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SUPERABSORBENT POLYMERS Introduction Superabsorbent polymers are very high molecular mass, cross-linked polyelectrolytes (qv) that can absorb or imbibe more than 10 times their mass of water or aqueous solutions. In order to absorb this large quantity of aqueous ﬂuid, the polymers must be only slightly cross-linked so that the polymer chains can adopt widely spaced conﬁgurations. And in order to remain largely insoluble, while at the same time being highly expanded, the polymer chains must have very high molecular mass so that the small number of cross-links connect together all the chains. Cross-linked polyelectrolytes absorb more aqueous liquid than do neutral polymers as a result of the added osmotic, swelling pressure of the counterions that balance the high electric charge of the ionized functional groups spaced along the polymer chains (see POLYELECTROLYTES). While any high molecular mass, cross-linked polyelectrolyte can function as a superabsorbent polymer, the commercially available superabsorbent polymers are alkali metal salts of poly(acrylic acid) cross-linked with multifunctional crosslinkers (see ACRYLIC (AND METHACRYLIC) ACID POLYMERS). Most often the crosslinks are formed from comonomers that are incorporated into the polymer during the free-radical-initiated addition polymerization. Common cross-linkers are diand triacrylates or methacrylates. The polymer chains can also be cross-linked after the main polymer chains have been formed. In this case, the cross-linker is multifunctional with groups that can react with the carboxylic acid or carboxylate groups present along the polymer chains. Examples of this type of cross-linker are polyols, polyepoxides, polyamines, and the like. Most commonly, the polymers are made by means of free-radical-initiated polymerization of an aqueous solution of the monomers, followed by drying the hydrogel that is formed and grinding the dry polymer to a granular powder. Encyclopedia of Polymer Science and Technology. Copyright John Wiley & Sons, Inc. All rights reserved.
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The principal use of superabsorbent polymers is as a liquid absorbent in disposable hygiene products, which include baby diapers, feminine hygiene products, and adult incontinence products. Smaller volume uses include liquid absorbent pads for packaged meats and water-blocking tapes and coatings for electrical and telecommunication cables.



Physical Properties of Monomers The monomers useful for making superabsorbent polymers are water-soluble monomers such as those listed in Table 1. Acrylic acid, methacrylic acid, and 2-acrylamido-2-methylpropanesulfonic acid (1,2) are the principal ionizable monomers useful for making superabsorbent polymers. Other comonomers such as acrylamide and N-isopropylacrylamide can also be incorporated into the polymer chain. For example, N-isopropylacrylamide imparts temperature sensitivity into the superabsorbent polymer (3,4). The useful cross-linkers include a variety of multifunctional monomers, such as those shown in Table 2. They can Table 1. Principal Monomers Used in the Preparation of Superabsorbent Polymers



Property



Acrylic acid



2-Acrylamido-2N-Isopropyl- methylpropaneacrylamide sulfonic acid



Methacrylic acid



Acrylamide



79-41-4



79-06-1



2210-25-5



15214-89-8



C4 H6 O2



C3 H5 NO



C6 H11 NO



C7 N13 NO4 S



86.10



71.08



113.16



207.21



16 163 76 1.015



84.5 136 (3330 Pa) — 1.122 (30◦ C)



62 90 (267 Pa) — —



195 — 160 —



56.3



81.5



—



92.0



CAS registry 79-10-7 number Molecular C3 H4 O2 formula Molecular mass, 72.06 g/mol Melting point, ◦ C 13.5 Boiling point, ◦ C 139 Flash point, ◦ C 50 Density at 20◦ C, 1.040 g/cm3 Hpolym , kJ/mol 77.5



Table 2. Cross-linkers Used in Superabsorbent Polymers Property CAS registry number Molecular formula Molecular mass, g/mol Boiling point, ◦ C Density at 20◦ C, g/cm3 Flash point, ◦ C



N,N  -Methylene Ethylene- 1,1,1-Trimethylol- Triallyl- Tetra(allyloxy) bisacrylamide diacrylate propanetriacrylate amine ethane 110-26-9



2274-11-5



15625-89-5



102-70-5



16646-44-9



C7 H10 N2 O2



C8 H10 O4



C15 H20 O6



C9 H15 N



C14 H22 O4



154.17



170.16



296.32



137.23



254.33



— —



67 (267 Pa) 1.094



— 1.100



150 0.790



157 (3330 Pa) 1.001



—



92



>110



30



>110
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be di-, tri-, or tetrafunctional, and can have mixed types of polymerizable groups such as methacrylate and allyl, as in allylmethacrylate. Mixed types of functional groups provide oleﬁns with varying reactivity toward the main monomer. The mixed-functional cross-linkers can be used to control the incorporation of the cross-links during the polymerization. For example, the gel point of the polymerization can be made at lower conversion of monomers by using a cross-linker that is more reactive than the main monomer. Conversely, the gel point can be delayed to higher conversion of monomers by using a less reactive monomer compared to the main monomer.



Manufacture of Monomer The principal monomer used in the manufacture of superabsorbent polymers is acrylic acid. Acrylic acid is made by the oxidation of propene in two steps (5). First, propene is oxidized to acrolein, and then the acrolein is further oxidized to acrylic acid. Different mixed metal oxide catalysts are used for each step to optimize the yield and selectivity of the oxidation reactions. Technical-grade acrylic acid is isolated from the steam-quenched reaction gas by means of solvent extraction and distillation, and is used principally in the further preparation of acrylate esters. The technical-grade acrylic acid is further puriﬁed by distillation or by crystallization from the melt to afford the polymerization-grade monomer.



