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Caking of Crystals

- Crystallization is the spontaneous arrangement of the particles imo a

repetitive: orderly array, i.e.. regular geometric patterns.

[n matter, particles are present randomly due to thermal agitation.
In gases. the disorderliness is highest and in liquids it is moderate. The
liquids can solidify into crystalline forms, whenever atraction forces
between particles are strong enough to overcome the disorderliness.
Crystallization can take place directly from vapour of a substance. Exam-
ples are solid camphor from camphor vapour, solid iodine from iodine

vapour. Such a process is known as sublimation. Crystals ‘are com-

moniy obtained from liquid state. Example .is“salt from brine. This

chapter of crystallization deals with the later type, i.c.. from solution to
solid state. | |

Crystallization differs from precipitation in that the product-is depos-
ited from a supersaturated solution. erecipitation occurs when solutions
of materials react chemically to form a product, which is sparingly
soluble in the liquid and therefore deposits out. ~ - t

Drugs are most commonly used in the solid state (powder forms) in
the following dosage forms. R AN RS S o

\. Bulk powders for internal use. examples are fine powders and

granules, '
<. Bulk powders for external use. cxamples are snuffs, dusting
powders and tooth powders. R E bk R
- 3. Simple and compound- powders for internal use. .
4.

Powders in the form of compressed tablets and tablet triturates.
». Powders enclosed in cachets 'and capsules.

iyt
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In many occasions, drugs are suppli¢d in the solid state even in the

injection dosage forms from the point of chemical stability.

Applications
The use of drugs in the solid state has several advantages.

Purification of drugs : Crystallization is used as a purification
process. It 1s used for removing impuritics from pharmacecutical prod-
ucts, 1.e., recrystallxzatlon technique.

Better processing characteristics : Crystallization technique is used

to change the micromeritics of drugs such as compressibility and’

wettability.

¢Ease of handling : Crystallization facilitates various operations such

L

as transportation and storage.

Better chemical stability : Crystallization increases the stability of

drugs. For example, amorphous penicillin G 1s less stable than crystal-

line salt. Amitryptvlme 1s more stable 1n crystallmc form than iIn
amorphous form. -

Improved physical stability : Crystalline forms play an important
role in product properties such as suspension stability and hardness of a
tablet. @ Using dehydrating materials such as dehydrated alcohol and
nlycerol the Stdblllty of h) groscopic substances can be enhanced.

Improved bmavmlablhty Some drugs arc more effective in their
crystallinc form. For example, peniciliin G does not dissolve immedi-
~ately in the gastric fluids. Therefore, its degradation decreases. Hence,

bioavailability of penicillin G enhances. '

Sustained release : Drug substances with ditferent sizes of crystals’
can be used in the production of sustained release dosage forms. For
example, protamine zinc insulin in crystalline form slowly and continu-
ously releases insulin from the site of injection for prolonged periods.

Miscellaneous : Certain crystals are used in the production of semi-
conductor devices, laser beams and artificial gems.

CHARACTERISTICS OF CRYSTALS
Crystal Lattice

A crystal can be defined as a solid particle, which is formed by the
solidification (crystallization) process (under suitable environment) iIn
which structural units are arranged by a fixed geometric pattern or
lattice! | N
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Crystal lattice 1s detined as an orderly internal arrangement of parti-
c,lt,q in threc-dimensional space. |

The geomeltric form in which structural units are arrdnged in a crystal,
is determined by means of X-ray diffraction pattern.. The three dimen-
sional arrangement of particles in a crystal is also known as space

lattice.

The units that constitute the crystal structure are .ions, atoms of
molecules. . 4 |

— lons with dpposita charges are bonded togethér by;électro_s&tatic
, attractions as in the crystals of sodium chloride. -

- Atoms are bonded tog,cthcr by covalent boad as in diamond. and 2
graphite.

- In most organic compounds, ‘molecules are held together by van
der Waals forces and hydrogen bonding. Examples are naphtha-
lene and p- -hydroxy bw?om acid.

The smallost geometric oortxon which repeats to build up Lhe whole

' mystal 1s called a unit celli.

o

A crystal is bounded by plane surfaces (,dlled face

In the cxystal the angle between the (wo perpmdlcularb to. the
intersecting faces is termed as the axial anzle.

Axial length can be defined as the distance between the centres of
two atoms,

— If a crystal is fractured, each tragment of the crystal also pos-
sesses plane surfaces with ChaldCIuI‘ISﬁlC c.xml angles of the
orlg,m"tl crystul. *

- Certain propertics of, crystals such as refraLtive index depend

upon the direction in the crystal along Wthh thc determinations
arc made.

