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(Hazardous waste)

Recource Conservation and Recovery Aot(RCRA)

1

L
2. ,
The .. Environmental Protection Agency.(us. EPA)
L ) ,
2. (non specific source)
3. (specific source)
4,
5.
6. RCRA, subtitle ¢, section 3001

RCRA, subtitle ¢, section 3001



HO »1 JHOU1l

<? > 125

%5 (.. 2531)
6 (.. 250)

3.2

2
L (Primary Dbattery)

2. (Secondary battery)
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31

33

(Environment Canada, 1991)
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1232 10-18

3.2

32
(Environment Canada, 1991)

Zn Mn02  Hg Ag C Paper/  Metal

Plastic
17 29 0.01 \ 7 10
14 22 05-1 . 2 5
1 : 3 \ : 7
10 : 1 2 : 7

32
Zn(s) __ Znaqg) + 2e
2MN0Zs) +2 < (1) +2¢' A MnrHp()+20H(aq)

In NHLCL
Zn(NH3ZI2 33

Zn(s) + 2Mn0Zs) + 2NHACI(aq)
N MRD3HD()+ ZiNHZS)

34

16
37
22
22

Cd

0.08



Zn(s) + 2Mn0Zs) + NHACl(aq) + HpO)
) Mn2 3HD () + NH3g) + Zn(OH)CI(s) (3.4)

35
Zn(s) + 2Mn0%s) _ Zn0.Mn2 Js) (35)

NH& Zn
36 37
4Zn(s) + 4ZnCl2ag) + 8Mn0Zs) + 8 < (1)
) AMn 3HX)(s) + ZnCI24Zn(0H)2s)  (3.6)

Zn(s) + 2Mn0Zs) + 2Hpfl) _ MnPg-Hpfe) + Zn(0H)2s) (37)
33-3.7
MnPg.HgO ,
HgCL, 0.01
2538
10
2 1 1
300,26 103

2538
40

2538 130
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3211
50-70
3212 !
3213
3214
322
31
3221

50-70

Ndepolarizer)

65-70



3222

3223

3224

3225

15%

400-500°C

(paste-line)

(lining-paper)

3.2

10

999%)

10-80°C 2-3



3226

323

1-2

metal-fume fever
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Paste lined cells (R20/R14)

Bottom insulating washer
placed inside tip of can

4— Zinc can Carbon rod

Compacted
black
depolarisct
mix

Electrolyto
pasto
(white mix)

Bottom washer
in final position

—— Sealing washer
4—— Air spaco

. .
—==%{~-— Bituminous scal

Plastic display
washer, clamping
on to brass cap

N
Laminated paper
I imk ackel and Boe,
F A/ swngod at top
M and bottom on to
R display washer
and base disc

Metal base disc

32 1
(Robbins, 1970)

Paper lined colls (RG)

Zli_n% tclam
— Sig

A bowed out
attop
Electrolyte -
coatod
paper liner

Elcctrolytc-
~ .coated
bottom cup

Depolarisor
washer

Depolariser
slug
(black mix)

1 Carbon rod

Papor liner
. tucked in
ovor
depolarisor
washer

Brass cap
B cn swaged
I~ ?un Sf‘et?l
push fi
3 i spaco

Outor label
b«— and shrink-fit
Jacket




5
6.
metal-fume fever
3.3
1. ! (Physical treatment)
1 , 1
2. : (Chemical treatment)
1 l 1
3. (Biological treatment)
4, " (Thermal treatment)

(Youn, 1990 Cassell  Walker, 1970)

(Youn, 1990 Peter
1987)

14

Ferg,



34

Wiles, 1987)

Sollars

Sollars

Cement

3.3

~

(Stabilization)

(Solidification)

(Sollars Perry, 1989

Perry (1989)

Perry (1989)

(Inorganic fixation)

(Sollars

Perry, 1989

Wiles, 1987)

(Organic encapsulation)

Stabilization/Solidification

Inorganic fixation

Clays . '
Pozzolanas Y Silicate Therm()plasufhermose

Organic encapsulation

(Sollars

.Macro-encapsulation
tting

Perry, 1989)



