, 2545)
40-60
5
21 (James, 1980
21
211 (Pulping process)

(Fiber)

(Fibrous Raw Materials)

(Hard Wood)

90 (

Loras, 1980)

2

2 (Soft Wood)
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«MUMd-W

a7 (Wood)

v

n196A (Cutting)

v

nsnsumzilaenlsd (Barking)

v

nsdudulel (Chipping)

v

naiuduli&y (Chip Storing)

v

n1sseudulaidy (Chip Screening)

v

n1sANIEe (Digestion house)

v

nnsanaEle (Pulp washing)

v

nN195aULER (Pulp screening)

v

n1sWeniEie (Pulp bleaching)

v

° d‘ ' L% .
NIINEBUEULIN (Drying)

v

NITHAANTEAN (Paper making)

v

nIsANY (Paper)

pyATM

1/\



3
- (Long Fiber)
- (Short Fiber)
15
4

. (Raw material preparation)

3
. (Digestion house)

(NaOH)
1
165-175 7-8

(Blow tank)

3-5

2-5

(Black liquor)



. (Pulp washing)

(Counter Current)

. (Pulp bleaching)

(Removing lignin)

(Bleaching lignin)

3-6 21 80-95

Elrepho

CEDED

(James, 1980)

. (Mechanical Pulping)

(Grinding)

85-95

. (Semi - Chemical Pulping)



21 (Bleaching sequences)

(Chlorine) C (Chlorination stage)

E (Extraction stage)

(Sodium hydroxide)

H (Hypochlorite stage)
(Calciumhypochlorite)
D (Chlorinedioxide stage)
(Chorine dioxide)
P (Peroxide stage)
(Hydrogen peroxide)
(Oxygen) 0 (Oxygen stage)
(Ozone) A (Ozone stage)
(Acid) A (Acid stage)
. (Chemical Pulping)
2

- (Sulphite process)

(Sulfuric acid, H2504)
1



Tilghman

Tilghman
2
| (Alkaline process)
2
(Soda process;
Anthraquinone
1
Na2C03+ Ca(OH)2 -<—>. 2NaOH + CaC03 (2.1)

80-85
15-20
(Kraft process)

(Sulfate process)



1879

Dahl

(Spent liquor)

22

(Turpentine)

(Tall oil)

90

Dahl

160-180

(Countercurrent)

10

60



Barking
Chipper

Purchased }

E——
chips

Digester
Blow tank
—> Knotters

Wash water ¢
—Lb Washers

v

r

Screening and

Cleaning

To reject

v

Thickener

v

Cao
Recausticizing <—|
T —Caco— o, Klin

Dissolving tank

f

Recovery
—>
furnace Steam
+ <
Makeup

Direct — contact

evaporating

salt cake

+

Multiple-effect

evaporation

&

Oxidation

?

Unbleached

Storage

v

Further

processing

22

Spent liquor

(James, 1980)
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2.1.2 (Paper making process)
(Web paper)
(Fourdrinier) (Cylinder)
3
. (Draining)
(Wet sheet forming)
. (Dressing)

(Consolidation of wet)

. (Drying)
4-6
2.2 (Lignin) (Hammel,1995)
30-40
18-30 30
Phenylpropane
unit Phenylpropane unit
phenylpropane unit
Phenylpropane unit 2.3
HO
COH,

;Y_/

Phenolic Hydroxyl .
Propane side chain

gﬂﬁ 2.3 TasaaFaveq phenylpropane unit (Hammel,1995)
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(Precursors)
' Coniferyl alcohol
50-75 Sinapy alcohol 25-50 Quaiacry unit
Syringyl unit
Coniferyl alcohol
Coniferyl alcohol, Sinapyl alcohol
Couraryl alcohol Coumaryl alcohol p-hydroxyphynyl unit
OH
Coniferyl alcohol
HO

H,CO l
Guaiacry

K

H,CO

24
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25 (Kirk,1988)

2.5 (Kirk,1988)
Phenylpropane unit (C-O)
(C-0-C)

(Propane side chain)

(Chlorine
dioxide)
(Chlorinated polycyclic aromatic hydrocarbon)

(Chlorinated dioxin), (Chlorinated phenol)

2.2



2.2

2.3

(Dissolved oxygen)

NaOH

NaOH + NaZs

hZxzo3+ hso3

CI2

, 2545)

15

(Kirk,1988)

Alkaline lignin
Kraft lignin (Thio - lignin,
Sulfate lignin)
Ligno - sulphonate

Chlorinated lignin
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. ' (Colored compound)

