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Abstract

Copolymers of methyl methacrylate (MMA) with 2-hydroxyethyl methacrylate (HEMA) and 4-methacryloxyethyl trimellitic anhydride
(4META) were synthesized. The miscibility regions, for blends of these copolymers with styrene—acrylonitrile (SAN) copolymers were
determined. The miscibility region for MMA—HEMA copolymers is larger than that for MMA—4META copolymers. Interaction energies for
monomer unit pairs were calculated from the isothermal miscibility maps using the Flory—Huggins theory combined with the binary
interaction model. The experimental phase separation temperatures were found to be similar to the spinodal temperatures predicted from
the lattice—fluid theory of Sanchez and Lacombe using these interaction en& @80 Elsevier Science Ltd. All rights reserved.
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1. Introduction methacrylate (HEMA) and 4-methacryloxyethyl trimellitic
anhydride (4META). Polymers based on HEMA have been

Block and graft copolymers can serve as compatibilizers used as a hydrogel in various medical applications [1]. One
that control morphology and improve the interfacial example of using HEMA as a compatibilizer has been
strength between phases of immiscible blends. Such co-demonstrated by Akcelrud et al. [2]. The hydroxyl groups
polymers can be synthesized separately and added to blendesn MMA—HEMA copolymers were reacted with the poly-
or formed in situ by reaction during processing. Reactive urethane terminal isocyanate groups to form the graft co-
compatibilization can be accomplished through functional polymer. The less familiar monomer 4META can be
groups on polymer chains in each of the phases that cansynthesized by reacting HEMA monomer with trimellitic
react when they meet at the interface between the twoanhydride chloride [3]. Copolymers of MMA and 4META
phases. This study investigates some functional monomershave been studied and used in commercial dental appli-
that may be interesting for copolymerization with methyl cations [4—10]. Other polymer units having anhydride
methacrylate (MMA) and subsequent blending with groups, such as maleic anhydride (MA), have been known
styrene—acrylonitrile copolymer (SAN). If such MMA- to aid in compatibilization of blends. One possible advan-
based copolymers are miscible with SAN, then these tage for using 4AMETA is that it has more favorable reactiv-
materials could be added in small amounts to ABS materials ity ratios with MMA than MA, thus allowing the synthesis
to be blended with polyamides, polyesters, or polycar- of more uniform copolymers. Knowledge of the miscibility
bonates. Such functional monomers in the MMA copolymer regions of MMA—HEMA and MMA—-4META copolymers
could be envisioned to react with the condensation polymer with SAN copolymers would be helpful in further assessing
to form in situ graft or block copolymers that locate at the the application of these units as compatibilizers.
domain interfaces. The objective here is to define the region
of miscibility of such MMA copolymers with SAN and
evaluate the relevant interaction energies.

Two monomers were investigated for use in reactive
compatibilization in this study, viz. 2-hydroxyethyl

2. Theory

The general thermodynamic criteria for miscibility and

_— stability are:
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According to the Flory—Huggins theory [11,12] the free
energy of mixing for a blend of polymers A and B is
given by:
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where R is the universal gas constaitjs the absolute
temperature, and;, p;, and M; are the volume fraction,
density, and molecular weight of componémnespectively.
The interaction energy densiti, provides information on
polymer—polymer-interactions. For a miscible polymer
blend, Agn,ix must be negative. The last terms of Eq. (3)
are always negative and favor miscibility; however, they
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AGuix = Bdachs + RT[ ] 3

become smaller and smaller as the component molecular
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Polymer blends often exhibit phase separation on heating,
or lower critical solution temperature (LCST) behavior. The
Flory—Huggins theory assumes incompressibility of the
polymer mixture; therefore, it is unable to predict LCST
behavior in a simple way. Equation-of-state (EOS) theories,
such as the lattice—fluid theory proposed by Sanchez and
Lacombe, [15-19] include compressibility and naturally
predict LCST behavior. The equation of state of the
lattice—fluid theory is expressed in terms of reduced proper-
tiesP=P/P", T=T/T", andp = 1V = p/p" = V'/v. The
characteristic parameters are calculated by fitting experi-
mental PVT data of the homopolymers to the lattice—fluid
EOS and using mixing rules for copolymers. The character-
istic pressure of the mixture” is related to the bare inter-
action energyAP* :

P* = 1P + $oPs — 1 AP” @)

weights increase. Thus, the interaction energy density of whereP; is the characteristic pressure of the component

the blend must be negative to achieve miscibility when
the molecular weights become very large.