Properties of Polymers The principal useful feature of superabsorbent polymers is their ability to absorb aqueous liquids and expand or swell in size. The swollen polymer—a cross-linked polymer solution—holds tightly to the liquid and prevents the liquid from being easily squeezed from the expanded structure. The two principal properties of the polymer that deﬁne their usefulness are the swelling ratio and the elastic modulus of the swollen polymer. Swelling Ratio. The swelling characteristic of superabsorbent polymers has been described in several ways. A volumetric swelling ratio is equal to the volume of solvent absorbed per unit volume of the polymer. The gravimetric swelling ratio, or speciﬁc absorbency, is equal to the mass of solvent absorbed per unit mass of unswollen polymer. The gravimetric ratio is most commonly used in the measure of swelling in commercial practice. These volumetric and gravimetric ratios can be easily interconverted by multiplication with the ratio of densities of the solvent and polymer. The molecular theories of swelling and elasticity of cross-linked polymer networks use the volume fraction of polymer in the gel phase as a measure of swelling extent. The reciprocal of the volume fraction, equal to the ratio of gel volume to polymer volume, is an alternative volumetric swelling ratio. The theory (6) yields equation 1 for the swelling ratio qm in terms of the essential structural and polymer synthesis parameters of the system. 1



5/3 qm



=







− χ 2Mc 2 2/3 V1 ρ0 υ 20 (1 − 3Mc /Mn)



(1)
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Fig. 1. Effect of neutralization on speciﬁc absorbency.



Assuming a randomly cross-linked, four-functional network, and including the ionic effects in an “apparent χ ,” the swelling ratio depends on the molecular mass of polymer chain between cross-links M c , on the backbone molecular mass M n , the molar volume V 1 of the solvent, and the density ρ 0 of the unswollen polymer. The volume fraction of monomer υ 20 during polymerization inﬂuences 2/3 the maximum swelling ratio through the term υ 20 . Commercialized superabsorbent polymers are salts of weak polyacids; hence, their swelling varies with the pH of the swelling liquid or the ionization extent of the polymer, as shown in Figure 1. For superabsorbents made from strong acid monomer such as 2-acrylamido-2-methyl-1-propanesulfonic acid, the swelling extent does not depend on the pH of the swelling liquid (7). The swelling ratio of any superabsorbent polymer depends directly on the cross-link density imposed during synthesis. The actual cross-link density often differs from the stoichiometry of reagents employed on account of inefﬁcient incorporation of cross-linker, poor reactivity of cross-linker relative to acrylic acid, and the functionality (number of reactive oleﬁnic groups) of the cross-linker molecule. The swelling extent of all superabsorbent polymers is very sensitive to the salt concentration of the swelling liquid (8), as a direct result of their polyelectrolyte nature. The swelling extent decreases with increasing concentration of ions in solution. Divalent ions, such as calcium or magnesium, decrease the swelling of superabsorbent polymers much more than monovalent ions (per mole of ions) (9). The additional effect is so large that it has been erroneously believed that the divalent ions behave like cross-linkers. Measurements of both the swelling extent and elastic modulus of the swollen gels have disproved that notion (10). The gels, swollen in solutions of divalent ions, had equivalent modulus to the gels swollen
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to the same volume fraction polymer in monovalent salt solution. However, many higher valence ions, such as ferric or chromic, add to the cross-link density of gels swollen in their solutions. Modulus of Elasticity. When a swollen superabsorbent polymer particle is subjected to mechanical stress, it strains and changes shape. The elastic modulus of the material is the ratio of the applied stress to the resulting strain. For swollen superabsorbent polymers, the magnitude of the elastic shear modulus principally depends on the cross-link density established during synthesis of the polymer and on the extent of swelling during measurement of the modulus. Polymer swelling lowers the cross-link density by increasing the volume in which the cross-links reside. The elastic modulus of the swollen superabsorbent polymer is important for several reasons. The powdered polymer is typically used in a physical blend with ﬁbers such as cellulose and thermoplastic binder ﬁbers. The resulting structure is called the absorbent core. The absorbent core relies on pore spaces between the ﬁbers and polymer particles to provide liquid transport volume for the overall structure. When the swollen superabsorbent particles have low modulus, they are easily deformed by body pressures and can ﬁll in the interﬁber and interparticle pores. This prevents liquid ﬂow and wicking of liquid into the drier portions of the core. Higher modulus limits the deformation of the particles and helps maintain the pore space. The elastic modulus also inﬂuences the swelling kinetics of the superabsorbent polymer in the blend (11). For a cross-linked polymer, different shaped particles have different swelling kinetics. This results from the coupling between the diffusion of water into the polymer network through the surfaces of the particles, and the relaxation of the cross-linked polymer chains in the presence of the swelling agent. Of the simple shapes, spherical particles have the fastest kinetics whereas ﬂat disks have the slowest kinetics. Spherical particles that are deformed into a disk-like shape swell more slowly, and therefore the more deformable swollen particles (lower elastic modulus) will be slower than similar sized particles with higher modulus that are less deformable. The elastic modulus is controlled by the polymer network structure and synthesis conditions. The number of cross-links added per mole of main monomer helps deﬁne the molecular mass between cross-links. The molecular mass of the backbone polymer chain (obtained if no cross-linker was used) affects the effectiveness of the cross-links in forming a fully connected network with no soluble fraction and minimum content of dangling chains. The polymer volume fraction during cross-linking υ 20 deﬁnes the extent of entanglement of the network chains, and therefore inﬂuences the elastic modulus. From the molecular theory of networks, the shear modulus is given in terms of polymerization parameters according to equation (2) G=







ρ0 RT 3Mc 2/3 1/3 1− υ 20 υ 2 2Mc Mn



(2)



wherein the parameters have the same meanings as given above for the equation of the swelling ratio. The extent of swelling during measurement is expressed through the volume fraction of polymer in the gel υ 2 . The gas constant R and the
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Fig. 2. Relationship of gel shear modulus to the speciﬁc absorbency. Polymers were swollen in 0.9% NaCl solution. To convert kPa to dyn/cm2 , multiply by 104 .



temperature T also affect the magnitude of the modulus. By comparing equations 1 and 2, the swelling capacity and the elastic modulus are inversely related to the same structural parameters. This relationship is shown in Figure 2. Swelling Kinetics. A ﬁrst-order relaxation process in which the polymer chains relax and diffuse into the aqueous solution controls the swelling rate, which is given by equation 3: Rate of swelling =



dQ = k(Qmax − Q(t)) dt



(3)



wherein Qmax and Q(t) are the swelling ratios at equilibrium and at any time t, under the conditions of the experiment. The ﬁrst-order rate (or relaxation) coefﬁcient k depends on the diffusion coefﬁcient of the polymer chains and on the particle radius. Integration over the total swelling time yields equation 4. Q(t) = Qmax (1 − e − kt )



