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The A.C.S. Division of Polymeric Materials Science and Engineering got its
act together shortly after the despatch of the Spring Newsletter and prevailed
on Mohamed El-Aasser and Irja Piirma to orgenise the 'Emuilsion Polymerization'
Symposium at the Spring 1986 Meeting in New York City, April 13-18. This issue
of the Newsletter is appearing a few weeks later than usual and the deadline
for the despatch of preprint copy will have passed before Group menmbers receive
their copy so it will be necessary for anyone who wants to contribute and had not
received earlier notification to contact Mohamed or Irja by phone to see if
there is any leeway!

But if there is not you will see from the report of the Anmual Business
Meeting that a further Emlsion Polymerization Symposium is to be held during
the 60th Colloid and Surface Science Symposium at Atlanta, Georgia, 15-18 June.
Presumably Gary Poehlein of the School of Chemical Engineering, Georgia Institute
of Technology, Atlanta, Georgia 30332-0100 (Telephone: (404) 894-2867) will
be organising this and prospective contributors should contact him.

These two meetings should provide ample scope for papers on emilsion
polymerization kinetics so it has been decided that the Wingspread Conference,
June 30 -~ July 4, should be an Advared Research Workshop on the Characterization
of Polymer Colloids dealing with the morphology of latex particles, latex
rheology, steric stabilization and d&termination of surface charge. Members can
obtain any further information regquired from Mohamed El-Aasser.

For the last few years Dow Central Research has undertaken the reproduction
arnd mailing of copies of the Newsletter for members in North America. Increasing
financial stringency has now made it necessary to seek the help of the industrial
menbers for the circulation to the rest of the world for whom DSM, Geleen, Holland
has undertaken the reproduction and despatch of this issue.

Issues will, however, contimue to be assembled in Manchester and copy for
the Spring 1986 issue should reach me by 28 April 1986. This mey mean that the
copy has to be posted up to 14 days in advance of the deadline, a feat which
some members rarely achieve so that this issue contains some items intended for
the Spring issue which only arrived after the copies had been despatched.

Mamoru Nomura apologises for having nothing to contribute to this issue of
the Newsletter but announces the '4th Polymer Microsvheres Symposium, Japan'
to be held 6-8 November, 1986 sponsored by six learned societies: Bob Fitch
is to be a Plenary Lecturer and any other Group members or their colleagues
who plan to visit Japan or East Asia at that time are invited to contact
Dr Nomura who would be able to arrane for them to participate in the Symposium
also.
An updated Iist of Polymer Colloids Group Members is included in this Newsletter.

A. S. Dunn
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IMPERIAL CHEMICAL INDUSTRIES PLC
PETROCHEMICALS AND PLASTICS DIVISION
RESEARCH AND TECHNOLOGY DEPARTMENT
WILTON CENTRE

POLYMER COLLOID GROUP ANNUAL HMEETING, TILTOM NH -~ 9 JULY 1985

Present:

D Bagsett, D C Blackley, F Candau, J W Dodge, M El-Aasser, R M Fitch,
I M Krieger, R H Ottewill, T Piirma, G Poehlein, D G Rance, R L Rowell,
F Saundera, P Stenius, J W Vanderhoff, Th van der Ven, R Wesaling

The Polymer Colloid Group Meeting took place on 9 July 1985 at Tilton NH with 17
nembera present, The main business was to discuss the arrangements for the 1986
Polymer Colloids Conference at Racine, Wisconsin, It was agreed that this
neeting should take the form of an Advanced Study Workehop which should have as
ita objective the formulation of a status note on the future research direction
in the area of Polymer Colloids. The participation of the meeting ia to be kept
to 60 people to include members of the Group together with invited contributors,
A letter concerning selection of participants, lecture/workshop themes and other
organisational detaile has been circulated to mewbers by Professor Hohamed
El-Aagser. El-Aasser {8 applying for funding from NSF, NATC and member
induscries involved in the Polymer Colloid Group.

Other meetings for 1986 are as follows:
AC5 Meeting, Symposium on Emulsion Polymerisation, New York, 13-18 April

60th Colloid and Surface Science Symposium; Emulsion Polymers and Emulsion
Polymerisation: Fundamental Studies and Applications, Atlanta GA, 15-18 June

A further NATO-ASI on Polymer Colloids was proposed for 1988 in Strasbourg,
France. Dr Francoise Candau agreed to be local host; she will initialy book a
local conference centre for 120 people for 2 weeks during July 1988.
Professor Ron Ottewill was appointed Chairman for thias ASI, Dr Derek Rance as
co=Chairman.

New nominations for membership of the group were considered and as a result the
following were elected:

Professor W B Russel Dr W A B Donners Dr M Croucher
Princeton University DSM Research & Patents Xerox Research Centre
Dept of Chemical Engineering PO Box 18 of Canada

Olden St 6160 MD Geleen 2480 Dunwin Drive
Princeton NJ 08544 THE NETHERLANDS Mississauga

UsA Ontario

CANADA L5L 1J9

The next Polymer Group meeting will be held at Racine, July 1986.

«D G RANCE RT/DGR/PH
Analytical and Polymer Science Group 6 August 1985

ANNOUNCEMENT
AND
CALL FOR PAPERS
SYMPOSIUM ON
"EMULSION POLYMERIZATIOH"

CospoNsORED By:

DivisioN ofF PoLyMERIC MATERIALS SCIENCE AND ENGINEERING
AND
Division oF CoLLOID AND SURFACE CHEMISTRY

AMERICAN CHEMICAL SOCIETY MEETING
ApriL 13-18, 1986
New York

Please submit a Letter—-of-Intent to participate in the
Symposium as soon as possible by writing to either of the
chairpersons. The ACS 200-Word Abstract forms and the
preprint paper will be mailed upon request.

Deadline for Ahstracts: October 1, 1985
Deadline for Preprints: November 1, 1985

CHAIRPERSONS FOR THE SYMPOSIUM

Dr. I, Piirma Dr. Mohamed S. El-Aasser
Department of Polymer Science Emulsion Polymers Institute
The University of Akron Department of Chemical Eng.
Akron, OH 44325 Sinclair Lab, Bldg. #7
Telephone: (216) 375-7504 Lehigh University

Bethlehem, PA 18015
Telephone: (215) 861-~3598
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Contribution from the INSTITUT Charles SADRON (CRM-EAHP) CNRS-ULP
6, rue Boussingault, 67083 Strasbourg Cedex, France

by Frangoise CANDAU

RADICAL COPOLYMERISATION OF WATER-SOLUBLE MONOMERS IN INVERSE MICRO-
EMULSION {Z. Zekhnini)

The purpose of the present investigation was twofold. The first
goal was to extend the microemulsion polymerisation process described in
the previous reparts to the synthesis of water-soluble copalymers such
as polylacrylamide-co-acrylates}) which are widely used in a large number

of applications. The second goal was to increase the solid contents of
the final latex particles.

Our results show that an optimization of the process depends
critically on the nature of the oil forming the continuous medium and on
the emulsifier blend. The stability of microemulsions is also function
of the sodium acrylate content in the comonomer feed. Addition of monomers
increase considerably the microemulsion region in the phase diagram due
to the surface-active properties of these components.

Very stable fluid and clear latexes containing large sodium acrylate-
acrylamide concentrations {~25%/overall composition} and relatively low emul-
sifier contents (~10%) have been prepared by polymerisation in microemulsions
stabilized by nonionic surfactants. The optical transmittance of the latexes
were measured by turbidimetry and their particle size by photon correlation
spectroscopy. The dimensions of the particles {dv60nm) decrease with increasing
acrylate content or emulsifier concentration.

