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ABSTRACT: A new technique for measurements of extremely slow chain diffusion in polymer blends is
discussed. It involves the analysis of “chain fragment diffusion by small-angle neutron scattering (CFD-
SANS)”. The principle is that polymer chains are split in the glassy state in a condition where the chain
conformation does not immediately respond to the fragmentation. The subsequent separation of chain
fragments can then be followed with SANS. In order to obtain contrast for SANS measurements, chain
fragmentation of a deuterated polymer was made in a hydrogenous matrix. Experiments are described on
a copolycarbonate containing a thermosensitive comonomer in a matrix of tetramethyl polycarbonate. Diffusion
coefficients in the range 10718-10"14 cm?/s were measured in a temperature range from 24 K below to 14 K
above the glass transition. Evaluation of the data was based on a statistical analysis of the CFD process.

1. Introduction

A number of techniques have been developed over the
past 10 years to measure the slow chain diffusion that
occurs in bulk polymers and polymer blends.! Methods
such as forced Rayleigh scattering,2® forward recoil
spectrometry,* and multilayer®® or latex”® interdiffusion
monitored with small-angle neutron scattering (SANS)
have permitted determination of diffusion coefficients as
low as 10-€cm?2/s. Diffusion on thisscale is characteristic
of highly viscous polymers, not much above the glass
transition temperature.

The present paper deals with a new method that
measures the chain fragment diffusion by SANS (CFD-
SANS), which permits measurements of even smaller
diffusion coefficients, even those in the glassy state. This
technique has been discussed in refs 9-11. The principle
is shown outlined in Figure 1. When polymer chains are
split into fragments at temperatures well below the glass
transition, the fragmentation (with characteristic time 7)
can be much faster than the diffusion of the fragments
(with correlation time §). No immediate change in the
chain conformation is associated with this fragmentation
process 0 — 0* as the pieces remain arranged as in the
state 0. The correlations between the fragments are only
reduced gradually by the chain fragment diffusion (CFD)
on the time scale 4 (process 0* — »). If a fragmentable
polymer X is blended with a second polymer M, which
serves as a matrix, the polymer concentration fluctuations
can be observed as structure factor S, of the blend with
SANS. The small spatial distances probed by SANS
permit the detection of diffusion on length scales on the
order of fragment coil diameters.

The polymer X has two equilibrium states. Inthestate
0 the chains are still intact, while in the final state =, the
fragments are entirely uncorrelated. The chain structure

factgor S of the molecules in each of these states is given
by!

1.1 102 i 0w
Si Vwi + 12C q y 1 01 (1)
where V is the weight-average volume per chain or

* To whom all correspondence should be sent.
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fragment and C is the chain stiffness parameter of the
polymer X. Chains in state 0* have the chain structure
factor So. The chain structure factor in the final state S«
is different from Sy mainly by the variation of V and to
a lesser extent by the variation in C.

SANS actually measures the structure factor of the blend
S¢, which depends on S;, the chain structure factor of the

matrix polymer Sy, and the interaction parameter of the
blend x:

1 | =0,
+ SM 2Xr 1= 01 (2)

During the diffusion process 0* — =, the structure factor
observed with SANS will change from Sy to Sg.. This is
discussed further below from both theoretical and exper-
imental viewpoints.

A system suitable for such a study is the blend of a
copolymer of Bisphenol A (unit CA) and the thermosen-
sitive diol 1,1,2,2-tetraethyl-1,2-bis(p-hydroxyphenyl)-
ethane (unit CT)

PC(TXA1—X)

with the homopolymer tetramethyl polycarbonate (TMPC).

[He. o

cH! _ X CH:@
E?H:?:Hao’ ~0

TMPC

The blends of PC(T;A;—z) and TMPC are homoge-
neous,10:14

The synthesis and thermal fragmentation of the co-
polymer have been described previously.11:16 The central
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Figure 1. Chain fragmentation (0 — 0*, reaction time constant
7) and subsequent chain fragment diffusion (0* — =, CFD
correlation time 8). State 0* is only formed when 7 « 4.

C-C bond of the CT unit splits in a first-order thermally
activated reaction ending in radical disproportionation.
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g He o R —C/Et CH
C.. _— —C. + oC——. H+ C-
Et Et Et Et
4
r=r(l+7y/7)=1* exp(—ER-) (%—%), ™=1h

3

The time constant 7 for the reaction is governed by the
activation energy E* = 176 kJ/mol and the characteristic
temperature T* = T(7*) = 172 °C.1! Fragmentation has
been shown to proceed at the same rate in the pure
copolymers and in their blends with TMPC in both liquid
and glassy states.

