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A P P E N D I C E S



Appendix A

P re  L a b o ra to ry  T es t
S to n e  testes
T e s t 1 : N o w ashed in tap w ater and place in D I water. 
L im e stone

Sam ple no. pH A ik (mg/1 as C a C 0 3)
1 7.30 40
2 7.24 40

Spinel m ineral
Sam ple no. pH A ik (mg/1 as C a C 0 3)

1 7.25 30
2 7.23 30

T e s t 2: W ashed in tap w ater before placed in D I water 
L im e stone

Sam ple no. pH A ik (mg/1 as C a C 0 3)
1 7 51 60
2 7.46 60

Spinel m ineral
Sam ple no. pH A ik (mg/1 as C a C 0 3)

1 7.34 30
2 7.28 30

T e s t 3: N o w ashed in tap w ater and place in pH 5 solution. 
L im e stone

Sam ple no. pH A ik (mg/1 as C a C 0 3) W tD if f (g )
1 5.49 11,800 2.05
2 5.44 12,000 1.71

Spinel m ineral
Sam ple no. pH A ik (mg/1 as C a C 0 3) W tD if f (g )

1 5.07 4,740 0.3
2 5.06 4,680 0.35

T e s t 4: W ashed in tap w ater before placed in pH  5 solution. 
L im e stone

Sam ple no. pH A ik (mg/1 as C a C 0 3) w t  D iff(g )
1 5.46 11,000 1.91
2 5.48 11,500 1.61

Spinel m ineral
Sam ple no. pH A ik (mg/1 as C a C 0 3) W t D iff(g )

1 5.07 4,490 0.43
2 5.07 4,430 0.45



Appendix B

Q u a litie s  o f D ew ate red  S ludge

BO D 8.7 m g/L
COD 760,000 m g/L
A lkalinity 2,060 m g/L  as C aC 03
M oisture C ontent 90%  o f  sludge
Total Solid (TS) 10% o f  sludge
Total V olatile Solid (TVS) 20%  o f  TS
V oid Space (w ater/m ixture) 0.5
V oid Space (w ater/stone) 0.3
pH 6.5



Appendix c

The data o f  Experiment startup and operation

B efo re
a d d e d
Z in c

O R P s o /  (m l/1) ร 2' (m g /1)

A B A B A B
1 35 10.1 20.74 19.29 0.37 0.12
2 20.1 7.3 18.89 19.01 0.88 0.57
3 18.2 5.1 17.67 18.94 0.97 0.71
4 13.9 1 7 15.21 18.73 1.13 0.87
5 2.9 -5.3 12.29 17.54 1.16 0.93
6 -2.6 -8.5 11.98 17.32 1.98 3.12
7 -5.9 -20.9 11.59 16.97 2.21 4.69
8 -20.5 -30.2 11.38 15.58 3.17 5.94
9 -25.2 -34.1 11.11 15.28 3.49 6.45
10 -35.8 -40.4 10.86 14.89 4.68 7.14
11 -40.2 -44.7 10.38 14.31 5.01 8.89
12 -48.1 -53.4 10.15 13.75 4.89 10.89
13 -52.9 -60.3 9.92 12.89 6.97 10.93
14 -56.2 -63.2 9.91 12.85 7.05 11.98
15 -59.6 -69.4 9.52 12.19 7.11 12.21
16 -64.1 -77.9 9.21 11.87 7.69 12.89
17 -66.8 -79.2 8.75 11.07 7.54 13.37
18 -68.4 -80.2 8.39 10.39 8.15 13.54
19 -87.1 -90.3 8.32 10.08 9.02 15.76
20 -89.1 -94.7 7.68 8.17 9.45 16.45
21 -89.3 -100.7 6.87 7.69 10.77 21.71
22 -91.2 -100.9 6.55 7.44 10.87 22.43
23 -94.3 -109.7 6.49 6.87 10.94 22.56
24 -95.5 -114.8 5.89 6.12 12.83 24.21
25 - 100.8 - 122.8 4.32 5.78 12.98 24.12
26 - 100.1 -122.9 4.19 5.12 12.68 27.43
27 -100.5 -125.7 4.18 4.99 12.75 27.63
28 -99.2 -124.7 4.11 4.78 12.71 27.58
29 -99.9 -122.9 4.12 4.83 12.68 27.65
30 - 100.8 -123.4 4.21 4.73 12.76 27.61
31 - 100.2 -124.9 4.18 4.85 12.72 27.59



The data of Experiment startup and operation (cont.)
B efo re
a d d e d
Z in c

P h o sp h a te  (m g/L) N H 3  (mh/L) C O D  (m g/L )