- (Digester and water)
(Black liquor)
( (Amophoric group)
- (White water)

(Screening, cleaning and thickening)

- (Bleach plant washer)
(Chlorinated aromatic)
(Chlorination)

(Alkaline extraction)

. (Toxic material)
(Polychlorinated phenols) (Dioxin)
(Polychlorinated)
. ' (Inorganic salt)
(Cooking)

(Bleaching liquor)

=i =Y <5 o ' o o
Aunnuldreanginluungaaniniy




24

2.3

2.3

(Suspended solid)

17



241

(Screening)

24.2

1997)

(CHONPS

18

(Physical Treatment Process) (Song, 2000)

(Sedimentation) (Flotation) (Filtration)

(Biological Process) (Ahn, 1996; Vijayaraghvan,

(Anaerobic Treatment Process)

(CHY (2)

CHONPS + Anaerobic Bacteria —> Bacteria + C02+ CH4+

+ H2 + NH3+ (2.2

(Aerobic Treatment Process)



CHONPS + 02

Bxean >Bacteria + C02+ POB+ 0£2+ 2D + no;

2.4.3 (Chemical Treatment Process) (Song, 2004)
(Coagulation and Flocculation) (Precipitation)
(Oxidation-Reduction) ' (lon Exchange)

25 ( , 2542)

(Chemical Coagulation)

(Polyelectrolyte)

19

(2.3)
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(Polymers) (Chain)

10,000-1,000,000

(Polyacrylamide) ( 2.6) (Polyamine)
(Polyacrylate) (Polyethyleneimine)
(lonic Strength) (Absorption Activity)
4 (Anionic polyeletrolyte)
(Cationic polyeletrolyte) ol
(Ampholytic polyeletrolyte) (Non-ionic
polyeletrolyte) 2.7

0
ENF L2 ¢ N g--nhZ
¢ Sl CH, -CH-CHj- vH-CHj-CH—1H Ch

0-<: NH 0-¢ NH
U 0 0 0 4,1
0o ¢ Nl ¢ Nl ¢ —NH, %NILO (éNiI
- c1u-Cl—CIL-CII- CIL,-Cll- CIL,- ClI- CIL,-cil—ClI>- ClI-
¢ NH
2.6 Polyacrylamide ( , 2540)

COOH

COOH

luanauanalszqInvy
coo-
coo-
coo-
coo-

27 ( 2540)



. ? (Biological Treatment)

»5
2
(Activated Sludge) (Aerated Lagoon)
(Activated carbon)
400
400 1200
(Hydrolysis)
. ? (Ozone Treatment)
. (Membrane Processes)
(Semi-permeable
membrane) 3

(Electrodialysis; ED)

(Reverse Osmosis; RO)

(Ultrafiltration)

2.6

(Activated sludge process) 2.8
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27

2
g NFIUTINUNRE

W@y |yl TN? gt
AUNTE

Lawnude

velfuades

AUNTE
ANTANATNDY
AN ANENMNIANATNDY
U
2.8

(Electrochemistry)
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271

(Electrolyte) (Electrode)

(Prentice, 1991)

3
(Working electrode) (Indicating electrode) (Auxiliary

electrode) (Counter electrode) (Reference electrode)

(Ideal nonpolarization)

. (Electrolyte)

2.9



‘
OH+H, H'+0
c /'
wo H,0
29
[Ox] ++ ne*-----—-- > Re
[Re] ------ > [OX]n++ ne’
(EO)
2

(Hunsom, 2001)

2.4)
(2.5)
EO
(Activity)

24



(Relative Reduction Potential)

25

. (Electrode potential)

[UPAC "

2.7.2

(Gibbs free energy)
(Reversible reaction)

[Ref

AG =Ag° +RT
m 7

(2.6)

25
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8.314 ( )

"Reh
[Ox Y

Ag = - nFAE

AG®° = -nFAE®

-nFAE

Ae ()
Ae° (

AgaAh A Ah AS

2.4



2.4

AG E
AG
+
+
0 0
2.7.3 (Faraday’s Law)
( )
1
1
1
F (Faraday) = eN = (1.6022X10'90(6.02X 1023 mol')
= 96487 C mol1(C = coulomb)
C coulomb = I (ampere) X t (second)
1 1 % 1
1 Al3t AlQ 1 = /
=26.98/3 =9
1 Fe2+ Fe@1 = /
=55.85/2 =279
2
1 ()
Q
2
sMJt

