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γ-PGA γ-PGA  

    

2.0ppm

Cr6+
(aq) 10.0ppm Cu2+

(aq) 2 3 0.046 0.074  
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Cr6+

(aq) Cu2+
(aq)  

Cr6+ Cu2+  
 

 
 

γ-PGA Cr6+ Cu2+  
γ-PGA  

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

γ-PGA
 ( Cr6+)  ( Cu2+)
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 2L 1L 500mL 150mL 100mL  

 1L 500mL 250mL 100mL 25mL  
   

 1000-5000μL 20-200μL  
 1mL 5mL 25mL  

   
  U-2100   

 Tscale THB-600  
 Corning PC-420D  

 WISDOM-20 100   
 Delta 400H  

pH  Model PHB-991  
   18 MΩ-cm   

  KSM2  
   

 

  
  

  

  

  

  

  

 Choneye Pure Chemicals 

 Choneye Pure Chemicals 

  

 Choneye Pure Chemicals 

  

2,9- -1,10-  ACORS 

 Choneye Pure Chemicals 

 Choneye Pure Chemicals 
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Cr6+
(aq) Cu2+

(aq)
9,10 

2. Cu2+
(aq)

7 

(1) 1000 ppm (2) 0.1%(g/mL)  
(3) 37.5%(g/mL) (4) 0.2%(g/mL)2,9- -1,10- ( )  
(5) [ 100.00g CH3COONa 3H2O 6g

250mL ] 

( )  

1. Cr6+ 

(1) 0.1 0.15 0.25 0.5 0.75 1.0 1.5 2.0 ppm Cr6+
(aq)  

(2) 0.50mL 15  

(3) 540 nm  

(4) (1) (3)  
(5) Cr6+ Cr6+

(aq)  
(6)Cr6+ 12.50mL (2) (4)

 

( )  
1. Cr6+

(aq)
8 

(1) 50.0 ppm (2)0.25M  
(3) ( ) [ Acetone 0.25 g 1,5 - 
Diphenylcarbazide 50 mL ] 

b 
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2. Cu2+ 

(1) 13 25mL  

(2) 1.50 mL 3.00 mL  

(3) 3.00mL pH 5.7±0.2 1.50mL

0.1 0.15 0.25 0.5 0.75 1.0 1.5 2.0 4.0 6.0 8.0 10.0 ppm  

(4) 15 460 nm  

(5) (1) (4)  
(6) Cu2+ Cu2+

(aq)  
(7)Cu2+

(aq) 12.50mL (2) (4)
 

 
Cr6+ Cu2+  

 
(1) 10.00g 0.1M 500ml

 
(2) 10.00mL  
(3) 0.20g/  
 

 
 
( ) Cr6+ Cu2+  

1 2 3 ( ) (1) (4)  
( ) Cr6+ Cu2+  

(0.5 1.0 2.0ppm Cr6+
(aq) 2.0 5.0 10.0ppm Cu2+

(aq)) ( )
(1) (4)  

( ) Cr6+ Cu2+  
(10 20 30 40 50 ) ( ) (1) (4)  

( ) pH Cr6+ Cu2+  
pH pH=3.0 5.0 7.0 9.0 ±0.2 ( ) (1) (4)  

 

( ) Cr6+ Cu2+  
1.  

2.0ppm Cr6+
(aq) 10.0ppm  Cu2+

(aq)  
30 pH 6.5±0.2 pH 100.0mL  

2. 1 2 3 5 10 30 60 120 180 240 min  
3.  
(1) 100mL  2.0ppm Cr6+

(aq) 150mL  
(2)
(3) 10.0ppm  Cu2+

(aq) (1)~(2)  
(4) Cu2+

(aq) Cr6+
(aq)  
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( ) Cr6+ Cu2+  

 
(1)  
(2) 50mL 2.0ppm Cr6+

(aq)

 
(3) 10.0ppm  Cu2+

(aq) (1) (2)  
(4) Cu2+

(aq) Cr6+
(aq)  

 
( ) Cr6+ Cu2+  

 
(1)  
(2) 50mL 2.0ppm Cr6+

(aq)

 
(3) 10.0ppm  Cu2+

(aq) (1) (2)  
(4) Cu2+

(aq) Cr6+
(aq)  

 
( ) Cr6+ Cu2+  

 

 
 

 
(1)

T  
(2) T

 
 
 

 
 

1.  

 
(1) 10.0cm 5.0cm 0.5cm

 
(2) (5)  
(3)

50mL  
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(1)  
(2) 50mL 2.0ppm Cr6+

(aq)  
(3) (3 10 30 60 120 180min)  
(4) 10.0ppm  Cu2+

(aq) (1) (3)  
(5) Cu2+

(aq) Cr6+
(aq)  

 
2.  

