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E X P E R IM E N T A L  S E C T IO N
C H A P T E R  III

3.1 M a te r ia ls

A  sca le  in h ib ito r  u s e d  in  th is  รณd y  w as  th e  p h o sp h o n a te  
A m in o tr i(m e th y le n e p h o sp h o n ic  ac id ) o r A T M P . It c o n ta in s  th re e  ac tiv e  
p h o sp h a te  g ro u p s  th a t o ffe r  th re e  p o te n tia l re a c tiv e  s ite s  w ith  d iv a le n t ca tio n s  
(see  F ig u re  3 .1 ). I t is ab le  to  re a c t e a s ily  w ith  c a lc iu m  a n d  to  fo rm  p re c ip ita te s  
in  d iffe re n t p a tte rn s . O n ly  few  p p m  o f  th is  p h o sp h o n a te  can  d isso lv e  sca le  
d e p o s itio n  a n d  in h ib it sca le  fo rm a tio n  in  th e  sy s te m  fo r a  lo n g  p e r io d  
(M o n sa n to  T e c h n ic a l B u lle tin , N o .9 0 2 3 ) . T h e  p ro p e rtie s  o f  A T M P  are  
d e sc r ib e d  in  A p p e n d ix  A .

F ig u r e  3 .1  M o le c u la r  s tru c tu re  o f  A T M P .

A T M P  s o l u t i o n  ( S o l u t i o n ,  D e q u e s t 2 0 l 0 )  u se d  in  th is  s tu d y  w as 
p re p a re d  b y  d ilu tio n  o f  c o m m e rc ia l A T M P  so lu tio n  (M O N S A N T O , 5 0 % w t) 
w ith  d e io n iz e d  w ate r.

C a l c i u m  s o l u t i o n  ( A n a l y t i c a l  G r a d e )  w a s  u se d  as  d iv a le n t c a tio n  fo r 
re a c tin g  w ith  A T M P  to  fo rm  so lu b le  sa lts . A  5 M  C a 2+ so lu tio n  w as  p re p a re d  
b y  d ilu tio n  o f  c a lc iu m  c h lo r id e  d ih y d ra te  (C aC l2 .2 H 20 )  w ith  d e io n iz e d  w ate r.
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S o d i u m ,  L i t h i u m ,  a n d  P o t a s s i u m  s o l u t i o n s  w e re  u s e d  to  s tu d y  th e  
e ffe c t o f  c a tio n  o n  p re c ip ita tio n  re a c tio n . 5 M  S o lu tio n  o f  N a +, L i+ a n d  K + 
w ere  p re p a re d  b y  d ilu tio n  o f  an a ly tic a l g ra d e  re a g e n ts  o f  N a C l, L iC l, a n d  KC1 
w ith  d e io n iz e d  w a te r , re sp e c tiv e ly .

P o t a s s i u m  h y d r o x i d e  a n d  h y d r o c h l o r i c  a c i d  w e re  u se d  fo r  a d ju s tin g  
a n y  d e s ire d  p H  o f  th e  sy s te m  w h ile  en su rin g  th a t th e  c o n c e n tra tio n  o f  th e  
so lu tio n  d id  n o t ch an g e .

3.2 E x p e rim e n ta l S e t-u p s a n d  P ro c e d u re s

3.2.1 Ca - A TM P N ucléation  Experim ents
T he experim ental p rocedures are described briefly  below . A desired 

am ount o f  A T M P  solution and deionized w ater w ere p laced  in a 250 m l glass reactor 
and stirred continuously  by a m agnetic stirrer. T he pre-determ ined vo lum e o f  a 5% 
KOH solution w as added to obtain the desired solution pH. T he solu tion  turbidity  at 
a w avelength  o f  500 nm  w as m easured by circu lating  the solution though the quartz 
flow  cell p laced  in a U V /V is Spectrophotom eter a t constant flow  rate. Figure 3.2 
show s the experim ental set-up o f  nucléation study.

