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APPENDICES

Appendix A Dissolution Rate

The effluent, from the test section, was collected every 30 minutes and it was

analyzed with AAS for the calcium concentration. The samples were diluted 20 times
to fit AAS limitation. Scallop characteristics were obtained by taking photos every
30 minutes. Thickness of plaster pipe was measured every centimeter along the pipe
and calculated to get the dissolution rate profile along the pipe at the end of the test.
Moreover, pressure drop was also measured every 30 minutes between the inlet and
outlet of the conduit by pressure transducer.

A.l Dissolution Rate with Time
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Pressure Drop (Pa)

150.00
140.00
130.00
120.00
110.00
100.00
90.00
80.00
70.00
60.00
50.00

40.00 |
30.00 |
20.00 |
10.00 |
000 ‘-

—— 25LPM

M

e ¢ % S 3. °

v

& D
> v

0 30 60 90 120 150 180 210 240 270 300 330
Time (min)

Figure A.| Dissolution rate with time at pH7 and 30°c.
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Figure A.2 Dissolution rate with time at pH 10 and 30°c.

A 12 Effect ofDefect Size
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Figure A.3 Dissolution rate with time at different sizes of particles, 25°c, 100
defects/cm3and 25LPM.
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Figure A4 Dissolution rate with time at different sizes of particles, 25°c, 100
defects/cm3and 35LPM.

Table A.l' Average dissolution rate calculating from AAS at different sizes of initial
defects and 25 LPM.
0.21-0.25 mm 0.42-0.50 mm 0.500-0.707 mm

t{min) ol Pure Pla;tster 100 defectsiem3 100 defectsiem3 100 defects/icm3
30 0.283 2.036 3111 0.848
60 1.810 1.867 2.036 1.131
90 1414 1.188 3.620 3.903
120 1471 1.244 1.697 1.244
150 2489 2.715 1.697 3.337
180 3451 2.206 1.980 1131
210 2.376 3.337 2.941 4582
240 2.149 2.715 0.679 2.885
210 1810 0.735 1.923 2.545
300 1414 2432 1.640 3.055
1.867 2.048 2.133

T 1+ 4 by



62

Table A.2 Average dissolution rate calculating from AAS at different sizes of initial

defects and 35 LPM.
t(min) Pure Plaster
pa&@pilp -
0 1821
60 2.138
90 1821
120 3.009
150 3801
180 3.088
210 3.960
240 2930
210 3.168
300 3.088
, 882

* 2

0.21-0.25 mm 0.42-0.50 mm
100 def%s/cm;; 100 defects/cm3
2.455 4.276
5.068 3.722
1.584 6.098
5.623 1.821
2.217 2534
2.217 5.147
3.009 2.851
5.147 4831
3.088 3.405
0.950 1.109
3.136 3.5/9

0.500-0.707 mm
100 defectsicm3
5.147
3.168
4,039
1,682
6.256
1.901
2.138
2.138
4.752
1.980

gy



A 1.3 Effect of Defect Concentration
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Figure A.5 Dissolution rate with time at different concentrations of particles, 0.21-
0.25 mm, 25°c and 25LPM.
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Figure A.6 Dissolution rate with time at different concentrations of particles, 0.42-
0.50 mm, 25°c and 25LPM.
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Table A3  Average dissolution rate calculating from AAS at different
concentrations of initial defects at defect size of 0.21-0.25 mm and 25LPM.

021025 mm  0.21-0.25 mm

timin) Pure Plaster 50 defectsicm3 100 defects/cm3
30 0.283 1018 2.036
60 1810 1.301 1.867
90 1414 2.206 1.188
120 1471 3677 1.244
150 2.489 1414 2.7115
180 3451 1810 2.206
210 2.3716 1867 3.337
240 2.149 4073 2.715
270 1810 1.584 0.735
300 1414 0.792 2432

Average -
dissolution rate 1867 1.974 2.048

(9/m2min) ;e v ) oy e VIi S



Table A4

t(min) Pure Plaster
3 0.283
60 1810
% 1414
120 1471
150 2.489
180 3451
210 2.316
240 2.149
210 1.810
300 1414
Average
dissolution rate 1.867
(g/ma2min)
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5.00

4.00

3.00

2.00

1.00

0.00
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Average dissolution rate calculating from AAS at different
concentrations of initial defects at defect size of 0.42-0.50 mm and 25LPM.

