Separation Processes




- Mnxaviopoi 0pdong emiHoAUVOEWY
-

- 1. TTepiopiopdc petapopdc palac popiwv mpog R améd Thv
avamTuooopEvn emipdveld Tou KpuaTdAAou. TToAAd popia, 1d01aitepa Ta
TAEov oykWwdN tapepumodiouv ToUC oUVTEAEOTEC pHeTawopdc palag Kai
Tn duvaToTnTa O1dXUOoNC TWV OOHIKWY HoVAdWYV OTA eveEPYA KEVTPA TNG
KpuaTdAAwong. Av n petagopd palag yivel Aoyw Tne Ttapouaiac
eTMIHoAUVOewC To KaBopilov TV TaxuTnTa oTddlo, h TaxUTNTd
avdmTulng PEIWVETAI.

2. TTpoapopnon emigoAUVOEWY OTNV AVATITUGGOUEVN KPUOTAAAIKA
emipaveld. H mpoapopnpuévn oudia mapepmodilel Thv TepAITEPW
evowpdTwon dopikwy povadwy. TMia va yivel kaTi T€Tolo Ba mpémel va
eKTOTIOOEI N empoAuvon. Eav uttdpxel & oAU peydAn ouvdgeid The
HoAuvaong yia Tov KpuaTaAAo, n TaxUTNTa KpUOTAAAIKAC avdaTtTuEng
emippaduveral. TTapddeiypa: TTapepmodioTéC THG KPUGTAAAIKAC
avamruéng Tng {axapng €ival To aipoT KaAaumokioU (corn syrup) Kai
TO 1upepToodkxapo. O amoAneic YAUKOINC OTIC oUTieC auTéc,
POYOUVTdI 0TO TTAEYHA TOU KAAAHOOAKXAPOU Kdl avdoTEAAoUV ThY
KPpUOTAAAIKA avdmTuén emte1dn xpeldletal TpoaBeTn evépyeld
TPOKEIPEVOU HOpla YAUKOTNG va TtpooTeOoUv oTov KpuaTaAAo.




3. Evowpdtwon Tng emipoAuvong oTo KpUoTAdAAIKO TTAEypa TRG ouaiac.
H evowpdTwon auth tpokaAei 81AKOTIA TTEPAITEPW TIPOCONKNG
OOHIKWY pHovadwy oTov KpUaTadAAo pe ammoTéAsopa va avaoTEAAETAI n
KpUuoTaAAIKA avdmTuén. H évraln oto mAéypa viveTal cuvRBwWC pe
HEPOC TOU HOpPioU, EVW TO HEPOC EKEIVO TTOU HEVEI EKTOC
apepTodiel ThV KPUATAAAIKA avdTtTuén Ye Tnv evowpdTwaon
TPO0OETWY OHAOWV.

TT.x. n pap@ivoln cival amoTeAeopdaTIKOG avaoToAéag TRG
KPUOTAAAIKAC avdTITuENG Tou KaAdHooakXdpou AOyw opoIdTNTAC
douncg. H Pageivoln cival Tpioakxapitng o omoiog mepiéxel €va
0loakxapitTn kaAapooakxdpou cuvOedepévo He Eva HOpPIO
vaAakTtooakxdpou. To HEPOC Tou KaAdapooakxdpou gival TARpwG
ouppato pe Tov KpUoTAAAO Tou kKaAapooakxdpou adAAd To pHopio Tou
YAAAKTOOAKXAPOU HEVEI EKTOC, OTHV ETIPAVEIA TOU KPUGTAAAOU
avaoTEAAOVTAC TV TTEPAITEPW AVATITUER Tou.

Ma va peAeTnOci kKal ouykpiOei n emidpaon oploUEVWY ETTIHOAUVOEWY
gival amapaiTnTo va e£eTaoOei n dpdon Toug o CUVOARKEC oTaBepoU

uTtEpKopeapoU, eTeldN N TTApouadia TouG evOEXETAI va etnppedlel Thv
01adAUTOTNTA TOU AAATOoC A TO 2 T KAl W¢ €K TOUTOU TOV UTTEPKOPETHO.
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Figure 6-20 Effects of Invert Sugar and Raffinose on Sucrose Crystal Growth Rates at 41°C and Constant
Supersaturation of AC = 40 g Sucrose/g Water.
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~ Ingeneral the presence of impurities
& (substances other than the crystallizing)
P B2\ results to:

Acceleration of crystal growth
Inhibition of crystal growth

Change of crystal habit of the
crystallizing substance



Impurities

Impurities are incorporated into the active
crystal sites and their extent of incorporation
depends on the affinity (structural, chemical )
with the substrate

The affinity affects the mechanisms of
incorporation (out of equilibrium)

It is assumed that the affinity between the
impurity and the substrate (at the molecular
level) determines whether impurities shall be
located at the surface, or in the bulk of the
growing crystals

The chemical and structural affinity between
the substrate and the impurity affects the
f:lis‘rr'ibu’rion of the impurity in the crystal
attice

Impurities of similar size and chemical
properties are uniformly distributed in the
crystal lattice.

