2.1

211

4
(ammonia nitrogen),

nitrogen )

(Sedlak,1991)

2.1.2

12.5 v

(organic nitrogen),

(nitrite  nitrogen)

eutrophication

2-1

*

(Sedlak,1991)

(nitrate



2.1.3

(US.EPA.,

2-1

ASCE,1991)

1975)

(organic-N)

(NH,-N)~| —

(NOa-N)

(Sedlak,1991)

aa (protein cell) |

(Ng- gasT]

(WEF,



m> U I
i
2
(Nitritification) (Prakasam Loehr, 1972) (Nitritation) (Abeling
Seyfrind, 1992) " "
(Nitratification) (Prakasam Loehr, 1972)
(Nitratation) (Abeling Seyfrind, 1992)

AOB (Ammonia Oxidizing Bacteria)

NOB (Nitrite Oxidizing Bacteria) ( EF, 1996) 2-2
21 2.2 2.3 (Metcalf &
Eddy, 1991)
Nitrosomonas
NH4+ + 3/202 -» NO2 + H2D +2H+ 2.1)
Nilrobactor
NO2 + 1202 —> NO3 2.2)
Nitrifiers
NH4+ + 202 —> NO3 + 2H+ + H2 2.3)
66 84 /
" " 17.5 /
457 'y .
243 y . 114 vy .
4.57 y .
(Painter Loveless, 1970) Wezemak Gannon (1967) (

Randall, 1992)



CONCENTRATION, mg Ni&

time

2-2 2

(Sedlak, 1991)

433 ./ . 222 'y . 111
y T 2
*
1975 The . . EPA Nitrogen Control Manual
(yield)
015 vy . 0.02 ./ .
422 vy . 24
0.05 - 0.29 g
0.02-0.08 vy . 2
2-1
NH4+1.83 2+1.98 HCO 3—» 0.98NQ, + 0.021C5H7 2N+1838 2 3 +1.04H 2 W -—----- 2.4)
0.15 . /. (Randall, 1992)

2-2



2-1

0.005

0.01-0.03

0.29

0.05

0.05

0.06

0.13

0.06

2-2

( Poduska ,1973 ,

Johnson (1969)
Loveless (1968)
Haug (1971)
Knowles (1965)
Downing (1964)
Baas-Becking (1972)
Nelson (1931)

Sicinner (1961)

(Randall, 1992)

0.15

0.15

0.05

0.22

0.17

0.13

0.12

.S.EPA
WPCF MOP FD-7
Benefield
Beccari
Bidstrup
Nenfield

Zozich

Randall, 1992 )

0.04-0.07 Gould (1960)
0.02 Dowing (1964)
0.084 Haug (1971)
0.02 Knowles (1965)
0.02 Lees (1957)
0.02 Boon (1962)

; /.
(1975)
(1983)
(1980)
(1979)
(1988)
(1980)

(1986)



2.1.2.1 a 1
'l
(
- (Randall,1992) 2.5
V* - 2.5)
(*n+N)
Jin
(specific growth rate) . . /
ﬁ]’tn.max) ,
(maximum specitic growth
rate ), . /. -
Kn Jn

(half velocity constant) . 7 .

2.6 ( ' , 2537)

9mn —  Min.max) —6)

Yn



(.
Yn
2.7
SRT = 1
R - Knd
Randall, 1992 ) 2.8

SRTd = S.F. (SRT)

SRTd

S.F.

2.2.2

0.7

(Poduska , 1973

2.8)
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Wild 971 *
1
y . 1964 Schober Engle ( Randall, 1992)
1 y. * 2 . 1975
Kiff 2 G
Stenstrom(1980) 5
05 y. 199 WEF manual of practice No. 11
N 3 y. *
29
(Sedlak , 1991)
B H***) -N - 29)

(K)+N) (Ko+DO)
DO Y.
Ko
n

ol

29
(Shaima



11

Ailler, 1977)  f

Kn 2.9

fi Xnma) 2537)

Mg - = o &

(K. +DO)

