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'Crr'qw‘-* Coatings and Piosliecs Chemiztry! Prenvinis Yol 43 (31690) Ho. o
bl

-y

'—I-l-” - — ...’
'1.. o o Py ire R T I - r P
the zhsbracts asnear in the Poljmer Divi: 'Folyrer Drezorinta!
Fuller versions of wost e navwers should
s luter.

Vm. =1 (3880} tin, 2.
appesy In 2 voelume in the L.C.S. Symposium Serd

Thz Synposivm on 'Secience and Technol ﬁp;} c;.
Okih Ooileld ant Surfacz Science Synnosium iel
5

June wos nlso vary siecsssful: 29 popers vere nrecented bu
Pu*cl'}ic;a'l,*-.n:a iz nionned.

teindrg the nuners
wag minlicnzd in
masaive yohwre of

: <11, B A the

e

'Tolyrer Colloids TI' edited by
from the 4.0.3, Yod Ecach m"—c:ti
Jun= Ty Plemum Press ( Eh' SR GICEN B
625 paves. Tha *}':"n_ce is 283,40 ou..slc'ie ithi
price iz 3 BE.50 ‘mi, by using the form inciuled in ’Pcl.,.- »r Preprints!
A0S, Poelymer Division membars eed offilictes can abivin the volune
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Plemmum Precs have also punll n english tranclation of "Emulsion
Polywerization and Tis anplications in Inlustry' Ty Zlizcsve, Iverchsy,
Kuchanow, wnd iebedev (IS.ZI’ 6—506-1(‘.9 1-1). The nrices in this case ars
Ue Sl 2 L:‘.‘D (Z a7.12 with discoun 1t), Sleevhere 5 &0.4C.

Tt is intended that the nacers givarn ot the Syrmeziun on 'Zralsion
Polyrevication of Tinyl icetabe' held ot Tenigh in Lpril zhculd “e
puhliched as 2 book, The publishers will he aupliel Selence,

The ?la:—.tics ard Ruhber Institube are planning 2 2nd Internstiona
Po];yl“e Tatex Conference Tor lay 1982, Tormal inquiries snould be and
to M R.E.C ran, The Plzocties ani Zubber Tacstiiute, 11 YUobert Floce,
Iondon SWIV OHL. Telephone 01245 2358, Infornicl inquiriess fo David
Biackley. )

Refer to the Anmueal Business lreting [Hmutes for information
currently availeble on the 3rd 'Polymer Ceolleid' feorlon fonferencga 1841,
the '"Zmulsicn Polymers! section of the TUFAT Iacromol-cular S:,':r! osium
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1981, =znd the proposed 2nd 'Polymer Colloils' NaT0 ATT in 1282

4 Conferanne volume ensitled 'Polivery na Corove Tindilatstaiz!
{1Polyirers haszed on Vinyl Acet ‘-:.e') ey punhlishel by ffauka, loscow in
1973 "'u* ro one outside the U.S.S.R. seenms to have hesn atle to acc_uirc .
a cony. The titles of the papers zppesrel in 'Coemical iis! racts' S1 (1879
but thzse had simoly Hesn sTanslated fron 'Refe. tnye Zhurnal' (which
presumebly gives abstracts).

Cory for the Spring .L £1 should e f-aﬂn"cm:o me 2% the Chondstry

Deparivent, '-J.'I::‘I‘, Y,0. Zox &8, Henchesbsr 100 10, Dngland to wrrive
by Sth May 1921,




¥INUTES of the ANNDAL BUSINESS IERTING of the PCLYIER COLIOID GROUP Leld
on Saturday, 1lith Jun= 1920 at 4.45 p.m. in thez Sineclair Asditorium ef
Tehigh University, 3ethlehem, Permsylvania,

Presont: J. S. Dodge, L. S. Durm, M. El-dsser, R.M.Fitch, I, Furlong,
A. A. Robertson, and P, Saunders with Theo van d» Ven (repreasntins

S. Mason) and B. Kronberg (representing P. Stenius).

Future Meetinss. As Chairman of the 5rd Gordon Conference o Polymer Colloide
Eob Titch anmounced that the Conferaence would ve held at Tilten School, Tilte:
Newr Hompshire, July 12-17, 1881, John Vanderhoff would be ths Vice-Chairman.
The 1951 Anmial Pusiness Meeting would be convened during the week. Speakirs
would incelude Overleek, Tadros, and Stone-latsui. The 12281 IUPAT lncromcleculiar
Symposium would be held in Strusbourg, France in the preceeding week, 6-§ July
and would inclulde a section on Zrmlsion Polymers at vwhich he had Peen

invited to bhe the Main Iecturer.
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Gary Pochlein hzd nrenared a draft subnission for a second NATO
Advancezd Study Institute to be held at Bristol, June 29~Tuly 11, 1982
This had been circulata2l for cormment to some hut not to 211 of the
members present and it was decdded to wezt agnin on Sunday at 5 p.em.
when Gary would ne vrecent to congider the draft wuhidesion in detsail,
It was noted thai Ron Cilewill was now a renber of ihe Scicntific Cosmittee
of MATO.

New lerbers. It was noted that, in fret, Dr Purlonc hed baosn nowinatod

to rerresent ithe University of !Blbhourne group razther than P-"me zor Healy.
Nothinz had *teen heard from Profescor Watillon ind it was decided that

tha reprcsenti- ve of his group should Tz e Store-latzud. IL vas
proposed that Theo van Az Von (200111}, Prona “opcehi (Folak, Dochester)
and Pave Bazzett (Union Cnr™ids, South "‘*‘a"‘le stony should be meihers and
they were =lected unanimously.

Other Pusiness TOr Turlong dreifaticniion to =z ner journal "‘o"loa. ls £ Suriasss!
which %ad commenced wuaterly publication In Jumuary fro Ilzovier: it was

hoped that it could achieve more rapid publleation than the 'Jour..‘..l of
Colloid und Interiuce Sci-fnce'.

The meeting closed at 5.350 p.me

SAdrences of MNew Jamirs

siry, Pulp and Poper Puilding,

Tr e e von de -Ien, 1)El)ﬁrtt e=nt of h ist
St e‘.:, ‘ontreal, Fv, Canciz, H3A 247,

Me3ill University, 3120 University

Dr P. Bagchi, Rezearch Deparinent, Bastnan Kolgk Ce., Chemiczl Division,
Kodak Park B-81, Rochester, N.Y. 14530, U.S.A.

Dr D..Bassett, Technical CTenter 150-130, Union Curbile Corporation,
South Charleston, “eet Vivginia 53003, U.5...

Suhstitute Dvr J. Stone-tazui for 1‘1:':_3;“.' 4. Tatillon
Ir 3. Turlong for Prof. 7. lealy.

Chance of &38rezs D §. I. Garlern is row at Sherwin "-'illians Co.,
11541 South Champlain averue, Chdeapo, Iilineis 0628, U.S.a.
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FL OT OF n-AVidL TRITTHYL ALONTUL BROVIDS UPOH 1NCHALTCAL STABILITY OF NATURAL
AU LTl

D, G. Blackley, National College of Rubber Technology, The Polytechnic of Horth
London, Holloway, London N7 &Ln,

It is usually assumed that the addition of cationic surfsctonts to an
anienically-stabilised aquecus colloidal dispsrsion, such as natural rubber latex,
will slways reduce the colloidal 5tability, possibly to the point of coagulaticn,
at leact if the cationic surfactont is not added in cufficient auantity to reverse
the charge on the particles., Rather surprisingly, we have recently found thst tnis
is not always true of natural rubber latex. Some results which I presented briefly
at the recent A,C.S. Ezmulsicn Polyrerization Symposium held in Las Vegas indicate
that under some circunstaorces the addition of small guantities of s cationic surfact-
ant to natursl rubber latex can result in small increases in mechanical stability.