The microstructure of the copolymers was determined by 130 NMR
{in collaboration with Dr. F. Heatley, Manchester University, U.K.} which
enabled us to analyze the monomer sequence distribution and to compare it

POLYMERISATION OF LOWER HYDROXYALKYL ACRYLATES AND f;”
MNETHACRYLATES IN NATURAL RUBBER LATEX
14 OCT Recd

D. €. Blackley, London School of Polymer Technology,
The Polytechnic of North London, Hollowey, London N7 BDB.

There are reasons for believing that graft copolymers of hydrophobic
rubbery polymers, such as natural rubber, and hydrophiliec monomers, such as
the lower hydroxyalkyl ecrylates and methacrylates, will have interesting and
useful technological properties. We have recently Investigated the polymeris-
ation of four such hydrophilic monomers in natural rubber latex, the intention
being to prepare latices in which a proportion at least of the conteined polymer
is graft copolymer.

The four hydrophilic monomers we have uged are 2-hydroxyethyl acrylate,
2-hydroxypropyl acrylate, 2-hydroxyethyl methacrylate, and 2-hydroxypropyl meth-
ecrylate, As a group, these four monomers provide interesting variations in both
hydrophilicity and reactivity. The grade of natural rubber latex used was a
so-called "substage" concentrate. This type of concentrate is prepared by a
process in which the latex is first creamed and is then diluted with water and
centrifuged. The concentrations of non-rubber constituents in this type of
concentrate are rather less than those which are present in conventional once-
centrifuged concentrate. This type of natural rubber latex was chosen in order
that the amounts of non-rubber substances avallable to imhibit or otherwise
complicate the polymerisation reaction would be reduced.

We have found that the polymerisation of all four monomers proceeds smoothly
at room temperature and pH 9 if a redox system comprising potassium persulphate
and sodium metabisulphite is used to Initiate the reaction. Initially problems
wera encountered because the latex tended to become colloidally destabilised under
the joint influence of the water-scluble monomers and the enhanced ionic strength
associated with the addition of the components of the initiation system. However,
by reduzing the amount of initiator and also sdding sufficient sodium dodecyl
sulphate as & colloid stabiliser, it has been found possible to maintain colloid
stability in reaction systems which contain up to 40% by weight of hydrophilic
monomer on the rubber. The indications are that, of the four monomers investigated,
2-hydroxyethyl methacrylate ic least prone to cause problems of colloid destebilis-
ation when polymerised in natural rubber latex using the potassium persulphate/
sodium metabisulphite redox initiation system.

Under the conditions used, all four monomers can be polymerised to complete
conversion. As expected, the two acrylate monomers polymerised much faster than
did the two methacrylate monomers. An interesting feature of the polymerisation
of the methacrylate monomers ie that, although the reaction proceeds fairly rapidly
to about 50% conversion, the reaction thereafter proceeds much more slowly to
complete conversion. The rates of polymerisation of the hydroxyethyl and hydroxy-
propyl esters appear to be gimller under the conditions used.

Providing that the latex has been stablilised by the addition of scdium
lauryl sulphate, and the level of redox initiator is aufficliently low, the products
of the reactions are stable latices which resemble the initiel natural rubber
latex in appearance. Attempts have been made to separate the polymeric component
of these reaction products into hydrophilic homopolymer, natural rubber, and graft
copolymer. Degrees of grafting, defined as the weight fraction of hydrophilic
monomer which is present in the graft copolymer, range from about 40% to nearly
80%. They appear to correlate inversely with the hydrophilicity of the monomer.
Efficiencies of grafting, defined as the weight fraction of polymerised hydro-
philic monomer which i{s present in the form of graft copolymer, range froa about
50% to shout BO%. Again they appear to correlate inversely with the hydro-
philieity of the monomer.
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THE MICROSTRUCTURE OF POLY (VINYLACOHOL), (F.F. VERCAUTEREN).

Poly {vinylalcohol) (PVOH) and poly (vinylalcohol-co-vinylacetate) (PVOH-Ac)
are widely used in {ndustry, e.g. in emulsion and suspenslon polywerisation.
These polymers show a very complex behaviour, and it has been indicated (1)
that structural irregularities may play a role in this.

We studied a 99.4 % hydrolysed PVOH, M, 105 kg mote~1 by 13; s Mie: NMB in
Ha0/D70 (3 t 1) solution to which a few X of lsopropancl was added.

In fig. ! the 20-50 ppu reglon of the spectrum ls shown, which includes the
wethylene carbon resonances of CHy groups in head-to-head/cail-to-tail
sequences for which the formula is slso shown in fig. 1.
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From this formula it is obvious that the intensity of the a, b and c peaks
should be equal. This can only be achleved if the peak at 40.8 ppa is also
aasigned to the a carbon.

Thie assignment has never been made before, although Ovenall's spectra (2)
show sufficient resolution to reveal the presence of this peak. The fact that
the intensitlies of the a, b and ¢ carbon resonances are equal is direct proof
for the correctness of Flory and Leutner's prediction (3) that a head-to—head
linkage must necessarily be folloued by a tail-to-tail bond.

Apart from some fine structure the a and b carbon resonances both consist
roughly of two peaks of unequal intensity. We propose this to be due to the
asymetry of the 1,2 glycol structure.

with statistical models. The sodium acrylate content in the comonomer
feed was varied from 10 to 60% and the degree of conversion from 4 to 100%.

The average copolymer composition 1is shown to be independent
of the degree of conversion and the sequence monomer distribution analyzed
from triad proportions conforms to Bernouillian statistics within experimental
error. The reactivity ratios of both monomers are therefore close to unity,
a significant difference from the reported literature values obtained for
copolymers prepared in solution or inverse emulsion (rA'\-O.?., rM'\-O.QSJ.
This difference can be attributed to the microenvironment which exerts
a great influence on the free radical copolymerisation of acrylamide with
ionogenic monomers, as shown by numerous studies. Qur results confirm a
polymerisation process by nucleation and interparticular collisions rather
than by monomer diffusion though the continuous medium. :

REFERENCES
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In fig 3 pome tentative assignments are given for the e and d carbons.

In this same reglon also the resonance of the quaternary carbon at the branch-
point of a nonhydrolysable branch 1s expected, which will always be included
in the determination of the methine intensity by simple inregration. In prin—
ciple this problem might be solved by apin echo J-modulated experiments to
discriminate between CH and quaternary cabona.

Even then the limited accuracy of the method is a problem. We prepared 10
PVOH=-Ac samples by reacetylation of the same PVOH, and found for the

CH/CHy ratlo a standard deviation of 4.5 I although all polymers had the same
amount of branching. The aspectra used had a quality similar to those in vef 1.
If for example a PVOH sample would have an amount of branching of 5 %, its
determination by the method of ref 1 would lead to an error of 100 X.

Further details will be published in 'Polymer’.

The vork is now entended to the MMR charvacterisation of PVOH-Ac’a, and the
gsolution behaviour of FVOH in aqueous systenms.

