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ABSTRACT

The superabsorbent resin was synthesized based on poly(ethylene gly-
col) methacrylate(PEGMA), acrylic acid(AA) and acrylamide(AM) by in-
verse suspension polymerization. By plenty of trial and error in previous
works, we used mono-octadecyl phosphate as the dispersant to stabilize
the suspension system effectively. In addition, the monomer we employed,
PEGMA, also took a role as dispersant, this resulted in the shortage of
mono-octadecyl phosphate to reduce the consumption of raw materials
effectively. The effectsof temperature, the concentration of monomers, the
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dosage of initiator, crossinking agent and marcomonomer on the absor-
bency ability were studied. At the same time, the kinetics of swelling also
was studied. The maximum absorption of the resin reached 930mL/g and
94mL /g for deionizing water and 0.9wWt%NaCl solution, respectively.
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INTRODUCTION

The superabsorbent polymer was reported by the
U.S. Department of Agriculturein 1961 for thefirs time,
they arewater-insoluble, hydroge -forming polymers
capable of absorbing alarge amount of aqueousfluids
and retaining the absorbed fluids, even under mechanicd
pressure. Therefore, superabsorbent polymershavegreat
advantagesover traditional water absorbing materials.
Because of their excellent characters, superabsorbents
arewiddy usedinartificia snow™2, agriculturd3, horti-
culture®, drilling fluid additivest™. Polymer concreteis
suited for usageinrepairing crackst®, fighting fires®, and

sedling compositesinlong-distance cableand drug de-
livery. Later, many subsequent researches had attempted
to modify these absorbent polymersto enhance their
absorbency and absorptionratel®9 | ater.
Poly(ethyleneglycol)SPEGs) areavailableaslin-
ear, end-functiondized polymerswith different molecular
welghtsfromavariety of suppliers. Depending ontheir
method of preparation, these PEGS haveether hydroxyl
groupsat both endsor amethoxy and ahydroxyl group
at theends(MPEGS). In addition to their usein many
applicationsasthickeners, alot of atentionshavebeen
paid recently to theselow toxicity materialsin connec-
tion with gpplicationsinwhich PEGsarelinked to bio-
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logically activemoleculeg4,

Superabsorbents based on acrylic acid(AA) have
been extensively studied becauseAA ischegp and can
achieveapolymer with ahigh molecular weight easlly.
lonic monomersand poly(ethylene glycol)(PEO) are
popularly used compoundsfor hydrophilicity modifica
tions. The hydrated PEO chain can bind water to form
arapid microstream of water. Besides, PEGMA, con-
taining thefunctiona group PEG show the surfaceac-
tivity on theone hand, which can beappliedtothefidd
of thesurfactant-freedispersion polymerization. Inthe
view of thisproperty, we can curtail thedosageof dis-
per%\nt[ﬁ'z‘” .

In this paper, weintroduced acrylamide(AM) and
poly(ethyleneglycol) methacrylate(PEGMA) into sys-
temfor improving the properties of salt-resistance, and
discussed theinfluences of synthesizing condition on
swelling behaviorsin deionized water and various sa-
lines. In our research, the dosage of dispersant was
only one-fifth of other el se, and thiswas attributing to
theaddition of PEGMA.

EXPERIMENTAL

Materials

Anayticdly purechemica reagentswerepurchased
from thefollowing company: Acrylamide(AM) and
cyclohexane(Tianjin Bodi Chemical Factory, Tianjin,
China), Acrylicacid(AA)(Guoyao Chemical Reagent
Co., Shanghal, China), N, N’-methylenebisacrylamide
(NMBA)(shanghai chemical reagent co.) ascrosdinking
agent, Potassium persulfate (K,S,0,)(Wuxi minfeng
reagent co.) asinitiator, PEGMA (Mw=2080,Com-
mercia pure, cognis Germany). M ono-octadecyl phos-
phatewas prepared asreported previoudy which as
inversesuspenson stabilizer.

