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Estudio de morfologia de polimeros por medio de sincroton de rayos X
y métodos combinados con él

3.Dispersidn de Rayos X con luz sincrotrdon en materiales poliméricos (dos horas)

. Conceptos generales de fisica de polimeros: estructura y dindmica
. Cristalizacion en polimeros
. Caracterizacidn de la estructura en polimeros mediante
dispersion de rayos X a dngulos altos y bajos con resolucién
temporal.
. Cristalizacién de polimeros en medios confinados: mezclas poliméricas

. Transformaciones de fase en cristales liquidos poliméricos.

. Estructura en materiales compuestos poliméricos basados
en nanotubos de carbono.
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Cristalizacion de Polimeros: Jerarquia Estructural
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Técnicas Experimentales

Fase cristalina
Fase amorfa

Estructura




¢Porqué luz Sincrotron?

Procesos Dindmicos




Esquema del sistema experimental
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Muestras Poliméricas

O O

doleewre,

C—O——CH,CH,—




Cristalinidad =

R

u‘\m &
W\\\;:‘X%\
S

Fraccion de cristales

Fraccion total




y =p *p=|p,p,,0a
\Y




Angulos pequefios en polimeros:

funcidn de correlacion
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Modified self-correlation triangle
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Técnicas Experimentales

SAXS WAXS
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Espectroscopia Dielectrica

‘pl Nk

Analyzer

4/\

‘Ic::iooCoa’V ‘ ‘ Ir=mwCoe”V ‘




edida
m

S-

D

)

~$
$$

st
a

A\

$$
§ §
J as“éss\\m\\\\\\\ \\ \\\\N
i | |
J““““““\“s\\\\\\\&“\\\\@é 0
.“as}\\\\\ f...“
: \:\\\ ~
\ A
-s~:\\\\:§s\-
sss i \\\\c
i \
/
0

, \
f.
.: \\c |
.v““» ss\\\@ “\\\\ww.n..
N ess\\:\\\ !
..,..es,f\\\ \f.
! 0
§..“Mww“.§ \ﬁﬂs ..
e“&w\“\\\\” | w\....
) \5
~\§ \v\\\\“\““%
\\.\.\w\\\\\:f.
{/
0y

i
.se
\@ i
\\\ \\
#“““\.\sw\\\&\\\\\
§$
/

i

U

/ $ $

i
o




DS- medidas




Esquema del sistema experimental SWD

DD
B

SAXS interface

1.Sample

2. Aluminum foils A2 @ HASYLAB,
3.Electrodes Hamburg, Germany
, 4 Heating blocks

bean 5.Insulating film

6.Heating elements

7. Cooling pipes
8.Thermometer

I Sics et al, Rev. Sci. Instrum. 71,1733 (2000).




PET @ 96 °C
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Modelo

(a) Estado amorfo

(b) cristalizacion primaria

L

(c) cristalizacion secundaria

*Lin J., Shenogin S., Nazarenko S. Polymer 2002; 43:4733
*Ivanov D.A., Pop T., Yoon D.Y., Jonas A.M. Macromolecules 2002; 35: 9813




Transesterificacion de mezclas poliméricas

Poly(ethylene terephthalate) Poly(ethylene-2,6-naphthalene dicarboxylate)
PET PEN

0O
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c@ C—O0—CH,~CH,-0 Q0
C—0— CHQ_ CH2_ O—

Properties™

Glass Transition (°C)
Melting Temperature (°C)

Tensile Modulus (Kg/mm?2)

Tensile Strength (kg/mm?2) 50

O2 Permeability at 20 °C 1.16-1.55
( cm3® mm m-2 d-! bar!)

CO2 Permeability at 20 °C 5.81-9.86
(cm3mm m=2d?tbart)

* Handbook of thermoplastic polyesters,
S. Fakirov Ed. ,vol.2, cap. 19, Wiley-VCH, Germany, 2002




PET/PEN son inmiscibles

Transesterificacion

T > Tm (]300 °C)

t: 1 — 35 min.
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Tielide G Molido de la granza a femperatura de N2 liqui

transreacciones iniciales se minimizan




Propiedades térmicas |
. 70

tp: 3 min.

PET/PEN 50/50 wt. %
PEN
{Tg

-I-PET-CO-PEN
g

18
N
D
O
T
H
18
R
M

TPET
g
15 20 25 30 35 40

50 100 150 200 250 300
T (°C)




DS-medidas

PET/PEN 50/50 wt. %
3 min. @ 300°C £, =11 %

15 min. @ 300 °C , £, =20 %
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PET/PEN 50/50 @ 96 °C , ﬁEN= 11 %

SAXS
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PET/PEN mezclas ligeramente transesterificadas

annealing at 120°C, 14 hours

PET/PEN 50:50, frey =11 % = ry AFM-phase
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Ordenamiento en Cristales liquidos Poliméricos™
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*A. Martinez-Campo, A. Bello, E. Pérez-Tabernero. ICTP-CSIC
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Esfuerzo-Deformacion (Stress-Strain)
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Cristalizacién anisotrépica en
poly(butylene terephthalate) (PBT) inducida por
nanotubos de carbono

o o S Sl i e i
R ﬂwam.

Figure 2 (@) Malecular modzl of a 8% N T {mlled hexagoml carbon lathices thatis
capped by six pentagons in each nanobe end; (&) HETEM image of ooz end of a
MIWHNT (nested graphene cylinders: couriesyol PAL Ajavane (0 modzl of o nanotube
tipp exhibiting the locations of the six pentmgonal rings (epew circles) thal permil the
hemagomal carbon bitices | graphane sheat) o close; the modd resanbles that ehown in
(b feouriesy of P¥. Ajavan).

Mauricio Terrones, Annu. Rev. Mater.Res. 2003. 33:419-501
Advanced Materials Department, San Luis Potosi, SLP, México




Nanocomposite samples

1. Oxidized single wall carbon nanotubes (SWCNT) (CNI Technology Co)
Thickness:0.7-1.2 nm, length: several ym

2. PBT , poly(butylene terephthalate)
Method ( Roslaniec Z., Broza 6., Schulte K., Composite Interface 2003, 10, 95.) :
1.Mixture with the monomer and subsequent polycondensation

2.Pelletized and injection molded into rectangular ( 2mm thick)

3.Compression molded @ 240°C,2 min. and subsequently quenching.




Structure: X-ray scattering

*X3A2 beamline @ National Synchrotron Source (NSLS) (USA).
1=0.154 nm. Fuji HR-VTM image plates
-ID13 ESRF, Grenoble (France) (Microfocus)




Structure: X-ray scattering
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PBT 0.2 % SWCNT
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Structure: X-ray scattering
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Raman Spectroscopy

Renishaw Raman Microscope System RM2000 @ 785 nm




Microfocus: 5 um

PBT pure
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Microfocus: 5 um

OOOO@ua‘::‘L

o &




Microfocus: 5 um
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Microfocus: 5 um
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Flow direcction

SWCNT aggregates
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