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Interdiffusion between two partially miscible polymers of similar chemical structures with different molecular
weights is characterized theoretically by using the reptation model for the interdiffusion. This model provides
more reliable results than the early Rouse model for same molecular weights, compared with the experiments.
Furthermore. by introducing the molecular weight ratio R into the reptation model. we can see the dynamic ef-
fect of molecular weight on the diffusion behaviors of the asymmetric system. Near the critical point the diffu-
sion behaviors of asy mmetric binary polymer mixtures are well characterized by the interfacial width /1 (7). the
mass transport A /(#) for the different values of the Flory y parameter and different molecular weight ratios of
polvimers of the diffusion couple. These two quantities and composition profiles by this model give better

agreement with experiments.

Introduction

Interdiffusion of polymers is a problem of considcrable
interest for both basic knowledge and applications. Polymer/
polymer interdifTusion aflcets the mechanical propertics off
pelymers near interfaces. Applications include rubber-loug-
hened polymer composites. welding ol polyvmer interfaces.
polymer adhension. and coating. Understanding of dilTusion
processcs in polvmers 1s a key to successlul production ol
polvmers and applications of polymer products in indusiry
because the final propertics of the polymer arc determined
by the thickness of the interface and the concentration pro-
file of the two pelymers across the interface. While mutual
diffusion between miscible specics is well understood. little
is known about the kinctics of difTusional mixing belween
immiscible or partially nuscible materials. This 1s of particu-
lar relevance and has both basic and practical implications
lor the case of macromolcculces. since most binary polymer
pairs cxhibit litlle compatibility al accessible temperaturcs.”
Binary polvmer mixturcs arc charactenized by an upper criti-
cal solution temperature. and will scgregale at lower tempet-
aturcs inlo two coexisting phascs scparated by an interfacial
region.® Recently. there has been a lot of interest in the inter-
diffusion of partly misciblec and immiscible specics. Typi-
cally. onc prepares a thin film rich in onc of the specics (say
A) and a sccond thin film rich in the other specics (say B) 1s
brought on top of it. The broadening of the initially sharp
concentration profile in time is of considerable interest. The
various cxperimental techniques have been developed for
this purposc.™” I polvmcrs 4 and B arc compatible. the ini-
tial sharp interface will be smearcd out as a result of the ordi-
nary Fickian tyvpe difTusion. But two different polymers in
contact do not m general interdiffuse freely. and an interfa-
cial zonc of finitc width scparates them at cquilibrium.¥!!
This incompatibility stems from a very low combinational
entropy of mixing which scales mversely with the degree of
polymerization N together with interactions between the dif-

ferent unfavorable monomers.” The unfavorable molecular
intcractions between unlike molecules are N independent
and remain comparable to those of analogous small molcou-
lar mixtures,

Dclining the interfacial width ¥ as rclated to the recipro-
cal of thc maximal composition gradicnt across the A4 B
boundary. it was found that the thickness of the interface W
incrcases with time slower than that of a Fickian process of
W(r) o< = As (hc oppositc of phasc scparation. the mixing
takes place via interdiffusion driven by thermodynamic
lorces. The transport phenomena in the bilaver were found
to depend strongly on thermodynamic conditions such as
lemperature. intcraction parameters between polymers A and
B. and molccular weights of A and B. A mean-ficld approach’~
suggcsts that the exponent ¢ of a scaling law #(f) o< “ may
be between Y4 and Y2 near the critical temperature. Klein and
co-workers have obtained the first dircct measurcment of
time-dependent composition profiles at an interface between
two partially miscible polymers A and 8 (deuleraled and
protonated polyvstyrenc).* In the cxperiment of Klcin and
co-workers.” « was found considerably smaller than the
Fickian cxponent 4. falling between 0.25 and 0.5,

The value of ¢ strongly depends on the definition by
which the width # of the interface is measured. The deflini-
tion of maximal gradicnt is most scnsitive Lo the local struc-
turc of mterface. A sccond meanminglul characterization off
mterdiftusion 1s defiming the amount of matcrial M(#) of spe-
cics A transported across the interface scparating A and B as
a function of time: M(7) o< 1%, This deflinition is most insensi-
tive to the local structure of the composition profile. nierdif-
fusive behaviors of polymer mixtures can be characterized
by following interfacial width. mass transport across the
mterface. Thus. we consider mterdiffusion between pure
polvmer A and prre polymer B assuming the polvmer layers
arc infinitely thick. Here. by using the reptation modcl for
the mterdiffusion. we study theoretically the binary polymer
mixtures of similar (not samc) chemical structure (¥ > 0)
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with different molecular weights. and better agreement is
found than the carly Rousc modcl” for samc molccular
weights if it is compared with experiments =