Larger size molecules, less compatible with the
substrate tend to accumulate in steps forming
aggregates that may reach micrometer size



Depending on the
type of sorption
the efficiency of
attachment is

/ ) differentiated and
so does the

effectiveness of
the additives in
inhibiting the rate
3 of growth of a

P crystal face

- - ] ° ° (c)

Figure 6.26. SNites for anpurily adsorption on a growing crysial, based on the Kossel model.
(@) kink; (B) step; (6} ledge (face). (After Davey and Mullin, 1974)
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Single crystals are used for the
" investigation of the effect of impurities on
@\ the crystal habit of growing crystals

7

N
la) (b)

Figure 6.27. (a) Perfect ‘capping’ of an ADP crystal;, (B) tapered growth caused by traces
of Fe'* (8 — angle of taper). (After Mullin, Amatavivadhana and Chakraborty, 1970)




(1) Adsorption (femporary attachment) of the impurity by

! diffusion from the supersaturated solution (Heat of adsorption
Qad)'

\ (2) Transport of the adsorbed impurity molecules to the surface-
‘ | Terrace (Energy Qsml )

z" (3) Adsorption of the impurity molecules, transported on the
‘22 surface to teps without kinks , (Change of free energy, Qstep yand
= at kinks (Free energy Qi)

! The relative values of the above energy quantities determine the
y | sites af which adsor'p’rlon shall take place

M (1) Qud = Qamig mrespec’nve of the values of Qg 0r Quink

|| ,adsorption takes place at the flat part of the cr'ys‘ral steps (
terrace).

' (2) Qud > Qqmig. The impurity molecules are mobile and could
therefore be “adsorbed at steps without kinks as well as in kinks
with free energy change values Qqy,, and Q. , respectively.

i Since Qstep < Qkink , the adsor'p’rlon of mobile impurity

I molecules takes place preferably at kinks.

' (3) Quink < Qstep, impurity molecules diffuse directly to the kinks
' and they are adsorbed there instead of the surface of the
crystal step.



The relative rate of crystal growth in the presence
¢ of impurity with respect to the corresponding value
| of the rate in the absence of impurity is:

n For a=1, 8,, =1 the growth of the respective crystal face is 0.
For a»1, 6 <1 (partial coverage), v—0, but when a<1 , v never
becomes zero even if 6=1.

Assuming that the adsorption of the impurity is described by the
! Langmuir isotherm:

Beq = Ke/(1 + Ko

vivg = 1 — [aKe/(1 + Ko
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L: separation of
the adsorption
active sites

Hubota and Mullin, 1585 _
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Temkin Isotherm : 6=2ZInC,+ZInc,
X - where
The heat of adsorption depends on

sur'f_c;:e coverage. For 6 ca. 0.5 C, =exp(Q%/R;T)

Z =R.T/bQ" . =1/bInC,

Quit = Qe (1 — b0)

(v —v)/vy =, Z(In Cy +1In¢)
Provided that

v/vy=1—(a;/bCy)¢,
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[\ rate of crystal growth shall increase

g of the rate corresponding to the pure so

In most cases, the rate of adsorption decreases with
\_ increasing supersaturation. The rate constant increases
& from a value O until a critical supersaturation value, g
B\ below which adsorption is instantaneous.

The respective
from the value

_ Hysteresis effect in crystal growth

ution.
(a) (b) (c)
pure or impure (T=<)
2 .
© impure (T20) © impure (120)
T d A p A pure )
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Figure 6.29. Fuace growth rate G as a function of supersaturation o (a) for instantaneous
(T = 0) and very slow (T = oo) adsorption, (b) and (¢) for a continuous ncrease of T from ()
to oo, () for oy > o, and (c) for oy < .. (After Kubota, Yokota and Muilin, 2000)



e AH A

"MEyioTo HEYEOo0C KpUOTAAAITWY 01 OTTOIO!
- avamtuooovTdl

Baoma oev unapxel oplo. Ao T[p(]KTlKn amoyn navnug TTAVTOTE
UTtdpXx el €va 0plo. ZUHewvd e Thv UTTdpXouaod eUTTElpia ol
KpuaTaAAol dev avatmTuooovTdl g€ Plodnxavikoug KpUoTAAAWTAPEC
TTEPAV EVOC Opiou.