M

1971 d

84 2-3 1975 Won-Chongim - Loechr

70 80
2-4 1976  Srinath ( , 2537)
1.0-8.0

1580 2-5 1990 Antoniouil

15-25 18
EF manual of practice No. 11 (1996) 1

21 . EPA (1975) 1in
7.2

IV h = Mn72[1-°-833 (72-pH)] 2.11)
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lomd = |4m 12. 80
ol I N |
i 4 "\ |
g 70 e \\
- / N
I, / =
ba ; X
g : //" AT20°C
10 /
2-3 (Wild , 1971)
\"ﬁ-"(}
N
2-4 ( 0¢Chong  Loechr 11975)
)
1933 Barritt ( Sharma, 1977)
b4 1970 Painter 42
4 1977

Sharma 28 3



T ——20

0.8} P 418
) Q.7 —“16 )
§ 0.6} qre 2
E’ 0.5+ f\ °/ '0\ 12 E,
:‘,, 'J/ —<1.0 ?:
0.3} Q 4
z ) s | —0.6 z

0.1 S \ /j/ , \-0.2

006.0 GTS YIQ 715 810 SIS 90 60 815 710 715 810 81‘5 900 -

2-5 ( rinath
, 1976 , 2537)
1984 RancalT™ : 1
Abeling  Seyfried (1992)
10 W
Randall (1992) 2-3
26
1972 Stomkewich (
, 2537 ) 2.12
wm e BT 2.1

i

Ws 15

15

13



K 0.095
0.056
2-3
(Randall, 1992)
9
Downing (1964a) (047)6 0098(t-15)
Downing (1964b) (0.18)60‘116 (t-15)
Hutman  (1971)  (050) 107 U
Barard  (1975)  0.33 (L127)’
Painter ~ (1983)  (0.18) ¢ (v-15)
Beccari  (1979)
Bidstrup  (1988)
Hall (1980)
Lawrence  (1976)
( . 2537)
2.13 2.14

KsT =

IJ. 5

[0.118 (T - 15)]

HE) exp

0.405

0.12
0.069

10°
0.29
0.10
0.23
010
012

Vhnue
150
047

0.18
0.34

0.18
0.18

2.12
K5

20
077

0.32
0.50

0.37
0.26

0.2
0.65
0.46
0.50

14

1965 Knowle

213)



MAXIMUM SPECIFIC GIOWTIL RATE, (9/9-d)
o
Py

26
(Randall , 1992)

6,5 1

RET =¥ B exP " o bHA
IJ. 5 0.625
i .

1972 Prakasamll  Loehr

Argama  Brenner (1972)

25 1980  Jones  Sabra

3.6 20

2.15
2-1

WEF manual of practice No. 11 (1996)

15

2.14)



Z) 1
* | 28
Sam 3.05 x (1127)TM ----------------- 2 ]_5)
Sa . |
8l T W
ol L S L --Z
= —
‘E 50
& o
.{; LEGEND
3‘: 30- _-——23::
= it
l é 7 SLU‘DGE’ AGFE (D?AYS; " : |
21 ) "Beckman
Jones  Sabra, 1980)
(GO00ETLNG
RONFERS
stragglers ANACC
e ity
! ROIFERS
| FRUQMG 2 A BE
‘ e e S
Raellates ) ROTIFRS
AL fils i
o VS g s
1 SH+ % LGN
2-8 't A

(WEF, 199)

16

103



i

(Barth , 1965, Neufeld Hermann, 1975,
L1983 )

(Randall, 1992) *

1990 Hanaki

* * (

2-9
1971 Wild
60 J. 1976 Anthonisen
* 10 150 /. 01 10 /.

