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WARANYA PIBANWONG: PREPARATION OF A METAL ADSORBENT 

CONTAINING HYDROXAMIC ACID GROUPS FROM CELLULOSIC FIBER 

GRAFTED METHYL ACRYLATE BY GAMMA IRRADIATION. ADVISOR: 

ASSOC.PROF.CHYAGRIT SIRI-UPATHUM, CO-ADVISOR: PHIRIYATORN 

SUWANMALA, Ph. D., 66 pp. 

Preparation of a metal adsorbent containing hydroxamic acid group from 

cellulose fiber grafted methyl acrylate by simultaneous irradiation technique was conducted. 

Major parameters put to study included: monomer concentration, solvent media concentration, 

total dose and dose rate. Cellulose from 100% cotton fabric of 150 g/cm2 was used as a trunk 

polymer. The optimum condition for grafting methyl acrylate onto cotton fabric was found to 

be as follows: grafting was performed in a solution of 45% MA (v/v) and methanolic solution 

(Methanol:&O = 1:l) radiation dose of 50 kGy and dose rate of 0.1417 kGy/min. The degree 

of grafting at these conditions was 133 (6.63 rnmoVg of MA group). Characterization of graft 

copolymers was done by FTIR spectroscopy, DSC and TGA. 

A study to determine the suitable condition for modification of ester functional 

group to hydroxamic acid group revealed the optimum condition to be: 25% (w/v) 

hydroxylarnine solution in methanolic solution (Methanol:H20 = 5:l), pH of 13, 2 hours 

reaction time and temperature of 7 5 ' ~ .  This functionalization condition gave % conversion of 

54. The adsorbent so obtained containing hydroxamic acid groups could adsorb cadmium and 

lead up to 90.59% and 91.29% at pH of 5.0 and 3.0 respectively, after coming into contact 

with 100 ppb of those heavy metals for 24 hours. 
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1

  1

1.1  

  

  

 (Graft Polymerization) 

 (Natural Polymer) 
 [1]  (biodegradability)  (non-

toxicity)  (biocompatibility) 
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2

.  Radiation grafting ( )

2.  Modification ( )

3.  Adsorption of Metal Ions ( )
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3

1.2 

1.3  

1.3.1 

 simultaneous

irradiation

1.3.2  

1.3.3 

1.3.4  

1.3.5 

                 -  

                 -  

1.4  

                             1.4.1

                              1.4.2  

  simultaneous irradiation

1.4.3 

                              -   (dose)

      -  

      -   (MeOH : H2O)

                    -   (dose rate)

                         1.4.4 

      -  

      -  
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      -  

                                  -  

                                  -  % Conversion

                        1.4.5 

FT-IR Spectroscopy, DSC  TGA

                        1.4.6 

        -  % grafting

1.4.7 

1.4.8 

1.4.9 

                     -  

                     -  

1.4.10 

1.5  

1.6 

1. Yuliya Bondar [2]

 (polypropylene) 

 (glycidyl methacrylate) 

 (sodium

hydrogensulfite)  (dimethylformamaide)  2:7:3 

 70  (sulfornate group)

 0.1588  180 

2. Noriaki Seko [3]

 Au (III)
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5

 (methacrylic acid, MAA)  (allylamine, AAm) 

 (N-vinylacetamide, NVA)    (nonwoven fabric, NF) 

 (polyethylene)  (polypropylene) 

 2 

 50:50 

 2 

 1  (pH) 3  260,

520  1,040  163, 150  144 

3. M.R. Lutfor [4]

 (amidoxime)  

 (acrylonitrile)  (Ceric ammonium nitrate) 

 FTIR, TG 

DSC 

 Cu2+>Fe3+>Cr3+>Ni2+>Co2+> Zn2+> Cd2+> As2+> Pb2+

4. M.R. Lutfor [5]

 (Ceric ammonium nitrate) 