References

1. A.S. Dunn, S.R. Naravane, Brit. Polym J., 12,75 (1980)
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As indicated in fig 2, four stereochemically different structures can be
formed, which can be divided in two enanticmeric pairs (RyS, and S4B, ve
R4R, and $45.)- Enantlomers are expected to have the same WMR spectrum, the two
entantiomeric palrs however will show a different spactruf. Because of steric
hindrance the formatlon of the RgR, and 545, structure will be less favoured,
and thetefore we propose the low fleld peaks in the a and b reconances to be
due to these structures. The splitting of the ¢ carbon resonance is legs pro-
nounced, as expeceted, because the c carboa ts further apart from the asymetric
ol bond.
;;zagzzcstudled the use of L3¢ MR to determine the amount of branching by the
method indicated in (1). This method was found to be unsultable for various
reagone. The method relies among other thilngs on the determination of the total
CHz and CH intensities. The integration range used in (1) for the
CHy intensity is too limited to include the resonances from the b and ¢ N
carbon, Erom the CHoy0H (branch) chain endgroup, from the carbon next to :de
carboxyl carbon in a hydrolysable side chaln (calculated shifr 2% ppm) an ;
from the CHy0Ac (branch) chain eadgroup expected at about 6.4 ppm upfield from
the main CH peak. Extenslon of the integration reglon can correct this.
The situation for the total methine intensity ls more difficult.
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CONTRIBUTION FROM THE DEPARTMENT OF PHYSICAL & COLLOID CHEHISTRY AT THE

AGRICULTURAL UNIVERSITY OF WAGENINGEN, NETHERLANDS

J+« LYKLEMA
¥ § OCT Recwd

Electrokinetic measurements on plugs and dispersions of positively charged

monodieperse polystyrene particles

The electrokinetic experiments about which we reported in Newsletter vol.
15, no. 1 have been extended to positively charged polystyrene particles. These
have been prepared according to the recipe of Goodwin et al. (Colloid & Polymer
Sci. 257, 61 (1979)), using azo—H.Rl-dime:hylene isobutyramidine hydrochloride
as the initiator. Depending on the lonlc strength during the preparation,
particle diameters ranged between 609 and 873 nm, and maximum surface charge
denaities, g,, between 0.14 and 0,44 C.m"z. Goodwin et al, reported already that
the surface charge deneity 1s pl-dependent. This effect is also apparent in our
data on electrophoretic mobilities, which in a 10'3 K KBr solution dropped from
6x 1078 to 4 x 1078 a2 vy~ 57! 15 the pH-range 4 - 10. Glven the pH and the
ionic strength of the solution, the electrophoretic mobilities appear to be
rather insensitive to the maximum values of the surface charge denaity.

{-Potentisls calculated from the electrophoretic mobilities compare very
well with those inferred from streaming currents obtained on plugs of the same
samples, as exemplified in fig. 1. This figure shows that the maximum in the
{-potential as a function of lonic strength that is so familiar for negatively
charged latices, is also observed for positively charged particles. The
occurrence of this maximum has been interpreted in various ways, one of them
relating it to the presence of a layer of polyelectrolyte chains on the particle
surfaces, the thickness of which varles with the fonic strength, Therefore, it
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COLLOID RESEARCH AT MCMASTER UNIVERSITY - RECENT DEVELOPMENTS

By 30 SEP Reod

Archie Hamielec

1. HcMaster Institute for Polymer Production Technology (MIPPT)

Search for sponsor companies for the Institute ($15,000 US/year for a minimum
of 3 years) is coming to an end. To date, 17 companies located in the USA,
Europe and Canada have joined the Institute. [t is now felt that the staff
and facilities of MIPPT can adequately service 20 companies.

2. Bulk compolymerization of p-methyl styrene and comonomers styrene, methyl
methacrylate and acrylonitrile.

Extensive experimentation on the kinetics of the free radical copolymerization
of p-methyl styrene and comonomers styrene, methyl methacrylate and acrylo-
nitrile with financial support from Mobil Chemical Co., Edison, H.J, has
recently been done. A kinetic model using the free volume theory to account
for diffusion-controlled termination_and propagation is in reasonable agqreement
with experimental data {conversion, My and My versus time in a batch reactor).

Two publications are in press.

3. Microsuspension polymerization of acrylamide and acrylamide/sodium acrylate,

The polymerization rate of acrylamide and acrylamide/sodium acrylate in commerc-
ial reactors during apparent runaway conditions is controlied by injecting
puises of 02/H2 into the reactor {air stop). Experiments are being done to in-
vestigate the effect of 0, on polymerization rate during pulse injections of
0,/N,.

2"

4, Emulsion polymerization of vinyl acetate using partially hydrolyzed poly
Tvinyl acetate} as stabilizer.

Batch and semi-batch emulsion polymerizations are being done to investigate the
extent of grafting of PVAC on to the stabilizer and the control of particle size
distribution.

5. Polymerization of sodium acrylate with crosstinking mongmers and the evalu-
ation of these polymers as water absorbents.

Work is in progress, but it is too seon to report on results.

Some of the work reported herein is being done in collaboration with Dr. J.F.
MacGregor, and Dr. J.L. Brash,




diffuse layer. Tn the quantitative interpretation a few nagging problems remain

ungolved: the Cole-Cole plots indicate a spread of relaxation times although the
particles were homodisperse and for a quantitative agreement with the theory (J.
Lyklema, 5.5. Dukhin and V,N. Shilov, J. Electroanal. Chem. 143 (1983), 1) a

higher surface charge is needed than is Found by conductometric or
potentiometric titracion.

Adsorption of Polypeptides on Latices and other Colloids

A paper on the conductometriec titration of (9.0) latices with polylysine by

8.C. Bonekamp and J. Lyklema has been submitcted For publication to J. Coll.
Interfac. Sci.

Iy

mobitity 210* m? v

wag consldered appropriate to study the effect of adsorbed polyelectrolytes on
the electrokinetic effects. As the polyelectrolyte, samples of polyglutamic acid
(PG) of various degrees of polymerization and pK ~ 5.2 were chosen.

Fig. 2 not only demonstrates that adsorbed PG, with a degree of
polymerization of 380, reverses the sign of the electrokinetic charge, as could
be expected, but also that for highly charged PG {pH 6.5 and 8.0} the maximum in
the mobility, or for that matter in the {-potential, is featuring again. At pH
4.5 the charge on the PG molecules is much lower, so that they behave more like
uncharged polymers. The resulting loops and tails would shift the plane of shear
more ocutwardly, thus explaining the corresponding lower electrophoretic
mobility. The lower sensitivity of the conformation of adsorbed polymers to
variationa in the ionic strength ae compared to that of polyelectrolytes,
possibly explains the shallower maximum for BG 380 at pH 4.5 as well.

This data seeme to support the idea that the maximum in the {-potential as
a function of ionic strength observed for bare polystyrene particles, 1s related
to the presence of polyelectrolyte entities on thelr surface.

bare PS

a, abe Cm’
"]

a,

r—— pH &1 Figure 2
o=—- pH 6.1
BD--ae= pH 8.0

A—— PG 300 pH LS
o——— PG 380 pHBS5
fem-= PG 380 pH 0.0

-1 1og cppy

Other studies in the fileld of polymer colloids

A paper reviewing the state of the art of dilelectric measurements on
polystyrene latices by J. Lyklema, M.M. Springer, S.5. Dukhin and V.N. Shilov
hag been accepted for publication by J. Electroanal. Chem. In this paper it is
unambigucusly shown that the dielectric increment at low fraquency is dominated
by polarisation of the diffuse part of the double layer and not by polarisation
of bound (Stern) ioms. The Stern-layer is continually short-circuited by the

(3
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Synopsais

It 1s shown that, by ocbserving the kineties of the seeded
emulsion polymerization of methyl methacrylate with and
without added chain transfer agent, and using y-radiolytic
initiation, it is possible to examine separately the effects
of the length of the growing chain and of the weight fraction
of polymer on the termination rate coefficient. Studies using
this technique confirm predictions that chain entanglement
causes translational diffusion to be the rate-determining
termination event for growing chains of lower molecular
weight, while the rate-determining termination event for
growing chains of higher molecular weight is “residual®: the
annihilation encounter being caused by excess chain eand
mobility of two growing chains in a viscous medium. The data
show unambiguously that free volume theories which do not
incorporate the molecular weight of the growing chain are

inapplicable tao this system,

1\

Entry Rate Costficients in Esulsion Polyserization Systeas

By lan A. Panbass

Wattyl Paints, P.0. Box 444, Blacktown, NSW 2148, Australia

Robert G. Gllbert® and Donald H. Napper

Schoal of Chemistry, University of Sydnay, Sydney, N.S.W.

