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I'vo new members were elected at ‘he 1934 Annual Business Meeting held during
the Polymer Colloid Symposium in Montreal in June. They are:

Jr J Lyklema, A
Laboratory for Physical and Colloid Chemisiry, - e s e

tcultural Uni Tt CNRS Centre de Recherches sur les
ggrsggijziaé L Lt larromolecules,
: ' 6, Rue Boussingault,
g7$% 3¢ dageningen, 67035 Strasbourz Cedes,
o 2an France.

LUon Sunberg has a sabbatical year at the Swedish Institute of surface
Chemistry: his temporary address is
Ytkemiska institutet,
Box 5607,
S=114 86 stockholm,
Sweden,

We are sorry to hear that Professor Vrij has been in hospital) and unable
to roniribute to this issue,

Future plans for Polymer Colloid Group meetings are that the 5th 'Polymer
Colloids' Gordon Research Conference is scheduled for 8 - 12 July 1935 at Tilton
3chool, Nev Hampshire with Ritchie Wessling as Chairman and Hon Otiewill as
Vice~Chairman. The 1935 Annual Business Meeting will be held during this meeting
The 6th Gordon fonference will be held in the summer of 1937.

The 1936 meeting will be in Racine, wisconsin at the invitation of
Johnson Wax with cosponsorship by Lehigh University. It is hoped to arrange a
3rd N,A.T,0. Advanced Study Institute at Strasbourg in 1983,

The nex' event of in‘erest to members will be the Plasiics and Rubber
Institute Conference 'Polymer _atex I+' which is to be held in the Scientific
Societies' ‘ecture 'heatre, Savile Row, London on Tuesday and wWednesday
21-22 May 1935. Details from Mr M.D.Shuttleworth, Plastics and rubber
institute, 11 Hobart Place, London SWlW OHL,

"he A.C.S. Division of Plastic Materials: Science and Zngineering has
scheduled a Symposium on Emulsion Polymerization for the 1936 Spring Hational
Meeting a* Atlantic City, 6 - 11 April.

I vi17 have been editing the Group's Newsletter for 10 years by the time
of the Tilton meeting next summer and i will be heavily involved with the affairs
of the Macro Group UK as Programme Chairman for the following two years so the
Annual Meeting should consider whether the time has not come to move the
3ecretariat elsewhere, In the meantime, copy for the Spring issue should

be sent to reach me at Chemistry Department, UMIST, P.0O. Box 83, Manchester M6O 17D,
England by Monday 22nd April, 1985.

There is a proposal for the A.C.S. Division of Colleid & Surface Chemistry
to sponsor a 'Polymer Colloids Iil' Symposium, possibly through the A.C.S,
Maczomolecular Secretariat at the 1937 3pring National Meeting at Denver, 5-1J April.

A, S. Dunn



FURTHER INVESTIGATIONS OF THE MECHANICAL
STABILITY OF NATURAL RUBHER LATEX

=2 0C7 n .

B. €. Blackley, London Schaol of Polymer Technology,
The Polytechnic of North London, Holloway, London N7 808

Since completing the programme of work which was summarised {n our paper
presented to the 1953 Polymer Colloids Gordon Rescarch Conference, we have carried
out the following further investigations Into aspects of the mechanical stability
of natural rubber latex:

i) further investipations of intermittent mechanical destabillsation;
i1) investipgation of the effects of various synthetic hydrophilic polymers
upon mechanizal stability:
1ii} further investigationz of the effects of fatty-alcohol ethoxylates upon
mechanieal stability,

i) Brief reference was made in our paper pregented to the 1933 Polymer Colloids
Gordon Research Conference to an interesting observation we had made when carry-
ing out “split" mechanical stability tests on natural rubber latex. In the "splig"
mechanical scability test, the latex is sheared for a proportion of' the time
required for complete destabilisation, then allowed to stand undisturbed for a
certain period, and then the test is resumed. We made the obsecrvation that, allow=-
ing the latex to stand for 24 hours at room temperature betwecn the two stapes of
the test, the sum of the initial time ol shearing and the time required to effect
complete destabilisation during the second stage was almost constant regardless of
the duration of the first stage, Furthermore, the sum was always almosc exactly
equal te the meczhanical stability time as conventionally measured. It is ms though
the latex is able to remember quite prezisely the extent to which it had been
mechanienlly destabilised 24 hours previously, indieating that changes of some degree
of permanence ozcur when natural rubber latex is subjected to mechanical shear,

even although the latex has not been completely destabilised and appears visually

to be unchanged. We have postulated that these changes take the form of the
formation of loose agaregates of particles which entrap dispersion medium and so
increase the effective volume fraction of disperse phase. This postulate is eertainly

consistent with many of the other obaervations reported at the 1933 Gordon Resear:h
Confercnce. s

We have now made a more thorough investigation of the effect of inter—
mittent mechanical destabilisatlion upon natural rubber latex. We have found that
al the "memory" effect seema to be quite general to ammonia-preserved natupal
rubber latices in that It is shown by HA latex, LA latex and HA substape latex;
b) the "memory" is not affected by lengthening the time interval between the
two stages, or by increasing the temperature at which the latex is stored;
c} latex which has been partially mechanizally destnbilised retains its partial
destabilisation when blended with fresh latex, and reduces the overall
mechanical stability of the blend.
These further observations tonf{rm that, whatever are the atructural chanpes vhich
are induced in partially-destabilised latex, they have a considerable degree of
persistence.

ii) A range of synthetic hydrophilic polymers has been prepared and their efflezts
upon the mechanical stability of natural rubber latex investigated. The object

of this work has been to reveal correlations between the chemical structurce of the
polymer and its ability to enhance mechanical stabilily. The polymers investisated
so far are all either copolymers of 2-hydroxyethyl methacrylate and methacrylic
acid, or terpolymsrz of these two monomers and a hydrophobic monomer such as
2-cthylhexyl acrylate. The indicaticns s far are that:

a) The ability to enhance mechanical stabillty depends very much upon the
balance of hydrophobic and hydrophilic groups in the polymer. Substantiasl
enhancement occurs only if a proportion of the monomer units are hydrophoblc
in nature, presumably because such units encourapge adsorption of the polymer
at the rubber-water interface.

b) The ability of a given copolymer to enhance mechanical stability increases
as the molecular weight of the copolymer increases.

There is nothing very surprising about either of these abservations, but it is
intereating to have quantitative confirmation of cne's expectations.

111) Our further investigations of the effects of fatty-alcohol ethoxylates upon
the mechanical stability of natural rubber latex have been concerned with a more
detalled examination than hitherto of the effects of small additions of these
ethoxylates. As previously, we find that small additions bring about drastic
reductions in mechanical stability. Experiments using ethoxylates contalning the
same hydrophobi= moiety (derived from a mixture of cetyl and oleyl alschols), but
polyethylene oxide chains of different lengths have shown that
a) the longer the polyethylene oxide chain, the sharper is the reduction in
mechanical stability;
b} the longer the polyethylene oxide chain, the lower is the minimum mezhanlzal
stability attained;
c¢) the longer the polyethylene oxide chaln, the lower is the level of addition
of the cthoxylate at which the minimum In mechanical stability is observed.

One particularly interesting respect in which the present observations differ
from those which we have made previocusly is that in this investipgation we have not
observed marked Increases in mechanical stability at levels of ethoxylate additlion
which exceed those corresponding to the minimum in mechanical stability. The
differences in behaviour are particularly marked in the case of the higher ethoxy-
lates (45-mole and GO-mole}. In earlier work, very marked cnhancements of mechanlzal
stability have been observed cnce the minimum has been passed, but in this investi-
gation only very slight increases In mechanical stability have been observed. These
differences in behaviour are almost certainly a reflection of the variability of
ammonia-preserved natural rubber latex. One reason why the difference between the
present and previous ohservations is interesting is that it suggests the possibility
that the effect of long-zhain ethoxylates upon mechanical stability might fora a
useful predictor to the behaviour of natural rubber latex in ceptain industrial
processes, The variability in the zolloid stability of natural rubber latex zauszes
serious problems in industries which use this latex, and any simple test whizh zan
be used to predict processing behaviour would be very useclul,
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EFFECT OF LATEX PROPERTIES ON THE BEMAVIOR OF HONIONIC
ASSOCIATIVE THICKENERS 1N PAINT

C. W. Glancy and D. R. Bassett
Union Carbide Corporation
South Charleston, West Virginia 25303

Introduction

Water soluble polymers are used in latex paint formulations to control
the viscosity-shear rate profile Lo insure adaquate resistance to sedimentation
during storage and Lo provide suitable application characteristics, Cellulose
ethers have been the dominant thickener over the past three decades, although
they have serious deficiencies. Cellulose ethers efficiently thicken paint
formulations and generally have predictable performance characteristics. The
viscosity obtained is normally related to the specific amount of thickener
employed, the motecular weight range of the thickener, and the volume solids of
the formulation. However, the cellulose ethers fail to provide latex paints
the viscosity-shear rate profile necessary to achieve good application charac-
teristics when compared to the solvent borne paints they have been instrumental
in replacing. Cellulose ether thickened paints exhibit poor leveling properties
resulting in undesirable brush or roller patterns, heavy roller spatter during
application, and over-spreading that results in thin films and poor applied
hiding power. In addition, being cellulose derivatives, they are difficult to
protect from enzymes of micro-organisms conmonly found 1n water which relatively
easily degrade the polymer.

Synthetic “assocfiative thickeners" have been developed for paints that
result in highly attractive application properties. These polymers are gen-
erally of lower molecular weight, and contain hydrophobes on a water soluble
polymer backbane. These polymers have the ability to provide the viscosity-
shear rate profile desirable in a paint, but their behavior can be drastically
influenced by surfactants, dispersants, latexes and pigments,

The interactions between associative thickeners and surfactants and
latexes in a paint are quite complex. While studying the behavior ef two poly-
ether polyurethane associative thickeners of differing molecular weight and
hydrophobicity, we have observed relationships between latex particle size and
associative thickeners that relate Lo the high shear viscosities of paints.

The high shfar viscosity measured on an 1.C.1. cone and plate viscometer at
10,000 sec™' relates to the film thickness application characteristics of the
paint by either brush-or roller. In addition, the surface characteristics of
the latex particles and the surfactants that may be carried in the latex serum
also are major contributors to the viscosity shear rate profile of paints.