 FTIR, TG  DSC 

Cu2+>Fe3+>Cr3+>Ni2+>Co2+> Zn2+> Cd2+> As2+> Pb2+

5. Phiriyatorn Suwanmala [6]

 (Nonwoven) 

 (polyethylene)  (polypropylene) 
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6

UO2
2+,  V5+, Pb2+  Al3+  99, 98, 97  96  pH 5, 4, 6  4 

 100  24 

6. N. Shiraishi [7]

-60 (Co-60)

 Degree of Grafting 

 Degree of Grafting 

 0.5  (Mrad)  Degree of Grafting 

 (ethylene glycol dimethacrylate) 

 Degree of Grafting 

 5  (Mrad) 
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  2

2.1    (Cellulose)

 (Cellulose)  (Polysaccarides) 

 Mono-saccharine D-glucose 

(C6H12O6)  Fischer 

 2.1  Fischer  D-glucose

 D-glucose 

 (Chair form) 2 

        2.2  (chair form)  Trans  Cis

 3 

 (Crystalline) 

CHO

OHH

HHO

OHH

OHH

CH2OH

O

H

HO

H

HO

H

H

OHH
OH

OH

O H

OH

H

H

OH

OH

H H

OH

OH

trans-D-Glucose cis-D-Glucose
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Freudenberg 

 Macromolecule  ß-D-

glucose  C1 ---> C4  Degree of

Polymerization  DP  D-glucose 

 (Hydrochloric acid)  (Sulfuric acid) 

 (Alkali hydroxide) [8]

2.2    (Methyl Acrylate)

 C4H6O2  2.3

 2.3  

 (free radical) 

 C-C 

 2.4

http://www.docu-track.com/buy/
http://www.docu-track.com/buy/


9

2.2.1   (identification)

   (1)    methyl acrylate

   (2)    2-propenoic acid methyl ester

   (3)   acrylic acid methyl ester

            curithane 103

            methoxycarbonylethylene

                                    methylacrylate

             methyl 2-propenoate    

   (4)    86.09  

2.2.2   (Chemical and Physical properties)

             (Ethanol) 

 (Ether)  2.1

 2.1

- 

- 

- 86.09

- 

- 0.9561 

- 80.5 

- -76.5 

- -75 

- 468 

-  20 0.49 

- 950 

-  20 90.5 

2.3    (Ion exchanger or Resin)
[9],[10]

 (matrix) 

 (covalent bond)  (counter ions) 

http://www.docu-track.com/buy/
http://www.docu-track.com/buy/


10

 (ionic bond) 

 (Cation exchanger) 

 2 

 (Anion exchanger)

 2.5  

A 

B 

 Cu2+, Fe2+, Cr3+, Ni2+, Co2+, Zn2+, Cd2+, As2+, Pb2+ [4]

 2.2  [11]

Sulfonic, Methylene sulfonic Strong acid

Carboxylic, Phosphonic, Phenolic hydroxyl Weak acid

Quarterary ammonium Strong base

Primary amine, Secondary amine, Tertiary amine Weak base
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2.4    (Polymerization Induced by Gamma-ray)

 2.6 [12]

A                 A+ +  e-

            A+  +   A      AH+ + R
.

A+ +    e-                                   A*

 2.6  

 2.7

R
. + R

.
R2

 2.7  

[13]  3 

2.4.1   Initiation

    

 (active center) 

 unshared electron       free radical  carbanion (-) carbonium (+) 

 2 

     2.8

h
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 2.8  

 2.9

 2.9  

SH  scavenger  sensitizer

M    monomer

2.4.2   Propagation

                                  

 2.10

 2.10  

 n 

              2.4.3   Termination

                             

 2 
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1)  

Coupling  combination

X functional group

2)  

 Disproportionation

 n 

2.5   (Polymerization technique)

 2 

2.5.1 Simultaneous irradiation technique   Direct irradiation technique [14]

CH2 CH

X

.
CH CH2

X

+
.

