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Modified polyacrylonitrile blends with cellulose acetate: blend properties
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Abstract

Polyacrylonitrile (PAN) was modified by copolymerizing with methyl acrylate (MA) and 2-acrylamido-2-methyl propane sulfonic acid
(AMPS abbreviated as AP), and blended with cellulose acetate (CA) in dimethyl formamide. Scanning electron microscopy (SEM) showed
much finer domain morphology for MA—PAN blends than AP—PAN blends. Dynamic mechanical property measurements showed an inward
migration of the two glass transition temperaturgg yiz., Ty's of PAN and CA, however the migration of PAN was more pronounced in
AP—PAN blends, the result agreed well with the conjugate phase calculation. The phase inversion composition, calculated using Coran—Patel
model agreed well with SEM morpholog 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction not yet been industrialized due to the poor economic benefit
of processing.

Blending may be used effectively to modify the properties It has been known that PAN is rarely compatible with
of polymer materials. This method is based on the theore- most other polymers due to the strong dipole—dipole inter-
tical possibility of controlling the properties of polymers by actions of nitrile groups [7,8]. However, CA is compatible
modifying their chemical compositions and molecular struc- with several synthetic polymers having electron-rich
tures by means of the appropriate selection of miscible poly- pendant group, such as poly(4-vinyl pyridine) [9,10].
mers [1-3]. Miscible polymer blends are really new Fiber-forming PAN has been generally modified with a
materials with completely different properties, and fabri- small amount of amorphous vinyl monomers to give better
cated articles may possess good mechanical propertiesprocessability and dyeability [11,12].

However, well established miscible polymer blends are As a continuation of our earlier efforts to modify the
very rare. Immiscible polymer blends generally have a properties of PAN [13—15], in this experiment we prepared
coarse morphology which is reflected in their poor mechan- two types of PAN copolymers with methyl acrylate (MA)
ical properties. If on the other hand it is possible to obtain a and 2-acrylamido-2-methylpropane sulfonic acid (AMPS),
highly dispersed mixture from immiscible polymers, fabri- and the miscibilities of these PAN copolymers with CA
cated articles may combine the properties of the componenthave been studied in terms of morphology, dynamic
polymers. mechanical, and mechanical properties of the blends.

Polyacrylonitrile (PAN) and cellulose acetate (CA) have
been the subject of current researches, because both poly-
mers can easily produce fibers in a common organic solvent,2. Experimental
e.g.N,N-dimethyl formamide (DMF). It has been reported
[4—6] that PAN—CA blend is immiscible. However, if CA—  2.1. Materials and preparation of samples
PAN graft copolymer is added to this blend, considerable )
improvements in the homogeneity and the stability of the Cellulose acetate (CA) was purchased from Aldrich. The

solution blends are obtained. Unfortunately, this system hasd€gree of polymerization and degree of substitution were
160 and 2.4, respectively. Copolymers containing 8 wt% of

MA (hereafter called MA-PAN) and AMPS (hereafter
*Corresponding author. Tel+82-51-510-2406; fax:-82-51-514-1726. (fa”ed AP_PAN) were prepared as follows. Copolymeriza-
E-mail addressbkkim@hyowon.pusan.ac.kr (B.K. Kim) tion was carried out in 50 wt% DMF at 70 for 10 h under
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Fig. 1. SEM micrographs of the base polymers: (a) MA—-PAN; (b) AP—
PAN; and (c) CA.

nitrogen atmosphere. 0.4wt% azobisisobutylonitrile
(AIBN), based on the monomer weight, was used as a radi-
cal initiator. Upon completing the polymerization reaction,
PAN solution was diluted in dimethyl formamide (DMF)
and precipitated into water and washed three times with

fresh water. The washed polymer was dried under vacuum

at 50C for 72 h.

The intrinsic viscosities1] of MA—PAN and AP—PAN
were 1.24 and 1.31dl/g in DMF at 35, respectively.
PAN-CA solution blends of various compositions (80/20,
60/40, 40/60, and 20/80 by weight) were prepared by mixing
the appropriate amounts of the component polymers in
DMF for over 24 h at room temperature. Films were
obtained by casting the solution on a glass plate, followed
by drying under vacuum at 80 for 72 h.

2.2. Tests

Morphologies were studied from the cryogenically frac-
tured surface of the samples, sputtered with gold before
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viewing under a scanning electron microscopy (SEM,
JSM 6400). Dynamic mechanical properties of the cast
films were measured using a Rheovibron (Orientec DDV-
01FP) at 11 Hz from 0 to 25C with liquid nitrogen
purging. Tensile properties at room temperature were
measured following the standard procedure in ASTM
D412 with type C specimen using a Tensilon (Shimudzu,
Autograph S-100), operated at 50 mm/min. At least five
runs were made to report the average.