1 2 5 10 15 20 1. (1) (5)  
 

3.  
(0.5 1.0 2.0ppm  Cr6+

(aq) 2.0 5.0 10.0ppm  Cu2+
(aq))

20 1. (1) (5)  
 
 

γ-PGA Cr6+ Cu2+  
 

γ-PGA  
10 γ-PGA 500mL γ-PGA  

 

 
 
( ) Cr6+ Cu2+  

 
(1) 5.0mL γ-PGA

 
(2) (1)  
(3) 100 mL 2ppm Cr6+

(aq) 3 10 30 60 120 180min  
(4) 100mL 10ppm  Cu2+

(aq)  (3)  
(5) Cu2+

(aq) Cr6+
(aq)  

 

γ-PGA  
(1)  
(2) 10mLγ-PGA  

γ-PGA   
γ-PGA

γ-PGA
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γ-PGA  
(1) 10.0cm 3.5cm 0.5cm γ-PGA

 
(2)

 
 
1. γ-PGA  

(1) γ-PGA  
(2) 50mL 2.0ppm Cr6+

(aq)  
(3) (3 10 30 60 120 180min)  
(4) 10.0ppm Cu2+

(aq) (1) (3)  
(5) Cu2+

(aq) Cr6+
(aq)  

 
2. γ-PGA  

1 2 5 10 15 20 1. (1) (5)  
 

3. γ-PGA  
(0.5 1.0 2.0ppm  Cr6+

(aq) 2.0 5.0 10.0ppm  Cu2+
(aq))

20 1. (1) (5)  
 

( ) Cr6+ Cu2+  
 

(1) 5.00g γ-PGA 500mL 0.1M
 

(2) 100  
(3) 0.2  
(4) ( ) (3) (5)  
 

( ) γ-PGA Cr6+ Cu2+  
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( ) 
LED ( )

 ( ) 

 

 

 

 

LED  
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LED

(
) 

(
) 

 

 

 

 

 
 

 

( ) Cr6+
(aq) Cu2+

(aq)  
(1) 50mL  

Cr6+
(aq)  0.1 0.15 0.25 0.5 0.75 1.0 1.5 2.0 ppm 

Cu2+
(aq)  0.1 0.15 0.25 0.5 0.75 1.0 1.5 2.0 4.0 6.0 8.0 10.0 ppm 

(2)  
(3) LED ( )  
(4) (2) (3)  
(5) Cr6+

(aq) Cu2+
(aq)

 
( )  

(1) 800mL 2.0ppm Cr6+
(aq) 1000mL  

(2) 1 5 10 20 30 60 90 120 180min 25mL  
(3) T  
(4) 800mL 10.0ppm Cu2+

(aq) (1) (3)  
(5) Cu2+

(aq) Cr6+
(aq)  
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Cr6+
(aq) Cu2+

(aq)  

 
1. Cr6+

(aq) 

[ ]  

(1) Cr6+
(aq)  

(ppm) 0.005 0.10 0.15 0.25 0.50 0.75 1.00 1.50 2.00 

(Abs) 0.011 0.118 0.184 0.307 0.600 0.831 1.148 1.746 2.179 

 
 
 
 
 
 

(1) Cr6+
(aq) ( ) Cr2O7

2-
(aq) ( ) ( ) 

 [ ] 
(Cr6+) pH=1.0±0.2 Cr2O7

2-
(aq)

1,5 - Diphenylcarbazide UV-VIS 540nm
Cr6+

(aq)  

(1)  
(2) ( )  
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2. Cu2+
(aq) 

[ ] 
(2) Cu2+

(aq)  

 

 
 
 
 
 
 

(2) Cu2+
(aq) ( ) Cu+

(aq) ( ) ( ) 

 

Cr6+ Cu2+  
 

1. Cr6+ 

(
(1)) Cr6+ (Cr2O7

2-) (CrO4
2-)

11 (2)  

[ ] 
Cu2+

(aq) Cu+
(aq)

pH=5.7( 2,9- -1,10-
UV-VIS 460nm Cu2+

(aq)

 
(1)  
(2) ( )  
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(chelating) 8

(2)  

O
CH2OH

NH3
+
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Cr2O7
2-

n

O

   

O
CH2OH

NH2

HO

Cu2+

OH
HO

n

O

 

(2) (II)  
 

Cr6+
(aq) Cu2+

(aq)  
( ) Cr6+ Cu2+  
[ ] 
 
 
 
 
 