CH2 CH2

X

+ CH CH

X

CH2 CH

X

.
CH CH2

X

+ CH2 CH

X

CH CH2

X

.
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 2.11  

2.5.2 Pre-irradiation technique  2 

 (Active Site)  peroxides  trapped 

 peroxidizes polymer 

 hydroperoxides 

diperoxide 

 peroxidize 

 hydroperoxides  hydroxyl radical 

 2.12   peroxidizes polymer

 Trapped radical 

 trapped  polymeric species  glass transition 

 trapped  trapped 
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 trapped  trapped radical 

 2.3  Direct irradiation technique

 Pre-irradiation technique [13]

Direct irradiation Pre-irradiation

1.  

2.  

3.    

4.  Trapped Peroxide 

hydroperoxide

5.  Non-functional Functional

6.  

7. 

8. 

9. 

2.6    (Copolymers)

 (Copolymers)[15-17]

2

 4 

2.6.1  (random copolymers) 

 A  B  A

 1   2   B   1   2
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   ~AABABAAABBAABAABABBA~

 2.13

2.6.2  (Alternating copolymers) 

 A  B 

   ~ABABABABABABABABABAB~

 2.14  

2.6.3  (Block copolymers) 

 1 

  ~AAAAAABBBBBBBBAAAAAAA~

 2.15

2.6.4  (Graft copolymers) 

 2.16  
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2.7   (Modification of Polymer by Radiation)

 (Irradiation) 

 (cross-linking) 

 2.17   (Cross-linking) 

 (grafting) 

 (functional group) 

[18]

 2.18   (Grafting) 

 (degradation) 

 2.19   (Degradation) 
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 2.4  [17]

Cross-linking Degradation

Polyethylene Polyvinyl alcohol

Polypropylene Polyisobutylene

Poly (vinyl fluride) Polytetrafluoroethylene

Poly (vinyl chloride) Polytrifluorochloroethylene

Polystyrene Polymethacrylamide

Polyethylene oxide Polymethacrylic acid

Natural rubber Polymethacrylonitrile

Polyamides Poly (methyl methacrylate)

Cellulose

Cellulose acetate

Cellulose nitrate
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  3

3.1 

(1)  

(2)  Hot plate

(3)   (Condenser)

(4)  

(5)  

(6)  

(7)  

(8)  

(9)   4 

(10)  

(11)   100  150, 208, 275 g/cm2

), , , 

(12)  

(13)  

(14)  

(15)  

(16)  

(17)  

(18)  

(19)   Co-60  90%, 70%, 50%

(20)  

(21)  

(22)  

(23)  

(24)   Co-60 Gammacell 220 excel. Canada

(25)   CHNS-Analyzer 932, Leco corporation U.S.A

(26)   pH meter  PP20-P11, Sartorius Germany.

(27)   DS-500, LISTED Laboratory Equipment U.S.A
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(28)   ICP Optima 5300DV, Perkin Elmer U.S.A

(29)   FTIR  TENSOR 27, Bruker Germany

(30)   TGA  SDTA851, Mettler Toledo U.S.A

(31)   DSC  DSC822, Mettler Toledo U.S.A

3.2  

(1)  , J.T. BAKER, Malaysia

(2)  , Merck, Germany

(3)  , Sigma-Aldrich, Germany

(4)  , Merck, Germany

(5)  

(6)  , Merck, Germany

(7)  , Merck, Germany

(8)  

(9)  

(10)  , Merck, Germany

(11)  , Merck, Germany

(12)  1,000  VWR

International Ltd, England

(13)   1,000  SCP Science,

Canada

 AR-Grade

3.3  

3.3.1 
[19]

 100  150, 208, 275 g/cm2

, ,    3×3 

 5  1 

 3 
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 60 

Condenser

ethanol 5 hrs. 

NaOH 1% 3 hrs.