Differentiation of the Flory—Huggins expression for the
free energy of mixing (Eq. (3)) gives the following expres-
sion for the interaction energy at the critical condition (Eq.
(2)), where the contributions of the entropy and enthalpy of
mixing are exactly balanced:

The bare interaction energy can be related to the Flory—
Huggins interaction energy density at the spinodal condition
as follows: [20,21]

Bsc = ﬁAP* + {[P; - PT + (¢ — d’l)AP*]

RT( 1 1 In1-p) 1
RT[ [ pa ps_ | +T(T‘o—)_RT(—~z +T)
B = | Mon V(M ] @ PR T g P
whereM,, is the weight average molecular weight. Eq. (4) o (i B i)}z/{ 2RT[ 2In(1 - p)
gives the value oB that sets the boundary between miscible A v* pe
and immiscible blends, i.e. the blend is miscible if its inter-
action energy is less thdy,; or immiscible if greater than 1 1-1r)
B.:it- This behavior can be used in some cases to determine + 21— p) + p2 (8)

information about positive interaction energies.
According to the binary interaction model, [13,14] the
interaction energy density of a polymer blerigl, can be

Thus, by comparing experimental phase separation
temperatures of the LCST type to the lattice—fluid theory,

expressed in terms of interactions between the variousiytormation about the interaction energy density of a blend
pairs of monomer units present and their volume fractions .5 pe obtained.

within the polymer:

B= Z Bij(did] + ¢id)) — Z Bij (i} + bl b))

i>] i>j

)

whered] is the volume fraction of monomein copolymer

A, ¢>f’ is the volume fraction of monomégiin copolymer B,
andB; is the interaction between monomer unigdj. For

a blend of copolymer A with units 1 and 2 and copolymer B
with units 3 and 4, Eq. (5) becomes:

B = Bi3d bz + Bradpi by + Bagdaps + Bryprhy

— B1op1 by — Baudadi (6

3. Materials and procedures

2-Hydroxyethyl methacrylate (HEMA) monomer was
purified by vacuum distillation (7C, 2 mm Hg). The
middle fraction (10% top/40% bottom) was collected for
further purification. The distiled HEMA monomer was
then washed twice with hexanes [22]. The purity of
HEMA was checked using gas chromatography. HEMA
monomer was stored in the refrigerator and used within
48 h of purification. 4AMETA was generously supplied by
Sun Medical Co. of Japan and used as received. Structures

From Eqg. (6), it can be seen that it is possible for a blend of of both of these monomers are shown in Fig. 1. MMA

copolymers to be miscible even though all the interaction
energies are positive. Isothermal miscibility mapping in
conjunction with Eq. (6) can be used to obtain information
about interaction energies.

monomer was washed with an aqueous sodium hydroxide
solution, rinsed with distilled water, and dried over calcium
chloride or magnesium sulfate. Ethyl acrylate was dried
over magnesium sulfate for the polymerizations with
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Fig. 1. Structures of monomers used in this study: (a) 2-hydroxyethyl
methacrylate; (b) 4-methacryloxyethyl trimellitic anhydride.