 
 
 

( ) Cr6+
(aq) Cu2+

(aq)  
[ ] 

(1) Cr6+
(aq) Cu2+

(aq)

 

(2)
 

(3) Cr6
(aq) 3 10%

3  10ppm Cu2+
(aq) 4 -

48% Cu2+ Cr6
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( ) Cr6+ Cu2+  
1. Cr6+ 

 [ ]  
 
 
 
 
 
 

( ) (1) Cr6+
(aq)  

[ ] 
(1) Cr6+

(aq)  
(2) 1 2 3 2 0%

2 ( 0.4g)  
(3)2ppm Cr6+

(aq) 10 0.1ppm/min 0.125 ppm/min
0.15 ppm/min 

2. Cu2+ 

[ ] 
 
 
 
 
 
 

( ) (2) Cu2+  
[ ] 

(1)  
(2) 7.13% Cr6+  

 
( ) Cr6+ Cu2+  
1. Cr6+ 

[ ] 
 
 
 
 
 
 
 

( ) (1) Cr6+
(aq)  
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[ ] 
(1) Cr6+

(aq) Cr6+

(2ppm Cr6+
(aq) 10 0.1ppm/min 1ppm

Cr6+
(aq)0.035 ppm/min 0.5ppm Cr6+

(aq)0.015 ppm/min)  
(2) 10%  

2. Cu2+ 

[ ] 

 
( ) (2) Cu2+

(aq)  
[ ] 

(1) Cu2+
(aq) Cu2+

(10ppm  Cu2+
(aq) 10 0.1ppm/min 5ppm  

Cu2+
(aq)0.086 ppm/min 2ppm Cu2+

(aq)0.080 ppm/min)  
(2) Cu2+

48%  
 
( ) Cr6+ Cu2+  
1. Cr6 

[ ]  

( ) (1) Cr6+
(aq)  

 [ ] 
40 50 1

K
10 20 30 10 >20

>30 >40 >50 30
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2. Cu2 

[ ] 

  
( ) (2) Cu2+

(aq)  
[ ] 

50

30  
 
( ) pH Cr6+ Cu2+  
1. Cr6+ 

[ ]             

( ) (1) pH Cr6+
(aq)  

[ ] 
pH

pH=1  
2. Cu2 

[ ]            

( ) (2) pH Cu2+  
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0.0

10.0

20.0

30.0

40.0
50.0

60.0

70.0

80.0

90.0

100.0

Cr Cu

(

%

)

[ ] 
pH=3 pH=5 pH=7 48%

Cu2+ pH pH=7
( Cu(OH)2 )  

 
         
 

 
(hrs) 

 
( ) 

 
( ) 

 
( ) pH  

Cr6+  3 2 10% 30 3 
Cu2+  4 3 48% 30 7 

 
( ) Cr6+ Cu2+  
[ ]

 
[ ]                

0.0

10.0

20.0

30.0

40.0

50.0

60.0

Cr Cu

(
%

)

 

( ) Cr6+ Cu2+  
[ ] 
(1)

 
(2)  
( ) Cr6+ Cu2+  
[ ]  
[ ]      
 
 
 
 
 
         

( ) Cr6+ Cu2+  
[ ] 
(1)  
(2)

3  
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( ) Cr6+ Cu2+  
[ ]

 ( 
0.4g 2  )  

1.  

[ ]   
:

0.0
20.0

40.0
60.0

80.0

100.0

120.0

0 50 100 150 200

 

( ) (1) Cr6+ Cu2+  
[ ] Cr6+ 8.35 Cu2+ 42.70  
 
2.  
[ ] 

:

0.0
20.0
40.0
60.0
80.0

100.0
120.0

0 5 10 15 20 25

 
( ) (2) Cr6+ Cu2+  

[ ] 20 Cr6+ 2.08 Cu2+ 11.23  
 

3.  
[ ] 

( ) (3) ( 20 ) 
   

(ppm) 0.5 1.0 2.0 2.0 5.0 10.0 
( ) 0.43 1.11 2.08 9.49 10.92 11.23 

 
[ ] 
(1)

 
(2)  
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Cr6+  (%) 6.73 96.21 8.35 2.08 
Cu2+  (%) 32.08 65.30 42.70 11.23 

 
γ-PGA Cr6+ Cu2+  

γ-PGA
γ-PGA

γ-PGA 
γ-PGA

Cu2+ ( ) 
 

 
 

γ-PGA  
 
[ ] 
    γ-PGA 6

γ-PGA γ-PGA
 

 

 

 

 

 

 

 
γ-PGA  

γ-PGA  
[ ] 

