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Intr oduction
Water contamination by boron is a widespreadenviro-
mentalproblem,sinceevena few ppm presentin irriga-
tion water cancausestunting of plant growth. Until now,
theremoval of boronfrom water is still achallengingpro-
blem1). Since the worldwide largest boron sourcesare
locatedin Turkey and USA, boron pollution is a severe
problem for these countries. For instance,a big area
aroundMenderesriver in WestAnatolia, suffer from the
boronpollution causedby geothermalsourcesandboron
mines. Although a boron-spesific absorption resin
emerged in the mid-1960’s the removal of boron from
watersstill remains a problem,sinceonly low amounts of
boroncouldberemovedusingthis resin.

As presentedby Deul andNeukom2), it is well known,
thatcompoundscontainingvicinaldiol groupsarethemost
efficient materials for the chelation of boron2). Various
methodsfor thechelation of boronusingfuranosidesand

piranosideswerestudied by means of 11B NMR spectro-
scopy3). Thesestudies showed that diol/boron complexes
with adiol/boronratio of 1:1 or 2:1 arevery stable,since
five-memberedchelates basedon vicinal diol groups are
easier formedthansix-memberedrings.Generally, mono-
boratecomplexesarelargelypredominantandtheaverage
stability constants of thesecomplexes are about 10. As
expected,thechelationis favouredatahigherpH.In acidic
media, belowpH = 3, theequilibrium of chelationshiftsto
theadductsideandalmostnobindingoccursbetweenboric
acidgroupsanddiol groupsoccurs.Thereforecrosslinked
polymerscarryingmonosaccaridederivativeswereconsid-
eredfor boronsorptionandpatented4).AsreportedbyBow-
manandcoworkersin 1995, an ultrafiltration membrane
containingN-methylglucamine,graftedonto linearpolye-
pichlorohydrin, is a efficient approachfor the removal of
boron from water5). The only drawbackof the methodis
polymerlinkagefromthemembranein time.

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,N9-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 608C for 4 h,
resultingtheformationof N-methyl-D-glucaminecarrying
two methacrylategroups. These dimethacrylategroups
serveas a crosslinkingagents.In situ redox polymeriza-
tion of the mixture in water led to transparenthydrogels.
Thesehydrogelsin the swollen statehave beendemon-

stratedto be very efficient sorbentsfor the removal of
boronon ppm levels.The boron loadedpolymerscanbe
regenerated by simple acid (0.1M HCl) and base(0.1M
NaOH)treatment.
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Recently, we describeda crosslinkedpoly(styrenesul-
fonamide)carrying sorbitol functionsfor thechelation of
boric acid in ppmlevels. However, thecapacity wasrela-
tively low dueto thelow degreeof sorbitol functionaliza-
tion6). Basedon theseresults, onecandeduce,thatall the
polymers carrying sugar derivatives may be used for
boronsorption. In fact, this is true in thepresenceof buf-
feredsolutions. However, in real applications,especially
whentracesof boronhasto beremoved,theuseof buffer
solutions is not practicable. This fact is frequently
omitted.The complexation of boron using sugar deriva-
tives like D-glucose,D-sorbitol andD-mannitol accompa-
nies the formation of protons that lowers the ph. Hence,
theprotonitself, liberated duringthecomplexation, limit-
atesthecomplexationof boron. In orderto overcomethis
drawback, sugarscomprisingaminefunctions,suchasN-
methyl-D-glucamine, were used by Yoshimura and co-
works for the complexationof boron7). Here the overall
formation constant of the boroncomplex is in the range
of 104. Obviously, the role of the aminegroupsis to cap-
turetheproton released. Thecommercialresin(IRA-743)
containing N-methyl-D-glucamine groups wereprovedto
be a powerfull sorbentfor removalboron traces. It was
possible, to reducethe boron concentration upto 1 ppm8).
However, eachregenerationby acid treatment,reduced
its capacity about 14%9). This can presumably be
explainedby anacidcatalyzedsidereaction basedonhet-
erocondensationby phenylrings.

