
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 19 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Polymeric Materials
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713647664

Influence of the Preparation Technique on the Morphological
Characterization of Polymeric Blends
Margarita V. García-Garduñoab; Alicia Del Realb; Alfredo Macielc; Jaqueline Cañetasb; Victor Castañob

a División de Posgrado e Investigatión, Facultadde Odontologia, UNAM, México, D.F., México b

Institute de Fisica, UNAM, Querétaro, Mexico c Instituto de Investigaciones en Materiales, UNAM,
México, D.F., Mexico

To cite this Article García-Garduño, Margarita V. , Real, Alicia Del , Maciel, Alfredo , Cañetas, Jaqueline and Castaño,
Victor(1998) 'Influence of the Preparation Technique on the Morphological Characterization of Polymeric Blends',
International Journal of Polymeric Materials, 42: 3, 333 — 348
To link to this Article: DOI: 10.1080/00914039808033881
URL: http://dx.doi.org/10.1080/00914039808033881

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713647664
http://dx.doi.org/10.1080/00914039808033881
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Intern. J Polymeric Molar., 1998. Vol. 42, pp. 333-348 
Reprints available directly from the publisher 
Photocopying permitted by license only 

Q 1998 OPA (Overseas Publishers Association) N.V.  
Published by license under 

the Gordon and Breach Science 
Publishers imprint. 

Printed in India. 

Influence of the PreparationTechnique 
on the Morphological Characterization 
of Polymeric Blends 

MARGARITAV. GARC~A-GARDUNO~. b ,  ALICIA DEL  REAL^, 
ALFRED0 MAClEL' , JAQUELINE CANETASb and VICTORCASTAbb* * 
a Division de Posgrado e lnvestigacion, Facultad de Odontologia, UNAM, 
Mexico, D.E, 04510 Mexico; 

Queretaro, 76001, Mexico; 
lnstituto de Fisica, UNAM, Apartado Postal 7-1010, Queretaro, 

lnstituto de Investigaciones en Materiales, UNAM, Mexico, D E ,  04510, Mexico 

(Received 28 January 1998) 

Morphology-property relationships are among the parameters which determine the 
practical use of polymer blends. However, very few reports in the literature realize that 
the preparation technique of the samples for being examined by a particular 
methodology, is crucial for the final results. Indeed, in the case of Electron Microscopy, 
for instance, for the studies of polymer and copolymer blends, very little care is taken in 
analyzing the effect of, for example, using dissolution for preparing samples or how a 
microtomy process could affect the observation. Accordingly, in this work a study of the 
influence of different preparation techniques for SEM (Scanning Electron Microscopy) 
analysis of Ethylene Vynil Acetate/Polypropylene blends (EVA/PP), including a 
discussion on the relevance of various physical or chemical factors affecting the 
observation, is presented. 

Keywords: Polymer blends; morphology; SEM; ethylene vinyl acetate/polypropylene 

INTRODUCTION 

The detailed study of the morphology of polymer blends and other 
characteristics such as the effect of blend composition, effect of shear 
stress on extrudates, the results of dynamical mechanical properties, 
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etc. up to now, has shown a scarce relationship between the 
preparation methodology used and the results obtained. 

Moreover, does not exist a systematic procedure for preparing 
polymer blends for microscopy work. Some authors for example, have 
prepared their samples by utilizing liquid nitrogen and by using the 
fracture technique to observe the fracture surface [l - 51. Some other 
authors, do fracture the samples and dissolved one of the polymer 
blends phases, to observe the remaining matrix [6- 131. Some others 
use the ultramicrotome to cut the pre-prepared sample, and then 
dissolve the [14-191. A similar technique was used to keep a blend 
immersed in a solvent for 48 h. to extract one of the phases [20]. Other 
authors use the polymer blend fracture, obtained prior to the 
mechanical testing, and they have observed the resulting fracture 
surface [21, 221. On the other hand, there exist very few reports in 
which the authors take into account the extrusion conditions to 
prepare the samples [23]. 

Accordingly, in this work we have studied the influence of different 
preparation techniques for SEM analysis, and discussed the relevance 
of various physical and chemical factors affecting the observation. 

EX PER IM ENTAL 

A series of EVA/PP blend (Ethylene Vynil Acetate/PolyPropylene) in 
the following compositions were prepared by double extrusion, 20/ 
80Y0, 40/60%, 70/30Y0 (EVA/PP). According to a method previously 
reported by Maciel et al. [24]: 

Five techniques were employed for preparing the samples for SEM 
observation, in two machines namely a JEOL 5200 and a Zeiss 
DSM940A. In the first method (A) ,  the samples were pyramid-shaped 
cut and immersed for 48 hr in a Os04 solution (1 YO), and then 
ultramicrotomy cuts were obtained from the tip of the pyramid that 
was ready to be observed as well as from the sides. 

The second technique (B),  consisted in hand-fracturing specimens 
previously frozen in liquid nitrogen. The fracture was produced both 
perpendicularly and along the extrusion direction. The fracture surface 
produced was then observed in the microscope. 
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POLYMER BLENDS MORPHOLOGY 335 

Method C consisted in forming the pyramid, freezing it with the 
ultracriomicrotome and obtaining ultramicrotomy cuts until a mirror- 
like finish is attained. The cuts were perpendicular to the extrusion 
direction. 