16

Shuckrow, Pajak ~ Touhill (1982)

7 (Cement-based techniques), (Lime-hased
techniques), ' (Thermoplastic  techniques), (Organic
polymer techniques), ' (Encapsulation techniques),

! (Self-cementing techniques) (Glassification)

33 34
33
(Shuckrow , 1982)
1. Cement based IV
2. Lime based

3. Thermoplastic based

( Bitumen, Parafin Polyethylene)

4. Organic polymer

5. Encapsulation Polyethylene
Organic rasin

6. Self cementing

7. Glassification



1. Cement and Silicate Based

2. Lime Based

3. Thermoplastic Based

34

Chemical
Fixation/Solidification

Chemical
Fixation/Solidification

Physical
Fixation/Solidification

(Shuckrow

Salt

. 198))

Cement Based

Strong Oxidants, Dehydrated



4. Organic Polymer Process

5. Encapsulation

6. Self Cementing Techniques

7. Glassification

34( )

Physical
Fixation/Solidification

Chemical Containment

Chemical
Fixation/Solidification

Physical
Fixation/Solidification

(additive)

(Shuckrow

pH

 1982)
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36

1,600

4
(tricalcium silicate),
aluminate)
Fed3=F
35

Ca0
Si02
A 03

N3

(Bishop, 1988)

3.5

(dicalcium silicate),
Y |(tetracalcium alur inofemte)

Ca0 =¢, Si02=

(Poon, Peters

60-65
20-24
4-8
2-5

Perry, 1983

19

1,400

(tricalcium
36
, AL03= A

Lee, 1970)



10-80

35

36

3Ca0.5i02

2Ca0.5i02

SCa0.AiPg
4Ca0.AlDg.Fed 3

(2539)

Ca0  Si02

CY
2

CoA
CAAF

80



6' L Intilli
« Ml *

. 1)

(Ordinary Portland cement) !

(Modified Portland cement) !

(High-Early-Strength Portland cement)

(Low-Heat Portland cement)

(Sulfate-Resistant Portland cement)

25-30

21



3.7

lime)
(Hydrated lime)

38

0323 50-90

20-25

816 (

(calcium-silicate-hydrate,

(calcium  hydroxide, Ca(OH)2

3Ca0.25i023H0)

Ca0 Hj0)

61
2%5%)

22

(Quick

CH

34
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34 (Jeffrey , 1995 Dole, 1985)
38-3.11 (Shively , 1986 Neville,
1983)
2(3Ca0.5i02 +6HD ) 3Ca0.25i023HD + 3Ca(OH)2 (39)
2(2Ca0Si02 +4HD ) 3Ca0.25i023HD + Ca(OH)2 (39)
3Ca0AlD 3+ 6HD - 3Ca0.AlD 36HD (3.10)
3Ca0.AlD 3+ CaS042HD) —) 3Ca0.AL033CaS0,.3HD (3.12)
38311

100 mg/l.  pH 1
(Shively , 1986 Batchelor ~ McDevitt, 1984)



amphoteric metal (Shively

(Shively
Desch 1956)

3.9

Poon (1985)
1 NagSiOg
n SEM, XKD
ettringite
n
n
stabilization Physical encapsulation
Zn-silicate
n
Hg SEM, XRD

Hg

Hg Hg
Hg Physical encapsulation
Hy
Bishop (1988)

(Buffering capacity)

. 1986)

, 1966

2 n

Porosimetry

n

SEM XRD

Popsimetry

NagSiOg

24

Lea

Chemical



Cumulative Alkelinity

Leached, mea/g

25

. EPA, 15
35
20 5
3 o
i -12
15 - .
’ pll /
/ Niallaity L
10 - /
— 0
5_
- 6
\"\"\"\”\x__“_\h
. I 1 s T T = T T 4
5 G 0 12 15
Extraction

(Bishop, 1968)

0.5
15 17

183 meaqlg



Cumulative Percent Leached

Total Metal or Alkalinity

36

3.6
3.6
100
o
—4—— Cadmlum ../J."’.-
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(Bishop, 1988)
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21

