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This issue of the Newsletter is being distributed a month earlier than usual
because of the imminence of the 'Polymer Colloids' Symposium in Canada which
Theo van de Ven vas asked to arrange as the 19%4 meeting for the Group although
the dates of the Chemical Institute of Canada Conference in Montreal (of which
the Symposium forms a pari) have turned out to be awkward for many members of the
Group. Nevertheless a full programme has been arranged and it has been decided
that the Annual Business Meeting will be held during the Montreal meeting but
that a meeting will also be held in Pittsburgh in the evening of Sunday 10 June
prior to the 58th Colloid and Surface Sclence Symposium to brief those members
who will be in Pittsburg but who were unable to be in Montreal.

The ‘'Folymer Colloids' Gordon Research Conference has now been accepted as
a. permanent biennial conference. The site will once again be Tilton School in
1935 and this is experted to be the venue of the 1935 Annual Meeting.

The 15th Lehigh Short Course is scheduled for 438 June vhich unfortunately
clashes with the Montreal meeting: the dates for the 7th European version are
August 20-74 in Davos, Switzerland,

Mohamed El-Aasser has besn on a six month secondment to the C.N.R.S.
Laboratory in Lyon, but «ill be back in the U.5. in June.

The ILyon on ‘'Emulsion Copolymerisation and Copolymers' was & great surcess
with 250 participants impeccably orgenised by Drs. Guillot and Pirhot: the papers
are to be published in a two part Supplement to 'Die Makromolekulare Chemie'
although it may be early 1935 before this can appear. 4 partial report follo's.

7he tentative daes for the 1935 'Folymer Colloids' Gordon Research
Conference are July 8 - 12. fThe Chairman is Dr R.A.VWessling (Dow Chemical Co.
Central Research, Midland, Michigan 48640); Vice-Chairman Professor R.H.Otte ill
(Srhool of Chemistry, University of Bristol, Bristol 8S8 173, U.K.): they would
welcome suggestions for topics ani/or speakers which should howsver reach them
in time for action to be taken before 1st January 1935 which is the deadline
by whirh the Chairmen have to submit a complete programme to the Director of the
Gordon Hesearch Conferences.

Theo. van de Ven is sending the details of the Montreal meeting to all
members direcily by Air Mail. Members should therefore rereive these long
before this issue of the Newsletter can reach them: anyone .ho has not had
this information but needs it should rontact Theo directly

glsevier Applied Science Publishers Lid are considering a proposal io
publish an 'interna ional Journal of la‘ex Technology'. Lhey point out that
no existing journal devote murh space to latex althouzh arademic aspecis are
thouzht to be adenuately accommodated so that the new journal shoutld rater for
other facets of laitex lechnology, commercial applicailons and latex products,
The term 'latex' would be interpreted to comprehend non-anueous cotloidal
dispersions of polymers., Personally i am inclined to counsel caution but
other members of the Group might like to give Mr G.B.Olley, mlsevier Applied
Science Publishers Ltd., 19 albemarle St , London, WiX 4BS, U.K. 7Telephone:
01-4973 2618, the benefit of their opinion.

Dr Muroi has had a book (in Japanese) on polymer latices published

(cf. Chem. Abstr. 100 [10]) 'Kobunshi Ratekkusu' 191 pp. (1937) Kobunsha, Tokyo
¥ 2500,

4.5.D,
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SIMPLIFIED DERIVATION OF EXPRESSION FOR FUCHS STABILITY FACTOR 27 MAR Heed |

D. C. Blackley, London School of Polymer Technology, The Polytechnic of North
London, Holloway, London N7 8DB

As & consequence of lecturing commitments this academic session, I became
interested in the derivation of the expression fop the Fucha stability factor
for a lyophobic colloid. Having consulted varicus textbooks and finding myself
dissatisfied withwhat they had to say on this matter, I then turned to the original
Fuchs paper{l). This is, of course, written in German, and in such a way that,
for a person such as myself whose knowledge of the German language is very limited,
it is difficult even to guess at the underlying argument. However, I was fortunate
in that a colleague whose native language ls Cerman was willing to provide me with
a translation of the relevant part of the paper. This translation, which I presume
is accurate, can be made available to any member of the Group who would like to have
a copy. Having obtalned an accurate translation of Fughs!' argument, it was then
a relatively straiphtforward matter to devise a simplified derivation of the Fuchs
result which would be appropriate for presentation to, say, postgraduate groups of
students who were belng taught the elements of the theory of the stability of
lyophobic colloids. It geemed to me that, in view of the importance of the Fuchs
result for the theory of the stability of lyophobic colloids, other members of the
Group (especially the academlc membera) might fiad the simplified derivation uselul.
I discussed the matter with Sandy Dunn, who agreed that this might well be the case,
and that therefore a summary of the simplified derivation would be a suitable
subject for this contribution to the Hewsletter.

The argument as given ln the original Fuchs paper is rather terse and general-
ised, and requires a knowledge of vector calculus for its appreciation. The argument
assumes that the lyophobic colloid is a dispersion of uniform spherlcal particles.
The radius of the particles ls denoted by a. The argument is greatly simplified if,
as is usual in elementary treatments of the kinetics of flocculation of lyophobic
colloids, we focus attention upon one particular particle P (see diagran), which is
imagined to he staticnary in the firat instance, and conaider the overall rate af
pasaage of particles across a spherical surface of radius r, centre the centra of
P. The problem then immediately becomes one of spherical symmetry, and this greatly
aimpifisy the mathematilcs Thur “be concentretion, ¢, of particles at ¢ distsnce
r from the centre of P is then a function of r only. .

The particle P is considersd to be a sink for
e " all particles flowing inward towards 1t which actually
- PEL RN Ve reech its surface. This implies the existence of a
A particle-concentration gradient, de/dr. Particles

ot P ) Lt tend to {low inward across the spherical surfacg because
0 O===4+n of Brownlan diffusion. The rate of flow is 4mr‘Ddc/dr.
\ \ " ! where D is the diffusion coefficient of the particles.
v N R ,' Particles tend to flow outward across the spherical
\\"‘--' e surface if there is a repulsive force, f(r}, between
e any two particles, f{r) being 5“ general a function

of r. The rate of flow is 4er uc, where u is the
outward velocity of the particles under the influence
of the force T(r); this follows because the number of particles which flow cutward
across the spherical surface in unit tims is equal to the number of particles cont~
ained in the concentric shell between radii r = r and r = r-u. The net rate of flow
of particles across the spherical surface towards P 1s therafore given by
dN o 4D de . dwriuc eansall)
ot ey
It iz now assumed that a steady-state is rapldly established, so that dHi/dt
has a constant value, say J. This is a reasonable assumption which has been Justified
by Smoluchowski(2}. We also put u equal to f(r}/¢. where g is the frictional coeff-

“"L

icient for the particles in the disperse phase wi Lhe 1 h y :
two substitutions, equation (1) becgmen P YOPcbic callold. with thur

de _ ft0 . . T 1
A&y £D 4D T*

If J is assumed to be independent of r, wywation (2) is a first-order linear
differential equation in ¢ and r, in which the coefficient of ¢ 1s a function of r.

It can readily be solved by the standard method of multiplying by the integrating
factor [y /D
F-.

S -1

and then integrating. The result is

x - [fledely
ce a'ﬁ%' et o j;',,"- It Ismdv -+ Aejfmdflgn

where A is a constant.

eenea(3)

The boundary conditions for the problem are

1) ¢ = O when rs= 2a, because the surface of P i3 a sink for all the other
particles

ii) ¢ = o, when r =, where ¢, is the uniform concentration of particles at
a great distance from P.
The second of these boundary conditions %}ves
e ZE{{V'JJ'I@ o= *4—:‘2’ L'#a ﬂ-LHT)d'I'/_g;Ddy}
This equation can be written in the simplified form

X I“{c.. + T I.'.. .&v"”rrd-rl
=D LT

where V(r) is the potential energy o¢f two particles when the distance between their
centres is r, relative to V{(w=)} = 0. This follows because
h g
Vix) =_Lf(1} P
Also P = RT by the Elnatein equation.

ceaes(a)

veees(B)

)]

The first of the above boundary conditions substituted in equaticn (5) gives

e goWirMRT T (5 vk
=g {c, +ix_:|>'.[_?=" of-‘r} ’ ceves{7)
.y T3
t.e. T (1 ViWRT . o g "
e o+ “DS_"e dv = O - reeeal8)
4rcPDe,
i.e., Ta e
L VONRT ooocolt)
I

. i.!"cu" an unstabilised lyophoble colloid, V{r) is everywhere zero, and the value
o 8

- ,d.v
I 4".3(,./‘[’-?—’ s 8xDac, 15

as given by the Smoluchowski theory for rapid flocculation. The stabili

e ty factor
W, for a stabilised lyophobic colleid is defined as the ratic J_/J. Combining [
equations (9) and (10) immediately pives the Fuchs result, nanefy

) T
W= 2a VT, venealll)
e

An interesting observation, which may or
Fy may not be slgnificant, is that th
exponential factor in the integrand of the Fuchs expression for W ent;rs as the )

integrating factor for a first-order linear differenti
intagrating ntial equation with variable

References
1. HN. Fuchs, Z. Physik, 1934, 89, 736
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C.H.A.5. International Symposium on *Emulsion Copolymerisation and Copolymers'
lyon, France 6-9 March 163}

"he final programme : onsisted of 15 .invited e«tures, 1. Short Communi ations,
? General Lisrussions, 9 Posters and an apparatus and hook exhibition, not
‘0 mention social events and the aclivities of an intrepid photographer sa
that it is only possible to mention a few of the highlights in a brief report,

There will be many other points of interest in the printed texts when they
appear,

in other hands, difficulty has been experienced in getting Ugelstad's
technioue for s.elling latex par:iries to work although ii seems to be 0.K,
in Aus:'ralia, However the relevant patents have now been issned (Nor.egian
142032 (1978), U.5. 4 336 173) and John was able to disclose that acetone is
NOT used in his (.o stage swelling pro-ess: the secre!
small emu sion droplets which have a higher & elling rate and a higher
enuilibrium s .elling: 100 jam monodisperse particle can be made and the use
of these enab'es the time reauired for H.P,'.C. to be redured from 3 h to
2 min .1th improved separation! (cf. ‘Nature' 393 (1993) 95). Hagnetic
pariic es have been very successfuyl in treating canrer of the bone marrow
{cf. ‘'anret' January 193%) and this is in a lacee part a result of Alan
Aembaun's .ork (cf. J. Immunol. Methods 52 (1932 3&1).

