placedin a closedbottle andleft to
standfor 20 daysat roomtemperatureWhite crystallinepre-
cipitate of N,N’-tetraallylpiperaziniumdichloride was fil-
tered, washedwith tolueneand diethyl ether and dried at
50°C undervacummfor 24 h. The productwas obtainedin
50.6%yield (48 g) and exhibited a melting point between

(1) v o2 g Y ——
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211 and 213°C. Since the melling point of TAP varies
between210 and 212°C accordingto Buther and Ingley*?,

theresultsobtainedherewerein goodagreementvith thelit-

erature.

Preparationof crosslinkedGMHP polymers

Two differentapproachesverefollowed in orderto prepare
crosslinkedGMHP polymers.In the first approach(method
A) N,N’-tetraallylpiperaziniumdichloride was used as a

crosslinkingagent,whereasn the secondapproach(method
B) no additionalcrosslinkeiwasused.Instead a 10% excess
of glycidyl methacrylatewas used for the preparationof

GMHP The excessresultsin the formation of a diglycidyl

derivative of N-methyl-D-glucaminewhich actsas crosslin-
ker.

MethodA

The monomerGMHP waspreparedcasdescribedabove.15g
(44.5mmol) of themonomerand1.42g of TAP (crosslnker)
were dissolvedin 40 mL of water that was distilled prior
touse.This solution was transferedinto a cylindirical glass
reactor equippedwith a mechanicalstirrer and a nitrogen
inlet. Under nitrogen atmosphere200 mL of a toluene
chloroform mixture (3:1) containing0.2 of mL HLB 50 as
stabilizer were added to the reactor Additionally 0.4g
(2.5mmol) of K,S,05 solvedin 10 mL of waterwere added
to the mixture. The nitrogenflow was stoppedandthe solu-
tion was stirred mechanically(=400rpm) at room tempera-
ture. After stirring the solutionfor 3 h the formationof solid
particlesbegan.

After stirring the solution for 5 h, the organic layer was
decantedand 150 mL of acetonewere added.The solid gel
particleswerefiltered andleft for 48 h in 100mL of acetone
at room temperatureThe productwasfiltered, washedwith
ethanol (=30 mL) and dried at 40°C for 24 h undervacu-
umn.12.89g (78%)of dry GMHP wereobtained.

Elementarymicroanalysiqcalculatedbasedon the feeding
composition):

Calc. C50.8 H8.08 N4.59
Found C49.3 H8.62 N4.2

MethodB

In a 250 mL flask 9.75g (50 mmol) of N-methylD-gluc-
amineand 7.5 mL (55 mmol) of glycidyl methacrylatevere
dissolvedin 30 mL of 2-methyl pyrrolidone. The mixture
was stirred and flushed with nitrogen. Then the flask was
closedand heatedat 70°C until no turbidity was observed
anymore,when adding few dropsof the mixture to water,
(approximately6 h).

After the reactionwasled to completion,the mixture was
cooled to room temperatureand 0.405g (1.5mmol) of
K,S,0g dissolvedin 30 mL of distilled water were added.
Thestirring wascontinueduntil gelationoccured(=4 h).

The clear gel formed was left overnigh andthen broken
up and transferedinto a heatercontaining2 L of distilled
water The swollen gel was filtered and washedwith an

excesof waterandwith 50 mL of ethanol.The productwas
thendried at 50°C in vacuumfor 24 h andwas obtainedin
83%yield (14.69).

Elementarymicroanalysigcalculatecbasedon thefeeding
compositon):

Calc. C50.2 H7.97 N3.98
Found C48.8 H8.50 N 3.6

Determiration of the capacityfor boron loading

In orderto measurehe capacityfor boronloading,1 g of the

polymer sampleswere soakedinto 20 ml of distilled water
and left overnight. 60 mL of 0.2m H3BO; solution were
addedto thesemixturesandstirredfor 3 h at roomtempera-
ture. The mixtures were filtered and 10 mL aliquots were
transferedo 40 mL of 0.5m d-sorbitolsolutionandtitrated
with 0.1 M NaOH solutionin the presenceof phenolphtha-
lein indicator The capacitiesverecalculatedrom the differ-

encesin boronconcentratiorof the initial andfinal concen-
trations of the boron solutions. The results are given in

Tab.1.