EXPERTMENTAL

The associative thickeners studied are hydrophobe-modified polyether
polyurethanes, available from Unjon Carbide Corporation. The products will be
referred to as T-1 and T-2. These thickeners were studied in an interior
semigloss paint formelation {Tabie J1}. Latexes wsed in thls study included
commercial acrylate-methacrylates from Rohm & Haas (R-1, R-2, R-3), commercial
styreng-acrylates froam BASF {B-1), Moechst {H-2), and Synres {8-3) and a
commercial vinyl acrylate fram Union Carbide Corp. {(U-1). [In addition, four
latenes were prepared in our laboratories and are described in the text. The
high and low shear viscosities of the prepared ?aints were measured with an
1.C.1. cone and plate viscometer at 10,000 sec™! {Research Equipment Ltd.) and
on a Stormer viscometer {Arthur H. Thomas Ce.). The particle size of the
latexes was measured on a Hicomp Instruments Laser Particle Sizer Model 200.
The surface tension of associative thickeners in water was determined by the
Wilhelmy Plate method.

RESULTS ARD DISCUSSION

Data on the molecular weights of associative thickeners T-1 and T-2
have previously been published {1}, and those values are shown in Table 1.
While T-2 has a higher molecular weight then T-1, it has a lower hydrophobe
contenl that s reflected in the solubility of the polymer at low concen-
trations. Below 51 polymer T-1 is insaluble when diluted with water, while
T-2 remains in solution to infinite dilution. The hydrophobe modification
of these and other types of water soluble associative thickeners result in

TABLE 1
THICKEHER PAGPERTIES
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paint thickeners that can pravide exellient viscosity-shear rate profiles.

The mechanism of the thickening action has been attributed to association af
the hydrophobes on the water soluble polymer backbone with disperse phase sol id
surfaces, with other surface active molecules in solution, and with themselives
{2). Associative thickeners do exhibit weakly surface active properties as
indicated by the surface tension curve of T-2 in pure water as shown In Figure ¥,
It has been widely recognized that the efficiency of assoclative thickeners
varies widely with different Jatex types, surfactants, dispersants and water
soluble co-solvents used in typical paint formulations {3}, It {5 widely
believed that the latex surface characterfstics and the surface active cempon-
ents of the formulation control the degree of association of the associative
thickeners and account for the large differences in behavior observed. Using
the paint formula in Table [1, tatexes R-1 and R-2 were employed with each of
the two associative thickeners T-1 and 7-2. The resulting viscosity data

in Table 111 show how radically the viscosity of a paint can vary at both high
and Tow shear rates by changing the latex or the thickener. Both commercial
latexes have very similar bimodal particle size distributions that average
about 0.1 and 0.5 microns. The polymer compositions of both are predominately
the same butyl acrylate and methyl methacrylate ratios as indicated by 1.R.
analysis and minimum film formulation temperature. The more hydraphobic low
wolecular weight thickener T-1 demonstrates good thickening with R-2, but
virtually none with R-1. The more hydrophilic and higher malecular weight T-2
demonstrates exactly the opposite response. In all examples the plgment
volume content, latex volume content, volume solids and dry thickener loading
(6.0 pounds per 100 gallons of dry thickener) are tdentical, [In these
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examples Lhe surface active materials in Lhe latex serum and/or the character-
fstics of the latex particle surfaces must alter interaction of the associative
thickeners in both the high and Yow shear rate range. Similar results were
obtained when three styrene acrylic latexes were compared with both T-1 and T-2
in the same formulation {Table IV}. Again 211 formulation parameters are the
same a5 those used in the example above. These latexes all have a relatively
narrow small particle size distribution of 0.14-0.15 microns, and have similar
styrene and butyl acrylate compositions., Therefore the differences in low and
high shear viscosity response shown on Table IV must reflect the influence of
serum surface active materials or the latex surface characteristics on the
ability of the associative thickeners to adsorb on surfaces or assoclate with
themselves or ather components in solution.

TABLE IV
PAINT VISCOSITIES
STYREND ACRYLIC LATERES

1:] 1-2
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Effect of Latex Particle 5iz2e

If the characteristics of latex surfaces are a factor in an associative
thickener's performance then intuitively one must consider that the particle size
of latexes, and consequently the surface area of the particles, should be a
factor in determining the performance of associative thickeners. An evaluation
of this concept was attempted by comparing the perfarmance of T-1 and T-2 with
acrytic latex R-3 and two experimental acrylic latexes of smaller particle size.
Acrylic latex R-3 polymer composition is similar to R-2 and R-1. The major
difference appears to be, by analysis, that it is stabilized by a relatively
high level of an alkyl aryl ethoxylate nonfonic surfactant, and has a narrow
particle size distribution with a mean of 0.11 microns. This particle size
closely corresponds Lo the small population in R-2 and R-1, As shown in Table ¥
1-1 effectively thickens the R-3 paint with the viscosity-values belng equal or
better than the T-1/R-2 example. [n an analogous fashion T-2 relatively poorly
thickened the R-3 paint and the R-2 paint from the earlier example.

TABLE ¥

PAINT ¥ISCOSITIES
ACAYLIC LATERES

7.1 T:2
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The experimental latexes have polymer compositions similar to that
of the commercial R-3, but with minor constituent differences in the 1-3% range,
Experimental latex A has a slightly smaller mean particle size than R-3 with an
average size of 0.09 microns, and is stabilized with a 40 mole ethoxylate of
nanyl phenol {TERGITOL NP-40). Experimental latex B has a narrow distribution
with an average size of 0.06 micrans, and like A contains the same nontonic
surfactant type and level plus anfonfc surfactant necessary to achieve the
desired particle size reduction. The T-1 thickener gave about the same Stormer
viscasity with R-3 and both experimental lateses. llowever, the decreasing
particle size of this latex serles correlates with substantial increases in high
shear viscosity. A similar significant trend to higher high shear paint viscosi-
ties was obtained with Thickener T-2 and the three latexes with decreasing
particle sfze. MWith T-2 the increasing high shear viscosity was also accompanied
with increasing low shear viscosity, The more hydrophobic lower molecular welight
T-1 clearly responds more effectively in the paint formulation as the particle
size is decreased, These viscasity increases are not due to interaction of the
surfactants used to prepare the latex with the thickeners in the aguecus phase
of the paint. Both the anionic and nonfonic surfactant used to prepare these
lalexes when added to palnts containing T-1 or T-2 at equivalent concentrations,
can be expected to decrease both the high and low shear paint viscosity.

A similar latex particle size and paint viscosity relationship with
the assoriative thickeners was found with s series of commercia) and experimental
vinyl acrylic latexes. Experimental latex C was prepared with a 40 mole ethoxy-
late of octy] phenol {Triton X405) and latex D with a 40 mole ethaxylate of nonyl
phenal (TERGITOL NP40}. Both latexes have a small narrow size distribution with
each having an average diameter of 0,16 microns., These experimental latexes are
compared in the semigloss paint formula to U-1, with both thickeners; the results
are summarized in Table VI. U-1 is essentially a nonlonic surfactant stabilized
latex with an average particle size of 0.25 microns. Both experimental latexes
fnteract effectively with T-1 as evidenced by substantially higher low and high
shear yiscosities. Thickener T-2 did not thicken the experimental latex paints
any more effectively than it did the larger particle size U-1.
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COnCLUSIONS

Paint thickening studies using two associative thickeners with acrylic
and styrene acrylic latexes illustrate how the efficiency of these thickeners
can vary widely despite nearly the same particle size characteristics and latex
particle surface chemistry contribution from the gross polymer composition. The
varying thickening efficiencies probably are due to surface active materfals
used to stabilize the latex particle, some of which may be grafted to the sur-
faces of the latex particles. The inverse manner of the thickening efficiency
relationship of the two associative thickeners of differing degrees of hydro-
phobicity tend to support the premise that assoclation with surface active
species 15 involved in the thickening mechanism. Studies with experimental
acrylic latexes show that latex particle size below 0.1 microns promotes the
efficiency of the associative thickeners in paints, especially in the high shear
rate range. A similar observation can be made with the vinyl acrylic latexes
although the particle size of the latexes tested may not be sufficiently small
to generate a response as large as was obtained with the acrylic latexes. The
lower molecular weight, more hydrophobic, thickener T-1 yields a much greater
increase in thickening efficiency as the particle sizes of the latexes decreased.
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Contribution fram the Centre de Recherches sur les Macromolécules
6, rue Boussingault, 67083 Strasbourg-Cedex, France

by F. CANDAU
POLYMERIZATION OF ACRYLAMIDE IN INVERSE MICROEMULSION (Y.S. Leong)

The radical polymerization of acrylamide in inverse microemul-
sions stabilized by Aerosol OT emulsifier and initiated with azobisisebutyro-
nitrile (AIBN) or potassium persulfate (K,S,0g} has be investigated. The
inverse polyacrylamide latexes formed are clear and highly stable. The
structure of the microemulsions prior to polymerization and of the final
latexes was studies by elastic and quasi-elastic light scattering, ultracen-
trifugation, and viscometry experiments. The dimensions of the micellar
particles increase with water or acrylamide contents, whereas the size
distribution is not affected. Addition of acrylamide to the AOT/water/toluene
system leads to am enhancement of the attractive interaction forces between
particles, due to the lecalization of the monomer at the W/0 interface.

uwing Lo a particle growth during the polymerization process
the final dispersions are shown to consist of two species of particles
in equilibrium : polymer particles (d ~400 A) with a narrow size distribution
and small AQOT micelles (d =~ 30 ;\}. The interparticular interactions are
decreased after polymerization as most of the polymer is strongly collapsed
within the particles.

A dilatometric technique was used to follow the conversion
of monomer at T=45°C, The rate of polymerization is first order with respect
to initial monomer concentration in the presence of AIBN, and is 1.5 order
with KZSZOB. An inverse relationship between motecular weight and emulsifier
concentration is found which suggests participation of the emulsifier
in the initiation reaction. This 1is confirmed by the independence of the
molecular weight of polyacryltamide on the concentration of the initiators.
Aerosol OT evidently plays the major role in generating free radicals,
probably by forming bisulfite ion which is known to initiate the polymeri-
zation of acrylamide. High values of the rate of polymerization are obtained
combined with high molecular weights {up to 1070).

An important and novel feature of this microemulsion process
is that each final latex particle consists of one single molecule of polya-
crylamide in a collapsed state. This suggests kinetics which do not follow
the 5mith and Ewart theory but are characterized by continuous particle
nucleation.

