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초록: 본 연구에서는 발포제가 포함된 고기능의 다공성 하이드로젤을 제조하고 특성을 조사하여 콘택트렌즈로의 응            

용성을 확인하였다. 그리고 하이드로젤에 들어가는 발포제의 종류와 함량에 따른 물성도 비교하였다. 발포제로 각각            

1% 및 3% 탄산나트륨, 탄산수소나트륨, 탄산칼륨 및 중탄산칼륨을 사용하여 하이드로젤 콘택트렌즈를 제조하였다.           

물리화학적 특성은 광투과율, 수분함량, 굴절률, 산소투과도, 접촉각, 단백질 흡착을 측정하였다. 발포제의 함량이 증            

가할수록 수분함량, 습윤성, 산소투과성은 증가하고 굴절률과 인장강도는 감소하였다. 발포제의 양이 증가함에 따라           

단백질의 흡착량도 감소하였다. 발포제를 첨가한 하이드로젤은 콘택트렌즈의 기본 광학적 물성을 유지하였으며, 함           

수율, 산소투과도, 습윤성 등이 매우 우수하여 콘택트렌즈에 적용 가능함을 확인하였다.

Abstract: This study aims to confirm the applicability of a contact lens by manufacturing a high-functional porous hydro-

gel containing a blowing agent and examining its properties. In addition, the physical properties according to the type 

and content of the blowing agent in the hydrogel were compared. Hydrogel contact lenses were prepared using 1% and 

3% sodium carbonate, sodium bicarbonate, potassium carbonate and potassium bicarbonate as blowing agent, respec-

tively. Light transmittance, water content, refractive index, oxygen permeability, contact angle, protein adsorption were 

measured for physical and chemical properties. As the amount of blowing agent increased, the water content, wettability, 

and oxygen permeability increased, but the refractive index and tensile strength decreased. The adsorption amount of pro-

tein also decreased as the amount of blowing agent increased. The hydrogel added with the foaming agent maintained 

the basic optical properties of the contact lens, and it was confirmed that it could be applied to the contact lens because 

it was very excellent in moisture content, oxygen permeability, and wettability.  

 

Keywords: contact lens, porous hydrogel, blowing agent, wettability, oxygen permeability.

Introduction

Hydrogels are stable 3D networks of hydrophilic polymers 

formed by hydrogen bonds, covalent bonds, Van der Waals 

bonds, or physical crosslinks. Hydrogels do not degrade in 

water and absorb large amounts of water while maintaining its 

original form.1-4 They are widely used in biomedical fields 

including biosensors, wet dressings, drug delivery systems, 

and soft contact lenses because of their high biocompatibility 

as they are physically and chemically similar to biological tis-

sues.5-7

Superporous hydrogels absorb large amounts of water in a 

very short period of time. Superporous hydrogels have very 

fast hydration rates as pores connect to each other to form open 

channels and are produced by the gas bubble method.8 There-

fore, the addition of blowing agents has a substantial effect on 

the water content of hydrogels, and the water content of hydro-

gels increases as the content of blowing agents increases. Due 

to these characteristics, superporous hydrogels are used in 
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fields of medicine and biomedicine as drug delivery systems 

and dressings for wounds.9

Recently, many studies have been conducted on drug deliv-

ery using contact lenses for diagnosis and treatment.10-12 How-

ever, the space inside the contact lens is limited, so there is a 

need to improve the drug loading capacity.

Contact lenses are medical devices placed directly on the 

cornea that must satisfy conditions such as biocompatibility, 

physical properties, tensile strength, optical properties, and 

non-toxicity.13 Therefore, studies on high-functional contact 

lenses such as high oxygen permeability and high wettability, 

low protein and lipid adsorption, UV protection and anti-

bacterial activity are active.14-16

Hydrogel contact lenses are preferred by many people 

because of their flexible and comfortable fit. However, they 

may cause problems such as corneal hypoxia and corneal 

edema due to low oxygen permeability. Therefore, hydrogel 

lenses need to have high wettability and high oxygen per-

meability while maintaining comfort. Silicone hydrogels con-

taining silicon monomers exhibit improved oxygen permeability

compared to hydrogel contact lenses. However, they also have 

limitations such as reduced wettability due to hydrophobic sur-

faces and are not comfortable because of the adsorption of pro-

teins and lipids.17,18

Porous hydrogels have been widely used in other industries 

so far, but not in contact lenses. Contact lenses with pores can 

be applied to smart contact lenses because they can contain 

more drugs than conventional contact lenses. Therefore, this 

study aims to overcome problems such as low oxygen per-

meability of conventional hydrogel contact lenses and low 

wettability of silicone hydrogel contact lenses by manufac-

turing porous hydrogel contact lenses.