(4)



The rate coefﬁcient k depends on the elastic subchain length (between crosslinks), decreasing with increasing chain length between cross-links (ie, lower cross-link density). The rate coefﬁcient also decreases with increasing particle radius. Increasing the temperature hastens the thermal ﬂuctuations of the chains, and hence increases the rate coefﬁcient. The rate coefﬁcients for the weak polyelectrolyte superabsorbent polymers vary with the pH (extent of neutralization) and the salt concentration as well. At higher pH, the chains adopt a stiffer conformation; hence, the rate coefﬁcient increases with pH. Addition of monovalent salts has the reverse effect on conformation; hence, the rate coefﬁcient decreases with increasing salt concentration.
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Polymerization Superabsorbent polyacrylates are prepared by means of free-radical-initiated copolymerization of acrylic acid and its salts with a cross-linker (12,13). Two principal processes are used: bulk, aqueous solution polymerization and suspension polymerization of aqueous monomer droplets in a hydrocarbon liquid continuous phase (14) (see BULK AND SOLUTION POLYMERIZATIONS REACTORS; HETEROPHASE POLYMERIZATION). In either process, the monomers are dissolved in water at concentrations of 20–40 wt% and the polymerization is initiated by free radicals in the aqueous phase (15). The initiators, freeradical (qv) used include thermally decomposable initiators, reduction–oxidation systems, and photochemical initiators and combinations. Redox systems include persulfate/bisulﬁte, persulfate/thiosulfate, persulfate/ascorbate, and hydrogen peroxide/ascorbate. Thermal initiators include persulfates, 2,2 -azobis(2-amidinopropane)dihydrochloride, and 2,2 -azobis(4-cyanopentanoic acid). Combinations of initiators are useful for polymerizations taking place over a temperature range. The copolymerization is conducted either at low pH with the acid-form monomers, which are neutralized after polymerization, or at roughly neutral pH with partially neutralized carboxylate salts. Sodium hydroxide and sodium carbonate typically are the neutralizing agents. The cross-linkers vary in functionality, from difunctional acrylate esters and methylenebisacrylamide, to trifunctional compounds, such as 1,1,1-trimethylol-propanetriacrylate and triallylamine, and to tetrafunctional compounds, such as tetra(allyloxy)ethane. In the case of acrylic and methacrylic acids, the reactivity of the monomer toward polymerization is a complex function of the pH (extent of neutralization) and monomer concentration. The reactivity of ionized monomer being lower than the neutral carboxylic acid, polymerization proceeds more slowly as pH is increased (16–18). A minimum in the polymerization rate occurs at pH of 7 (19–21). Above pH of 7, the rate increases again because of electrostatic screening due to increased ionic strength.



Processing of Polymers Gel Size Reduction. After polymerization, the gel intermediate must be dried. However, prior to drying, the size of the gel pieces must be reduced in order to increase surface area and speed drying. In some commercial processes, the gel size reduction is done in the polymerization vessel by means of high torque agitators or screws. In other processes, gel is sized in a separate unit operation of gel extrusion and cutting or mincing. Final gel particles are in the diameter range of 0.5–3 cm. Drying. The water used as solvent in the polymerization is removed from the polymerized gel by evaporation in continuous-operation, hot-air convection dryers or in contact dryers such as steam-heated drum dryers. In hot-air convection dryers, the rate of moisture removal depends on the heating gas temperature, humidity and ﬂow rate, and the diffusion characteristics of water from the gel. Drying occurs in three general stages. For high water content in the gel, the drying rate is constant, as the rate is limited by heat transfer into the gel. At low water
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contents, the drying is limited by diffusion of water through the gel, and the drying rate falls as water is further depleted. In the intermediate or transition regime, some of the polymer is still in the constant-rate regime while other portions have entered the diffusion-controlled regime. On rotating drum dryers, the drying energy is conductively transferred from the hot metal drum to the gel (22). The hydrogel must be applied to the drum in a sufﬁciently thin layer, accounting for the available heat transfer and drum size, so that it is thoroughly dry in about three quarters of a revolution of the drum roll, whereupon it is scraped from the drum with ﬂaking knives. In order to spread the gel layer effectively onto the drum, the hydrogel must be soft enough to be deformable in the dryer nip. Grinding and Sieving. Grinding or milling the very coarse dryer product, followed by sieving sets the particle size distribution of the dried superabsorbent polymer. The common polyacrylate superabsorbent polymers have a particle size distribution ranging from about 200 to 800 µm. Two-stage milling is frequently used in combination with sieving and recycle of the oversize particles in order to prepare a relatively narrow size distribution of the ﬁnal granular powder. Knife mills, attrition mills, roll crushers, and the like are used in the ﬁrst stage to provide a coarse but narrower particle size distribution feed for the second grinding stage. In the second stage, the ﬁnal average particle size is attained. Sieving off both the coarse tail and the ﬁne tail of the size distribution typically narrows the ﬁnal size distribution further. The coarse tail is recycled to the grinder, and the ﬁne tail may be used for other purposes or recycled back to the polymerization reactor. Surface Cross-linking. Since small particles of hygroscopic polymer absorb water very fast, they can quickly form a thin, sticky layer of gel at the particle surface and then clump together or “gel block.” The resulting interparticle adhesion causes the formation of large, sticky agglomerates with low interparticle porosity and drastically slower swelling rate. One remedy is to add a solution of multivalent cations to the surface of the dry particles, forming an ionically crosslinked surface layer (23). Alternatively, the particle surface can be coated with and reacted at elevated temperature with polyols, polyepoxides, linear or cyclic diesters or polyamines, as examples, forming a covalently cross-linked surface shell (24–26). This shell of higher cross-link density is less swellable, less sticky, more rigid than the untreated polymer surface, and prevents gel-blocking. This improves the permeability of the particle bed toward liquids. A third method to produce these so-called structured particles is to ﬁrst form a particle with higher cross-link density and then lower the cross-link density in the center of the particle. Cross-linked polymers made in the presence of oxidizing agents such as sodium or potassium chlorate have shown improvements in absorbency under load and swelling capacity after a high temperature heating step (27) wherein a portion of the polymer chains in the particle center are cleaved through the action of the oxidizers.



