21

5 23- 92 4-7

(Dean , 1972)

(Oxidation number)
(Complex compound)

( Organometalic compound)

1
2)
3)

4)

21
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Type of industries Al Ag  As

Pulp,paper mills,
paperboard,building

paper,

board mills

Organic chemical, ©
petrochemicals

Alkalis,chlorine, e 9

inorganic chemicals

Fertilizers o 0
Petroleum reFning < o)
Basic steel work, 0
foundries

Basic non-ferrous e e o

metals-works,foundries
Motor vehicles,
aircraft-plating, finishing
Flat glass , cement 1
asbestos products
Textile mill products
Leather tanning

Steam generation power

plants

Fe

(Dean

Hg

Mn

Pb

i
I vAr™laurm*tnnB

, 1972)

N Sb Zn
o 9

© o

G 0

Note: plastic materials.meat products,dairy products,fruits and vegetables,grain milling,beet

sugar,beverages and livestock feedlot industries have no heavy metal discharges.



2.2

221 '
(Transition element)
(Isotrope)
( Stable isotrope) Pb - 208
207.17 11.37
(Rochow Abel, 1973 , 2543)
1740
327.4 +2 +4
3
1) (Galena, PbS) 11 X10'D
2) (Cerrusite, PbCO03 15X10'B
3) (Anglesite, PbS04) 1.8 X108
Barth (1985) (2543)
21
7 -9

(PbCOj)



lg Sa mo)/kq

Ai. A=Ab. <=+ a Kjo=

As Cd Zn

‘
i
2 4 ) !

21 2
(Barth, 1985 , 2543)

( | 2541 , 2543)
2.1) 2.2)

PbC03 <-—» Pb2- + CO2
2PbCO3Pb(0OH)2 + 2H+<----» 3 Pb2+ + 2C02 + 2HZO ; log K = -18

2.2
2.3

2.1)

2.2)



(Hydrolysis reactionn)

‘\\ \
~
o= \\-\Dboz N
~
~N
Pp2* N
7]
~ PDCO_-> ) h
= (s) | £
c 9 L:)
W Py T
i )
0 \—\\ 3 9
~ O 0
. T g 5
~ fo!
Pb (s) \ o
-05 l i W, % |
5 10
oH
2.2 Eh-pH Pb-HD-C 02 (Stumn
10— \\\\\
os| 3 \‘\\\PLcUne‘rile PbO,
06 —if Anglesite PbSO,
04f—
= N\J.PL2' (aq)
2 ol )
ui . Golene PbS C?:gjcs(s)':e
ok o
-02 . p 'g"_\
o o
< _Golena X
04 i~ ~._PbS
il . \k
1 | ] l 1 )
2 a 6 8 10 12
pH
2.3 Eh-pH (Garrels
, 2543)
log K P (OH)+ -7.9

Morgan, 1970)

Christ, 1965

Pb



(OH)2 2.4
- Pb(OH)+  log K 1= 7.82, Pb(OH)>S log
<=10.88, Pb(OH)3  log K. =1394  Pb(OH)2  log K4= 16.33

Pb(OH)/+ Pb2AOH)3+ Pb(OH)4+ Pb6(OH)84
(Jack E Fergusson, 1990)

1.0

PoOH"'

gl Pb (OH)Z"~
o8 — pPp*

Pb (OH)3

02 Pb (OH),

2.4 ' (Fergusson, 1990

, 2543)

(Hydrometallurgy) -

21

- oxic condition Pb (Il)

Pb2+10rg, PbS04 PbHCO3+ PbCO03 PbHCO3+ Pb

(CO3PbHCO032 PbOH+ (Florencwe, 1977; Sposito, 1983)

222
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pH

g 1a

eQ

a0 10

.50

pH

fl

25

2.5

01

. C02=103
. C02

102

, 2543)

Duram, 1973

( Hem

. C02=104%



25 Nayer Dague
(1975) (2543)
8
811 (2.3)
Pb2r + 20H » PO + D (2.3)
n (2.9)
PbO + 2HD » PDb(OH)3 + H+ (2.9)
105
5 5-8.5
(2.5)

Pb2 + COZ > PbCO03 (2.5)



8.5-12.5 (2.3)

(basic lead carbonate) (2.6)
3Pb2++ 2C0R + 2HAD  -mmmemmmmemoeenee » Pb(CO32A0H)2+ 2H+
1 125
(2.4)
2.3
112.41 0, 2 320.9
(Cadmium sulfide)
24
51.9961
1857 7.19

+2 +6

2.2

12

(2.6)

24



)

2.2

, 2543)
(V1)
(2.12)
HLCro 4 p—
HCrO 4 — )
HCr0 7 pp—
HCroo 7 Y p—— )
Crm27 + Ho 4- -
CFZ) W + Ho 4----- )

()
(0
(1)

H + HCrOa4
H++ Cr02
H+ + HCrxo7
Ht + Cro%
2H++ 2Croza
2HCrO 4

25

13

(Ullmann, 1986

K 121 (27)
K2=3.70 X107  (2.8)
3= 1.00 (2.9)
Ka o0.85 (2.10)
Ks=3.00 X105  (2.11)

KJ= 0.023 (2.12)



3
6
25
251 (Chemical Precipitation)
(Hydroxide Precipitation)
(Sulfide Precipitation)
(Ca(OH)2) (NaOH)

Mt + 2NaOH -----ememememe ) M(OH)2 + 2Nat M+

14



811

(Na2s)

(NaHS) (FeS) !