AMETA. A small amount of ethyl acrylate was used in all
polymerizations to prevent unzipping of the polymers. All
polymerizations were performed at“@with AIBN as the

initiator. MMA—-HEMA polymers were recovered using an
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Fig. 2. Copolymer versus reaction mass composition for the free radical
polymerization of MMA with: (a) 2-hydroxyethyl methacrylate; and (b) 4-

excess of methanol and purified using chloroform/methanol methacryloxyethyl trimellitic anhydride.

reprecipitation. MMA—4META polymers were precipitated

in an excess of isopropanol and purified using chloroform/ the polymerization behavior over the entire composition

isopropanol reprecipitation. Homopolymerization of
AMETA was performed in dioxane dried with magnesium
sulfate. The polymer was recovered by precipitation in

isopropanol and purified using dioxane/isopropanol repre-

cipitation. Conversion was kept less than 10% to avoid
composition drift in all polymers.

Fig. 2 shows plots of copolymer composition vs. reaction
mass composition for the synthesized MMA-HEMA and
MMA—-4META copolymers. Reactivity ratios were calcu-
lated by fitting the data to the following equation:

(- D2+

= 9
(ry + 1, =22+ 21 —r)fy +1, ®)

F1

whereF; is the mole fraction of monomer 1 in the polymer,
f, is the mole fraction of monomer 1 in the reaction mass,
andr, andr, are the reactivity ratios. For the polymerization
of HEMA(1) with MMA(2), the reactivity ratios were found
to ber; =117 andr, = 0.88. The reactivity ratios for
copolymers of 4META(1) with MMA(2) were calculated
asr, = 1.50 andr, = 0.54. All copolymers synthesized in
this study contain mostly MMA; the data may not be
sufficient to determine reactivity ratios which represent

range. However, further analysis allows for a separate deter-

mination of ther, value in each set of reactivity ratios.

Evaluating the derivative of;, as defined by Eq. (9), as

f, — 0 yields:
oFpy 1

f1—>0( afl ) - Iy

lim (10

Similarly, evaluating the derivative ¢f; asf; — 1 gives:

. dF, 1
lim (—) = —
fi—1\ of; ry
Due to the compositions of the copolymers in this study, Eqg.
(10) is the more useful of the two derivatives for this discus-
sion. According to Eq. (10), data close to the origin in Fig. 2
should resemble a straight line having a slope /of.IThe
slope of the line drawn in Fig. 2a yields = 0.89 for the
MMA—-HEMA copolymers. This is very close to the value
of r, = 0.88 found by fitting the data to Eq. (9). Similarly,
the slope of the line in Fig. 2b yields, = 0.56 for the
MMA—-4META copolymers, which also is close to the
value of 0.54, found using Eq. (9).

The copolymers synthesized in this study are described in
Table 1. The comonomer content of these copolymers was

(11
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Table 1 _ _ possible. Phase separation temperatures were determined

MMA copolymers synthesized for this study using a Mettler FP82HT Hot Stage equipped with a Mettler

Abbreviation Wi% HEMA N, M, T, (°C) FP8OHT Central Processor. A Gnomix PVT apparatus was
or AMETA used to obtain PVT data for PHEMA from which the

characteristic Sanchez—Lacombe EOS parameters were

MMA-HEMA 1.4 1.4 188,800 451,900 117 calculated

MMA-HEMA 2 2.2 147,600 370,300 118 '

MMA-HEMA 4 4.5 159,400 414,700 118

MMA-HEMA 6 6.1 188,800 475,900 117 _

MMA-HEMA 7 7.3 178,600 451,400 118 4. MMA-HEMA/SAN blends

MMA-HEMA 8 8.1 156,500 444,100 116 i o

MMA—HEMA 15 14.8 183,100 424,600 115 The isothermal miscibility map for blends of methyl

MMA—4META 1 0.8 180,600 393,700 119 methacrylate—2-hydroxyethyl  methacrylate  (MMA-—

MMA-4META 1.5 15 143,200 307,900 115 HEMA) copolymers with styrene—acrylonitrile (SAN)

MMA-AMETA 2 2.0 143,900 340,700 117 copolymers is shown in Fig. 3, where the open circles repre-

MMA-4META 2.3 23 149300 358,300 119 sent miscible blends and the filled circles represent immis-

MMA—4META 3 33 71,900 167,900 117 _ , Tiled circ P _

MMA—AMETA 5 56 94,900 199600 118 cible blends. The region of miscibility is a closed loop with

MMA—4META 8 8.0 91,400 189,600 the greatest range of miscibility being for pure PMMA.

