2
(Electrodeposition) (Electroprecipitation)
21 * ok ko »« 2, 3]
(solid phase) (liquid phase)
(flow pattern)
(fluid) (slurry)
? [41 51 6]
2
5]
?
(Micro-organism)
; (209
(HNO)), (HCI),
(mineral acid) (Dry

Matter) -
Wozniak [30] and Scott [13]

Dyer [27]



2]
{
2.2 ® * 1,89
(Biological -~ Treatment)
(Chemical Treatment)
2.2.1 “ (Adsorption Process)
5 -10%

(Selectivity)

, adsorptive affinities,



woyurnNne wan noys Nl

v l, - P
SHININISUNII 1 4148

1.1 (Chemical Precipitation Process)
(pretreatment)
(Treatment) ! alum,
D ! £
(lonize form)

5 - 6 (ni '
) 75 - 85-9

Optimum pH Values for Metal Removal
vl 18 V7 8\ LN '

Zn

104~

0.8~

0.6}—

04—

METAL CONCENTRATIONS, mpA

a2

L
S N, T T M

nol : 8]



2.2.3 (lon Exchange) [10] 1!
anion
exchanger cation exchanger
(ionexchanger)
(frame work) (lactice energy)

(counter ion)

2.2

VoealA, 1 W () *5C 0 Vewljrf

22 [10]



1. Weak acid cation resins

/21600 o N —— ) (RCOQ)jNi + h"  (21)

(HC)
(S04

2. Strong acid cation resins
Weak acid cation resins

3. Weak base anion resins

RNHOH + C f*eroeceeere ) RNHCi + OH 22)

(NaOH)

4. Strong base anion resins
'T
Weak base anion resins '



9]

(regenerate)

2.2.4 (Electrochemical process)

o R — < () F0=052V/SHE  (23)

HD p02() +dH + 4 E0=123VISHE  (24)



115 (Biological process) [T, 9]

«

2
(Aerobic - Process)
(Anaerohic  Process)
1
CHONS + 02+ C02+ NH3+ C5HINO2+
() (
COHMNO2 + 502 weememmmmemmemmmmeeeees ) 5C02+ 2HD + NH3+

«

(2.6)



2.3 * g [L, 10, 12, 13, 14]

19
(Electrode)
2 [12]
Michael Faraday

JJ. Thomson 1893
4 (dynamics)

[1]
(Electrolyte)

» * «



« » #

2.3

4—.__
< @ '
o ——>

aanzaedidninglas

2.3

[OX]nt + ne' [Red] 2.7)

(Cathode)"
2.3 !

Red] [OX]" + re 29)



(Anode)"

2.4 « 3

24.1 * 10
( Controlled - Potential Method or Potentiostatic Mode )

( Reference electrode)

' 24
1
\
g "
E
y—
0 t
A
0 t

24 (a)

12



13

E « ! E2
diffusion limited rate mass transfer limited
24() ' (I =*)
242 7 ?

(Controlled - Current Method or Galvanostatic Mode )

Chronopotentiometry
Chronopotentiometric technique
(Mnf) (M)
R boM (2.9)
MM
Mnt

Transition time (T)
(Diffusion coefficient) 25 (1]

JL—




14

(Nernst's equation)

£=£» +?1F mlned\ (2.10)
E =
()
EO -
()
R = 8.314 ( )
T = ()
= ( )
F = 96,500 - )
[ox], [red] = ( )
(mass transport control) [15]
-V ((jﬁ nIF HKORI (2.11)
\ ( )
C ( )
t ()
| e (limiting current) ( )
k. = ‘ (mass transfer coefficient)
A, = ( )



2.8

2.5

25.1
[12]
(migration),

¥ 1]
Ox +ne'n_ A

3
(diffusion),

Red

(convection)

15



25.2
253
254
(desorption) 1

Electrode Surface Region

Electrode -“N

Cherpical
reactions
s
%
(3 0 S 3y
Electron
ne trarsier
pu oe:ﬂ’br I
N Chemical
Ao . reactions
’,bn -

2.6

16

(adsorption)
2.6

Bulk Solution

May
transfer

7 Opik

1]



V)

Electrolysis rate

i(Ampere)-— (Coulomb/second)

Q comomb
nF wamb . } kam

v (MolefseC) = »5¢ =

V(mol Se¢-m2)= —H—=-r—
nFA nF

(k@)
' (Re )
( Nerst's equation ) (2.10)
(Gibbs free Energy)
-AGe=nFE °=RT K"
Ny ¢ (Gibbs free Energy)

Km

2.12)

2.13)

(2.1

(2.15)

2.16

(2.16)

(

17



18

25

2.1

J" Possible Reduction Reaction

-0.76 iV 7 D — ) In

0.74 Ci3+ 3e'  tmmmm)  CI

0.23 NiZt + 2 S\

0.00 13 S0 7NN ) H,

0.522 A VRN | B— )y Cu
J

Approximate Potential for Zero Current
E0

(Vvs SHE)

| [1]



