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APPENDICES

Appendix A Plaster Test Section Mixing and Molding

Air often gets trapped inside the plaster test sections resulting in non-uniform
dissolution of plaster as flow passes over it. From observing and trial-and-error
experiments in order to reduce air bubbles inside the plaster test section, it was found
that a vacuum pump and separator funnel similar to the system used in previous work
had to be employed. However, the molding method was different, since a syringe was
used to inject plaster in the liquid state to the acrylic mold to obtain a smoother
plaster test section. The ratio hetween water and plaster was changed from 0.6 in
previous work to 0.7 so as to cast a smoother plaster test section. Nevertheless, there
was a problem in that the plaster broke easily when being removed from the mold. A
releasing agent was used to coat the inside surface of the mold and the steel core but
it did not work; in addition, a releasing agent can contaminate the plaster and
influence the experiment. Therefore, another technique was used to remove the
completed plaster test section instead of a using releasing agent; for example,
removing the plaster while still wet after 20 minutes or totally dry after 2 days.

Table A.1 and A.2 shows some results and appearance of the plaster test
section from trial and error for several times in each ratio; Figure A.l shows the
plaster test section features in the final step of casting.
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Table A.l The detail of noticeable appearance of plaster test section and procedures
in different ratio without coating releasing agent.

M water
Ro
(9)
0.6 300
0.75 300
0.725 290
0.7 280

Mpiaster

(9)
500

400

400

400

Detail
(from naked eye)

-no well-mixed plaster and deionized water

- difficult to inject the plaster liquid into the mold
-n0 smooth plaster

- easiest to inject the plaster liquid into the mold
-more smooth plaster

- easy to inject the plaster liquid into the mold

- get the most smooth plaster

- easy to inject the plaster liquid into the mold

Notice : - The plaster test section in every case was broken while it was taken out
from the acrylic mold.

- The smooth plaster means that the plaster surface has no air bubbles or

holes inside.

Tabie A.2 The detail of noticeable appearance of plaster test section and procedures
in different ratio with coating releasing agent.

M water
Ro
(9)
0.75 300
0.725 290
0.7 280

Mplaster

(9)
400

400

400

Detail
(from naked eye)

- no smooth plaster

- many air bubbles spreading surface

- more smooth plaster

- still get cracking plaster sometime

- get the most smooth plaster, no air bubbles inside plaster
- seems to take plaster out easily but sometime still get
broken plaster
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From the experience of molding plaster several times, it can be concluded that
the plaster should be mixed with deionized water in a ratio of Ro = 0.7. The mixed
plaster is injected to the acrylic mold which has a steel rod in the middle. After 20
minutes, the plaster conduit was removed from the mold while still wet. The smooth
plaster conduit can be achieved without contamination by a releasing reagent.

(®)

(c)
Figure A.l The plaster test section after casting (a) air bubbles or holes on the
surface (b) cracking plaster (c) complete plaster.



Appendix B Solubility of Gypsum

Figure B.I
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Dihydrate solubility in H20 vs. temperature. The curve is determined
from the OLI default database (Azimi etal., 2007)
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Figure B.2 Molal solubility of CaS(V2H-o at 25°c and CaSO. (anhydrous) at 100-

150°c in HNOs-H. 0 solutions, 0-2.4 molal (Marshall, et al. 1975)
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Figure B.3 Stanton number vs Reynolds number in fully developed flow (Schmidt
number as parameter) (Bergeretal, 1977)

Table B.I  Properties of solutions at different NaOH concentrations and
temperatures (Bergeretal, 1977)

NaOH Temp. px 103 V106 D x 100 S p x 103
CM) (°C) (kg-ms) (m2s) 1(m2s) (kg/m3)

1.0 20.5 1.22 1.173 6.014 1950 1.04

1.0 30.5 0.97 0.9327 1:822 1192 1.04

2.0 25.5 1.345 1.245 5.548 2244 1.08

2.0 28.0 1.27 1.176 5.925 1985 1.08

2.0 40.0 0.995 0.9123 7.864 1160 1.08

4.0 24.5 2.26 1.948 3.291 5919 1.16

4.0 29.5 1.995 1.72 3.791 4837 1.16

4.0 35.0 1.73 1.491 4.451 3350 1.16
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Appendix ¢ Raw Data

This work measured the calcium concentration from AAS and analysed
the characteristics of surfaces by taking the pictures. Moreover, runs were repeated at
least twice in every condition of the experiment. The samples were measured for
calcium concentration before the run, after the run and every 30 minutes. There are
two different flow rates to test under each condition. The two repeating runs confirm
the results in each flow rates. Samples were diluted from 10 ml to 250 ml in
volumetric flask for initial samples and from 5 ml to 100 ml for other samples (10
samples every 30 minutes).