In order to overcomethis drawback, in this study we
have prepared glycidyl methacrylate basedcrosslinked
polymers containing N-methyl-D-glucamine functions.
Thealiphatic support is expectedto preventthesidereac-
tion during theacidic regenerationprocedure.

Here, the ester linkage in the glycidyl methacrylate
(GMA) basedpolymers can be considered as a type of
bondsensitivetowards hydrolysis.Fortunately, this bond
showsa reasonable stability against acid andbasehydro-
lyses.Due to this fact, GMA monomerwasconsideredas
an alternative key monomerfor the synthesis of func-
tional polymers10).

In the presentstudy, two crosslinked polymers were
prepared startingfrom GMA and N-methyl-D-glucamine
(NMG). Boron sorptioncharacteristicsand regeneration
conditions of the crosslinked polymers were investi-
gated.

Experimental part
Glycidyl methacrylate(Fluka),N-methyl-D-glucamine(Ald-
rich), andpiperazine(Fluka) wereobtainedin an analytical
grade and used as supplied. NMR spectrawere recorded
usinga Bruker model200 spectrometer. FT-IR spectrawere
obtainedMattson-100wasusinga Mattson-100apparatus.

Preparationof 3(N-glucidol-N-methyl)-2-hydroxypropyl
methacrylate(GMHP)

9.75g (50.0mmol) of N-methyl-D-glucamineweredissolved
in 30 mL of 2-methylpyrrolidonein a 250mL flask,by heat-
ing at 50–608C for 20min. During stirring 6.8 mL
(50.0mmol) of glycidyl methacrylatewereaddedto themix-
ture.Thestirring wascontinuedat 608C for 4 h.

After the mixture wascooledoff 150 mL of diethyl ether
weredropwiseadded.The supernatantwasdecantedand30
mL of ethanoladded.The solution wasaddedto 60 mL of
ethyl acetate.The lessheavyphasewasseperatedandethyl
acetateresidueswere removedusinga rotary evaporator. A
waxlike product was obtainedin 84% (14.2 g) yield. All
attemptsto crystallize the product failed. The productwas
miscible with water, acetone,ethanol, NMP, DMF and
immiscible with hydrocarbon solvents such as benzene,
toluene,n-octaneanddiethyl ether.

The 1H NMR and FT-IR spectraof this compoundare
givenin Fig. 1 andFig. 2, respectively.

C14H27NO8 Calc. C 49.85H 8.01 N 4.154
Found C 49.25H 8.74 N 4.13

N,N9-Tetraallylpiperaziniumdichloride(TAP)

TAP was preparedaccording to a modified procedureof
Biçak,asdisplayedin thefollowing reactionscheme.

46 g (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 at room temperature.A 1 m solutionof KOH (56 g)
in methanolwaspreparedandthehalf partaddedcautiously.
After stirring for 3 h theremaininghalf of theKOH solution
was addedand stirred overnight.The stirring was stopped
andthemixturewasleft to standfor 30min for dismonuting
the KCl. Then the suspensionwas filtered and the filtrate
was transferedto a rotary evaporator. The methanolwas
removedand the liquid residuewas transferedto a distilla-
tion flask. Distillation at 149–1518C (1 mm Hg) leads to
62g (74.7%) N,N9-diallylpiperazine (DAP) as colorless
liquid.

50 g (0.3 m) of N,N9-diallylpiperazineand49 mL (0.6 m)
of diallyl chloridewereplacedin a closedbottle andleft to
standfor 20 daysat roomtemperature.White crystallinepre-
cipitate of N,N9-tetraallylpiperaziniumdichloride was fil-
tered,washedwith tolueneand diethyl ether, and dried at
508C undervacummfor 24 h. The productwasobtainedin
50.6% yield (48 g) and exhibited a melting point between
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211 and 2138C. Since the melling point of TAP varies
between210 and 2128C accordingto Buther and Ingley12),
theresultsobtainedherewerein goodagreementwith thelit-
erature.