Kineticsof thetrace boron sorption

In orderto testboronsorptionefficiency of the gel samples
for tracequantities the sampleswereinteractedwith H;BOs;
solutions containing 41 ppm boron. Batch kinetic experi-
mentswereperformedasfollows:

0.5g of dry gel weresoakedinto 20 mL of waterandleft
overnigh, in orderto makesurethatthe equilibrium stateof
swelling was reached. Then 60 mL of H;BO; solution
(0.0041 m) were addedreachinga boron concentrationof
30.7ppm. 5 mL of aliquots were taken and transferedto
sample-bttles at appropriatetime intervals using a filter
paper Boron contentsof the solutionswere determinedcol-
orimetricdly (1 =585nm)usingthe carminicacid method?®.
Concentation-timeplots of the solutionsunderinvestigation
aregivenin Fig. 4.

Desorptionof theboron fromloadedgel samples

The boron-loadedolymersamplesobtainedfrom the capa-
city measurementseredriedand0.5g of eachsamplewere
treatedwith 30 mL of a1 M HCI solutionfor 24 h at room
temperatue andthenfiltered. Boron contentsof the filtrates
were measuredcolorimetrically using the carminic acid
method.Theresultsaregivenin Tab.1.

Thefiltrated polymersamplesverewashedwith anexcess
of water, treatedfor 30 min with 20 mL of a 0.1 M NaOH
solution and washedagain with an excessof water Using
this procedureghe samplesverealmostboron-free andreusa-
ble for thenextcycles.

In orderto testthe boronuptakeactivities of the regener
atedsamplessorption-desorptio experimentsvererepeated
4 timeswithout measurementsf the boronin the intermedi-
ate stepsusing 0.5 g of dry G2. Additionally, boronloading
experimants were repeatedjn orderto seea changein the
activity of boronsorption.

Theresultsareshownin Tab. 1.
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Tab.1. Boron sorptioncapacitieof thegels

Polymer Capacity Theoreticalcapacity Desorbé boror?’ Capacityafter5 times
_ _ of regeneration
mmol- g mmol - g* mmol - g*
mmol - g!
Gl 2.12 2.72 2.10 -
G2 2.18 2.58 2.20 2.13

¥ Basedonthefeedingcompositim by assumingeachmole of NMG binds1 mol HsBOs.

®  Basedondry boronloadedgels.

Resultsand discussion

Interadion of GMA with N-methyl-D-glucamire results
in the formation of the corresponthg macromamomeras
displayedin Sctemel. The reactionis mainly basedon
the ring opening of the oxirane by the amino group of
NMG. The competitive reaction Michael additionto the
doublebond, is slow compaed to the ring openirg reac-
tion. The resultig macrommomer is a waxy product,
which can be polymerized evenafter one month of stor

ageat roomtemperature The 'H NMR spectrum(Fig. 1)
of this compound confirms the propcsed structure. The
ratio of the integral of the methyl group of the methacy-

late function at 1.9ppm and of the hydroxy methyl
groupsfrom NMG, at 3.7 ppmis 4.3. The calculatedratio
of theseprotonsis 4. Similarly, the ratio of the integral of
the olefinic protons and the methyl and methyl amine
protons respectively, is abaut 2.7. This resultis in agree-
ment with the expeded value 2/7 = 0.285. The resuts
obtainedfrom elementarymicroanalgis also coinddes
with the predictel structure and implies therebre the
absenceof by-prodicts carried by a Michael addition,
since the Michad addition in comection with the ring
opening of the epoxide would cause GMA/NMG will

Schemel.:
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Fig.1. H NMR spectum of 3(N-glucidol-N-methyl)}-2-hydro-
xypropyl metharylate(GMHP)

leadto a ratio of 1:2. Here, the C/N molar ratio (from
elementalanalysis) would be 21/2 instead of 14/1 for the
binding (1:1). Elemental analysisresultsconfirm the esti-
matedGMHP structure.

The saltof the macromowmerobtainedfrom the reac-
tion with HCl is the bestway to stablize the macromamo-
mer. However in the common organic solvents suchas
methand, etharol, acetone.etc., we were not able pro-
ducethe saltof themacranonomer

In the FT-IR spectrumof this compound (Fig. 2) the
presenceof C—H strething vibration peaksof the ole-
finic group obseved at 3050 cnT is a quaitative evi-
dencefor the formation of GMHP. The disappearace of
the chamcteristicepoxygroupvibrationat 1270cnttis a
furtherindicationfor thering openingreaction.

