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APPENDICES

A p p e n d ix  A  P la ster  T est S ec tio n  M ix in g  an d  M o ld in g

A ir o ften  g e ts  tra p p e d  inside  th e  p laste r te s t  sec tio n s re su ltin g  in n o n -u n ifo rm  
d isso lu tio n  o f  p la s te r  as flo w  p asses  o v e r it. F ro m  o b se rv in g  and  tr ia l-a n d -e rro r 
ex p erim en ts  in o rd e r  to  re d u c e  air bu b b les inside th e  p la s te r  te s t  sec tion , it w as  found  
th a t a  v acu u m  p u m p  and  se p a ra to r  funnel sim ilar to  th e  sy stem  u sed  in p rev io u s  w o rk  
had  to  b e  em ployed . H o w ev e r, th e  m o ld in g  m e th o d  w as d ifferen t, since  a sy ringe w as  
u sed  to  in jec t p la s te r  in th e  liquid  s ta te  to  th e  acry lic  m o ld  to  o b ta in  a sm o o th e r  
p la s te r  te s t  sec tion . T h e  ra tio  b e tw e e n  w a te r  and  p las te r w a s  ch an g ed  fro m  0 .6  in 
p rev io u s  w o rk  to  0 .7  so as to  cast a sm o o th e r  p la s te r  te s t sec tion . N ev erth e less , th e re  
w as a  p ro b le m  in th a t  th e  p la s te r  b ro k e  easily w h en  being  rem o v ed  fro m  th e  m o ld . A  
re leasin g  ag en t w a s  u sed  to  c o a t th e  in sid e  su rface  o f  th e  m o ld  and  th e  steel c o re  b u t 
it d id  n o t w o rk ; in ad d itio n , a re leasin g  ag en t can  co n tam in a te  th e  p la s te r  and 
in fluence th e  ex perim en t. T h e re fo re , an o th e r te ch n iq u e  w a s  u sed  to  rem o v e  th e  
co m p le ted  p la s te r  te s t sec tio n  in s tead  o f  a u sin g  re leasin g  agen t; fo r exam ple , 
rem o v in g  th e  p la s te r  w hile  still w e t a fte r  2 0  m inu tes o r  to ta lly  d ry  a fte r  2 days.

T ab le  A. 1 and A .2 sh o w s so m e  resu lts  and  a p p ea ran ce  o f  th e  p la s te r  te s t 
sec tio n  fro m  tria l and  e rro r  fo r  severa l tim es in  each  ra tio ; F ig u re  A .l  sh o w s th e  
p la s te r  te s t  sec tio n  fea tu re s  in  th e  final s tep  o f  casting .
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T a b le  A .l  T he d e ta il  o f  n o tic e a b le  a p p ea ran ce  o f  p la s te r  te s t  sec tio n  an d  p ro ced u re s  
in  d iffe re n t ra tio  w ith o u t c o a tin g  re le a s in g  agen t.

Ro
M  water

(g)
Mpiaster

(g)

D eta il
(fro m  n ak ed  ey e)

0 .6 3 00 5 00 - n o  w e ll-m ix e d  p la s te r  an d  d e io n iz e d  w a te r
- d iff ic u lt to  in je c t th e  p la s te r  liq u id  in to  the  m o ld

0 .75 3 00 4 0 0 - n o  sm o o th  p la s te r
- e a s ie s t  to  in je c t th e  p la s te r  liq u id  in to  th e  m o ld

0 .7 2 5 2 90 4 0 0 - m o re  sm o o th  p la s te r
- ea sy  to  in je c t th e  p la s te r  liq u id  in to  th e  m o ld

0 .7 2 80 4 0 0 - g e t th e  m o s t sm o o th  p la s te r
- e a sy  to  in je c t th e  p la s te r  liq u id  in to  th e  m o ld

N o tic e  : - T h e  p la s te r  te s t s e c tio n  in  ev e ry  case  w as b ro k e n  w h ile  it w a s  ta k e n  o u t 
fro m  th e  acry lic  m o ld .

- T h e  sm o o th  p la s te r  m ean s  th a t th e  p la s te r  su rface  h a s  no  a ir  b u b b le s  o r 
h o le s  in sid e .

T a b ie  A .2  T he d e ta il o f  n o tic e a b le  a p p ea ran ce  o f  p la s te r  te s t  sec tio n  an d  p ro ced u re s  
in  d iffe re n t ra tio  w ith  co a tin g  re le a s in g  agen t.

Ro
M water

(g)
Mplaster

(g )

D eta il
(fro m  n ak ed  ey e)

0 .75 300 4 0 0 - n o  sm o o th  p la s te r
- m a n y  a ir b u b b le s  sp read in g  su rface

0 .7 2 5 290 4 0 0 - m o re  sm o o th  p la s te r
- s till g e t c ra c k in g  p la s te r  so m e tim e

0.7 280 4 0 0 - g e t th e  m o st sm o o th  p la s te r, n o  a ir  b u b b le s  in s id e  p la s te r
- se e m s  to  tak e  p la s te r  ou t e a s ily  b u t so m e tim e  still get 
b ro k e n  p la s te r
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F ro m  th e  e x p e rie n c e  o f  m o ld in g  p la s te r  sev e ra l tim e s , i t  c a n  be  c o n c lu d ed  th a t 
th e  p la s te r  sh o u ld  b e  m ix e d  w ith  d e io n iz e d  w a te r  in  a  ra tio  o f  Ro =  0 .7 . T h e  m ix e d  
p la s te r  is in je c te d  to  th e  ac ry lic  m o ld  w h ic h  has a  s te e l ro d  in  th e  m id d le . A fte r  20  
m in u te s , th e  p la s te r  c o n d u it w as  re m o v e d  fro m  th e  m o ld  w h ile  s till w e t. T he sm o o th  
p la s te r  c o n d u it can  b e  a c h ie v e d  w ith o u t c o n ta m in a tio n  by  a  re le a s in g  reagen t.

