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APPENDIX A

Calculation Method for the Deprotonation Curves for ATMP
1. Equilibrium acid constant

The equilibrium acid constant is defined in terms of the activity of
product species divided by reactant species as shown below
For example;
HA + HD  HY)++ A
The equilibrium acid constant is written as

Kal fl
(HA) (9

where () denote the activities of the hydrated species
Rearrange eq(l),

(H30 A )
Taking the logarithms both sides of eq (2),
\og(HY 4 =-\og Ka ?:f)) €)
Rearrange eq(3),
-log(HO 4= logKa- log éHA)‘ &
where pH =-log(HY) 1) and pKa - - logKa
Eq(4) becomes,
pH =pKa +log tHA) ©)
or oH = pKa +log (hasic species) )

(acidic species)



2. Activity

The activity is defined as,
«=CJ1 0
where
¢, =concentration (M)

f 1=activity coefficient
Substituting eq(7) into eq(l),

Ka = « P Ay -
(Chal ha)
Rearrange,
JCI'A - jha ~ (9)
CfUCO*CA__:&& fHA (0
HA Jleo JfA

where Ka' = CHAA

EqlO becomes,
Ka'- Ka-j—* —=Y (T, 1)) (1)

In order to be comfortable, eq 6 is used in terms of molar concentration
unit (M), hence the eq 6 is expressed as

PH - prat+og i S )

where [ ] represents the molar concentration unit



In general, the equilibrium reaction of acid is shown as
HAAX' @ HnIA() + H+ (13)

From eq 12,
pH=pKa +logESAA] (14)

Eq 10 demonstrates that Ka is a function of temperature (T) and
activity coefficient (/), however the activity coefficient is also depend upon

the fonic strength (1) as shown in Debye-Huckel equation.

The Debye-Huckel equation for dilute solution is written as;

-logf 1=~ ~-Q-1Z2  (only dilute solution) ~ (15)

where f 1=activity coefficient -]
| =ionic strength [M]
A =a constant which depends on the temperature
(at25°c, A=0.512)
Z =charge

From eq 15, eq 14 becomes;

oH =pKa- (Zgj\/)%ll 0L+ +og (16)
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pKa'= pKa- (22(11\/)52';2 F0.12¢+ 1)) (17)

3. Calculation of the fraction of ATMP species

The Amino trimethylene phosphonic acid (ATMP) is a polyprotic acid
which dissociates in several steps expressed in terms of six of equilibrium acid
constants as shown below;

ATMP~[H
[ 1:[ [ATM]P[] 1 (18)
ra  [ATMP2][H+] (19)
2= [ATMP']
3
" R
ra _[ATMP3][HH (21)
ATMP41[H
4:[ [ATM]P[] 1] (22)
ra  [ATMP>-][H4] (23)
ra [ATMP&][H4] (24)
6= [ATMP5]

The following values are the equilibrium acid constant of ATMP at 25 ¢



o/

ATMP <» ATMP' + H' nKa1<?
ATMP' <> ATMPZ + H+ nKa2 <2

ATMPZ <> ATMP3 + HT pKa2= 430
ATMP3 ) ATMP4 + H¥ oKad =546
ATMP4  ATMPS + H+ pKa5 = 6.6
ATMPS <> ATMPG + H+ pKa6=12.30

The total ATMP concentration is the sum of above species

ATMPLOEL = [ATMP6]+ [ATMP5 ]+ [ATMP4 ]+.. +[ATMPX]+ [AIMP]  (25)

From the equilibrium reaction indicating the several deprotonation steps
of ATMP, the concentration of each deprotonated species can he expressed as;

[Amp]JAnLIEXM | (26)
BWmr>\ W (27)
[AmA KaSK J (28)
[A T M " 4| (29)
[ATMPAJ) i (30)
[ A | - (31)

Kae



Fromeq 16 and 17, all deprotonated species above can be written in

terms of pH and pKa’ as shown below;
= [ATMPI \QpKaipH
]=[ATMPZ 310pd- H
]=[ATMPi J\0p* H
-] =[ATMP4]\0pe<H
-] =[ATMP5 \0gka-H
]=[ATMPG-JIOQ A"

Where pKa'=pK'~ JUTir) +o .

pKa, =pK1-™ C 2)+03I-pH
pKa,=pK1--~C - +0.5]-PH
pKa, =pK1-™ C 1)+MI-pH
pKa.-pK5 (1+7)+Q91 PH

PKa6 =pK6 * p )+LI/ pH
Substituting eq 32-43 in eq 25;

(32)
(33)
(34)
(35)
(36)
(37)
(38)
(39)
(40)
(41)
(42)

(43)

ATMPa = [ATMP J10pka +[ATMP2 J10pc2 +[A TMPI~[10pka> +... + [ATMPH

(44)



Rearrange eq 44;
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ATMP  =[AIMPG (1 + 10p& +]0pKeoka + + 10k kel Tpkel *pka ' 4 )

Where 2 :(1+\0[K’;6 +1QA'A" 4, +](JoKao+pKas+  +pKas +pKar +pKas

Therefore,
[ATMPG ] = ATM~Tog

Fraction of [ATMP6 ] species = ATMPTT(élz\z

In the same manner for every deprotonated species;

Fraction of [ATMPS ] species

[10 PKa6 +PKab \]

Fraction of [ATMP4] species =

[10 PKag +PKa5 +PKad J

Fraction of [ATMP3] species =

[10pai +pk* +pKai +pKai J

Fraction of [ATMP2 ] species

ri pKas +pKai +pKaA+pKa} +pKaz 1

Fraction of [ATMP~] species = =---meeremeeme-mmemeemeeeceee

[10 pKas +pKas + pKaa +pKas + pKaz +pKas ]
§=

Fraction of [ATMP] specie

(45)

(46)

(47)

(48)

(49)
(50)
(51)
(52)
(53)

(54)

Substituting the values of pKa],pKa2,pKaz2,...,pKas, the fraction of

each deprotonated species of ATMP is obtained.