37 pC-pH :
lonic strength 0.75
12-13

50-70 % ,
N8 7% ==
9 9,8 8%

37 pC-pH diagram ,
(Bishop, 1988)



Shin Sujiwatthana (1988) 5
cement-silica based 4

24
38 39

Annum of Waste, +
0 2 gl G 8 10 12 “ 16

1 1 It I\ 1

172
0.2 A
L_ A 168
w020 o
< 164
<
j U 1()'1 "'160
= 156
O 1% 122 ~ .
=
E': 152
& 0,08 A &3] OHM
EE— W¢ — 148
0.01 4 A/O/O—’—O'/’—O— e
0 : : . : i l 140
0 0.1 0.2 0.3 0.4 0.5 0.3

Aount of Waste, ¢

3.8 (Shin Sujiwatthana, 1988)



Comprossive Srrenth,

Amount of Waste, K

0 2 1 fi 8 10 12 H 16
0.7 1 1 1 1 2 1 1 1 1.6
L —1.4
—1.2
0.5 A
—1.0 £
ol )
8} b L 0.8
0.3 A —0.6
0.2 o —0.4
0.1 - -0.2
0
0O
Ayt of Yaste, g2
39
(Shin* ~ Sujiwatthana, 1988)
310
Mount of Waste, ¢
0 2 -1 G 8 10 12 14 IG
1.0 : i 1 } : T *
ke &) O\
d
o 3.0 A
E D\
- 2.5 4
Z 2.0 4 e U
1.5 O
1.0
0.5
O - T T T i | T T
0 0.1 Q.2 0.3 0.1 0.5 0.6

Aot of Waste, g

3.10 (Shin - Sujiwatthana, 1988)

29



b2 2

Leachalir

mg/g X 10E-3

311

(compaction)

3.12

5.0 20
0

4.0 A -16 ¥

4.0 - 12

VR R -8

1.0 4 -

0D T T T T T T T T T X T 2

0 0.2 ° 0.4 0.6 0.8 1.0 1.2

water/Conent Nalio

31
(Shin - Sujiwatthana, 1988)

0.5

0.5

30



sl X 10r; 3

co

3

lr.-J

th

1.0 =
3.0
3.0
2.0
i O : d
O : I
1.0 4 0O: A
eI
.5 » : Blank
& T T T T T T T T T T
(40 0.4 0.6 0.8 1.0 1.2
Witer/Conent Ratio
312
(Shin ~ Sujiwatthana, 1988)
313
J \ /O -
4 e J
R un o——: B
. k-
-4 Cd / P
I'h
R Y S " 1.2
Surl'nc.o IVtxalVIuiK* ! ((in, (1( 1)

313
(Shin - Sujiwatthana, 1988)
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Leachability, mg/g x 10E-3

, 2, 1 10
2
2545 %
=7 l a
AD
1.od M D\ -3
1.0 b =
NN RS0
0.5 4 -1
u T T T T T T T 1 T 1 1 a
8} 1 o 3 4 5 6 7 8 ) 10 11 12
pH of Extract Solution
314
(Shin Sujiwatthana, 1988)

3.15

32

314

10
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(Shin ~  Sujiwatthana, 1988)

311

Jeffrey (1995)



Sollars

37
(Jeffrey

200)

(Thomson, Malone
Perry (1989)

. 19%)

Jone, 1979)

34



312

38

Poon (1983)
1. batch test

2. column test

(Sollars

Perry, 1989)

hatch test

column test

39

3



36

39 batch test  column test
(Poon 1983)
batch test column test
: L
2.
3 2
L .
2 2
3.
3 4,
5.
6.
: 310
3.10 (Jeffrey , 1995)
TCLP (USEPA) 95 . pH =3 20:1 1 18
EP Toxicity (U.S.EPA) 95 . 0.04M pH =5 20:1 1 24
Shake Extraction Test (ASTM D3987-85) - 20:1 1 18
Equilibrium Leach Test ( ) 150 41 1 7
Sequential Extraction Test (Bishop, 1986) 95 . 0.04M 50:1 15 4
055 . 10:1 1 6
1( . 2531) pH = 58-6.3
95 . A 201 1 18

