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Some qualms were expressed at the Annual Mfeeting ahout the securacy of the
lopherchin ist and, indeed, there have heep several additicons, deleticns, and
cf address since the 1ull 1list lust anveared in the Avtumn 16756

-1,

chanres

Wewsletiter, According the current 1ist is 1rrluiuu in this issue. This sheuld
focliitate the cireculabion of reorinits or urenTints by merhers vhe have sufficient
cozies to permit genernl circulation, Unforturatesly the growth in the size of
the yroup means that its numbers rnow cxceed the mumber of frec. reprints

srovided (hy such sublishers as provide any .

Pevisicn of the ’br“cruhip List unfortunately deloyed the dosoatch of
rerivders that contridutions Tor tnis igsue were due, Evidently thece are essontlial
heomize enly 8 members did osend thair centributions by the deadling glven
in the Spring issue. But it would bte a uveseful econony if members vould diarise

4

th= appropriote date and thea act ab the right time.
Thagdeadidne TorSreceiptloficonirilutionsi forgile Soripmweue Wi llibe
-
1

H‘“ng lst Aveili 1980,

——

™z Sordon Conference decided to ask for a third 'Folymer Colloid!
Jonfersance in 1281 with 2 wvreforence for a weel in July zlthough it wos chserved
that it had not heen possihle to meet nreferences for eithwr neriod or site in
the cose of tha second cenference!  The Chairmen of the ACLS. Syrmosium on

Poanlicion Polymerisation! Feing planned for the San Tran ;

~ieco Weeting, 24-59

Aegase, 1980 (Rassett and fHamieleco 1) intend to inelude four invitedl leotures

in the programme. 1thouyn commey, nractice elserhers, this wiil ke an innovation

fer tha 2005, 1o is likely to be gensrally weleomed by caritileiwvarnts, hovever,

since many who otbend urually do so in tke hope of gaining an dnsression of the
Meld,  The Chairmen ave ackiny for final mamaserivhs

1
"tatc of ko ledga in oy
Vi 1y tymescript) at the tine of the mecting so it should
1; for the proceedings which are to anpeavr in the A.C.3. Symsosnium
be published vith the minimun delay.

Tha Mutianal Colleid and Surface Cheplztry Sywncs*ur i1z to be held at
Tehiph University ©-11 June 1680: one gession will he on erulsion poly:wrization,
details zollow.

John Vanderboff was elected as Viee-chairien for the next Cordon
Conterence: Sel #Fiteh will bhe Crhalrman.

Morbher

tvny-ay Symposium on 'Emuilsion Polmerization of /finyl Acetate!
iz to he helJ at Lehigh, Aprdl 10-11, 1680, Farther deialile follew.

To rark the retirement of Professor C.lU.HamPowrd, RS, kacro Group UX
ig holdiag o thwee~day Symposiwn in Liverpool, 5-5 Sceptember 1280 on
'Polvmerization Mechanisis'. Inten ulng pJ*Lllenq*' may Gizplay their work in
o Foster Session providad nolice is given by 29 Fehruary.

Andy Hemole, wno is now with IBN et 3an Joe<e, lalifiornis has resigned
-

frem Se Groun because he is no lenger vorking in the field of Folymer Ceolloids.



MINUTRS of the ANNUAL MERTIRG of the POLNIER COLLOID GROUP held on
Thursday, 5tk July 1972 at 1.20 p.m. at Tilton School, Tilton, New Hampshire.

Present: Gary Poehlein (in the chair), Drs. Dunn, El-Aasser, Fitch, Klein,
Krieger, Nomuira, Ottewill, Piirma, Rowell, Saunders, Stone-liasui, Ugelstad,
and Varderhoff (14).

It was decided thet a Microsynposium should be arranged in 1980. Experience
had shown that it was not very practical to try to arrange this in
conjunction with an A.C.S. Meeting and it was ultimetely decided that

this should be arranged for Lehigh in the week-end between the Short Course

( scheduled for the first week of June 2-8) and the laticral Colloid Symposium
{to be held in the second week of June 9-11): being at the heipht of the
examination season in Britain, this date wcould necessarily preclude

the possibkility of the British academic nembers attending tut nevertheless
seemed the optirum choice in the circumstances.

Gary Poehlein scid that it had not been necessary to select anplicants to
attend the Gordon Conference (as was necessary for some of the Conferences)
but the total number of participants had reached 25 vhich represented a
considerable increase on the attendance at the 1977 Conference and which
meant that there was a prospect that the Conference could become a regular
one. It was thought, however, that a biennial frecuency was sufficient

and that therz would certainly he no voint in asking for a Conference in
1880 when the topic of emulsion polymerisation would he featured in

two meeting which had already heen arranged - the National Colloid Symposium
at Ishigh and the A.C.S. San Francisco lzeting.