Dave Bassett has been drafted from latex preparation to water-soluble
polymers: he gave a very effertive 10 min, presentation on Union Carbide's
associative thickener ‘Uecar' SCT-200 in the course of the final Pane’
Disrussion chaired by John Vanderhoff, Associatlve thirkeners ran prevent
emulsion paints spattering during application be ause of the iay the vis osity
of their solutions varies .ith rate aof shear. They are generally polyurethans
polyethers .hich assocla‘e; 1heir apparent moierular weight depends on rate
of shear unlike hydroxysthy! retlulose .hich has been ' ommonly used till now,
‘Ihey also confer sag resistanre .hilst retaining good flow and 'evelling
but there are severe problems in devising formulations using them because of
interac ions; the viscosity of resins at the same s0lids roncentration .ith
the same om:entration of thickener could vary by a factor of 5!

Abstracts of h» papera presen.cd by zl-Aasser, Oltewill, and Vanderhotff
are included as their rontributions Lo this Ne.sletter.

is in getting very

Jaromir Snuparek (Czechoslovakia) .as the only participant from ~as ern
wurope, He discussed some fealures of semi-continuous emulsion polymerisa lon
in monomer-starved conditions in which, by contrast With batch copolymerisation
‘R which copolymers with a wide distribution of composition may be o tained,
“he ‘ompasition of the product is the aame as .he romposi.ion of 'he monomer
feed. He emphasised the importance of coalescence in determining partiele
numbers, ‘e fact 'hat ethyl acrylate produres smaller partirles than
bulyl acrylate in Semi-rontinuous emu's.on polymerisation (ct. Preprints by
snuparek and by >fltterlin for the LUPAC Macromolerular Symposium at sirasbourg,
1631, vou 1 pp 341, 45) seems to be a result of the more facile arid
hydrolysis of ethy' aetate which produres a greater number of surface
carbo<y’s which decrease the rate of particle coazlesrence,

8atai'le (Eco'e Folyterhninue de Montreal) described a conlinuous tubular
rear tor using a J.63 cm or 2,54 cm diameter iteflon tube 155 m in length
Tirmed 1nto % colls used for the copolymerisation of styrene and o, -nethyl
styrene: the best f'ow rate was in the region of the transition from laminar
to turbulent flow. A'though the Continuous Loop Heactor invented in Canada
by daymond ‘anthier (U.5. 3 551 396 (1970)) he regarded this process as
impracticable and did not seem to be a.are of its subsenuent su- cessful
comnerciaiisation by tha Crown rolymer group (cf. K. Geddes, Chem. g tnd,
{19335} 223)

r
8, Emelie (CHHS Vernaison) mentloned an interesting application of 'he
recently developed FAB (Fast Atom Bombardment) te«hninue in Mass Spactrometry
to the determination of chair iength distribution in 2 commercial C20
polyoxyethylene nonylpheno? ether non-ionie surfactant: polyoxyethylene
chain 'engths ere between 8 and 28, Arcording to Medvedev el al. (J, Macromol,
sci, Chen. 7 (7974) ?15) polymerisation orecurs in monomer droplets
=hen the polyoxyethylene rhain length of this emulsifier is less than 20
but Smith-gwart kinetics apply when it is greater than 20. More than ha!f
the rommercial emulsifier was found to be dissolved in the monomer in the
metlhyl methacrylate-butyl acrylate copolymerisation.

J. Clamde paniel (ihone Poulenc, Aubervi liers) gave a very thorough review
of ‘he structure of latex particles including rnre/shell structure, framboidal
particies, and anomalous particles containing voids. He rone luded that in
emulsion homopolymerisation the outer layer of the latex par icies is the
lorus of polymerisation but the pariicles which are formed are homogeneous,
in -opo'ymerisation, different structures can be promoted by appropriaie
processing but the siructure of the final partirles is critirally depandent

on the relative hydrophilicity of the monomers and rannot be predirted .ith
much confidence,

stterlin (H8hm, Darmstadt) explained that a rore/shell structure of copolymer
pariiiles cou'd improve the impact resistance of materials formed fron them:
the differenres vhich cou'd be arhieved were impressively demonstrated with
two samples of plasiic sheet of similar appearance. He was incredy ous that
some people s' il]l doubted the exis'‘ence of core/shel! structures: convincing
evidence had been available for years in the paper of Heppler, .esslay &
Stabenow (Angew Makromol. (hem. 2 (1969) 1) although this .as in German

whirh nowadays seemed to mean that it would not be pead outside Ceniral Surope,
(However an =ng'ish '.ranslation is avallable from f A P.R.A., Shaubury,
nr. Shrewsbury, Shropshire, SY4 4Hd - {ranslation 1623: this .as iszued

te participants in the 1969 Mans hester 'Zmulsion Folymers' Symposium and .
BLi11 have a few surplus copies which Group members : ould have on request).

The problem of obtaining reliable values for reactivity ratios came in
for some disrussion, Apart from the ne: essity of bringing in the partiilon
coefficient in emulsion polymerisation when the monomers differ in .ater
solubility (Ham et al, J. Polym. Sci. 3 (1948) 991) it now appeared that
values differed deFending on the polarity of any solvent used {Saini et al,
Makromol, Chem. 344 (1971) 235, Minsk et al, J. Pol m.Sci. Polym, (hem, Ed,
1 {1973) 55, OTstka et al. J. appl. Polym. Sci. 2 (1931) 1637). in

i8russion, ditchie Jessling reported that 0'Drisroll had shoug that the
inear least sauares analysis of the Finemann- Hoss plot, widely used

in the Yiterature, uas invalid and that a non-linear least snuares regression
using the integrated Skiest eouation was renuired (rf. 0'brisro’1 in the
Alfreg Symposium - n the press), Analyses of polymer composition ere
often unreliable and it as better to analyse the monomer remaining at
high ronversion by gas : hromatography.

One theme reiterated hy several speakers (Ottewill, Varderhoff, Guyot)
«a8 the difficulty in relating results obtained under conditions chosen
primarily for experimental canvenience Lo the behaviour of praciically
uieful conecentrated latires, ‘Thus - potentia's have usually to be
determined by microelertrophoresis under conditions of extreme dilution
and it is doubtfu! whether these values are sti'l applicab'e at 5% solids.
There is a need to find scientific approaches which can be applied under

conditions of practical interesty neutron sca'tering (cf, Ottewill) provides
oné such method,

4. S5, Dunn,
UHLsT
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AMPHOTERIC POLYSTYRENE LATICES

by I. B. Harding and T. W. Healy

Pursuant to the work of Homola and James [1], the preparation and
characterization of amphoteric polystyrene latices have been studied in
some detail. The following forms the basis of a Ph.D. thesls submitted

by Mr. Harding in this Univeraity.

1. Preparaction

Amphoteric polystyrene latices probably form via an "oligomer -

micelle" mechanism. A typical recipe for such latices is:

Styrenei .. p o ™. = mog.  o%® 0 . SN v+ e+« . l0.00 cm3
Hethacrylic Acid (HM.A.). . . B " . i - y . . 0,900 g
Dimechyl Aminoethyl Methacrylate (D.M.AM} . . . . . . . 0,500¢g
Potasgium Persulphate (K.P.5.)}. . Lol . . . R . . 0,200 g
Water to Cive Total Volume of . . . . . . . . . . . 100 cm3
pH . . ' . f . ¥ . B . . 4 ; . . . . . L.15
Temperature . . .« + + « « .« o+ .+ . . .« . . . T0°C

Highly monodisperse, spherical particles were manufactured in sizes
ranging from 100 nm to 600 nm diameter. The average particle size was
shown to Increase with increased fnitiator concentration, increased
temperature, increased pH, addition of surfactant and in the presence of
radivactive monomer. The exact relationship between the final particle

size and the Initiator concentratiom {given, otherwise, the conditions

above) was:
log[d-] = - 0.671og{I} + 0.316

where d; is the weight average diameter and I is the (K.P.S.} initiator

concentration (mol dm‘j).

2. Purificacion

Dialysis, lon exchange and activated charcoal cloth cleaning were
shown to be unsatisfactory for use with amphoteric polystyrene latices.
Centrifupation/decantation and ultrafiltration were, however, found

suitable. Details of this section have been published elsewhere [2].

3. Characterization

The latices formed by the above recipe are distinguished from more
traditional polymer latices in that they yleld an isoelectric point

(pH ). The charge and potential of amphoteric polystyrene latices

i.e.p.
were adequately described by the simple Gouy-Chapman model of the electrical
double layer but not by the more sophisticated models of Stern and Grahame.
The i.e.p. of a given preparation depended moscly on the ratio of amine
(D.M.A.M.) to acid (M.A.) used. Increasing the M.A. content decreased

was also decreased when the Iniclactor

the measured pH The pH

i.e.p.” f.e.p.

concentration was decreased.

It was shown that traditional electrical double layer models predict
a shift in che pui.e.p. of a latex in which cownter-ion binding is signif-
icant, and in which the surface acid/base ratio is not unity. Such a
shift was not observed for lacices having different acid/base ratios in

the presence of KNO. as background electrolyte. Thus counter-ion binding

3
of simple 1:1 electrolytes, such as KND3. onto amphoteric polystyrene
latices is not significamt. This is in contrast to the majority of
studies of counter-ion binding onto other polymer collolds and onto

mineral oxides.
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4, Adsorption of Cadmium (II) from Solution

Some debate exists amongst adsorption chemists as to the relative
importance of electrostatics to the adsorption, from solutions, of trans-
ition, or heavy, metal cations. Associated with this is confusion as to
which is the dominant adsorbing species - the free metal ion or its
hydrolysis species (that is, for carhon dioxide - free systems). Amphoteric
poelystyrene latices were shown to be an ideal substrate for studying the
relative importance of electrostatics to a given property since samples

could be synthesized differing in their pH » but similar with respect

i.e.p
to most other chemical and physical properties.
The adsorption of a given metal ion, cadmium (II}, from solution, and
as a funccion of pH, onto a series of amphoteric polystyrene latices was
shown to result in a series of curves which were, to a first approximation,
identical to each other but displaced along the pH axis in apparent response
to the iscelectric point. When normalized with respect to the iscelectric
point, the curves were identical. This evidence was used to show that
the dominant adsorbing species was Cd2+. and not its hydrolysis specles.
Electrostatics were shown to play a vital role in determining the extent
of adsorption but were also shown to be insufficient to describe the full
extent of adsorption and a specifiec, or chemical, free energy term was

required.

