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The deadlins for the arrival of contributions has come once again with
an even greater dearth of material than usual particularly f'rom the U.S.
I can only suppose thet since the deadline, 25ré April, was St. Ceorge's
Day (and also Shakespcare's Birthday) which is the nearest thirg England
has to America's 4th July (althcugh it is not e hcliday) that it must have
arcused =ome sort of political objection amongst our U.S. merbers! *hhy’I
remind acedemic members that we expect some news about their activities
in each issue and that industrial memters will also contribute vhenever
possitle. The Anmual Meeting may decide to exvel members who persistently
fail to corply with this primary requirement without excuse! This is a
terrible fate because I gather that the Newsletter is much valued by most
of the laboratories which receive it.

The International Polymer lLatex Conference last Novernber was very successful
attracting 257 participants despite the £60 registration fee! The volume
containg preprints of 28 Contrituted Paters (tut not of the 6 Plenary lectures)
may be obtained for £18,includirg postage bty surface mail,from the Plastics
ahd Rukber Institute, 11 Hohart Place, ILondon SW1W OHL who are also
willing to supply copies of individual papers,abstracts of which have appeared
recently in Chemical Abstracts. A report of the Conference has been
published in the Institute's news journal 'Plastics and Rubber International'.
Most of the pavers should be ultimetely published in the Institute's scientific
journals 'Plastics and Rubber: XMaterials and Applications' and 'Plasties and
Rubber:Frocessing'

Papers given at the 5lst Colloid and Surface Science Symposium, Grand Isle,
New York have been published by Marcel Dekker in a 341 page volume edited by
P, Becher and N.N.Yudenfreund at S.Fr. 64. Athors include Krirger, El-Aasser,
Poehlein, Vanderhoff, lcHugh, and Rowell. The title is 'Emmulsions, Latices,
and Dispersions' ISBN: 0-8247-8797-7.

The details of the 1979 Gordon Research Conference on 'Polymer Colloids'
appear below. Proceedings of Gordon Conferences are not published as a matter
of policy. The Annual Meeting of the Group will e held during this
Conference.

John Ugelstad has included a note on the 3rd International Conference on
Surface and Colloid Science in his contritution to this issue. The Invitation
Program may be cbtained by vriting to The Swedish Institute for Surface
Chemistry, ¢/o Stockholm Convention Bureau, Strandvidgen 7C, S-114 56, Stockholm,

Sweden. Telex: S-11556.

The Furopean Short Course on 'Advances in Emulsion Polymerization and
Latex Technciogy' will be held at Davos, Switzerlend during the follcwi?g
week (August 25-31). lecturers are Tanderhoff, El-Aaseer, MeHurh, C?lllns,
Fozhlein, and Bonner., Details from Gary Poshlein at the Gargia Institute of
Technology, Atlanta or Dr F.J.Ponner, Technisch-Chemisches I..ab.3
Fideendssische Technische Hochscnole Zirich, CH-£092 Zirich, Sfltzeylgnd.
Presumably “here will also be a course at Ishigh in June covering similar
ground ut I have uo details of this year's arrangements.

* Or are they &1l siranded in Honnlulu, thus preventing our Jananese
merbers sending their contributions too?



MAKRO MAINZ 1279, the 26th International Symposium on Nacromolecules
is scheduled for 17-21 September 1979 but I do not know vhether the programme
will contain mich of interst to polymer colloid enthusiasts. Details can
be obtained from Dr W. Fritsche, ¢/o Gessellschaft Deutscher Chemiker,
P.0. Box 900440, D-6000 Frankfurt/¥ain 90, West Germany.

David Bassett and Alec Hamielec have now bheen named as Co-Chairmen of the
Symposium on Emulsion Polymerisation soonsored by the Division of Organic
Coatings and Plastics Chemistry (with the Division of Polymer Chemistry
as co-sponsor) which is to be held during the A.C.S. San Francisco Meeting
August 24-29, 1980, Titles of proposed contributions are required
by lst Septerher, 1979. The papers will be vprevcrinted ani texts will be
required by 1lst April, 1980. The topics which it is intended to cover
include the nuclcation, growth, and stabilisation of latex particles,
the characterisation of latex particles, reaction kinetics and mechanism,
latex reactor engineering including problems of coarulation and foaming.
Offers of coniributions to Dr D.R.Bassett, Technical Center 720-132,

Union Carhide Cormoration, P.0. Box 8361, South Charleston, West Virginia
20503, U.S.A. or Prof. A.F.Hamielec, Department of Chewrical Zngireering,
MeNaster University, Hamilten, Ontario, Canada.

Perhaps the Anrmual Meeting should consider vhether it is not time that
the job of collecting contributions for the Newsletter reverted to a
member resident in North America who would be in a better position
to herass dilatory mermbers by use of the televhone. David Williams did
elways manage to extrzet a contribution from both John Vanderhoff and
Gary Poehlein! In this event the present arrengerment might be reversed
by having the 'Rest of the World' copies proluced from the originals
Air ¥ailed from the U.S. in Europe or elsevhnere to minimise postage costs
and spread oprocuction costs. Thatever may be decided, members might fix
Fridey l4th Sentember 1979 as a deadline for the desvatch (ty Air Mail)
of their contributions for the Auturm issue. This should permit the
issue to be distributed in early October.




GORDON RESEARCH CONFEREMNCE ON POLYMER COLLOIDS

July 2-6, 1979
The Tilton School, Tilton, New Hampshire
Chairman, Gary W. Poehlein (Geargia Institute of Technology)
Vice-Chairman, Robert Fitch (University of Connecticut)

PROGRAM

Monday Morning: David Basset {Union Carbide), Discussion Leader

"Analytical Purification Methods for Mohamad S. ElAasser
Polymer Colloids" (Lehigh University)
"Particle-Particle Interactions in Ron Ottewill

Polymer Colloids" (University of Bristol)

Monday Evening: Andrew Klein (Lehigh University), Discussion Leader

"Fluorescent Polymer Latexes" Milton Kerker
Josip Kratohzil
(Clarkson College)

Tuesday Morning: Ritchie Wessling (Dow Chemical), Discussion Leader

"Polmerization Rates for Emulsion Mamoru Nomura
Copolymerization® (Fukui Univeristy)

"Swelling of Polymer-Oligomer Particles- John Ugelstad
Polymerization with Initiation 1In (University of Trondheim)
Monomer Droplets"

Tuesday Evening: Carlton Force (Westvaco), Discussion Leader

"Glassy State Transport Processes Harold Hoffenberg

in Polymeric Colloids" (Morth Carolina State Univeristy)
A. R. Berens :
(B. F. Goodrich)

Wednesday Morning: John Vanderhoff (Lehigh University), Discussion Leader

"The Behavior of Emulsion Polymerization W. Harmon Ray

Reactors" (University of Wisconsin)
"Water Soluble Polymers-Application Edward J. (lass, Jr.
in 0il1 Recovery Processes" (Union Carbide)

Wednesday Evening: Edward Collins (Diamond-Shamrock), Discussion Leader

“Particle Chromatography" Anthony J. McHugh
(Lehigh University)



GORDOM RESEARCH CONFERENCE ON POLYMER COLLOIDS

Thursday Morning: W. Wilson White (Uniroyal Chemical), Discussion Leader

"Use of Polyvinyl Alcohol as A. S. Dunn (Sandy)

an Emulsifier in Emulsion {University of Manchester)
Poiymerization"

“§terica11y Stabilized Nonaqueous M. D. Croucher
Dispersions® (Xerox, Canada)

Thursday Evening: Gary W. Poehlein (Georgia Tech), Discussion Leader

"Lase?-Kerr Studies of Anisotropic Robert L. Rowell
Colloidal Particles" . (University of Massachusetts)

Friday Morning: Pranab Bagshi (Eastman Kodak), Discussion Leader

“Partjcle Size Distributions in Robert Fitch

Emulsions and Dispersions; Experimental (University of Connecticut)
and Theoretical Considerations™

"Computer Simulation of C. T. Havens

Colloid Dynamics" J. A. Mann, Jr.

