
 

VINATOM-AR--12-37 

 

The Annual Report for 2012, VINATOM 

 
274 

STUDY ON RADIATED POLYMERIZATION OF ACRYLIC                         

ACID ON MONTMORILLONITE AND BENTONITE USED                                             

AS BIOACTIVITY CARRIERS 

Pham Thi Thu Hong, Nguyen Thanh Duoc, Nguyen Thuy Khanh and Doan Binh 

Research and Develepment Center for Radiation Technology, Vietnam Atomic Energy Institute 

      202 A Sreet 11., Linh Xuan Ward, Thu Duc Dist., HCM City, Vietnam 

 

 

 

 

 

 

 

 

ABSTRACT:  The radiated polymerization of acrylic acid (AAc) on bentonite (BT) and montmorillonite (MMT) 

having structured silicate layers to produce hybrid materials were investigated. AAc concentrations of 10 and 

40% w/w were used to polymerize with MMT and BT at the absorbed doses of 3.6 and 6.4 kGy, respectively. 

The formed PAAc concentration of MMT-PAAc was 6% and 40% for BT-PAAc. The results of X-ray 

diffraction patterns were indicated that, the basal distances (d001) of MMT and BT after polymerization were ~15 

Å compared with BT was 12.17 Å and MMT did not appear the d001 peak. The cellulase immobilized yields of 

MMT-AAc and BT-AAc were determined by Lowry method with values were of 40.6% and 68.3%, 

respectively. The cellulase activity of the immobilization samples were checked by diffusion the sample 

solutions on agar after that measure of diameter of CMC hydrolysis circles. The results indicated that, the 

immobilized cellulase samples still maintain enzymatic activity after three times reuse.   

1. INTRODUCTION 

Bentonite (BT) is a natural clay, belong to smectite group. The main composition of BT is 

montmorillonite (MMT). It have been application onto agriculture, cosmetic, pharmaceutical 

industry and environmental treatment. 

In recent decades, there were a lot of studies on modification and application of BT, MMT 

such as synthesis of nanocomposite from polyacrylate/MMT, ethyl acrylate/MMT, polyacrylate/ 

bentonite to produce water super absorbents, heat resistant materials, solvent-resistant materials                

[1-4] or using of MMT to absorb organic compounds, toxin metals in water [5-8]. Study on 

modification of MMT by ion-exchange method to produce materials to absorb pesticides, fertilizers 

[9-12]; and MMT mixing with polymers such as Polyethylene, Poly (vinyl alcohol), Poly (ethylene 

oxide), Poly(lactic acid) to improve physic chemical characters of soft composites, biodegradable 

materials [13-16]. In 2010, the researchers of Tokyo University, Japan were successful investigated 

a new hydrogel can be self-repair from a mixture of clay, water, sodium polyacrylate and one kind 

of  “molecule glue ” organic with the hoping that the new hydrogel can be replace plastics in future 

[17]. In Vietnam, some studies were carried out at Universities such as using BT of Thuan Hai 

province to absorb Cu
2+

 ion in water, modify Na
+
-montmorillonite by octadecylamin, produce a 

nanocomposite from PA6/Clay, or study on affect of nanoclay on the characteristics of vulcanised 

rubber [18-20] and using MMT mixing with thermal starch/PVA to produce biodegradable plastic, 

recycle lubricating oil by bentonite [21], study on modification of  BT of Binh Thuan province by 

hexadecyltrimethylammonium bromide to produce a material absorb dye in waste water or use to 

treatment of hevy metals [22]  

Beside of studies and applications of bentonite, montmorilonite onto several fields were 

above-mentioned, at present a new study on production of hybrid material to immobilized of 
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bioactivities is an interest topic in countries [23-26]. Bioactivities such as soluble enzyme is 

unstable and extraction, refine enzyme are processes costly. That are the causes soluble enzyme 

have high cost, fermentable medium often was contaminated by microorganism during activation of 

enzyme. To extract enzyme out  from reaction mixture, often people have to increase temperature or 

change pH to precipitate of enzyme, so enzyme will be denatured and difficult to restore activity to 

reuse. So that using immobilized enzyme is a popular tendency the present with some advantages: 

can be reuse many times so economic than, application multiform under some different 

immobilization ways,  inactivated enzyme easily at any time [27-28]. 