The cationic surfactants which we used were the p-alkyl triethyl anmonium
bromides, prevarcd by reacting triethylamine with the appropriate n-alkyl bromide,
Tne rmumber of carbon atoms in the n-alkyl group was varied over the range 6 to 18,

S0 Shat the toital nunber of carbon atoms in the surfactart varied over the range 12

to 24. The surtactants were purified by recrystallisstion, Being quaternary amnoniun
salts, there ceemed to be little likelilocd that the surface aclivity would be aavarsely
&éffected by.the alkaline PH of ammonia-— preserved natursl ruvber latex,

The latex used wss a 607 high-acmonie centrifuged concentrate, Care hzd 4o be
taken in adding the cationic surfzetants to +he latex, in order to evoid local C0a1l-
aticn, The latex samples were matured for about 48 hours at roonm temperature in
order to allow some epnortunity for adsorption equilibrium to be attoined., Afiop
waturation, the latex mas filtered through two layers of cheese cloth in order <o
remove any rurtieles of coazulum, the presence of which night seriously distort the
nessured wechanicel Stability. ilechenical stabilities were deterrzired at 35°C by a
conventional hizh-speed stirring test, essceitially according to the procedure specified
in B.S. 1872:1572. However, the sitabvilities were delernined at 505 total solids content
instead of at 557, and the latex samples vwere diluted with water instesd of with 1,5%
anfonia sclution,

The results sre swimarised in Fig.1l. Thilst these results shew thet in gereral.
the addition of thuese cotionic surfactents does lead to a reduction in mechanicsl
stebilicy, however, they also show thai chiz is not invaricovly the case. It aprears

hot small additions of an n-alicyl triethyl ammonium bromide whose n-alkyl group
contains betveen approxinately 8 snd 12 corbon atons can brivg about a spall increase
in mechanical stabvility,

iy
ca

It is usually assumed thot Lhe acéition of a sinll amount of cationic surfactant
%o a rubber latex will invariably lead tu a reduciicn in rechanical stability becousne
the surface-active cations are ndsorbed ob the rubber-viater interfsce, partinily
reutralise the charge st the porticle surfoce, and {theveby reduce the counterion cloud
which swrrounds the porticles. There seons o be little reezson to dcubt that the
cations of all the towfactanisuzed in £ldn investiration were wmdsorbed at the rubbsr-

-water intevfsce, *hat the charge at the poriiclie curface wes partially neutralised,
and that the counterion zlowds surrcunding the particles were reduced in conscyuanta,

vhat is cleor is that the reduciion in p2riicle chavpe was not always ecceoupanied ty
a reduction in mecharicsl 5tability; it appesrs 4hat in come cncesn the destabilising

etf'fect of reduced variicie charge is rore then oft'set hy some other effect which
accompunies the esdsorption of Lhe surface—active cobions ot the particle surface, and
vivieh cauces the nechsnieal stability ©o increase. One possitle efi'ect which mes'n
these regnirenents is thol tha molecules of the oddud surfactant become mixed with 4he
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nica

mecha
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molecules of indigenous soaps alrcady sdsorbed ot {ihe rubber-vater interface, and
that, in consequence,the latersl cohesion between the hydrophobic parts of the
adsorbed nmolecules is reduced. It may be recelled “hat an effect of this %type has
been postulated by us previously in order to 2xplain the abvility of small additions
of certain carborylic-acid scaps markedly to increcasc the mechenical stability of

. matural rubber latex (1,2). In our previous publications we have made a case for
supposing thet reduclion of lateral cohesion beiween the molecules in the adsorbed
leyer et the rubber-water interface may enhance the ability of those nmolscules to
stabilise the particles arainst coogulation. In eny event, regardless of the detailed
mechanion vwhich i3 proposed, the present results scem to indieate clearly that the
mixing of the added sosp or surfactant molecules with the rmolecules of adsorbed
indipgenous surface-active substences con have an important effect upon the mechanical
stability of the latex, and that this effect can be mora significant than any effect
which srises merely from enhancement or reduction of' .the density of charge at the
rubber-water interface. One aspect of the present resulis which is porticularly
interesting is that, of the cationic surfaciantswhich were included in this investi-
gation, the one which was able to effect the grestest enhancenent of mechanical
stability was the one which contained 10 corbon atoms in its n-olkyl chain, This is
approximately the. hydrophobe chain length at vhich added enionie surfactants (p-alkyl
carbox&lates,_g—alkyl sulphates and n-alkyl sulphonates) ave mast effective in erhanc—
ing the mechanical stability of motursl rubber latex.
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Fig, 1 : Effect of n-alkyl tricthyl amsoniuvm
’eac’r ) bronides upon wechanical stability of natural
rubber lovex. Dhuzbers appended to curves are
nunber of carbon cioms in n-aliyl chain of
suxfactant, .
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UMIST

The University of Manchester Institute of Science and Technology

Chemlstry Department 0 Box B8, Manchester Mi60 1QD
Dr A. S. Dunn Telephone 061-236 3311
Extension 2991 Telex GBALO4

The Oripin of Structural Variations in Polyvinyl Alcohol

There is some evidence in the literature that the water content of
methanol used as a solvent in the polymsrisation of vinyl acetate from
which polyvinyl alcohol is subsecuently prepared may affect the properties
of the polyvinyl alechol obtained probzbly as a result of variations in
the extent of non-hydrolysable short-chain hranching reculting from
intramolecular transfer during the polymerisation. Kamachi, Iiaw, and
Nozakura (Polym. J. 11 (1879) 921) find that the propagation rate
constent found for vinyl acetate in solution polymerisation varies markedly
with the solvent and attritute this to solvation of the polymerising
radical. If this is correct a similor variation of ti.e vete consieni for
intramolecular transfer leading to the formation of short-chain branches
is also likely. The results of Beileryan, Egoyan, & Mermaryan (Arm.Khim.
Zh. 26 (1973) 142 show that the polymerisation of vinyl acetate is sensitive
to the water content of methancl water mixtures

Bffect of Water on Polymerisation of Vinyl Acetete in Methanol

Vinyl zecstate G.7 1ol dm™ Benzoyl peroxide 3.3 x 107° mol dm™

Bulk | Methanol ¥ethanol-water
k_‘_,/]:t’l' at 50 °%C 0.288 0.425 0.516
Boyera1l/kJ mol™> - 114 108
/K mo1-1 34 52 46
Solvent transfer constant, kp/k, .- 7.75 x 10~5 3 x 107°
Iong~-chain branch voints {wole ) - 0.14 0.08
(hydrolysable)
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A Hoechst putent (2.P, 1,224,113 (1971)) on the contimious nolymerisuation
of vinyl acetate in methanol also elaims that & more consistent polyvinyl
aleohel of higher wiscosity is obtained on compnlete hydrolysis when some
water ig added to the methanol.