Economic Aspects Cross-linked, partially neutralized poly(sodium acrylate) represents the overwhelming majority of the superabsorbents manufactured in the world today.
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The global manufacturing capacity for these superabsorbent polymers in 2001 was estimated to be about 1.187 million metric tons per year. This quantity is split with 380 kt/year in Europe, 427 kt/year in the United States of America, and 380 kt/year in Asia. Total global usage of superabsorbent polymers in 2001 amounted to about 1093 kt, or just over 92% of the global manufacturing capability (28). In 2001, there were six principal global manufacturers of superabsorbent polymers. BASF Aktiengesellschaft had about 305 kt/year of manufacturing capacity, followed by Degussa (Stockhausen division) with about 245 kt/year, Nippon Shokubai Kagaku Kogyo with about 230 kt/year, The Dow Chemical Co. with about 120 kt/year, SanDia (Sanyo and Mitsubishi joint venture) with about 95 kt/year, and Sumitomo Chemical with about 60 kt/year. Several more small manufacturers together made up another 132 kt/year of manufacturing capability. Included in this group of smaller companies are those who make slightly different superabsorbent polymers such as cross-linked, partially neutralized poly(potassium acrylate) and cross-linked, slightly ionized polyacrylamide, which are used mainly in the agricultural and horticultural industries. Superabsorbent polymers are used mainly in disposable, personal care hygiene products. About 81% of total tonnage (885 kt/year) is used in infant diapers and child training pants. Another 14% of the total (157 kt/year) is used in adult incontinence products, and about 2% (22 kt/year) is used in feminine menstrual pads and napkins. The remaining 3% of total tonnage (32.8 kt/year) is used in other applications such as construction materials, cable wrapping tapes, agriculture, and horticulture.



Analytical and Test Methods Swelling Capacity. Several methods have been used to measure the speciﬁc absorbency (mass of liquid absorbed per unit mass of superabsorbent polymer), swelling ratio, or swelling capacity (29). In the most common technique (30), a small quantity of superabsorbent polymer is placed in a porous, heat-sealable bag, which is then immersed in the desired aqueous liquid. The polymer is allowed to absorb liquid for a time long enough to reach maximum or equilibrium swelling, which is usually from 30 to 90 min. Then the porous bag and its contents are centrifuged under standard conditions to remove the unabsorbed liquid from the pore spaces between the swollen particles. The liquid absorbed is determined by gravimetry. Elastic Modulus. The elastic shear modulus of swollen superabsorbent polymer is commonly measured by means of oscillatory rheometry, using any of a variety of commercially available instruments (31). The sample to be analyzed is screened to the desired particle size cut such that the swollen particle size is smaller than the gap between the measuring plates. The sample is swollen in the desired liquid, usually 0.9 wt% NaCl solution or synthetic urine. Excess liquid is removed from the swollen hydrogel by blotting to minimize interparticle slippage. The hydrogel typically is placed onto the lower circular plate. An upper conical plate is positioned at the proper sample gap, which is packed with the gel. An oscillating torque is applied at a known frequency to the upper plate and the
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resulting angular displacement of the cone is determined. The shear modulus of the hydrogel is calculated from the ratio of the applied stress to the resulting strain (32). Particle Size Distribution. The particle size distribution is determined by sieving. The Rotap sieving, similar to the ASTM method used for polymer powders (33) is typically used. The method consists of placing a known quantity of the powder in a stack of sieves that are shaken horizontally while being hit at the top with a hammer (34). Alternatively, vibrating sieve sets may be used. The mass of polymer on each sieve is measured gravimetrically. From this data, the size distribution may be plotted and the mass-median particle size calculated. Bulk Density and Flowability. The polymer bulk density (35) and polymer ﬂowability (36) affect conveying pipe and hopper design in the polymer manufacturing plants and dosing machine settings on diaper manufacturing lines. Flowability is typically evaluated by timing the ﬂow of a 100-g granular sample from a funnel into a cylinder of known volume. The bulk density, taken from the same procedure, is the mass/volume ratio of polymer in the cylinder. Swelling Kinetics Methods. Swelling kinetics for superabsorbent polymers may be measured by a viscometric method (37), based on the dependence of suspension viscosity on the volume fraction of the suspended particles. However, the swelling rate is most often measured by determining the speciﬁc absorbency as a function of time, for example, by means of the centrifuge capacity analysis. An absorption rate may also be obtained from data of swelling vs time using the demand absorbency method (38). A simple, single-point measurement of kinetics has been used in the patent art (39–41) and its characteristics have been described (37). The method, referred to as the “vortex time” analysis, is based upon the earlier exponential kinetic equation, rearranged to obtain equation (5) for a characteristic swelling time in terms of the values of Q, Qmax , and the rate coefﬁcient k. tv = −



1 ln(1 − Q/Qmax ) k



(5)



When the relative swelling of the sample Q/Qmax is known or is held constant, then tv is simply related to the rate coefﬁcient. In the original method (39), 2 g of polymer sample is mixed with 50 mL of the desired test ﬂuid, which is stirred by means of a magnetic stirring bar in a small beaker. As the ﬂuid absorption proceeds, the viscosity of the suspension increases until the stirring vortex disappears at time tv . The volume fraction of swollen polymer in the suspension when the vortex disappears was estimated to be equal to 0.52 (42). For the most accurate and comparable results across samples with different swelling capacities, the mass of polymer added must be adjusted based on the value of the speciﬁc absorbency. As the speciﬁc absorbency increases, less polymer is used in the test so that each sample reaches the same relative swelling extent at time tv (43). Absorbency under Load. The absorbency under load is a commonly used measure of the performance of superabsorbent polymers in absorbent products
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such as diapers. It is not so much a property of the superabsorbent polymer, but rather a swelling phenomenon of a compressed, packed bed of polymer particles. The test system consists of a short plastic cylinder with a ﬁne mesh screen ﬁxed over one end. A quantity of dry polymer particles is placed on the screen and covered with a loose-ﬁtting plastic disk as a piston. A standard weight is placed on the plastic piston, and then the polymer is put into contact with a saline solution through the ﬁne mesh screen. As the polymer absorbs liquid, the swelling particles ﬁll the cylindrical cell and push up the piston. The gravimetric swelling ratio achieved in a standard time is determined. The test is thought to mimic the behavior of the polymer as it swells within the absorbent core, under compression applied by the baby’s body. The test has been modeled in terms of the polymer properties and some characteristics of the particle bed (44).



