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APPENDICES

Appendix A Optimum condition for the recovery of light components by using 
surfactant and electrolyte solution.

The optimum condition, i.e. sludge-to-surfactant ratio, stirring speed, 
stirring time and leaving time, was investigate prior to the further experiment. The 
studied parameter was varied while the other parameters would be kept constant. The 
results are shown in Figure A1-A4. The highest recovery was achieved at the sludge- 
to-surfactant ratio of 1: 8 after the mixture was stirred at 200 rpm for 30min. 
Moreover, the system required at least 12 for the complete oil phase separation. 
These conditions were used for the further experiments.

Figure A1 Recovery of light components at various sludge-to-surfactant ratios.
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Figure A2 Recovery of light components at various stirring times.

Figure A3 Recovery of light components at various stirring speeds.





46

Table B1 The data of relative viscosity ( rๆei), specific viscosity ( r |Sp), reduced 
viscosity (r|red) and inherent viscosity (riinh) of Permafloc 2 6 2 8

Appendix B Viscosity-average molecular weight of polyelectrolyte.

Concentration 
(g/100ml) t(sec) to (sec) hrel hsp bred ๆ inh

0.001 250.40 216.90 1.1545 0.1545 154.46 143.64

0.002 293.78 216.90 1.3544 0.3544 177.22 151.69
0.003 326.20 216.90 1.5039 0.5039 167.97 136.02

0.004 376.33 216.90 1.7351 0.7351 183.76 137.76

Figure B1 Plot of reduced viscosity (ๆ red) and inherent viscosity (riinh) versus 
concentration of Permafloc 2628.

The intrinsic viscosity, [ๆ ], could be determined from y-intercept. The 
viscosity-average molecular weight of Permafloc 2628 was calculated base on Mark- 
Houwink equation.
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[ๆ ] = KMa
where [ๆ ] is intrinsic viscosity, M is viscosity-average molecular weight, K and a are 
constants. For polyacrylamind:

K = 6.5 X 10"3 ml/g
a = 0.82
y-intercept = 150.9
From calculation; M = 5.80xl07
The viscosity-average molecular weight of Permafloc 2628 obtained from 

the calculation was 5.80xl07

Table B2 The data of relative viscosity (ๆ rei), specific viscosity (ๆรp), reduced 
viscosity ( rๆed) and inherent viscosity ( iๆnh) of Permafloc 2525

Concentration 
(g/100ml) t(sec) to (sec) Orel ๆ ร p b re d P in h

0.001 249.44 216.90 1.1500 0.1500 150.01 139.77

0.002 282.81 216.90 1.3039 0.3039 151.91 132.68
0.003 319.82 216.90 1.4745 0.4745 158.17 129.44

0.004 353.89 216.90 1.6316 0.6316 157.89 122.39
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0 0.001 0.002 0.003 0.004 0.005
concentration (g/100ml)

Figure B2 Plot of reduced viscosity ( rๆed) and inherent viscosity (ๆinh) versus 
concentration of Permafloc 2525.

The intrinsic viscosity, [ทุ], could be determined from y-intercept. The 
viscosity-average molecular weight of Permafloc 2525 was calculated base on Mark- 
Houwink equation.

[ทุ] = KMa
where [ทุ] is intrinsic viscosity, M is viscosity-average molecular weight, K and a are 
constants. For polyacrylamind:

K = 6 .5 x 1 0'3 ml/g
a = 0.82
y-intercept = 146.0
From calculation; M = 5.57xl07
The viscosity-average molecular weight of Permafloc 2525 obtained from 

the calculation was 5.57xl07
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Table B3 The data of relative viscosity (Orel), specific viscosity (Osp), reduced 
viscosity (r|red) and inherent viscosity (r|inh) of Wachem Floctex 2602

Concentration 
(g/100ml) t (sec) to (sec) Orel Osp Ored ๆ inh

0.001 249.88 216.90 1.1520 0.1520 152.04 141.53

0.002 290.29 216.90 1.3384 0.3384 169.18 145.72

0.003 330.04 216.90 1.5216 0.5216 173.88 139.93

0.004 368.42 216.90 1.6986 0.6986 174.64 132.44

Figure B3 Plot of reduced viscosity (r|red) and inherent viscosity (r|inh) versus 
concentration of Wachem Floctex 2602.