(c)
F ig u r e  A . l  T h e  p la s te r  te s t sec tio n  a f te r  c a s tin g  (a ) a ir b u b b le s  o r  h o les  o n  th e  
su rface  (b ) c rack in g  p la s te r  (c ) co m p le te  p la s te r.
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A p p e n d ix  B  S o lu b ility  o f  G y p su m

F ig u r e  B .l  D ih y d ra te  so lu b ility  in  H 2 O  vs. te m p e ra tu re . T h e  cu rv e  is  d e te rm in e d  
fro m  th e  O L I d e fa u lt d a tab ase  (A z im i e t  a l . ,  2 0 0 7 )

Figure B.2 Molal solubility of CaS(V2 H2 0  at 25°c and CaSO.4 (anhydrous) at 100-
150°c in HNO3-H2O solutions, 0-2.4 molal (Marshall, e t  a l . 1975)
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F ig u re  B .3  S tan to n  n u m b e r  v s R ey n o ld s  n u m b e r in  fu lly  d e v e lo p e d  f lo w  (S c h m id t 
n u m b e r  as  p a ra m e te r)  (B e rg e r  e t  a l ,  1977)

T a b le  B . l  P ro p e rtie s  o f  so lu tio n s  a t d iffe re n t N a O H  c o n c e n tra tio n s  an d  
te m p e ra tu re s  (B e rg e r e t  a l ,  1977)

N aO H
CM)

T em p.
(°C)

p  X  103 
(kg -m s)

V X  106 
(m 2/s)

D  X  1 0 10
■ (m 2/s)

Sc
p  X 10 '3 
(k g /m 3)

1.0 20 .5 1.22 1.173 6 .0 1 4 1950 1.04
1.0 30.5 0 .97 0 .9 3 2 7 7 :822 1192 1.04
2 .0 25 .5 1.345 1.245 5 .5 4 8 2 2 4 4 1.08
2 .0 2 8 .0 1.27 1.176 5 .9 2 5 1985 1.08
2 .0 4 0 .0 0 .995 0 .9 1 2 3 7 .8 6 4 1160 1.08
4 .0 24 .5 2 .2 6 1.948 3.291 5 9 1 9 1.16
4 .0 29 .5 1.995 1.72 3.791 4 8 3 7 1.16
4 .0 35 .0 1.73 1.491 4.451 3 3 5 0 1.16
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A p p e n d ix  c  R a w  D a ta

T his w o rk  m easu red  th e  calcium  co n cen tra tio n  fro m  A A S and  analysed  
th e  ch a rac te ris tic s  o f  su rfaces by  tak in g  th e  p ic tu res. M o re o v e r , ru n s w e re  re p e a te d  at 
least tw ic e  in every  co n d itio n  o f  th e  experim en t. T h e  sam p les w e re  m easu red  fo r 
ca lc ium  c o n c e n tra tio n  b efo re  th e  run , a fte r  th e  ru n  and  ev e ry  3 0  m inutes. T h ere  a re  
tw o  d iffe ren t flow  ra te s  to  te s t u n d e r  each  cond ition . T he  tw o  rep ea tin g  ru n s  confirm  
th e  re su lts  in each  flow  ra tes . S am ples w e re  d ilu ted  fro m  10 ml to  2 5 0  m l in 
v o lu m e tric  flask  fo r  initial sam ples and fro m  5 m l to  100 m l fo r  o th e r sam ples (10  
sam ples ev e ry  30  m inu tes).

c . l  T h e  R a w  D a ta  fo r R u n  E x p erim en t u n d e r C o n d itio n . pTbs-r 7 and  2 5 ° c

T a b le  c . l  R aw  d a ta  fo r  run  at f lo w  ra te  25 L P M , p H 25°c 7 and  2 5 ° c  ( th e  firs t run )

S am ple
(N o .)

C alcium  c o n c e n tra tio n  from  A A S 
(mg/1)

real C a
cone.
(mg/1)

- D iffe ren ce  
in Ca
cone.
(mg/1)

D isso lu tio n
R a te

(g /m 2-min)
#1 #2 #3 A v erag e

0, #1 1.36 1.37 1.38 1.37 - - -
0, #2 1.38 1 38 1 39 1 38 - - -

a v era g e 1.37 1.38 1.39 1.38 3 4 .4 2 0 .00 -

“
เ ^ ^ ^ ^ ^ ^ ^ ® เ ^ ^ ^ ^ ^ |||||§ | i j p B i S I I ■ ■ ฒ เ

T 7 4 1.78 1.79 1.77 35 AO 0.98 0 .84
2 1.73 1 78 1 78 1.76 35 27 0 85 0 7 2
3 1.74 1.77 1.77 1 76 3 5 .2 0 0 .78 0 .6 7
4 1.77 1 78 1 79 1.78 3 5 .6 0 1.18 1 0 0
5 1.76 1.79 1.78 1 78 35.53 1.12 0 .95
6 1.77 1 78 1 79 1.78 3 5 .6 0 1.18 TOO
7 1.77 1.76 1 79 1 77 35 .47 1 05 0 89
8 1 80 1.80 1.79 1.80 35 .93 1.52 1.29
9 1.80 1.80 1 78 1.79 35 87 1.45 1.23
10 1.80 1 79 1.79 1.79 35 .87 1.45 1 2 3

a v e ra g e 0 .98
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Table C.2 Raw data for run at flow rate 25 LPM, pH25°c 7 and 25°c (the second run)

S am ple
( N o )

C alcium  c o n c e n tra tio n  fro m  
A A S  (mg/1)

real C a  
cone. 
(mg/1)

D iffe ren ce  
in  C a  
cone . 
(mg/1)

D isso lu tio n
R a te

(g /m 2-min)
#1 #2 A v erag e

0, #1 1.36 1.37 1.37 - - -
0, # 2 1.37 1.37 1.37 - - -

a v era g e 1.37 1 37 1.37 3 4 .1 9 0 .0 0 -

1 1.76 1.76 1.76 35 20 1.01 ™ 8 6 * *
2 1.77 1.74 1 76 35 10 0.91 0 7 7
3 1 76 1 76 1.76 3 5 .2 0 1 0 1 0 8 6
4 1.77 1.75 1 7 6 35 20 1.01 0 .86
5 1.76 1.75 1 7 6 35 10 0.91 0 .77
6 1.79 1.76 1.78 3 5 .5 0 1.31 1 1 1
7 1.78 1 76 1 .77 . 3 5 .4 0 1.21 1.03
8 1 77 1.77 1.77 35 40 1.21 1 0 3
9 1 78 1.77 1.78 3 5 .5 0 1 31 . 1.11
10 1 78 1 77 1.78 3 5 .5 0 1.31 1.11

a v era g e 0.95

T a b le  C .3  R a w  d a ta  fo r  ru n  at flow  ra te  35  L P M , p H 25°c 7 and  2 5 ° c  ( th e  first ru n )

S am ple
(N o .)

