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Appendix A

Pre Laboratory Test
Stone testes

Test 1: No washed in tap water and place in DI water,

Lime stone
Sample no. pH Aik (mg/l as CaC03)
1 1.30 40
2 1.24 40
Spinel mineral
Sample no. pH Aik (mg/1 as CaC03)
1 1.25 30
2 1.23 30
Test 2: Washed in tap water before placed in DI water
Lime stone
Sample no. pH Aik (mg/l as CaC03)
1 151 60
2 7.46 60
Spinel mineral
Sample no. pH Aik (mg/1 as CaC03)
1 1.34 30
2 7.28 30
Test 3: No washed in tap water and place in pH 5 solution.
Lime stone
Sample no. pH Aik (mg/l as CaC03) WtDiff(g)
1 5.49 11,800 2.05
2 5.44 12,000 1.71
Spinel mineral
Sample no. H Aik (mg/l as CaC03) WtDiff(g)
1 307 4,740 0.3
2 5.06 4,680 0.35
Test 4: Washed in tap water before placed in pH 5 solution.
Lime stone
Sample no. {PH Aik (mg/l as CaC03) wt Diff(g)
1 46 11,000 191
2 5.48 11,500 1.61
Spinel mineral
Sample no. E?H Aik (mg/l as CaC03 Wt Diff(g)
1 07 4,490 043
2 5.07 4,430 0.45



Appendix B

Qualities of Dewatered Sludge

BOD 8.7 mg/L

CoD 760,000 mg/L
Alkalinity 2,060 mg/L as CaCos
Moisture Content 90% of sludge

Total Solid (TS) 10% of sludge

Total Volatile Solid (TVS) 20% of TS

Void Space (water/mixture) 0.5

Void Space (water/stone) 0.3

pH 6.5



Appendix ¢

The data of Experiment startup and operation

Before ORP so/ (mlh 2 (mgly)
added

Zinc A B A B A B
35 104 2074 1929 037 o012

[EEN

2 20.1 1.3 18.89  19.01 0.88 0.57
3 18.2 51 1767 1894  0.97 0.71
4 13.9 17 1521 1873 1.13 0.87
5 2.9 -5.3 1229 1754 1.16 0.93
6 -2.6 -8.5 1198  17.32 1.98 3.12
I -5.9 -20.9 1159  16.97 2.21 4.69
8 -20.5 302 1138 1558 3.17 5.94
9 -25.2 -34.1 11.11 15.28 3.49 6.45
10 -35.8 -40.4 1086  14.89 4.68 1.14
11 402 <447 1038 0 1431 501 8.89
12 -48.1 534 1015 1375 4.89 10.89
13 529 -60.3 9.92 12.89 6.97 10.93
14 562 -63.2 9.91 12.85 7.05 11.98
15 -59.6  -69.4 9.52 12.19 1.11 12.21
16 -64.1 -77.9 9.21 11.87 7.69 12.89
17 -66.8  -19.2 8.75 11.07 1.54 13.37
18 -68.4  -80.2 8.39 10.39 8.15 13.54
19 811 903 832 1008 9.02 1576
20 -89.1 -94.7 7.68 8.17 9.45 16.45
21 -89.3  -100.7  6.87 7.69 1077 2171
22 912 -1009 6.5 7.44 1087  22.43
23 943 1097 6.49 6.87 1094  22.56
24 955  -1148 589 6.12 1283 2421
25 -1008 -1228  4.32 578 1298 2412
26 -1001  -1229 419 5.12 1268 2743
21 -1005  -125.7  4.18 4,99 1275 27.63
28 -99.2  -1247 411 4.78 1271 2758
29 -99.9  -1229 412 4.83 1268  27.65
30 -100.8  -1234 421 4.73 1276 27.61
31 -1002 -1249  4.18 4.85 1272 2759



The data of Experiment startup and operation (cont.)

Before ~ Phosphate (mg/L) NH3 (ML) COD (mg/L)
added

Zinc A B A B A B
5460 6130

—

195.8 2357 226.7 2719

O 4O o1~ WwN

5410 6110

| N N N el el e e
OO 4o Ul ~WWN PO

5420 6080

RO RO PO N NN
Gl &~ WN O

5430 6090

o
[@p)

27 189.8 222.8 218.2  265.7

28

29

30 184.6 2199 2149 2556

31 5400 6090



The data of Experiment startup and operation (cont.)

Before
added
Zinc

A
1.12
1.04
1.11
1.09
1.19
1.15
1.17
1.04
1.08
111
1.06
113
1.05
1.12
1.09
1.12
1.07
1.02
1.09
1.12
1.02
1.08
1.03
1.12
1.06
1.09
1.12
1.09
1.15
1.07
1.06

B
1.04
1.11
1.06
1.14
1.04
1.09
1.18
1.13
1.02
1.06
1.11
1.02
1.08
1.11
1.06
1.03
1.09
1.11
1.05
1.02
1.06
1.12
1.03
1.09
1.02
1.11
1.14
1.02
1.07
1.13
1.07

Gas (mL)
A B

10
5 10
10 10
10 10
10 10
10 10
10 10
10 10
10 10

Alkalinity
(mglL)

A B
769.1  819.2
7613 809.1
7588  805.3
7553 8014

7151.2

7193.1



Appendix D

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

Added Of
Zinc [Oppm

Control
10 min
30 min
Ih
1.5h
2h

3h
Day 2
Day 3
Day 4
Day 5
Day e
Day 7

Added Of
Zinc [0Oppm
Control
10 Min

30 min

Ih

1.5h

2h

3h

Day 2
Day 3
Day 4
Day 5
Day e
Day 7

pH

A B
7.06 7.11
7.05 1.1
7.09 7.12
7.01 7.05
6.95 7.08
7.03 6.99
6.98 7.07
7.07 7.04
7.02 7.11
1.1 7.05
7.05 7.04
7.09 7.09
7.01 1.11

so42 (mlll)

