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I had my usual difficulties in extracting contributions from
the membership, but Bob Fitch has gone to extremes in an attempt to
avoid his obligation. His was the last to arrive a few days ago
from Trondheim, Norway where he says he is working with John Ugelstad.
First Russia and now Norway. Next month it will be the North Pole.

John Gardon was even more clever, however. He worked out a
promotion sending him to Detroit where he 1s too busy with his new
duties to contribute. His new title: Director, Research and Devel-
opment for M & T's Coating and Ink Division., His address: M & T
Chemicals Inc., Coatings Research Center, 26701 Telegraph Road,
Southfield, Michigan 48076. (Congratulations, John!)

Vivian Stannett has excused himself, figuring he can rest on
his recently awarded laurels. He has just received the ACS award in
Plastics & Coatings. Congratulations!

I am excusing myself from this issue, but I enclose with this
mailing copies of two articles I have just sent off for review.

We look forward to hearing from our newest members next issue.

Finally Bob Fitch has a report on obtaining NATO support for a

European meeting. I direct your attention to page F-3.
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POLYMER COLIOTID GROUP NFWSLETTTR F_.,
R. M. Fitch.

I am enjoying the excitement of living in a new country and the pleasure of

working closely with John Ugelstad!

Polymerization in Emulsified Monomer Droplets:

We have started some experiments on the "true" emulsion polymerization of MMA
using the now famous Ugelstad mixed emulsifier concept. Initial surface
chemical studies were discouraging because with this polar monorer the adsorn-
tion of emulsifiers was weak and left much in thc agur ous phase. This latter
could stabilize primary polymer particles generated in vhe aqueous medium,

which is undesirable. We have feund surprisingly that by using very hydronhobic
surface active maverials, e.g. oct..decanocl and cetyl (016) sulfate nluc addecd
electrolyte, it is possible to obtain almost quantitative adsorption of emulsi-
fier. And the rusulting monomer emulsions are stable, with particle sizes
almost entirely below 1 u dia.

The polymerizationswith these systems are just being initiated (pardon the pun!)

and it is too early to tell what the results will be.

MMA Latex Polymerization Kinetics.

I have been locking at some old data which T.J. Chen and I took about 5 years
ago. We ran a large set of dilatcmetric experiments at various monomer con-
centrations all belov saturation, and at various initiator concentrations.

We were primarily conce.-ed with obtaining the polymerization kinetics during
the period of particle fo ‘mation and proposed that the overall radical concen-
tration was proportional to the total polymer/agueous solution interfacial area
(ACS Polymer Preprints 10, 42b (1969)). This still may be 50, but more and
better experimental data are required during the first few seconds, a project

upon which we are embarked currently in Conn.

But lookirg at the rest of the data, we now find that the system apparently
obeys Smith-Ewart Case 3 very vell at 30o even at extremely small particle
sizes because of MMA's well known gel effect.

According to Smith-Fwart Case 3, we may calculate the ratio of rate constants:




Assuming p

=p!

Ri’ we obtained the Tollowing values

=2

for ¥ /k.? for four
Pt

sets of experiments in vhich only the initial monomer coneentration was varied.

The experimentail ratios are comnared at apnroximately the same M

since we eipected the ratio to be a strong function or

~values,
D

monomer concentration,

which in turn determines the magnitude of the gel effect:

Approx. Exp. No./[M ;}' 102

M
[ PJ 61/1.73] 47/3.45] 60/5.18 59/6.77
1.9 h.2k 3.94
1.8 .2k h.o2
1.7 L.k
1.6
e lMa7 b0k
1.4 b.10
1.3 L.o5 3.96 k.03
1.2 k.30
1.1 b.19 3.84 3.93
“CUN _Ha0h _
0.9 3.90 3.77 3.87
0.8 3.79
0.7 3.26 3.77 3.33
0.6 3.72 3.20
0.5 __3.77 3.32 e
0.4 3.13 3.08 2.75
0.3 2.91 2.12
0.2 2.43 2.60
0.1 2.02 1.88

Ve are obviously past the
peak of what would be the
maximum in the gel effect
in bulk poliymerizetion and

are on the descending side.