C alc ium  c o n c e n tra tio n  fro m  
A A S  (mg/1)

real C a  
cone . - 
(mg/1)

D iffe ren ce  
in  C a  
cone . 
(mg/1)

D isso lu tio n
R a te

(g /m 2-m in)
#1 #2 #3 A v e ra g e

0, #1 1.45 1.36 1.37 1 .39 - - -
0, #2 1.41 1.43 1.42 1.42 - - -

a v era g e 1.43 1.40 1.40 1.41 3 5 .1 7 0 .0 0 -

1 84 I 79 1.80 1 8 1 3 6 .2 0 1.03 1 23
2 1 81 1.78 1.78 1.79 3 5 .8 0 0 .63 0  75
3 1.83 1 78 1 81 1 81 36 .13 0 .9 7 1 15
4 1 8 1 1.80 1.78 1.80 35 .93 0 .7 7 0.91
5 1.83 1 82 1 81 1 82 3 6 .4 0 1 23 1.47
6 1.82 1.79 1.81 1 81 36 .13 0 .9 7 1.15
7 1.83 1.84 1.84 1.84 36 .73 1 .57 1.86
8 1.87 1 84 1 83 1 85 36 .93 1.77 2 10
9 1.84 1.83 1.84 1.84 36 .73 1 57 1.86
10 1 82 1.84 1.85 1.84 36 .73 1.57 1.86

a v e ra g e 1.43
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T a b le  C .4  R a w  d a ta  fo r  run  at f lo w  ra te  35 L P M , p H 25°c 7 and  2 5 ° c  (th e  seco n d  ru n )

S am ple
( N o )

C alc iu m  c o n c e n tra tio n  fro m  
A A S  (mg/1)

real C a  
cone . 
(mg/1)

D iffe ren ce  
in  C a  
cone. 
(mg/1)

D isso lu tio n
R a te

(g /m 2-min)
#1 # 2 #3 A v erag e

0, #1 1.38 1.40 1.4 1.39 - - -
0, #2 1.39 1.41 1.42 1.41 - - -

a v era g e 1.39 1.41 1.41 1.40 3 5 .0 0 0 .0 0 -

1 78 1 81 T s y * 1.80 3 6 .0 7 1.27
2 1 78 1.83 1.82 1 81 3 6 .2 0 1 .20 1.43
3 1 77 1.82 1 82 1.80 3 6 .0 7 1 .07 1.27.
4 1 78 1 82 1 84 1.81 3 6 2 7 1 27 1.51
5 1.79 1.82 1 83 1.81 3 6 .2 7 1 27 1.51
6 1.79 1.82 1.82 1.81 3 6 .2 0 1 .20 1.43
7 1.81 1.82 1 82 1.82 3 6 3 3 1.33 1 59
8 1.80 1.82 1.84 1 82 3 6 .4 0 1 4 0 1 .66
9 1 82 1.84 1.84 1 83 3 6 .6 7 1 .67 1 98
10 1.82 1.83 1.84 1 83 3 6 .6 0 1 .60 1.90

a v era g e 1.55.
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C.2 The Raw Data for Run Experiment under Condition. pH?s°r 3 and 25°c

T a b le  C .5  R a w  d a ta  fo r  ru n  a t f lo w  ra te  25  L P M , p H 25°c 3 and 2 5 ° c  ( th e  firs t run )

S am ple
(N o .)

C alcium  co n cen tra tio n  from  
A A S  (mg/1)

real C a 
cone. 
(mg/1)

D ifference  
in C a 
cone. 
(mg/1)

D isso lu tio n
R a te

(g /m 2-min)
#1 #2 A v erag e

0, #1 1.43 1.44 1.44 - - -
0, #2 1.43 1 44 1.44 - - -

av erag e

~

1.43 1.44 1.44 35 .88 0 .00 -

1.86 1 86 1 86 37 20 1 1.33 1.13
2 1.83 1 83 1 83 36 .60 0 7 3 0 .6 2
3 1.84 1.84 1.84 36 .80 0 92 0 .7 9
4 1.85 1.84 1 85 3 6 .9 0 1.03 - 0 87
5 1 86 1.86 1.86 3 7 .2 0 1.33 1 1 3

.• 6 1.87 1 86 1 87 3 7 .3 0 1 43 1.21
7 1.87 1 86 1.87 37 .30 1 43 1.21
8 1.86 1.87 1 87 3 7 .3 0 1.43 1.21
9 1.87 1 87 1.87 37  40 1.53 . • 1 .30
10 1.87 1.87 1 87 37 .40 1.53 1.30

av erag e 1.07
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Table C.6 Raw data for run at flow rate 25 LPM, pH25°c 3 and 25°c (the second run)

S am p le
( N o )

C alc ium  c o n c e n tra tio n  from  
A A S  (mg/1)

real C a  
cone. 
(mg/1)

D iffe ren ce  
in  C a  
cone. 
(mg/1)

D isso lu tio n
R a te

(g /m 2-min)
#1 #2 #3 A v erag e

0, #1 1.37 1 .36 1.33 1.35 - - -
0, #2 1.39 1.38 1.32 1.36 - - -

a v e r a g e 1.38 1.37 1 33 1 36 3 3 .9 6 0 .0 0 -

T * T t T 1 76 1 75 1.76 3 5 .2 7 1.31 1.11
2 1.76 1.73 1.74 1 74 3 4 .8 7 0.91 0 .7 7
3 1.76 1.74 1 74 1 75 34 .93 0 .9 8 0 .83
4 1.78 1.74 1 72 1.75 34  93 0 9 8 0 .83
5 1.78 1 76 1 72 1.75 3 5 .0 7 1.11 0 .9 4
6 1.78 1.77 1.72 1.76 35 13 1.18 1.00
7 1 82 1.79 1 74 1.78 3 5 .6 7 1 71 1.45
8 1.81 1.80 1.74 1 78 3 5 .6 7 1.71 1.45

. ,  9 1 79 1 79 1.75 1.78 35 .53 1.58 1.34
10 L 8 0 1.80 1.75 1 78 3 5 .6 7 1.71 1 45

a v e r a g e 1 12

T a b le  C .7  R a w  d a ta  fo r  ru n  at flo w  ra te  35 L P M , p H 25°c 3 and  2 5 ° c  (th e  firs t run )

S am ple
(N o .)

