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Absiract 

Cryogel is super-macroporous material prepared by freezing of polymer or monomer solution at 

low ternperature. The hybrid material of cryogels and iron hydroxide oxide(FeOOH) 

nano-particles， which have affinity to arsenic， are expected as a safe removal adsorbent of 

arsenic ions from aqueous solutions. ln this studyラ polyacrylamide(PAA) cryogels containing 

FeOOH particles were prepared by freezing the monomer solution of acrylamide cross-linker 

N，N圃 methylene bis( acry lamide) dispersing the pa此icles，which were prepared by mixed iron(III) 

chloride solution (FeCh) and alkaline aqueous solution， and polymerizing initiated by 

N，N，JV'，N'-tetramethy] ethylene diamine and ammonium peroxodisu]fate at sub-zero 

temperatures. The partic1es formed were observed on a whole of the cryogel wal1. The 

polyacrylamide cryogel containing FeOOH particles successfuHy adsorbed a large amount of 

As(V) at both low and high concentrations. The adsorption property showed a 

Brunauer-Emmett聞 Teller(BET)-likeisotherm. The adsorption of As(V) with the cryogel was not 

affected by the pH value of the aqueous solution. On the other handヲ thatof As(lll) with the 

cryogel was affected by the on]y pH 12 ofthe aqueous solution. The FeOOH particles entrapped 

in the cryogel waIl had a poorly CIγstaIline. The poorly crystal1ine FeOOH particles had higher 

adsorption capacity than the crystalline ones. 
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1. INTRODUCTION internalorgans2
. 

In Asia， arsenic contamination of groundwater is seen 

in the basins of the great rivers， originating in the 

Himalayan Mountains and the Tibetan Plateauラ where

people depend on the drinking water fo1' ground water. 

A thermalIy altered metamorphic zone in the Higher 

Himalaya， containing various types of minerals， is 

considered as the source of arsenic 1
• The arsenic 

contained in the mine1'als has caused g1'ound water 

pollution. Arsenic containing g1'ound water causes 

ca1'cinogen and cancers of skinラ liver，lungs and othe1' 

Removal technologies of a1'senic from wate1' typically 

1'ely on adsorption 01' filt1'ation. Adso1'bents fo1' the 

removal of arsenic訂 ealmost invariably based on bulk 

01' supported particles of transition metal oxides and 

hydroxides. Iron oxide compounds are commonly used 

in high throughput applications because of the low cost 
3.4.8・lof fabrication of the adsorbene，4，8-14. The crystal 

structure and size of the particles of i1'on oxides have 

been reported to affect to the adsorption properties of 

arsenic from aqueous media12
，13. It is important to 
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con仕01content， structure and size of particles of iron 

oxides to develop effective adsorbent for arsenic. 

The cryogel can be a suitable choice for efficient and 

cost effective water filtration aid for heavy metal， 

microbial and other toxin removals. Cryogels are 

hydrogels which are s戸lthesized at sub-zero 

temperatures and have supermacroporous s仕 切 旬re

with interconnected pores， thus offering a unique 

combination of high interconnected porosity with high 

mechanical s仕ength5，6.The composite material of solid 

micro/nano-particles and cryogels is expected to 

develop a new adsorbent and filter5，7，8. Cryogel 

polymer composite adsorbents embedded metal oxides 

particles have been reported and expected to be 

effective adsorbent used for trea加lent of arsenic 

contaminated water15
-
17

• In this work， PAA cryogels 

containing FeOOH particles was prepared by particles 

addition method. The effects of the preparation 

condition on the s仕uc加resof the P AA cryogels and 

iron oxide particles， and adsorption prope均Tof arsenic 

企om aqueous solution with the cryogels were 

investigated. 

2. EXPERIMENTAL METHOD 

2.1 Preparation of P AA cryogel containing 

FeOOH particles 

FeOOH pぽticleswere prepared by mixing 10 ml of 

iron(III) chloride solution (FeCh) and 20 ml of sodium 

carbonate (Na2C03) aqueous solution， and separated 

those particles and unreacted Na2C03 aqueous solution 

by a centrifugal separator. Those particles were washed 

with degassed water twice by a centrifugal separator. 

Those particles， the monomers of 4.0 wfllo of 

acrylamide (AAm) and cross-linker 1.0 wt% of 

N，N-Methylenebis(acrylamide) (MBAAm) were 

dissolved in degassed water with vigorous stirring and 

cooled to about 0 oC for 1.0 hour. Then the solution 

was charged with ni仕ogengas because of deaerating 

radically for the solution. After that， 0.5 wt% of 

ammonium peroxodisulfate (APS) was dissolved in 1.0 

ml of degassed water， and the solution was added the 

monomers solution and cooled for 30 minutes. Then 

0.12 wfllo of ~iV，N，N'，N'-Tetramethyl ethylene diamine 

(TE乱1ED)were quickly added to the solution while 

stirring. About 5 ml of the mixture solution was poured 

into 6 ml syringe. These syringes were sealed and 

immersed in ethanol in a program con仕olled

re合igeratedbath and企ozenat・15oC for 24 hours. 

