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Preparation of limewater and its pH 

Calcium hydroxide solutions were prepared both in the form of limewater from red lime (RL) and 
white lime (WL) which is commonly used in the preparation of Lod-chong and standard calcium hydroxide 
solution from calcium hydroxide standard (Ca(OH)2). It is worth noting that WL is calcium hydroxide that 
is commonly prepared by adding water to CaO, while RL is the mixture of WL with curcumin. The FTIR 
spectra and XRD patterns of RL, WL, and Ca(OH)2 are shown in Figure S1 and Figure S2, respectively, 
indicating that calcium hydroxide is the main component. RL showed similar FTIR and XRD patterns to 
Ca(OH)2 while WL revealed some differences. 

 
 
 
 



 
Figure S1. FTIR spectra of white lime (WL), red lime (RL), and calcium hydroxide standard (Ca(OH)2). 



 
Figure S2. XRD patterns of red lime (RL), white lime (WL), and calcium hydroxide standard (Ca(OH)2).   

Various compositions of calcium hydroxide solution were prepared by dissolving 0.08, 0.16, 0.24, 
and 0.32%w/v of RL, WL, and Ca(OH)2 in ultrapure water. The mixes were left to settle for an appropriate 
time (1, 3, 5, 7, 14, and 28 days) before taking clear solution to prepare the gel precursor. At the same 
composition (%), the pH of calcium hydroxide solution prepared from Ca(OH)2 was higher than the pH of 
limewater prepared with RL and WL. This indicates that RL and WL may contain other components apart 
from calcium hydroxide reducing the amount of calcium hydroxide below the standard. When the content 
of calcium hydroxide or lime in the solution was increased from 0.08 to 0.40%, the pH increased with the 
amount of hydroxide ions, i.e. 12.2 to 12.6 for Ca(OH)2, 11.8 to 12.3 for RL, and 11.6 to 12.0 for WL. The pH 
of Ca(OH)2 solution from Ca(OH)2 standard slightly increased after 0.16% and became constant after 0.24%, 
indicating that saturation of the solution occurred at some concentration >0.16% and <0.24%. This is in good 
agreement with the reported solubility of Ca(OH)2 at 0.185 g/100 mL at 0°C and decreases with increasing 
temperature to 0.077 g/100 mL at 100°C [57]; as well as with the results from previous work (0.1% 



<composition< 0.4%) [55]. The pH of RL and WL became constant after 0.32% indicating that the maximum 
solubility of lime was in the range from 0.24 to 0.32%.   

 

 

Figure S3. pH of calcium hydroxide solutions before and during mixing with starch while heated, and after stopping 
heating, with various amounts of red lime (RL), white lime (WL), and calcium hydroxide standard solution (Ca(OH)2) 
(n =3). 

Since the preparation of limewater for making Lod-chong noodles commonly requires 7 days to 
allow the precipitates to settle leaving a clear solution for use, the pH of the solution was tested for 28 days 
to confirm the equilibrium. When RL, WL and Ca(OH)2 standard were dissolved in water, turbid solution 
was firstly obtained, and the pH was found to be in the range from 11.6 to 12.6. The solution was then kept 
at room temperature allowing precipitation of undissolved particles resulting in a clear solution in an upper 
layer which would be used to prepare the Lod-chong noodles. The pH of the solution decreased within 2 
days of storage, then increased and became constant after 3 days indicating equilibrium. However, it was 
found that the equilibrium pH was the same as the pH on the day of preparation. Thus, when considering 



only pH, the results indicate that the calcium hydroxide solution can be used on the day of preparation by 
filtering any undissolved particles out or by waiting for at least 3 days before taking clear solution for use.  

 

Figure S4. pH of limewater with various amounts of red lime (RL), white lime (WL), and calcium hydroxide standard 
solution (Ca(OH)2) for 28 days after preparation (n=3). 
 

