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IWMS 97
348,861 3.1 C

R

1.A ( )

(A-8801) 97
33,437

2.C ( )

C
(C-0110) 94,321 13,291

C-0102

3.R ( )

97
98,710 94%

4.E ( )
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26,904

5.D ( )
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3.1 97

A-8801 

(1)

(2) (3) (4)

(5)

33,437.28 299.08 33,736.36

A-9001 802.53 22.58 825.11

B-0362 48.3 0 48.3

B-0399 19.12 7.38 26.5

C-0101 ( ) 52.88 0 52.88

C-0102 ( ) 13,260.20 30.53 13,290.73

C-0107 ( ) ( ) 89.95 8.7 98.65

C-0110 
( )(

)
93,729.32 591.54 94,320.86

C-0119 17.45 0.4 17.85

C-0156 40.4 4.26 44.66

C-0201 pH ( ) 12.5 3,884.52 9.19 3,893.71

C-0202 pH ( ) 2.0 16,711.53 52.24 16,763.77

C-0205 pH 2.0 1,306.36 3.93 1,310.29

C-0299 509.98 2.3 512.28

C-0301 
60 24%

2,040.68 98.73 2,139.41

C-0399 125.14 0 125.14

D-0202 D-0201 191.96 3.11 195.07

D-0299 7,709.96 34.42 7,744.38

D-0399 63.92 0.07 63.99

D-0403 110.9 0 110.9

D-0499 305.62 0.45 306.07

D-0699 252.94 2.33 255.27

D-0701 200.22 1.3 201.52

D-0799 1,322.72 8.21 1,330.94

D-0801 13.1 0.12 13.22

D-0803 12.37 1.12 13.49

D-0899 185.8 0.4 186.2

D-0901 5,492.42 18.1 5,510.52

35

D-0902 2,701.34 41.48 2,742.82

D-0903 13.88 0 13.88

D-0999 13.46 3.36 16.82

D-1503 149.27 0.4 149.67

D-1504 876.36 17.43 893.79

D-1599 38.8 6,188.57 6,227.37

D-1701  97.9 9 106.9

D-1799 79.07 10.43 89.5

D-1801 19,278.34 72.56 19,350.90

D-1999 32.5 0.6 33.1

D-2201 PET 342.01 28.21 370.22

D-2203 47.24 0 47.24

D-2299 ( X ) 30.37 0.81 31.18

D-2302 26.13 0 26.13

D-2405 298.96 9.23 308.19

D-2410 1,230.65 3.21 1,233.86

D-2499 49.37 57.78 107.15

D-2527 22.58 1.15 23.73

D-2601 60.98 12.42 73.4

D-2625 
( )

30.18 0.55 30.74

E-0213 13.52 0 13.52

E-0217 24.65 2.01 26.65

E-0221 26,486.03 418.16 26,904.19

R-0409 92.88 0 92.88

R-0701 3,213.76 11.62 3,225.38

R-1101 2,931.05 0 2,931.05

R-2408 1,933.40 9.98 1,943.38

R-2501 98,502.48 207.23 98,709.71

340,554.73 8,306.68 348,861.42

IWMS 97
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3.1.1

3.1 87
3.2

89 9
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3.3

1 * 0.01~0.3kg/m2

2 * 0.1~1.0kg/m2

3 * 0.005~0.2kg/m2

4  0.001~0.01kg/m2

5  0.01~0.05kg/m2

6  0.01~0.05kg/m2

7  0.05~0.1kg/m2

8  0.1~0.4kg/m2

9  0.02~0.05kg/m2

10  0.02~0.05kg/m2

11  0.02~0.05kg/m2

12  0.02~0.05kg/m2

13

14  0.02~0.1kg/m2

15  0.02~3.0kg/m2

16  0.05~0.2kg/m2

17  1.5~3.5 L/m2

18  1.8~3.2 L/m2

19  0.2~0.5 L/m2

20  0.2~0.6 L/m2

21  0.05~0.1 L/m2

22  0.05~0.1 L/m2

23  1.0~2.5 L/m2

24  0.2~0.5 L/m2

90 3 7

89 9

39

1.

(1)

(laminates)

(FR-4)
C57H66O10Br4 1,225.6 FR-4

39.37 C H O
Br 10.27 2,187 kcal/kg

4.26 25.74 10
15 41.74 64.05

25 30

(2)

IWMS 93~97
(E-0221) 97 566

26,904 95

2.

(1)

75 5 10
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2.6 12.3 76
350 mg/L 15 mg/L

(2)

IWMS
(C-0110)

(A-8801) 97
A-8801 C-0110 128,057 C-0110

94,321 A-8801 33,736

3.1.2

(COD)

3.4

3.5
3.6

pH COD (Cu2+) pH
COD (Cu2+) (Ni2+) (Cr6+) (F-)

41

3.4

Cu2+(g/L) COD(g/L) 

40~90 

100~150 ( )

100~150 

2~20 

2~20 

(

) 2~20 

100~400 

( ) 1~4 30~100 

1~1.5 

15~25 

 1,000

89 2
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3.5

COD(mg/L) Cu2 (mg/ L) 

 5% (H2SO4) 10~50 50~1,000 

 1~2% (Na2CO3) 10,000~14,000 

(CuCl2) 100,000~150,000

(FeCl3) 40,000~90,000

 4% (NaOH) 20,000~30,000 

1,000~5,000 10~50 

(H2SO4/H2O2) 2,000~20,000 

(SPS) 2,000~20,000 

(APS) 2,000~20,000 

10~50 

100,000~400,000 

(KMnO4) 30~50 

(CrO3)

