21

2.11

(Transition  Elements) (Periodic
Table) (Galena, PhS)

(Cerussite, PbhC03 (Anglesite, PbS04)
, 11.34

3247 °c 1351 °c

(Rochow and Abel,1973)
2.12

1) (Red
Lead) (Litharge) (Lead Carbonate)

5.1) (Solder)
5.2) (Type Metal)



f ntfinnil*
jimn<n «« «

5

5.3) (Pewter)
5.4)
Wood's Alloy
5.5) 70 °c
( , 2539)
2.1.3
( - 2539)
2.14

21 22



2.1 (Patterson 11985)

5-48
0.5-25
0.4-66.5
2.6-5.1
sk
‘ 40.3-319.4
117
2-140
380-400
1.65
0.43-100
2.9
0.018 - 0.098
6.5

126.7 - 144.8
66.1 -84.9
11-100
0.47-1.39
29-170
94.6
IT Research Institute ¢ 8213-2(1972)

29 Annual Purdue Industrial Waste ConferenceWest Lafayette, (May 1974)

Proceedings of the 4th Conference on Advanced Pollution Conreol for the
Metal Finishing Industry. USEPA 600/9-82-022 (December 1982)



2.2 (Clayton and Clayton,
1981)

At/Mol. wt Sp.Gr.

(°C) |

Lead Pb 207.19 11.343 327.5 1740 Insol. Cold. Hot H20 ;sol

(16°C) hno3
Lead Pb(C2H80 3)2 325.28 3.25 280 - 44.3(20°);221(50°C); V. si.
acetate (20°C) Sol.alcohol; sol. Glycerin
Lead Pb(As04)2 899.4 7.80 1042,sl.d V. SI. Sol. Cold H20; sol.
arsenate ec.1000 hno3
(ortho)
Lead azide Pb(Ne)2 291.23 4 S Explodes  0.023(18°C); 0.09 (70°C)

at 350
Lead 2PbCO03.Pb 775.6 6.14 Dec.400 Insol. Cold. Hot H,0; sol.
carbonate (OH)2 H N 03;insol
(basic white Alcohol
lead)
Lead PbCI2 278.1 5.85 501 950 0.99(20° C);3.34 (100°
chloride C);sl.sol. dil. HCI,NH3;insol.
alcohol

Lead PbCro4 323.18 6.12 844 Dec. 0.0000058(25° C); insol.
chromate (15°C) Hot H20; sol Acid, alkalies;
(chrome insol acetic acid, NH,
yellow)
Lead PbMo04 367.13 6.92 1060- Insol. Hot H..O; dec. cone.
molybdate (25°C) 1070 H2 4
(molybdate sol. Acid, KOH; insol.
orange) alcohol
Lead nitrate Pb(N03)2 331.2 4.53 Dec.470 - 37.65(0° C); 127; (100°C);

(20°C) sol. alkalies, NH3



(Nayerand Dague, 975)

811
Phb + 20 ~ ==z==z=z==z=z=z=z=zz=z=z=zz=:=> Pb(OH)2
il
Pb(OH)2+ OH ===z===z==z=z=== =====> P} (0H)3‘
(Nayerand Dague, 1975)
oH 105 pH
(Nayerand Dague, 1975)
pH 5
Pb + < (2-3 ========z===== y====> PpCO03
oH 85125

basic lead carbonate

3P 2+ 2C02 +2HA) > Pb(CO3 A0H)2 2H+ (4



pH>12.5

2
(Tunay, 1994)
(Chelating Agent)
2.15
(Ca(OH)2) (NaOH)
(Pb(OH)2) (Na2C03)
(PbCO3 (Pb3P042
(Sedimentation Tank) (Sludge Dewatering)
200 mgll
as CaC03 9
75-90
, 10

10



(Patterson ,1985)

2.3
1999)
2.2
Adsorbate
Adsorbent
2
(Chemisorption)
( )

10

(Lasko and Hurst,

(Adsorption)

Adsorbate

(Physisorption)

(Multilayers)



2.3

Treatment Process

lon exchange
lon exchange *

Lime-sedimentation

Lime-5r sedimentation
Lime-30+r secimentation
Caustic-1-4r
Sedimentation
Caustic-24-r
Secimentation
Avmonium hycroxide
Limeferrc sufaie+
Sedimentation+
fitration*
Lime-Secimentation+
fitration

Caustic-Soda agi
Sodium carbonate+
fitration*

Sodium carbonate+
fitration*

Femc sufate+
Sedimentation+
fitration*

Ferous suffatet
sedimentation

Treatment
50-52
83
71
8.2

7
68
55
70
8
100
115
95
95
9095
6.4-8.7
12-75
6.0

6.0
104-108

Pilot-plant resuits

Lead concentration (mg/l)

Initl
01
0085
126.7-1448
107
091
12
Kl
65
03t
B

50
50
0.9-46
0.9-4.6
50
102-70.0
30-50
50

50
%

Fanl
001
00015
0020-0063
027
019
015
1
01
01
kY
048
16

004

239
025
009

0.2
0019
011 -02
0.10-0.17
00L-003
G2-36

02-06

025

00
17

(Patterson, 1985)