Mepikoi kpUoTaAAol £XoUV TOGO HIKPEC TAXUTNTEC KPUOTAAAIKAG
avdmTuing WoTe va amaiTouvTal ugnAoi xpoévol TTapdpovAc yid va
AnpOoUv peydAou peyéBoug kKpUoTaAAol.

TT.x. pe ypappikh Taxutnta 10-"ms1 évac apxiKO¢ KpuaTaAAiTNG
avapéveTal va €xel péyebog ioo pe 2mm oe AiyoTepo amd 3 wpec.

Ma ypappikA Taxutnta 10-°ms-1o id1o¢ kpuoTaAAiTng yia va
avantuxOei ota 2mm Xpeidletar 319 nuépec [Kai o1 dUo TaxUTNTEC
gival puBuoi Tou amavTwvTal og avopyavoug kpuaTtdAAouc].

Mabvo o xpovog TapdUoVvAG evOC KpUOTAAAITh oTov KpuaTaAAwTHpaA
dcv dpKei yia Tov kaBopiapod Tou HeyEOBouc Adyw Tng deuTepoyevoucg
TTUPNVOYEVECEWC N oTroia Aaupavel xwpda, Adyw Th¢ oTroidg
audveTal o apiBuoéc Twv KpuoTaAAITWY Kal TteplopileTal n avnon
TOU HeYEOoUC TWv.
O1 puBuoi givail euaicOnTe¢ oUVAPTATEIC TOU UTTEPKOPECHOU.
AUENnon Tou uTtepkopeooU waToago audvel Thv Ttuphvoyévean.
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H mapougia empoAUvoswyv oTto oloThua emnppedlel To pEyEBOC
Twv KpuoTaAAiTwyv. H kpuotdAAwon Oenikou Cd kar Cu amo
Aekavec empeTtdAAwong mapoucia (eAdTivng KAtaAnyel oTo
oxnhHatiogd KpuoTaAAiTwy ol oToiol dev Cemepvouv TO 1p m.
ATougia Tng, ol KpUoTaAAol Twv adAdTwWV auTwyv Cemepvouv o€
péyedoc 1o 1 mm.

Kamoior amé Toug KpuoTdAAou¢ Teivouv va Opalovral, 0Tav To
HEyeOOC Toug umtepPei pia kpioun TipR (avadeutnpac n onueio
évap&ng ToAUKpuaTaAAIKAC avamTuéng).

AvamTtuén TOAUKPUOTAAAIKWY OTEPEWY OXI HOVO HEIWVEI TIC
HUNXAVvIKEC 1010TNTEC TwV KPuaTdAAwv (waBupéc) aAAd TIC Kdavel
kai aotaBéoTtepe¢ (8idAuon Aoyw Gibbs-Thomson, &idAuon
AKHWV).

O1 adiagavei¢ woeldeic KpuaTtaAAol, ol oTroiol TtapdyovTdl O€
TOAAOUC PlopnxavikoU¢ KpuoTaAAwTApeC, MIOavwe TPOKUTITOUV
a6 aAAnAouxiec kpuoTdAAwong-0idAuonc-amoTpIyng.
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Precipitation
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_ - Maximum mean crystal sizes obtained in an MSM PR crystallizer: A, KCI; R,
NaCl; C, (NH,),CS; D, (NH,),SO,; E, KNO;; F, Na,S80,; G, K,S0,; .,
NH_,AI(SO,), ;1,K,Cr,0,;J,KAI(80,),; K,KCIO,; L,NiSO,(NH,),SO, ; M, BaF,;
N, CaCO,; 0, TiO,; P, CaF,; Q, BaSO,. (After Mersmann and Kind, 1988)




Dendrites

In crystal growth from melts the
rate determining step is heat
transfer.

If the crystal growing cannot
dissipate heat sufficiently fast is
forced to modify its surface in
such a way that heat may be
dissipated.