M+ + NaS --------------m- » MS + 2Na+ M-++

252 " (lon Exchange)

(Cation Exchange)

(Anion Exchange)

15
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253 (Reverse Osmosis)

(Semi-permeable Membrane)

100

254 (Oxidation and Reduction)

255 (Electrolytic Recovery)



256

25.7

258

20,000 A°

2.6

(Evaporation)

(Electrodialysis)

(lon Selective Membrane)

(Adsorption)

Scheele

. . 1785 Lowitz

. 773

(

, 2543)

17

20-
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(activated carbon) H

(interface)

(Adsorbent) 2.6
C
q
17777 =
|-Favorable
Adsorplion /
Adsorplion and
Absofplion
Q'
[ -Unlavoradle
Adsorplion
/
C
2.6 (Weber, 1972)

2.6 I i

(Metcalf Eddy, 1991 )

Rizzo (1971) (2543)



(Activated Silica)

1000

2.3

19

50-200

300-500

600~
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2.3 " '« (Kenneth, 1992)

Material Shape  Size
(Mesh)

Sp pb p As  Commercial Products

¢ (Y (a2
Aluminas

Active aluminas G v 0.25-0.3 50 345 235 Alcoa Fi Reynolds

RA-1L.RA-3
38 -05-0.6 47-50 40-50 400  Alcoa H-151

Kaiser KA-201

Catalytic- v 0.62 47 45 300 Pechiney
alumina CR
Chromatographic G 80-200 o3 58 45 225  Alcoa F-20
-alumina
Silicas
Alumino-silicates c 4-12 0.4 40 - 770 Davison
0.55 55 3A.4A.5A
Magnesia-silica P 13X.700
gel G Vv 0.33 30 - 300 Florisil
Silica gel G v v 27-45 Vv 300-  pavison silica gel
800
Ugin  034- 4152 2128 650- cecagel
051 700 Mobil Sorbead Rt
Carbons
Shell-base G v 05-06 27-3¢ 20 800-  Cochranex
1100 FCB
P - 0608 2022 30 1200 Barnebey-Cheney
JFJU.YF
Wood-based G 5 - 24 510 1400  Supersorbon
P v - 27-29  3-10 750-  Brilonit
_______________________ 900

Gp = particle porosity,Pb= bulk density, rp= pore size ,AS=surface area

Cylindrical pellects, G=granular, P=powder, =spherical beads, T=tablets V-various
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L g, .
26.1
26.1.1 (adsorption mechanism)
(binding force)
(electromagnetic interaction) 2
(physisorption) (chemisorption)
(Eckenfelder, 1981 . 2543)
(Cheremisinoff Ellerbrusch, 1978)
(Vander waals
force) 2 (London dispersion force)
(Electrostatic force)
(multilayers)
(Cheremisinoff Ellerbusch, 1978) Outer -
Sphere Surface Reaction (2.13) (2.14)
SOH + M2+ (SO-M2H) + H+ (2.13)
SOH + M2 + H2X (SO-MOH+ + 2H (2.14)

SOH
M2+

(monolayer) (irreversible)
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(reversible)
(desorption) (Cheremisinoff Ellerbusch, 1978)
Inner-Sphere Surface Reaction (2.15)
SOH + MX = (som# + H+ (2.15)
SOH
M2+
+
Kiselev (1965) Voice Weber (1983) (2543)
2-10
15-50 Hassler (1963)
(2543)
2.6.1.2 (rate of molecular tranfer)
3
2.1) (Bulk transfer)
2.2) (Film transfer)

(film diffusion)



2.3)

11,

Soluclon

Sluclon

Bulk

Transport

2.7

(Eckenfelder, 1981

2.6.2

23

( Interparticle transfer)

(pore diffusion)

Boundary A Qbe t
Layer Particle
. Adsorbed
rdn Intranarclclc ~ State
<(—mmmm e
> -
TranSﬂ)S@ K> Transport S
Y
L/
, 2543)
0 760

(Adsorption Isotherms)



26.2.1
(Cheremisinoff Ellerbusch, 1978)

5 2.8
1( 2.8a)
(Single Layer Adsorption)
(Microporous Powders)
(Relative Pressure) 1
2 ( 2.8b)

( )

(Nonporous Powder)
) (Infection Point or Knee of Isotherm)

( Monolayer )

(Multilayer)

(1.5

24



W

0 P/Po 1
(O
]
1
W '\
0 P/Po ]

2.8 '

(Cheremisinoff

25

\\%
0 P/Po 1
(b)
{
W
0 P/Po 1
(d)
P/Po 1
(e)
= ; PIPo =

Ellerburch, 1978)
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3 ( 2.8c) 2

