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FROM THE EDITOR'S DESK

CONTRIBUTIONS

Contributions from Drs Dunn, Eliseeva and Pelton arrived
too late for inclusion in the May Newsletter and have been
held over until this edition. I hope these members will
forgive me. To try to overcome this problem, I have delayed
slightly the assembly of this Newsletter.

AGMs of the IPCG

Minutes of the two meetings of the IPCG held at Lehigh and
Montreal are included in this edition. (Thanks be to my
colleague Bob Gilbert for the Montreal minutes.)

NATO ASI BOOKS PUBLISHED

Two books have been published from the 1988 NATO Advanced

Study Institute on Polymer Colloids, held in Strasbourg,

July 1988. Both are edited by Francoise Candau and Ron Ottewill
and published by Kluwer Academic Publishers. The major volume

is Seientific Methods for the Study of Polymer Colloids and their Applicationm,
the first eight chapters being published separately as An
Introduction to Polymer Colloids.

PRA SEMINAR

Sandy Dunn has supplied a report on the cne day seminar on
"Advances in Emulsion Polymerization" held in London on 5

April, 1990.

CONFERENCES

Professor Nomura has kindly provided information and registration

of interest forms for the October 1991 International Symposium
on Polymeric Microspheres (see p iii).

NEXT NEWSLETTER

Please forward your contributions by airmail to reach me
by 30 April 1991.

DH Napper
Editor



CONFERENCE_SCHEDULE

1991

Conference

20lst ACS National Meeting
-Latex Particle Nucleation and
Morphology (honoring RM Fitch}

65th Colloid & Surface Science
Symposium

Emulsions: EUCHEM/NATO Workshop

Gordon Research Conference Polymer
Colloids

7th International Conference
Colloids & Surfaces

202nd ACS Natinal Meeting

Polymeric Microspheres Symposium

Location

Altanta

Norman
Bergen
Tilton

Compiegne
New York

Fukui

Date

14-19 April

17-19 June
24-26 June
1-5 July

7-12 July
25-30 August

24-27 Oct
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Secretary:D M Napper

School of Chemistry
University of Sydney
NSW 2006 AUSTRALIA

1L A+

INTERNATIONAL POLYMER COLLOIDS GROUP

Minutes of Meeting of IPCG h

4 eld on 20 June, 1990 at 12.30
at_Umversity entre, gh, Bethlehem,

PRESENT: DHN(Chair), JSD, ME-A,
» PRS, JWV, TGMvdV, ALG, FC,

BUSINESS:

APG, RMF, AK, IMK, RP, IP, RLR,
FKH, JGHJ, JMA, JU, JWG, PIS

1.  Membershi

(i) The Chair welcomed Ton German to his first meeting. He also reported
that Dr L Rios had declined membership as he had transferred to an
industrial position. Viv Stannett has retired but wishes to contribute
further to the Newsletter.

(ii)It was agreed that the Chair
membership (in place of Dr

write to Dr Amelia Crux to invite her to
Rios).

(iii)Meeting accepted that the following be invited by the Chair to be
alternates for the members named first:

Organization
m of Nth Carolina

Uni of Sydney
SC Johnson
Wageningen Uni

Uni of Trondheim

Dr Viv Stannett/Dr Dick Gilbert

Dr Don Napper/Dr Bob Gilbert

Dr Robert Fitch/Dr Sunil Jayasuriya

Dr Hans Lyklema/Dr M A Coken Stuart
Dr John Ugelstad/Dr Arvin Berge

(iv)Possible future members (to be invivted to contribute to future Gordon

conferences):

Dr Maria Santore
Dr Danuy Qu-yang
Dr Harry 'Ploem

3. Meetings
3.1 Past:

F Candau reported that both NATO books now published. Authors
of plenary lectures in the smaller (green)

book have not received a copy

from publisher (FC to check).

3.2

Present: Members complimented Dr Mohamed El-Aasser on both the

excellence of the Polymer Colloids program and the exceptionally

well-organized 64th

3.3 Future:

Colioid and Surface

Science Symposium.

(i)” Date for NATO meeting is either 1994 or 1996, Standford to host



Colloids meeting in mid-1994, so 1996 may be preferable. JMA
reported that a seaside location around San Sebastian was
impracticable. A more preferable site would be in the mountains
about 100 km away. Cost US$600 - $900 (in 19908) for 2 weeks.
Agreed that this was very reasonable rate. Montreal meeting to
consider setting up a technical commettee, using experienced
members involved in Strasbourg meeting. Also the possibility of a
meeting in 1992,

(ii)) Finn Hanson has agreed to give the Plenary Lecture at’ Atlanta ACS
meeting on Latex Nucleation in honour of Robert Fitch.

(iii)Next Gordon conference poster session to have a small panel of
members to review/discuss posters after conference dinner.

CLOSURE: The meeting was closed at 1.30 pm.

DH Napper
Minutes Secretary



IPCG Meeting. Tuesday July 10, Montréal.

Chair: T G van de Ven,
Present: P Steniun, K Takamura,, C Pichot, D Sundberg, R Pelton, J Waters,

A Gast, I Krieger, R Ottewill, R Gilbert (Secretary), I Piirma, R Rowell, M
El-Aasser.

Meeting opened 14:30.
Minutes The minutes of the previous meeting were read and accepted.
Business arising from the minutes. Ottewill reported that the NATO volumes

should have been received by all those concerned, and requested members to
let him no if they had not received theirs.

Future meetings.

1. It was decided that the proposals from the previous meeting at Lehigh
were to be accepted. The NATO meeting in Spain will proceed as planned.
Formal application to NATO for funding should not be made until 2 years
before the scheduled date. Ottewill has complete records of the submissions
prepared for the Strasbourg meeting, with regard to applications for
funding for Spain.

2. It was suggested that a IPCG meeting for 1992 might be held in Holland.
Ton German was suggested as a possible organizer; he is currently enquiring
as to site availablity, etc., and will let the group know by the end of
August if it is possible for him to organize something. Funding assistance
could be sought from European companies (total funding for a NATO
conference is ca $45K). Another possibility is the Dahlem Conference trust,
which organizes meetings in Berlin. The meeting could be held as a European
Gordon Conference; El-Aasser is to check with the Gordon Conference
headquarters on this, and on timing. It was decided that a meeting
somewhere in Europe would be held in 1992 even if Gordon Conference backing
were not forthcoming.

Van de Ven and Waters were thanked for the excellent organization and
scientific program for the Montréal conference.

The meeting closed at 5:15 p.m.
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The first of whnt nny becoms = Lerios of blennizl seninars on enulslon

o ymeriztilon o-zonised oy th: Frint hesezrch Assoclztlon (nzliegrave

hoz., Te.iington, .ii€.7es2i, Twl 3l., U.K,) was held at whitelancs College -
o Teachers' Treining College with residentizl acconmodation which has an
sttrective Site on 2 hill in south-Jest Tonton. Althoush orgznised with a
short ‘e2d time ani not pubiicise! ertensively outside of the firms in
nenbershis of the Associztion and ~uite expensive (£161 for non-residents
fron non-membsr companies) it atirscted 52 participants apart from the
Spezkers etc. including 17 fron the continent, The organiser was Dip
Dzsguptz, He2d of the P.R.A, Information Department which has recently

tzken over publication of Henry Werson's monthly ‘Enulsion Polymerisation
znd Polymer Emu’sions' review of the scientific and pztent literature which
ie now edited by Ron Lembourne (formerly of iCI Pzints Division) and Norman
Morzen, The annua® subscription for this service is £220 covering critical
noies on zbout 600 references systematiczlly arranged by subject.

T Tevieiied ‘Problemns of EZmulsion Polymerisation' 2long lines which will
be fanilier to Polymer Colloids Group» members but which John Cruden, R & D
Director of the Harlow Chemica) Coopany did not think were too re evant to
the inmmedizte problems of pzint technologists, :

John Hez=n (liottingham Polytechnic) reviewed his work on the emulsifier-free
enulsion polymerisation of styrenme triefly ani went on to describe his more
recent work on the permezbility to solutes or vapours of films formed from
moiel monodisperse surfactant-free butyl methacrylate latices, similar films
containing ionic or non-ionic surfactants, eni solvent cast films, These
e:perinents were intended to model the type of formulations used for latex
automotive finishes where there is a problem of increased permeability
compared with films deposited from solutions in organic solvents, Films were
found to be asymmetrical: the appesrance and properties of the air and substrate
siies differed, Curiously the minimum permeability of films formed with
surfactants present was found vhen perticles were covered with a monolayer
of sodium dodecyl sulphate.

Professor Brizn zrooks (loushborough University) spoke on "Developments
:n no@el*ing Zmulsion Yolynerisztion Processes', He remarked that we have
lezrmnei to russtion slmost everythinz we thought we knew about emulsion
solynerisztlion., We alitys use molels to describe chemical processes: even the
established fzcts we regar. as z:iiomztic are ultinztely based on models, 3ut
2 moiel vhich is guite satisfactory for one purpose is not necessarily suitable
for znother purpose, The importance of coalescence has generally been
overlooked but it must be incluled in any rezalistic model, In continuous
systems more than one time-average conversion may be obtained with one
set of rezctor conditions depending on start-up proceiure, ZEven when monomer
conversion has reached 2 near-constant velue the average particle size and
perticle size distribution may still be changing., The rate of disociation of
emulsifier micelles can be important in continuous systems. It may be necessery
to measure as many as 8000 particles to get reliable, reproducible particle
size distributions, In precticzl systems much relience is placed on evaporative
cooling but this can affect copolymerisation systems because of the difference
in the conposition of the condensate and the bulk of the monomer mixture and
bacause the condensed monomers have to pick up emulsifier,

Henry Warson {(Consultant - Solihull Chemiczl Services, 284 Warwick Road,
So*ihull, West liidlands, 392 7AF) summerisei the contents of his latest report
'Polymerisable Surfactznts znd Tneir Applications' (93 pp. £ 99) but he
emphasisel that very few of the wide range of systems which have been patented
seened to have been commercizlised as yet,



Jovic Syxee (hohn & Hoao, presents  th: rasulis of 7 years Gevelopment in the
oTrinz Youse,rz, Lodoratorics of ‘Hultilode' assresates of o - 6 spherical particle:z
isaieh were on'y p=rtizlly coclescel which could be preparel reproducibility although
the nethod for producing them was classified as conmercizlly sensitive information,
The objective in cevatoning these latices was to obtzin paints which woull give such
z £:1m thicinesz that they wou'd have tha desirel covering pover after the application
of a single cozi, PYarticle shezpe influences later viscosity as well as thickeners,
s0liés volune, avsrage particle size, and particle size distribution, but at high
shaar rates the solils volume is the most important factor, Because their hydroiynamic
volune is much grezter than their physicz volume, multilobed particles increase the
effective s01ics volume whilst nmaintaining the same actual solids. volume, They do
not result fror post polymerisation cozzulation. Use of the multilobe latex permits
a2 reduction of the amount of thickener required to achieve the reguisite viscosity
in z fornu etion which reduces cost an’® wzter-sensitivity,

liathematiczl celculations show that a2 tetrzhelirzl particle with four lobes hes
& hydroiynanic or effective volume 2.5 tines that of a sphericel particle of the
szme actuzl volume, The lobeld particle do not hrezk fown durinz normel mixing,
Z:perimentzlily the deoencence of re ztive viscosity on polymer volume fraction was
determined using 0.5%, 0.75, ani 0.96 An spheres ani lobei particles of which the
actuzl volume wzs equivalent to that of the 0.75 spheres, For the spherical
particles a strziznt 2ine with & sope of 2,56 wks obtained in agreenent with the
Einstein equation r’r = 1+ 2.5¢

For the lobel periiciec the slore vas 5.0? (giving a2 ratio of 1,98 compared with
the theoreticzl value of 2.5), Range of p was up to 0,1,

Eterior wood paints were formulatel with pigment volumes of 407 ani 529 and
with the volume of late:: particles in the 20-40 % range ad justed to the same low
shezr viscosity with hydroxyethyl cellulose thickener, The lobed emulsion provided
2 higher viscosity 2t high shear rates than in a similar formulation with spherical
particle with actusl déianeters equal to the hydrodynamic diameter of the lobed
particles,

Jeremy Lane (Vinamul itd.). Binders (i.e, film forming polymers) for exterior
emulsion pzints need to be tough but flexible, permeable to water vapour but impermeadle
to liouid water, with 2 low dirt pick-up, Ztiylene-vinyl acetzie emulsion copolymers
('pressure polymers') fulfill these criteria to some extent. Incorporation of
ethylene reduces cost of the raw materials compared with a vinyl acetate homopolymer
but increases capitz® outlzay because of the necessity of pressure equipment.
Incorporation of vinyl chloride improves the hardness of the film and its water
resistance an? upgraies its pigment binding to give a scrub resistance equal to that
of acrylic binders, A further improvement may be achieved by incorporating up to
55 ethyl hexyl acrylate or vinyl versatate as a fourth component, Increase of
molecular weight reiuces water permeability but optimun mechanical properties are
attained at something less than the maximum achieveble molecular weight. The
Zistribution of vinyl chloride residues in the copolymer tends to be blocky: elimination
of HC1 from VC blocks causes yellowing but the tendency to block formation can be
reduced by careful control of the method of monomer aidition in & semi-continuous process.

lirs Templeton-Knight (Tioxide anu SCI Arthur Marsden Medalist) spoke on 'Encapsulation
of Inorganic Particles in-situ by Emulsion Polymerisztion'. Titanium dioxide is the
prime opacifier (n = 2,71 for rutile T&OE) in use to-day having replaced toxic white
lead, Commercizl TiO2 Pignents have an Inorganic oxide precipitated on to the surface
of the particles to ifinrove dispersibility, durability (control of photochenical
activity), and opacity (prevention of flocculation). However since the Ti0, crystals
have often to bz incorporated in an orgenic meliun (e.g. paint film or plasfic) an
orgznic coating could be advantageous, Emulsion polymerisation using TiO, crystels
2s seed particles is an obvious Way to achieve this and has already been ﬁttempted
(ef, Caris, Van Herk, & German, Br.Polym.J. 21 (1959) lo. 2) but the particles
encapsulatel are agzregates of single crystrls vharess individus crystzs neel to
T eottod o rehifeve the best effect.



Uitizr ~nifieriton ks nrova! nou.fiu’ sny oz iaszuzinT —oiyvassisciion on th2

susfres of thr TAL cTystaTz,  orvitrilon oo ucss aigh temperiiures and proszurss
loc-lly vhich feeslevete polymer.-sitlon, Jiis wori wes cdon2 in collrborztion

lerete
sith Jrs Tim nrson @én’ Pail Lerimer of Coveniry PYolytechnic whose bool:,
vLonachenistry: Ap-licetions @an. use of ultresound’ wes pubiishe. by
."1is Horwoo in 1333, Freruencies betiween 20 an. 50 X2 exe usel. The
project is now deing sczled up to & pitot plant. Ranze of ultrasounc in
larze recctor: is not 2 problea ¢ thouzh the rzte of stirzingy and stirrer shz>e
cre e=itisz]l, The avercze sise of azsresctes of TiG; crystels Is drasticz™y

rz ucel by § & sonificetion.

3, %, Dmmett (iCi Pzints, louzh) presentec 2 paper on ‘A Conductomeiric
Techniruz for the loczilon of Afhesion rromoting Groups on Late: barticles',
Cil pzints retzlin good ziheslon in el conditions (outdoors or in xiichen= ani
bathroons) but sstesborns coztings tend to looss 2_hesion uncer these condiitlons
especially when zpp™ied over oil paint. Adhesion of acrylic ani vinyl acrylic
emu'sion peints can be improvel by incorporatilon of an Adhesion Pronoting Konoler
which contzins teritizry anino growns (which can be titrated conductonstricaly)
but of which the conposition was otherwise undisclosed although it was sail
to be simi‘zr to the cyclic ureide containing monomers develoved by Rohm & Hazs
(3.P. 805 380 (1953)).  Such speciality mononeri are expensive so it is desirabple
to investigate where the adhesion promoting monomer is located in latex particles
because ony groups which are located on the particle surfaces are 1likely to
be effective. The serum replacement technigue was used to remove oligomer
dissolved in the zoueous phzse, Rigorous precautions (nitrogen sparzging) are
essentiz) in the conductometric titration, 4Hith a 0.1 mol dm” titrant z
reso ution of 6 % 10~7 mol mim~ ! can be attained, Alhesion tests were claimel
to correlate With concentrations of adihesion promoting monomer on particle
surfzces but 2 distressingly large proportion of the monomer was lost in the
aoueous phase,

Sandy Dunn,
Chemistry Jepartment,
WiIST
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Composition Control of Emulsion Copolymers in Reactors with
Limited Capacity for Heat Removal

(G. Arzamendi and José M. Asua)

A method for the determination of the optimal monomer addition strategy to produce 2
homogeneous copolymer under conditions in which the reactor has a limited capacity for heat
removal has been developed. The method allows for the calculation of the monomer addition
profiles for both constant and time dependent heat removal rates. The approach was applied to the
emulsion copolymerization of vinyl acetate and methyl acrylate carried out in a laboratory reactor
which had been transformed to reduce its capacity for heat removal. It was found that a
homogeneous copolymer composition was obtained when the heat transfer limitations were taken
into account in the calculation of the monomer feed rate profile. On the other hand, significant
copolymer composition drifts were obtained when the monomer addition rates calculated
assurning that all of the reaction heat could be removed from the reactor were used. It was found
that, for reactors with poor thermal characteristics low maximum heat removal rate) the monomer
feed rate profiles tend to those corresponding to the starved process. On the other hand, for
higher heat removal rates, the use of the monomer addition profiles calculated using the approach
presented in this work resulted in an important reduction of the process time. A criteria to
discriminate between these two cases was proposed.



