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Abstract

Compatibility of cellulose acetate hydrogen phthalate (CAP) and poly methyl methacrylate (PMMA) has been investigated b
viscometric, ultrasonic and differential scanning calorimetric (DSC) methods. From viscosity measurements, Krigbaum and Wall
polymer interaction parameter is evaluated. Ultrasonic velocity and adiabatic compressibilites versus blend composition are plotted
to be linearT, values are calculated using Gordon—Taylor and Fox equations. The results obtained reveal that CAP forms a miscible
PMMA in the entire composition range. Compatibility may be due to the formation of hydrogen bond between the carbonyl group
and the free hydroxyl group of CAP. Compatibility is further predicted from dielectric measurern@eb®99 Elsevier Science Ltd. All righ
reserved.
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1. Introduction
are as follows:
Polymers containing proton donor groups are found to be

miscible with those containing proton acceptor groups due to 9

a specific interaction like hydrogen bonding. PMMA is R=H,—C—CH,,
miscible with many polymers like PVC, PEO, PVDF, SAN H, ROH.G f

etc [1-4]. In PMMA—PVC blend, Schurer et al. [5] has _<HZO_FH>_ o Va foH
reported that ester group in PMMA is a proton acceptor, n RO‘&_(_ __>—O?‘ O’ﬁ"
and PVC is a weak proton donor via hydrogen, and the inter- l)CH OR CH ORO

3

action involved is hydrogen bonding. There are few reports
on the studies of interactions of PMMA with other polymers.
Hence, in this paper we report a new miscible blend system
of PMMA and CAP, and make an attempt to study the inter-
actions involved in blending PMMA with a proton donor ~ For viscometric studies, dilute polymer solutions (29
polymer. PMMA and CAP are chosen for the present study V) were used. Stock solutions of CAP and PMMA and t
because of their pharmaceutical applications [6,7]. different blend compositions 30/70, 50/50 and 70/30
prepared in a common solvent DMF. Viscosity meas
ments were made using Ubbelohde Viscometer &C
with an accuracy oft0.2%.
2. Experimental Ultrasonic velocity of the blend solutions of 3% w/v wi
measured at 3C using ultrasonic pulse echo interferom
Polymers used for the present study, CAP and PMMA, (SD UI-003) with a measuring frequency of 10 MHz.
were obtained from commercial sources. The viscosity aver- accuracy of measurement wa$.5%. For DSC studies, th
age molecular weightM,/) of CAP and PMMA are 70 000 films of component polymers and their blends with thick
and 101 000, respectively. The structure of CAP and PMMA in the order of microns were prepared by solution ca
using DMF as the common solvent. Films were drie
vacuum for 48 h and were found to be transparent.

Polymethyl methacrylate(PMMA) Cellulose acetate hydrogen phthalate(CAP)
(Phthalate content : 30-40%, Acetyl content : 19-24%, Hydroxyl content : 36-51%.)
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Fig. 1. Relative viscosity versus composition of CAP—PMMA blends.
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Fig. 2. Reduced viscosity versus concentration of CAP—PMMA blends.
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Fig. 3. Ultrasonic velocity and adiabatic compressibility versus composition of CAP—PMMA blends.




Table 1

Intrinsic viscosity and interaction parameter of CAP—PMMA blends

Ab

1, value

Theoreticab

Experimentab; , value

Slope of red
viscosity vs.

Intrinsic viscosity

Blend comp of CAP/PMMA

concentration curve

Theoretical (dl/g)

Experimental (dl/g)

0.05

0.16

0.16
0.25
0.30
0.36
0.43

0/100

0.386

0.028

0.088
0.088
0.088

0.117

0.0875
0.100
0.123
0.156

0.241

30/70
50/50

0.116

0.008
0.010

0.0968
0.0986

0.295

0.141

0.349
0.43

70/30
100/0
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measurements were done in Shimadzu DSC-50 and th
rate was 10 K/min.