[1] Homola, A. and James, R.0., J. Colloid Interface Sci., 59, 123-133

(1977).

[2] Harding, I.H. and Healy, T.W., J. Colloid Interface Sci., 89, 185-

201 (1982).
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Internal Structure of Latex Particles Formed by Tow-Stage
Feed Polymerization of Ethyl Acrylate-Mecthacrylic Acid Mixture

5. MUROIL, Coating Materials Laboratory, Asahi Chemical Industry Co., Ltd.
2-1 Samejima, Fuji-city, Shizuoka, Japan

]

Qur previous p:.tper”I reported on the internal! structure of latex
particles formed by two-stage feed polymerization of an ethyl acrylate

{EA)-methacryiic acid (MAA) mixture and a methyl acrylate ([MA)-MAA mixture.

The latex particles thus formed were dissolved progressively from the
surface by raising the pH of the latex gradually. The dissolved polymer
was separated cumulatively from the undissolved particles and subjected
to compositional analysis. In all cases the results showed the particie
shells to be comprised of poly(MA-MAA) and the cores of both polngA-&MAJ
and poly[EA-MAA), in agreement with the results of a study by Lee<l,
They also snowed the ratio of EA/MA to be nearly constant from the surface
to the center of latex particles formed by twWo-stage polymerization of
MA-EA-MAA mixture, and showed MAA units to be present at the particle
surface in high concentration and decrease rapidly with proximity to the
center, as is the case with carboxylated latex particles formed by one-
stage feed polymerization3,

The present paper describes the internal structure of latex particles
formed by two-stage polymerization of two types of monomers or monomer
mixtures with the same or closely similar hydrophilicity, as indicated
by investigation of latex particles formed by two-stage polymerization
of  monomer mixrure of EA-MAA (90:10 in welght ratio) and another of
EA*-MAA containing EA labelled with 14C, The sample latexes were prepared
by polymerizing the EA-MAA mixture in the presence of poly(EA*-MAA] seeds
in a 50:50 ratio (EA*-MAA/EA-MAA latex], and by the reverse procedure
(EA-MAA/EA-MAA latex). The resuiting larex particles were dissolved
progressively from the surface. The dissolved polymer was separated
cumulatively in the manner described in the previous papurl) and then
submitted to analysis by liquid scintillation counter and acid titration,

Table 1 shows the degree of dissclution of the latex particle as
related to the pH and the specific radicactivity [RAp} of the cumulated
fractions expressed as the integral weight fraction (Fw). For reference,
the fraction separated at the pH of polymerizaticn is entered in the table
as Fraction No. 0. For both types of sample latexes, the RAp tended to
increase initially and then level off as the succeeding fractions of the
dissolved polymer cumulated. The MAA concentration had been shown in
our previous paperl} to be high in the initial fractions and decrease
in succeeding fractions, and the specific radioactivity RAps was calculared
for the EA units on this basis. Fig. | shows the product of this RAg
and Fw as a function of Fw, and thus indicates the wntegral distribution
of EA* within the latex particle. The straight line through the origin in
Fig. 1 indicates a homogeneous distribution of EA* from surface to center
of the two-stage feed polymerized latex particle regardless of the order
of the feed stages.

0.



Table | Integral weight fraction of progressively dissolved
polymer (Fw) and its specific radiocactivity (RApP)

EA® - MAA / EA - MAA EA - MAA / EA* - MAA
o Ao
Fraction pH Fuw RAD pH Fw RAp
No. (muCigl [muC/ gl

] - 0.0026 6.2 - 0.0027 12.3
1 8.17 0.010 23.5 7.72  0.010 30.7
2 B.43 0.023 31.7 B.03 o.018 28.4
3 8.50 0.046 34.5 8. 14 0.043 29.2
4 8.60 ¢.077 36.2 8.30 0.096 30.1
5 B.67 0.107 37.8 8.40 0.149 29.6
6 8.73 0,159 39.3 8,52 0.209 31.9
7 3.80 0.207 39.5 8.62 0.268 33.4
8 a.a83 0.232 39.8 §.72 0.361 32.6
9 B.84 a.286 34.5 8.83 0.639 33,1
10 B.91 0.407 39,6 8.97 0.848 34.7
11 8.56 0.462 38.6 9.485 0.9%9 36.4
12 9.00 0.611 31.9 10.70 0.985 35.3
13 9.45 0.386 35.7 - 1.000 36.4

14 10.50 0.990 32.8 - - -

15 - 1.000 36.7 - - -

Fw x Raga {muC/B)

0 02 04 05 [T] 10
Fuw

Fig. ! Product of specific radioactivity on EA unit (RAg ) and Fw,
as a function of Fw [ O : EA*-MAA/EA-MAA, @ : EA-MAAJEN*-MAA)

12.

This indication that post-feed monomer is diffused even into the
seed centers and then polymerized is supported by the results of an independent
study on the formation of inversed core-shell morphology?) . On the ather
hand, it is in disagreement with the results of other studies which indicate
the occurrence of shell layer formation by the post-feed monomer in the
polymerization of mopomers with same or similar hydrophilicity5, 6].
It appears that this disagreement can be resolved only by assuming the
glassy state of polymer seeds such as those utilized in those studies
prevents the diffusion of the post-feed monomer inside the seeds.
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Contribution to the Polymer Colloid Group Newsletter
by

Mamoru Nomura, Department of Industrial Chemistry,
Fukui University, Fukui, Japan

l. Kinetics of Batch Emulsion Copolymerization

The batch emulsion copolymerization of vinyl acetate and

methyl methacrylate is now carring out to demonstrate the
validity and utility of the simulation model proposed by us

{(J. Appl. Polym. Sci., 27, 2483 (1982), ibid, 28, 2767 (1983))
It was found that in this system, desorption of both oligomeric
radicals from the polymer particles was also very important
factor in determining the rate of emulsion copolymerization of
each monomer. It was also found that our reaction model

could explain the kinetic behavior of this emulsion copolymeri-
zation system although reactivity ratio for each monomer 1is
very different with each other{rMMA=20, rvacsﬂ.UIS}.

2. Kinetics of the Continous Emulsion Copolymerization

The continuous emulsion copolymerization of MMA and ST is now
carring out in CSTR's. The purpose of this work is to clarify
the kinetic behavior of this emulsion copolymerization system,
and to make clear whether the proposed simulation model can he
applicable to continuous flow operation. Since the experiments
are now going on, no final results to report are obtained.

3. Simulation Mcdel for Semi-Continugus Emulsion Copolymerization

No further progress to report.

The 3rd Polymer Microspheres Symposium, Japan{biennial)

e (Nomura, Murci and Matsuec) are now organizing"The 3rd Polymer
Microspheres Symposium, Japan" to be held in Fukui University 1in
November B8-10, 1984, which is cosponsored by The Scciety of
Polymer Science, The Chemical Society,-the Division of Colloid
and Surface Chemistry, and The Adhesive Society and other two
academic societies. This time, we are planning to invite Dr.
Vanderhoff as a plenary lecturer from the members of Polymer
Colloids Group, and he kindly accepted our invitation. The
members of our Polymer Colloids Group who are planning to visit
Japan around the time of this meeting are welcome to present an
invited lecture, and are provided transportation expenses between
Fukui and Tokyo{?} and staying expenses in Fukui.

o
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Fundamental Studies of the Behaviour of Concentrated Latices

R.H. Ottewill
University of Bristol, U.K.

Copoly=erisation and Qupolymers, Lyon, larch 1984,

An important factor in determining the colloid stability of a latex
is the existence of repulsive forces between the particles. In the case
of agueous based systems this frequently arises from the prosence of
icenized pgroups on the surface which lead to un electrostatic field avound
the particle and long range interactions. In the case of N-aquecus
latices where the dispersion medium has n low relative permittivity then
stability can frequently be conferred on the particles by the adsorption or
grafting of surface active or polymeric molecules to the surface. These
provide what is now usually called steric stabilization.

The nature of colloid stability in bolh aqueous and non-aqueous systems
iz frequently investigated in dilute dispersions. In general, however,
dispersions of industrinl interest usually contain a high volume fraction of
latex particles. It is only in recent years that some progress has been
made in studying the structure of concentrated latex dispersions, The various
techniques utllised include, optical diffraction (1,2,3,4); lipght scattering
(5,6), photon correlation spectroscopy (5), ovseotic compressibility (7) and
in the last few years small anpgle neutron scattering (B)., In the latter case
using cold neutrons the wavelength range (3 - 16 A) 18 much shorter than that
available using visible light (4000 - 6500 g) and in addition the weak nature
of the internction of neutrons with matter {i.e. scattering Ly nuclel rather
thon electrons) allows deep penetration with little attenuation of the
radiation. Consequently it is a very suitable technique for use with
concentrated latices and avoids many of the problems of multiple scatterlng
which are encountered using light.

Basically the small angle neutron scuttering technique measures the
intensity of neutrons [(Q)} falling on a detector at an angle 0 to the
direction of the incident beam. The scattering vector, ¢, which has dimenstons
of reciprocal length is defined by the scattering angle and the wavelength of
the incident benm, A, as,

Q = %; s8in(0/2) 200 (1)

An example of an cxperimental curve for a dilute latex is riven ia Figure la.
The change in intensity with f is, for a spherical particle, directly related
to the radius of the particle by the form factor P(Q) as

2
P(Q) = [;(sin QR - QH cos QR)/(QH)J] o, 23
g0 that the intensity is pgiven by
= . . 3
I(Q)dilute Const Ibdilule Vn A L&)
where ¢ = the volume fraction of the latex and ¥V = the particle volume.

Equation (3) provides a direct means of sizing lﬂtnx particles (9) in the
radius range up to ca .25 um.