Removal
%
9D

973
09
g7
Ml
875
%
B5
o7
4

04
%2



2)
600-1000
3)

500

(Activated Carbon)

2.2.1

50 - 200

(2539

(External Diffusion  Film Diffusion)

(Intenral Diffusion  Pore Diffusion)

(Surface Reaction)

12

300 -

24



24

Material

Aluminas

Active aluminas

Catalytic-alumina

Chromatographic
-alumina

Silicas
Alumino-silicates

Magnesia-silica

gel
Silica gel

Carbon
Shell-hase

Wood-based

Shape

G
P

Size Sp
(Mesh) ()

v 0.25-0.3
38 0506
v 0.62

80-200 03
4-12 0.4
0.55
v 0.33
v v
181in  0.34-051
v 0.5-0.6
0.6-0.8
57
v

Pb
(1bfit3)

50

47-50

47

58

40

55

30

27-45

41-52

27-34

20-22

24
27-29

1

35-45

40-50

45

45

Vv

21-28

20

30

510
3-10

(ol

As
(m2g)

235

400

300

225

770

300
300-800
650-700
800-1100

1200

1400
750-900

Sp = particle porosity 1pb = bulk density 1rp= pore size , Ay = surface area

C = cylindrical pellects , G = granular,

= spherical beads , T = tablets 1V = various

13

1 1992)

Commercial Products

Alcoa F-1 Reymolds

RA-1.RA-3
Alcoa H-151
Kaiser KA-201
Pechiney

CR

Alcoa F-20

Davison

3A,4A 5A

13X.700

Florisil

Davison silica gel
Cecagel

Mobil Sorbead R,H

Cochranex

FCB
Barnebey-Cheney
JFJU,YF
Supersorbon
Brilonit



2.2.2

(Pore Diffusion)

14

(,253%)

(Film  Diffusion)

(Pore Diffusion)

(Adsorption Capacity)



15

22.3 (Adsorption Isotherm)

(Adsorption Capacity Qe

(Ce)
“Adsorption Isotherm”
(Q6)
(Co
(Monolayer)
(Multilayers) ( 1 2538)
(Faust and Aly, 1998)
2231 (Langmuir Adsorption Isotherm)
0
1)
2) (monolayer)
3)
4)
X = XmCe/ (1+bCq)
X = x/m (x)
1()
Ce=
Xm=
(monolayer)



2232

2233

X[ =KCeln

(BET Adsorption Isotherm)

Bainauer, Emmett Teller
(multilayers)

X = X7BCs 1 (C.-C§ [1+(B-1)C4C]

X = xim (x)
Ce =
Cs =

(monolayer)

(Freundlich Adsorption  Isotherm)

16



17

204 (5%

0.4 6 (Patterson, 1985)

2.3 (Chitin and Chitosan)
231

2
(Cellulose) poly-/?(1,4)-2-acetamido-2-deoxy-D-glucoseS
(CBHINO9n Fungi
(Rorrer , 1993)
N,N-dimethylacetamide (DMAc)- 5% LiCl
N-methyl-22-pyrrolidone (NMP)- 5% LiCl
(2539 2.5
poly-/3(1,4)-2-amino-2-
deoxy-D-glucose 1 ' - (N-deacetylation)



2.5

Organisms

FUNGI

Ascomyceta
Basidiomyceta

Phycomyceta

Imperfect!
ALGAE
Cholorophyceae
PROTOZOA
Rhizopoda

CNIDARIA
Hydrozoa
Hydroidea
Milleporina
Siphonophora
Anthozoa
ScyphoZoa
ASCHELMINTES
Rotifera
Nematoda
Acanthocephala
Priapulida
ENDOPROCTA
BRYOZOA
PHARONIDA
BRACHIOPODA
Articulata
inarticulata