C alc ium  c o n c e n tra tio n  from  
A A S  (mg/1)

real C a  
cone. 
(mg/1)

D iffe ren ce  
in C a  
cone. 
(mg/1)

D isso lu tio n
R a te

(g /m 2-m in)
#1 #2 A v erag e

0, #1 1.39 1.36 1.38 - - -
0 , #2 1.38 1 39 1 39 - - -

a v e ra g e

“

1.39 1 3 8 1.38 3 4 .5 0 0 .0 0 -

L 80 * 1.78 L 7 9 35 80 1.30 1.55
2 1.78 1.77 1.78 35 50 1.00 1 1 9
3 1.78 1.77 1.78 3 5 .5 0 1.00 1 19
4 1.78 1.78 1 78 3 5 .6 0 1 10 1.31
5 1 79 1.77 1 78 3 5 .6 0 1.10 1 3 1
6 1.80 1 79 1 80 35 90 1.40 1.66
7 1 81 1.8 1 81 3 6 .1 0 1 60 1 90
8 1.80 1.8 1.80 3 6 .0 0 1.50 1.78
9 1.80 1.8 1.80 3 6 .0 0 1.50 1.78
10 1.81 1 8 1 81 3 6 .1 0 1 60 1.90

a v e ra g e 1.56
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T a b le  C .8  R a w  d a ta  fo r  ru n  a t f lo w  ra te  35 L P M , p H 25°c 3 and  2 5 ° c  ( th e  seco n d  ru n )

S am ple
( N o )

C alc ium  c o n c e n tra tio n  from  
A A S  (mg/1)

real C a
cone.
(mg/1)

D iffe ren ce  
in  C a 
cone. 
(mg/1)

D isso lu tio n
R a te

(g /m 2-min)
#1 #2 #3 A v erag e

0, #1 1.41 1.45 1.45 1 44 - - -

0, #2 1.44 1.45 1 45 1.45 - - -
a v e ra g e

—
1.43 1.45 1.45 1.44 36 .04 0 .0 0 -

1 84 T i r 1.88 1.87 37 .33 1.29 1.54
2 1 80 1 85 1.84 1 83 36 .73 0 .6 9 0 .8 2
3 1.81 1.83 1 83 1 82 36  60 0 .5 6 0 .6 6
4 1.81 1.83 1.83 1.82 3 6 .6 0 0 .5 6 0 .6 6
5 1.81 1 87 1.87 1 85 3 7 .0 0 0 9 6 1.14
6 1.84 1 91 1 91 1.89 3 7 .6 7 1.63 1.93
7 1.87 1.90 1.91 1.89 3 7 .8 0 1.76 2 09
8 1.87 1.90 .1.92 1.90 37  93 1 89 2 2 5
9 J.9 1 1 91 1 92 1.91 38 .07 2 .03 2.41
10 1.90 1.90 1.91 1.90 3 8 .0 0 1 96 2.33

a v e ra g e 1.58



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

T a b le  C.9 Raw data for run at flow rate 25 LPM, pH25°c 10 and 25°c (the first run)

Sample
(No.)

Calcium concentration 
from AAS (mg/1)

real Ca cone. 
(mg/1)

Difference 
in Ca cone. 

(mg/1)
Dissolution

Rate
(g/m2-min)

0, #1 0.76 - - -
0, #2 0.74 - - -

average
”

0.75 18.70 0.00 -

1.04 20.80 ::ะะ::ไ2โ10 ..1 78
2 0.98 19.60 090 0 76
3 0.98 19 60 0.90 0.76
4 0.97 1940 070 0 59
5 0.97 19.40 0.70 0.59
6 0 96 1920 0 50 0.42
7 0 96 . 19.20 0.50 0.42
8 0 98 19 60 0.90 0 76
9 0.96 19 20 0.50 0.42
10 0.98 19.60 0.90 0.76

average 0 73
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Table C.10 Raw data for run at flow rate 25 LPM, pH25°c 10 and 25°c (the second
run)

Sample
(No.)

Calcium concentration from 
AAS (mg/1)

real Ca 
cone. 
(mg/1)

Difference 
in Ca cone. 

(mg/1)
Dissolution

Rate
(g/m2-min)

#1 ท #3 Average
0, #1 0.68 0.68 0.65 0.67 - - -
0, #2 0 66 0 68 0 63 0.66 - - -

a v era g e 0.67 0.68 0.64 0.66 16.58 0.00 -ip ■ *
0 96 0 97 0.96 1927 2.68 2.28

2 0.94 0 95 0.93 094 18.80 2.22 1 88
3 0.85 0 85 0.83 0.84 16.87 0.28 0.24
4 0.84 0 83 0.84 0.84 1673 0.15 0.13
5 0 84 0 84 0.83 0.84 16 73 0.15 0.13
6 0 84 0.86 0.82 0 84 16.80 0.22 0.18
7 0.87 0 86 0.84 0.86 17.13 0.55 047
8 0.88 0 87 0 85 ๐:87 •1733 0.75 0 64
9 0.85 0 85 0.85 0.85 17 00 0.42 0 35
10 0.85 0.86 0.85 0 85 17.07 048 0.41

a v era g e 0 67

T a b le  c . l l  Raw data for run at flow rate 35 LPM, pH25°c 10 and 25°c

Sample
(No.)