28 |,
1980 Neufeld * 0 /.
1992 Abelingll ~ Seyfried

2-4
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pure nitrification ] S 100 |
5 ok
i [ E 40+
20k & (a) Ammonia removal E 20k
T 0 2 F 6 8 10
HRT (d) HRT (d)
2-9 (Hanaki , 1990)
24
( 20°c)(RandaU c.w.,1992)
NVWWW NV
NVWW\ &** e 1
60 210 - 2100 30-330
6.5 70 - 700 88 - 1050
170 20- 210 260 - 3320
15 7-10
80 2-20
2.1.4
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2.16 (Randall, 1992)

NO3 — NO2 —» NO -> N —> N2 .o, 2.16)
+5 +3 +2 +1 0]
NO, N2 N2
1981
Payne(0 Randall ,1992)
Achromobactor , Acinetobacter , Agrobacterium , Alcaligenes
Arothrobacter , Bacillus , Chromobacterimn , Corynebacterium , Flavobacterium

Hypomicrobium , Moraxella , Neisseria , Paracoccus , Propionibacterium , Pseudomanas ,

Rhizobium , Rhodopseudomonas , spirillum Vibrio



20

2.17(McCartyll 1969 Randall, 1992)
2.18 (Beer ~ Wang,1978 Randall, 1992)
5CHOH +6N03  -> IM47THD + 5 2+ 60H  —emmmes 2.17)
CiHo 3N +IONO3 —> 10CO2+NH3+t 3 2 +10 OH +5N2 --eememmeemes 2.18)
217 , 1
19 . 2.18
(COHo ) 1463 . 2.86
)
2.19
(Sedlak, 1991)
CH7 N +46N03" — 28N2+5CO24.60H +1.20 ... 2.19)
1
0.43
n (
)

2141



m> tfnv.,u)Yiuui ]

« »

2

TRER TN (10 N R — 2.0)

(Koo +NO ) (Ks+S)

(=)
LinD
()
NO ( /.)
(
Kig JIp
()

Ks

| 0

(7))

Koo
016 7. (. .EPA, 1975

o SR

2537)
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1 2 NOJ/(KnotNO)
2.2 221
= MiP () 2.21)
(Ks+ )
222 (
2537)
<dd = WhD 2.22)
Yp
Yd (. /
)
qD (.
/ )
2.1.4.2

Randall(1992)
1.0-8.0 1992 WEF manual of practice



2-10

2-11

Wukash Batchelor 2-10
65 85
100 [ ]
1
!
j
ke
80 i —~— Recommendead
1 Operating
S i 2 | Range
: | ¥
c 60 i '
s 8 |
2 I !
S 1% N
= ! P
g 1 \
I/ )
[ 1
20 [ 7 :
| =
© | — |
l :
Q ! 1
6 7 8 g 10
(WEF ASCE , 1992)
)
02 /.
(Lie  Welander, 1994) Kift (1972)

23



ppm nitrate as N

2-11

15

2-1

60
O —.»~ 10% DO
50 e T T g
40 - \\ \ 5% DO
30 \\\ s 2% DO
20 \\‘\\
10 \\‘\\
~e <1% DO
0 T I L) T i § 1
0 2 3 4 5
hours
Effect of oxygen saturation on denitrification
(Kiff, 1972)
)
1972 Dawson Murphy
2-5 2-12 1992 WEF manual of practice
Parker (1975)
2-13
)

Jones  Sabra (1980)
2-14

24

2-6
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2-5 (Dawson ~ Murphy ,1972)
_'9”_9&92 NO, asN<mylj Time() »vg: organic*
A W i Sm concentration (mg/J)A (tng N.03as N/mg-h)
5°A 53.0 46.0 & 0.0135
5°B 54.0 20 40 0.0175
10°A 810 21.2 134 0.0285
10°B 194 21.2 132 0.0284
15°A 680 120 60 0.0354
15°B 610 120 146 0.0348
20°A 825 120 % 0.0716
20°B 700 110 o7 0.0656
21°A 716 21 190 0.1800
21°B 811 31 165 0.1590
-_ //

,—g ki o4 KTsiesgiQ" o ISL00 //

g 022} RT ///

ol SR

g w3 . -::)r_P—ENDENCY //

25 gl
2-12 ' (Dawson ~ Murphy



2.

