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INTRODUCTION Alkyl(meth)acrylates (AMA) are becoming very
Tmportant industrial monomers : although acrylonitrile still
takes the lion's share in the acrylics oroduction, i.e, over
3 millions tons per year, the esters (dominated by methyl=
methacrylate) represent another 2,5 millions (1). In parti-
cular, the attractive properties of polymethylmethacrylate
(PMMB), such as -clarity, higher Tg (ca. 130°C) when the syn-
diotactic content is increased, and potentialities of being
combined with other materials, may foreshadow for it a bright
future if efficient and low cost processes are available for
production of the monomer. .

In that prospect, the elegant demongtration by a Du Pont Co.
research team that the nucleophile-assisted "group . transfer"
reaction of silylketene acetals could be turned into a well
controlled "living" polymerization process for carbonyl=
conjugated monomers. (2) vaised an extremely vivid interest
among researchers interested in the molecular engineering of
alkyl (meth) acrylates=based polymers and block copolymers, On
the other hand, it .also-induced a second look at the-some-
times difficult and therefore disregarded classical anionic
polymerization of these monomers. Tt would indeed still be
desirable to extend that latter type of "living" control,
using simple and relatively low-cost initiators, to a high
molecular weight range, and especially make it compatible
with moncmers lacking carbonyl-conjugated: group such- as
dienes, styrenes and. heterocyclic monomers, in order to easi-
ly synthesize the corresponding and still largely unknown
block copolymers. The present paper will illustrate these
points with: a number of examples, which have further led to
interesting and useful new materials.

T ALK.METHACRYLATES The anionic homo- and block copolymeriza-
tion of methacrylates, ‘including functional ones, has been’
nretty well mastered by using specific conditions, i.e, 1o
temperature (dry-ice), polar solvents (THF), and thorough-
monomer purification in particular from protic (alcohols):
impurities, using aluminium alkyl camplexes (3). When needed,
the addition of a small amount of diphenyl-ethylene has pro-
vided the required stabilization of the living chain ends
while changing the reaction conditions for block copolymeri-
zation (4). A very practical procedure involves the initial
addition to the medium of some o~methylstyrene, which even-
tually caps the end of the first growing sequence and indi~
cates by a color change the moment to start the synthesis of
the second block (5). Many useful types of diblock copolymers
have so been synthesized, and the properties of some recent
ones are described below depending on their main use ines
heterophase materials molecular engineering. ‘
Polymer-polymer blends The miscibility of PMMA with many
other polymers "X" such as PVC, SAN, polycarbonate, PVDF, .
irduced the idea that a poly(Y-b-MMA) block copolymer should
be an efficient "emulsifier" to stabilize a fine dispersion
of homopolymers X and Y, for example in melt~blended mate-
rials (6,7). A particularly useful type of such additives
obtained along the route described:above (5), are the poly
(diene-b-MMB) copolyiters;, which can be used as such to pro-
duce extremely high impact PVC and SAN matrixes containing
diene-based rubbers including Kratons (8), materials of which
the failure profile can be somewhat tailored. Further hydro-
genation of the diene block, leading to a polyolefin-like
block {i.e. PHED), allows now the preparation of other blends
such as PVC/polyolefins, displaying f.i. good ageing charac—
teristics (9). )

similar diblock copolymers but based on ter,butylmethacrylate
irstead of MMA, can be easily hydrolyzed into a product con-
taining a carboxylic groups-rich block (h.tBMp) , which can
strongly interact with a number of other structures. An
interesting application of that concept 1s the production of
nylon-polystyrene (PS) blends using a P(S-b-h.tBMA) diblock
(10), or of nylon-polyethylene (PE) blends with a P (HBD-b~
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‘group in acid-catalyzed hydrolysis and

h.tBMA) one. The blends congist of a very fine phase disper-
sion, with extremely good interfacial achesion, despite nylon
crystallization, It is noteworthy that in all of the systems
reported in this paper, relatively minor amounts of additive,
i.e. a few weight percents, suffice to promote the desired
effects, provided the structure of the additive has been well
optimized.,

