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SR-SAXS Analysis for Morphology Formation in Polymer Alloys.

Shuichi Nojima and Tamaichi Ashida

Department of Biotechnology, School of Engineering, Nagoya University

The process of morphology formation in polymer alloys has been observed by small-angle
X-ray scattering employing synchrotron radiation (SR-SAXS). The systems used are (1) a
crystalline-amorphous diblock copolymer, where crystallization and microphase separation
take place simultaneously and (2) a binary crystalline/amorphous blend, where crystal-
lization and liquid-liquid phase separation occur. The SR-SAXS method has revealed new
types of morphological transition in these polymer alloys which can not be observed by the

conventional SAXS technique.

1. BCBHIC

LV - BEEA T 2HEIE LT, HY
<—T7 04" (Polymer Alloy) 2¥EHZEDHTH
3, Rw—Toq Lit, GNESTHEOS
Mz a—KE (DR 2T78R59%%, D
B, 7ovy2 757 MEEGK, SR - 5
- JEEME &) LRDPICIERT S/ LARAT
DEHWE (i, @G & ZRE il
T LILk), HAaHAORIEZENE L

R THRM TS 5. LEORFHEM O S0 3 5
&, i, {EShi—REER > T2(0F
LI HORMEMILEOMEE" & RIS & uE
A BRI IBIETT IS U Ao Eihionatks” S05s
ORI OIEHE - ICRIIRE RSN RES €1,
ek oMb ORMIMEE <2 HEO— L&
LT X&hABEL (SAXS) v TE S,
LarL, AB X855 < 1 Rl fEh izl
HRECERLTLE S0, MEENEROE

- 31 -
(C) 1992 The Japanese Society for Synchrotron Radiation Research



348

PMZIEAREY TH -7 70 bo UiEE (SR)
HSFIEEIEE & 72 D AE R BRI IR S e D
T, SR-SAXSHIIHEELEGEIEDBIMNIEH T
WhHEE S 5l CORR, RUT—ToARD
BETERBEOMENTDNMIEAILIE D, SR-
SAXS HAMEFR & T 2 K%  OHRXAH I

&I o7z, EHITIITHENT BLDIT,
SR-SAXSHEIZ & DHIO THIE T & 7o LW
b5 5,

KFETIE, R <—7 oA ZROWHIREETERE
ROBEDHFERERE IO WT, HIISHADS 4
KD DRTNT 2, 20D, 9, &5
T35 T OWHIAEE D5 & — itk & 2R L,
iz, FEHSDREDOMERR TH 2 OHE
BRI L ZBEERBREIC O VTS %, &
B, SR-SAXSHIEIIHE - &L xILF — Yy
WHZERT « BB EEE MR (Photon Factory, PF)
BL-10CIZBWTITRONIcbDTH 5, XEW)
AREEOFRE® PRIzB ) 22E 0 HIT o0
TREEESB LI NN,

2. RUuw—7o0A OMMEEEREF
RV —=TaAEENTEHIRERINS
Y, HERERIEZNER > TVAIIBIZLDE
185, —MNICEELITRT L OiC, (@)FREAK
R TOESR OEESHTHELEREGTD
WWZA-B (F/2ld, A-B-C, -Z)A7Jno
v 7 HEEE, (©FHEIIEL 2RO S
DTHAREREAT ORI A(B)ES 57 Mt
BEAE, BEREL", A, B, CHRIIIITE
WERZENTE LD, AREMRORTHT LD
TRTOMHABDLED AL DT TEEB Y, &
B, ), CQRBDTEIMZMET NI )F
IR IR HRTH S, TNoRI—T7To4/D
MRS LCokgld, (D (O FEPHTEN %
gl) —KBEOZHEMITNAT, (2) &
BB —IRAEE DL TN ISHE (LR 0T
BEEDOTNISHEE) T U THERTH 5 C

HMAE HOEEFELE  (19924)

I’(’\
\ (4
\—-w\

7
.o >\’_'/

-

-

Fig.1 Classification of the polymer alloy.
(a) physical blend of homopolymers (or
copolymers).
(b) A-B type block copolymer.
(c) A(B), type graft copolymer.
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Fig.2 Schematic illustration of (a) homopolymer
melt and (b) alternating structure of lamellae
and amorphous layers after crystallization. L
represents the long spacing measured by
SAXS.
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Fig.3 Schematic illustration of microphase structures. The structure
depends on the block ratio in the copolymer?®.
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Fig.4 Typical phase diagram of the polymer alloy
showing LCST- and UCST-types phase sepa-
ration.
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Fig.5 Time-resolved SAXS curve plotted against channel number for the
PCL-b-PB copolymers quenched from ca. 55 °C into (a) 28.7 and (b)
21.0 °C™. The melting temperature of the PCL block is about 42 °C .

The spinodal temperature of

microphase separation T, is ca. 40 °C

for (a) and below 20 °C for (b). Channel number 258 corresponds to
the zero angle, and the SAXS curve is symmetrical against this
channel. The numerals in the figure represent the time after the
sample was quenched from the melt.
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Fig.6 Schematic illustration of the morphology and
the corresponding electron density profile
during phase transition of the present copo-
lymer'. The copolymer in a homogeneous
state (a) changes into a micellar structure (b)
just after quenching and finally into an
alternate structure consisting of lamellae and
amorphous layers (c). In parts (d) - (f), the
ordinate is the electron density o, and the
abscissa is the distance r.
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Fig.7 Normalized intensities for the microphase
separation (@) and crystallization (O)
plotted against time at T, = 26.5 "C". The
curves meet each other at half of their
maximum intensities.
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Fig.8 Half-time of crystallization, ty, plotted

against T for the PCL-b~-PB copolymers ™,
The open symbols (O, A) represent the
result for the copolymers with the micro-
phase separation just before crystallization
and closed symbol (@) represents the result
for the copolymer with no microphase sepa-
ration,
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Fig.9 Time-resolved SAXS profiles during morphology formation at 40 °C
for the blend with {a) PCL/PSO = 100/0 and (b) = 60/40%. The SAXS
intensity is corrected for the Lorentz factor. The numerals in the
figure represent time from the beginning of morphology formation.
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Fig.10 Schematic illustration showing the two- Fig.11 Normalized intensity maximum plotted

phase structure consisting of the crystalline
and amorphous regions?®. The crystalline
region comprises alternate stacks of lamel-
lae and amorphous layers. The amorphous
region is mainly composed of amorphous
component, PSO. The proportion of this
two-phase structure in the system in-
creases with time from the beginning of
morphology formation.
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blends crystallized at 40 °C with PCL./ PSO
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(W) and 42.5°C (O
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for the mixture of

styrene-

butadiene diblock copolymer with polysty-
rene®, Diagrams (a), (b), and (c) represent
cases with successively lower molecular
weight polystyrene.
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