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Full Paper: The phasemorphologyandrheologicalprop-
erties of a series of poly(methyl methacrylate)slock

poly(isooctyl acrylate)block-poly(methyl methacrylate)
triblock copolymers (MIM) have been studied. These
copolymershave well-defined molecularstructureswith

a molecularweight (MW) of poly(methyl methacrylate)
(PMMA) in the rangeof 3500-50000 and MW of poly-

(isooctyl acrylate) (PIOA) ranging from 100000 to

140000. Atomic force microscopywith phasedetection
imaging has shown a two-phasemorphologyfor all the
MIM copolymers.The typical spherical,cylindrical, and
lamellar phasemorphologieshavebeenobservediepend-
ing on the copolymer composition.MIM consisting of

very shortPMMA endblocks (MW 3500-5000) behave
as thermoplastic elastomers(TPEs), with however an
upperservicetemperaturdnigherthanthetraditionalpoly-

styreneblockpolyisoprenedlock-polystyreneTPEs (Kra-

ton D1107). A higher processingtemperatureis also
noted, consistentwith the higher viscosity of PMMA

comparedo PS.

Phasealetectionimagefor MIM triblocks: (b) cylindrical mor-
phologyfor sample5
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Intr oduction

Recentdevebpmens in ligatedanionic polymerizaion

of acrylic monomes haveled to the controlledsynthesis
of newblock copolymers,suchaspoly(mettyl methacry-
late)-block-poly(alkyl acrylate)block-poly(methyl meth-
acrylate (MAM) and poly(akyl methacrylag)-block-

polybuadieneblock-poly(alkyl methacrylag)® triblocks.
These new matrials have the potential of repacing
advantagously the traditional styrene-diee basedther

moplastc elastomes (TPEs),who the practical useis

limited by the poor oxidation resisance of the central
polydiene block and by the low sevice tempenture
(60~70°C) dictatedby to the glasstransitiontenperature
(Ty) of the outerpolystyreng(PS blocks.

Interestfor fully acnlic triblock copolymers,thus con-
sisting of inner soft polyacrylat block and outer hard
polymethacylate blocks, has to be found in the wide
rangeof propeties that canbe madeavailablemerely by
changingthe alkyl substtuent of the estergroup. For
instance,T; canspana large rangefrom —50°C for poly-
(isoocty acrylate) (PIOA) upto 190°C for poly(isobanyl
methacrylag). Furthemore,immiscibility of poly(methyl
methacrylag) (PMMA) and poly(alkyl acrylates)is the
rule, althoughsomeexceptiors may be foundin the case
of smal alkyl groupsand low moalecular weight’. The
muchbetterresistancef acrylic polymersto UV andoxi-
dation compaed to polydienesis cleaty benefical. A
previouspaperhasreportedon the contolled synthess
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and mecdanicalpropertes of PMMA-block-PIOA-block
PMMA triblock copolymes (MIM)®. The phasemor
phologyandthe rheologicalpropertiesof theseMIM tri-
block copolymershavebeenanalyzedfurtherandarethe
topic of this paper

Experimental part

Materials

MIM triblock and MI diblock copolymerswere synthesizd
by sequentialanionic polymerization of MMA, tert-butyl
acrylate(tBA) (andMMA, in caseof triblocks) respectively
followed by the acid-catalyzedransalcoholysiof the tert-
butyl estergroupsby isooctylalcohol. The detailedsynthesis
was reportedelsewher&®. The molecularcharacteristicof
the MIM triblocks andthe MI diblock arelistedin Tab.1. A
commercial grade polystyreneblockpolyisoprene(PIP)-
blockpolystyrenetriblock copolymer SIPS (Kraton D1107
from ShellDevelopmenCompany 15~ 18 wt.-% uncoupled
diblock), was used for the sake of comparism. The
announcedmolecular weight (MW) was 10000-120000—
10000, with a polystyrenecontentof 15 wt.-%.