MODIFICATION OF POLYACRYLAMIOE MICROLATEXES BY USING A SEEDING PROCFDURE

(C. Holtzscherer)

The polyacrylamide content in the microlatexes prepared by
polymerization in microemuision does not exceed 7% by weight. Higher solid
contents are usually desirable in most major applications of water soluble
polymers. A seeding procedure is presently applied to our systems in order
t0 increase the poiyacrylamide concentration. The first results indicate
that, as in conventional emulsion polymerization, the polymerization
in the seed particles is accompanied by growth of the latter.

EXTENSION Of THE MICROEMULSION POLYMERIZATION PROCESS (C. Holtzscherer,

Z. Zekhnini)

We are pursuing our study in order to generalize the micro-
emulsion polymerization process to systems containing different monomers
and stabilized by another class of surfactants. The synthesis of sodium
acrylate-acrylamide copolymers which present interesting properties in
tertiarty oil recovery processes is also in progress.

RECENT PUBLICATIONS IN PRESS

“Inverse microemelsion polymerization of acrylamide : characterization
of the water-in-oil microemulsions and the final microlatexes®

F. Candau, Y.S5. Leong, G. Pouyet and S. Candau

J.Coll.int.Sci.

“Kinetic study of the polymerization of acrylamide in inverse microemulsion®
F. Candau, ¥.S. Leong and R.M. Fitch
J.Pol.Sci.



10
o SEP e

COLLOID RESEARCH AT MCMASTER UNIVERSITY - RECENT DEVELOPMENTS

by

Archie Hamiclec

Search for sponsor companies for the Institute ($15,000 U.S./year for a
minimum of 3 years] is continuing. To date, 13 companies have joined
and the target number for steady-state is 15 companies. Tt is now felr
that the staff and facilities of MIPPT can adequately service 15 member
companies at most.

Bulk and selution poiymerization of p-methyl styrene

Extensive experimentation on the kinetics of the free radical synthesis
of poly(p-methyl styrene) at MIPPT and ot the University of Heidelberg
has permitted the development of effective process models for batch and
continuous reactors for the production of crystal poly(p-methyl styrene).
Two publications are in press.

0. Chiantore and A.E. Hamielec, "Thermal Palymerization of p-Methyl
Styrenc at High Conversions and Femperatures", in press POLYMER {1984).

H. Mutschler, U. Schréder, E. Fahner, K., Ebert and A.E. Hamieloc,
"Free Radical Polymerization of p-Methyl Styrene", in press POLYMER
(1984] .

bulk copelymerization of p-methyl styrene (PMS) with comonomers styrene,
methyl methacrylate and acrylonitrile.

Experimental investigations of the free radical copolymerization of PMS
with comonomers styrene and methyl methacrylate have been completed and
two papers submitted for publication, and with comonomer acrylonitrile
investigation is in progress. Diffusion-controlled termination and pro-
pagation have been modelled using the free-volume theory.

Aqueous solution polymerization of acrylamide with diffusion-controlled
termination.

Aqueous solution polymerizations with high monomer concentrations and up
to high conversions have been done. The very hiph molecular wcight macro-
radicals (M % 107) become entangled at moderate conversions giving diffu-
sion-controlled termination. A publication covering this work follows.
€., Kim and A.E. Hamielec, Polymer 25, B45 (1984].

Semi-batch emulsion copolymerization of styrene/butadiene.

Work is continuing with no progress to report.

iy

6. Batch emulsion copolymerizatien of styrene/acrylonitrile.

An experimental study has been completed and a rate model developed.
A paper is being prepared for publication.

T. MNigh tempcrature thermal bulk co and terpolymerization to form very
low molecular weight polymers.

An experimental program has been initiated to investigate the kinetics
of synthesis of styrene/acrylic acid in the temperature range 250-300°C.
Weight-average molecular weights in the range 1000-3000 are expected,

Some of the work reported herein is being done in collaboration with Dr. J.
F. MacGregor, McMaster University.

H
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Accivicies in the fleld of polymer colloids, Lab. for Physical & Colloid

Chemistry of the Agricultural University, Wageningen

n
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Dielectric study of polystyrene latices

We measured the dielectric permittivity of a number of emulsifier—

free homodisperse polystyrene as a funcclon of Ereguency (200-106

Hz) and salt concentratlon (HC1, KC1, LiCl). To this end, a special

cell wicth variable electrode distance was constructed and a

transformer ratio arm bridge mechod was developed. The latices show

very high low-frequency dielectric increments Ae', of over 1000. The

Cole-Cole plots are eircular bur the origin is not on the ' axis, 2
although the homodispersity of the latices is very good (uniformity

parameter “32’“105 1.002). Publication: H.M. Springer, A. Korteweg,

J. Lyklema, 1. Electroanal. Chem. 153 (1983) 55.

As a corollary, we developed a theory for such dispersions,
profiting from the help of the Ruasian School Publication: J.
Lyklema, S.5. Dukhin, V.N. Shilov, J. Electroanal. Chem. 143
(1983) 1.

At present we are in the process of applying the theory to the
experiment. The most important conclusion of the theory, viz., that
the relaxation is dominated by the diffuse part of the double layer
rather than that due to bound ions has been corroborated. However,
for a quantitative description we must assume that the surface
charge of the latex, O,; is8 much higher than the value found
conductometrically. Moreover, the lyotropic sequence predicted by
the theory is just the opposite of that observed experimentally.
These last two points have not yet been solved, perhaps they have to

do with some idiosyncracles of the latex surface.

Eleccrokinetic study of polystyrene plugs

We improved and extended a method of measuring simultaneously the
streaming current, streaming potential and electric conduccivity of
plugs of the same latices as used under 1)+ For a publication on
this method, asee A.G. van der Put and B.H. Bi jsterbasch, J. Colleid
Interfac. Sei. 92 (1983) 490.

It appears that varlations in the lonic strength cause a maximum in
the {-porential and that the surface conductivitles are much higher
than thoee calculated from the Bikerman equation. In the low
frequency range {0.1-1000 Hz) an additional relaxation in the
conductivity shows up. Most of these anomalies gradually disappear
when tetraalkylammonium lons are adeorbed at the polystyrenesurface.
The combined evidence seems to indicate that on the surface of the
polystyrene particles a "halvy layer™ 15 present, the thickness of

which increases upon decreasing the fonic strength.

Polyoxymethylene (POM) crystals. Modifying a procedure originally

preposed by Roe, we prepared batches of stable POM crystals as a
model substance for studies in the adsorption of proteins
(enphasizing reversibility effects) and polyelectrolytes (with as
the main aim the verification of the theory of polyelectrolyte
adsorption, developed in our Department). The preparation and
characterization of the POM-crystals has recently been published: J.
Papenhuijzen and G.J. Fleer, J. Colloid & Interfac. Sci. 100

(1984) 561.
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1. Periodic Nucleation in Emulsion Lol merization

Wilf Heller many years ago discove ed that Liesegang ring type
of phenomena can be observed in suitaile emulsion pulymeriration systems.
When the monomer is not dispersed as droplets but merely luyere:s’ on the
surface of an unstirred aqueous system, a series vf bands of particles,
separated by order of 1 mm, may be observed. It .smost unlikely that
the classical nucleation theory of micellar entry can explain such a
curious observation. This simple observation casts considerable
doubt upon the validity of micellar entry as the mechanism of latex
particle nucleation.

dr. P. J. Feeney has now developed a theory of periodic nucleation
in emulsion polymerization systems based upon coagulative nucleation.
This thecry suggests that in order for periodic nucleation phenomenon
to be observed, the particle production rate must be an increasing
function of time for much of the nucleation pericd. Such a requirement
appears to preclude both the micellar entry and homogeneous nucleation
mechanisrs from being operative in systems displaying Liesegang rings
le.g., SDS/styrenc system). Both would give a monotonically decreasing
particle production rate. Coagulative nucleation, on the other hand,
predicts the requisite increasing particle production rate curve.

2, Termination Rate Constants from Emulsion Polymarization

Relaxation studies for methyl methacrylate seeded emulsion polymerizations
allow the termination rate constant to be estimated over a wide range of
polymer volume fractions. If chain transfer agent is added to the seed
latex particles, it is possible to determine the values of k., in systems
in which only the chain length of the growing chains is variéd. This
permits the recent theories of the chain length dependence of k., to be
tested. The results obtained to-date are in good agreement with the
theories of Sundberg and coworkers. They also confirm guantitatively
his theory for residual chain terminaticn, first postulated by Gardon.

Polymer Colloids Newsletter Contribution
from Laboratoire des Matériaux Organiques (CNRS)
submitted by C. PICHOT 08 SEP Medd

1 - Preparation of polystyrene latexes in presence of a
sulfonated-type zwitterionic emulsifier (H. ESSADAM)

Kinetics of emulsion polymerization of styrene using
zw;iteﬁionic emulsifiers (sugh as 035 (Cl’-!z)n N CO

¥ -
CHB N- lil or 038 (CHz)n N\tns ') prepared by the
organic chemistry gr.oup(P. Le Perchec, S§. Brunel) are
currently investigated. Stable and monodisperse latexes were

obtained with particle size ranging from 100 to 500 nm.

2 - Batch emusion copolymerization of acrylonitrile with
n-butyl acrylate {L. SABATIER)

Extensive work has been investigated to understand the
influence of various parameters on the kinetics: composition
of the initial emulsion {(monomer composition, monomer/water
ratio) ; nature and amount of surfactant (anionic and
nonionic surfactants) ; initiator concentration and the
initiating radical production ; the temperature, It is found
that the initial comonomer composition plays a major role on
the variations of the copolymer composition as well as on
the particle morphology. The compasition drift is always
very low up to 70 % conversion.

3 - Azeotropy in batch emulsion copolymerization of

acrylonitrile-styrene J. GUILLOT

Abstract of a paper to be published in the special
volume of Die Makromoleculare "Emulsion Copolymers and
Copolymerjization®

While in ;olution or bulk radical polymerization, only
one azeotropic copolymerization can be observed at the best-
if réactivity ratios are both > 1 or < 1, on the contrary in
emulsion batch copolymerization, many more such azeotropic
copolymers can be synthesized, Monomer partitionning between
droplet, water and particle phases is at the origine of this
behaviour of a practicle interest, hence water solubility of
the monomers plays a determining role. Experimental works
confirm the theoretical predictions derived from an

15



pproach, based on partition coefficient and thermodynamics,
which allows to compute the optimum monomer/water ratio to
be used in order to get, in a batch process, a copolymer of
constant composition up to high conversion, The optimum
depends upon reactivity ratios, monomer water solubility,
monomer feed composition. Examples are given of
acrylonitrile, methylacrylate copolymerizatione.It appears
that it is not any more necessary that they are both greater
or lower than unity ; for instance, batch emulsion
copolymerizations of acrylonitrile-butylacrylate (\--Mq =
0.89 - rBuA = 1.2) result in homogeneous copolymers at the
optimum monomer/water ratio, on the whole range of monomer
feed. The approach can also be applied to semi-continuous
process to select the best experimental conditions to
"tailor” the copolymer.