A B
4.22 4,71
4.49 49
4.66 5.32
5.23 511
5.84 6.52
6.51 7.12
1.23 8.20
6.38 8.09
6.12 8.28
6.34 8.11
6.55 8.28
6.21 8.31
6.49 8.01

ORP

A B
-101.2  -122.9
-101.3 1225
-1001  -121.3
-99.5 -121.3
-99.3 -121.5
-98.1 -120.1
-97.3 -117.3
-98.8 -115.2
-100.1 = -112.8
-101.5  -1185
-1001  -120.9
-1005  -1195
-99.8 -119.1

2 (mgl)

A B
12.73 21.58
1271 2151
12.34 26.72
12.01 26.17
11.83 25.80
11.28 25.11
10.55 24.31
10.76 24.12
11.11 24.69
11.02 24.11
11.05 23.89
10.91 24.43
11.56 24.09

Cone. Of Zinc
(mg/y

A B

0.81 0.97
0.78 0.95
0.81 0.99
0.81 1.04
0.83 1.08
0.82 1.07
0.85 1.11
0.91 1.04
0.92 0.99
0.86 1.02
0.89 0.97
0.92 1.04
0.87 101



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

Added Of
Zinc
|Oppm
Control
10 Min
30 min
Ih

1.5h
2h

3h
Day 2
Day 3
Day 4
Day 5
Day e
Day 7

Added Of
Zinc
|Oppm
Control
10 Min
30 min
Ih

1.5h
2h

3h
Day 2
Day 3
Day 4
Day 5
Day 6
Day 7

P04 (mg/L)

A B A
1845  219.7 2149
1839  219.2 2146
1845 2186 2138
1835 2182 2131

Gas (mL)

A B A

10 5 750.8

5 5

10 10

5 10

748.3

NH (L)

254.7

254.8

254.1
Alkalinity (mg/L)

B
192.9

192.1

COD (mg/L)

B A B
255.6 5410 6110
5400 6100
5380 6080



The result after the first addition of 10 mg/L of Zinc.
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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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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 of 50 mg/L of Zinc.

50ppm
15t

Control
10 Min
30 min
Ih
1.5h
2h

3h
Day 2
Day 3
Day 4
Day 5
Day e
Day 7
Day s
Day 9

50ppm
15t

Control
10 Min
30 min
Ih
1.5h
2h

3h
Day 2
Day 3
Day 4
Day 5
Day e
Day 7
Day s
Day 9

A B
71.03 7.09
7.09 7.06
71.12 1.12
7.05 7.08
7.11 7.11
7.03 7.15
7.08 1.07
71.12 1.12
7.06 7.1
7.08 7.06
712

7.09
7.06
7.11
7.08
Cone. Of Zinc

(mgh)

A B
0.85 1.03
0.87 1.07
0.92 1.09
10.43 13.12
19.12  14.89
22,76 14.02
23.12  13.89
24.12 8.12
24.17 5.59
24.13 5.02
24.16
24.10
24.24
24.19
24.15

ORP
A B
-1002 -119.9
-99.9  -119.1
-988  -118.7
-99.3  -119.4
988  -1201
-99.1  -118.6
-99 -118.2
-98.6  -1194
991  -119s
995  -1204
-98.9
-99.2
-99.1
-98.8
-98.7
P04
A B
1835 2181
215.8
179.9
176.4

S042'(mlfy)
A B
6.45 1.98
6.4 191
6.49 1.97
6.43 1.93
6.36 1.86
6.42 791
6.39 1.88
6.33 .81
6.29 1.76
6.31 .81

6.37
6.32
6.29
6.28
6.25
nhs
A B
2131 2540
253.8
211.2
212.3

11.49
11.44
1131
11.39
11.14
11.2
11.13
11.25
11.19
11.16
11.14
11.09
11,01
10.97
11.07



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

50ppm
1st

Control
10 Min
30 min
Ih
1.5h
2h

3h
Day 2
Day 3
Day 4
Day 5
Day e
Day 7
Day s
Day 9

Gas (mL)
A B
5 10
5 5
10 5
10
5
5

COD Alka inity
A B A B
5370 6060 7473 7911

188.2
6040

5350

746.5
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.)
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i)

Control
10 min
30 min
h
1.5h
2h

3h
Day 2
Day 3
Day 4
Day 5
Day 6
Day 7

50 ppm 2nd

(N)

Control
10 min
30 min
Ih
1.5h
2h

3h
Day 2
Day 3
Day 4
Day 5
Day 6
Day 7

pH

N
1.09
113
1.05
1.01
1.07
1.09
1.11
1.08
1.04
11
1.05
1.11
1.09

po4
N
213.6

2117

212.6

ORP

N

-121.2
-119.8
-120.5
-119.2
-119.5
-118.9
-119.6
-120.3
-122.1
-121.7
-120.5
-119.2
-119.4

nh3

N
251.8

249.7

248.9

Appendix F
The data after the third addition of 50 mg/L of Zinc.

1S

N
1.75
181
1.79
8.13
8.34
8.29
8.31
8.44
8.37
8.22
8.25
8.19
8.21

COD

N
6040

6040

6030

g C%?a()f (6%3
m inc  (m
o ol

N N N
24.15 5.08 5
24.07 5.15
24.11 511
20.45 28.31
20.08 30.89
18.19 35.87
17.89 36.57
17.96 36.49 10
17.67 36.56
17.24 36.13 5
17.15 36.21

17.18 36.16 10
17.10 36.13 10

Alkalinity
N
788.1

1873

87.1



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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