Crystal Systems or Forms

A finite number of symmetrical arrangements are possible for a
crystal lattice and these may be termed as crystal forms or crystal
systems. | ,_

Depending upon the axial length and axial angle, crystal forms are
designated as cubic, hexagonal, tetragonal, orthorhombic, monoclinic

and ‘triclintc. They are shown in Figure 13-1. A chemncal substance
may exist in more than one form, i.e., polymorphism.

4
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Figurt 13-1. Different ty pes of crystal svstems

L

Crystal Habil

Crystal 1s a polyhedral solid with number of planar surfaces. A

with characteristics and examples.

substance crystallizes in such a way that the angle between a given pair

S

~ drug crystallized from benzene or chloroform.
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]

of faces is saine in all specimens. [t is the characteristic ol a particular
substance irrespective of the relative sizes of the faces.

The shape and size of the crystals formed are markedly dependent on
the conditions under which crystallization is carried out. For example,
oriscofulvin crystallized from acetone has a different form from the same

o

Depending on the arrangement of faces, crystal habits are described
in diﬁ"ert.'nt Ways. thSL are shom1 in FI_I:UI'C 13-2.

e Q

« PLATL TABULAR

e.qg.: Na'phthalene e.q.: Tolbutamide,
Cyclizine

= l

EAUANT ‘CCLUMNAR

-é.g.: Fluorocortisone acetate
Triamcinoione acetonide

e.q.: Sodium chlonde

BLADED
e.g.: Resorcinol |
s B ot 5 T o1 * O e
: o ACICULAR _
. e.g. Nalidixicacid &

b

Figure 13-2. Dillerent types of crystal habits with examples.

Columnar : Rod like particles having a width and thickness exceed-
ing that of nu.dle type pqrgicles The term prismatic may also-be used.

Blade : Cong, thin and flat partlcles ‘which can also i oe referrcd to as
being lath shaped. .
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- Plate : Flat particles of similar length and width. They are also
denoted as being lamellar or micaceous. ¢ '

though the drug 1s chemically indistinguishable in each form,-polymc;rphs
differ significantly with respect to a number of properties such as

| - - 5 ! - sl o dlit : ility and dissolution rate.
Tabular : Flat particles of similar length and width, but possessing density, melting point, solubthity

AEH 1o o . Metastable polymorphs : These po}ynprphs slowly 1convert ln-nt.o
stable polymorphs. 1f the rate of conversion is so slow as to be1 fneg 1g1,1-
ble during the expected life of a drug prc')duvc:l.. nletastable po ?morp 1S
are preferred because of their unique physzcochemlcal ;?ropert.les. %
Thélmcmstable nolymorphs have lower melting points, higher solu-
bility and higher dissolution than their stable pol}fn’xorphs. Therefo;e,
these are preferred in the. production of dc_)sa'gc form;. Fczr example,
riboflavin can exist in three different crystglhnc forms, whic!‘l vary in
water solubility at 25°C from 60 mg per litre to 1.2 g per litre. The

*hereased solubility of metastable polymorph ordinarily rcsults_ in In-
creased dissolution and absorption.

These are cmployed when metastable
f rapid decomposition.

LE

Equant : Particles of similar length, width and thickness. -

Acicular: Necdle like prisms.

PHARMACEUTICAL SOLIDS——--TERMINOL.OGY

Pharmaceutical powders are available either in amorphous form or in
crystalline form. Further crystalline solids such as polymorphs, hydrates
and solvates are used in the manufacture of dosage forms.

Crystalline Solids

Crystalline solids have definite shapes and an orderly arrangement of
units. These are incompressible. These show definite melting point.
Examples arc sodium chloride, urea, benzylpenicillin and aspirin. |

Stable polymorphs :
polymorphs are nol suitable on account ©

Crystalline forms have low solubility and dissolution. This fact has, Crysinl Syt - tendency to associate with water. The
' . (' “~ ! € Cl # -' s ¢ : :
been taken as an advantage to produce sustained release products. Ex- Some drugs hmc‘g;eﬂte; C y y} m-dz':;fe Examples are caffeine
. Lo o " o - ! : | to as drug /1y . L ' .
ample is protamine zinc insulin suspension for injection. s resulting substance 1s relerre >~ hvdrate ete. The oxhy-
1 hydrate. theophylline hvdrate, ampicillin monohyaratce cic. al
i * ”

i ' | ) - adi v ioavailability than
AMOrpaous Selids | A drous form dissolves more readily and gives better bioavailability