Experimental

Reagent. In this study, we used hydrophilic monomers (2-     

hydroxyethyl methacrylate (HEMA) & methacrylic acid (MAA)),

a polymerization initiator (2,2'-azobis (isobutyronitrile) (AIBN)), 

which were produced by JUNSEI (Japan), and a hydrophobic 

monomer (styrene) and crosslinking agent (ethylene glycol 

dimethacrylate (EGDMA)), which were produced by Sigma-

Aldrich (Germany), in order to polymerization the hydrogels. 

Figure 1 shows the structural formulas of the blowing agents 

including sodium carbonate (SC), sodium bicarbonate (SB), 

potassium carbonate (PC), and potassium bicarbonate (PB), 

which are all products of Sigma-Aldrich. 

Preparation of Porous Hydrogel Film. Table 1 shows the     

monomers and ratios used to fabricate the hydrogel films with 

blowing agents in this study.

The basic sample (Ref) was made of HEMA (89.6%), MAA 

(5%), styrene (5%), EGDMA (0.3%), and AIBN (0.1%). We 

used 4 types of blowing agents SC, SB, PC, and PB to make 

the hydrogel films with blowing agents. In order to prepare the 

Table 1. Percent Compositions of Sample

 HEMA MAA Styrene 10%Sc 10%Sb 10%Pc 10%Pb EGDMA AIBN

Ref 89.6 5 5 0 0 0 0 0.3 0.1

Sc1 79.6 5 5 10 0 0 0 0.3 0.1

Sc3 59.6 5 5 30 0 0 0 0.3 0.1

Sb1 79.6 5 5 0 10 0 0 0.3 0.1

Sb3 59.6 5 5 0 30 0 0 0.3 0.1

Pc1 79.6 5 5 0 0 10 0 0.3 0.1

Pc3 59.6 5 5 0 0 30 0 0.3 0.1

Pb1 79.6 5 5 0 0 0 10 0.3 0.1

Pb3 59.6 5 5 0 0 0 30 0.3 0.1

Figure 1. Chemical structure of foaming agent: (a) sodium carbon-

ate; (b) sodium bicarbonate; (c) potassium carbonate; (d) potassium 

bicarbonate.
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samples containing blowing agents, we first prepared the 

blowing agents at a concentration of 10%, and added the 10% 

aqueous blowing agents to the basic samples at a ratio of 1% 

and 3% to the whole sample. 

The samples were fabricated by placing PP film on two 

glass plates and positioning a 0.5 mm silicone gasket in 

between the plates to make the mold. The hydrogels were 

polymerized according to the composition ratio in Table 1. In 

order to facilitate the evaluation of physical properties, we cut 

the samples that were polymerized in the form of films into 

circles with a diameter of 12 mm. 

The reagents were mixed according to the ratios in Table 1, 

mixed with a vortex for 1 hour, and stabilized for 1 hour. The 

stabilized reagents were injected into the fabricated mold and 

polymerized at 100 °C for 2 hours using a drying oven.

In terms of the blowing agents, the samples were prepared 

by adding 1% and 3% of SC, SB, PC, and PB which included 

Na+ and K+, respectively. Table 1 shows the name of each sam-

ple used in the experiment. The basic sample was referred to 

as Ref, and the first letter and concentration of the blowing 

agent were used for the naming process. For example, the sam-

ple with SC 1% was named Sc1 and the sample with PB 3% 

was named Pb3. 

Physical Properties. Physical properties of hydrogel were      

evaluated by moisture content, swelling behavior, refractive 

index, light transmittance, oxygen permeability, and contact 

angle, and measurements were averaged 5 times.