Preparationof crosslinkedGMHPpolymers

Two differentapproacheswerefollowed in order to prepare
crosslinkedGMHP polymers.In the first approach(method
A) N,N9-tetraallylpiperaziniumdichloride was used as a
crosslinkingagent,whereasin the secondapproach(method
B) no additionalcrosslinkerwasused.Instead a 10%excess
of glycidyl methacrylatewas used for the preparationof
GMHP. The excessresultsin the formation of a diglycidyl
derivativeof N-methyl-D-glucaminewhich actsas crosslin-
ker.

MethodA

ThemonomerGMHP waspreparedasdescribedabove.15 g
(44.5mmol) of themonomerand1.42g of TAP (crosslinker)
were dissolvedin 40 mL of water that was distilled prior
touse.This solution was transferedinto a cylindirical glass
reactorequippedwith 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
(1.5mmol) of K2S2O8 solvedin 10 mL of waterwereadded
to the mixture.The nitrogenflow wasstoppedandthe solu-
tion wasstirredmechanically(L400rpm) at room tempera-
ture.After stirring thesolutionfor 3 h the formationof solid
particlesbegan.

After stirring the solution for 5 h, the organic layer was
decantedand150 mL of acetonewereadded.The solid gel
particleswerefiltered andleft for 48 h in 100mL of acetone
at room temperature.The productwasfiltered, washedwith
ethanol(L30 mL) and dried at 408C for 24 h undervacu-
umn.12.8g (78%)of dry GMHPwereobtained.

Elementarymicroanalysis(calculatedbasedon thefeeding
composition):

Calc. C 50.8 H 8.08 N 4.59
Found C 49.3 H 8.62 N 4.2

MethodB

In a 250 mL flask 9.75g (50mmol) of N-methyl-D-gluc-
amineand7.5 mL (55mmol) of glycidyl methacrylatewere
dissolvedin 30 mL of 2-methyl pyrrolidone. The mixture
was stirred and flushed with nitrogen.Then the flask was
closedand heatedat 708C until no turbidity was observed
anymore,when adding few drops of the mixture to water,
(approximately6 h).

After the reactionwasled to completion,the mixture was
cooled to room temperatureand 0.405g (1.5mmol) of
K2S2O8 dissolvedin 30 mL of distilled water were added.
Thestirring wascontinueduntil gelationoccured(L4 h).

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

excessof waterandwith 50 mL of ethanol.Theproductwas
thendried at 508C in vacuumfor 24 h andwasobtainedin
83%yield (14.6g).

Elementarymicroanalysis(calculatedbasedon thefeeding
composition):

Calc. C 50.22 H 7.97 N 3.98
Found C 48.8 H 8.50 N 3.6

Determination of thecapacityfor boron loading

In orderto measurethecapacityfor boronloading,1 g of the
polymer sampleswere soakedinto 20 ml of distilled water
and left overnight. 60 mL of 0.2M H3BO3 solution were
addedto thesemixturesandstirredfor 3 h at roomtempera-
ture. The mixtures were filtered and 10 mL aliquots were
transferedto 40 mL of 0.5M d-sorbitolsolutionandtitrated
with 0.1M NaOH solution in the presenceof phenolphtha-
lein indicator. Thecapacitieswerecalculatedfrom thediffer-
encesin boronconcentrationof the initial andfinal concen-
trations of the boron solutions. The results are given in
Tab.1.

Kineticsof thetraceboronsorption

In order to testboronsorptionefficiency of the gel samples
for tracequantities,the sampleswereinteractedwith H3BO3

solutions containing 41 ppm boron. Batch kinetic experi-
mentswereperformedasfollows:

0.5g of dry gel weresoakedinto 20 mL of waterandleft
overnight, in orderto makesurethat theequilibrium stateof
swelling was reached.Then 60 mL of H3BO3 solution
(0.0041 M) were addedreachinga boron concentrationof
30.7ppm. 5 mL of aliquots were taken and transferedto
sample-bottles at appropriatetime intervals using a filter
paper. Boron contentsof the solutionsweredeterminedcol-
orimetrically (k = 585nm)usingthecarminicacidmethod13).
Concentration-timeplotsof thesolutionsunderinvestigation
aregivenin Fig. 4.