Samplepreparation

Thin MIM films were caston mica from dilute solutionin
THF (2 mg/ml) and shelteredfrom dust throughout. THF
was let to evaporatevery slowly for a few days. The films
were annealedat 140°C underhigh vacuumfor 24 h before
AFM observation. The film thickness was ca. 500nm.
Longerannealingtimesandlongerthicknessdid not change
the microphasanorphology Sometopologicaldefectswere
howeverobservedfor 1-2 mm thick samplesFilms suited
to rheologicaltesting,were preparedy castinga copolymer
solution (8 wt.-%; 160ml) in a 100mm diameterpolyethyl-
enedish. The solventwas evaporatecver 4 daysat room
temperatureCa. 1.5mm films weredriedto constantwveight
in a vacuumoven at 80°C for ca. 1 day The reasonfor
milder conditionscomparedto the preparationof films for
AFM observatia mustbe foundin the possibledehydration
at 140°C of theresidualcarboxylicacidsleft by the transal-
coholysisreaction which might affect the rheologicaldatain
contrastto the already set up phasemorphology Accord-
ingly, rheologywill not be discussedn directrelationto the
microphasemorphologyobservedoy AFM. The specimens
were colorless,transparentand elastomericwith a smooth
surface.

AFM observation

All the AFM imageswere recordedwith a Nanoscopdlla

microscopefrom Digital Instrumentsinc. operatedin the
TappingMode (at 25°C, in air). Microfabricatedcantilevers
were usedwith a spring constantof 30 N - m™. The instru-
mentis equippedwith the ExtenderTM ElectronicsModule,
such that height and phasecartographgs can be simulta-
neouslyrecorded.Severalareasof the samesamplewere
observedwith scanningtime of ca.5 min. The phaseimage

wasrecordedin the so-called“soft tappingmode™ in order
to avoid deformationandindentationof the polymersurface
by thetip. All theimageswererecordedwith the maximum
available number of pixels (512) in each direction. For
image analysis,the Nanoscopeimage processingsoftware
was used. The imageswere usually reportedas captured,
repeatedscansassessinghe reproducibility of the observed
structures.

Rheologcal measuements

The RSI ARES rheometerfrom Rheometricsequippedwith
aforce balancetransducewasused,eitherin the cone-plate
mode: (plate: 25 mm diameter cone:4° angle,gap: 56 pm
betweerthe conetip andthe plate;for samplesl and7) orin
the parallel plate mode (25 mm diametey for all the other
samples) The temperatureontrol wasbetterthan1°C. The
appliedstrainwas alwayskept within the linear viscoelastic
regime,so that the phasemorphologydid not changeunder
shearing. The frequency range was between
0.1Hz~16.7Hz. A Polymer Laboratory DMTA (parallel
plate with 7 mm diameter)wasusedto conducttemperature
sweepexperimentsat 1 Hz (rampmode,heatingrateof 2°C/
min).

Resultsand discussion

Phasemorphology

Thevetry low electonic contrastbetweerthe consttutive
blocks of poly alkyl(meth)acrylate-ontainingtriblocksis
quite a problem for the observaibn of nanoplase-sepa
rated morphology by transnission electran microscopy
(TEM) and small ande X-ray scatteing (SAXS). Only
indirect technigwes, such as NMR” and DMTA®, have
beenusedfor this purpose Howe\er, atomicforce micro-
swpy (AFM) with phasedetectionimaging has proved
very recerly to bevery apgopriateto the directobserva
tion of phasesepaation in fully acrylic block copoly-
mer$. In this work, tapping-node atomic force micro-
soopy (TMAFM) with phasedetecton imaging (PDI) has
beenused,this techniqe having provenhigh efficiency
for the analysis of the phasemorphobgy of polystyrene
block-polyisopreneblock-polystyrenecopolymers).