On the Main Locus of Radical Formation in Emulsion Polymerization Initiated by
Qil-Soluble Initiators

(Juan A. Alduncin, Jacqueline Forcada, Maria J. Barandiaran an:.:l José M. Asiia)

Recently, Asua, Rodriguez, Sudol and El-Aasser (J. Polym. Sci. Part A: Polym. Chem.,
27, 3569 (1989) ); and Nomura and Fujita (Makromol Chem. Rapid Commun, 10, 581 (1989) )
have presented mathematical models for the calculation of the average number of radicals per
particle in emulsion polymerization systems using oil-soluble initiators. They reached opposiie
conclusions. While Asua et al. found that the kinetic similarities between oil-soluble initiators and
water-soluble initiators were primarily due to the desorption of initiator radicals from the polymer
particles, Nomura and Fujita concluded that the fraction of initiator that dissolves in the aqueous
phase is responsible for this behavior,

The effect of the monomer/water ratio on the polymerization rate of both miniemulsion
polymerization and seeded emulsion polymerization was used in an attempt to elucidate which is
the main locus of radical formation in emulsion polymerization initiated by different oil-soluble
initiators. If the oil-soluble initiator was distributed between oil phase and aqueous phase
according to the thermodynamic equilibrium and if the amount of initiator dissolved in the
aqueous phase was small compared with total amount of initiator, the amount of initiator
dissolved in the aqueous phase increased when the monomer/water ratio decreased. Therefore,
for a constant number of polymer particles, if the main locus for radical formation was the
aqueous phase, T and hence, the polymerization rate would increase when the monomer/water
ratio decreased. On the other hand, if the oil phase was the main locus for radical formation, the
polymerizatin rate would either remain unchanged (negligible termination in the aqueous phase) or
decrease (significant termination in the aqueous phase).

The polymerization rates measured for both miniemulsion polymerization and seed
emulsion polymerization carried out using different oil-soluble initiators and varying the
monomer/water ratio showed that the polymerization rate decreased when the amount of initator
per unit of oil phase dissolved in the aqueous phase increased. This is an evidence against a
dominant aqueous phase formation of radicals. On the other hand, these results are consistent
with a mechanism in which radicals are mainly produced in the oil-phase with a significant
aqueous phase termination.



Emulsion Copolymerimtion of Styrene and Methyl Methacrylate
II. Molecular Weights :

(Jacqueline Forcada and José M. Asua)

A mathematical model for the calculation of the evolution of both ﬁ,, and lqw, in emulsion
copolymerization has been developed. The model consisted in a set of ordinary differential
equations and its application is not lirhited by the maximum number of radicals per particle. The
model has been used to analyze the effect of the St-MMA molar ratio in the initial charge on the
weight average molecular weight during the emulsion copolymerization of styrene and methyl
methacrylate in a batch reactor. It was found that an almost constant M,, was obtained when the
St-MMA molar ratio varied from 10/90 to 70/30 but a significant increase of M,, was obtained for
the 90/10 St-MMA molar ratio. A good agreement between experimental results and model
predictions was achieved not only for M,, but also for the experimental results reported in part I
of this series [J. Polym. Sci., Part A: Polym. Chem. 28, 987 (1990)], i.e., number of polymer
particles and time evolution of conversion and copolymer composition.

Estimation of the Reactivity Ratios using Emulsion Copolymerization Data
(José de la Cal, José R. Leiza and José M. Asua)

An approach for the estimation of the reactivity ratios based on cumulative copolymer
composition-overall conversion data obtained in batch emulsion copolymerization has been
presented. The approach, which is based on an algorithm for parameter estimation in ordinary
differential equations, uses the whole conversion range and takes into account the partition of the
comonomers between the different phases of the system. In addition, both copolymer
composition and overall conversion were considered to be affected by experimental errors.
Therefore, the appropiate error relationships were included in the objective function. The method
was first checked by using simulated experimental datz generated with exact values of the



parameters. Gaussian random errors were added to the simulated copolymer composition and
overall conversion using different levels of experimental errors. Application of the estimation
approach to these data showed that accurate values of the reactivity ratios were obtained
irrespective of the initial guess used. The approach was able 10 estimate accurately the reactivity
ratios using data that included experimental errors much larger than those expected from careful
experimentation.

The parameter estimation approach was used to estimate the reactivity ratios of the
styrene-acrylonitrile system based on unseeded batch emulsion copolymerization data. The
distribution of monomers in the system was calculated by means of the thermodynamic approach.
It was found that good fitting of the experimental data was achieved. Comparison between these
reactivity ratios and those estimated considering that the monomer molar ratio in the polymer
particles equaled to the overall monomer molar ratio in the reactor showed that significant errors
in the values of the estimated reactivity ratos were introduced when the distribution of monomers
between phases was not taking into account.
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Seed emulsion polymerization of methyl methacrylate
¢J.Bartofi, Z.Hlou&kova, V.Juranidova)

The shape of the conversion curves and the rates of the batch
emulsion polymerization of methyl methacrylate (MMAD in the
presence of poly{(butyl acrylate) seed particles (PBA) depends on
the mass ratio MMA-PBA ands/or the presence and-or absence of
4—actadecanoyloxy-2,2, 6, 6—~tetramethylpiperidinyl-1i—oxy (STMPO> in
the feed. Irrespective of the presence, andscr absence of STMPO in
reaction system the polymer particle diameter experimentally found
and calculated under supposition that no new crop of polymer
particles was formed agrees well for systems with “low" (0.632)
value of the mass ratio MMA/PBA. For systems with "high" <(3.16)
value of the mass ratio MMA/PBA the calculated diameter is higher
than the diameter experimentally measured. This peointes that for
"low" values of MMA/PBA all polyCmethyl methacrylate)> formed was
used only for build up of the shell of poly(butyl acrylated
particles. For "high" values of MMA/PBA approximately 19 mass %
C(in the absence of STMO) or 11 mass % (in the presence of STMPO)
of the poly(methyl methacrylate) formed were used for generation
of a crop of poly(methyl methacrylate) particles. The main part of
polyCmethyl methacrylate) formed was used for the formation of the
shell of polyCbutyl acrylate) seed particles. Retardation of the
polymerization rate in the presence of STMPO is more pronounced
for systems characterized by “low" value of the mass ratio
MMA-PBA. Only short inhibition periods Cup to five minutes) were
observed for both "low" and "high" MMA/PBA ratios. It was shown

that. for "low"” mass ratio MMA/PBA the "inner' monomer transport



from the PBA particles swollen with MMA to the locus of
propagation reaction is decisive. For systems with “high"” mass
ratioc MMA-PBA the "outer'" monomer transport from droplets and
micelles swollen by monomer to the locus of propagation is of
primary importance. For explanation of experimental results the
possible reaction mechanism of the seeded emulsion polymerization

was proposed.

Kinetics of the emalsion polymerization of styreme in the presence
of diviny!benzene.

¢J.Barton, A.Kleinovad

The emulsion polymerization and copolymerization of ethyl
acrylate with a bi-unsaturated comonomer s revealed some
problems connected with the crosslinking of polymer particles and
with the effect of crosslinking on the kinetics of emulsion
polymerization. This situation stimulated further research e of
the effect 'of divinylbenzene (DVB> on emulsion polymerization of
monovinyl compound. In order to exclude possible complications
arising from the different nature of comonomer pair Ce.g.
different water solubility)> and different physical properties of
the structural unite in copolymer chain (cf. ethyl acrylate and
divinylbenzene structural units in copolymer) the érfect of
divinylbenzene on the emulsion polymerization of styrene (S) in
the wide range of divinylbenzene concentrations was studied. It
was found that by increasing the fraction of DVB in the feed with
S the rate of copolymerization decreases and the shape of the
éonversion curve changes from sigmoidal to the typical shape of
the conversion curve of solution polymerization C(gradual decrease
of the polymerization rate with polymerization timed. The lowest
polymerization rate was found for emulsion polymerization of
divinylbenzene in the absence of styrene. Funke = has shown at
thermally (spontaneous)> initiated emulsion polymerization of
1,4—divinylbenzene that the polymerization of the monomer droplets
is responsible s the hisgh initial rate. If monomer is completely
solubilized in micelles of emulsifier, the initial rate |1is



distinctly lower. He concluded that two reactions are involved in
the thermal emulsion polymerization of 1,4~divinylbenzene: a fast
polymerization of the monomer droplets and significantly slower
polymerization in the micelles and polymer particles.

Contrary to thermal initiation the initiation of emulsion
polymerization by ammonium peroxodisulfate starts in the aqueous
phase 4>. Co—oligomer radicals of DVB and § precipitate and form
primary particles. Increasing the crosslinking degree of
co—~oligomer and co—oligomer radicals (by increasing the DVB
content in the feed) decreases the swellabllity of primary
particles by monomers. Thus the rate of copolymerization in
primary <(polymer? particles decreases due to monomer—-starved
conditions. For the overall rate is then decisive the rate of
copolymerization in the aqueocus phase (formation of co-eligomer
radicals and their propagation in water phase). This mechanism
explains the increase of the number of polymer particles in the
system with polymerization time up to conversion of 50X and the
decrease of the copolymerization rate with increasing
concentration of DVB in the system 2). The existence of trapped
radicals 4in highly crosslinked polymer particles enables the
interparticle crosslinking of particles during their
agelomeration. This process is responsible for the decre.se of
polymer 'particle number at high conversionsa. In this
polymerization model monomer droplets serve only as supply of
monomer for the water phase reactions and to a lesser extent
(depending on the degree of crosslinking of polymer particles) for
swelling of polymer particles.
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Effect of emulsifier type and concentration on the aqueous
dispersion polymerization of N»N’ -methylenebisCacrylamided
¢I.Capek, W.Funke)

The crosslinked macromolecules and polymer particles are
formed by the emulsion polymerization and copolymerization of
multifunctional monomers. The multifunctional monomers, such as
divinylbenzene or alkylenediacrylate, crosslinks and strongly
influences the emulsion polymerization via regulation of the
equilibrium concentration and pendant unsaturated group concentra-
tion within the polymer particles 1’2>. It was concluded that the
water—-solubility of monomer significantly influences the mechanism
of the growth of radicals and particle formation 33,

Little is Kknown, however, about the Kinetics in polyme~
rization of water-soluble multifunctional monomers, such as
bisCacrylamide)s. In order to clarify the polymerization mechanism
of such systems we investigated the polymerization of
N, N’-methylenebisCacrylamided in the absence and presence of
emulsifiers, such as sodium dodecylsulfate CSDSH, sodium
1,4—bis<2—ethy1hexy1)suifosuccinate CAOTS, polyCethyleneglycol)
CPEG>, Tween 80 <Tw> and Triton X-1§ (Trd>. The rate of
polymerization is found to be proportional to the 0.4 and 0.2
order with respect to AOT and Tr concentration, respectively. On
the other hand it is independent. of the concentration of SDS, PEG
or Tw. The rate of polymerization is proportional to 0.75, 0.55
and 0.8 order with respect to potassium peroxodisulfate for the
system with SDS, AOT and Tw. The rate of polymerization |is
proportional to the 0.24, 0.23 and 0.5 order with respect to
monomer concentration for the system with SDS, Tw and AOT. It is
seen that all system deviate from the Smith—Ewart model 4>. The
reaction order of initiator is much higher than that for the
traditional emulsion polymerization. On the other hand, the
reaction order of emulsifier is lower than that for the emulsion
polymerization. Besides, in the present systems the rate of

polymerization increases with increasing monomer concentration.



In the presence of SDS and AOT, it was observed that after a
certain react.ion time the polymer particles coagulated. The value
of this critical conversion increased with increasing emulsifjer
concentration and decreasing initiator concentration. The highest.
¢ritical conversion for the system with SDS or AOT was 30% or 50%.
In all other systems, the critical conversion was below 104%. It
was found that the stability of polymer dispersioﬁ increased with
decreasing monomer concentration. The dependence of the particle
size versus conversion was described by the curve with a maximum
at a certain conversion which was close to a critical conversion.
The low value of the reaction order of emulsifier was explained by
the week interactions of emulsifier with pelymer. The high
reaction order of initiator indicates the formation of fixed or
ocluded macroradicals in polymer particles. The value of reaction
order of monomer is result of the low monomer concentration in
polymer particles, the low water—-swellability of polymer particles
and the strong contribution of the intra- and intermolecular
crosslinking. In order to increase the stability of polymer
particles we used some low-molecular welght. additives, such as
hexanol. It was observed that these additives did not influence
the stability of polymer particles neither the rate of the
polymerization.
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D. C. Blackley. London School of Polymer Technology.
The Polytechnic of North London, Holloway, London N7 BOB.

fi detailed investigation of the heat-sensitisation of polymer latices by
polyvinylmethyl ether, which we completed a few years ago, has now been published
in Ehree papers which appeared recently in a single issue of the Journal of
Dispersion Science and Techmology. The titles and references are as follows:

1. "Heakt-sensitisation of ammonia-preserved centrifuged natural rubber latex
concentrate by polyvinyimethyl ether. I. Effects of maturation, former
temperature, duell time. latex pH, level of zinc oxide, dilution, and
concenkration and moleculer weight of pelyvinyimethyl ether”, D. C. Blackley,
A. D. 7. Borton and L. Sivagurunathan, 1. Disp, Scl. Technol, 19390, 11(3).
c15~c48

2. "Heat-sensitisation of ammonia-preserved centrifuged natural rubber lakex
concentrate by polyvinglmethyl ether. II. Effecks of addition of Inorganic
electrolytes, urea, carboxylate soaps and fatty-alcohol ethoxylates”,

D. C. Blackley, A. 0. T. Gorkton and L. Sivagurunathan, I, Qisp, Sci. Technal.,
1930, 11(3), 243~-278

3. "Effeckt of polyvinglmethyl ether upon synthetic polystyrene (atices”,

0. C. Blackley, fA. 0. T. Borteon and L. Sivagurunathan, L. _Qisp, Sci. Techool,
19390, 11(3), 273-306.

The kitles of these papers give some indication of the contents. The first
paper is concerned with the effects of some of the more obvious processing
variables upon the thickness of deposit which is obkained when a heated farmer is
immersed in a natural rubber latex concentrate which contains polyvingimethyl
ether. It is bto facilitate the formation of Ehick labex deposits by dipping and
casting using heated formers and moulds that polyvinylmebhyl ether finds its
principal application in latex technology. The second paper reports the effects of
certain variables which vere investigated in an attempt to gain further insight
inke the mechanism of the hest-—sensitisation of natural rubber latex by
palyvingimethyl ether. The third paper describes attempts which were made to
reproduce in carboxylabe-stabilised synthetic latices the heat-sensitisation effect
observed when polyvingimethyl ether is incorporated in natural rubber fstex. It
was not found possible to obkain Ehick deposits from any sunthetic latices
containing polyvingimethyl ether by using heated formers. Instead, increases in
viscosity at ambient temperabures were sometimes observed. These are thought to
have their origin in the phusical effects which lead o the heat—sensitisation of
natural rubber latex by polyvingimethyl ether.