I. M. Krieger
(Case Western Reserve University)

The Conference Fee is # 185 which inecluies accommodation and meals from the
evening of Sunday lst July until Junch on Friday &th July. Accommodation
may also be booked for Guests (including children over 12) for a Fee of B 135.
A chartered bus is provided to convey participants arriving at Logan International
Airport, Boston to the Conference site leaving at 4.00 p.m. if booked in
advance at a charge of 8 8. Applications ete. should he addressed to
Dr Alexander M. Cruickshank
Director, Gordon Research Conferences

Before June 11 June 11 - August 24
Pastore Chemical Laboratory, Colby-Sawyer College,
University of Rhode Island, New London,

Kingstcn, New Hampshire 035257,
Rhode Island 02881 ' U, S. A,

U. S. A. Telephone: (603) 526 2870

Telephone: (401) 783 4011
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D. C, 2lacklcy, llotionol College of Rubdber Wechnology, The Polytechnie of Horth
London, Holleoway, Lonudon K7 813,

Some exverimental studies(e'g" 1,2) have indicated that, in certain circum-
stances, the ultimate behaviour of conbinuous erulsion polymerisation reaction
systems can be such thaot the rote of polymerisation persisterjly oscillates. The
origin of these oseillations is unclezr, Geresns and Juchner(°¥ have pointed out
that variations in the rate of feed of the reactsnls could be one couse, but it
should clesrly be possible to eliminate fluctuations arising from this cause by
carcfully controlling the fced rates of the rcoctants, Ve have not becn concerned
with the possibility of fluctustions in ratc of polynerisution arising from this
cause.’' Cur concern hzs been to examine s pluusible nmodel Tor a2 continuous emulsion
polynerisation reesction, namely, that proposed oy Brooks(é), in order to ascertain
vhether it allows the inherent possibility of periodic fiuctuations in polymerisation
rate.

The erulsion polynerisation reaction is assumed to be taking plzce in a single
well-stirrcd resctor, o thot effects arising from macro-hoterogeneiiy within the
reaction system can be neglected. Rezctants are assuzed to e fed irto the resctor
at steady rates, the reaction nroduct beinp removed at a stezdy rate such that the
wvolume of reachants in the reactor reriains constont. The monomer and surfactiznt
are ossumed to be fed in separetely froa the initiator solution, so thst polycer
perticles can be assumed to be absent from the feed. The ronomer is assumed to be
only sporingly soluble in water, end the surfac*2nt to be present in the initial
feed at 2 conceniration zbove its critical micrlle concentration. Particles are assumed
to be forned exclusively by micellar nucleaztion; complicetiors arising {rom the
simultanecous occarrence of homozencous nucleation are ignored. The zonomer is
assumed 10 be completsly miscible with its polyrcr, and io be present in sufficient
quantity as slways to ensure that an excess of monomer is present as droplets at
all stages of the reaction.

It hasbeen claimed by Brooks, ¥ropholler and Purt(z)that the Brooks medel does
permit the possibility of oscillations in polymerisation rate. Under the assured
reaction conditions, this acounts to 2 ¢laim that the nurber of porticles present
3n the reaction system can fluctuate periodicelly. The root cause is said to be
that the incoming surfactant nmicelles varticipate in two competing processes, nanely,
the ‘nucleotion of new particles and dissolution into the agueous phase as acnomolecular
surfactant molecules. The tendency for the sccond of those processes to occur arises
because the concentration of monomolecular surfactant has been reduced below its
criticel micelle concentrstion owing to the removal of surfactant molecules by
adsorption at the surface of older particles which are growing in the resctor. If
the rate of increase of particle surface area due to growsh is greater than the rate
at woich particle surface is lost from the reaction system by efflux of particles
from the reactor, then the adsorpiion area available to surfaoctant molecules in the
reasctor will increase, and the rotc of production of new particles will be expected
to decrease, The rote of polymerisation would then foll., It is postulated that,
in some cases, the reduction in particle number may be such that the particle
nurmber "under-shoots" the stesdy-state value, and then subsequently increases to,
and remoins at, the steady-stote value. In other cases, the particle number can
continue to oscillate witi reswvccet to time. Brooks siotes that it may be difficult
to distinguish in practice betwecen these two types of behaviour. It is not entircly
clear what are the factors which dsterrine whether or not a steady-stste is eventually
achieved. However, if sustained oscillations do occur, their cause is attributed
to a feed-back effect which the products of' the reaction (the particles) have upon
the reaction process.



The Brooks model gives the following equations for the rate of chanpe with
tire (t) of number of particles (1Y) and number of micelles (Ny) in unit volume of
aqueous phase of the reoction system:
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where Ry is the rate of acquisition of radicals from the agueous phase by both the
particles and the micelles which are present in unit volume of agueous phase, kq is
the rate coefficient for the dissociation of micelles into monomolacular surfaoctant
molecules, kg and kz are rste ccefficicents for the procecses of radicasl capture by
nmicelles and by perticles respectively, N, is the number of surfaciant mizelles
present in unit volume of the surfsctant solution which is being fed into the
rezction systen, and T is the.rezn residence time of the reactants in the reactor.
_ Putting T = t/7, o= ky/ke, B =1+ KT, and y = R3T, these equotions becore
respectivély -
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Unforturately, no general solution to this poir of simultaneous non-linear differential
equations is readily available. However, there is a substantial corpus of essentially
qualitative theory which is applicable to pairs of simultanecus differential equations
of this type. 3y the application of this theory, it is possible to draw some
significant conclusions concerning the behaviour of resction systems which conform
to {the Zrooks rodel. In this theory, !l and li; are regarded as defining orthogonal
Cartesian axes in a two-dinensional space, called thec “shase plane", Solutions of
2 given pair of differential cquations will trace out paths ("trajectories") in this
plane as tinme elapses, and these trajectories will represcnt the behaviour of the
reaction system as time elapses. Two conclusions which vie have been able to draw
by application of this theory arec as follows:
(i) the steady state for the Brooks model must alwoys te stable, so that
periodic fluctuations of rate of polymerisation abcut the steady-state
value are not possible; and
(ii) thae physically-significant region of the phase plane cannot contain closed
' trajectories, and therefore the Brooks model does not allow the possibi}ity
of sustained cyclic behaviour of any reaction system which conforms to it.

The first of these conclusions follows by re-writing equations (3) and (4)
in terms of the new variables :

€ = N-N b =N, -N . ceivase (5)



wher? ﬁ and I’ are the stecdy-state values of Il and N respectively, oand then
exawining the noture of the trajectories wnich are predicted by the lineosr approx-

imations to the resuliant cquaticns (applicable, of course, at O,p — 0}.

: ! The linsop
approxirations are found to be
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The general solution to these equations is {in meirix form)

[6]
where ¢y and cy are arbitrary constants, A, and A, are the cigenvalues of the matrix
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and [A1] and [As] are the corresponding column eigenvectors. Zxamination of the
equation which determines A, and A,shows that incvitably the real pvaris of A, and Ay
are negative, ZJquation (&) then shows that the steady stote rust always be stavle,
since the trajectory for any system sliphtly disturbed {rom the steady stcte must
always be sucn that the systew tends to return to the steody state, - '

The second nf the above donclusions follows from the observation that the
quantity

2 AN

—_—
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N, dz

is negative throughout the entire region of physically-relevant values of ¥ and Ng.
This observation lesds to the conclusion that the physically-significant region of
the phase plane cannot contain closed trajectories, and therefore that the Brooks
model does not allow the possibility of sustaired cyclic behaviour of any reaction
system which conforms to it.