This is of the serme order of
magnitude and in the same
direction as we have found

for nonaoueous latex noly-

merization, as shown in the

accompanying figure.

If we use the value of the diffusivity of monomer in polymer determined Ly

Vivian Stannett and his Mitarbeiter under these conditions:

D =

(8 + 5) x 10733 gpRg-1

to caleulate g diffusion-contralled kp by Schulz's equation (%.Phys.Ch. NF

8, 286) we obtain

k_ < 300 1 mcl_ls-l (sliphtly lower than the bulk value) and
k,® 4 x 103 1 mo1 571,



BN

F-2

which will give us values of n of from ca. 1 to 6, very reasonable.

It we use values e.trazpolated from Gerrens work (Z.Elect.Ch. él, 751} where
he has kp precipitously descending at these monomer concentrations, we obtain
values of n that appenr r.diculously high, for instance n = 25 when dia. =

24 nm. We have not ye! r.solved this disagreement.

NATO and our Next Microsymposium:

NATO will not support a microsymnosium of the kind we are nianring, tentatively
for Bristol in June. They do sunport Advanced Study Institutes of a somewhat
larger scitle in which prominent scienitists give lectures to advanced "students".
They state that "the latest researches of the participants should rnt dominate”.
I think it would be desirable for us to hold an ASI in connecticn with wvhat I
hope will be our 1975 international p-symposium, just as Ron Otiewill has proposed
an informal Faraday discussion with the Bristol meeting. .

On this basis I wrote a proposal that an Organizing Committee be established
and meet in Bristol in June, 'Th to planiHATO/ASI for the following summer
(1975); that NATO support the meeting of the Organizing Committee; and that

the ASTI be held somewhere in Europe. I received a very prompt response from
NATO saying that they liked the idea and could contribute sbout 35 % to 45 %

of what I asked for to bring the Organizing Committee to Bristol.

The following have agreed to serve on that committee: Ron Ottewill, Irv Kriepger,

Sandy Dunn, Don Napper, Vivian Stannett, John Ugelstad and myself.

Although this will only give a limited number only partial support, I homne it
will be sufficient to allow us to meet in Bristol in the Sprineg. In any case,
prospects fur the following year in still another part of the world are rather

promising.

.
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I. M. Krieger October, 1973

Emulsion Polymerizatior Siudies (M. Juang, R. Seidewand)

Difficulties have been encountered with incorporation of sulfoethyl
methacrylate as a comonomer. Polymerizations proceed normally, giving
monodisperse latices which, after deionization, apparently show high
coverage of strong acid groups. The key symptom of trouble is the fact
that the latices are less viscous than are latices with lower surface
charge at th:> same particle size and volume fraction. The reason appears
to be that a substantial fraction of the sulfoethyl methacrylate is
presént as water-soluble polyelectrolyte, which is not removed during
ion exchange. Mr. Eguiluz has shown that the polyelectrolyte can be
removed by repeated washing of the latex, which is accomplished by cycles
of centrifugation, decantation and reconstitution with fresh water. The
resulting latices still show higher surface charges than those made
without sulfoester, but now show higher viscosities as well. An attempt
is underway to purify the latex by adsorption on alumina, as described in
a Dow publication. A second route toward achieving high surface charge
is substitution of vinyl benzenesulfonic acid which, unfortunately, is not
so readily available. Initial experiments show that the polymerization
proceeds normaily to give uniform latices, but that stability during poly-
merization is more sentitive to electrolyte content than is the case with

sulfoethyl methacrylate,



LElectroviscous Lffect (M. Eguiluz)

Mr. Eguiluz has completed his study of a single latex at various
volume fractions, in which he studies the effect of typt of amount of
added electrolyte on the non-Newtonian viscosity. As reported previously,
the electroviscous crfect is a function of the normality of added electiro-
lyte, and is independent of its nature. He also found vield stresses in
the partially deionized latices, whose flow behavior was correlutable
with the Casson equation. The next projected step in the work, involving
variation of latex surface charge, has been held up due to the difficulties
described above. Mr. Eguiluz has now prepared usable quantities of
 polyelectrolyte-free latex whose surface charge is approximately five
times that of the latex which he has studied. He will also study the

role of particle size in the electroviscous effect.

