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Technology Development for Investigation of Phase-Separated Morphology of Polymer Alloys

Using Scanning Transmission X-ray Microscopy
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Abstract

In general, the mechanical and thermal properties of a polymer alloy composed of two or more
polymers with contradictory properties are strongly related to its phase-separation structure. In
this paper, we reported the development for analytical techniques of phase-separated morphology
of polymer alloys using scanning transmission x-ray microscopy (STXM) to visualize the chemical
structure with submicron-scaled spatial resolution. In the case of the phase-separation structure
of polymer alloys consisting of phenoxy resin/nylon 12 with two compatibilizers, the distribution
of compatibilizers was observed to change in a manner that depended on the type and amount of
compatibilizer. Therefore, the desired mechanical properties can be achieved by controlling the
morphology of the polymer alloy through the use of a compatibilizer, and that STXM is a suitable
technique for investigating the relationship of phase-separation morphological changes and their
properties in polymer alloys.
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Composition of each sample

(mass%)
Phenoxy Nylonl2 Compatibilizer
Sample Resin (mass%)
(mass%) (mass%) I I
1 50.0 50.0 - -
2 475 475 5.0 -
3 45.0 45.0 10.0 -
4 475 475 - 5.0
5 45.0 45.0 - 10.0
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Chemical structures of (a) Phenoxy resin, (b) Nylon12, and

compatibilizers (c) (I) and (d) (Il)
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(a) &%, (b) frtB&
AFM image (scan size: 10 umx 10 um) of sample 3
(a) Height sensor image, (b) Phase image
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SEM backscattered electron images of sample 1-5
(a) Sample 1, (b) Sample 2, (c) Sample 3, (d) Sample 4, (e) Sample 5
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X-ray absorption images at E= (a) 285.4eV, (b) 288.4eV
for sample 1, (c) Average spectra of the lighter regions
(phenoxy resin) and darker regions (nylon12) in Fig. 5(a)
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X-ray absorption images of sample 1-5 at E=285.4¢eV
(a) Sample 1, (b) Sample 2, (c) Sample 3, (d) Sample 4, (e) Sample 5
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X7 285.4eVICH2H2TIL1~5 DEFEFER ($RIL7 /88 FIEF10O2 12 KFERHDEE)
(@ H>7IA, (b) ¥>TI2 () Y273, d) 4> 74, (e) ¥>TIL5
Analysis image for each sample 1-5 at E=285.4eV
(Purple and green regions correspond to areas where the phenoxy resin and nylon12 are the main components)
(a) Sample 1, (b) Sample 2, (c) Sample 3, (d) Sample 4, (e) Sample 5
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phase) and the green region (nylon12 phase) in sample 1
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(a) B 7(a) ~ (e) DEEDFESE (7 = / % S #tB518E)
(b) B 7(a) ~ (e) DiFDOFEE (F10O> 12 48)
Carbon K-edge spectra of each phase in samples 1-5
(@) Purple region in Fig. 7 (phenoxy resin phase)
(b) Green region in Fig. 7 (nylon12 phase)
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Sample 1 Sample 2 (I : 5wt%)

: Phenoxy resin . Nylon12 L: Compatibilizer I, 1l

Sample 3 (| : 10wt%)

Sample 4 (11: 5wt%) Sample 5 (11: 10wt%)

K10 MHEBEEF WA T/ F 8BS 10O 12 DIESBEEICS X 23R OBBEX
Schematic diagram of the effect of compatibilizer | and Il on the phase-separation structure of phenoxy resin and nylon12
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