300~1,000 1,000~2,000 

20,000~35,000 10~50 

(H2SO4/H2O2) 2,000~20,000 

(SPS) 2,000~20,000 

(APS) 2,000~20,000 

(SnCl2)

(HCl)
200~500 20~100 

(PdCl2)

(SnCl2)
500~1,000 1~10 

(H2SO4) 100~550 

PTH

30,000~100,000 1,000~4,000 

43

3.5

COD (mg/ L) Cu2  (mg/ L) 

3,000~5,000 500~2,500 

(H2SO4/H2O2) 2,000~20,000 

(SPS) 2,000~20,000 

(APS) 2,000~20,000 

 10% (H2SO4) 10~50 500~6,000 

 1~2% (Na2CO3) 10,000~15,000 

3,000~5,000 500~2,500 

(H2SO4/H2O2) 2,000~20,000 

(SPS) 2,000~20,000 

(APS) 2,000~20,000 

 10% (H2SO4) 10~50 500~1,000 

 5%~10% (HBF4)

 4% (NaOH) 20,000~30,000 

(NH4OH)

(NH4Cl)
100,000~150,000

20,000~25,000 1,000~1,500 

 1~2% (Na2CO3) 10,000~15,000 

1,000~5,000 

10~50 

 5% (H2SO4) 10~50 15,000~20,000

50,000~100,000

(HNO3) 3,000~5,000 15,000~25,000

100,000~150,000 

    89 2
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3.6

(mg/ L) 

Total Suspended Solids 0.998~408.7 

Total Cyanide 0.002~5.333 

Cyanide (Amenable to Chlorination) 0.005~4.645 

Copper 1.582~535.7 

Nickel 0.027~8.440 

Total Chromium 0.005~38.52 

Hexavalent Chromium 0.004~3.543 

Fluorides 0.648~680.0 

Phosphorus 0.075~33.80 

Silver 0.036~0.202 

Palladium 0.008~0.097 

Gold 0.007~0.190 

EDTA 15.8~35.8 

Cirate 0.9~1,324 

Tartrate 1.3~1,108 

NTA sodium, nitriloacetate 47.6~810 

89 2

45

3.2

3.2.1

NaOH
Ca(OH)2 pH

C-0110 A-8801

A-8801

C-0110

3.7 A-8801 C-0110
99%

57,918 /
12
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8 66,109 /

660.8 /
2,477.6 /

3.7

/

( / ) ( / )

/

21,746.3 

(65%) 

21,746.3

(65%) 

10,424.0

(31.2%)

10,827.2 

(32.4%) 
403.2 

(1.2%) -

A-8801 

863.8 

(2.6%) 

863.8 

(2.6%) 

- - - 

33,437.3     

47

3.7

/

( / ) ( / )

/

36,171.9 

(38.6%) 

36,171.9

(38.6%)

55,685.0

(59.4%)

55,942.6 

(59.7%) 

257.6 

(0.3%) -

C-0110 

( )(

)

1,613.8 

(1.7%) 

1,613.8

(1.7%) 

- - - 

93,728.3     

IWMS 97
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3.2.2

(laminates)

E-0221
90 3 7

IC

IC
2,594 /

97 8,018
/
14 ( 3.8 )

998 / 26,410
/

49

3.8

/

( / ) ( / )

/

2,594.3 

(9.8%) 

2,594.3

(9.8%) /

7,242.6

(27.3%)

/

8,018.6 

(30.1%) 

776.0 

(2.8%) -

E-0221 

15,873.1 

(60.1%) 

15,873.1

(60.1%)

- - - 

26,486.0     

IWMS 97
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3.2.3

3.3

COD

89 9
90

43

89 9

3.3

34

51

1.

IWMS

R-2501 pH ( ) 2.0(C-0202)
IWMS 97 C-0202

R-2501 115,214 ( 3.9 ) 99,604.4 /
4,886.1

10,723.5 97

25

7

R-2501

(R-2501)

C-0202 pH ( ) 2.0
119 43,332.77 / 4

C-0202 15
7

(R-2501)
28 97 (R-2501)

23
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3.9

/

( / ) ( / )

/

1,101.9 

(6.6%) 

1,101.9

(6.6%) 

4,886.1

(29.2%)

15,609.6 

(93.4%) 

10,723.5

(64.2%)

-

C-0202 pH

( ) 2.0 

- - - - 

16,711.5     

53

3.9

/

( / ) ( / )

/

98,502.5 

(100%) 

98,502.5

(100%)

  

   

-

R-2501 

 - - -

98,502.5     

IWMS 97
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2.

NH3 NH4Cl Cu(NH3)4Cl2

Cu 2NH4OH 2NH4Cl  Cu(NH3)4Cl2 2H2O

IWMS
pH ( ) 12.5(C-0201)

IWMS 97
C-0201 3,884.6 94%

3.10

3.10

/

( / ) ( / )

/

  

3,653.2

(94%) 

3,884.6 

(100%) 

231.4 

(6%) 
-

C-0201 

 - - - 

3,884.6     

IWMS 97
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2.