Once a concentrated latex is examined the form of the experimental curve
changes and_an exaomple for a polystyrene latex with R = 160 X, ¢ = 0.14 1in
107" pol dm * sodium chloride solution ia given in Figure 1b. The different
form of the curve is due to the strongly intcracting particles forming a
structure in the system so that the scattering from the particles is
correlated. This can be represented by a factor 5(Q), which is e¢qual to
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unity for dilute dispersions and becomes a function of 0 for concentrated

aystems (8). For the latter we must rewrite ¢quation (3} as

i(Q)cunc = Const. wconc Vp.P(Q).S(Q) O {4)
80 that 5(Q) becomes
S(Q) I(q)conc ¢dilute
1{Q) ¢

dilute "conc

Exanples of the form of S(Q) arainst N are shown in Fipure 2 for
different oclectrolyte concenteations and volume fractions. As cap be secon
as the volume fraction incroases, so the primary peak bgcomes more pronouncod
indicating a substantial inecrease In order in the system as a conscquence
of the stronger repulsive forces acting between the partiecles.

The nature of the results i1s nore casily visualised if the data is
transformpd into real space as represented by the distance of separation, r,
between the particle centres. This can be done in terms of the disirlbution
function g(r) which is related to the number concentration of the system, Np,
by

glr) = N(r)pr

where N(r) 18 the number concentration of the particles at n distance r
from a reference particle. g(r) is obtained directly from 5{§) by Fourier
transformation wsing,

gi{r) = 1 + — 12 — r [S(Q) - 1]@ 8in(Qr) .dq
20r N 1
P [<]
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Zome examples showing g(r) as a function of_r are shown in Figurc 3 for a
polystyrene latex (N = 1680 %) in 10 “mol do ’ sodium chloride sclutions at
various volume fractions.

In Fig.3a, the curve closely resembles that expected for a vopour-iike
system;  the exclusion repion is clearly visible and the first peak is rather
small. At ¢ = 0.04 (Fig.3b) the initlal slope has increased and the exclusian
region has decreased; a c¢clear shell of particles now surrounds the central
particle as evidenced by the stronp first peak and a second shell is
beginning to form. At ¢ = 0.13 (Fig.3c) the exclusion region has decreased
still further ond the initial gradient is even steeper indicating o much
stronger interaction. The form of the curve indicates very clearly that there
13 considerable short-ranpe order but little long-range order, i.e. the overall
behaviour is "liquid-iike". The excluded volume region im the curves and the
low volume fraction at which peaks are observed clearly indicates the long-roange
nature of electrostatic interactions in agueous-based latices.

The same technique has been npplied to examine the behaviour in hydrocarbon
media of poly-methyimethacrylate latices stabilised by covalently linking
poly-12~hydroxy stearic acid molecules to the surface (10). The results shown
in Figure 1 illustrate the form of the S{{}) apainst ( curves at volume {ractions
of 0.18 and 0.35. These partilces had a core radius (Il = 180 R) very similar
to that of the peolystyrene latices discussed above. However, in order to induce
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similar structures to those obtained with the agueocus based latices much
larger volume fractions had to be utilised. It can therefore be deduced
immediately that the repulsive forces in thesce nonaqueous dispersions are of
much shorter raonpe than those in the aqueous based systems, In fact it was
possible to fit the nonaquecus data using a hard sphere model with a hard
sphere radius close to that wf the radius of the core particle plus its
stabllizing layer {(10).



ava
1 LI Tt “ease
.t
.

o&r Ui

Fig.4. 5{Q) apainst ¢ curves for poly methyl methnc?ylatu
particies stabiliscd by poly-hydroxy stearle acid.
ajf = 0.18; LY ¢ = 0.35,—— , hard sphere calculations.
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Work carried out by Tai-Shih Maw

In order to further establish that phase inversion durinc
polymerization is the cause of the observed two constant rate
regions in the conversion vs. time plets and is alse the reasor
for the corresponding bimodality in the particle size distri-
bution found in these latexes, two sets of experiments were
carried out with results discussed below.

The polymerizations were done at 26°C with two commercial
available nonionic surfactants Emulphogene BC~840 (HLE = 15,3)
and Igepal CO-710 (HLB = 13.6). fThese surfactants are chemical
Emulphogene BC-840:

a polyoxyethylated tridecyl alcohol (C)iHz,04CH2CH20}; sH
Igepal CO-710:

a polybxyethylated nonyl phenolngH;9-<::>—O—(CHzCHzoinH,

. (n = 10-11).

At 26°C the first surfactant gives an oil-in-water emulsion
{Fig. 1) with a wide range of monomer-to-water ratios @ =0.15
to 0.48*. Igepal CO-710, however, produces a water-in-oil,
fat first a water-in-oil-in-water) type emulsion (Fig. 2) in
the range of @ values of 0.27 to 0.48. The emulsion polymer-
izations conversion vs. time plots {Fig. 3} for the Emulphogene
BC-840 shows rate curves, normally observed in emulsion polymer-
izations. Rates of polymerization are faster with higher monome
concentrations. The particle size distributions are all unimod:
(Fig. 4). With the Igepal CO~710 as the surfactant where the
starting emulsion is not of the oil-in-water type, the conversic
Vs. rate curves show two constant rate regions {Fig. 3) and the
corresponding HDC curves indicate bimodality in particle size
distributions up to @ value of 0.48. Only the @ = 0.15 is the
exception, here the monomer concentration is too low to support
a water-in-oil type emulsion too long and inversion occurs
very close to the start of polymerization

b @ = wt. of monomer

wt., of monomer + wt, of water
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Figure 1. oOptical microscope Tigure 2. oOptical microgscope picturo
picture of emulsion of @ = (.45 of enulsion of @ = .45 uitﬁ Igapal
with BEmulphogene BC-840 at 23°C. CD-710 at 23*C.

He report the following summary of a paper to be presented at the
67th Annual Meeting of the Canadian Institute of Canada International
Symposium on Polymer Colloids:

"Dependence of the Hydrodynamic Diameter of Expandable Layer
Polymer Latexes on pH" by A.A. Morfesis and R.L. Rowell

S poasipe Ined/liter waterd: | Low acid ‘copolymer acrylic acid latexes have been studied

poersulfate, 0.0126; and sodium bigulfite,
0.0126.

r B
Time, hrs
Figure 3. Polymerization of styrene at
26°C. Recipe Imol/liter water): 0.27

- mark

0.15

300 200 100
Parzicle Dlasetsr, nm

Figure 4, HDC analyses of
final latices from polymer-
ization aof styrenc at 26°C,
Recipe: See Figure 3.

5 & 8
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[
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¢ () 10 12
Tise, hrs
Figure 5. Polymerization of styrene at
26%C, Recipe Imolfliter water}: 1Igepal
€0-710, 0.063; potassium persulfate,
0.0126; and sodium bisulfite, 0.0126.

0.48

N

Parcicle Sias,
Figure 6, HMDC analyses of
final latices from polymer-
ization of styrene at 26°C.
Recipe: See Figure 5.

as a function of pH by photon correlation spectroscopy, wide
angle light scattering and electrophoretic mobility distribution.
Expansion curves have been found as in earlier work but the
expandable layer has been shown to be of low polymer chain
density. The general explanation describes chain expansion due
to electrostatic repulsion between ionized carboxyl groups
followed at higher pH by a partial contraction arising from a
chain relaxation caused by the shielding at higher electrolyte
concentration. Electrophoretic mobility measurements were
negative in the pH range examined showing the presence of
carboxylate anfons in the plane of shear at all pH. Inflection
points in the mobility-pH curve correlated well with inflection
points in the hydrodynamic diameter-pH curve. Since the particles
were monodisperse the charge distribution in the diffuse layer
must have been uniform and symmetric at the inflection points.



SWELLING OF LATEX PARTICLES WITH SOLVENT EMULSIONS

by

Bruce Skinner &
Gary W. Poehlien *
School of Chemical Engineering
Georgia Institute of Technology
Atlanta, GA 130332

* 79 whom correspondnece should ba addreased.

Polymer-solvent systems which are miscible in all proportions
in macroscopic domains behave quite different than polymer-solvent
systems in which the polymer is subdivided into colloidal particles;
i.e., a latex. When a solvent for the polymer is added to a
latex, the solvent molecules diffuse through the continucus phase
and swell the latex particles. If the solvent and continuous
phase are immiscible and if the solvent is present in large droplets,
this swelling is limited because of the free energy required
to expand the surface of the polywmer-solvent particles. This
problem was first treatad in a quantitative manner by Morton,
Kaizerman and Altier (1). They derived a relationship similar
to Eg. 1 by using the Plory-Huggins equation for the free energy
of mixing and the Gibba-Thomas equation for the interfacial free

energy.

4G J,
= In $g,1 t (1 -J—p) %p,1 (1)

vy
2 g l1_ 1
M ¢li'-l xaE' * RT (ax d:)
Tha subscripts s and p denote solvent and polymer and 1 and 2

the particle and solvent phases, respectively. 4G is the difference

in free energy of the solvent in these two phases, T is absolute
temperature, R is the gas constant, the ¢ parameters are volume
fractions, V_ is the molar volume of the solvent, d; and d, are

the diameters of the two disperse phases, xsp is the Flory-Huggina
interaction parameter per mole of solvent, J_ and JP are the
equivalent number of molecular segments in the molecules of solvent
and polymer, respectively, and y is the interfacial tenslon between
the polymer-solvent particles and the continuous phase. Morton

et al {1} applied Bg. 1 to emulsion polymerization where monomer

is the solvent, ¢,  + ¢ = 1.0 and JsIJpzz llin ~0. If the

prt
monomer droplets are large 1/d; can be removed from Eq. 1 since
1/d; << 1/d,. Tseng, El-Aasser and Vanderhoff (2) have expanded
the Morton treatment ta include the effect of water solubility

in the organic phases. This is not a major effect for monomers
such as styrene. Tseng et al. reported experimental styrene:
polystyrene swalling ratios of 3:1 to 7:1 for particles in the
latex size range (0.1 to 10 um).