It is known Ehat severat water-soluble polymers, of which polyvingimethyl
ether is the best knoun, are shle ko impart heat—sensitivity ko nakural rubber
latex. The ability af such polymers to heat-sensitise iatices is believed to be
associabed with Eheir inverse solubility bebaviour. Possible heab—-sensitisation
mechanisms can be classified under two broad headings, and then under various sub-
headings, as follows:

According ko these mechanisms, heat-sensitisation is a consequence of
reduction of bhe solubiiity of the polymer in bthe aqueous phase of the latex as
the temperature is raised. These mechanisms sub-divide into:

—~



i) those in which heat-sensitisation is due to the preciplkation of water-
soluble polymer in the aqueous phase, ie.

a) a mechanism in which the latex particles become entrapped in a gel of
precipitated water-soluble polymer;

b) 3 mechanism In which the precipitated wakter-soluble polymer adsorbs
the colloid skabilisers from the latex particles and so reduces
colloidal skability:

ii) Ehose in which hest-sensitisation is a consequence of adsorption of the
dissolved polymer ab the polumer~aqueous phase interface as the temperature
of the latex is raised, gelation then oceurring by one or other of the
processes lisked under B below.

Bmmmmm@mummmm
at Ebe polymer—aquepys phase joterface of the lakex

ficcording Eo Ehese mechanisms, heat-sensitisakion is a conseguence of
changes in tEhe nature of water-soluble polymer which is initially adsorbed at the
surface of khe latex particles. The polymer remains adsorbed as the kemperature
of the latex is raised, but the condition of the adsorbed molecules changes as a
consequence of factors such as loss of hydration by Ehe polumer. These mechanisms
sub—divide into:

i) Ehose in which heab-zensitisation is due ko reduction in the colloid

stability of the latex because the adsorbed poluymer is no longer sble to

function as a steric skabiliser;

ii) Ehose in which heat-sensitisakion Is due to interparticle bridging by Ehe
adsorbed polymer molecules, Ehere being two types of process by which
interparticie bridging could occur:

a) bridging by single polymer molecules initially adsorbed upon a single
particle, but which subsequenkly also adsorb upon a second particle;
b) bridging by associstion in Ehe aqueous phase between pairs of palymer
molecules adsorbed on different particles;
i) tkhose in which heak-sensitisakion is duwe ko inkeractions betuween Ehe
adsorbed polymer molecules and ckher colloid skabilisers in the latex.

The resulks which have been obktained in this inveskigation are consistent
with heat-sensitisaktion being primarily a consequence of the effect of increased
Eemperature upon polyvinglmethy! ether which is adsorbed sk the surface of the
latex particles, rather than of precipitakion of polyvinglmethyl ether in the
aqueous phase of the fatex as bEhe temperabure is raised. Interparticle bridging by
adsorbed polyvinglmethy! ether molecules as the tempersture of bhe lakex is raised
may also be a significant factor.

One question which immediately arises from this investigation, and Eo which
we have no answer ak present, is why matural rubber latex should behave so
differenkly from carboxylate-stabilised synthekic iastices when polyvingimethyl ether
is present. UWhereas natural rubber latex which contains polyvingimethy! ether
appears ko be colinidally sktable at ambient: temperatures, buk gels rapidly when Ehe
temperature is raised above a certain critical value, carboxylabe-stabilised
synthetic iatices are either unaffected by the presence of polyvinglmethyl ether or
undergo pronounced thickening st ambient temperatures. One obvious possible
expianation is that the unusuasl behaviour of natural rubber labex is a consequence
of the presence of substances derived from the non-rubber constituents of the
fresh latex. This hypothesis could be tested by investigating the behaviour of
matural rubber latex concentrate from which as much as possible of the non-rubber
material has been removed. However, this is an Investigation which will now have
to be ieft to okthers!
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Frangoise CANDAU

AQUEOUS SOLUTION PROPERTIES OF HYDROPHOBICALLY ASSOCIATING COPOLYMERS.
Alain HILL, Joseph SELB and Frangoise CANDAU,
(abstract presented at the 64" Symposium
on Colloids and Surface Science Symposium : Lehigh
June 18-20, 1990)

Jater-soluble polymers containing a small amount of hydrophobic
groups hav been prepared in aqueocus medium by radical copolymerization of
acrylamide and ethylphenylacrylamide as the hydrophobic ,comonomer. Two
methods of synthesis have been used : a "micellar" process in which the
use of a surfactant ensures the solubilization of the water insoluble
monomer and a "heterogeneous® process wherein the insoluble monomer is
simply dispersed in water. The copolymer compositions have been determined

by UV spectrophotometry and the molecular -eights by light scattering.

Rheological properties in dilute and semi-dilute aqueous
solutions have been studied as a function of polymer concentration, shear
rate, content in hydrophobic groups, and concentration of added
surfactant. The effect of sample preparation on the rheological behavior
is discussed. The more pronounced thickening effect observed for
copolymers compared to homopolyacrylamide results from intermolecular
hydrophobic associations. Under shear, associations are disrupted and a
strong but reversible shear-thinning effect is observed. This dissociation
process is relatively slow as indicated by the thixotropic behavior at
high-shear rates. On the contrary, a rheopexic behavior can be observed at

low-shear rates.

Recent publications

Polymerization in microemulsions : Formulation and structural properties
of microemulsions containing a cationic monomer.

P. BUCHERT and F. CANDAU

J. Colloid Interface Sei., 136, 527 (1990).
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Properties of copolymer larexes prepared in inverse microemulsions.

F. CANDAU, D. COLLIN and F. KERN

in "Copolymerizatrion and Copolymers in Dispersed Media" (J. Guillot and C.
Pichot Eds.) Makromol. Chem. Makromel. Symp.. Hithig Wepf Verlag, Basel,
Heidelberg. New York. 35/36. 105 (1990). '
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The ITmportance of the Adsorption Kinetics of the Emilsifier in Particle Nucleation

The evidence for the occurence of particle coalescence during the emlsion
polymerisation even of monomers which have a very low solubility in water -
typically styrene - which has been recognised in recent years tends to
discredit the micellar rucleation of latex particles as being important in
such cases because it is difficult to see why a monomer-swollen micelle
with a saturated monolayer of emlsifier at its interface with the water
phase can become unstable during its trensfermation to a latex particle
which is generally stable even when the amount of emulsifier present is
significantly less than that required to form a saturated monolayer at
the polymer/water interface. Consequently it seems more likely that
particles are micleated by oligomeric precipitation in the aqueous phase
when the polymer/water interface would not be saturated with adsorbed
emilsifier initially. Iimited coalescence undoubtedly accounts for the
larger latex particles which are formed in absence of emalsifier or at
low emilsifier concentrations below the c.m.c. which produce monodisperse
.particle size distributions. Conventionally it would be supposed that
the width of the particle size distribution formed above the c.m.c. should
correlate with the duration of Interval I but this correlation is not
actually observed: equal micellar concentrations of homologous emlsifiers
produce latices with the same average particle size and the same breadth of
particle size distribution even although the duration of Interval I is
mich longer for the more weakly adsorbed emlsifiers (c¢f. Dunn & Al-Shahib
in Fitch ed. 'Polymer Colloids II' (1980) p. 624, Fig. 2).

Non-ionic emlsifiers are well known to produce latices with much larger
everage particle sizes than equivalent concentrations of ionic emulsifiers
even though the amounts adsorbed at the polymer/water interface at
equilibrium may be similar.

These observations are explicable if the rate at which the surface
area of a latex particle is increasing when it is growing can exceed the
rate at which emilsifier is adsorbed at the newly formed polymer/water
interface so that the interparticle repulsive energy may periodically
fall to a value low enough to permit particles to coalesce: it appears
that this will be the case for very small latex particles (not much larger
than the size of monomer-swollen micelles) and, moreover, that the rate
of emlsifier adsorption will usually be proportional to the concentration
of emlsifier in molecular solution {which is mich lower for non-ionics
which have mich lower c.m.c.s than ionies so that they are adsorbed more
slowly allowing more extensive coalescence to occur producing a latex with
a larger average particle size).

It is generally accepted that termination is instantaneous when a
second radical enters a latex particle which has a sufficiently small
volume because the instantaneous radical concentration in the particle
is then mich higher than it ever is in bulk polymerisations. Curiously,
it seems to have escaped attention that the radicel concentration is
also very high when a very small particle contains.only a single radical
and that consequently the propagation rate should-also be expected to
be abhormally high with the rate of increese of particle surface area
being, correspondingly, extremely rapid for small particles. ;
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Contribution to the International Polymer Colloids Group Newsletter

E.S. Daniels, V.L. Dimonie, M.S. El-Aasser, A. Klein,
O.L. Shaffer, C.A. Silebi, E.D. Sudol, and J.W. Vanderhoff

Emulsion Polymers Institute, Lehigh Universiry
Mountaintop Campus, Building A, 111 Research Drive
Bethlehem, Pennsylvania 18015-4732 U.SA.

The titles of our current research projects are given in the enclosed Contents of our Graduate
Research Progress Reports, No. 34, July, 1990. Copies of any of these reports can be obtained by
contacting Ms. Debra Nyby at the above address. Summaries of progress in several research areas
are presented.

1. Electrokinetic Characterization of Highly Sulfonated Polystyrene Model Colloids
(F. Javier de las Nieves)

The objectives of this research program are three-fold: 1) to determine the influence of the
cleaning process on the surface properties of highly sulfonated polystyrene model colloids; 2) to
study the electrokinetic behavior of these model colloids; and 3) to use these particles as substrates
to study the adsorption behavior of mode!l biomolecules.

Highly sulfonated polystyrene latex particles were prepared by a two-stage "shot-growth"
emulsion polymerization process in the absence of emulsifier. Sodium styrene sulfonate (NaS$)
was used as an ionic comonomer (0 produce a series of latex particles with nearly the same parti-
cle size but with different surface charge densitites. Table I shows the standard polymerization
recipe used to prepare this type of latex. A long and comprehensive cleaning process comprised of
repeated centrifugation and sonication, heating, and ion-exchange or serum replacement cycles
was followed 10 achieve reproducible surface charge density values obtained by conductometric
titradon measurements. The cleaning process proved to exert a stong influence on the final sur-
face charge density of these particles. The surface charge density values were found to change
with time unless these rigorous cleaning cycles were followed. This phenomenon was attributed to
the desorption of physically adsorbed oligomers (formed during the shot growth phase of the
polymerization) from the surface of these latex particles which were removed by the repeated
centrifugation-redispersion (strong sonication) cycles. Table II shows the particle size and surface
charge density of these latexes obtained after the extensive cleaning process.

TABLE I: Standard Polymerization Recipe Used to Prepare
Sulfonated Polystyrene Latexes

Component Initial Charge -__Shot Injection
Styrene (g) 20 4
Sodium Styrene Sulfonate (NaSS) (mM) 1.5 Variable
Potassium Persulfate (mM) 4 4
Sodium Bisulfite (mM) 4 4
Sodium Bicarbonate (mM) 8 8

Distilled-Deionized Water (ml) 140 14



TABLE II: Particle Size and Surface Charge Density (¢) of Model Sulfonated
Polystyrene Latexes Obtained after Extensive Cleaning 2

Latex FIN-20 FIN-21 FIN-22

% conversion at

shot injection ; 87 89 95
NaSS (g) 04 0.8 1.2
D, (nm) 248 263 244
D 250 264 245
PRI 1.008 1.004 1.004
o(uClem?) 139 16.3 19.4

2 NaSS: Sodium Styrene Sulfonate; D, : number average diameter; D,,: weight average diameter;
PDI: Polydispersity Index (D,/D,,); o: surface charge density

The electrokinetic properties of these cleaned latexes were measured at 25°C under differ-
ent ionic strength and pH conditions using a PenKem 3000 instrument. Figure 1 shows the elec-
trophoretic mobilities (1,) for the three latexes with different surface charge densities character-
ized in Table II as a function of electrolyte concentration. This figure shows that there was litile
difference in the p, values for these latexes regardless of the surface charge density. A maximum
in the value for g, ‘was also observed when measuring the elecrophoretic mobility of these three

latexes, regardless of the surface charge density, These same result were observed when measuring
the electrophoretic mobility of these latexes as a function of pH.
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Figure 1: Electrophoretic mobility as a function of electrolyte concentration for the three highly
sulfonated model latexes.



2. Effect of Electrolyte on the Electrokinetic Potentials of Toluene-in-Water Miniemulsions
(Richard J. Goetz)

Electroacoustics is a new technique that permits the electrokinetic potentials of concentrat-
ed dispersions to be measured at their formulation concentration. Standard electrokinetic experi-
ments, i.e., microelectrophoresis, require that the dispersion be substantially diluted to approxi-
mately 100ppm. Thus, this technique is particularly useful for the study of emulsions and polymer
colloids that have unique properties at high dispersion concenwrations. Diluting an emulsion can
change the chemical nature of the continuous phase, shift the surfactant adsorption equilibrium
and ultimately affect the stability of the emulsion. In this report, the effect of electrolyte on the
electrokinetic sonic amplitude (ESA) of toluene-in-water miniemulsions prepared with sodium
lauryl sulfate {SLS) and cetyl alcohol (CA) are examined.

The ESA is measured by applying a high frequency (1 MHz) electric field across the
dispersion that forces the charged particles to undergo oscillatory motion. The motion of the parti-
cles in the dispersion generates an acoustic wave with the same frequency as the applied field. The
ESA is defined as the pressure amplitude per unit electric field and has units of mPa m/V. The
amplitude of this acoustic wave is proportional to the concentration of the colloid and the zeta-
potential. Thus, at a given dispersion concentration the effects of electrolyte on the surface charge
properties of the miniemulsion can be investigated. Figure 2 shows the ESA as a function of NaCl
concentration for miniemulsions prepared with 10mM SLS and 30mM CA at six different toluene
phase volumes. Surprisingly, the data show an increase in the surface charge of the emulsion
droplets as the concentration of NaCl increases, reaching a maximum near 10mM NaCl. Beyond
the maxima the surface potential decreases with the collapse of the double layer to the point of
coagulation. Although not shown in Figure 1, maxima are not observed for emulsions prepared
solely with SLS. Increases in the zeta-potentials of emulsion droplets, prior to the point of charge
reversal, have been observed in other emulsion systems although an explanation has never been
given (Usui, S. and Imamura, Y., J. Disp. Sci. Techn., 8, 359 (1987); Prakash, C. and Srivastava,
C., Bull, Chem. Soc. Japan, 40, 1756 (1967)]. However, similar behavior has also been observed
in polystyrene latexes with several explanations being offered for the maxima.
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Figure 2: ESA as a funciion of added NaCl for miniemulsions prepared with 10mM SLS and
30Mm CA at six different toluene phase volumes.



One explanation for the ESA/electrolyte maxima originates from the effect of added elec-
trolyte to decrease the solubility of SLS in the continuous phase, favoring adsorption. Since SLS is
a stronger amphiphile than CA, the adsorbed CA is displaced by SLS. This displacement mecha-
nism would also explain the absence of an ESA/electrolyte maximum when CA is not present in
the emulsion. For emulsions prepared without CA, the interfacial area would need to increase for
the surface excess of SLS to increase, which is energetically unfavorable. However, it is possible
that the addition of electrolyte would decrease the adsorption area of adsorbed SLS by partially
neurralizing the electrostatic headgroup repulsive forces, However, added electrolyte also tends to
dehydrate charged surfaces. Figure 3 shows a plot of the concentration of SLS adsorbed on the
miniemulsion droplets as a function of added NaCl for miniemulsions prepared at 10mM SLS and
30mM CA at 25vol% toluene. The data in Figure 3 clearly show that the addition of NaCl shifis
the surfactant adsorption equilibrium, increasing the surface excess of SLS. Thus, the increase in
the electrokinetic potential can in part be attributed to a higher surface concentration of SLS.
Additional studies have shown that the position of the maximum is also affected by the type of
anion, suggesting co-ion adsorption as another mechanism for explaining the maximum. However,
different electrolytes will also affect the solubility of SLS to a different degree and shift the positi-
tion of the maximum. Nevertheless, co-ion adsorption cannot be ruled out as a possible mecha-
nism until further experiments are conducted.
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Figure 3: Concentration of adsorbed SLS as a function of added NaCl for a miniemulsion pre-
pared with 10mM SLS and 30mM CA with 25voi% toluene.

3. Effect of Cetyl Alcohol on the Kinetics of Miniemulsion Polymerization
. (Phan L. Tang)

The enhanced stability of miniemulsions prepared with SLS/CA has been atributed to the
formation of “intermolecular complexes” at the oil/water interface. A common feature of minie-
mulsion polymerizations is the relatively slow nucleation stage of the reaction [Y.T. Choi, M.S.
El-Aasser, E.D. Sudol and J.W. Vanderhoff, J. Polym. Sci., Polym. Chem. Ed., 23, 2973 (1985)].
This has been attributed to a reduced radical absorption rate possibly caused by this interfacial
layer formed by the mixed emulsifier systems at the droplet-water interface. Another possible
cause for the reduced radical absorption rate is that the presence of cetyl alcohol may interfere



with the initiator decomposition in the aqueous phase.