Uses The unique attributes of superabsorbent make them useful in many different applications. The liquid absorption and retention ability makes them useful in disposable hygienic products. These include infant diapers, feminine hygiene pads, and adult incontinence products. Other absorbent products suitable for superabsorbent polymers are paper towels, surgical sponges, meat trays, disposable mats for outside doorways, household pet litter, bandages, and wound dressings. Because the gels can slowly release water vapor to the atmosphere, they can be used in humidity controlling products or as soil conditioners. Superabsorbent polymers can also release water-soluble substances from within the network structure into surrounding solutions; hence, pharmaceuticals or fertilizers may be controllably released from within the gels. The rubbery nature of the swollen gels can control the consistency of cosmetics or concrete, and yield a soft and dry feel to hot or cold packs for sore muscles. The combination of swelling and soft rubber properties imparts sealing properties to products that may come into contact with water or aqueous solutions, such as, underground wires and cables. In the following paragraphs, additional details will be given of how the properties of superabsorbent polymers affect their utility in speciﬁc products. Disposable Infant Diapers. A basic disposable diaper consists of an absorbent core sandwiched between a liquid permeable top-sheet and an impermeable back-sheet (45). The top-sheet, next to the baby’s skin, allows urine to ﬂow through it into the core. The back-sheet, made of impermeable plastic, helps keep the baby’s clothing dry. The core takes in the liquid, distributes it within the core and holds the liquid under compression from the baby. In a diaper, the polymer is mixed with 0.5–10 times its mass of cellulose pulp ﬂuff (processed wood ﬁber) to make up the core (46–48). Cores containing superabsorbents are thinner because a smaller volume of dry superabsorbent polymer can absorb the same volume of aqueous liquid as a larger volume of ﬂuff. In addition to the speciﬁc absorbency of the superabsorbent polymer, the absorption rate of the diaper must be optimized to the urination rate of the baby. When the core absorbs too slowly relative to the urination rate, the liquid overﬂows
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the core and leaks from the diaper. The absorption rate of the composite is inﬂuenced by the absorption rate of the superabsorbent polymer. Fast swelling of the polymer can contain the liquid quickly. However, in some diaper designs, fast swelling may cause the diaper to leak if the porosity and permeability of the composite is reduced too rapidly. Adult Incontinence. Adult incontinence products include belted or ﬁtted disposable garments and light incontinence pads, which are similar to feminine napkins. Similar design considerations are used as in baby diapers. In adults the liquid volume is larger and the urination rate is faster than in infants; therefore, polymers with larger speciﬁc absorbency and faster swelling rate are desired for this application (49). The market for these products is growing with the aging population. Feminine Hygiene. The ﬁrst personal-hygiene product commercialized with superabsorbent polymer was a feminine napkin in Japan. Perhaps the biggest challenge in using superabsorbent polymer in these products is the huge difference in properties between urine and menstrual ﬂuid. Menstrual ﬂuid is a complex, viscous mixture of water, salts, proteins, and cells. The cells are far too large to be absorbed into the superabsorbent polymer, and the proteins make the ﬂuid very viscous and thereby slow the diffuse of liquid into the polymer. In other blood absorption applications, such as in surgery and surgical appliances, the polymers can be chemically modiﬁed to prevent undesired blood clotting (50). Incorporating similar additives into superabsorbent polymers may improve their performance in feminine hygiene products. Agricultural and Horticultural Applications. Superabsorbents in agriculture and horticulture are used as a mulch, to help the soil retain moisture (51,52). To provide this function, the polymers optimally are mixed into soil at a concentration of about 0.1 wt%. The resulting mixture retains moisture longer than untreated soil and helps maintain optimum germination conditions. Superabsorbent polymer helps improve porosity in clay soils, as the polymer particles expand and contract during the moisture cycles. However, in wet and soggy soils with low oxygen content, superabsorbent polymers can prolong the unfavorable soil conditions. Salt-tolerant superabsorbent polymers may be more useful than the common polyacrylates for this application. An excellent review of superabsorbents in soil has been published (53). Construction Materials. Superabsorbent polymers are used to control liquid water in a variety of construction-related products. Joint-sealing composites are made by blending superabsorbents into chloroprene rubber (54) or into poly(ethylene-co-vinyl acetate) (55). These composites are used like mortar in the concrete block walls of the structure. Gaps left during construction are subsequently ﬁlled as the superabsorbent swells in any water, and subsequent leaks are prevented. A water-blocking construction backﬁll has also been developed from cement, water absorbing polymer, and an asphalt emulsion (56). The swelling property of superabsorbents also protects communication cables from water damage (57,58). Water-blocking tapes are wrapped around ﬁberoptic communication cables and power transmission cables to stop intrusion of water into the cables if the water-resistant coverings are cut or broken (59). The
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swelling polymer seals the damaged area and slows water penetration further along the cable. Food Packaging. Superabsorbent polymer can also absorb juice or water from raw chicken, shellﬁsh and other meats, or from frozen foods as they thaw, reducing sogginess of the product (60). Chilled superabsorbent polymer gels can also be used as a dry-cooling medium to keep perishable foods cold (61). The humidity controlling property of superabsorbent polymer also can be used to maintain a constant humidity in vegetable and fruit storage and prevent water spotting on fruits (62). Sensors. Superabsorbent polymers can be used in sensor systems by virtue of their swellability and rubbery nature, which are controllable by changes in water content, pH, and ionic strength. Because a small voltage may be induced in a soft hydrogel by applying mechanical stress to the gel, a pressure-sensitive switch is possible (63). The potential that develops between the stressed and unstressed parts of the gel generates a signal that can light a photo diode. The intensity of the light emitted by the diode depends on the magnitude of the applied stress. The application of a voltage across a polyelectrolyte gel conversely causes a volume change in the gel. This may be used to perform work in applications such as robotic ﬁngers (64) or artiﬁcial muscle (65).