NH3 NH4Cl Cu(NH3)4Cl2

Cu 2NH4OH 2NH4Cl  Cu(NH3)4Cl2 2H2O

IWMS
pH ( ) 12.5(C-0201)

IWMS 97
C-0201 3,884.6 94%

3.10

3.10

/

( / ) ( / )

/

  

3,653.2

(94%) 

3,884.6 
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2% Berylium 

(except alloys where the berylium content does not exceed two percent of the 

overall weight of the alloy) 
             ITIS 2001 6
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5ppm (National Electronic Manufacturing 
Initiative ,NEMI) 1999 2001
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70 80 / 63/37
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(THT) (SMT)

(SMT THT)
(QFP) IC

(Ball Grid Array)
CSP(Chip Scale Package) (Flip Chip Package)

79

(Hot Air Solder Leveling)

Pentium 1 (Super Solder)
(Furukawa Electric Corp.) (Harima Chemicals)

TAB(Tape Automated Bonding) TCP(Tape 
Carrier Package)

4.6

Sony 2001 2001 

Toshiba 2000 

NEC
1997

2002
2002 

Hitachi 
1997

2001
1999 

2001 

Panasonic 
2001

1998.10.01 CD MD
2001 

Oct. 1, 1998 

Mitsubishi 
2004

2005
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2005 

Automobile 

2000

2005
2000 

2005 
               : Osaka University 

SMT

Zn Bi Cu Ag Sn
Bi

288
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Sb2O3 ZnS
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(2)
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4.6

4.7

83

4.7
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Tg: 170-180, CCL, 
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Tg: 140-160, CCL, 

Hitachi Chemical 

MCF-4000G 

(RCC)

Tg: 110-120 

MEM-1566 For FR-4, CCL 

R1551 (Prepreg) 
Matsashita Electr 

Comp 
MEW-0580(RCC) 

Tg: 150, 

Solder 260: > 120 sec 

ELC-4765GS 

Tg: >180 ( DMA), 

(CTE): 20-30 

EI-6765GS Prepreg for Multilayer 

APL-4702 (RCC) 

Tg: > 160 ( DMA),  
Bakelite 

APL-4701 (RCC) (RCC)

TLC-W-555 FR-4, CCL

TLP-555 (Prepreg) 
Toshiba Chemical 

TLD 152 RCC 

Tg RCC (Resin Coated Copper) CCL (Copper clad laminate)

FR-4 Multilayer Solder 260 260

ITIS 90 2
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Envision DPS Solution Technology Systems HN504
Tin-stabilized method)

(pre-dip)
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2.  

5.4
5.5  

 

5.4

 
  

     
A    31.2% 68.8% 262,500mg/kg
B    32.1% 67.9% 289,300mg/kg

 25.8% 74.2% 241,800mg/kg
C   

 22.9% 77.1% 179,600mg/kg
 35.1% 64.9% 309,000mg/kg

D   
 25.3% 74.7% 190,000mg/kg

E    27.2% 72.8% 223,800mg/kg
F    32.9% 67.1% 305,000mg/kg

5.5

   
A   45% 55% 35% 45% ( ) 
B   55% 65% 45% 55% ( ) 
C   54% 64% 44% 54% ( ) 
D   51% 61% 41% 51% ( ) 
E   48% 58% 38% 48% ( ) 
F   50% 60% 40% 60% ( ) 
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2.  

5.4
5.5  

 

5.4

 
  

     
A    31.2% 68.8% 262,500mg/kg
B    32.1% 67.9% 289,300mg/kg

 25.8% 74.2% 241,800mg/kg
C   

 22.9% 77.1% 179,600mg/kg
 35.1% 64.9% 309,000mg/kg

D   
 25.3% 74.7% 190,000mg/kg

E    27.2% 72.8% 223,800mg/kg
F    32.9% 67.1% 305,000mg/kg

5.5

   
A   45% 55% 35% 45% ( ) 
B   55% 65% 45% 55% ( ) 
C   54% 64% 44% 54% ( ) 
D   51% 61% 41% 51% ( ) 
E   48% 58% 38% 48% ( ) 
F   50% 60% 40% 60% ( ) 
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A. (1,000 kg/hr)
45 mm  

B.
17 22 mm  

C.
6 10 mm  

D.
4 6 mm
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0.83 mm (20 mesh)

 

F. 5 /
1,100 rpm
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80 mesh

 

H. 0.175 mm (80 mesh)
5 / 1,100 rpm
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(2)  

80 mesh 5 /
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5.6

   

 97.5% 93.07% 

 97.9% 88.13% 

 

70%
70% 1% 1%

5.7  

(3)  
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6.  

(1)  

5.9
 

 

5.9
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1. 0.25 mm(60 mesh)  
2. 1%  
3. TCLP  
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5.2

5.2.1  

5.1

76 94

TCLP
 

1.  

5.12
5mm

30 50 kgf
150

5.11
TCLP Cu 22.0ppm

TCLP Cu
10.1ppm  

 

86 6  

5.12

116 

5.11 TCLP

 Cu(ppm) Pb(ppm) 

 22.0 2.9 

 10.1 0.2 

 15.0 5.0 

86 6  

 

2.  
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5mm

30 50 kgf 150

5.12 50
40 30 20 15 15

20 30
CNS  
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5.12

 (kgf/cm2) (kgf/cm2) (g/cm3) 

50  

50  
143 1.65 1.33 
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4 mesh 4.76mm 6 mesh 3.36mm

8 mesh 2.38mm  
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3. PVC  

PVC PVC DOP
 

PVC DOP 1.0 0.4 5.0 

5.14 PVC

5.15 PVC DOP

80 mesh
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CNS  
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(mm/300mm) 
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(mm/300mm) 

       

 0 0.25 0.30 2.52 0.07 0.15       0.10 

25 0.21 0.32 4.38 0.11 0.15       0.10 

50 0.21 0.36 3.78 0.17 0.15       0.18 

75 0.27 0.30 2.51 0.20 0.12       0.06 

 0.75 0.75 12 0.50 0.75      0.75 
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5.3

5.3.1  

1.  