3. Results and discussion
3.1. Morphology

Fig. 1 shows the SEM micrographs of CA, MA—PAN,
and AP—PAN. A homogeneous morphology is observed
with the modified PAN films (Fig. 1(a) and (b)), whereas
aggregated particles are observed with CA film (Fig. 1(c)).
The totally different morphologies are generated by the
different driving temperatures for solidification. These
films were cast at AC, which is close to the glass transition
temperature ;) of PAN (about 86C) and significantly
lower than theTy of CA (about 226C). Therefore, aggrega-
tions into larger domains are possible for CA due to the
great driving forces for solidifications.

SEM micrographs of the fractured surface for the MA—
PAN-CA and AP—PAN-CA blends are shown in Figs. 2
and 3, respectively. Regardless of composition, AP—PAN-
CA blends gave finer domain morphology compared to the
MA—-PAN-CA blends. In both types of blends, the domain
size greatly increased from several micrometer to some tens
of micrometer with increasing CA content. MA—PAN-CA
blends have distinct boundaries between domains and
matrix, implying poor interfacial adhesion. When CA is
dispersed, the dispersed domains are elliptically deformed,
implying that less viscous domains (CA) are sheared during
the film casting step due to the evaporation of solvent. When
PAN is dispersed, the domain is much smaller in AP—PAN-
CA blends than in MA—PAN-CA blends.

The morphology of solvent cast film of polymer blend
depends on a number of factors including the composition of
the blend, the history of the solution, the rate of solvent
evaporation, and solution viscosity. However, the size of
the dispersed domains is largely governed by the level of
polymer miscibility. The domain reduction and relatively
good interfacial adhesion in AP—PAN—-CA blends can be
explained by the interactions between proton accepter, viz.
the acetyl group in CA and proton donor, viz. sulfonic acid
of the modifier unitin AP—PAN. In addition, higher capabil-
ity of hydrogen bondings between acetyl oxygens in CA and
amide hydrogens in AP—PAN may also enhance the inter-
facial adhesion in AP—PAN-CA blends.

3.2. Dynamic mechanical properties

The dynamic mechanical properties of MA—PAN blends
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Fig. 2. SEM micrographs of MA—PAN-CA blends: (a) 80/20; (b) 60/40; (c) 40/60; and (d) 20/80.

are shown in Figs. 4 and 5 as a function of temperature. added, plateau modulus as well as Ty@f PAN increased,
Virgin MA—PAN shows a large decrease in storage modu- whereas thd of CA slightly decreased (Table 1).

lus around theTy of approximately 78C (see the loss The dynamic mechanical properties of AP—PAN—-CA
tangent in Fig. 5). A further decrease in modulus above blends are shown in Figs. 6 and 7 as a function of tempera-
200°C is associated with the thermal decomposition of ture. The modulus and tarbehavior of virgin AP—PAN is
this polymer. However, the modulus of virgin CA begins similar to that of virgin MA—PAN. As CA is added, the
to drop off sharply at around it§g, viz., 230C. The ta plateau modulus of AP—PAN monotonically increased in
peaks of their blends show two glass transitions. As CA is the PAN-rich blends implying the effective reinforcement

HANIL 1SKV

Fig. 3. SEM micrographs of AP—PAN-CA blends: (a) 80/20; (b) 60/40; (c) 40/60; and (d) 20/80.



388

10" ¢
= 100 pE
E F yq}biu,nmi‘,n\-ﬁ.
E o war,mnm%rF
s
% 10° F
=
=
< .
= v@‘;"\t
E MA-PAN/CA e
o 108 | v e
&0 ©  100/0 "
5 o 8020
b v 60/40

107 + v 40/60

o 20/80
= 0/100
108 1 1 1 1
0 50 100 150 200 250
Temperature(-C)

Fig. 4. Storage modulus vs. temperature for MA—PAN-CA blends.

of PAN matrix with CA particles. However, the plateau
region of PAN disappeared in the CA-rich blends and a
new transition region is observed. Bleglis given by [16].
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Fig. 5. Tad vs. temperature for MA—PAN—CA blends.
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Table 1
Glass transition temperatures of blends obtained froré aks {C)

CA content (wt%) MA-PAN-CA blend AP—-PAN-CA blend

Tg,PAN Tg,CA Tg,PAN Tg,CA

0 78 - 87 -
20 84 216 99 213
40 93 219 108 216
60 95 222 117 218
80 98 224 122 220
100 - 226 - 226

where,Wi is the weight fraction of component i in blend (1
and 2 designate PAN and CA, respectively), ang, W’

are the weights in PAN-rich and CA-rich phase, respec-
tively. The compositions of the conjugated phases were
calculated using the tanpeaks as their glass transition
temperature (Table 2). In both types of blend the solubility
of CA in PAN is much greater than PAN in CA. And this
tendency is more pronounced in AP—PAN-CA blends than
in MA—PAN-CA blends.