21



28

()
Mw ( )
i ( )
t ( )
( )
F (96,487 )
2.14
(Conductivity)
1 21.9
(2.10)
V= IR (2.10)
(2.10)
(  68) = coulomb X volt = nE X 96,487 (2.11)
2.15

(Current intensity, 1)

E) /
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Ef = ! 212
<] R.<7

I
< /
V

2.7.6 (Bard, 2001)
3
(Migration) (Diffusion) (Convection)
( 210)

(Adsorption)
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Electrode surface region Bulk solution
1
Electrode Ew, !
Chemical ! Mass
E reactions transfer

o O osu-‘-n(.~4 2= Opulk

N\
00
%“'

Oaas 9050
- | | Electron
= transfer H

- Op
Flaas so’bhb Chemical
N reactions '
D  — A
Plion™~ R* = Ry yn i~ Bbulk

3
A

TR e W b
g

1210 (Bard, 2001)
2.8 (Feng , 2003)
28.1 (Electrodeposition) (Hunsom , 2005)
2
M ++ ne"-—-- > M (2.13)
2HD +2e - > HXg) + 20H (2.14)

2H20 ® 02+ 4H ++ 4¢e' (2.15)
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. (Typical reactors application)

(Tank cell) ( 2.11)

2
(Mono-polar configuration) (Bi-polar
configuration) 2.12
Conuiner tank
P Wastewate:
llectrode
2.11 Tank cell (Chen, 2004)
+ | 4
7
?
.
/)
7
/
| -
(n)
212 () () (Chen, 2004)

(Filter press) ( 2.13)
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Dashed Turbulence ~ Anolyie Catholyle Dashed
anode promoter frame Membrane frame cathode
2.13 Filter press (Chen, 2004)
(Bulk
solution)
2.14
&
Scraper blade membeane anode

®

!
|
H‘\\ ;_o"\ﬂl——‘
|
1
1
|
|
i
1
|
i
I
1
1

Metal flakes

2.14 Rotating cylinder electrode (Chen, 2004)
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. (Electrode materials)

(M)
Insoluble electrode
Ti/Ru02
(Graphite)
(Carbon fiber)
2.8.2 (Electroprecipitation) (Hunsom, 2001)
2
2 (Anion-exchange membrane)
(Cation-exchange membrane) 2.15 2.16
(2.16) - (2.21)
2 ++2e - > 2 ( ) (2.16)
2HD +2e" > H2 + 20H ( ) (2.17)
M +nOH" — > M(OH)N( ) (2.18)

Cr3r+30H " - —» Cr(OH)3() (2.19)
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2
2HD - —pde +02+4H+ ( ) (2:20)
4OH — > 02+ 4HD + 2e ( ) (2.21)
(OH )
+
H, ; 02
cr 3+ T
3 Cr
= CHOH),
Mor), | CO L3 cro”
HSO, [
L
Anionic membrane
2.15

(Hunsom, 2001)
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H, 0,
uAlna o o ualup
M™
Cr :
M
Cationic membrane
2.16
(Hunsom, 2001)
2.8.3 (Electro-oxidation: EO) (lsrailides, 1997)
OH* (Hydroxyl
radicals) (Strong oxidizing agent)
Direct anodic process OH* (Hydroxyl
radicals)
(2.22-2.23) 2.5
HO + M[] —— > M[OH] + H++ e (2.22)
R+ M[OH] -——> M[]+ RO+ H++ e (2.23)
M
M[OH]  OH*
R
RO



(Ch)
CIOH*(Chlorohydroxyl radicals)
(2.24)

HLO + M[J# C f——> M[CIOH] + H++ 2

M[CIOH]  CIOH*
(2.25)

R+ M[CIOH] ————> MD+ RO+ H++cr +¢

CIOH* Ci (C)

HX + M[CIOH] + C i~——> MG+CL+ 3H+ 02+ 4e

== (03
(HD2) (2.27)

02+ M[OH ] -~ > M[]+03+ H++ e

HD + M[OH] —— > M[[+HD 2+ h +e

25
OH*

36

Indirect oxidation

(2.24)

(2.25)

(2.26)

(2.26)

(2.28)

(2.27)

(2.28)



2.5

Oxidant

H2/*0H (hydroxyl radical)
0j/O3 (0zone)

S04&/ 2 &' (peroxodisulfate)
Mn02Mn042' (permanganate ion)
H2/H2 2 (hydrogen peroxide)
CI/C102'(chlorine dioxide)
AgHAg2+ (silver (1) ion)