Magnetic Stirrer

                           3.1  

3.3.2 

 simultaneous irradiation

 3.3.1 

 20 

 (MeOH:H2O  50: 50 )  25 

 10 

20  0.1417 

 40 

 60 

 simultaneous irradiation
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3.3.3 

     3.3.3.1  

            150 g/cm2

 20 

 (MeOH:H2O  50: 50 )  25 

 10 

 10,

20, 30, 40, 50, 60  0.1417 

 40 

 60 

Methyl acrylate +

Methanolic

solution

 3.2

  3.3.3.2  

        150 g/cm2

 20, 25, 30, 35,

40, 45   (MeOH:H2O  50: 50 
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)  25  10 

 50  0.1417 

 40  60 

  3.3.3.3  

         150 g/cm2

 45  

 (40:60), (50:50), (60:40), (80:20) 

 25  10 

 50  0.1417 

 40 

 60 

     3.3.3.4  

            150 g/cm2

 45

 (50:50)  25 

 10 

 50  0.1417, 0.0728, 0.0430, 0.0140 

 40  60 

3.3.4  (NH2OH) 

             75 

 5:1  300  pH 13 
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 25  pH 13

3.3.5 

       3.3.5.1  

               0.05 

 20, 25, 30, 35  pH 13  50  2

 75 

 4:1 

0.2  30  10  4:1

             3.3.5.2  

              0.05 

 25  pH 13  50  1, 3, 4 

 75 

4:1  0.2 

 30  10  4:1 

              3.3.5.3  

               0.05 

 25  pH 13  50  2  70, 80,

85 

 4:1 

0.2  30  10  4:1

                                         3.3.5.4  (pH) 

               0.05 

 25  pH 10, 11, 12  50  2

 75 
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 4:1 

0.2  30  10  4:1

Condenser

 NH2OH

Magnetic Stirrer

 3.3   

3.3.6  

          3.3.6.1   FTIR (Fourier transform infrared spectroscopy)

         

 500-4,000 .-1  ATR

 16  2 .-1  FTIR Spectroscopy

(TENSOR 27, Bruker Germany)

         3.3.6.2   DSC (Differential Scanning Calorimetry Analysis)

        

 60 

 10  DSC (DSC822, Mettler Toledo)

         3.3.6.3   TGA (Thermogravimetric Analysis)

        

 800  10 
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 60  TGA (SDTA851,

Mettler Toledo)

3.3.7  

         3.3.7.1   (pH) 

         0.5 

 100  100  pH 3.0, 4.0, 5.0, 6.0

 8.0  50 

 100 

 24 

 ICP (Optima 5300DV,

Perkin Elmer)

          3.3.7.2  

           0.5 

 100  100  pH 5.0  3.0

 50 

 100  20,

40, 60, 80  100 

ICP (Optima

5300DV, Perkin Elmer)

3.3.8  

 0.5 

 5  100  pH 5.0  3.0 

 50 

 100  24 

 ICP (Optima 5300DV, Perkin Elmer) 
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  4

4.1  

 simultaneous irradiation

 simultaneous irradiation  208,

275 g/cm2 ,  (2-

5 )   150 g/cm2

4.2   

 50  60 

 4.1  4.1

 4.1

(kGy) W0 (g) W1(g) % grafting

10 0.1432 0.1986 38.68

20 0.1369 0.1913 39.73

30 0.1632 0.2395 46.75

40 0.2471 0.3613 46.21

50 0.1646 0.2634 60.02

60 0.2159 0.2806 29.96
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 4.1  : 20% MA (v/v),

((MeOH:H2O),(50:50) (v/v))  0.1417 kGy/min

4.3  

 50 

 45 

133.25  4.2  4.2
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 4.2  

(v/v)