The result is the formation of






Another explanation

* There is traffic congestion
between water molecules
surrounding ions and the crystal

- The solvent molecules «block» the
fast growing crystal faces and as a
result, the corners which are less
hindered grow faster
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Inclusion

Solid, liquid and gas impurities included at the
interior of the crystals and are due to the
inclusion of the mother fluid in the growing crystal

Up to 0.5% k.p. In liquid inclusions in industrially
obtained crystals

- Primary inclusions
- Secondary inclusions

Large crystals or fast growing crystals have more
chances to develop inclusions



e

PvOpog ko e6wtepikn epavion kpvotaiiov NaCl

Crystal Growth Volumetric
size velocity growth ratet Crystal
L dL/d¢ dV/dt appearance
(10™*m) (107"ms™ 1) (10~ m3s™ 1)
1-0 29 9 transparent
1-2 29 13 transparent
1-2 3-8 16 transparent
2:0 1-4 17 transparent
1-7 2:6 23 opaque
1-5 37 25 opaque
1-8 4-1 40 opaque
20 - 37 44 opaque
30 1-8 49 opaque

* Calculated from data of Yamamoto (1939)
t Volumetric rate increase d¥/dt = 3L%-dL/dt



inclusions

00 o Q

L2 (m? x 108)

di/dL (sm™ x10°)

_ Criteria for the avoidance of mother liguor inclusions in sodium chlovide
crystals. (After Yamamoto, 1939)
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=W »In the fluid surrounding small crystals there is a

—

| diffusion field leading to spherical symmetry and a

| When the crystal has grown sufficiently the edges
develop faster than the center thus forming cavities

£l Cavities are plugged with the advancement of the
' Steps
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The growth of dendrites favors the formation of

inclusions of foreign substances
I —



Figure 6.46. Some examples of liguid inclusions in crystals: (a) a regular patiern in
ammonium perchiorate, (b) random aligned inclusions in potassium iodide, (¢) an ‘hour-
glass’ pattern in sucrose and (d) ‘herring-bone’ inclusions in sucrose 27



Solid particles may also be included into the
crystal particularly at the nucleation stage when
foreign bodies act as heteronuclei.

Saito et al (1998, 1999) have shown that physical
contacts between crystals and/or the temporary
attachment of small crystal fragments, such as
attrition nuclei, significantly enhance the growth
rate of the particular face for a short period
during which generated macrosteps interact and
entrap mother liquor.

- This work was carried out with sodium chloride

crystals, but the mechanisms postulated could be
of more general application.

Separation Processes



T, SREEREEL T
S > Inclusions may sometimes be prevented if the

" crystals are grown in the presence of certain ionic
impurities, e.g. fraces of Pb%* and Ni?* allow near-
perfect crystfals of ADP (ammonium dihydrogen
phosphate) to be grown for piezoelectric use; traces
of Pb?* help good crystals of NaCl to be grown.

2 - Anionic surfactants are particularly effective for
= eliminating inclusions in ammonium perchlorate growth
) from aqueous solution (Hiquily and Laguerie, 1984).

#% > A change of solvent may have a significant effect:

%' ~ Hexamine, which readily develops inclusions when
8 " grown from aqueous solution, contains none when
grown from methanol or ethanol.

> An increase in the viscosity of the mother liquor may
also help; small amounts of carboxymethyl cellulose
added to the solution have been known to have a
beneficial effect.

» Ultrasonic vibrations have also been tried with
moderate success.

6” Separation Frocesses
I



- Under isothermal conditions inclusions may change shape or
coalesce as the internal system adjusts itself towards the
condition of minimum surface energy.

If the temperature is raised, negative crystals (faceted
inclusion cavities) may be formed by a process of
recrystallization.

Fluid inclusions cannot be removed by heating alone. In fact
even heating to decrepitation frequently fails to destroy all
the inclusions.

liquid inclusions can move under the influence of a
temperature gradient. Since solubiIiT?/ is temperature
dependent, crystalline material dissolves on the high
solubility side of the inclusion, diffuses across the liguid and
crystallizes out on the low solubility side (Wilcox, 1968).

Henning and Ulrich (1997% measured migration rates of
water inclusions in crystal layers of captolactam induced by
temperature gradients. Migration progressed towards the
warm surface at rates proportional o the temperature
gradient while inclusions increased in size and changed their
shape. Large inclusions moved faster than small ones.

Separation Processes



A genéml review of inclusions has been written by Deicha
(1955). Deicha, 6. (1955) Lacunes des Cristeaux et leurs
Inclusions Fluides, Masson, Paris.

Powers (1969-70) and Mantovani et al (1985) give
comprehensive accounts of inclusions in sugar crystals, and a
world-wide coverage of research on inclusions, although
mainly of geological interest,

Powers, H.E.C. (1969170) Sucrose crystals: inclusions and
structure. Sugar Technology Reviews, 1, 85.