Calcium concentration from 
AAS (mg/1)

real Ca 
cone, 
(mg/i)

Difference 
in Ca 
cone. 
(mg/1)

Dissolution
Rate

(g/m2-min)
#1 #2 Average

0,#1 0.66 0.67 0.67 - - -
0, #2 065 066 066 - - -

average 0.66 0.67 0.66 16.60 0.00 -
;1 0.95 0.94 0.95 18.90 2.30

2 0 92 0.92 0.92 18.40 1.80 2.14
3 0.87 0.89 0.88 17.60 1.00 1.19
4 0.88 0.89 0 89 17.70 1.10 1.31
5 0.88 0.87 0.88 17.50 0.90 1.07
6 0.88 0.89 0.89 17.70 1.10 1.31
7 0.87 0.87 0.87 17.40 0.80 0.95
8 0 88 0.86 0.87 17 40 0.80 0 95
9 0.88 0.87 0.88 17.50 0.90 1.07
10 0.87 0.89 0 88 17.60 1 00 1 19

average 1 39



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

T a b le  C.12 Raw data for run at flow rate 25 LPM, pH25°c 7 and 10°c (the first run)

Sample
(No)

Calcium concentration from AAS 
(mg/1)

real Ca 
cone. 
(mg/1)

Difference 
in Ca 
cone. 
(mg/1)

Dissolution
Rate

(g/m2-min)
#1 #2 #3 Average

0, #1 1.23 1.25 1.26 1 25 - - -
0, #2 1.25 1.26 1.25 1.25 - - -

a v era g e 1.24 1.26 1.26 1.25 31.25 000 -

1 1.59 1.59 T S T 1.59 31.87 0.62 : 052
2 1 58 1.59 1 60 1.59 31.80 0.55 0.47
3 1.61 1.58 1.59 1 59 31.87 0.62 0 52
4 1.62 1.59 1 59 1.60 32 00 0.75 0 64
5 1 59 1.58 1.59 1 59 31.73 . 0.48 0.41
6 1.59 1.59 1 60 1 59 , - . 31 87 0.62 0 52
7 1.62 1 61 1.60 1 61 32.20 0.95 0.81
8 1 59 1.59 1.59 1 59 31 80 0.55 0.47
9 1.58 1.59 1 59 1.59 31 73 048 041
10 1.62 1.58 1 59 1.60 31.93 0.68 0.58

a v era g e 0.54
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Table C.13 Raw data for run at flow rate 25 LPM, pH25°c 7 and 10°c (the second
run)

Calcium concentration from AAS real Ca Difference 
in Ca 
cone. 
(mg/1)

Dissolution
Sample
(No.)

(mg/1) cone.
(mg/1)

Rate
(g/m2-min)

#1 #2 #3 Average
0, #1 1.36 1.34 1.34 1.35 - - -
0, #2 1.35 1.35 1 34 1.35 - - -

a v era g e
llllllll! 11

1.36 1.35ฒฒ«M i 1 34 1.35 33.67 0.00 -
1 172 4 173 1.71 172 34.40 0.73 0.62
2 1 71 171 1.71 1.71 34.20 0.53 045
3 1 71 1.71 1.71 1.71 34 20 0.53 045
4 1.72 1.71 171 171 34.27 0.60 0.51
5 1.72 1.72 1.72 1.72 34.40 073 0.62
6 1.73 1 72 1.71 1 72 34.40 073 0.62
7 1.73 1.70 1.71 171 34.27 0 60 0.51
8 1.73 1 70 171 1.71 34.27 ■' - 0.60 ■■ 0.51
9 1.73 1.71 172 172 34 40 073 0 62
10 1.73 1.70 171 1.71 34.27 0 60 0.51

a v era g e 0.54

T a b le  C .1 4  Raw data for run at flow rate 35 LPM , pH25°c 7 and 10°c (the first run)

Sample
(No.)

Calcium concentration from 
AAS (mg/1)

real Ca 
cone. 
(mg/1)

Difference 
in Ca 
cone 
(mg/1)

Dissolution
Rate

(g/m2-min)
#1 #2 Average

0, #1 1.36 1.36 1.36 - - -
0, #2 1 36 135 1.36 - - -

a v era g e 1.36 1.36 1.36 33.94 0.00 -

T 1.72 1.72 1.72 34.40 0 46 0.55 ’
2 1.71 172 1 72 34 30 0.36 0.43
3 172 1.73 173 34.50 0 56 0.67
4 1.72 172 172 34.40 0.46 0.55
5 1.73 172 1.73 34.50 0.56 0.67
6 1.73 173 173 34.60 0 66 0.79
7 173 1.73 173 34.60 0.66 0.79 .
8 173 1 74 174 34.70 076 0.91
9 1.74 174 174 34 80 0.86 1.03
10 1.73 1.74 1.74 3470 0.76 0 91

a v era g e 0.73
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Table C.15 Raw data for run at flow rate 35 LPM, pH25°c 7 and 10°c (the second
run)

Calcium concentration from AAS real Ca Difference 
in Ca 
cone. 
(mg/1)

Dissolution
Sample
(No.)

(mg/1) cone.
(mg/1)

Rate
(g/m2-min)

#1 #2 #3 Average
0, #1 1.39 1.38 1.29 1.35 - - -
0, #2 1.30 1.39 1.30 1.33 - - -

av erag e
i l i i l l i i i l

1.35■ ะ-:;:-:•ะ;:-:•ะ-:-:;:;:::;:-:::;:-:::-:-:::-:::•รุ:::::::ร-:รุ•พ
1.39 1.30

y s - y y p s
1 34 33.54 0.00ฒฒฒÏÉฒฒ -

1 1.72 1.73 T o ? " T 70 : 34.00 * 0.46 T 5 T
2 1 71 1.74 1.66 1 70 34.07 0.52 0.62
3 1 71 1.72 1.65 1.69 33.87 0.32 039
4 1.72 1.71 1.65 1 69 33.87 0.32 039
5 1.71 1.75 1 66 1.71 34 13 0.59 0.70
6 1.73 1.75 1 67 1.72 34.33 0 79 0.94
7 1 73 1.74 1.67 1.71 34 27 0.72 0.86-
8 1.74 1 74 1 68 1.72 3440 0.86-■ ■  ' 1.02
9 1 72 1.75 1.68 1.72 34.33 0 79 094
10 1.72 1 75 1.69 1 72 34.40 0 86 1.02

a v era g e 0.74
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C.5 The Raw Data for Run Experiment under Condition. pTbvr 3 and 10°c

T a b le  C.16 Raw data for run at flow rate 25 LPM, pH25°c 3 and 10°c (the first run)

Sample
(No.)