There are three conditions that a blend should satisfy
to perform adequately in such experiments:

(1) There must be a sufficiently large difference between
So and S.. From eq 1 it is seen that this implies a large
difference between Vg and Vye. It turns outthatx = 0.1
is required for good kinetic studies.

(2) The glass transition temperature of the blend given
by (¢ = volume fraction of copolymer)

1_¢ ., 1-¢ .
mTE=mtsE—, i1=0,® 4
T, Te  Tem

T.=Ty- Vzi’ k =120 K nm® ®)

must be higher than the characteristic temperature T*.
Equation 5 shows that T is different in the states 0 and
1011617 (Tig = 150 °C, Tem = 202 °C). The blend in
state 0* will already have the final glass transition tem-
perature, and so our conditionis that T > T*. Inpractice
this imposes limits on x < 0.2 and ¢ < 0.2.

(3) The copolymer content ¢ in the blend must be
sufficiently large to give adequate neutron-scattering
contrast.

The blend of PC(T,A;—;)/ TMPC (from now on denoted
as X /M) chosen for this study had x = 0.16 and ¢ = 0.12.
This gives sufficient contrast and an optimal balance of
a large ratio Vyo/Vao = 10 and a high glass transition
temperature T; = 186 °C. CFD-SANS experiments were
carried out close to the glass transition in the range 162-
200 °C, i.e., from 24 K below to 14 K above T,. (In this
paper the glass transition temperature T, always refers to
measurements by DSC at 20 K/min.)

Attemperatures near or above Ty the diffusion is always
faster than chain fragmentation. In order to obtain the
state 0%, it was necessary to prefragment the copolymers
by annealing at 150 °C, i.e., at T — 36 K. At lower tem-
peratures prefragmentation proved unnecessary as state
0* was formed sufficiently fast in comparison to the
diffusion process.
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Figure2. (a) Correlation functions in a two-block polymer, with
blocks Aand u. (b) Correlation functionsin a multiblock polymer,
with two blocks separated by a monomer sequence . Debye
functions g, and g, (eq 10), cross-correlation functions gy, (eq
13) and g\, (eq 20).

2. Theory of CFD
The structure factor of a blend X/M

S4(@) = Vieu(d(@)?) (6)

is in the mean-field approximation!? given by eq 2. Ineq
6 Victal is the total volume and 8¢ is a fluctuation in the
volume fraction ¢ of polymer X with wave vector . The
symbol { ) denotes a configurational average. The struc-
ture factors Sy and S.. of the polymer X in the states 0 and
o are given by

2
Sola) = V,L*—Z,(Ze"’“2 N, (7a)

total v afe

*2
S.@=——2 (O OHON, b

total A afiex

where v* is the volume per monomer. In eq 7a r,gis the
separation of two monomers « and 8 in the same chain of
degree of polymerization » (afev). Equation 7b is of
identical form but refers to the fragment with a degree of
polymerization A. If the index M were to be substituted,
eq 7a would also hold for Sy, the structure factor of the
matrix polymer M.

Under the conditions of the mean-field approximation
two monomers on the same chain or fragment will have
a mean-square separation!® given by

(rog’) = 6la - BIL* (8)

where Ja — 8] is the separation in numbers of monomers
and L2 = R,2/v = R)?/\ is the reduced radius of gyration.
This amounts to an assumption of Gaussian chain statistics
for both the chains and the fragments.

Next the structure factors Sg and S- and the transition
0* — = (Figure 1) due to CFD are discussed. First the
case of a monodisperse polymer with two monodisperse
fragments is considered before the case of a polydisperse
polymer with several polydisperse fragments is discussed.

2.1. Monodisperse Diblock Polymers X. The degree
of polymerization for the initial polymer is v, and it splits
into two fragments of size A and u such that v = A + u as
illustrated in Figure 2a. The structure factors of the states
0* and = are

Sy = pu*vg, (9a)
Azg)‘ + #28,,
S, = ¢v* Nt A (9b)

where the structure factor of the chains and fragments
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can be described by the Debye function

1
g=- lo bl =

1 1-q
> @A =- (1+ Q—2Q————),
i¥ s i(1-Q) i(1-Q)
i=wAu (10)
where the notation @ = e%*¢* was used. This is often
approximated as

2 ( 1- Q‘) .
;= 1- , L= A, 11
&; ; qug ; L2q2 H ( )
The function Sy contains information on correlations
between monomers ae) and Seu, which belong to the same
chain but not the same fragment. These correlations are
absent in S.. The difference can be expressed as follows:

S,- 8. = 2¢v*>\>_‘"_“#gw (12)
with
s lygen 20-901-¢) ”a-@)
(1-Q7?