Order-Disorder Transition (B. Zysman, T. Yang)

Mr. Zysman has attempted to reproduce the work of Hachisu et al.(J.
Colloid and Interface Sci. 1972-3) on the equilibrium diagram for the
order-disorder transition. By adding sodium chloride to deionized latex,
followed by contrifuge-accelerated settling, he has achieved a phase
separation. Analysis of both phases for chloride content (using silver-
silver chloride electrodes in a concentration cell arrangement) he has
found a higher chloride ion content in the disordered phase. His measure-
ments appear to correlate well with the requirements of a Donnan-type
equilibrium across the phase boundary. Additional studies are in progress
with added HC1, which should be simpler to analyze because of the presence

of a single cation type.



Mr. Yang is conducting a theoretical analysis of laser Doppler
scattering from the ordered phase,using as a model a harmonically
bound particle undergoing Brownian movement. His objective is to

predict the difference between laser Doppler scattering by a

harmonically bound particle and that of a free particle, with the

objective of determining lattice force constants. With the col-

laboration of Dr. Robert Edwards of our Department of Chemical
Engineering, an experimental test will be undertaken.
Qur group was visited last month by Jim Goodwin, who made several
useful suggestions. Among them was the independent measurement of
lattice force constant by propagation velocity of shear waves, a method

which was originally described by van Olphen, and which has been success-

fully demonstrated on latex systems at Bristol. We hope to put this

method into operation here.
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POLYMER COLLOIDS AT SYDNEY UNIVERSITY

D.H.NAPPER

l. It has commonly been assumed, always without preci, that
polystyrene latices prepared by emulsion polymerization in

the presence dfxionic surfactants, are stabilized sclely by
-electrostatic interactions. Hence the popularity of polystyren
latices as model electrostatically stabilized colloidal
dispersions.

We have been able to show that polystyrene latices prepare
at higher temperatures (ca. 70°C), using potassium persulfate
or hydrogen peroxide as initiator, may have a highly
significant contribution to their stability from non-electro-
static sources. All the circumstantial evidence to-date
supports the idea that this contribution oviginates from the
presence of suriace carboxylic acids. We reported in +this
aewsletter previously that poly(acrylic acid) behaves as an
excellent steric stabilizer, giving rise to latices that are
entropically stabilized in water and flocculate on cooling.
Polystyrene latices that possess surface carboxylic acid
groups behave in a remarkably similar fashion once the
electrostatic interactions are removed.

Latices prepered at lower temperatures (ca. 20°C) do not
seem to exhibit comparahle effects. However since some
carboxylic acids are probably formed at all temperatures (even
if they canrot .e detected by titration), it seems impossible
at present to exclude the possibility of some steric
stabilization of even the most well—bred(pr expensive!)

polystyrene latex.



N2,
2. We have recently discovered that ster..ally stabilized
latices can be flocculated by bridging flocculation, just
as electrostatically stabilized latices can. The surprising
thing is that, whereas high molecular weight polvelectrolytes
are madatory for bridging flocculation in the electrostatic
case, low molecular weight polymers (e.q., 104—105) havpily
flocculate sterically stabilized particles at say, 10-20
pP.p.m. Thus poly(ethylene oxide) of M; = 4000 will floccul ‘te
the polystyrene latices (described in section 1 above} that
contain surface carboxylic groups. The mechanism of aciion
appears to be for the PEO to hydrogen bond +o the surface
carboxylic acid groups of one particle and subsegquently in a

Browrian collision, to hydrogen bond to the other particle.
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1. Continucus Emulsion Polymerization of MMA.

Our work on continuous emulsion polymerization of
vinyl acetate is at & standstill while Richard Greene fulfills
a 30-day ROTC commitment with the U.S. Army. Richard hopes
to finish his dissertation in early spring. '

Another stuident, Rafael Gonzalez, has start:d work
in the continuous reactor area with MMA. As vou may recall,

Rich Greene carried out some CSTR (Continuous Stirred-Tank
Reactor) runs with MMA and found the reactor unstable ard Jquite
prone to cyclic behavior. Mr. Gonzalez has started work with

a tubular reactor to determine if the instability can be avoided.
A second reason for studying the continuous tube reactor is

that such reactors might be desirable for producing continuous
seed-streams to feed CSTR trains in commercial plants.