4 - Inverse emulsion polymerization of acrylamide
Abstract of two papers to be submitted to J. Polymer
Science.

I - Mechanistic aspects of the homopolymerization of

acrylamide- C. GRAILLAT — C., PICHOT - A. GUYOT

The inverse emulsion polymerization of agueous
solution of acrylamide in toluene has been studied at
40°c, using a blend of surfactante as emulsifying system
and oil soluble azo initiators. The azo compound partition
between the phases has been measured as well as the effect
of their nature and amount on the polymerization kinetics.
The influence of other parameters such as the nature and the
amount of the emulsifier system, the stirring rate and the
presence of o0il soluble inhibitor has been also
investigated. The particle size analysies through electron
microscopy or dynamic light scattering methods showed the
presence of two families of particles in the initial monomer
emulsion and in the inverse latex : the first one is a very
large ?umber of tiny particles (around 20 nm) and the second
cne consists of larger particles (80-400 nm) highly
polydispersed. The average size of these large particles
undergoes a sharp decrease at a conversion depending upon
the stirring rate which might result from an equilibrium

b

between coalescence and shear dispersion. It is also
suggested that the aqueous phase is probably not homogenecus
{polymer particles with different conversion levels are
present).

Concerning the initiator procees, the very low
solubility of the azo compound in the agueous solution,
together with the effect of the stirring rate apd of the
presence of an oil soluble inhibitor on the polymerization
kinetice, as well as the high surface area of the tiny
particles, lead to conclude that most of the initiation
originates from the capture of radicals produced in the oil
phase or in the interfacial layer.

II - Synthesis and characterization of copolymers

with methacrylic acid

V. GLURHIKH - €. GRAILLAT -~ C. PICHOT

Abstract emulsion copolymerization studies of
acrylamide (Am) with methacrylic acid (MAA} are reported.
Aqueous monomer solutions were emulsified in toluene with a
blend of two surfactants (sorbitan sesquioleate - Cig
terminated acrylamid oligomers}. Polymerization kinetics in
presence of an oil soluble initiator (AIBN) were determined
at 40°c as function of methacrylic acid content and
aqueous phase pH. Polymerization rates were found to be
faster at basic pH than at acidic pH, which appeared to be
related to the actual concentration of methacrylic acid in
aqueous phase. Monomer reactivity ratios have been derived
as ry, = 0.58% 0.02 and r,,, = 4.4020.10 at pH = 4 and
Fym = 0.56% 0,005 ana Tyaa = 0-15% 0.03 at ps = 10,
These differences were found to have an effect on the
molecular characterictics of the copolymer. Initial emulsion
and final inverse latexes displayed the same broad size
distribution ; under basic pH the particle size is
relétively insensitive to the ionic comonomer concentration.
Poor latex stability is characteristic of copolymer latexes

prepared under acidic conditions. Based on these
experimental results, some aspects of the polymerization
mechaniam are discussed.



Newsletter Contribution from
The University of akron
_ =9 OCT Red
Submitted by I. Piirma

1. Emulsion polymerization of p-methylstyrene. Work carried out by
Shang Lee

The polymerizations of p-methylstyrene were carried out at 60°C
using three different surfactant systems, sodium dodecyl sulfate (SDS),
tridecyloxypoly (ethyleneoxy)ethanol (Emulphogene BC 840), and a mixture
of the two. As expected, the SDS stabilized polymerizations showed

constant rate regions in the rate curves between 27% and 50% conversion.

This constancy in rate was further proven to be due to constancy in
number of particles in that region.

Two constant rate regions and bimodal particle size distributions
appeared in the reactions with BC B40. This unusual polymerization
behavior has been observed with other monomers, (a paper published on

1§

this subject in Polymer Bulletin 11, 497 (1984) is available upon request).

The results with a mixture of the two surfactants in a ratio of
90/10 BC B840/SDS are shown in Figures 1 and 2, It is obvious that with
increasing total concentration of surfactant the constancy of both the

rate of polymerization and the number of particles disappears completely.

L €ot. o159

g0t Puedyivlyme ot
Poaibyiggnne 309 £ TH

o= 334 wived eefailasd molt ralin -'=¢5:Lh' =

[ angd P aaed :‘l 2 iTal st walie e prd astend®
2t

waed turfoclisl sido rabe
Eraiptagess pe- 40— & 3230 B yme
miard Sefattml oacrrrmian
LHaMa o (20 POR memimiT}
LENE R L

EER Y add

4
.

H
H
H

M
L - pea
& TR
.

B 5
.
A
'ﬂ
s, .
g u § Pt z :
£ 9 5!
E ug i .
i ¥ L
"
i -t
; (L) 1 e R ™
. -*
T
- is - ) [*] i e -
Timt tmad do “a b -7

CowvaRE O X )

POLYMERIZATION WITHIN MONOMER DROPLETS
DURING EMULSION POLYMERIZATION

Gary W. Poehlein
Schoal of Chemical Engineering
Georglia institute of Technology
Atlanta, GA 30332 (USA) f[4 SEP fleca
3 {74

September 1984

Formatlon of polymer particles from monomer droplets In emulsion
polymerization has often been neglected when compared with micelle and
homogeneous nucleatlion. The reasons most often cited for the lack of
significant droplet nucleation are the small number of droplets
compared to the polymer particles formed and the distribution of
emulsifier within the reacting mixture. The monomer droplets produced
by moderate agitation of a conventional recipe will be in the range of
2 to 20 in diameter. The total surface area associated with these
droplets wlll normally accommodate only a fraction of the added
emulsifler; leaving the remainder dissolved In the continuous phase
and/or In the form of micelles. In addition, contlnuum transport
theory predicts that the smal) micelles and dissolved emulsifier will
be more effective In capturing water-borne free radicals; thus leaving
an even smal ler fraction to diffuse I1nto the large monomer droplets.

formation of polymer particles from monomer droplets has been
reported by a number of workers. Ugelstad, El-Aasser and Vanderhoff
(1} uwsed mixed emulsifier systems to generate emulsions comprlsed of
small monomer droplets. Their wark clearly demonstrated that droplet
nucleation could effectively compete with other mechanisms when the
total surface area of the droplets became large enough to adsorb a
large fraction of the emulsifier. ODurbin et al. (2) carried out a
serlies of bottle polymerlzations with conventionat styrene reclpes.
They reported that the number of large partlicles produced (presumably
from monomer droplets) increased with the Intensity of the mixing
process prilor to charging the pre-emulsion to the reaction botties.
In no case, however, was the welght ratio of large to small particles
greater than 10 . Thus, the number of small particles was much
greater (by a factor of about 10 to 1 } than the large particles
measured.

Hansen and Ugelstad (3,4) developed gquantitative models for
comparing the relative Importance of micelle, homogeneous and droplet
nucleation, They presented the results of model predictions to
fltustrate the increase in droplet nucleatlion expected when smaller

droplets were produced. They also carrlied out experiments with a
fixed recipe but various degrees of monomer pre-emulslfication. These
results -also 1llustrated the potentlal Importance of monomer droplet

fnitiation.

The purpose of this brief paper (s to demonstrate, via the use of
approximate calculations, that every monomer droplet In the reaction
mixture during Interval 1| (the particle nucleation perlod) will, in
the absence of flocculation, become a polymer particle, The
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calculations presented will provide estimates of radical diffusion
into the droplets and show that these droplets are likely to produce
larger particles than those formed by other nucleatlon mechanisms. A
singie example of styrene emulsion polymerization will be analyzed to
examine these phenomena.

SIMULATION EXAMPLE

The computations presented will be based on the recipe and
reaction parameters |listed below.

Cont lnuous water phase
Monomer charge
Emulsifier concentratlon
Radical generation rate
Monomer /polymer volume

dm’Hz0

3 dm’ M g

.?% gmoles/dm ng

0 radicals/dm Hz0-sec

Hnnuon
-0 -~

ratio in the particle = 2:)
Adsorption area per .
emulsifier molecule = 50 A

Polymerization propagation
rate constant

Monomer droplet radius

Termination rate constant

300 dm’/mole-sec
SHm . .
11510 dm™/mole-sec

oo

EXAMPLE CALCULATION RESULTS

1. Emylsifler Distribution
Total potential adsorption area of the charged
emulsifier = a _(SIN, = 6.02x102" nm%/dm20. The 0.3 dm® of

monomer  is dlsgﬁrseé in droplets or radlus 5 um, This vielcds
5.73%101! droplets per dm?® of H:0 with a total surface ares of
1.8x10 2% nm%/dm i O which represents 3% of the emulsifier charged.

oF Free Radical Distribution

Two models have been used for the calculation of free
radical transport rates from the aqueocus phase fInto micelles,
particles and droplets. The "lower limit" particle nucleation
model of Smith and Ewart (5) Is based on the assumption of
distribution in direct proportion to Interfacial area. A
theoretical! basis for thls model was presented by Gardon (6).
This model predicts, for the present example, that 3% of the free
radicals will enter the droplets. The radical flux per droplet
is given by:

0.03 n
W = 524 radicals/droplet-sec
0]
The continuum diffusion model 1Is based on molecular
transport theory. This model predicts that the rate of
absorption of radicals will be proportional to radius (in

contrast to r ? of the ares model). Hansen and Ugelstad (4) have
developed a particle nucleation theory based on continuum

2{

diffusion concepts. They computed the probabllity of a given
radical entering a S un radius droplet, for a recipe very similar
to the present example, to be 0.019. This model yields the
following value for radical Flux to the droplets.

0.019 Py = 332 radicals

NO droplet-sec

Computation of S-E Particle Nucleation:

The above computations demonstrate that all the monomer
droplets are likely to absorb a large number of radlcals and,
therefore, form polymer particles. The Smith-Ewart nucleation
models are wused to predict the number of particles formed via
aqueous phase mechanisms for comparison with droplet nucleation.
The first step In this particle number computatlion is to estimate

the duration of Interval 1. This, assuming 100% capture
efflciency., is given by:
0.6
a_[SIN
t* = 0.4 _2____&1‘__ = 113 sec.
p 0.6 uﬂ.d

1

An estimate of the number of particles formed ylelds,

N = 0,97 pt* = 1.10x10'" particles/dm® Hi0

The ratio of particles nucleated in the aqueous phase (micelles)
to those formed from monomer droplets is

18
%_ - ;-%giig = 1,92x10°
b . TT

Clearly, the number of particles formed from droplets is a very
small fraction of the total particle population.