We used a UV-Visible Spectrophotometer (EVOLUTION 

201) from Thermo SCIENTIFIC to measure the light trans-

mittance. The sample was placed in saline in the jig and we 

measured the transmittance of visible light (380-780 nm) based 

on ISO standards.

The water content was measured by using the gravimetric 

method specified in ISO 18369-4:2006, Ophthalmic optics-

Contact lenses-Part 4: Physicochemical properties of contact 

lens materials. 

The refractive index was measured in accordance with ISO 

18369-4: 2006. We used an Abbe Refractometer (ATAGO DR-

A1) to measure the index after removing water on the surface 

of the samples, which were hydrated in 0.9% saline at room 

temperature for more than 24 hours. 

In order to measure the swelling behavior and the equi-

librium swelling ratio of the hydrogels, we measured the 

weight of the completely dried sample. We then immersed the 

sample in 0.9% saline and measured the weight of the swollen 

sample after 10 seconds, 30 seconds, 1 minute, 3 minutes, 5 

minutes, 10 minutes, 30 minutes, 1 hour, 6 hours, 12 hours, 

and 24 hours. We removed the excess water on the surface 

when measuring the weight of the swollen sample. When the 

weight of the sample no longer changed, the swelling ratio was 

expressed as the equilibrium swelling ratio. The swelling ratio 

of the samples was calculated by using the following formula.

Swelling degree (%) =  × 100

Ws is weight of the hydrated hydrogel according to time. 

Wd is the initial weight of the dried hydrogel.

Oxygen permeability was measured by using the polaro-

graphic method specified in ISO 18369-4:2006. After hydrat-

ing the samples in 0.9% saline for more than 24 hours, we 

measured the center thickness with a VL-50 (thickness gauge) 

from Mitutoyo. After measuring the thickness, the sample was 

fixed to a flat cell inside a thermo-hygrostat with a temperature 

of 35°C and a humidity of 98% to measure the current with a 

O2 PERMEOMETER_201T from Rehder. The measured 

thickness and current were calculated and expressed as Dk val-

ues in units of 10-11(cm2/sec)(mL·O2/mL∙mmHg). 

The contact angle was measured by the Sessile drop method 

with a DSA30 Analyzer from Kruss GMBH. We fabricated 

film samples and hydrated them in 0.9% saline for more than 

24 hours and slowly dried them at room temperature. Next, we 

dropped 3 L of ultrapure distilled water on the surface of the 

dried hydrogel film and measured the angle 10 times for 10 

seconds. 

Protein Quantification. This study examined the degree of    

protein adsorption of the fabricated hydrogel films by using 

spectrophotometry. We used bovine saline albumin (BSA, 66.4 

kDa) from Sigma-Aldrich, which is similar in the shape and 

chemical properties of human albumin. 

First, we dissolved bovine saline albumin (BSA) in 0.9% 

saline at a rate of 5 mg/mL. After injecting 2 mL of the BSA 

aqueous solution into a glass vial, we put the samples which 

were hydrated in 0.9% saline for more than 24 hours, in each 

vial and absorbed protein at 37 °C for 24 hours in a dry oven.

In order to desorb protein, we prepared a 3% aqueous solu-

tion by adding sodium dodecyl sulfate (SDS) in triple distilled 

water. After taking out the samples that absorbed protein and 

washing them with saline a total of 3 times, we put the samples 

in glass vials containing 2 mL of the 3% SDS aqueous solu-

tion, heated them at 95 °C for 15 minutes in a dry oven, and 

separated the protein from the samples using a shaking incu-

bator for 3 minutes. 

Ws Wd–

Ws

------------------
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Each sample was measured 10 times, in which we measured 

the absorbance of the 3% SDS solution containing desorbed 

protein by using a 3% SDS aqueous solution as the baseline to 

measure the concentration of protein absorbed by the samples. 

We measured the absorbance at 280 nm, the absorption wave- 

length of protein, using a Cary 60 UV-Vis Spectrophotometer 

from Agilent. 

The amount of protein adsorption (mg/g) was calculated 

using the following formula. 

Q is the protein adsorption amount.

v is the volume of the solution.

c is the protein concentration in the solution.

m is the mass of the hydrated test specimens.