While the Debye functions g, and g, describe the intrafrag-
ment correlations, the function g),o describes the inter-
fragment correlations. The subscript 0 is attached to gy .0
toindicate that the fragments A and y are direct neighbors
in the chains.

The correlations expressed by g),0 will disappear during
CFD, and eq 8 for the separation of two monomers « and
8 on different fragments A and u becomes

(rog®) = 8la—BIL* + 6(D, + D)t (14)

where D), and D, are the self-diffusion coefficients of the
two fragments. This expression assumes that CFD pro-
ceeds only by the random-walk motion of the centers of
gravity of the two fragments. A condition is that the
intrinsic relaxation modes of the fragments have relaxed
by the time t. The changes in structure factor due to CFD
can then be expressed as

&0
w Au‘oen Au
Bes

5(t) = 8. + 2¢v‘>\—)\-ﬁgm€_w’w“) o (15)
or

S(t) = 8, + (S, - S.)e Or+Da* (16)

or using the diffusion time constant & as introduced in
Figure 1:

S(t) = S. + (S, - S.)e/® an

2.2. Polydisperse Multiblock Polymers. Both the
chains and fragments have a distribution in length. The
number of fragments per chain will also vary. The
structure factors S, before and S. after CFD are given by
modifications of eq 9 (Figure 2b)

2
So= ¢v*% = pu*(ug,),, (182)
(Ng))y
S, = ¢U*T = PU*(Ng))w (18b)

where ( ), denotes a number average and ( ), denotes a
weight average. The polydisperse version of eq 12 is in
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general

v*?
So_ S‘, = 2

S Q_QEMN,, (19

Vmul AT aed
Beu

which again describes all interfragment correlations lost
during the course of CFD.

The expression in eq 19 can be rather complex. Frag-
ments A and u are not in general direct neighbors as was
the case for the diblock polymers. The correlation function
of the segments g),., is related to g\,0 (eq 13) by

1
= X_MZQ""IG'I’I =Qg M0 (20)
=

This expression is weighted in eq 9 by the number of
fragments N,,, of length A and x in a monomer separation
7. This depends on both the chain and fragment length
distributions and may be difficult to calculate. However,
for ideal polycondensates it can be factorized into Ny, =
PADuN, where N, is the number the subchains (made of
one or more fragments) of degree of polymerization =
between fragments of arbitrary length A and u. In ideal
pol;lrgcondensates the distrributions of chains and fragments
are

Erur

P, =ug (L-uy), w, =1 -uy?

pi=u1-u), w=i(1-u)? i=Au  (2))

where ugand u. are the degrees of conversion for the intact
chains and the final fragments.
This yields for eq 18

S-;W_*( 1"“:‘) .
i—l_Q 1+Q_2Qi_:u—,-Q- , 1=0, (22)

Expansion leads to the Zimm equation (eq 1)

l = .]; _1_. l 2 2) =0, o

s, ¢(Vw‘.+120q , 1=0, (23)
with the volume per chain Vg; = v*(i)w and the square
chain stiffness parameter C;2 = 6L;2/v*. With the index
M and exchange ¢ — (1 — ¢) eq 23 holds also for Sy of the
matrix polymer, if it is a polycondensate.

Equation 19 reads with eqs 20 and 21

v*?

SO—S,,=2

Q &N ((Migpodda (24

total ¥
with
v*?

1-u @
> @N, = ¢v*(uy-u.)