Per 100 parts ™y weight Vinyl Acetate Viscosity (cP)
ca. Jﬂf conversion of 2 4% solution of
Parts by wt. ¥ethanol Tater a 100 hydr&lysed TVCH
") Parts by wt. Parts by v,
0.017 .40 = = 47 - B4
0,017 2.40 1.69 76 - B4
0.010 6. 40 - 53 - 68
0.010 8. 40 1.10 83 - 20

For his M.Se. project, ¥r IM.E.Mahmood hos tnqt 3 the effsct of methanol
conteining 0.1 & vioter compared with amz*henol dried over & 4 A Molecular
Sieve. A 507 solution of vinyl acetate with 0.]15 f azodiisohultyronitrile
was polymerised at 55 ©C for 21 hrs vhen the conversion was fournd %o he
845 in the éry methanol ans 51 5. when water was present. Previous
work indicated that thc time required to reduce the acetyl content to
12 mole & by alkelire methanolysis using 1.85 w/v NaOH was 31 min. but,
in fact, the acetyl content found aflcr this tinme was 4.0 mole & in each
case. This just goes to show how critical the preeise method of carrying
out this reaction is. The product is a stiff gel vhich has to be cut up
and durped into a solution of theewulralent "uﬂnfiuy of acetic acid to
stcp the reaetion., The atcorbanes at the maxinum (140 nm) of the red
complex formed hy the residual seruerces of more then 14 vinyl scetete
residues with acuecus iodine in potassium iodide dif'ferad bheing .16 for
tre sample polymerised in dry methenol and 0,82 for that obtained in the
presence cf water. Sinece the avérzge acetyl content is the sameé, this
either mesns that the formed semnle has a broaler zcetyl sequence length
distritution ¢r that there is more short-chiain brunching (o” conceivably
a higher 1:2-zlycol content) in the latier surnle.  Since the ceniiticns
of methanolysis were the ssme for hoth =amnle= the aceiyl scquence length
distrituiicns weuld te expected to be 1dﬂnt1ch1 50 the latter =xplanstio
seeins the more nlausible. The latex viscosity of solyvinyl acetate leti
is knowm (cf. Shiraishi, ioro} to he very scnsitive to the stiucture of
the polyriryl 2lcohol uszd to prepare them. Accoriingly the Gwo
polyvinyl alcouolﬂwcetate specimens were used in the emulsion
polymerlvatlon of an &% v/v at a concentration of 3 on tre aquecus phase.
A minor proportisn of sodium dodecyl sulphate (0.c& c) had to he used to
obtain & stable latex. DPersulphate initlation was used at 60 ©C.
The polyvinyl alcohol-acetate from the dry methanol synthesis gave a
conversion of 6C, in 5 hrs, that from the Flic yrpnared in presencs of
water 58%. 2Zut the latex wviscosities (measured in a capillnry vicconster)
vere 4.4 and 2.3 cP respechtively. Thus it appears thet z wnall amount
of water present in the nnthanol used in the preparation of the
polyvinyl zcetate can be responsible for a large difference in latex
viscoaity when ths ooly vﬁngl alcohol prepered from it is subsequently
used in an emlsion woljnerﬂsatlon. Taristion in the weter content of
the methanol is just the sort of adventitious factor which could account
for veriations in the proverties of the proluct if its inportance
vere not realised so that it could be conirolled.
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University of Connecticut

Shu-Jan Liang:

The kinetics of the swelling of organic colloids are being studied
under three circumstances: (1) different activities of diffusant in the
aqueous phase, (2) different migration rates of diffusant through the
interface, and (3) different mobilities of diffusant within the latex
particle.

A light scattering photometer is used to measure the swelling rates
of latexes. The particle sizes are determined by both angular dependence
of scattering and 90° scattering of vertically polarized 1ight. Mono-
disperse, aqueous latexes of polymers and a liquid disulfide, which show
higher order of Tyndall spectra, were prepared for this study. The
effects of the polymer glass transition temperature and relaxation kinetics
on swelling rates are investigated by swelling glassy and rubbery polymers
with good solvents. Tetrahydrofuran and p-dioxane are used as the
swelling agents. Polymeric and monomeric surfactants are used to coat
the surface of the latex particles, and their effects on swelling rates
are studied in terms of the amount of adsorption and the conformations
of macromolecules adsorbed on the 1iquid-solid interface.

The accompanying figure shows the results for the swelling of poly-
styrene latex by tetrahydrofuran in water at various THF concentrations.
Acceleration in the swelling rate is observed when the Tg of the
polystyrene/THF mixture within the particles falls to room temperature.
At this point the swelling mechanism changes from Fickian to polymer-
relaxation-controlled. The latex was ion-exchanged and steam-distilled
to remove traces of residual monomer.

We believe swelling kinetics determined with styrene monomer are
subject to error because (1) the monomer may be polymerized by trapped
radicals in the glassy polymer, and (2) fine droplets of monomer, under
agitation, will have an activity greater than that of the monomer at a
planar interface and variable because of variations in particle size, due
to the Kelvin effect. Therefore swelling kinetics should only be done
with solutions that are below saturation.

This work is in cooperation with John Ugelstad under the sponsorship
of NATO.
Tor Henrik Palmgren:

taser Light Scattering Studies on the Early Kinetics of Emulsion Polymerization

Work is being done on the kinetics of the earliest stages of the
emulsion polymerization of Methyl Methacrylate in aqueous wedium. The
study is a continuation of eariier work done by Fitch, Tsai, Watson and



others, and attempts to further clarify the mechanism of particle
nucleation in homogeneous systems.

In our experiments the monomer concentration is varied below the
point of saturation. Other variables are initiator and stabilizer
concentration. Currently sodium dodecy) sulfate is used as stabilizer,
and the photodegradable compound biacetyl is used as initiator. The
intention is to look at systems that are initiated by other water-soluble
photosensitive initiators, as well. Present experiments are carried
out under continuous illumination.

The instrumental approach is an improvement over the one used by
Watson for work on coagulation kinetics of latex formation. A Brice-
Phoenix 2000 DM 1ight scattering photometer was used for the in situ
detection of the polymerization process. However, to achieve higher
sensitivity, the instrument has been modified as foliows: A He/Ne laser
is employed as the scattering light source allowing for high signal
stability. The signals are detected simultaneously at two photomultiplier
tubes, one at 0° and the other at 90 degrees to the laser beam. These
signals are then fed to a differential amplifier, and the difference
signal is subsequently recorded. The advantage of this approach is that
external noise thus can be minimized by subtraction. A secondary Hg-vapor
light source is mounted at right angles to the incoming laser beam (270°),
to provide ihe energy necessary to decompose the initiator molecules.

The differential signal is recorded as a function of time. and sub-
sequently converted to Rayleigh ratios versus time. Thecretical com-
putations based on Hansen's and Ugelstad's equations for particle
formation have been carried out.

The following experimental observations have been made: Experiments
- performed under otherwise identical conditions indicate that the initial
rate of polymerization is the same, regardless of the presence or absence
of stabilizer. This is to be expected from the theory and can be further
illustrated by the equation below.

g%-= Ri - RC - Rf » Where

N = number of particles, R. is the rate of initiation, R_ is the rate of
capture, R. is the rate of coagulation. It is clear frlm this that
capture ang coagutation can be ruled out during the first few seconds of
polymerization. However, later during the reaction it was noticed how the
coagulation process was clearly retarded by the presence of emulsifier, as
expected.