¥Yolume of Monomer and Polymer @t the End of lInterval L

The total calculated particle volume at t* Is given by
TV{t*) = pyut*/2 = 0.02235 dam?/dm? H»0
volume of polymer in particles =0,00745 dm’/dm® Hz0

Percent of origlnal monomer in the particles = 0,02235/0.3x100 =
7.45%. -

Percent of original monomer converted = 0.02235/{(0.3)(3)}x100 =
2.48%.
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The polvmer fzat lon rate within Individua) monomer

droplets fs ven : If the monomer s dispersed in smatler droplets more
® el by particles will be Formed via the droplet initiation mechanisms.,
RPVD = kp[M]D[R']vD These particles will, however, be smaller than those formed from

the 10 pm diameter droplets used for this illustration.

where (R ] \Uj/ktvu. Jj i3 the radlcal transport rgte into the
particles (moles/partlcle~sec) and {Mlp>~9 moles dm” , Is the

monomer concentration in the droplets, LITERATURE CITED
- . . » P .

RV p (CONSTANT FLUX MODEL) = D.SB?X]G';: moles/sec 1. ;'l Ug:éftgd.le:éeﬁ;;EdEl T?ssggsa??q#31 W. Vanderhoff, J. Polym
REVp (CONTINUUM MODEL ) = 0.424x107" moles/sec <r Lolvm, S T
Polymer produced per droplet in Interval 1 is: 2. 3éndefﬁ°F2ur31nA T‘ Eél:gl-g??seré4 Gﬁoawflqggf?|8|n = o LS
P {CONSTANT . FLUX MODEL) = (0.537XI0-17) (113)(1o4) =

0.632x10~!? grams/droplet 3. T% géng??gig‘and J. Ugelstad. J. Polym. Sci.. Polvm. Chem. Ed..
Total Polymer in Droplets {CFH) = 0.0362 gms — :
P {(CONTINUUM MODEL) = 0.5%107" " gm/droplet o "
Total Polymer In Droplet (CM) = 0.0286 gms d., F. K. Hansen and J, Ugelstad, Ch. 2 in Emulslion Polymerization,

[. Piirma (Ed.). Academic Press, New York (1982,
% of original monomer In droplets = 100-7.45 = 92,559

T of original monomer 85 polymer In droplets 5. W. V. Smith and R. H. Ewart. J. Phvs, Chem.. 16, 592 (1948).
(Constant Flux Model) = 0,01277¢ -
{Continuum Model) = 0.01017 gy J+ L. Gardon, 4. Polym. sel., Part Ac1. 6. 623 (1968),

Ratio of the polymer per monomer droplet to the polymer per
particle Is given byt

=113 3
R = %g:ggg:;?/(l'{égigffio L - 9820 (consTANT FLUX MODEL)

R

7945 ([CONTINUM MODEL)

Conclusions:

Honomer droplets will be a source of polymer particle
formaion even In systems in which the monomer  is not Finely
dispersed. When the monomer droplets are large at the beginning
aof  Interval | they will capture a large number of free radicats
during the nucleation period, At the end of Interval 1 the
daverage monomer drop wil l contain substantlally more polymer than
rhe average Polymer particle, The number of particles, however,
will be much greater  than the nAumber of droplets and the
particles {ip tatal) will rcontain a very large fraction of
Polymer,

During Interval 2 the droplets will continue to shrink as
monomer  is transported to the ma lor Polymerization sites in the
polymer particles, This shirinkage wil| stop when the po ! ymer
concentrat ion in the monamer droplets approaches that in the
monomer-swollen particles, At this point the particles formed
from droptets wil) be larger than those formed from micelles,
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KINETICS OF QUATERNIZATION OF VINYL BENZYL CHLORIDE COPOLYMER LATEXES

. A. Hessling and L. D. Yats
Central Research
1702 Building
Midland, M1 48640

The Kkinetics of the reaction of tertiary amines with vinyl benzyl
chioride (VBC) copolymer latexes have been i{nvestigated. In this
reaction, benzyl chloride groups on the latex particies are converted in
high yield to gquaternary ammonium groups. With proper design of the
starting latex, the process can be used to make latexes stabilized by
high levels of bound cations (1, 2).

Latexas stabilized by strong acid or base groups, chemically attached to
the parcticles, are of value as mode] cotloids (3). However, latexes of
this type are difficult to prepare by emulsion copalymerization of fonic
and nonionic monomers because of Jlarge differences in the monomer
solubilities in H,0. Copolymerizations ir aqueous media generally lead
toc a mixture of water-soluple idonic poiymer and Jatex particies
containing relatively low 1ionic contenz. Separation of <the mixture in
order to obtain a "clean" latex can be very difficult (4)}.

Latexes stabilized by bound strong acid or base groups are easily
obtained by an indirect route (5, 6). A functional copalymer latex is
first prepared from nonfonic monomers of similar Tow water solubility by
emuision copolymerization. The functional latex can then be converted

to the desired fonic derivative by reactions that do not destabilize the
latex.

VBC has been effectively utilized in this process (68). It 1is easily
copolymerized by emulsion polymerization techniques and the Tatexes can
be coaverted directiy to a variety of derivatives under mild reaction
conditions. A large number of fon-forming reactions are known for VBC
(7. 8). Cation-forming reactions are most commonly used, but VBC
latexes have also been converted to sulfonic acid derivatives (5, 9).

This study shows that quaternary ammonium functional latexes are easily
prepared by reaction of VBC copolymer latexes with tertiary amines. The
course of the reaction 1{s determined by amine reactivity rather than
amine water solubility. The kinetics are complicated by a severe rate
retardation effect developing at conversions in excess of 30%. The
1imiting conversion appears to be associated with the maximum charge
density that can be tolerated on a hydrophobic particie. A surface
reaction model is invoked to explain the results.

The study leads to some general obsarvations about the conditions needed
to produce surface limited reactions on latax particles.

1. 1f the latex particie Tg is Tlower than the temperature of tha
quaternization reaction, the reaction will penetrate into the
particie at a rate dependant on the VBC content in the copolymer,
the nucleophilicity of the amine and the proximity of the
chioromethy) groups to the Tatex particle surface.

2. If the particle Tg 1s higher than the quaternization reaction

temperature, the reaction will penetrate into the particle only if
the latex particle is plasticiZed in the pracess.

REFERENCES

1. D. 5. Gibbs, €. H. Wagener and R. A, Wessling, U.5. Pazent 4,056,501
(1977).

2. R. A, Wessling in G. W. Poehlein, R. H. Ottewill and J. W. Goodwia
{eds.}), Science and Technology of Polymer Collatds, Vel. I1I,
Martinus Nijhoff Pub., The Hague, 1983, pg. 393.

3. J. W. Vanderhoff in 0. R. Bassett and A. E. Hamileic [eds.),
Emulsion Polymers and Emulsion Polymerization, ACS Sympesium Series
MNo. 165, ACS, Washington 0.C., 1981, pg. &62.

4. M. S. El-Aasser in G. W. Poehlein, R. H. Ottewill and J. W. Goodwin
{eds.), Science and Technology of Polymer Colloigs, Vol. 1II.,
Martinus Nijhoff Pub., The Hague, 1983, pg. 422.

5. L-J. Liu and I. M.Krieger in P. Becher and M. N. Yudenfreund {eds.),
Emylsions, Latices and Dispersions, Marcel Dekker, NY, 1978, p. 41.

6. R. A, Wessling, L. 0. Yats and V. E. Meyer, Org. Coatings Plast.
Chem., 42, 156 (1980).

7. C. F. Ralay and R. J. Dolinski in R. H. Yocum and E. B. Nyquist
(eds.), Functional Monomers, Vol. I, Marcel Dekker, HY, 1973,
Chapter 2.

B. - M. Camps, M. Chatzopoulos and J. P. Montheard, J. Macromol. Sci.
Rev., C22, 343 (1983).

9. Y. Chonde, L. J. Liu and . M. Krieger, J. Appl. Poly. Sci., 25,
2407 (1980). -

NOTE: The material convered in this report was presented in part at the

International Symposium on Emulsion Copolymers and Copolymerization,

Lyon, France (March, 1984). To oe published in Makromelekulare
Cherie,



%

STUDY OF WETTING OQF SOLID SUBSTRATES BY POLYMERIC SURFACTANTS

D. M. Pickelman, D. L. Schmidt, and R, A, Wessling

To be presented at Polymeric Surfactant Symposium at the
Spring, 1985 ACS Meeting in Miami Beach

SUMMARY

Copolymers of methyl methacrylate/vinylbenzyl chloride have been preparsd using
a solution polymerization process and characterized on the basis of their
surface activity as water-soluble onjum derivatives (1), Cationic polymeric
surfactants (CPS) were prepared using an emulsion polymerization process and
studied in the same manner. (2) Subsequent attention was focused upon finding
CPS compositions which could be most successful in wetting solid sufstrates.
Spreading potential of aqueous surfactant solutions was obtained through
surface tension and contact angle measurements, Comparisons were made with
conventional low molecular weight soaps. A technigue was established by

which surfactant solutions could be ranked in terms of wettability. Four
substrates were studied and found to wet in the following order: Glass >
Mylar®; Polystyrene > Polyethylane. Unlike the lower-energy substrates,

it was difficult to obtain accurate measurements of contact angle on glass
because of its hydrophilic charactar, Hydrophobic polyethylene is very
difficult to wet with aqueous surfactant solutions, nowever, methylmeth-
acrylate/vinylbenzylsulfonium chloride copolymers over a broad charge density
range wat bettaer than conventional cationic low molecular weight soaps.

Referances

1. Wessling, R. A,, Pickelman, O. M,, J. Dispersion Sciance and Technology,
2(283), 231-313 (1981).

2. Messling, R. A,, Pickelman, D. M., USP 4,426,489,

LATEX FACTORS AFFECTING BLADE COATER RUNNABILITY*
Ronald L. Van Gilder

Research Associate, Designed Latexes & Resins, Dow Chemical

Earlier work has shown that both latex particle-size and vinyl
acid type, level and position play a major role in the blade runnability

of the styrene (S} butadiene (B) latexes which are used in coating colors.