Our first problem was to establish tube flow condi-
tions that might be close to those that would exist in commercial
128 tors. One would guess that this could be laminar or
.turbulent flow. While laminar flow is easy to achieve in small
tubes, one cannot move into the turbulent region (NRe - DVP > 2300)

without a very large consumpticn of materials and quite high
velocities. “ince we did want to obtain nearly plug flow in

some runs ii ".as decided to run the emulsion through the reactor
between slugs of N. gas. Preliminary experiments in small

glass tubing showea considerable mixing between the liguid slugs.
since we believed that a major part of this axial mixing occurred
because of wall wetting, a change was made to small teflon tubing.
Sure enough, the axial mixing was reduced considerably.

We have just completed some preliminary runs in the
teflon tube and as usual some problems remain. Conversions
beyond about 2.5% have not been achieved even though the same
recipe with the same batch residence time vielded 5 to 9%

conversion. We have some inhibitor-retarder problems wiih our

-1=-
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water supply (perhaps 02) which are being corrected. Perhaps
the teflon tubing is also a source of inhibition problems.

Testing that possibility is next.

2. Drying of Latex Films:

Richard Witmeyer has finished a final draft of his
thesis on drying of latex—films under stagnant and forced
convection conditions. Richard studied the drying of thin
films on a flat plate with air velocities of 0 to 4 mph. We
were able to predict, within 10 to 20 percent, drying rates
during the constant rate period from correlations for heax
transfer coefficients for flow over a flat plate. We assumed,
for these calculations, that the surface of the drying £ilm
was at the wet-bulb temperature of the air.
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CONTRIBUTION TO POLYMER COLLOID GROUP
QUARTERLY NEWSLETTER
SEPTEMBER 1973
A.A. ROBERTSON, DEPARTMENT OF CHEMISTRY, McGILL UNIVERSITY

Studies of the particle interactions in latexes are currerntly
being continued by Mr. Andy Homola. The principal experiments involve the
measurement of pressure-volume relationships of a latex confined by a
porous membrane. The apparatus is similar to that described in an earlier
newsletter by Ron Ottewill except that the volume is controlled anc the
pressure is measured rather than vice versa. The nature of any transient
or rate-dependent beﬁaziour is therefore different but ideally the
equilibrium behaviour might be expected to be the same.

- The latexes being used are monodisperse (0.5 pm) polysiyrerne
produced by surfactant-free polymerization. The stabilization by functional
groups introduced by the polymerization conditions has been looked at, but
the main interest is currently the additional effects of selected non-ionic
emulsifiers on the pressure-volume relationships. The latexes are both
charge stabilized and sterically stabilized and the relative contributions
are being investigated by exercising some control over each effect.

Attention is also being paid to the interpretation of the
pressure-volume curves which were intended to be indicative of interparticlc
forces as a function of separation distance. However, hysterisis and
time- or rate-dependent behaviour provide complicat’ons that demand clooc

consideration of the mechanisms and modes of packing.



FMULSTIFTCATION WITH MIXED I™MULSIFITR SYOTHMS /-
by John Ugelstad
Laboratory of Industrial Chemistry

The University of Trondheim, Norway

We have continued our work with mixed emulsifiers.

The following items are under investigation:

1. The effect of fatty alcohols of different chain lengih.
2. Effectivity of the emulsification with different substretes.
3. Possible methods of determination of the droplet size after

emulsification.

In previous papers on emulsification and polymerization of styrene and vinyl
chloride with mixtures of cetyl sulphate and cetyl alecohol the following

facts were established.

a) To bring about substantiel initiation in the monomer droplets it is
necessary to bring about such an effective emulsification of the ronomer
that most of the emulsifier is adsorbed onto the droplets, leaving only a

minor part in the aqueous phase.

b) Tc ot.ain an effective emulsification of the monomer the ionic emulsifier
and the fatty alcohol should be mixed with water at an elevated temperature

beforc addition of the substance to be emulsified.