20046, Australia

Rbstract

A detailed theory is prasanted for the rate coafficient $or
entry of fres radicals into latex particles in emulsion
polymerization systeas; this yields an axpression Ffor the
radical capture afficiency. It iwm shown that the first-order
rate comsfficiant faor antry into a latex particle {g} can be
acCurately represented as * = eq * skfi, where ¢35 is the rate
coefficient far antry of fraa radicals arising directly from
initiator, & iz a "fate parasstern giving the relative
isportance of re-entry and hetero-teraination of desorbed frae
radicalua, k is the ssit rats coefficient and B is tha aAverage
nusber of fres radicals par latex particlae, Expresslons for (7Y
and « in terms aof the rate cosfficiants for tha coagonent
4quesous phase mechanises ars also presented, including the
dependence on the concentration of infitiator and nuaber
density of latex particles. This theory is applisd to
extansiva data on the sesdad ssulsion palymerization of
styrens: this is a typical non-polar monoasr, for which
Capture effliciencies ara coasonly low. Tha data fitting
includes an sstensive sensitivity analysis. An excellent fit
to the data is obtained, whence rate cosfficients for the
individual aqueous phase processss msay be deduced. It im
concluded for this system either that antering f¢ree radicals
are colloidal In nature and/or that the entering oligoseric
frean radical aust displace & surfactant asoleculs 4froa the
surface of the particle. Expressions mnabling one to calculate
¢ (and thus the capture afficlency) for usas in modalling

Studies of non-polar monosers are presented.



" of the enulsifying system (anionic, nonionic or mixcures) as well as the
monomer feed composition was investigated in order to well control the seed
latex. In a second step, it 1s studied how the seed latex (particle size,
final conversion), the inicial monomer feed composition and the monomar
addicion rate affect the atructural and colloidal characteriatics of the
final latexes.

3 - Kinetic studies in styrene-methyl acrylate emulsion copolymerization

(4. RAMIREZ)

A kinetic study was achieved for the emulsion copolymerization of the
styrene (S) - methylacrylace (MA) system with SDS as emulsifier anmd K28205
as 1iniciacor system. Copolymer and azeotroplc compositions confirm the
sinulation predictions derived from the program taking into account the
actual reactivity ratios and partition coefficient of each monomer in the
organic and aqueous phases. Instantaneous and overall conversion, average
copolymer composition, particle size and number evolution were investi-
gated, as well as the average number of radicals per particle. After prepa-
Ting monodisperse copolymer latexes via different processes, their colloi-
dal characteristics are currently studied, mainly in order to get inferma-
tions on the particle morphology.

4 - Emulsifier-free copolymerization of styrene and butyl acrylate in the

presence of functional comonomers (Jean-Luc GUILLAUME)

Batch emulsifier-free copolymerizations of styrene (S) and bucyl acrylate
(B} have been performed for a S/B ractioc = 50/50 in the presence of two
types of functional comonomers (sodium methacrylate (HA) or potassium
sulfopropylmethacrylacte (SPM) and two initiators {potassium pesulfate or 4-
4' azobiscyano pentanoic acid (AZ0)). When using the AZO/MA system results
in the formation of polymer particles with only surface carboxylic end
groups. The particle size of the final latexes can be adjuscted wich the MA
concentration, provided the polymerizacion is carried out at pH &.5.
However, the higher MA concentration, the sooner the polymerization levels
off in conversion. With the K 5 _0_/SPM system, particles bearing only

2°2°8
sulfate and sulfonate groups are produced and the polymerization is

¥
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1 - Emulsion polymerization of styreme in the presence of zwirterionic

surfactants (H, ESSADDAM)

Kinetics of emulsion polymerization of sctyrene using NaZSZDB as iniciator
and in the presence of various sulfonated-type zwitterionic surfaccancs
(prepared in the lab) were investigated as a function of different parame-~
ters ; the results were compared with those obtained with the SDS-emulsi-
fied polymerization. The particle uncleation mechanism was found to be
greatly dependent upon the CMC of the surfactant. In the case of surfactant
having high CMC (such as 2.4 g/l to 70°C, similar to that of SDS {3 g/l))
the mechanism is predominanctly micellar-type provide the emulsifier concen-
tration 1s above the CHC. With surfactants having low CMC ( 0.1 g/l),
homogeneous nucleation plays a major role even at concentratifons above the
CHC. Polymerizations were found to be slow and not completed in the acidic
ph range, whereas a basic pH results in a high conversion and the formation
of monodisperse latexes. The addition of mone or divalent electrolytes
affects the perrticle size of the latexes, except if the amount of emulsi-
fler iz high enough to fully cover the resulcing particles. Experiments
were also performed to test the stabilizing efficlency of these zwitterio-
nic emulsifiers at high solids content.

2 - Preparation of semi-continuous emulsion copolymers of acrylonitrile
with alkyl acrylates (L. SABATIER)

After a preliminary study on (acrylonicrile-n-butyl acrylate) batch emul-
slion copolymerizacions, the curtent work is mainly directed on the synthe-
eis of emulsion copolymers via a semi-batch technique. An {acrylonicrile-n-
butyl acrylace) seed latex is previcusly prepared at & 20% solids content,
then a preemulsified monomer mixture (acrylonitrrile-ethyl hexyl acrylate)
is continuously added to reach 50X solids content. At first the influence
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I. Piirma
1. Work carried out by Mukesh Jain

In the past we have reported results in emulsion polymerization
with some polyvoxyethylene type nonionic surface active materials such
as the Emulphogenes, the Tritons and the Igepals. We found that with
some of these materials, and at polymerization temperatures higher
than 40°C, {in some cases even below that) the starting emulsions in
these polymerizations were not always of the oil-in-water type bhut
rather multiple water-in-ocil-in-water, or even water-in-oil emulsions.
These emulsions changed back to oil-in-water during the polymerization
when the monomer phase decreased. In the course of these polymeriza-
tions, and as a result of these emulsion changes in the system, we saw
two constant rate regions in the conversion vs. time curves and a
bimodality in the latex particle size distribution.

A similar study has now been carried out with the Pluronic polyols.
These are commercially available nonionic surfactants, chemically ABA
block copolymers with polyoxyethylene-polyoxypropylene blocks produced
by BASF Wyandotte. The monomers we used in these studies were styrene
and methyl methacrylate.

In styrene polymerizations conducted at 60°C, the Plurconic polyols
in the HLB range of 13 to 16 showed also bimodality in the particle size
distribution and two constant rate regions in the conversion-time plots.
More detailed experiments with Pluronic polyol P84 (HLB 14) showed in-
creased solubilicy of the surfactant in styrene and a decreased solu-
bility, in water at higher temperatures. Hence, the partition of the
surfactant between the two phases changed with temperature, creating
different starting emulsions at different temperatures. The accelerated
rate started at about 40% conversion concomitantly with a large increase
in the number of particles. It is obvious from these results that the
initial observations made with Emulphogene BC-840 are not unigue for
this surfactant but applies to all nonionic surface active materials in
a certain HLB range, and does not exclude the polymeric surfactants.

2. Synthesis of a few polymeric custom designed polymeric¢ amphipathic

materials is continuing, but the polymerization results so far are too
sketchy to report.

b kol

complece. In chat case, the particle size of the final latexes 1is smaller
chan with the previous system and 40% of rhe SPH is fixed on the particle
surface, instead of 20X with MA. In both cases, a too high functional
monomer concentration results in the latex destabilization caused by the
formarion of a large amount of polyelectrolytes., Kinetic studies indicate
that most of che functional monomer is incorporated into the particle
surface during the lasc 30X conversion of che polymerization. A tentative
explanation of such a behaviour is discussed based on the existence of two

polymerizacion loci in the latex system.