W0 (g) W1(g) % grafting

20 0.1317 0.2182 65.67

25 0.1401 0.2380 69.87

30 0.1440 0.2713 88.40

35 0.1444 0.2984 106.64

40 0.1342 0.2804 108.94

45 0.7548 1.7606 133.25

0

40

80

120

160

0 15 30 45 60

Methyl Acrylate (%v/v)

D
eg

re
e 

of
 G

ra
fti

ng
 (%

)

                4.2  :

((MeOH:H2O), (50:50) (v/v)),  50 kGy  0.1417 kGy/min

4.4  

 50:50 

 50:50  4.3  4.3
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 4.3  

(MeOH:H2O)

(v/v)

W0 (g) W1(g) % grafting

40:60 0.6078 1.1799 94.12

50:50 0.7548 1.7606 133.25

60:40 0.1553 0.3353 115.96

80:20 0.5563 0.8588 54.37

0

40

80

120

160

30 40 50 60 70 80 90

%MeOH (v/v)

D
eg

re
e 

of
 G

ra
fti

ng
 (%

)

 4.3  : 45%

MA (v/v),  50 kGy  0.1417 kGy/min

4.5   

 0.1417 

 133.25  4.4  4.4
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 4.4  

(kGy/min) W0 (g) W1(g) % grafting

0.1417 0.7548 1.7606 133.25

0.0728 0.2739 0.5579 103.68

0.0430 0.2444 0.4936 101.96

0.0140 0.2896 0.5717 97.41

80

90

100

110

120

130

140

150

0 0.03 0.06 0.09 0.12 0.15 0.18

Dose rate (kGy/min)

D
eg

re
e 

of
 G

ra
fti

ng
 (%

)

 4.4  : 45% MA (v/v),

((MeOH:H2O), (50:50) (v/v))

4.6  

 25 

 4.5  4.5
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 4.5  

 NH2OH

(w/v)

Ws (mg) % Nitrogen

% Conversion

20

1 1.966 0.648

72 1.921 0.572

3 2.107 0.592

25

1 2.004 5.153

542 2.026 4.853

3 2.062 5.018

30

1 2.062 3.998

432 1.957 3.648

3 1.901 4.254

35

1 2.128 2.690

322 2.052 2.953

3 2.000 3.143

0

10
20

30
40

50
60
70
80

10 15 20 25 30 35 40

Hydroxylamine (%w/v)

%
 C

on
ve

rs
io

n

 4.5

: pH 13,  2 hrs,  75•C
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4.7  

 2 

 4.6  4.6

 4.6  

(hrs.) Ws (mg) % Nitrogen

% Conversion

1

1 1.996 3.477

392 1.986 3.563

3 2.102 3.783

2

1 2.004 5.153

542 2.026 4.853

3 2.062 5.018

3

1 2.099 3.383

382 2.071 3.526

3 2.106 3.636

4

1 2.062 3.775

422 2.141 3.905

3 - -

http://www.docu-track.com/buy/
http://www.docu-track.com/buy/


34

20

30

40

50

60

70

0 1 2 3 4 5
time (hrs.)

%
 C

on
ve

rs
io

n

 4.6   : 25%

NH2OH (w/v), pH 13,  75•C

4.8  
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 54%  4.7  4.7
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 4.7  

(•C)

Ws (mg) % Nitrogen

% Conversion

70

1 2.123 4.621

482 2.121 4.278

3 2.125 4.515

75

1 2.004 5.153

542 2.026 4.853

3 2.062 5.018

80

1 2.055 4.642

482 2.154 4.306

3 1.942 4.276

85

1 2.099 4.178

452 2.099 4.143

3 2.184 4.157

30

40

50

60

70

60 65 70 75 80 85 90

Temperature (
•
C)

