
�  Kimax1000 mL Buchner flask (Fisher Scientific, Pittsburgh, PA, USA)
�  75 mm diameter glass funnel (Fisher Scientific, Pittsburgh, PA, USA)
�  Buchner funnel rubber stopper size 7 (Fisher Scientific, Pittsburgh, PA, USA)
�  Neoprene filter adapter size 3 (Fisher Scientific, Pittsburgh, PA, USA)
�  Neoprene filter adapter size 4 (Fisher Scientific, Pittsburgh, PA, USA)
�  Fisherbrand stainless steel micro-spatula (Fisher Scientific, Pittsburgh, PA, USA)
�  Fisherbrand traceable three-line alarm timer (Fisher Scientific, Pittsburgh, PA, USA)

Equipment

�  Gast standard DOA-P504-BN diaphragm vacuum pump (Cole-Parmer, Vernon Hills, IL, USA)
�  Mettler Toledo ML204 220 g � 0.1 mg analytical balance (Cole-Parmer, Vernon Hills, IL, USA)
�  Benchmark BenchRocker 3D variable speed rocker (Sigma-Aldrich, St. Louis, MO, USA)

Procedure

1 The weight of the steel sieve is measured as W1. Assemble the two filter adaptors, the steel sieve, the
glass funnel, and the rubber stopper on the Buchner flask, as shown in Fig. 2. Connect the Buchner
flask to the vacuum pump, as shown in Fig. 3(a).

2 Using the micro-spatula, put approximately 0.02 g potassium polyacrylate powders or 0.01 g
sodium polyacrylate powders on the analytical balance and record its weight as W0. Put the
measured hydrogel powders into the centrifuge tube, which contains 20 mL deionized water. Close
the tube to minimize evaporation. Shake the tube by hand to improve contact between the hydrogel
powders and the water, as shown in Fig. 3(b). If the prescribed period of time t is longer than 3 min, a
rocker can be used to ensure full contact between the hydrogel powders and the water. It is

Fig. 2. Schematics of the experimental setup used for the proposed sieve filtration method.
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important to note that conical-bottom centrifuge tube should be used to ensure that all the
water-absorbed gels are transferred from the centrifuge tube to the mesh completely. Since the
water-absorbed gels are very sticky and tend to get stuck at the corner, flat-bottom containers are
not recommended.

3 After a prescribed period of time t, turn on the vacuum pump. Pour the swollen sample onto the
steel sieve through the hole of filter adaptor size 3. After the excessive water is removed from the
gel, turn off the vacuum pump, as shown in Fig. 3(c). The mesh of the sieve is much larger than that
of the filter paper, allowing the residual inter-particles liquid to be effectively removed.

4 Take the sieve (with the gel on it) out and record its weight as W2, as shown in Fig. 3(d).
5 The swelling capacity for the hydrogel at time t is calculated using Eqn. (2).

Comparison with traditional methods

For the purpose of comparison, the profile of swelling capacity versus time of both the potassium
polyacrylate powders and the sodium polyacrylate powders in deionized water is measured by the
tea-bag method, the sieve method, the filtration method, and the proposed sieve filtration method,
respectively. The results are discussed and compared. To check if the tea-bag method leads to poor
contact between the liquid and the hydrogel powders in the interior areas, a variation of the tea-bag
method is used by folding the tea-bags into pyramid shapes. Using the pyramid tea-bag method, the
hydrogel powders have moderately increased room to swell freely inside the tea bag. If the swelling
capacity measured by the pyramid tea-bag method is consistently higher than that obtained by the
traditional tea-bag method, it shows that the inaccuracy of the tea-bag method is caused by the poor
contact problem. The experimental setup used for each method is shown in Fig. 4. Each measurement
was performed using 0.02 g potassium polyacrylate powders or 0.01 g sodium polyacrylate powders in
triplicate and the hydrogels were not re-used.

The measured results are shown in Fig. 5. It can be seen that, within one hour, the swelling capacity
measured by the tea-bag method is always significantly lower than the results obtained using the
other methods. The swelling capacity measured by the pyramid tea-bag method is moderately higher
than that obtained by the traditional tea-bag method, indicating that the inaccuracy of the tea-bag
method is caused by the poor contact problem. However, the swelling capacity measured by the
pyramid tea-bag method is still lower than the results obtained by the filtration method, the sieve
method, or the proposed method, since the hydrogel powders are still confined in a bag and thus
cannot swell completely freely in the liquid. After one hour, the swelling capacity measured by the tea-
bag method or the pyramid tea-bag method becomes higher than that obtained by the proposed
method, indicating that the liquid absorption by the powders even in the interior areas of the tea-bag
is improved when the dipping time is long enough. Since the tea-bag method only effectively removes
the excessive fluid on the surface and the residual inter-particle liquid remains in the samples, the
equilibrium swelling capacity measured by the tea-bag method is higher than that obtained by the
proposed method.

