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POLYMER BLENDS — Fundamentals

L. A. Utracki, National Research Council Canada, Industrial Materials Institute,
* Boucherville, QC, Canada, J4B 6Y4. ' '

| Introduction |

Polymer blend is a mlxture of at least two macromolecnlar substances polymers or
copolymers, in wbach the oonoentrat[on of each polymenc mgrechent is above 2 wt%.
Blends are either mrscible or nnnnsc:lble Tke mzsczble polymer blends are homogenous
down to the molecular level Then‘ free energy and heat of mnnng, AG = AH < Oand
&*AG, / 8¢ >0 where b 18 the volume fractlon In these blends tbe domain size is
- comparable to the dn:nensron of the macromolecular statistical segment d <20 nm. ﬂze
immiscible polymer blends : ar_e' those where AG_ > 0, and/or 8 /_\.Gm /8¢ <0. Most
polymer blends are immiscible. o | ' |

Polymer alloy is an immiscible, compatibilized blend with modified interface and tailored
motphology. Compatibilizazz‘on is 'eit'her a chemical orp‘hjrsical modiﬁcation of the interfacial
properties. The mz‘erphase is the third phase in binary blcnds formed in between domains of

the two polymenc components —1its t]:nckness 18 Al 2to 60 nm.

-Thermodynamfcs —mrscrbmty and phase separanon

Itis customary to dlSC].lSS blend mrscrbrhty startmg Wrth the Hugoms—F lory relation:

AG_ =AH TAS AH -—-RTqud) ci)2 5 AS = RTVZ((l)I ]n¢ )/V (1)
| where AS_ is the conﬁguranonal entropy of mrxmg, Ris the gas constant, T 1s temperature
Vy its molar Volume, | V EVI, and xﬁ is tbe blnary 1nteract10n parameter, usually a

complex function of ¢, T and pressure, P In polymer blends AS — 0 thus miscibility

originates  mainly from the_ enthalplc - effects, AHm < 0, - viz.  specific
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interactions (hydrogen hondin'_g,' ionic, of dipole interactions). It may also be caused by the
interactions between two rna_c_rornolecrﬂes that reduce the internal steric stresses’ in at least

one polymeric ehain. _

Owing to the presence of specrﬁe 1nteract10ns most blends have phase separanon dragrarn
with the lower critical solutmn temperature, LCST ie., phase separatlon occurs upon
heating. Two separatlon mechamsms are known: spinodal ~decomposition, SD, and
nucleation-and-growth, NG lh_e morphology generated_in NG is dispersed, whereas that in
SD is co-continuous. Cahn and Hilliard’s theory describes the SD kinetics.

Interphase and 'compaﬁbiﬁéaﬁon |
- The rnterphase 1s a separate phase Wlth its own charactenstlcs and two mterfac1al tension
coefficients, v, +v,=v,, thh vy, bem the expenmental quantrty The latt:lce theories

'predlct that in brnary blends (1) there is-a rec1pr001ty between vu and the 1nterphase

thickness, v,Al= cons tant (11) the surface energy is proportlonal oy, (111) polymer

chain-ends concentrate at the interface, (iv) and any low moleeular Wela]lt components

migrate to the 1nterface, thus low entanglement densrty and viscosity.

Compatibilization rnust: (1) reduee v,, and parallel w1th it the size of the disper_sed' phase; (2)
stabilize the morphology against' changes dnr__ing proces.sing; and _(3) ascertain good
interaction between domains in'the solid state. Coﬁlp at:ibi]izaﬁ on inVolnes either addition of a
compatibilizer (e.g., a block or graft eopolymer) ' 'o'r' reaction between the principal blend
components dunng the compoundmg or proeessmor The latter method is more advantageous

and economic, thus it dornmates comrner01al blendlng
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Morphologj/

Performance of an 1mm1scfble blend - depends on the composmon mterphase and -
morphology.. At equ111"bnum, for ¢<¢ =4, 16 d:roplets are expected while at higher
concemmt[ons ﬁbers and lamellae are founi Further i mcrease of eoucentratlon leads to phase

. inversion at ¢ = ¢ﬂ R o | |
[(1 9, ¢n)/(¢ﬂ ¢)]"]'”' | o+ by =1 o @

where A is the vxs_cosny ratio, and [n] is the intrinsic Vlscos1ty.