Miscibility of pure PMMA is observed with SAN copoly-

. L . mers containing between 12.9 wt% AN and 30 wt% AN as
determined byH NMR. Molecular weight information was found previously [23—29]. The addition of HEMA to the

ot_)tained using gel permeation chromatography Ca”bratedMMA polymers causes the AN limits to narrow and even-
W!th ponstyr_ene standards. These colpolym_ers were t)Iendwtually vanish. MMA—HEMA copolymers containing up to
with the various SAN copolymers, listed in Table 2. All 7.3Wt% HEMA exhibited some miscibility with SAN

?rlg)rgdz.gﬁlgtg::g?hxgﬂg tc?ggzrﬁgﬁ \évre;f rZOIl::]'g: S?th copolymers, but those having 8.1 wt% HEMA or greater
: P ure, '€d \vere immiscible with all SAN copolymers. Blends of

under vacuum while increasing the temperaturi_é(;%éach PHEMA homopolymer with SAN copolymers were also
da31 unltll 160C. r\:\t/as r?aghﬁda Blent?]s | contatlﬁlng lhltgh immiscible (not shown in Fig. 3). It was found previously
molecular weig poly(2- lydroxyethyl - me acrylate) that poly(ethyl methacrylate) is miscible with all SAN
(PHEMA) obtained from Aldrich were hot cast froh,N- copolymers having less than 28-30 wt% AN including

d;rzetr:%/l ;torlrgém'dAﬁ lgll?a'\:(lj:g ?;S??r:énf.hgr;ﬂg”e:reug?g; polystyrene homopolymer [24,30]. The only structural
Vnt':ﬂrjm cight |(.)SS as detected. Blends co\;lvta'n'n Ih' h difference between ethyl methacrylate and HEMA is the
lrJno:ecuI:r/ I%/]vei ht WoI (4-methaér loxyethyl trlirrl1eglllitilcg hydroxyl group on the terminal alkyl group. Thus, the
. g poly yloxyethy addition of this hydroxyl group causes immiscibility with
anhydride) (PAMETA) were cast from anhydrous THF at g
55°C. then dried und All pol d blend PS homopolymer and a wide range of SAN copolymers.
ere' stoe;z d r'ﬁ del;mair Vr?]CltJoumré en?(r)n}:)r'r:rfea:bsore?oi As seen from Eq. (6), six interaction energies are neces-
w under vacuu prev Isture ption. sary to describe this blend systeByyma, Bumaan, Bsians
Glass transition temperatures were determined using ap B and B Three of these
Perkin—Elmer DSC-7 at a scanning rate of@0nin. A MMAHEMA » ESTHEMA: HEMAJAN:

first scan was run to 18Q to erase thermal history and a 40
second scan was run for analysis. Phase behavior of blends 35 I
was determined using visual assessment and DSC where F oo o 1

2 30 d M ® =

(% o b : L]
Table 2 . 25 S . . E
SAN copolymers used in this study ; 20 o o . . .