R . ! | 'ms are the preferred ones..
Amorphous solids do not have specific shape (Greek: amorphe meant ! hydrous form. Therefore, -anhydrous fo e ghe-p : e

_ : : ; Sitive ions i al molecules. Sodium

without form). The structural units are arranged randomly in the solid. | Water can combine with pfg’g“foﬁ% ?ndo?f::;;l 1 IP and BP. Some
; o Y " | . :. ' a1 2 G o) 1S A ;

These do not have definite melting points. Examples are glass, pitch, carbonate decahydrate, NaCOj3 For example, sodium

] . [ ] - - - ; L l h)rdratCSI
plastics and novobiocin. . - substances- form a number of crysta
. carbonate is available as NaCQ3.10H20, NayCO3.8H20, NapCO3.6H20,

Na,CO4.5H,0-<and Na,CO3.H,0. Similarly, ampicil]in monohydrate
and am})icillin trihydrate are available.

Amorphous form of a compound is always more soluble than the |
corresponding crystalline form. Therefore, it may exhibit better thera-
peutic activity than the crystalline form. ' For example, amorphous *
" novobiocin (antibiotic) has significant biological activity than crystalline 2 | g

s Crystal Solvates i S
RO Certain drugs have g‘réatc"r tendency o associate with solvents to

produce crystalline forms of solvates. Th‘ese solv‘ates are also knm\:n as‘
- pseudomorphs. Examples arc fluorocortisone with _n-pcntano] or uhy‘
acelate.  Succinylsulphathiazole with n-pentanol 'dlssolve ml‘lCh mf{r_ru
rapidly than non-solvated form of succinylsulphathiazole. Thengore, or

hetter bioavailability, solvate forms of drugs are preferred.

& b

A

. S :

It is’ not always possible to determine the solids as crystalline or
amorphous by casual observation. For example, beeswax and paraffin

although appear to be amorphous assumé crystalline arrangements when
heated and allowed to cool slowly. ‘

Polymorphs _ ik gt g e _
Certain drugs can exist in more than one crystalline form. Such a [somorphs

phenomenon is known as_po!ymorp}zfsm. About 63% of barbiturates, When two or more substances posscss the sa | .
67% of steroids and 40% of sulphonamides cxhibit polymorphism. Al- 1 crvstals of one such substance can be grown in the saturated solution of
| A | : _

me.crystall’ine form, the
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the other. This phenomenon is known as isomorphism. Such substances | (3) Formation of a new solute as a result of chemical rcaction, "’
are said to be isomorphs (having the same shape). For examnple, chrome | 3t

(4) Addition of a substance, which is more soluble in solvcm lhaq
“alum K3S04.Cry(504)3.24H50 s lSOl'ﬂOl‘pth with potash alum the solid 1o be crysmlhsnd
K2504.Al3(504)3.24H20. The chromium in chrome alum has the same

1

valency as aluminium in potash alum. _ | ~In the ubsc:ncc of sced crystals, significant supersaturation is neces-
- . L | sary to initiate the crystallization through*formation of nuclei. The rate

| | of scparation. particle size, uniformity and distribution depend on twoj

"THEORY OF CRYSTALLIZATION ] . . ¢ . . .

1 successive largely independent processes, namcly nucleation and growth

LY

Mcchamsm of Crystalhmtmn

The mechanism of the crystallization of substances from the solution
1s explained using Figure 13-3.

- of nuclel.

(B) Nucleation : Nucleation refers to thr., birth of very sma]l bod_les
of a new phase within a homogenous supcrsaturated liquid phase Al

- axion of soz, Particles (ions, . Nucleation is a consequence of rapid local fluctuations at the molecu-
L 0 .. - . . .
vl (¢ atoms or molecules) Lonse. sogregates 1 lar level when molecules or tons or atoms are in random motion in any

_ . Addition of small volume.
~ Cooling of solution | crystal or
| N T [nitially aC\’LI‘dl molecules or ions or atoms associate to form clusters.

' K tal clusters . e ; » : r
S \—_/ Supersaturated " YU I'hesc are loose aggregates, which xxsua!ly disappear quickly.
(Saturated or solution ] l ' . | !