Fig. 1 showstypical AFM imagesfor the MIM triblock
containing 6.5 wt% PMMA (sampe 1, Tab.1l). The
height image (Fig. 1a) is very uniform, thus indicating
that the samplesurfaceis very smath, in line with ca.
1.4 nmroot meansquae roughnesgor a1 x 1 um? area
This preliminary observatbn is a guaraneethatany con
trast observel in the PDI imagewill not originate from
differenes in the surfacetopograply. The phaseimage
(Fig. 1b) clealty shows a two-phasemorphobgy for the
sample 1, that consistf bright spheresandomlydistrib-
uted in a dark matix. Recent models propose'® to
account for the phasecontrastin TMAFM indicatethatin
“soft tappindg operation,the phaseshift is directly related
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Tab. 1. Molecular characterists of MIM triblock and Ml
diblock copolymers

Sample Molecularweight M./M,, Contentof
M, in g/mol x 103 PMMA in wt.-%
1 3.5-100-3.5 1.04 6.5
2 5-140-5 1.06 6.6
3 7-100-7 1.07 12.2
4 10-140-10 1.05 12.5
5 20-140-20 1.04 22.2
o 1.00 su 0 1.00 pm 6 40-140-40 1.06 36.4
Trange Pt P raneere 5.00 5 7 50-140-50 1.06 41.6
8 10-140 1.04 6.7
@ o) 9 83wt.-% sampe 4 + - 11.5

. . . . 17 wt.-% sampék 8
Fig.1l. Tappingmode AFM imagefor MIM triblock (sample

1, Tab.1): (a) heightimage;(b) phaseémage origin of this appareh disageementhasto be found in
the apexradius of the AFM tip (ca. 20nm), which is
closeto the spherediameer (15~20nm). This relativey

to the Young’s modulusof the probedmaterial. Thebright  large tip contibutes to the broadeing of the domain

spotscan accodingly be assignd to PMMA, which is  matrix boundary so preveriing the sphee diamete from

harderthan PIOA, soreslting in a larger phaseshift. A beingquanttatively measued. From the Fourier analysis
closelook attheimage(Fig. 1b) showsthatthe cross-sec- of the AFM data,the peiiodicity of the phasemorphology
tional area of the white spheresexceed the value canbe calculded, the centerto-center distancebetween
expeced from the actual composition (6.5 wt.-%). The thenearneigtboringspheredeing27 nm.

3.0 dey

0.25 0.50 0.75 1.00
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Fig.2. Phasedetectionimagefor MIM triblocks: (a) sphericalmorphologyfor sampeé 3; (b) cylindrical morphobgy for
sampleb; (¢) lamellarmorphology for sampe 6; (d) cylindricad morphologyfor sampe 5 afteranneding at 140°C for 24 h
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The equilibrium phasemorphobgy of block copoly-
mersstrongly dependson the copolymer composition as
illustrated by the styrenediene block copolymerg-12,
Sphericalmorphology is commaly observe for poly-
styrene(PS) cortentsup to ~17 wt%. Whenthe PScon-
tentrangesfrom 17 to 38 wt.-%, the phasemorphologyis
cylindrical, whereasa lamellar morphology is reported
for 36~ 62 wt.-% PS.Forthe sakeof comparison a series
of MIM copolymes coveing a wide range of PMMA
compositon has beenanalyzd by AFM. Fig.2 shows
some typical phase morphologies: PMMA spheres
(Fig. 2a) for sampe 3 of low PMMA content(12 wt.-%),
PMMA cylinders(Fig. 2b) for sample5 of intermediate
PMMA coneent (22 wt.-%), and PMMA short lamellae
(Fig. 2¢) for sample6 of higherPMMA content (36 wt.-
%). Althoughthe copolymercompositionphasemorphol-
ogy relationshipis basially comparablefor MIM and
styrenediene block copolymes, MIM with very short
PMMA blocks (M,: 3500) shows a well-definedspherical
morphology in contrast to the PSbhlock-polybutaliene
(PB)b-PS (SBS) and SIPS analgyues® that show no
phaseseparation

The anneding of sanple 5 hasa strong effect on the
orientation of the PMMA cylinders with resgect to the
samplesurface Beforeannealingthe cylinderslie flat on
the surface(Fig. 2b). After anneaing at 140°C, only a
few flat cylinders coexist with mary bright dots whose
diameteris similar to the width of theflat cylinders.This
observatdn is consisentwith the fact that the bright dots
are cylindersstandng upright pempendicubr to the sur
face (Fig. 2d). This reomganization is likely to be gov-
ernedby the surfaceenegy, which is smaler for PIOA
(30 x 10° N/m) thanfor PMMA (41 x 10°° N/m). As the
equilibrium is appgoached the PMMA cylinderstendto
reoganiz themseleswith their apexatthe surface.