Surface Analysis. A scanning electron microscope (SEM)      

was used to view the surface and pores of the sample, and Tes-

can's Mira III was used as the measuring device. Each sample 

was pre-treated with alcohol for surface analysis, and the sam-

ple was dried by infiltrating liquid carbon dioxide using a crit-

ical point dryer (CPD). The surface of the dried sample was 

coated with platinum to a thickness of 3.25 nm, and the surface 

of the sample was observed at a magnification of 3000 to 

10000.

Atomic force microscopy (AFM) was used to check the 

roughness of the surface of the sample, and Park Systems' 

NX10 was used as the measurement equipment. For surface 

analysis, each sample was pre-treated with alcohol, and the 

sample was dried by penetrating liquid carbon dioxide using a 

critical point dryer (CPD). By measuring the interaction force 

between atoms, the sample area of 5×5 m was imaged.

Results and Discussion

Light Transmittance. The light transmittance of samples      

with 1% blowing agents ranged from 98.3 to 99.0%, and sam-

ples with 3% blowing agents showed a maximum transmit-

tance of 99.4% (Figure 2). Although the difference according 

to the addition, type, and content of the blowing agent was not 

significant, the transmittance of the samples using blowing 

agents was slightly higher than that of the samples without 

blowing agents.

Specifically, the light transmittance was slightly higher when 

the amount of the blowing agent was high. In general, the vis-

ible light transmittance of the samples must be at least 88% to 

be used as contact lens materials.19 As all of the samples in this 

study have a visible light transmittance higher than 97%, they 

can be used as contact lens materials. 

Water Content and Refractive Index. Water content is    

closely related to the comfort of contact lenses and is a very 

important factor because it affects the refractive index, oxygen 

permeability, protein adsorption, and polymer density.20,21

The results of measuring the water content and the refractive 

index of the hydrogel films fabricated in this study are in Fig-

ure 3. 

The water content of Ref without any blowing agent was 

32.61%. In terms of the water content according to the type 

and content of the blowing agent, the water contents of Sc1 

and Sc3, with a sodium-based blowing agent, was 45.38% and 

72.74%, respectively. The water content of Sb1 was 39.88% 

and that of Sb3 was 65.18%. The water contents of Pc1 and 

Pc3, with a potassium-based blowing agent, were 40.79% and 

69.50%, and the water contents of Pb1 and Pb3 were 37.37% 

and 60.13%, respectively. The samples with large amounts of 

Q = 
vc

m
-----

Figure 2. Transmittance of contact lens with blowing agent.

Figure 3. Water contents and refractive index of samples: water 

contents and refractive index are represented by gray bars and solid 

black line, respectively.
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blowing agents showed higher water content. 

The refractive index of the basic sample without any blow-

ing agent was 1.452. The refractive index of Sc1 and Sc3, with 

a carbonate-based blowing agent, was 1.428 and 1.377, respec-

tively. The refractive index of Pc1 was 1.436 and that of Pc3 

was 1.383. The refractive indexes of Sb1 and Sb3, with a 

bicarbonate-based blowing agent, were 1.438 and 1.390, 

respectively, and the refractive indexes of Pb1 and Pb3 were 

1.441 and 1.399, respectively. In the case of SC, the refractive 

indexes decreased by 1.7% and 5.2%, respectively, when the 

water contents of Sc1 and Sc3 increased by 39.2% and 

123.1%, respectively, compared to Ref. Likewise, we can see 

that the higher the content of the blowing agent, the higher the 

water content and the lower the refractive index. This is 

because the blowing agents generate bubbles during polym-

erization which create numerous pores in the hydrogel. These 

pores increase the absorption of water by the hydrogels while 

reducing the density, and therefore reduce the refractive index.

As a result of examining the water content according to the 

blowing agent concentration, a difference in water content 

depending on the type of blowing agent was identified. How-

ever, the water content increased by at least 14.6% and up to 

39.2% when adding 1% of the blowing agent compared with 

Ref which did not have any addition of the blowing agent. In 

terms of adding 3% of the blowing agent, the water content 

increased by at least 84.4% and up to 123.1% compared with 

Ref depending on the type of blowing agent. This shows that 

the water content according to the blowing agent content 

improves significantly in the case of 3% samples compared 

with 1% samples. 