A more detailed discussion of these ideas and conclusions is planned for
publication in due course.
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Dr A. S. Dunn, Chemistry Department U M i ST

The University of Manchester Institute of Science and Technology

PO Box €8, Manchester M6C 1QD
Telephone 061-236 3311
Extension 2088

0il-phase Initiation of Emulsion Polymerisetion

Dr Al-Shahidb, who is now at the College of Education of the University
of Baghdad, hopes to prezent a paper at the Stockholm Surface and Colloid
Chemistry Conference in Aumust entitled 'Emulsion Polymerisation of Styrens
using an Oil-soluble Initiator's Although water-soluble initiators are
usually more efficient and are generally preferred, oil-soluble initiatcrs
are also effective in promoting emulsion polymerisation and have often been
used by Russian workers particularly. Their use might be desirable if the
presence of hydrophilic end-groups in the product had to be avoided. The use
of an emulsifier is, of course essential when ocil-phase initiation is used.
0il phase initiation may be advantageous for monomers less soluble in water
than styrene for which water-soluble initiators may prove ineffective.
As pointed out some yeers ago by B.M.E. van der Hoff, emulsion polymerisation
using oil-phase initiation depends on the escave of one of a rvair of
radicals initially formed by decomposition of the initiator into the acueous
phase leaving an isolated radical in the oil-phase. The escape of radicals
is not usually particularly efficient and rather large initiator concentrations
are required to generate mumbers of particles comparzhle to these obtained with
water-phase initiation. Possibly escape of radicals could he promoted by
use of an emlsifier with a high transfer constant and a high rate of exchange
between adsorbed and dissolved molecules. Conditions can te found under which
the seame number of latex particles is formed as when water-rhase initiation is
used. The rates of initiation must then be equal. If it is assumed that
persulphate decomposes in the aqueous phase at its standard rate an that
the efficiency of the radiczls produced in ducleating latex particles is
1005, the efficiency of perticle mucleation by an oil-phase initiator
(azo&iisotutyronitrile) can te czlculated since its rate of decomposition
is known, The results shcw that only 45 of the radicals produced in the
oil-phase are effective in rucleating latex particles. Under conditions
in which the same mumber of latex particles is formed, the rate of Interval II
polymerisation using an oil-phase initiator is lower than when water-rhase
initiation is used. This is probtebly because the rate of escape of
radicals falls as particle size increases being lower from_the latex particles
than from the initial micelles and is too low to maintain n = 4. Cur results
are consistent with ¥ = G.3. When thernal initiation is used in the
emilsion polymerisation of styrene it seems to be impossible to achieve
more than about BO% conversion nrobably tecause the rate of escapve of radicals
has fallen to zero by that stage.

Structure and Properties of Polyvinyl Alechol

Mr Naravane is well on the wey to crezating a record for the time taken
to compose a Ph.D. thesis working full-time! However he is making some real
progress in interpreting his results. Evidently the different carben
atoms in polyvinyl alcohol are subject to somewhat different Huclesr
Overhauser Effects which mey enhance the intensity of a resonance by a
factor of up to 2.98 and this partly accounts for the differences in the
relative intensities of the resorances. This makes quantitative analysls
besed on the intesities of the n.m.r. peaks unreliable but does not affect
the fact that the relative intensities in two similar specirens found
to have conspicucusly different proverties do differ indiecating the existonce
of differing amounts of branching although it pravents a quantitative
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assessment of the extent of the branching. Ve are indebted to Dr F.S.Heatley
for tne operation of the n.m.r. spectrometer: by accumlating a really
immense number of spectra, he has now been able to locate a signal
attributabhle to tertiary or quaternary carbons constituting branch points
although the concentration of these is certainly lower than we hed thought
it might be earlier. It is possibtle to prepare linear polyvinyl acetate

by photopolymerisation at very low temperatures as was shown by Burnett,
George, and Melville (J. Polym. Sci. 18 (1955) 31) so the next step would
seem to be to prepare some gemuinely linear incompletely hydrolysed
polyvinyl alechol to examine its properties btut we may not be able to do
this unless we can succeed in getting some suumort for this specific project
from somewhere. Iipght scattering measurements (which have not so far been
at all popular with polyvinyl alcohol) might bhe cavable of being developed
to provide a rapid method for characterising the extent of branching.

Paraday Discussions of the Chemical Society No. 65 (1278) 'Colloid Stability"
has now been published containg the papers presented and the discussions
on them from the Innteren meeting last April. Several of the papers are
concerned with the use of polyvinyl alcohol as a steric stabiliser and its
suitability as a subject for studies of a theorstical nature attracts some
pointed comments from Waite, Osmond and others pp. 328 et seq.

Review

At the instance of Professor R. N. Haward of Birmingham (as editor), I have
written a review on 'Developments in Emulsion Polymerisation' which will
appear in one of Applied Science Publishers ILid 'Developments' Series
'Developments in Polymerisation - II' which is now due for publication in
about July this year at £25. The other articles are on Free Radical
Polymerisation (Bevington & Ebdon), Condensation Polymerisation (I. Goodman),
Pransition Metal Polymerisation (P.J.T.Tait), and Temolate Polymerisation
(Pamford & Iedwith). The topics discussed in the review are the theory of
emlsion polymerisation including Medvedev's theory which recent work by
Ryabova et al. in leningrad seems to have dis=osed of finally at last,
contimious polymerisation processes, the core-shell controversy, the preparation
of monodisperse and surfactant free latex varticles, initiation of polymerisation
in monomer droplets, and initiation of emulsion polymerisation by radiation.
The writing was completed in May 1978.

Can Micellar Catalysis affect initiation in Emulsion Polymerisation?

Smith-Ewart kinetics may be apvlicable to the emulsion polymerisation
of styrene with oil-phase initiation provided the low efficiency of particle
nucleation is taken into account. If the efficiency is independent of
temperature, the energy of activation for initiation can be deduced from
an Arrhenius plot of the logarithm of the mumber of latex particles formed
against the reciprocal of the absolute temperature. Then since NeC Rio'i,
E = 0.4 E5. In the thermal emilsion polymerisation of styrene, Said
finds By = 12 keal mol-l giving E; = 30 keal mol™} which is the sams as the
value (28 kecal mol-l) found for the thermal bulk polymerisation of styrene
within the experimental error suggesting that nons of the steps in the
thermal initiation mechanism are subject to micellar catalysis which would
probably reduce the activation energy below the bulk value._ However in
these experiments the particle numbers are calculated from d. measured by
our light scattering method which inevitably gives low particle numbers
for polydisperse samples. The products of thermal emulsion polymerisation
are very polydisperse. This may not matter for calculating activation
energies but it will introduce an error if the breadth of the particle
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gize distribution varies with temperature. To check on this andi other
qualms about residual monomer eic., Said is now in the course of determining
the required average particle diameter by electron microscopy.