Method D consists in dissolving the blends in toluene to extract one 
the two phases and to analyze by SEM the resulting structure. Finally, 
method E utilizes the fracture surface obtained prior to the mechanical 
testing. 

RESULTS AND DISCUSSION 

Technique A shows that the osmium tetraoxide treatment is not 
enough to obtain an adequate cut under laboratory conditions, since 
this technique produces microscopy images, as shown in Figures 1, 2 
and 3, in which the contrast is very poor and no difference among 
phases is observed. Figures l(a) through l(c) correspond to specimens 
obtained from the upper and from the two sides respectively, of 
samples 20% EVA prepared by method A; likewise, the series of 
Figures 2 and 3 correspond to the speciments with 40% and 70% EVA 
content, respectively. By comparing the images, it is clear that the 
morphologies observed, strongly depend on where the specimens were 
taken from indicating the feasibility of performing anisotropy studies 
by Scanning Electron Microscopy (SEM). 

Method B provides more complete information on the way the 
polymers were blended as well as on the morphological organization 
of each blend. In this second technique, it is possible to take into 
account the extrusion and the effect of the glass transition temperature 
(Tg), since the cuts are obtained at very low temperatures, as seen in 
Figures 4-9. Figure 4 (20% EVA, perpendicular fracture) shows the 
matrix of PP forming irregular leaflets with small spherical particles. 
Figure 7 (20% EVA), along the fracture badges formed by arranged 
stripes. Figure 5 (40% EVA, perpendicular the fracture), the 
morphology is very different, showing a matrix with little steps. 
Figure 6 (70% EVA), along the fracture the number of observed 
particles is not the same as in Figure 6. 

When the fractures are compared to each other, they show a clear 
difference when the fracture is either along the extrusion direction or 
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FlGU RE 4 Method B(hand-fracturing) 20% EVA perpendicuiar extrusion direction 

FIGURE 5 Method &hand-fracturing) 40% EVA perpendicular extrusion direction. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
6
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



FIGURE 6 Mcthod B(hand-frdcturing) 70%, EVA perpendicular cxtrusion direction. 

FlGURE 7 Mcthod R(hand-fracturing) 20% EVA along the extrusion direction. 
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FIGURE 8 Method &hand-fracturing) 40% EVA along the extrusion direction. 

FIGURE 9 Method B(hand-fracturing) 70% EVA along the extrusion direction. 
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342 M. V. GARCIA-GARDUNO el al. 

perpendicular to it. For example, we observe in Figure 7 that the 
structure consists in cylindrical forms, whereas in the Figure 8 this 
cylindrical shapes are not observed because in this case the fracture 
was against the extrusion direction. 

Technique C (ultramicrotomy) is illustrated in Figure 10 (20% 
EVA), showing a dark matrix with rounded features. In Figure 12 
(70% EVA), the matrix is clear and the circles are dark. In Figure 10 
the matrix observed is formed by PP and the clear zones correspond to 
EVA. The opposite is shown in Figure 12. In Figure 11 (40% EVA) it 
is difficult to distinguish between both phases and clear lines along the 
matrix are observed. 

Technique D (dissolution) is illustrated in Figure 13 (20% EVA) 
which shows the matrix with different crevice sizes, as compared to 
Figure 4 (20% EVA without dissolution) where a disordered matrix is 
observed. Figure 14 (40% EVA) and Figure 5 (40% EVA without 
dissolution), show a strong deformation. Figure 15- 18 (70% EVA) 
shows a deformed structure with little useful contrast. 

By the D technique some circular spots that correspond to one of 
the phases in the blends were observed, although the information is 
very limited because it is restricted only to one phase and the materials 
could have been damaged by the solvent. Also, the information is 
limited to one surface and, if one compares this to the fracture 
techniques, more information about the bulk structure and the spatial 
distribution of the blends, can be attained by the latter methodology. 

CONCLUSION 

The results of this work show the clear differences obtained in the 
morphology observations when different techniques are employed. 
The information obtained by each methodology is quite different, 
making complicated to compare results obtained by different authors 
who have used other techniques. The above indicates the convenience 
of reaching some sort of international agreement or standard for 
morphology analysis in polymeric materials. 

Finally, we have observed that hand-fracturing is a very random 
process since the stress applied is practically out of control. This 
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FIGURE 10 Method C(u1tracriornicrotomy) 20% EVA cut perpendicular to the 
extrusion direction. 

FIGURE 1 1  
extrusion direction. 

Method C(u1tracriomicrotomy) 40% EVA cut perpendicular to the 
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FIGURE 12 Method C(u1tracriomicrotomy) 70% EVA cut perpendicular lo extru- 
sion. 

FIGURE 13 Method D(dissolutioi1) 20% EVA 
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FIGURE 14 Method D(disso1ution) 40% EVA. 

FIGURE 15 Method D(disso1ution) 70% EVA. 
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346 M. v. GARCIA-GARDUNO et UI. 

FIGURE 16 Method E(mechanica1 testing) 20% EVA. 

FIGURE 17 Method E(mechanica1 testing) 40% EVA. 
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POLYMER BLENDS MORPHOLOGY 341 

FIGURE 18 Method E(mechanica1 testing) 70% EVA 

implies that the use of automated devices must be a standard practice 
in sample preparation procedures. 
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