These results show that the amount of blowing agent has a 

substantial effect on the water content of hydrogels, and are 

consistent with a prior study8 which found that a large amount 

of blowing agent increased the water content of hydrogels.

In terms of comparing the water contents of samples with 

carbonate and bicarbonate with the same metal ion, carbonate 

samples Sc and Pc showed higher water contents than those of 

bicarbonate samples Sb and Pb. The water content of Sc was 

12.1% higher than that of Sb1, and the water content of Sc3 

was about 11.6% higher than that of Sb3. The reason is that 

samples with the same metal ion and carbonate absorb more 

water because they have more ions than the samples with 

bicarbonate. Sc is a strong alkali and diprotic while Sb is a 

weak alkali and monoprotic. Therefore, Sc has a higher water 

content because of the higher reactivity with the water protons 

than that of Sb. 

In terms of comparing the water contents of samples with a 

different metal ion and the same carbonate and bicarbonate, the 

water content of Sc with sodium metal was higher than that of 

Pc with potassium, and the water content of Sb was higher 

than that of Pb. The water content of Sc1 was 11.3% higher 

than that of Pc1 and the water content of Sc3 was about 4.7% 

higher than that of Pc3. This is because the atoms of the 

sodium ions are smaller than the atoms of the potassium ions. 

As a result, many small pores are formed when forming net-

works in the hydrogel with high connectivity between the 

pores. 

Among the four types of blowing agents, the samples using 

SC showed the highest water contents at 45.38% and 72.74%. 

Therefore, adding SC to hydrogels is considered most effective 

to increase the water content. 

When the content of SC was 1% and 3%, the refractive 

index decreased by 1.7% and 5.2%, respectively, and the refrac-

tive index decreased as the blowing agent content increased 

even when using other blowing agents. We already confirmed 

that the water content increased as the blowing agent content 

increased. In general, the refractive index shows an inverse 

relationship. The reason is that as the water content increases, 

the spacing between the polymer networks constituting the 

hydrogel increases and the density decreases.22 This is con-

sistent with the results of this study as the refractive index 

decreased as the water content increased, and the refractive 

index increased as the water content decreased.

A porous hydrogel using a blowing agent has a large space 

inside the hydrogel, which increases the moisture content and 

can contain a lot of drugs. Therefore, it can be applied as a 

smart contact lens for drug delivery.

Swelling Behavior. Figures 4 and 5 show the results of     

measuring the swelling behavior of the hydrogels using 1% 

Figure 4. Swelling kinetics of sample with 1% blowing agent.
 Polym. Korea, Vol. 46, No. 1, 2022
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and 3% blowing agents. In the case of Ref without any blow-

ing agent, the swelling reached equilibrium after 6 hours.

All of the samples with 1% blowing agents reached a near-

equilibrium state after 6 hours, but the samples with 3% blow-

ing agents reached equilibrium within 1 hour regardless of the 

type of blowing agent. Therefore, the time required to reach 

equilibrium decreased as the content of the blowing agent 

increased. This is because the amount of bubbles increases as 

the blowing agent content increases, which in turn, form many 

pores in the hydrogel to absorb a large amount of water 

quickly.

Oxygen Permeability. The oxygen permeability measure-     

ment results are shown in Figure 6. The oxygen permeability 

of Ref without any blowing agent was 9.84 Dk/t. In terms of 

the oxygen permeability of samples with a sodium-based blow-

ing agent, the oxygen permeability of Sc1 and Sc3 with 1% 

and 3% SC were 17.86 Dk/t and 40.69 Dk/t, respectively. In 

addition, the oxygen permeability of Sb1 and Sb3 were 13.92 

Dk/t and 32.66 Dk/t, respectively. The oxygen permeability of 

Sc1 and Sc3 were 28.3% and 24.6% higher than that of Sb1 

and Sb3, respectively.

In terms of the samples with a potassium-based blowing 

agent, the oxygen permeability of Pc1 and Pc 3 were 16.07 

Dk/t and 34.23 Dk, respectively. When adding Pb, the results 

were 13.79 Dk/t and 28.02 Dk/t for Pb1 and Pb3, respectively. 

