2.1 (Dechlorination)
(Fe) 1
Fe® Fe 2+ + 2¢ (1)
Fee Fe2+ (aq)
standard reduction potential -0.440 V. Fe®
redox-labile substance H+l carbonate, sulfate,- nitrate oxygen
(Fe) alkyl  chloride (RC1)
2
RCl + 2¢ + H + —> RC1 + X (2)
standard reduction potentials alkyl chloride
(RCY) +0.5 +15 V. 7 ! 2
(thermodynamically) 3
Fe° + RCl + tf+ -> Fet +RH+ cr oo (3)
3. dissolving

metal reductions

(corrosive) alkyl chloride (RC1)



-
(corrosive) 1 oxidative dissolution
(dissolved oxygen) (oxidant)
4 5
2+ 2HD + 4 > WOH &~ e @)
2Fe* + 2+ 2HO -» Fez A0H' e B
Fezt (02 ferric hydroxides (
( 6)

(anaerohic condition) I
2H20 + 2e -> H2 + 20H = e (6)
Fe® + 2H2 > Fe24+t H2 + 20E  —ooeeeees (7)

2 ( 5 -

(anaerobic condition)

iron hydroxide

3 major reductant Fee- H2 iron metal, ferrous iron
hydrogen
alkyl halide 3 2.1



2+

7z » Fe
0 +
Zg RCl + H
%//” e o B OF
Y.
Fegl—-—— —_—
%/ » I'e o >
Z; P (-
é | oY/,
%
V/’ »>Fe?
o
%? H 2
% o o PO T HY
/ catalyst n*
2.1
Fe2+

catalyzed hydrogenolysis

anaerohic corrosion

H?2

RC1 + H
RH + c¢r
RC1

RH + ¢r + H+t

:Matheson and Tratnyek, 1994



2.1
chloride (RCI)
(Fe2l) (RH)
Fe ° 4 RCL + H+ -»
2 2.1
2Fe 2+ + RGlI 4 H t+—>
Fe2t
(dechlorination) alkyl chloride (RC1)
ligand
3 21
alkyl chloride
alkyl chloride H2
9
HD 4 2e -»
H + RC catalyst Y

(adsorbed) alkyl
(dechlorination)
(Cf) 3
Fe* + RH4 a' - —w— (3)
Pt imtermediate product
8
2Fe 3 4 RH 4 Cl' oo (8)
(Fe3t)l
0
H + 2H e (6)
RH + HH+Cr s 9



22 8 0 *a
3
(cellulose), (hemi-cellulose) (lignin)
2.1
1 (cellulose) polysaccharide
P-D-glucopyranose
(hydrolysis)
(crystalline) (amorphous)
(absorbtion) (stress-
strain) (swelling)

2. (hemi-cellulose)

3. (lignin) (aromatic) enzyme-
catalyzed dehydrogenative polymerization 3 coniferyl sinapyl
p-coumaryl alcohols methoxyl aliphatic phenolic
hydroxyl

oxidizing agent

condensation



« 2.1

«

cellulose
hemicellulose

lignin

2.3

(lignin)

(alkaline process)

(Sulfate or kraft process)

tua  (softwood)

45
5-20

24-32

(cell ose)

Ly (%)
(hardwood}

43
30

17-25

(chemical pulping)

(sulfite  process)

alkaline process



(pulp  bleaching)
2

(bleaching lignin)

CEH

2.2

bleaching chemical  approximate % ofmills

sodium hydroxide 1%
elemental chlorine Pl
chlorine dlioxick &b
hypochlorite %
OXygen %
hydrogen peroxide 3%
sulftir dioxice 1%
sulfuric acid Pl

10

(removing lignin)

(bleaching lignin)

(removing lignin)

(chlorine)
22 3-6
©
H
2.3
chemical fomular code letter
NaCH E
0* ¢
Cl2 D
HCI0Na0CI,Ca(0C1) H
) 0
« 2 P
2
r sod A

- USEPA-, 1990



« 2.3

oxidants

chlorine and
extraction (GE)

hypochlorite(H)

chlorine dioxice

O

oxygen (0)

hydrogen
peroxice (p)

24

oxidize and chlorinate
lignin

oxidize, brighten and
solubilize lignin
Loxidize, brighten and
solubilize lignin
2.in small amounts with
2 rotects against
degradation of pulp
oxidize and solubilize
lignin

oxidize and brighten
lignin in chemical and

high yield pulp

2.4

«

effective, economical
delignification. Good
particle removal,

easy to make and use

achieves high brightness
without pullp degradation,
qood particle removal

low chemical cost. Provicks
chiorick free effluent for
[ECOVEry

easy to Use.

low capital cost.