%
 C

on
ve

rs
io

n

 4.7 : 25% NH2OH

(w/v),  2  hrs, pH 13
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4.9   

 pH 13

 4.8  4.8

 4.8  

pH Ws (mg) % Nitrogen

% Conversion

10

1 1.992 0.465

52 2.157 0.432

3 2.137 0.408

11

1 2.134 0.216

22 2.032 0.196

3 1.985 0.183

12

1 2.112 2.358

232 2.047 2.400

3 1.990 2.106

13

1 2.004 5.153

542 2.026 4.853

3 2.062 5.018
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 4.8  : 25%

NH2OH (w/v),  2 hrs,  75•C

4.10  FTIR

 FTIR spectrum 

4.9  Cellulose ( )  3,307 cm-1  

 C-H (C-H stretching)  2,873 cm-1  FTIR spectrum  Cellulose-

g-MA  1,726 cm-1   FTIR spectrum  Modified Cellulose-g-MA

 (C=O)  1,614 cm-1 , 1,542 cm-1
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5001000150020002500300035004000

Wavenumber (Cm
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Cellulose

Cellulose-g-MA

Modified Cellulose-g-MA

 4.9 FTIR spectrum  Cellulose, Cellulose-g-MA  Modified Cellulose-g-MA

4.11   DSC

 4.10  3 

 Cellulose  132 

Cellulose-g-MA  164  Modified Cellulose-g-MA

 156  3 

 TGA
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Temperature (oC)
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W
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Cellulose
Cellulose-g-MA
Modified Cellulose-g-MA

 4.10  DSC curve  Cellulose, Cellulose-g-MA  Modified Cellulose-g-MA

4.12   TGA

 4.11  Cellulose  1  [

 1st Derivative (dTGA)  4.12 ]  300 – 400 

 370  800

 Cellulose   16 (Char Yield = 16%) 

 (Cellulose-g-MA)  2 

 1st Derivative (dTGA)  4.12 ]  1 

 300 – 390   Cellulose 

 370 

 1  Cellulose  Cellulose-g-MA  2 

 390 – 480  Poly(methyl

acrylate) [PMA]  Cellulose  Cellulose-g-MA 

 420  800 

 Cellulose-g-MA  14 (Char Yield = 14%) 

 (Modified Cellulose-g-MA) 

 4  1  120 – 260
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Cellulose  (Radiation-Induced Degradation) 

 2  260 – 370 

 Cellulose  3  370 – 420 

 Cellulose-g-MA  4

 420 – 540  800  Modified

Cellulose-g-MA  35 (Char Yield = 35%)  Modified Cellulose-g-

MA  4 

 Cellulose  Cellulose-g-MA [  1st Derivative

(dTGA)  4.12 ]  Modified Cellulose-g-MA  Char Yield 

 (35%)  Cellulose  Cellulose-g-MA 

 (Radiation-Induced Crosslinking) 

 Modified Cellulose-g-MA 
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4.15   

 batch adsorption 

 5  pH 5.0  3.0 

 3.11× 10-3   2.20×10-3
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  5

5.1   

 50 

 45 

50:50  0.1417 

 133 (6.63 )

5.2   

 CHNS-Analyzer 932

 25

 75 ,  2  pH 13  %

Conversion  54 

 54 

 FTIR, DSC  TGA

5.3 

 90.59  91.29 

 100 
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 pH 5.0  60 

 pH 3.0 

3.11× 10-3    2.20×10-3

 0.03  0.02 

5.4  

(1)  

(2) 

 (MeOH:H2O) 5:1 

(3)  

(4) 

(5) 

http://www.docu-track.com/buy/
http://www.docu-track.com/buy/


46

[1]       Ghanshyam S. Chauhan, Swati Mahajan, Lalit K. Guleria.  Polymers from renewable

resources: sorption of Cu+2 ions by cellulose graft copolymers.  Desalination 130

(2000) :  85-88.

[2]      Yuliya Bondar, Hong Je Kim, Seok Han Yoon, Yong Jin Lim.  Synthesis of cation-

exchange adsorbent for anchoring metal ions by modification of poly(glycidyl

methacrylate) chains grafted onto polypropylene fabric.  Reactive & Functional

Polymers 58 (2004) : 43-51.