Fig. 3. Procedures of using the proposed sieve filtration method for the measurement of the swelling rate of hydrogels: (a)
connect the vacuum pump with the Buchner flask; (b) put the measured hydrogel powders into the centrifuge tube; (c) pour the
swollen sample onto the steel sieve through the filter adaptor; and (d) take the steel sieve out and record its weight.
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It also shows that the swelling capacity measured by the sieve method or the filtration method is
always significantly higher than that obtained by the proposed method. When the sieve method is used,
the removal of excessive water from the water-absorbed gel takes an extensive amount of time and the
hydrogel powders continue absorbing water during the time of excessive fluid removal, making the

Fig. 4. For the purpose of comparison, the swelling rate of the hydrogel sample is measured by the proposed sieve filtration
method and the traditional methods including (a) the tea-bag method; (b) the pyramid tea-bag method; (c) the sieve method;
and (d) the filtration method, respectively.

Fig. 5. The profile of swelling capacity versus time of the hydrogel powders in deionized water obtained by the proposed sieve
filtration method and the traditional methods, respectively. In each case, the swelling capacity is measured after 20 s, 40 s,
1 min, 3 min, 5 min, 10 min, 30 min, 1 h, 2 h, and 3 h. The error bar represents the standard deviation based on at least nine
different measurements performed by three different experimenters.
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measured swelling capacity significantly higher than the actual capacity. In addition, rubbing the gauze
bottom cannot completely remove the excessive water, which further increases the measured value of
swelling capacity. When the filtration method is used, the fine mesh of the filter paper can be easily
clogged by the gel, preventing the residual inter-particle liquid from being effectively removed, which
makes the measured swelling capacity much higher than the actual capacity.

The error bar represents the standard deviation based on at least nine different measurements
performed by three different experimenters. It can be seen that the error bar for the proposed method
is the smallest among the error bars for all the five methods, indicating that the proposed method has
better repeatability and reproducibility over the traditional methods.

The swelling values obtained from the measurements are then fitted into the Voigt model as
described in Eq. (1). The fitted curves are shown in Fig. 6. The values of Se, i.e., the equilibrium swelling,
and r, i.e., the rate parameter, obtained using the five different methods are listed in Table 2. Also listed
in Table 2 is the value of the mean squared error (MSE) of each fitted curve. It can be seen that the MSE
value obtained from the proposed method is the smallest among the five MSE values for both the
potassium polyacrylate powders and the sodium polyacrylate powders, indicating that the swelling
values obtained from the proposed method fit best to the Voigt model.

Additional information

To remove the excessive water faster, the proposed sieve filtration method can be further improved
by using a larger funnel, a ribbed funnel, a funnel with larger surface area, a size 7 rubber stopper with
enlarged hole, or a more powerful vacuum pump to accelerate the rate of filtration.

Note that the efficiency of the proposed method is closely related to the particle size of the hydrogel
powders, the type of liquid used, the mesh width of the sieve, the pressure of the vacuum applied, and
the vacuum time, etc. A thorough study needs to be carried out to investigate these relationships. This
endeavor will be left as our future work.

Fig. 6. The swelling values obtained from the measurements are then fitted into the Voigt model.

Table 2
The values of the equilibrium swelling Se , the rate parameter r, and the mean squared error MSE obtained using the five
different methods for the potassium polyacrylate powders and the sodium polyacrylate powders, respectively.

Hydrogel Sample Parameters Tea-Bag Pyramid Tea-Bag Sieve Filtration Proposed Method

Potassium
polyacrylate

r (s) 227.9 164.4 88.8 87.1 111.0
Se (g/g) 126.0 133.6 142.2 145.6 121.2
MSE 944.7 1156.3 757.3 811.9 243.7

Sodium
polyacrylate

r (s) 281.5 222.4 147.1 116.5 143.8
Se (g/g) 352.5 363.7 377.6 403.4 329.6
MSE 276.4 250.9 50.2 155.2 49.2
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