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"\ Liquid Factors affecting crystallinity :
or Melt 1) length of chain

2) branching

3) tacticity

4) plasticizers

Crystalline
Solid

Crystallinity in Polymers
- CRYSTALLINE MATERIALS

— Either crystalline (~100 %, neglecting defects ) or amorphous at
« parficular temperature

— Melt at a sharp, well-defined temperature

- CRYSTALLIZABLE POLYMERS
— Never 100% Crystalline
— Melt over a Range of Temperatures
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Ta 6 emmiTeda opyAvwaong Tou TEVOVTA

Fascicular membrane

1.5nm  50-500 nm 10-50 um 50-400 um 500-2000 pm
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AguTEPOTAYNG OOUN-A EAIKOEIONC

O1 TTOAUTTETTTIOIKES aAUCIDEG Dev gival eubeieg AN CUCTTEIPWVOVTAI KATA
OUYKEKPIMEVO TPOTTO KAl ATTOKTOUV HIa €10IKA TPICOIACTATN OOMN. 2UVvhOwg, N
ouoTrEipwaon TNG TTOAUTTETITIOIKAG aAuCidag dnuIoupyEi Yia EAIKOEION Hop®n

f TITUXWTN HoPPN.
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TpiTtoTayncg doun

H tpltotaync doun elvat amoteAeoA TNG
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TeTapTtoTaync doun

Ahugida B

Alucidoa

(a) KoAhayovo (B) Alpoopaipivn

O1 TTpWTEIVEC TTOU aTTOTEAOUVTAI ATTO OUO 1 TTEPICCOTEPEC
TTOAUTTETTTIOIKEC QAUCIOEC £XOUV Kal TETApTOTAyYN OOMN. H doun
auTN TTEPIYPAPEI TN CUVAPHOAOYNON OTO XWPO TWV aAUCIOWV.
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H d1auopewaon Twyv aAucidwv-To
ETTIXEiPNUA TNC TTUKVOTNTOC

Regular Folding Chain
(Adjacent Re-entry)

+
Irregular Chain Folding
(Random Re-entry)

H avtoxn kal n oAKigotnta
TWV TWV NUIKPUOTOAAIKWYV
TTOAUMEPWY TTPOEPXETAI ATTO
TNV TTapoucia interlammelar
tie chains TOU €vwvouv
YEITOVIKEG lammelae




AlauopPWOonN TwWv AAUCIOWYV: auop@a Kal
NUIKPUGTOAAIKG
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KpuoTtaAAwaon PE atro diaAupa

But : - m) 7?77 Answeris : folding




AviocoTpoTTia KpuoTaAAwWV PE




EUpeon TTpooavaTtoAIoTIKNC TAENG
KPUOTAAAWYV epeAkuopEvou PE










Al0oTAOEIC I0AVIKOU KPUOTAAAOU (O€ I00pPOTTIO




[Mapadeiyua TToAUaIBUAEgviou




Oeppokpaaia TAENGS 10avikoU KpuoTaAlou T, °




Ecaptnon T,,atmo 10 TTAXO0G
TNC KPUOTAAAIKAC OOMNC




Hoffman and Weeks eq.

——Tpotrog va utrohoyioBer 1o T,,°




(I) MeAETN MIKPOOKOTTIKNC OOMNG-
eupeon povadlaiag KUYWeAidac




EUpeon povadiaiac KuWeAidag

Nupadziypara vrroAoyiopou dsiktwy Miller
KPUOTOAAIKWY ETTITTES WY




EUpeon povadiaiag KUWeAidag

Nupadziypara vrroAoyiopou dsiktwy Miller
KPUOTOAAIKWY ETTITTES WY
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(I1) MeAETN QUAAOEIDOUC pHopPOAOYiIaC
(lamellar)




(1) MeAETN QUAAOEIDOUC HopPoAoyiag
(lamellar)
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[TOAWTIKI OTITIKN MIKPOOKOTTIO!
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(1) MeAETN KPUOTAAAIKWYV UTTEPOOUWV-
o@aIpOAIBoI




EUpeon BaBuou kpuoTAAAwWONC
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KpuoTtaAAwon TOAUUEPWV
Il. KtvnTtikn tTnNC KpuoTtaAAwong




KivnTIKA JETOOXNUATIOUOU PACEWY




2 XNUATIONOC oTaBEPOU TTUPVA

“The critical radius is the minimum size of the
crystal that must be formed by the atoms
clustering together in a liquid before th solid
particle is stable and begins to grow.’




ApPIOUOC TTUPNVWYV Kal pUBUOC TTUPRVWONG
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PuBuoc trupnvoyévvnong




2 XNMATIONOC oTaBEPOU TTUPNVA




2+3) Aildxuon Kal avATITU¢N KPUOTAAAWY




[TupnvoyéEvvnon Kal avaTrtuen

Muwkpn MeyaAn
TMOAAEG VS UTAWGELG




KivNnTIKN TTUpAvVWOoNg Kal avarrtugng TUTrou
Avrami/Kolmogorov




* Crystallization starts via nucleation and
continues via crystallite growth

e Homogeneous or heterogeneous:

— Homogeneous nuclei are formed from molecules or
molecular segments of the crystallizing material
itself; called spontaneous or thermal nucleation

is caused by the surface
of foreign bodies in the crystallizing material such as
dust particles or purposely added nucleating agents



Homogeneous nucleation from a fluid phase

Liquid
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Crystal
nucleus
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Negative, and represent
the decrease in free energy
upon solidification

involves the increase in
energy required to form
a new surface

Thermodynamics of homogeneous nucleation

1 Liquid G* = H" -TS* = Volumetric Gibbs free
energy change
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Heterogeneous nucleation

= Gibbs free energy change

of cluster formation Vi

1 Volumetric term

Mg i B
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0 Surface term

Substrate

Y-L equation: Yg, =7sc + ¥y COSO
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Crystallization kinetics

- The extent of crystallization during melt processing
depends on the rate of crystallization and the time
during which melt temperatures are maintained

« Some polymers that have low rates of crystallization
(.,e. PCL) can be quenched rapidly to achieve an
amorphous state

« On the other hand, some polymers crystallize so
rapidly that a totally amorphous state cannot be
obtained by quenching (PE)



Crystallization Kinetics
General Features

* Induction period - formation of primary
nuclei

* Primary crystallization - a period of fast
spherulitic growth

+ Secondary crystallization - a period of
slower crystallization that occurs once the
spherulites have impinged on one another




[Tupvwaon Kal avatrtugn o€ NUIKPUOTAAAIKG
TTOAUUEPN




[Tupvwaon Kal avatrTugn o€ NUIKPUOTAAAIKG
TTOAUUEPN
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KivnTiIKN TG KpuoTaAAwaong-leipapara
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KpuoTaGAAWON UTTO TTEPIOPICUO
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