Crosslinkingpolymerizatia of the maciomonomer

Two rootswerefollowed for the crosslinkingpolymeriza-
tion of the maadomonomerasshownin Scheme2. In the
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Fig.2. FT-IR spectrumof 3(N-glucidol-N-methyl}2-hydroxypopyl methacrylate

(GMHP)
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Crosslinked Hydrogel

G

first one, tetraallypiperaznium dichloride was usedas
crosslinler. The copolymerizaton was carried out at
room tempenture by the inverse suspengin method
usinga mixture of tolueneand CHCI; (3: 1) ascontinous
phase.

In the copolymeizationwe usedK ,S,0Og alone (without
tetramehyl ethylenedamine, TMED) for theredoxinitia-
tion. Obviowsly, the secondry amine function of the
monomer acts as a comporent of an amine-peroxde
redox couple and forms radicalswith potassiumpersul-

fate. The polymerizationtakesplaceat roomtemperature.

However this metod leadsto unperfectspherich bead.
After drying the beadparticles stick to eachother, pre-
sumably dueto the strong hydrogenbondingbetweerthe
hydroxygroups.In this studywe did notfocuson the pro-
ductionof perfectspheres

In the secondapprach, no additional crossinker was
used.A 10% excesof GMA wasusedto form N-methyl-
D-glucamie containingtwo methacrylag¢ functions. The

5
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Fig.3. Swellingkineticsof thegels(G 1: e, G 2: 0); Wp andW
are thedry andswollen weightof the sampés

excessof GMA reads with one of the OH groups of
NMG andresdts in a bifunctional monomerwhich leads
to crossinking.

In situ polymerizationof the mixture at roomtempera
ture in aqueoussoluion using exclusivey K,S,0q leads
to cleargels,asshownin Schemes.

Both gelsexhibit moderae sweling asshownin Fig. 3.
The two gels show equiibrium swelling about4.5. This
can be explaned by the equal dersity of crosslinkng
(10%) of both gels. The swelling of G1 (contahing qua
temary amine)is fasterconparedto G2. Sincethe qua-
temary ammanium groupsprovide a high osmotic pres-
surein the micro domainof thegel.

This ionic effect can be deducedfrom the simple
kinetic equaion of Pepas’ (W/ws.. = Kk * t"). The kinetic
sweling datagives0.55for the exponentn of G1. Slight
differenesfrom 0.5 canbe correlatedwith the effect of
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the ionic grougs in the gel. Whereasthe gel G2 (without
ionic groups) showsan averagevalue for the exponentn
of 0.5 which is consistat with the common behaviorof
the non-ionic gels¥. In othe words water diffussioninto
G2 obeysFick’s law.

Boron sorptions

In the boronuptakeexperimentsbuffer solutiors werenot
useddeliberately sincethe applcation of buffer solutiors
is not an appropiate tool from the practical viewpaint,

especidly, when traces of boron have to be removed.

Another important point is, that the presenceof amino
groupsis essentialfor an efficient boronsorption. In that
case, the proton liberated during the formation of the
borate eder complex is capturedby the amino group
Without the amino groupthe lower pH limit of carbohy
drate-boon complexesis about3 which implies 10 mol
per liter boroncomplex If the densityof the gelsin the
swollenstatewereassumd to be abaut unity, this would
cometo 1 mmol boron per liter of swolen gel which is
far more lessthan the theoretcal capaciy. As the com
plexdion proceedshoronis accunulatedin the gel. This
results in an increasein hydrogen ion concentation.
Although the equilibrium in soluion is not entirely con-
form with that onein the gel phaseconditions, one can
expect thata higherproximity of complexng pointswill

not be possille whenthe concentation of hydrogenions
in the micro doman is lowered. This resuts in an
increaseof unreactedchelatng groups. So the net resut

mustbe low boronsorption. In theinvestigatedcasethere
is an amino group of N-methyl-D-glucamine presentin

the structure,and a high loading capacityboron towards
can be achiewed. Indeed experimetal resultsindicate
that (Tab.1) the capaciies of both gels are high. The

capaciy of G1is 2.12mmol g and thus about78% of

the theoreticalcapadty that can be calculaed from the

feedingconyposition CorncerningG2, the observedcapa-
city of boronloadingis around 2.18 mmol g andthus
85% of the calcultedcapaciy. The differencescan pre-

sumablybe explaned dueto the usedcrosslinker (N,N'-

tetraallyipriperazinium dichloride) containingquatrnary
ammoniumgrous. The attechedcationicgroups increase
the osnotic pressureandmay actasa prevenive protec-
tion agairst the intrusion of boric acid inside the gel at

leastto someextert.