| nver sesuspension polymerization

A 100-mL three-necked flask, equipped with a
condenser, astirring rod and N, inlet, was charged
with 24mL of cyclohexane and 0.024g of mono-
octadecyl phosphate. Air wasflushed fromthereactor
by theintroduction of nitrogen until the entire process
was completed. The stirrer speed was maintained at
200rpm. Thetemperature was set at 70°C. The 80%
of AA was neutralized by NaOH solution in beaker.
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Appropriate amounts of AA,PEGMA K_S O, and

NMBA wereintroduced intotheNaAA mozncimser So-
lution, and the mixturewas stirred until the materials
were dissolved completely. After theinverse suspen-
siongtabilizer dissolved(continuousphase), thenthe8mL
of monomerssol ution which was sucked from thebea
ker, wasintroduced into the reactor. The polymeriza-
tionwaslast for 2h.After thereaction, the suspension
solution was cooled. The product was filtered and
washed threetimes by ethanol. The product wasthen
dried in avacuum oven at 90°C for 6h. White pow-
dered polymer was obtai ned.

M easur ement of water absor bency
Filtration method

The sample(W dry) was immersed in 200mL of
deionized water or 0.9wt% NaCl , . for atleast 2h
to reach swelling equilibrium at roomtemperature. The
residual water was filtered by a 100 mesh standard
screen for 15min. The volume of residual water was
measure, and theequilibrium absorbency(Qeq) wascal-
culated by thefollowing equation:

WhereW, |sthe massof the dried sample, V =200mL andV
isthevol ume of theresidua water.

M easur ement of absor ption rate
Graduatemethod

Thedried sample(0.2g) was put at the bottom of
thegraduate. Deionized water(250mL) wasintroduced
into it and timed synchronously. Then put a piece of
filter paper into the graduate. When it touched the
sample, recorded the time and the volumewhich was
pointed by thefilter paper. Then measurethevolume
per afew minutes. The absorbency(Q) at regular inter-
vaswascal culated by thefollowing equation:

\%
Wdry

V isthevolume which was point by thefilter paper; W, isthe
mass of the dried sample.

RESULTSAND DISCUSSION

Effect of reaction temperature
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TABLE 1: Effect of temperatureon product character
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Figure2: Water content of copolymer with variousinitia-
tor ratios

Inour experiments, themolar ratio of AA,AM and
PEGMA was45:45:2, theamount of initiator(K,S,0,)
was 0.3wt%(based onthe massof AA and AM), and
the crosdlinking agent(NMBA) was 0.03%.The poly-
merization wasstudied inaseriesof temperatures. The
result wasshowed in TABLE 1.

AsshowninTABLE 1, the product wasliquid be-
low 70°C. Mostly thelower reaction temperatureis,
theinitiationisineffectiveand thereispoor converson.

On the other hand, high temperatures(80°C) lead to
expl osive reaction. Comparing with the two products
obtained at 70 and 75°C, we chose 75°C asthereac-
tion temperaturefor other experiments.

Effect of the concentration of monomer aqueous
solution

As shown in figurel. In lower concentration
(<23%), thewater absorbency increased with thein-
crease of concentration. Inthisatmosphere, the colli-
sion probability between monomersand active points
waslow; thisresulted in dow reactive speed. The prod-
uctswithsmal molecular weight and dight crosdinkage
weresolublepartialy. However, a higher consistence,
above 23%, the water absorbency decreaseswith an
increase of consistence. The quantity of heat produced
in polymerization becamemoreand morewith thein-
creaseof cong stence. The high temperaturelimited the
molecular increasing, and madetheresin self-crossink
gravely. So the optimal value of the concentration of
monomer was 23%.

Effect of theamount of initiator on absor bency ability

FHgure 2 showed that absorbency reeched maximums
whenthemass of initiator was 0.23%(comparetothe
total massof AA andAM). It wasknown that monomer
conversonincreased asthe concentration of initiator in-
creasing, so that absorbency increased while
M, %0<0.23%. But withanincresseinamount of initia-
tor, thecollision between monomer andfreeradicasaso
increased, whichledtotheincrease of the soluble parts;
thereby absorbency decreased, whileM . %6>0.23%.