Calcium concentration from AAS 
(mg/1)

real Ca
cone.
(mg/1)

Difference 
in Ca 
cone. 
(mg/1)

Dissolution
Rate

(g/m2-min)
#1 #2 #3 Average

0, #1 1.37 1.36 1.38 1.37 - - -
0, #2 1.38 1 36 1 37 1.37 - - -

av erag e 1.38 1.36 1.38 1.37 34.25 0.00 -
■ เ ฒ เ พรÈÊÊÊÊÈ l l f l l l l

1 1.76 1.77 1.77 177 35.33 1.08 0.92
2 1 75 1.76 1 75 1.75 35 07 0.82 0.69
3 1 74 1.75 1 75 1.75 34.93 0.68 0 58
4 1.74 1.74 1.75 1.74 34.87 062 0.52
5 1.75 1.74 1 75 1.75 34 93 068 0 58
6 1 74 1.74 1 75 1.74 34.87 0.62 052 .
7 1.75 1.75 1.76 1.75 35.07 0 82 0.69
8 1.74 1.74 1.75 1.74 34.87 0 62 0.52
9 1.74 1.74 1.75 1.74 34 87 0 62 0.52
10 1.74 1 75 1.76 1.75 35.00 0.75 0 64

av erag e 0.62
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Table C.17 Raw data for run at flow rate 25 LPM, pH25°c 3 and 10°c (the second
run)

Sample
(No.)

Calcium concentration from AAS 
(mg/1)

real Ca 
cone. 
(mg/1)

Difference 
in Ca cone. 

(mg/1)
Dissolution

Rate
(g/m2-min)

#1 #2 #3 #4 Average
0, #1 1.36 1.36 1.35 1.37 1 36 - - -
0, #2 1 39 1.37 1.37 135 1.37 - - -

average 1.38 1.37 1.36 1.36 1.37 34.17 0.00 -
“1 T tT 1 75 1 75 1.75 35 00 0.83 0.71

2 1 73 1.72 1.73 1 74 1.73 34 60 0.43 0.37
3 1.74 1.73 1.73 1 73 1.73 34.65 048 041
4 1.76 1.73 1.73 1 74 1.74 34.80 063 0.54
5 1 74 1.76 1.75 1 75 1.75 35.00 0 83 071
6 1 75 1 75 1.76 1.75 1.75 35.05 0 88 0.75
7 1.76 1.74 1 75 1 75 1.75 35.00 0 83 071
8 1 75 1.74 1.75 1 76 1.75 35 00 0 83 0.71
9 1 75 1.74 1 75 1.75 1.75 34 95 0.78 0.67
10 1 76 1.75 1.76 1 75 1.76 35 10 0.93 0.79

average 0 64

Table C.18 Raw data for run at flow rate 35 LPM, pH25°c 3 and 10°c (the first run)

Sample
(No.)

Calcium concentration from AAS 
(mg/1)

real Ca 
cone. 
(mg/1)

Difference 
in Ca 
cone. 
(mg/1)

Dissolution
Rate

(g/m2-min)
#1 #2 #3 Average

0, #1 1.46 1.46 1.44 1 45 - - -
0, #2 1 48 1.44 1.44 1 45 - - -

average
™

1.47 1.45 1.44 1.45 36.33 0.00 -
1.87 1 86 1.86 1 86 37 27 0.93 1.11

2 1.84 1 84 1 83 1 84 36.73 0.40 048
3 1.85 1.84 1.83 1.84 36.80 047 0 55
4 1.87 1 84 1.84 1.85 37.00 067 0 79
5 1 86 1.84 1.84 1.85 36.93 0.60 0 71
6 1.86 1 85 1.84 1.85 37 00 0.67 0 79
7 1.86 1.85 1 84 1 85 37.00 0.67 0.79
8 1.86 1 86 1.86 1 86 37.20 0.87 1 03
9 1.86 1.86 1 85 1.86 37.13 0.80 0.95
10 1.86 1.86 1.86 1 86 37.20 0.87 1.03

average 0.82
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Table C.19 Raw data for run at flow rate 35 LPM, pH25°c 3 and 10°c (the second
run)

Sample
(No)

Cฟcium concentration from AAS 
(mg/1)

red Ca 
cone. 
(mg/1)

Difference 
in Ca 
cone. 
(mg/1)

Dissolution
Rate

(g/m2-min)
#1 #2 #3 Average

0, #1 1.38 1.38 1.37 1.38 - - -
0, #2 1.38 1 37 1.37 1.37 - - -

average 1.38 1.38 1.37 1.38 34.38 0.00 -เ ^ l l l l l l i i ฒ ฒ !ฒ เ XxXvXvXxX J l i i l i i i t i i g
1.41 1.42 1.41 141 35.33 0.96 1 14

; 2 1 40 1 39 1.39 1.39 34.83 0.46 0.54
3 141 1.40 1 39 1.40 35 00 0.62 0.74
4 1.41 1 39 1 40 1 40 35.00 0.62 0 74

- 5 1 41 1 41 1.40 141 35 17 0.79 0 94
•. 6 1.41 1 40 1 40 1.40 35.08 071 0.84

7 1.40 1.41 1.40 1.40 35 08 071 0.84
8 1 41 1.41 1.40 1.41 35 17 0.79 0.94
9 1.41 1.42 1.40 1.41 35.25 0.88 1.04

' 10 1 42 1.41 1 40 1.41 35.25 0.88 1.04
average 0 88
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C.6 The Raw Data for Run Experiment under Condition. pH7<i°r 10 and 10°c

T a b le  C.20 Raw data for run at flow rate 25 LPM, pH25°c 10 and 10°c (the first run)

Sample
(No.)

Calcium concentration from AAS 
(mg/1)

real Ca 
cone. 
(mg/1)

Difference 
in Ca 
cone. 
(mg/1)

Dissolution
Rate

(g/m2-min)
#1 #2 #3 Average

0, #1 0.58 0.59 0.59 0.59 - - -
0, #2 0 59 0.59 0.59 0.59 - - -

a v era g e 0.59 0.59 0.59 0.59 14.71 0.00 -

1 0.79 * ไ ว 7 ! โ * 0.78 0.79 15.73 1.03 0.87
2 0.76 0.77 0.77 0.77 15.33 063 0.53
3 0.78 0 78 0 78 078 15.60 0 89 0.76
4 0 77 077 0.77 0 77 15 40 0 69 0.59
5 •• 0 77 0.77 0.77 077 15.40 0.69 0 59
6 . •0 75 0 75 0.76 0.75 15 07 0.36 0.30
7 0.76 0.76 0.75 0 76 15.13 0.43 0.36
8 . 0 76 077 0.76 0.76 15.27 0.56 0.47
9 •0 77 0.76 076 0.76 15.27 0 56 0.47
10 ■ 0 77 0.77 0.76 0 77 15.33 0 63 0.53

a v era g e 0 55
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Table C.21 Raw data for run at flow rate 25 LPM, pH25°c 10 and 10°c (the second
run)

Sample
(No.)