Cu2+ SO4
2-

 

75 g L (10 oz gal)
37.5 52.5 g L 

(5 7 oz gal)  

 

Cu + H2O2 + H2SO4  CuSO4 + 2H2O                       

 

A.  

B.  
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(2)  

 

(3)  

 

1 = 10,000 ppm  

1 oz gal=7,500 mg L  

1m mil = 8.3 10-8ft = 1 10-6in  

1 ft3 =559.1 1b  

1 1b=453.6g  

1 gal=3.785L  

1 gal =8.31b  
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D. 4.15 10-6ft 1,000 ft2 hr = 4.15 10-3ft3 hr 

E. 4.15 10-3ft3 hr 559.1 lb ft3 = 2.3 1b hr 

5 1b hr
30 100mmil 30
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A. (activated overpotential, A) 

A 100mV  

B. (ohmic overpotential ) 

 

 = I×R 

I Amp 

R Ohm 

 

I R
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 = I×R 

I Amp 

R Ohm 

 

I R

 

 

  c / ro 

c m 

ro ohm-1 m-1 

 

 

 

A.
 

B.  

C.

126 

 

 

 

A.
 

B.
 

15.8 g hr ft2

150

4 hr day 24 hr day
0.45 

kg 4.5 kg
0.25 559 1b ft3

30 g L 1 g L 10
ft2  

5.17
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84 5

5.17

95 98
99

50 100 ppm

A.

0.5 1 g L

(Cu3+ 1 g/L)

pH

1 mg/L

Cu 1 mg/L 

Cu 1 mg/L Cu 1 mg/L

128 

 

5.18
50 cm×50 cm 20

5.19
6 2,000A

12,000 A SPS 200
 

 

 p308 88 12  

5.18
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84 5  

5.17

95 98
99

50 100 ppm
 

 

A.  

0.5 1 g L

128 

 

5.18
50 cm×50 cm 20

5.19
6 2,000A

12,000 A SPS 200
 

 

 p308 88 12  

5.18
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 p308 88 12  

5.19

 

B.  

1 mg L
 

5.20

 

130 

 

 p38 85 5  

5.20

(SPS) H2SO4 H2O2 HNO3 CuSO4

5.14 SPS H2O2

H2SO4

50 60
90  

5.14

 (g-Cu A-hr) 

 SPS  0.5~0.7 

 H2O2 H2SO4  0.5~0.7 

 HNO3  1.0~1.1 

 CuSO4  1.0~1.1 

 p308 88 12  
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 p308 88 12  

5.19

 

B.  

1 mg L
 

5.20

 

130 

 

 p38 85 5  

5.20

(SPS) H2SO4 H2O2 HNO3 CuSO4

5.14 SPS H2O2

H2SO4

50 60
90  

5.14

 (g-Cu A-hr) 

 SPS  0.5~0.7 

 H2O2 H2SO4  0.5~0.7 

 HNO3  1.0~1.1 

 CuSO4  1.0~1.1 

 p308 88 12  
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(SPS) H2SO4 H2O2 
 

A. (SPS)  

SPS
SPS SPS

 

B. H2SO4 H2O2  

H2O2 H2SO4 H2O2 

H2O2 H2O2  

5.21  

 

132 

PH

150~250mg/L

<0.1mg/L

7~15g/L

20~30g/L

1g/L

 

 p42 85 5  

5.21

3.  

A
B  

 

  B+  +   R- A+  =  A+   +  R- B+ 
     

 

(R-) (law of 
mass action) (selectivity)  
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(SPS) H2SO4 H2O2 
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SPS SPS

 

B. H2SO4 H2O2  
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5.21  
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A
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mass action) (selectivity)  
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ARB
ABRKA

B  

 
B
A

A
B

 

 
A
BK (selectivity coefficient) A

B

(affinity)  

 

(1)
Fe3+>Mg2+>Na+ PO4

3->SO4
2->NO3

-

 

(2) hydrated  radius
Ca2+>Mg2+>Be2+ K+>Na+>Li+

swelling pressure
 

(3)
(regeneration)  

(4) crosslinking

matrix  

1.0 mg L
0.5 mg L

 

Cu2+ > Ni2+ > Co2+ > Cd2+ > Fe2+ > Mn2+ > Ca2+ 

134 

Rohm & Haas Amberlite IRC-718 Purolite
S-930 Sybron Chemical SR-5

 

pH
pH

 

1.5 gpm ft2 (61 L min m2)
10 gpm (38 L min) 6.67 ft2(0.62 m2)

2.9 ft(88 cm) 3 ft(90 cm)  

90
10  

2 eq L 0.5
0.0283 m3 1 kg

100 g L 227.1 L hr=22.71 g hr
5.45 kg 120 hr

 

(5.45 kg day 5 days) (16 kg m3) = 1.7 m3 = 60.1 ft3 
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B
A
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pH
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1.5 gpm ft2 (61 L min m2)
10 gpm (38 L min) 6.67 ft2(0.62 m2)

2.9 ft(88 cm) 3 ft(90 cm)  

90
10  

2 eq L 0.5
0.0283 m3 1 kg

100 g L 227.1 L hr=22.71 g hr
5.45 kg 120 hr

 

(5.45 kg day 5 days) (16 kg m3) = 1.7 m3 = 60.1 ft3 
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0.91 m( 3 ft) 2.59 m (8.5 ft)  

pH

 

pH  

 

(1)  

0.068 0.136 cm s  

(2)  

0.136
0.204 cm s 20  

(3)  

10 H2SO4 0.017 0.034 
cm s 60  

(4)  

0.027 0.034 cm s 40  

(5)  

136 

1 2N NaOH 0.027 0.034 cm s 60
H Na  

(6)  

NaOH
0.027 0.034 cm s 40  

3 4

EDTA

pH

0.5 
ppm  

18 20 g L 4
13 g L 3
4

(on-line)

1 2 15 L min

1,000 mg
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L
 

4.  