Viscoelastidbehaviorof MIM triblock copolymers

It is well estabishedthat the doman structureof block

copolymes, suchas SBS and SIPS, persistsbeyondthe
upper(PS glasstransitiontemperaure. Howevwer, astem

peratureis raisedabovea critical value, the microdomain
structuredisappearscompletdy, resuting in a homoge-
neoussystem This transition is referred to asthe order

disorder transiton (ODT), which occursin all known
block copolymes'“®. The visccelasticbhehaviorof these
block copolymerssignificantly chargesat the ODT, the
block copolymerbeing easilyprocesablebeyondODT.

Dynamictemperatue sweepexperiments

Fig. 3 conparesthe tempeature dependece of the sto-
ragemodulus (G’) andthe lossfactor (tand) measued at
1 Hz for the 5000-140000-5000 MIM triblock (sample
2, Tab. 1) and the Kraton D1107 sanple. The dynamic

Tand

-50 0 50 100

Temperature (°C)

G' (Pa)
Tand

100

-100 -50 0 50 150

Temperature (°C)

Fig.3. Temperaturedepemlenceof the shearstoragemodulus
(G") andthe lossfactor (tand) (1 Hz, heatingrate: 2°C/m). (a)
MIM triblock, sampe 2; (b) KratonD1107

medanical behavior of thesesampes is typical of ther
moplastic elastomes, i. e. two transitions,a rubberypla-
teaubetweenthem and the terminal zoneat highertem-
perature. Compaed to Kraton D1107, the MIM sampe
(Fig. 3a) hasquite a comparableébehavia, exceq for the
G’ plateauregon which is more flat (up to 110°C) as
resut of the absewe of diblock copolymes'®. The tand
curves do not exhibit any clear peakat the T, of PS (or
PMMA) microdomairs, which can be explained by the
low PS(or PMMA) conientandthe simultaneousoccu-
rence of the flow.

Fig. 4 comparesthe logG’ vs. temperaturecurvesfor a
saiesof MIM triblock copolymerscoveringa largerange
of PMMA molecula weight (3500-20000). The behav-
ior of MIM triblocks is similar to that of the Kraton TPE
whenthe PMMA molecuar weightis smaller than7000.
However when this molecuar weight is higher no ter-
minal zore is observedup to 200°C, the highesttempera
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Fig.4. Temperaure dependencef the shearstoragemodulus
(G") for aseriesof MIM triblocksat 1 Hz (heatingrate: 2°C/m).
For the sakeof clarity, curveshavebeenverticdly shiftedwith
respectto sample2 (samplel downwardsby 0.5 unit; samples
3,4 and5, upwardsby 0.5, 1.0and1.5units, respectively

turetested It is known that G’ measuredat low frequen-

ciesdecreaessharplyat or nearthe orderdisordertransi-
tion tempenture(Topr) of the block copolymer®-29), It is

thus obviousthat a phase-sparatedmorphobgy persists
beyondthe glasstransition of the PMMA microdomairs

of samples3 to 5, at leastup to 200°C. The conparison
of MIM and SIPS of compardle molecula structure
(sampled4 andKratonD1107),alsoshows thatG’ startsto

decrase only at 120°C for MIM, which is ca. 20°C

higher than for the SIPS sample, in agreemen with a
higher servicetenperaturefor the MIM triblock copoly-

mer.

Relaxationat temperatuesbeyondT, of PMMA

Therheological propertesof polymersarecloselyrelaed
to the relaxation processof the polymer chairs. Recently
Berglund andMcKay havethoroughy studiedthe relaxa-
tion behavior of SIPS triblock copolymers®. The com
pleterelaxaton stressproceedsn two stepsdiffusion of
the oute blocks out of the microdomairs, followed by
diffusion of the releasedchairs through the entangled
midblock chairs. Fig. 5 compaesthe relaxationfor two
MIM triblocks of different PMMA molecula weight
(samplesl and 3) but of the sane spheri@al morphobgy.
The relaxation curve for the MIM containing PMMA
blocks of 7000 MW cleaty corfirms Berglund and
McKay's conclusion,i. e. a two-stepdrop of G(t) in the
101~10" s and 10'~2 x 1¢? s regons, respetively,
assignedo therelaxationof the PMMA blocks out of the