Calcium concentration from AAS 
(mg/1)

real Ca 
cone. 
(mg/1)

Difference 
in Ca 
cone. 
(mg/1)

Dissolution
Rate

(g/m2-min)
#1 #2 #3 Average

0, #1 0.58 0.58 0.59 0.58 - - -
0, #2 0.59 0.59 0.57 0.58 - - -

average 0.59 0.59 0.58 0.58 14.58 0.00 -
l l l i l l l l l l ะ:?:::::::::::::::::̂:::::;:::::::::::?::::::::::ร:ร— ® l l l i l l i l

0.79 0.79 a79 15.80 1.22 : 1*03
2 077 0 77 0.76 0.77 15.33 0.75 0.64
3 0 77 0.77 0.75 0 76 15.27 0.68 0 58
4 0.76 0 76 0 74 0.75 15.07 048 0.41
5 0.75 075 0.75 0.75 15.00 042 0.35
6 0.76 . 0 76 0.74 0 75 15 07 048 041
7 0.76 • 0.75 0.74 0.75 15.00 042 0.35
8 075 • 076 074 075 15.00 042 035
9 0.77 0.76 0.75 0.76 15.20 062 0.52
10 0.77 0.76 0 76 076 15.27 0.68 0 58

average 0.52

Table C.22 Raw data for run at flow rate 35 LPM, pH25°c 10 and 10°c (the first run)

Sample
(No.)

Calcium concentration from AAS 
(mg/1)

real Ca
cone.
(mg/1)

Difference 
in Ca
cone.
(mg/1)

Dissolution
Rate

(g/m2-min)
#1 #2 #3 #4 Average

0, #1 0.63 0.62 0.63 0.63 0.63 - - -

0, #2 0 63 0 64 0.63 0 63 0 63 - - -

average 0.63 0.63 0.63 0.63 063 15.75 000 -
1 ไ)*85* 0 83 0 84 0 85 0.84 16.85 T i r 1.31
2 0.82 0 80 0.81 0.82 0.81 16 25 0.50 0.59
3 0.82 0.80 0 80 0.81 0.81 16.15 0.40 048
4 0 83 0.81 0 81 0.82 0.82 16.35 0.60 0.71
5 0.83 0.80 0.82 0.81 0.82 16.30 0.55 0.65
6 0 84 0 81 0.81 0.82 0.82 16.40 0.65 0 77
7 0.82 0.80 0.81 0.82 0.81 16 25 0.50 0 59
8 0.84 0 81 0.82 0 82 0.82 16.45 0.70 0.83
9 0.83 0 80 0.81 0 82 0.82 16.30 0 55 0.65
10 0.83 0.81 0.82 0 82 0.82 16.40 0.65 0.77

average 0 74
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Table C.23 Raw data for run at flow rate 35 LPM, pH25oc 10 and 10°c (the second
run)

Sample
(No)

Calcium concentration from AAS 
(mg/1)

real Ca 
cone. 
(mg/1)

Difference 
in Ca cone. 

(mg/1)
Dissolution

Rate
(g/m2-min)

#1 #2 #3 #4 Average
0, #1 0.63 0.61 0.61 0.58 0.61 - - -
0, #2 0.61 0 61 0.61 0.58 0.60 - - -

a v era g e 0.62 0.61 0.61 0.581 0.61^ ร•••ะ-:-:-:-:iSsSwSSSKwiWx»:
15.13 0.00I I I -

1 0 80 0*82 0 81 0 79 0.81 16.10 ~ 0.98 1.16
2 0.79 0.80 0 80 0.77 0 79 15.80 0 68 0.80
3 079 0 80 0.79 0.78 0.79 15.80 0.68 0.80
4 0.78 0.80 0.80 0.77 0.79 15 75 0.63 0.74
5 0.78 0.80 079 0.77 079 15 70 0.57 0.68
6 0 78 0.80 0 79 • 077 0 79 15.70 0.57 068
7 0.77 0.78 0.78 0.77 0 78 15.50 0 38 0.45
8 0.78 0.79 0.78. 0.76 078 15.55 0 43 0 51
9 0.79 0.79 0.78 0.78 079 15.70 0 58 068
10 0.78 0.80 0 78 0.78 0.79 15.70 0.58 0.68

a v era g e 0.72
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A p p e n d ix  D  T h e  D e v e lo p m e n t o f  S ca llo p s w ith  T im e

F ig u re  D .l  The scallop surface development at every hour at 25 LPM 
under different conditions: (a 1-5) pH25»c 3, (bl-5) pH25*c 7 and (c l-5) pH25"c

and 10°c 
10
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Appendix E The Results from SEM/EDX

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

Table E.l The composition of plaster before run
Test
Area Na20 MgO ai2o3 Si02 SOj ClOo k 2o CaO FeO Total

1 0.17 0.19 0.79 0.28 44.71 0.24 0.09 32.83 0.83 80.13
2 0.09 0.07 0.14 0 29 47.52 0.15 0.05 34.37 0 82 68
3 4.08 0 71 12.5 0 62 16 85 3.36 0.07 31.04 13.4 82.61

Ave. 1.45 0.32 4.49 0.40 36 36 1.25 0.07 32.75 4.73 81.81
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Figure E.2 The SEM images for the plaster conduit after run under 25 LPM, 
pH25«c 10 and 25°c

Table E.2 The composition of plaster after run under 25 LPM, pH25°c 10 and 25°c
Test
Area Na20 MgO A12๐3 Si02 ร๐3 ClOo k 2o CaO FeO Total

1
2

0.2
0.1

7.99
1.21

0.97
0.74

2.32
1.59

18.19
37.6

0.02
0

0.39
0.21

31.81
30.33

0.65
0.07

62.52
71.84

Ave. 0.15 4.60 0.86 1.96 27.90 0.01 0.30 31.07 0.36 67.18
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Figure E.3 The SEM images for the plaster conduit after run under 35 LPM,
pH25°c 7 and 25°c