0.42-050 mm  0.42-0.50 mm
50 defectsicm3 100 defects/cm3
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Figure A.7 Dissolution rate with time at different concentrations of particles, 0.21-
0.25 mm, 25°c and 35LPM.
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Figure A.8 Dissolution rate with time at different concentrations of particles, 0.42-
0.50 mm, 25°¢ and 35LPM.

Table A5  Average dissolution rate calculating from AAS at different
concentrations of initial defects at defect size 0f0.21-0.25 mm and 35LPM.

021-025mm  0.21-0.25 nm
50 defectsiom3 100 defects/cm3

v Pure Plaster

30 1821 2.613 2.455
60 2.138 1.505 5.068
90 1821 1.346 1.584
120 3.009 3.564 5.623
150 3801 5.385 2217
180 3.088 1.980 2.217
210 3.960 5.385 3.009
240 2.930 4910 5.147
270 3.168 3.247 3.088
300 3.088 0.792 0.950
Average
dissolution rate 2.883 3.136 3136

(g/mamin) Ve :lvik
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Table A6  Average dissolution rate calculating from AAS at different
concentrations of initial defects at defect size of 0.42-0.50 mm and 35LPM.

042050 mm  0.42-0.50 mm

t (min) Pure Praster 50 defectsiem3  100defects/cm3
30 1821 2.613 4.276
60 2.138 4514 3122
90 1821 2.693 6.098
120 3.009 3122 1821
150 3801 2.455 2.534
180 3.088 2.693 h.147
210 3.960 4910 2.851
240 2.930 4.197 4831
210 3.168 1.901 3405
300 3.088 5147 1.109

Average

dissolution rate 2.883 3.484 3579
(g/m2min) - x

¥ wm'V



A 14 Effect of Temperature
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Figure A9 Dissolution rate with time at different temperatures, pure plaster and

25LPM.
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Figure A.10 Dissolution rate with time at different temperatures, pure plaster and

35LPM.
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Figure A.Il Dissolution rate with time at different temperatures, 0.42-0.50 mm, 50
defects/cm3and 25LPM.
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Figure A.12 Dissolution rate with time at different temperatures, 0.42-0.50 mm, 50
defects/cm3and 35LPM.
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Figure A.13 Dissolution rate with time at different temperatures, 0.500-0.707 mm,
50defects/cm3and 25LPM.
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Figure A.14 Dissolution rate with time at different temperatures, 0.500-0.707 mm,
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Figure A.15 Dissolution rate with time at different temperatures, 0.21-0.25 mm,
100 defects/cm3and 25LPM.
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Figure A.16 Dissolution rate with time at different temperatures, 0.21-0.25 mm,
100 defects/cm3and 35LPM.
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Figure A.17 Dissolution rate with time at different temperatures, 0.42-0.50 mm,
100 defects/cm3and 25LPM.
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Figure A.18 Dissolution rate with time at different temperatures, 0.42-0.50 mm,
100 defects/cm3and 35LPM.
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Figure A.19 Dissolution rate with time at different temperatures, 0.500-0.707 mm,

100 defects/cm3and 25LPM,
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Figure A.20 Dissolution rate with time at different temperatures, 0.500-0.707 mm,

100 defects/cm3and 35LPM.
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A.2 Dissolution Rate along the Pipe Length
A.21 The Effect of Flow Rate
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Figure A.2L Dissolution rate along the pipe length under pH7 and 30°c.
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Figure A.22 Dissolution rate along the pipe length under pHIO and 30°c.



A.2.2 Effect ofDefect size
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Figure A.23 Dissolution along the pipe at different particle sizes, 100 defects/cm
25LPM and 25°c.
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Figure A.24 Dissolution along the pipe at different particle sizes, 100
defects/cm335LPM and 25°c.
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Table A7 Average dissolution rate calculating from the thickness of pipe at
different sizes of initial defects and 35 LPM.

s 100 25 2.144 35 3.324

i

%2?‘:% 100 25 2.423 35 3.566

o

0 0 2 D 0 08

Drice e o

Figure A.25 Dissolution along the pipe at different particle concentrations, 0.21-
0.25 mm, 25LPM and 25°.
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Figure A.26 Dissolution along the pipe at different particle concentrations, 0.21-
0.25 mm, 35LPM and 25°¢.

Table A8 Average dissolution rate calculating from the thickness of pipe at
different concentrations of initial defects and different flowrates.