10°

—o— Sampie 1 at 130°C
—o— Sample 3 at 160°C

104 4

G(t) (Pa)

103

102 T T 1
10t 100 10! 10? 103

Time (s)

Fig.5. Time depermenceof the stressmoddus for two MIM
triblocks (samplesl and3, in Tab.1)

hardmicrodomaingdollowed by the diffusion of the entire
chainsthrough the PIOA matix. The relaxation of MIM
containingtwo timesshorterPMMA blocks is quite remi-
niscentof that one commaly obsened for monophase
polymers, so indicating that no microdomain structure
persistsat 130°C.

Dynamicfrequencysweepexperiments

Fig. 6 illustrateshow the complexviscasity of sample 2
dependn the angularfrequency The complexviscosty
at120°C is clearly non-Newtonian asis the casefor vul-
canizedrubber A yield behavior stars to be obsened at
180°C, and a Newtorian behavior at low shearrate as
well. The observatn that the Newtonian behavig
becomes more pronounced as the temper&ure is
increaseeyondsone limit, is the signatue of the com
plete relaxationof the triblock chairs at low angularfre-
quency when Topr of the block copolymer is
approackd?. Fig. 7 comparesthe plots of conplex vis-
cosityvs. angularfrequencyfor a seriesof MIM triblocks
at 170°C. As the PMMA molecular weight is increased
the non-Newtonian behavioris coninuously more pro-
nouncedasa resultof increasngly moreextendedohase
separatiorwhenthe molecubrweight? is increased

Fig. 8 comparesthe conplex viscosty of MIM/MI bin-
ary blend (sampk 9, Tab. 1) and Kraton D1107. It must
be noted thatalthoudh the MIM /MI binaryblend contans
the samediblock cortent as the Kraton copolymer, the
contentof thehardblock (ca.11.5 wt.-%) is smaler com:
paredto Kraton (ca. 15 wt.-%). Moreover, the molecubr
weight betweenchain entanglemers (M.) is 60000 for
PIOA® much higher than the 6100 for PIP. For these
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Fig.6. Plotsof complex viscosty vs.angula frequerty for the
MIM sampek 2
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Fig. 7. Plotsof complexviscosity vs. angula frequencyfor a
seriesof MIM triblocks(Tab.1) at180°C

two reasms, not only the shearmodulusbut alsothe com
plex viscosity are expected to be higher for the Kraton
copolymerthanfor the MIM /MI countepart. This expee-
tationis confirmed for the complex viscosityat 150°C at
high shear rates. However as the tempeature is
increased,the complex viscosity of sample9 remains
higher comparedto the Kraton samplein a larger rarge
of shearrates, indicating more restrided relaxaton and
better persistenceof the microdomainstructuresfor the
MIM copolymerat high temperatures

Order-disodertransitiontemperatue

As long as the microdomains persis beyond T, of
PMMA, they contribute to keeping the melt viscosty

10°
—o— Sampled  150°C
—= Sampled  170°C |
—4— Sarrple 8 190°C
- O - Kraton 150°C
o~ + O - Kraton 170°C
é 10¢ - & - Kraton 190°C
&
w4
7]
’_g.' 10° 1
102 T T T
102 10! 10° 10! 10?

Angular frequency (Hz)

Fig.8. Plotsof complex viscosityvs. angularfrequencyfor the
MIM/MI binary blend (sample 9, open symbols) and Kraton
D1107 (filled symbolg
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Fig.9. logG’ vs.logG"” for the MIM samplel. The slopeis 2
at170°C and180°C

high?®, which is undesirablefor the procesig of the
MIM copolymes. Han and co-workes*” have recerly
shown that rheologica datacanbe usedto deternine the
orderdisorder transiton temperatue, as illustrated in
Fig. 9, wherelogG' is plotted vs. logG” at differenttem
peratures.According to theseauttors, the threshdd tem-
pertureat which the logG’ vs. logG” plot becomedin-
earandthe slope(of 2) becomesndependenbdf tempera
ture is the signatureof the orderdisorer transition. This
prediction is basedon a rheological model suited to
homayeneougpolymeasin theterminal zone(Eqg. (1)):

logG’ = 2logG” — log(pRTIM,) + log(n?#/8) @
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Tab.2. Topr for MIM andSISblock copolymer®