Latex particle swelling has received considerable attention
during the past several years; primarily because of the interest
in producing large particles with narrow size distributions.
tigelstad and coworkers (3,4} have obtained swelling ratios several
orders-of-magnitude greater by incorporating water-insoluble
swelling agents into the latex particles. vanderhoff et al, (5)
have conducted experiments in space with larger latex seeds.

Jansson, Wellons and Poehlein (6] have recently shown that

higher degrees of monomer swelling can be achieved when monomer

$C
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emulsions with small droplet size are used. Eg. 1 reduces to

the following relationship for this situation.

4G

R L ol N1 1)

T 2)

where the subscript m denotes monomer
The specific equestion to be addressed in this brief paper
is:
Given: A&An jnitial latex containing N1 polymer particles
of size d;,¢ and a target monomer:polymer swelling

ratio of R in the absence of swelling agents.

petermine: The emulsion droplet size da . and number Nz
that will completely diffuse into the particles
to achieve the target monomer:polymer swelling
ratio.
In the normal swelling situwation an excess of monomer in the form of
large droplets is used. As the swelling process takes place,
the free energy of the moncmer in particles increases with monomer
concentration while the free energy of the dispersed monomer
remaine nearly constant. When 4G, = 0 the swelling stops. However,
if the monomer is dispersed in very small droplets, the surtacé
free energy contribution can causs the monomer activity in these
droplets to increase dramatically as they ghrink due to diffusion
losses. 1In such cases, the droplets will disappear completely
and large awelling ratios can be achieved without the use of

a swelling agent.

In order to examine the guestion concerning emulsion droplet

gize limitations, one must utilize the following volume conservation

relationships.
v, = (hdise/6) (1)
Vo = Vo, V. " (aM2dy, ¢ /6) 4
Vg, = (276} @] - 61,0 LY
Vp,, = (aNadas, /6) (6)

where Vp and vm are total volumes of monomer and polymer respectively,
thl and vm.z are the volumes of monomer in the polymer particles
and emulsion droplets respectively, and d;,t and dz.t are the
time-dependent diameters of the two phases.
wWhen these volume-balance relationships are combined with
Eg. 2 the free energy difference can be written as a function
of a single variable; especifically the size of the swelling
latex particles.

4G X
e (iod) ok a®

Nl VN O 1
RT dl'l d {d; - N® ‘1_dl']1’3

n

where d = ldl'tldl'.l is a dimensionless latex particle diameter
which is a function of swelling time, 4, = {dz s/d1,e) iB the
ratio of initial emulsion droplet size to initial polymer particl.
size and N* ig the dimensionless ratio Ni/N;.

Figure 1 coi tains three plots of (AGmIRT) vg 4 for differen:



values of N*. The following paramaeters were used for the calculations.

v, - 1.0x10* m?/gmol
Y = 5.,0x10"% N/m

xmp = (.35

R = 8.315 N'm/gmol-K
T = 323 K *
dx,l =2 1.0 pym

do s 6,0

The end positions on each of the curves represent the points
where the monomer droplets have completely disappeared. The
bottom curve {N* = 5,0) contains a relative maximum well below
the position of egquilibrium, AGm = 0., In this case the emulsion
droplets were small anough to completely disappear well before
equilibrium was approached.

The top curve (N* = 0.146) paasea through the equilibrium
line. This would not be observed experimentally since the swelling
would stop at dGm = {, Hence, in this case, the initial monomer
droplets were too large to completely disappear and limited
swelling would ocecur.

The middle curve (N* = 1,464) satisfies all of the following

relations at one point on the plot.

AG AG 2 AG
| d m d m
(W)'"'aﬁ(ﬁ) ~ 0 a?-'w)“’ (8
This curve, therefore, represents the largest emulsion

droplet size that will completely disappear during swelling.

in this case that droplet size and the resulting swelling ratio
IRB) are:

d = (1.0){6.0) = 6.0 um 9

dy,z = dp,o' ()

Ry = d;/u* = {6,0)%/1.464 = 147.5 {10)

The relationship bestween the swelling ratio Rs‘ the initial
droplet:particle size radio do’ and the seed latex particle
size d;,s can be cbtained from a series of plots such as Figure 1
or by numerical methods which utilize the relationships given
in Eq. 8. Modified Newton-Rapson procedures have been used
with Eg. B to determine the relationship between Ro» do. dI'.
and xmp. Figure 2 contains calculated curves for four different
values of di,s.
The following example illustrates how such curves can be
used to answer the initial question raised in this paper.
Given: N = 10'* latex particles
d;'. = 0.5 ym
R, = B0OO (desired swelling ratio}
Determine: N; and d; e
Step 1: Use the {dl'. = 0.5 pm} curve and the as = §00
gcale value to determine do. In this case d, =
6.0 (See Fig. 2).
Step 2: Compute d;,e = d;,.d. = (0.5)x(6) = 3.0 um
Step 3: Compute N2 = Ny/N* = 10'%/1.464 = 0.683x10%*

Pigure 3 is an expanded-scale plot of the curvature area

from Pigure 2. It would be more precise for some computations.

/gz
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In summary, the application of the technigues outlined
in this paper will permit one to compute the approximate maximum
emulsion droplet size that will be necessary to generate a desired
swelling ratio for specific seed latex when swelling agents
are not present.
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Effect of Chain Transfer Agents on Seeded

Continuous Emulsion Polymerization 20 T Teocd

H. C. Lee and Gary W. Poehlein”
School of Chemical Engineering, Georgia Institute of Technolagy,
Atlanta, GA 30332-0100

The effect of chaln rransfer agents (CTA) on styrene ewmulsion
polymerization in a seed—fed continuous stirred-tank reactor (CSTR)} has
heen investigated in this laboratory. In the prasepnt work, carbon
tetracholoride (CCl,) {8 wused as m chain transfer agent. The reactor
system is composed og a tubular prereactor and a CSTR., The tubular
prereactor 1s operated 1in a plug~flow mede to generate ssed particles
with narrow size distribution for the CSTR at downscream, CCla is
direccly added to the CSTR by a syringe pump.

Figure | shows the effect of addition of CCl, with different
amounts on the course of polymerization. 1In Figure I, T denotes CCl
and M stvrene; X, stands for the conversion of the seed latex from the
tubular prereactor and has an averaged value about 9,6%; dimensionless
time 18 defined as reactlon age divided by the mean residence time of
the CSTR which is abour 37 minutes. Figure 2 illustrates the influence
of CCIA concentration on the particle size distributlon (PSD) of the
latex 'product particles in the effluent stream from the C5TR. The
smoothed PSD's are based on the measured particle size histograms.
Typical particle sfze histograms of the seed particles and the product
particles are presented in Figure 3. Note the PSD data are expressed in
terms of the dimensionless dlameter which 1s defined as particle
diamg:er divided by the mean diameter of the seed particles { about
390 A). Particle sizes are determined by a transmission electron
microscope. About 3200 parcricles are counted to construct the PSD for
product particles, and about 600 for seed particles.

The experimental results shown in Figures ) and 2 clearly
indicate that addition of chain transfer agents to continucus emulsion
polymerization not only decreases the rate of polymerization but also
changes the PSD of product particles significantly. This reduction
effact 1is mainly due to the loes of free radicals Erom the
monomer—swollen polymer particles. When CTA is added to eamulsion
polymerization, the free radical at the end of a propagating polymeric
chain may be transfered to a neighboring CTA molecule and generate a CTA
radical. Becasuse of the high mobility of a CTA radical and the small
slze of a polymer particle, the CTA radicel may diffuse out of reaction
site into the continuous phase. This radical “exit” effect would cause
a decrease in the free radical concentration in the particles and leads
to a decreased rate of polymerization,

4+ To vhom correspondence should be addressed.

.

2%.

The PSD data obtained in this work can be used to quantify the
radical transport mechaniem. This has been achieved by fitting the
computer—-gimulated PSD to the experimencal PSD. Computer simulations
are cartied out based on the mathematical model developed earlier
[Brit, Polym. J., L&, 143(1982)]. According to our model, the PSD of
the product particles from a steady-state seeded CSTR depends upon four
dimensionless groups: aé. g, ¥, and Y. The definitions of these
dinensionlese groups were given in the paper. Typical exaople of the
fitcing procedure is shown in Figure 4 in which ¥ (which accounts for
transport of radicals out of particles) 4s used as a curve fitting
parameter. Praellminaty results obtained so far indicate that the method
introduced here can be an useful diagnostic toel in the study of radical
transport phenomena in emulsion polymerization.
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COMPETITIVE ADSORPTION PHENOMENA IN PAPER COATINGS

Per Stenius, Jussi Kuortti and Bengt Kronberg
Institute for Surface Chemistry

Box 5607

S5-114 B6 Stockholm, Sweden

ABSTRACT

The adsorption of anionic surfactant (sodium dodecyl sulphate
5DS), nonionic surfactants (polyethyleneoxide nonyliphenol
ethers NPEOn}. sodium hexametaphosphate (SHMP) and polyethylene
oxide {Eonl'in a model coating color system {kaolin + polystyrene
latex (PSL) has bqen investigated. The adsorption strengths of
NPEOn on kaoclin and PSL are of the same order of magnitude.

SHMP adsorbs on kaolin, but is strongly desorbed when NPEOn is
added. SbS adsorbs much more weakly than NPEOn on PSL and hence
may be desorbed and cause foaming problems if NPEOn is added.
The desorption effect can be predicted from the critical micelle
concentrations of SDS and NPEOn. When a latex (containing NPEOn)
and a clay dispersion (stabilized with SHMP are mixed (as is
frequently the case in the preparation of coating colors) re-
distribution of the NPEO, and strong desorption of SHMP will
take place. This may flocculate the dispersion. This effect has
been confirmed by measurements of the flow properties.



{(Submitted to J. Colloid Interface Sci.)

THE EFFECT OF SURFACE POLARITY ON THE ADSORPTICN OF
NONIONIC SURFACTANTS

I. THERMODYNAMIC CONSIDERATIONS

Bengt Kronberg and Per Stenius
Institute for Surface Chemistry
Box 5607

5-114 86 Stockholm, Sweden

ABSTRACT

A thermodynamic model is used to predict the adsorption of
nonionic surfactants on latexes with different polarity.