An alternative procedure for determining Ej in thermal emlsion

polymerisation was introduced by Asahara, Seno, Shiraishi, and Arita

(Bull. Chem. Soc. Japan, 46 (1973) 249). This depends on measuring the
dependenc: of the degree of polymerisation on t2mperature. They used
viscometric molecular weight determination and Said has also done this
although, on reflection, the same sort of difficulty mey arise i the
breadth of the molecular weight distritution changes with terperature

and it might have been wiser to attempt to determine M, , which is what is
really wanted, since we do have an Automatic Osmometer which is believed to be
in working order. ith sodium tetrapropylenehenzenesulphonate as emulsifier
and thermal initiation, Ashara et al. find By = - 5.2 kcal mol~l when they
deduce E; = 12.6 kcal mol~1 which would surgest that micellar catalysis
does occur with this emulsifier. Using potassium stearate as emulsifier
(which was also the emulsifier used in determing Ey ahoie), Seid finds
E_ = - 12 keel mol™l, whence E; would bte 21.4 keal mol “according

P to Ashara et al's calculation, significantly lower than found ‘y the
particle number method. If micellar catalysis does cccur the activation
energy found would be expected to depend on the emulsifier used. However
Ashars et al. seem to have confused termination of the polymer chain with
termination of the kinetic chain and neglected all transfer steps whereas
it is generally believe that the molecular weight of polystyrene obtained
by thermal tulk polymerisation is limited by transfer to monomer and, in
emlsion, transfer to emulsifier is a further possibility (which will also
be influenced by the nature of the emulsifier). They write

SR

Rt + Rf

which is correct, but equate this to R/R; whence E- = Ey - E; which

is only correct if transfer reactions are all negligghle. If this assumption
is not Justified, I don't, at the moment, see how to extract a value of

E; from an Arrhenius plot of 1n P against /1. Although the above results
would indicate the ocourence of micellar catalysis if they are valid, they
most probably merely reflect the resulis of failing to taken account of
transfer and that the transfer constant for the two emulsifiers is different!

P =

The Newsletter

T am gled to say that several items from U.S. memhers have arrived
during the past week. All had teen posted on 18th April cso that they
might reasonably have becn expected to arrive by the 23rd, since Air
Mail from New York deces reach Manchester in 3 days under favourable
circumstances. The delay may be a result of a 'go-slcw' which is said
to be affecting some London Postal Sorting Cffices.

A. S. D'
30 April 1979



Polymer Colloidal News from the University of Connecticut

R, M. Fitch:

Polymer Colloids II", comprised of most of the papers from the Miami Beach Symposium,
#i11 be published by Plenum Publishing Corp. sometime this summer. Manuscripts and reviews
often have been slow in coming in, but typing and final editing are now in full swing.

The main emphases of our current work are: (1) nucleation kinetics by time-dependent
light scattering, an extension to much shorter times of our work recently published in J.
Colloid. Int. Sci.: (2) swelling kinetics and equilibria of latex particles of various M and
Y, in cooperation with John Ugelstad; (3) adsorption thermodynamics and kinetics of surface
active molecules onto liquid and polymeric substrates; (4} synthesis of model colloids; and
(5) heterogeneous catalysis by polymer colloids. Some of these are reported on by the people
involved:

Prakash Kasargod:

Polystyrene latices containing surface sulfonate groups have been synthesized using a
new initiator, Disodium Bis-(4-sulfomethyl benzoyl) peroxide. The ion-exchanged latices in
the H* form will be investigated as heterogeneous catalysts for the hydrolysis of poly-
saccharides. The rate of hydrolysis will be followed using a glucose probe. The effects of
variation of substrate and H* concentrations, temperature and latex particle size on the
rates of hydrolysis will be studied and compared to the rates obtained using conventional
éonﬁex%hange resin beads in the H* form and simple homogeneous acid catalysts.

. R. Traut:

We are seeking a way to produce model fluorocarbon polymer colloids stabilized with
sulphonate groups. Our plan is to initiate polymerization by sulfite ion radicals in the
absence of surfactant or organic materials that may function as transfer agents.

Experiments have been run with styrene to evaluate methods for effectively producing
sulfite ion radicals. McCarvill and Fitch earlier reported work with a ferric ion-bisulphite
ion system that required large amounts of sulfonate stabilizer to prevent coagulation by the
Fe2* and Fed* ijons. N 24 2

We have found with styrene that Ag{NH3)2, Cu(NH3}3 and Cu(CN)z  are capable of oxidi-
zing sulfite jon to form initiating radicals. The resulting stable polymer colloids when
purified by ion exchange resin and conductometrically titrated show high surface charge
densities and strong acid surface groups that totally resist hydrolysis at 98°C. A designed
experiment was run to compare the variables of temperature, oxidizer concentration, ratio
of sulfite ion to oxidizer, and ratio of complexing agent to oxidizer.

TABLE 1

Run Number 37A 378 39 398 16

Styrene, m moles/liter 3.6 3.6 3.6 3.6 5.4
Cu C15 8 8 0 0 0
KCN 32 32 0 0 0
AgNO3 0 0 8 8 8
NH3 0 0 16 16 64
Na2503 16 16 16 16 16
NaK03 0 0 0 0 56

Oxidizer addition method at start gradual at start gradual at start

Temperature °C 60 60 60 60 78

% Conversion 9.1 6.3 69 80 45

Particle size nm 360 320 300 300 846

Surface change density

u coulomb/cm 3.6 3.9 3.8 2.1 41.5+£.5

Surface change density
after 24 hrs,/98°C 41.5+.3
NOTE: A1l of the above had a narrow particle size range by HOTS and were stable.



A.R.M. Azad:

We have continued the work on particle formation in suspension polymerization. The
presentation given at Miami Beach will be published in Polymer Colloids II as "Particle Size
Distributions in Suspension Polymerizaticns: Effect of Added Low Molecular Weigth Compounds”.
We also plan to do some studies on molecular weight distributions of suspension polymers.

A study of the adsorption-stabilization characteristics of water-soluble polymers in suspen-
sions and emulsions has just been started. The adsorption would be studied as a function of
the nature of the interface for various polymeric stabilizers.

Shu-Jan Liang:

Monodisperse polymer colloids have been prepared in order to investigate their swelling
rates and swelling capacities. Seed latexes were made by emulsion polymerization. Subse-
quent polymerization of these with different amounts of initiator, chain transfer agent and
monomer gave large, uniform particles of polymer or oligomer. This procedure was repeated
to obtain a series of several larger particle size latexes. HOTS and sedimentation experi-
ments are used to check the particle size distributions.

These monodisperse colloids were subsequently swollen with various concentrations of
organic solvent in aqueous solution in a photometer cell. The intensity of monochromatic
light at specific angles was recorded as a function of time. From computations of the Mie-
Debye equations, 1ight intensity as a function of particle size and refractive index is
provided, so that swelling ratios can be calculated. Finally, general models for the swelling
process in high polymers, oligomers and low molecular weight compound may be obtained.
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The Emulsion Polymerization Kinetics and its Reactor

Design III. A Mathematical Model for
Continuous Flow Operation

CHEN-CHONG LIN! AND WEN-YEN CHIU?
Departmnt of Chemical Engineering, National Taiwan University
Taipei, Taiwan, R.0.C,

Journal of The Chinese Institute of Chemical Engineers, 1978, Val. 12, pp. 169-175,

Abstract—An approach to modeling of the emulsion polymerization of styrene in
continuous flow operation is proposed and analysed in detail using the experimental
conditions and numerical values of Nomura et al*?, The results obtained in this
model are compared with those obtained in Nomura’s model based on the generating
polymer particles. The asumption of a zero-order reaction has been found normally

to be valid for the continuous flow operation.

It is also found that the MWD of

a continuos emulsion polymerization has an unique feature but shifts to the shorter
chain length range as the mean residence time incrcases. Moreover, the conversion
alwnys never exceeds in a greater value in spite of a long residence time.
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R.H. Ottewill — .
J.W. Goodwin Tt Al

Our apologies for not contributing to the last Polymer
Newsletter, but life has been very hectic with teaching and
conferences.

In order to bring people up~to-~date with our activities,
we give below a short resume of papers published and current research
topies.