c.| The Raw Data for Run Experiment under Condition. pTbs-r 7 and 25°c

Table c.I Raw data for run at flow rate 25 LPM, pH2°c7 and 25°c (the first run)

-Difference

Calcium concentration from AAS real Ca in Ca Dissolution
Sample (mg/1) cone. cone Rate
(No.) (mg/1) (mg/i) (9/m2-min)

#1 #2 #3 Average

0, #1 1.36 1.37 1.38 1.37
0, #2 1.38 138 139 138 - -
average 137 1.38 Q 139 1.38 34.42 0.00

'KOR s [ijpBisSil,

“ T74 1.78 1.79 1.77 35A0 0.98 0.84
2 1.73 178 178 1.76 35 27 0 85 072
3 1.74 1.77 1.77 176 35.20 0.78 0.67
4 1.77 178 179 1.78 35.60 1.18 100
5 1.76 1.79 1.78 178 35.53 1.12 0.95
) 1.77 178 179 1.78 35.60 1.18 TOO
7 1.77 1.76 179 177 35.47 105 089
8 180 1.80 1.79 1.80 35.93 1.52 1.29
9 1.80 1.80 178 1.79 35 87 1.45 1.23
10 1.80 179 1.79 1.79 35.87 1.45 123

average 0.98
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Table C.2 Raw data for run at flow rate 25 LPM, pHZ% 7 and 25°c (the second run)

Difference

Calcium concentration from  real Ca in Ca Dissolution
Sample AAS (mgll) cone. cone Rate
(No) (mg/1) (mg/i) (9/m2-min)
#1 #2 Average
0, #1 1.36 1.37 1.37
0, #2 1.37 1.37 1.37 - -
average 1.37 137 1.37 34.19 0.00
1 1.76 1.76 1.76 35 20 1.01 ™ gG**
2 1.77 1.74 176 3510 0.91 077
3 176 176 1.76 35.20 101 086
4 177 1.75 176 3520 1.01 0.86
5 1.76 1.75 176 35 10 0.91 0.77
6 1.79 176 1.78 35.50 131 111
1 1.78 176 177 . 3540 1.21 1.03
8 177 177 177 35 40 1.21 103
9 178 177 1.78 35.50 131 1
10 178 177 1.78 35.50 131 111
average 0.95

Table C.3 Raw data for run at flow rate 35 LPM, pH25°c 7 and 25°¢ (the first run)

Calcium concentration from — real Ca Dn:]eée;ce Dissolution
Sample AAS (mg/l) cone. - .0 Rate
(No.) (mg/1) (m /1') (g/m2-min)
#1 #2  #3  Average J
0, #1 145 136 137 139
0, #2 141 143 142 142 - -
average 143 140 1.40 141 35.17 0.00
18 179 180 181 36.20 1.03 123
2 181 178 178 179 35.80 0.63 075
3 183 178 181 181 36.13 0.97 115
4 181 180 178 180 35.93 0.77 0.91
5 183 182 181 182 36.40 123 1.47
6 182 179 181 181 36.13 0.97 1.15
1 183 184 184 184 36.73 1.57 1.86
8 187 184 183 185 36.93 177 2 10
9 184 183 184 184 36.73 157 1.86
10 182 184 185 184 36.73 157 1.86

average 1.43
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Table C.4 Raw data for run at flow rate 35 LPM, pH2°c 7 and 25°c (the second run)

Calcium concentration from real Ca leiLeEeér:ce Dissolution
Sample AAS (mgl1) cone. cone Rate
(No) (mg/1) (m /1') (g/m2-min)
#1 #2 #3  Average J
0, #1 138 140 14 1.39
0, #2 139 141 142 141 - -
average 139 141 141 1.40 35.00 0.00
178 180 Tsy* 180 36.07 1.27
2 178 183 182 181 36.20 1.20 1.43
3 177 182 182 1.80 36.07 1.07 1.27.
4 178 182 184 181 3627 127 1.51
5 179 182 183 181 36.27 127 1.51
6 179 182 182 181 36.20 1.20 1.43
1 181 182 182 1.82 3633 1.33 159
8 180 182 184 182 36.40 140 1.66
9 182 184 184 183 36.67 1.67 198
10 182 183 184 183 36.60 1.60 1.90

average 1.55.