Mantovani, 6., Vaccan, 6., Squaldino, 6., Aquilano, D. and
Rubbo, M. (1985) Sucrose crystal colour as a function of
some industrial crystallization parameters. L Industria

Saccarrfera Italiana, 78, 7-14 and 79-86.

A practical guide to fluid inclusion studies, with algeological
I(aligsS,g;as been written by Shepherd, Rankin and Alderton

Shepherd, T.J., Rankin, A.H. and Alderton, D.H.M. (1985) A

£ Practical Guide to Fluid Inclusion Studies, Blackie, Glasgow.

"
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Y
Aelt inclusions: An introduction

: % . S "Parcels” of melt
R ' | frapped in igneous
crystals

= Fluid inclusions

Occur in basaltic and
related rocks wherever
they are found:

Silicic and Plutonic Rocks
Xenoliths




.:. Important impact on physical appearance and chemical compositions




ition of melt inclusions after trapping

Ascent &

Coaling Eruption Slow Cooling
.
allace, 2005
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Crystallization along
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i |l 2. Post-entrapment crystallization
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MeTaTpoméc pdoswy

2 € TTOAAEC TTEPITTTWOEIC KATA TV KpuoTdAAwon, n
TPWTN KPUOTAAAIKA pdon n oTroiad oxhuarti{eTai €ivai
HETAOTABAC OnA. gival pia TToAupop@Ikh pdon K £€va
évudpo dAac (kavovac Ostwald)

Kdamoiec amo Ti¢ petaoTaBeic paoeic HeTATPETOVTAI
TPOC TIC 0TAOepdTEPEC TAXUTATA, VW AAAeC epupavilouv
eCAIPETIKA 0TAOEPOTNTA OTO XPOVO.

Kamoiec mdAI amé Ti¢ peTaTpoméC pdoswy givai
avTIoTPETTEC (EVAVTIOTPOTIIKEG) VW AAAEC N
avTioTPeTTEC (HOVOTPOTIIKEC)
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Mean Intermolecular Distance




N TTupnvoyéveon TTOAULOPQIKWY pAcEWY

A

embryos nucieus

2
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I'c I

3 2

oo T SR Age (kT1nS)

/ Aggregate 1 —— Nucleus 1 —> Polymorph 1

Molecule:Aggregate 2 $Nucleus 2 —> Polymorph 2

\\ Aggregate 3

~———Nucleus 3 —= Polymorph 3




»  + H peTtaoTa®Ac wdon n omoia KpUoTAAAWVETAl
TIPWTN, TIPOKEINEVOU vd TAUTOTIOINOEi TIpETE!
va amopovwOei ypAyopa Kai va EnpavOei pe
TOV KATAAANAO TPOTIO TIPIV HETATPATIEI

» 2.& CnNph Hopwn UTTopEi va eival oTaBepn yia
HAKPO XPOVIKO 0idoTnud

« Av gival emBupunth h KpuoTdAAwaon TG TTAEoV
oTaBepNC TTOAUHOPPIKAC PACNC TTPETTEI Vd
d1aocpaAicBouv ol katdAAnNAeC ouvBnKec Kai
va 000¢i o katdAAnAo¢ Xpovoc oTov

KPUOTAAAWTAPA TTPOKEILNEVOU VA YiVEI N

HETATPOTIA OTNV £mMIOUUNTA 0TAOEPA Wdaon.

NN

Separation Processes



Polymorphs differ in the type of lattice or in the spacing of
the points in the crystal lattice, may exhibit different
shapes which allow their differentiation by microscopic
observation

These changes should not be confused with crystal habit
modifications which are due only to changes of growth of
different crystal faces and do not ~affect physical
properties of the crystals

The different polymor%phs, which may also differ in habit,
have distinctively different physical properties (density,
hardness, mp, solubility, reactivity, thermal properties,
optical and electrical behavior etc)

Each polymorph of a substance constitutes a separate phase
in the Gibbs phase rule sense. However crystals of
different habit they are one and the same phase

Polymorphs may transform in the solid state but crystals of
different habit they cannot

Hydrates and other solvates are not- strictly speaking-
polymorphs
Enantiomorphs are not true polymorphs

6“ Separation Processes




‘_ > Bernstein, Davey and Henk (1999) have drawn

attention to a little appreciated phenomenon
of the simultaneous crystallization of
different polymorphs.