2.5

organochlorine formation

chloroform formation

some organochlorine
formation

can cause loss of pulp
strength

expensive, poor particle
bleaching,

11



24

Paranwter Mill A (CgE)  ; MIfIAtfyE) MiUA(<YE) MOI A (CplE)
Flow (inVadt) 142199 2121119 9.7/66 3231290
pH 18/ 118 12790 201102 18/88
AOX (my/1) 245 | 182 209/ 177 125/ 83 83 / 204
Q" (mgf) 2,481 1 2,068 2,600/ 660 1,680 / 1,086 -

BOD (my/1) 632 / 715 - 675 / 867 141 | 344
COD (my/1) 2441 1 3,849 1,160 / 1,640 1,269 / 2,480 552 | 2537
Color (CU) 7,250 | 15,270 2,080 / 11,680 1,245 | 4,560 810/ 10,590
TSS (mgf) : 36/16 1211 9 47127
. LMl A, softwood mill, CDED DED, IP4C102

2- Ml B, softwood mill CEH

3 Mill ¢, harcwood mil, CDEHDEH, 50%4C102

AMIl -, softwood mill GiEH Cl2

: Dorica, 1992
25
« uswit  «lu
filer fumisn AA BCDTSS
reparation
chemical pulping kradt furmish chips resins, fatty acics, color, BOD, G0D, AOX, VOGS
rocess (terpenes, alcohols, phenols, methanol, acetone,
chloroform)
bleaching chemical pulp dlissolved lignin and carbohyalrates, oolor, GOD, AOX
inorganic-chlorine compounds (e, chlorate (CIQ)
elemental chlorine (cy,  organochlorine-chlorine compounds (e.9. dlioxins, furan,
chlorire containing ~~ chlorophenoks)
COMpOUNcs
papeneking adolitives, bleached  particulate wastes, organic compound, inorganic
unbleachedpulp -~ dlyes, GD, acetone

Wastewater treafment process westewaters  BOD, T3S, GCD, color, chlorophenolics, carbon
facilities clisufice, VOGS (terpenes, aloonolsIphenols, methandl,

axetone, hlorcfor)



25 ; (chlorinated phenolic compounds)

(chlorinated compounds)

(chlorinated phenolic compounds)

isomers of chlorocymens and chlorocymenenes, chlorinated
monoterpenes, isomer of chlorothiophenes, 2,5-dichloro-3-dihydroxybenzo-l,4-quinone
(chloranilic acid) and the corresponding hydroquinone, 2,3,4,4-tetrachloro-3-hydroxybutanoic
acid, dichloroacetronitrile and trichloromethanesulphonylchloride, chlororetenes, isomers of
polychlorodibenzo-p-dioxin and polychlorodibenzofuran, 2,3,7,8- and 3,4,67-

tetrachlorodibenzothiophene, chlorinatedfuranones, additional isomers of chlorophenols,

dehydes andketone, chlorinated veratroles, 4-chloro-3-hydroxy-2H-pyran-2-one,
trichlorodibenzothiophenes, tri-and tetrachlorothianthrenes, chlorofluorenes, and
hexadienedioic acid monomethyl ester, 2.6
2.6 phenols oligomer-derivatived phenols
Phenols Oligomer-Derivattved Phenols

1. dichlorophenol L Rj=R2=H ; R"CI

2. 2,4,6-trichlorophenol 2. R=R3=H ; R=Cl

3. dichloroguaiacol (3 isomer) 3 R=H ; R*"R&EC
4. trichloroguaiacol (3 isomer) 4, R =R2=R:=Cl

5. tetrachloroguaiacol 5 Rj=R2=H ; Rg= -COOH

6. monochlorodehydroabietic 6. Rj=R3=H ; (& -COOH
7. dichlorodehydroabietic 7. R=H ; {&-COOH ; R3=Cl