Similarly, for potassium, the oxygen permeability of Pc1 and 

Pc3 were 14.2% and 18.1% higher than that of Pb1 and Pb3, 

respectively. Sc3 exhibited the highest oxygen permeability 

among the 9 samples used in this study. 

Figure 6 shows the tendency of water content and oxygen 

permeability according to the content of SC, in which the 

water content and oxygen permeability increased as the con-

tent of the blowing agent increased. For example, in the case 

of SC, when the water contents of Sc1 and Sc3 increased by 

12.77% and 40.13% compared to that of Ref, the oxygen per-

meability also increased by 8.02 Dk/t and 30.85 Dk/t, respec-

tively. In the case of hydrogels, these results are consistent with 

the research results23-25 which show that oxygen permeability 

has a close relationship with water content and that oxygen 

permeability increases as the water content increases.

The oxygen permeability of Ref, the basic sample, was 9.84 

Dk/t, which is similar to that of polymacon of hydrogel contact 

lenses made of pHEMA. Regardless of the type of blowing 

agent, the oxygen permeability of all of the samples increased 

by adding blowing agents. In terms of comparing the oxygen 

permeability according to the content of the blowing agent, 

oxygen permeability increased significantly when adding 3% 

compared to 1%. For example, compared to Ref in the case of 

SC, the oxygen permeability of Sc1 increased by 8.02 Dk/t, 

and that of Sc3 increased by 30.85 Dk/t. Oxygen permeability 

according to the blowing agent content correlates to the 

increased number of pores as the amount of gas increased due 

to the increased amount of blowing agent. In addition, when 

adding the same amount of blowing agent, the oxygen per-

meability of Sc and Pc with carbonate was higher than that of 

Sb and Pb with bicarbonate. In particular, the oxygen per-

meability most increased when using SC. 

Wettability. Wettability is determined by the contact angle of     

the sample surface. The higher the contact angle, the lower the 

wettability due to the sample’s hydrophobic properties, and the 

lower the contact angle, the higher the wettability due to the 

sample’s hydrophilic properties. 

Figure 7 show the results of measuring the contact angle to 

examine the wettability of the samples. The contact angle of 

Ref without any blowing agent was 78.46°. 

When adding each type of blowing agent in order for the 

content to reach 1% and 3%, the contact angles of Sc1 and Sc 

Figure 5. Swelling kinetics of sample with 3% blowing agent.

Figure 6. Comparison of oxygen permeability according to the 

amount of blowing agents. 
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3, with a sodium-based blowing agent, were 73.53° and 

47.28°, respectively. The contact angles of Sb1 and Sb3 were 

74.06° and 55.81°, respectively. The contact angles of Pc1 and 

Pc3, with a potassium-based blowing agent, were 74.80° and 

49.01°, respectively, and the contact angles of Pb1 and Pb 3 

were 75.36° and 57.59°, respectively. Pb1 showed the largest 

contact angle, while Sc3 exhibited the smallest contact angle 

and the best wettability. 

In this study, Ref without any blowing agent showed the 

lowest wettability with a contact angle of 78.46°. The contact 

angles of the samples with 1% and 3% of blowing agents 

decreased compared with Ref, and the angles decreased sig-

nificantly when using 3% of blowing agents compared with 

1%. In addition, even in the case in which the same amount of 

blowing agent was added, the contact angles of Sc and Pc sam-

ples with carbonate were lower than those of Sb and Pb sam-

ples with bicarbonate, showing better wettability. In terms of 

comparing the wettability through the contact angle of each 

sample, we can see that it is closely related to the water con-

tent. We can confirm that the tendency of water content 

according to the concentration and type of blowing agent was 

consistent with the tendency of wettability. This is because the 

wettability of the sample surface increases as the water content 

increases. 

Surface Analysis of Porous Hydrogels. The surface and     

cross-section of the hydrogel depending on whether or not a 

foaming agent is added, and the roughness of the surface were 

imaged and examined. The surface and surface roughness of 

the porous hydrogel contact lens depending on whether a 

foaming agent was added were examined through scanning 

electron microscope (SEM) and atomic force microscope 

(AFM). SEM and AFM images of the surface of the non-

porous and porous hydrogel are shown in Figure 8 and Figure 

9, respectively.