The intrinsic viscosity, [ๆ ], could be determined from y-intercept. The 
viscosity-average molecular weight of Wachem Floctex 2602 was calculated base on 
Mark-Houwink equation.

[ๆ ] = KM3
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where [ฦ] is intrinsic viscosity, M is viscosity-average molecular weight, K and a are 
constants. For polyacrylamind:

K = 6.5x1 O'3 ml/g
a = 0.82
y-intercept = 148.7
From calculation; M = 5.70xl07
The viscosity-average molecular weight of Wachem Floctex 2602 obtained 

from the calculation was 5.70x1 o7

Table B4 The data of relative viscosity (ๆ rei), specific viscosity (ทุรp), reduced 
viscosity (Pred) and inherent viscosity (r|inh) of Wachem Floctex 2431

Concentration 
(g/100ml) t(sec) to (sec) O re l h s p O r e d h i n h

0.001 246.45 216.90 1.1362 0.1362 136.22 127.71

0.002 286.44 216.90 1.3206 0.3206 160.30 139.05

0.003 321.65 216.90 1.4829 0.4829 160.98 131.34

0.004 361.08 216.90 1.6647 0.6647 166.18 127.41
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Figure B4 Plot of reduced viscosity ( rๆed) and inherent viscosity (ๆinh) versus 
concentration of Wachem Floctex 2431.

The intrinsic viscosity, [ๆ ], could be determined from y-intercept. The 
viscosity-average molecular weight of Wachem Floctex 2431 was calculated base on 
Mark-Houwink equation.

[ๆ] = KMa
where [ๆ ] is intrinsic viscosity, M is viscosity-average molecular weight, K and a are 
constants. For polyacrylamind:

K = 6.5x1 O'3 ml/g
a = 0.82
y-intercept = 133.4
From calculation; M = 4.99x107
The viscosity-average molecular weight of Wachem Floctex 2431 obtained 

from the calculation was 4.99x 1 o7
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Table B5 The data of relative viscosity (ๆrei), specific viscosity (ทุรp), reduced 
viscosity (r|red) and inherent viscosity (r|inh) of Wachem Floctex 2413

Concentration 
(g/100ml) t(sec) to (sec) Orel ทุรp ทุred ทุ!ทh

0.001 244.78 216.90 1.1286 0.1286 128.55 120.94

0.002 280.51 216.90 1.2933 0.2933 146.63 128.59

0.003 312.14 216.90 1.4391 0.4391 146.36 121.33

0.004 340.09 216.90 1.5680 0.5680 141.99 112.45

Figure B5 Plot of reduced viscosity (ทุred) and inherent viscosity (ทุinh) versus 
concentration of Wachem Floctex 2413.

The intrinsic viscosity, [ทุ], could be determined from y-intercept. The 
viscosity-average molecular weight of Wachem Floctex 2413 was calculated base on 
Mark-Houwink equation.

[ทุ] = KMa
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where [ๆ ] is intrinsic viscosity, M is viscosity-average molecular weight, K and a are 
constants. For polyacrylamind:

K 6.5 X  10'3 ml/g
a = 0.82
y-intercept = 129.9
From calculation; M = 4.83xl07
The viscosity-average molecular weight of Wachem Floctex 2413 obtained 

from the calculation was 4.83 xio7
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Appendix c  Mathematic modeling

The thermal decomposition of the sludge can be expressed by

R T ’Inf F(x)ไ 04<II (  2RT ไl T2 J PEai l F ai J
where

F(x) =
-  ln(l -  x)
1 -  (1 -  X )1-"

1 -n

ท = 1 
ท * ! -

The independent pseudo bi-component model is applied for the weight loss 
of the sludge.