The model, which is based upon the Flory-Huggins theory of
polymer mixing, predicts that the adsorption decreases as the
polarity of the latex increases. It is predicted that adsorp-
tion should occur even when it is unfavorable to replace a
surface-water contact with a surfactant-water contact. This is
due to a lower number of unfavorable hydrocarbon-water contacts
when the surfactant is adsorbed, compared to when it is free in
solution.

It is also predicted that it is in principle possible to
determine the latex polarity or solubility parameter, from
adsorption measurements, provided that a similar experiment

is carried out on a latex with known polarity, or solubility
parameter.

{(Submitted to J. Colloid Interface Sci.)

THE EFFECT OF SURFACE POLARITY ON THE ADSORPTION OF
NONIONIC SURFACTANTS

II. ADSORPTION ON POLY (METHYL METHACRYLATE} LATEX

Bengt Kronberg, Per Stenius and Gunilla Igeborn
Institute for Surface Chemistry

Box 5607

S-114 B6 Stockholm, Sweden

ABSTRACT

Adsorption isotherms of three nonionic surfactants on PMMA
latex has been obtained. The surfactants are nonylphenolpoly-
ethylene oxides with 10, 20, and 50 ethylene oxide units in
the chain.

The adsorption isotherms are compared with the adsorption of
the same surfactants on polystyrene latex. The adsorbed amount
on PMMA is consistently slightly lower than on PS5 latex for the
three surfactants.

The results are discussed first in terms of a Langmuir type
equation and second in terms of a new thermodynamic model for
the adsorption on nonionic surfactants. Using this model a
solubility parameter of 22 MPai is obtained for PMMA from the
adsorption results.

The model reveals that the principal driving force of adsorp-
tion is not the interaction of the surfactant with the surface
but is caused by the orientation of the surfactant molecules
at the surface. This orientation, with the surfactant hydro-
carbon directed towards the surface and the hydrophilic moiety
directed towards the aqueous solution, causes fewer unfavorable
hydreocarbon-water contacts compared to a surfactant molecule
free in solutlion.
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CHARACTERIZATION OF KMnO,/H,SO,~OXIDIZED POLYETHYLENE
SURFACES BY MEANS OF ESCA AND  “°ca®' ADSORPTION

J.C. Eriksson. C.-G. Gblander, A, Baszkin and
L. Ter-Minassian-Saraga

ABSTRACT

The chemical constitution of KMn04/H2504 oxidized (sulphated)
polyethylene (PE) surfaces has been explored by means of ESCA
utilizing chemical shifts, peak intensity data and chemical
tagging reactions. In addition, the adsorption of ca’* ions
on sulphated PE was guantified by radiotracer measurements.
Comparisons have been made with KC103/H2504 and chr207/H250
as oxlidizing agents and through replacing polyethylene by
polystyrene. According to the present study the main chemical

groups on a KHn04/HZSO4-treated PE surface are: -0503H, OH,
&

4

=-0-0H,-C=0, -C-0-C- and —Ca—O-R (ester). In the oxidation
grooves, dissociable -COOH groups are alsoc present in appreciable
amounts. By annealing, a smoother and more homogeneous sulphated
surface is produced, the composition of which strongly depends
upon the state of the ionic groups at the heat treatment.

UNIVERSITY OF NEW HAMPSHIRE
DURHAM, NEW HAMPSHIRE 03824

Dopartment of Chemical Engineering
College of Engineering and Physical Sciences
Kingshury Hall  (603) B62-1429
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I?FL?EN%E OF LATEX PARTICLE HORPHOLOGY UPON EMULSION POLYMERIZATION
KINETIC

Two stage polymerization of immiscible polymers within the same
latex particle is known to produce a variety of possible particle
morphologies. These include core-shell structure, hemispheric
structure, etc. We have been studying the reactor kinetics of two
phase latex particles by swelling a seed latex of polymer A with
moriomer B and monitoring the resultant batch reaction., This technique
avoids new particle formation and allows one to concentrate upon the
influence of developing particle structure on the speed of the reaction.
Here it is necessary to be concerned with the transport of free
radicals across the interface between the two phases and with the
individual reaction rates within each phase. We have determined that
the polymer phase which is at the outside surface of the particle
(i.e. the shell in the core-shell morphology) is the phase which
primarily controls the reaction kinetics, although there may be
significant polymerization occuring within the other phase. It is
expected that the more hydrophilic of thetwo polymers will become the
ocutside phase even if it was the seed polymer.

THE EFFECT OF CHAIN_TRANSFER AGENTS UPON REACTION RATES IN EMULSION
POCYMERTZATTON

Experiments show that the addition of chain transfer agents to an
emulsion polymerization recipe causes noticeable to significant
reductions in reaction rates. Using the seed latex technique in which
a seed polymer particle is swollen with its own monomer, our experiments
show that rates decrease with increasing levels of chain transfergagents.
Our experiments have been in the particle size range of 1200-2000A for
which radical desorption from the particle to the water phase is
insignificant due to the low particle surface to volume ratio. We
believe that the rate reduction is due to the production of a greater
number of short chain length free radicals (via the transfer reaction)
and that these radicals diffuse much easier than long chain length
radicals thereby leading to increased termination rates and lower
numbers of free radicals per particle. This postulates that the
termination rate constant is chain length dependent--a concept which
has been shown to be useful in analyzing the gel effect in bulk polymeriza-
tion of vinyl polymers. We are now working to quantify this effect in our
kinetic models.

4



UNSTEADY STATE ANALYSIS IN EMULSION POLYMERIZATION

In our previous efforts to study the gel effect in emulsion
polymerization we have always used thesteady-state radical population
balance proposed by Smith and Ewart. This has been accepted by nearly
all of those working in the area and most of us use one of the general
descriptions offered by Stockmayer, 0'Toole, and Ugelstad. In working
with systems which display strong gel effects (e.g. MMA)} we note such
a rapid buildup in free radicals within the particles that the psuedo
steady-state analysis would appear to be violated. With the interaction
of Dr. S.K. Soh at the University of Detrait, we are working on a
transient analysis for the radical population balance and hope to be
able to identify the general sets of conditions for which the psuedo
steady-state approach is inappropriate.

OTHER POLYMER WORX AT [INH

Two projects are being carried out in the area of fast polymeriza-
tion reactions with application to the reactive processing of polymers.
The first is a detailed study of the styrene crosslinked polyester
system. It is an example of a rapid copolymer reaction in which exten-
sive crosslinking takes place. Our objective is to provide a
mechanistically based kinetic model which can be used to gauge curing
times in industrial molding operations. We will report on this work
at the Atlanta AIChE meeting in March of this year.

The second project in this area is concerned with the anionic
polymerization of e- caprolactam to form Hylon - 6. This system is
becoming important in the reaction injection molding business and its
kinetics are not well understood at all. It is of interest to note
here that a polymer chain degradation reaction appears to be responsible
for causing a marked increase in the number of reactive chain ends.

This reaction becomes more probable with increasing conversion and
results in a dramatic auto-acceleration in the reaction rate. This
is analogous to the gel effect in free radical polymerization but
occurs for a completely different reason.

CONTRIBUTION TO THE POLYMER COLLOID GROUP NEWSLETTER

Mohamed S. El-Aasser, Andrew Klein, F., J. Micale, Cesar Silebi,
and J. W. Vanderhoff
Emulsion Polymers Institute, Sinclair Lab #7,
Lehigh University, Bethlehem, Pennsylvania 18015

We have currently thirty-four active projects, the titles of
which are included in the enclosed Index of our Graduate Research
Progress Reports, issue No. 21, January 1984. We do not have
enough copies for distribution to all members; however, any member
interested in a particular project will be provided with a copy of
that progress report. Requests should be addressed to Ms. Karen
Hicks at the above address {a long-awaited, welcome addition to
our staff, in charge of the administrative affairs of the Institute).

Also enclosed are extended abstracts of two papers presented
at the Colloque International Sur Les Copolymerisations et Copoly-
meres en Emulsion, CNRS, Lyon, March 6-9, 1984:

"Swelling of Carboxyl Containing Copolymers”;
"Emulsion Copolymerization of Azeotropic Styrene-Acrylonitrile
Monomer Mixture in Polystyrene Seed Latexes".

Five of our graduate students have finished their Ph.D.
Dissertations:

K.J. Chiang, "Electrokinetics, Particle Diffusion and Particle-
Bubble Interaction in the Flotation Process";

S. Kiatkamjornwong, "Ink Transfer in the IBM 3800 Printer";

A.XY. Ranka, "Fundamental Studies of the Effect of Particle
Size and Particle Stability on Critical Pigment Volume Concentration
in a Model Latex Coating";

E.D. Sudol, "Toward the Production of Large-Particle-Size
Monodisperse Latexes"; and

C.M. Tseng, "Toward the Production of Large-Particle-Size-
Monodisperse Latexes - Studies of Swelling and Polymerization
Parameters".

Also, three of our graduate students finished their M.S. reports:
M. Agrawal, "Freezing of Coal";
N.J. Earhart, "Freezing of Coal"; and
A. Hadley, "Coating by Electrodeposition"”.
Copies of these theses abstracts are available upon request.
The most recently submitted and accepted journal articles are:
"Core-Shell Emulsion Copolymerization of Styrene and Acryloni-
trile on Polystyrene Seed Particles", J. Polymer Sci. (submitted 1983}.

"Mechanical Coagulation in Emulsion Polymerizations", J. Appl.
Polymer Sci. (submitted 1983).



"Seeded Semi-Continuous Emulsion Copolymerization of 80:20
Vinyl Acetate-Butyl Acrylate”, J. Dispersion Sci. Technol. {sub-
mitted 1983).

Manuscript copies are available upon request,
Our 15th Annual Short Course on "“Advances in Emulsion

Polymerization and Latex Technology" will be held at Lehigh on
June 4-8, 1984 and at Davos, Switzerland on August 20-24, 1984,
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EMULSION COPOLYMERIZATION OF AZEOTROPIC STYREME-ACRYLONITRILS
MONOMER MIXTURE IN POLYSTYRENE SEED LATEXES

J. W, Vanderhoff, V. Dimonie, M, S. El-Aasser, and A. Klzin
Emulsion Polymers Institute and
Departments of Chemistry and Chemical Sn3ineering
Lehigh University
Bethlehem, Pennsylvania 18015, U.S5.A,

ABSTRACT

_ The emulsion copolymerization of styrene-acrylonitrile mixtures
is an important process in the preparation of ABS resins. This copo-
lymerization system is complex: the swelling of the copolymer by the
monomer mixture is limited and the acrylonitrile is much more solu-
ble in water than styrene. To investigate this system, the azeotro-
pic styrene-acrylonitrile monomer mixture was polymerized in 190nm-
and_BPan—diameter polystyrene seed latexes by batch, batsh-with=-
equilibrium-swelling, and semi-continuous polymerization.