< o o :
Polymer  Wt% AN M, My Source 2 15 o . : E
SAN6.3 6.3 121,000 343,000 Dow Chemical Co. = 10 © ]
SAN9.5  10.0 94,700 195,600 Asahi Chemical s+ *° ° 4
SAN115 129 68,300 151,400 Asahi Chemical 0 b g
SAN135 152 56,300 149,000 Asahi Chemical 0 5 10 15 20
SAN155 17.7 65,300 144,300 Asahi Chemical
SAN20 20 88,000 178,700 Dow Chemical Co. wt% HEMA in MMA-HEMA
SAN23 23 43,300 117,500 Daicel Chemical ind. Ltd. . o
SAN25 25 77.000 152,000 Dow Chemical Co. Fig. 3. Isothermal miscibility map at 180 for 50/50 wt% blends of
SAN27 26.9 57,000 142,000 Monsanto MMA-HEMA copolymers with SAN copolymers: &) miscible; @)
SAN2S 28.4 52,900 143,800 Asahi Chemical immiscible. The solid curve was calculated from tBg set obtained
SAN3Z0 30 81,000 168,000 Dow Chemical Co. form the best fit of the miscibility mapByyamema = 1.81, Byyma =

SAN33 33 68,000 146,000 Monsanto Co. 022, Bumasan = 448 Byrema = 3.11 Bremaan = 4.86, and Bgay =
6.99 calcm?.




Table 3

Polymer standards used in this study
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4.89 calcm®. Since the necessary polyacrylonitrile poly-
mers are not available, this approach could not be used to
obtain information abouBygpmaan -

Polymer M, M,,/M,, Source

A computer program, described elsewhere [41], was used
PS 580 580 1.18 Polymer Laboratories  to determine the set of interaction energies, as defined by
g: ggg ggg iég 2?&?&:&2@%“ theory and constrained by the previously determined range
PS 1350 1350 107 Polymer Laboratories of possible values, that best fit the experimental data. The
PS 2000 2000 1.06 Pressure Chemical best fit to the data is shown by the curve in Fig. 3. The
PS 4000 4000 < 1.06 Pressure Chemical interaction energies defining this curve are listed in Table
PS 9200 9200 1.03 Polymer Laboratories 4, The confidence limits for the calculated interaction ener-
Eg g'ggg g'ggg i'gg ELT;;‘;TL(;EE::;‘::% gies, found by adjusting each interaction parameter and
PS 1061000 100"000 <106 Pressure Chemical determining the limit where a fit to the miscibility data
PMMA 1210 1210 1.16 Polymer Laboratories ~ could be found by changing the other parameters [42], are
PMMA 1400 1400 1.16 Polymer Laboratories  also given in Table 4. From the miscibility information, the
PMMA 2400 2400 1.08 Polymer Laboratories three interaction energies with HEMA amamHeEMA =
PMMA 4250 4250 1.07 Polymer Laborator?es 1.81+ 0.10, Bguema = 311+ 011 and Bugwasn =
ﬁﬂ”ﬁ %?5050 13;25% 11'261 F;fg?;”;g I'Li%%rggr'ieess 4.86 + 0.26 calcm®. The values found for the other three
PMMA 13,000 13,000 1.03 Polymer Laboratories  interaction energies are consistent with values found else-
PMMA 20,300 20,300 111 Polymer Laboratories ~ where at similar temperatures [39].

Four MMA—HEMA blends with SAN were found to
exhibit LCST behavior; the blends and the corresponding

interaction energies have been evaluated previously inphase separation temperatures are listed in Table 5. In order
other studies: Bgywa = 0.18 — 0.26 calcm®  [31-38],
BMMA/AN = 41 - 455 chmg, [28,36,38,39] anCBS/AN =

to compare the LCST behavior to the interaction energies
found with the miscibility map, experimental PVT data for