Recent Papers Published

1. D.E. Yates, R.H. Ottewill and J.W. Goodwin,
Purification of Polymer Latices, '
J.Colloid and Interface Sci., 1977, 62, 356-358

2. R.H. Ottewill and D.G. Rance,
Studies on Polytetrafluoroethylene Latices. Part l.
Coagulation by Non-hydrolysed Electrolytes,
Croatica Chemica Acta 30, 65-75 (1977)

3. J.W. Goodwin, R.H. Ottewill, R. Pelton, G. Vianello and
D.E. Yates,
Control of Particle Size in the Formation of Polymer Latices,
British Polymer Journal, 10, 173-180 (1978)

4, F.¥. Cain, R.H. Ottewill and J.B. Smitham,
Direct lMeasurements of the Interaction between Adsorbed
Macromolecular Layers,
Faraday Disc.Chem.Soc., No.65, 1978, 33-42 ‘
S. J.W. Goodwin, R.H. Ottewill and R. Pelton,
Studies on the Preparation and Characterization of Monodisperse
Polystyrene Latices. V. The Preparation of Cationic Latices,
Colloid and Polymer Sci., 257, 61-69 (1979)

Copies have already been sent to some members, Other copies are
available on request.

Current Research Topics

I. Seeded growth of polymer latices.

2. The adsorption of fluorocarbon and hydrocarbon surface active
agents on to polytetrafluorcethylene latices

3. Kinetics of sw&fling polystyrene latices by deuterated
monomers using neutron scattering.

4, Preparation of polymer latices using deuterated monomers.

5. Studies on the interaction of polymer latex particles by,

time average light scattering, intensity fluctuation light
scattering and small angle neutron scattering.

26th April 1979
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5.6, Mason and A.A. Roberton

Dr. 8.6. Mason reached the conventional age for retirement in March of
this year, an event which is being marked in several ways, including

a Festschrift in the Journal of Colloid and Interface Science and a
Symposium in his honor at the ACS meeting in Washington in September.

His association, however, with the Pulp and Paper Research Institute of
Canada and with the Department of Chemistry of McGill University will
continue and his work with his graduate students and post-doctoral
fellows can be expected to produce further contributions to the knowledge
of polymer colloids and to his several other fields of interest.

Recent activity and progress related to polymer colloids include the
following:

Takamura has continued to study the effect of interparticle forces upon
interactions between spheres in shear flow in order to explain the stability,
coagulation and flocculation of flowing suspensions of colloidal dispersions.

Trajectory equations developed by van de Ven and Mason show that the paths

of the centers of two equal-sized spheres during encounters in shear

flow are governed both by hydrodynamic and interparticle forces. The inter-
particle force Fy,., which is one of the most important factors governing

the stability of hydrophobic colloids, can be obtained from a detailed analysis
of shear-induced two-body collisions between colloidal-size spheres. Such
analysis has previously been used, and reported in earlier newsletters, to stud:
the formation of permanent doublets of polystyrene latex spheres in the

aquecus solutions of simple electrolytes and polyelectrolytes undergoing
Poiseuille flow in the traveling microtube apparatus. It was evident that
doublets were formed as a result of van der Waals attraction and/or polymer-
bridge formation but the magnitude of Fint could not be calculated. The
microtube technique has now been used to study the flow behavior of tramsient
or separating doublets in 50% aqueous glycerol solution at variocus KC1l and
polyelectrolyte concentrations through detailed measurements of the paths of
approach and recession of spheres. The results were analysed in terms of

the above-mentioned trajectory equations assuming that Tint is given by the
DLVO theory of colloid stability.

Cont....

Postai address: 3420 University Street, Montreal, PQ, Ca_nada H3A 2A7



-The following is a summary of the conclusions drawn from the measurements
on a total of 18 transient doubletsof 2.6 um diam polystyrene latex spheres
at 1 and 10 mM KC1 and 100 yug dl1-1 Cat-floc (cationic polyelectrolyte).

1. During collisions of spheres in 10 mM KCl, an attractive force between
them can be measured when the separation distance between the surfaces is
in the range of 30 to 200 nm. At shorter distances repulsion was observed,
proving the existence of a secondary energy minimum.

2. Using the DLVO theory, the best fit of the measured trajectory is
obtained when a value of 0.006 aJ is used for the Hamaker constant of the
polystyrene latex in aqueous glycerol (assuming a London wavelength of
100 om).

3. When Cat-floc was adsorbed on the latex surfaces, the adsorption
thickness d of the polymer was computed te be of the order of 15-25 nm.

The calculation was made assuming the above theory to apply but that repulsion
occurs between the two adsorbed polymer surfaces whereas attraction was
between the polystyrene surfaces.

Further plans include (1) study of the collision paths of transient doublets
of latex spheres at various degrees of surface coverage of Cat-floc, and
(2) extension of these measurements to study heterogeneous coagulation
using spheres of different surface charge density and sign.

Labib has been studying the synthesis and characterization of model latexes
and has recently been looking at the applications of conductometric titrations.
Conductometric titrations of cleaned latexes having strong (SA) and weak (WA)
acid surface groups have been made in the presence and absence of added strong
and weak acids to determine the effect of contaminant on the titration curve.
Added strong acids are titrated with the strong acid surface groups and give

a linear titration curve with a single slope; the salt resulting from neutral-
ization determines the conductance at the SA-WA end point. Added weak acids,
if free, appear as a separate linear branch in the titration curve located
between the strong acid and surface weak acid branches while adsorbed weak acids
are titrated with surface weak acid to give a non-linear titration curve.

The conductometric titration curves of emulsifier-free copolymer latexes
made with functional comonomers were determined before and after cleaning
and have been interpreted in the light of the model titrations described
above. In this way both adsorbed and free strong-acid and weak-acid
impurities have been detected in the crude latexes. Only strongly acidiec
titratable impurities were detected in emulsifier-free homopolymer latexes.,
Large amounts of neutral electrolyte were shown in both crude copolymer and
homopolymer latexes by the high conductance at the SA-WA end point.

Ion-exchange resins have limitations in cleaning emulsifier-free copolymer
and homopolymer latexes and high molecular weight acidic impurities, whether
free or adsorbed, are not completely removed. However diafiltration cleaning
followed by treatment with ion-exchange resins has been shown to be efficient.

Cont....



Recent publications include the following:

Kinetiecs of Flowing Dispersions XI. Dielectric Constants of Streaming
Syspensions of Spheriods. A, Okagawa, R.G. Cox and 5.G. Mason. J. of
the Chemical Soc., Faraday Tramns. I, 74, 1942, 1253 (1978).

Memory Impairment in Flow Suspension. I. Some Theoretical Considerations.
A. Okagawa, G.J. Ennis and S.G. Mason. Can. J. Chem., 56, 2815-2823 (1978).

Memory Impairment in Flowing Suspension. II. Experimental Results.
G.J. Ennis, A. Okagawa and 5.G. Mason, Can. J. Chem., 56, 2824-2832 (1978).

Deposition of Cationic Styrene and Styrene-Butadieme Latex Particles on
Cellulose Fibres. B. Alince, M. Inoue and A.A. Robertson. J. Colloid
Interface Sci., 65 (1) 98 (1978).

Colloidal Aspects of the Retention of Positively Charged Additives.
B. Alince and A.A. Robertson. Tappi 61 (11), 111 (1978).

Application of a Diafiltration Technique in Latex Studies, M.E. Labib and
A.A. Robertson. J. Colloid Interface Sci., 67 (3), 543-547 (1978).



POLYMER COLLOIDS AT SYDNEY UNIVERSITY

Reporter: D. H. Napper

STABILIZATION BY FREE PQLYMERS

It should, in principle, be possible to stabilize
colloidal particles by adding free polymer to the continuous
phase if it is a good solvent for the polymer. I stress
'free' because this phenomenon has nothing to do with steric
stabilization which depends upon attached polymers.

The idea, developed in this lab. by Robert Feigin, is
as follows. Because of the loss of configurational entropy
when a polymer is close to an interface, the volume fraction

of free polymer near to an inert interface can be shown to be
thus:

HEREE

Only when the distance from the interface is ca. the width
of the polymer w, does the polymer volume fraction approach
the bulk value. For two flat plates separated by a distance
d, the bulk volume fraction will only be reached in the
interparticle region provided d > 2w.