_ Aertine However,when enough particles associate to form an embryo, there
| ddi tives
unsaturated)

Is a beginning of the lattice arrangement and the formation of a new

solid phase. In most of the cases, embryos have short-lives and dissolve

Embryo (Lattice as soon as they form. An embryo may grow to such a size that it is in

/ arrangement . D L ;

. ) ) thermodynamic equilibrium with the solution.

Diffusion and

deposition of The mitially formed crystals are of molccular sxze which arc termed

- as nuclel. |
e .. P " '
Nuclei  ° : ~ On certain occasions, the nuclei grow in dimensions that are limited
, o by the amount of material available and thus form crysta]s. ‘ e
Crystal growth i i Nucleation ;

' : Several methods are available for nucleation. Thcsc arc:
Figure 13-3. Mcchanism of crystallization ‘of .

: solistes Bearh & saliBeks and the steps involved. _ | B (1) Soft or weak crystals on impact with moving parts in a wystalhzer |
- & can break into fragments which act as nuclei. .
Thc(i))rmsatlog of crystals from solution involves three steps. _ (2) Small crystals which are: formed in the prewous proccss are
upersaturation addcd to act as nuclei. - |
(B) Nucleus formation - : . ; :
(C)" Crvstal erowth - - * : (3) In a supersaturated solution or under poor mixing, ncedle hke
i e e _ | structures are obscrved on the ends of crystals. These structures
«(A) Supersaturation : When the solubility of a compound in a grow faster than the sides of the crystals and come out to ﬂwe
solvent exceeds the saturation solubility, the solution becomes supersatu- 1 crystals of poor qualuy ol s v
rated and the compound may precipitate or crystallize. Supersaturation | - -
can be achieved through: | ~ (C) Crystal growth : Crystal growth is a diffusion process and *

surface phenomenon. From solution, solute, molecules or ions reach the
faces of a crystal by diffusion.; On reaching the surface, the molccules or".
lons must be ace epted by the c:yslal and organized into the space lattice. -

(1) Evaporation of solvent from the solution.
(2) Coolmb of the solution, ifthe solute has a positive heat oFsolutlon

L
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Mier-states that under ideal conditions of crystallization nucleus
formation starts at FG and crystal growth begins.

This phenomenon continues at the surface at a finite rate. Neither the
diffusion nor the interfacial step will proceed unless the solution is

SUpersoturated. Then concentratlon of substancc roughly follows the curve DE.

Mier’s Supersaturation Theory Conditions for obeying Mier’s thcory

Mier’s theory of supersaturation postulates a definite relationship
between concentration and temperature at which crystals will spontane-

ously form in an initially unseeded solution.

(1) The solute and the solvent must be pure. _

(2) The solution must be free from solid solute particles.

(3) The solution must be frec from foreign solid matter.

(4) The solution must be protected from entry of any particle.
(5) Soft or weak crystals must not form during the process.

(6) There should not be any ﬂuctuauons In maintaining the tempera-
ture. d

According to it, the supersolubility curve represents the limit at
which, nucleus formation begins spontaneously and consequently the
point where crystallization can start in the absence of any solid particle.

Super
solubility
curve

Norm al solubility

~ Curve Limitations: | _ | | | o

(1) According to Micr’s theory, uystalltzatlon starts at supersolubility

2 § curve. But general tendency is that crystalllza—tton takes place in
g an area rather than a line. _
g
o g (2) If the solution is kept for longer periods, nucleatton starts well-
s below the supersolubility curve. k)
Temperatur_e N _ (3) 1f the solution is availablé in large volume, nucleation starts well
Figurel3—4. Mier's supersaturation theory, - below the supersoiubility curve. This is because formation of -
CPDE represent the path of cooling. ., . 1 | nucler depends on accidental collisions of molecules of solute.

These collisions are more in large volumes than in"small volumes.

Mier’s theory is applicable when pure solute and pure solvent
are used. In practice, it is impossible to get them in pure state.

A plot of temperature vs. conoeptration of solute 1s shown in Eigure 5:_1' - (4)
13-4. The curve AB represents the normal solubility. Any point on the
curve represents the solute in equilibrium with the solvent. This 1s the i

R

maximum limit for the solubility of a substance. The curve FG repre- - (5) For crystallization, the 50'““0‘1 must be stored for longer peri-
sents the supersolubility, which is roughly parallel to the normal solubility ods. During storage, millions of dust particles can enter.
curve. It represents the limit at which nucleus formation begins sponta- Nucleation can be initiated not only by SO[UIC molecules, but:.
‘neously. The region enclosed between these two curves AB and FG is " - also by dust particles.

referred to as metastable state, indicating that the system is unstable and
undergoes changes.