C.2 The Raw Data for Run Experiment under Condition. pH?"r 3 and 25°c

Table C.5 Raw data for run at flow rate 25 LPM, pH2°c 3 and 25°¢ (the first run)

Calcium concentration from  real Ca D|fi1r‘]eEe:ce Dissolution
Sample AAS (mg/1) cone. cone Rate
(No.) (mgl1) (m /1') (9/m2-min)
#1 #2 Average J
0, #1 1.43 1.44 1.44
0, #2 1.43 144 1.44 - -
average 143 1.44 1.44 35.88 0.00
~ 1.86 186 186 37 20 11.33 1.13
2 1.83 183 183 36.60 073 0.62
3 1.84 1.84 1.84 36.80 092 0.79
4 1.85 1.84 185 36.90 103 - 087
5 186 1.86 1.86 37.20 1.33 113
*6 1.87 186 187 37.30 143 1.21
1 1.87 186 1.87 37.30 143 1.21
8 1.86 1.87 187 37.30 1.43 1.21
9 1.87 187 1.87 37 40 153 .« 130
10 1.87 1.87 187 37.40 1.53 1.30

average 1.07
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Table C.6 Raw data for run at flow rate 25 LPM, pHZ'c 3 and 25°¢ (the second run)

Calcium concentration from  real Ca Dlgaezze:ce Dissolution
Sample AAS (mg/1) cone. cone Rate
(No) (mg/1) (mg/i) (g/m2-min)
#1 #2  #3  Average
0, #1 137 136 133 1.35
0,#2 139 138 132 1.36 - -
average 138 137 133 136 33.96 0.00
T* T+tT 1716 175 176 3527 131 1.11
2 176 173 174 174 34.87 0.91 0.77
3 176 174 174 175 34.93 0.98 0.83
4 178 174 172 175 34 93 098 0.83
5 178 176 172 1.75 35.07 111 0.94
6 178 177 172 1.76 35 13 1.18 1.00
T 182 179 174 1.78 35.67 17 1.45
8 181 180 1.74 178 35.67 17 1.45
209 179 179 175 1.78 35.53 1.58 1.34
10 L80 1.80 1.75 178 35.67 171 145
average 112

Table C.7 Raw data for run at flow rate 35 LPM, pH25°c 3 and 25°c (the first run)

Difference

Calcium concentration from  real Ca in Ca Dissolution
Sample AAS (mgll) cone. cone Rate
(No.) (mgl1) (mg/i) (9/m2-min)
#1 #2 Average
0, #1 1.39 1.36 1.38
0, #2 1.38 139 139 - -
average  1.39 138 1.38 34,50 0.00
“ L80  *1.78 L79 35 80 1.30 1.55
2 1.78 177 1.78 35 50 1.00 119
3 1.78 1.77 1.78 35.50 1.00 119
4 1.78 1.78 178 35.60 110 131
5 179 1.77 178 35.60 1.10 131
6 1.80 179 180 3590 1.40 1.66
7 181 1.8 181 36.10 160 190
8 1.80 18 1.80 36.00 1.50 1.78
9 1.80 18 1.80 36.00 1.50 1.78
10 181 18 181 36.10 160 1.90

average 1.56
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Table C.8 Raw data for run at flow rate 35 LPM, pH2s°c 3 and 25°¢ (the second run)

Sample
(No)

0,41
0, #2
average

2
3
4
5
6
7
8
9

10
average

Calcium concentration from
AAS (mg/1)

#1
141
1.44
143

184 T ir

180
1.81
1.81
1.81
1.84
1.87
1.87
J.91
1.90

#2
1.45
1.45
1.45

185
1.83
1.83
187
191
1.90
1.90
191
1.90

#3

1.45
145
1.45

1.88
1.84
183
1.83
1.87
191
191

1.92

192
191

Average

144
1.45
1.44

1.87
183
182
1.82
185
1.89
1.89
1.90
191
1.90

real Ca
cone.
(mg/1)

36.04

37.33
36.73
36 60
36.60
37.00
31.67
31.80
37 93
38.07
38.00

Difference
in Ca
cone.
(mg/1)

0.00

1.29
0.69
0.56
0.56
096
1.63
1.76
189
2.03
196

Dissolution
Rate
(9/m2-min)

1.54
0.82
0.66
0.66
1.14
1.93
209
225
241
2.33
1.58



C.3 The Raw Data for Run Experiment under Condition. pH?s°r 10 and 25°c

Table C.9 Raw data for run at flow rate 25 LPM, pH2s 10 and 25°c (the first run)

. : Difference  Dissolution
Sample  Calcium concentration  real Cacone. i ca'oe - Rate

(No)  from AAS (myl) (mg/2) mgl)~ (g/m2min)

0, # 0.76 :
0, #2 0.74 - :
average 0.75 18.70 0.00
” 1.04 20.80 2210 178
2 0.98 19,60 090 076
3 0.98 1960 0.90 0.76
4 0.97 1940 070 059
5 0.97 1940 0.70 0.59
b 0% 1920 050 0.42
[ 096 . 19.20 0.50 0.42
8 093 19 60 0.90 076
9 0.9 1920 0.50 0.42
10 0.98 19.60 0.90 0.76
average 073
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Table C.10 Raw data for run at flow rate 25 LPM, pHZc 10 and 25°c (the second
run)