There are three domains of close approach:
i) dz2w

- 1L s ]

Here we push out polymer solution of bulk concentration
from between the plates into bulk polymer solution outside
the plates. No free energy required.

s 3 < < : R )
ii) w<d <2w By A

]

’L/\

The volume fraction of polymer between the plates is less
than that in bulk. To push more solution out requires a
positive free energy because polymer solution (of near

bulk concentration) is being pushed from a region of below
bulk concentration into the bulk concentration., This is
clearly against the natural entropic tendency of the chains
in a good solvent to be distributed as uniformly as possible
over the entire accessible domain.
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In principle, no chains exist between the plates.
(Some do in practice but not many.)} Closer approach
squeezes water from between the plates into bulk
solvent. As the solvent is a good one, this process
is accompanied by a decrease in free energy
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Quantitative calculations show that the free energy
diagram for free polymer looks viz:
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The maximum may be sufficient under suitable conditions

to prevent flocculation occurring, i.e., free polymer chains
can impart colloid stability to colloidal dispersions.

This phenomenon appears to account for both the
flocculation and stability observed on adding polymer to a
sterically stabilized dispersion.



Contribution to Polymer Colleoid Group Newsletter

by M. Nomura
Dept. of Industrial Chemistry, Fukui University, Fukui, Japan

Our current work in the field of emulsion polymerization has been
mainly centered on the kinetic study of emulsion copolymerization.

1. Emulsion Copolymerization of MMA and St

In my previous report, I proposed a mathematical model for the
prediction of emulsion copolymerization rate and compared the theory
with the experimental results of seeded emulsion copolymerization
of MMA and St. Mr. Horie has continued the investigation on the
swelling behavior of seed latex particles and found that:
(1) Cotrary to my anticipation, the composition of polymer in the
polymer particles(polyMMA/polySt), emulsifier concentration(inter-
facial tension between polymer particle and water phases) and ionic
strength did not appreciably(in engineering sense)affect the swelling
ratio of MMA and St monomers in polymer particles.

(2) MMA and St monomer concentrations in the polymer particles are
solely determined by those in the monomer droplets in the water phase.

2., Vinyl Acetate Emulsion Polymerization-Effect of emulsifier type
on tne XKinetlcs O vinyl acetate emulsion polymerization-
(Nomura, Fukul Univ., Litt and Chang, Case Western Reserve Univ.)
There is a controversy between two theories about the nature of
VAc emulsion polymerization. One group(Nomura, FriiS etal)uses a
modified Smith-Ewart Case 1 approach, which states that all important
reactions occur in the organic phase. The second theory(Patsiga,Litt
et.al)takes into account the interaction of the surfactant, polymer
and radicals in the aqueous phase as well as considering the organic
phase, The object of this work is to settle the controversy by
running the polymerization using two different surfactants, that is,
Na lauryl sulfate and a alkyl polyoxyethlene sulfate type surfactant.
The former interacts strongly with polymer and the latter is
non-complexing, If both surfactantsgive the same kinetics, the
approach taken by the first group may be correct. If the kinetics
differ significantly, the second theory may be valid.

The results of seeded emulsion polymerization carried out in
CWRU was already presented by Dr. Litt at Miami Beach meeting and
showed that there was no significant differences with two surfactants.
I have continued this work after I came back and it was found that
there was also no appreciable differences in unseeded emulsion
polymerization of VAc with these different surfactants. It may be,
therefore, concluded that the interaction of this kind does not affect
the kinetics of polymerization.



Contribution to the Polymer Colloid
Group Newsletter . T

from University of Akron
Submitted by: I. Piirma

Experimental work carried out by: §S. L. Fenske

The Effect of Surfactant Cation on the Emulsion Polymerization
Rate of Styrene Using Anionic Surfactants.

The cation effect of sodium oleate, potassium oleate, rubidium
oleate and cesium oleate was studied in the emulsion polymerization
of styrene at 50°C using potassium persulfate as initiator for a
single polymerization recipe. Three variables which are likely to
be influenced by the nature of the cation were examined both theor-
etically and experimentally in detail. The following observations
are a result of this study:

a. The kinetics of the single particle in the emulsion poly-~
merization under study are unaffected by changes in surfactant
cation. Since the solubility of the polystyrene oligomer is low,
it is expected that, while the cation might influence the absorption/
desorption eguilibrium of the oligomeric radical, the effect on the
average number of radicals per particle during the constant rate
period, 0, will be negligible.

The monomer concentration in the polymer particle, determined
by noting the conversion at which the free monomer phase disappeared,
was also found to be unaffected by a change in the surfactant cation.

b. The particle number obtained in the emulsion polymerization
under study is unaffected by changes in surfactant cation.

c. Since the single particle kinetics and the particle number
are unaffected by changes in surfactant cation, it is expected that
the polymerization rate should also be unaffected. The rate data
obtained for the emulsion polymerization under study confirms this
proposal.
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This research has failed to confirm that the electrostatic
barrier present at the surface of particles stabilized with
anionic surfactants has an influence on the rate of the persulfate
ion-radical absorption. This conclusion is based on the fact that
changes in the alkali metal cation of the oleate soaps do not
result in measurable changes in the kinetics of the emulsion poly-
merization of styrene.

It is possible, however, that since styrene and its oligomers
are essentially water insoluble, that even though there are large
changes in the electrostatic barrier with changes in counterion,
the differences are insufficient to have an influence on the
extremely short life of the styrene oligomer radical in the aqueous
phase. For this reason, it is suggested that future work in this
area deal with monomers whose oligomers are soluble in the aqueous
prhase to a greater extent and that seed polymerization methods be
used to study the possibility of hindered radical absorbtion.

It might also be fruitful to examine the counterion effect
using additional counterions, such as lithium and ammonia, in order
to increase the magnitude of the changes in the electrostatic
energy barrier.
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Contribution for the Polymer Colloid Group Newsletter

from R. L. Rowell i

15. EBEM APPROACUES 70 TFZ CLASSYITICATION AND MEASUNTENT OF STEBILITY. !i!. L, Pzsell,
§. X. Vesconcallos 2nd J. R. Tord. Departzmeat of Chenistry, EUniversity of
Hassachusetta, Arherst, Messashuaelts C1003.

. The éccepted cons!deretions of collofd stabllity =re concernsd with the avsllebility
&f alternative stetes and the rates of transitions betwsen states, In essence, the
clessical definitioas ere besed on kin=tics. We present g sipple, conceptual epproach
besed oa fundemental thermodynsnle 1deas. To cemplesnznt the thermodynszic fre=svork
ve »lgo tresent e classificetion of —sesurcments for real systers based on the idea of
a3 epplied field. This 2llews the gperetlonal definitions of statle, &ynenic ead
renstive stpbillty. 2s en elterzetive to the therzodyneanlc or macreoscople viev, ve
Glstinguish the €eteiled-ced=l erproash vhich sliovs the definlifon of three raln claites
©of stebilfzation: electrostatic, sterlc ead ratrix siebilizatfon. The concept of matrix
stebilizetion is dizcussed in relationship to the raome femilier nodela of electrostetlc
el sterle stahilizetion. Firally, in broad considerstion of selected exemples, 1t i3
showa that m stetisticel thepsodynezic view is required with particular atteatlon glvea
to the distinction of systen, enserhle and grand ensesble.

&45. MEASUREMENT 0F STABILITY INM COAL/OIL SYSTEMS. R. L. Povell, S. R. Vezconcellos

end B. J, Marlov. D=partment of Chazistry, Uaiversity of Massechussits, rmherst,
Hessachuseits 01003 ead S. Y, Tsel p=2 5, K. Batra, lew Englend Pover Service Company,
20 TurrpiZe Road, Westborough, Messechusetts Q1581.