Finally an interesting observation was made, while comparing experiments
with different monomer concentrations. Quite the contrary to what could be
anticipated from theory, higher monomer concentration resulted in a slower
rate of increase in the Rayleigh ratio. The monomer concentrations studied



were 0.1 M (close to saturation) and 0.05 M. Intuitively one would expect
the critical chainlength to be reached sooner with a higher monomer
concentration, thereby resulting in a higher rate of increase in Rayleigh
ratio. However, the contradiction between theory and practice seems to
suggest that the critical chainlength may be a function of monomer
concentration. The explanation for this may be a binary solvent effect,
where a higher monomer to water ratio would result in a higher soTubility

of the oligomeric chains, thus allowing oligomers to grow longer in a

case where the moncimer concentration is higher. Our theoretical calculations
tend to support this idea, in that they predict nucleation rate to be strongly
dependent on the critical chainlength. Futher experiments and curve fittings
have to be done in order to assess the validity of these ideas.

Charles Fifield:

We are investigating Ion Scattering Spectroscopy (ISS) and Secondary
Ion Mass Spectrometry (SIMS), two highly sensitive methods for surface
chemical analysis.

In ISS, sensitive to only the outermost SHE or two atomic lavers,
a beam of monoenergetic ions such as 3He™ or ¢UNet is directed at a sample
and their energy distribution after being scattered is determined at a
given angle. The ratio of the energies cof the scattered and incident
ions, E/Eg, depends on the mass of the given surface atom. Identification
of surface atoms is thus possible. In SIMS, charged species which are
ejected from the surface as a result of jon beam bombardment are analyzed
by a mass spectrometer. .

Dried polystyrene latex samples were mounted on Au/Pd-coated plates.
Elements such as C, 0, Na and S, among others, were identified. The
detection of sulfur could not be used to provide a measure of sulfonate
or sulfate groups since the sensitivity of ISS/SIMS to the element in
this form was found to be quite low. Latexes containing only sulfonic
acid groups were converted to the rubidium sulfonate form by ijon exchange
and this element was detected because of the high sensitivity of the
method for Rb, even though the level of sulfur was below the 1imit of
detectability. A series of well characterized Tatexes will be used as
calibrating standards to determine the correlation between gquantity
of sulfonate determined titrimetrically and the Rb peak-intensity in
the ISS/SIMS.
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CURRENT POLYMER COLLOID RESEARCH AT MCMASTER UNIVERSITY

A.E. HAMIELEC, Department of Chemical Engineering.

This is my first contribution to the Newsletter and on this
occasion I thought it appropriate to introduce the various projects
which are currently in progress or have just been completed.

1) Liquid Size Exclusion Chromatography (LSEC)

LSEC is similar to hydrodynamic chromatography {(HDC) except
that porous glass packings are employed. LSEC is under investigation
as an analytical technique for the measurement of particle size dis-
tribution of latices in the submicron range. Emphasis has been placed
on the development of calibration techniques for a turbidity detector
where peak broadening is significant. Calibration technigues are now
considered satisfactory. The LSEC method works well for particles of
up to 1 micron in dlameter that are monodispersed. Polymer particles
greater than abcut 4000 A may be trapped.in the packing and as a con-
sequence, LSEC work§well with broad particle size distributions only
when particles greater than 4000 A in diameter are not present.

2) Continuous Emulsion Polymerizaticn of Vinyl Acetate

An attempt is being made to develop practical control strate-
gies to control conversion, particle size distribution, weight-average
molecular weight and long chain branching frequency. Control strate-
gies are being tested experimentally with the aid of online sensors to
measure surface tension,conversion {densitometer), particle size dis-
tribution (turbidity-spectra) and weight-average molecular weight (KMX6-
low angle laser light scattering photometer).

3) Free Radical Polymerization Kinetics at High Conversion

Models are being developed to account for diffusion-controlled
termination and propagation reactions due to chain entanglements and
glassy-state transition. fThese models are being used to predict ab-
normal molecular structures (such as excessive terminal double bonds
and long chain branching) which seem to occur at high conversions in
the bulk, suspension and emulsion polymerization of vinyl chloride.
Copolymerizations of styrene-acrylonitrile at high conversions are
being done to measure abnormal microstructure when propagation react-
ions are diffusion controlled.

(Contribution to Polymer Colloids Group Newsletter, from Dr. A.E.Hamielec,
Department of Chemical Engineering, McMaster University, Hamilton, Ontario,
Canada) .
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S.G. Mason, T.G.M. van de Ven and A.A. Robertson
Department of Chemistry, MeGill University

and _ :
Pulp and Paper Research Institule of Canada ‘.

Current studies in our graduate student research program include
the following.

(a) Rheo-optical behavior of ordered latexes.

The behavior of ordered latex under shear was investigated using
a visible-light Bragg diffraction technigue. When the Bragg angle is
Tixed at 90°, the Bragg diffraction pesk corresponds to the spacing of
the lattice planes parallel to the walls. Before applying shear the
latex exhibited a clear peak. VWhen the latex was subjected to a low
shear rate (0.33 s'l), the peak beceme broader and was shifted towards
longer wuve lengths. This might be due tc a deformation of the electric
double layer by the shear, thus causing a difference in the dislance
between the lattice planes of the latex.

Under higher shear, one might expect the occurrence of =& larger
shift of the peak. However, it was found instead that the peak was
separated into two pesks, one of which had a shorter and one of which
had a ‘longer wave length than the original peak,

Ordered latex suspensions are, in general, non-Newtonian. The
above phencmenon can provide insight into this non-Hewtonian behavior.
The presence of two peaks suggests that two kinds of spacing exist in
the latex, one shorter and the other larger than the original spacing
(see Fig. 1). This could explain the difference with the simple shear
flow pattern.

Other interesting phenomena are:

(1) The separation of the spacing does not recover after removal of the
shear. In contrast the peaks which were shifted by low shear
returned to their original position after removal of the shear, but
remained broadened.

(2) As first reported by S. Hachisu, we confirmed that the spacing of
the latex al rest is smaller than the value calculated from the
volume fraction of the latex. 1In other words, the size of the
particles determined by Bragg diffraction is smeller than that
determined by electronmicroscopy.

BT
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Fig. 1 Schematic presentation of the Suructure of ordered latex under
high shear,

(b) Particle deposition “rom flowing suspensions.

The objective of this study is to determine particle deposition
rates from flowing suspensions by solving complete transport equations
including terms describing specific surface interactions and external
forces. The results are relevant to deposition onto pulp Tibers subjected
to Tlow.

Rigorous equations were formulated describing deposition kinetics
of spherical Brownian particles onto walls of parallel plate and cylin-
dricdl channels. Hydrodynamic corrections, dispersion and electrical
double-layer forces as well as external forces, e.g. gravity, wvere
simulianeously considered in an exzcet form. These equations were solved
numerically using the weighted average Crank-Nicolson scheme and the
particle flux {mass transfer Sherwood number) was determined as a function
of dimensionless parameters introduced, such as Péclet number Pe, gravity
number Gr, and Ad, D1, T accounting for the dispersion and electrical
double-layer effects.