Microrheology and _ﬂdﬁy- _'
In a steady state, uniform 's_he.ai‘ flow at low eencenn‘aﬁensj and si:fes'.ses, the drop
deformation can be expressed 'ﬁsin.g the. three di]jnensionless parameters: the capillary
number, ¥, the vise'osity'reti_o, A, and the re'duced defennation time, t¥: .
=08V AN/ s =t &
where o is the local stress (Shear ij'# 12; elongetien: ._ij ..= 11)_,_ d is the di'o’p djameter, .t is
the deformation time, and 'y is the deformation rate. In_sh-ear ﬂo'w','_ for A >3.8, drops
deform but dolnet break, while in extensionai'ﬂew this limitation does-not' exist. Drop break-
| Up OCCUTS for x=2k,, =1 I—Iowever the ethbnum drop defermatton or break may occur
only when t* exceeds the reqmred time: t* > td = 25, or t* >t = 160_, respectlvely. W_he_n
K> 2, drop_s deform 'aﬁnel}é'__with ‘matrix into fibers that disintegrete '_by the capillary

instability mechanism into mini-drops when « < 2.

To describe polymer blending the microrheology must be supplernent by coalescence effects.
Coalescence can be driven by either the thetmodynanﬁcs (i.e., minimization of the interfaciai
energy), or by flow. Duriﬁg eompoundirig”the Latter dominates It hes Beeﬁ shew that the

43

. -
dynamic coalescence increases With v -and ¢, thus at eqwhbnum between d1spers1on and

coalescence the drop dJameter can be expressed as:
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d dmjmmm T(GCK thLq)s.rs) ; : | (4) -

equ!.ﬂlrlmn crit

where Cis an expeﬁmentaliy 'det'ermined_ constant,

Flow may change local and global blend’s _morphology, e.g., local: the degree and type of
dispersion by shear coalescence, inteﬂay_er"sl;ip, encapsUlation, etc., ‘and global: skin-core

structures, gradient compositiot, etc. The effects depend on the imposed stresses.

- The concentration dependence of blends wscosxty (at constant T and c) can be clasmﬁed in
reference to the log—addltmty rule Inn= Zd) Iny,, » 28 showmg a posmve deviation, PDB,

negative, NDB, or nn_x_ed, __PNDB or NPDB. Conmdenng_ ‘blends o be emulsions of
- viscoelastic liquids, leads to prediction of PDB (found in 60% of blends) The mechanism
that explams NDB is the mterlayer shp, caused by thennodynamlcally driven low
| entanglement denmty at the mterface In non-compatlblhzed, 1mm1501b1e blends the
interphase wscomty was calculated as being two to three orders of magmtude smaller than

viscosities of component polymers

In polymer blends, both the momhologyl and ﬂovtr behavior denend on the deformation field
—under different ﬂow conchtlons 1t may have dlfferent structures hence behave as d ifferent
materials. Note that n multlphase systems, the relatlonshlps between the steady state,
dynamic, and elongational v1sc031t1es (known for simple ﬂulds) are not observed. Similarly,
. the tlme-temperanrre (+T) superposmon pnnczple that has been a cornerstone of

v:lscoelastometry is not valid.
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Performance |

Performance of polymer bl_el_lds Ii.s. eoﬁfeolled by morphology. For example, the optimum
toughening of abriltle resin ls usually obta:ined bir dispereing b < 0 1 of an elastomer. The
optimum drop 31ze denved from the eav1tat10n mechamsm, dopt =03 pon for ABS, > 7 um
for PS, < 0.7 ym for PVC, and 0.5 pm for PP;’EPDM One of the thrce compat[blhzatlon tasks

is to ascertain the required dopt Value.

The phase co- contihuity proVides the best balance of properties, .., maximum ductility,
high nglchty, and large elongatlon Two basic methods are used to generate t]:us structure: (1)
SD by control of T, P and solvent evaporat[on rate and 2) rheologmally controlled phase

inversion. Compatibilization i is used 10 optimize the degree of chspersmn. :

In blends developed to improve the barrier properties against pelmeabﬂity by gases, vapors,
or liquids, l‘.he lameftar morphology is required. To creete this structure, biaxial extensional

flow is required in molding or'exnueioo. Best results are obtained pre-blending a low
permeability resin (e.g., d = 50 ,wndrops of PA or PVAI) ina mamx, _t]._“_leﬁ pr'ocessing itin e '

biaxial flow field.
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