A B A B A B
1 5460 6130
2 195.8 235.7 226.7 271.9
3
4
5
6

7
8

9 5410 6110
10

11

12

13
14
15
16
17
18
19 5420 6080
20

21

22

23
24
25 5430 6090
26
27 189.8 222.8 218.2 265.7
28
29
30 184.6 219.9 214.9 255.6
31 5400 6090



The data of Experiment startup and operation (cont.)
B efo re
a d d e d
Z in c

pH G as (m L ) A lka lin ity
(m g/L )

A B A B A B
1 7.12 7.04 769.1 819.2
2 7.04 7.11
3 7.11 7.06
4 7.09 7.14
5 7.19 7.04 10
6 7.15 7.09
7 7.17 7.18
8 7.04 7.13
9 7.08 7.02 5 10
10 7.11 7.06 761.3 809.1
11 7.06 7.11
12 7.13 7.02 10 10
13 7.05 7.08
14 7.12 7.11
15 7.09 7.06 10 10
16 7.12 7.03
17 7.07 7.09 758.8 805.3
18 7.02 7.11 10 10
19 7.09 7.05
20 7.12 7.02
21 7.02 7.06 10 10
22 7.08 7.12
23 7.03 7.03
24 7.12 7.09 755.3 801.4
25 7.06 7.02 10 10
26 7.09 7.11
27 7.12 7.14
28 7.09 7.02 10 10
29 7.15 7.07
30 7.07 7.13 10 10
31 7.06 7.07 751.2 793.1



Appendix D

The data after the first addition o f  10 m g/L o f  Zinc.

A d d e d  O f 
Z in c  lO ppm

p H O R P C one. O f  Z inc  
(m g/1)

A B A B A B
C ontrol 7.06 7.11 - 101.2 -122.9 0.81 0.97
10 m in 7.05 7.1 -101.3 -122.5 0.78 0.95
30 m in 7.09 7.12 - 100.1 -121.3 0.81 0.99
lh 7.01 7.05 -99.5 -121.3 0.81 1.04
1.5h 6.95 7.08 -99.3 -121.5 0.83 1.08
2h 7.03 6.99 -98.1 - 120.1 0.82 1.07
3h 6.98 7.07 -97.3 -117.3 0.85 1.11

D ay 2 7.07 7.04 -98.8 -115.2 0.91 1.04
D ay 3 7.02 7.11 - 100.1 - 112.8 0.92 0.99
D ay 4 7.1 7.05 -101.5 -118.5 0.86 1.02

D ay 5 7.05 7.04 - 100.1 -120.9 0.89 0.97
D ay 6 7.09 7.09 -100.5 -119.5 0.92 1.04
D ay 7 7.01 7.11 -99.8 -119.1 0.87 1 01

A d d e d  O f  
Z in c  lO ppm

S O 4 2'  (m l/I) ร 2' (m g/1)
A B A B

Control 4.22 4.71 12.73 27.58
10 m in 4.49 4.9 12.71 27.51
30 m in 4.66 5.32 12.34 26.72
lh 5.23 5.71 12.01 26.17
1.5h 5.84 6.52 11.83 25.80
2h 6.51 7.12 11.28 25.11
3h 7.23 8.20 10.55 24.31
D ay 2 6.38 8.09 10.76 24.12
D ay 3 6.12 8.28 11.11 24.69
D ay 4 6.34 8.11 11.02 24.11
D ay 5 6.55 8.28 11.05 23.89
D ay 6 6.21 8.31 10.91 24.43
D ay 7 6.49 8.01 11.56 24.09



The data after the first addition of 10 mg/L of Zinc (Cont.).

A d d e d  O f
Z in c
lO ppm

P 0 4  (m g/L ) N H 3 (mg/L) C O D  (m g/L )

A B A B A B
C ontrol 184.5 219.7 214.9 255.6 5410 6110
10 m in
30 m in
lh
1.5h
2h
3h
D ay 2 183.9 219.2 214.6 254.7
D ay  3 5400 6100
D ay  4
D ay 5 184.5 218.6 213.8 254.8
D ay 6 5380 6080
D ay 7 183.5 218.2 213.1 254.1

A d d e d  O f
Z inc
lO ppm

G as (m L ) A lk a lin ity  (m g/L )

A B A B
C ontrol 10 5 750.8 792.9
10 m in
30 m in
lh
1.5h
2h
3h
D ay 2 5 5
D ay  3
D ay  4 10 10

D ay 5
D ay 6 5 10

D ay 7 748.3 792.1



The result after the first addition of 10 mg/L of Zinc.

Time after added Zinc (mins)
Reactor A Reactor B

R e ac to r  A R e ac to r  B



The result after the first addition of 10 mg/L of Zinc (Cont.).



The result after the first addition of 10 mg/L of Zinc (Cont.).
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The result after the first addition of 10 mg/L of Zinc (Cont.).
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Appendix E

The data after the second addition o f  50 m g/L o f  Zinc.