Finally， they were thawed out in warm bath and 

washed with distilled water. 
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2.2 Adsorption of As with the cηogels 

containing FeOOH particles 

The arsenic adsorption exper出lentwas conducted 

with the batch method. The P AA cryogel containing 

iron FeOOH particles was put into the sample tube， the 

aqueous solution containing As was added， and it was 

shaken for 48 hours. Then， solution and cryogel were 

separated and the concentration of arsenic in the 

solution was measured by ICP-AES (Shimadzu， 

ICPS-8100). The adsorption amounts of As on the 

adsorbents were calculated based on the lyophilized 

weight ofthem (mg/g-dηr). 

3. RESULTS AND DISCUSSION 

3.1 Preparation of P AA cryogels containing 

FeOOH particles 

The cryogels obtained企om企eezingbath were 

reddish brown that is due to FeOOH particles in the 

cryogel wall. Photographs of the extemal appearance 

and the cross-section of the cryogels containing 

FeOOH particles are shown in Fig. 1. The color of 

outer surface ofthe cryogels was even (Fig. l(a)). That 

of the cross-section was also even (Fig. 1 (b)). It was 

found企omthis that the particles formed were on a 

whole ofthe cηTogel wall. 

Fig.l Photographs of the cryogels containing 

FeOOH particles. 

(a) Extemal appearance 

(b) Cross sectioning view 

3.2 Effect of pH on the adsorption Asのう

The adsorption of As(V) with the cryogels was 

carried out in the pH range of 2・12and at 10 mglL of 

the initial As(V) concen仕ation.The effect of pH on the 

As(V) adsorption is shown in Fig.2. The adsorption 

ratio of As(V) was constant independent of pH. 

However， the arsenic solution which coordinated pH 

企om5 to 10 greatly changed a食eradsorption. This is 

why， there is possibility of the chemisorption in the 

adsorption mechanIsm. 



were measured as shown in Fig. 4. The cryogel was 

successfully adsorbed As(V) at both low and high 

concentrations of As(V). The adsorption property showed a 

BET -like isothelID. The FeOOH particles entrapped in the 

cryogel wall by particles addition method had a poorly 

crystal1ine. The poorly crysta11ine FeOOH pmticles had 

higher adsorption capacity than the crystalline ones entrapped 

in the cryogel wall by in-si印 methodor prepared by air 

seasonmg. 
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Fig.2 Effect of equilibrium pH on the adsorption of 

As(V) with the cryogel containing FeOOH particles. 
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Fig.4 Adsorption isotherm of As(V) with c巧Togels

containing FeOOH particles (particles addition method 

and in situ particle formation method) 

and dry FeOOH particles at pH 7. 

3.3 Effect of pH on the adsorption As(III) 

The adsorption of As(TIT) with the cryogels was 

carried out in the pH range of 2・12and at 10 mg/L of 

the initial As(lll) concentration. The effect of pH on 

the As(I11) adsorption is shown in Fig.3. The 

adsorption ratio of As(III) was constant independent of 

pH from 2 to J 1. Then， the arsenic solution wbich 

coordinated pH from 4 to 11 greatly changed a立er

adsorption. Soラ there is a180 pos8ibility of 

chemisoq1tion in the adsorption mechanism. Iioweverラ

the only pH 12 of the aqueous solution affected the 

adsorption ratio of As(III). As(lI1) is p'・esent

dissocIsted f(mn of Has032蜘

inpH 12.13 as shown 

helow. It is thought that this in自民ncedan adsorption 

the 

as 

4. 

The PAA cryogels containing FeOOH particles were 

successfully prep紅 edby particles addition method. 

The pa目ic1esformed were observed on a whole of the 

cryogel wall. The cryogel was successful1y adsorbed 

As(V) at both low and high concentrations of As(V). 

The adsorption propelty showed a BET -like isotherm. 

The adsorption of As(V) with the cryogel was not 

affected by the pH value of the aqueous solution. On 

the other hand， that of As(lll) with the cryogel was 

a百ectedby the only pH 12 of the aqueous solution. 

The cryogel containing poorly clystalline p創・ticleshad 

larger出nountof adsorbed As(V) than that of the 

cryogel containing clystalline particles. 

CONCLUSION 

H2As03・ご臥S032・+H+， pKa2 = 12.13 
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