BIBLIOGRAPHY 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18. 19.



O. Okay, S. B. Sariisik, and S. D. Zor, J. Appl. Polym. Sci. 70, 567–575 (1998). F. Rosa, J. Bordado, and M. Casquilho, Polymer 43, 63–70 (2002). H. Hirose and M. Shibayama, Macromolecules 31, 5336–5342 (1998). J. Zhang and N. A. Peppas, Macromolecules 33, 102–107 (2000). T. Ohara, T. Sato, N. Shimizu, G. Prescher, H. Schwind, O. Weiberg, and K. Marten, Ullman’s Encyclopedia of Industrial Chemistry, 5th ed., Vol. A1, 1985. pp. 161–176 J. E. Mark and B. Erman, Rubberlike Elasticity, A Molecular Primer, John Wiley & Sons, Inc., New York, 1988. O. Okay and S. Durmaz, Polymer 43, 1215–1221 (2002). E. Vasheghani-Farahani, J. H. Vera, D. G. Cooper, and M. E. Weber, Ind. Eng. Chem. Res. 29, 554–560 (1990). I. Ohmine and T. Tanaka, J. Chem. Phys. 77, 5725–5729 (1982). F. Horkay, P. J. Basser, A. Hecht, and E. Geissler, Macromol. Symp. 171, 201–208 (2001). C. Wang, Y. Li, and Z. Hu, Macromolecules 30, 4727–4732 (1997). F. Askari, S. Naﬁsi, H. Omidian, and S. A. Hashemi, J. Appl. Polym. Sci. 50, 1851–1855 (1993). F. L. Buchholz, J. Chem. Educ. 73, 512–515 (1996). U. Dayal, S. K. Mehta, M. S. Choudhary, and R. C. Jain, J. Macromol. Sci., Rev. Macromol. Chem. Phys. C 39, 507–525 (1999). H. Omidian, S. A. Hashemi, P. G. Sammes, and I. G. Meldrum, Polymer 39, 3459–3466 (1998). S. H. Pinner, J. Polym Sci. 9, 282–285 (1952). H. W. Melville, in Proceedings of the International Colloquium on Macromolecules, Amsterdam, 1949, Centen, Amsterdam, 1950, p. 376. G. Blauer, J. Polym. Sci. 11, 189–192 (1953). H. Ito, S. Shoji, and S. Shigenari, J. Chem. Soc. Jpn., Ind. Chem. Sect. 58, 194–196 (1955).



Vol. 8



SUPERABSORBENT POLYMERS



119



20. V. A. Kabanov, D. A. Topchiev, and T. M. Karaputadze, J. Polym. Sci. Symp. 42, 173–183 (1973). 21. V. A. Kabanov, D. A. Topchiev, T. M. Karaputadze, and L. A. Mkrtchian, Eur. Polym. J. 11, 153–159 (1975). 22. J. McKetta, Encyclopedia of Chemical. Processing. and Design, Vol. 17, Marcel Dekker, Inc., New York, 1982, pp. 17–19. 23. U.S. Pat. 4,043,952 (1977), S. H. Ganslaw and H. G. Katz (to National Starch and Chemical Corp.). 24. Eur. Pat. Appl. 629,411 (1994), T. Sumiya, M. Date, and K. Tanaka (to Sanyo Chemical Industries, Ltd.). 25. Jpn. Kokai Tokkyo Koho 57-44,627 (1982), S. Oobayashi, M. Nakamura, T. Yamamoto, and M. Fujikake (to Seitetsu Kagaku Co., Ltd.). 26. Jpn. Kokai Tokkyo Koho. 58-42,602 (1983), T. Ito, F. Masuda, K. Tanaka, and K. Mita (to Sanyo Chemical Industries, Ltd.). 27. WIPO Int. Appl. 94-20,547 (1994), J. H. Burgert, F. L. Buchholz, S. B. Christensen, H. A. Gartner, A. T. Graham, and T. C. Johnson (to The Dow Chemical Company.). 28. R. May, unpublished data, The Dow Chemical Company, 2002. 29. S. Cuti´e, P. B. Smith, R. E. Reim, and A. T. Graham, in F. L. Buchholz and A. T. Graham, eds., Modern Superabsorbent Polymer Technology, Wiley-VCH, New York, 1998, p. 153. 30. U.S. Pat. 5,149,334 (1992), F. H. Lahrman, C. J. Berg, and D. C. Roe (to The Procter and Gamble Co.). 31. Eur. Pat. Appl. 530,438 (1993), D. R. Chambers, H. H. Fowler, Y. Fujiura, and F. Masuda (to Hoechst Celanese Corp.). 32. J. D. Ferry, Viscoelastic Properties of Polymers, 2nd ed., John Wiley & Sons, Inc., New York, 1970. 33. Particle Size (Sieve Analysis) of Plastic Materials, ASTM D1921 American Society of Testing and Materials, 1982. 34. B. H. Kaye, in P. J. Elving and J. D. Winefordner, eds., Direct Characterization of Fine Particles, John Wiley & Sons, Inc., New York, 1981, p. 69. 35. Apparent Density of Free Flowing Metal Powders, ASTM B212-82, American Society for Testing and Materials, 1982. 36. Flow Rate of Metal Powders, ASTM B213-77, American Society for Testing and Materials, 1977. 37. F. L. Buchholz, in L. Brannon-Peppas and R. Harland, eds., Absorbent Polymer Technology, Elsevier Science Publishers, New York, 1990, pp. 233–247. 38. E. Selic and W. Borchard, Macromol. Chem. Phys. 202, 516–520 (2001). 39. U.S. Pat. 4,587,308 (1986), M. Makita and S. Tanioku (to Arakawa Kagaku Kogyo Kabushiki Kaisha). 40. U.S. Pat. 5,053,460 (1991), P. Mallo, M. Moreau, and J. Cabestany (to Societe Francaise Hoechst). 41. Eur. Pat. Appl. 615,736 (1994), M. K. Melius, S. M. Yarbrough, M. C. Putzer, S. R. Kellenberger, and S. K. Byerly (to Kimberly-Clark Corp.). 42. F. L. Buchholz, in L. Brannon-Peppas and R. Harland, eds., Absorbent Polymer Technology, Elsevier Science Publishers, New York, 1990, pp. 233–247. 43. S. Cuti´e, P. B. Smith, R. E. Reim, and A. T. Graham, in F. L. Buchholz and A. T. Graham, eds., Modern Superabsorbent Polymer Technology, Wiley-VCH, New York, 1998, p. 156. 44. F. L. Buchholz, in F. L. Buchholz and A. T. Graham, eds., Modern Superabsorbent Polymer Technology, Wiley-VCH, New York, 1998, p. 201ff. 45. U.S. Pat. 4,306,559 (1981), K. Nishizawa, T. Shirase, and H. Mizutani (to Kao Soap Co., Ltd.).