The results of numerical calculztions have revealed that the
particle flux is sirongly influenced by the presence of altractive sur-
face interactions, i.e. in the case when particle and channel surfaces
are oppositely charged. This effect is especially well pronounced for

T



distences close to the origin (i.e. where the deposition starts) and for
larger values of the Péclet numbszr. This is due to the fact that under
such conditions the diffusion boundary layer is comparable with distances
over which surface interactions play a dominant role. Accordingly, the
effect of surface interactions diminishes as Pe + 0 and x + = {x is the
longitudinal distance from the origin), i.e. for small perticles and for
remote distances from the origin where the diffusion boundary layer thick-
ness becomes large. This is illustrated when the effect of attractive
double~layer interactions on mass transfer rate (Sh number) is presented
as a function of the dimensionless longitudinal distance X. It is found
that for small distances {i.e. x < 1) the calculated flux values differ
considerably from the analyticel formula:

1 2 Pe 1/3 (1)

5y = TI73) ox

which is widely used for interpretation of experimental results. However,
for Pe < 10~3 (i.e. for particles smaller than about 0.2 ym) and in the
absence of ‘external forces, this formula may be successfully used for
predicting particle deposition rates. Even for relatively strong double-
layer inleractions the deviation between exact resuits and those obtained
by using Ey. (1) does not exceed 10%. Similerly, for particles smaller
than 0.2 -~ 0.1 ym in diameter the influence of gravity becomes negligible.
For lurger particles, however, especially when the orientation of channel
walls is perpendicular to the direction of gravity, this equation cannot
be used to estimate the particle flux, not even as a crude approximation,
giving results much too small for the lower channel surface and much too
large for the upper one. Thus, for lerger particles, i.e. sbove 1 im in
diameter, the influence of specific interactions on the particle deposition
rete remains important even at remote distances from the origin.

In the case of a cylindrical channel when gravity cannot be neglected,
the particle flux and consequently the amount of particles deposited depends
not only on the longitudinal coordinate but also on the angular coordinate
8; this dependence is more pronounced for larger distances from the origin.

In contrast to the rotating disc or spherical collectors, the inter-
ception effect is unimportant for the parallel-plate and cylindriecal
channels even for large particles because of the lack of & normal compo-
nent of the fluid veloecity vector. Consequently, the specific interactions
Play a much more significant role in determining particle deposition rate
within parallel-plate and cylindrical channels as compared to the rotating
dise or spherical collectors.

A comparison of existing experimental results of Bowen and Epstein
with our theoretical predictions shows, in cases of strong double-layer
attractions, a better agreement between theory and experiment than com-
parison with Eq. (1), used by these authors to interpret their results.
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by M. Nomura
Dept. of Industrial Chemistry, Fukui University, Fukui, Japan

We (M. Nomura, Dr. S. Muroi and Dr. S. Matsuo)organized The
lst Symposium on Polymer Microspheres, Japan to be held at
Fukui University, Fukui, Japan in Oct.31 - Nov. 1, 1980.

The program is included for reference in this Newsletter.
Preprints will be provided in case somebody is interested.
(Preprint is written in Japanese)

SYMPOSIUM ON POLYMER MICROSPHERES

FUKUI MEETING

Organized by The Hokuriku Branch of The Society of Polymer Science,
Japan and cosponsored by Division of Colloid and Surface Chemistry
of The Chemical Society of Japan and The Adhesives Society of Japan
and other two societies.

PROGRAM

1. Effect of Polymerization Conditions on the Morphology of PTFE
Particles. T. Shimizu, §. Yamaguchi and §. Koizumi (Daikin Kogyo)

2. Monomer Distribution in Particles During Seeded Polymerization.
M. Okubo, Y. Katsuta and T. Matsumoto (Kobe Univ.)

3. Surface Structure of Composite Polymer Emulsion Particles.
M. Okubo, A. Yamane and T. Matsumoto (Kobe Univ.}

4. Studies on the Polymer Gel Spheres with Functional Groups on their
Surface-Copolymerization of Diallyl Phthalate with Unsaturated
Carboxylic Acid- Y. Otsuka, H. Kawaguchi and T. Hamasaki (Keio univ.)

5. Preparation of Amphoteric Latex Via the Hoffman Reaction.
H. Kawaguchi, H. Hoshino and Y. Ohtsuka (Keio Univ.)

Invited Lecture: New De elopment in Polymer Emulsion.
T. Matsmoto (Kobe Univ.)

Invited Lecture: Applications of Synthetic Latex Particles for Medical

and Biological Studies: T. Suzuki ({Tokyo Medical
Colledge)



10.

1.

12.

13.

14.

15.

i6.

17.

Preparation of Composite Polymer Porous Membrane Employing Emulsion
Polymerization. S$. Hayashi, T. Hirai and N. Hojo (Shinshu Univ.)

Temperature Sensitive Behavior of Composite Polymer Emulsion Film.
M. Okubo, M. Seike and T. Matsumcto {Kobe Univ.)

Rate of Emulsion Copolymerization of Styrene and Methyl Methacrylate.
M. Nomura, I. Horie, M. Kubo and K. Fujita (Fukui Univ.)

Analysis of Rate of Emulsion Polymerization with Dominant Gel-
Effect., S. Omi, H. Nagatomc and M. Iso {Tokyo Noko Univ.)

Rate of Coagulation of Latex Particles. K. Higashitani, Y. Matsuno
and G. Hosokawa (Kyushu Institute of Technology)

Preparation of Self-Crosslinking Emulsion by Radiation-Induced
Emulsion Polymerization., A. Katakai and K. Makuuchi (JAERI,Takasaki)

Viscosity Control of Emulsion Polymerized by Radiation.
K. Makuuchi , A. Katakai and S. Egusa (JAERI, Takasaki)

Emulsion Polymerization of Styrene by Electron Beams. K. Hayashi
and S. Okamura {JAERI, Neyagawa)

Preparation and Surface Properties of Nonaqueous Dispersion of
Poly (Metyl Metnacryrate}. A. Kitahara, T, Satoh, S. Matsumura ,
K. Kandori and K. Kon-no(Science Univ. of Tokyo)

Structure of Electrical Double Layers on Synthetic Latices.
K. Furusawa (fThe Univ. of Tzukuba)

Studies of JYonizable Surface Groups on Various Latices by
Conducmetric and Potentiometric Titrations.
M. Ozaki, N. Arai, H. Itoh and Y. Miyashita (Yokohama City Univ.)

Acid Distribution and Stability in Carboxylated Styrene-Butadiens
Latexes. M. Sekiya and T. Koike {(Nippon Zeon )

Invited Lecture: Hydtophilic Gel: Its Characterization and Application

18.
19.
20,
21‘

22,

23.

to Separation of Biological Substances.
F. Kamiyama {Sekisui Chem. Co.)

Dynamic Light Scattering Measurments of Polystyrene Latices.
T. Kato, K. Nakamura and A. Takahashi (Mie Univ,)

Preparation and Characterization of Alkali-Swellable Carboxylated
Latex. S. Nishida(Japan Synthetic Rubber Co.) M.S. El-Asser and
J.W. Vanderhoff (Lehigh Univ.)

Effect of Neutralization on Water-resistance of Carboxyl-Containing
Emulsion Film. Y. Doi, T. Kato and H. Ori (Showa Highpolymer Co.)

Analysis of Plastisol Viscosity Using the Glass beads !lodels.
T. Suzuki, S. Yonehara and M. Izumi (Nippon Zeon Co.)

Electrokinetic Prop.rties at the Ligquid/Gas Interface. T. Imamura
(Kao Soap Co.) F.J. Micale(Lehigh Univ.)

