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ABSTRACT
In this study, the induction time of potassium atdfNano particles was measured at 25 °
C and different super saturation in order to nu@ea by Acetone anti solvent, Also,
the consuming volume of Acetone for nucleation,nexed singly and at the presence of
the superficial active material of cetyl tri metlayhmonium bromide(CTAB) and sodium
citrate. Additionally, the surface tension of paias sulfate nano particles has calculated
at the presence of CTAB surfactant, by use of wab®ory of nucleation. The results
acquired that, at the presence of Acetone, thectiahu time rises by increasing the
amount of super saturation, But at the presencsudfctant, the induction time is
decreased by increasing of super saturation. &tioel with the surface tension and also
at the presence of CTAB, the surface tension deetkby increasing of potassium sulfate
concentration. Generally, by evaluating of donelists, we can say that, eventually, the
presence of additives, has shown to changing imiie elements that is super saturation
and the surface tension and leads to change thetiod time. Also, by use of Transition
Electronic Microscope (TEM), the sample was takephatograph at the presence of
CTAB surfactant and was determined that the nanticfgis formed.

Keywords: Nucleation, Induction time, super saturation, sttefat, potassium Sulfate.

1. Introduction

Nano particles, are particles in 1- 100 nanomeiteedsions and has different properties
with respect to micro particles or particles in thgger size. With decreasing the size of
particles to nano scale and as a result, incredsugd ratio to volume, different qualities
increases such as bio accessibility, solubilitwater, colloidal stability and the limpidity
of solutions containing nanoparticles. Among vasiometal material, potassium
nanoparticles have considered attention due tdytiataoptical, electric absorption and
another properties. Potassium sulfate is formed Gonfty from water and acid which is
soluble in potassium. The ingredients of sulfatesaits and or asters of sulfuric acid that
compose by replacing of one or two hydrogen to damévost of metal sulfates
ingredients, are soluble in water. Contrary to fldes and oxides that have a tendency to
dissolve in water[1]. In fact, when a material @esgl in nano scale, its physical qualities
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changed. This properties is valuable, in relatmsite of different nano structures. Nano
particles contain extensive spectrum, include oferdl and organic materials, shapeless
or crystal particles, spread particles or powdemimatrix, in the form of single or
isolated particles or in the clod, colloidal, susgien and emulsional solution states
and...[2].In this investigation, by adding of CTABrfactant and sodium citrate to the
potassium sulfate particles, we would like exanihrat, adding the materials, how much
change the induction time of nano particles fogrand their stability range.

2. Theoretical

2.1. Primary nucleation

The classic theory of homogeneous primary nucleasapposes that clusters in a
solution, are constituted by increasing mechanishen critical size to be gained. The

extent of nucleus formation with this mechanism is:

_ pt _4ac
BE=F exp( P

1)
Basis on maximum degr&& (Gibbs free energy) in critical nucleus that fouod
minimum degree of stable nucleus and growth oftelsswhich under the Gibbs —
Thomson equation, in equation (1), the rate of eatgbn is following way:
3 .2
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S=c/c* is super saturation.,Vis molecular volume, K is Boltzmann constant anis T
temperature. As we know, the induction time cordaimformation about kinetics of
nucleation and it can has a reverse ratio witheateicleation, we have:
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To get normal logarithm from the 2 sides of theadigun (3):
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So, for a certain temperature, graph of.dnn front of 1/Ing is right line with A
gradient[3].
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2.2. Secondary nucleation
In secondary nucleation, nucleus is created nedraarthe presence crystals of solute
material .In following equation, b, is lab order ofucleation and estimates.

B =K, (s)’
(6)

According to equation (6), S=c/c* is super satamgtib is order of nucleation and k is
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Boltzmann constant. As we said, the induction timéhe content of information about
kinetics of nucleation and it can has a reverse wath rate of nucleation.
ting = Kp(5)7"
(7)

To get normal logarithm from (7)
Int,, . = InK, — bln(s)

(8
This equation shows the order of nucleation in arowa part of super saturation.
Therefore, at a certain temperature, graph qfylit front of Ins is right line with b
gradient[4].

3. Empirical activities

3.1. Materials

The matters used in the laboratory, are potassiufats (k Sq;), mineral and organic
additives such as sodium citrateffleNa;0,2H,0), CTAB surfactant(CkCH)15N
(CH3)Br) and Acetone anti solvent{ds0).