120



SUPERABSORBENT POLYMERS



Vol. 8



46. U.S. Pat. 5,147,343 (1992), S. R. Kellenberger (to Kimberly-Clark Corp.). 47. U.S. Pat. 5,149,335 (1992), S. R. Kellenberger, W.-H. Shih-Schroeder, and A. J. Wisneski (to Kimberly-Clark Corp.). 48. U.S. Pat. 5,021,050 (1991), M. J. Iskra (to Weyerhauser Co.). 49. U.S. Pat. 5,439,458 (1995), J. R. Noel and A. Ahr (to The Procter and Gamble Co.). 50. E. W. Merrill, R. W. Pekala, and N. A. Mahmud, in N. A. Peppas, ed., Hydrogels in Medicine and Pharmacy, Vol. 3: Properties and Applications, CRC Press, Boca Raton, Fla. 1987, pp. 1–16. 51. T. Yamaguchi and S. Tsukakoshi, Chem. Express 7(2), 165–168 (1992). 52. M. Bakass, A. Mokhlisse, and M. Lallemant, J. Appl. Polym. Sci. 83, 234–243 (2002). 53. K. S. Kazanskii and S. A. Dubrovskii, Adv. Polym. Sci. 104, 97–133 (1992). 54. Jpn. Kokai Tokkyo Koho 62-149,335 (1987), T. Tsubakimoto, T. Shimomura, and H. Kobayashi (to Nippon Shokubai Kagaku Kogyo). 55. Jpn. Kokai Tokkyo Koho 06-157,839 (1994), S. Masakatsu, S. Eiji, N. Toshikazu, and I. Masatoshi (to Tonen Chemical Corp.). 56. A. Moriyoshi, I. Fukai, and M. Takeguchi, Nature 344, 230–232 (1990). 57. Eur. Pat. Appl. 24,631 (1981), K. E. Bow (to The Dow Chemical Company). 58. K. Hogari and F. Ashiya, in F. L. Buchholz and N. A. Peppas, eds., Superabsorbent Polymers: Science and Technology (ACS Symposium Series 574), The American Chemical Society, Washington, D.C., 1994, pp. 128–140. 59. Eur. Pat. Appl. 375,685 (1990), H. Polle (to Siemens Aktiengesellschaft). 60. Eur. Pat. Appl. 68,530 (1983), A. M. DeGouw, J. Prins, and J. Dingermans (to Akzo N.V.). 61. Australian Pat. 8,777,327 (1988), P. Clerk. 62. T. Shimomura and T. Namba, in F. L. Buchholz and N. A. Peppas, eds., Superabsorbent Polymers, Science and Technology (ACS Symposium Series 573), American Chemical Society, Washington, D.C., 1994, pp. 112–115. 63. K. Sawahata, J. P. Gong, and Y. Osada, Macromol. Rapid Commun. 16, 713–716 (1995). 64. K. Kurauchi, T. Shiga, Y. Hirose, and A. Okada, in D. DeRossi and co-workers, eds., Polymer Gels, Plenum Press, New York, 1991, pp. 237–246. 65. W. Kuhn, B. Hargitay, A. Katchalsky, and H. Eisenberg, Nature 165, 514–516 (1950).



GENERAL REFERENCES F. L. Buchholz and N. A. Peppas, eds., Superabsorbent Polymers, Science and Technology (ACS Symposium Series 574), American Chemical Society, Washington, D.C., 1994. F. L. Buchholz and A. T. Graham, eds., Modern Superabsorbent Polymer Technology, WileyVCH, New York, 1998. J. P. Cohen Addad, Physical Properties of Polymeric Gels, John Wiley & Sons, Inc., New York, 1996. D. DeRossi, K. Kajiwara, Y. Osada, and A. Yamauchi, eds., Polymer Gels, Fundamentals and Biomedical Applications, Plenum Press, New York, 1991. L. Brannon-Peppas and R. Harland, Absorbent Polymer Technology, Elsevier, New York, 1990. P. K. Chatterjee, ed., Absorbency, Elsevier, New York, 1985.



Vol. 8



SYNCHROTRON RADIATION



121



K. Dusek, ed., Responsive Gels: Volume Transitions 1 (Advances in Polymer Science 109), Springer-Verlag, Berlin, 1993. K. Dusek, ed., Responsive Gels: Volume Transitions 2 (Advances in Polymer Science 110), Springer-Verlag, Berlin, 1993.



FREDRIC L. BUCHHOLZ The Dow Chemical Company



SURFACE PROPERTIES.



See Volume 4.