50ppm
1 st

pH ORP SO42" (ml/1) ร2' (mg/1)

A B A B A B A B
C ontrol 7.03 7.09 - 100.2 -119.9 6.45 7.98 11.49 24.12
10 m in 7.09 7.06 -99.9 -119.1 6.4 7.91 11.44 24.08
30 m in 7.12 7.12 -98.8 -118.7 6.49 7.97 11.31 24.16
lh 7.05 7.08 -99.3 -119.4 6.43 7.93 11.39 24.02
1.5h 7.11 7.11 -98.8 - 120.1 6.36 7.86 11.14 24.08
2h 7.03 7.15 -99.1 -118.6 6.42 7.91 11.2 23.97
3h 7.08 7.07 -99 -118.2 6.39 7.88 11.13 24.01
D ay  2 7.12 7.12 -98.6 -119.4 6.33 7.81 11.25 24.09
D ay 3 7.06 7.1 -99.1 -119 8 6.29 7.76 11.19 24.02
D ay 4 7.08 7.06 -99.5 -120.4 6.31 7.81 11.16 24.29
D ay 5 7.12 -98.9 6.37 11.14
D ay 6 7.09 -99.2 6.32 11.09
D ay 7 7.06 -99.1 6.29 11.01
D ay 8 7.11 -98.8 6.28 10.97
D ay  9 7.08 -98.7 6.25 11.07

50ppm
1 st

Cone. O f Zinc 
(mg/1)

P 04 n h 3

A B A B A B
C ontrol 0.85 1.03 183.5 218.1 213.1 254.0
10 m in 0.87 1.07
30 m in 0.92 1.09
lh 10.43 13.12
1.5h 19.12 14.89
2h 22.76 14.02
3h 23.12 13.89
D ay 2 24.12 8.12

D ay 3 24.17 5.59
D ay 4 24.13 5.02 215.8 253.8
D ay 5 24.16 179.9
D ay 6 24.10 211.2
D ay 7 24.24
D ay 8 24.19
D ay 9 24.15 176.4 212.3



The data after the second addition of 50 mg/L of Zinc (Cont.).
50ppm
1st Gas (mL) COD Alka inity

A B A B A B
C ontrol 5 10 5370 6060 747.3 791.1
10 m in
30 m in
lh
1.5h
2h
3h
D ay 2 5 5
D ay  3 788.2
D ay  4 10 5 6040
D ay  5
D ay  6 10 5350
D ay  7
D ay  8 5 746.5
D ay  9 5 5310



The result after the second addition of 50 mg/L of Zinc.
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The result after the second addition of 50 mg/L of Zinc (Cont.).
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The result after the second addition of 50 mg/L of Zinc (Cont.)

6100 -|--------------------------------------------------------------------------------- --------------------------------------------------------------------------

6000

5900

5800

ผเ 5700

§  5600บ
5500

5400
♦

5300 *

5200 --------------- T---------------1--------------- 1--------------- I---------------T---------------T---------------T---------------1--------------- T---------------
0 1 2 3 4 5 6 7 8 9  10

Time after added Zinc (days)
—♦— R e ac to r  A R e a c to r  B



A ppendix F

The data after the third addition of 50 mg/L of Zinc.
50 ppm
2nd (N)

pH ORP ÏÏS (mg/I)
Cone. O f 

Zinc 
(mg/1)

Gas
(mL)

N N N N N N
Control 7.09 -121.2 7.75 24.15 5.08 5
10 m in 7.13 -119.8 7.81 24.07 5.15
30 m in 7.05 -120.5 7.79 24.11 5.11
lh 7.01 -119.2 8.13 20.45 28.31
1.5h 7.07 -119.5 8.34 20.08 30.89
2h 7.09 -118.9 8.29 18.19 35.87
3h 7.11 -119.6 8.31 17.89 36.57
D ay 2 7.08 -120.3 8.44 17.96 36.49 10
D ay 3 7.04 -122.1 8.37 17.67 36.56
D ay 4 7.1 -121.7 8.22 17.24 36.13 5
D ay 5 7.05 -120.5 8.25 17.15 36.21
D ay 6 7.11 -119.2 8.19 17.18 36.16 10
D ay 7 7.09 -119.4 8.21 17.10 36.13 10

50 ppm 2nd 
(N)

p o 4 n h 3 COD Alkalinity
N N N N

C ontrol 213.6 251.8 6040 788.1
10 m in
30 m in
lh
1.5h
2h
3h
D ay  2
D ay  3 211.7 249.7 6040 787.3
D ay 4
D ay 5
D ay 6 6030
D ay 7 212.6 248.9 787.1



The result after the third addition of 50 mg/L of Zinc.
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The result after the third addition of 50 mg/L of Zinc (Cont.).
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The result after the third addition of 50 mg/L of Zinc (Cont.).
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