Tt weuld be desirarle to meet in Furope again as soon as possible and
Gery Poechlein and Ron Ottewill undertock to investipate the possibility
of holding a second 1.4A.T.0. Advanced Study Institute at Dristol in 1982
during the first fortnight of July.

Yerhevship: it was ncted that neifher Watillon or Homola had ever nrovided
a New=letier coniribution since their election and that Homola waz now with
IBY in California and no longer vworking in the field of nolymer colloids.
However, cnouiries as to their intentions shculd be made tefore they were
removed from the list.

It was agreed that Archie Hamielee, Derek Rance, and Tim Iealey (of the
University of Mo bourne) shculd be invited to join the Greup.

An updated Menhership Idst should be included in the next iscue ef the
Neveletter since the last list to have buen generally circulated was now
seriously out of date.

The meeting clozed at 2.08 p.imn



80
Polymer Colloid Grouwn é

North American Circulation

1.

Dr E.A.Collins, Diamond Shamrock Corp., P.O. Eox 348, Painesville, Ohio 14077

Dr R.M.Fitch, Department of Materials Science, The University of Connecticut,
s Connectl t 06268, USA.

Dr J.L. Gardon, q oy m
L0405 So. Colrgar Greve AM", zfgimm boL2e .

Dr A. B. Hamielec, Dept. of Chemical Engineering, MchMaster Uriversity,
Hamilton, Cntario, Canada, I8S 4i0.

8.

9,

10.

11.

12.

15.

14.

15.

18.

17.

18.

19.

Dr A. Klein, Department of Chemical Engineering, Thitarer Latorztory,
Iehigh Uriversity, Bethlehem, Pennsylvania 1£015, USA.

Dr I.M.Krieger, Clin Puilding, Case-estern Reserve University, Cleveland,
Ohioc 44106, USA.

Dr S.G.Mason, Department of Chemistry, }eGill Uriversity, P.C. Fox 6070,

Montreal, PQ, Canada, H3A 2A7.

Dr I. Piirme, Institute of Polymer Science, The University of Akron,
Alron, Ohio 44325, USA.

, USA.

Dr G.W.Poehlein, School of Chremical Engine~ring, Georgia Institute of Technology,

Atlanta, Georpia 350332, USA.

Dr A.A.Robertson, Pulp and Paper Building, Department of Chemistry,
McGill Umiversity, 3420 University Street, Kontreal, PL, Canada E3A 247

Dr R.L.Rowell, Department of Chemistry, University of Massachusetts,
Amherst, Massachusetts 01003, US3A.

Dr F.L.Saunders, Dow Chemical €o. Central Research, 1712 EBuilding,
Midland, Michigan 48640, USA.

Dr V.T.Stanmett, Department of Chemical Engineering, Zox 5G3E,
North Carolina State University, Raleigh, Worth Carolina 27807, USA.

Dr M. El-Aasser, Institute for Emulsion Polymers, Iehish University,
Bethlehem, Pennsylvania 18015, USA.

(Associate) Dr D.J.Williams, Foster Grant Co. Ine., 2R9 North Main St.,
Ieominster, Massachusetts 01123, USA.

(Associate} Dr S.L.Goren, Progrem Director - Solid and Farticulate Processing
Division of Engineering, Naticnal Secience Foundation,
Washington, D.C. 20850, USA.

(Psepimional) Dr J.5.Dodge, B.F.Goodrich Co., Chemical Division Technical
Center, Avon lake, P.O. Box 122, Chic 242012, USA.

Dr J.W.Vanderhoff, Center for Surface and Ccatinpr Resezrck,
Iehigh University, Bethlehem, Pennsylvania Eﬁfﬁ, USA.

(5o



Circulation to the Rest of the World

20. Dr D.C.Blackley, National College of Rubber Technology, Northern Polytechnic,
' Holloway, London N7 8DE, England.

21. Dr A.S.Dumn, Department of Chemistry, UMIST, P.0.Box €8, Manchester N80 13, England.

22, Dr F.K.Hansen, Dyno Industrier A/S, Iillestrém Fabrikker, Svelleveien,
P.0.Box 160, 2001 Iillestrgm, Norway.

Lok
23. Dr » Départment of Physical Chemistry, University of Melbourne,
Parkville, Victoria 3052, Australia.

24, Dr. C.-C. Lin, Department of Chemical Engineering, National Taiwan University,
Taipei, Taiwan.

25 Dr D.H.Napper, Department of Physical Chemistry, The University of Syéney,
Sydney, New South Wales 2006, Australia.

26 Dr S. Muroi, New Product Developing Laboratory, Aszhi Chemical Industry Co. Ltd.,
2-1, Semejima, Fuji-City, Shizuoka, Janan.