5 - Hicroscructure sctudy in styrene-n-butyl acrylate emulsion copolymers by

13; WMR spectroscopy (M.P. LLAURO-ARRICADES = C. PICHOT = J. GUILLOT -

L. RIOS - M.A. CRUZE - €. GUZMAN-C) (Abstract of a paper submitred for
publication in POLYMER).

A detailed scudy of the seqguence distribution in scyrene (5)-n.butyl acry-
late (A) enmulsion copolymers 1s reported by using 13C.NHR Spectroscopy.
From the interpretation of the spectra of the homopolymers and copolymers,
the aassignment of the carboayl (A} and quaternmary (S} carbon atom resoman-
ces has been carried out, which allows a quantitative estimation of the
compositional triad distributions in the copolymers. Results were found to
be in relatively good agreement with calculated triad fractions deduced
from a simulacion program taking into account the actual reactivity racios

and type of emulsion process.



radical movements, is controlled by chain transfer to monomer.
;n ;?13 case, xn in the 25x25x25 lattice cube is calculated to
e .

Random walk calculations (Monte Carlo simulationa) were
carried out for a number of free radicals and these results were
averaged to obtain p(z). Figure 3 shows the results of these
Monte Carlo computations. Clearly, in this case, free radicals
are not uniformly distributed in the particle volume. The
calculated p{z)} 1is a decreasing exponential function (Poisson
distribution). 1In addition, it can be obaserved that the averaged

p{z) is less scattered as the number of random walk simulations
increases from 10 to 28. Figure 4 shows similar calculations for
a 40x40x40 cube in which the scaled X ia 124. The s0lid line
represents the leaat sguare best fit of p(z} by an exponential
function (BEquation 1) based on 43 simulations.

lnp(z) = -1.4259 -4.,3787 =z (1)

Free radical distribution functions such as p{z) can be
incorporated into kinetic models for emulsion polymerization to
improve predictions of reaction rate and qrafting efficiencies
etc. These calculations will also lead to a better gualitative
understanding of the development of non-uniform morphologiea in
the polymer particles.

iyt
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DISTRIBUTION OF FREE RADICALS IN A LATEX
PARTICLE DURING EMULSION POLYMERIZATIOR E

E3 OCT Red
by

Chorng-Shyan Chern & Gary W. Poehlein
School of Chemical Engineering
Georgia Inatitute of Technology

Atlanta, GA 30332-0100

Most kinetic treatments of emulsion polymerization are based
on an assumption that free radicals are uniformly distributed
within the particles. This is not likely to be true in many
cases because the hydrophilic initiator end groups will tend to
remain near the particle surface.

We have developed a very prellminarxﬁmgpel for estimating
the average radial distribution of free“wlth radius. The
remainder of this paper presents a brief outline of our initial
computaticna.

A cube which is subdivided into volume unita equivalent to
one monomer molecule 1s wsed to represent the latex particle.
The cubic gecmetry is chosen for the first model because it is
simpler than that of a sphere. The error introduced by the edge
and corner effects should be less with increasing the number of
volume units in the cube. figure 1 illustrates a core-shell
polymer particle and the corresponding cubic lattice model. One
goal of this research will be to calculate the distribution
function of free radicals within the latex particles, (z) ——-
z = 0 at the particle surface and z = 1 at the particle center.

The preliminary calculations have involved the simulation of
free radical movement by propagation reaction with monomer within
the cubic lattice. The first atep is to place dead polymer
molecules at a specified volume concentration in the cube. This
is done in a random manner and thereafter each site in the
lattice contains either a monomer molecule or a polymer chain
aegment. The second step then involves the random placement of a
free radical on a surface asite which contains a monomer
molecule. Thereafter the free radical is allowed to move, in a
random manner, to other adjecent sites which contain monomer.
This polymerization movement of the growing polymer chain (free
radical) is continued until a specified degree of polymerization
is achieved or until the free radical is completely surrounded by
gites filled with dead polymer segmenta.

The first calculations were based on simulation of a polymer
particle with a diameter of 4,00% via a cube containing 25
lattice sites on each edge of (25)7 total sitea. Figure 2 shows
the scaling calculations used to simulate a styrene polymeri=-
zation in which the end of chaln propagation, and hence free
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ELECTROFHORETL

ﬂ .5-"' - ORETIC MOBILITY DISTRIBUTION OF MODEL SYSTEMS: a-ALUMINA P
&=
R.E. Marganski* and R.L. Rowell 8 Y Ren
After settling, the pi of the supernatant was measursd, The dispersion Department of Chemistry WA
vas stirred ac fast speed for two minutes then reduced to slow speed during | University of Massachusstts
a run wvhile samples were withdrawn by pump from the instrument sample tube. Acherst, MA 01003

Microelectrophoresis oeasurements. Electrophoretic mobility was
measured with a Pen Kem 3000 auctomated electrokinetics analyszer {(6). The

instrument has a van Gils type efght yl ailica sample chamber with perman- Introduction
antly bonded palladium electrodes, all mowmted in a thermostacsd water - .
Jacket. Particles are illuminated with a 2 mil He-Ne laser and ctheir image We selected a~-alumina as a model system for studies of the role of the
is projected onto the surface of a precision rotating redial grating, Elec- electrophorecic mobility in the scability of pigment apd latex dispersions.
trophoretic movement causes a frequency shift in the light transmitted The importance of the electrophoretic mobility had arisen in other work
through the grating as compired to a reference detector. A Rockland 512/s from our laboratory on latex dispersions (1)} mnd aqueocus cosl slurries (2).
narrow-band real time fast Pourier transform analyzer then computes the The dependence of the electrophoretic mobility on pH leads directly co
frequency spectrum from the individusl contributions of the light scattered the isgelectric point (lep), a useful.property in describing an oxide
from many particles in order to obtain a representation of the electro- surface (3). We found a wide variation in the iep of alumina as determined
phoretic mobility distribution based on the average of sixteen spectra. by previous investigators so that onme goal of the present work was & re-
The average mobility may be compuced from the distribution and is also determination of the lep.
obtained independently by a frequency-tracker in the instrument. Focusing Previous investigations have ylelded only the dependence of the mean
at the stationary layer is under automatic control. mobility on pH. In the present work we have employed the latest state-of-
Although the electrophoretic motion may be qualitatively cbserved the-art instrumentation embodied in a fully computer-controlled apparatus
through a microscope, the standard procedute Lo to couduct all experimental that allows characterization of the full range of the electrophoretic
work using the keyboard of an interfaced personal computer. An extensive mobility distribution which may in general arise from both a distributicn
software is provided to handle the tedious experimeatal checks required for in particle size as well as from & distribution in surface charge.
microelectrophoresis (3) as well as to provide storage, retrieval and Experimental
display of all data and resulta using a varied computer graphics package.
In a typical measurement a volume of about 5 ml is drasm into the Materialse. The powder was 99.01 pure recrystalized c-alumina,
apparatus, most of which io used to rinse the cell. Distilled water was designated Alcoa Standard Grade T-61 and supplied by the Whittaker,
loaded into the chapber between all measurements. The ingtrument auto- ’ Clark and Daniels Corporation, South Plaiafield, NJ. It had been dry
matically correcta for electrode polarization and Joule heating by setting ground and sieved 951, -325m (44ym). Photomicrographs showed that most of
the 1limits on the power, voltage and current applied. The measured electro- the particles were smaller than 10um. Impurities listed in the unpurified
phoretic mobility fs an average of several measurements giving a standard reagent were 510; (0.1X), Fez0; {0.2X), Na20 (0.1X%) and Ca0 {0.07%). A
error and accepted only after a field-reversal cross-check for true pycaonetric deternination of the density gave 3.95 g/cc.
microelectrophoresis, The aluming was leached overnight in concentrated HCl, washed with
digtilled water until the filtrace showed no change in pH and stored
Besults and discussion under double distilled water until ready for use. Prior to prepsration of
megndence of aversge mobility on pH. The pH dependence of the the dispersion, the alumina was filtered, weshed and then dried at 120°C
average electrophoretic mobility of the alumina is showvm in Figure 1. It is for 24 hours., This procedure has been showm to give reproducible results
clear that hydrogen ion acted as a potential determining iom. There is zero by Furstensu et al, (4,5} and gave reproducible results in cur work.
mobility or an isocelectric polnt at pH 9.4. At higher pE the alumina is Leaching eliminated impurities of small magnetic grains which were visible
negactive while at lower pHl it is positive. The amobility shows a maximum on magnetic gtir bars uwsed wicth dispersions prepared from untreated alumina.
negative value of -3.3 (im/s)/(V/cm) at pH 11.0 followed by a decrease. At The water vas distilled a second time from the laboratory distilled
low pH a near constant mobility of +5.410.3 (um/s)/(V/cm} 1is attained near water supply using a Corning AG-1b all Pyrex glass still. Certified ACS
pil 6 and extends to the lowest pH measured at 1.79. grade NaOH and HCl were obtained from Fisher Chemical Company. All glasa-
Iscelectric point. We have included our detemmination of the iep along vare was scrupulously cleaned with chromic acid at the beginning of the
with Teports from previous investigators summarized in Table 1. We have work. The glasswere was then filled with distilled water and allowed to
arranged the data in order of increasing pH. stand for a few days in order to leach out chromic ions adsorbed oo the