Calcium concentration from  real Ca  Difference  Dissolution

Sample AAS (mgy/1) cone. In Ca cone. Rate
(No, (myl)  (mg2)  (gim2min)
#l #3  Average
0,#1 068 068 065 067
00#2 066 068 063 066 -
average 0.6/ 088 0.64 |0'66* 16.58 0.00
096 097 09 1927 2.68 2.28
2 094 0% 093 094 18.80 2.2 188
3 085 08 083 08 168/ 0.28 0.24
4 084 08 08 08 1673 0.15 0.13
5 08 08 08 08 1673 0.15 0.13
b 08 08 08 08 1680 0.22 0.18
! 087 08 08 086 1713 0.55 047
§ 088 08 08 81 1733 0.75 064
9 085 08 08 08 1700 0.42 035
10 08 086 08 08 1707 048 041
average 067

Table ¢.I Raw data for run at flow rate 35 LPM, pHZ% 10 and 25°c
Difference

Calcium concentration from  real Ca inCa Dissolution
Sell\lmple AAS (mgy/1) (con?_) cone ( /R%te_ !
0. mg/| ' m2-min
# #2  Average : (my') :
0#1 066 067 0.67 - -
0,#2 065 066 066 - -
average 066 067 066 1660 0.00
| 095 0% 09 1890 2.30 ,
2 092 09 092 1840 1.80 2.14
3 087 089 088  17.60 1.00 1.19
4 088 089 089  17.70 1.10 131
5 088 087 088 1750 0.90 1.07
0 088 089 089  17.70 1.10 131
7 087 087 087 1740 0.80 0.95
8 08 08 087 1740 0.80 0%
9 088 087 088 1750 0.90 107
10 087 089 08 1760 100 119
average 139



C.4 The Raw Data for Run Experiment under Condition. pH?s"r 7 .and 10°c

Table C.12 Raw data for run at flow rate 25 LPM, pHZ’c 7 and 10°c (the first run)
Difference

Calcium concentration from AAS  real Ca inCa Dissolution
Sample (my/1) cone.  oone Rate
No) (mg/2) |

#l #2 #3  Average
0,# 1283 15 1% 1%
0# 15 126 15 15

(myl) (g/m2-min)
average 124 126 1% 1% 315 000

1 . . 02 . 052
2 158 159 160 5N 3180 0.55 0.47
3 161 158 159 159 3187 0.62 052
4 162 159 159 160 3200 0.75 064
5 159 158 159 159 3173 0.48 041
6 159 159 160 159, -.31 87 0.62 052
! 162 161 160 161 3220 0.95 0.81
8 159 159 159 159 3180 0.55 0.47
9 158 159 159 159 3173 048 041
10 162 158 159 160 3193 0.68 0.58
average 0.54
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Table C.13 Raw data for run at flow rate 25 LPM, pHZ’c 7 and 10°c (the second
run)

Difference

Calcium concentration from AAS ~ real Ca inCa Dissolution
Szil\lmple (mg/1) conel. oy /R%te ,
(o) #Mo # #8 Average 0 g e

04 13% 14 1% 13
0# 1% 1H 14 1%

average 136 1.3% R 1% 3367 0.00
[T 1 «M

1 172 413 1l 172 3440 0.73 0.62
2 7 S 1 A 4 171 3420 0.53 045
3 {7 R Y R 4 | 171 42 0.53 045
4 172 111 1 17 3427 0.60 0.51
5 12 12 12 1 3344 073 0.62
6 13 112 1 172 3440 073 0.62
[ 173 10 171 (K WA 060 0.51
8 1713 110 111 171 34270 - 060 n 0.51
9 113 1l 172 172 3440 073 062
10 173 L0 17l 11 32T 060 0.51

average 0.54

Table C.14 Raw data for run at flow rate 35 Lpm, pHZC 7 and 10°C (the first run)
Difference

Calcium concentration from  real Ca in Ca Dissolution
Sall\lmple AAS (mg/l) cone. o Rate
0.

mo/1 /mZ-min
# # Average D gy OmEm)
0,# 136 136 1.36 - -
0,#2 13 13 1.36 - -
average 136 1% 136 339 0.00

T 12 177 12 344 046 055’
2 171 112 172 3430 0.36 043
3 172 173 173 3450 056 0.67
4 172 172 172 3440 0.46 0.55
H 173 112 173 3450 0.56 0.67
0 173 173 173 34.60 0 66 0.79

i 1713 113 173 34.60 0.66 0.79 .
8 173 114 1714 3470 076 091
9 174 174 174 3480 086 1.03
10 173 L4 L4 3470 0.76 091
average 0.73
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Table C.15 Raw data for run at flow rate 35 LPM, pH2° 7 and 10°C (the second
run)