25,000 mg L  

(1)  

 

2 3 3 4

 

3 4

 

 

CuSO4 + Fe   FeSO4 + Cu(s)  

Fe + H2SO4  FeSO4 + H2 

 

5.22  

(2)  

138 

3,000 25,000 mg L
Na2S

CuS Ksp 6×10-36

 

 

Cu(NO3)2  Na2S    CuS  2Na NO3 

 

NaNO3

 

 

 

5.22

5.3.2  

 

1.  

(1)  

NH3 NH4Cl Cu(NH3)4Cl2
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L
 

4.  

25,000 mg L  

(1)  

 

2 3 3 4

 

3 4

 

 

CuSO4 + Fe   FeSO4 + Cu(s)  

Fe + H2SO4  FeSO4 + H2 

 

5.22  

(2)  

138 

3,000 25,000 mg L
Na2S

CuS Ksp 6×10-36

 

 

Cu(NO3)2  Na2S    CuS  2Na NO3 

 

NaNO3

 

 

 

5.22

5.3.2  

 

1.  

(1)  

NH3 NH4Cl Cu(NH3)4Cl2
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Cu 2NH4OH 2NH4Cl  Cu(NH3)4Cl2 2H2O 

 

(2)  

 

C-0203
 

2.  

(1)   

6.3 10-3 g/L
7.6 10-3 g/L pH 12.5

C-0203 5 
mg/L TCLP  

(2)  

5.7 10-3 g/L
8.0 10-3 g/L
pH 2.0  

3.  

 

5.23  

 

140 

Cu(NH3)4Cl2 RH2  RCu 2NH4Cl 2H2O 

 

RCu H2SO4 5H2O  RH2 CuSO4 5H2O 

5.24  

 

5.23

4.  

100%  

 

 

Cu(NH3)4Cl2 
 

CuCl2 
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Cu 2NH4OH 2NH4Cl  Cu(NH3)4Cl2 2H2O 

 

(2)  

 

C-0203
 

2.  

(1)   

6.3 10-3 g/L
7.6 10-3 g/L pH 12.5

C-0203 5 
mg/L TCLP  

(2)  
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3.  

 

5.23  

 

140 

Cu(NH3)4Cl2 RH2  RCu 2NH4Cl 2H2O 

 

RCu H2SO4 5H2O  RH2 CuSO4 5H2O 

5.24  

 

5.23

4.  

100%  

 

 

Cu(NH3)4Cl2 
 

CuCl2 

 
 

 
 

 
 

  

 

 

 



14
1                   

5.
24

142 

5.  

(Closed Loop Recycle System)

 

 

(1)  

10%  

(2)  

pH 6 10
 

(3)  

55 65 
 

(4)  

18~22 
15~20  

(5)  

15

 

(6)  
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1                   

5.
24

142 

5.  

(Closed Loop Recycle System)

 

 

(1)  

10%  

(2)  

pH 6 10
 

(3)  

55 65 
 

(4)  

18~22 
15~20  

(5)  

15

 

(6)  
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6.  

(1)  

CuSO4 5H2O  

(2)  

 

(3)  

5.15
5.16  

 

5.15

        

    0.03 0.025 

   (N) 6.2 0.5 

   (g/L) 165 15 

 

144 

5.16

     

(CuSO4 5H2O) (%) 
 

96 
(Cu:24.4%) 

93 
(Cu:23.6%) 

(%) 0.45 0.45 

(%) 0.25 0.25 

 (Fe) (%) 0.4 1.0 

  (%) 2.9 5.3 

 

(4)  

5.17  

 

5.17

      

1  2 FPR 30M3  

2  24 FPR 2M3  
3  24 FPR 2M3  
4  8 FPR 2M3  
5  1 FPR 50M3  
6  1 FPR 20M3  

7  3 
 
 

12M3  

8  5  42” 10HP  
9  56  2 5HP  

10  20  2 5HP  
12  1    20M3  

13  3  
1.8 /  

#6
 

 

14  2  25 2 50M3 
 

 

15  3 PP 10 3 30M3 
 

 

16 
 

 
3 FPR 

50 2+20 1  
120 M3 

 
 



143 

6.  

(1)  

CuSO4 5H2O  

(2)  

 

(3)  

5.15
5.16  

 

5.15

        

    0.03 0.025 

   (N) 6.2 0.5 

   (g/L) 165 15 
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5.16
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(4)  
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5.17
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12  1    20M3  

13  3  
1.8 /  

#6
 

 

14  2  25 2 50M3 
 

 

15  3 PP 10 3 30M3 
 

 

16 
 

 
3 FPR 

50 2+20 1  
120 M3 
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7.  

5 g/L 2 g/L

NH4Cl 6N NH4OH NH4Cl

CuSO4 5H2O
 

170 g/L NH4Cl NH4 6.5N
3,000 kg 60 L 100 g/L/3000 L 2 g/L

NH3-N
 

 

Cu2 2 g/L 3000 L 6 kg   24 kg 

3,000 kg NH4 NH4Cl 3,000  

 

1.  