(25a)
thl * 1 - qu

_or

(Moo= QUL =358 (25b)
The structure factor S(¢) of multiblock polymers during
CFD is then, analogously to eq 15 for diblock polymers,
given by

S@t) =8, + (Sy-S.)(eD)2 F= faPy (26)
MyPa
In the limit g2 < 1/(AL?) this can be written as
S(t) = S, + (Sy - S.) (D) 2 @7

This is surprisingly simple and very similar to eq 186.
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Table 1
Polymers of the Blend X/M

polymer pg/em® My My/M, Vy,nm?® Ty, °C
PC(To1sh080D, “X”
state 0 1.28 31200 2.0 40.5 151
state « 1.21 2 850 1.7 3.9 97
TMPC, “M” 1.08 23600 21 36.3 202

3. Experimental Section

Polymers and Blends. The copolycarbonate (X) PC-
(To.16A0.8¢) was prepared by the method described in ref 15 from
deuterated Bisphenol A and the diol 1,1,2,2-tetraethyl-1,2-bis-
(p-hydroxyphenyl)ethane. The matrix (M) polymer TMPC was
obtained from Bayer AG. Both polymers were precipitated as
fine powders from methanol. Fully fragmented samples were
prepared by annealing for 20 min at 200 °C. Some analytical
data on these materials are listed in Table I. Densities were
measured by a bouyancy technique. Molecular weights were
determined by GPC with a Bisphenol A polycarbonate calibration.
The chain volume is calculated as Vy, = My/(pN,) where N, is
Avogadro’s number. Glass transition temperatures were mea-
sured by DSC at a heating rate of 20 K/min.

Films for the SANS measurements were prepared by casting
from CH;Cl, and dried at 100 °C.14 Each film was about 100 um
thick and amorphous as seen by X-rays and clear. The blend
X/M (x =0.16, ¢ = 0.12) had glass transitions Ty = 197 °C and
Ty = 186 °C.

CFD-SANS. The SANS experiments were carried out with
thespectrometers D11 (neutron wavelength 8 A, sample-detector
distance 5 m) and D17 (12 A, 2.8 m) at the Institut Laue-Lan-
gevin (Grenoble, France). The samples were packs of films about
1 mm thick cut to fit tightly into sample holders with thin nio-
bium windows. The procedure for CFD-SANS measurements
depended on the temperature and can be divided into two regimes.

177-200 °C: Diffusion is fast at these temperatures, and CFD
was monitored on-linein the neutron beam, using only one sample
per temperature. An oven consisting of a large metal block with
openings for the beam was preheated to the desired tempera-
ture. A sample could be inserted rapidly, and thermal equilib-
rium was reached in about 1 min. The condition for establishing
the state 0* (r « 8, Figure 1) is not satisfied at these temper-
atures, and the samples were correspondingly prefragmented at
150 °C for 40 h.

162-169 °C: In this temperature range diffusion is so slow
that the CFD-SANS experiments take many hours. Several
samples per temperature were therefore prepared and annealed
off-line for different times. They were then quenched to room
temperature for subsequent SANS measurements. Prefragmen-
tation is practically unnecessary at these temperatures as the
state 0* is established in the early stages of annealing. However,
as a test one set of samples was prefragmented for 40 h at 150
°C. Itshould be noted that quenching to room temperature may
cause problems. The interaction parameter x(7) of the blend
may change, which will alter the structure factor.? It will be
seen later that this effect is small for the blend X/M.

The SANS data evaluation and correction has been described
in ref 14 and calculations of the blend structure factor S, from
the normalized SANS intensities in ref 11.

4. CFD-SANS Experiments

SANS data measured during chain fragmentation at
160 °C in blends of PC(T;A-;) with a matrix of polycar-
bonate (PCA) rather than TMPC have been presented in
ref 11. Figure 3 shows the Zimm diagram of the strruc-
ture factor Sy(t) of a blend PC(T;A,;_;)/PCA that is equal
to that used in the present study in both x and ¢. The
blend had, however, a low glass transition temperature T}
= 135 °C and was fragmented at 180 °C = T; + 55 K. The
blend had under these conditions alow viscosity. Diffusion
was so rapid that the measured structure factor Sy(t)
responded immediately to the fragmentation reaction (=
> 8). SANS provided therefore a measure of the frag-
mentation time constant 7 rather than the CFD process.
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Figure 3. Zimm diagram for chain fragmentation in the blend
PC(To.16A084) /PCA at 180 °C. 7 is the time constant of eq 3.
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Figure 4. Zimm diagrams for chain fragmentation and subse-

quent CFD in the blend X/M at 162 °C. Curves were calculated
with egs 28 and 33.

The blend structure factor is given by (eq 2)

1 1 1
=t -2 28
S,&) 8@ Sy X @8

with x = 0 since the matrix is PCA. Thus

1 _1 (L__l_) ~t/r
S0 5. + 5,75, e (29)
The Zimm diagram in Figure 3 does indeed show a set of
nearly parallel lines.