CfICI2 (chlorine)

Cr3Cr2) 7' (dichromate)

H20/0 2 (oxygen)

(Current efficiency)

Bi-polar cell

37

(Chen, 2004)

Formation potential
2.80
2.07
2.01
177
177
1.57

15
1.36
1.23
1.23

(Space time)

(Cylindrical electrode) ( 2.17)

(BDD)
cell
(Packed bed) (

Boron-doped diamond

Bi-polar

(Bi-polar trickle tower) ( 2.19)

(Biofilm)

(Bio electro)

(Microorganisms)



2.17

MWWING)

N

Cylinder electrode (Chen, 2004)

Treated water

i
|
|
|
E
Glass ! Anode feeder
head"~—~——_] I ™ s otoatet
I:.: Bed of pellet
I S8 screen
Cathosle i e 25 Uiggi
sede ~ Lggin
oy 4 i apiffary
i
I
1
)

| .
: /H.lnemumne Wastewater inlet

2.18

2.19

Packed bed (Chen, 2004)

A2

N

h\\[f }: oo

v

Bi-polar trickle tower (Chen, 2004)

38
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. ' ?
2.6
2
2.84 (Electrocoagulation: EC)
1 EC
EC
(AIA(S04)3'18H2) (FeCI3-6H) EC

(Sacrificial electrode)

(2.22)
(2.25)

Poly-nuclear metal hydroxyl complexes



2.6

Anode

Granular yraphite

Planar graphite

Pt or Ti'Pt

PbO;

Ti/PbO;

TiSliO; Sb-O.

Ebonex’

(2.29)

Pollutant

Phenol

Phenol

Phenol

Ammonia

Glucose

15 organics

Aniline

Phenol

Phenol

Landfill leachate

Glucose

2-Chlorophenol

Organic

1,4-Benzoquinone

Chlorinated phenols

2-Chlorophcnol
Glucose

Phenol

Landfill leachate

Trichloroethylene

Al3+

(2.31) (Kobya, 2003)

Current density

(A/lnr)

0.03 0.32

10-100

300

8.5

100-000

1=1.2, 3A

50 150

100-900
80-160

Low
0.6
50

80-160
100-900
300

500

Fixed potential

25 4.aVv

CE (To)
70
24.6-63.5
53

15-20

5

15-40

30% for COD
10% for
NH4+-N
30-40

35-40

17

54
18

35-40
<20

58

<32

OH

Removal

efficiency

70, 50%
mineralization

6-17%, COD

30%, TOC

95%

3(1%

>90% in 1h

46 80%

40%. TOC

90% for COD
100% for
NH4+-N
100%
80-95%, COD

SO 95%, COD
30%
100%

10 70%

(AI(OH)3)

40

(Chen, 2004)

Comment

5-month stable operation

NaOll as electrolyte

pH 12, initial concentration
1000mg/l, in 0.25 M Na: S04
pH .2 using phosphate
buffer, poor performance for
organics

1M H2SO4

Initial concentration 2.7 rnM,
pH 2, packed bed of PbO;
Anodic cell: initial
concentration 14-56 mM,

1.0 sulfuric acid, packed bed
of PbO;

pH 12, initial concentration

I000mgd, ill 0.25MNaiSOa

1M H: 4
Pb'+ formation, initial COD

- 1000 mg/1, 25 c

Rupture of rings only

Na: 4

Oxalic acid as intermediates
1M H; 4
pH 12, initial concentration
1000 /. in 0.25M Na;S04
70'C. 10mM
cv method, similar to PbO;

Similar to PbO;

Stable in agqueous media.

11.0- to TiO;

Al3+

(2.30)
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Al e » Al3+ + 3e (2.29)

Al3+ + 30H » AI(OH)3 (2.30)
Al3++ 3HD —— > Al(OH)g + 3H+ (2.31)
Al3+ (Polyhydroxides)
(Poly-nuclear
hydroxyl aluminum (lll) complexes) (Monomeric)
(Polymeric) Al3+
AI(OH)3 Monomeric Al(OH)2+ Al(OH)2+Al(OH)4
polymeric Al2(OH)24+ Alg(OH)158+ AINOH), 74+ AI(OH) 204+
Al1D 4(0H) 24+ (Dimeric)

(Polymeric aluminum (IIDhydroxo complexes

(Mollah, 2001)