2-13

180
160

Q

&

N 140

o

o

=

<

=

G 120

3

Q

©

o«

s

g 100

H

@

o

)

& 80

o

<

S

o

o

o
60
40
20

I | ! =
i
|
!
ey Relerence Sysiem '
— Mut0oy anc Cawson 1972 35 "
« v a2 s« s ¢ Chomiensenang Harremoes 1972 )
— — = Multarger 971 S
—— Parver 1972 S !
————— B4nco 1973 G /
"""" Siensel erai 1973 SG
— T Muronyanc Sution 1973 sc |
T Muwony ang Sction 1973 5
CCCOCO0O0 Erooue 1972 5
]

w |-

W0 1S
Temoperature. °C

20

25

30

Effect of temperature on denitrification rate (SG = suspended growth

and AG =attached growth).%

ASCE, 1992)

( suspended growth process )

( EF

26



(NO,+NO,) mg/l

21

3 (WEF 71992 )
('smgle - sludge system )
('dual - sludge system )
(triple - sludge system )

SLUDGE AGE 15 DAYS

—-—-- SLUDGE AGE 4 DAYS
e @
\.
% '
X,
-
\ \
64 \~ ’
X
N
6 \
90 2 Bt 80 210 20 A%

2-14

2-6

25 c=x1

TIME (MINUTES)

Batch determination of denitrification rate at 15°C

(Jones  Sabra, 1980)

(Jones , 1980)
-,'Denifrification J® ,
m S E E E
34 10 114
10.3 30 048
20 0.6 14
4.0 11 239
1.8 05 5.39

5.0 14 4.13



Temperature (°C)

2-15

2-7

Qo

15 ¢

25 C

2.2.1

Jones Sabra, 1980)

Total SSRT (d) Denitrification

sludge age (d)

3 3
6 6
3 3
6 6
3 3
6 6

28

(Sutton , 1980)

Unit denitrification rate
(mg NO3+N02gVSSh)
3.68
1.9
5.22
4.27
10.20

8.44

(post denitrification)
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*
, (
)
hermamn  process 2-15
Wuhermann 1964
Influent . i Effluent
Aerobic Anoxic Clarifier
................................. CEA. - AN —
1@uas
2-15 Wuhrmann ( EF ASCE199)
) ( pre - denitrification )
( 2-16)
) (
)
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Ludzack - Ettinger ( »

2-16)
Influent i
: Anoxic Aerobic
i
2-16 Ludzack - Ettinger (WEFIta ASCE,1992)
Bamard Ludzack - Ettinger
Modified Ludzack - Ettinger process ' QR
2-17
Internal Recycle, QR
Influent ‘ Effluent
T Y
At e S
Bs & Qs
2-17 Modified Ludzack - Ettinger ( EF

ASCE, 1992)
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Bardenpho process Barnard
1973(Randall,1992) Modified
Ludzack- Ettinger ~ Wuhrmann 2
2-18 Modified
Ludzack - Ettinger
Q ir
Influent ;:»_4 e v Effluent
Anoxic Aerobic Anoxic Aerobic Clarifier
Q ras » Quwas
2-18 Bardenpho (WEF  ASCE ,1992)
(oxidation ditch )
2-19
Wastewater
Effluent e Aerobic
Anoxic

k T Air
‘—_
Aerobic

2-19 (Sedlak,1991)




2 42 a2

2.2.3

220 ()

2-21

-20

w20 ()

-0 ()

32

-20
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Supplemental BOD] Short-Tem
Aerobic Clarifier Anoxic Aeration Clarifier
Influent Effluent
......... - SR B SRRRY. . F—
Qw.\si $ QWAS
() Partial Bypass Short-Tem
* Aerobic Clarifier Anoxic Aeration Clarifier
Influent R : = Effluent
Qgas : Qras
Quwas{ $ Quas
() SRR/ 7 . > 5 0 AN ———
Anoxic Clarifier Aerobic Clarifier
: Influent Effluent
Quss . S s
....................................... iQWAs ¢ .
2-20 (WEF ASCEJ992)
Carbonaceous Nitrification Denitrification
Influent  Stage Clarifier Stage Clarifier Stage Clarifier
TEOT —5—
+(QWAS * QWAS ‘ QWAS
2-21 (WEF ASCE4992)



2.3

1975

30, 100, 300

Neufeld

1000

2-24

g

Hermann

(1000

A

)