glasa. Thereafter, glassware was thoroughly rinsed with warm water, then
with distilled vater and allowed to drain and dry.

Dispersion preparation. One hundred ml of double distilled water, with
pi(iep) Hathod Investigators Refarence the pH adjusted to the preliminary value, were added to clean polyethylene

Table 1. Isoelectric point of aqueous alumina dispersions

. . bottles containing 0.2000 g purified, dried alumina giving a final concen-
6.7 Elecl:r.uphurasia g::::;;vipumy o 7 tration of 0.2 wt.Z. The use of plastic containers avoided the possibility
8.4 Electrophoresis Johansen & Buchanan 8 of silica contamination found to occur in basic solutions in glass
B.6-8.8 Streaming potential Johansen & Buchanan 9 containers (3). The contents were scirred at fast speed for three minutes
9.0 Electrophoresis Wakamatsu & Mukai 10 and then allowed to settle overnight at 25 C in a thermostated water jacket.
9.1 Streaming potential Robinson nu
9.1 Electrophoresis Yopps & Fuerstenau 4 *puthor to whom correspondence should be addressed.

9.4 Streaming potential  Modl & Fuerstensu 5 #Prosent address: E.L. Du Pont De Nemours & Company, Chemical and Pigments
9.4:0.2  Electrophoresis This work Dept., De Lisle Plant, P.0. Box 430, Pags Chrigtisn, MS 39571.
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9. Johansen, P.G. and Buchanan, A.S., Australian J. Chem. 10, 392 (1957).

19, i(lnkm;tlu. T. and Mukei, S., A.I. Ch. E. Symp. Ser. No. 150, 71, 81
1975} . -

11. Robinson, M., Master's Thesis, U. California, Berkeley, 1962,

12, l'h;Emki. R.E., Ph.D. Thesis, University of Massachusetts, Amherst,
1984.
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Pigure 1. Dependence of the average elecr.rophoretac mobility
oo pH for dilute aqueous alumina dispersions &t 30°C.

i =

Dobias et al. (7) leached their alumina samples for 5 minutes in 6%
HCl, washed then dried the samples at 120°C and finally stored the dried
samples.. The lov ilep suggests that their procedure did not give a
completely hydrolyzed surfaca,

It is also possible that the mechods of Johsnsen and Buchanan (8,9)
likewise did not allow sufficient time for equilibrium to be reached: Their
alumina sample contained a 0.94% silica impurity as well.

Yopps and Fuerstenau (4), Modi and Fuerstenau (5), and Robinson (11}
all used ssmples that had been sged in water. Siace our results for alumina
aged in wvater for one month are in close agreement with the latter workers,
we conclude that s ssmple aged in vater is required for an equilibrated
surface, presumably in a highly hydroxylatsd state. The handling and
storage of alumina by Waksamatsu and Muksi (10) was not given.

Electrophoretic mobilicy discribution (emd). To our kmowledge, the
Pen Kem System 1000 1is the first instrument capsble of providing a mean-
ingful measure of the electrophoretic mobility distribution. Since the
dispersions in this work were only 0.2 wt.Z, the flocculation was negli-
gible. Therefore, the particle size distribution and light scattering
convolution factors were constant so that the pH dependence of the
electrophoretic mobilicy distribution can be actributed to differences in
the surface charge density st the alumina surface.

In Pigure 2 we ‘show representative emd for pH 1.8, 4.8 and 12.8. The
end showed systematic changes with pH not unlike work that was reported
earlier for an aqueous dispersien of coal (2).

Breadth of the electrophoretic mobility distribution (bemd). The
breadth was calculated by imtegrating the electrophoretic mobility spectrum,
normalizing the area to one and taking the limits between which 90X of the
cbaerved mobility occurred. The baseline was determined by taking 5% of
the maximum signal and establishing the rms refereace. In Figure 3 we show
the dependence of the breadth on pH. The data indicate points of meximum
breadch (pxb) at pH 5.0 and 10.7 end a point of minimum breadth (pub) near
the iep. The diminished breadth at the extremes of pi was less than one-
half the maxisum value. We note that the pxb at pH 5.0 and 10.7 do not
coincide with the iep at pH 9.4 vhere, in fact, the breadth is & minimum,
Flocculation would be expected to be promcunced at the iep buc in the
present work flocculation was suppressed by very low particle concentration.

Explanation of the pxb in terms of the surface chemistry of the system
has been considered elsewhere (12) and will be treated in a lenger account
of this work.
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NMR Characterization of Composite Latex Particles

€. J. McDopald, P. Smith, D. L. Lee, J. G. Gallawav
The Dow Chemical Company, Midland, M1 48674

The morphology of latex particles have been described by thermal,
machanical, microscopic, and spectroscopic methods. Within tha last
faw years the powayr of magnetic resonance spactroscopy (NMR} for
characterizing polymer chain dynamics has been dsmonstratad. Thame
data wars developad by measurament of relaxation parametars associated
with the pulsed Fourier transform experiment. If tha molecular motions
of a polymar chain are influsnced by the way they are distributed in a
composite material, then NMR spactroscopy should be able to provide
additional information on morphelogy.

Tha feasibility of structure characterization by NMR has besn
investigated with an interpsnetrating polymer natwork synthesized as a
latex. The systam consisted of a soft first stage copolymer made from
n~butyl acrylata and sbyrena with various lavels of a crossiinker
presant. The sescond stage was a homopolymer of styrana. Comparitive
data was obtainad with diffsrsntial scanning calorimstry and slsctren
microscopy and Carbon - 13 HNR.