The content of this work is using of ionization radiation energy to insert the polyacrylate 

chains into the silicat layers through radiated polymerization of acrylic acid to increase the width of 

pores, increase the activity function groups onto surface of bentonite and montmorillonite, after that 

evaluate the ability of cellulase immobilization onto hybrid materials.  

2. EXPERIMENTS 

2.1.   Raw materials, chemicals 

Montmorillonite, bentonite were supplied by Sigma, Germany. Acrylic acid, Sodium 

potassium tartrate, Folin-Ciocalteu's phenol reagent, Bovine serum albumin (ABS), KBr and NaOH 

were supplied by Merck, Germany. Cellulysin Cellulase, Trichoderma viride was supplied by 

Calbiochem, Germany. KOH, HCl, CH3COONa, CuSO4.5H2O, Na2CO3 were pure analysic from 

China and distilled water. 

2.2. Equipments  

The stirrer RW20.n, KIKA, Germany; The heater DNF410, Yamato, Japan; Fourier transform 

infrared FTIR-8400S, Shimadzu, Japan; The TEM, JEM-1400, JOEL, Japan; X-ray diffraction  D8 

ADVANCE, BRUCKER, Germany; Gamma irradiator  at VINAGAMMA (SVST-Co60/B, 

Hungary). 

2.3. Preparation of samples and irradiation  

a) MMT-PAAc hybrid 

Soaking MMT in distilled water with the ratio was 1:1.1 w/w for 2 hours before mixing with 

AAc. Concentrations of AAc used to mix with MMT were 5, 10, 20 and 30%, with stirring time of 

60 minutes. The samples were iiradiated by 
60

Co gamma source at  VINAGAMMA with dose rate 

of 0.85 kGy/h in a range absorbed dose from 3.6 kGy to 11.1 kGy. Irradiated samples were dried at 

temperature of 70
o
C for 14 hours.  

b) BT-PAAc hybrid 

Soaking BT in distilled water with the ratio was 1:11.3 w/w for 2 hours before mixing with 

AAc. Concentrations of AAc used to mix with BT were 20, 40, 60 and 80%, with stirring time of 60 

minutes. The samples were iiradiated by 
60

Co gamma source at  VINAGAMMA with dose rate of 

0.85 kGy/h in a range absorbed dose from 3.6 kGy to 11.1 kGy. The irradiated samples were dried 

at temperature of 70
o
C for 14 hours.   

2.4. Specific characters analysis 

Swelling: The samples were soaked in distilled water for 24 hours and filtered by an 100 mesh 

seive, using tissue to reject water on surface of samples and weight. Swelling was calculated by the 

formula: Swelling (g/g) = (m1-m2)/ m2. In there: m1, m2 were the weight of samples after and before 

swelling for 24 hours (g), respectivity.  Determination of PAAc concentration: The samples were 

extracted directly in hot water at the temperature of 80
o
C for 24 hours, after that filter, washing with 

warm water and dry samples at the temperature of 70
o
C to constant weight. PAAc concentration of 

the samples was calculated by the formula : PAAc, % = m3*100/m4. In there: m3 was the weight of 

PAAc in the dried sample after extraction (g), m4 was the weight of the dried sample after extraction 
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(g). FTIR analysis: The samples were measured by FTIR-8400S, Shimadzu, Japan with 20 times of 

scaning in a range frequency from 400 to 4500 cm
-1

. XRD measurements were done with D8 

ADVANCE, BRUCKER, Germany using Cu K radiation and  wavelenght of 0.154 nm. The 

specific surface areas were measured on NOVA version 1200, Quantachrome, USA by N2 

adsorption at 77 K and application of BET equation. TEM images: The microstructure of samples 

were imaged by JEM-1400, JOEL, Japan. 

2.5. Immobilization of enzyme cellulase and determination of immobilized cellulase yeild 

BT, MMT and hybrid materials were added to the enzyme solution [3mg in (1ml, 0.05 M) 

acetate buffer pH 4.8] and the immobilization reaction was carried out 5-7 hours at the room 

temperature in a water bath. The precipitates were filtered and the immobilized enzymes were dried 

at 50
o
C and stored at 4

o
C until use. The washing solutions were collected to determine the amount 

of immobilized cellulase.  

The cellulase content in solutions were determined by Lowry method [29]. The immobilized 

cellulase yeild (YI), % = m5*100/m6. In there:  m5 was the amount of cellulase immobilized (mg), 

m6 was the amount of cellulase introduced (mg).  