They use the term 'concomitant polymorphs'
to describe these mixtures that can occur
and cause problems in industrial processes
since the product crystals may show erratic
variations in habit, colour, melting point,
dissolution rates, efc. despite any evidence
of process changes or impurity contamination.

Separation Processes



Polymorphs and solvates can be identified
and characterized by several analytical
techniques:

@& © powder X-ray diffraction

1Y+ IR and NMR spectroscopy.

- Differential scanning calorimetry (DSC) is
@, useful for monitoring phase
transformations and

| - the hot-stage microscope is best for the
identification of concomitant polymorphs.

Separation Processes



Hot stage microscopy

Fluid stage transformation as a function of
temperature is observed

Silicon oil stage microscopy is used for
detection of pseudopolymorph.

APPLICATION:

in the study of solid-state active pharmaceutical
ingredients (APIs), EXCIPIENTS and
pharmaceutically relevant polymers and lipids.
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x ray diffraction method

It provide the most complete information about solid state
(identification & description)

This method is based on the scattering of x-ray by crystals

By this method one can iden’rif¥ the unit cell dimensions &
conclusively establish the crystalline lattice system & provide
specific differences between crystalline forms of given compound.

In an X-ray diffraction measurement, a crystal is mounted on a
goniometer and gradually rotated while being bombarded with X-
rays, producing a diffraction pattern of regularly spaced spots
known as reflections.

It is tedious time consuming so it is not used or unsuitable for
routine use.

| ¢/21/2018
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Application:-

many materials can form crystals—such as salts,
metals, minerals, semiconductors, as well as
various inorganic, organic and biological
molecules—X-ray crystallography has been
fundamental in the development of many
scientific fields

47



Differential Thermal Analysis (DTA)

' _:' :\'ml e
The advantage is that the sample size required is only 2-5mg .

DTA measures the tempt difference between sample and reference
as a function of temperature or time when heating at constant rate.

A DTA consists of a sample holder comprising thermocouples, sample
containers and a ceramic or metallic block; a furnace; a temperature
programmer; and a recording system.

The key feature is the existence of two thermocouples connected to
a voltmeter.

One thermocouple is placed in an inert material such as Al,O3, while
the other is placed in a sample of the material under study.

As the temperature is increased, there will be a brief deflection of
the voltmeter if the sample is undergoing a phase transition.

. q



. * DSC is dlso like to DTA except that the instrument measures the

2y amount of energy required to keep the sample at the same

= temperature as the reference i.e. it measures the enthalpy of
b transition.

1@+ When no physical or chemical changes is occurring within the sample
" then there is neither a temperature change nor the need to input
/ energy to maintain an isotherm.

;amples that may be studied by DSC or DTA are:
l?%vder's, fibers , single crystals, polymer films, semi-solids.

<32 DSC measures endothermic and exothermic transitions as a function
of temperature.

-——Endothermic heat flows into a sample.

L ~Exothermic heat flows out of the sample. 4
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Applications of DTA / DSC in
preformulation studies

1. 1. To determine the purity of a sample
2. To determine the number of polymorphs
and to determine the ratio of
each polymorph
3. To determine the heat of solvation .
4. To determine the thermal degradation
of a drugor  excipients .
5. To determine the glass-transition
temperature(tg) of a polymer.

2




Thermo Gravimetric Analysis (TGA)

* is a type of festing that is performed on
samples to determine changes in weight
in relation to change in temperature.

* Such analysis relies on a high degree of
precision in measurements: weight and
temperature change.

+ As many weight loss curves look similar,
the weight loss curve may require
transformation before results may be
interpreted.
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O¢epuoaTaduikh Avaiuon (TGA)

TGA is commonly employed in research and
testing to determine characteristics of
materials such as polymers, o determine
degradation temperatures, absorbed moisture
content of materials, the level of inorganic and
organic components in materials, decomposition
points of explosives, and solvent residues.

It is also often used to estimate the corrosion
kinetics in high temperature oxidation.

TGA Q 500.
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Dilatometry

* Measure change in volume caused by thermal or
chemical effect.

* Using dilatometry the melting behaviour of
Theobroma Oil was studied.

- Extremely accurate but tedious , fime consuming
and not widely used.
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* In a, form II, having the lower solubility, is more
stable than form I. These two non-
inferchangeable polymorphs are monotropic over
the whole temperature range depicted.

* In b, form IT is stable at temperatures below the
transition temperature T and form I is stable
above T. At the ftfransition temperature both
forms have the same solubility and reversible
transformation between these two enantiotropic
forms I and IT can be effected by temperature
manipulation.