Desorptionof theboron fromloadedgel samples

The boron-loadedpolymersamplesobtainedfrom the capa-
city measurementsweredriedand0.5g of eachsamplewere
treatedwith 30 mL of a 1 M HCl solution for 24 h at room
temperature andthenfiltered. Boron contentsof the filtrates
were measuredcolorimetrically using the carminic acid
method.Theresultsaregivenin Tab.1.

Thefiltrated polymersampleswerewashedwith anexcess
of water, treatedfor 30 min with 20 mL of a 0.1 M NaOH
solution and washedagain with an excessof water. Using
thisprocedurethesampleswerealmostboron-freeandreusa-
ble for thenextcycles.

In order to test the boronuptakeactivitiesof the regener-
atedsamples,sorption-desorption experimentswererepeated
4 timeswithout measurementsof theboronin the intermedi-
atestepsusing0.5 g of dry G2. Additionally, boronloading
experiments were repeated,in order to seea changein the
activity of boronsorption.

Theresultsareshownin Tab.1.



580 N. Bıçak,H. Ö. Özbelge,L. Yilmaz,B. F. Senkal

Resultsand discussion
Interaction of GMA with N-methyl-D-glucamine results
in the formation of the corresponding macromonomeras
displayedin Scheme1. The reactionis mainly basedon
the ring opening of the oxirane by the amino group of
NMG. The competitive reaction, Michael addition to the
doublebond, is slow compared to the ring opening reac-
tion. The resulting macromonomer is a waxy product,
which canbe polymerized evenafter onemonthof stor-
ageat room temperature.The 1H NMR spectrum(Fig. 1)
of this compound confirms the proposed structure. The
ratio of the integralof themethyl groupof themethacry-
late function at 1.9ppm and of the hydroxy methyl
groupsfrom NMG, at 3.7ppmis 4.3. Thecalculatedratio
of theseprotonsis 4. Similarly, theratio of the integral of
the olefinic protons and the methyl and methyl amine
protons, respectively, is about 2.7.This resultis in agree-
ment with the expected value 2/7 = 0.285. The results
obtainedfrom elementarymicroanalysis also coincides
with the predicted structure and implies therefore the
absenceof by-products carried by a Michael addition,
since the Michael addition in connection with the ring
opening of the epoxide would causeGMA/NMG will

lead to a ratio of 1:2. Here, the C/N molar ratio (from
elementalanalysis)would be21/2 insteadof 14/1 for the
binding(1:1). Elemental analysisresultsconfirm theesti-
matedGMHPstructure.

Thesaltof themacromonomerobtainedfrom the reac-
tion with HCl is thebestway to stabilize themacromono-
mer. However, in the common organic solvents suchas
methanol, ethanol, acetone,etc., we were not able pro-
ducethesaltof themacromonomer.

In the FT-IR spectrumof this compound (Fig. 2) the
presenceof C1H stretching vibration peaksof the ole-
finic group observed at 3050 cm–1 is a qualitative evi-
dencefor the formation of GMHP. The disappearenceof
thecharacteristicepoxygroupvibration at 1270cm–1 is a
furtherindicationfor thering openingreaction.

Crosslinkingpolymerization of themacromonomer

Two rootswerefollowed for thecrosslinkingpolymeriza-
tion of the macromonomerasshownin Scheme2. In the

Tab.1. Boron sorptioncapacitiesof thegels

Polymer Capacity
————
mmol N g–1

Theoreticalcapacitya)

————————
mmol N g–1

Desorbed boronb)

——————–
mmol N g–1

Capacityafter5 times
of regeneration

———————–
mmol N g–1

G1 2.12 2.72 2.10 –
G2 2.18 2.58 2.20 2.13

a) Basedon thefeedingcomposition by assumingeachmoleof NMG binds1 mol H3BO3.
b) Basedondry boronloadedgels.

Fig. 1. 1H NMR spectrum of 3(N-glucidol-N-methyl)-2-hydro-
xypropyl methacrylate(GMHP)

Scheme1:
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first one, tetraallylpiperazinium dichloride was usedas
crosslinker. The copolymerization was carried out at
room temperature by the inverse suspension method
usinga mixture of tolueneandCHCl3 (3:1) ascontinous
phase.