27. Dr M. Nomura, Department of Industrial Chemistry, Fukui Natioral University,
Fukui, Japan.

28. Dr R.H.Ottewill, School of Chemistry, University of Bristol, Cantock's Close,
Bristol BS8 1T7S, Tngland.

29. Dr D.G.Rance, I.C.I.Ltd., Plestics Division, P.O. Box 6, Bessemer Road,
Welwyn Garden City, Hertfordshire AL7 1HD, England.

30. Dr P.J.Stenjus, The Swedish Institute for Surface Chemistry, Drottning Kristinas
vidg 45, S-114 28, Stockholm, Sweden.

'31. Dr J, Ugelstad, Institutt for Industriell Xjemi, Norges Tekniske Hégskole,
7034, Trondheim-NTH, Norwezy.

J. Sl - .
32. Dr A—Ssbidbem, Universite ILibre de Bruxelles, Service de¢ Chemie Analytique

et Minerale, 50 av. F.D.Rocsevelt, Bruxelles I, Eelgium.

33. Dr V.I. Yeliseyeva, Institute of Physical Chemistry, Académy of Sciences of
the U.S.S.R., Ieninsky Prospekt 31, 117312 Yoscow, U.S.S.R. '
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Diamond Shamrock T. R. Evans Research Center
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J OB OPPORTUNTITY

Polymen Collodid Science opending fon secnior
sclentist %o wpnk in area 0§ polymen surface science.
Position 48 in Conpohate Resdearch. Bachground
training and/on experience in polymernization, polymen

compatibility, and morphology L8 highly desirable.

Forn funthen defails, contact:

Drn. E. A. Collins

Associate Directon
0f Reseanch

Conporate Polymens

Diamond Shamrock Corporalion P.O Box 348, Pamesville, Oho 44077 Phone: 216 352-9311



A TWO-DAY SYMPOSIUM
ON
EMULSION POLYMERIZATION OF VINYL ACETATE
ArrIL 10-11, 1580

EmuLsioN PoLyMERS INSTITUTE
Francis MacDonaLp SincLAIR MEMORIAL LABORATORY
LEHIGH UNIVERSITY
BeTHLEHEM, PennsyLvania 18015, USA

The Emulsion Polymers Institute at Lehigh University is
sponsoring a two-day symposium on various aspects of the emulsion
polymerization of vinyl acetate. The following topics will be

discussed:

1. Mechanism and Kinetics of Vinyl Acetate Emulsion

Polymerization

2. Colloidal Stability of Poly Vinyl Acetate and
Vinyl Acetate Copolymer Latexes

3. Surface and Morphological Properties of Poly
vinyl Acetate Copolymer Latexes and Films

The speakers who have tentatively agreed to participate

are:

Dr. Wiley Daniels (Air Products), USA

Dr. S. Dunn (UMIST), England

Dr. A. Hamieclec (McMaster Univ.), Canada

Dr. A. Klein (Lzhigh Univ.), USA

Dr. M. Litt (Case Western Reserve Univ.), USA

Dr. C. Pichot (CNRS), France

Dr. V. Stannett ( North Carolina State Univ.), USA
Dr. J. W. Vanderhoff (Iehigh Univ.), USA

Dr. B. R. Vijavendran (Celanese), USA

Dr. H. Warson (Consultant), England
Representative from E. I. duPont deNemours Co., USA
Representative from Union Carbide, USA

Other papers are invited in the above areas of the emulsion
polymerization and copolymerization of vinyl acetate. Papers
should be submitted to the co-chirman indicated on the following

page.



SYMPOSIUM CO-CHAIRMEN

Dr. J. W. Vanderhoff Dr. M. 8. El-Aasser
Sinclair Lab., #7 Whitaker Lab., #5

Lehigh University
Bethlehem, Pa. 18015

Phone: (215) 861-3589 Phone: (215) 861-3598

FEE

- $250 for the two days, including extended abstracts
of the papers, two luncheons, and four coffee breaks. Checks
payable to "VAc—SYMPOSIUM, LEHIGH UNIVERSITY" should accompany
applications, or presented on first day of Symposium. The
symposium fee will be waived for the speakers. Each member

of the Industrial Liaison Program may send one representative
without charge. Please reserve early as registration is limited
to the capacity of our auditorium (capacity 130}.