3.2. Test explanation

the experiments divided into three groups: fiest is related to adding the Acetone anti
solvent. Second is adding the CTAB surfactant addiand the third is adding the
sodium citrate additive. Firstly, we begin with auy the acetone anti solvent on
potassium sulfate. In this process to determineatheunt of salt in doing test, we gain
the saturation solvation for potassium sulfatet this amount is 0.7 gram. Then we
weigh the different amounts of potassium sulfatesbgle, and solve it in 10 cc of
distilled water and show it to C (salt concentnatiaccording to g / cc of solution) and
use it in the calculations. After we solve the daltl0 cc of distilled water, mix the
solution by magnetic mixer, with 2 cm in magnetzesand 230 rpm, until it solve very
well. Now, we pour some acetone in the buret amgh thpen the faucet and adds the
acetone to salt solution drop by drop. And at thmes time, measure the time with
chronometer, so that after each drop, we wait alrbominutes, to dull the solution.
When the solution to be dull, we write the timedafling. This time is induction time. By
doing of Batch crystallization process, we can éase the solvation of potassium sulfate
in the water. Using a anti solvent, cause to deerélae solvation of solute material, and
as a result to be deposit, that is acetone consigea anti solvent for potassium
sulfate solution in water, and on the other sidatewand acetone solve to each other in
any ratio. According to volatile solution, the ltation of increasing the mixture rotation,
prevent to increase the mechanical power, so naxtotation is constant for all of the
samples. In tests, we cannot increase the rotatibrmixture due to vapor, in
determination of solvation test, so the mixtureatioh is constant in the inductive
crystallization and other stages. However, the tatpre increasing and solvent extent
help to resolve the potassium sulfate in the waidrin this way, both of these quantities
are constant. The effective element that is therdaf anti solvent remained. And we can
access to the best conditions to produce crystebrdimg to present facilities with
changing this element. So, we write the consuminignae of acetone anti solvent until
the solution to be dull. It should be care, doeshéange the environment temperature
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during the test and that's better is worked at @5-@ temperature ranges. Now, we pour
the dull solution in the sampling dish and waitiluthte dull solution become transparent.
Almost after 6 hours, it is clear that solution d@e transparent. Now, we take almost 5
cc of this transparent solution and put it on tleathr at 100° C. After heating, we
measure pure amount of remainder salt on basis grainshow it by C* (saturation
concentration of remainder salt results of tranmpiasolution according to g / cc of
solution) and we use it in the calculations. Thimaentration is the same saturation
concentration that we can determine the amount wfers saturation by use of
concentration and solvation. In the next experimeset solve the 0.7 gram from sodium
citrate and CTAB surfactant additives in 1 litestdied water and take the different
amounts of them from this solution and add to salution in different concentrations
that we use the salt solution as C (salt conceotraiccording to g / cc of solution) in the
calculations. So, we use it by acetone anti soleewlt determine the consuming volume
and also the time dulling or induction time in g@n. Next, similar to last test, we put
the dull solution in the sampling dish. After passil3 hours for surfactant and 11 hours
for sodium citrate, the solution is transparertt iven put the solution on the heater and
measure the remainder salt in results of vaporusedit as C* (saturation concentration
of remainder salt result of vapor on g/ cc ofuioh ) in the calculation. Additionally
to make sure from the formation of potassium selfsno particles in result of adding
the cetyl tri methyl ammonium bromide surfactards tbeen taken a photograph from
considering sample, by use of Transmission Eleiriglicroscope.

i,

I s el
Figurel. The pictures of TEM formatted nano particleg%ft C at the presence of
cetyl tri methyl ammonium bromide surfactant

4. Results

4.1. Measuring theinduction time

We measured the induction time for potassium sulfano particles at 25° C and
different super saturation Also, the related graping drawn according to classic theory
of nucleation.
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Table 1. The amounts of induction time, super saturatiath@mnsuming volume of
acetone anti solvent for different concentratiohpaiassium sulfate

) tina(s) C*2) V(cc) s= L
o induction oot -
concentration| "M solvati . | Supe
of solution time on | Consuming volumeg ~ _~-"r
0.7 1.2C 0.5¢€
192 1.25
0.€ 2.5 0.4¢ 1.€ 1.2¢
0.t 0.22 1.¢
3.34 2.27
04 4.21 0.0¢ 2.7 5

The following graphs, has been drawn accordingaioagl data in table (1) to determine
the nucleation.