Preparation of cryogel from starch 
Cryogel based on native starch was synthesized by modifying the procedure for preparation of 

Lod-chong which is the famous Thai dessert. To prepare Lod-chong noodle, rice flour (casava starch, 
mungbean starch, and arrowroot starch may be added to make noodles look more delicious) is mixed with 
pandan water prepared by squeezing pandan leaves in limewater and straining. The mixture is cooked 
with medium heat until the batter starts to set with consistency before turning off the heat. The viscous 
ingredient is then poured into a Lod-chong press with a bucket below containing cold water to capture the 
noodles before pressing down in a pumping motion to make the noodles short. This procedure was 
modified to prepare cryogel as follows. Rice flour (8 g) was dispersed in 60 mL of limewater and gradually 
heated from 70 to 90°C for 30 minutes until the starch completely gelatinized and became clear. The 
gelatinized starch was cooled to room temperature under stirring continued for 5 minutes. The 
homogeneous mixture was tightly filled into 3 mL plastic syringes and then placed in a freezer for freezing 
at -18°C for 24 hours. The resultant monolith was then thawed at room temperature and subjected to freeze-
and-thaw cycles for a specified count. The monolithic cryogel was then removed from the container and 
cut into smaller pieces (∼1 cm in length) to be used as filter.  



 

Figure S5. Preparation of cryogels from rice starch (right) and Lod-chong noodles (left). 

 

Influence of freeze and thaw cycles on morphology of the cryogels. 

The influence of cryogelation cycles (freeze-and-thaw cycles) was investigated (Figure S6). When 
freeze-and-thaw cycle count was increased, the pores in the obtained cryogels seemed to grow from 1 to 3 
cycles (40±11 to 51±18 µm) and slightly grow after that (50±17 to 57±11 µm) (Fig. 3). When compression 
was applied to the cryogel, no damage was observed in the material made with 3 cycles, while those from 
1 and 2 cycles were damaged. This corresponds to the results for noncovalent cryogel (PVA based cryogel) 



whose strength increased on increasing freeze-and-thaw cycles, due to the growth in crystallinity of PVA 
[46].  

 

Figure S6. (a) Images of the synthesized cryogels from 0.32% WL, 0.32% RL, and 0.16% Ca(OH)2 using 1-7 freeze- thaw 
cycles; (b) FE-SEM images of 0.32% RL cryogels with 1-7 freeze– thaw cycles. 

 

 

 

 

 

 

 

 

 



 

Influence of freeze thaw cycles on porosity of the cryogels. 

The cryogenic cycles affected the porosity that increased from 1 to 3 cycles and remained constant 
from 4 to 7 cycles which corresponds to the results for PVA cryogels [46] and a polymer blend of chitosan-
PVA [58].  

 

Figure S7. Porosity of the synthesized cryogels using 1- 7 freeze- thaw cycles. 

 

 

 

 



Storage of the cryogels 

In order to store the prepared cryogels in ambient conditions prior to use, the single rod cryogels 
obtained after the freeze-and-thaw process were cut to appropriate size depending on their application, 
before drying. When the cryogel was incubated without soaking in ethanol, it was out of shape (Figure S8a-
in the middle) due to pore collapse during drying that commonly occurs in porous materials [53]. The 
protection against pore collapse by ethanol dehydration may contribute to some degree of crystallization 
of starch and hardened surfaces occurred during dehydration [56]. The dried cryogels can be stored for at 
least 2 years and can be re-conditioned by soaking in water for 10 minutes before use (Figure S8b-c), i.e. the 
biofilters prepared in March 2019 could reduce the light absorption of the water sample (no. 5) at 290 nm 
with -6.25% difference for 0.32%RL and -7.29% for 0.16%Ca(OH)2 prepared on July, 2021.  

 

Figure S8. Images of cryogels prepared using 0.32% RL (a) after thawing (left), after drying without (middle) and with 
(right) soaking in ethanol; (b) top view of the ethanol dehydrated cryogel (left) and re-swollen cryogel (right); and (c) 
side view of the ethanol dehydrated cryogel (left) and re-swollen cryogel (right). 

 

 

 

 

 

 



Influence of drying process on wall thickness of the cryogels. 

 The FE-SEM images of the ethanol dehydrated cryogel (Fig. 3c-d) show thicker walls than in freeze 
dried cryogel (Figure S9) as the growth of ice crystals in freeze-drying process could push aside pore walls 
of the materials [53]. 

 

Figure S9. FE-SEM images and the average wall thicknesses of (a) 0.32% RL and (b) 0.16% Ca(OH)2 when dried via 
freeze-drying. 

 

 

 

 

 

 

 

 

 

 

 

 



Optimization of ethanol dehydration time. 