We have suggested that the rapid emulsification of the monomer takes nlace by
formation of a complex layer at the oil-water interphase, befor any equilibri-
um distribution of the fatty alcohol between the interior of the droniets znd
the interface is established. This hypothesis was supported by the fact that
the emulsions even with continued stirring at the same rate pradually became
poorer. This could be observed by optical microscopy and also by measure-

ments of the amounc of cetyl sulphate adsorbed on the droplets as a function
of time.

Ad. 1:

We have carried out experiments with different chain lenpth of the fatty
alcohol with different monomers and other substrates. A typical example
is shown in Fig 2(in the paper sent separately to the members of the polvmer

group) with emulsifiggtion of chlorobenzene. As will be seen an inecrecane in

L4
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the chain len *th from tetradccancl Lo hexadeconnol leads te 2 hoetter emulsi-
{

fication and moreover to a much more stable emulsion.

Tn the case of octadecanol the moximum cetyl culphate adsorted is “he same
as with hexadccanol, however, the stability of the emulsion ic asg ceen

very much improved. This tendency is observed with a2l subinnces investi-
gated up to now. With a monomer like vinyl acetate this tendency ig even
much more pronounced. With hexadecanol the adsorption of cetyl suiphate ig
at a maximum only about 50 % at 50 °C, and the stability of the erulsion iz
relatively very lcw. With octadecanol the mazimum zdsorbed is about 20 2
and the emulsion mu.n . nre stable. The results seem to indicste that the
destruction of the ~om'lex at the interphase by a desorpticn of the Tatty
alcohol in the interior of the droplets is much slower with octadecanol than

with hexadecanol.

Ad. 2:
Our resvlts on this is up to now rather confusing.

a) We find that with monomers like vinyl acetate and methyl metacrylate
the maximum amount of cetyl sulphate adsorbed is considerably iower than
.with styrene, and at the same time the emulsions are considerably sore
unstable. This might ove explained by a more rapid dissolution of Tatty
alcohol into the interior of the droplets with these polar monomers.
During the emulsification at the constant, rather weak, stirring there is
a2 competition between emulsification and deemulsificetion. If the rate of
the latter is relatively high we might not have time to bring about the
optimal dispersion before deemulsification caused by dissolution of the
fatty alcohol has seriously reduced the degree of dispersion obtainable.
We find, however, that when we emulsify normel alkanes these are also more
difficult to emulsify than styrene and give less stable emulsions. We are

investigating these effects rather intensively.

Ad. 3:

It would e of very great interest Tor our guantitative treatment of the
emulsification process and for the emulsion polymerizatiom if we could
measure the droplet size and the droplet size distribution. Optical micro-
scopy does not show droplets beyond 0.5 p. Infrared microscony scom: 4o

be difficult because of multiple scattering. We have just started with
attemps to measure the dronlets by electron microscopy according to =

procedure described by Freshwater et alx). In this procedure the ew:lcion

“)p.c. Freshwater, M.J. CGroves, B. Scarlett: Proc. 25th Cong.Pharm.Sei. =07-715

Bulterworth, Londoa 1962.

i



is dispersed in bovine albamin fraction V and sprayed onto rrids coated
with Formvar and carben films. After allusing to dry the srids were nlaced
overnight over 0.5 % osium tetroxyd.

We seem to be able to get fairly good nictures by this methode, however

we are Jar from sure that we measure the correct droplet diamster.

- As a conclusion we may say that with proper choice of emulpaior svstens
may be able to bring about effective emulsifications of mcst monorers.

It scems, however, that the most suitable systems and the ontimal zempera-
ture may be different for different types of monomers. Polymerization
experiments with different monomers will be carried out when the nrocess

of emulsification has been more thoroughly investigated.

P.S.

A copy of the paper: "Emulsification with mixed emulsifier systems con-
sisting of sodium hexadecyl sulphate and different long chain alcohols"

by F.K. Hensen, J. Ugelstad and S. Lange.