16 - v =-0.0405x+ 1.3617
R =0.6784
1.4 ®
1.2 4 &
1
= L 4
208
o
=
0.6
04 |
02 *>
0 | . | . )
0 5 10 15 20 25
1/(Ins) 2

Figure 2. drawing of Ing,q, in front of 1/(Ins§ at 25° C
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Figure 3. drawing of Inq, in front of Ins at 25° C

Considering to table(1), when super saturationeased, the induction time increased too,
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and while the salt concentration of potassiurfeselldecreased and the induction time
increased, adding to consuming volume of acetonadoleation. we can conclude from

above graphs that they don't follow from classieotly of nucleation and probably, the

nucleation occurs simultaneously.

Table 2. The amounts of induction time, super saturatiash@nsuming volume of
acetone anti solvent by adding of cetyl tri metlnyilmonium bromide surfactant for
different concentrations of potassium sulfate sofut

) tmals) @ V(cc) 5= €
. . Ce
concentration| ~ MAUCtion | gojyayi : Super
of solution time on Consuming volume saturation

1 7.4 0.66 2.1 1.060

0.9 0.65 2.01 1.076

6.78

0.8 6.16 0.64 1.92 1.093

0.7 5.54 0.63 1.83 1.111

0.6 4.92 0.62 1.74 1.129

0.5 4.3 0.61 1.65 1.147

0.4 3.68 0.6 1.56 1.166

0.3 3.06 0.59 1.47 1.186

The following graphs, has been drawn accordingaioagl data in table (2) to determine
the nucleation.
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Figure 4. drawing of Ingq in front of 1/(Ins§ at 25 ° C for different concentrations of
potassium sulfate
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Figure5. drawing of Intq in front of Ins at 25 ° C for different concenteats of
potassium sulfate

According to table (2), when super saturation iasegl, the induction time decreased and
the above graphs, indicating that, there is pdgyibd form of nucleus in mixing stage of
nucleation and to anticipate the classic theorpuadleation very well. According to the
correlation coefficient results of above graphs tluthe amount of coefficient in graph
related to secondary nucleation is more than psimacleation, so we may conclude this

way that, secondary nucleation overcomes upon pyimacleation.

Table 3. The amount of induction time, super saturation @mtsuming volume of
acetone anti solvent by adding of sodium citratedffierent concentrations of potassium
sulfate solution

() tina(S) ) V(cc) s= L

ci . . C Ce

concentration| ~ NAuction | gy _ Super

of solution time on Consuming volume saturation

1 4.20 0.5 4 1.4
0.9 3.9 0.516 3.7 1.35
0.8 3.6 0.522 3.5 1.34
0.7 3.5 0.528 3.2 1.32
0.6 3.2 0.534 2.8 1.31
0.5 2.9 0.54 2.6 1.29
0.4 2.6 0.546 2.3 1.28
0.3 2.4 0.552 2.1 1.26

The following graph, has been drawn accordinggtined data in table (3), to

determine the nucleation.
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Figure 6. Drawing of Int,q in front of 1/(Ins§ at 25 ° C for different concentrations of
potassium sulfate
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Figure 7. drawing of Int4in front of Ins at 25 ° C for different concentrats of
potassium sulfate

According to above graphs, we can understand ttiaigained results is not according to
classic theory of nucleation and may not distinguighich type of the nucleation
overcomes on each other.

5. The effect of super saturation on the induction time

In the study of the induction time in productiotesdf potassium sulfate nano particles,
there are laboratory results of the induction timéifferent super saturation and at 25 °
C at the presence of cetyl tri methyl ammoniummiide surfactant and sodium citrate
in above graphs. Graph of Jgtin front of 1/(Ins¥ drew in order to comparison the

laboratory results of induction time by model petidins. The results indicating that,

when CTAB surfactant used, the induction time desed by adding the amount of super
saturation and the induction time decreased byciadithe amount of super saturation at
the presence of sodium citrate. So, we can condiuaiethe presence of additives can
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change the induction time by influence on the sgaguration. The possible reason of the
observations is the way of additives relation wviftl crystal surface of potassium sulfate.
It seems how to cover the surfactant, don't pret@foin the sulfate solution to crystal
surface of this material, and this event accelebgteadding super saturation (driving
force of penetration of solution to crystal surfa@nd decreased the induction time. But
about sodium citrate, there is some relations efstbiution phase between sodium citrate
and potassium sulfate probably, which its resulbismation of complex in solution. This
complex doesn't have enough penetration speedcdcueatiness and a lot volume and by
increasing the sulfate concentration of solutiomrenamount of the complex is formed
and lead to Increasing the penetration hardness daedeasing the induction time.
Contrary, by decreasing the concentration of seilfatsolution, the complex amount is
less and sulfate of solution displaced in form ofitomplexity and by more penetration
speed and decrease the induction time. Also, thdtseof measuring the induction time
show that, at the presence of CTAB and sodium teitradditives, The scope of
induction time whether in the high super saturatiotow super saturation is higher than
in the position that don't use the additives . Ald® above tables, indicating that, by
decreasing the additives concentration, declinenthgction time and consuming volume
of acetone for nucleation. Additionally have segrifzreasing of consuming volume of
acetone anti solvent, the induction time is higleat the time used from CTAB surfactant
and sodium citrate additives, the induction timerrdase by decline the volume of
acetone consumption. Apparently, if the anti saeads to solvent, the size of particles
will be large, due to low speed of nucleation. Alse mixture speed has a great effect on
the particles size. The high speed of mixture cdusedecrease the particles size and
collecting them [5].