dx,
dx
dT

dT
dx 1
dT

พ ,0 < w  < พ 100

พ , .  =  พ 20 <  พ  <  พ 2»

The DTG data were divided into two temperature intervals. A plot of

Inf  F(x)"
T S

1against Y should result in a straight line of the slope — J and the y-

intercept In A;R 1 2RT
PF-ai V F  ai J

for the correct reaction order as shown in Figure Cl-

C12. Activation energy (Eai) and pre-exponential factor (Ai) of each section can be 
calculated from the slope and y-intercept, respectively.
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1/T (K'1)
0.0015 0.0017 0.0019 0.0021 0.0023 0.0025

Figure Cl Relationship between Inf  F (xp
T 2 V 1

1and -  with equation and R2, ท = 1.6,

of first reaction zone of original sludge pyrolysis (120-365°C) for 5°c/min heating 
rate.

lfTiTC1)
0.0010 0.0012 0.0014 0.0016

Figure C2 Relationship between Inf  F(x)^
V T 2 y

and i  with equation and R2, ท = 3.0,

of second reaction zone of original sludge pyrolysis (365-680°C) for 5°c/min heating
rate.
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0.0015 0.0017 0.0019^ 0.0021 0.0023 0.0025

Figure C3 Relationship between In^F(x)^
V 1 2

and i  with equation and R2, ท = 1.4,

of first reaction zone of original sludge pyrolysis (120-380°C) for 10°c/min heating 
rate.

0.0010 0,0121Ar(K  ̂0.0014 0.0016

Figure C4 Relationship between In F(x) 1 2 and -  with equation and R , ท = 3.6,

of second reaction zone of original sludge pyrolysis (380-680°C) for 10°c/min
heating rate.
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1/T (K'1)
0.0014 0.0016 0.0018 0.0020 0.๓22 0.0024 0.0026

Figure C5 Relationship between Inf F(x)  ̂
T2 and i  with equation and R2, ท = 1.3,V 1 y

of first reaction zone of original sludge pyrolysis (120-400°C) for 20°c/min heating 
rate.

1/T (K'1)
0 . 0 0 1 0  0 . 0 0 1 2  0 . 0 0 1 4  0 . 0 0 1 6

Figure C6 Relationship between In F(x)
l  T2

1 2and ะ- with equation and R , ท = 3.8,

of second reaction zone of original sludge pyrolysis (400-680°C) for 20°c/min
heating rate.
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1/T (K"1)
0.0015 0.0017 0.0019 0.0021 0.0023 0.0025

Figure C7 Relationship between In^F(x)  ̂
T2

1 2and -  with equation and R , ท = 1.4,
V 1 y

of first reaction zone of treated sludge pyrolysis (120-340°C) for 5°c/min heating 
rate.

i y r ( K _1)
0.0010 0.0012 0.0014 0.0016

Figure C8 Relationship between In( F(x)^
V T 2 y and 1  with equation and R2, ท = 1.8,

of second reaction zone of treated sludge pyrolysis (340-680°C) for 5°c/min heating
rate.
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1/T (K '1)
0.0015 0.0017 0.0019 0.0021 0.0023 0.0025

Figure C9 Relationship between Inf  F(x)^
T2

1 2and Y  with equation and R , ท = 1.4,
V i y

of first reaction zone of treated sludge pyrolysis (120-340°C) for 10°c/min heating 
rate.

1/T (K_1)
0.0010 0.0012 0.0014 0.0016

Figure CIO Relationship between Inf  F ( x ) n

๙ / and Y with equation and R“, ท = 1.7,

of second reaction zone of treated sludge pyrolysis (340-680°C) for 10°c/min heating
rate.



60

1/T (K-l)
0.0015 0.0017 0.0019 0.0021 0.0023 0.0025

Figure Cl 1 Relationship between Inf  F(x)^
T2 and i  with equation and R2, ท = 1.3,

V 1 y

of first reaction zone of treated sludge pyrolysis (120-340°C) for 20°c/min heating 
rate.