. The liquid may often be cooled a few degrees below its freezing
‘point without crystallization tdking place. - Crystallization starts if this
limit is exceeded. Consider a point C with a definite composition and
temperature. On cooling this solution, crystallization'is e:-t'pected to start

Solubility Curves

Solubility curves are useful in predtctlng the e:-:penmental conditions
desired for crystalltzmg a substance. Since supersaturation is achieved

by reducing the temperature the influence of temperature on the SOlUbll-
lty of a substance IS important. '

from point P, however, it does not happen. ,‘ R A substance dissolves and goes into solution, if the solution is not
According to Mier’s theory, crystallization do not start 'at P but it , ] saturated. It the solution is supersaturated, crystallization takes place.
takes place somewhere in the neighbourhood of the point D, when Equilibrium is attained when the solution is saturated. The graph drawn

certain conditions are specified. by tal\mg temperature on x-axis and solubility on y-axis gives the
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solubility curve, which represents stable equilibrium conditions. . The
metastable condition of the substance is also represented in dotted line.
- The solubility patterns of some substances are shown in Fi igures 13-5(a)

~ and (b)

Parts anhyd‘?'oﬁs salt
per 100 parts H, 0

— Stable
— Metastable

o

o
(a)

¥ o

g -l

S

> O _

L 9 ik

s S Quve o natt

827 |

A Na,(03210H,0

Temperature

(b)
Figure 13-5. T)*pical solubiiily curves of certain substanccs

The following conclusmns can be drawn regardmg the gffcct of |
temperature on the solubility.

[ i
- W, e B
1 A

(1) -Curve 1 represcnts potassium mtrate Th:s is the most common

type in which the solubility of a substance increases with tem-
perature.

o

(2): Curve .2 represents sod‘lum chloride. The solubility increases -

with increase in temperature, but to a marginal extent.

(3) Curve 3 represents sodium thiosulphate. 'Here solubility in-

creases rapidly with temperature. But inflections are observed In
. the curve to represent different hydrates. -
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(4) Curve 4 represents sodium carbonate. This curve is unusual.
tlere solubility of sodium carbonate increases with temperature,
if it 1s in hydrated form. Once the compound turns into mono-

hydrate 1orn its solubility decreases.
. : i D

EQUIPMENT

: ’F

In commercial practice, itis highly desirable to-have the product not
only of uniform size, but also of a particular size distribution. [t is neces-
sary to control the formation of nuclei, since the number of nuclei controls

the size of crystals. Once the nuclel are formcd they start growing.
U

Depending en the conditions of crystalhzatton it is possible to
control or modify the nature of the crystals obtained.

(1) [f the solution 1s cooled slowly, just above saturation point, crys-
tals of ldl"&,&l‘ size are tformed since the number of niuclei is less.

(2) If the solution is chilled rapldly, a Crop of small crystals is

formed, since rapid cooling increases the degree of supersatura-
tion resulting in a large number of nuclei.

(3) When polymorphs exist, careful temperature control md sceding
with the desired crystal form are necessary. :

(4) The habit or shape of a given form is often" hlghly dependem on:
- (a) 1mpurities in solution,

(b) pH,

(c) rate of stirring,
(d) rate of cooling,
(d) solvents.

o ; ¥

Vcrv raptd rate of crystalllzanon can result in the entrapment of
impurities in the crystals.

Crystallization equzpmcnt is classified aCcofding to the method em-
ployed for producing the supersaturated solution. Some large-scale

crystallization equipment are discussed below.

Agitatcd Batch Crystallizer

Principle : In agitated batch crystallizer, saturated solution is made
supersaturated by reducing the temperature. The crystals are formed

from the supersaturated solution. Agitation of the solutlon tacxhtatcs the
production of uniform size crystals. '

Constructmn : The construction of an agitated batch crystallizer is
shown in Figure 13-6. It consists of a cylindrical container with a
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Swenson Walker Crystallizer ' a

Principle : Crystallization is induced by passing the cold water in a
direction opposite to the flow of hot concentrated solution. This results

conical hottom. A propeller is fixed centrally, which rotates on its own
axis with the help of a motor. Pipes made up of good material for
‘conducting heat are run from right bottom to left top of the crystallizer.

- Agitator shaft

Figure 13-6. Construction of agitated batch crystallizer.

