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Scintillation detectors placed before and after the the sample cell
DYNAMICS OF MICROPHASE SEPARATION record the incident and transmitted intensities by difftaction froni10
DURING; RIM COPOLYMERIZATION: SOME mm thick Kapton windows inclined at 45 0with respect to the

SYNCHROTRON SAXS EXPERIMENTS incident radiation, thus changes in the specimens attenuation factor
aft monitored continuously. The detetor is a 1024 pixel EGAG

A.). Ryan*.W.R. Willtornmt, T.B. flergsirom and C.W. Mactisko. Reticon photodioide arry cooiled to --80 *C and placed several
University of Minnesota. Minneapolis. MN 55455. USA. centimecters behind the focal spot of the X-rays. The detector
).T, Koberstin. University of Connecticut. !USA and assembly is interfaced with a DEC 11/34 computer via CAMAC
T.P. Russell. IBM. $sin JosE. USA electronics'. Thve photodlode army is scanned every 25.6 ms and at

Wrodutionleast.30 signals mitst be averaged Weore being written to disc.

Recaetion injection moilding (RIM) Is a well established proces for Results and discusulon
the prrduction of Polymeric articles by simultaneous shaping and 't chemical system selected for these initial experiments was the
polymeripation. The major polymers produced by this Process (but well characterized polyurethanec based on mncthylcne-bis-4.4'.
not all) are segmented block copolymnern . In contrast to ote phenyt isocyanate (MDI). butaat.I.4.diol(BDO) and a 2000
Volvmner processesq the build up of mechanical propeties occurs; by polythcr diol. Complete analysis of the data is still onggthough
rhate searation and this competes with the copolymerizaion. a qualitative description of the process may be oed from

*Me ltiateproatis; o RI maerils m drstiall afectd binspection of the raw pixel number verus relative intensity curves.
Theultmat popetie ofRI maerilsaredraticll afectd y Expeiments were conducted at four different cell temperatures, for a

their molecular weight and morphology. Depending an the route the 48% hard segment formulation containing .02% dibutyl tin
polymcriring mixture takes through phase space,. two mn 1arOhs dilartte. IT results are shown schematically in Figure 1.
steparation mechanisms may be observed. namecly. nucleation and
growth (N & ()) or spinodal decomposition (SD). In both the cases
phase separation proceds until ont phase vitrifles and/or
crystallizes: the SO mechanism can lead to the formation of
nonoquilibrium mopooiswhich compfrise two intepntaIRS (4)V,
networks wherath N & a mechanism = =dlt or
contlniuousphasedlscontlnuous-phase morphological. Very early
phase separation can limit molecular weight buil by separating relative
reactive groups. If a 4egmented block copolymner is foine prior to dgreol0T
msecrophase separation of a polymerizing mixture mierophtae Phane I 2(C
secr~rnil may o~ccu. separationr

Tekinetics of phapemspfawtion may be followed by SAX$ if the
~oplvieriingmaterials possess sufficient cotitast (the square of

the efcctron density difference). Spinodal decomposition has a
definite scattering siginaure: Cohn's linearized theory predicts that
the composition gradlients,. and thus scattered intensity, have a
triximumn for a given wavenumber and that in the early stages of ie _______________

decomposition there is ant exponential increms In the scattered
intensity with time. 'Me necleation and growth ptooss i not very time
well defined in term of a kinetic scattering theory, however. the
scattered imntity has been observe to dependl on time squared for
welt eharoctelnd K&G Nystm. Ful A shemtic representation of the SAXS result' fow MIA/

Tuhe high flux of synebtovn radiation is require In order to permitreal time Stud 7f th"ieisifpaesaa~n e spaia The overall trend was that higher temperatures caused phase
resolution and signal to noise ratio of Bu Lisne 1.4 at the Stanford separation to be foser whereas at lower temperatures the degree of
Synschnot"o Researchs Laboraor (SSRL) permnits analysis of the phase aeWltlen-A acydwsge ter, Materials formed with a cel
6ull SAXS profile -10 times every second and tiumeaningful meltwbo O C ppeed so crysctallmpe fr o h mo ou
kinetic data may be obandioreapeon of the mos mapperea tohepatel bforeda cel temeratureso uaitclO th
interesting Phase - g cp mrzhu a complete in -2 apae opaesprt eoecytl~ain ulttvl h

seendmndprceds ronalqudwtha wtyofI aao data are in loud arement with the main trends of Yanig' work
%cclidwita00 uafoaitiq a ;; Paamt hrytom a on RIM dynamics, howeer SAXS studies of the 4.4'
can take up to fifteen minut ito beom copetl p' s spra MDI/UDOdMo systems are impaired by the onset or hard segment
in cmaison. coventional Kratity Carnera te hnoisgy reu crystallization swamping Phase separstion and unambigueus
that data over a period of -t0 hours be averagedl to obtain a identification of the phase separation process was not posqible.
scattering proftl with good Aial to noise ratio for RIM materialis.

ths heinris f hae epraio my otbeInesigte b ~We are iesgangtreApproaches to the problem: 0i)
thnsiqe reproducin som ofas Yina itc a o eivdidbyti -eprmnso the synchrotron. (11)

technque ad FrI dat for 2.4 MDI/BDO/diol
Exprlmeate materiall whIt wil be amenable to unambiguous SANXS
Af licroRlM machine was used to meter anid mix small (-10 g) experiments Utoll f) developinj$ new model polyua chemistrics

stolhiotetrc qanttiesof ctie nea ad dlive thm ~ which are amenable to realIlme SAXS analysis and parallel
the analytical instrument. T'his equipment has bee designed and wui I" epermnso rfomdbokcplles hsw
develfopd tat the University of Minnestaf over a pw wil alsos tW eutd
haq proved to he safe and reliablell A specially designed! cell with
Kapron polylmidte wintdows was constructed. It has A very small RftIC
volume, to pemrit fast fitting. and can be p mood, reproducbly In a I* Q . QIabisi. L.M. Robeson and M.T. Show, 'Polymer4'of% -cr
heatingl Mluck attached to a Voptcl hench. The whit light emanting Miscibility" Academie Press, New Yorka. 1979.
fronm thte synchrotron stompgelngIs focussed by mensofa float 2. K. Mlkltlesnn and C.W. Maooko. 3. Slast. Mast,.. 19149. 2 1.

gtasmlrorndaen.asymmtoal cA .itleytl hltS 9. lCT. K ,and T.P. Russell. Macromolecules. 19R6, 19.
monoehrom-ator was adjusted.to9deliver . The la.

iindet-beam profile 1 dfined with a number of antlieatter $Ilts to 4, .. Yn.PDTei.Uivriyo intt' Q~giveaca ie."ftion of oproximmtely Il athOnuavle position. 4.WPYa.Ph Tes.UivrtyoMneot.lt



Figur 2. Schematic of sample cell
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