In ¢, however, the intervention of metastable
phases is shown (the broken line extensions to the
two solubility curves) which bear evidence of the
importance of kinetic factors which for a time
may override thermodynamic considerations.
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" Under specified conditions of temperature and pressure, except at a
S\ transition point, only one polymorph is thermodynamically stable. All
” others are unstable and potentially capable of transforming to the
% stable polymorph. Whether they will do so, however, is another matter
= entirely. The more stable polymorph has the lower free energy at a
}&i given temperature. If polymorph I is more stable than polymorph II
> then the chemical potential of the species in the solid phase I is lower
han that in solid phase IT, i.e.

7

M < [

o + RT Inapy < pp + RT In g

Separation Processes



O From the relationship between the chemical

potentials of polymorphs I and IT:
-

api < dp

o "'-‘\""Z\ .~
o\

and, since activity ¢ and concentration ¢ are related,

Cl1 < (]

polymorph shall have the lower solubility in any
given solvent

Similarly at any given pressure the more stable
phase shall have a higher melting point

Separation Processes



¥4 Enantiotropic pair
19 : Reversible phase transition

B Transition is endothermic

"% 2 Lower melting form is

‘6 thermodynamically stable below

% VW the transition temp.. And higher
m.p . form is stable above the

Transition temp..

-

lower m.p. has lower heat of
fusion.

B Difference between enantiotropy and monotropy.

monotropic pair

Irreversible phase transition
Metastable » stable
Transition is exothermic

Higher melting form is always
thermodynamically stable form.

Higher m.p. has high heat of
fusion.
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zipitation in systems dominated
by crystal growth

B oo

* Nucleation may be limited either at the
very initial stages or it may be eliminated

» Very rapid nucleation or crystal growth in
crystal seeds

» Constant number of crystals durin
precipitation and the same morphology

* The size is characterized by a length r

* The rate of crystallization is independent
both on the crystal size and on the crystal
_shape

Separation Processes
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’ }. “2-5tress effects

4ary|ng distribution of dislocations

Separation Processes



& of varying activities of dislocation groups in screw
islocation growth

Separation Processes
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Gﬁ\)W’rh of AgBr

Duffusnon mechanism
- Small crystals grow faster at high supersaturations

~— At low supersaturation small crystals grow slower due to
— ,‘( Gibbs-Thomson effect

’
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- Very important process for substance
concentration [The chemist’'s dream: obtain
i@y gold from seawater ..] and separation.
@lg May be achieved:
» By adsorption of one substance on another
* By the formation of solid solution
'« combination

* Modification of the co-precipitation through
the control of precipitation kinetics,
coagulation and mutual miscibility of the
components (as determined by ion size,
polarizability and the electric charge)

[
J
Y
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|
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'Equi“ibr'ium between a precipitate and a foreign ion
results in the formation of mixed crystals
(Thermodynamics of solid solutions)

Equilibrium between immiscible components results
in  the formation of adsorption compounds
(adsorption isotherms)

Co-precipitation of miscible compounds far from
equilibrium is complex and kinetics knowledge is
needed

Coprecipitation  of  immiscible = components:
coaqgulation, incorporation and inclusions

Adsorption: Fast process

Separation Processes



”‘.equullbr'lum, the component of the
iaRer proportion should be able to diffuse

aly to the substrate (lattice) of the
\ component

Separation Processes



; \diffusion in solid state depends on the
§ . defects mobility
*«:Schoﬁky and Frenkel defects are most

Separation Processes



Historically, point defects in crystals were first considered in ionic
crystals, not in the much simpler metal crystals. The reason was that
\  some known properties of ionic crystals (e.g. their conduction
® mechanism by ion migration at high temperatures) could be
L | understood for the first time in terms of point defects, while no
2\ special properties of metals (in the twenties) were in desperate

, Frenkel defects than are charged interstitial - vacancy pairs carrying
ki au’roma’rical ly different charge, e.g. a vacancy on a Na* site and a Na*

Schoﬂ'ky defects then are differently charged pairs of vacancies, i.e.
\ missing Na* and CI- ions in the NaCl crystal

3\
e Generation

Schottky-process (from surface to crystal)
Frenkel process (out of lattice to interstitial)
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ustration of the Defects

‘ ‘%purl’ry on substitutional site Silicon Atom

@ @ Lo e o o
b ® @ i
,_f;_; oo O O O O O Impurityin
£ i O O O/T\O O Q J;?Izrsfl’rlal
Frde o © [ ONOEC
BN © 0 000 O O