 Soaking in ethanol before drying the cryogel could protect against pore collapse during drying [53] 
that commonly occurs in porous material. This may contribute some degree of crystallization of starch and 
hardening of the surface [56]. The ethanol could also dehydrate the material helping the drying [10] after 
incubation, which can extend their storage time [59]. It was found that the weight of the cryogel after 
soaking with ethanol remained constant after soaking for at least 3 hours (Figure S10) indicating complete 
dehydration. The incubation temperature and time did not affect physical and mechanical properties, thus 
the dehydrated cryogels were dried at 80°C for 30-60 minutes. 

 

Figure S10. Weight change of the cryogels before and after soaking in ethanol for various incubation times. 

 

 

 

 



Influence of drying process on porosity of the cryogels. 

 The porosity of the ethanol dehydrated cryogels was higher than those of the freeze-dried cryogels. 

 

Figure S11. Porosity of the cryogels dried via ethanol dehydration and via freeze-drying. 

 

 

 

 

 

 

 



Table S12. Major FTIR bands in the cryogels [42,52-54]  

Band (cm-1) in cryogel prepared from Vibration mode 
Water 0.32%WL 0.16%Ca(OH)2 0.32%RL 

3286 3287 3284 3279 O–H stretching (H-bonded) 
2924 2925 2924 2924 C–H stretching 
1638 1639 1642 1640 Tightly bound water 
1410 1410 1415 1412 C–H symmetrical scissoring in CH2OH  
1148 1148 1150 1150 C–O–C asymmetric stretching glycosidic bond 
1078 1078 1078 1078 C–O, C–C, O–H bond stretching 
995 995 999 997 C–O–H bending 
930 931 931 933 C–O–C skeletal of α-glycosidic linkages 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Influence of temperature on swelling ratio of the cryogels. 

The swelling ratio of both cryogels increased with temperatures from 20 to 60°C similar to the 
results discussed in literature [55,40]. Swelling is expansion of the cryogel network due to the interaction 
between the polymeric chains and water molecules, which occurs through entanglement of the 
interpenetrated polymeric hydrogel network. The swelling ratio thus increases with temperature because 
the interaction behavior disturbs the disentanglement of interpenetrated polymeric chains and destruction 
of hydrogen bonding between polymer molecules occurs [56,40]. 

 

 

Figure S13. Effect of temperature on the swelling ratios of cryogels prepared using 0.32% RL and 0.16% Ca(OH)2. 

 

 

 

 



Swelling kinetics of the cryogels. 

The swelling kinetic mechanism of the prepared cryogel (n=3) was investigated using a second 
order equation (7) [37,60]: ௗௌௗ௧ = 𝑘௦(𝑆௘௤ − 𝑆)ଶ     (7) 

where dS/dt, ks, Seq, and S are the rehydration ratio, swelling rate constant, theoretical equilibrium swelling 
ratio, and swelling ratio at time t, respectively. When definite integration was applied with initial 
conditions such as S = 0 at t = 0 and S = Seq, equation (8) was obtained [37,60]:   

௧ௌ = ଵ௞ೞௌ೐೜మ + ௧ௌ೐೜      (8) 

Thus, the swelling kinetic parameters i.e. initial swelling rate (ri), Seq, and ks can be investigated by plotting 
the graph of t/S versus t where ଵ௞ೞௌ೐೜మ  is the intercept that refer to the reciprocal of the initial swelling rate of 

the material and ଵௌ೐೜ is the slope of the graph (Figure S14). The calculated Seq of the 0.16%Ca(OH)2 (6.4±0.6 

gwater/gcrogel) cryogel was higher than 0.32%RL (6.1±0.3 gwater/gcrogel) with lower ks and lower ri (Table S15). The 
obtained theoretical equilibrium swelling ratio was close to the experimental swelling ratio at equilibrium 
at 10 minutes 6.0±0.3 and 6.4±0.6 gwater/gcrogel for 0.32%RL and 0.16%Ca(OH)2 cryogels, respectively. The 
higher initial swelling rate (ri) of 0.32%RL also matched the experimental results in Fig. 7a.  
 



 

Figure S14. Relationship between t/S and t from investigation of the swelling kinetics of the cryogels. 

 

 

 

 

 

 

 

 



Table S15. Swelling and diffusion characteristics of the cryogels (n=3). 