2-22

2-23

2-8

34
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2-8 ) (Patterson

1977 Lester, 1984)

Industrial Process ,- Zinc Concentration (mg/l) .-
Rang Average

Metal Processing

Bright dip Wastes 0.2-370

Bright m ill Wastes 40 - 1,463

Brass m ill Wastes §-10

Pickle bath 43-414

Pickle bath 0.5 -31

Pickle bath 20-3

Aqua fortis and CN dip 10-15

Wire m ill pickle 36 - 374

Plating

General 24 -38 8.2
General 5 - 120

General 15-20 15
General 5-10

Zinc 20-30

Zinc 70 - 150

Zinc 70 - 350

Brass 1-5

Brass 10 -60

General 7.0 - 215 46.3
Plating on Zinc Castings 3-8

Galvanizing of cold rolled steel 2-88

Silver Plating

Silver bearing wastes 0-25 9
Acid waste 5-220 65
Alkaline 05-51 22
Rayon Wastes
General 250 - 1000
General 20*
General 20 - 120
Other
Vulcanized fiber 100 - 300
Cooling tower blowdown )

After process recovery of Zinc by ion exchange.
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Atmosphere
emission volcanic deposition wet & .d_ry
activity deposition

Lithosphere

products
products,
wastes s _Runoff
wastes
Sewers Storm Sewers
Sewers

N\
N

A

Treatment Works

2-22 |

(Lester, 1987)

1976 Neufeld

(deflocculation)

0,30 1100,300 1000 y .
10 - 12
300 1000 y . 2-25 Neufeld
( pemate suspended
solids) 2-26 Neufeld
40 A

(sludge volume indexé
0, 30, 100 ya.
300 1000 y .

2-27



/OO B ) T 1 LA T - T T

80

‘ZN DOSE mgy/! 30100 300 1000 4
SYMBOL s A e o .

[
>

10F ZN ON FLOC

a o

1 1 1 1 1 1

0 2 476 8. 2 14 6
HOURS AFTER ZN DOSING

2-23 { (Neufeld Hermann, 1975)

400

300

200

100

EFFLUENT COD, mg/L

O 1 1 1 1 1
0 / 2 3 4

SLUDGE AGE (DAYS)

.

2-24 (Neufeld
Hermann, 1975)
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1750+

1500

1250+

O ~N
8 3
T

SUPERNATANT SUSPENDED SOLIDS mg/)
" !
g 8
T T

1 I 1 £ 1 1
6 8 10 12 4 16

DAYS AFTER ZN DOSING

00
N -
o

2-25
( 20  )(Neufeld, 1976)
3F
2004
o]
o
%m
&
w
m.—
b - o
ba B ©
" 20d- \
20 DAY SLUDGE AGE !
@ ol o | | | | 1
o’ ( 0 30 100 300 1000
ZINC CONCENTRATION
(mg/1)
2-26 (Neufeld, 1976)
uj
| v tever MG/ 0 30 100 300 1000
w 100. SYMBOL 0 0 A © O
=
3 2
g
§ 5
S 2
~J
w

4 v 0 iV} | 2 14
DAYS AFTER ZN. DOSING

2-21 (Neufeld, 1976)
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1981 Nelson»

2-28
1 5 5
2-29 Sterritt Lester (1981)
3 18
2-30
O -+ - Jemrmemee e t
_ i A Particulate U
/
(
Soluble ,
o 3 D™ B %
o .Time, hrs . )
Kinetics of metai -uptake by bacterial solids.
2-28 (Nelsonll , 1981)
) T T T T T T o o
:/') 80
o 09'500ys,pH-7
E <
> Aeﬁ'ldoy, pH=T
r:\ 60} -
gt 2
-
= 40} R
3
2
o 20|
:2 1 day
‘g o 1 1 18 1 1 i
0 5 10 15 20 25 30 35
Equilibrium Zn Conc., mg/i
2-29 (Nelson

. 1981)
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Remowval (N
w
<)