The NMR data %ook the form of line width measuremsnts as a fuaction of
tamperaturs. Thase line width data can be related to a relaxation
parameter, T, - the transverse relaxation time, which is sensitive to
nolacular noaions in the kilchertz range. MHost oftean the data ware
obtained on a film of the latex pellatized to fit the dimensions of
tha NMR tuba. The measursments of the NMR line width as a function of
temparatura were made without the benafit of magic angle spinaing or
other approaches normally used in the examipnation of solid polymers.
The motion of the soft component in this composite were sufficient to
obsaerved its spectrum uniquely without the interfersance of ths hard
phasae. Two parametars could be deduced from such data. At low
temperature the line width broadens such that a temperatura at which
the spectrum collapsaes could be definad. At high temperature a
limiting bahavior was obsarved which could be charactarized by a
curve fitting procedure. Both parameter were found to be sensitive to
the domain size of the hard polymer in the soft copolymer matrix
varing by a much as 40 C over tha limits of domain size axaminad.
Corrcborative microscopic and tharmal data indicatad that the NMR
approach was sensitive beyoud the resolving powar of tha other
mathods. Supplimentry information on the influance of polymer form,
phase ratio of the soft and hard components and the peak dspendanca of
these data have baen obtainad.
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New Development in Production and Application
of Monodispers Particles.

John Ugelstad

Institute of Industrial Chemitry - SINTEF
7034 Trondheim, Norway

Despite the fact that we for quite a long time have been
preparing a great variety of highly monodisperse polymer
particles in the size range 1 - 100 pm some people seem to
ignore their existence. Thus, 1t is rather surprising

to find in a brochure on space particles recently sent out by
National Bureau og Standards the following citation: =--=--
*"However the force of gravity would coagulate the 10pm
spheres into useless clumps of polystyrene and would also
make them egg-shaped, rather than round. Therefore uniform
spheres of this size can be produced only in the gravity-free
environment of space.”

I include a SEM picture (1} og 10 um crosslinked polystyrene
particles made on earth and also a histogram of these
particles (2) obtained by flow cytometry with hydrodynamic
focusing. The coefficient of variation in diameter is less
than 0.5%.

Also I include two SEM pictures from New England Nuclear of
their commercial 15 pm radicactive particles produced from our
particles. The one with the highest magnification (3) confirm
that the particles are smooth and that they are spherical and
not egg-shaped. The other SEM of the same particles (4)
showing about 1000 particles shows that there are indeed very
few particles out of size.

Moreover is shown a SEM picture of 10 pm porous particles
from our process used in chromatography in the socalled FPLC
system from Pharmacia Fine Chemicals AB. (5).

So the socalled “useless clumps of particles”" are applicable

for a lot of purposes.

3

THE METHYLOLATION OF AN ACRYLAMIDE COPOLYMER LATEX

(1 B TIRY L4 ORI A OB BRIl e

Medardo Monzon, C. J. HeDonald
The Dow Chewical Company, Midland, M1 38674

The post-reaction of incorporating the reactive N-methylolacrylamide
(NMA) group into a polymer latex vas studied with carbon-13 nuclear
magnetic rescnance spectroscopy (C-13 NMR). The methylolation
reaction of formaldehyde with an acrylic ester-acrylamide copolymer
latex in the presence of a veak base catalyst, triethylamine,
introduced NHA in yields of 70X wvhen using an equimolar stoichiometry
of the reagents. The derivatized latex was capable of undergoing
crosslinking reactions vhich enhanced the wet tensile strength of the
original polymer by 700X

Kinetics, equilibria, and type of hase catalysis were characterized
for this reaction using a polymer similar in composition to the
oligomers found in the serum phase of the latex. The vater soluble
components present in the latex serum vere separted using an
ultrafilecration method. Thelr composition, average molecular size and
concentration vere determined by C-13 NMR spectroscopy, size-exclusion
chromatography and gravimetry.

The formation of the N-methylelacrylamide derivative is best described
as a general base catalyzed process, first-order in the catalyst and
in each of the reagents. The reaction exhibits a reversible
equilibrium evidenced by a decrease in conversion to the N-methylol
derivative with dilution.

Interacting Magnetic Composites with a Superparamagnetic Latex*

0, Kwon, J. Sole, and G. Rabold, Central Research-Specialty Products
Laboratory, The Dow Chemical Company, Midland, Mi 48674

New magnetic compesites, one companent of which is a superparamagnetic latex,
exhibit new effects and offer a new concept of magnetic material development,

The superparamagnetic latexes are ultrafine magnetic partictas (200 A)
permanently encapsulated in submicron polymer spheres by emulsion
po‘lymerizacion.I When the superparamagnetic latexes surround the coercive
particles in a magnetic composite, the resultant coercivities, as a function
of composition, show dramatic deviations from a simple mixing rule, It is
attributed to a short-range interaction of the superparamagnetiitc particles
close proximity to the coercive particles.

Dynamic properties in the rf and microwave frequency ramges are substantially
modified, too, In fact, we find a large loss synergism and variation of low
spectra effected by the intimate mixing of the magnetic composite,

1. J. Sele, U.S. Patent No. 4,421,660 {1983).

# presented at the International Conf. on Magnetism
San Francisco, Aug.19835



Our work at Institute of Industrial Chemistry, SINTEF and
Dyno has been concentrated around different variations in
processing monodisperse particles. The cofficient of
variation in size of special particle types is as said less
than 0.5%.

Two of the most interesting applications of the particles
where an intense research is going on for the moment are:

1) Use of monodisperse particles as magnetic holes.
2) Use of monodisperse particles for dynamic studies of
clustering and ordering in two dimensional systems.

This work was initiated by dr. Skjeltorp at IET Norway. Since
his pionering work other scientists have followed up using
our highly monodisperse particles. Most of this work appears
in papers in physics. (Litterature list is available on
reqest).

The magnetic hole concept of Skjeltorp combines the highly
monodisperse particles in the size range 2 to 25 pm with
magnetic fluid, a monodomain magnetic system which is
superparamaghetic. By dispering the pure polystyrene-
divinylbenezene particles in the magnetic fluid

we initially have a situation as shown on picture (6). Then
by applying a magnetic field on the particles they will
agquire a magnetic dipole and act as magnetic holes.One may
get an interaction between the particles which may be a
repulsion or an attraction depending upon the direction of
the field. With the field normal to the layer of polymer
particles one will get a repulsion. This causes as seen on
picture (7) formation of a crystalline triangulare structure.
A field parallel to the layer causes the particles to line
up, picture (8}.

Monodisperse particles in the range 1 - 10 pym have also found
application for direct observation of two-dimensional
clustering and ordering. A more comprehensive study of these
phenomena also including studies with non-spherical monosized

particles is under way.
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(5). BSEM of 10 um porous particles

for chromatography.

Pictures 6-8 show optical
micrographs of 25 }mlPS/DVB
particles in a magnetic-
fluid film.

(6) with no external magnetic

field applied.

With an external magnetic
field normal to the film.

Hj_= 100 Oe.

With an external magnetic
field parallel to the film.
Hy = 100 Oe.



3. A two~dimensional model of the flow of ordered suspensions of rods.

(J.H. Masliyah and T.G.M. van de Ven)

Analysis of creeping flow over an array of freely
rotating cylinders sandwiched hetween two sliding parallel
plates is studled using a finite difference and a least-
squares numerical technique. The flow pattern was found to
be very mich influenced by the cylinder-to cylinder spacing
and by the gap width of the parallel plates. The shear
stress on the cylinder surface and on the parallel plates
was found to be a strong function of position. The viscoa-
ity of a suspension composed of an array of freely rotating
cylinders was deduced from the applied shear rate and the
evaluated shear atress on the parallel plates. Experiment-
al results confirm the numerical Findings. The results
show that the viscosity of ordered suspensions is reduced
by changing the packing from a symmetrical distribution to
one in which the number of layers is reduced and the number
of particles in each layer is increased. This agrees with
expetimental data on the Flew of otdered latex suspensions
by Tomita and van de Ven (JCIS, 99, 374 (1984)).
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Contribution to Polymer Colloid Group
T.G.M. van de Ven
Pulp and Paper Research Institute of Canada, and

Department of Chemiatry, McGill Univeraity
Montreal, Quebec, Canada, H3A 2A7

The following are abhstracts of papers submitted to various jour—

nals {J. Phys. Chem., J. Colloid & Interface Sci. and Intern. J.
phase Flow).