Sample M, x 1073 Contentof ~ Topt/°C

hardblock in

wt.-%

SIS-P® 7.4-99-7.4 11.4 180
SIS-29 10.6-125.4-10.6 14.5 280
Kraton 10-120-10+ 14.3 230
D1107" (15~18%diblock)
MIM-1 3.5-100-3.5 6.5 130-140
MIM-2 5-140-5 6.6 200
MIM-3 7-100-7 12.2 >200
MIM-4 10-140-10 12.5 >200
MIM-9 10-140-10+ 11.5 >200

(17%diblock)

¥ Measuredy Han's method®.

wherep is the polymer density R the gasconstant,T the
absolute tempeature and M. the molecula weight
betweenchain entanglemerts. Fig. 9 showsthat plots of
logG’ vs. logG” for the MIM sample 1 (Tab. 1) are not
linear (datacollectedfrom frequencysweepexperimers)
below 130-140°C, particulaty at higher frequency
(upper patt of the curves). As the tempeature exceeds
130-140°C, the logG’ vs. logG” curveis linear with a
slopeof 2, soindicating that Topr lies in this temperture
range atleastin therangeof theinvestigaed frequencis
(0.1~15.9H2z). Fig. 10 illustratesthe samereldionship
for the MIM sample 4, which contans more PMMA (12
wt.-%) of higher molecubr weight (7000 although pre-
serving the same sphericalmorphology Plots of logG’
vs. logG” arefar from linearity and superpaition, indi-
cating that Topr is well beyondthe rarge of the investi-
gatedtenperatureg150-200°C). Tab. 2 lists the values
of Topt, as deternined by Han’s method for a seriesof

MIM triblocks. Data for SIPS copolymes are also
reportedfrom the scientfic literaturé®?"2®, It is clear
that the Topr Of MIM triblocks is much higher than Topr
of the SIPSanaloguesthis might be a problem for the
copolymerprocessg, sincethe degraction tempeature
of the polyactylate centralblock is only 230°C asmeas-
uredby TGA (5°/min, Np).

Viscoelasticpropertiesof polystyeneand poly(methyl
methacryate) homopolymes

The origin of the differen@ in Topr of MIM and SIPS
copolymes might befoundin the polymer-polymerinter-

action paraneter ya, for the PMMA/PIOA andthe PS/
PIP pairs. The y., value is commaily determinedfrom

the solubility paraneterfor eachcomporent at constant
molecula weight?®;

Xab= Ma(éa—éb)zl/)aRT

whereM, the is molecuar weight of componenta; J, and
oy arethe solubility parametes of componatsaandb; p,
is the densityof componat a. The solwbility paramegrs
for PMMA, poly(alkyl acrylates) (e.g. ethyl, propyl,
butyl), PS, and PIP are 18.6, 18.0~19.8, 19.0, and
16~17 (J/cnf)¥22) respectively. Thus, d,—d, for the
PMMA/PIOA pair is expeced to be smalle thanfor the
PS/PIPpair, althoudh the exactvalue of ¢ for PIOA is
unknown.The smaller polymer-polymerinteracton para-
meterfor the PMMA/PIOA pair conmparedto the PS/PP
pair is thusin favor of a lower degreeof immiscibility
andthusa lower orderdisordertransition temperaturefor
the MIM copolymes, which completly disageeswith
the expaimentalobservatbns.