(1)  

PCB
5.25

 

(2)  

45%

146 

 

 

 

      

       

  DSMI     

      

PDH   AUTO   

      

      

       

      

       

      

       

 ( )   

 

5.25

 

(3)  

 

2.  
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7.  

5 g/L 2 g/L

NH4Cl 6N NH4OH NH4Cl

CuSO4 5H2O
 

170 g/L NH4Cl NH4 6.5N
3,000 kg 60 L 100 g/L/3000 L 2 g/L

NH3-N
 

 

Cu2 2 g/L 3000 L 6 kg   24 kg 

3,000 kg NH4 NH4Cl 3,000  

 

1.  

(1)  

PCB
5.25

 

(2)  

45%

146 

 

 

 

      

       

  DSMI     

      

PDH   AUTO   

      

      

       

      

       

      

       

 ( )   

 

5.25

 

(3)  

 

2.  
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(2)  

pH 1

( )

50 60

 

 

Cu(NO3)2 Na2S    2NaNO3 CuS  

2HNO3 Na2CO3    2NaNO3 CO2 H2O 

 

(2)  

pH ORP pH ORP
pH 13

pH 7
ORP ORP

 

3.  

 

4. 5.26  

 

148 

 
 

Cu=3.79ton 
HNO3=11.24to
n 
H2O=24.97ton 

=40ton 

 Na2S=8ton 
Na2CO3=6.4ton 
H2O=65.6ton 

=80ton 

NaOH=10.8ton 
H2O=13.2ton 

=24ton 

 
40Ton 

  
80Ton 

  
24Ton 

 

         

          

         

      
 

25.83Ton  

  
  

120Ton     
    

NOx=0.01ton(8ppm)
H2S=ND<0.1 
CO2=1.434ton 

=1.435ton 
 

NOx=0.015ton 
CO2=1.8ton 
H2S=0.015ton 

=1.83ton     

 

  
50Ton        

CuS=7.87ton 
NaNO3=21.26t
on 
Na2CO3=0.84t
on 
H2O=90.03ton 

=120ton 
          

        

  
 

170Ton       

         

 
 

30Ton  

            

            

           

        
 

 

  
  

        

NaNO3=19.54ton
Na2CO3=0.815to
n 
H2O=160.045ton

=180.4ton 
            

            

            

            

          

  
  

19.6Ton        

     

      

  

CuS=7.85ton 
NaNO3=1.72ton 
Na2CO3=0.025ton 
H2O=10.005ton 

=19.6ton 
    

         

       

=180ton
pH=6.8 
COD=134mg/
L 
BOD=87.6mg
/L 
SS=9.3mg/L 
Cu2+=2.22mg
/L 

  
 

 

5.26
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5. 5.18  

5.18

 2”  3mm PVC 1   

 20m3 PVC  2  40m3 

 20m3 PVC  1  20m3 

 
 

 
  6m3 PVC 1  6m3 

 3m3 6m3 304  
1  9m3  

(4 / ) 

6m3  2  
 

3m3  1  

15m3 

 3.3m3  1  3.3m3 

 10m3 PVC 1  10m3 

 

 38     

  

  

 

  

 1.25 1.25 1.5 4 3.2 m3

1 : 1.5 8 m3 9 m3  

 

6.  

 

 

 

150 

5.4

5.4.1  

 

300
 

 

Cu + S  CuS 

 

5.27  

 

 

 

 

 

 

 

 

5.27

5.4.2  
CNS 9879 - 63%-37%

80%-20% 90%-10% CNS 2475
S Sn63 0.03% 5.19 5.20

5.21 5.22  
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151 

5.19

 
    

( ) ( )  
S  
A Sn95A Sn95 
B Sn95B 

Sn95 183 224 7.4 

S Sn65S 
A Sn65A Sn65 
B Sn65B 

Sn65 183 186 8.3 

S Sn63S 
A Sn63A Sn63 
B Sn63B 

Sn63 183 184 8.4 

S Sn60S 
A Sn60A Sn60 
B Sn60B 

Sn60 183 190 8.5 

S Sn55S 
A Sn55A Sn55 
B Sn55B 

Sn55 183 203 8.7 

S Sn50S 
A Sn50A Sn50 
B Sn50B 

Sn50 183 215 8.9 

S Sn45S 
A Sn45A Sn45 
B Sn45B 

Sn45 183 227 9.1 

S Sn40S 
A Sn40A Sn40 
B Sn40B 

Sn40 183 238 9.3 

S Sn38S 
A Sn38A Sn38 
B Sn38B 

Sn38 183 242 9.4 

S Sn35S 
A Sn35A Sn35 
B Sn35B 

Sn35 183 248 9.5 

S Sn30S 
A Sn30A Sn30 
B Sn30B 

Sn30 183 258 9.7 

S Sn20S 
A Sn20A Sn20 
B Sn20B 

Sn20 183 279 10.2 

S Sn10S 
A Sn10A Sn10 
B Sn10B 

Sn10 268 301 10.7 

S Sn5S 
A Sn5A Sn5 
B Sn5B 

Sn5 300 314 11 

S  
A Sn2A Sn2 
B  

Sn2 316 322 11.2 

1.  
2.  