1.

2.

A general method is presented which in priciple can be
used to treat theoretically the relaxation of any property
of a suspension that can be expressed in terms of the ori-
entation distrihmtion of the suspended anisometric part-
fcles, This mechod has heen applied to various physical
properties to ohtain expressions relating the relaxation to
rotary diffusion coefficlents of spheroidal and ellipgoidal
particles. Some aspects of the theory are tested by rheo
optical measurements on non-spherical polymer colloids
{(polystyrene-poly~tert. hutyl-acrylate of approximate el-
lipsoidal shape (with axes of 940, 660 and 500 nm) and are
found to be In good agreement with the theory.

Rheo=optical measurements on suspensions of non-
spherical latex particles yleld information about the shape
and size of the suspended particles which agree with those
measured using electron wmicroscopy. Interestingly, cthe
rotation of the particles and the rotary diffusion coeffi-
cients shoved a dependence on particle concentration and on
the electrolyte concentration of the medium. For low con—
centrations, results can be explained on the basis of ex—
pansions in volume fraction ¢ of the period of rotatlon T
and the rotary diffusion coefficient Dg:

T=1T%(1+ ap)
Dg = P (1 + by)
where T9 and D ° are the wvalues at zero concentration
and a and b are the first virial coefficients. D2, a

and h seem to depend on electrolyte concentration. T®
seems to he less or not affected by salt.

30 SEP Recd

Multi-

Relaxation phenomena in suspensions of anisometric Brownlan Particles
{D.S. Jayasuriya and T.G.M. van de Ven)

Rheo-optica of suspensions of anisometrie particles. III. Effects of
electrolyte and particle concentration on peri- and orchokinetic parc-
tele motion, (D.S. Jayasuriya and T.G.M. van de Ven).

Conte s
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Lehigh University

Emulsion Polymers Institute

Sinclair Laboratory 7
Bethiehem, Pennsylvania 18015
Office 215) 861-3590

Dr. John W. Vanderhoff Dr. Mohamed S. Fi-Aasser
Professor of Chemistry Professor of Chemical Engineering
{215) 861-3589 (215) 861-3598
April 17, 1985
F8 MY Reo
TO: Folymer Collojds Group

FROM: M.5. El-Aasser on behalf of The Emulsion Polymers
Institute, Lehigh University Al

SUBJECT: Contribution to April's 1985 newsletter

Apologies for not contributing to the last issue of the
negsletter. A lot has happenad since our last report. We will be
brief.

1. The following Ph.D. Theses were completed:

{i) "Agitation-Induced Coagulation of High-Solids
Latexes", Vern Lowry, 1985.

(ii) "Covalent Binding of Bioclogical Macromoleculaes to
Activated Polystyrene Latexes"”, Theresa Michael,
1985,

(iii) "Adsorption and Stabilization Studies of Polymers on
Latex Particles", Magsood S. Ahmed,l 1984,

{(iv) YFormation and Stabilization of Inverse Emulsion
Polymers", Donna Vieioll, 1984,

{v) "Mechanism of Core-Shell Emulsion Polymerization",
Deborah R. Stutman, 19B84.

2. The following M.S., Theses were completed:
{i) "Interactions Between Offset Printing Inks and Foun-
tain Solutions during the Process of Offset Print-
ing", sanjay Sathaye, 1985.
{ii) "The Effect of Initial Praessure on Coagulaticn during

the Emulsion Polymerization of Styrene", Dabra
Bartsch, 1985.
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Contribution to the Polymer Colloid Group Newsletter
P may e’
submitted by A, Vrij,
van 't Hoff laboratory of Physical and Colloid Chemistry,
University of Utrecht, Padualaan 8, 3584 CH Utrecht.

We are synthesizing already for several years silica spheres which are
made Tyophilic ("oii-soluble”) by etherification of the surface hydroxyls
with uctadecylalcoholtl). The spheres, which are in the colloidal size
range of ~20-300 nm, can be dispersed in organic solvents like cyclo-
hexane and toluene. At very high concentrations the larger particles
form “colloidal crystals"(z) in cyclohexane. The "hairy" silica spheres
show steep, short range repulsions in cyclohexane very nearly mimicking
“hard spheres”. It is kpown from computer simulations that hard spheres
show a fluid-solid phase transition at ~50 volume%. (Kirkwood Alder
transition). We think that our silica is a real system exhibiting this
phenomeanon.

The colloidal spheres may also show attractive forces when the solvent
becomes poorer. Jansen found, e.g., that stearyl silica in toluene shows
a phase separation below 9 OC. These newW results are reported in a recent
letter™', where also a model is developed to describe the phase separation.
The model is based on a hard sphere equation of state supplemented with a
Van der Waals attractive term.

1) A.K. van Helden, J.W. Jansen and A. Vrij, J. Colloid Interface Sci.,
81 (1981) 354,

2) C.6. de Kruif et al,, Workshop Les Houches 1984,

3) J.M. Jansen, C.G. de Kruif and A. Vrij, Chem. Phys. Lett. 107 (1984)
450.



(iii) "The Slide Agglutination Assay: A Study of the
Factors Affecting Sensitivity", Mark Smith, 1984.

(iv) "The Preparation of Aqueous Silicon Carbide Disper-
sions", Gary Carl, 1984

3. There are currently a total of twenty-seven active pro-
jects in the Institute. The latest issue of our Graduate Re-
search Progress Reports was No. 23, January 1985. Some copies
are still available. Please write to M.S. El-Aasser if you are
interested in getting a copy.

4. There are (5) graduate students, Ph.D. candidates who are
currently working on various aspects of "The Miniemulsion Pro-
cess"; P. Abeywardena, C.D. Lack, Y.T. Choi, J. Delgado and M.P.
Merkel. A review of the various activities is enclosed in two
articles: (i) "Preparation of Latexes by the Miniemulsion Pro-
cess" by M.S. El-Aasser to be presented at the Polymer latex II
meeting of the Plastics and Rubber Institute, May 21-22, 1985;
and (ii) "Polymerization of Styrene Miniemulsions", Y.T. Choi,
M.S. El-Aasser, E.D. Sudel and J.W. Vanderhoff, submitted for .
publication J. Polymer Sci., April 1985.

5. The 16th Annual Short Course "Advances in Emulsion Poly-
merization and Latex Technology" will be held at Lehigh, June
3-7, 1985; the EFuropean 8th Annual version of the course will be
held at Davos, Switzerland, August 19-23, 1985.

6. The organization process of the 1986 Polymer Colloids in
Racine Wisconsin has started. Enclosed is a separate correspond-
ence on the subject. All members of the Polymer Colloids Group
are urged to complete the enclosed questionnaire as soon as
possible.

7. J.W. Vanderhoff, F.J. Micale and M.S. El-Aasser have re-
ceived the 1984 Inventors of the Year Award from NASA for their
work on the "Preparation of Large-Particle-Size-Monodisperse
Latexes" on board of the space shuttles. They also received The
NASA's Space Act Award for 1984 along with the graduate students
who worked on the program, Drs. E. David Sudol, C.M. Tseng and
Mr. A. Silwanowicz. The awards were given at a ceremony which
was held at NASA Headquarters in washington, D.C. on March 28,
1985,

MSEA/kd
enclosure