The physico-mehanical charageristics of the had
blocks may not be ignored when the melt processg of
the triblock TPEs are concened. Although the volume
and molecubr weight of the monomerunits and T, are
compardle for PMMA andPS,thesetwo polymershave
quite a differentbehaviorin solutionandin the melt. For
example, Tab. 3 shows that M. for PSis roughly three
timesaslarge asM. for PMMA andthat the visccelastic
coeficients extractedfrom the WLF equaion are also
differert®*-%%), The viscoelasic charateristicsfor PMMA
andPS(Tab. 3) havebeenreportedfor samplesprepaed
by freeradical polymerization, thus for samplesof very
broadmolecubr weightdistribution, which might explan
the dispersim of sone rheolajical propertiesdependilg
on their origin. In orderto improve the accuracyof the
M. values, PMMA (M,: 5000 to 80000) and PS (M,:
10000 homomlymershavebeenprepared,in this study
by anionic polymerization, so making samples of very
narrow molecdar weight distribution (<1.1) available.
M. for PMMA hasbeenfoundto be 6000, consiséntwith
the previously reporteddat&®. Tab. 4 providesthe zero
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Tab.3. Viscoela$ic charateristicsfor PMMA andPS)

Sample G x10° M. M, co G
Pa g/mol g/mol °C

PMMA 6.57  4700~9200 17600~27500 9.0 13.4

PS 1.99 17300~18700 31200~32800 35.5 55

¥ Datafrom refs30-39

B Critical molecularweight at which the molecuar weight (M)
dependencef 7, changesirom 7, = KM (M < Mc) to 5o =
K'M34(M > Mc). 5, is the zero-shar viscositydefinedas, =
lim -0 (G"/w), with « the shearrate and G” the shearloss
modulus.

Coeficients of the WLF equaton, —logar = C; (T-To)/(C, +
T-To)

C,

Tab.4. Zero-dearviscosty for PMMA andPSat170°C

Sample M, and(M,/M,) no/(Pa- s)
PMMA 5000(1.10) 1800
PMMA 8000(1.07) 3700
PMMA 10000(1.05) 7000
PMMA 20000(1.04) 80000”
PS 10000(1.10) 44
PS 48500(1.10) 1500”
a 180°C.
b 183°C®9,

shearviscosity (1,) measuredat 170°C for thesePMMA
and PS samples The expegimental viscesity for PMMA
of 10000 MW is morethan150timeslarger comparedto
PSof the sameMW. Evenwhen the PMMA MW is half
thatof the PS,soleadingto conparableT,'s, the 5, value
for PMMA is still 40 times as large as for PS. Fig. 11
compars the plots of complexviscaosity vs. angularfre-
guencyfor PS(Fig. 11a)andPMMA (Fig. 11b) of 10000
MW (thus the same MW as the PS block of Kraton
D1107 and the PMMA block of MIM (sampk 4)). For
PMMA to havethe samemelt viscosity asPS, it must be
heatedat least40°C higherthanPS.

The much higher zero-skear viscosity and lower M.
indicatethat PMMA is lessproneto flow thanPS,which
might explain why the MIM triblocks haveto be pro-
cessedat higher tempeature than the SIPS analgues,
consistat with a higher orderdisorder transition tem-
peratureThus,althoughthe Topr canbetheaetically pre-
dicted® from the polymerpolymerinteracton paramegr
andthe block copolymercompositon, the occurrenceof
this transiton in MIM is much delayed by unfavaable
kinetic paramegrs.

Conclusion

The phase morphology of poly(methyl methacylate)-
block-poly(isoocty acrylate)block-poly(methyt meth-
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Fig.11. Plot of melt viscosity vs. angula frequencyfor: (a)
10000PS;(b) 10000PMMA

acnylate) triblock copolymes hasbeenstudiedby atomic
force microsc@y with phase detectionimaging. Spheri-
cal, cylindrical, and lamellar morphologes have been
obsevedfor block copolymersof increasng PMMA con
tent Thesecopolymes exhibit a behavior typical of ther
moplastic elastomes only when the PMMA molecular
weight is smal (3500 and 5000). Otherwise, the micro-
doman structureof the MIM triblocks persiss beyond
the glass transition tempeature of PMMA. The much
higherexpaimental Topr for MIMs comparedto the SIPS
anabguesis not of thermodynanic origin but ratherdue
to kinetic factorsin relation to the high zero-shar viscos-
ity andlow M, for theouter PMMA blocks.
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