The Zimm diagram in Figure 4 shows that the changes
in Sy(t) are very different when the CFD process is
dominant. The figure shows the CFD-SANS experiment
on the blend X/M at 162 °C corresponding to T - 24 K.
Now fragmentation occurs in an immobilized matrix (r «
6), and the state 0* is established at an early stage. The
changes in S,(t) are a response to diffusion rather than
fragmentation.

Figure 5a shows a Zimm diagram for CFD in the blend
X/M at 177 °C = T; - 9 K. The blend had been pre-
fragmented at 150 °C to establish the state 0*. The
patterns in Figures 4 and 5a are clearly very similar. S,(t)
isseen to change slowly at low g and faster at high g, which
is typical of a diffusion process. The diffusion is always
slower at larger length scales. Figure 5b demonstrates
that CFD could be monitored to the very late stages.

A momentum transfer range of 0.06 < ¢ < 0.6 nm~! was
used for the SANS measurements. The diffusion distances
probed are thus of the order of a few times the radius of
gyration of the fragments. Data were evaluated by using
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Figure 5. Zimm diagram for CFD in the prefragmented blend
X/M at (a) 177 °C and (b) 190 °C. Curves were calculated with
egs 28 and 33.
eq 28 together with eq 27. The Zimm curves for state 0*
and state « are described by eqs 23 and 28 with the chain
and fragment volumes listed in Table I. The chain stiffness
parameters are Co2 = Cy? = 9.5 nm! and C.2 = 8.0 nm™},
and x = -0.15 nm™ is the interaction parameter.11.14

The diffusion coefficient D, in eq 27 was assumed to be
of the form

D\(T) = Dy(T) \™ (30)

where D, is the temperature-dependent prefactor and o
is the exponent describing the variation of diffusion rate
with chain length. For Rouse diffusion a = 1 and for rep-
tation « = 2 is expected.! In the liquid state, the tem-
perature dependence of D; will be given approximately by
the universal WLF equation?!

C,(T-T,)

oD ~ e Ty

C,=174,C,=516K
(31)
A difficulty with eq 30 is that D, describes the diffusion

of monomers. This is not well reflected in the data. Itis
more useful to replace the equation with

DT =Dt ;)w)"' (32)

where Dy. describes the diffusion of a fragment with the
weight-average degree of polymerization (\), = 10.7
(equivalent to Vy. = 3.9 nm3).

Figure 6 shows the time decay function (eq 27 and 32):

Y(x) = ST(:% = (exp(<;‘)w) 1q2x> < Dw(t33)

The curves are plotted for « = 1 and a = 2 for various
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Figure 6. Timedecay function ¥(x) of eq 33 at different reduced
times x with (a) « = 1 and (b) a = 2.

reduced times x. Figure 7 presents the corresponding
Zimm diagrams (eq 28). The similarity with Figures 4
and 5 is obvious.

The curves for @ = 1 and a = 2 are of a very similar
character, so that there isno chance to determine a reliably.
The volume per fragment V. of the copolymer X cor-
responds to the entanglement limit of PCA.22 Neverthe-
less, & = 1 for Rouse diffusion was assumed, which leaves
Dy« as the only fit parameter in eq 33. Zimm diagrams
of the CFD process were fitted with eqs 28 and 33. The
first curve in time lagged usually behind but the description
was generally satisfactory (Figures 4 and 5).

Diffusion coefficients Dy are shown in Figure 8. They
cover the extremely low range 10718 < Dy, < 1074 cm?/s.
CFD at 200 °C was already too fast to measure, while it
took weeks to arrive at state < at 162 °C.

The “WLF” line results from eq 31, assuming that the
WLF law holds for T = 200 °C. Comparison with the
experimental Dy.. datashows that these change markedly
less with temperature. This agrees with results from
dynamic relaxation spectroscopy on glassy polymers.23
Segmental relaxation and as now shown by Figure 8 also
chain diffusion is in glassy polymers faster than predicted.
The WLF law describes the mobility in equilibrium, but
glassy polymers have an enhanced mobility, due to extra
free volume.

Annealing the blend X/M below T, was expected to
decrease free volume and mobility. Indeed this effect is
seen in Figure 8. CFD was measured at 166 °C with pre-
fragmented as well as not prefragmented samples. The
former, butnot the latter, sample has received an annealing
period of 40 h at 150 °C. Figure 8 shows that Dy. is
considerably lower for the pretreated samples.