To obtain the entry and exit rate coefficients, the number of polymer particles have to be
known. Therefore, seeded emulsion polymerization was use to study the effect of cetyl alcohol on
the polymerizaton kinetics. A monodisperse polystyrene seed of approximately 100 nm diameter
was used with various amounts of surfactant (sodium laury! sulfate) and co-surfactant (cetyl
alcohol) added to mimic the miniemulsion oil-water interface. A comparison was carried out
between cases with and without cetyl alcohol at various initiator concentrations to evaluate the
effect of cetyl alcohol on the entry and exit of radicals.

Polymerization kinetics were obtained via dilatometry. Reactions were begun by addition
of initiator (potassium persulfate) solution to the swollen latex at the polymerization temperature
(50°C). Two similar methods were used to evaluate the data: 1) that developed by the Sydney
Group (R. G. Gilbert and D. H. Napper, Rev. Macromol, Chem. Phys., C23(1), 127 (1983)] by
which free radical entry and exit rate coefficients are inferred from the approach of the rate of
polymerization to a steady-state (slopefintercept method); and 2) that developed at Lehigh which
estimates parameters using all the conversion-time data in the approach to steady-state [J, M.
Asua, M. E. Adams and E. D. Sudol, J. Polym. Sci., Polym. Chem. Ed., 39, 1183 (1990)].

The experimental results are shown in Figure 4. The solid lines (SNO) represent the re-
sults from experiments without cetyl alcohol while the dashed lines (SCA) are those obtained with
cetyl alcohol on the surface of the seed particles. Four sets of experiments with varying initiator
concentration are represented in these results: 1) SCA1 and SNO1 employed 1.33 mM initiator
(potassium persulfate); 2) SCA4 and SNOG, 0.66 mM; 3) SCA2 and SNO2, 0.13 mM; and 4)
SCA3 and SNO3, 0.013 mM. The results show that at all levels of initiator, the reaction rates in
the cases in which cetyl alcohol was included were faster than the corresponding cases (at the
same level of initiator) that had no added cetyl alcohol. These resuits were not expected. The
presence of cetyl alcohol appears to affect the entry and/or exit of free radicals, favoring an in-
creased fi (average number of radicals per particle). The two methods of analysis are in rough
agreement indicating that indeed the entry rate of free radicals is slightly increased in the systems
containing cetyl alcohol. However, these analyses also indicate a decrease in the desorption rate
constant in the same systems. Further work is required to verify these findings. Nonetheless, the
conversion histories clearly illustrate that the presence of cetyl alcohol in seeded polymerizations
does not decrease the polymerization rate but rather enhances it in contrast to the results obtained
in the polymerization of miniemulsions prepared using cetyl alcohol. One suspect being investi-
gated at this time is the decomposition rate of persulfate and how it may be being affected by the
differences in the two systems.

4. Preparation of Water Absorbent Poly(Acrylamide-co-Acrylic Acid Salts) by Inverse
Suspension Polymerization (Yin-Shen Chang)

In the early 1970's, the so-called "superabsorbents” were developed as materials which
could absorb as well as retain a substantial quantity of fluid even under a compressive force, These
absorbents are primarily a type of polyelectrolyte gel and have found use in many fields, e.g., in
disposable diapers, water reservoir materials in agriculture and horticulture, coagulants in the
sedimentadon of sludges, and drying agents in the dehydration of oils. Although these materials
have been in large-scale production, listle is known of the mechanism by which they absorb and
hold such large amounts of water.

In this work, poly(acrylamide-co-acrylic acid salts) with low crosslinking levels were
prepared by inverse suspension polymerization for use as model polymers . The products are in the
form of easily separable beads. The first part of this work was aimed at clarifying the relationship
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Figure 4: Conversion-time curves for seeded emulsion polymerizations with (SCA) and without
(SNO) cetyl alcohol ar various levels of persulfate initiator. -

between the structure properties of the 71:29 molar ratio poly(acrylamide-co-sodium acrylate)
[71:29 PACSA] beads and the kinetic swelling process through the diffusion process.

The kinetic swelling of the 71:29 PACSA beads was observed by two techniques: optical
microscopy and environmental scanning electron microscopy (ESEM). By using these two tech-
niques, the diffusion mechanism and kinetic swelling were characterized. According to the obser-
vations via optical microscopy, the diffusion of water into these glassy 71:29 PACSA beads
proceeds by means of anomalous diffusion which is a combination of Fickian and Case II diffu-
sion. The kinetic swelling ratio increases with decreasing particle size. Aiccmiing to the kinetic
swelling theory, the diffusion coefficient is in the range of 1.6 - 2.0x10°/ cm“/s which is inde-
pendent of the particle size as shown in Figure 5. Using the ESEM, water vapor can be introduced
and removed from the environs of the microscope chamber allowing close observation of the
swelling process. In this case, the water transport is dominated by Case II diffusion rather than
anomalous diffusion. The physical and chemical structures of the 71:29 PACSA were investigated
to provide a better understanding of their relationship to the swelling phenomena. A core/shell
structure with a higher carboxylate content in the shell and the gel structure were characterized
using ESEM, NMR and DSC, The ESEM showed that the shell can be peeled off the core during
the re-swelling process. The existence of the core/shell structure prevents the occurrence of gel
blocking due to significant cross-linking in the shell. The network structure of the gel matrix
provides a great capacity to hold a large amount of water even under compression.
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Papers Recently Presented

The following were presented at the 64th Colloid and Surface Science Symposium held at
Lehigh University, June 1990:

"Preparation and Morphological Characterization of Microscopic Composite Particles”, S. Shen,
V.L. Dimonie, M.S. El-Aasser and J.W. Vanderhoft.

"Graduated Core-Shell Supramolecular Structure in Polystyrene Latexes”, S.I. Yang, A. Klein and
L.H. Sperling.

"Molecular Interdiffusion During Film Formation From Polystyrene Latexes”, J.N. Yoo, A. Klein
and L.H. Sperling.

"Synthesis of Monodisperse Porous Polymer Panicles”, C.M. Cheng, M.S. El-Aasser and J.W.
Vanderhoff.

"Evaluation of Diphenyl Ether Disulfonate Surfactants and Polycarboxylated Surfactants in
Emulsion Polymenization Systems”, E.S. Daniels and M.S. El-Aasser.

"Electro-Acoustic Properties of Concentrated O/W Miniemulsions”, R.J, Goetz and M.S. El-Aass-
er.
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"Adsorption, Stability, and Rheological Behavior of Latexes that Contain Model Associative
Polymer", R.D. Jenkins, M. Durali, C.A. Silebi and M.S. El-Aasser.

The following papers were presented at the 33rd IUPAC International Symposium on
Macromolecules held in Montreal, CANADA, July 1990:

"Development of Particle Morphology in Composite Latexes", M.S. El-Aasser, Y.C. Chen, and
V.L. Dimonie.

"Synthesis and Characterization of Core/Shell Type lonomeric Latexes", E.S. Daniels, R. Jourdan
M.S. El-Aasser and J.W. Vanderhoff. '

L]

“"Role of Surfactants in Emulsion Polymerization of Vinyl Acetate”, V.L. Dimonie, O.L. Shaffer,
M.S. El-Aasser and J.W. Vanderhoff.

The following was presented at the Fall Meeting of the ACS Division of Polymeric Mate-
rials: Science and Engineering held it Washington, D.C., August, 1990:

“The Morphology of Microscopic Composite Particles Prepared by Two-Stage Polymerization”,
S.Shen, V.L. Dimonie, E.D. Sudol, M.S. El-Aasser and J.W. Vanderhoff.

Recent Publications

"Miniemulsion Copolymerization of Styrene-Methyl Methacrylate: Effect of Transport Phenome-
na", JM. Asua, V.S. Rodriguez, C.A. Silebi and M.S. El-Aasser, Makromol. Chem., Macromol.
Symp., 35/36, 59 (1990). -

"Effect of Alkyl Substitution of Dowfax '™ Surfactants in Styrene-Butadiene Emulsion Copoly-
merization”, V.L. Dimonie, M.S. El-Aasser, J.W. Vanderhoff and L.A. Settlemeyer, Makromol.
Chem., Macromol. Symp., 35/36, 447 (1990).

"Batch Emulsion Copolymerization of 50/50 Vinyl Acetate/n-Butyl Acrylate Using Poly(vinyl
Alcohol) Emulsifier”, J.W. Vanderhoff, N.J, Earhart, V.L. Dimonie and M.S. El-Aasser, Makro-
mol. Chem., Macromol. Symp., 35/36, 477 (1990).

“Investigation of the Persulfate/Itaconic Acid Interaction and Implication for Emulsion Polymeri-

zation", M.R. Lock, M.S. El-Aasser, A. Klein and J.W. Vanderhoff., J. Appl. Polym. Sci., 39,
2129 (1990).

“Pseudosteady States in Sernicontinuous Emulsion Copolymerization”, J. Dimitratos, M.S. El-
Aasser, C. Georgakis and A. Klein, J. Appl. Polym. Sci., 40, 1005 (1990).

"FT PGSE NMR Investigation of the Supramolecular Structure of a Dilute Gel Phase",R.J. Goetz, )

A.Khan and M.S. El-Aasser, J. Colloid Interface Sci., 137, 395 (1990).

"Characterization of Film Formation from Polystyrene Latex Particles via SANS. 1. Moderate
Molecular Weight", J.N. Yoo, L.H. Sperling and A. Klein, Macromolecules, 23, 3962 (19590).
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Recent Ph.D. Dissertations and M.S. Reports

"Polymerization of Styrene Oil-in-Water Microemulsions™, Ph.D. Dissertation by Jong-Shing Guo.

"Preparation of Model Solid Rocket Propeliant by Emulsification”, PhD. Dissertation by Tom W.
Hawkins.

"Preparation and Characterization of High Tg Core/Shell Copolymer Latex Particles”, M.S. Report
by Connie Heck.

Copies of the Abstracts are available upon request.

The Emulsion Polymers Institute’s 22nd Annual Short Course "Advances in Emulsion
Polymerization and Latex Technology" will be held at Lehigh on June 3-7, 1991.
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THE FACTORS OF STABILITY OF CARBOXYLCONTAINING
FREE EMULSIFIER LATEXES

Fliseeva V.I., Aslamazova T.R., Bogdanova S.V.

It is known that the including of carboxyl groups and other
hydrophilic groups into a polymer composition promotes the
jncrease of colloid stability of latex obtained in the absence
of emulsifier by persulfate inltiation. :

With the purpose of clearing up the factors which determine
the stabilization of carboxylcontaining free emulsifier latexes
we have made experiments on copolymerizing monomers of different
composition with variable concentrations of .undissociated acrylic
acid (AA) and have been researched physico;chemical properties of
obtained latexes. It has been studied the stability in the
process of copolymerization (the formation of coagulate-C),
diameter D.and - particle potential, surface tension of la-
texes (@), areaper one COOH group Syooye The conceatration of
initiator - potassimpersulfate (FPS)-was the same in all com—
pared experiments. pH of latex was varying in the value range
of 2.1-2.3 under which COOH groups are not practically disso-
ciated. The composition of basis monomers in researched latexes
includes: series I - Styrene (S) - methylmethacrylate(MMA),
2-ethylhexylacrylate(2EHA) (15:15:20); series 2 = styrene -
butylacrylate (BA)(32:22). The content of AA as Yo the sum of
the basis monomers was changed within 0-8%. The FPS concentra-
tion is 0.5%. The synthesis of series I was performed under
70 and 80°C. X

On Fig.1 the relation between [AA] and some physico-chemi-
cal. latex parameters of the first series are presented. Fig.
shows that with the increase of AA concentration up to 2% .
stability grows till maximum value, then remalns constant. More~
over the particle charge. grows and then essentlally decreases
and it does not affec? latex stability. Herewith Syoon with
growing AA decreases.

On Fig.2 the same relations to latexes of series 2A and
2B are shown. A more strongly expreased relation between stabili-
ty and EA] 15 observed than in case of. latexes series I, espe=-
cially for latexks obtained under lower temperature (70°C). The
stability of all, latexes of these series is lower than in
series I, but latexes obtained under higher temperature. (80°C)
are characterized by greater atébility. The stabillity increase
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i4 accompanied by decroase of g--pagticle potential und Synay»
more sharp for latexes of series 2A obtalned under lower tempe-
rature.

Figs and 2 show an essential decrease of 6 with injecting
AA due to the formation of "“own" surface active substances (SAS)
and the growth of their concentration in carboxyl-containing free
emulsifier latexes.

The particle charge in these systems is determined by SOZ
groups concentration on thelr surface, since COOH groups under
conditions of polymerization are not dissociated. Its reduction
with injecting of AA into polymer indicates that the concentra-
tion of surface SO, groups decreases under given imitiator
concentration. It could be connected with the decrease of ratio
[s04"] 7 [or'] /37 (which would lead to the drop of etability)
or with partial expenditure of PPS on the formation of water—
soluble oligomer radicals terminating in water solution with the
formation of surface active substance (SAS) which is confirmed
by the reduction of 6 latexes.

The observed sharp increase of stability of latexes with the
same decrease of g-potential - electrostetic factor (Fig.2) -
and with increase of COOH group concentration permit %o draw a :
conclusion about the role of hydration of a particle surface -~
structural factor — in the stabillty of carboxylcontaining free.
emulsifier latexes. ;

Thus the data obtained show a certain role of the hydration !

effect of particle surfaces with carboxyl groups and partielly ;

of the absorption of formed oligomer SAS upon latex stability.
Probably a certain effect of "persulfate stabllization" on
copolymerization with AA occurs. It is shown from.a initial par?
of §- potential curve. (Fig.1) . However further
direction of this curve and other ones (Fig.2) indicate that it
has obviously no predominant importance.

The effect of basis. monomer nature on the stability of
carbvoxylcontaining free emulsifier latexes is.an object of
interest. In comparing the data.(Fig.1 eand.2) it is oclear that
the latexes on the base of mixture .containing more polar
monomer MMA (Fig;1) are oonsiderably more stable than the latexes
on the base of hydrophobic monomers (Fig.2) -obtained under the
88me polymarization temperature. Thq\first ones are characte-
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rized by smaller size but higher -particle potential value.
As free emulsifier polymerization always begins in water solution
it can be Fonnected with greater rate of S0, radicals capture
by more water—-soluble MMA and greater nucleation rate of
particles in the stabilization of which fastforming radicals
MnSO, ° enriched MMA take part. The same reasons lie in greater
stability of latexes of more hydrophobic monomers. used for
synthesis under increased temperature. The latter are characte-
rized by smalier size and higher & -potential value: the increase
of the radical.formation rate and the origin of particles the
surface of which repidly captures initial and oligomer radicals
(promoting the stabilization of it by end groups SOZ') leads
to the formation of a greater number of charged particles.

I. Cheska G.W. Polym. Preprints. Am. Chem. Soc. Phyladelphia.
19?5, v.16’ N°O1' P.lle'l‘ ’ * *
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Fig.2

The relations oflf'coagulate (¢), §-potentia1,. surface tension
(6 ), diameter of a perticle (D), area per one COOH group (S)
for latexes.of s¢ries I and 2 and AA concentration '
Fig.1 = series I; 80°C " '
Fige2 - series 2; curves (I'=5')=70°C; curves (1=5) =80°C.



THE ROLE OF PHASE INTERACTIONS IN THE STRUCTURE
OF LATEX PARTICIES AND FILiud

Vv.I. Eliseeva and S.V. Bogdanova

Institute of Physical Chemistry of the USSR Academy of Sciences

We have established previously that in seed polymerization
(SP) of chioroprene (CP) on PHMA latex the former is diffused
into the volume of latex particles as a result of which the
polymerization leads to phase inversion and the formation of
the composition particles: core (PCP) - shell (Pmua) [I] .
This phenomenon is explained by a discrepancy in polarity of
monomers and lowering the free energy of system in going from
interface PCP-water to PBiA-water and PEMA-FCP. In the present
work such a regularity is confirmed using the quantitative
characteristics of phase interactions - ( -~ at SP of I.I - di-
hydroperfluorheptylacrylate (FA) on FiiA latex, whose monomer
is strongly differed from the first ome by its polarity. It
was assumed that the Tatio )?!(FAywater) : B;?unrwater) is
preserved in going from monomer to polymer (as a result of
polymerization) correspondingly to X} : Xé. .

