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Key objectives:
- separate API from solvent and impurities
- achieve reproducible API properties:

- size distribution

- particle shape
- crystal structure (polymorphic phase, hydrate, etc.)




Crystals: structural periodictiy and long-range order
(x-ray diffraction patterns) vs. amorphous materials

Polymorphism = ability to crystallize in more

than one crystallographic form

Example: graphite vs. diamond for carbon

or calcite (rhombohedral) vs. aragonite

(orthorhombic) for calcium carbonate

Number of polymorphs for some compounds:
Aspirin - 4; TiO, - 3, CaCO; - 3; NH,NO; - 5

Polymorphs:
Enantiotropic - interconvertible (e.g. by T)
Monotropic - incapable of transformation

Solubility curves for polymorphs
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Crystal habit modification

- Growth rates are not constant along facets

Specific adsorption of species on particular
facets can modify crystal growth
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Crystal growth

Surface nucleation Spiral growth

Surface nuclei

Vertical section
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Regimes:
Continuous growth (lot of kink sites on surface)
Surface nucleation (several nuclei on surface)

Spiral growth (single nucleus on surface)




Crystal growth rate

expressed as:

1. mass deposition rate, R [kg m2 s1]
2. linear growth rate G = dx/dt [m s1]

R:ld_m:&ﬂv—pG:K Act Ac ... supersaturation
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Wy, Wa - VOlume and surface shape factors

Solid-liquid phase equilibria
- Solubility: saturation concentration vs. T

- often tabulated in the form:
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Solid-liquid phase equilibria
- multiple solvents: “drowning out” effect

Compound A soluble in two solvents, e.g H,O
and acetone; the two solvents are miscible
B

- phase diagrams

- Gibbs phase rule: P+F=C+2
P ... number of phases
F ... number of degrees of freedom
C ... number of components
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- phase diagrams for binary systems forming
solid solutions (mixed crystals)

- liquidus line
- solidus line

-components are
mixed at molecular
level

Temperature
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pure components in

a single crystallization
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- phase diagrams for eutectic systems
(eu tektos = easily melted)

AEB - liquidus
FG - solidus
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- driving force for crystallization: supersaturation

In 1724 Fahrenheit
supercooled water
to -9.4°C before
freezing

Metastable limit
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Creating supersaturation:

- by evaporation of solvent

- by addition of anti-solvent

- by temperature change (cooling for most
systems)

Measures of supersaturation:
o= (u,—u, ) /KT =In(a,/a,,)
in ideal solutions (activity coefficients y = 1):
o=In(x,/x,)~(x,—x,)/ x,
Supersaturation also often expressed as:

Ac=c,—c,




Nucleation
- primary nucleation = in the absence of crystals

- secondary nucleation = in the presence of crystals (‘seeding’ =
provision of nuclei)

Primary Nucleation

- homogeneous nucleation = clusters of atoms spontaneously
form in the solution

- heterogeneous nucleation = impurities (e.g. dust particles) act
as nucleation centres
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Crystallizer types and operation

Precursor phase:
- from vapour, solution, or melt
Mode of operation:
- continuous vs. batch
Means of crystal removal:
- mixed product removal vs. classifying crystallizers
Means of achieving supersaturation:

- cooled, evaporative, vacuum crystallizers




Melt crystallization - rotary drum crystallizer

®
Melt
feed C
ee ooianr _ .\\Qlli/// \\\\”?/.z _
) Knife
4" \
Product
crystals Coolant

Product
crystals

© Ullmann’s encyclopedia of industrial chemistry

Crystal growth from solution

batch cooling crystallizers (internal/external cooling)
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batch reduced pressure evaporating crystallizer
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- draft-tube evaporating crystallizer
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Mass & energy balances

Fiin mg = mg + Wgm|
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Population balances
mass & energy balance = amount of product

population balance = quality of product! (e.g. CSD)

dN
number (population) density [no pm-1 m-3] n:E

Number balance in MSMPR crystallizer - assumptions:

-ideally mixed

-steady-state, continuous operation
-no crystals in feed

-no agglomeration or breakage
-size independent growth rate




Number balance

Accumulation = flow in - flow out + birth - death

0=0-F, AAxAt +Vn.GAt—Vn, G, Al

i+ 0+1

In differential form (Ax 2> dx)
d(nG) :G@:_Fomn _.n

dx dx 1% T
s . dN
Boundary condition - nucleation rate B:E =n,G
x=0
G, Gy, growth rate, G [pm s1]
?0 r‘7i ?i+1 number density, n [no um-! m-3]
size, x [Hm] "
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Number balance in MSMPR crystallizer - solution
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Crystallisation process design

1) Knowledge of equilibrium => decision on
mode of achieving supersaturation

2) Determine crystallisation kinetics

3) Solve population balance + mass balance to
obtain PSD (optimise supersaturation profile to
meet target)

4) Carry out lab-scale validation; assess purity,
crystal structure, yield and PSD

5) Scale-up & validate