3.3. Modulus behavior at 8C

For a heterogeneous system, a broad range of modulus
behavior is expected, depending on morphology, the degree
of phase interpenetration, the size, and distribution of phase
domains. A number of mechanical models are available for
evaluating such features as phase continuity and phase
inversion. For simplicity, the parallel arrangement of
discrete phases provides as absolute upper limit on the
dynamic mechanical modulus of the blend:

Eu = éuEn + ¢sEs 4)
where E is the blend moduluss, andEg are moduli of the
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Fig. 6. Storage modulus vs. temperature for AP—PAN—CA blends.
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hard and soft phases; H and S are the volume fractions of thebound (Eqg. (5)) anch is an adjustable parameter related to
hard and soft phases, respectively. A series arrangement ofthe change in phase morphology as a function of H. The
discrete phases gives an absolute lower limit on the blendlogarithmic complex moduli of MA-PAN—-CA and AP-

modulus PAN-CA blends at 8@ are shown in Figs. 8 and 9, respec-
1 tively. The solid lines represent upper and lower bounds that

E = (E + ﬂ) ) (5) were calculated using the moduli of the two modified PAN

Ehn E and CA films. The bold solid line represents Eq. (6) viz.,

Davies model. Weight fractions were substituted for volume
efraction in the equations. MA—PAN-CA blends (Fig. 8)
show negative deviation from the Davies model, whereas
AP—PAN-CA blends (Fig. 9) are relatively well fitted with
the model. These results imply that interfacial interactions
are poor in MA—PAN-CA blends and relatively good in
AP—PAN-CA blends, and the results are consistent with

The upper—lower limit model (parallel-series model)
defines the bounds on the modulus. These bounds ar
based on the assumption that properties of blend compo-
nents are the same in the blend as in bulk. A dual phase
continuity model proposed by Davies [19], which accounts
for the phase interaction, is

EY® = ¢ + $,E5° (6)

where,E is the blend modulusE; and ¢; are moduli and 102

volume fractions of each component. And finally, the
Coran—Patel model [20,21], which represents a phenomen-

— — n=1

ological adjustment between the parallel and series models 10.0
and characterized as a one-parameter model, is <
(8]
E = ¢i(ngs + D(Ey — E) + B (7) g s
2 9
where,Ey is the upper bound (Eq. (4)) art is the lower w
i
Table 2
Apparent weight fractions of conjugated phase of blends calculatedTigom 9.6
data

CA content (wt%) MA—-PAN-CA blend AP—-PAN-CA blend

9.4 | | | |
W'y W, W’y W, 0 20 40 60 80 100
0,
20 0.049 0.059 0.069 0.116 CA content(wt)
40 0.034 0.138 0.053 0.198 . . -
Fig. 9. Complex moduli of AP—PAN—CA blends at°8) and comparison
60 0.019 0.156 0.042 0.276 ith | bound model (solid i Davi del (bold solid i
80 0.009 0.182 0.032 0.318 with upper—Ilower bound model (solid line), Davis model (bold solid line),

and Coran—Patel model (dashed line).
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800 modify PAN. Solution blends of the two types of modified
® MA-PAN/CA PAN with CA showed partial miscibility, evidenced by the
200 L © AppaNea | inward migration of the twdT,. The migration ofT, was
- ¢ s 9 much greater with PAN than with CA, indicative of greater
E 600 - 5 solubility of CA in PAN, a result consistent with the
° % conjugate phase calculations.
% T o Among the two types of modifed PAN, the AP—PAN
& 500~ § blends showed much finer domain morphology, greater
@ 5 inward migration ofTy, and were well fitted with the Davies
2 400 - § model. All these indicate better miscibility and interfacial
2 ) adhesions as well, which on the other hand, can be intro-
300 i duced by proton acceptor (acetyl group in CA)-proton donor
(sulfonic acid modified unitin AP—PAN), and strong hydro-
200 1 | | ‘ gen bondings between the acetyl oxygen of CA and amide

0 20 40 60 80 100 groups of the AP—PAN.
The SEM micrographs showed that phase inversion
occurred at 60/40 for MA—PAN-CA, and 40/60 for AP—
Fig. 10. Tensile strength of blends as a function of CA content. PA—CA blends, the compositions corresponding to the
tensile strength minimum, and predicted by the Coran—
dynamic mechanical data and morphology. For MA—PAN- Patel model.
CA blends, the 80/20 blend is fitted with=3 of the
Coran—Patel model (Eq. (7)), 40/60 and 60/40 blends with
n= 3-4, and the 20/80 blend with=5, and the experi-
mental values are generally well fitted with= 3-4. References
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