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Abstract — Precipitation, in recent years, has become a verimportant and researched about the topic for industies like the
pharmaceutical. The need to understand this proces as to be able to control and obtain the desirablsize, shape and surface area of
Active Pharmaceutical Ingredient (API's) which woud in turn lead to obtaining more suitable physioclemical properties thus becomes
crucial. The aim of this article is therefore to stuly the factors which affect this particle size distbution ( basically nucleation) and
suggests the helical coil configuration to be morsuitable for controlling the size. This is concludedby studying this same phenomenon
in a semi batch reactor, effect of coiled configurtion on residence time distribution and the mixingin curved tubes. Later, the
theoretical work is supported by an experimental sip and the approach of the setup is discussed. Filly, we conclude by stating the
results which could be derived from this set-up.

Keywords — Helical coil, Precipitation, Active Pharroautical Ingredient, nucleation, semi batch reactor

I. INTRODUCTION micro-particle dimensions and flow rate, we canufoc
micro-particles of different dimensions at differdateral
Precipitation or crystallization is the creationtloé¢ solid locations within the flow ([8]). This thus increasmixing to

phase inside the solution or another solid phadee T a great extent ([9]).
generation of solid is due to the fact that the amaf the
solid present in the solution is more than the ldauim
amount. Studies have shown that both the rate of
precipitation and the particle size distribution peed
significantly on the extent of micro-mixing ([3]n laminar
flow in straight pipes, diffusion is the dominanechanism

of mass transfer. In such conditions, mixing can be
improved by introducing bends in the channels gda@xed

by Dean Flow. ([6], [ 7])

Any perturbation of the flow that creates lateral
movement will stretch the interface and increasertte of

INMER WALL

mixing. According to the phenomenon of Dean Flow, @ FParicles in Equilibrium

addition of curvature to a microchannel induces two @ Particles undergoing Dean

counter-rotating flow vortices orthogonal to theiméow PeGELINIon

direction which introduces an additional drag foore the Ll veiocity contour

micro-particle. We can control flow conditions inch a .= Dean vortex flow

Way that Dean_ FIOW reCIrCUIate_S micro part|C|eS_pamed Fig. 1 Schematic cross section of a curved microchanne] showing

within the p”mary flow until they settle in stable the two countersrotating Dean vortices orthogonal o the main o

equilibrium pOSitionS. It has been Shown ([8]) tparticles \III:I:LEH:I-‘::: a result of channel curvature, where Frp = Dean drag
) ! oree, acting o recirculate non-equilibrated particles (green), The

can become focussed at one of two locations, efitveards equilibrated particles (red) are subject 0 Fy = Fpy + Fug. where

the tOp or bottom Of the Channelvs CI’OSS-SeCtiOI’eqﬂa| Fuq. = wall lifi force and Fs = Saffiman lift force

lateral displacements determined by the flow raseshown (Source [9])

in the figure given below. In curved micro-channeby
varying channel dimensions, curvature of the fldvarmel,
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The phenomenon of precipitation is not completely
understood. The complexity lies in dealing withididlow,
solid generation, diffusion and reaction kinetitshee same
time. The number of the nuclei generated and thialisize
depends on the process of nucleation but some gsese
like agglomeration, ripening and breaking createtiglas
having different shape which makes the processysisal
very difficult. ([2])

Nucleation means crossing of phase boundaries when
the system reaches a thermodynamic unstable state
temporarily. Growth follows nucleation and its raaed
mechanism depends on the level of supersaturation.
Agglomeration also results in the increase in tiae of the
particles. In this, two smaller particles collidedacombine
to form larger particles. Ripening is the proceswhich the
system moves towards the more stable state. Dutiag
ripening less stable crystals are dissolved andenstable
crystals are formed from the already formed crgstal

After the substances are properly mixed, a chemical
reaction takes place following reaction kineticsd athe
product generated precipitates out depending dioriadke
critical supersaturation at the reaction tempeeat(i8])
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Fig Z-\Variation of solubility with temperature

(Source : [1])

The graph is showing 3 regions mainly:
Sable zone: No precipitation takes place as the solution
is unsaturated.

Unstable zone: Precipitation is spontaneous and does not
require the presence of nucleation sites.

Metastable zone: Supersaturated but the precipitation is
not spontaneous and the presence of the nuclesites is
necessary for the precipitation to take place.

Diagrammatically, precipitation can be shown asegiv

below. ([5])
Agglomeratson
Kinetie Nucleation Dhisruption Secondary changes
process
Cingrath
Time

Flp)-Tha Tipare shows e ordes b which
e phanomeron take place with mspect be
timan that lead to precipBation

(Source : [5])

Our aim here is to study the polydispersity of the
particles formed, assuming complex processes like
agglomeration, ripening and recrystallization aoé taking
place which is going to be true for short timesudhour
main interest lies in studying the variation of tigde size
formed when efficient mixing leads to chemical teat
thus producing nuclei followed by its growth. Wesame
that all the nucleation sites are produced at tin and
after that we are always in the metastable region.