Recent investigations have revealed the significance of latex
particle-size distribution on the high shear rheology blade coater
runnabitity of the corresponding coating celors. In particular the
blade runnability of high solids coating colors can be improved by
using a carboxylated 5/B latex with a bimodal rather than a mone-
disperse particie-size distribution. This improvement results in a
superior coat weight application control as a function of inverted
blade tube pressures and less tendency for blade coater runnability
defects at & higher coating color solids level. High shear coating
color rheclogy determinations also have shown that the bimodal as
compared to a polydisperse latex particle-size distribution is superior.
The details of the above findings will be discussed.

*Presented at TAPPI Blade Coating Seminar, Sept. 24-26, 1984;
Partland, ME.
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THE INFLUEWCE OF LATEXES ON ROTOGRAVURE PRINTABILITY *

Na Ik Lee
Dow Chemical U.S.A.
Hidland, ifichigan

ABSTRACT

In addition to their traditlonal binding rols, latexes can influence
the rotogravure printability of coatzd papers In a vaclety of ways.
Reing soft and compressibls, they can influence the compressiblllcy
of coated papers and thus improve the contact between the surface of
coated papers and the nrinting plate at the nip. Belng solvent
sensicive, they can help reproducing halftone dots sharply and
accurately by preventing ink from spreading. *ore importantly, they
can influence the colloidal and rheological properties of coating
colors by adjusting their Interactlons with plgment parcicles and
thus control the immobilization of coating colors, which s largely
responsible for Improved coating holdout and rotogravure
printability. This paper will describe In more detail how latexes
can lmprove the rotogravure printability.

*Presented at the Panel Discussion on Rotogravure Princtability Improvement
through Coacing Immobilization and Pigment Selection for the 1984 TAPPI
Coacing Conference.
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Ihe Effect of Polymer Molecular Weight

Upun_Reaction Hates in Emulsion Pulymerization

C.l Liag and D.C. Sundberg
Department of Chemical Engineering
University of New Hampshire
Durham, N.H. 03824
INTRODUCT |ON
It has been clear for some Lime that the Tromsdorff gel effect causes not

only accelerating reaction rates but also simultaneous and dramatic increases in
polymer molecular weight. Balke and Hamielec (1)} have presented a wide range of
data which clearly show these effects in the bulk polymerization of methyl
methacrylate (MMA) More recently resea;chers such as Marten and Hamielec (2)
and Son and Sundbery {3) have offered descriptions of termination rate constants
which are chain length dependent. While all of this work has been applied to
bulk palymerization, there have been no detailed studies of the inter-relationship

of the reaction rate and polymer molecular weight in latex systems. It fs also

of interest to note Lthat the use of some chain transfer agents used to substantially

chanye the molecular weight of emulsion polymers have also appeared to have
cavsed reductions in the reaction rate. Occasionally these chain transfer agents
are then labeled as non-ideal by producing free radical groups with less inherent
reactivity than Lhose of Lhe monomer and polymer. With this as background, the
present study was undertaken to provide some experimental evidence of this effect
in emulsion polymerization. The system chosen for study was that of MMA because
it has such a strong gel effect which would offer a good chance to observe such
effects Ihe technique used was Lo prepare several seed latices of widely

different molecular weight {by using chain Lransfer agents in the base latex

formutation) bul at the same particle size, and then to observe the polymeritation

rate nehavier of subsequently added monomer under the exact same reaction conditions.

2
The basic premise aof this study was that the terminaliesn rate constant is
chain length dependent and Lhat higher molecular welght polymer chains entangle

more extensively than shorter ones, thereby leading Lo lower values of k In

t
turn, the lower value of kL should lead to higher radical populations in the
particles (i.e. higher values of n) and thus to higher reaction rates. However,
It must also be recagnized that if the molecular weight is changed by adding a
chain transfer agent, it is Vikely that desorption of short, chain transferred
radicals wil) increase and lower n. This result has recently been reported for

a
small particle sized latices {ca. 600-700 A) by Lee and Poehlein (4). In order

to avoid this simultaneous effect, the present study made use of larger particle

-]
_sized seed latices (1100-2000 A) whose surface to volume ratio is such that

radical desorption has no effect upon the reaction kinetics. This would place
these systems in the area of Ugelstad's (5) n vs. a° plot (for negligible water
phase radical termination} in which a’is greater than about 0.10. It is
acknowledged that {f water phase radical termination is very significant, then

one would have to consider both radiczl desorption and molecular weight effects.

EXPERIMENTAL

Seed latices were prepared by using standard batch and semi-continuous
feed reaction techniques. Sodium Jauryl sulfate was used as the only surfactant
and potassium persulfate was used as the initiator. At the end of the seed
latex preparation {carried out at 50°C), the batch was heated to 95°C for about
an hour to deplete the unused fnitiator. The seed latices were produced at the
same particle size but at differing polymer molecular wefght by the use of
tertiary dedecyl mercaptan (t-dm) as a chain transfer agent. These seed latices
were subsequently swollen with fresh MMA monomer to the extent of 150 parts per
hundred parts polymer. The swelling was carrfed out under batch conditions with

moderate agitation for periods of time long enough to prevent the formation of a



3

i
stpdayate o1l layer when the latex was left in a quiescenl state for an hour or
su these balices were then cusled frum room temperature to 5°C to prevent
any pelymerization lrom occuring when the iniliator solution was added {this
alsv at 5°C). Latices preparved in Lhis fashion were added to tubular glass
reactors (5 mm 0.0 and 3 ma 1.D.), sealed under vacuum and plunged into a water
bath st 50°C to carry out the reaction. Each tube contained enough latex Lo
provide a solids leve) determipation (for measuring conversion level) and Lo yield
pulymer for molecular weight determination via dilute selution viscometry, The
use of these tubular reactors ensured excellent temperature contrel even for
very rapid reaction rales.

The experimental space studied may be best viewed in matrix form. The seed
latices were made at three different polymer molecular weights (High - 5.8
million, Medium - 1.2 million, and Low - 0.4 million) and the polymer subsequently
formed also produced at these three molecular weights. This gave a possibility

of nine separate experiments and are designated below by Lhe notation;

High M.¥W. palymer formed in High M.W. seed; H/H

Low H.W, " " W " “ L/
elc.
The eaperimental matrix appears as
H/H H/H H/L
M/H H/H M/L
L/H L/H L/L

wilh columns representing experiments utilizing the same seed latices in the

presence of which polymer of varying molecular weight is produced, and rows re-
presenting different seed latices in the presence of which polymer of the same
All of these reactions were carried out under the

molecular weight is formed

same exact conditions of solids and invtiator tevels, and temperature (50°C)

One unfurtunate aspect of the use of t-dm was that it could not be
stripped out of Lhe M and L seed latices after their preparation. This pre-
vented the formation of high molecular polymer in the presence of a low

molecular weight seed. Thus the actual experimental malrix was

H/H
M/H H/M
L/H LK L/L

RESULTS AND DISCUSSION

Matrix experiments were carried out for seed pqrtlcle sizes at 1100 ; and
2000 ;. The swellen particle diameters were roughly 26X larger than the seed
particles and together with the other experimental parameters yielded values of
a” of 1.0 or greater at the beginning of the reaction. Que to the presence of the
get effect fn each experiment the value of a” increased with conversion and thuys
assured that radical desorption need not be considered in assessing the reaction
kinetics.

The reproducibility of the experimental data can be assessed from Figure )
which shows duplicatg runs of the H/H experiment at the 1100 ; seed particle
size. Since some of the differences in conversion profiles for the 1100 ; sead
latices may not be too great, this level of reproducibility is important

In general terms it was anticipated that the reaction rates would be slower
as one moves down a column of the experimental matrix and as ohe moves to the
vight aleng a row of the matrix. Thus the H/H run should be the fastest and the
L/t run should be the slowest. Figure 2 shows the results for column | using
the high molecular weight seed latex producing post-formed polymer at high,
mediun and Jow molecular weights

The lower molecular weights were produced by

adding t-da to the monomer used to swell the H seed latex. As expected the



vates decreased as Lhe post-{ormed polymer molecular weighls decreased.
Although polymer tractionation was nol perfaormed prior Lo measurement of
molecular weight, Lhe combined viscosity average malecular weight of the re-
sultant L/H emulsion polymer was 2.1 million vs. the 5.8 million of the H seed
polymer,

The bottom row experiments represented the formation of equivalent molecular
weight post-formed polymer in Lhe presence of various molecular weight seed
polymer. [n these experiments the same level of t-dm was used in each. The
conversion profiles are displayed in Figure 3 and again show that lower rates
are associated with lower molecular weights, although the differences in the row
experimenLts are more subtle than those in the column experiments.

The combined effect of varying seed molecular weight and post-formed
molecular weight can be seen from the diagonal set of experiments H/H, M/M
and L/L. Here the post-formed and pre-formed molecular weights were measured to
be the same. Figure 4 displays the conversion profiles and shows a very
significant dependency of rate upo; molecular weight. In another diagonal
set of experiments, M/M and L/H, one can see the combined effect of pre-formed and
post-formed melecular weight in a different way. Here the respective changes
between pre-farmed and post-formed polymer vary in opposite directions, One
might then expect some sort of compensating effect between the two changes.

: Figure 5 shows a rather fortuitous situation in which these competing effects
appear to completely counteract one anather.

Larger sized seed latices were also made in order to increase the difference
in the rates seen as molecular weight was changed in the smaller sized latices.
Here, an H seed was produced at 2000 R and 5.7 million molecular weight and a L
seed was produced at the same particle size but at 0. .34 million molecular weight
The resultant comversion profiles are shown in Figure & where the difference in

the two curves is quite dramatic  Anolher interesting way o view these data is

Lo compare Lhe comversion protiles tor two lalices of Lhe same molecular

weight bul at different particle sizes [where rate differences are tlearly expected)
and simuttaneousty for two latices ab the same particle size but at significantly
different mulecular welght.  Such a comparison is presented in Figure 7 where H/H
runs at 1100 ; and 2000 ; are compared to H/H and L/L runs at 2000 ;. Obviously

the effect of pelymer molerular weight can be nearly as significant as latex

particle size

CONCLUDING REMARKS

The data presented in this study indicate thal there appears to be po doubt
that the polymer chain langth environment can substantially affect emulsion
polymerization kinetics. In seed latex palymerization of a single homopolymer
it is suggested that the chain length of the seed polymer and that of the de-
veloping post-formed polymer exert independent effects which combine to give a
unique overall result. Due to these ebservations it appears that one should be
careful nat to necessarily conclude Lhat rate reductions seen when chain
transfer agent is added to an otherwise high molecular weight system are caused

by "slow radicals" resulting from chain Lransfer fragments
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Work at Department of Industrial Chemistry, University of
Prondheim, and at SINTEF. :
John Ugelstad. 28 stP Rec

1. Magnetic particles.

The work at the group in Trondheim has lately been concentrated on
the preparation of magnetic particles, Since the publication of
the results in London on the application of our magnetic particles
for clinical use in removal of neuroblastoma cells from bone
marrow we have got requests from a very large number of institutes
and hospitals around the world for these particles. Clinical
treatment of children with neuroblastoma with these particles have
already for some time also been carried out in Lyon and several
other hospitals at different places are building up the magnetic
equipment neccessary for the procedure.