γ-PGA
γ-PGA  

[ ] 
γ-PGA  

γ-PGA
γ-PGA γ-PGA

 

H
N

O

O O-

n

Cu2+

O
CH2OH

NH3
+

HO
O

CH2OH

NH3
+

HO OH
OHO O

CH2OH

NH3
+

HO
O

N
H

O

COO

n

n

H
N NH2

O

COO

O

COO
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[ ] 
1. Cr6+ 

    γ-PGA
Cr6+( )  

2. Cu2+ 

    γ-PGA Cu2+

Cu2+  
 

 
( ) Cr6+ Cu2+  
[ ]  

[ ]            

0.0
20.0
40.0
60.0
80.0

100.0
120.0

0 50 100 150 200
( )

 

( ) γ-PGA Cr6+ Cu2+  
[ ] 
    Cr6+ 80% Cu2+ 3 60%

 
 
( ) Cr6+ Cu2+  
[ ]  

[ ]            

0.0

20.0

40.0

60.0

80.0

100.0

120.0

0 50 100 150 200
( )

 

( ) γ-PGA Cr6+ Cu2+  
[ ] 
(1)  
(2)  
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( ) γ-PGA Cr6+ Cu2+  
[ ]  

 
1. γ-PGA  
[ ] r-PGA :

0.0

20.0

40.0

60.0

80.0

100.0

120.0

0 50 100 150 200

( )

%

 

0.0

10.0

20.0

30.0

40.0

50.0

60.0

Cr Cu
(

%

)

 

( ) (1) γ-PGA Cr6+ Cu2+  
[ ] Cr6+ 20.0 (8.35%)

Cu2+ 22.8 (42.70%)  
2. γ-PGA  
[ ]  

( ) (2) γ-PGA  
Cr6+ Cu2+  

[ ] 20 7.05 4.80  
3. γ-PGA  
[ ] 

( ) (3) ( 20 ) 
   

(ppm) 0.5 1.0 2.0 2.0 5.0 10.0 
( ) 0.31 3.10 7.05 0.05 1.25 4.80 

 
[ ] 
(1)

Cu2+  
(2)  



25 

 
 

 
   

 
 

 

Cr6+  (%) 83.24 58.49 20.00 7.05 
Cu2+  (%) 78.60 47.51 22.80 4.80 

Cr6+ γ-PGA Cu2+  
γ-PGA  

 
 

( )  
[ ] 

 

 
[ ] 
1.  

 
(1)  
(2)  
 

 

 

 

( ) ( ) 

( ) 

( ) 

( ) 

 

 

 

+  

-  

 

-  

-  
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2.  
 

  
 

 
(1)  
(2)  
 
3.  

 
 

 
 

 
(1)  
(2)  

 

 

 

 

 

 

 

 

 
 

  

 

 

 

LED

(
+

) 

(
) 
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( ) Cr6+
(aq) Cu2+

(aq)  
1. Cr6+  
[ ] 
 

( )-(1) ( )  

(mg/L) 0.00 0.10 0.15 0.25 0.50 0.75 1.00 1.50 2.00 

(Ω) 10.92 12.83 17.56 23.01 32.37 44.98 53.64 79.5 98.48 

 
( )-(1) Cr6+

(aq)  
2. Cu2+

(aq)  
[ ] 

( )-(2) ( )  

(mg/L) 
0.00 0.10 0.15 0.25 0.50 0.75 1.0 1.50 2.00 4.00 6.00 8.00 10.00 

(Ω) 105.6 106.2 106.7 107.2 108.5 109.1 112.6 117.3 123.4 134.5 147 156.8 171.6 

( )-(2) Cu2+
(aq))  

[ ] 
LED

Cr6+
(aq) Cu2+

(aq)

 
( ) Cr6+

(aq) Cu2+
(aq)  
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[ ]               

0

20

40

60

80

100

120

0 50 100 150 200

 

( ) Cr6+
(aq) Cu2+

(aq)  
[ ] 

Cr6+ Cu2+ Cr6+ Cu2+

Cr6+ 2 0.046
Cu2+ 3 0.074  

0.01ppm 0.0343 ±0.030ppm 

 

 

 
Cr6+ 30 pH=3 ( NH3 )

NH2 Cu2+ 30 pH=7  
 

 
 

Cr6+ γ-PGA Cu2+

γ-PGA
 

 
1. LED  
 
2. 2.0ppm Cr6+

(aq) 2 0.046 10.0ppm Cu2+
(aq) 3 

 0.074  
3. γ-PGA  
  
 ( 0.01ppm 0.0343 ±0.030ppm  

 
γ-PGA
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