B N R — ) HAg) + 20H  E°=-0.8277 VISHE, pH> 7
/3L ] J———— ) Hi(g) E° = 0 VISHE, pH < 7
| JES—— K)2g) + 4H+ + 2 E° =0.988 V// SHE
2.6 B (Faraday's Law) [16]

(Michael Faraday)
19

sM It

nF

19

(2.17)

(218)

(2.19)



20

0 = [ 22
0

(Current
Efficiency, ()

Actual  Mass

% = Theoretical  Mass

(2.22)

2.1



«

M+ + ne' . y M
2HO + 2 N H2(g) + 20H
2HD) oo — ) 02(g) * 4Ht + 4e

224 225

229)

(2.24)

(2.25)

01
21

01JimJ
ns



28

Cr02 + 4HD + 3

2HD + 2e

«

2.8

117, 18, 19]

Cr3+ + 80H

H + 20H

(2.26)

(227)

2



Cr + 30H -t Cr(OH)3
(R — ) M(OH)3
2HD Nde +4H + 02
«
N
«
29 [20, 21, 22, 23]
« «
«
« «
« «
J A
?
1 £

(2.29)

(2.29)

230)

«

«

affinity

«

23



3 «
«
(retaintate)
4,
(modular)
o) (batch)
6.

1 Concentration polarization (CP)

(cellulosics)
(polysulfone)

80
" (ceramics)

(permiate)

(continuous)

CP

4-8

J/\

24

- 13

60 -



25

(crosslink)

(counter ion) (
(co-ion) (
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2.10
(1995)
(Electrowinning of Tin using
fluidized bed cathodes) 50-70 ,
1,000 - 3,000
Nernst diffusion layer limiting diffusion currents
concentration polarization
30
K Pruksathorn (1997)
(Removal of metals in sludge of publicly owned treatment
works and industrial effluents) 3
Activated sludge
(Cr3 (Uptake)
YA 45 20
1 (Cr6¥)
4-5 50%
L
0.05 - 15 1

86-91%



27

? ? (Electrocoagulation)

1 ,
(E0 = -0.74 VISHE) (E°= -0.23 VISHE)
(E° = 0.00 VISHE)
?
-300 mv / SCE
100% 4
24 mAlcm2 1.57 mAlem2
Kongsricharoenust ~ (1995) '(Cr6)

(Electrochemical precipitation of chromium (Cr6§ from an
electroplating  wastewater)

215 - 3860 ppm - 15
77-100%
0.2 ppm n ¥
6 , - 32, - 10-11
50
(KCI) 159 ?

(Power consumption),

8.8-12 '
12- 17 - 16
- 106

2HD + 2 > H2+ 20H (2.31)



28

(Sludge production rate, SPR mg/l-min)

(NaZS2) 6 + NaOH)

Scott (1980) (Extraction of metals from
sewage sludge) - 15

0.8 500 20
5 65
1000

o Sludge A

FeClj
+ CakeB A Rotary Vacuum
o Sludge C
+ Cake A C

Rotary Vacuum
Sludge E
Alum



Element Sludge A Sludge A Cake B Sludge C Sludge C
pH 1.5

Description

Sludge A

Cake B
Sludge C

Cake D
Sludge E

2.2
pH 1.5

D 100
Fe 98.6
A 7135
n 89.2
Mg 100
Ca

Ni

Cu 0
Mn 100
Ph 32.3
Cr 76.6

2.1

%dry solid
3.16
145
4.09
134
5.67

pH 0.8

97.5
100
80.2
97.0
100

2.1
100
33.3
97.9

78.0
96.9
58.9
70.0

100
9.3
55.5

%Ash
47.6
46.4
34.9
325

pH 1.5

8
81
96.8
100
100
39
100
94.5
100

100

1.9
1.6
6.7
6.7
1.2

pH 0.8

92
98
100
100
100
14
100
100
100

98.8

29

Volatile solids
53%

51.2%

61.3%
40.9%

Cake D Sludge E

pHO0.8  pH 15
83 96.5
99.6 92.0
93.9 100
97.9 57.6
96.3 96.5
66 175
100 ,
3.1 1
100 100
0 8.6
91.9 91.7

15



2 -

30

(042)
(HC)

Divalent stage
(FeCI3

Feitosa (1999)
(Electrochemical treatment of lixiviated solution from solid waste)

Cuo + H2( 4 ) CuS04+ 2 (2.32)
n0 + Hx04 e ) ZnS04 + D (2.33)
300
-550 mV / SCE
1,100
9.3 86

2

85%

15%

4



Pletcher (1996)

membrane)

Porocell

10-20

Porocell 1
2

0

31

(Cation
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