Abstract of communications 5th Scandinavien Symposium on Surface Chemistry,

Turku/Abo, Finland, August 21-23 1973 is sent to the members of tne polymer
group.
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Jonn WO Vanoeruory, Associate Director-Coatings
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Dr. David J. Williams

Department of Chemical Engineering
City College of New York

New York, New York 10031

Dear David:

The following is a brief summary of the research areas in which we have been aciive
during the past several months: 1. rate of drying of latex films; 2. characterization of
latex particle surfaces; 3. preparation of model microvoid films; 4. electrophoresis:
5. preparation of latexes by emuilsification.

Our first student who worked on rate of drying of latex films, Richard Witmeyer, has

jue. . 'ceived his Master's Degree. For his thesis work, he measured the rate of drying
of ...onodisperse 60:40 styrene-butadiene copolymer latexes in the particle size range
1650-5900A. at air velocities in the range 0-4 mph. Undcr nominally-quiescent conditions
(0 mph), the rate of drying was almost independent of latex particle size ancd about equal

to that of pure water or dilute emulsifier solution (see Figure 1). At the highest air
veloeity (4 mph), the rate of drying was much greater and also independent of particle

size. At intermediate air velocities (2 and 3 mph), however, the rate of drying was
étrongly degend at n particle size, increasing with increasing size; moreover, the

rate observed wi... the smallest particle size (1650A.) was about the same as that for water,
but that for the largest particle size was much greater. At present, we arc not able to
explain this re-ult and weuld welcome any suggestions. The correlation suggested by

Irvin Krieger at our June meeting, namely, between particle size and Reynolds number,
did not hold when the values were calculated accurately (you recall that an on-the-spot
calculation seemed to give promise of a correlation). The calculated rate of drying, based
on convective heat flow and the experimentally measured variation of wet latex area with
time, is generaily within 20% of the measured rate. We hope to have a writien description
of this work available within a few months.

We have a student, Wan Chu Wu, working on the characterization of latex particle surfaces
using the ion-exchange-and-conductometric~titration technique. The latexes are ion-
cxchanged to remove adsorbed emulsifier and solute electrolyte and to convert residuanl
suriace groups to the acid form, then titraied conductometrically and potentiometrically
with sodium hydroxide. The sodium hydroxide is added using a constant-rate-addition
burctie, and the pH and "conductance" are monitored using a two-channel recorder. The
pH measurement is conventional, but the instrument for measuring the “conductance”
(acwally 4 parameter proportional to the conductance) is of 2 new design, originally ¥ from
Dow but improved by another graduate student, Chuck Cronan. We do not have any new
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results 1o repori as Wan Chu Wu is still checking his ion-exchange resins, titrating
virt.. 'S strong and weak acids in solution, and characterizing monodisperse polystyrene
lan .3 which we have measured before. We expect to have some results within the next
few months.

The preparation of model microvoid films is being carried out by postdoctoral rescarch
associate Dr. Mohamed 5. El-Aasser under the sponsorship of a paint company. Micro-
void fiims are coating films which derive their opacity from tiny bubbles of zir instezad

of pigment. Cu o ective is to prepare microvoid films containing monodisperse micro-
voids and measu.  .heir optical propertiies, so as to determine experimentaliy the optimum
size of microveoid for maximura opacity. To do this, we take advantage of the tendency of
menodisperse v lvsiyrene latexes to form ordered rhombohedral arrays upon dryinz. Such
polystyrene latex films are microvoid films, with the interstices between the packed
spheres forming the microvoid. If the spheres are monodisperse and the order of packing
is good, the interstices are also monodisperse. Polystyrene latex films, however, are
weak and {riable, and ordinarily it is not possible to remove them from the substrate
without thoir erucking or breaking. Therefore, we polymerize a very thin layer (100-300A.)
of polyethyl acrylate or poly-n-bulyl acrylate on the surface of the monodisperse polystyrene
latex particles. Upon drying, these sticky polyslyrene particles form opagque, flexible

films which are strong enough to be handted. The films are formed in the ultracentrifuge,
and the thickness is controlled by the number of latex particles added to the ultracentrifuge
tube. Thus far, we have prepared uniform films as thin as 0.4 mils (10}.1). The reflectance-
wavelengih variation of these films is measured over both a black and a white background,
and the Kubelka-Munk scattering and absorption coefficients are calculated. Thus iar,

films have been prepared and measured from polystyrene latexes of 0.234, 0.357, and