0.21-0.25
0.21-0.25 25 1.97 35 3.05
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Figure A.27 Dissolution along the pipe at different particle concentrations, 0.42-
0.50 mm, 25LPM and 25°c.
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Figure A.28 Dissolution along the pipe at different particle concentrations, 0.42-
0.50 m, 35LPM and 25°c.
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Table A9 Average dissolution rate calculating from the thickness of pipe at
different concentrations of initial defects and different flowrate,

0.42-0.50
0.42-0.50 25 2.14 35 3.32

A.2.4 Effect of Temperature
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Figure A.29 Dissolution along the pipe at different temperatures, pure plaster, and
25LPM.
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Figure A.30 Dissolution along the pipe at different temperatures, pure plaster, and

35LPM.
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Figure A.31 Dissolution along the pipe at different temperatures, 0.21-0.25, 50
defects/cm3and 35LPM.
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Figure A.32 Dissolution along the pipe at different temperatures, 0.42-0.50, 50
defects/cm3and 25LPM.
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Figure A.33 Dissolution along the pipe at different temperatures, 0.42-0.50, 50
defects/cm3and 35LPM.
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Figure A.34 Dissolution along the pipe at different temperatures, 0.500-0.707, 50
defects/cm3and 25LPM.
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Figure A.35 Dissolution along the pipe at different temperatures, 0.500-0.707, 50
defects/cm3and 35LPM.
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Figure A.36 Dissolution along the pipe at different temperatures, 0.21-0.25, 100
defects/cm3and 25LPM.

5.00
4.50
4.00 |
350 |
3.00 |

2.50 |
2.00 |
1.50 |

1.00 |

0.50 |

0:00: Lo
0 10 20

—+—10C

——25C

Dissolution rate (g/m2min)

60 70 80

30 40 50
. Pipelength(cm)

Figure A.37 Dissolution along the pipe at different temperatures, 0.21-0.25, 100
defects/cm3and 35LPM.
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Figure A.38 Dissolution along the pipe at different temperatures, 0.42-0.50, 100
defects/cm3and 25LPM.
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Figure A.39 Dissolution along the pipe at different temperatures, 0.42-0.50, 100
defects/cm3and 35LPM.
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Figure A.40 Dissolution along the pipe at different temperatures, 0.500-0.707, 100
defects/cm3and 25LPM.
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Figure A41 Dissolution along the pipe at different temperatures, 0.500-0.707, 100
defects/cm3and 35LPM.
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Appendix B Pressure Drop

B.I The Effect of Flow Rate
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Table B.| Pressure drop under pH7 and 30°c.
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Figure B.2 Pressure drop under pH 10 and 30°c.
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B.2 Effect of Defect Size
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Figure B.3 Pressure drop at different size of particles, 100 defects/cm3 25°¢ and 25
LPM.
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Figure B.4 Pressure drop at different size of particles, 100 defects/cm3 25°c and 35
LPM.
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B.3 Effect of Defect Concentration
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Figure B.5 Pressure drop with time at different concentrations of particles, 0.21-
0.25 mm, 25°c and 25 LPM.
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Figure B.6 Pressure drop with time at different concentrations of particles, 0.21-
0.25 mm, 25°c and 35 LPM.
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Figure B.7 Pressure drop with time at different concentrations of particles, 0.500-
0.707 mm, 25°C and 25 LPM.
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Figure B.8 Pressure drop with time at different concentrations of particles, 0.500-
0.707 mm, 25° and 35 LPM.
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B.4 Effect of Temperature
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Figure B.9 Pressure drop with time at different temperatures, pure plaster and 25
LPM.
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Figure B.10 Pressure drop with time at different temperatures, pure plaster and 35
LPM.
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Figure B.I 1 Pressure drop with time at different temperatures, 0.42-0.50, 50
defects/cm3and 25 LPM.
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Figure B.12 Pressure drop with time at different temperatures, 0.42-0.50, 50
defects/cm3and 35 LPM.
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Figure B.13 Pressure drop with time at different temperatures, 0.500-0.707, 50

defects/cm3and 25 LPM.
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Figure B.14 Pressure drop with time at different temperatures, 0.500-0.707, 50

defects/cm3and 35 LPM.
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Figure B.15 Pressure drop with time at different temperatures, 0.21-0.25, 100
defects/cm3and 25 LPM.
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Figure B.16 Pressure drop with time at different temperatures, 0.21-0.25, 100
defects/cm3and 35 LPM.,
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Figure B.17 Pressure drop with time at different temperatures, 0.42-0.50, 100
defects/cm3and 25 LPM.
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Figure B.18 Pressure drop with time at different temperatures, 0.42-0.50, 100
defects/cm3and 35 LPM.
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Figure B.19 Pressure drop with time at different temperatures, 0.500-0.707, 100
defects/cm3and 25 LPM.