Polymer-filler blends Similar interactions can be used of
Gonrse to promote fine dispersion and adhesion in blends in-
volving a polymer X and a filler, using ‘an additive of the
type P(X-b-h.tBMA), if the filler interacts well enough with
carboxylic groups during processing (roll mill or extruder):,
Again, high loading with exceptional interfacial adhesion,
could be pramoted that way, for example (7) in blends of
Caco, and polyethylene using the already mentioned P (HED-h.
tRMA) additive. i
polymer-ligquid: dispersions

pution polymer (16), e i i i
peatun (50110 tolusre e mixtre) 0 7 @ 100 polarity
It is also straightforward to terminate these "living" chai
with a reaction leading to a functional grgig, jj:fzmgeagﬁlégs
with €O, t.:o yield a carboxylic end-group (14}, etc. Finall
i.f': ig obvious . that similar tBMA polymerizatiorlls canbe ini- Y
: at\?d'by polymer gnions, i.e. polystyryl or polydienyl
thium, so producing diblock copolymers (14,17) whicﬁ \
also be eventually converted into the corresponding n o
h.alkylacrylate or acrylic acid block copolymers R
Sesegghg;m where a high efficiency is indeed attaine

CONCLUSION, it can certainly be said that recent achieve-
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onic polymerization.of methacrylates and acry]) atés have
ved th? way for the molecular engineering of many new
teresting and hopefully useful products, which might t'ansur
\urther developme%ti of .that valuable class of monomers ©
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i A very recent extension of those
concepts allowed to solve, in a number of cases, the interes-
ting question of dispersing small, submicron insoluble parti-
cles in a given liquid. {pure, or polymer solution) : the
additive cbviously has to contain‘cne block which adsorbs or
binds to the particle, and another one which gets solvated by
the liquid and promotes the formation of a coalescence bar-
rier. Two extreme exaimples illustrate the efficiency of that
approach. The first .one involves the stabilization of a pig-
ment dispersion (lu carbon black particles) in a paraffing,
tharks to a‘poly(styrene—b—stearyhnethacrylate) diblock, ‘for
which an adsorption isotherm can be traced (11). The other
example relies upon a poly (nethyhnethacrylate—b—glycidyl-
methacrylate) copolymer, the second block of ‘which is then
converted into a polysulfonic acid by reaction with sulfite,
That additive ensures. f.i, the complete stabilization of
hydrophobic polyalkyl (meth) acrylate small particles (ca. 100
mm in size) transparent dispersions in an agqueous medium (12)
TT. ALKVIACRYIATES : A CHALIENGE The anionic polymerization
oF These monomers is much more touchy and cannot be control-
led by conventional anionic methods., Although different
approaches can be taken to possibly meet that challenge (4,
13), answers have also been sought in the modification of
classical anionic initiators, which are able at the same time
to easily polymerize very different monomers including: sty-
renes, dienes, heterocyclics, etc... Tt was thus proposed to
minimize the relative importance of secondary transfer. and
termination reactions (usually ascribed to:the presence of
the unhindered carbonyl group and the a—~acidid hydrogen), b
creating enough steric hindrance around the propagating ion
pair. Use of electronically well-balanced. ligands is an
obvious tactic here, and it appeared that u-type hindering
ligands, especially LiCl, were quite efficient (14 )..in con-
trolling a perfectly "living", quantitative fast polymeriza
tion of hindered acrylates by lithium (ar)alkyls, The poly-
merization of ter.outylacrylate is a model of choice, on
which the following characteristic features of "living! sys
tems have been checked (15,16) : linear: dependence of Mn on
conversion, DP equal.to moncmer over catalyst ratio, :narrov
M.W, distributions (Mw/Mn ca. 1,20), and complete resumption
of additional monomer polymerization with the same. characte
ristics (16).71i NMR spectroscopy- confirmed the formation O
a I4iR ¢ LiCl complex controlling the propagation process,
remaining efficient up to brine temperature in THE.
The:possible_applications ‘of this typs of initiators are
obvicusly very broad, and the first-one covers the' synthesi
of n.alkyl polyacrylates and of polyacrylic acid of predete:
mined M.W. and quite narrow M.W.:distribution. The tert.,
butyl group of PtBMA is well-known indeed as a good leaving
transalcoholysis rea
tions. It was shown (lH NMR analysis, Tg measurenents, acl : .
base titrations) that tert=butyl ester group could be conver v e i
ted nearly quantitatively into n,butyl or 2~ethylhexyl one o

or into carboxylic groups (14,15). "Random” acrylates copo

lymers can obviously be obtained by treatment with a mixtur

of alcohols. ‘
Similarly, that approach can be applied to methacrylates
polymerization by classical initiators when experimental oo
ditions do not allow a good control of the "1living" charac
ter. For examplé, MMA can be polymerized quantitatively at
low temperature into a rather narrow symmetrical M.W. distr
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