Characterization of Poly(Methyl Methacrylate) Latex Graphted with
Acrylic Acid by Using Light Scattering Method. H. Hashiya and
T. Matsuo (Fukui Univ.) K. Makuuchi (JAERI, Takasaki)



Contribution to the Polymer Colloid
Group Newsletter

from The University of Akron

Submitted by: I. Piirma

Experimental work done and report written by: S. Kincaid

The Importance of Branching in Styrene
Emulsion Polymerization

In a recent paper, Piirma and Kincaid' presented a study
of the various kinetic parameters controlling the dependence of
molecular weight on particle size in the emulsion polymerization
of styrene. 1In this earlier work, an equation for the degree of
polymerization (DP) formed the basis for calculating the rate of
absorption of radicals into the latex particles, the time between
entry of radicals, and the rate constant for termination of |
radicals within the particles. However, the DP equation is only
applicable to linear polymers, while the results indicated the
presence of branched molecules. The results are similar to those
of Vanderhoff et al.?, who first postulated that chain transfer
to polymer could produce a significant degree of branching in the
emulsion polymerization of styrene. The present paper first de-
scribes the derivation of a DP equétion, which accounts for
branching, and then demonstrates its use in recalculating the

results of the authors' earlier work.

For linear polymer molecules formed by combination of
radicals, the degree of polymerization is given by

1 = Pa + Mg (1)

bPp 2 R k
p P

where Pa is the overall rate of absorption of radicals into the
particles (mol-2H,07!-sec™}!), Rp is the overall rate of poly-
merization {(mol-1H,07!-sec~!), kp is the propagation rate constant

(2-moli-!-sec-!), and k is the rate constant for chain transfer
2 tr
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to monomer {(%-mol-!-sec~!)}. 1In the earlier work, measurements

of RP and DP were used to calculate Py

According to Flory?, 1/DP equals the number of pairs of chain-
ends per monomer unit, since each linear molecule has one pair of
‘chain ends. 1In general, the number of pairs of chain ends per
monomer unit is given by the number of pairs of chain ends per chain,

NP, divided by the DP. Thus, Equation (1) is a specific case of

the general equation,

ET.P_ = .;15-.. + k_._...tr- (2)
Dp 2 R k
p P

Furthermore, since NP = Ne/Z, where Ne is the number of chain ends
per chain, then
Eg =_E_ + ktr'. (3)
2 DP 2 R k
P P “
For the combination of radicals, the number of chain ends per
chain is given by

N = 2 + .8 DP, (4)
e

where 3 is the mean number of branches per monomer unit in the
polymer. Combining Equation (3) and (4) yields the final ecuatien,
1 P k 8
DP 2 R X 2 (5)

For a bulk polymerization in which branching results from
only chain transfer to polymer, small*! has given an equation for
the branching parameter, 8, in terms of the fractional conversion.
To adapt Small's equation to emulsion polvmerization simply reguires
that the fractional conversion be replaced by the weight fraction
of polymer in the particles, WP. Thus, the mean number of branches
per monomer unit is given by

. . _1 - (6)
8- =C [ (1/ﬁp)£n (1 wp) 1 ], 6

tp
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where CtP is the transfer constant per monomer unit in the polymer.

For an emulsion polymerization of styrene at 50°C, with a molecular
weight of one million and WP = 0.40, Eguation (6) predicts that

55% of the polymer molecules have at least one branch.

Using the styrene polymerization data reported earlier!’,
Equations (5) and (6) were used to recalculate the previous results.

The values of kp and ktr were the same as used previously, and the

value of the transfer to polymer constant was that of Schulz et al.’,

i.e. Cep = 2.0 x 10~*at 50°C. The weight fraction of polymer in

the particles was calculated from the data on the monomer con-
¢ entration in the particles. The data from the previous paper
and the recalculated results are given in Table 1.

Table I.- Summary of Results =

Percent Emulsifier 2.0 1.5 1.0 0.75
R X 16* {(mol-iH, 0 !-sec™!) 8.01 6.11 4.58 2.90
N x 10°!'7 (2H,0-!) 11.5 7.12 3.39 1.51
pp x 10-* 2.21 | 1.82 1.43 1.02

]

D (A) ) 874 1040 1390 1910

M] 5.27 5.44 5. 84 6.20

Wp . 0.430 | 0.410 0.362 0.319

g x 1l0° 6.1 5.7

— 0.65 0.78 | 1.1

n

a ' 1.71 2.42 3.95 5.52

Py ¥ 108 (mol-LH, 07! - sec™!) 6.5uw 11 5.9 5.4 4.8

kt x 107 {£-mol ! -sec—!) 2.0 2.4 4.2 11.0
29 20 10 5.2

T (se;) 5.2 |

note: N = number of particles/iH,0
D = swollen particle diameter
(M] = monomer concentration in the particles

n = average number of radicals/particle



The new results do not alter the major conclusions drawn in
the previous paper, except for the observations concerning the
dependence of pp ON particle size and numbexr. Originally, the
rate of absorption of radicals into the particles was found to
increase as the number of particles decreased, but this trend
could not be explained. However, the branching correction yields
the expected result of Pa decreasing as the number of particles
decreases, as shown in Figure l. According to Fitch and Shih®
and also Ugelstad’, p, Should be directly proportional to the
product of the number of particles and the particle radius, Nr,
since the entry of radicals into the particles is diffusion con-
trolled. The plot in Figure 2 confirms this proportionality
predicted by diffusion theory.

Without the branching term in the DP eguation, the values
of 7, the time between successive radical entries into a particle,
increase very rapidly at the lower particle sizes as shown in
Figure 3. The parameter 1 is given by 71 = N/pANA, where NA is
Avogadro's number. For no branching, Pa is calculated from
1 k
=2R(___ - tr)

— /. (7}

p
&S Pi\pp x

P

Since T = J/QA, the rapid change in 1 results from Pa approaching
zero as 1/DP approaches ktr/kp in Eguation (7). Figure 3 also

shows that use of the branching term yields more realistic r values,
which do not increase asymtotically. However, the dependence

of 7 on the number of particles (1 = N = 1/r®) still remains the
dominant factor controlling the dependence of molecular weight on

particle size.

Since Pa is used in calculating the termination rate constant,
kt’ the branching term should also influence the previous values
of kt. Figure 4 shows that the use of the branching parameter

simply shifts the kt values and does not alter the previous con-



clusions concerning the variation of kt with particle size.
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Contribution to the Polymer Colloid Group Newsletter

from

Dr D G Rance

ICI Limited, Plastics Division
Welwyn Garden City
Hertfordshire

England

Firstly I would like {o thank the Group for electing me to its ranks at the
1979 Annual Meeting, and apologise for net writing a contribution sooner!
Although we scll very few polymer colloids in the market place, nevertheless
many of our products start life as emulsion polymers and so I thought you
would like to kmow something of our polymer colloid interests at Plastics
Division.

We. sell as polymer colloids Polytetrafluoroethylene ('Iluon') dispersions

and vinylidene chloride copolymer dispersions {'Viclan') with methyl acrylate
or acrylonitrile as secondary monomers for coating application, the former

for glass—-cloth coating and fibre impregnation, the latter primarily for
coating polymer {ilms to give good oxygen and water barrier for food packaging
applications. We also produce both of these materials as free-flowing owders
from coagulated dispersions. The largest outlet for polymer colloids is in
the PVC paste orea, where dispersions are prepared by both seeded emulsion

and microsuspension processes. 9hese materials are spray dried and used
extensively in the vinyl wall covering and floor tile areas. Another product
is 'Diakon', an acrylic copolymer which is prepared as a latex, but subsequently
coagulated and sold as a moulding powder principally to the automotive
industiry,

You can sece that polymer colleids loom large in our commercial interests and
at present I am involved with process research associated with the PVC seeded
emulsion polymerisation process. However at this time I would like to report
some work which I have been doing together with Ernest Zichy on some
fundamental aspects of precipitation polymerisation which occurs in the

early stages of the vinyl chloride suspension and bulk processes. PVC is
insoluble in its monomer and phase scparates in the early stages of polymer-
isation to form polymer gel particles which are heavily swollen by monemer,
Our objective was to determine what was responsible for stabilising
precipitated polymer and to proposing a mechanism for the particle growth

and aggregation steps which result in the intergrown contiguous networks
which make up PVC granules.