1/T (K"1)
0.001 0.0012 0.0014 0.0016 0.0018

Figure C12 Relationship between In^F(x)^
T2 and I  with equation and R2, ท = 1.5,

V A y

of second reaction zone of treated sludge pyrolysis (340-680°C) for 20°c/min heating
rate.
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The pre-exponential factor ( A j )  of each section can be calculated from

y -  int ercept A„ L 2RT^
p̂ ai v ,

Then, the values of A i  at various temperature are plotted to express the 
relationship between A j  and T. The relationship between A j  and T are shown in Table 
Cl.

Table C l The relationship between pre-exponential factor (A) and temperature (T)

Type of 
sludge

Heating
(°c/min)

Reaction
step Relation function Temperature 

range(K)

Original
sludge

5
1 A(T) = 0.3219T2+575.29T+2x106 120-365
2 A(T) = 4019.8T2+2xl07T+2xl0n 365-680

10
1 A(T) = 0.0649T2+93.308T+334664 120-380
2 A(T) = 2x108T2+2x1012T+2x1016 380-680

20
1 A(T) = 0.0394T2+55.848T+202610 120-400
2 A(T) = 4xl010T2+4xl014T+6xl0a 400-680

Treated
sludge

5
1 A(T) = 0.0329T2+38.212T+127428 120-340
2 A(T) = 0.0214T2+34.924T+177664 340-680

10
1 A(T) = 0.048T2+62.097T+211095 120-340
2 A(T) = 0.0132T2+19.395T+97900 340-680

20
1 A(T) = 0.0302T2+67.171T+230037 120-340
2 A(T) = 0.0074T2+9.6915T+48841 340-680
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Refined Ai can be obtained from

jAi(T)dT

The values of pre-exponential are shown in Table C2. 

Table C2 Pre-exponential factor of each temperature range

Type of 
sludge

Heating rate
( ° c /m in )

Reaction
step A (min'1) Temperature 

range (K)

5
1 2 .39X 106 120-365

2 2 .1 8 X 1 0 11 3 6 5 -6 8 0

Original 10
1 4 .0 2 x 1 0 s 120-380

sludge 2 2 .1 7 X 1 0 16 3 8 0 -6 8 0

20
1 2 .4 4 x 1 0 s 1 20-400

2 6 .3 5 X 1 0 18 4 0 0 -6 8 0

5
1 1 .5 5 x 1 0 s 120-340

2 2 .1 8 x 1 0 s 3 4 0 -6 8 0

Treated 10
1 2 .5 5 x 1 0 s 120-340

sludge 2 1 .2 1 x 1 0 s 3 4 0 -6 8 0

20
1 2 .7 7 x 1 0 s 120-340

2 6 .10X 104 3 4 0 -6 8 0
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In order to obtain the refined Eai, the va lu es activation  en ergy  for each  
tem perature w ere calculated.

f ( E a1) =  In - ๒  A 'R ' 2R T  ไ
l  T 2 ; P E ai l  E ai J +  ^  =  0 RT

N um erical m ethod is used to so lve  this equation. The va lu es activation  
energy are sh ow n  in T able C3.

Table C3 A ctivation  energy o f  each tem perature range

T ype o f  
sludge

H eating rate 
(°c /m in )

R eaction
step Ea (kJ/m ol) Tem perature 

range (K )

O riginal
sludge

5
1 55.58 120-365

2 138.25 3 6 5 -6 8 0

10
1 50.15 120-380

2 2 0 3 .3 9 3 8 0 -6 8 0

20
1 50.36 120-400

2 2 3 9 .6 7 4 0 0 -6 8 0

Treated
sludge

5
1 44 .55 120-340

2 66 .09 3 4 0 -6 8 0

10
1 4 6 .7 4 120-340

2 63 .34 3 4 0 -6 8 0

20
1 4 7 .4 9 120-340

2 60 .72 3 4 0 -6 8 0
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