8. dichlorocatechol a0+

9. trichlorocatechol (2 isomer)

10. tetrachlorocatechol T OT

11. monochloropropioguaiacone ke » (;\G-g N -0

:Dence and Annergren,1979



2.1

'ma 2.7

« » -
Acids, ester, anhydries, furanones, pyrones
Phenols and phenol esters

Aldehydes and ketones

Hydrocarbons

Alcohols

Dioxin and furans

Miscellaneous

14

22

17
52
66
75
25
20
15
330

: McKague and Carlberg, 1996



,Cl,
OH

Phenol

OCH

OH

Guaiacol

H,CO
OH

Syringol

2.2

OH
E SO
OH

Hydroquinone

o

OH

Catechol

OCH, H,CO OH

3-Methoxycatechol

cl,

OH

p-Hydroxybenzaldehyde

CHO

CH,
OH

Vanillin

CHO

H,CO o OCH,
OH

Syringaldéhyde

ch3

OCH,
OH

Acetovanillone

CHO

o

OH
Protocatechualdehyde

OH

Acetosyringone

15
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Wiliams (19%)
(g) 28
28 (g)
chlorophenols ) whole effluent
R B I I A 1 MinA Mill B M m e Mill D Mill E
tetrachlorocatechol 144 151 151 163 001
5,6-dichlorovanillin 126 151 375 586 123

4.5 6-trichloroguaiacol 353 18 521 430 001
34 5-trichlorocatechol 903 165 3.10 231 001

total chlorinated phenolics 81.3 180 349 126 6.24
6-monochlorovanillin il 147 959 1.73 003
345-trichlorosyringol 0.26 093 0.19 0.32 001
3,4 5-trichloroguaiacol 451 0.64 483 199 165
tetrachloroguaiacol 0.66 19 0.24 061 001
4 5-dichloroguaiacol 249 0.65 105 369 001
4,6-dichlorogumacol 091 532 1% 2.28 3.36
4 5-dichlorocatechol 244 0.80 2.19 716 001

1. Mill A, softwood. 1300 [, 50%C102

2. Mill B, softwood/hardwood, 120 [ C102,02 delignification

3. Mill ¢, softwood/hardwood, 120 [/, 50%C102

4.Mill D, softwood, 1500 [ 100%C102 02 delignification

5 Mill E, softwood, 400 /

:Wiliams et .,19%



17

X (chlorinated  phenolic - compounds)

\oss Yunker, 1983

, 29
Owens  Reeve, 19%
210
29 ,
chlorophenols effluent (ugA) freshwater (ug/l)  sediment (mglg)
dichlorocatechol 1290 - 0.04
dichloroguaiacols 22100 0.08 0.006
2 A-dichlorophenol 915 01 -
tetrachlorocatechol 240 08 0.3
tetrachloroguaiacol <10:620 03 0.05
34 5-trichlorocatechol 120210 - 0002
trichloroguaiacols <10-340 10 004
2,4 6-trichlorophenol <151 0.09 003
: Voss and Yunker, 1983
211
, pentachlorophenol  2,4,6-trichlorophenol
X (chronic  toxicity
criteria) 212 chioroform 1240  (ugl), 24

dichlorophenol 365 (ugyl), hexachlorobenzene 368 (ugA)  2.4,6-trichlorophenol  970(ugA)



« 210

«

)7 byt 2 :I:\/Yﬂ M IthA i

(Fillet)
2,3,1,8-TCDD (ppt)
2,3,1,8-TCDF (ppt)
ECCL (ppm)

(Bie)

ECCL (ppm)
chlorophenol (pph)
2 A-dichlorophenol
2,4,6-tnchlorophenol
2,346-tetrachlorophenol
3,4-dichloroguaiacol
4 5-dichloroguaiacol
4,6-dichloroguaiacol
3,4,6-tnchloroguaiacol
4.5,6-nchJoroguaiacol
3,4 5-txichloroguaiacol
tetrachloroguaiacol
4 5-dichlorocatechol
3,4 5-xichlorocatechol
tetrachlorocatechol
6-chlorovani]iin