Proceeding from paper [IJ we have assumed that for a format

jon of M"inversed" structure of particles inequality (I) should

be satisfied

Y1<f2 + {BiA-FRA (1)

that corresponds to inequality (2)
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3{‘ Yzf * )/ PiiA-FFA (2)

It was found that J;(: 24,5 mJ/ma, 3;’: B.3 mJ/ma. J/PMA-PFA
was taken to be equal to 2 mJ/ma. From these data it follows
that inequalities (I) and (2) are satisfied in the system in-
vestigated.

Values J?Iand X’é are decreased in the systems having
emulsifier (partially sulphated polyoxyethylated alkylphenol
used in polymerization) and become equal to Jiu= J0.5 mJ/m2
and 3’; = 6.99 nd/n°, resPectively.(The adsorption energies
of emulsifier are Ej = 27,57 kJ./mol and E, = 19,58 kJ /mol)
When substituting );'and 3’; into inequality (2) it is seen
that the difference between the right- and left-hard sides
is sufficiently decreased, i.e. the drawing force initiating
phase inversion is reduced.

The figure presented below illustrates electron micropho-
tography of the composition particles in which PFA, containing
1% of isoprene is contrasted with osmium tetroxide.

It is seen that in contrast to [i] the particles are not
characterized by the core-shell structure : they consist of
FLlA matrix with PFA domain inclusions. One of the reason of
such a disrepancy may be a difference in interface energy bet-
ween polymer phases: when interface energy increases +the more
polar phase tends to form a concentric sphere on the sur-
face of particles [I] .

As is seen from figure, at the particle coalescence in

aqueous phase this structure is preserved.:PilA phase, in which
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Fig.I. Electron microphotography of the contrasted composition

latex particles produced by SP of FA on RiA latex.

TFA domains are distributed, remains external continuous.matirix.
Under the f£ilm formation - particle coalescence in the

air atmosphere, the ratio of phase interaction with medium



is changed for a reverse one:

L "

J<FA-air = IQ.9 mJ/m2 and J/MA-air = 25.4 mJ/m2

This gives rise to the new morphological chanées and PFA be-
comes exteg§§T¥!Wé established this fact by studying the surface
and volume properties of the composition films, which are main-
ly determined by the PFA. As Tg of both polymers is lower

that the room one, and one of them (PiA) is in high-elastic

end second (PFA) in viscous-flow states, the macromolecules
mobility is sufficient for the realization of phase inversions,

caused by decreasing the free interface energy in film.

[I] V.I.Eliseeva, N.V.Titova et al. Doklady AN SSSR, I98I,
v.26I, p.402 (in Russian).
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Contribution from Bob Fitch & SCJdohnson Wax
Racine, Wisconsin
Two publications have recently issued [copies available on
request).

1. Tien-Teh Chen & R.M.Fitch, The Preparation and Surface Chemistry of
Polystyrene Colloids Stabilized by Thiosuifate Surface Groups. J. Colloid
Interface Sci. 137, 163 (1990).

Emuisifier-free polystyrene latices could be made especially
easily by the Cu(ll)/thiosulfate redox system. Conductometric titration
showed only strong acid surface groups are present on the particles.The
surface charge densities decreased upon heating (hydrolysis) or treating
with cyanide ion (nucleophilic substitution). Thiosulfate free-radical ions,
-8203-, are believed to be the initiating species. By means of IR
spectroscopy, the end groups were found to be S-alkylated rather than O
-alkyiated.

2. Moshe Puterman & R.M.Fitch, Latex Preparation and Stabilization by
Hydrophobically Modified Hydroxyethyl Celluloses. J. Applied Polymer Sci.
4 0, 333 (1990).

Because these amphiphilic, water-soluble polymer molecules are
known to adsorb strongly on water-oil interfaces, they were tested as
nonionic surfactants and stabilizers in emulsion polymerization. Styrene
and methy! acrylate were used as water-insoluble and slightly water
-soluble monomers. /7 s/ nucleation, seed polymerization and post-
polymerization addition of HMHEC's were examined. The main difficulty
with the HMHEC materials is their bridging effect, which enhances
aggregation. However, these nonionic materials impart extremely
pronounced stability to latices against electrolytes. This property can be
achieved also by post addition of the HMHEC to a preformed emulsion.

3. Lao-So Su, Sunil Jayasuriya [at SCJohnson Wax] & R.M.Fitch

Work on dielectric spectroscopy of model polymer colloids
continues. Earlier studies showed that counterion “condensation” could be
estimated quantitatively, and that specific ion effects were evident in the
case of strong electrolyte surface groups. We are now investigating weak
electrolytes where more complex behavior may be expected.
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C.H.M. Caris, A\M. van Herk, AL. German

Laboratory of Polymer Chemistry, Eindhoven Unviversity of Technology,
P.O. Box 513, 5600 MB Eindhoven, The Netherlands

Polymer encapsulation of submicron inorganic particles in aqueous dispersion

Introduction;

In literature several processes have been described to obtain particles that consist of
an inorganic core and a polymer shell. Polymer encapsulated particles offer
interesting prospects in applications requiring a good coupling between a polymer
matrix and inorganic particles, like e.g. water based paints, fillers for composites,
electroconductive additives to plastics, carriers for catalysts, diagnostic materials etc,
The processes described in literature to obtain such particles can be divided into two
main groups: already existing polymer chains are bound to the inorganic surface [1,2],
or polymerization is carried out at the particle surface [3,4].

The latter method has also been applied in "emulsion polymerization” techniques.
Oligomeric chains, formed in a soapless emulsion polymerization, were adsorbed at
the inorganic surface, thus creating a hydrophobic layer at the surface in which
further polymerization can take place [5,6]. Hasegawa et al. [7] found that at low
surfactant concentrations emulsifier molucules are adsorbed at the particle surface,
thus forming a hydrophobic double layer in which an "emulsion” polymerization can
be carried out. These techniques bave the disadvantage that the adsorption at the
particle surface strongly depends on reaction conditions like pH and ionic strength.
Even after polymerization is completed these conditions remain very important, as
desorption can take place when they are changed.

The goal of this investigation is to provide a method that can be used to encapsulate
inorganic particles (like TiO, pigments) with a polymer layer,

In an emulsion-like system a physical or chemical bond is formed between the
inorganic particle and the polymer layer, synthesized at its surface.

Results and Discussion

Polymerizations are carried out at the surface of pure rutile particles with a diameter
of about 260 nm and a specific surface area of 8.5 m?/g. These particles, containing
acidic hydroxylic groups at their surface, are modified with titanate coupling agents,
according to figure 1.
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Figure 1. Modification of TiO, with titanate coupling agents.

The presence of titanates at the particle surface renders the hydrophilic surface
hydrophobic. Upon dispersing these modified particles in an aqueous surfactant
solution the emulsifier (SDS) is adsorbed at the particle surface, thus forming a
hemimicelle in which monomer can be absorbed. Now polymerization can take place
at the particle surface. A physical bond between polymer and titanate will be formed
because of entanglements with the titanate chains. By using a titanate containing a
copolymerizable group ( C = C) [8] or an initiating moiety ( N = N), also a chemical
bond can be obtained (figure 2).

Figure 2. Polymerization at the surface of TiO,, modified with titanates.

3B



The effect of the presence of TiO, on the polymerization behaviour of MMA is
demonstrated in figure 3. Unmodified TiO, particles do not seem to affect
polymerization kinetics. However, the presence of hydrophobic TiO, particles during
polymerization results in a temporary decrease in polymerization rate. This effect can
be explained by flocculation of encapsulated TiO, and polymer particles at a certain

moment during reaction, as was shown by means of dark field and electron
microscopy [9].

Conversion (%)
5 2N 24

S

Time {min}

Figure 3. Effect of (modified) TiO, on the polymerization
kinetics of methyl methacrylate; (modified) TiO,:
MMA = 1.3; -.-- MMA; — MMA + TiO,; MMA +
TiO,/KR TTS; ... MMA+ TiO,/KR 268S.

In order to prevent a competitive polymerization in normal micelles reactions are
carried out at a surfactant concentration just above the cme. As the growing particles
require more surfactant molecules for their stabilization, a deficiency arises resulting
in some coagulation of the particles. At the same time polymer is formed at the
inorganic surface, which can lead to bridging flocculation, if not all particles are fully
covered with polymer. In a regular emulsion polymerization (i.e. "zero-one" system)
growing particles contain only one radical at the same time, as the entrance of a
second radical results in immediate termination with the first. However, as the TiO,
core cannot be penetrated by primary or oligomeric radicals, TiO, particles with a
thin polymer shell are likely to contain more than one radical at the same time. Thus,
the average life-time of radicals at the inorganic surface will be longer than the
average life-time of radicals in regular polymer particles. So, after “large" coagulates
have been formed, the polymerization rate is bound to decrease, because many



radicals may become trapped inside. Because we use a water soluble initiator (ACPA)
in the aqueous phase new radicals will be generated, causing an increase in
polymerization rate after some minutes. Thus, in the second part of the reaction
polymerization will continue mainly in free polymer particles, but also in newly
formed polymer particles, generated because surfactant molecules have become
available as a result of the limitéd coagulation.

In case of a rather water soluble monomer like methyl acrylate these effects cannot
be observed, as the polymerization to a larger extent takes place in the continuous
phase. However, when.a more hydrophobic monomer like styrene is used, the effects
are even larger, as this monomer is more easily adsorbed at the particle surface, as
can be concluded from figure 4.

By increasing the stirring rate mixing conditions can be improved, resulting in less
flocculation.
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Figure 4. Effect of mixing conditions on the polymerization of
styrene (33.3 g TiO,/l, 0.32 mol styrene/], 10.4 mmol
SDS/1); Stirring rate (butterfly-type stirrer): + 230

rpm; 0 250 rpm; A 350 rpm.

The place where initiation takes place also plays a very important role in the
polymerization behaviour. The azo initiator (ACPA) was bound to the aromatic
amine group of KR26S at the particle surface [10). A typical conversion-time curve
for the polymerization of MMA is shown in figure 5. Apparently the induction period
is quite long. This is probably due to the photochemical activity of pure rutile
particles: radicals formed at the surface can be terminated by radicals formed in the
TiO, lattice by UV irradiation. «-Al,0, modified with KR26S and ACPA does not
show this effect. As the surface of most commercially available TiO, pigments consists
of AL,O, and/or SiO, there won’t be a problem in technical applications.



At a conversion of about 30% the reaction rate decreases, but now it takes a
relatively long time before it increases again. Like in the case of TiO, modified with
KRTTS, this temporary slow-down is caused by flocculation of the particles. However,
in this case new radicals can only be generated inside the agglomerates, and initiation
in free polymer particles and micelles will therefore be hindered by a slower radical
diffusion, which accounts for the long period of low reaction rate.

The presence of a radical initiator at the particle surface instead of dissolved in the
aqueous phase results in a much higher polymer content of the TiO, particles [9,10].
Flocculation of the encapsulated particles can be prevented by using low monomer
concentrations. Polymerizations under starving conditions seem to result in a higher
stability of the dispersions and the formation of a rather large amount of polymer at
the inorganic surface.

% e = )

Ty

(A) 6:)

Figure 5. Initiation at the particle surface
A) Polymerization of MMA, initiated by TiO,/KR26S/ACPA (10.40
mmol/1 SDS, 1.00 mol/1 MMA, 33 g/1 TiO,);
B) Polymerization of MMA, initiated by Al,0,/KR26S/ACPA (10.40
mmol/l SDS, 1.00 mol/l MMA, 33 g/l Al,0,).
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FINN KNUT HANSEN
UNIVERSITY OF OSLO, DEPT. OF CHEMISTRY
P.0.BOX 1033 BLINDERN, 0315 OSLO 3, NORWAY

COMPETITIVE ADSORPTION AND PHASE FORMATION OF ASSOCIATIVE THICKENERS

At the Uo0 we are starting slowly to build the research group. I have one
new research assistant who will be working mainly on our associative thick-
eners project. Last year I had an NTH (Trondheim) student (mr. K.Larsen)
at byno who started work on competitive adsorption of associative thicken-
ers and emulsifiers on model polystyrene latex particles. For this purpose
dr. Fonnum synthesized a special thickener with a naphthyl group in the
middle. This has the structure,

0 0 0 0
(R3-0-C-NH-Rp-NH-C-0- (CHyCH-0) 1 50~C-NH-Rp-NH-C-NH) 5CgHg

where R; is a straight hydrocarbon chain CgHj3 to Cj3Hy7 , Ry is methylene
bis(cyclohexyl) and CjpHg is the naphthyl group. This naphthyl group fa-
cilitates analysis of the serum by UV adsorption. In a mixture with non-
ionic emulsifiers on nonyl phenyl basis, both emulsifier and thickener may
be detected simultaneously because of the difference in the adsorption
band. Adsorption was measured on 0.5 um PS particles by filtration or cen-
trifugation of the latex, and UV analysis of the serum.

The results are most interesting (some of them were presented by dr.Fonnum
at Lehigh this summer). The thickener adsorbs in a "normal® manner when
added alone. Adsorption isotherms may be measured, and are approximately
of the Langmuir-like type. However, when emulsifier is added, the thick-
ener desorbes and emulsifier adsorbs as may be expected, but after some
time (several hours) the emulsifier partly desorbes again. The same pheno-
menon takes place when the emulsifier is added first; the thickener ad-
sorbs, and then desorbes again, leading to partly reabsorption of the emul-
sifier. The adsorption isotherms taken at equilibrium (more then 15 hours)
shows a typical low affinity (S-type cooperative) form. The starting point
of the adsorption is proportional to the amount of emulsifier in the sys-
tem,

We believe these results indicate a type of phase equilibrium in the water,
a gel or mixed micellar phase that are thermodynamically more favored than
adsorption on a PS surface. The phase formation takes a long time to reach
equilibrium. This phase seem to have a fixed ratio between emulsifier and
thickener molecules of 20-30, dependent on the hydrophobicity of both thic-
kener and surfactant. We naturally find these results very interesting,
and are now going to investigate such mixed systems with several techni-
ques, in particular NMR and light scattering techniques where we will be
cooperating with groups here i Oslo and in Sweden. Presently, we have pro-
mising results on NMR diffusion measurements where we show that diffusion
in such mixed systems changes dramatically with composition.
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MAXIMUM ENTROPY INVERSION OF ELASTIC LIGHT SCATTERING DATA FOR THE
PARTICLE SIZE DISTRIBUTION BY NUMBER AND VOLUME

R. FINSY and M. VAN LAETHEM E. GELADE and J. JOOSTEN
Theoretical Physical Chemistry Dept. for Physical and Analytical
Vrije Universiteit Brussel Chemistry

Pleinlaan 2 - B-1050 Brussel DSM Research

Belgium P.0O. Box 18 - N-6160 MD Geleen

The Netherlands

ABSTRACT

The application of Maximum Entropy analysis of elastic light scattering data for
the evaluation of particle size distributions by number and by volume in the
submicron size range is reported. The practical performances for homogeneous
spheres are fillustrated with simulated data and experiments on unimodal, bimodal
and trimodal distributios of monodisperse latices. Accurate reconstructions by
number are observed. The reconstructions by volume lead to somewhat broadened
distributions. The method also allows the resolution of closely spaced distribu-
tions of particle sizes.
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Dynamic light scattering by nonergodic media: Brownian particles trapped in polyacrylamide gels

Jacques G. H. Joosten and Erik T. F. Geladé

Department for Physical and Analytical Chemistry, DSM Research, P.O. Box 18, 6160 MD Geieen, The Netherlands

Peter N. Pusey
Royal Signals and Radar Establishment, St. Andrews Road, Malvern WR 14 3PS, England
{Received 12 March 1990}

Dynamic light scattering (DLS) is used 1o study the diffusional behavior of polystyrene latex
spheres incorporated in polyacrylamide gels. It is shown that the gel systems exhibit nonergodic
features, implying that the time-averaged intensity correlation function (ICF), the quantity obtained
from a single DLS experiment, is not equal to the ensemble-averaged ICF. It is demonstrated that
the theory of Pusey and van Megen [P. N. Pusey and W. van Megen, Physica A 157, 705 (1989}] on
DLS by nonergodic media can be used to extract dynamic structure factors from single DLS experi-
ments. It appears from this analysis that large values of the diffusion coefficient of the tracer parti-
cles, which would have been obtzined in a classical analysis, do not imply rapid particle motions but
result simply from an incorrect analysis of the data. The initial decay of the dynamic structure fac-
tor gives a short-time diffusion coefficient of the particles that hardly depends on the degree of
cross-linking. We also show thatsa proper analysis of the data results in 2 dynamic structure factor
that develops a nondecaying component. This component is a measure for the fraction of frozen-in
fluctuations resulting from constrained diffusion of the tracer particles. From the nondecaying
companent in the dynamic structure factor, a distribution of root-mean-square displacements of the
particles is calculated that appears to be an exponentiza! distribution of which the decay length de-
creases with increasing degree of cross-linking. Although the scattering from the systems with
probes is much higher than that of the matrix, we cannot neglect the gel scattering completely. We
present theoretical expressions allowing corrections for gel scattering.
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The following paper has been presented at the 64th Colloid and

Surface Science Symposium at Lehigh University and is published
now in Makromol. Chem.