Parameters  0.16%Ca(OH)2 0.32%RL 
Swelling ratio at equilibrium (S) (gwater/gcryogel) 6.4±0.6 6.0±0.3 
Theoretical swelling ratio at equilibrium (Seq) (gwater/gcryogel) 6.4±0.6 6.1±0.3 
Initial swelling rate (ri) (gwater /gcryogel/min) 11±9 21±1 
Swelling rate constant (ks) (gcryogel /gwater/min) 0.3±0.1 0.57±0.04 
Swelling exponent (n) 0.2±0.3 0.11±0.05 
Diffusion coefficient (cm2/min) 0.3±0.2 0.1±0.1 
%Absorbency 798±39% 836±18% 

 
The swelling mechanism of the cryogels can be determined using the below equation 9 [37,44,60]: 𝑆ி= ቀௐ೟ିௐబௐబ ቁ = 𝑘𝑡௡     (9) 

where SF is the fraction swelling ratio at time t, Wt is the weight of swollen cryogel at the time t and W0 is 
the weight of dried cryogels at time t = 0, k is the swelling constant and n is the swelling exponent, which 
indicates the water transport mechanism [37,44,60]. This equation was used to estimate the n value using 
up to 60% of the swelling ratio values. Thus, when the graph was plotted between ln SF versus ln t (Figure 
S16), the slope of the obtained straight lines gives the swelling exponent value n that could be used to 
identify the diffusion mechanism [37,44,60]. That is, the diffusion mechanism is a Fickian diffusion when n 
≤ 0.5 (idealize n=0.5 [37,44]), and non-Fickian diffusion or anomalous diffusion when 0.5 <n< 1.0. If the n=1, 
the diffusion mechanism is designated as Case II diffusion, and when the n> 1, it is called a super Case II 
diffusion mechanism, which is very rarely possible [44,52]. Due to the obtained n≤ 0.5 (Table S15), the 
diffusion mechanism of water through both cryogels is Fickian diffusion with a slower rate of water 
diffusion than the polymer relaxation rate [44] causing the low swelling capacity of both cryogels. 
 



 

Figure S16. Relationship between ln SF and ln t from investigation of swelling mechanisms of the cryogels. 

The diffusion coefficient (D) for a Fickian diffusion could be described by equation 10 [37,44,60]: 

       𝑆ி = 4( ஽௧గ௟మ)భమ      (10) 

where l is the radius of the cryogel, and D can be estimated from the slope of the graph plotting between 
SF versus t1/2 (Figure S17). The diffusion coefficient of water through the 0.16%Ca(OH)2 cryogels (0.3±0.2 
cm2·min−1) was higher than 0.32%RL (0.1±0.1 cm2·min−1) which indicates a faster diffusion rate of water in 
0.16%Ca(OH)2 leading to higher swelling ratio.  
 



 

Figure S17. Diffusion curves of the prepared cryogels. 

 

 
 
 
 

 
 

 

 

 

 



The cryogels as filters 

 Both cryogels were preliminarily tested as filters for 5 water samples and showed the ability to 
reduce the light absorption of the sample at a specific wavelength (Figure S18). The maximum adsorption 
at ∼285-290 nm of these samples decreased in the range of 25±3 to 94±6% and 27±4 and 96±5% after filtered 
through the filters prepared from 0.16%Ca(OH)2 and 0.32%RL, respectively.  

 

Figure S18. Absorption spectra of water samples before and after filtration using prepared filters.  

 

 

 

 

 

 

 



Biodegradation of the cryogels 

 Biodegradation of the cryogels prepared from rice starch was investigated using a soil burial test 
as previous reported [33]. Swollen cryogels were buried at 10 cm depth under the surface of soil. They were 
collected at 10-day intervals and washed thoroughly to remove the soil as much as possible before weighing 
the remaining weight (Wb). The percentage of weight remaining was calculated using equation (11) where 
We is the weight of the swollen cryogel and Wb is the weight of the cryogel after soil burial. 

Weight remaining (%) = 100 × ௐ್ ௐ೐    (11) 

The results showed the decrease of %weight remaining with the time. Both cryogels lost weight for 100% 
when buried in soil for 30 days due to hydrolysis and microorganisms [33].    

 

Figure S19. %Weight remaining of the prepared cryogels after burial in soil for 30 days. 
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