:ND = not detected

18

ifailln ©  spedw)

| Perch Mountain w hitefish
219 2110
29 10430
130:330 15105
15520
: 700-12,000
8,050-19,700 400-14,000
2,4604,140 ND-800
ND-4,100
290-7,000
ND-4,800
- ND-2,000
7,140-20,100 ND-26,000
50,500:97,000 480-23,000
23,700-59,900 400-9,100
ND-200
ND-1,000
ND-93,000
ND-200

: Owens and Reeve, 19%



« 211
compound

4-chlorocatecho]
4-chlorophenol
6-chlorovaniEin

4 5-dichlorocatechol

2 A-dichlorophenol
2,6-dichlorophenol
2,6-dichlorosyringealdehyde
5,6-dichlorovanillin
pentachlorophenol
tetrachlorocatechol
tetrachloroguaiacol
2,3,4,6-tetrachlorophenol
3,4 5-trichlorocatechol
34 6-trichiorocatechol
3,4 5-trichloroguaiacol
3,4,6-trichloroguaiacol
4.5,6-trichloroguaiacol
2,4 5-trichlorophenol
2,4,6-trichlorophenol
trichlorosyringol

Noted :« indicates water quality value available

aquatic

chronic human human
aquatic " non-cancer cancer

. Fisher, Barton and Wiegand, 9%



20

« 2.12
.chemical fresh water chronic toxicity ~ human health criteiia-hased ttjxm
criteria ( / consum ption at fish and water (jig/2)
chloroform 1240 57
2-chlorophenol - 180
2 A-dichlorophenol 365 3
2,3,18-TCDD <Ix|06 1.3x108
Hexachlorobenzene 368 720"
2,4 6-trichlorophenol 970 12
... bleached pulp mill discharge permits
2.6

Wang  Zhang (1997)

chlorinated  aliphatics ~ compounds 2 trichloroethylene  (TCE)
polychlorinated  biphenyl (PCB)
(nanoscale iron) 335 mZy

09 mdy (nanoscale iron)



M atheson Tratnyek (1994)

chlorinated methanes chlorinated solvents 4
carbon tetrachloride, chloroform, methylene chloride trichloroethylene
well-mixed batch system
carbon tetrachloride, chloroform trichloroethylene methylene

chloride

! pH

Sayles (1997) (powdered zero-valent iron)
DDT
DOT, DDD [I,-dichloro-2,2-bis(p-chloraphynyl)ethene] DDE (2.2-bis(p-
chtorophynyl)-,--dichloroetheng] buffered anaerobic aqueous solution
2 °c DDt DDD  DDE
(Surfactant) Trion x-114

Orth  Gillham (19%) trichloroethylene (TCE)
TCE
pseudo-first-order
TCE 13 -6L mg/. 30-35 % TCE
dichloroethene 3 cis-,2-DCE, trans-,2-DCE,
LIDCE iyl chloride TCE

ethene, ethane, methane, propane, propene, 1-butene butane  ethene

Sintar (19%) H/Pd
1,2-dlibromo-3-chloropropane (DBCP)
HyPd
DBCP DBCP propane pH 70 -
87 22°C



2

HEPES 1 (dissolved

oxygen, DO)  NO3 NOZ  so4
60 myl 14 1% Pd-Alumina

Ozdemir  Tuffkei  (19%)
metallic iron " granular metallic iron chloring sp.
chlorine chlorice
(H (narticle size) (contact period) .
QCl HOCL 100% pH4 7 25
Standard lodometric Methods | DPD colormetric  Method

(APHA, 1965)

Grittini (1995) polychlorinated
biphenyls  (PCBs) 2
(bimetallic system)  PCBs aromatics  compounds
arodlor 12600 124 PCBs
5-10 2

biphenyl  chloride ion biphenyl adsorbed /

Grittini (199) (zero-valent iron)
14 halogenated methanes 4 tetrachloromethane,
trichloromethane, dichloromethane  tribromomethane Chlorinated ethanes 4
hexachloroethane, 1,122- 1,11 24etrachloroethane 1,1, 1-trichloroethane
chlorinated  ethenes 6 tetrachloroethane, trichloroethane,  trans 1,2-
dichloroethene, cis 1,2-dichloroethene, 1,1-dichloroethene 'yl chloride batch
test column  test 13
dichloromethane
logarithmically.
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