Table E.3 The composition of plaster after run under 35 LPM, pH25°c 7 and 25°c
Test
Area Na20 MgO AI2Oj Si02 s o 3 C l O o k 2o CaO FeO Total

1 0 .0 9 2 .8 8 1.5 9 .6 8 2 2 .9 4 0 .0 5 0 .4 7 2 3 .7 6 1.34 6 2 .7 3

2 0 .4 5 14.71 9 .4 4 1 4 .7 5 1 .2 8 0 .1 5 2 .1 6 2 4 .3 3 0 .7 6 6 8 .0 4

3 0 .4 8 2 6 .3 6 0 .5 8 1 .0 5 0 .7 6 0 .0 3 0 .0 5 3 3 .2 6 0 .0 5 6 2 .6 2

Ave. 0 .3 4 1 4 .6 5 3 .8 4 8 .4 9 8 .3 3 0 .0 8 0 .8 9 2 7 .1 2 0 .7 2 6 4 .4 6



Figure E.4 The SEM images for the plaster conduit after run under 25 LPM,
pH25°c 3 and 25°c

Table E.4 The composition of plaster after run under 25 LPM, pH25°c 3 and 25°c
Test
Area Na20 MgO AI2๐3 Si02 s o 3 ClOo k 2o CaO FeO Total

1 0.09 1.6 0.98 2.54 30.1 0 0.30 26.2 0.41 62.2
2 0.09 2.46 1.21 2.85 35.3 0 0.35 28.5 0.17 71.0
3 0.03 4.46 0.78 1.81 26.6 0.02 0.27 28.4 0 62.4

Ave. 0.07 2.84 0.99 2.40 30.69 0.01 0.31 27.69 0.19 65.19
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A p p e n d ix  F  D isso lu tio n  R a te  A lo n g  th e  P ip e  an d  D isso lu tio n  C o e ff ic ien t

F.l Dissolution Rate Along the Pipe

F ig u r e  F . l  The dissolution rate profile along the pipe under condition pH25°c 3, 25°c 
and 25 LPM (the second run)

Figure F.2 The dissolution rate profile along the pipe under condition pH25*c 7, 25°c
and 25 LPM (the second run)
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F ig u re  F .3  The dissolution rate profile along the pipe under condition pH25°c 10, 
25°c and 25 LPM (the second run)

Figure F.4 The dissolution rate profile along the pipe under condition pH25°c 3, 25°c
and 35 LPM (the first run)
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Figure F.5 The dissolution rate profile along the pipe under condition pH25°c 3, 25°c 
and 35 LPM (the second run)
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Figure F.6 The dissolution rate profile along the pipe under condition pH25*c 7, 25°c
and 35 LPM (the first run)
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Figure F.7 The dissolution rate profile along the pipe under condition pH25°c 7, 25°c 
and 35 LPM (the second run)

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 pH25»c 10, 
25°c and 35 LPM (the second run)

Figure F.10 The dissolution rate profile along the pipe under condition pH25°c 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 pH25°c 7, 
10°c and 25 LPM (the second run)

Figure F.12 The dissolution rate profile along the pipe under condition pH25"c 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 pH25'c 3, 
10°c and 35 LPM (the first run)

Figure F.14 The dissolution rate profile along the pipe under condition pH25«c 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 pH25°c 7, 
10°c and 35 LPM (the first run)

Figure F.16 The dissolution rate profile along the pipe under condition pH25°c 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 pH25°c 10, 
10°c and 35 LPM (the first run)

Figure F.18 The dissolution rate profile along the pipe under condition pH25"c 10,
10°c and 35 LPM (the second run)



99

F.2 Dissolution Coefficient Along the Pipe and Mass Transfer Coefficient

Figure F.19 The dissolution coefficient (K) compared with the mass transfer 
coefficient (Km) along the pipe under condition pH25°c 3, 25°c and 25 LPM (the 
second run)

Figure F.20 The dissolution coefficient (K) compared with the mass transfer
coefficient (Km) along the pipe under condition pLLs-c 7, 25°c and 25 LPM (the
second run)
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Figure F.21 The dissolution coefficient (K) compared with the mass transfer 
coefficient (Km) along the pipe under condition pH25°c 10, 25°c and 25 LPM (the 
second run)

Figure F.22 The dissolution coefficient (K) compared with the mass transfer
coefficient (Km) along the pipe under condition pH25»c 3, 25°c and 35 LPM (the first
run)
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Figure F.23 The dissolution coefficient (K) compared with the mass transfer 
coefficient (Km) along the pipe under condition pH25°c 3, 25°c and 35 LPM (the 
second run)

Figure F.24 The dissolution coefficient (K) compared with the mass transfer
coefficient (Km) along the pipe under condition pH25"c 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 pH25»c 7, 25°c and 35 LPM (the 
second run)

Figure F.26 The dissolution coefficient (K) compared with the mass transfer
coefficient (Km) along the pipe under condition pH25*c 10, 25°c and 35 LPM (the first
run)
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Figure F.27 The dissolution coefficient (K) compared with the mass transfer 
coefficient (Km) along the pipe under condition pH25°c 10, 25°c and 35 LPM (the 
second run)

Figure F.28 The dissolution coefficient (K) compared with the mass transfer
coefficient (Km) along the pipe under condition pH25*c 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 pH25°c 7, 10°c and 25 LPM (the 
second run)

Figure F.30 The dissolution coefficient (K) compared with the mass transfer
coefficient (Km) along the pipe under condition pH25°c 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 pH25°c 3, 10°c and 35 LPM (the first 
run)

Figure F.32 The dissolution coefficient (K) compared with the mass transfer
coefficient (Km) along the pipe under condition pH25°c 3, 10°c and 35 LPM (the
second run)
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F ig u r e  F .33  The dissolution coefficient (K) compared with the mass transfer 
coefficient (Km) along the pipe under condition pH25°c 7, 10°c arid 35 LPM (the first 
run)

Figure F.34 The dissolution coefficient (K) compared with the mass transfer
coefficient (Km) along the pipe under condition pH25-c 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 (Km) along the pipe under condition pH25°c 10, 10°c and 35 LPM (the first 
run)

Figure F.36 The dissolution coefficient (K) compared with the mass transfer
coefficient (Km) along the pipe under condition pH25°c 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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