Influence ofsludge age (b9 on percentage removal of

copper (0-- 0), nick 1) and
ppzﬁné( ----- ) )|]n an activated sluége sl ulatlon)
2-30 (Sterritt Lester,
1981)
1983
1.24 1.74 J .
534 i ALV 130 657 y.
12 *
2-31
8
XY
; | | v v
2-33

54
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D
(op]

=
S
T

90 |- fay o

70 -

O Control
60 |-

A 124 mgn Pb" and 1.74 mgN Zn"

‘" *"”
il O 534 mg/l Pb  and 1.54 mg/l Zn
30} ) O 1.30 mgn Pb"" and 6.57 mga1 7™

20 ~

Soluble COD Removal Efficiency, %
3
1

231 (1989

&

= -100 -

S

7

3

§ -eof

Q

5

o O Control

7. -60 -

%ﬂ A 124 mgd Po " and 1.74 mgn Zn~

G _‘o " R -

;, 0 534 mg/l Pb  and 1.54 mg/l Zn

g il L 130 mg/t Pb~ and 6,57 mg/l Zn”~

3 1

2 0 L ==3 o 1 1 1 1 -
o2 4 6 8 02 # 6 B 0 days

2-32 | (1989

mr i

a
i
a0 i
|
!
nf 1
O Control i

20| o
2 A 124 mg/l Pb and 1.74 mg/l /|
il 0 534 mg/ Pb  and 1.54 mg/l Zn ’
[} 130 mga Pb™" and 6.57 mg 70" |
0 1 1 ] | 1 1 1 S
0 2 4 6 8 10 17 16 16 8 Qr , days

it 233 ! ( . 1983)



2-35

Nitrate - N (mg /1)

)

—

3.0

~N
w
1

N
o

500

w

1990 Waara

1992

/

15

0, 50, 100 500

(050 V)

Moriyama

100

o
o

2-34

5
Time (days)

(Waara , 1990 )

2*34

42

67
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— 1008 o~ iy
o\ —
: 90 4 Oix\x \O Zn?
£ 807 o,
S 170 \D\
S 601
g 50 + 4 X P2t
a 401 \ cd’
2 30 . °
’E .l Cu?
= 101 v
A3 » %
0 25 50 75 100 500
Metal concentration (ug /1)
2-35 ' ' ( aara,
1990 )
[
A
60 A
A
1 50 X A Zn 50 mgll
W ,g' o Zn 25 mgll
0 A*i] 0 Zn 1.0 mgll
X A
= ‘ A Zn 05 mg/
L3 © « 0 Zn 0 mgl
0 «© «
a X
MOJILA
10 $ JJC T A ) Y |
Zi— -A
| n>- peof - - 0—~00 1 .
¢ 5 10 15 20 25 30
SRT (days)

2-36

(Moriyama ,1992)
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1994 Gumaelius

2-37
10 g .
=-
40
<, 30t
o [
z L
80 L
E 20 L | —©—reference
—=— reference
0 men
o — m
10 + —~—25m§/|
[ | ——25mg/]
[ | —&—50mg/l
0..‘..1‘L4_.1.‘.1.11.1..Ax
0 50 100 150 200 250 min

711 2-37 naveadanz@nlnensTUIUNMIA TUATHIASY(Gumaelius, 1994 )

1995 Huang

2-9 01 vy .

15

2-9
(Huang, 1995)

MLSS (mg/l) 1 - Zinc Concentration, Zn"( /1)

g >
| gy
19 w 002 UM 06 ofd Jpg e

2133 0.678 0.104 0.038 0.055 0.018 0.007
1 © ® ©) (€
1333 0.394 0.050 0.046 0.023 0.007 0.015

(13) @12 () @ ©)
)



1996 Bux Kasan

60

97 45

1997 Beyenal

5 .

2-39
2-40

2-42

90

2-41

100

60

Percentage Zinc Biosorbed

20 /

Time (min.)

45

Percentage Zn2+ hiosorbed by domestic (Q ) and industrial sludges (0 ) in a fully mixed

2-38

Kasan ,1996)

bioreactor.
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100 ®  without hoevy metals

%0 e with heavy motals

ot | //‘

70 r - .