_ The kinetics of the seeded batch copolymerizations, and the par-
ticle growth and morphology, depended upon the polvmerization tem-
perature. The final latex comprised two types of particles: the ori-
ginal seed particles grown to a larger size and the new crop of par-
ticles formed during the polymerization. The -distribution of the se-
cond-stage copolymer between the twa types of particles, the size
and morphology af the particles, and the activation energies of po-
lymer;zgtlon showed a discontinuity at ca, 659, indicative of a
transition at this temperature. Moreover, the glass transition tem-
perature Ty of the styrene-acrylonitrile copolymer swollen by the
azeotropic “monomer mixture was found to be 650 (Figure 1), which
corresponds to the T; of the monomer-swollen copolymer latex
partigles during polymerization. The higher chain mobility above T
explained the increase in the degree of grafting of the polystyrené
seed latex core and the enhanced flocculation of the oligomeric

radicals and primary particles in the aqueous phase to give a larger
particle size above 65°.

The distribution of the second-stage copolymer between the two
types of particles, as well as the number of new particles initia-
ted, depended upon the conversion; with increasing conversion, the
total surface area of the particles reached the critical level at
which all of the copolymer chains or primary particles formed in the
aqueous phase are captured by existing particles and do not nucleate
new particles. To confirm this critical surface area concept, a ser-
ies of seedeq copalymerizations was run in which the seed surface
atea was varied from 113 to 339 m2/d1 at constant aqueous sodium
dodecyl sulfate concentration, but different manomer-polymer ratios,

according to the 19%90nm or 300nm particle size of the polystyrene
seed latex.
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The critical total surface area was found to be 2§40 m2/dl, but
even at 226 m2/dl no new particles were formed, and at 170 m2/dl
only a few were formed, For a seed surface area gczater than tha
critical value, the number of particles was constant througnout the
polymerization and the same as the initial number of seed particles.
The initial polymerization rates were directly pronortional to the
number of seed particles (Figure 2). Thus the parcicle growth by
flocculation can be controlled by adjusting the total initial sur-
face area provided by the polystyrene seed latex particles, to give
a homogeneous latex with only one type of particles, the seed parti-
cles grown to a larger size,

The particle morphology was characterized by measuring the pro-
portion of the polystyrene seed grafted to the copoiymer chains
using thin-layer chromatography combined with flame ionization de-
tection. For the same monomer-polymer ratio, the degree of grafting
was higher for the smaller seed latex, indicating that it depends on
the surface area of the seed particles available to capture the rad-
icals growing in the agqueous phase. The proportion of polystyrene
grafted to the copolymer chains increased exponentially wich in-
creasing seed surface area (Figure 3), confirming that the arafting
reaction is surface-controlled and that the radicals generatsd in
the aqueous phase are captured by the existing monomer-swollen par-
ticles, If this hypothesis is correct, the mode of monomer addition
should affect the degree of grafting to the polystyrene seed parti-
cles, Semi-continuous polymerization should increase the probability
of grafting-by-transfer because of the low monomer concentration in
the particles; the frequency of capture of radicals from the agueous
phaase by the latex particles is lower and so is the termination by
combination, which should also increase the probability of grafting,
For both the 190nm- and 3l00nm-diameter seed latexes, the degree of
grafeing was higher for the semi-continuous polymerizations than
when the monomer was allowed to swell the particles for 24 hours be-
fore batch polymerization, which in turn was greater than for simple
batch polymerization, The degree of grafting increased with decreas-
ing monomer-polymer ratio in the seeded polymerization,

Compression-molded samples of these polymers were characterized
by dynamic mechanical spectroscopy; the storage modulus (E'), loss
modulus (E"}, and the loss tangent (tan#) were measured, and the
Tg's of the samples were determined Erom the peak of the loss mod-
u?us spectrum,

Physical blends of incompatible polystyrene and styrene-acrylo-
nitrile copolymers showed separate T4's characteristic of the in-
dividual polymers (Figure 4), with peaks at 1049 (polystyrene} and
1209 (styrene-acrylonitrile copolymer), indicating a dual phase
continuity, The degree of mixing is improved by increasing the com-
patibility of the copolymers so that the individual transitions
broaden and merge into a single transition, The graft copolymer is a
polymeric emulsifier which prevents the two incompatible polymers
Erom separating, Thus 45%-grafted polystyrene (PS=-AS-70) showed a
single Tg of 112° in comparison with the single Tg of 1140
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of the 1B%-grafted Polystyrene (PS-AS-65); the greater tne degree of
grafting, the closer the Bingle Ty approached that of polystyrene,
However, the Ty for the sample wita the smaller 190am seed was 1200,
the same as that of the Stycene-acrylonitrile copolymer (PS-AS~16).
The phase continuity of the individual components of a polymer blend (T
affects its Tq; the behavior is determined by the more continuous CIU i e
phase. Theref%re. these polystyrene particle cores are probably # E%gurgol-avgtgfzng:gsgigziﬁr!;; 2
i i - i i ion r
discrete inclusions in a styrene-acrylonitrile copolymer matrix. o S S o LI e

Pecreasing the monomer-polymer ratio gave more pronouced differ-
ences between the smaller and larger seed particles. The 105° T, of
the polymer prepared with the J00nm seed (P5-AS-5) was close to that
of polystyrene while the 1190 Tg of the polymer prepared with the
190am seed (P5-A5-19) was €lose to that of the styra2ne-
acrylonitrile copolymer, indicating that the continuous phase in a ) "] 8
polymer blen an be reversed by modifying the seed particle size. L LD

[

The tan 5/values (Figure 6) confirmed that the sample prepared
with the nm seed (PS-AS-5) had a continuous polystyrene phase.
Generally, high tan$§ values over a wide temperature range indicate
that the Tg of the inclusions is higher than that of the matrix, The

h

samples wi the r seed particles gave higher tané values than
those in which the /continuous phase was the styrene-acrylonitrile L1
ey

copolymer,

S i iati initial rate
Figure 2, Variation of in

1 ofgpolymerization with numbgr of

e polystyrene seed latex particles.

The polystyrene seed preswollen with monomer before batch polym-
erization to increase the degree of grafting {P5-A5-21} gave a Tg of
1129 as well as a small shoulder at 1049, indicating that the sample
contained a small amount of ungrafted polystyrene. For the 190nm
seed paricles, decreasing the monomer~polymer ratio increased the a1
degree of grafting and decreased the T. to 1149 (p5-A5-20), Thus
dynamic mechanical Spectroscopy charactefized the morphology of the 3
core-shell particles and demdnstrated that small changes in the v L
reaction parameters can affect the degree of grafting and the emul- n ume it an
sification of the two incompatible polymer phases.,

[T LYY
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Figure 3. Variation of degree of
grafting of the polystyrene seed
particles on the total surface
area: {(x) 1%0nm; {o} 300nm.
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concerning the properties of the copelymer must be considered. These factors

e L ——. Y
At
- 21
. 1 :_/“_lJ\ In the study of alkali-swvellable, carboxylated latexes a Eggber of factors

1 L include molecular weight, the hydrophobicity of the major monomer, the number

[y g [] I
1y ens By . (or weight fraction) of the carboxyl groups and the T_ of the copolymer. In
Loy terms of molecular weight, one must consider che effefts of both branching and
, Lhey P_,_,/ formation of crosslinked materifal. This factor in conjunction with the Ts will
; ;
w -] (k]

1

.8 ¥ B oW on s affect not only the degree of swelling, but also the rate of swelling by
limicing the relaxation of the polymer chains. The distribution of the carboxyl
Figure 4. Variati B oo groups within the particles will play a role in the swellability of the parg
T tem'e zla on of loss modulus Figure 5, varlatidf" ¥ toss ticles, especially for the case of higher amounts of carboxyls. Early work
uith temperature for styrene-acrylo- modulus with temperature for could only infer this theorem by substituring the more miscible (with the

rile copolymers prepared with styrene-acrylonitri bydrophobic monomer) methacrylic acid (MAA) for acrylic acid (AA). Results
polystyrene seed latex at a monomer— y rile copoly- by Bassett and couorkerslo—l% indicate that preparing a copolymr latex with

Tamgeruse 1°C1

mers prepared wit =

polymer ratio of 4.2, rene gees latexla: gor‘}:gi;:’ne v a shell rich in carboxyls will give good swelling behavior. One note of caution
polymer ratic of 6.1 (0.95 L3 is that unless care is taken in the preparation, phase separation and/or dis-
for PS-AS-20). * * solution of the carboxyl rich layer can occur. In contrast, the work done at

Lehigh attempts to prepare a uniform copolywer and subsequently determine the
locl of the carboxyl groups in the latex particles.

A variety of experimental technigues are used to determine the degree of

H swelling of the latex particles. The copolymer latexes are prepared by both

a batch and a semicontinuous method where the larter permits monomer{s) to be
added into a "starved" system such that the copolymer composition will imitace
the comonomer feed ratio. In order to characterize the prepared latex, it
must be cleaned of the water-soluble components. The method used 1s called
serum replacement whereby the latex is washed with distilled water in a stirred
cell with a submicron membrane filter. This permits construction of a mass

\°

-l balance of the carboxyl groups in the latex system once the serum haa been

T | P titrated. To determine the loci of the carboxyl groups in the latex particle,
AN a modified conductiometric titration 1s used where an excess of NaOH is added

o and the conductance vs. time is measured. Back titration and use of the mass
balance permits the loci of the carboxyl groups to be assigned to a given
T R E e region of the latex particle. This method assumes thar the time of neutraliza-
. —— " tion of a carboxyl group is a function of the depth because there is a time
g;g:ge E.EVal:iation og tan & with tem- dependent diffusion rat= of the hydroxyl groups into the latex particle.
ure for polystyrene-s =
acrylonitrilepcago]jmers a:e:&‘:‘oﬁ;:;?l_le Once the latex has been cleaned, swelling as a function of pH is decermined
polymer ratio of 6.1. by different methods. The most obvious method is to measure particle size using
the light scattering dissymetry technique. This experimental method is only
useful when the parcicle size distribution is narrow. For the case of a broad
particle size distribution, Transmission Electron Microscopy (TEM) with negative
tmaging have been of use. However, these particle size measurements must be
complemented by a similar series of viscosity measurements in order to determine
if the particles are swelling or dissolving. The instrumeat used for the
12 viscosity experiments Is a cone and plate Weissenbergz Rheogonlometer, at a con-
H stant shear rate. By necessity, the shear rate must be kept low and conscant
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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

{19 MAR Recd
The following are abstracts of papers submitted for publication.