[3]      Noriaki Seko, Yuji Ueki, Hiroyuki Hoshina, Masao Tamada.  Preparation of graft

adsorbent having amine groups and its Au(III) adsorption performance.  Quantum

Beam Science Directorate 18 (2007) : 232-235.

[4]      M.R. Lutfor, Sidik Silong, Wan Md Zin, M.Z. Ab Rahman, Mansor Ahmad, Jelas Haron.

Preatation and characterization of poly(amidoxime) chelating resin from

polyacrylonitrile grafted sago starch.  European Polymer Journal 36 (2000) : 2105-

2113.

[5]      M.R. Lutfor, S. Sidik, W.M.Z. Wan Yunus, M.Z.A. Rahman, A. Mansor, M.J. Haron.

Synthesis and Characterization of Poly(hydroxamic acid) Chelating Resin from

Poly(methyl acrylate)-Grafted Sago Starch.   Journal of Applied Polymer Science

79 (2001) : 1256-1264.

[6]     Phiriyatorn Suwanmala, Hiroyuki Hoshina, Noriaki Seko, Masao Tamada.  Preparation of

New Adsorbent Containing Hydroxamic Acid Groups by Electron Beam-Induced

Grafting for Metal Ion Adsorption.  

 10, 2550.

[7]      N. Shiraishi, J.L. Williams, V. Stannett.  The Radiation grafting of vinyl monomers to

cotton fabrics-I.  Radiat.Phys.Chem 19 (1982) : 73-78.

[8]         .  

endogrucannase .  .

, 2543.

[9]         .  

.  .

, 2547.

http://www.docu-track.com/buy/
http://www.docu-track.com/buy/


47

[10]     Available from: http://www.bmb.leeds.ac.uk/agb/ProtLab%20Python/locale/th/

                       files/Ion_Exchange.html

[11]        .  .  

.  

, 2529.

[12]      O. Geprge.  Principle of Polymerization.  New York : A John Willey & Sons, Inc, 2004.

[13]      M.N. Mohamed, A.H. EI-Sayed.  Preparation and application of ion exchange membranes

by radiation-induced graft copolymerization of polar monomer onto non-polar

films.  Progress in Polymer Science 29 (June 2004) : 499-561.

[14]      .  .   1.  : , 2527.

[15]         .  1.   :

 2543.

[16]         .  .   : 

, 2540.

[17]      R.J. Wood, K.P. Alexci.  Applied Radiation Chemistry.  Radiation Processing.  United

States : John Willey & Sons, Inc, 1994.

[18]     Available from: ttp://www.sterigenics.com/advanced_applications/HowRadiation.aspx

[19]      Liu Jianqin, Zhai Maolin, Ha Hongfei.  Pre-irradiation grafting of temperature sensitive

hydrogel on cotton cellulose fabric.  Radiation Physics and Chemistry 55 (1999) :

55-59.

.

http://www.bmb.leeds.ac.uk/agb/ProtLab%20Python/locale/th/
http://www.docu-track.com/buy/
http://www.docu-track.com/buy/


48

http://www.docu-track.com/buy/
http://www.docu-track.com/buy/


49

)

http://www.docu-track.com/buy/
http://www.docu-track.com/buy/


50

)

    ( )

 9  2552

 Gammacell 220 excell

Red perspex

 50 

 (9  2552)

-  30 

 50  Red Perspex 

 (kGy/min)

Dosimeter )

http://www.docu-track.com/buy/
http://www.docu-track.com/buy/


51

90%,
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Dosimeter )
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    ( )

 9  2552

 Gammacell 220 excell

Red Perspex

 (Dose Mapping)  ....(mapping)…….

 ............................

Required

Dose

(kGy)

Position Dose (kGy) Average dose Note

50 ex

33.98

-

 240 

51.33  705 

50.57  1,176 

49.53  3,528 

 ...................................................