In thecopolymerizationwe usedK2S2O8 alone (without
tetramethyl ethylenediamine,TMED) for theredoxinitia-
tion. Obviously, the secondary amine function of the
monomer acts as a component of an amine-peroxide
redox coupleand forms radicalswith potassiumpersul-
fate.Thepolymerizationtakesplaceat roomtemperature.
However, this method leadsto unperfectspherical beads.
After drying the beadparticles stick to eachother, pre-
sumably, dueto thestrong hydrogenbondingbetweenthe
hydroxygroups.In thisstudywedid not focuson thepro-
ductionof perfectspheres.

In the secondapproach,no additionalcrosslinker was
used.A 10%excessof GMA wasusedto form N-methyl-
D-glucamine containingtwo methacrylate functions.The

excessof GMA reacts with one of the OH groups of
NMG andresults in a bifunctional monomerwhich leads
to crosslinking.

In situ polymerizationof themixture at roomtempera-
ture in aqueoussolution using exclusively K2S2O8 leads
to cleargels,asshownin Scheme3.

Both gelsexhibit moderate swelling asshownin Fig. 3.
The two gels showequilibrium swelling about4.5. This
can be explained by the equal density of crosslinking
(10%) of both gels.The swelling of G1 (containing qua-
ternary amine) is fastercomparedto G2. Sincethe qua-
ternary ammonium groupsprovide a high osmoticpres-
sure in themicro domainof thegel.

This ionic effect can be deducedfrom the simple
kinetic equation of Peppas1) (wt/wv = k N t n). The kinetic
swelling datagives0.55for the exponentn of G1. Slight
differences from 0.5 canbe correlatedwith the effect of

Fig. 2. FT-IR spectrumof 3(N-glucidol-N-methyl)-2-hydroxypropyl methacrylate
(GMHP)

Scheme2:

Fig. 3. Swellingkineticsof thegels(G 1: 0, G 2: 9); W0 andW
are thedry andswollen weightof thesamples
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the ionic groups in the gel. Whereasthe gel G2 (without
ionic groups) showsan averagevalue for the exponentn
of 0.5 which is consistent with the common behaviorof
the non-ionic gels14). In other words waterdiffussioninto
G2obeysFick’s law.

Boronsorptions

In theboronuptakeexperimentsbuffer solutionswerenot
useddeliberately, sincetheapplicationof buffer solutions
is not an appropriate tool from the practical viewpoint,
especially, 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 ester complex is capturedby the amino group.
Without the amino groupthe lower pH limit of carbohy-
drate-boron complexesis about3 which implies10–3 mol
per lit er boroncomplex. If the densityof the gels in the
swollenstatewereassumed to be about unity, this would
cometo 1 mmol boron per liter of swollen gel which is
far more lessthan the theoretical capacity. As the com-
plexation proceeds,boronis accumulatedin thegel. This
results in an increasein hydrogen ion concentration.
Although the equilibrium in solution is not entirely con-
form with that one in the gel phaseconditions,one can
expect, that a higherproximity of complexing pointswill

not be possible whenthe concentration of hydrogenions
in the micro domain is lowered. This results in an
increaseof unreactedchelating groups.So the net result
mustbelow boronsorption. In theinvestigatedcasethere
is an amino group of N-methyl-D-glucamine presentin
the structure,anda high loadingcapacityborontowards
can be achieved. Indeed, experimental results indicate
that (Tab.1) the capacities of both gels are high. The
capacity of G1 is 2.12mmol g–1 and thus about78% of
the theoreticalcapacity that can be calculated from the
feedingcomposition. ConcerningG2, the observedcapa-
city of boron loading is around 2.18 mmol g–1 and thus
85% of the calculatedcapacity. The differencescanpre-
sumablybe explained due to the usedcrosslinker (N,N9-
tetraallylpriperazinium dichloride) containingquaternary
ammoniumgroups.Theattachedcationicgroups increase
the osmotic pressureandmay act asa preventive protec-
tion against the intrusion of boric acid inside the gel at
leastto someextent.