6.7 — 8.0 calcm® [28,29,35—38,40]. In an attempt to obtain PHEMA were obtained as described earlier; the lattice—
some information regarding the other interaction energies, fluid theory characteristic parameters deduced from these
high molecular weight PHEMA homopolymer was blended data for the temperature range 150-180are P* =
with PS and PMMA homopolymers of various molecular 597.3 MPa T* = 684 K andp* = 1.0862 gem®. Using the
weights. Table 3 provides information about the polymer Flory—Huggins interaction energies determined from the
standards used in these experiments. All blends of copolymer miscibility map and the appropriate characteris-
PHEMA homopolymer with PS homopolymers, ranging in tic parameters with the lattice—fluid theory, the lattice—fluid
molecular weight from 22,000 to 580, were immiscible; thus interaction energies were calculated via Eg. (8). The latter
Bynema > 0.73 calcm®. Similarly, all blends of PHEMA were then used to predict the spinodal temperatures shown
homopolymer with PMMA homopolymers of molecular in Table 5. While the experimental phase separation
weights between 20,300 and 1210 were immiscible, sotemperatures do not necessarily correspond to the spinodal
Bumasmema > 0.41 calen®. Blends of MMA—HEMA 15 temperatures, they are expected to follow a similar trend. As
with PMMA homopolymers were evaluated to obtain an seen by comparing the values given in Table 5, the experi-
upper limit for the MMA/HEMA interaction energy. Due  mental phase separation temperatures and calculated spino-
to the closeness of the refractive indices and glass transitiondal temperatures are indeed similar.
temperatures of these polymers, miscibility could be
evaluated only for blends with PMMA homopolymers
having a molecular weight of 4250 or less. All of these 5, MMA—4META/SAN blends
blends were found to be miscible, s@0 < Byya/mema <

Blends of (methyl methacrylate—4-methacryloxyethyl
trimellitic anhydride) MMA—4META copolymers with
SAN copolymers were cast and the miscibility data are
shown in Fig. 4. As with the MMA—HEMA copolymer
blends, the greatest range of miscibility with SAN copoly-

Table 4
Interaction energies from this study (cal@m

Interaction pair MMA-HEMA/SAN MMA—-4META/SAN

SIMMA 0.22 0.22 mers is observed with pure PMMA. The region of miscibil-

MMA/AN 4.48= 003 448= 001 ity has a shape similar to that for MMA-HEMA/SAN

SIAN 6.99 = 0.04 699+ 0.01

MMA/HEMA 1.81+010 _ blends, but encompasses a smaller area. MMA—4META

MMA/4AMETA — 3.84+0.10 copolymers containing up to 2.3 wt% 4META were misci-

SIHEMA 311+ 011 - ble with some SAN copolymers, however those having

ﬁg&"ﬁ/x\l i 86 026 768+ 0.08 3.3 wt% 4META or greater were immiscible with all SAN
86+ 0. - : .

AMETA/AN - 618+ 0.08 copolymers. As seen by comparing Figs. 3 and 4, the

addition of the trimellitic anhydride group onto the
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Table 5 <
Predicted spinodial temperatures and experimental phase separation L o.10 A IS 7 EEL L B S ]
temperatures for blends in this study E L
< .08 L ]
Blend Predicted Experimental E 0 - 4
(50/50 wi%) spinodal phase separation - i * ° e ]
temperature°C)  temperature°C) = 0.06 - =
< L j
MMA—HEMA 1.4/SAN 28.4 204 180-185 & 0.04 I °° 1
MMA-HEMA 1.4/SAN30 150 160-170 E ' L 4
MMA-HEMA 2/SAN28.4 191 210-220 c r ° ° ° ° ]
MMA-HEMA 2/SAN30 141 170-175 -‘f:: 0.02 ~ o o o o =
© i o o o o 7
-50.00- ......... [ R
HEMA monomer unit to create the 4META unit signifi- > 0.0 0.1 0.2 0.3

cantly decreases the miscibility of the MMA copolymers (B,,)°°

with SAN copolymers. This shows a limitation to the

amount of functiona"ty that can be incorporated into a Fig. 5. Isothermal miscibility map for 50/50 blends of MMA-4META
miscible blend; up to 5.7 mol% HEMA can be used in CoPolymers with PMMA homopolymers of varying molecular weights
MMA copolymers and obtain a miscible blend with SAN plotted according to Eq. (13)) miscible; @) immiscible.