Working : Solution to be subjected for crystallization is placed in
the crystallizer. Cold water is passed through the pipes continuously.
Due to cooling. the solution becomes supersaturated and crystals are
formed. The propeller is allowed to rotate, which serves two purposes.
Firstly, it mcreases the rate of heat transfer thereby helps in maintaining
the temperature of the solution almost uniform. Secondly, it keeps fine
crystals in suspension, which facilitates them to grow uniformly. Other-
wise, large crystals or aggregates may form. The crystals are collected
from the bottom by a smtable mechamsm for the separanon of mother

lquOI' o

Advantages : In ag:tated crystalhzer crystals formed are more uni-
form and also more fine compared to older crystallizer such as Tank

crystallizer.

Disadvantages : It is a batch or discontinuous equipment, Solubility
is least at the surface of the cooling coils. Hence crystal growth is most
rapid at this point and the coils rapidly build up with a mass of crystals
that decreases the ratc of heat transfer. -

in supersaturation and subsequently crystals are deposited. Agitation
prevents the accumulation of crystals on the cooling surface. The

crystals are simultaneously separated from the mother hquor and there-
fore it can be used as a continuous process

Constructmn "The construction of a Swenson Walker crystallizer is

“shown 1n-Figure 13-7. It is a linear type and consists of a long open

trough about 0.6 metres wide and 3 metres Iong w:th a sem:—cylmdncal
bottom (side view of Flgure 13-7) The trough is welded with a water

jacket externally. Long pitch spiral scrapper is fixed as close to the
bottom of the trough' as possible (top view of Figure 13-7). Spiral
scrapper rotates on its own-axis with the help of a motor. For higher
capacity, maximum of four such units are jJoined together. For still
higher capacities, scveral such scts are placed one above the other. In
this arrangement, the solution flows from cne set to its below set.

Open trough

j Agitator Open trough Jacket Agitator

. |/;\‘-.\/ 5.
‘4'!’/"" {

\ Connection between
T0p view Jwosets

'.I\
'

i ‘ Jacket
Figure 13-7. The construction of Swenson Walker crystalliier.

Working : The hot concentrated solution to be erystallized is fed at
left side of the trough. Ceoling water enters through (othcr end) nght

~ side in the jacket. Due to cooling of the hot solution, supersaturation is

achieved and crystals begin to form. If necessary, the size of crystals
can be controlled by injecting an extra amount of coolmg water into the
selected sections. Spiral scrapper rotates on its own“axis at a speed of

7 revolutions per minute. It helps in agitating the ‘mixture and convey-

ing of the crystals. It also prevents the accumulation of crystals on the
cooling surfaces by lifting them. This results in a suspension, which
allows the crystals to grow individually. Thus aggreganon IS prevented '

'.','ﬂh?i
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Draining table is attached to one end of the crystallizer. Mother

. liquor and crystals together over flows into the draining table. While

crystals are retairied, the mother liquor is sent back to crystallizer. The
wet crystals are conveyed to a centrifuge. S |

A screw conveyor can also be used in place of the draining table.

Screw conveyor with a shight inclination lifts the crystals from solution
and delivers to a centrifuge. Mother liquor overtlows at a convenient
point.

Advantages : (1) Large saving in floor space, material and labour
costs can be achieved in Swenson Walker crystallizer.
(2) It is a continuous process.
(3) Crystals of uniform size and free from inclusions or aggregations
, .can be obtained. |

- Disadvantage : The scrapper m_‘:;}'_ break the crystals to a little extent,

“while agitating the suspension.

Krystal Crystallizer

Principle : In Krystal crystallizer, concentration of liquid and crys-

tallization are obtained in different chambers, namely vapour head and
crystalling chamber. The concentration of liquid (supérsaturation) is
indficed by evaporation of hot solvent with the help of a vacuum pump.
In the crystallization chamber, the supersaturated solution and *cryst?ils

are maintained in a fluidised state for uniform crystal growth. As the

crystals of desired size settle down by gravity, the fine crystals and
supersaturated solution is recirculated for further crystallization. Crys-

tals of desired size are collected from the crystal growth chamber.

Construction : The construction of a Krystal crystallizer is shown in
Figure 13-8. [t consists of a vapour hcad and crystallizing chamber.
Vapour head consists of a long tube, which extends almost to the bottom
of crystallizing chamber. Cther end of vapour head is connected to con-
denser and vacuum pump. A pump is provided which allows the feed to
enter vapour head. On its way to vapour head, u heater is provided.