Theory of Polymer Interdiffusion

A spatially homogencous polymer mixture consisting of
two polvmer components A and 8 can be described approxi-
matcly by the mixing-free-cnergy function f (¢) which is
defined as follows according 1o the so-called mean-ficld the-
ory. For the sake of simplicity. we consider the casc that the
volume of the mixture does not change upon mixing. The
function /(¢ ) is defined as the [ree energy per unit volume
of the mixture. In the mean [icld theory for incompressible
polymer mixtures of lengths N and Ng. (¢ ) is given by

0 1-¢0- -
A,\',._;lﬂ((f’)+ N, In(1-9) + xo(1-¢) (D)

where ¢ is the velume fraction of A and y is the Flory-Hug-
gins parameter. >

The first two terms in Eq. (1) describe the combinalorial
entropy while the third term accounts for scgment-scgment
interaction energy. Since N, and Ny are large and the entropy
of mixmg is small. the thermodynamic driving lorce for
mixing 1§ very weak and a relatively small positive Flory y
parameter 1s sullicient o make A and B phasc-scparate into
A-rich and B-rich phascs. For most A-8 polvmer pairs. y is
positive and larger than . (critical value of y lor scgrcga-
tion). and scgregation occurs. When the mixture phasc-scpa-
ratcs. micrfaces arc crcated between two phascs. At phasic
boundarics. polvmers rcarrange their conformations and
repel chains of dissimilar specics. This Icads to an incrcasc
in [ree energy of both entropic and cnthalpic origins. Let us
now consider the case where the composition 1s not uniform,
In this casc. the [ree encrgy of the whole system can be
described by the lollowing form

o) =

= [ ftotr.n) + §(V6)] @

The first term represents the contribution from cach volume
clement. The second term. which is relerred to as the Cahn-
Hilliard interfacial energy.'™'" represents the cost of the free
encrgy duc to the presence ol a concentration gradient when
the composition 1s not wniform. The phenomenological
parameter x has (he dimension of length squared and plays
an important rolc in control and formation of interfaccs.

In gencral. depending on the initial conditions. polymers A
and B may cither demix through spinodal decomposition or
interdifusc into cach other, When the svstem 1s near the crit-
ical pomt for miscibility. mixtures cannot be pertectly phasc-
scparatcd. Tn the same manncr. polymers A and B will be
partially mixced with cach other vie interdiffusion when pure
A and purc B arc put into contact. But the diffusion tvpe will
be different from the free-diffusion 7'+ relation. By the ther-
modyvnamics the nuixture cannot be mixed completely and a
diffusion barricr cxists. In our model. a sharp contact
between two pure polymer layvers A and B is arranged mi-
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tially. The thermodynamic driving forces compel the system
to mix through the interfacial region.

Mass conservation of polvmer specics 4 gives the follow-
ing time ¢volution cquation for ¢ :

29 -
TR 3)

where the current is given by
Jy =A@V 4

In Eq. (4. A(¢) 1s a mutual mobility cocflicient and
depends on ¢. The exchange chemical potential g which is
functional derivative of the frce energy /< given in Eq. (2).

OF <

== 5

H{r) 300) (3)

To derive the functional form of A(¢) at a phenomenological

level. we sct the of-diagonal Onsager coclficients duc to the

hydrodynamic intcraction to zcro.!” The cross-cocflicient or

the Onsager cocflicient of component 4 due to the gradient

ol component £ is only important in systems with clectro-

static intcractions. For interdilfusion in polymer pairs with-

oul ionic groups such as PVC/PMMA or PS/PVME. the

cross-coclTicicnts can be neglected.” Thus. for highly entan-
gled lincar polymers A and B.

!

N, N,
Ay = 69/%;7{- Ag=1(1- (D)/\.W—rﬁ (6)

where Ag is a monomer mobility and N, is the entanglement
degree of polyvmerization for the polymers (N,. Np >> N,).V
We here assumc that the polymers A and B have same mono-
mer mobilily Ay, In this casc. A(¢) takes the form

Ay Ay, _ O(1 — PIALN,
Ai=Ay N AU -$)rRo}
where R ( Ng N represents the molecular weight ratio and
Ay is assumed to be independent of ¢ (7 6).