(Heat of Adsorption)

(The Adsorbate Heat of Liquefaction)

a(  2s8d)

15-1000 2

2 (Monolayer)

5 ( 2.8e) 3

15-1000

2.6.2.2 '

1 (Langmuir Adsorption Isotherm)

Ideal Localized Monolayer

Model



(2.16)
X = XmbCe/(1+bCé¢
X =
Xm=
(monolayer) '
Ce=
b=
(2.16) X xm ce
c ex = (1/bXJ + (c A)
| - : X"
=7 ‘L'| xU
EI? <7 ‘C.-c"—*«. o
g o
T e, /G
to) Langruir (b) BET
2.3R‘T7rTE|_IX. g, I/n
| s
'« <
log salution adiviry lgc,
(cl Qs td Feudich

29

27

(2.16)

(2.16)

(2.17)

Ln
C.

(e) Linear

(Voice Weber, 1983)



CJX Ce
1/bXm ce
1/X = (1/XJ + (L/CO(1L/bXm)
/X 1<0

1/xm 2.9

r (dimension constant seperation factor )

(2.19) ( , 2538) r

r = 1/ @ + bCO

24
( 12538)

Seperation Factor: r

r> 1

28

1/Xm

(2.17)

(2.18)

1/bXm '

24

(2.19)
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29

(BET, Brunauer Emmerett Teller Adsorption Isotherm)

(multilayer)
(2.20)

X = (XmBCH/ (Cs-C 8[l + (B-DcychH (2.20)
X =
Xm-
Ce=
C5=

B=

(2.20)

Ce/X(CsCo = (L/XnB) + [(B-1)/XnB](CECH (2.21)

ce/ X(C5CH  CdCs (B-1)/XnB
UXnB

(Freundlich Adsorption Isotherm)



x/m = KCelM

log (xm) = log K+ (/) log Ce

log (x/m) log Ce
log K log ce= 0 (Ce= )
2.9 /

2 , 2.10

2.10 4 3

30

(2.22)

(2.23)



-~ -~ -~ l'l
AIRATUUAN 1

log q

o o A d
AINAFUBUAN 2

o o -~ o
AINATUYUAN 3

2.10

2.6.3

pore diffusion

log q
sgasuriian 4
logC C,
1
' ( . 253)
film diffusion pore diffusion

pore diffusion

film diffusion

(Adsorptive Capacity)
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GHULALONGKORN UNIVERSITY
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2.6.4

1
2)
3)
4)
5)
6)

2.1 (Bone Charcoal)

1000 12

(Hydroxyapatite) CaD
(POJ5(0OH)2
25



2.5
Knowles. M., 1997)

Carhon

Acid insoluble ash
Moisture
Hydroxyapatite
Calcium carbonate
Calcium sulphate
Total surface area
Carbon surface
area

Iron - as Fed 3
Pore size
distribution

Pore volume

Bulk density

Brimac216 ( Irvine. GD.

910 11%
3% max
5% max
70'to 76%
710 9%
0.1t00.2%
100 2qg
50 mag

<0.3%
7.5t0 60,000 nm

0.225 cm2g
640 kg/m3to 40
lbrft3

(Chemisorption)

]

34



1)

2)
3)
2.8
[}
Sorg, T. J., 1978
50
7 9 99
5 10
Harison, R. M. . P. H. Laxen, 1983
L ' ' 5
Panday, K K , 1987
1
8.5
0.15 0.10
84.80 89.82
4 8.5 0.1

11.85 89.82
10

(Langmuir Isotherm)

2 <PA ~

50

35



1:62.50

Alaerts, G. J., 1989 06.
20
2.5
Yavada , 1989
1
6.4 30
, 1993
99
[}
Yoshiharu, H. , 1987
100 ppm.
60
1 3
3 Cr6t+
1
10 46

3.5 Cro+

36

Cré6t+
2, 4 6
1 4
20
(HJGD 7)
30
1 7
10
3.5 55
Cr3+ Cr3t+



Azab, M.s. Peterson, P.J., 1989

100 ppm.
20 23
90
Brown , 1992
100
Maycock, K. R. , 1996
15 70

Irvine GD. Knowles M., 1997

Brimac216

(TLPT) 20/60 mesh
22

34

, 1997

37

52

17

100

Tate & Lyle Process Technology

10 50



30 50

41.3
10
50 96.2
2.6 (GD Irvire
M Knowles, 1997)
( /) ( )
0.023 0.006
0.014 <0.003
0.095 <0.003
0.086 0.050
<0.001 <0.001
0.015 0.005
2.8. 0.84
Dahbi . - 1999 Cré+
Cr6t+ 1 5 25 Ao
90 1
2 30

Crot+



Lewis J., 1995

6
(EC Standard)
Kader AA, Aly ANH Girgis BS, 1996
4
4
550
23 4
Maycock, K.R. , 1996
Al Si02
02

02

100 250

100

Phatumvanit P Legeros RZ, 1997

400, 600 800

( 600 )

Al

39

110



( XRD)

FWIAINsaluuIIngde
GHULALONGKORN UNIVERSITY
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