SUSPENSION (OR PRECIPITATION) POLYMERIZATION. See HETEROPHASE POLYMERIZATION.



























des documents recommandant













"Hyperbranched Polymers". - Wiley Online Library 

Material engineers have been trying to improve polymer properties with a variety of technologies and ingenuity. Polymers have been modified in numerous ...










 








"Inorganic Polymers". - Wiley Online Library 

polymers with only alkyl and aryl side groups bound by direct P C bonds. To ..... In contrast, very few examples of polymers with ferrocene units in close prox-.










 








"Electrically Active Polymers". - Wiley Online Library 

ble and processable high molecular weight PPVs The most widely used ..... trical conductivity is limited by the disorder-induced localization of the ..... EAP-based actuators have been explored for use in artificial muscle fibers (AMFs) ...... 61, 20










 








"Isocyanate-Derived Polymers". In ... - Wiley Online Library 

and enamines or ketenaminals. This reaction proceeds by a [2 + 2] cycloaddition reaction with subsequent ring opening to form polyamides. [2 + 4] cycloaddition.










 








"Vinyl Acetal Polymers". - Wiley Online Library 

Where stiffer performance at higher temperatures is required, PVF provides significant property advancement. Encyclopedia of Polymer Science and Technology ...










 








fracture - Wiley Online Library 

polymer fracture, plasticity modifications are of value. It is possible ... is the energy per unit area necessary to produce the new fracture surface S. For a crack of ... come the crack resistance R. This is shown in Figure 4 for a linearly elastic 










 








"Structural Representation of Polymers". In ... - Wiley Online Library 

Knowledge of these three key properties of a substance affords versatility in its retrieval. This is ..... position makes an appreciable difference to product properties; thus, the answer ... searched. Although this article is not intended to be a te










 








PhosphorusÃ¢â€¢'Containing Polymers and ... - Wiley Online Library 

primers in metal protection and for photolithographic plates. The binding proper- ... Encyclopedia of Polymer Science and Technology. Copyright John Wiley ...










 








"Xylylene Polymers". In: Encyclopedia of ... - Wiley Online Library 

When the pyrolysis gases are quenched with a molar excess of iodine vapor, a yield of ... Only one exception to the clean production of two monomer molecules from the pyrolysis of dimer ..... presence of a water-soluble copper or iron compound (22). 










 








"Polycarbosilanes". - Wiley Online Library 

difunctional organic groups that connect the silicon atoms (1â€“4). The side groups R ..... (99), perfluoroalkyl (100,101), hydroxyl, dimethylamino, sodium sulfonate, ...










 








Predictors of Cavitation in Glassy Polymers ... - Wiley Online Library 

Aug 23, 2011 - the onset of cavitation, a detailed analysis of some local properties is presented. ... length scalesand energy scaleÎµ, and the characteristic time.










 








Microencapsulation - Wiley Online Library 

For example, solvent evaporation is a key step in spray dry encapsulation .... 7. Fig. 4. Schematic diagrams that illustrate the different types of interfacial ..... a sharp image on the reactive coating of the transfer sheet and large enough to ... 










 








"Polysaccharides". - Wiley Online Library 

Polysaccharides are naturally occurring polymers in which the repeat unit consists ... This article describes the structure of the principal polysaccharides from nat- ... Initially, one of the forms was found to be dextrorotary (+) and was named. Tab










 








"Polyanhydrides". - Wiley Online Library 

The results of polymerization between sebacic acid and fumaric acid, using ... tative list of polyanhydrides is shown in Table 2. ...... On the basis of result of a.










 








"Silicones". - Wiley Online Library 

icon metal by the reaction of SiO2 and C in an electric arc furnace, a process ..... Many catalytic systems capable of promoting polycondensation of siloxanediols ...... coating the organic solution of resin onto an integrated circuit device, followe










 








ERKs Is ... - Wiley Online Library 

measuring the release of glycerol in the presence of (âˆ’)-isoproterenol (10âˆ’6 M) for 1 h. ... and lipolytic capacities and in leptin production are consistent with the ...










 








Rheological Measurements - Wiley Online Library 

of the polymer or other material, and T is the absolute temperature. Estimation .... Courtesy of the Society of Plastics Engineers, Inc. this has been ...... ties relative to some standard fluid of known viscosity, such as water, are readily determin










 








Metathesis Reactions - Wiley Online Library 

Aug 27, 2013 - classic bis(mesityl) NHC ligand and a MIC ligand, pro- tonolysis of the ..... liths[110] with norborn-2-ene, tris(norborn-5-ene-2-ylmethyl- oxy)methylsilane, and [Ru]-1 ...... [272] J.-A. Richard, S. Y. Ng, D. Y.-K. Chen, Modern Tools 










 








"Membrane Technology". - Wiley Online Library 

a few years, Dow was producing systems to separate nitrogen from air, and Cynara and Separex ...... liest types of membrane system; the design originates from the conventional filter- press. ..... Because the facilitated transport process employs a s










 








Get PDF - Wiley Online Library 

gated and, especially, aromatic systems show shake-up satellites with ..... eroatoms to the phenyl ring, either in-chain or in a pendant group, leads to charac-.










 








alpine lakes - Wiley Online Library 

Jul 4, 2013 - Pearson correlation analysis) and also using a principal component analysis. ... times accounting for up to 56% (August) and 59% (June).










 








Polymer Vesicles - Wiley Online Library 

-ethylene oxide),. PDMS-PEO. W ater. 22,23. P oly(methylphenylsiloxane- b ..... (SDS). PS-PAA; dioxane/water. 116 v â†‘. Core-swelling, screening of. PAA.










 








Standard PDF - Wiley Online Library 

positional variation. XMg [Mg/(Mg + Fe) in atoms] of orthopyroxene and clinopyroxene are 0.77 and 0.87, respectively, while garnet is a solid-solution alm43-.










 








Squamata: Lacertidae - Wiley Online Library 

Growth is continuous throughout life. ...... Proceedings of the Royal Society of London Series B, Bio- .... variation, climate effects and population dynamics in a.










 














×
Report "Superabsorbent Polymers". - Wiley Online Library





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