& F e e R
:.\: w- ./
w  4F .4

.

30-

w-

10+

0 i - \a i a s i

0 2 4 6 8 10 12 14 16 18
6 (h)

Substrate removal eflioencies of activated sludge reactor treating synthetic ww with and withoul
HMs

2-39
(Beyenal , 1997)

®  Sebstet:, S, (mg CODA) ¢
L ® Mioreerpesssm. X, (mg MLSS/L) /"'
-

| o Amende °

| Y

Effluent Concentration
8 8§ & &

Performance of the activated sludge reactor operated with synthetic ww devoid of HMs

2-40 (Beyena
. 1997)



2.4

2-41

2-42

Effluent Concentration
g

[ & Sebewsi, S, (mg COD/L)

® Microorgeaimm. X, (mg MLSSA)

-
- \
L . .
L
L ]
NEURIS.  SEE SRRk
0 2 4 6 8 10 12 14 16 18
o, ()

1

Performance of the acuvaied shudge reactor treaung synthetic WW with HMs

1997)

03

025

02

015

K (1/h)

005 +

0l r

0 200 400 600 800 1000
S (mg CODL)

Con>p*n»00 of ok>oc<IC be*u«or of acuviled ,ludfc

Ihc .bscnct «nd prrieace of HMi

(Beyenal , 1997)

(rubber thread)!

47

N (Beyenal



24.1

2-10

2.4.2

7538)

20

48



2-10

Titanium dioxide
Ralox

Glomax-LL

Zinc oxide
Potassium hydroxide
Sulphur

Rubber process oil
ZDEC

ZDBC
Dimethylamine
Triethylamine
ZMBT

Lactic casein
Ammonia

Bentonite

Cellulose
Stearic acid
Oleic acid
Acetic acid
Preventtaloil
Formalin
Talcum

Cesadex

Anchiod

49

TiOz
Stericallyhydered polymeric phenol
Si02,
A120 3, Fe2)3
Zn0O
KOH
8
Heptaldehyde aniline conensate
Zinc diethyl dithiocarbarmate
Zinc dibutyl dithiocarbarmate
(CH2XN
(CHHN
Zinc salt of 2- mercaptobenzothiazole
( Nx6.38) , ,
NH3
Si02,
AlD 3, Fe21 3, Na.,0 , MgO 1CaO , KL,0
Sodium lauryl sulphate
CIH®
Carboxylic acid
CH3OOH
Sodium-o-phenyl phenolate
HCHO
Si02 MgO
Sodium salt of carboxylate
polyelectrolyte in aqueous solution

Zinc diethyl dithiocarbarmate



Microsol

Microsol

Microsol

Microsol

Microsol

Microsol

Microsol

Microsol

2-10

Violet B
Violet B

Carmine
Blue BN
Violet B

Carmine

Blue BN

Black 2B

2.43

Aqueous dioxazine pigment
Aqueous dioxazine pigment
Aqueous dipersion of carbon

black in present of non-ionic emusifier
Alpha-Copper-Phthalocyanine
Aqueous dioxazine pigment
Aqueous dipersion of carbon

black in present of non-ionic emusifier
Alpha-copper-phthalocyanine
Water Base Pigment

Carbon black

(2538)

( , 2538 )

2-43

2-11

50



2-43

(extrusion)

51



kL

29/9/38

9/10/38

14/11/38

20/11/38

22/11/38

29/11/38

30/11/38

1/12/38

12/12/38

15/12/38

5/2/39**

2-11

!

579

7122

312

50.21

14114

7125

my/

6707

8425

3966

5123

19226

9866

342

413

225

295

41

g

4967

8525

4256

4105

5250

(2538)

g

6533

6419

5726

6400

g

I
88

149

327

149

TuSa gl
my!
3262
2606
1456
5208
2898 4200

myl

4825

3524

1662

6132

4966

112

0.62

044

179

343

g

99
16
32
18
223
93
m
1163

1350

315

g

92

n

1148
136
752
31
459
2202

2402

1453

52

0.14

045

0.64

042

0.35

0.57

054

033

0.55
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