2.6. Determination of enzyme activity by diffusion of the sample solutions on agar   

 The 0.5 ml of 1 mg/ml cellulase and immobilized celullase solutions (0.05 g in 1 ml 0.05 M 

acetate buffer pH 4.8) were droped into agar wells (pectri dishes content agar, substance CMC and 

starch) having a diameter of 8 mm and kept at 4
o
C for 2 hours to the fluid diffused surrounding of 

agar wells. The petri dishes were incubated at 40
o
C for 48 hours, using Lugol reagent to dye petri 

dishes contain agar, after that measure the diameter of CMC hydrolysis circles (that was the white 

parts did not dyed by Lugol reagent).  

3. RESULTS AND DISCUSSIONS  

3.1. MMT-PAAc 

3.1.1. PAAc concentration 

 
Figure 1: Dependence of the formed PAAc concentration of MMT-PAAc on:                                               

(a) a range dose, at an AAc concentration of  10%; (b) a range AAc concentration, at dose                            

of 6.4 kGy; (c) a range KOH concentration, an AAc concentration of  10% and 3.6 kGy 

Fig.1a was indicated that the formed PAAc concentration of MMT-PAAc samples were 

decreased follow the increasing of absorbed dose. The highest of PAAc concentration was 68.4% at 

the AAc concentration of 10% and absorbed dose of 3.6 kGy. When the concentrations of AAc 

increased from 5% to 30% the formed PAAc concentrations were increased from 8% to 74%, at 

absorbed dose of 6.4 kGy (Fig.1b). For the samples used KOH to neutralize AAc during 

polymerization at absorbd dose of 3.6 kGy (Fig.1c), the formed PAAc concentrations lower than the 

samples without KOH. 
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3.1.2. FTIR 
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Figure 2: FTIR spectra for MMT (a) and MMT-PAAc, 10% AAc                                                            

at absorbed dose of (b) 3.6 kGy, (c) 6.4 kGy and (d) MMT-PAAc-70% KOH. 
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Figure 3: FTIR spectra for MMT (a) and MMT-PAAc in a range AAc                                                

concentration of (b) 5%, (c) 10%, (d) 20%, (e) 30%; at 3.6 kGy. 

Fig. 2 was shown that the peaks at 1726 cm
-1

 were characterized COO
-
 groups of polyacrylate 

and the peaks at 1639 cm
-1

 were characterized bonding of Al-Al-OH at octahedron layers of MMT. 

It was confirmed that the PAAc chains were presented  successfully in radiated polymerization 

samples. Beside, the intensity of the peaks at 1726 cm
-1

 increased when the AAc concentrations 

were increased (Fig. 3) 

3.1.3. Surface area and pore volume 

The results of surface area and pore volume of the sample are presented in Table 1, the 

surface area of most polymerized samples were decreased about 1/2 times compared with  MMT, 

because of the average pore diameter increased about two times. The total pore volume of MMT 

was 0.178 cc/g for the pores smaller than 9.7 Å. The total pore volume of MMT-PAAc at AAc 

10%, 3.6 kGy was 0.190 cc/g for the pores smaller than 399 Å, it is indicates that  PAAc chains 

formed by radiated polymerization was inserted between silicate layers of MMT. 

COO- , 1722 cm-1 

a 

b 

c 

d 

e 

(a) (b) 

(c) (d) 
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Table 1: Surface area and pore volume datas of MMT, MMT-PAAc and MMT-PAAc-KOH. 

Sample  AAc conc., 

% 

Dose, 

kGy 

Average pore 

diameter*, m 

Surface 

area, m
2
/g 

Total pore 

volume, cc/g 

MMT 0 0 2.73 261.4 0.178- 9.7 Å 

** 

MMT/AAc 10 3.6 5.26 144.5 0.190-399 Å 

MMT/AAc 10 6.4 5.09 130.5 0.166-418Å 

MMT/AAc 20 3.6 5.35 89.2 0.119-398Å 

MMT/AAc/KOH 10, 70% 

KOH  

3.6 5.56 122.2 0.170-437Å 

* Average pore diameter=4* Total pore volume/Surface area (this is the formula apply for 

BET).  