The cquilibrium theory 1™ for the interfacial structure off

incompatible polymer blends also produccs a simple expres-
sion for the paramcter x' (¢ ) in Eq. (2) as

A(g) =

(7

K(¢) = G, % _ o

‘ ¢ (1-9) é(1-9¢)
where 0,, gs. assumed to be independent of ¢, are segimment
lengths of polymers A and B respectively. In Eq. (8). we let
03 = 05 = a where a is the characteristic length."" This is
almost true in the svstem which consists of protonated and
deuterated polyvmers of the identical chemical structure. Eqgs.
(1)-(3) and (7) constitute the dyvnanic model for spinodal
decomposition in polymer blends. first proposed by de
Gennes.™'" Now. the local cheniical potential difference i (
{) is given by a functional derivative as usnal

@®)

g & _ Vo), 150
VI = Vs oy N_l(cb)*LN;,»l—é ©)
a V'}
ALy
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In arriving at Eq. (9). we have neglected nonlincar terms
imolving (V ¢ )’ and (V ¢)V ¢ . These terms arc unimpor-
tant at late stages of interdiffusion when the interface has
sufliciently broadencd. Combining Eq. (4) and Eq. (7) with
Eq. (9). the Mux J; of speeics A across a plane fixed with
respect 1o the initial sharp interlace is obtained:

o1 — HAN,

L= - NI o) tRe)

(L0

where 225 ( A9 N, N is the scll-difTusion coefficient of
highly entangled lincar polymer 4 in melt and K (=N.; &) has
the magnitude of the squarc of the end-10-cnd distance in an
unperturbed chain.

Like the interdifTusion laking place between two thin
sheets of polymers A and 8. let us consider a one dimen-
sional transport along the x-axis normal to the planc of sheel.
We write our model in dimensionless form via scaling length
and time. The length is scaled by the natural length K and
madc conversion x — x K and the time is scaled with the
unit T 2K 12, which is on the order of the reptation time off
a singlc chain in a melt. and made the (ransformation £ — £ 7.
Finally the composition variable is redelined as ¢ 2(¢- %)
so that the order parameter w takes values between +1 (pure
A) and -1 (purc B) as composition profilc ¢ drops [rom 1 to
scro. and we have also made a change of notation: N;y—y
where y. =2 in the critical point of the symmetric case (X =
1). The resulting cquation in terms of the rescaled variables
is given by

9_'«!:2(;)
o x|\T+R+(R- Ly

Loya(i N _dy
(<1+R ;(+(R 1)w+w>9x axgj%(ll)

The factor in [ront of Jy/dx in Eq. (11) describes a diflu-
sion cocfTicient which represents N~ dependence in the rep-
tation model. The sccond term involving & w/ dx” accounts
lor the presence of an interface scparating (wo incompatible
phascs and modcrates the structure formation because too
sleep gradients are thermody namically disadvantageous.

Computational Mcthods

Eq. (11) 1s a non-lincar cquation for ¢. and solving it gen-
crally requires numgerical computation obtained by discretiz-
ing Eq. (11) with finitc differences. Let us consider a bilayer
of initially purc polviner A and polvmer B where the left-
hand sidc is occupicd by A and the right-hand side by B. The
evolution of the bilaver svstem starting from the initial pro-
flc of a step Munction 1s described by application of the stan-
dard Crank-Nicholson mcthod to update at cvery time step
the profile described by Eq. (11). We discretize dyi(x.f)/ o
as (y " -w/AL Jy(x.)/ox as (wh -y ") 2Ax. and simi-
larly for its higher spatial derivatives with Af = 0.01 and Ax =
{).5. The total gnd points arc 700. so that the total thickness
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is 350 K':. We take the initial interface of the bilaver svstem
as 350Ax (=175 K*). The boundary conditions to solve the
above diffusion cquation arc Jy(x.r)/dx 0 and
" w(x.r)/dx” = 0at the outer two ends of the bilaver. Then,
the system is allowed to evolve 107 time steps (= 10°7) with
an initial intcrfacial width of a rcasonablc magnitude as long
as the boundary condition will remain valid.,

A quantitative mcasure for the interfacial broadening is
the interfacial width #(f) delined as the inverse of the slope
at the point of the interface where the composition prolile
w(x) varics most rapidly:

Wir) - [(aggx_r)) o (r)u/(x=350Ax.f=0)) T: (12
(3}" trax (;:X
where #(7) is given in units of K>, We take #(0) consider-
ably smallcr than #(2=) to start the interdifTusion process on
the computer. The mass transport M(f) of polymer A trans-
ported [rom the lelt-hand side of the initial dividing surface
Lo its right-hand sidc is calculated as

FOOAx
M) = C dx| |+ y(x.0)] (13)
IMIAX
where € is a proportionality constants. The mass transport
depicts the overall profile of the composition ficld while the
mterlacial width reflects the local structure at the interface. 1t
is cxpeeled that AM(7) will increase with time slower than ¢+
for the partially miscible couples of polymer blends because
ol the suppressed dilTusion duc to the “spinodal barricr™,
We have considered three values of y = 1.6. 1.7. 1.8, and
four values of R = 1. 1.5, 2.0. 3.0. [n the Flory-Huggins
mcan (icld model of polymer mixing. . is given by

_ NN "

Ke 2NN,

where y. is the value of x at the critical temperature 7. After
we have made a change of notation N, . —y. and Ny N;—R.
the following expression for the Eq. (14) is obtained:

- 4R 4,21}/;?) (15)

In Eq. (13). y. =2 for the symmetric casc (R= 1) and y. =
163, 146, 1.24 for R = 1.5, 2.0, 3.0. respectively.

Results and Discussion

Figurc | shows the composition profiles of polymer A lor
A B difTusion couples which were diffused at y = 1.6 lor dil-
fusion times. f. of 62. 250, 562. and 10007 in R = 2. This fig-
urc shows that the composition profiles remain asymmetric
as interdiffusion procceds and the difTusion behaviors differ
significantly from thosc for the symmeirical casc.'® All the
composition profile curves appear to intersect al a single
pomt at the onginal interface. This means thal the number of
chains per wmt arca crossing the original terface instania-
ncously rcaches a constant value afier a short reptation
time.™ As we sce in Figure 1. the lower molecular weight
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Figure 1. Time evolution of the composition profiles for ¥ 1.6
and £ =2 al live different times, y. = 146 tor £ =2, The time is
expressed in units of T(=2K £),) and length in units of 0.5 K'2,

chains A diffuse more deeply into the high molecular weight
B than the high molecular weight chains B diffuse into the
low molecular weight side of the diffusion couple because of
the entanglement effects. Therefore, Figure 1 demonstrates
that the composition profiles do not vary smoothly with
depth. It decreases rapidly with depth from pure A to a value
around ¥ = —0.5 but then much more slowly with depth as y
decreases further. These behaviors are very similar to the
experimental results of Figure 7 in ref 6 and Figure 4 in ref
25. The development of the interfacial width W{¢) for R — 2
at different values of y (—1.6, 1.7, and 1.8) is monitored
against the square root of the time and shown in Figure 2.
Because binary polymer mixtures are characterized by an
upper critical solution temperature, ¥ — 1.6, 1.7, and 1.8 are
away from the critical point (.~ 1.46) toward one-phase
region. Therefore, as the simulations of interdiffusion are
carried out further away from the critical temperature which
corresponds to . — 1.46 for R — 2, the transport behaviors
seems to be more non-Fickian. The exact behaviors will be
characterized in detail at the following figures. We see
clearly how the interfacial width increases at short time but
then levels off to its limiting value in Figure 2. A more
detailed examination of the time variation indicates that. [ol-
lowing an initial rapid increase, H#(#) varies as a power of ¢
markedly slower than /%, until it eventually levels out at its
limiting value at sufliciently long times. These observations

4 T T T T T T T
3r o o o o 4
F oo A a o i
Ops 2 o o |
2_ 0 i _
W) 1
1T 7]
[ o 1-16 ]
L A =17
=18
of = gz .
L 1 1 ! ! !

Il
0 5 10 15 20 25 30 35
Vit
Figure 2. Interfacial width H{) against the square root ol time for
»=16.1.7.and 1.8 in R =2. The units are the same as in IFigure 1.
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Figure 3. Natural log-log plots of the variation with time of the
interfacial width for y = 1.6, 1.7. and 1.8 in R = 2. The solid lines
are the lincar tits that vicld e