140
——10C

130 —ii—25C

-
]
o

Pressure Drop (Pa)
(==Y
[
o

100 l
i

90
80 Palllec 128 im® P nc momt oS = . 0 e — S B S ,
|

0 30 60 90 120 Jrso 189 210 240 270 300 330 |

< iy B - Time(min) ,

Figure B.20 Pressure drop with time at different temperatures, 0.500-0.707, 100
defects/cm3and 35 LPM.



116

Appendix ¢ The Mechanism of Gypsum Dissolution
¢.| Effect of Flow rate
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Figure c.| The overall rate constant (K) and the dissolution coefficient (kd)

compared with the mass transfer coefficient (kn) along the pipe length under
condition pH7, 30°c and 25 LPM,
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Figure C.2 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (km) along the  pipe length under
condition pH7, 30°c and 35 LPM.
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Figure C.3 The overall rate constant (K) and the dissolution coefficient (kd)

compared with the mass transfer coefficient (km) along the  pipe length under
condition pH 10, 30°C and 25 LPM.
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Figure C.4  The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (km) along the  pipe length under
condition pH10, 30°c and 35 LPM.

C.2 Effect of Defect size
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Figure C.5 The overall rate constant (K) and the dissolution coefficient (ko)

compared with the mass transfer coefficient (kn) the pipe length under condition
0.21-0.25 mm, 100 defects/cm3, 25°¢ and 25 LPM.
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Figure C.6 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (km) along the pipe length under
condition 0.42-0.50 mm, 100 defects/cm3 25°c and 25 LPM.
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Figure C.7 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (km along the pipe length under
condition 0.500-0.707 mm, 100 defects/cm3 25°c and 25 LPM.
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C.3 Effect of Defect Concentration
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Figure C.8 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (kn) along the pipe length under
condition 0.21-0.25 mm, 50 defects/cm3 25°¢ and 25 LPM.
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Figure C.9 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (knj along the pipe length under
condition 0.21-0.25 mm, 100 defects/cm3, 25°¢ and 25 LPM.
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Figure C.10 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (k) along the pipe length under
condition 0.500-0.707 mm, 50 defects/cm3 25°c and 25 LPM.
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Figure .1l The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (knj along the pipe length under
condition 0.500-0.707 mm, 100 defects/cm3, 25° and 25 LPM.
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C.4 Effect of Temperature
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Figure C.12 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (km along the pipe length under
condition pure plaster, 10°c and 25 LPM.
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Figure C.13 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (km) along the pipe length under
condition 0.21-0.25 mm, 100 defects/cm3, 10°c and 25 LPM.
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Figure C.14 The overall rate constant (K) and the dissolution coefficient (kd)

compared with the mass transfer coefficient (km along the pipe length under
condition 0.42-0.50 mm, 50 defects/cm3 J 0°c and 25 LPM.
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Figure C.15 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (knj along the pipe length under
condition 0.42-0.50 mm, 100 defects/cm3, 10°c and 25 LPM.
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Figure C.16 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (k) along the pipe length under
condition 0.500-0.707 mm, 50 defects/cm3, 10°c and 25 LPM.
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Figure C.17 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (kn) along the pipe length under
condition 0.500-0.707 mm, 100 defects/cm3 10°c and 25 LPM.
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Figure C.18 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (k) along the pipe length under
condition pure plaster, 10°c and 35 LPM.
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Figure C.19 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (k) along the pipe length under
condition 0.21-0.25 mm, 50 defects/cm3, 10°c and 35 TPM.
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Figure C.20 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (km along the pipe length under
condition'0.21-0.25 mm, 100 defects/cm3 10°c and 35 LPM.
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Figure C.21 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (km) along the pipe length under
condition 0.42-0.50 mm, 50 defects/cm3 10°c and 35 LPM.
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Figure C.22 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (k) along the pipe length under
condition 0.42-0.50 mm, 100 defects/cm3, 10°c and 35LPM.
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Figure C.23 The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (km) along the pipe length under
condition 0.500-0.707 mm, 50 defects/cm3 10°c and 35LPM.
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Figure C.24 Mass The overall rate constant (K) and the dissolution coefficient (kd)
compared with the mass transfer coefficient (km) alongthe pipe length under
condition 0.500-0.707 mm, 100 defects/cm3 10°c and 35LPM
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