152 

5.20 A

% 

  
Sn Pb 

Sb Cu Bi Zn Fe Al As 

Sn95A 94~96 

Sn63A 62~64 

Sn60A 59~61 

Sn55A 54~56 

Sn50A 49~51 

Sn45A 44~46 

Sn40A 39~41 

Sn38A 37~39 

Sn35A 34~36 

Sn30A 29~31 

Sn20A 19~21 

Sn10A 9~11 

Sn5A 4~6 

Sn2A 1.5~2.5 

 

 

0.30 

 

0.05 

 

0.05 

 

0.005 

 

0.03 

 

0.005 

 

0.03 
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5.19

 
    

( ) ( )  
S  
A Sn95A Sn95 
B Sn95B 

Sn95 183 224 7.4 

S Sn65S 
A Sn65A Sn65 
B Sn65B 

Sn65 183 186 8.3 
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Sn63 183 184 8.4 
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A Sn20A Sn20 
B Sn20B 

Sn20 183 279 10.2 
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A Sn10A Sn10 
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Sn10 268 301 10.7 

S Sn5S 
A Sn5A Sn5 
B Sn5B 

Sn5 300 314 11 

S  
A Sn2A Sn2 
B  

Sn2 316 322 11.2 

1.  
2.  

152 

5.20 A

% 

  
Sn Pb 

Sb Cu Bi Zn Fe Al As 

Sn95A 94~96 

Sn63A 62~64 

Sn60A 59~61 

Sn55A 54~56 

Sn50A 49~51 

Sn45A 44~46 

Sn40A 39~41 

Sn38A 37~39 

Sn35A 34~36 

Sn30A 29~31 

Sn20A 19~21 

Sn10A 9~11 

Sn5A 4~6 

Sn2A 1.5~2.5 

 

 

0.30 

 

0.05 

 

0.05 

 

0.005 

 

0.03 

 

0.005 

 

0.03 
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5.21 B

% 

  
Sn Pb 

Sb Cu * 

Sn95B 93~97 

Sn63B 61~65 

Sn60B 58~62 

Sn55B 53~57 

Sn50B 48~52 

Sn45B 43~47 

Sn40B 38~42 

Sn35B 33~37 

Sn30B 28~32 

Sn20B 18~22 

Sn10B 8~12 

Sn5B 3~7 

 

 

1.0  

 

0.08  

 

0.35  

 

* Bi+Zn+Fe+Al+As 

 

5.22 S

% 

  
Sn Pb 

Sb Cu Bi Zn Fe Al As 

Sn65S 64~65 

Sn63S 62~64 

Sn60S 59~61 

Sn55S 54~56 

Sn50S 49~51 

Sn45S 44~46 

Sn40S 39~41 

 
0.10 

 

0.03 

 

0.03 

 

0.005 

 

0.02 

 

0.005 

 

0.03 
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5.4.3  

1.  

5.28 29  

 
         

            

  
( ) 

         

5.28 A

 
      ( )       

             

             
 

        
 
 

( )
            

  
( ) 

        

          

          

 
 

 
 

   
( ) 

5.29 B
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5.21 B

% 

  
Sn Pb 

Sb Cu * 

Sn95B 93~97 

Sn63B 61~65 

Sn60B 58~62 

Sn55B 53~57 

Sn50B 48~52 

Sn45B 43~47 

Sn40B 38~42 

Sn35B 33~37 

Sn30B 28~32 

Sn20B 18~22 

Sn10B 8~12 

Sn5B 3~7 

 

 

1.0  

 

0.08  

 

0.35  

 

* Bi+Zn+Fe+Al+As 

 

5.22 S

% 

  
Sn Pb 

Sb Cu Bi Zn Fe Al As 

Sn65S 64~65 

Sn63S 62~64 

Sn60S 59~61 

Sn55S 54~56 

Sn50S 49~51 

Sn45S 44~46 

Sn40S 39~41 

 
0.10 

 

0.03 

 

0.03 

 

0.005 

 

0.02 

 

0.005 
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A.  
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5.5

5.5.1  
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1970
Am-MAR(Ammonical Carbonate Leaching-Metals and Acid 

Recovery)
5.32

 

 

 

 p34 85 5  

5.32

(complex ion)
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Cu(OH)2+2NH3+(NH4)2CO3  Cu(NH3)4CO3+2H2O 

Ni(OH)2+2NH3+(NH4)2CO3  Ni(NH3)4CO3+2H2O 
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Cr(NH3)6
3++3H2O  Cr(OH)3 +6NH4

+ 

Fe(NH3)4
2++2H2O  Fe(OH)2 +4NH4

+ 

Fe(NH3)6
3++3H2O  Fe(OH)3 +6NH4

+ 

 

M  

 

M(NH3)4
2+  M2+ + 4NH3 

NH4HCO3  NH4
+ + HCO3

-+CO3
2- 

NH4
++H2O  H3O+ + NH3(aq) 

NH3(aq)  NH3(g) 

M2++CO3
2-  MCO3(s)  

M2++2OH-  M(OH)2(s)  
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p5-21 80
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5.26

 A  B  C  D  E  F  G  H  

 80.45% 35.01% 31.02% 72.19% 82.04% 71.12% 79.15% 80.79% 

 14.53% 50.66% 44.11% 16.33% 12.90% 20.36% 15.87% 14.92% 

 4.95% 14.35% 24.82% 11.43% 5.22% 8.66% 5.35% 5.79% 

        

 7.57 38.8 16.67 25.64 10.18 14.77 6.79 24.46 6.04 33.33 4.36 15.02 8.28 39.0 8.08 39.01

 3.63 18.6 6.44 9.91 0.34 0.49 0.37 1.33 0.68 3.75 9.64 33.22 1.5 7.07 1.22 5.89

 0.01 0.06 2.03 3.12 0.01 0.019 0.010 0.036 0.004 0.020 0.007 0.023 0.007 0.03 0.007 0.031