Hydrodynamic two-sphere interactions at a wall. (K. Malysa, T. Dabros and
T.G.M. van de Ven)

Experimental results are reported on hydrodynamic interactions
between a solid plate with a spherical particle attached to it and a rigid
sphere moving parallel to the plate. Trajectories and velocities of the
moving sphere were determined by taking single frame multiple image photo-
graphs using stroboscopic lipht.

Sphere~sphere hydrodynamic interactions were detectable on the
background of plate-sphere interactions for initial dimemsionless sphere-
wall separations Z_ < 4.9, The snhere trajectories were found to be
symmetrical for Z 9 2.3 and asymmetrical otherwise. For asymetrical
trajectories the gphere mobility was larger after the encounter than prior
to it, It waos concluded that surface roughness of the spheres was respon-
sible for the observed deviations from symmetry.

Theorctical models discussed in the paper were in good agreement
with the experimental data for dimensionless distances between sphere
centers r > 2.5. For r < 2,5 results computed by the singularity method
were in fair agreement with the data when Z_ > 2.9. For smaller Z ,
theoretical predictions were inaccurate. o

Electro-viscoelastic properties of dilute suspensions. {T.G.M. van de Ven)

Suspensions of mon-spherical particles can mimic viscoelastic
behavior when subjccted to an electric field. When a steady shear is
superimposed upon an oscillatory shear, different modes of viscoelastic
behavior are predicted depending on whether the applied electric field
is subcritical or supercritical. For supercritical fields all particles
oscillate about a steady state orientation and the system exhibits time
independent linear viscoelasticity. For subcritical fields all part-
icles execute complete rotations about their vorticity axis and, except
for certain frequencies, the viscoelastic response is in peneral time
dependent. It is predicted that both the intrimsic dynamic viscosity
and the dynamic rigidity can attain negative values, depending on part-
icle shape and on the ratio of electric to hydrodynamic torques.

Relaxation phenomena in suspensions of anisometric Browniam particles.
(D.S. Jayasuriya and T.G.M. van de Ven)

A general method is presented which in principle can be used
to treat theoretically the relaxation of any property of a suspension

that can be expressed in terms of the orientation distribution of the
suspended anisometric particles. This method has been applied to vari-
ous physical properties to obtain expressions relating the relaxation to
rotary diffusion coefficients of spheroidal and ellipsoidal particles.
Some aspects of the theory are tested by rheo-optical measurements and
are found to be in good agreement with the theory.



in order to prevent deformation of the swelled layer of this non-Kewtanian 1?;7- Aeferences: .
system. The use of these two approaches permits good characterization of

the swelling behavior. 1. S. Muroi, J. Appl. Poly. Sei., 10, 713, (1966) .
Using the above experimental techniques, Nishida' examined methylneth- 2. S. Muroi, K. Hosoi, and T. Ishikawa, J. Appl. Polv. Sci., 11, 1963 (1967).
acrylate (MMA) with varying amounts (5 - 25 wti} of methacrylic acid {Maa).
This system is fairly hydrophilic and has a high T_, At low concentractions 3. C.J. Verbrugge, J. Appl. Polym. Sci., 14, B97, (1970).
(5 & 10 weX) of MAA, there was little swelling, bu® a considerable asount
of flocculation at higher pH's. Higher concentrations (15 - 25 wtl) of Maa 4. 4bid., p. 211.
shoved very different results berwveen the batch and semicontinuous latexes.

- For the batch latexes a gradual increase in viscosity and particle size was 5. K. Sakora and T. Okaya, J. Appl. Polym. Sci., 20, 1745, (1976).
observed, which indicates the parricles are sWwelling uniformly without dis- 350, (1981)
solution. In contrast, the semicontinuous latexes showed sharp Increases 6. S. Egusa and K. Makuchi, J. Col. and Interface Sci., 79, ’ .
in viscosity while the particle size remained conszant or even decreased
with Increasing pH. These results indicate that the particle is dissolving 7. 5. Nishida, PH.D. Thesis, Lehigh University (1980).
layer by layer instead of swelling., From these results one can infer that 7. 2249, (1963)
batch latexes consist of particles with a core poor in MAA chat prevent 8., L.F. Guziak and W.N, Maclay, J. Appl. Polym. Sci., 7, [ .
dissolution while the semicontinuous latexes have an even distribution of
MAa which allows the particles ro dissolve. 9. B.R. Vijayendran, J. Appl. Polym. Sci., 23, 893, (1979).

Similar experiments were subsequently carried out replacing MMA with 10. D.R. Bassett and K.L. Hoy, Polym. Colloids II, R.M. Fitch, ed., Plenum,
styrene {ST) and varying the MAA content from 5 to 50 vtX. This systew in- New York, p. 1, (1980).
creases the hydrophobicity greatly of the base monomer (ST) while keeping
the T  approximately the sa:e. The results show thac there is a considerable 11. ©D.R. Bassect and K.L. Hoy, Emul. Polymers and Emulsion Polymerizatiom,
fraction of the MAA neutralized in the surface region, but very little ACS Symp. Ser. 165, p. 371, (19B1}.
swelllng occurs which results in a large unneutralized core. Only for a MacR ibid
few of the high MAA content {40 & 50 wtl} latexes was any viscositv increase 12. D.R. Bassett, E.J. Derderian, J.E. Johnston and T.B. MacRury, .
seen, but since the samples remained milky, only a small amount of the par- - p. 263, (1981).
ticles were probably dissolving. Thus, increasing the hydrophobicity for
a high Tg copolymer apparently restricrs the swelling behavior. -

To decemine the effect of T on the swelling process, 2-ethylhexyl-
acrylate (EHA) replaced styrene.” These two monomers have similar water
solubilities, which indicates that both should be similarly hydrophobic.
The Ty changes from approximately 100°C for the ST/MAA copolymer system
to befow 0°C for the EHMA/MAA copolymer system. Thus, the copolymer chains
should be more flexible which in turn should accommodate diffusing hydroxyl
groups for swelling. However, results to date seem to imply that the
flexible chains permit a great number of the carboxyl groups to be shifted
to the surface region. The resulets from the conductiometric titrations
show a similar lack of swelling as the styrene-based systems. Further prob-
lems have been encouncered in cleaning the soft EHA-based latexes and mea-
suring particle size changes because of the extremely broad particle size
distribution. The lack of swelling may also be due in part to the self-
crosslinking reaction of the EHA during the polymerization.
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ON THE MECHANISM OF PARTICLE PORMATIOR I EMULSION-FREE
1OLYWERIZATION

V.I1.Eliseeva, 8.V,.Bogdanova

Aggregatively stable latexes are known to be produced from
eemulsion polymerization without an emulaifier, if persulfates
are used as initiators. The mechanism of particle formation in
such polymerization has been investigated elsewhere /1,2/. Ion-
radicals MeM,50; are supposed to be formed when monomer dissolved
in water is iniiiated by persulfate. These radicals, after the
attainment of critical degree of polymerization, pracipitate from
the solution and form primery particles which floceculate to a
charge density needed for stebility, This process is known as ho-
mogeneoua nucleation. While investigating methyl methacrylate (MMA)
polymerization in highly diluted salutions /2/, the authors found
that the rate of particle formetion in such syatems (dN/dt) is
equal to the initiation rate (Rj,) minus the radical capture rate
é } and the rate of flocculation of primary particles (Rp),

N/dt = R - - Re.

The %gdicgﬁ recgmbination in water molution ylelding oligomer
products, like o, Havem 30 (o)1, with surface-sctive propertiea,
has not been taken inte account in /2/. It has slso been neglected
in /3/, where the rate of particle formation during water-phase
polymerization of a monomer, like atyrol, with low solubility in
water, waa calculated. But when "own" surfactants are Formed in a
aystem, one should, obviously, take intoc account their effect on
the rate and mechanism of particle formation.

To ascertain the formation, and to determine the properties
of "own" surfactants in emulsion-fres MMA polymerization, we made
the following experiments. MMA in water phagse was polymerized in
argon current using the following mixture {part by welight): MMA - S,
ammonium persulfate - 0.0%5, water - 35, temperature 2530K, and du-
ration 6 hours. The produced latex had the following properties:
concentration of dry substances - 4.7%, diametsr of paEticlea -

175 nm (light ecattering), surface tension ~ 60,5 mJ/m°. Latex
was dried at room temperature to conatant weight. Using the Allen
method, we have determined the sol-fraction in water at room tem-
peraturs in a dry polymer, The content of sol-fraction wae 1.4%
of the total polymer weight; surface tension of 1.4% of gol-frag-
tion solution in water was 51.5 mJ/m2. Figure shows an igotherm
of a sol-fraction surface tension in semilog coordinatea. The iso-
therm shows a similarity between investigated water-soluble oli-
gomers and low-molecular micelle~forming surfactants,

Thua, the performed experiments show that the emulsion-fres
MMA polymerization with persulfate initimtion Yields in latex water-
soluble polymers with rather high surface activity. These producta,
being formed as & result of oligomer radical recombination in water
phase, can be conaidered as bighly molecular anslogs of low~mole-
cular micelle-forming surfactante. Their presence should, apparently,
be taken into account in calculating the number of particles and in
studying the mechanism of their formation in latex syatem.
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Fig. Isotherm of surface tension of liMA-latex sol-fraction.
C - concentration of sol-fraction in percent.
b - surface tension in mN per meter.