Fethols of measurerment of stability {n viscous opeque non-agueous nadifs are revievsd
in cornection vith the problea of the stsbility of rixtures of groun? cosl in Za. & a1
oll es & pover plant fusl. Verlous sodizentatlon cethoads are @lscussed end 1t 15 sheva
thet a sciinsotatien column esploying direct measurezent by boltenm sampling iz stralghs-
ferverd, versatile and effective. The sedimentatinn colu=n allovs direct peasurecent
of partiel specific volune es vell es a rheologleel coefficleant. The behavior af Idasd
and non-iZen) systexs is discusss2 in relation to selimentetion, subsiésnce, syneresis

2 rheologleal properties. The effect of vater at lov concentration 13 shown %o haus
e pronoveced effect on stebility. ZEvidence for ea interpretation of ths reszulis in

ter=s of ratrlx stebilizatlion is pressnted end the effect of perticle size distributics
is considered,

46.STABILIZATION OF SUSPENSIONS OF POWDERS VS. COLLOIDS: COAL/OIL vVS. C:R-
EOY BLACK/OIL SYSTEMS. A.I. Medalial, B.S. Yarmoskal:2, R.E. CohenZ2,
H.L. Powall3, S.R. Vascongcellos3, R.J. Saja3. (1} Cubot Corp., Concord Fd.,
Billerica MAh O1821; (2) Massachusetts Institute of Technology, Canbridga

MA 02139; (3} University of Massachusebts, Amherst MA 01002,

Different mechanisms of stebilization are important in suspensions of
powders and of colloids. These mechanisms 2ze illustrated in the hehavior
of suspeasions of powdered coal vs. carbon black in oil, as affeccted by
various surfactants. Powdered coal is so coarse as to settle rapidly in
éilute suspensions. In concentrated slucries (volume fraction 0.29) the
coa2l unZerqgoes subsidence to reach a final state of gravity packing. Ths
2ddition of certain ioniec surfackants prevents this subsidence, éue to in-

. terparticle bonding (bridging)}; these surfactents thus act as stahilizars.

At nearly the same volume fraction (0.15), carbon black forns a paste in
©il, which is stabilized indefinitely by netvork formation. Suxfactants
which stabilize coalfoil slurries increasze the viscosity of carbon black
Pastes, due likewise to increased bonding betwsen the earbon black units
in the network. In dilute suspensions of carbon black, these surfactants
Pronote Ilocculation and rapid settling. Other surfactants have coaverse
effeccts, svch as reduced viscosity of carbon black pastes and stabiliza-
tivn of diluce suspensions of carbon black. Thus, surfactarts whizh act as
stabilizers for powder slurries, due to bridqing, are flocculants for caol-
loidal sols; and conversely.



Report from Vivian T. Stannett
Department of Chemical Engineering
North Carolina State University
Raleigh, Worth Zarolina 27650

Goaded by the remarks of our worthy secretary in the October Newsletter
the old Dean has sprung into action! The work reported earlier on the
radiation initiated emulsion polymerization of styrene has now been completely
written up and accepted for publication by The Journal of Colloid and Interface
Science. Some more recent research on the grafting of styrene to large
particle size crosslinked polybutadicne latex initiated both by radiation
and K3870g has also been written up and submitted to the Jourmal of Macro-
molecular Science--Chemistry Edition. The abstracts of both papers are attached,
Some further work will be reported in the next Newsletter!

KINETICS OF EMULSION POLYMERTIZATION

: : KINETICS OF THE RADIATION INDUCED
POLYMERIZATION OF STYRENE IN EMULSION

' V. Stannett, H. Shiota, H. Garreau and J, L. Williams
Department of Chemical Engineering

North Carolina State University
Raleigh, North Carolina 27650

ABSTRACT

The kinetics of the radiation induced polymerization of styrene in emulsion
have.been reexamined in a system which obeys the simple Case II Smith-Fwart
kinetics with ‘potassium persulfate initiation. The discrepancies found with
other radiation emulsion systems were found to disappear and close agreement
with the idealized simple theory was found.

The rate constants for propagation and the corresponding activation energy
were found to be close to those reported in the literature. The termination rate
constants were much smaller than the literature values for liquid systems but
close to those reported for both chemical and radiation initiated emulsion
systems. The lower values have been attributed to the'higher viscosities
encountered in the monomer-polymer particles. The efficiences of the radicals
both in initiating polymerization and in creating the number of monomer-polymer
particles were found to be in the range of 0.3 - 0.5. The reasons for the low
efficiences are not clear but are consistent with results obtained by other

investigators.

T



_ RADIATION AND CHEMICAL GRAFTING OF STYRENE TO POLYBUTADIENE LATEX

by

K. Yoshida,* K. Ishigure,** H, Garreau and V. Stannett
Department of Chemical Engineering
North Carolina State University
Raleigh, North Carolina 27650
ABSTRACT
Earlier studies of the gamma radiation and potassium persulfate grafting
of styrene to uncrosslinked small particle size polybutadiene latices have
been extended to a commercial crossiinked large particle size latex. The
larger size particles and high gel content of the substrate latex was found
to lead to a more complicated pattern of behavior. The conversion curves and
the molecular weights were found to be complex functions of the initial mono-
mer concentration, number of particles and temperature with both methods of
initiation. The simple Smith-Ewart theory did not, in general, apply to these

systems and the kp and E_varied with conditions and were not in agreement with

the generally accepted 1?terature values.

The molecular weights of the extracted polystyrene homopolymer were lower
in the case of radiation initiation, this is in agreement with the previous

work and suggests that shorter but numerous grafted side chains are possible

with radiation presumably due to the higher radical fluxes. (Some parallel ex-
periments indicated that the molecular weights of the extracted homopolystyrene
are similar to those of the grafted side chains.) ‘This phenomenon also leads
to somewhat lower graft efficiency with radiation initiation.

Nevertheless radiation was found to give grafting efficients of more than

80% under the best conditions. The conversions were also quite efficient with

economical yfe]ds per radjation dose. These results coupled with the ease of
control and other features of radiation make it a viable alternative method of

initiation for industrial use.



WORK ON POLYMER COLLOIDS AT ABO AKADEMI AND THE SWEDISH
INSTITUTE FOR SURFACE CHEMISTRY

Per Stenius
The Swedish Institute for Surface Chemistry, Stockholm, Sweden

Juhani Laaksonen, Kari Nurmi and Bengt Stenlund
Abo Akademi, Abo, Finland

EP of vinyl chloride without emulsifier

We have studied the mechanism of emulsifier-free emulsion
polymerization of vinyl chloride by determination of the final
particle size and characterization of the surface groups by
conductometric titrations. The effect of the stirring condi-

tions has also been studied.

Determination of particle diameters

The particle diameters were determined by electron microscopy.

A diffraction grating (mean spacing 463 nm) was used for cali-
bration. The number average diameter and the standard deviation
was determined by measurements on about 30 particles on each
micrograph.

Surface group analysis

The surface groups on the latex surface were determined by
conductometric titration. The latexes to be titrated were
purified by the method described by Vanderhoff immediately
after the synthesis. About 1.5 g latex in 150 cm3 water was
titrated with 2.6 x 10>
The prgsence of acid impurities was checked by titration of
150 cm

those used in latex titrations; the results indicated a maximum

mol dm > NaOH in a nitrogen atmosphere.
HCl solution with NaOH under identical conditions to
concentration of weakly acid impurities of 10 umol/de. The

surface charge densities were calculated by combination of the
EM diameter with the results from the conductometric titrations.