Our most recent views were presented as an invited lecture at the 3rd International
Symposium on PVC held in Cleveland, Ohio in August and I enclose a prepublic-
ation copy of this work. We studied the initial stages of polymerisation by
photon correlation spectroscopy (PCS). Using this technique we could not study
the first precipitaled particles ('basic! particles of size 15-20nm), since
they aggregate within seconds of formation to form the nuclei of 'primary!
particles. We were able to follow the growth of 'primary! particles by PCS
up to the conversion at which they begin to aggregate further into the

clusters which can be identified in high conversion polymer. The stability

of 'primary! particles to aggregation has heen attributed by us to
electrostatic stabilisat .n, and recently quantified by Martin Speirs

(he carried out postgraduate collaborative work with us at Edinburg Uhiversity)
vho demonstrated that PVC particles in liquid vinyl chloride monomer show
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normal electrophoresis behaviour Speirs showed that electrostatic stabilisation
could account for the sharp onset of flocculation of 'primary! particles at a
given critical size if the particles grew at constant particle number (constant
total charge in the system). This was subsequently supported by PCS measurements
where for a system with a low polymerisation rate, particle growth at corstant
particle number was clearly observed. The paper presents a model which

describes the apgregation of 'hasic' particles to form 'primary' particles,

and shows that the 'primary' particle size first observed by PCS ie when
approaching a constani particle number, is completely predicted simply by
considering the ratio of collision cross-sections of 'bhasic' particles to
tprimary' particles. The paper concludes with the description of a mechanism

of suspension polymerisation of I'VC which pools all our experimental observations
at lowv and intermediate conversions to describe the lifc-cycle of the two phase
system (polymer gel/monomer) from the time the first gel particles precipitate

te the time when the conliguous gel network loses all its free monomer,

leading inevitably to pressure drop.



Polyvmer Colloids at the Institute for Surface Chemistry

Per Stenius and Bengt Kronberg
Institute for Surface Chemistry
Box 5607, 114 86 Stockholm, Sweden

The Polymer Colloid work at the Institute for Surface Chemistry
in Stockholm concerns the adsorption of surfactants on latexes
and the formation of collcocids by association between cationic

and anionic polymers. The work on adsorption is subdivided into
three closely related areas. They are (i) adsorption of nonionic
surfactants and polymers on latexes, (ii) competetive adsorp-
tion, either with two surfactants (e.g. nonionic + anionic)

on one éurface or one surfactant on two surfaces (e.g. latex

+ pigment}) and (iii) effects of adsorbed surfactants on the
stability of latex dispersions i.e. mechanical stability, freeze-
thaw stability and salt stability.

The work on association between cationic and anionic polymers

is aimed at an understanding of the conditions for the formation
of stable colloidal particles, their coagulation kinetics and
their adhesion to solid surfaces.

Abstracts of papers, recently submitted for publication, con-
cerning work on polymer colloids done at the Institute for
Surface Chemistry and Abo Akademi:



ADSORPTION OF NONIONIC SURFACTANTS ON LATEXES

Bengt Kronherg, Lena Kdll and Per Stenius

Adsorption isotherms of ethoxylated nonylphenols on poly(styrene)
and poly{vinyl chloride) latexes have been measured. The
isotherms all reach a limiting adsorption at concentrations
somewhat higher than the critical micellar concentrations of

the surfactants. The relative affinity of the surfactants to

the latex surfaces was found to decrease with increased

ethylene oxide chain length. Analysis of the isotherms indicates
some affinity of the ethylene oxide chain to the latex surface.
This affinity may possibly be attributed to the presence of
sufface-carboxylic groups.

Some of the isotherms were obtained using the serum replacenrent
technique developed by S.M. Ahmed et al (S5.M. Ahmed, M.S.
El-Aasser, G.H. Pauli, G.W. Poehlein and J.W. Vanderhoff,

J. Coll. Interface Sci., .73 388 (1980)). In the application

of this technigque to the adsorption of nonionic surfactants

it was found that polydispersity of the surfactant plays an
important role since surfactant species with high affinity

to the latex surface will .continucusly replace other species
with lower affinity.



FORMATION OF COMPLEXES, COLLOIDS AND PRECIPITATES IN
AQUEOUS MIXTURES OF LIGNIN SULPHONATE AND SOME CATIONIC
POLYMERS

Gbran Strom and Per Stenius

A quantitative study has been carried out of the formation

of polyelectrolyte complexes between calcium lignin sulphonate
(LS) and three cationic polyelectrolytes, two polytrimethyl-
aminoethylmethacrylates (I and IT) with different molecular
weight and one acrylamide copolymer. The parameters studied
were the weight ratio of the oppositely charged polymers, the
concentration of NaCl and the temperature. Separated molecular
weight fractions of LS were studied in combination with I.

The interactions were found to results in soluble complexes,
colloids or macroscopic precipitates, mainly depending on the
polymer weight ratio and the molecular weight of LS. TFor
fractions with Mw > 1000 the complexation between I and LS

was stoichiometric when LS was present in excess of charge
equivalence, resulting in formation of only macroscopic
precipitate and'quantitative precipitation. Soluble poly-
electrolyte complexes were formed with LS if the M, was < 1000
and I was in excess. Very stable colloids were formed with
this LS fraction and I. 1In unfractionated 1S, these soluble
complexes are probably adsorbed on precipitating particles
containing high molecular weight LS and I.



THE MECHANISM O SOAP-FREE EMULSICON POLYMERISATION OF STYRENE
IN METHANOL/WATFR SOLVENTS

Juhani Laaksonen and Per Stenius

The polymerisation reaction before particle formation in soap-
free emulsion polymerisation of styrene in mixtures of methanol
and water has been studied by using the method of initial rates
to determine the order of the reaction with respect to the
different reacting species. The polymerisation was carried

out in homogeneous solution containing methanol up to 50 vol-%.
The polymerisation was initiated with potassium persulfate.

It was found that in the presence of methanol the polymerisa-
tion rate decreases in the first steps of polymerisation. The
increasing polymerisation rate with increasing concentration

of methanol in the heterogeneous system (after particle forma-
tion) can be explained by the increased solubility of the
monomeyr and the increase in particle radius. The mechanism has
been studied also by determination of the surface groups on the
latexes by conductometric titration. In this case the latexes
were synthesized under heterogeneous conditions (10 weight~-%
styrene} in order to obtain sufficient latex for determination
of the change density on the particles. The particle diameter
was determined by electron microscopy. The resiults indicate
that particle formation is governed by electrostatic stabiliza-
tion of the aggregates that are formed when the primary particles
coagulate.
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Two papers, presented at the Las Vegas ACS Meeting (August, 1980)
summarize our current interest and progress. R. L. Rowell

CiTARACTERIZATION OF LATEX PARTICLES BY LIGHT SCAYTERING. R. L. Rowell and J. R.
Ford. Department of Chemistry, University of Massachusetts, Amherst, Massachusetis
0L003. ’

The exact electromagnetic wave theory of angular light scatiering is revieved and
represented in graphical form in order to illustrate the rezularity and simplicity of
the three most pronounced general features: (1) the increzse in forwverd sczttering with
increzsed particle size, (2} thz increase in the number ari megritude of e=nguler maximza
and Einine with increased particle size and (3) the dependence of intensitiy level end
angulzr struciure on refractive index. The anmilar method is uwsed to illustrate the
concept that structure or variation in the data is the key to the determinztion of
particle size disiribution and roefractive index by light scattering. The inter-
relationship between polydispersity in sive and refractive index is discussad in
relationship to ihe inversion of light scatiering data. The wave theory Tor spheres is
compared with pariticles of other shapes. The determination of size distridution and
refractive index froan angular light scattering is compared with the turbility spscira
methol and with recently developad techniques using photon correlation spzairosecpy-

'LIGHT SCATTERING STUDIES OF THE INTERIAL STRUCTURE OF EMULSIOW POLYMER PARTICIZS.