            (    )
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Degree of grafting (%) = [(W1-W0)/W1] ×100

 W0    

       W1    

 4.1  50 kGy

 (W0) = 0.1646 g

 (W1) = 0.2634 g

Degree of grafting (%) = [(0.2634-0.1646)/0.1646]×100

      = 60.0243
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MA (mmol/g) = [( (W1 – W0) / W1) × (1,000/MMA)]

 W0    

       W1    

       MMA  = 86.09 g/mol

 4.3 

 50: 50  50 kGy

 (W0) = 0.5617 g

 (W1) = 1.3204 g

Degree of grafting (%) =            [(1.3204-0.5617)/0.5617]×100)

                      = 135

=    [(1.3204-0.5617)/1.3204] × (1,000/89.09)

=     6.67 mmole/g
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 (%Conversion)

% Conversion = A/B×100

A = X/WS

B = ((W1-W0)/W1)/MMA

X = ((WS×N)/100)/14

N       

W0    

W1    

MMA  = 86.09 g/mol

WS    

 (%Conversion)  4.5 

 NH2OH 25%  1

= 5.153

= 0.7548 g

 = 1.7606 g

= 2.004 mg

X = ((2.004 ×5.153)/100)/14

= 7.37 × 10-3

A = 7.37 × 10-3/2.004

= 3.68 × 10-3

B = ((1.7606-0.7548)/1.7606)/86.09

= 6.63 × 10-3

% Conversion = (3.68 × 10-3/ 6.63 × 10-3) ×100

= 55.51
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Metal ions adsorbed =  (C0-C) × V / W

C0

C

V

W

4.997 ppm

0.436 ppm

             50 ml

0.5 g

Metal ions adsorbed = [(4.997-0.436) × 50 / 1000]/0.5

      =      0.4561/ 207

      =      2.20×10-3   mmol/g
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1 2 2 1

1   

 0 22186781  0 2 2186780 E-Mail: pi_waranya@hotmail.com
2

( )

 0 25967600  2323  0 2 5620121  E-Mail: phiriyatorn@hotmail.com

 (Methyl Acrylate, MA) 

Simultaneous Irradiation

Trunk polymer  100 %

 150 

 45% ( )

 (  1:1)  50 

Degree of Grafting  135 (6.67 ) 

Fourier transform Infrared  (FTIR) Spectroscopy

:      
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Graft Copolymerization of Methyl Acrylate onto Cellulose  Fiber by Gamma

Radiation
*Waranya Pibanwong1, Phiriyatorn Suwanmala2, Kasinee Hemvichian2and Chyagrit Siri-Upathum1

1Department of Nuclear Technology, Faculty of Engineering, Chulalongkorn University

Phone: 0 2218 6781, Fax: 0 2186 6780, E-Mail: pi_waranya@hotmail.com
2Nuclear Research and Development Group, Thailand Institute Nuclear Technology

Phone: 0 2596 7600 Ext. 2323, Fax: 0 2562 0121, E-Mail: phiriyatorn@hotmail.com

 Abstract

This research investigated the graft copolymerization of methyl acrylate (MA) onto cellulose fiber by

simultaneous irradiation technique induced by gamma radiation. Major parameter included total dose (kGy),

monomer concentration, and methanol-to-water ratio. The 100% cotton fabric of 150 g/cm2 was  used  as  a  trunk

polymer. The optimum condition for grafting methyl acrylate onto cotton fabric was found at the following

condition: mixture solution of 45% MA (v/v) and methanolic solution (Methanol:H2O = 1:1) at the radiation dose

of 50 kGy. The degree of grafting at this condition was 135 (6.67 mmol/g of MA group). Characterization of

grafted copolymers was done by FTIR spectroscopy.

Keywords: Graft Copolymer, Methyl Acrylate, Cellulose, Gamma Radiation
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