ENHIURIDA
ANNELIDA
Polychaeta
Eunicidae
Oligochaeta

all

MOLLUSCA
Polyplacophora

Gastropoda
Cephalopoda
Lamellibranchia
ARTHROPODA

Crustacea

Insecta

Examples structure Minerals  Chitin other organic
% org. constituents
Aspergillus flavus, fumgatus, niger,
Penicillum notatum, Neurospora crassa.
Agaricus campestris, Armillaria mellea, cellwalls and
Boletus edulis, Schyzophyllum commune. structural mem- traces glucans, mannan or
Blastocladiella emersonii, Mucor rouxii, brannes of mycelia to 45 other polysaccharides
Mortierella vinacea, Phycomjees Blakesleanus, stalks and spores
Rhizopus rhizopodiformis, Apodachlya.
Candida albicans, Alternaria kikuchiana
Ulva lactuca, Valonia ventncosa. + cellulose
Pelomyza cystwall +
Plagiopyxidae shell silica +
Allogrom ia shell iron + proteins, lipids
Vasicola ciliata cystwall + proteins
perisarc 3-30 a proteins (tanned)
Millepora alcicomis coenosteum CaCOg + a
pneumatophore + a
Metridium, Pocillopora "skeleton" CaCOg + proteins
Aurelia podocyst + proteins
egg innermembr. 14 proteins
Ascaris lombricoides egg middle membr. 16 proteins
egg capsule +
Priapulus caudatus cuticle + proteins
Pedicellina cernua cuticle + tanned proteins
Chnstaella mucedo ectocyst (CaCOg) 2-6 proteins
tubes 13 proteins
stalk cuticle 4
stalk cuticle +  (j collogen
shell CaCOg 29 p
hooked chaetae +
Aphrodite, Amphinome chaetae 20-38p quinone tanned protein;
jaws 0.3 proteins
Lombricus terrestris chaetae ' 0
peritrophic membr. + proteins
Chiton shell plates CaCOg 12 proteins
radula iron + proteins
Helix pomatia mother of pearl CaCOg 3-7 conchiolin
radula iron silica 20 a tanned proteins
jaws + tanned proteins
Sepia Officinalis, Nautilus pom pilius, calcified shell CaCOg 3-26 p conchiolin
Loligo paslei, Octopus vulgalis, pen 18 p conchagen
Omnatostrephes sagittatus jaws and radula 20 ctanned proteins
stomach cuticle ty
Nucula nitida, Ostrea Verginica, shells CaCOg up to 8 conchiolin
Venus Mercenaria mercenaria gastric shield 17
Palinarus vulgaris, Homarus vulgaris, calcified cuticle inter- CaCOg 58-85a
Cancermagister, pagarus, carcinus meanas, segmental memhbranne; CaC03 48—80a
Astacus fluviatilis,Euphausia superba.
Drosophila melanogaster, Lugasta migratoria hardened cuticle 20—60a
Periplaneta americanalBombyx mori, hardened cuticle 20—60a
Calliphora sp. .Sareophaga bullatajenebrio unhardened cuticle 20-60a

molitor, Schistocerca gregaria

(Muzzarelli 11977)
Distribution and chemical features of the diverse chitinous structures in iving organisms

18



(59
o
Skaugrud, 1990)
(3:1) 1.0
2.3.2
)
( , 2541)
(Brzeski, 1987)
2)
10
(Nicol, 1991)
3)

(Bough, 1976)

19

(OnsOyen and

. .1969



Soto , 1989)
4)

(2539

and Zali, 1984)

Group)

2.3.3

(Cd29(Rorrer and Hsien, 1995 and Jha
, 1996) (Hg24(Kawamura
1998)

20

(Imeri and Knoor, 1988 and

001 )
(Yang
( , 2541)
(Amino
( , 2541)
, 1998) (Cr3t)(Weltroski
, 1998) (Cu2+)(Ngha and Isa,



I .. ! 2%” =
( , 2541)
(Rorrer and Hsien, 1995 and Kawamura
, 1998)

(Ni and Xu,
1996)

(Rorrer and Hsien, 1995 and Weltroski :
1996)

(Cu2¥ ( . 1999)

(EthyleneDiamineTetraacetic Acid)

(NaN03)
(lonic Strength)



22

Jha (1988) (Cd2y)

8.3
, (EthyleneDiamineTetraacetic Acid)

Mitani (1995) (lonic
Strength)” ' N,
(Potassium Sulfate) (Potassium Chloride)

Rorrer and Hsien (1995)
Acylation (Crosslinking)
(Cd
Aqueous Phase Inversion (gel beads)
Freeze Drying
3

1) Homogeneous Acylation ol , Nonan
Chloride

2) (Crosslink Chains)« Glutarie

Dialdehyde Freeze Drying



Resin

(Cuzy

1) 169
216 [ '
2)
(Crosslinking)

)

2) ' pH 2.36

3)

4)

Inoue (1997) (Fe3y

(Cuz4) (Ni24) (Zn2) (AI3H (Ph24)
(EDTA) (DTPA)
Phosphonamidic Acid-type Chelating

1.5 / 1.8 /

Ngah and lsa (1998)

2
Dowex A1 Zerolite 225 3
100 ppm 2-10
3
4,700 / 6.2
2.3 [ Dowex A-1 8.6

23

Acylation

440 /

Zerolite 225 41



Bailey (1999)
(bark) (chitosan)
(clay) (peat moss) (seaweed)

1,587 (Pb2) |
796 (Pb24) /
1,123 (Hg24/
1,000 (Hg2)/ (CPEI cotton)
92 (Cr3y |
76 (Cr3y/
558 (Cd2) |
215 (Cd |/
Bassi (1999) (Citric)

(Oxalic) (Chitosan Flake)

(Zn24) (Cuz) (Cd2 (Pb2)
102 |/
4
(1999)
(Cuz (Cheating Agents)
(EDTA), (Citric Acid), (Tartaric Acid),
(Sodium  Gluconate)
(equimolar)
/ 2-10 25 °C

24

(zeolite)

0.3-4.5



Isotherm)

(Cuzx)

25

0.59 / 3142
2.60 / 5.0-5.8
4.29 / 5.0-6.0
2.48 / 5258
Jaafari (2001) 1 (NO3)
3 5
(Adsorption
Schmuhl (2001)
(Cré)

3 5
Langmuir Isotherm
Freundlich Isotherm
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