Difference

Calcium concentration from AAS  real Ca Dissolution
Seit\lmple (my'1) core ('%Eea /Rzzite |
NIl e s e ™ h)  OMED

0o# 139 138 129 13
0# 130 139 10 1R - -
average , L3 139 130 134 334 OQE

ol e SYYpS
|I||I1|||I' y3yye

l 7 113 To?" T io: 3400 *046 THT

2 171 L4 166 170 3407 0.52 0.62
3 171 12 16 169 3387 0.32 039
4 172 Ll 165 169 3387 0.32 039
5 171 L5 166 171 413 0.59 0.70
6 13 15 160 112 433 079 0.94
[ 173 Li4 167 Ll A 0.72 0.86-
8 174 17 168 172 3440 0B 1.02
9 172 1 168 172 3433 079 094
10 172 175 169 172 3440 086 1.02
average 0.74
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C.5 The Raw Data for Run Experiment under Condition. pTbvr 3 and 10°c

Table C.16 Raw data for run at flow rate 25 LPM, pHZc 3 and 10°c (the first run)

Sample
Nop
0,#
0, #2

average

OO~ UT-RLWOINI—

10

average

Calcium concentraltion from AAS

#

137
138
138

176
175
174
174
175
174
175
174
174
174

#

AAAAAA

#3
1.38

ytg

real Ca
COne,
my1)

3425
i ﬁ |l
39.33
307
3493
3481
34 93
34.67
39.07
34.87
34 8
35.00

Difference
InCa
CONe.,

(mg)

0.00

108
0.82
0.68
062
068
0.62
082
062
062
0.75

Dissolution
Rate
(g/m2-min)

OO

forYeor I aloaler rdiSnl®al
I\D_I>I\DI\J©|\JOOI\J%©I\)
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Table C.17 Raw data for run at flow rate 25 LPM, pH2° 3 and 10°c (the second
run)

Calcium concentration from AAS  real Ca  Difference  Dissolution

S(all\lmp;e (mg/1) (cog/el.) n %%g%))ne. ( /R%te, !

0. m m2-min
Al #2 #3 # Average :

0,# 1% 136 13 137 13 :

0# 139 137 1371 135 13 - -

average 138 137 136 13% 137 34l 0.00

1 T 15H " 1 1 3H0 0.83 0.71
2 113 172 173 174 173 3460 043 0.37
3 L4 173 113 1713 113 3465 048 041
4 176 173 173 174 174 3480 063 0.54
b 1714 176 L5 175 L5 3500 08 071
6 1% 175 L6 15 1 3505 083 0.75
7 L6 L7 175 17 L 3500 083 071
8 175 11 L5 176 175 3H00 083 0.71
9 1 1i 175 1 L A% 0.78 0.67
10 176 17 176 17 176 3510 0.93 0.79

average 064

Table C.18 Raw data for run at flow rate 35 LPM, pHZ¢ 3 and 10°C (the first run)
Difference

Calcium concentration from AAS  real Ca %", Dissolution
S(aﬁwp;e (mg/L) (cog/el.) cone ( /R%te_ |
0. m : m2-min
#l #2 #3 Average (my/) ;
0,# 146 146 14 145 -
042 14 14 14 15 - -
average 147 145 1M 165 3633 0.00
™ 187 186 18 1&% 3127 093 111
2 18 184 1& 184 3673 040 048
3 186 184 18 184 3680 047 05
4 187 184 18 185 3700 067 079
5 186 184 18 185 3693 060 071
6 1866 18 18 18 3700 067 079
[ 18 18 18 18 3700 067 0.79
8 186 186 18 186 3720 087 103
9 186 186 18 186 313 080 0.95
10 186 18 18 186 3720 087 103
average 0.82
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Table C.19 Raw data for run at flow rate 35 LPM, pH.sc 3 and 10°c (the second
run)

C cium concentration from AAS  red Ca Dlmerggce Dissolution
it e mg) [ b
0 ' m2-min
#l #2 #3  Average (my') :
0, #1 1.38 1.38 137 1.38 - - -
bR, oW W wm o
ST e T T
141 142 141 141 35.33 0.96 114
$ 2 140 139 1.39 139 3483 0.46 0.54
3 141 140 139 140 3500 0.62 0.74
4 141 139 140 140 3500 0.62 074
-5 141 141 140 141 3H 17 0.79 0%
. 9 141 140 140 140 3508 071 0.84
140 141 140 140 3508 071 0.84
8 141 141 140 141 3H 1 0.79 0.94
9 141 142 140 141 3525 0.88 1.04
10 142 141 140 141 35.25 0.88 1.04

average 08
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C.6 The Raw Data for Run Experiment under Condition. pH74¥ 10 and 10°c