** Total pore volume of MMT for the pores smaller than  9.7 Å. 

3.1.4. XRD 

 

 

 

 

 

 

Figure 4: XRD patterns of 

MMT, MMT- PAAc at AAc 

concentration of 20%, 10%          

and MMT-PAAC-KOH; the 

absorbed dose of 3.6 kGy 

 

The insertion of PAAc chains between silicate layers of MMT was also demonstrated by the 

increasing of the basal distance (d001) (Fig.4). The XRD patterns were showed that MMT and 

MMT-PAAc-KOH did not appear the d001 peak compared to the polymerized samples. The basal 

distance of MMT-PAAc at AAc 10%, and 3.6 kGy was 15.43 Å at 2 = 5.722
o
 and when AAc 

concentration was increased 20%, the basal distance of MMT-PAAc was 15.98 Å at 2 = 5.524
o
. 

3.1.5. TEM  image 

   

Figure 5: TEM images of MMT (a), MMT-10% AAc -3.6 kGy                                                                             

(b) and MMT-10% AAc-70% KOH (c) 

 a   b  c 
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TEM images of MMT and polymerizing samples were shown in Figure 5. It is clear that  

separation of silicate layers were observed on the polymerizing samples. The dark slabs separated 

between from silicate layers can be observed clearly from the morphology of MMT-PAAc and 

MMT-PAAc-KOH, between the silicate layers was covered by a small number of point be lighter, it 

reflect the presence of PAAc chains in samples (Fig. 5b, 5c) and it also indicates that the PAAc 

chains were inserted and increased the width between silicate layers a distance of 1.14 nm 

compared with MMT was 1.08 nm. 

3.1.6. Cellulase immobilization and determination of enzyme activity  

a) Cellulase immobilization 

Table 2: The results of cellulase immobilizied yield of MMT, MMT-PAAc                                                 

and MMT-PAAc-KOH at temperature of 50
o
C and sharking time of 5 hours,                                                     

3 mg/ml cellulase solution. 

Samples  AAc 

Conc.,% 

KOH 

Conc., % 

Dose, 

kGy 

Cellulase immobilizied 

Yield, % 

MMT 0 0 0 49.9 

MMT/AAc 10 0 3.6 40. 6 

MMT/AAc 20 0 3.6 38.0 

MMT/AAc/KOH 10  70 3.6 37.5 

 The amount of immobilized cellulase on MMT, MMT-PAAc and  MMT-PAAc-KOH were 

determined (Table 2). The cellulase immobilization yield of MMT was 49.9% higher than MMT-

PAAc-3.6 kGy of 40.6%. For AAc concentration of 10%, 20% and the sample neutralized KOH, 

the cellulase immobilization yield did not so different between the samples. 

b) Determination of enzyme activity 

Table 3: The datas of diameter of 1% CMC hydrolysis circles. 

Samples Incubated 

Temp., 
o
C 

Incubated 

time, hours 

Diameter of CMC 

hydrolysis circle, mm 

Cellulase   

40 

 

48 

27.5 

MMT-Cellulase 0.0 

MMT-PAAc-Cellulase 20.0 

MMT-PAAc-KOH-

Cellulase 

17.0 

 

    

Figure 6: Photos of petri dishes using for measurement of diameter of CMC hydrolysis circle:                                 

(a) Cellulase, (b) MMT-cellulase, (c) MMT-PAAc-Cellulase and (d) MMT-PAAc-KOH-Cellulase 

 

 

 a   b  c  d 
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Table 4: The results of diameter of CMC hydrolysis circle of cellulase                                           

immobilized samples after three times reuse. 

Samples Diameter of CMC hydrolysis circle after reuse, mm 

First  Second  Third 

MMT-PAAc-Cellulase 20 20 16 

MMT-PAAc-KOH-

Cellulase 

17 18 13 

The enzyme activity were examined (Fig.6 and Table 3) through diameter of CMC hydrolysis 

circles. The diameter of CMC hydrolysis circle of MMT-PAAc-cellulase was 20 mm higher than 

MMT-PAAc-KOH-Cellulase of 17 mm. The enzyme activity of immobilized cellulase on MMT 

wasn’t observed CMC hydrolysis circle although the yield of immobilized cellulase is higher than 

MMT-PAAc and MMT-PAAc-KOH. This result may be due to that the increasing of the basal 

distance of slilcate layers and PAAc chains were formed the bonds between cellulase and the 

cellulase immobilized samples as MMT-PAAc, MMT-PAAc-KOH were still maintained enzyme 

activity after three times reuse (Table 4). 