J. R. Ford and R. L. Rowell, Dzpartment of Chenistry, University of Massachusetts,
Amhersi, Messachuscits 01003 end D. R. Bassett, Union Carbide Corporation, Technical
Center T20-130, South Charleston, West Virginia 25303. VWork done at the University of

Massachusatts.

Carboxylic emulsion copolyrer particles prepared from acrylic ester-zcrylic azcid
(2%) monomer have been exemined previously by sedimentation end light scetitering end
prasented in terms of & model with e hydrated acid-rich shell surrounding a compacs
polymer core. The sedimentation method has been used to characterize particle expansica
with increasing pH but the toechnique canrot differentiate between uniform and suriace
layer expension. The present study employs wide angle light scattering neasurensnts and
the exact eleciromagnetic wave theory of light scattering by a core-shell model to DYooz
the internal structure of cmulsion particles as n function of pi. Theoratical calcula-
tions show the Teesibility of the light scattering nethod in the 130°-150° anguler rang?
The solution to the principal experimental problems of dust particles and pH stubility
of the lotcxes on dilution is discussed. Wide angle lipght scattering meesurements dy
single photon counting using = lec.r source have been carried out as a function of dilu-
tion of ihe latex with sufficient sensitivity to distinguish two distinct renges of
lincar scattering: one dominzted by scebttering from latex particles end ‘one doxinated
by the background molecular scattering from monomer, oligoner end emulsifier.



CONTRIBUTION TO THE POLYMER COLLOID GROUP NEWSLETTER FRCM THE DOW CHEMICAL
COMPANY, MIDLAND, MICHIGAN. REPORTED BY F. L. SAUNDLRS

MORPHOLOGY OF TWO STAGE LATEX PARTICLES I. POLYSTYRENE AND STYRENE-
BUTADIENE COPOLYMER PAIR SYSTEMS. Do 1k Lee, Designed Latex & Resins,
1604 Building, Dow Chemical USA, Midland, Michigan 48640

(Preprint in Organic Coatings & Plastic Chemistry 43, 622 (1980).
180th National ACS Meeting)

The morphology of two-stage (styrene//styrene-butadiene) latex particles
was studied with respect to variatioms in stage ratio, molecular weights,
styrene-butadiene (S/B) copolymer composition, polymerization sequence,
‘and polymerization conditions. The characterization methods included
electron microscopy with the osmium tetraoxide stainiug method as well
as various chemical, physical, thermal, and mechanical analyses. The
morphological {eatures observed were mainly structures resulting from
phase separation rather than the core-shell morphology expected from
surface polymerization with no interpenetration. At intermediate chain
transfer agent levels the second-stage polymer phase-separated as micro-
domains within the first-stage polymer particles, then underwent phase
inversion to becowe a continucus phase as the amount of the second-stage
polymer increased. At high CTA levels, polymers were completely separ-
ated, resulting in a hemispherical morphology at the equal stage ratio.
Upon further increase in the amount of the second~stage polymer, asym-
metric encapsulation occurred. Phase domain sizes decreased with de-
creasing butadiene in the S/B copolymers, as expected from better com-
patibility. This study strongly suggests that the morphology of two-
stage latex particles greatly depends on the thermodynamic nature of
polymerizing latex systems, polymerization conditions and the order

‘of polymerization. :

CATTIONIC POLYMERIC SURFACTANTS. D. M. Pickelman and R. A. Wessling,
Polymer Research Lab, 1712 Building, Dow Chemical USA, Midland,
Michigan 48640

(Presented at 54th Colloid and Surface Science Symposium, June 15-18,
1980, Lehigh University, Bethlehem, Pennsylvania)

Polymeric surfactants are water-soluble polyelectrolytes that exhibit
enhanced surface activity. Those considered in this work were random
addition copolymers in which one of the components was substituted with
cationic groups, such as the quaternary ammonium group. The surface
activity of a water-soluble ionic copolymer is determined primarily by
charge density and molecular weight. Maximum activity is observed in
polymers with a charge density and degree of polymerization in the ranges
1-4 meq/g and 10-100, respectively. But behavior is also markedly in-
fluenced by other structural features such as backbone polarity, chain
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stiffness, hydrogen bonding sites, pendant hydrophobes, and certain
structure, The effect of some of these variables on the surface activi-
ty of copolymers made up of vinylbenzyl onium units and various nonionic
hydrophobic units like styrene and methyl methacrylate was investigated.
Activity was characterized by the surface tension of agueous solutions.
CMC's were measured by a variety of physical techniques and the results
interpreted in terms of polymer structure. Polymers with the proper
balance of properties make excellent stabilizers for both monomer
emulsions and polymer colloids. '

PARTICLE SWFLLING CHARACTERISTICS OF EMULSION POLYMERS CONTAINING ACRYLIC
ACID AND HYDROXYETHYL ACRYLATE. T. L. Saunders, L. L. Killat &

R. E. Gunderman, Polymer Research Lab, 1712 Building, Dow Chemical USA,
Midland, Michigan 48640

Particle swelling characteristics were measured by hydrodynamiec chroma-
tography (HDC) on acrylic latex compositions containing acrylic acid (AA)
and hydroxyethyl acrylate (HEA) in which these functional monomers were
incorporated into the latex polymer in different stages of the polymeri-
zation. HEA serves to impart hydrophilicity to the polymer while AA pro-
vides alkali sensitivity. Latexes with a composition of methyl meth-
acrylate/butyl acrylate/HEA/AA (52.5/41/5/1.5) were prepared by a con-
tinuous monomer addition process. The polymerization was divided into two
stages, stage 1 being the first half of the monomer feed and stage 2 the
last half of the feed. Acrylic acid and HEA were added in either of the
two stages or equally divided between the stages. MMA and BA were added
continuously during both stages. Thus the latexes prepared have the same
overall composition but with three different modes of monomer addition.

HDC particle size measurements were made at pH of 5.5, 7.0 and 9 to in-
dicate the effective particle size as a function of pH. An estimate of
the distribution of AA in the latex was made by potentiometric titration
on the latex before and after treatment with ion exchange resin., A
summary of these data are given below:

HDC Particle Size, A

# of AA Charped

AA & HEA Monomer pH pH pH
in Stage 5.5 7.0 9.0 Surface Soluble Buried
1 &2 1160 1580 1770 73 B 19
1 - 1230 2150 2330 83 2 12
2 1350 2220 2520 80 20 <1l

These results suggest that the acid rich polymer formed in Stage 1 process
migrates to the surface region of the latex particle. Latex viscosity
follows the pH dependence of particle swelling.