Table C.20 Raw data for run at flow rate 25 LPM, pHZ 10 and 10°c (the first run)

Calcium concentration from AAS  real Ca Dimeregce Dissolution
Sal{lnple (my/L) conel. o /R%te ,
(o) #ooo# # Average WY gty (O
0, #1 0.58 0.59 0.59 0.59 . '

0# 05 059 059 059 : :
average 059 059 059 059 1471 0.00

1 079 = 1= 078 079 1573 1.03 0.87
2 076 077 077 077 153 063 0.53
3 078 078 0718 078 1560 08 0.76
4 077 077 077 077 1540 069 0.59
5 07 07 07 077 1540 069 059
6 . 07%h 0hH 076 075 07 0.36 0.30
I 076 076 075 076 1513 043 0.36
8 .07 077 076 076 1527 0.56 047
9 077 076 076 076 1527 056 0.47
0 077 077 076 077 1533 063 0.53
average 05
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Table C.21 Raw data for run at flow rate 25 LPM, pHZ 10 and 10°c (the second
run)

Calcium concentration from AAS  real Ca DITEIENCE  pissolution
Sal{lnple (mg) e é%,?ea /R%te |
(o) #ooo# 8 Average WY i) (omzmn

0.4 058 058 059 038
00# 059 059 05 038

werege 059 059 Onfy) ool iy O

079 079 ar9 1580 12 ;103

2 or7 07 076 077 1538 07 0.64
3 077 077 075 076 1521 068 058
4 076 076 074 075 1507 048 041
H 0.75 075 075 075 1500 042 0.35
0 076 .076 074 075 1507 048 041
[ 076 075 074 075 1500 042 0.35
8 075 « 076 ~ 074 075 1500 042 035
9 077 076 075 076 1520 062 0.52
10 077 076 076 076 1521  0.68 058
average 0.52

Table C.22 Raw data for run at flow rate 35 LPM, pHZ' 10 and 10°c (the first run)

Calcium concentration from AAS  real Ca Dimercegce Dissolution
Sal\rlnple (my/L) con/el.) cone Rate
h |

Imz2-min
Ho# B A g (O
0,# 063 062 063 063 063 - _
0,# 063 064 063 063 063 : _
average 063 063 063 063 063 15.75 000

1 3*85* 08 08 08 084 168 T Ir 131
2 32 08 081 08 081 16 25 0.50 0.59
3 08 08 08 081 081 16.15 0.40 048
4 08 08 08 08 08 16.35 0.60 0.71
5 08 08 08 081 08 16.30 0.99 0.65
6 08 08 081 082 08 1640 0.65 077
[ 08 08 081 08 081 16 25 0.50 059
8 084 08 08 08 08 16.45 0.70 0.83
9 083 08 08 08 08 16.30 055 0.65
10 08 081 08 082 08 16.40 0.65 0.77
average 074
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Tahle C.23 Raw data for run at flow rate 35 LPM, pHZxc 10 and 10°c (the second
run)

Calcium concentration from AAS ~ real Ca  Difference  Dissolution
W, ™ R ol
0 m2-min
#l #2 #3 #4 Average :
0,#0 063 061 061 058 061
0# 061 061 061 058 060

werage 062 06 061 0% , 061 1513 0,

108 8 08 079 ﬁﬁ 1610 ~098 1.16
2 079 080 08 077 079 1580 068 0.80
3 079 080 079 078 079 1580 0.68 0.80
4 078 080 080 077 079 175 0.63 0.714
5 078 08 079 077 079 1510 0.57 0.68
6 078 080 079+077 079 1570 0.57 068
/ 077 078 078 077 078 1550 038 045
8 078 079 078 076 078 15,55 043 051
9 079 079 078 078 079 15.70 058 068
0 078 080 078 078 079 1570 0.58 0.68
average 0.72
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Appendix D The Development of Scallops with Time

Figure .1 The scallop surface development at every hour at 25 LPM and 10°c
under different conditions: (a1-5) pHB¢ 3, (bl-5) pHBE 7 and (cl-5) pHBE 10
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Appendix E The Results from SEM/EDX

Figure E.I' The SEM images for the plaster conduit before run

Table E.I The composition of plaster hefore run

Test
Area
1

2
3
Ave.