The particles used for neuroblastoma have been our 3 pm porous
magnetic particles with a relatively large surface. Beside having
the disadvantage that they use a lot of antibody of which a large
part is ineffective as it does not take place in the binding to
the cells it has turned out that the particles also show a
relatively high nonspesific binding., 'fhat means that they will

also tend to adhere to some extent to other normal cells which do
not posess antigen corresponding to the antibody adsorbed on the
particles. We have ascribed these disadvantages to the high
porosity of the particles.

Quite recently we have therefore developed particles which has the
same monodispersity and the same magnetic properties, but with a
smooth surface. The one we have developed to the point that we can
deliver them commercially are particles with a hydrophobic
surface., This means that we have to bind the antibody by physical
adsorption. However, the nature of the surface and the fact that
the surface is very low has led to that they when covered with
antibody shows an extreme selectivity for the cells they are meant
to interact with,

Investigation with these new particles are now carried out at a
number of places and their ability selectively to remove
T-lymphocytes from bone marrow are very promising. This opens up
the possibility for nonautologous bone marrow transplantation.

3

We have also made compact magnetic particles for covalent
coupling including particles with - OH, —CH'Q‘CH2 and -NCO groups.
These particles we expect to be the best particles because we do
not risk any leakage of antibody from the particles and bhecause
the activity of chemically bound antibody seem to be higher than
for physical bound antibody.

A special particle we are working with is a magnetic particle with
a relatively thick shell of polymer with functional groups arround
it. We cooperate in this research with the European Molecular
Biology Laboratories in Heidelberg, Germany, who have found
magnetic particles especially suitable for isolation and studies
of organelles and viruses. The method they have developed
neccesitates magnetic particles which are monodisperse both as
regards size and content of magnetite., Our patent application on
preparation of magnetic particles has now become available and as
you may have seen the method is extremely simple, and involves
preparation of the magnetic iron oxides in situ.

I have believed that we by our process get magnetite, Pe304. After
having lectured at MIT last month I am not quite sure. It may be
that what we finally get is YFeZOB' We will cooperate with MIT
about this problem and also in construction of the most suitable
magnetic eguipment,

2. Transport of material between particles (droplets).

In several papers we have written the eqguilibrium egquation for
transport and distribution of a compound (1} between a (b} phase
and an (a) phase by

~P - _ -
AG1a+ ZV!aTa/ra = AG + 2V

o 676" b

where Aalp stand for partial molare free energy in the case that
we have r = = (plane surface},

As we have pointed out in several papers the distribution of (1)
between the phaseswill depend upon both the composition of the two
phases and the size of the particles (droplets) of the two phases.



In the "Piirma book" we made the obvious point that if we par
example has pure 1 in the (b) phase, we would in principle he able
to swell any particle infinitly provided we had a sufficient low
value of ry- Also we pointed out the effect of r, on the rate of
transport from (b} to (a), again stressing that also in this
expression the effect of an increase in activity due to a
reduction of r, comes into play.

We also demonstrated the effect of subdivision of phase (b)
experimentally both on the rate of swelling and the degree of
swelling of the (a) particles. 1In our patent on the two step
swelling of polymer particles from 1977 we described in detail the
use of fine dispersions of the swelling compounds for achieving an
effective swelling and also especially included this in our patent
claims. From some recent publications we have got the impression
that these facts seem to have been overlooked,

Most often if one homogenize monomer (phase b) to get a more
effective swelling, one will find that one during the swelling
process experijence that the monomer droplets instead of
diminishing in size becomes larger apparantly due to interdroplet
transport. We have shown previously that the presence of a small
amount of a Y compound (relatively low molecular weight water
insoluble compound) in the monomer during homogenization will
prevent such a degradation. In this case we get an interesting
system. If we consider a system consisting of an (a) phase with a
polymer P-and a Y compound and a {b) phase consisting of a (1 )
compound and an Y compound which may be the same or different from
that in the (a) phase we will have a transport of (1) from (b) to
(a) untill the equilibrium

2 2
Ing +0-myy oy top toyaryy + 0p° X pt oy p, (X )yt Xy p=2ypiy g}
- 2 i
AV YA TLRT = Iney H oMy dey t ey oy + 20y /o RT

Obviously the activity of (1) in the (b) phase and thereby the
swelling of the {a) phase in this case will depend upon the two
counteracting effects in the (b) phase, the presence of Y which
will decrease the activity and the increase in activity due to the

H

low value of Ty which may be obtained because of the presence of a
¥ compound in the (b) phase. It turns ocut that one in this case
may obtain so small droplets of (b} that the activity will be
considerably higher than for pure (1) in bulk despite the
decreasing effect of Y on the activity. Also such a system may
under given conditions {"infinite” amount of (b) with sufficiently
high activity of {1) bring about an "infinite" swelling of phase
{a)).

With a limited amount of the (b) phase the size of the (b} droplet
will decrease due to the transport of (1) from (b) to {a). This
will in principle tend to increase the activity of (1) in the (b)
phase, This effect will usually be more than counteracted by the
decrease in activity due to the increase in concentration of ¥ in
the (b) droplets as the compound {1} is transported from (b) to
faj.

Even more interesting for a theoretical study are the systems El-
Asser and I discussed in Lyon, namely systems where we use mono-
sized a and b particles, hoth containing Y compounds so that they
might pick up quite a lot of (1} compounds. Such systems would
allow very interesting studies to be carried out, as F.i. the
effect of amount and type of the Y compound on the distribution of
{1) between the particles. Also it would be an interesting system
for measuring the rate of transport of a compound 1 from one phase
to another. And especially one would if one started with
different {1} compounds in the particles get an exchange of (1)
compounds which would be interesting to follow. Even if this may
seem to have mostly theoretical interest it has also some
practical consequences Which I will return to later.

University of Trondheim, 20.09.1984
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Contribution to the Polymer Colloid Group

T.G.M. van de Ven
Pulp and Paper Research Institute of Canada and
Department of Chemistry, McGill University
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The following are abstracts (slightly ecxtended) of two papers
(to be) submitted for publication:

I. Electrically Induced Changes in Latex Structure (M. Tomita and
T.G.M. van de Ven)

Electrically induced changes in latex structure have been studied
experimentally and theoretically. Bragg diffraction intensity curves ob-
tained from ordered latices subjected to an electric field shifted to longer
and shorter wavelengths depending on the polarity of the electric field.
Examples are shown in Fig. 1, The magnitude of the shift was ncarly propor-
tional to the electric field strength, and depended on volume fraction and ion
concentration of the suspending medium. The electric field effect was larger
for latices of lower volume fraction and lower ion concentration. A semi-
quantitative explanation has been given for the observed phenomena, which in
essence consists of a balance of two forces exerted on a reference particle:

a force due to the external electric field and a colloidal force due to the
interaction with the asymmetrically distributed surrounding particles.
[ 1 T T ] 1 1

a BDSpA b

| CArbitrary units)

0 L I 1 1 o
480 500 520 540 620 640 _ 660 480 Alaml
Fig. 1 - Examples of experimentally observed diffraction curves (intemsity
of back scattered light vs wavelength) for various electric currents.
The maxima correspond to the spacing between lmyers of latex particles
near the transparent electrode.

I1I, Rheo-optics of Suspensions of Anisometric Particles. 1. Monodispersed
Ellipsoids. (D.5. Jayasuriya and T.G.M. van de Ven)

Rheo-optical behavior of a single ellipsoid in a simple shear flow,
calculated using extensions of Jeffery's equations and modified Rayleiph-Debye
theory, clearly indicates the presence of an ordered structure underlying its
complicated modes of motion. Calculations were extended to an ensemble of
randomly oriented monodisperse ellipsoids using a dynamic simulation method.
The results, obtained for the ensemble, reveal the occurrcnce of well-defined
periodic transient rhco-optical oscillations provided the cllipsoids are not
too far from axisymmetric. An example is shown in Fig. 2. This indicates
that transient rheo-optical measurements provide a suitable experimental method
to study suspensions of anisometric particles.
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Fig. 2 - Rayleigh ratio (at a scattering angle of 10°) of cllipsoids with
axes 473, 334 and 249 nm subjected to a simple shear flow of
gradient G, as a function of time t (non-dimensionalized by G).
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REGULATION OF YARTICLE STRUCTURE DURING LATEX POLYBERIZATICY
OF LMONOMER COMPOSITIONS 31 MG g

Eliseeva V,I., Pitova H.V.

Summary

The present work deals with the influence of methods of
Ferforming semicontinuous eiulzfon- polymerization of given
monoomer cocpositions on Polymer structure azd morphology. It is
shown that during seed polymerization letex barticles form
23 & result of heteroflocculation of primary polymer narticles
of various chemical composition, wiich explainé the complica-
ted siructure of final latex partinles, Properties of Tilas
of latexes of a given bratto couposition obtained thrqﬂgh
copolymerization, sepcrate ard seed Polymerization are déécri-
bed end their differences shovn, It is established that at
incomplete conversion of seed latex polymer, a transition layer
apceers teiween the segregeied polymers which leads to a sub-
stential change orf mechanical properties of filmg as comparad

to filus made of mixtures of corresponding laiexes,

Introducticn

A series of works dedicated to two-stage latex polymeriza-
tion of monomer 1/2 sysiems point out the stbatantial differen-
ce in polymer structure /1,2/ and particle morphology /3-6/
depending on the method of monomer introduciion, their bolari-

ty /3,6/, hydrophilicity /4,5/, ané polymerization temperaiure,

—rb-/

-2

Some coraltiong lead to phase inversion in rarticles in the
accond stupge of Polymerization /3,5,6/; in other cascs Phrye
inversion mg observed in Tilmg obtuined fren latexes aftes
hesting ,'7/. 200t worka /4,5/, for the burpose of atiainineg
maximum arperation, describe such monomers 1 and 2 which imp-
1y thermseynenic incompntibilitg @' their polymers, with nly=
merizatiun in both steges continued to deep conversion, Thug,
final litexes wers compositions of homopolyners 1 end 2 which
&re close to latex mixtures of Polymers 1 and 2.