WO ® @ @ ¢
. 0 euilhe @

or Schottky Defect Frenkel Defect

Separation Processes



“1~ ; ieved if after a fast precipitation the
precipitate is peptized with the co-precipitating

_ (AYAX )y
.

solution

] Distribution of Ra in
_ ' f BaBr, crystals. Suspension
/ ‘ in a saturated solution-

cooling-precipitation

DISTRIBUTION COEFFICIENT D;

1 A H L '} i 1 1 1 L
Q 2 4 6 8 10 12 14 18 1B 20 22
TIME (DAYS)

Fig. 3-1. Approach to equilibrium in the radium-barium bromide system a8 a
. function of time, at 35°C: curve a, activity initially in solid; curve b, activity
BB initially in solution; curve ¢, entire system initially in liquid state. (After Chlopin,

ref. 1) Separation Processes




e \‘:, ttice incorporation with diffusion

<
»
1 2 \
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The overall equilibrium is
AX(s)+Y-(sol)=AY(s)+X(sol)

i.e. regardless on the individual reactions the
result is the incorporation of anions Y into the
solid

At equilibrium, we avoid the complexity of the
co-precipitation process (transport, surface
adsorption, diffusion)

Separation Processes



—_ (AY/AX)soll'd
C(Y/X)

solution

D> the relative concentration of
gmponent Y in the solid is larger than the

" - value in the solution and the

Separation Processes



Hyy = /JEY +RT In(at 4y ) 510

,U'AY == :ij +RT In(y 0 f4y)

At equilibrium P, =Hy:

0

In b Ly _IUSIY
 ,y RT
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|BRA2L (0) = 10 ax + RT In(at ), = i ax (solid) = 1%,

-

\ \ '
)Iina

. '

ation of the last two equations yields:

‘ (X ay Jay () b (&5 )o g
Kax fax N yy)  (@4y)0

0
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S
e
st AX
Sax =€Xp RT

a ;
X ay E;AX) = K, exp
a4y
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RT




D = A arCax L Fax exp _AG,
Cay Y ay RT

AG y = 1L

" in chemical potential of the solid solvent
of the dissolution of the component Y
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Dilities ratio in the solution phase

Separation Processes



' _frr'lbu‘non depends on temperature as may be
seen from the last equations

j g ‘fIn several cases AG>0 resulting in the decrease of
‘ ﬁrhe ‘microcomponent with mcreasmg ’remperm‘ur'e

Separation Processes



LOGg D;

30 X 3.2 33

T x10®

’ - The homogeneous distribution coefficient D; as a function of 1/7 for
the Br—/AgCl system. (After Vaslow and Boyd, ref. 3)

TABLE 3-1
The Homogeneous Distribution Coefficient D; for Different Solid Solutions
with the Solubility Ratio K, and the Excess Free Energy Function AG
Calculated from Eq. 3-18

Temp., AG, cal/
Solid solution °C Dopa K, mole  Ref.
AgBr in AgCl 30 211.4 315.7 +287 2
AgCl in AgBr 30 0.0036 0.0031 -70 2
AgClin TICI 40 4.2 7.2 X 105 +7500 2
Pb(103): in Ba(IOs)2 25 25 3.2 X 103 +2800 4
Ra(10;); in Ba(I0;), 25 1.42 1.32 -39 5
RaSQ, in BaSO, 20 1.8 5.9 +700 6
SrS0, in BaSO, 25 3.010 1.81 X 102 42480 7
PbSO, in BaSO, 25 2.55 X 102 9.61 X 10 +805 8




y o
N
NN O
o ~
\ "~
L )
o/
/
el

8|V, Chlopin, Chem. Ber., 64, 2655 (1931).

et

) L. Henderson and F. Kracek, J. Am. Chem. Soc., 49, 738 (1927).
#8¥ P, Vaslow and G. E. Boyd, J. Am. Chem. Soc., 74, 4631 (1952).

B A. Polessitsky, Acta Physicochim. USSR, 8, 864 (1938).

5 A. Polessitsky and A. Karataewa, Acta P hysicochim. USSR, 8, 259 (1938).

8/ 0. Hahn, Applied Radiochemistry, Cornell Univ. Press, Ithaca, N.Y, 1933

ﬁ C. Chang, Ph.D. thesis, University of Minnesota, 1958.

J8 (1. M. Kolthoft and G. E. Noponen, J. Am Chem. Soc., 60, 197 (1938).

Separation Processes