As shown in Figure 8, the surface of (a) without addition of 

foaming agent appeared smooth without pores, but the number 

of (b) with addition of blowing agent showed many pores on 

the surface. As shown in the AFM image, it was confirmed 

that many pores were formed on the surface of the porous con-

tact lens using 3% sodium carbonate.

 Protein Adsorption. The adsorption of proteins can cause     

Figure 7. Comparison of contact angle according to the amount of 

blowing agents. 

Figure 8. SEM images of the surface of (a) the non-porous; (b) 

porous contact lens.

Figure 9. AFM images of (a) the non-porous; (b) porous contact lens.
 Polym. Korea, Vol. 46, No. 1, 2022
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several side effects, such as decreased visual acuity, decreased 

comfort, and the denaturation of contact lens materials.26-28 If 

the hydrogel is anionic and hydrophilic and has high water 

content, the adsorption of albumin may be reduced. In addi-

tion, a higher surface wettability can reduce the adsorption of 

precipitates such as proteins.29

Figure 10 show the results of measuring the degree of pro-

tein adsorption of the samples according to the type and con-

tent of the blowing agent. The protein adsorption of Ref 

without any blowing agent was 7.5720 mg/g. The protein 

adsorption of Sc1 and Sc3, with a sodium-based blowing 

agent, were 4.5788 mg/g and 3.3981 mg/g, respectively. The 

protein adsorption of Sb1 and Sb3 were 5.0562 mg/g and 

4.3490 mg/g, respectively. The protein adsorption of Pc1 and 

Pc3, with a potassium-based blowing agent, were 4.8246 mg/

g and 3.9997 mg/g, respectively. When adding PB, the protein 

adsorption of Pb1 and Pb3 were 5.5835 mg/g and 4.2490 mg/

g, respectively. 

In terms of the tendency of protein adsorption and water 

content according to the content of SC, the water content 

increased as the blowing agent content increased while the pro-

tein adsorption decreased. For example, compared to Ref in 

the case of SC, when the water contents of Sc1 and Sc3 

increased by 12.77% and 40.13%, respectively, the protein 

adsorption decreased by 2.9932 mg/g and 4.1739 mg/g, 

respectively.

In the case of Ref, the amount of protein absorbed was 

7.5720 mg/g, which means that Ref absorbed the most albu-

min. By adding blowing agents, the protein adsorption decreased 

in all of the samples regardless of the type or content of the 

blowing agent. When adding the same amount of blowing 

agent, Sc and Pc with carbonate absorbed less protein com-

pared to Sb and Pb with bicarbonate. For example, in the case 

of SC and SB, Sc3 adsorbed 21.9% less protein than Sb3. This 

is consistent with the results of prior studies that show that the 

addition of blowing agents increases the water content and 

improves the surface wettability, which in turn, reduces the 

precipitation of proteins and lipids.30,31 In terms of comparing 

the degree of protein precipitation according to the type of 

blowing agent, Sc1 and Sc3 show the greatest decrease in pro-

tein precipitation. Therefore, we believe that improved wet-

tability due to the addition of blowing agents will also 

contribute to the reduced precipitation of proteins and lipids.

Conclusions

The purpose of this study was to examine whether hydrogels 

with various types of blowing agents could be used as contact 

lens materials. In addition, we compared and analyzed the 

physical properties of the hydrogels according to the type, and 

concentration of blowing agents.

In terms of visible light transmittance, the most basic optical 

property of contact lenses, all of the samples showed high vis-

ible light transmittance regardless of the type and content of 

the blowing agent. Compared with the sample without adding 

any blowing agent, the water content, oxygen permeability, 

and wettability of the samples were improved by adding and 

increasing the content of the blowing agents, while the refrac-

tive index, tensile strength, and protein adsorption decreased.

Among the 4 blowing agents, adding 3% sodium carbonate 

showed the best results in light transmittance, water content, 

wettability, protein adsorption, and oxygen permeability.

By adding blowing agents to hydrogel contact lens mate-

rials, we can maintain the basic optical properties of contact 

lenses, and improve the moisture content, oxygen permeability, 

and wettability, while reducing protein adsorption. A porous 

hydrogel using a blowing agent is sufficiently applicable as a 

contact lens.
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