Yore ccutplicated systens are considered in the Present pe-

Per - for the burpose orf incrensing thermodynamic compatibiii-

lgte, with part of wonomer 1 introduced into composition 2. It

was thergyx exonected to preserggjthe structure bf the polymar
farmed iﬁriatex fil@g]particlas, end thus mcke it boszible to
o7ert surooge- ful influence over the film-forming Proper-
ties of lataxes, .

It is s characteristic Teature of the studied method of
aemi-continuoug polymerization, vhich is conducteq by gradual
introduction intg the reaction of monomer end emulssifiep ina
specifieqd ratio, thet the monomer pnese, es well 23 micelles
t(emulsifier conce%tration during thig Process is lower thep
CCi) [are absent) This ruled out the possibility of drop_and
micellq:-mechanisms of particle formation; barticles are
generated in the water rhase and formed 85 a result of floceu-
lation o7 pDewly formed barticles,

Results apng discussion
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Polymer structure and pnrticle murphology of the same brutto
compoaition wére chenged via different methods of polymerize-
tion:

A. Copol}merization of ¢ll monomars. 3

it Ba Separated- polymerizaotion of wonomers 1 and 2.

C. Seed polymerization of monomer 2 on monomer 1
latex (or vice versa).

To increase thermodynomic comatihility of polymers, seed
latexes were brought to 90-96% cooversion; in some experiments,
part of monomer 1 waa introduced inio monomer 2.

The structure and morphelogy of laitex pariicles ard films
were studied by electron microscopy and dielect;ic relaxation.
Mechanical properties of films were established on a Polany-
type device with en sutomatic recorder of stress-deformation
curves. Mlechanical strength o' films was determined with regpect
to thezr mean cross-section et oresking point, Mechanical pro-
perties of films were determined af%er & month of storage under ;
normal corditisns end exiccator concltioning, and also after
prolonged {several years) storage under normsl conditions.

Table 1 contains the recipes and conditions of polymerizao-~
tion, as well as the physico-chemical characteristics 01 lotexes
besed on moromer ccupogitions I-IIXI. The Table shows thet,
given the same brutto composition, the latexes obtained sccord-
ing to different methods are different in colloido-chemical pro-
Perties; this is evidently due to differences in chemicel nature

and adsorption capacity of particle surface in various atages
of the process, ¥

L]

S 4t

It wae shown that in the process of polymerization accord-
in~ to methods A and B, particles form as & result of flocru.:!.n-1

tion of wewly formed particles with the old ones /8/ )
Fig 1 show that during method € polymerizetion,

4+he intruduction of mew monomer Juantities into the seed lntex

leads %0 the formation of new pervicles, Iosufiicient stubit

1lity o' these particles leads to their heteroflocculation with

seed latex particles /9/. As a result, they form a single

particle with a cemplicated inner structure - the seed letex

core is svrrounded by copolymer globules which form the shel}.
Pig., 2 describes the k¥inetics of particlg number change

in tke second stage of composition 111 pcly:eriza.io", method

G, nccording to electron microaccpy deta. It is clear tha’

the met number of particles as compered %o the sead.latax hard-

iy changes regardless of the flocculation obaerved.

This leais 4o the conclusion thet heteroflocculation of parti-

i the
cles fowmed in the second stage occurs 1n such a way that

i imdi Liue~
overnll mmbper of perticles remaeins the seme, A similar 53

tion is observed durlng polymerizatlon of composition II, .
Thererfore, particles of final two-atage latexes {metuod C)

have the "core-shell"™ type structure.

As se=d particles contoip residual monomer due to.incomplete
conversion, dfffusion of new monomers into them in thg second
stage mey lead to some copolymer formation, enriched with
moncumer 1inks from the seed lateX. This copolymer acts as &

transition layer, by means ou which seed s=d new perticles

er
—are brought into contact. The presence of cuch & copelym

iS cOllfirde b.‘! o temPErature de‘;.?.\dence StudJ t];ﬁ (nngl‘. Df
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i er is o ous
cites temperature dependence tgd carves at¥a freguency of f = the belief that, first, latex C pruymer is neterogeneou

i x —a8-its components have their own glass transition temperature;
1 kilz of semplea 3,C 1/2 snd B-2, {Teble 1) obtained durirg

and secons, the veolume of this polymer contains a noticeable

ition I.
polymeriziition of compoaiti R . °
The Pigure shows thai the regiocn Lsmafr _amount of mixed intermediate stru:ture,

is symmetricel and coincides in temperature with tis same region On the basis of the above date, structure and organizetiwn

of B-2 copolymer. The region ol dielectric relaxatican of _ AT of the polymer in particles of laiex polymers obtained throigh
sample C1/2 is shiftoed, es compared to samples B~Z and B, to- | polymerization of monomers 1 an¢ 2 eccording tu three diffe-
words high tomperature, and has o nop-symmeirical form, widch _ rent methods, may be schematically deseribed as follows (Pig.5):
moy be on indicetor of & third phose present in the sample, . Hethod £: particles consist of statistical copolymer globu-

#t 8 frequency of £ = 1 kHz (Fig. 3bj, the curve for the fila lea.

Meth 1 5
dried wander normel cozmdifions, hos & nop-~symmetrical form ethed B: laotex comprises e wixwre of polymer 1 ond 2

- articl
{oveve O); during hecting of this f£ilm et 7000 (curve C'), P cledy

5 Method £: Lat ti engi
asymmeiry ls enhenced; the diwsolution of the film in an or- erae @) Latex particles cunsist of polymer 1 core erd

genie selvent end subsequent drying leeds to the seperation of polymer 2 shell. Trapsition leyer of intermediate compositlon

e 3 N lies in. between core and snall.
the tg 5. roclon into iwo pecks (curve C''). Heating and dis-

b) Latex periicles are of the same mor holo
volution of tho film makes composifion polymer phase separation ) P P &

i 2 as "gh, but with inverted polymer location,
capier, That 15 why the procees in the temperature range 23-20°C

A3 seen from Table 2, latex filus of one and the sawme brutto
{curve €) may be easumed to go oz due to the co-existence of

formed in the second sta.e

compesition are redicslly different in their mechanical properti-

the copolymer phase of theViransiition layer with higher 124 i
Pig. 4 shows temperature dependences of tg &, taken at — = es depending on the method of later synthesis, The difference is
f=1kHz, for composition ITT Films obtainad gccording fo merhods ! observed not only in statistical copolymer end composition

B end C, latex mixture (method B), not unexpectedly exhibits polymers, but elso in composition pelymers ihat do or do not

properties of a_ two-phase heteroseneous system ~ two ig ma§ ree contain a tfransition layer. For instance, for compositions I, II,
gions are observed, one of which corresponds by tempereture to I1Y Fhe-initial strength of latex films synthesized by seed poly-
the d~trensition of P4 (B-1), and the other - to P/BA-NAL/ merization is 1.5-2 times greater then the strength of films
(B~2). Por the latex Tilm obterined according to method € Lwo synthesized from & mixture of corresponding latexes (e compa~-
tssmax peaks were also discovered that are :lose in témperature - " rison of methods B and C). This confirms the preseace of the

to the ol-transition of latex polymers obiaimed accordingto transition layer that provides contact between the segregated

method C. Nevertheleas, both trencitions oSzarved for this poly-

i
mer, are shifted towards each uther. This provides grounds for
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polymers. A comparison of ezpariments 1C 1/2 and 1€ 2/1 indice-

tes nlso considerable influcnce of the order of segregatedl

polymer lecation in perticles on the mechanicel propertiecs ef ' : ) -
films, W2 nay therefore believe thnt the structure of pariicles cin
thet form in the process of pulymeriéation remains in the —
fur =
latex filns, Observed improvemert in film properties during . e
¢
prolonged storage under nomnl conditions (Pable 2) is explained v s
by speuvific conditions of film formation from latexes of linear; 6 B » M ® h ’
RE . time, &l
polymer witich ere connected in comlescence of neighbouring szuuuuormeuuminicwwuu:xnuunmtm '
particles and soverned 'by intﬁr_puticle macromolecule dj_i‘fu- 't':?:u;‘;% of eerpoaltion II1 polycerization accozdln,
- ] ] o L] L] ) o 1%
- [ 2 ghm for moytoas s - B, 4 and

sion., The zreatest change in properties in case of copolymer

B2, shinlned duFfhy POLAIFLI TN OF senpisitive | at
fekaday b~ E, £ ©* ab fal B5o

and mixtwe letexes (strengih grows 1.5-3 times) is evidently

connecicd to the lemst suppressed diffusion iq thege cases,

while in latex Tilms, synthesizod via seed polymerization IT

C and IIIC, this is probably prevented by the presence of the uf ol
intermediate layer:jahe trends established in this work allow

to control the structure of latex particles that are obtaiaed .
rom  the smne monomer composition, end therefore {o exert a

guided influence on Tilm properti:zs. 9
B ohid

frapiy

B

PigeS kcusanr of siructure af yslfeer and jurilsls serphslegy In

E £ 2 " 5 latazed ob seaprding ta vEriews methads (Brasen lima
alpnities Wi¥links, spirsl = Bi, evwes = RUL)
e o o r.‘c‘ g a
Feed g amt fo5 Tiln sangl
0 dd, € repeattice 221 4k faeme

R L

latex cynthesized according to ma-

‘,_Q.\Eﬂ'r_n

Fig.1Electron microgreghs of

thod C, tomposition III : a - seed latex Fila ,b,c --letexes

in the process of sypthesis end finzl, respectively
S —
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Table—2—

. Mechanical properties of f£films before and

after prolonged stocrage .

Cemposition]| Methods|gio’. m/m® [ %
betce| after | before| after
I A continuous £ilm fails to form
2.9C 2.50 160 430
LiA-BA-LAA
¢ 2/1 [3.50 7.50 110 170
II A 3.70 10.15] 230 420
St-BA-LAA B 2,97 6.60 360 350
45:50.414.6 ¢ 6.90 6.70 | 470 370
0.94 2,05 | 1500 9G0
III B 3.03 4.74 470 570
LA~BA-LIAA c 3.90 4,60 580 €30
62:35:3
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