3. Results and discussion

From viscometric measurements, relative and red
viscosities of homopolymers and their blends are fi
out. A plot of relative viscosity versus blend composi
(Fig. 1) is found to be linear for the entire composit
range, which is characteristic of a compatible blend sy
[8—10]. Reduced viscosities of the component polymer
their 30/70, 50/50 and 70/30 blend compositions are pl
against concentrations (Fig. 2). The plots are linear an
cross-over is seen showing that the blends are compati
sharp cross-over in the plots of reduced viscosity v
concentration is shown by incompatible blends [11].
intercept of the plots gives the intrinsic viscosity of the co
sponding polymer and their blends, and are present
Table 1. The experimental intrinsic viscosity values
obtained are compared with their weighed average v
and found to be slightly higher than the theoretical va
(Table 1). For an immiscible blend system, it has
observed that the intrinsic viscosity always shows a neg
deviation due to the repulsive interaction between poly
[12].

The interaction parametdr of the component polyme
and their blend compositions are found out from the plo
the reduced viscosity versus concentration and is giv
Table 1. The slope of the curve gives the correspont
value. Evaluation ofb is done on the basis of classi
Huggins equation [13,14].

Krigbaum and Wall interaction parametsdb of the blend
[15] was obtained from the difference between the ex
mental and theoretical values of the interaction param
by, and by,. Polymerl—polymer2 interaction parametsls
can be calculated as follows:

(nsp)m
Cm
whereC,, is the total concentration of polyme&; + C, and

(m)m is the intrinsic viscosity of blend (), can be theoret
cally defined as:

(Mm = [l X1 + [M]2X5. (@)

(for non-interacting system), wher§, and X, are weigh
fractions of polymerl and polymer2, respectivddy, is the
interaction parameter which is defined by the equati

b = Xfbyy + 2X; Xoby, + X3y, 3

= (Mm + bnCny @

where b,, defines the global interaction between
polymeric speciesb;, may be obtained experimenta
by Egs. (1) and (3)

bio = (by1b) "2, 4

Ab = (b, — bip) )
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Fig. 4. DSC thermograms of CAP—PMMA blends.

(* means theoretical valuedb > 0 signifies miscibility
andAb < 0 indicates phase separation. It is found thht
values are positive for all blend compositions predicting
compatibility (Table 1). Ifn, and n, are sufficiently
apart, a more effective parametger can be used to
predict the compatibility

Ab

—_—. 6
(M2 — Mm)? ®

I‘L=

High value of u may be due to specific interaction of
hydrogen bonding between the polymers. The valug of
are found to be positive (Table 1).

Table 2
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Fig. 5. Verification of Gordon—Taylor equation for CAP—PMMA blends.

Ultrasonic velocity, density and adiabatic compressibility
values of blends are found out. Adiabatic compressibility is
calculated using the formula

1
Bad— VTP

("

wherev is the ultrasonic velocity and the density. Ultra-
sonic velocity of blends is plotted against blend composi-
tions (Fig. 3) and found to be linear. For incompatible blend
solutions, ultrasonic velocity versus composition curve is
non-linear showing distinct phase inversion at intermediate
composition [16]. Adiabatic compressibility also varies
linearly with blend composition (Fig. 3).

The glass transition temperaturg) of homopolymers
and their blends are recorded from DSC endotherms (Fig.
4) and given in Table 2. Blends exhibit sindlg intermedi-
ate to those of CAP and PMMA. ThE, of miscible blend
can be predicted using Fox equation (Eq. 8) [17] and
Gordon—Taylor equation (Eq. 9) [18].