Effect of theamount of crosslinking agent on ab-
sor bency ability

Theeffect of theusageof crosdinking agent onwater
absorbency for copolymer gelsisshowninfigure3.In
distilled water and 0.9wt% NaCl solution, the water
content of the copolymer increased withanincreasing
degreeof crossinkinginthe copolymer, when themass
ratio of NMBA isunder 0.035% of thetotal mass of
AA andAM. However, thewater absorbency decreases
remarkably when the massratio of NMBA increased
from 0.023% to 0.05%. This phenomenon obeysthe
P.J.Flory theory'*2: thewater absorbency isalso re-
lated to the el astic force between the polymer chains.
Thelarger thecrosdinking dendity, thestronger thedastic
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Figure5: Absorption ratein deionized water

forceof the polymer chain, and thewater absorbency
islower accordingly. Ingenerd, crosdinking agentshave
been employed to helpimprovethe gel strength of the
swollengdl, but they ared so very effectivein reducing
thewater absorbency.

Effect of the amount of PEGMA on absorbency

= Pyl Paper
ability

PEGMA wasthe main monomer inthisstudy. As
showninfigure4, absorbency reached maximumswhen
the mass of PEGMA was 39% of the total mass of
monomers. Theabsorbency didn’t decreasewhilenon-
ionic group camein because of the cooperative effect.
However, the absorbency decreased remarkably when
the masswas up to 39%. Because of alow reactivity
ratio of PEGMA, too much PEGMA would reducethe
concentration of active monomers, lead to low
crosdinking density and theincrease of thesolubleparts.

Kineticsof swelling!®

M easure the absorption rate of the best sample
(Qeq:930g/mL). Figure 5 showed that the absorbency
was up to 460g/mL (50% of Qeq) after 8min and 92%
of Q, after 50min. To explainthe process of swelling,
we based onfoll owing equation:

=\\//—1=KTn = InF=InK +7InT

Where T isswellingtime, V isswellingat time, Vjisequilibrium
swelling, F denotesthe amount of solvent fractionattimeT, K is
a constant incorporating characteristics of the macromolecular
network system and the penetration, and n is diffusion expo-
nent, which was indicative of the transport mech-anism or the

typeof diffuson. (1) n<0.5,Fc- kiandiffuson, chainmove
fast enoughthet thediffusonof smal moleculeisthepairt;
(2) 0.5<n<1.0,non-fickian transport, chainloosenessand
thediffusion of small moleculebothwork ontheswell-
ing; (3) Nn=1.0, Case- transport, chainloosenessisthe
point of absorption rate. Thisequation wasapplied to
theinitial stagesof swelling and plotsof InFversesinT
aredso presentedinfigure5. Asshowninfigureb, inthe
beginning 3min of swelling, n~1; thechain movements
control theabsorptionrate. 3~50min, n<0.5, thewater
moleculediffus onbecomemainfactor of swelling.

CONCLUSIONS

(1) Thesystemof preparingAA/AM/PEGMA copoly-
mer by inversesuspension polymerizationissmple
and stable Theproductisfineandwell-proportioned.

(2) Inour research, PEGMA showsthesurfaceactiv-
ity ininverse suspens on polymerization besides
advancingthesdt-res stanceof products, which can
short the dosage of dispersant largely.
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(3) Find out the best synthetic condition: 75°C, the
monomer cond stenceis 23%, themassof initiator
and crosslinker is0.23% and 0.037%( based on
the total mass of AA and AM), and the mass of
PEGMA is39% of thetotal massof monomers. In
thiscondition, the absorption amount of resnswe
got reached 930mL/gin deionic water and 94mL/g
in 0.9%NaCl solution respectively.

(4) Theresinwe prepared inthebest condition could
absorb 460 times deionizing water than itself in
8min.Theswelling process. Case-ll trangportinthe
first 3min, and Fickian diffusion from 3 to 50min.
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