Results

The influence of the temperature and the concentrations of
monomer, initiator and electrolyte on the particle size was
studied using a simple three-level factorial plan consisting of
four similar experiments on a central point (in order to estimate
the experimental error} and eight experiments with each of the
variables on two levels, one above and one below the central
point. In the first series the ionic strength was adjusted

with KCl. Very monodisperse (standard deviation of the order
1.5%) latexes were obtained; the reproducibility of the

particle diameters was about 1%. From the results, the following
linear equation for the diameter D as a function of the para-
meters may be calculated: ([VCMJ= concentration of monomer,
i?Pé]= concentration of initiator, I = ionic strength)

D fvc:rﬂ) [xpg] ) T ( T)
D) =1678 + 2 [} _ 15/ LKPS] ) _gf T V. 3fT] (1)
(nm) (‘“’/ we (nmol /am> mmol/dm> K

The dependence of D on the parameters is in agreement with
the work of other groups on other monomers except for the
decrease with increased ionic strength. However, the number
of experiments on which Equation 1 is based is fairly small
and a linear model is probably too simple to give an adequate
description, although the coefficients in Equation 1 are
statistically significant when compared to the experimental
uncertainty. The influence of ionic strength and counter ion
charge was studied by using CaCl2 and LaCl3 as the electrolyte
instead of KCl. The results are given in Figure 1, which
shows the effect of increasing the electrolyte concentration
under otherwise identical conditions of synthesis (given in

the figure captions). The particle diameter increases linearly
with the ionic strength and very sharply with the counter ion
charge (La3+ > Ca2+ > K+). The effect of increasing the con-

centration of K+ is much smaller than that of Ca2+ or La3+.

Thus the unexpected sign of the coefficient for the ionic strength

in Equation 1 may be due to the small contribution of I to D
in this case.



In a third series of experiments the same experimental plan

as that used in the first series was repeated with CaCl2 as

the electrolyte instead of KCl. When ca*™ is used as the counter
ion, the standard deviation in the particle diameters is some-
what larger and the reproducibility is not quite as good as

with KCl. Thislprobably reflects the greater sensitivity to
bivalent cations of the stability of the particles formed in

the primary coagulation. The following eguation for the diameter
may be calculated from the third series:

¢
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where Ca1 is the concentration of Ca012 -2 H,0. In this case,
the diameter increases strongly with ionic strength. This
linear equation fits the results satisfactorily: introduction

of quadratic terms does not give a significant improvement.

The results of the surface group analysis are given in Table 1;
All titration curves showed two break points. We have inter-~
preted these as representing neutralization of sulphate and
carboxylic groups on the surface, respectively. Oxidation of
the latexes with AgNO3 resulted in a large increase in the
amount of -CO0 on latexes A and C, indicating the presence

of -OH groups on the surfaces of these latexes.

TABLE 1 - Surface group analysis of PVC latexes
[&Cﬁ] = 15w/w% for latexes A, C; = 18 w/w% for latex B
E(PS-_I / EICM = 1:100, temperature 65°C.

Latex Cel D Surface charge density Conc. of
3 uc/cmz -0H groups
g/dm nm = N pmol/g PVC
-SO4 -C00 total
A = 395 1.72 0.92 2.64 2,42
B 0.17 535 2.60 0.85 3.45 -

C 0.31 555 2.69 3.27 5.96 0.78




The influence of stirring conditions on EP of VC without

emulsifier

We have initiated a systematic study of the influence of
stirring conditions (number of stirring blades, stirring
velocity, stirrer geometry in relation to size of vessel on

the polymerization of vinyl chloride. So far, a simple two-
blade stirrer, a six -blade stirrer and a stirring system with
three four-blade stirrers on top of each other have been tested.
In the polymerizations, the total amount of monomer was varied
from 15 to 30%, the ratio E(PS]/ [i_icr«ﬂ was kept constant. The
results are still being evaluated but the following conclusions
can already be drawn.

- the reaction time for intervals I and II (up to 75% conversion)
depends very little on stirrer geometry or speed while the
reaction in interval III is very dependent on these parameters,

- it was difficult to keep temperature changes under control
if the tip speed of the stirrer was < 1.5 m/s,

- the equation for the particle diameter given above are
valid independently of the stirrer velocity or geometry for
monomer concentrations < 20%,

- the particle diameters become much larger than predicted
when the monomer concentration is > 21%; at the same time
they become dependent on stirring conditions.
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We have continued our work with swelling of oligomer and oligomer-polymer
particles both from a theoretical but mostly from a practical point of view.
I am sending separafe]y to the members a copy of our recent paper in
Makromolekulare Chemie,

1. The two step swelling method.

As described in the paper sent separately the two step swelling method
involves that we swell particles (eventually monodisperse) polymer particles
first with a water insoluble relatively lTow molecular weight compound under
conditions which allow the transport of the same through the aqueous phase.
Then we change the conditions so that the transport of this compound is
hindered, and then we add the low moleculare weight compound (eventually a
monomer). We have improved this method considerably and are now able to
produce, I would say readily, monodisperse particles in the range up to

10 um with a very narrow size distribution. When dried in a thin layer
these particles form a nice pattern. A picture of a mono-
disperse polystyrenzlatex (optical microscope) with particle size 7 pum is
shown below.

2. Theory of swelling,

In our first paperswe have considered the partial free energy of swelling
of the particles and showed that the presence of oligomer molecules in the
particles would lead to a very large increase in swelling canacity of the
particles for low molecular weight compounds. This was verified esperimentally.
Also it was pointed out that the theory predicted an even larger increase in
swelling capacity. This was expected as we applied the Flory Huggins theory
(with addition of the extra term for the interfacial energy). As pointed out
the Flory Huggins theory which is based upon the concept of completely flexible
chains will tend to give a too high entrony of mixing.

It might be that we, especially in the case that we apply oligomer mole-
cules which are not too much larger in size than the low molecular weight
compounds, would get a better approximation by assuming that the combinatorial
entropy should be that of an ideal solution. This has been found to be the
case for several systems up to molar volume ratios of 5-10. Also this is



expected in cases where the molecules are considered as rigid spheres, the
free volume will only change little with change in molar volume.

Case I. Only compound 1 and 2.
Flory Huggins

(1) T IR O S T DL LG
n + - + x+ =
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Ideal entropy
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V2 is the volume of Compound 2 which is constant.
V] s the amount of 1 absorbed at equilibrium, r = (V +V2/V )”3
V] is partial molar volume of 1. The molar volume of compound 2 15 set equal
to JZV 1:
Eventually we could apply the Hildebrand expression for the interaction
I Tiep260-6)
RT

Equations (1) and (2) may be considered as representing the extreme case of
completely flexible molecules and rigid spheres respectively.

Intermediate situation may possibly better be described by the equation
X,V,/3 v 2 2V.y
1 1 22137 2 1
(3) In T V75s + (1- +=) : ( Jx + T = 0

where 1 5_X2 g_jz and X2 increases in value as the flexibility of compound 2
increases.

Case II. Particles consists of oligomer (2) and polymer (3) molecules.
Flory Huggins
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where j3 = V3/V].
Also in this case an equation similar to (3) may be given:
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In the range of interest with swelling capacity > ~ 50, that is with

j2 <~ 20 and y/ro <n 10° Nm ™2 the change to equation (2) resp. (5) does

only lead to 2 small decrease in the calculated swelling capacities. A more
comprehensive discussion of the problem of swelling will appear in a paper

under preparation with M.A. Aziz as co-author.

3rd International Conference on Surface and Colloid Sciences,
August 20-25, 1979 Stockholm, Sweden.

At this conference there will (as you have been informed) also be a
section on Polymer Colloids. There will be two main lectures by John Vanderh
and Alex Rembaum. Besides there will at this section be about 25 short paper:
Several group members will attend the meeting. From the preliminary programm
I also can promise that there will be a lot of very interesting papers in the
other sections which have important relations to problems in polymer colloids.

The only problem 1is that expenges in Sweden is perhaps even higher than in
Norway.