1_ X, %

Ty Ta  Tg'

®

X Tgr + KXo Ty,
97 X+ kX%

—

©

whereX;, X;, Tq and Ty, are the weight fractions and glass

Experimental and theoretical glass transition temperatures of CAP—PMMA blend

Blend composition
of CAP/PMMA

ExperimentalT, values {C)

Theoreticall, values

DSC Dielectric measurement Neilson equation Fox equation

0/100 92 89 — —

10/90 98 — 97 96

30/70 110 108 107 103
50/50 119 117 117 112
70/30 128 127 127 122
90/10 137.5 — 137 135
100/0 142 142 — —
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Fig. 6. Dielectric loss as a function of temperature (K) for different compositions of CAP—PMMA blends.

transition temperatures corresponding to polymerl and poly- All these observations show that there is a spe
mer2, respectivelyk is a constant which gives a semi-quan- interaction between CAP and PMMA, and CAP form
titative measure of degree of the interaction between two compatible blend with PMMA in the entire compositi
polymers.T, values calculated from Fox equation and their range. The compatibility of the system may be due to
theoretical values obtained from Neilson equation [19] are formation of a hydrogen bond between the carbonyl gro
shown in Table 2. The blends show a positive deviation from PMMA and the free hydroxyl group of CAP.
Fox equation implying an intermolecular interaction between
the polymers. Slopek] of the straight line obtained from
Gordon—Taylor equation (Fig. 5) is found to be 1.1. Higher paferences
the value ofk, higher is the interaction. The intercept of
Gordon—Taylor equation curve is found to be’®@3which [1] Parmer JF, Dickinson LC, Chien JC, Porter RS. Macromole
is the T, of pure PMMA. 1989;22:1078.

Compatibility has been further confirmed from dielectric  [2] Tremblay C, Prudhomme RE. J Polym Sci Polym Phy,
measurements [20]. In blends, dielectric loss as a function of __ 1984:22:1857.

. . . . [3] Kishore K, Saankarapandian M. Polymer 1996;37:2957.
temperature displayed a single peak in the region between o1\ Hiammiche A, Pollock HM. Polymer 1995:36:3313.

that of the MO polymers_, corrgsponding to ﬂﬁ@ The Tq [5] Schurer JW, Deboer A, Challa G. Polymer 1975;16:201.
values obtained from dielectric measurements agree well [6] Ishikiiyama T, Todoki M. J Polym Sci Part B, Polym P
with those obtained from DSC (Table 2). At very low 1995;33:791.

frequency, ap-relaxation peak is also observed for pure g} CK;::”I'EUE Sv‘g“mzl“:%'DJE‘;C')’I‘dmpgiirTglgi’)?s;:gél-

CAP and for blends with a higher content of CAP i.e. at [9] W"g"amson Gé’ Wright B. J P)(')Iym Sei 1965;A3:3885.

52°C, but not for blends with a lower content of CAP and (10} Thomas GV, Nair G. J Appl Poly Sci 1996:62:2229.

pure PMMA (Fig. 6). [11] Dondos AS, Kondras P, Pierri P, Benoit H. Macromolek C
The B-relaxation may be due to the orientation of polar 1983;184:2153.

OH group in CAP. In blends with low percentage of CAP, [12] ShihKS, Beatty CL. Br Polym J 1990,22:11.

this peak disappears because all the free OH groups may bnﬁi} gﬁgg'r&{v‘é‘gfIi)r{;ntheng(;Z;:i‘;é'_e4'2716'

involved in hydrogen bonding with the CO group of PMMA. |15} singh YP, Singh RP. Eur Poly J 1983;19:535.

From the structure of CAP and PMMA, it is clear that in [16] Hourston DJ, Hughes D. Polymer 1978;19:1181.

blends with higher percentage of CAP, even though OH [17] Fox TG. Bull Am Phy Soc 1956;1:123.

groups are involved in hydrogen bond formation, there [18] Gordon M, Taylor JS. J Appl Chem 1952;2:493. _

may be free OH groups, and this contributes togheelaxa- [19] Jl\-lgeggon LE. Mechanical properties of polymers. New York: Reinh

tion peak, in blends with a high content of CAP and in pure 20 Rao v, Ashokan PV, Shridhar MH. Studies on the dielectric relaxa

CAP. in CAP—PMMA blend. Under publication.