3.2. BT-PAAc 

3.2.1. PAAc concentration 

    

Figure 7: Dependence of the formed PAAc concentration of BT-PAAc on:                                               

(a) a range dose, at an AAc concentration of  40%; (b) a range AAc concentration,  at dose                                            

of 6.4 kGy; (c) a range KOH concentration,AAc concentration of  40% and 6.4 kGy. 

Fig.7a was indicated that the formed PAAc concentration of BT-PAAc was increased follow 

the increasing of absorbed dose. The highest of formed PAAc concentration was 46.4% at the AAc 

concentration of 40% and absorbed dose of 8.8 kGy. When the concentration of AAc was increased 

from 20% to 40% the formed PAAc concentration also increased from 13% to 35%, at absorbed 

dose of 6.4 kGy (Fig.7b). For the samples used KOH to neutralize AAc during polymerization at 

absorbd dose of 6.4 kGy (Fig.1c), the formed PAAc concentration lower than the samples without 

KOH.   

3.2.2. FTIR 
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Figure 8: FTIR spectra for BT (a) and BT-PAAc, 40% AAc at absorbed                                                

dose of (b) 3.6 kGy, (c) 6.4 kGy and (d) BT-PAAc-30% KOH. 
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AAc concentrations of (b) 20% 

3.2.2. 40%, (d) 60%, (e) 80%; at 6.4 kGy 

Fig. 8 was shown that the peaks at 1724 cm
-1

 were characterized COO
-
 groups of polyacrylate 

and the peaks at 1639 cm
-1

 were characterized bonding of Al-Al-OH at  octahedron layers of BT. It 

was confirmed that the PAAc chains were presented successfully in radiated polymerization 

samples. Beside, the intensity of the peaks at 1724 cm
-1

 were increased when the AAc 

concentrations increased (Fig. 9) 

3.2.3. Surface area and pore volume 

Table 5: Surface area and pore volume datas of BT, BT-PAAc and BT-PAAc-KOH. 

Mẫu AAc Conc., 

% 

Dose, 

kGy 

Average pore 

diameter*, m 

Surface 

area, m
2
/g 

Total pore 

volume, cc/g 

BT 0 0 2.44 18.0 0.011-7.1 

Å** 

BT/AAc 40 3.6 12.14 1.648 0.005-416 Å 

BT/AAc 40 6.4 13.25 1.812 0.006-412 Å 

BT/AAc 60 6.4 4.54 0.881 0.001-422 Å 

BT/AAc/KOH 40, 30% 

KOH  

6.4 14.00 0.857 0.003-410 Å 

c 

e 

b 

d 

a 

(c) (d) 



 

VINATOM-AR--12-37 

 

The Annual Report for 2012, VINATOM 

 
282 

* Average pore diameter=4* Total pore volume/Surface area (this is the formula apply for 

BET).  

** Total pore volume of BT for the pores smaller than 7.1 Å. 

The results of surface area and pore volume of the sample were presented in Table 5, the 

surface area of most polymerized samples were decreased compared with BT, because of the 

increasing of average pore diameter. The total pore volume of BT was 0.011 cc/g for the pores 

smaller than 7.1 Å. The total pore volume of BT-PAAc at AAc 40%, 6.4 kGy was 0.005 cc/g for the 

pores smaller than 416 Å, it is indicates that PAAc chains formed by radiated polymerization was 

inserted between silicate layers of BT 

3.2.4. XRD 

The insertion of PAAc chains between silicate layers of BT was also demonstrated by the 

increasing of the basal distance (d001) (Fig.10). The XRD patterns were showed that the d001 peak 

values of polymerizied sample were higher than BT. The basal distance of BT and BT-PAAc at 

AAc 40%, 6.4 kGy was 12.166 Å at 2 = 7.260
o
 and 15.49 Å at 2 = 5.699

o
 , respectivity. When 

AAc concentration was increased 60%, the basal distance of BT-PAAc was 15.021 Å at 2=5.879
o
. 
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3.2.5. TEM images 

   

Figure 11:  TEM images of BT (a), BT-40% AAc -6.4 kGy (b)                                                                            

and BT-40% AAc-30% KOH (c) 

TEM images of MMT and polymerizing samples were shown in Figure 11. It is clear that  

separation of silicate layers were observed on the polymerizing samples. The dark slabs separated 

between from silicate layers can be observed clearly from the morphology of BT-PAAc and BT-