0.800p diameter; other sizes are in various stages of preparation. The opacity of these
films is in the same range as that of practical microvoid films (as it should be because

the refractive index ratio between polystyrene and air is almost as great as that between
titanium dioxide and polymer film), but we have not yet determined the optimum microvoid
size definitively.

T am collaborating with Prof., Fortunato J. Micale on the electrophoresis work, which is
under the sponsorship of NASA. Our first objective earlier was to analyze the results of
the electrophoresis experiment carried out on the Apollo 16 mission. This experiment
invoived the separation of monodisperse polystyrene latexes of 0.234 and 0.800}1 diarneter.
The apparatus consisted of three paralliel electrophoresis cells, containing the 0.23%u
size, the 0.800u size and a mixture of the two sizes. During the outbound trip, onc of

the astronauts carried out the experiment, recording the results photographically and
taping his observations. The electrophoresis experiment used a high vollage gradieni and
a high electrolyte concentration, conditions which do not give separation on earth because
of the density-gradient-driven convection arising from the electrical heating of the sample.
At zero gravity, the moving particle profile was bullet-shaped, with the tip reaching
almost to the opposite elecirode before 2!l of the latex was out of the sample chamber.
The reason for this elongated bullet shape was the strong electroosmotic flow. From
rmeasurements of electrophoretic mobilities, eleciroosmotic flow, ete., we found good
agreement between the calculated particle profiles and those ochserved experimentally
(sce Tigure 2). This work has not yet been published, but I hope to have & manuscript
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describing our eiforts witiun a few months. Also, I can supply a copy of the NASA report
of the experiment upon reguest. Our curreat work involves: 1. evaluatine various cell-
wall coatings to reduce the electroosmotic flow; 2. preparing and dyeing \co:uring)
monodisperse latex particles of density 1.000 g/em/ce; 3. designing a simplified electro-
phoresis npparatus.

The preparation of 1atexes by emulsification is under the sponsorship of the Air Force
Materials Laboratory and involves Profs. Jjohn A. Manson, Gary W. Pochicin, and

Henry Leidheiser, postdoctoral research associaies Dr. Mohamed S. El-Aasser and Dr.
Joseph D. Hoffman, as well as graduate students Richard Stoisits and Charles Keifer,
Our objective is to transfer to aqueous base some of the coating systems currently used
for airerafi. Currently, the rircraft are painted with an epoxide-polyamide primer and a
polyurethane topcoat. We propose to prepare emulsions of the appropriate prepolymers
using the anionic emulsifier-fatty ‘cohol technique developed by John Ugelstad, Mohamed
El-Aasser and myself during John's stay here in 1972, This technique allows the prepara-
tion of siyrene emulsions with picicle sizes as small as 0.2un (Polymer Letters 11, 503,
1973). We propose to use the same technique to prepare epoxide and polyuretrane
emulsions, arguing that the emulsions prepared heretofore were of larger particle size,
with average sizes in the range of 1p and larger, and thus were not comapetitive with
latexes prepared by emulsion polymerization, which usually have particle diameters is
the range 0.1-0.3p. The work is just geiting started, but we have succeeded in preparing
epoxide emulsions of small droplet size using the foregoing technique in combination with
ultrasonic irradiaicn. However, we have not yet found out how to block or pre-reaci the
isocjanate group of the urethane prepolymer preparatory to emulsification (isocyanate
groups react readily with water).

I am sending to each member under separate cover the following reprints (which may be
slightly different from the manuscripts distributed earlier):

1. "Competitive Growth of Polystyrene Latex Particles: Theory and Experiment," J.
Polymer Sci. 11, 447 (1973).

b

. "De-Inking --- The Ink Industry's Position," J. W. Vanderhoff, Am. Ink Maker 3i(4),
38 (1973) (the only connection with emulsion polymers is that latexes are often used
in the new water-based inks now under development).