 0.30 1.54 0.43 0.66 0.07 0.096 0.090 0.32 0.023 0.13 0.029 0.10 1.15 5.42 2.07 10.00

 0.11 0.56 1.40 1015 0.16 0.23 0.074 0.27 0.060 0.33 0.048 0.17 0.11 0.52 0.14 0.68

 0.09 0.46 1.63 2.51 1.44 2.09 0.009 0.032 0.004 0.019 0.0065 0.022 0.003 0.013 0.001 0.006

 0.37 1.90 2.66 4.09 0.15 0.22 0.17 0.61 0.10 0.55 0.19 0.65 0.42 1.98 0.39 1.88

 0.004 0.02 0.019 0.029 0.003 0.004 0.029 0.10 0.004 0.003 0.010 0.25 1.18 0.24 1.16

 0.055 0.28 0.042 0.065 7.54 10.94 2.26 8.14 1.82 10.04 0.014 0.048 0.003 0.013 0.002 0.010

 0.070 0.36 0.35 0.54 0.86 1.25 0.27 0.97 0.18 0.99 0.043 0.15 0.32 1.51 0.32 1.55

 
% 

2.32 --- 18.99 --- 23.36 --- 6.07 --- 3.99 --- 6.03 --- 3.83 --- 2.45 ---
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(1)  
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750 

 

 

H2O (1)  H2O(g) 

Cu(OH)2  CuO H2O(g) 

M(OH)2n  MO nH2O(g) M  

 

B.  
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1,900 2,000 C
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(1)
 

(2) 600 750 

 

(3)
4%

 

(4) 20

1,300 1,600 
 

(5) 6 1
30 2,640

 

5.  

 

(1)  

5.27  

174 

5.27

( / ) ( / )   
( / )        

A  40 32.20 5.82 1.98 3.02 1.45 0.14 0.02 0.12
B  103 36.03 52.19 14.78 17.17 6.63 2.73 0.04 0.44
C  5 1.55 2.21 1.24 0.51 0.017 0.007 0.37 0.04
D  60 43.34 9.8 6.86 4.07 0.22 0.1 1.356 0.054
E  40 32.75 5.17 2.08 2.41 0.27 0.04 0.72 0.009
F  30 21.29 6.11 2.59 1.30 2.89 0.05 0.004 0.008
G  60 47.27 9.52 3.21 4.97 0.9 0.25 0.002 0.69
H  50 39.65 7.45 2.9 4.04 0.61 0.2 0.001 0.16

 388 254.08 98.28 35.64 37.49 12.987 3.517 2.513 1.521

 

(2)  

1%
10%

5.28  

5.28

( / )  
( / ) 

 

    

 
( / ) 

CuO Fe2O3 
A  32.20 1.98 0.4 0.09 5.33 3.77 2.07 
B  36.03 14.78 1.03 1.95 49.21 21.46 9.48 
C  1.55 1.24 0.05 0.11 2.05 0.637 0.02 
D  43.34 6.86 0.6 0.364 9.436 5.09 0.31 
E  32.75 2.08 0.4 0.16 4.61 3 0.38 
F  21.29 2.59 0.3 0.18 5.64 1.62 4.13 
G  47.27 3.21 0.6 0.23 8.69 6.21 1.29 
H  39.65 2.9 0.5 0.12 6.83 5.05 0.87 

  254.08 35.64 3.88 3.204 91.796 46.837 18.55 
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(3)  

 

 

     
Fe2O SiO2  Fe2O3  SiO2 

 

5.29  

5.29

( / )  
( / ) 

 

   

 
( / ) 

CuO Fe2O3 
A   5.33 0.76 0.4 6.49 3.77 1.81 
B   49.21 3.5 1.03 53.74 21.46 9.48 
C   2.05 0.007 0.05 2.1 0.637 0.02 
D   9.436 0.11 0.6 10.146 5.09 0.31 
E   4.61 0.14 0.4 5.15 3 0.38 
F   5.64 1.53 0.3 7.47 1.62 4.13 
G   8.69 0.48 0.6 9.77 6.21 1.29 
H   6.83 0.32 0.5 7.65 5.05 0.87 

   91.796 6.847 3.88 102.516 46.837 18.29 

 

(4)  

A.  

1/6  

B.  

a.  

90% 90%  

b.  

176 

10%
50%  

c.  

 

d. 5.30  

5.30

( / ) ( / )  
   

A   6.49 1.08 3.02 3.36 1.19 
B   53.74 8.96 17.17 25.73 19.8 
C   2.1 0.35 0.51 1.11 0.83 
D   10.146 1.69 4.07 4.57 3.196 
E   5.15 0.86 2.41 2.30 1.3 
F   7.47 1.245 1.30 5.63 1.785 
G   9.77 1.63 4.97 4.13 2.3 
H   7.65 1.28 4.04 2.43 2.46 

   102.516 17.095 37.49 49.26 32.861 

 

6.  

(1)  

 

10 mL 1.75 m 

3 mL 1.75 m 10 HP 

2,800 mmL 1,900 mmW 5,500 mmH 
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1,000 l/Hr 
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1.

2.

6.1

1.

(1)
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A. 70% ( 6.1 )

B.

C.

6.1

 Cu 

g/mol  63.546 

g/cm³  8.92 

 1,084.4 

 2567 

(2)

0.83mm (20mesh)
(

)

A.

- 0.25 mm(60 mesh)

- 1%

180

- TCLP

B.

C.

2.

NH3 NH4Cl Cu(NH3)4Cl2

(1)

CuSO4 5H2O

(2)

(3)

6.2
6.3
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