Working : Solution i1s pumped, which passes through the heater. .
.The hot solution enters the vapour head. Because of reduced pressure,
the hot solution undergoes flashing, which results in the formation of °
- solvent vapour and supersaturated solution. |

Vapour is removed by
suction pump. Supersaturated solution passes through long tube below.
The operation is controlled in such a way that crystals do not form in the
vapour head but should form in the crystallizing chamber.

Ch-13  CRYSTALLIZATION . | 377

The crystallizing chamber consists of a bed of crystals suspended in
an upward flowing stream of liquid. Supersaturated liquid flows through .
the bed of crystals, which are maintained in a fluidized state. A uniform
temperature 1s thereby attained. There is a continuous gradation of
crystals in the chamber. Coarse crystals settle at the bottom, while fine
crystals remain above coarser ones. Very fine crystals overflow through
the liquid and enter into the re-circulating system. which then combine

with fresh feed. From time to time, coarse crystals are taken out through
the opening at the bottom ol the chamber. ‘ X
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Figure 13-8. Krystal cr}fstallizcr'.l

(o]

Uses : Krystal crystallizer is used for crystallisation of sodium chlo-
ride and magnesium sulphate. : *- i

: Advaptagcs : (l)'-'Krys_tal crystallizer is preferred when large quanti-
ties of crystals of controlled sizes are required. .

(2) This crystallizer is available in very large sizes with a body up
to 4.5 metres diameter and 6.0 metres height.

f

Yacuum Crystallizer

Principle : In vacuum éryspﬂlizc“r, supcersaturation is obtained by
adiabatic evaporative cooling. When warm saturated solution is intro-
duced into the crystallizer, due to high vacuum the solution undergoes
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- flashing. A part of the solvent gets evaporated, thereby causing cooling = |
of the solution. From the resulting supersaturation, crystals are pro- causes supersaturation and crystallization. - The evaporation of the sol-
| ' vent enhances the yield. Flashing of the solution in the crystallizer leads

duced.-

: | - | : : ! 8 . to e itjon, ' 4 . :
Construction : The construction of a vacuum crystallizer is shown 1n - bulistion, whict. keeps:the crystals in suspension, until they become

Figure 13-9. Vacuum crystallizer -is a cylindrical body with a conical large enough to fall into the discharge pipe. The propeliers mix the
i , s . contents thoroughly and prevent the contents reaching the discharge pipe

— To ejector | - without flashing. With the help of pump, the product is collected and
subjected to filtration or centrifugation to obtain crystals. The filtrate

High pressure ___ M | ' returns to the feed.
steam ' : ,

Steam jet Barometnc ! . ol ) . .
o3 1 Uses : -Vacuum crystallizer is suitable for' thermolabile substances
y

: condenser ﬁ |
& ejector * 1 - due to low temperature conditions.
Feed — v e Admnta_gcs : (1) Vacuum crystallizer is very simple without any
_ moving parts. - '
(2) Corrosive materials can be used, as inner surface can be madé'
; acid resistant. _ |
(3) It can be constructed as large size as desired.-
Propeller _ , : |
stirrers (4) It can be operated either batch wise or continuously.
Eontti;al _ CAKING OF CRYSTALS
ottom ! _ |
._ Caking can be defined as the process of formation of clumps or cakes
Discharge : : when crystals are improperly stored.
Uil mpe .. , N ) g 1L i
| | | After crystallization, the crystals are required to be stored in bulk’
.‘_ L, : 3 either for further use or for transportation or for the formulation of
— : dosage forms. The crystals must retain good flow properties during
. _ . | | storage. For example. they can pass frecly from hopper to die in case of
Figure 13-9. Construction of vacuum crystalhizer. ] tablet punching. During storage, crystals may tend to form a cake. This

problem is serious in case of small packages than in bulk packages. In
some cases, the pressure of a thumb can easily break. the lumps, but

considerable pressure is required to break the cake in some-other cases

Critical humidity is the humidity above which crystals absorb mois-
ture and below which they do not absorb moisture.

bottom. A condenser is attached to the crystallizer with a vacuum pump
i between. The bottom of the crystallizer is attached to a discharge
pipe. Internally, the body of the crystallizer can be lined with acid
resistant material such as lead or rubber. Two propellers are placed
above discharge pipe to prevent short circuit of the feed (to the discharge
pipe). ' 5 . | | When a crystal is placed in contact of air, whose humidity is below