where as only up to 0.8 mol% 4META can be used. None of 516 information about the MMA/4META interaction
the MMA—-4META/SAN blends exhibited LCST/UCST energy. The form of Eq. (5) applicable to blends of

behavior. _ _ _ MMA—4META/PMMA is:
Again, six interaction energies are needed for this blend

system, of which threeBBgyma > Bumasan, andBgay, have

been discussed earlier. High molecular weight PAMETA

homopolymer was blended with PS and PMMA homopoly- Combining Egs. (4) and (12) leads to:

mers of various molecular weights to gain information

regardingBgameta and Bymaameta; as discussed earlier ) Beri

polyacrylonitrile polymers are not available for this type PameTa =

of study. Since all blends of PAMETA homopolymer with

PS homopolymers, ranging in mt_)Ie_cuIar weight from Thus, a plot of the data in the form @fjyera versusyBoy
100,000 3t° 800, were immiscible, Byayera > can be used to generate a straight line that will separate the
0.44 cafcm™. Similarly, all blends of PAMETA homopoly-  isciple and immiscible blends. This line, which must pass
mer with PMMA homopolymers of molgculgr yvelghts through the origin, has a slope of Bymaavera. Fig. 5
between 20,300 and3 1210 were immiscible, SO ghqys the data for MMA—4META/PMMA blends plotted in
Bwmasamera > 0.33 calen. Blends of MMA-4META this manner. Only two of these blends were found to be
with PMMA homopolymers were evaluated to gather jmmiscible, all others were miscible. A line from the origin
was drawn that would best fit the data to obtain a first guess
for the interaction energy. Using the slope of that line in

B = Buima/ameTA D ameTA? 12

= 13
Bumma ameTA

] conjunction with Eqg. (13) leads to the estimation of
. . E BMMA/4META = 384 CaYC:ma.
z : : e E Using all of this miscibility data, a set of interaction
n . . . 3 energies that best fit the MMA-4META/SAN miscibility
£ . . . E map was determined. These interaction energies are repre-
2 1 sented by the curve shown in Fig. 4. The relevant interaction
2 . . . E energies along with their confidence limits are given in
= . . . E Table 4. The three interaction energies with 4AMETA were
° ° _f determined to b@MMAMMETA == 384i 010, BS/4META ==
T 7.68 + 0.08, andByyeraan = 6.18 + 0.08 calcm?®.
4 6 s 10 It is interesting to compare the interaction energies of
wit% 4META in MMA-4META ethyl methacrylate (EMA), HEMA, and 4META with styr-

ene. It has been reported thBgeya = —0.0361 calem®
Fig. 4. Isothermal miscibility map at 180 for 50/50 wit% blends of [30]. Thus, the addition of the hydroxyl group onto EMA
MMA-4META copolymers with SAN copolymers:() miscible; @) to form HEMA causes the interaction energy to change from
immiscible. The solid curve was calculated from tBg set obtained . . . L . .
form the best fit of the miscibility MapBymaaera = 3.84 Bouun = a slightly negative tq a quite po§|tlve value. The interaction
0.22, Bymasan = 448, Beayera = 7.68 Bayeraan = 6.18 and Bgay = energy of styrene with 4META is larger than both of these,

6.99 cafcm®. suggesting interaction of styrene is more unfavorable with
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AMETA than HEMA and EMA, even though they both
contain an aromatic ring.

6. Summary

Copolymers of MMA with HEMA and 4META were
synthesized and characterized. The miscibility regions for
SAN copolymers with MMA-HEMA and MMA-4META
copolymers were determined. The miscibility window was
the largest with PMMA and closed entirely with MMA—
HEMA copolymers containing 8.1 wt% HEMA and greater,
and with MMA—-4META copolymers containing 3.3 wt%
AMETA and greater. The miscibility data were used in
conjunction with the Flory—Huggins theory and the binary
interaction model to calculate interaction energies. All inter-
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in Table 4; the three interaction energies studied previously

are consistent with values found in the literature. Only a few
blends of MMA-HEMA with SAN were found to exhibit
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tures were similar to the spinodal temperatures predicted

using the lattice—fluid theory and the binary interaction
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