6( .. 2540) (80:20) pH =5



(.. 2530 (

3.13

(Sollars

. 50
58-6.3

Sollars Perry (1989)

Sealosafe
Perry, 1989 Wilkinson, 1968)
] 1x106
] 140

J 1.04

/

3

1
6( .. 2540) )
055
0 ()
200
1
|
311
(.. 250)

[ ..
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% .. 253)
5
1)
5
02
5
6. . 250)
1( .. 2530)
7/l AN
iy,
( )
(.. %53

6( .. 2540)



(%8

311

)

Sealosafe
Sealosafe
0.34x10e [ ..
1x107 J
8-11
CoD 280 /..
Total CN" ViFe=
Total Sulphide 5
Total Phenol 5
NH3 0/ ..
Zn 10/ ..
Hg 05 [ ..
Cd, Cl, Cu, Ni, P, V, Ba, Co, Mb,
As, Sh 5. ..
Total Pesticides 01
Supernatant 24
5 L 53
1 .. 53

i .

..

As
Cd
Cl
Hg
Ph



3.14

Shively (1986)

15

100-10000

10

Jaggi  (1989)

desorption

pH

0.5 0.35

11

sorption-precipitation

diffusion

40



Shin, Her Koo (1988)
1
precipitator
EP toxicity

precipitator

Chang (1989)

4

(L.0)

41



0.5

Youn (1990) COD
05 09
Rijal (1990)
(1:2)
0.65
0.2

Cr In)

0.5

42



Shin, Koo, Kim  Yoon (1990)

60
60
SEM XRD
, Ettringite

Claudio (1991)

(A
90

Cheng  Bishop (1992)

SEM, EDX  Wet Digestion/AA Method

43



Yang (1993)

%
Freezing Thawing Test

TCLP

SEM

Leangon (1993)

07:0.1:0.2

(2538)
0-75 %

( 50 %)
- 05

44

07:0.20.1
0.64 1.37
025 ( ) 025



3.15

(Environment Canada, 1991)
L

Voest-Alpine
Nomura Kosan

Voest-Alpine

5 %
5 %
2
) 1 1 ) } !
Nomura Kosan
Hokkaido
6000 3
99.99 %
3.16
1000

31

45



@0§ o

Ag recovery procets
of calcination

O
@§ Ferrous waste

PRE-TREATMENT PROCESS

3.16

Mg condenser

Hg sbroter

Wet ESP by resn

Wastewater
weaiment
equipmaent

THEAMAL TREATMENT
PROCESS

Complation ol avaporation
& cooling

Nomura Kosan

(Environment Canada, 1991)

USED BATTERIES

\

ROUND CELLS

CLASSIFICATION

CONSUMPTION CELLS

[

\ ‘ Stack
G
‘ | GAS TREATMENT

500

MECHANICAL
PREPARATION

46

PROCESS

Hg RECOVERY

rafining

RESIDUE TREATMENT
4 RECOVERY PROCESS

Slag crusher

MERCURY =
< THERMAL
TREATMENT
WASTE Y
SEWAGE FIXED-BED
- LEACHING > ELECTROLYSIS
SEWAGE
Y -] Y )
. Fe SLUDGE
PRECIPITATION —— NEUTRALISATION
Zn SLUDGE
\ Y
REDUCTION RECIPIENT

v

SILVER

317

MERCURY CLASSIFICATION Fo-WASTE
—> SCREENING
COPPER | MAGNETIC SEPARATION PLASTIC WASTE
Y
THERMAL |——> MERCURY
w TREATMENT f———> ZINC
Q2 ZINC-OXIOE
Sl w
w
LEACHING

f

CRUDE ORE (Mno )

Voest-Alpine

(Environment Canada, 1991)
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SAB Nife -

1000
99.5 %

3.18

SAB NIFE SECYCUNG FATWLMIES
FORSCRAZ MiCo BATTERIES

Overfiow to wislewaier
traatmaent plant

318 SAB Nife
(Environment Canada, 1991)
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