Working : High vacuum is created ssing a Vacuum pusp. | The a | ;]?e CI'ltiC?.] humidity, t'_he crystal rem.a.ins dry. On the other hand, if the
vacuum so created must cdrrcspcmd {o a boiling point of the solution, ! m;iz:)ur:teams more moistire than critical humidity, the crystal absorbs
1 ? ) "

but lower than the feed temperature. Hot saturated solution is fed into ,_ * . |
' - | The crystals get a saturated film on the surface by adsorbing mois-

the crystallizer at a convenient point. Solution undergoes flashing, i _
: : : ;s : ture. So formed sat 16 :
which results in evaporation of solvent. This process is allowed adi- by Capi“af:; it urs:,icinsoluttmj concentrates at the points of contact
- _ ; | 4% 12 Ces. waler evaporates or when the ter
stallizer body is cooled. The resultant cooling PRYVIRE . por _ emperature
abatically so ‘that the cry 2 decreases, crystallization of solute takes place to form a solid bridge

)

A
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Factors Aﬂ"cctin% Caking
Size of the crystals : Crystals of larger size contain more void
spaces.  On the other hand. crystals of smaller size contain less void

space and possess more points of contact. The more the points of .

contact, the higher will be the rate of caking. Hence, smaller sized
particles tend to cake more than the larger particles. ‘

§hapc of the crystals : Spherical particles possess the least possible
points of contact. The points of contact increase as the crystal shape
deviates from spherical shape. Hence, distorted crystals tend to cake
more than the spherical crystals. : ‘

Humidity : The higher the humidity of atmosphere to which crystals
are exposed, more will be the rate ot caking.

Time of exposure : The higher the time of exposure, the more will
be the caking. provided the exposed atmosphere has humidity more than
critical humudiry. '

Impurities in crystals : The cryvstals can be coated with the impurities
derived from mother liquor. This may increase or decrecase critical
humidity. Oncc the critical hunudity changes, the property of caking also
changes. For example calcium chloride and magnesium chloride are the
impuritics for sodium chloride crystals to alter it's critical humidity.

Melting point of crystals : Melting point of ccrtain crystals 1s near

room temperature. crystals may melt. Then solidification by fusion of

the melt leads to caking.

Temperature fluctuations : When temperature s increased, melting
of the crystals takes place. Subsequent decrease in temperature leads to
solidification. Therefore, tcmperature fluctuations cause variations-in
the solubility, which may lead to caking. -

Prevention of Caking

(1) "Crystals must be more spherical in shape, with the least points of

contact.

/ " ' .
(2) Crystals must be larger in size with more voids and must be of a

.7 narrow size distribution.
(3) Crystals must have highest possible critical humidity.

(4) Crystals must be coated with powdery inert material to prevent
absorption of moisture. For example, table salt is coated with
magnesia or tricalcium phosphate.  Similarly, flake calcium

"chloride is coated with anhydrous calcium chloride.
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QUESTION BANK
Each question carries 2 marks
l. Define crystal lattice and cryvstal habit.
2. Enumcrate the characteristics of crystals.
5. Define crystal and critical humidil}".
4. Enumerate different types of crystals.
5. Name a suitable crystallizer for the following.

(a) to get large sized crvstals. |
(b) to crystallize large quantity of substance.

Kach question carries 5 marks
l. Describe the working of agitated batch crvstallizer.,
2. What is caking of crvstals?

List the factors affecting a :
| , - ¢ ccling and preventive
measures for caking. S preventive

. Deseribe the salient features of vacuum crystallizer.

. DCSCI" h T 2 P sMfhrvrle # 100 l » ¢ ) '- .
ibe different methods by which super-saturation can be brought about.

. Draw the solubility curves and explain its relevance in cry

3
4
5 i
' stallization.
6. Describe the operation of a suitable crvst
d
8

. allizer to produce large crystals.
- What are the different forms of crystals? s

. What arc the conditions to b

. e taken during crystallization to T
S]ZCd cr};‘qtals"?. i o . y ;_} O Obtaln large;

9. Describe how nucleation and crystal growth take place during crv

b i i stallization.
0. What arc the pharmaceutical applications of crystallization?

Eacli question carries 10 marks - i

. [?'5_‘3”%5 the Mi¢r’s super-saturation theory of crystallization,. What are the  »
limitations of the Mier's theory? ’ iRy

2. Explain the principle, construction, working-

' and advantapes of v '
crystallizer. cibds 2 | il

3. Giving neat diagram, describe the construction

_ i , and working of Krystal
crystalhizer., Write its advantages and applications . : al

4. Draw a ncat labelled diagram of Swenson Walker crystallizer. Discuss the

construction, working, advantages and disadvantages.