PAAc-KOH, between the silicate layers was covered by some points lighter, it reflect the presence 

of PAAc chains in samples (Fig.5b, 5c) and it also indicates that the PAAc chains were inserted and 

 a   b  c 

Figure10:  XRD patterns of BT, BT- PAAc at AAc concentrations of 40%, 60% 

and BT-PAAC-KOH; the absorbed dose of 6.4 kGy 
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     BT 

40 %AAc 

60 % AAc 

40% AAc,  30% KOH 



VINATOM-AR--12-37 

 

The Annual Report for 2012, VINATOM 

 

283 

increase the width between silicate layers a distance of 1.02 nm for BT-PAAc and 0.99 nm for BT-

PAAc-KOH compared to BT of 0.85 nm. 

3.2.6. Cellulase immobilization and determination of enzyme activity  

a) Cellulase immobilization  

Table 6: The results of cellulase immobilizied yield of BT, BT-PAAc and BT-PAAc-KOH                                            

at the room temperature and sharking time of 5 hours, 3mg/ml cellulase solution. 

Samples AAc 

Conc.,% 

KOH Conc., 

% 

Dose,  

kGy 

Cellulase 

Immobilizied yield, % 

BT 0 0 0 73.7 

BT/AAc 40 0 6.4 68.3 

BT/AAc 60 0 6.4 63.2 

BT/AAc/KOH 10  30 6.4 81.1 

The amount of immobilized cellulase on BT, BT-PAAc and BT-PAAc-KOH were determined 

(Table 6). The cellulase immobilizied yield of BT was 73.7% higher than MMT-PAAc-6.4 kGy of 

68.3% for 40% AAc and 63.2% for  60% AAc. The cellulase immobilizied yield of sample 

neutralized KOH was higher than MMT of 7%. 

b) Determination of enzyme activity 

 The enzyme activity was examined (Fig.12 and Table7) through diameter of CMC hydrolysis 

circles. The diameter of CMC hydrolysis circle of BT-PAAc-cellulase was 20 mm higher than                    

BT-PAAc-KOH-Cellulase and BT-cellulase. The diameter of CMC hydrolysis circle of cellulase 

immobilized on MMT was only 14 mm although the amount of immobilized cellulase is higher than 

BT-PAAc. This result may be due to that the increasing of the basal distance of slilcate layers and 

PAAc chains were formed the bonds between cellulase and the cellulase immobilized samples as 

BT-PAAc, BT-PAAc-KOH were still maintained enzyme activity after three times reuse (Table 8).  

Table 7: The datas of diameter of 1% CMC hydrolysis circles. 

Samples Incubated 

Temp., 
o
C 

Incubated 

time, hours 

Diameter of CMC 

hydrolysis circle, mm 

Cellulase   

40 

 

48 

28 

BT-Cellulase 14 

BT-PAAc-Cellulase 20 

BT-PAAc-KOH-

Cellulase 

18 

 

    

Figure 12: Photos of petri dishes using for measurement of diameter of CM  hydrolysis circle:                                  

(a) Cellulase, (b) BT-cellulase, (c) BT-PAAc-Cellulase and  (d) BT-PAAc-KOH-Cellulase. 

 a   b  c  d 
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Table 8: The results of diameter of CMC hydrolysis circle of cellulase                                                           

immobilized samples after three times reuse. 

Samples Diameter of CMC hydrolysis circle after reuse, mm 

First Second Third 

BT-Cellulase 14 12 11 

BT-PAAc-Cellulase 20 18 13 

BT-PAAc-KOH-Cellulase 18 16 12 

4.  Summary   

The hybrid materials were produced by radiated polymerization having the specific 

characteristics below:  

 MMT-PAAc 

- The concentration of AAc: 10% w/w 

- A range absorbed dose: 3.6-6.4 kGy  

- The formed PAAc concentration:  68-54%  

- The basal distance: 15-16 Å compared to MMT did not appear d001 peak 

- Cellulase immobilizied yeild: 40.6% with three times reuse. 

 BT-PAAc 

- The concentration of AAc: 40% w/w 

- A range absorbed dose: 6.4-8.8 kGy  

- The formed PAAc concentration:  40-46.4%  

- The basal distance: 15-15.4 Å compared to BT of 12.6 Å 

- Cellulase immobilizied yeild: 68.3% with three times reuse. 
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