The kinetics of boron uptakefrom the solutions that
contain30.7ppmof boron(Fig. 4), indicatea rapid bind-
ing of theboronby bothgels.At astirring rateof 400rpm
the boronconcentrations of 80 mL solutions go down to
almostzerowithin lessthan15min of contacting.

Thegel containinga quaternaryammonium crosslinker
is slow according to theadsorption of borontraces.In the
kinetic experiments the pH remained constant.Sincethe
sorptiondependsalsoon external factors suchasstirring

Scheme3:
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rate,particle sizeandpreparationconditions,we did not
studiedthekineticssystematically.

However, at the conditionsstudied, concentration-time
plots displayedin Fig. 4, indicate a secondorder boron
sorptionwith k L 3.1 mol–1 s–1 for 0.5g of gel. Hence,
bothgelsarequite efficient for theremovalof tracequan-
tities of boric acid.

Regenerationof thegels

The gel samples loaded with boronwere regeneratedby
decomplexationof the boronwith 1 M HCl solutions. By
theanalysesof theboronconcentrationsof theacid solu-
tions, the desorbedamountswere calculatedand com-
pared to those obtained by the loading experiments.
Tab.1 showsthat thecapacities foundby loading experi-
ments are almost equal to those obtainedby the acid
leaching(regeneration)experiments. On the other hand,
boronsorption doesnot impartappreciable weightdiffer-
ences,since of the incorporation of one mol H3BO3

resultsin a weight increaseof 61 g and is furthermore
accompanied by the elimination of 3 molar of water
which causesa decreaseof theweightaround54g.

So overall result is only 7 g of net weight difference
sincethe averagemolecular weight of the repeatingunit
of G2 is 351.2, its 85% boronsorption capacity induces
0.85N 7 = 5.95g weight increase when taking into
accountthis small difference, the capacity basedon dry
boron-freeG2 is anounce2.157mmol N g–1. This capacity
is almostequalto the capacity obtainedfrom the loading
experiment.

Similar correction for G1 results in loading capacity of
2.11 mmol N g–1. The slight deviation arewithin the error
introducedfrom theexperiment. Theregeneration experi-
mentsindicate that 1 M HCl solution is able to dumpall
thecomplexedboronfrom thesamples.In orderto prove
this assumption, the regeneratedpolymer samples were

filtered, washed with waterandretreatedwith 10 mL of
1 M HCl solution. Here no boronwasdetectedin theacid
solution. This indicatesa complete removal of sorbed
boron by thefirst contact with 1 M HCl solution.

Theboronfreesampleswhentreatedwith 0.1M NaOH
solutionsfor 30min, theaminogroupsof thegelsbecome
HCl-freeandready for nextcycles.In this study we have
not investigatedrecyclability of the gels. However, in a
preliminary investigation, G2 wasloadedwith boronand
desorbed in turn asdescribedabove.Without measuring
the capacities in the intermediatesteps,after the fourth
regeneration the regeneratedgel was subjectedto the
boron loading. A capacity of 2.13mmol N g–1 was found
indicating that nearly no activity loss was observed, at
least,after the fifth regeneration. Of course,further stud-
ies are necessary to quantify the recyclabilities of the
gels. However, the comparison of the investigated gels
with chloromethylated polystyrene basedpolymer con-
taining NMG functions9) showed a low of activity of
about 14%.

The gels presented here seem to be highly stable
towards acid-basehydrolyses.The boron complexation
with the gels and its decomplexation can be simply
depictedasshownin Scheme4.

The methacrylate esterbackboneitself is known to be
quite stable against hydrolysis. Since the other linkages
arenot sensitive towardshydrolysis thecrosslinkedpoly-
mersareexpectedto berecyclablemany timeswithout a
lossof theboron uptakeability.

Due to the high boronuptakecapacities andhigh effi-
ciencies towardstrace removal the gelspresented(espe-
cially G2) may be of interest for the removal of boron
from waterin a largescale.
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