3. "Separation of Latex Particles According to Size by Continuous Electrophoresis,"” G.D.
McCann, J. W. Vanderhoff, A. Strickler, and T. I. Sacks, Separation & Purification
Methods 2(1), 153 (1973).

4. "The Transport of Water Through Latex Films," J. W. Vanderhoff, E. B. Bradford,
and W. K, Carrington, J. Polymer Sci., Symp. 41, 155 (1973).

5. "Emulsion Polymerization: Initiation of Polymerization in Monomer Droplets,” J. Uzcl-
stad, M. 8. El-Aasser, and J. W. Vanderhoff, Polymer Letters 131, 503 (1972).
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Also included are preprints of three papers on polymer-modified concrete presented at
the ACS meeting in Chicago ir Auvgust 1973:

"A Hypothesis for the Reinfurce. 1ent of Portiand Cement by Latex," J. L. Isenburg
and J. W. Vanderhoff,

2. "Polymer-Impregnated Conerete: Raie of Penetration of Monomer," J. W. Vanrerhoff,
J. D. Hoffman, and J. A, Manson.

3. "Stress-Strain Behavior of Polymer-Impregnated Concrete,” J. A. Manson, W. . Chen,
J. W. Vanderhoff, Y.-N. Liu, E. Dahl-Jorgenson, and H. Mehia,

Besi regards o you and 2all members of the Polymer Colloid Gioup.

Sincerely,
/

v
(s

John W, Vanderhoff
JWV/rm /

enclosures
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Size Distribution Analysis of Chemically
Mixed Polymer Latex Systiems

v
{ 7

i‘{’ .;._.l 4 L
In the evolution of our development of a combined Tight scactering - ultra-

centrifuge technigue to determine the size distribution parameters of solymer

tatex systems, we have success7ully analyzed a mixture of polystyrene, PS, poiy-
vinylchloride, PVC, and polyvinylacetate, PYA, latexes. This compiztes ancther
stage of our program, - - wen gnalyze broad continuous distributions, muliti-
modal distributions, and now mixtures of chemically different iatgx systems each

with its own unique size distribution.

In past reports we have outlined the zonal ultracentritugation technique
which utilizes a density gradient within the rotor and a light scattering tech-
nique used o obtain the size distribution parameters. Basically, the technique
consists of fracltionating the latex system and subsequently performing tight
scattering studies on a number of fractions. The original size distribution is
then obtained Trom these individual analyses. Using this technique, and the %T
vs. fraction number curve from a recording spectraphotometer, which is on line
between the rotor and the fraction collection, the data can be converted <o a

plot of relative frequency vs. diameter.

Stokes Jaw states

2 (DD = Dm)

where v 1is the sedimentation velocity, r 1is the radius of the latex sphere,
g 1is the applied centrifugal force, n is the viscosity of the medium, ant

o5 and Py 2re the densities of the particle and the medium respectively.

the above eguation illustrates that separation according to size can be

« '» .ved using the density gradient when all particles have the same density
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(i.e. one chemical component). In contrast o this zonal sedimants®ion valecity
experiment, a separation according to chemically composition (i.e. pD) cz1 be
achieved with a mixed latex system {ec.g. PVC, PVA, and PS) by a zonai sedimenta-
tion equilibrium experiment. This Jater experiment would be Tollowed by
velocity run for each chemical system obtained. Table I contains the size
distribution parameters obtained by 1ight scattering for the latex syztems prior
to mixing and the results from a fraction of each of the threes chemical spacies

isolated.

TABLE 1
Analysis Bevore Mixing ) i )
Latex System Modal Diameter Distribution Anaiysis of Fractions
Dm (nm) Width Bm ag
g
PS 409 0.05 404 .07
PYA 228 0.14 238 G.13
PYC 41¢ 0.055 424 0.07

T. P. Yallace

R. J. Cembrola

Rochester Institute of Technoiogy
Department of Chemistry

1 Lomb Memorial Drive -
Rochester, New York 14623