Makromol. Chem.. Macromol. Symp. 35136, 423446 (1990)

INFLUENCE OF CHEMICAL HETEROGENEITY ON STRUCTURE AND
PROPERTIES OF EMULSION COPOLYMERS

A. Zosel} W. Heckmann, G. Ley, W. Machtle

BASF Aktiengesellschaft, 6700 Ludwigshafen/Rhein,
Germany

Abstract: Wher comonomers of different hydrophilicity
are copolymerized in emulsion polymerization, a
heterogeneous distribution of the polar groups in the
resulting latex can occur which is mainly caused by
differences in the solubilities of the monomers as well
as the polymerization products in the water and the
polymer phase. By a combination of various methods,
analytical ultracentrifugation of the latices,
mechanical spectroscopy, tensile tests and electron
microscopy of the latex films, the distribution of the
polar groups in the latex, the structure of the latex
particles, and the morphology and mechanical behaviour
of the latex films have been studied. Films of emulsion
copolymers in many cases show a very pronounced
two-phase morphology consisting of the main polymer
within the particles and a second hard phase which is
concentrated in the interfaces and wedges between the
original particles, forming a honeycomb-like continuous
structure throughout the film which has a strong
influence on the mechanical properties of the films,
When emulsion copolymers are cross-linked via reactive
monomers with a higher degree of hydrophilicity than the
main monomers, structurized networks may result with a
spatially inhomogeneous distribution of cross-links.
Structure and properties of films from emulsion
copolymers are determined by the polymer bulk properties
as well as the multiphase structure.
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WAGENINGEN AGRICULTURAL UNIVERSITY
Department of Physical and Colloid Chemistry
Prof.dr. J. Lyklema

Single Particle Optical Sizing (SPOS)
E.G.M. Pelssers, M.A. Cohen Stuart and G.J. Fleer

Wageningen Agricultural University, Department of Physical and Colloid Chemistry,
Dreijenplein €, 6703 HB Wageningen, The Netherlands

I. Design of an Improved SPOS Instrument and Application to Stable Dispersions

We describe an instrument for single particle optical sizing, based upon small angle light scattering
by individual particles. A colloidal dispersion is hydrodynamically focused into a narrow stream of §
um width, which is illuminated over a length of 30 um by a perpendicular laser beam with a constant
intensity across this detection volume, using a specially designed elliptical optical focus. Asthe particles
pass one-by-one through the detection volume. the light pulses are detected under a scattering angle of
5°. The signals are stored in a multichanne! analyzer and electronically processed. This set-up enables
one to measure accurately the panticle size and particle size distribution of both stable and aggregating

colloidal dispersions. In this paper, we give some illustrative results for stable systems. @ (990 Academic
Press. Inc.

Il. Hydrodynamic Forces and Application to Aggregating Dispersions

The shear and extension forces occurring during the hydrodynamic focusing in our SPOS instrument
which is described in the preceding paper (E. G. M. Pelssers, M. A. Cohen Stuart, and G. J. Fleer. J.
Colloid Interface Sci. 137, 350 (1990)), are analyzed and compared with estimates for the binding forces
between particles in salt coagulation and polymer flocculation. It is found that the hydrodynamic forces
are several orders of magnitude smaller than these binding forces, so that the aggregate size distribution
is not changed during the measurement. Also the additional orthokinetic aggregation in the apparatus
is shown to be negligible. The aggregate size distribution of a coagulating dispersion could be monitored
very accurately up to heptaplets. The intensity scattered under 5° by aggregates of latex particles of 350
nm radius is found to scale as /', where V' is the (coalesced ) volume of the aggregates. The coagulation
of latex by salt follows the overall bimolecular kinetics as predicted by M. Von Smoluchowski (Phs. 2.
17, 557, 585 (1916} and Z. Phys. Chem. 92, 129 (1917)). © 1990 Academic Press, Inc.
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by
Mamoru Nomura

Department of Materials Science and Engineering
Fukui University, Fukui, Japan

As have been already announced, "International Symposium on
Polymeric Microspheres" will be held in Fukui in Oct. 23(wed) -
26(sat), 1991 under the auspices of the Ministry of Education,
Japan and in cooperation with Lehigh University(EPI), McMaster
University{(MIPPT)} and CNRS(LMO). First circular will be sent
socon to all the members of the IPCG(International Polymer
Colloids Group). We Hope that many of the IPCG members will
participate in this symposium. Those who are interested in
attending this symposium, please contact the symposium
secretariat, Mamoru Nomura.

A paper entitled "Kinetics and mechanism of emulsion
polymerization initiated by oil-scluble initiators. 2. Kinetic
behavior of styrene emulsion polymerization initiated by 2,2'-
azoisobutyronitrile." was submitted for publication in J. Polymer
Sci. Chem Ed. The aim of this paper is to clarify the general
kinetic behavior of emulsion polymerization initiated by oil-
soluble initiator. As a typical example, styrene emulsion
polymerization initiated by AIBN was investigated thoroughly,
examining the changes in the rate of polymerization and the
number of polymer particles formed with changes in
emulsifier(NaLS), initiator and monomer concentrations initially
charged and the reaction
temperature. It was shown from
these experimental results that the
kinetic behavior of this emulsion
polymerization system is quite
similar to that of styrene emulsion
polymerization initiated by water-
soluble initiator such as K,;5,0g.
Fig. 1 shows the effect of ini%ial
emulsifier concentration on the
rate of polymerization (o) and the
number of polymer particles
produced (o). Triangles( ) indicate
the number of polymer particles
produced when K,5,0 initiator is
used in place of AIBN. 1In both
cases, the number of polymer
particles produced abruptly
increase in the vicinity of the
CMC. The literature value of the
CMC of NalL$S in the absence of
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KINETICS OF POLY (N-ISOPROPYLACRYLAMIDE)
MICROGEL FORMATION
X.Wu, R.Pelton, D.Woods, A.Hamielec

Department of Chemical Engineering
McMaster University, ont., cCanada

The heterogeneous polymerization of N-isopropylacrylamide
(NIPAM) with or without N,N'-methylene bisacrylamide (BAM) were
conducted in agueous medium at the temperature above the LSCT of
NIPAM polymers to find out the formation mechanism and the growth

rate of the microgel particles and to 1nve§t1gate the kinetics of
the polymerization. In the reaction, 10° M S,0, was used as
initiator and 10" M sodium dodecyl sulfate as sur actant The total
monomer concentration was 107 M.

The moncmer conversion was determined by high performance liquid
chromatography and the particle size was measured by dynamic light
scattering.

The total monomer conversion increasing with reaction time has
a normal trend. No gel effect has been observed. The quicker
consumption of BAM (monomer 2) implies its higher reactivity
comparing with NIPAM (monomer 1).

The top curve of Fig.l shows the change of partlcle volume
ratio, the volume measured at 25 °C divided by that at 50 C with
the reaction time. In the beginning, the ratio increases to a
maximum. This may infer that BAM content in the polymer reduces
due to the decrease of BAM monomer fraction. Thereafter, the
decrease of the volume ratio may imply the formation of tighter
cross-linking structure by consumption of the pendant double bonds.
In the final stage, the increasing ratio may be caused by the
connection of NIPAM only polymer chains on the particles since at
this stage no BAM monomer has been left.

In contrast to the classical emulsion polymerization, the
dependence of particle volumes on the monomer conversion was cubic
rather than linear (See Fig.l1, the bottom three curves). This along
with the volume ratio results, suggest that particle density is a
function of conversion. Experiments with a disk centrifuge will be
used to test this.

qy
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Robert Pelton

McMaster Institute of Polymer Production Technology
McMaster University

Department of Chemical Engineering

Hamilton, Ontario, Canada, 1L8S 4L7

(416) 525-9140 Ext 7045, Telex 061-8347

Minimum Stabilizer Chain Length For Steric Stabilization

Silicone-stabilized poly(methyl methacrylate), PMMA, latexes dispersed in
heptane were reacted with acidified montmoritionite that randomly decomposed
the steric barrier to the point of flocculation. The flocculated latex particles were
isolated and the amount of silicone remaining in the steric barrier was
determined by NMR. From these data the molecular weight distribution of the
steric layer at the flocculation point was computed assuming that random
silicone equilibration occurs for the poly(dimethyl siloxane) on the latex particle
surfaces.

Three types of latexes were studied: 1) latex with silicone chains attached
to the PMMA surface at one end; 2) latex with silicone chains attached at both
ends; and, 3) latex with attachment points at one or more positions along the
silicone chain.

The average silicone chain length at the point of flocculation, DPCTit,
agreed with estimates based on Napper's “pragmatic expressions* for the

potential energy of sterically stabilized particles. DPCfit was dependant upon
two independent parameters - the number of silicone chains per unit surface

area and the Flory Chi value. As expected, DPC'it decreased with increasing
solvent quality (for silicone) and with increasing number of silicone chains per
unit surface area.

Typical results are shown for latex 81 on the following page. Figure 1
shows the silicone stabilizer precursor structure and Figure 2 shows the amount
of silicone on the latex particles as a function of equilibration time. Particle size
was monitored during these experiments with a Horbita sizer and the onset of
flocculation was obvious and occurred between 72 and 74 hours of equilibration.

Approximately 2/3 of the silicone could not be removed from the latex
after very long equilibration times. This, we believe, is a result of buried silicone
which complicates our interpretation. Assuming that only surface silicone is
attacked by the dispersed montmorillonite catalyst then the amount silicone on
the surface at the flocculation point, DPCMit | was computed from the
experimental data in Figure 2 and is shown in Figure 3 (squares) as a function of
the assumed initial fraction of silicone on the particle surface (i.e. not buried).
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The other curve in Figure 3 was computed from Napper's constant
segment density equations (12.44 to 12.46 in his book) assuming a secondary
minimum of > 10 kT leads to flocculation. The computed curve in Figure 3 is a
weak function of the fraction of surface silicone because the greater this

parameter, the more silicone chains per unit surface area.

" Figure 1
Stabilizer:
o CH; [CH; |CH,
CHg-O-C-O-(CHZ):,-SI-O SI o SI-CH3
c|.|2 CH3 CH3 CH3
MW 38,000
Latex: diameter 1.13mm, SD 0.4mm
4
35T
N =u [ |
Mole % Silicone 3 | Point of
N Flocculation
|
25 [
[ |
|
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CONTRIBUTION TO POLYMER COLLOID

GROUP NEWSLETTER
FROM CNRS/LYON
(SUBMITTED BY C. PICHOT)
* d on the p _?_=_=- and thermomechanical ¢ ; of pol rene
polybutylacrylate-methacrylic acid (2} core-shell emulsion polymers (M. HIDALGO - L. RIOS -

C. PICHOT - J. GUILLOT - A. GUYOT (LM.0O.) 1.Y. CAVAILLE (LN.S.A))

Polystyrene (PS) (1)/Poly(butylacrylate (BA)-methacrylic acid (MAA) (2) composite
latexes have been prepared through a two-stage emulsion polymerization process using
monodisperse polystyrene latex seed (118 nm) and different BA/MAA ratios. The amount of
MAA in the shell copolymer was found to be the main factor controlling the particle shape and
morphology. The shape of the structured particles was generally non sphrerical and the shape
irregularities increased as a function of reaction time. At the beginning of the second stage
reaction, new small particles were observed, which coalesced onto the PS seed as the
polymerization proceeded. The distribution of the MAA groups in the latex particles and in the
serum was analysed by alkali-back-acid titration using ionic exchanged latexes. No MAA groups
were detected in the latex serum. Due to the low Tg of the BA-MAA copolymers, alkali
conductimetric titrations accounted for all the MAA groups on and within the polymer particles.

Further study was then investigated on the thermomechanical behavior of films cast from
these latexes, using differential thermal analysis and dynamic mechanical spectrometry working
in the temperature range from 100°K to 700°K, and comparison was made with analogous
unfunctionalized PS/PBA systems. It was found a strong effect of MAA upon the phase
arrangement in the film, the evolution of which as a result of annealing being dependent on the
- heat weatment conditions (see figure). The thermomechanical behavior of films was related to the
structural features of the corresponding latexes and simulation techniques were used in order to
provide a mechanistic support to these relations.

(two papers to be submitted)
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* Kineti lloidal studies in emulsi 1 ization of 2-ethyl hexyl acrylate
(T. DESROCHES-LMO).

More data have been collected on the emulsion polymerization kinetic behavior of 2-ethyl hexyl
acrylate (EHA) for which, the propagation rate constant (kp) has been found lower than for
acrylates having lower alkyl group. Owing to a UV method allowing to harden the low-Tg
polymer particles transmission electron microscopy could have been applied on the latexes, in
order to examine the particle size distribution as a function of conversion : results ¢clearly
evidence that coagulative nucleation mechanism is operative with this monomer under the
selected conditions. However in some cases, the presence of a second population of small
particles is observed even at high conversion, what indicates a complex process of particle
formation and growth.

* Studies on the stabilizing properties of zwitterionic emulsifiers (M.F. LLAURO - H.
ESSADDAM - LMQO).

More work has been developed mainly with the purpose to explain the strong adsorption
energy displayed by two sulfobetaines(having different intercharge distance and structure) at the
polymer particle interface. A 13C.NMR study is being curently investigated on micellar solutions
of these surfactants in the presence of compounds having or not an aromatic group.
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The study on the mode of action of zwitterions when used as surface active agents in
emulsion polymerization or as poststabilizers was extended to the case of carboxybetaines
having three different intercharge distances (n=1, 3, 10). Preliminary results seem to indicate
that these surfactants provide much less colloidal stabilization than the sulfobetaine, however
when used under moderateorhigh concentrations, monedisperse particles can be produced up to
35 nm (as already reported by KATO for n=1).

rizati ne 13
mixte CNRS/BioMérieux).

1 [}

(B. CHARLEUX - Unité

Monodisperse polymer latexes bearing surface-CHQ-groups have been prepared through
a two -step process, comprising first a soap-free emulsion polymerization of styrene using
potassium persulfate as an initiator, secondly a surface functionalization by copolymerization of
various amounts of para-formylstyrene either by a "shot” process or by post polymerization on
the polystyrene seed particles.

A preliminary study was investigated on the kinetics of solution copolymerization of the
binary system styrene(l)/para-formylstyrene(2) so as to determine the reactivity ratios
(r1=0.2;r2=2.9) and the copolymer microstructure.Moreover soap-free polymerization of p-
formylstyrene has been found more rapid than for styrene then ensuring efficient surface
polymerization when using two-step processes .

Final latexes were characterized with respect to conversion, composition and particles
size and distribution using Transmission Electron Microscopy and Quasi Elastic Light Scattering
methods. Particular attention was paid to the surface characterization of the polymer particles,
especially to evalvate the amount of aldehyde groups covalently bound the surface in comparison
with a poly-p-formylstyrene latex prepared under the same soap-free conditions used as a
model. Various analytical methods were investigated such as ESCA, aldehyde reduction by
labelled sodium borohydride foliowed by radicactivity measurements or reaction of the aldehyde
groups with a labelled amine compound.

(Two papers to be submitted).

RECENT PAPERS

Emulsifier-free emulsion copolymerization of styrene and butyl acrylate, 1. Kinetic study
in the absence of emulsifier. J.L. GUILLAUME - C. PICHOT - J. GUILLOT - J. Polym. Sci.,
Part A, 28 (1), 110 (1990).
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Emulsifier-free emulsion copolymerization of styrene and butyl acrylate. 1. Kinetic study
in the presence of a surface active comonomer acrylamidoundecanoic acid. J.L. GUILLAUME -
C. PICHOT - J. GUILLOT - J. Polym. Sci., Part A, 28 (1), 137 (1990).

Ordering of latex particles during film formation . M. JOANICOT - K. WONG - J. MAQUET -
Y. CHEVALIER - C. PICHOT - C. GRAILLAT - P. LINDNER - L. RIOS - C. CABANE -
Prog. Colloid. Polymer. Sci., 81, 195 (1990).