5. Discussion

This study shows that measuring CFD in blends with
SANS is a good technique for the investigation of slow
chain diffusion on a scale that is almost molecular.
Extremely slow diffusion can be studied, evenin the glassy
state, because of the very high spatial resolution of SANS.
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Figure7. Zimm diagrams corresponding to Figure 6, calculated
with eqs 28 and 33 with (a) « = 1 and (b) « = 2.
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Figure 8. Arrhenius diagram for the diffusion coefficient Dy«
of CFD in the blend X/M: (@) prefragmented, (O) not pre-
fragmented. Line “WLF” was calculated with eq 31.

In principle, any process can be used to measure such low
diffusion coefficients given the following conditions:

(a) An equilibrium state is approached from an initial
well-defined nonequilibrium state.
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(b) There is sufficient difference between the initial and
final structure factors.

(c) Diffusion occurs in the spatial scale accessible to
SANS.

The most straightforward experiment is the tempera-
ture jump technique in which diffusion is measured in
blends after a sudden change in temperature, which
modifies the interaction parameter x.2425

It is informative to compare this with CFD-SANS. A
temperature jump experiment could be made with the
blend X/M as follows. First the copolymer X is entirely
fragmented. A blend film is then cast at room temper-
ature. The structure factor Sy of this film is given by eq
2with x1 =-0.19nm™3. After ajump into the temperature
range 160200 °C the structure factor will be S, with xi
=-0.15nm™3 (ref 14). Atintermediate times thestructure
factor will change according to%425

Sy(8) =Sy + (Sy - Sm)e"/ s (34)

This assumes that X and M are monodisperse.

The small chain length and low glass transition tem-
perature of the fragments of X make the “fast mode” model
for polymer interdiffusion?62” appropriate. This gives an
expression for the time constant 6 in eq 34

W01 _ v,y +
¢ll

1
3= 2Dypg” = 2

o VyDya® = 2Dyq? (35)

where Diyier is the interdiffusion coefficient of the blend
and Dx and Dy are the self-diffusion coefficients of the
components. The expectation is that the more mobile
fragments of X diffuse relatively rapidly and swell the
matrix M, which may be considered as a passive network.
The time constant § depends then only on the diffusion of
the fragments of X.

The expression for 5 in eq 35 corresponds to that in eq
17 for CFD in blends with a diblock polymer. In the
approximation

1=2D,.¢ (36)
which is quite good, even the expression for polydisperse
multiblock polymers (eq 27) appears the same as eq 34.
There are, however, two important points to consider:

(1) The temperature jump technique, simple and
attractive as it is, suffers from a lack of generality in its
applicability. The total effect to be measured is Sy~ Sn,
which is governed by the temperature dependence of the
interaction parameter x:

o "8 = '2(X1 - Xn) 37

Often this effect is insufficiently large. In the case of the
blend X/M, it is immeasurably small. It is also difficult
to predict x(7). An advantage of the CFD-SANS exper-
iment is that the measured effect Sy — S. is governed by
the chain and fragment lengths, which can be adjusted as

required:

1 1 1f{1 1

5, 5. ¢(v,,o v,,,) (38)
It is clear that it is advantageous to work with multiblock
polymers. For a diblock polymer Sy — S. is not so large
since Vo = 2V.. (for equal blocks).

(2) An attractive feature of the CFD-SANS technique
is that it is possible to construct a detailed theoretical
model. A description in terms of single-chain diffusion is
straightforward. It is not so simple to incorporate the
effects on diffusion of interactions between the polymer
X and the matrix polymer M during CFD. No attempt
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Figure 9. Arrhenius diagram for 7 (eq 3) and & (eq 36). Bars

indicate the range of § covered by the g scale of SANS.

has yet been made to include such effects, and the kinetic
processes are expressed only in terms of the static blend
structure factors. Investigation of a better description is
in progress.

A final remark concerns the crucial condition on which
CFD-SANS measurements are based, i.e., the change from
7> 6 to 7 « § in the region of the glass transition. The
variation of r as given by eq 3 and § as approximated by
eq 36 is plotted in Figure 9. The values of ¢2 indicate the
limits of the range covered by SANS in these experiments.
The temperature range 7 < 6 in which a well-defined state
0* is formed is seen to begin below T = T* = 172 °C.
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