6. Thecalculation of surfacetension

We can calculate the surface tension of the pagiby measuring the induction time. In
this test, the surface tension of particles at 25 alculated by use of lines gradient for
graph of Ingq in front of 1/B(Insy, according to following equation:

- k(&)? ©)

16mVE
In equation (9), Boltzmann constant is k= 1.3808 %1 J/k, A is the lines gradient of
graph and atomic volume of potassium sulfate isM087x10% m®, that calculated

from 1, = p% equation. = 6.023x16° no./mol is Avogadro numbes,= 2660 kg/m
A

equal to the density of potassium sulfate and M74R kg/ mol is molecular mass.

Absolutely, the surface tension of the low solutgaits is at the range 10-200 mJ /
m®. The amounts that gain for surface tension in gmiten sulfate nano particles is
smaller than this values. However, the results ebgok because we know that potassium
sulfate has a high solvation and the surface tansicthis kinds of salts is less than
10-200 mJ / rh For example, the amount of 580 mJ? suggested for surface tension of
gold nanoparticles, that shows its low salvatidn [6
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Figure 8. The measuring data of jatin front of 1/(Ins)* at 25 ° C at the presence of
surfactant

Table 4. The calculated amounts in surface tension of patassulfate nano particles
at the presence of surfactant at 25 ° C accordimyt/ng

C( ?I:) y(mJ/m?)
concentration of _
solution Surface tension
0.7 0.657
0.€ 1.70¢
0.t 1.711
0.4 2.97

7. Conclusion

Whereas in the present studies, always more casaab@ut the nucleation to factors like

super saturation and surface tension, in this rekethe induction time of potassium

sulfate nano particles was measured at 25 ° Gldfedent super saturation .Also the

surface tension of potassium sulfate nano particleseasured by use of classic theory of
nucleation. According to the results of measurimg induction time and the calculation

of surface tension we would have:

Application of acetone anti solvent in the production of potassium sulfate particles.

. The induction time increases, by adding the armofisuper saturation.

.The consuming volume of acetone for nucleationgréases by decrease the
concentration of potassium sulfate salt.

. Comparison of the results with models show ttheg,primary and secondary nucleation
happen simultaneously and is not accordance wéitsi theory of nucleation.

The induction time increases, by adding the consgmolume of acetone.

Application of CTAB surfactant in different concentrations of potassium sulfate:
.The induction time decreases by increasing theuatnaf super saturation.

100



Determining the stability of potassium sulfate Naawticles influence...

.The induction time and the consuming volume oft@oe for nucleation decrease,
by lowing the additives concentration.

. Comparison of results with models shows thedrd is possibility to primary and
secondary nucleation continuously and predict flagsic theory of nucleation very
well.

. By considering to observations result of expentagwe defined that the solution
remains dull in a long time at the presence ofasiaint which it indicating the more
stability of nano particles with respect to othdditives.

.By researching on potassium sulfate particles @I&B surfactant additive in
primary nucleation and calculation the surface itenof them, determined that the
surface tension decreased, by adding the surfadtarthe more concentrations of
potassium sulfate that indicating the rate of ratid® increases.

Application of sodium citrate additive in different concentrations of potassium
sulfate:
. The induction time decreases, by lowing the w@amof super saturation.
. The induction time decreases, by lowing the soaming volume of acetone.
.Comparison of results with models show thatgtimary and secondary nucleation
happen simultaneously and is not accordancethaétitiassic theory of nucleation.
. The induction time decreases, by lowing the agetconcentrations.
According to experiments, we can conclude tha, dtability of nano particles at the
presence of sodium citrate is more than the positithout additives.
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