Il. LITERATURE REVIEW

A lot of experiments and research have been dottieein
field of particle size distribution and on the walyslical
coils affect the mixing of reactants.

A. Particle size distribution for a semi-batch precipitation
reactor.

The particle size distribution (PSD) is one of thest
important properties to control in processing stdige
crystallization, precipitation and polymerizatiohhe PSD
obtained in the case of the below mentioned reactio
exhibited significant variability, owing to variatis in the
individual particle phenomena such as nucleatioowth,
aggregation, and breakage. Due to unavailability of
sufficient secondary measurements for accurateanée of
the entire PSD, complicating phenomena like agdiega
and breakage was neglected and growth and nuaieatio
kinetics were solely used for building a predictrandel for
PSD. ([4])

The reaction which was studied was:

Ca(OH) + Na,C0, — CaCOy + 2NaOH
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Fig4-This graph shows the particle
size distributlon in & semi batch
reacton.

(Source: [4])

B. Effect of coiled configuration of residence time
distribution

To improve the performance of flow reactors andthea
exchangers we desired to achieve uniform reaction
conditions or lower temperature gradients. Narrower
residence time and thermal time distributions cam b
obtained by increasing the mixing between the fluid
elements.

Experiments have revealed that bending of heliods c
causes a significant narrowing of the residenceetim
distributions even for low values of Dean NumbeheT
parameters which are effective in narrowing thederxe
time distribution in bent coils are: number of bgntend
angle, and bend spacing ([11]). It has been founot o
experimentally that increase in the coil pitch loleas the
RTD while the increase in the cross-sectional #dlity
narrows the RTD. ([13])

C. Mixing In curved tubes

In curved tubes increase in Reynolds number praduce
increased levels of secondary flow, which produdeaeced
mixing, whereas in straight tubes as the Reynoldslrer
increases, residence time for diffusion to takecela
decreases which thus leads to a decrease in thagmix
efficiency. Thus a balance of mixing mechanisms tue
molecular diffusion and secondary flow exists inlids
tubes. It was observed that at low Reynolds numlbers of
the order of 0.1, curved tube mixers are not vemactive
because of the low intensity of the secondary flowt at
higher values of the Reynolds number, of the onafet0—
100, curved tube present an efficient solution. réfoze
curved tube mixers may provide an alternate salufar
static mixers in the Reynolds number range of 1000. It
was also observed that at a low curvature rato, {i=5) the
secondary flows are stronger and mixing is higher a
compared to the higher curvature ratio (ke 0). ([10])

It has been proved that the performance of coiled
chemical reactor lies between the performance wg jind
laminar reactors. ([12])

Going through the past and ongoing researchesisn th
field, we found out that there is scope in condti
experiments to study the particle size distributiorelical
coils. Experiments have been conducted on PSD ditghb
reactors and also a lot of research is done ogebenetry of
coils. Thus we aim at combining both the areasading
up with satisfactory results.

Ill. OBJECTIVES

o0 Obtain the particle size distribution curve at eliént
concentration and flow rate conditions inside acdagl
coil channel

0 To compare the efficiency of mixing of reactant¢hia
helical coil channels to that in batch reactors

IV. APPROACH

To study the polydispersity of particles formed the
helical channels we must take into consideratioba,critical
concentration of solubility. We have to first erestihat we
are always in the metastable region when growtiaksg
place as otherwise the number of nuclear sitesnaillbe a
constant and reaching to a general result in thée avould
not be feasible. For this we first determine theximam
concentration of the reactants which would satik&/above
conditions. This concentration can be estimated thoy
dilution method ([1]).

The concentration of the products depend upon the
extent of mixing. We cannot directly tune the mgin
conditions, but by varying the flow rate and cortcation of
reactants, we try to understand their combinedcefém
mixing.

Once determined, we set a specific temperature and
choose an appropriate flow rate. The concentrabibthe
reactants is then varied below the critical coneginn and
the particle size distribution is plotted.

Finally, we plot the graph for different flow rates

Our reaction of interest is:

ZnNO; + NaOH = Zn0 + Side products

The particle size distribution of calcium carbonates
thoroughly been studied in the past in semi bagzctors
and thus the results we obtain in case of helici#$ can be
compared to this.

Hence we will obtain experimental results on the
variation of all the parameters and this graph dobé
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extrapolated to get values at conditions which are

experimentally not possible. For example, if we chee
assume metastable region at concentrations higlaer the
critical concentration.

V. CONCLUSION

The experimental setup and procedure as discussed

above may be used to obtain results of high impogaand
which could be used for a better understanding haf t
process. The results which could be concluded bgviing
the above methods are:

o Effect of flow rate on final particle size distrition in
helical coils

o Effect of reactant concentration on final partisiee
distribution in helical coils

o Understanding the influence of flow rate and

concentration of mixing in helical coils
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