Nad)

0.17
0.09
4.8
145

MgO
0.19
0.07
071
0.32

aib3
0.79

0.14
125
4.49

Si02 SOj Cloo k> Ca0 FeO Total

028 4471 024 009 3283 083 8013
029 4752 015 005 3437 0 8268
062 1685 336 007 3104 134 8261
040 3636 12 007 3275 473 818l



Figure E.2 The SEM images for the plaster conduit after run under 25 LPM,
pHZ¢ 10 and 25°¢

Table E.2 The composition of plaster after run under 25 LPM, pHzs"c 10 and 25°c

I8 Nap MO AR3 Si02 3 Cloo kb Ca0 FeO Totl

1 02 799 097 232 1819 002 039 3181 065 6252
2 01 120 074 159 376 0 020 3033 007 7184
Ae. 015 460 08 19 2790 001 030 3107 036 67.18

87
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Figure E.3 The SEM images for the plaster conduit after run under 35 LPM,

PHzsc 7 and 25°C

Table E.3 The composition of plaster after run under 35 LPM, pHzsc 7 and 25°c

Test
Areg  Nad  MgO

0.48 26.36

3
Ave. 0.34 14.65

AIDj

1.5
9.44
0.58

3.84

5i02

1.05
8.49

so3

22.94
1.28
0.76

8.33

ClOo

0.05

0.15

0.03
0.08

kd

0.47

2.16

0.05
0.89

Ca0

23.76
24.33
33.26
27.12

FeO

1.34

0.76

0.05
0.72

Total

62.73

68.04

62.62
64.46



Figure E.4 The SEM images for the plaster conduit after run under 25 LPM,

pHZTC 3 and 25°C

Table E.4 The composition of plaster after run under 25 LPM, pHzsc 3 and 25°¢

Test

Ara Nad)
1 009
2 009

3 003
Ave.  0.07

MgO A2 3 Si02 s03 ClOo

16 098 254 01 0
246 120 28 HI 0
446 078 181 266 002
284 099 240 3069 001

kd

0.30
0.35
0.27
031

Ca0

26.2
285
28.4
21.69

FeO

041
0.17
0
0.19

Total

62.2
710
62.4
65.19
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Appendix F Dissolution Rate Along the Pipe and Dissolution Coefficient

F.I Dissolution Rate Along the Pipe

Dissolution rate (g/m2.min)
o o o - s s o
2 O ® = N A O o

o
N

o

o
3
8
8
s
3
3
3
]

pipe length (cm)

Figure F.I The dissolution rate profile along the pipe under condition pHZ% 3, 25°C
and 25 LPM (the second run)
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Dissolution rate (g/m%.min)

0 10 20 30 40 50 60 70 80

pipe length (cm) !

Figure F.2 The dissolution rate profile along the pipe under condition pHZ% 7, 25°¢
and 25 LPM (the second run)
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Figure F.3 The dissolution rate profile along the pipe under condition pHZC 10,
25°c and 25 LPM (the second run)
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Figure F.4 The dissolution rate profile along the pipe under condition pHZ% 3, 25°C
and 35 LPM (the first run)
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Dissolution rate (g/mZmin)

pipe length (cm)

Figure F.5 The dissolution rate profile along the pipe under condition pHZ 3, 25°¢
and 35 LPM (the second run)
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Figure F.6 The dissolution rate profile along the pipe under condition pHZ% 7, 25°C
and 35 LPM (the first run)



%3

254

1.5 1

Dissolution rate (g/mZmin)

0.5 |

0 10 20 30 40 50 60 70 80
pipe length (cm)

Figure F.7 The dissolution rate profile along the pipe under condition pH2 7, 25°¢
and 35 LPM (the second run)
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Figure F.8 The dissolution rate profile along the pipe under condition pLLs-c 10,
25°c and 35 LPM (the first run)
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Figure F.9 The dissolution rate profile along the pipe under condition pHZx 10,
25°c and 35 LPM (the second run)
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Figure F.10 The dissolution rate profile along the pipe under condition pHZY 3,
10°c and 25 LPM (the second run)
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Figure F.11 The dissolution rate profile along the pipe under condition pHZ 7,
10° and 25 LPM (the second run)
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Figure F.12 The dissolution rate profile along the pipe under condition pHZ&t 10,
10°c and 25 LPM (the second run)
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Figure F.13 The dissolution rate profile along the pipe under condition pHZc 3,

10°c and 35 LPM (the first run)

1.6

1.4 <

Dissolution rate (g/m%min)

0 10 20

30 40 50 60 70 80

pipe length (cm)