Papers in Die Makromol. Chem. Macromol. Symp., Second Internationa! Symposium on
Copolymerization and copolymers in dispersed media, Lyon, Vol 35/36, (1990) :

- Modelling and simulation of emulsion copolymerization of monomers of different polarities.
Relationships kinetics - microstrucure - properties. J. GUILLOT - p 269.

- Recent developments in the functionalization of latex particles - C. PICHOT, p. 327.

- Synthesis of reactive latexes by copolymerization of methyl acrylamidoglycolate methy! ether
(MAGME) with styrene and butyl acrylate. ] GUILLOT - S. MAGNET, p. 367.

- Dielectric characterization of latex suspensions by microwave spectroscopy using mixture
laws. R. DAVID - F. HENRY - C. PICHOT, p. 381

- Batch emulsion copolymers of styrene with ethyl acrylate : microstructure and glass transition
temperature. S. DJEKHABA - J. GUILLOT. Europ. Polym. J., 26, 9, p. 1017 (1990)

IHESIS

- Kinetic study of emulsion polymerization of 2-ethyl] hexyl acrylate. Copolymerization with
styrene and methyl methacrylate.
(T. DESROCHES). Universiy of LYON - Oct. 1990.

- Thermodynamic and kinetic study of styrene-acrylonitrile copolymerization onto potybutadiene
latexes.

(P. MATHEY-MULLER). University of LYON. Oct. 1990.
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Newsletter Contxibution from The University of Akron
by I. Piirma
Institute of Polymer Science
Akron, Chio 44325-3909
Copolymerization of Butadiene and Acrylonitrile
Report from Sam Laferty

A study was carried out to evaluate what effect the butadiene-
acrylonitrile seed latex properties have on the subsequent grafting
of acrylonitrile-methyl acrylate to the copolymer in the seed
particle. It was found that the most important factor was the gel
content of the seed latex. This finding, in turn, led to
experiments which would pinpoint the variables affecting the gel
formation. A polymerization recipe with AIBN as the initiator at
50°C and t-dodecyl mercaptan at concentration of 0.77g9/100g of
monomers resulted in latices which at approximately 90% conversion
contained only 2% gel. This gel content was found to increase
rapidly with aging unless hydroquinone was added to stop further
free radical processes which led to crosslinking. Since the
presence of hydroquinone in the seed latex would completely hinder
any further polymerization, the grafting reactions had to be
carried out without the inhibitor, which in turn created great
variations in the gel content of the latex due to its unavoidable
exposure to traces of oxygen and other, yet unknown, factors.

A preliminary study of the grafting reaction with latices with
two different crosslink densities, one latex carelessly exposed to
air and the other with 2% gel was carried out. Acrylonitrile and
methyl acrylate were added to the seed latex and polymerized. The
morphology of the resulting latex particles was studied with
transmission electron microscopy. It was observed that the gel
content and crosslink density greatly affected the morphology of
the new particles. With the high crosslink density latices very
definite phase boundaries were apparent in the osmium tetroxide
stained acorn shaped particles. The dark colored seed particles
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being the core with the poly(acrylonitrile-co-methyl acrylate) cap.
When a seed latex with much lower crosslink density was used, the
particles had hardly any visible exposed dark seed core, the
particles were almost completely covered with the new copolymer.

Polymerization of Single Phase Microemulsions

H. Michael Cheung*, Mohan Sasthav, and Raj Wallajapet

We are investigating polymerization of several single phase
microemulsions for the purpose of producing microstructured polymer
solids (as opposed to latex). The systems we are currently
studying utilize methyl methacrylate and acrylic acid as the
polymerizable elements in combination with an aqueous phase.

Single phase microemulsions can be formed over a fairly wide
composition range both with and without surfactant (we’re using
sodium dodecyl sulfate at present). The microemulsions have been
characterized using conductivity, thermal, and viscosity
measurements. Both the conventional and surfactantless systems
show evidence of bicontinuity. We have begun utilizing QELS and
static scattering to further characterize the precursor
microemulsions. Ultraviolet polymerization is performed in a
temperature controlled photoreactor to produce both thin films (200
micron thickness)} and "bulk" solid polymer. SEM examination shows
evidence of microstructuring on a submicron to few micron length
scale. The method of drying (removing the aqueous phase after
polymerization) appears to have a significant effect on the final
microstructure of the polymer. Supercritical carbon dioxide drying
and freeze vacuum drying produce a more open microstructure than
conventional low temperature (50 deg. Centigrade) oven drying.
Efforts are underway to quantify this difference using BET surface
area and flow porosity measurements. It is our hope to eventually
be able to correlate the precursor microemulsion structure and the
final polymer microstructure.

* . . . .
Assoclate Professor Chemical Engineering
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Recent Publications

"Synthesis of Poly(methyl methacrylate)-graft-polyoxyethylene for
Use as a Polymeric Surfactant in the Emulsion Polymerization of
Methyl Methacrylate", Polymér Latex III Conference publication by
P.R.I. London 1989, G. Jialanella and I. Piirma

"Colloids", Encyclopedia of Polym. Sci. and Eng., Supplement
Volume, 2nd Ed., page 123-129, 1989, Wiley & Sons, Inc., I. Piirma
"Preparation of a Water Soluble Polyester Surfactant and its Use in
the Emulsion Polymerization of Styrene", Polym., Bulletin 23,
367-371 (1990) T. McCartney and I. Piirma

"Polymeric Surfactants in Emulsion Polymerization", Macromol.
Chem., Macromol. Symp. 35/36, 467-475 (1990) I. Piirma
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Magic-Anglg Carbon-13 Nuclear Magnetic Resonance Analysis

of Polybutadiene - Poly({methyl methacrylate) Core-Shell Latex

D. TEMBOU NZUDIE, L. DELMOTTE and G. RIESS
Ecole Nationale Supérieure de Chimie de Mulhouse

3 rue Alfred Werner, 68093 MULHOUSE CEDEX (France)

High resolution solid state NMR has been developped during the last
years as a powerful toel for the structural analysis of polymer blends, including
compatible systems, as well as two-phase materials (1 - 11). Especially as shown
by SCHAEFER et all (12), 130 high resolution NMR can be used to determine the
spin-lattice relaxation times T1 p (H) of the protons in the rotating frame,
which leads to interesting conclusions regarding the microscopic structures and

dynamics in polymer blends.

These NMR techniques have not yet been applied, to our knowledge, in

order to study polymer latex particles, such as a core-shell latex.

In this paper we report the application of the cross polarization
technique in order to characterize polybutadiene (PBut) - poly(methyl metha-
crylate) PMMA, having & PBut core and a shell with different amounts of PMMA. Such
a latex with an elastomer core and a thermoplastic shell is of practical

importance as "impact improver" for various thermoplastics (13, 14).

The determination of the spin-lattice relaxation times T1 p (H), de-
termined at various contact times, could therefore be useful to determine the
two-phase characterics and the interphase of two incompatible polymers, e.g. PBut

and PMMA, in a core-shell latex.

Experimental

The PBut latex, as starting material, has kindly been supplied by
ROHM-HAAS. It has an average particle size of 65.5 nm. A latex of PMMA

homopolymer, with an average particle size of 63.2 nm, is obtained by emulsion

polymerization in a batch process at 60°C.
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The different samples of core-shell latex are prepared either in a
batch or in a 'semicontinuous process at 60°C, by adding MMA monomer to the PBut

seed latex. K28208 was used in all cases as initiator.

The size of the latex particles determined by photon correlation
spectroscopy (Coulter-Nd) is given in Table 1 as a function of the PMMA content.

Therefore ull 5umpl}s huve the same PBut core and different thicknesses far the
PMMA shell.

weight percent
of PMMA 0 1) 30 40 57 S7 (batch) 75 100

particle size
{nm) 555+3.0|55.76¢2.9]64.49:1.0(65.1£2.5|74.320.8| 71.4:0.3[87.921.0 63.210.5

table 1. particle size (weight average) of P(But)-PMMA lalex samples

The latex samples are then precipitated with a solution of concentrated
sodium chloride, filtered, washed with distilled water and finally dried under
vacuum at room temperature. The blend of PBut and PMMA is obtained in a similar
way by coprecipitation of both types of latex.

About 200 mg of powder were packed in 7 mm Zirconia spinners with Kel-F
caps and were spun at the magic angle at 3.7 kHz. Solid-state 13C-NMR cross pola-
rization, proton dipolar decoupling and magic-angle' spinning (CP/DD/MAS}. NMR
experiments were performed at 75.47 MHz on a BRUKER MSL 300 spectrometer.
Depending upon sample composition, 200-400 scans were necessary per contact time
value for a satisfactory signal-to-noise ratio. All spectra were obtained at a

temperature of 20°C.

The cross polarization pulse sequence used in the experiments is shown
in Figure 1. THe matched spin-lock c¢ross polarization transfers employed 130 and
H magnetic field strengths of 34 kHz. Contact times from 2 ms to 24 ms were used

and delays between scans (recycle time) were 2.5 s.
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Hix Hiy
n/2
1, Spin Lock Decoupling
te
FID
13¢ Contact

JAR
KJ W/
fig 1: The cross polarization pulse sequence used in the experiments

Results and discussion

The solid-state 13C NMR spectra of PMMA is shown in Figure 2. The main
features are the peaks due to the a -methyl carbon (Cg) at 15-27 ppm, the
quaternary carbon (CG) at 48 ppm, the methoxy (C5) at 55 ppm, and the carbonyl
(Cl) at 172 ppm. The methylene carbon peak is a broad underlying peak at 45-60

ppm.

*
* . »

N PR B E ST B I

288 158 1pg LY ] 2

PPH

Fig 2:Solid-state 13C NMR spectrum of poly( meth
ate yl methacrylste).
The asterisks indicate peaks due to spinning sidebands o
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Cross polarization experiments with various contact times were made on
the differents:samples. The variation of PMMA Carbon magnetisation as a function
of the contact time of pure PMMA and of core-shell latex samples of various compo-
sition is shown in Figure 3 for the carbon CG' The relaxation time T1 p (H) is
obtained by taking the negative of the inverse of the slope {-1/slope). Duplicate
experiments have shown reproducibility of * 1 % for carbons CS' C6 and C1 and * 10
% for carbon Cg. T]‘ p (1) values so determined for the different protons attached
to chemically different carbons are listed in Table 2. Because of the
spin-diffusion phenomena, this parameters are averaged and differences in the
values cobtained from the ;arious carbon lines of the pure PMMA is lower than 5 %
(2). This is true for the other samples. This in an extreme case where the protons
are closely «coupled by rapid spin-spin exchange through dipole-dipole
interactions. If the different protons are not in contact on a sufficient

distance, each of them would have its own characteristic relaxation times.

5 C6 and C9 of PMMA show
identical trends in their relaxation time dependance on composition ratio. In fact

For all the other samples, the carbons Cl' Cc

the decreasing T1 p (H) values with decrease of weight fraction PMMA in the core-
shell latex samples is due to the increasing amount of PMMA at the interface with
respect to the total amount of PMMA. The main reason of this decreasing in Tl
p {H} or increasing mobility of PMMA in the core-shell samples is that PMMA
protons have either direct dipole interactions with P(But) nuclei or have

sufficient P(But) near-neighbours to alter the molecular motion of PMMA (2).

weight percent
of PMMA 15 30 40 57 7S 100 [57 (batch)|S7 {blend)

C1 (172 ppm) & 8.7 102 | 11511 135 | 143 12.6 15.0

CS (55 ppm) 6.6 7.9 9.1 104 121 | 13.8 11.4 13.8

C6 (48 ppm) .} 5.9 7.7 9.1 104 | 11.8 | 13.6 11.2 13.2

Co (1S5-27 ppm)| * 96 | 11.4] 120 | 13.1 | 144 12.3 15.0

table 2. relaxation times T 1p(H) (ms) of differents samples with variable composition of PMMA
¥ no quantitative signal intensity
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From Table 2 it also appears that the relaxation time for a given
carbon depends on the preparation method of the latex sample. Thus, for a same
composition (57 weight percent of PMMA), we notice that the relaxation time is
highest for the blend and “owest for the sample prepared by the semi-continuous
procedure. For the sample prepared by a batch technique, the relaxation time has
an intermediate value with respect to the two previous ones. This behaviour which
is also shown in Fig;}e 5 can be explained by the fact that the fraction of PMMA
in the interphase seems to be highest for the latex “gemi-continuous”" and lowest
for the latex blend. The PMMA relaxation times for the blend are the same as those

of pure PMMA.
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.
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Fig. s: Natura! logarithm of peak intensilies of the carbon rasonances of PMMA scaled 10
the maximum intensily versus cross polarization contact time according to different
methods of the latex samples preparation
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Morphology Development in Emulsion Polymers

We have continued to apply our equilibrium, interfacial free
energy concepts to the subject of morphology control of emulsion
polymer particles by extending our previous analyses to take
into consideration the influence of monomer {or solvent).
Although the eguations which allow the computation of the
interfacial energies of the various morphologies remain
unchanged from our previous analysis, all of the interfacial
tensions are markedly affected by the presence of monomer or
solvent. Beyond that, the volumes of the two phases within the
particle change throughout the process and the equilibrium
compositions of those phases charge as well. We have submitted
for publication a series of papers on this subject which
addresses the impact of the monomer (in synthetic latices) and
solvent (in artificial latices) on the conversion dependent
morphology of emulsion polymers. Specific attention is given to
the prediction of phase equilibria, interfacial tensions between
the polymer (solution) phases and water (with surfactant), and
interfacial tensions between the two polymer (solution) phases
themselves. It has been found that the presence of monomer (or
solvent) can dramatically change the interfacial tensions (as
compared to those for monomer-free polymers) and that such
changes often lead to the condition that the interfacial free
energies of two or more morphologies are quite close in value
during a portion of the process (polymerization reaction or
solvent removal). This gives rise to the thought that two or
more morphologies may be found at the same time during the early
part of the process, or that there may be a change in the
morphology of the particles during this period. More likely,
however, our calculations suggest that the possibility of
finding occluded structures (incompletely phase separated
core-shell, hemisphere, etc., morphologies) should be reasonably
high, especially in synthetic latices.

Another of our projects of possible interest to the IPCG is
that concerned with three component emulsion polymer particles.
We have extended our morphology predictions and experiments to
this area and find, as expected, that a new variety of
morphologies must be considered. These would include
core-shell-shell (six possibilities), sandwiches (3
possibilities), tri-sectional (three lobed, semi-spherical
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particles), "hemi-shell" (a single core surrounded by a two
phase hemisphere-3 possibilities) and "hemi-core" (a two phase
hemisphere surrounded by a single shell-3 possibilities). Via
the artificial latex route we have produced tri-sectional and
hemi-core particles while working with a couple of different
systems. As previously seen in our work on two component
emulsion particles, the effect of the surfactant can be
important in determining the ultimate morphology of the three
component particles as well.

Graft Copolymerization Studies

In collaboration with Gary Poehlein at Georgia Tech, the UNH
group is involved in a fundamental study of free radical
grafting in solution, bulk and emulsion polymerization systems.
Current activities involve the production of well characterized,
low molecular weight backbone polymers via solution
polymerization to be used in graft solution polymerization.
These graft copolymers are being used to investigate new
analytical methods of measuring graft site frequency along the
backbone polymer chain. Kinetic modeling and experimentation in
solution polymerization will be used to develop reliable values
for the rate constants involved in the grafting reactions and
these subsequently used in the emulsion polymerization studies.