- Flow Cell

Magnetic stirrer

F ig u re  3.2 E xperim ental apparatus for nucléation  experim ents.

A required  quantity  o f  C aC l2 solution w as added into the reactor. An 
increasing adsorption  w as observed a t the po in t w here solution becam e turbid. The
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experim ent w as continued  until the tu rbid ity  no longer changed significantly . A fter 
each run, the precip itating  solu tion  w as transferred and the apparatus w as rinsed with 
1 M aqueous HC1 solution  to rem ove residual p recip itate. T he solu tion  w as left for a 
w eek  in a closed  flask at am bien t tem perature. In the case  o f  salt effect investigation, 
the p recip ita tion  procedure  w as the sam e as in absence o f  salt, excep t tha t N aCl, L iCl 
or KC1 solution  w as m ixed together w ith  the inhibitor solution in the reactor before 
addition o f  C aC l2  solution. All precip itation  experim ents w ere carried  ou t at room  
tem perature (25°C) and an equim olar concentration  o f  calcium  chloride and A TM P 
w as m aintained constant. The equilibrium  concentration  o f  A TM P in the supernatant 
w as determ ined  using the Hach technique, in w hich a sam ple o f  solution w as 
oxidized to orthophosphates by adding a standard am ount o f  persulfate. T he resulting 
solution w as nex t exposed to u ltrav io let light causing phosphate groups to break off. 
T he phosphate  concentration  w as then determ ined using a U V -V is 
Spectrophotom eter w ith the aid o f  a co loring  reagent.

3.2.2 C a-A T M P G row th E xperim ents
T he grow th rates o f  C a-A TM P precip ita tesw ere  determ ined at 

d ifferent supersaturation  levels o f  the C a-A T M P solution. T he supersaturated  
solutions o f  C a-A T M P w ere prepared by  m ixing the solutions o f  C aC h  and ATM P. 
T he solution pH  w as adjusted  to  any desired value  by  adding sm all am ount o f  
concentrated  K O H  solution as needed. A  seed solu tion  o f  10% w t C a-A T M P particles 
in its saturated  solution w as prepared. T he grow th reaction  o f  C a-A T M P on seed w as 
initiated by  adding the seed solution into the supersaturated  solution. T he resultant 
solution w as then left on a shaker apparatus to allow  the p recip ita te  to grow  under 
constan t m ix ing  condition. A fter 20 m in, a sm all am ount o f  so lu tion  w as sam pled 
and the C a-A T M P particles w ere separated and dried  at 70°c . W eights o f  Ca-A TM P 
particles before and after w ere used to calculate a grow th rate o f  the system . T he 
initial m olar ratios o f  C aC b to A T M P w ere kep t constan t at 1:1 ratio. T he initial 
concentration o f  C a C f  and A TM P w ere  varied from  0.042 M to 0.09 M. W hen any 
m onovalent sa lt (N a+ , LI+, or K ) w as added into the solution to investigate the 
effect o f  m onovalen t salt on the C a-A TM P grow th rate, the p rocedure w as the sam e
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as in the absence o f  salt, except the sa lt so lu tion  w as added in the reacto r before 
adding seed.

3.2.3 C haracterization  o f  C a-A T M P Precipitates
In order to รณdy the m orphology and size o f  C a-A M P precip itates, a 

sm all am ount o f  resulting  precip itate-contain ing solution w as co llected  and then 
filtered ou t using a 0 .22-m icron filter m em brane. T he m em brane filters holding Ca- 
A TM P precip itates w ere then w ashed w ith deionized w ater, dried at 70°c for a day 
and then placed on the holders to be ready for the characterizations. The 
m orphologies o f  C a-A TM P precip itates form ed at d ifferent conditions w ere 
exam ined by  using a Scanning E lectron M icroscope (SEM ) (Philips, X L  30FEG ). A 
qualitative analysis o f  elem ental com positions o f  the precip itates w as sim ultaneously 
investigated  by  using an E lectron D ispersive X -ray  A nalyzer (EDX).
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