emphasize the complexity of the interfacial development
kinetics at ¥ > y.. and are in good agreement with the exper-
imentally observed behaviors.®* These can be more clearly
investigated in greater detail by searching for the power-law
relation: #(¥) =c (* Figure 3 shows the development with
time of #(¢) for R — 2 at three different values of y, on a dou-
ble-natural-logarithmic plot. We can see the power-law-like
increase of #{(/) at short times, and leveling off to a constant
value of W{f) at long times. The initial variation of the inter-
facial width with time for ¢ = 4 487 (log [{] = 1.5) is well rep-
resented by the power-law relation. This power variation is
significantly different from the free-diftusion Jt relation.
The solid lines in Figure 3 are the linear fits which yield the
exponents ¢ for the time development. The values of o are
0.3436, 0.2936 and 0.2612 for ¥ — 1.6. 1.7 and 1.8, respec-
tively. We note that « is in all three cases significantly
smaller than the exponent 0.5 for free interdiffusion. Further
away from the critical point given by y. — 1.46. the larger ¥
value, the faster H/{/) saturates and the smaller ¢ in Figure 3.
These results are in good agreement with a mean-field
approach'” that, closer to the critical temperature, the expo-

AT T T~ T T T T T T T T T T ]
3- Z 5
[ ¥ ]

—_— .
= I b
= | i
2 2 .
[~ i
o L i
B p=0.3918 -- T
B B =0.3809 T
1 B=0.3701 -
L - B=04827 1
r -&-- B=0.4816 E
- -~ B=0.4808 E
(6] |

6 7

Figure 4. Natural log-log plots of the mass Af¢) transported
across the initial dividing surface for R 2. The solid lines are the
linear s that yield B8 tor 7 < 4,487 (log[f] < 1.5) and the details are
given by inset. The dotted lines are the linear fits that vield § for
4487 = 1 = 10007( 1.5 = log[¢] = 6.91)



Interdiffision at Interfaces of Binary Polvimer Mixtures

an experiment.® Figure 4 shows the mass M(/) transported
across the initial dividing surface with time for R — 2 at three
different values of y. on a double-natural-logarithmic plot.
The solid lines in Figure 4 are the linear fits that yield the 8
for ¢ = 4,48t (log[¢] = 1.5) and the details are shown in inset
to Figure 4. The dotted lines are the linear fits that yield § for
448 7= (= 10007(1.5 = log[r] = 6.91). The values of B in the
solid lines are 0.3918. 0.3809 and 0.3701 for y — 1.6, 1.7,
1.8, respectively and 0.4827, 0.4816, 0.4808 in the dotted
lines for the same each y value. Still, the values of 8 stay
within 0.25 and 0.5 but the values of § are greater than those
of o. When we contrast two different quantities H(s) and
M1y that describe the same transport process, on the con-
trary, the mass transport A4(¢) continues to increase with time
without leveling off to its limiting value as shown in Figure
4. These contrasts of two quantities prove that the behaviors
related to interfacial dynamics are significantly different
trom those concerned with mass transport. With more quan-
titative analysis by comparing « with B during the same ini-
tial period at three different values of y. both values of o and
B stay within 0.25 and 0.5. But. & decreases more steeply
than B and the difference of two values increases, as y grows
larger. This explains that the exponent & is more sensitive to
local structure of the interface and to the value of ¥ (—tem-
perature) than the exponent 8. Summing up. these come to
the following result. The interfacial width () well charac-
terizes the initial process of interdiffusion while the mass
transport M(¢) well characterize the entire transport process
and interdifussion in the late stage. From now, we will inves-
tigate the interditfusion at the constant y value (—tempera-
ture), varing the molecular weight ratio of the diffusion
couple. The composition profiles of lower molecuar weight
polymers A diffusing into higher molecular weight polymers
B computed numerically for several molecular weight ratios
of Bto.1at{— 1000t and ¥ — 1.7, are shown in Figure 5.
The molecular weight ratio R (—Np'Ny)is [.1.5.2, and 3. As
R becomes more than 1, the curves approach an asymptotic
shape which is quite ditferent from that obtained when R — |
(Na=Np). As the length of polymer 4 is shorter than that of
polymer B. the polymer 4 diffuse more deeply into the poly-
met B rich phase because of the chain entanglement in Fig-

15— T 71T T " T T 71
[ x=17

1.0F

-1.0F

I R R R S SR R
1.5g 100 200 300 400 500 600 700
X
Figure 5. The composition proliles computed for Ny A, L. L5
2, and 3 at £ = 10007 and ¥ = 1.7. The units are the same as in
Iigure 1.
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Figure 6. Interlacial width H(7) against the square root of time {or
R=135 2and 3 in y =17, The units are the same as in Figure 1.