Microencapsulation for Sustained Release Coatings

The UNH Polymer Research Group is involved with a marine
biosurfaces research effort to develop new, antifouling
coatings. Among other techniques, microencapsulation of
potential fouling inhibitors is being pursued within our group.
The encapsulation process is done in a water emulsion and the
control of the microcapsule structure has many parallels to
morphology control in emulsion polymers. Sustained release of
certain inhibitors from the microcapsule depends to a large
extent upon the morphology of the particle and the specific
microphase characteristics of the polymer(s) surrounding the
inhibitor. Release rates are determined from the microcapsules
themselves and also as they are incorporated within a polymer
matrix to form a coating.2 Release rates of the order of
magnitude of 25ug/day, cm® of coating are required for marine
applications.
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IPOC Polymér Colloid Research:

“"Modeling particle coalescence phenomena during the emulsion
polymerization of vinyl chloride”

Klaus Tauer '

After the pa;ticles have been formed their further fate de-
pends on the polymerization conditions. The classical case
that, after particle formation, their number remaine unchanged
during further polymerization, does not apply in general.In
order to prove the validity of the HANSEN-UGELSTAD model for
the very first estage of the vinyl chloride emulsion poly-
merization experimental investigationes have been performed.
Unexpectedly, we .observed a rapld decrease in the number of
particles from the very beginning of the reaction in batch
reactors on laboratory ecale [1]. Figure 1 shows & particle
number/time curve for polymerization measured under our stan-
dard condition, e.g. at an initial emulsifier concentration
being sufficiently above the critical micelle concentration.
Although we 1investigated a wide variety of polymerization
conditions a particle number maximum has never been observed.
It could only be detected by combining experimental data for
the rate of polymerization and the increasing particle diame-
ter with model assumptions [2]. The decrease in the number of
particles in experiments wae observed both below and above the
critical micelle concentration. Further on the experimental
results {1] clearly show that the drop in the particle number
only takes place in a polymerizing (living) system. If the
polymerization stops the decrease in the particle number
stops, too. In view of the possible importance of these fin-
dingse a quantitative treatment together with a theoretical
explanation will be tried. We interpret the observed decrea-
e in the particle concentration as a coalescence process.
This means that two particles flow together to form a new
spherical particle. A quantitative treatment of the experimen-
tal data 16 possible in the following manner.
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The velocity of & two-particle contact is calculated according
to the eauation of SHOLUCHOWSKI (1) [3].

rc = ke N2 (1)

rc - velocity of particle contact, nol cm-3 -1
kc ~ velocity constant, cm? mol-1 g-1

N - particle concentration, mol cm-3

From +this equation the kinetic time law for a8 second order
reaction ie derived (2).

N-1 = kct + HNo-1 (2)
Noe - maximum particle concentration
mol cm-3

According to equation (2) it is therefore poseible to obtain the
velocity constant kc directly by differentiating experimental
reciprocal particle number/time curves . Filgure 2 shows the
result of differentiation for our standard recipe. 1t can be
clearly eeen that the value for k¢ 1is not constant from the
beginning. For reaction times longer than 100 minutes nearly
constant valuee have been obtained. This result shows that
the mere number of particle contacts alone i1s not sufficient
for the description of the particle decrease. It is obviously
that beside the closest possible distance between the partic-
les under reaction conditions there must be another process
initiating the coalescence. In agreement with the experimental
results that the decrease in the particle number only occurs
in a polymerizing system we are assuming that the radical
desorption out of a particle is the coalescence initlating
process. The quantitative treatment of the desorption-initia-
ted coalescence goee on in the following manner.
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The mean number of radicals at the very beginning of a VC
emulslon polymerization can be expressed by & reduced UGELSTAD
formula (3), where 1 ig mainly determined by the radical
desorption out of the.small particles,

n = N-9.5(kzD2)0.5 (3)

The maximum ﬂhmber of particles detectable in the above men-
tioned manner depende on the concentration of the stablilizing
agent in such a way that eguation (4) ae &n approximation can
be uesed. Using equation (4) the contribution of the initiator
end groups (mainly saulfate groups) to the stabllization of
particlee is neglected.

No = {(m8SH)/{" Do) (4)

Ne - maximum particle concentration, mol cm-3

Do - particle dismeter after nuclestion (nucleatlon
diameter), cm

as - surface area for the stabilizing agent, cm?

S - concentration of the stabilizing agent, mol cm-3

Now the velocity of the radical desorption, which has the
highest value after particle nucleation, can be expressed by
equation (5).

rdes kdesnoNo (5)

rdes - desorption rate, mol cm-3 s-1

kaes - desorption rate constant, s-1

No - mean number of radicals per particle
after nucleatlion

The drop in desorption velocity according to our model assump-
tion is caused by the increasing particle diameter, which
brings sbout a decrease in radical desorption. Thus, the velo-
city constant of radical desorption out of a particle is
described by equation (6).

74



kaes = (6/1)2/3Dg D-2 (68)

Dr - diffusion conetant of a desorbing radical within the
particle, cm2 g-1

Combining the equations (5) and (6), equation (7) stands for

the radical desorption velocity out of a particle with a given

diameter.

rp = (6/1)2/3 DR no No D-2 (7)

If there 1ie no change in the reaction conditions, euch as
emulsifier and initiator concentration, the change of desorp-
tion velocity is mainly caused by the change of the particle
diameter. Assuming that the desorption of a radical' is the
rate-determining step of particle coalescence, the cémbination
of equations (1), (5) and (7) leads to an equation (8) for
the calculation of the coalescence rate constant.

kc = kca1 D-2 {(8)

The real coalescence rate constant under the conditions of
emulsion polymerization of VC can be calculated according to

the aboye assumptions using equation (9).

kel = (6/11)2/73 DR no No-1 (9)

Substituting no and No in equation (9) by the expreseions (3)

and (4), afforde equation (10), which makes it possible to

calculate kci from initial polymerization parameters.

kct = 1.T29 ((DrR §io Do®)/(as Su)2)0,5 (10)

“io - initial initiation rate, cm-3 g-1

Hence, the following equation (11) resulte for the.coalescence
rate.

rc = kci1 D-2 N2 (11)
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The rate of the particle coalescence during emuleion rolymeri-
zation of VC 1ie thus determined by the change of particle
diameter and particle concentration.

' The value of the coalescence velocity constant kci can  be
calculated from the eﬁherimentally determined particle number-
/time curves by equsation (12).

kc1 = (d(1/N)/d%t) Dz (12)

kc1 - coalescence velocity congtant, cmf mol-1 g-1

N - rarticle concentration, experimental values, mol cm-9
D - mean particle dismeter, experimental values, cm

Table 1 shows the comparison between experimental valuee of
kci and values calculated according to equation (10) for dis-
continuous emulsion polymerizations of VC with different emul-
elfier and monomer concentrations.

For the calculation of k¢1,c according to equation (10) the
following values were used: Dr = 7 10-10 cm2 g-1, fi0 = 2.722
10-11 mol cm=-3 s-1 and as = 5 10-10 ¢pm2.

The values compared in Table 1 show a surprisingly good accor-
dance. However, we have to realize that values for Do and DR
are affected with a relatively high uncertainty. In particu-
lar, kci changes with the fourth power of Do.

Table 1: Comparison between experimental (e) and calculated (c¢)

values of kci

SH d“n Do kei, e kci,e
mol cm-3 cm 107 cmSmol-1g-1 cmimol-1g-1
1.17 10-5 (.35 3.5 1.62 10-7 2.53 10-7

- 1.17 10-5 0.30 2.3 1.10 10-8 4.72 10-8
1.17 10-5 0.27 1.8 2.66 10-9 1,77 10-8
2.56 10-5 0.30 1.8 1.91 10-9 5.47 10-9
1.17 10-5 0.30 2.3 1.106 10-9 4.72 10-8
8.23 10-8 0.30 2.3 1.85 10-8 8.00 10-98
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This is a part of a publication which we have submitted to the
Journal of Macromolecular Science. 1In this publication the
influence of the particle coalescence for modeling the emul-
sion polymerization of vinyl chloride is discuseed 1in more
detail and examples are given in which cases the paticle
coalescence has necessarily to take into account.



IPOC Polymer Colloid Research
Emulsion Polymerization of Styrene Initiated by AIBN
Karl- Heinz Goebel; Katrin Stdhler

The kinetics of the emulsgion polymerization of styrene started
by AIBN was investigated using the following recipe:

water : 1000g

styrene ‘ébOg
(SDS] : 14.3 mMol/l water
[AIBN] : 4?:9 mMol/1l styrene

Changing the emulsifier concentration there is a break in the
surface- tension- curve (Figure 1) in the range of the cmc of
sodium dodecyl sulfate (cmc = 8.3 mMol/l). Corresponding to this
result only the double logarithmic plot of the particle concen-
tration versus the micellar emulsifier concentration gives a
straight line with a slope of 0.50 + 0.03 (Figure 2). That me-
ans, the condition for the particle formation is changing by
micelles ( either by solubilization of AIBN alone and / or by
micellar particle nucleation }.

We need the change of the average radical number

R, W,
k,C, N

n=

in the course of polymerization for understanding the kinetics
and the mechanism of the process.

The results glven in.Figure 4 were calculated using the experi-
mental values in Figure 3 and k,= 3551/ mol s /ref.1/. Despite
of the fact that we didn’t find any region with a constant poly-
merization rate (obtained by numerical differentiation of the
conversion- time- curve) we got n = 0.5 for a broad range of
conversion (28% to 53 %). Divergent from the results with water
soluble initiators we found a minimum of n at higher conversions
due to the formation of new particles. The reproducibility of
this result was proved. A further difference to water soluble
initiators consists in the 1n1t1a11y permanent increasing of n
even though the partlcle concentration is constant. The model of
NOMURA /ref.2/ gives only correct results if it is assumed that
the desorptlon constant and / or the initiator efficiency chan-
ges in the first period.

The further work will be concerned with the rate of initiation
and with the properties of the polymer molecules.

/1/ Buback ,M. ; et al.
J. Polym. Sci. , Polymer Letters 26 (1988) 293-297
/2/ Nonmura ,M.
. Macromol. Chem. Rap. Comm. 10 (1989) 581-587
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The following is "a series of abstracts of papers submitied to various
journals.

HYDRODYNAMIC LAYER THICKNESS OF POLYETHYLENE OXIDE
ADSORBED ON POLYSTYRENE LATEX
L. Couture and T.G.M. van de Ven

The adsorption of polyethylene oxide onto polystyrene latex particles is
investigated by means of dynamic light scattering. The data suggest that the
polymer adsorption process consists of three main stages: (i) diffusion of
polymer molecules to the bar surface and subsequent changes in configuration of
the first layer, (ii) the formation of a dense layer until apparent full cover-
age, and (iii) attainment of the equilibrium layer thickness.

Data on kinetics reveal the presence of an energy barrier in stages (ii)
and (iii), probably due to the hindered diffusion of polymer molecules through
the adsorption layer,

The effect of 1ail configurations is investigated by comparing adsorbed
polymer molecules with and without an anchor end group and it is found that
adsorption of polymer molecules without anchors leads to a thicker hydrodynamic
adsorption layer, in agreement with theoretical expectations.

HYDRODYNAMIC INTERACTIONS BETWEEN TWO SPHERES
NEAR A SOLID PLANE
T. Dabros and T.G.M. van de Ven

Hydrodynamic interactions between particles deposited on a solid wall and
those free 1o move in a simple shear or a stagnation point flow, were studied by
the boundary element method. It has been shown that the method is suitable for
the analysis of hydrodynamic interactions in colloidal systems. There are two
effects which can play an important role during deposition, namely: (i) distur-
bance of the particle trajectories by the deposited particles, and (ii) an extra
hydrodynamic force on a deposited particle during a two body encounter. The
first effect results in blocking of the collector surface, while the second can
increase particle removal from the surface. It is shown that one cannot expect
exiensive blocking effects without colloidal interactions. Nevertheless, the
force exerted on a deposited particle can be considerably changed by the purely
hydrodynamic interaction with a freely flowing one. This effect is likely to be
responsible for removal of weakly-bound particles.



PHOTON CORRELATION SPECTROSCOPIC STUDIES OF
BIMODAL COLLOIDAL DISPERSIONS
G.A. Schumacher and T.G.M. van de Ven

The validity of the theoretical bimodal homodyne autocorrelation function
was experimentally studied for a wide range of size ratios aA/aB and scattered

light intensity ratios IB/I , Of the component fractions A and B making up the
bimodal dispersion. The effect of varying the scattering angle 9. on these

measurements was also studied. In both studies, experimental results were in
excellent agreement with theoretical predictions. A quasi-heterodyne autocorre-
lation function was measured using a bimodal dispersion, where a, >>a, and lB

>> IA, results of which were equivalent to that expected for a classical hetero-

dyne experiment, Finally, a preliminary study of PCS measurements on polydis-
perse samples was carried out using a partially coagulated gold so! and latexes
containing small amounts of doublets. It was found that the percentage of doub-
lets in the dispersion can be eslimated from both static and dynamic light scat-
tering experiments.

BROWNIAN MOTION OF ROD SHAPED COLLOIDAL PARTICLES
SURROUNDED BY ELECTRICAL DOUBLE LAYERS
G.A. Schumacher and T.G.M. van de Ven

Using photon correlation spectroscopy, translational diffusion constants of
electrostatically stabilized rod shaped colloidal particles (tobacco mosaic
virus) have been determined. The diffusion constant equals the value of a neu-
tral rod at high and low electrolyte concentrations, but is reduced by a few
percent when the electrical double layer is comparable 1o the radius of an
equivalent sphere. The reduction in diffusion constant depends both on the
charge on the rod and the sizes of the ions in the double layer. The experimen-
tal findings are in qualitative agreement with a theory of Vizcarra-Rendon et
al,, indicating that at the salt concentrations used, tobacco mosaic virus be-
haves like a model colloidal particle. The effective charge on the individual
tobacco mosaic virus particles is obtained as a fitled parameter, and an estim-
ate of the zeta potential on the tobacco mosaic virus particles is also made.

EVANESCENT WAVE SCATTERING STUDIES ON
LATEX-GLASS INTERACTIONS
G.A. Schumacher and T.G.M. van de Ven

The intensity of light scattered by polystyrene latex particles (average
radius of 46.2 nm from electron microscopy) was measured as a function of the
penetration depth of the evanescent wave and then compared 1o the predicted
values based on the distribution of particles near the glass surface, which were
calculated from the appropriate DLVO theory. This was done for ka values rang-
ing from 0.34 to 9.7. The agreement between theory and experiment was excel-
lent. A photon correlation spectroscopic optical constant b was also measured
as a function of the penetration depth. For all values of xa, except xa = 9.7,
b scaled with the scattered light intensity. The deviation at the highest xa
value was tentatively attributed to the slowing down of the diffusion, which is
expected at small sphere-wall separations. The feasibility of monitoring the
deposition of sub-microscopic latex particles using this lechnique was also
investigated, with promising results.

Bl
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from the van 't Hoff-lLaboratorium, Universiteit Utrecht. the Netherlands.

communicated by A.Vrij, group member

A TURBIDITY STUDY " ON COLLOIDAL
CONCENTRATED SUSPENSIONS USING THE POLYDISPERSE ADHESIVE

&

HARD SPHERE MODEL.
M.H.G.M.Penders and A.Vrij.

van ‘t Hoff Laboratorium voor Fysische en Colloidchenmie,
padualaan 8, 3584 CH, Utrecht.The Netherlands.

ABSTRACT.

A new type of analysis of turbidimetric measurements is
proposed for concentrated sterically stabilized colloidal
dispersions. It is applied to dispersions of silica spheres,
coated with stearylalcohol in aromatic solvents up to high
volume fractions of 0.30 — 0.40. Baxter '‘s polydisperse
adhesive hard sphere model is used to explain the results.
Influence of diameter, stickiness and polydispersity in
diameter on turbidity will be discussed. Model calculations
fit the experimental curves very well up to high volume
fractions and from the data it can be concluded that there

exists a small attraction between the particles.
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SMALL~ANGLE NEUTRON SCATTERING ON CONCENTRATED
ADHESIVE HARD SPHERE DISPERSIONS

M.H.G. Duits', R.P. May®’, A. Vrij' and C.G. de Kruif'®

1) Van ‘t Hoff laboratory, University of Utrecht, Padualaan 8,
3584 CH Utrecht, The Netherlands
2) Institut Laue Langevin, BP156X, F-3804 Grenoble Cedex,

France

ABSTRACT

Small-angle neutron scattering experiments were performed on
concentrated dispersions of sterically stabilized silica particles
dispersed in benzene, where the particles show an effective
attraction on lowering the temperature. In this study, the system
was cooled down from 52 °C, where almost hard sphere behaviour is
cbserved, to just above the phase transition temperature at 33 °C
in seven steps. At each temperature, scattered intensities were
measured at four volume fractions up to 0.28.

The constancy of the particle form factor allowed data analysis
at the level of structure factors. Experimental data were fitted
with model calculations using the Percus-Yevick solution for
Baxter’s adhesive hard-sphere potential, taking the particle size
polydispersity into account.

A quite satisfactory model description of the experimental
structure factors could be obtained. At lower temperatures and
higher volume fractions, the fits are even quantitative. The
obtained stickiness parameter is directly related to sample
temperature, whereas it does not depend on volume fraction. These
observations confirm the model of a short-ranged ﬁttraction
between the particles, with a well depth governed by enthalpic and
entropic contributions to the chain-chain and chain-solvent

interactions.
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