Figure F.14 The dissolution rate profile along the pipe under condition pH2« 3,
10°c and 35 LPM (the second run)
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Figure F.15 The dissolution rate profile along the pipe under condition pHZT 7,
10°c and 35 LPM (the first run)
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Figure F.16 The dissolution rate profile along the pipe under condition pH2 7,
10°c and 35 LPM (the second run)
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Figure F.17 The dissolution rate profile along the pipe under condition pH2Z 10,
10° and 35 LPM (the first run)
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Figure F.18 The dissolution rate profile along the pipe under condition pHZ¢ 10,
10°c and 35 LPM (the second run)
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F.2 Dissolution Coefficient Along the Pipe and Mass Transfer Coefficient
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Figure F.19 The dissolution coefficient (K) compared with the mass transfer
coefficient (Kn) along the pipe under condition pHZT 3, 25°c and 25 LPM (the
second run)
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Figure F.20 The dissolution coefficient (K) compared with the mass transfer
coefficient (Kn) along the pipe under condition pLLs-c 7, 25°C and 25 LPM (the
second run)
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Figure F.2L  The dissolution coefficient (K) compared with the mass transfer
coefficient (Kn) along the pipe under condition pHZ¢ 10, 25°c and 25 LPM (the
second run)
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Figure F.22  The dissolution coefficient (K) compared with the mass transfer
coefficient (Kn) along the pipe under condition pHZx 3, 25°¢ and 35 LPM (the first
run)



101

O OO0 T <i5cms555ss e s s 9assos 41 e S T R s S AT e

0.00006 +
0.00005 -

3
0.00004 -

0.00003 -

Dissolution coefficient (m/s)

o o
I

o
o

10 20 30 40 50 60 70 80
pipe length (cm)

Figure F.23 The dissolution coefficient (K) compared with the mass transfer
coefficient (Kn) along the pipe under condition pH&Y 3, 25°c and 35 LPM (the
second run)

Oma ..........................................................................................................................
0.00007

Q

E 0.00006

€ ’

g 0.00005

=: L

& 0.00004 ’ I::

(3]

[

S 0.00003 - ~,

-

S 0.00002

0 ——K :

[a] :
0.00001 —w—Km| |

0 . - : ; ; : - ;
0 10 20 30 40 50 60 70 80

pipe length (cm)

Figure F.24 The dissolution coefficient (K) compared with the mass transfer
coefficient (Kn) along the pipe under condition pHZ¢ 7, 25°c and 35 LPM (the first
run)
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Figure F.25

The dissolution coefficient (K) compared with the mass transfer

coefficient (Km along the pipe under condition pHz¢ 7, 25°c and 35 LPM (the

second run)
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Figure F.26

The dissolution coefficient (K) compared with the mass transfer

coefficient (Knj along the pipe under condition pHzs* 10, 25°c and 35 LPM (the first

run)



103

1

0.00007

" ‘W

5 0.00003 -

t (mVs)

cien

n coeffi

1

=]
% 0.00002 -

0.00001 1 < et

0 10 20 30 40 50 60 70 80
pipe length (cm)

Figure F.27 The dissolution coefficient (K) compared with the mass transfer
coefficient (Kn) along the pipe under condition pHZ 10, 25°c and 35 LPM (the
second run)
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Figure F.28 The dissolution coefficient (K) compared with the mass transfer
coefficient (Kn) along the pipe under condition pHZ% 3, 10°c and 25 LPM (the
second run)
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Figure F.29 The dissolution coefficient (K) compared with the mass transfer
coefficient (Km) along the pipe under condition pHz 7, 10°c and 25 LPM (the
second run)
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Figure F.30 The dissolution coefficient (K) compared with the mass transfer
coefficient (Kn) along the pipe under condition pHZ 10, 10°c and 25 LPM (the
second run)
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Figure F.31 The dissolution coefficient (K) compared with the mass transfer
coefficient (Km) along the pipe under condition pH2s 3, 10°c and 35 LPM (the first
run)
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Figure F.32 The dissolution coefficient (K) compared with the mass transfer
coefficient (Kn) along the pipe under condition pHZ 3, 10°c and 35 LPM (the
second run)
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Figure F.33 The dissolution coefficient (K) compared with the mass transfer
coefficient (Kn) along the pipe under condition pHZ 7, 10°c arid 35 LPM (the first

run)
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Figure F.34 The dissolution coefficient (K) compared with the mass transfer
coefficient (K along the pipe under condition pHZ&< 7, 10°c and 35 LPM (the

second run)
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Figure F.35 The dissolution coefficient (K) compared with the mass' -transfer
coefficient (K along the pipe under condition pHZ 10, 10°c and 35 LPM (the first

run)
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Figure F.36 The dissolution coefficient (K) compared with the mass transfer
coefficient (Km along the pipe under condition pHZc 10, 10°c and 35 LPM (the

second run)
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Note: The dissolution rate or dissolution coefficient is zero value because the plaster
tubes were cut for SEM analysis before measuring the thickness. Therefore, the
thickness data at that position could not be found out.
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