H
/&’\ ) HO~/ O o
(H,0),Al (H,0), Al \Al— OH-Al-
H)O’ NoH”
H
n !
2.20 Poly-nuclear hydroxyl aluminum (lll) complexes (Mollah, 2001)

() Dimeric Al3'hydroxo complexes
() Polymeric Al3+hydroxo complexes
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Fe2+ (2.32)
(Fe(OH)n) =2 3
(2.33) (2.34) (Laure, 2003)

Fe-—- > Fe2t+2e (2.32)
Fe++ 20H - > Fe(OH)2 (2.33)
4Fe2++ 10H20 + 0 2 - > 4Fe(OH)3 + 8H+ (2.34)
Fe+ Polyhydroxides
Poly-nuclear hydroxyl iron (lll) complexes Monomeric Ferric
hydroxo complexes - Fezt
Fe(OH)3 Monomeric Ferric hydroxo
complexes Fe(OH)2+ Fe(OH)2+ Fe(OH); Fe(H20)50H 2+ Fe(H20)4(0H)2+

(Murugunanthan, 2004)

(Mollah, 2004)

2.2



(Monopolar electrode)

(Parallel connections)
2.22
(Series connections)
2.23

2.21 (Mollah, 2004)

F{'T —|I|F—

%_

_<x:>-

2.22 (Mollah, 2004)

WM

2.23 (Mollah, 2004)

43



2.9

f (Bipolar electrodes) 2
2.24

2.24 (Mollah, 2004)

2542  2538)

(oxidation)
(Electrolysis)
( 2
(Organic contaminant)

(Complex)e

(Flotation)

44



Fe3+ Al3+

(Organometallic complex)

(Alkanes) 1
(Flotation) (Precipitation)
-------- 1<l oemmee
DC Power Supply
Flotation
HiC
H
Fe(OH)3,Fe{OH) 3
Coagulaton ] b 1
Flocculaton Sediments
2.25

(2.35-2.39) (Szpyrkowicz, 2001)

[Fe(H20)6] 3+ + HX «--> [Fe(HD)DH] 2+ HY +

[Fe(HD)§ 2+ HD  <-->  [Fe(HD)4OH)] 2+ + HY +

2[Fe(HD)5 2 <- > [FeXHD)§OH)Z 4*+ 2HY +

J[Fe2HD)QOH) 4t + HD  ->  [FeXHD)TOH) 3+ HD +

45

(Aromatic)

2.25

, 2542)

(2.35)

(2.36)

(2.37)

(2.38)

2[Fe2H20)(0H)3 % + [Fe(HD)HOH)F 2 <—1 [FeYHD)5OH)I 5+ 2HD  (2.39)
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(Electric Double Layer)
(Nernst Potential)

( 2.26)
(Double
Layer)
( )
Q (Stem Layer)
(Stem Potential)
(Diffuse Layer)
( )
(Electrophoretic
Mobility)
(20) l

(Plane of shear)

(5%

Van-der-waals Force

(Nernst Potential)



4

2.26

AI(OH)42 Alg(OH) 4

(Sweep Coagulation)
104 1
Al(OH)3

Sweep Coagulation Al(CH)g
Al(OH)3

v o Diffusciayer
" (Gouy layer)

. .
+ .
. . -
+
+ SENE SRR £ - .
+ o+ B .
-+ . -
¥ e -l .
> + “ “
+ . " Plane of shear
¥ e .
. $ Vizqty . Distribution of charges in the vicinity
- + * of a colloidal panicie
.
- - ¥
- + -
+ o+ + v T
.
.+ e .

\‘;
L2
%

o

-
Negatively charged
clay colloid

'

” .
. .
SO
*
W
* +
e
Sie
AN
.
i .
l
-3
H
g \/'c\?"\"‘w
N\

5

Force
\

-—Attraction
2
|
S

2.26 Electrical Double Layer ( , 2538)



2.10 - (Mollah, 2001)

L
2.
3.
4,
.
L
2.
3.
4,
211
Nagarathnamma (1999)
Ceriporiopsis subvermispora CZ-3
1 4-4.5
48 98
62
Zhang (2001)
(Activated carbon) (Resin)
95 6 1
30 1
Chandra (2005)

(PAC)

(BFA)

30-35
62

95



3 PAC
80
4 BFA 2 |/
50 55
Amat (2005)

Fenton (1.8X10"4AMFe3+ 01 M 202

50 2 |
30 20
Buzzinu (2005) 1
UASB
80-86 36
75-78 24 30
Wong (2005)
(PAM)
/ 9

98 93 14

90

49

0.5
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