The kinetics of boron uptake from the solutions that
contain30.7ppm of boron(Fig. 4), indicatea rapid bind-
ing of theboronby bothgels.At astirring rateof 400rpm
the boron concentréons of 80 mL solutiors go down to
almostzerowithin lessthan15min of contactirg.

The gel containing a quaernaryammaiium crosslinler
is slow accordirg to the adsorpipn of borontraces.n the
kinetic experimens the pH remaired constant.Sincethe
sorptiondependsalsoon external factors suchasstirring
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Fig.4. Concentation-time plots of 80 mL H;BO; solutions
(containing30.7ppm boron)interaded with 0.5g dry gel (G 1:
A, G2:0)

rate, particle size and preparationconditions, we did not
studiedthekineticssystenaticaly.

Howeva, at the conditionsstuded, conentrationtime
plots displayedin Fig. 4, indicate a secondorder boron
sorptionwith k = 3.1 mal~ s for 0.5¢g of gel. Hence
bothgelsarequite efficient for the removalof trace quan-
tities of boric acid

Regeneratiomf the gels

The gel sampes loadal with boronwere regeneratedoy
decompéxationof the boronwith 1 m HCI solutiors. By
the analysesof the boronconcetrationsof the acid solu-
tions, the desorbedamountswere calculatedand com
pared to those obtaned by the loadng experiments
Tab.1 showsthat the capadties found by loadng experi-
ments are almost equal to those obtainedby the acid
leaching(regereration) experiments On the other hand,
boronsorpticn doesnotimpartapprecidle weight differ-
ences, since of the incorporation of one mol H3;BO;
resultsin a weight increaseof 61 g andis furthermae
acconpanied by the elimination of 3 molar of water
which causes decraseof theweightaround54 g.

So overall resultis only 7 g of net weight difference
sincethe averagemolecuar weight of the repeatingunit
of G2is 351.2 its 85% boron sorption capaciy induces
0.85-7 = 5.95g weight increase when taking into
accountthis small differerce, the capacty basedon dry
boron-feeG2is anounce2.157mmol - g*. This capacty
is almostequalto the capaciy obtainedfrom the loading
experiment

Similar correcton for G1 reslts in loadng capadty of
2.11 mmol - g% The slight devidion are within the error
introducedfrom the experimen. The regeneratio experi-
mentsindicate that 1 m HCI solutionis ableto dumpall
the complexed boronfrom the samples.In orderto prove
this assunption, the regeneratedpolymer samples were

Scheme4:

(|IH3 ?H H OHOHOH
@ N g g e g
H OHH HH

+ HzBOj;

[

®— it
— NH
0—8.
/ >~
5 5P

Ho”

filtered, washed with water and retreatedwith 10 mL of
1 m HCI solution Here no boronwasdetectedn the acid
soluion. This indicatesa conplete removad of sorbed
boran by thefirst contad with 1 m HCI solution.

Theboronfree samplesvhentreatedwith 0.1 M NaOH
soluionsfor 30 min, theaminogroups of thegelsbecome
HCI-free andread; for nextcycles.In this study we have
not investigatedrecyclability of the gels. However in a
preliminary investigaion, G2 wasloadedwith boronand
desabedin turn asdescribedabove.Without measuring
the capaciies in the intermediatesteps,after the fourth
regeneration the regeneratedgel was subjectedto the
boron loadng. A capaciy of 2.13mmol - g* was found
indicating that nearly no activity loss was observed at
least,after thefifth regenerdion. Of course further stud
ies are necessar to quantify the recyclabilities of the
gels. Howeve, the comparison of the investigaed gels
with chloromehylated polystyrere basedpolymer con
taining NMG function® showed a low of activity of
abaut 14%.

The gels presaited here seemto be highly stable
towards acid-base hydrolyses. The boron complexatin
with the gels and its decompexation can be simply
degctedasshownin Schemet.

The methacrylag esterbackoneitself is knownto be
quite stabk agairst hydrdysis. Since the other linkages
arenot sensitve towardshydrolysis the crossinked poly-
mersareexpecedto berecyclablemary timeswithout a
lossof the boran uptakeability.

Dueto the high boron uptake capacites and high effi-
cierciestowardstrace remova the gels presentedespe-
cially G2) may be of interestfor the remova of boron
from waterin alargescale.
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