APPENDIX B

1 Dissolution of 1.1 Ca-ATMP Precipitate in DI Water.
Experimental Conditions:
Volume of DI water used = 200 ml

Initial solution pH = 5.5

Temperature = room temperature

Rotating Disk speed = 1000 rpm

Time (min)

i SO FC I NCRN

Cone, of Ca (M)
|
1.5107x10-6
3.3333x10-6
4.6300x10-6
6.5541x10-6

Cone, of Ca (M)
|
1.2392x10-6
2.8123x10-6
5.0107x10-6
6.2356x10-6

10

Cone, of Ca (M)
Avg
1.3750x10-6
3.0728x10-6
4.8203x10-6
6.3949x10-6



n

2 Dissolution of 2:1 Ca-ATMP Precipitate in DI water
Experimental Conditions:
Volume of DI water used = 200 ml
Initial solution pH = 5.5
Temperature = room temperature
Rotating Disk Speed = 1000 rpm

Time (min) ~ Cone, of Ca (M) Cone, ofCa (M) Cone, of Ca (M)
I | Avg
1 5.4644x10-7 8.1529x10-7 6.8086x10-7
2 1.4509x10-6 1.7702x10-6 1.6106x10-6
3 2.1329x10-6 2.5166x10-6 2.3247x10-6
4 3.2946x10-6 3.9359x10-6 3.6153x10-6



3 Dissolution of 3:1 Ca-ATMP Precipitate in DI water
Experimental Conditions:
Volume of DI water used = 200 ml
Initial solution pH = 5.5
Temperature = room temperature
Rotating Disk speed = 1000 rpm

Time (min)

S~ O N

Cone, of Ca (M)
|
4.5656x10-7
1.2619x10-6
1.7478x10-6
2.5197x10-6

Cone, of Ca (M)
|
7.0715x10-7
1.4650x10-6
2.0285x10-6
2.7549x10-6

12

Cone, of Ca (M)
Avg
5.8185x10-7
1.3635x10-6
1.8881x10-6
2.6373x10-6



APPENDIX ¢

1 Dissolution of 2:1 Mg-ATMP Precipitate in DI Water.
Experimental Conditions:

Volume of DI water used = 200 m
Initial solution pH = 5.5
Temperature = room temperature
Rotating Disk Speed = 1000 rpm

Time (min)

S 2 TN~ SO G TN

|
1.0018x10-6
2.0321x10-6
4.7375x10-6
5.71889x10-6
1.6956x10-6

|
1.5157x10-6
3.2178x10-6
5.3137x10-6
6.6081x10-6
9.1364x10-6

Cone, of Mg (M)~ Cone, of Mg (M) Cone, of Mg (M)

Avg
1.2588x10-6
2.6250x10-6
5.0256x10-6
6.1985x10-6
6.4160x10-6



4

2 Dissolution of 3:1 Mg-ATMP Precipitate in DI Water,
Experimental Conditions:
Volume of DI water used = 200 ml
Initial solution pH = 5.5
Temperature = room temperature
Rotating Disk speed = 1000 rpm

Time (min) ~ Cone, of Mg (M) Cone, of Mg (M) Cone, of Mg (M)
| | Avg
8.0142x10-7 1.0018x10-6 9.0160x10-7
2.0532x10-6 2.3709x10-6 2.2121%10-6
3.8065x10-6 4.9247x10-6 4.3656x10-6
5.4407x10-6 6.3739x10-6 5.9073x10-6
6.3094x10-6 1.1674x10-6 6.7384x10-6

3 2 T Y FCTN NC TN



APPENDIX D

1 Dissolution of the Precipitate having Total Molar Ratio of 2:1 and
Total Ca/Mg Molar Ratio in the precipitate of 1.35 in DI Water.
Experimental Conditions:

Volume of DI water used = 200 m|
Initial solution pH = 5.5
Temperature = room temperature
Rotating Disk speed = 1000 rpm

_ Cone, ofCa  Cone, ofCa ~ Cone, ofMg  Cone, of Mg
e (M) (M) o
(min) I I I I

5  7.6260x10-7  3.2342x10-7  1.2736x10-6  8.0921x10-7

10 16074x10-6  1.1868x10-6 ~ 3.0414x10-6  2.3124x10-6

15  25534x10-6  1.9679x10-6  4.6591x10-6  3.7029x10-6

20 3.2347x10-6  2.6429x10-6  6.1137x10-6  5.1562x10-6
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2 Dissolution of the Precipitate having Total Molar Ratio of 3:1 and
Total Ca/Mg Molar Ratio in the precipitate of 1.21 in DI Water.
Experimental Conditions:

Volume of DI water used = 200 ml
Initial solution pH = 5.5
Temperature = room temperature
Rotating Disk Speed = 1000 rpm

_ Cone, ofCa ~ Cone, ofCa  Cone, ofMg  Cone, of Mg
fime— (w) (M) (M) (M)
(min) | N | |

5  2.9549x10-7  4.3611x10-7  1.3150x10-6  6.0655x10-7

10 13618x10-6  8.1418x10-7 ~ 2.3225x10-6  1.6668x10-6

15 18793x10-6  15877x10-6  3.7088x10-6  3.1771x10-6

20 2.4219x10-6  2.0418x10-6  4.8412x10-6  4.2667x10-6
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