ure 5. These shapes are similar to the simulated results of
Figure 2 in ref 24. The development of W{f) with time
between coexisting homopolymer A-homopolymer B bilay-
ers for y — 1.7 at different molecular weight ratios (R~ 1.5,
2. and 3) is monitored and shown in Figure 6. The natural
log-log plots of variation with time of the interfacial width at
x — 1.7 for different values of R, are presented in Figure 7.
The solid lines in Figure 7 are the linear fits that vield « for
the initial period of time. The value of  is 0.3708, 0.2935
and 0.2638 for R —1.5, 2 and 3 respectively. The mass trans-
port () across the initial dividing surface for y — 1.7 is
shown in Figure 8. The solid lines are also the linear fits that
yield the B for¢ = 448t (log[f] = 1.5) and the details are
given by inset to Figure 8. The dotted lines are the linear fits
that yield f for 4.487 = 7 = 10007(1.5 = log[f] = 6.91). As
expected, all the values of arand Bare also between ‘% and 4
in Figure 7 and 8. As the value of R is larger than |, diftusion
behaviors are more non-Fickian and values of ¢ and B are
less than 2 of free-diffusion. However, 8 is less influenced
by the molecular weight ratio R than ¢. Comparing Figure 7
with Figure 3. we are able to conclude that the interfacial
width () is most sensitive to the local structure of the
interface and much more affected by both the y {(—tempera-
ture} and the molecular weight ratio R, while the mass trans-
port M¢) is most insensitive o the local structure and much

18T T T T T T T T T T "1
[ o © °
3 o
1.21 o N
— [ o © A
= [ a A
5 ; o [u] o o o _'
3 08 / o™ ]
L —6— R-15 u=-03708] |
[ B/E/Z/E —— R=2, «=02935
0.0 —8— R=3, 0=02638| -
1 1 1 1 L 1 1 " 1 L |
0 1 2 3 4 6 7
log(t)

Figure 7. Natural log-log plots of variation with time of the
interfacial width for ¥ 1.7. The solid lines are the linear Iits that
vield e
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Figure 8. Natural log-log plots ol the mass 34 transporied
across the initial dividing surface for R=1.5.2.0and 3.0 in y= 1.7,
The selid lines are the lincar tits that vield £ for s == 4.487( log|¢| =
1.5) and the details are given by inscet. The dotted lines are the
linear (its that yield Bior 4487 = 1 = 10007(1.5 = log[q] = 6.91).

less intluenced by both y and R. Furthermore. the interfacial
width H{¢) can be used only in the early stage of the interdif-
fusion as a monitor of the interdiffusion process, while the
mass transport M(¢) provides a characterization of the entire
interdiffusion process including the late stage. in the asym-
metric case (R + 1)as well as in symmetric case> (R — 1). In
Figure 7 and 8. the values of e and f3 for R —1.5 are 0.3708
and 0.3952 respectively and they are relatively close to 0.5
(free ditfusion) because y — 1.7 is near the critical point for
complete mixing {y. = 1.65 for R — 1.5).

Conclusion

We have demonstrated that our model describes well the
diffusion behaviors not only for differest molecular weight
ratio R at constant y (~temperature) but also for different
values of y at fixed molecular weight ratio R ( + 1), and our
predictions agree well with available experimental data.
Adopting the molecular weight ratio R {(—Ny/N,)) and entan-
glement eflect of mutual mobility into the symmetric Rouse
model i ref 13, we can get the asymmetric dilfusion behav-
iors of polymer mixture and obtain the dynamic cflects ol
the molecular weight ratio R and the temperature {(—y) on the
interdif(usion through the interfacial width H(s) and the
mass transport M{!). Therefore. we are able to study more
exact behaviors of interdilfusion and more reliable compari-
son with experiments between two partially miscible poly-
mer species with different molecular weights  from a
theoretical viewpoint. This model gives better description
and agrcement than the previous Rowse model'® with same
molecular weights in order to compare their model with

Woon Chun Kim and Hhungsuk Pak

experiments of entangled binary polymer mixtures with dif-

ferent molecular weights. In conclusion, our model can be

well applied to the highly entangled binary polymer mix-
tures of deuterated and protonated species of the identical
chemical structure with different molecular weights.
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