DEADLINE FOR PAPER SUBMISSION

December 1%, 1979 Titles
February 15, 1980 Two-Page Abstract



S54TH
COLLOID AND SURFACE SCIENCE SYMPOSTUM
JUNE 15-18, 1930
LEHIGH UNIVERSITY, BETHLEHEM, PENMsyLvania 18015

CALL FOR PAPERS
FOR

SPECIAL SYMPOSIUM OWN THE SCIENCE AND
TECHNMOLOGY OF EMULSION POLYMERS

Papers are invited in all areas of the science and
technology of emulsion polymers, including the preparation,
characterization, properties, and applications of emulsion
polymers. Papers should be submitted to the Co~Chairman
designated for each of the following categories:

1. Analytical Chemistry of Emulsion Polymers -

determination of latex particle size dis-
tribution; particle morphology; surface
characterization; serum analysis; electro-
kinetic properties (Dr. John W. Vanderhoff).

2. Stabilization of Emulsion Polymers - theoretical

and experimental studies of the stabilization
of latex particles; measurement of various types
of latex stability; stability problems in latex
formulations (Dr. Mohamed S. El-Aasser).

3. Mechanism and Kinetics of Emulsion Polymerization -

kinetics of emulsion polymerization; mechanism
of particle nucleation and growth; correlation
of reactor operation with emulsion polymer
properties; reactor and process engineering

(Dr. Gary V. Poehlein).



4. Applications of Emulsion Polymers - mechanism

of latex film formation; mechanisms by which

emulsion polymers function in practical ap-

plications; correlation of latex properties

with application performance; new applications

of latex {(any of the Co-Chairmen listed above).

This Special Symposium should be of interest to academic

and industrial scientists and engineers who work with emulsion

polymers.

SYMPOSIUM CO-CHAIRMEN

Dr. John W. Vanderhoff
Emulsion Polymers Institute
Sinclair Lab., Bldg. #7
Lehigh University
Bethlehem, Pa. 18015

(215) 861-3589

We look forward to your participation.

Dr. Mohamed S. El-Aasser
Emulsion Polymers Institute
Whitaker Lab., Bldg. #5
Lehigh University
Bethlehem, Pa. 18015

{(215) 861-~3598

Dr. Gary W. Poehlein

School of Chemical Engineering
Georgia Institute of Technology
Atlanta, Ga. 30332

(404) 894-2866

DEADLINES FOR SUBMISSION OF PAPERS

December 15, 1979
February 15, 1980

Titles of Proposed Presentations
Extended Abstracts (two-three pages)



A NTd M'EHOD FOR DETERVINILG TIC: GELATION TEUPERATURE AND TTHE FOR HEATL-

a1 im b

SERCIIVE LATICES

D. C. Blackley, Nationsl College of Rubber Technology, The Polytechnic of
North London, Holloway, London N7 8DB.

A latex is said {0 have been "heat-sensitised" if, although it is stable
at room temperature, it coagulates rapidly when the tenperature is raised zvove
some threshold value., Usually coagulaticn takes the form of gelation. Rubher
latices which have been made heat scnsitive by the addition of suitable
corpounding ingredients are of considerable indusirial imporiance. They iind
arplication, for instance, in processes such as latex fomm rubber mamifac ture,
the foam backing of carpets, and the production of articles by latex dipping.

L motter of some importance in connection with such latices is the teamporature
at which (or the temperature ranze over which) the latex undergoes the transe
formation fror liquid to gel, together with the associated time required for
the completion of gelation., This contribution is concerncd vwith a new method
which we have rccently developed Tor determining the gelation temnerature and
tine for heat-sensitive latices., The method depends upon the reasonable
essumpiicn thet the heat transfer properties of a latex gel differ somewhat
from those of the latex from which it was derived. An advantage of the new
rothod over older procedures for determining the gelation temperciure of a heat-
sensitive latex is that, unlike the older proceéures, the identificetion of the
gel point does not call for sn element of subjective judgement. In the new
method, the gel point is located by means of e reasonable, objective and
suantitative criterion, namely, the differences between the heat-iransfer
properties of the fluid latex and those of the gel derived from i%. That such
difierences should exist is reasonsble, because the thermal conduciivity of a
disperse system is determined mainly by that of the continuous phsse, and it

is the nature of the contiruous phzse which changes at the gel point.

The new method depends upon the measurement at various times of the
venperature of a latex at a fixed distance from a heated former which is iomersed
in the lalex and maintained at a constant terperature which is weil ehove ithe
gelation temperature of the latex. The theory of the methed gives the follewing
equations:

g = 0 | _= eeeeee (3)
erfc(X) o e, b,
(ﬁ = q - g{'-a% 477[(____:_(___ S0000 a0 (2)
<1f (Adee 2y ) o 4oty b

W8 N 4(0-6%)  [on K L (s)

-a'rfc (A) 47{[/1,/&,?_7‘%) s,

aend

vwhere & is the temperature of the former and 9*15 the gelation temperature of
the latex, both relative to the initial teoverature of the latex as zerc, &,

is the temperature of the latex (on the same scale) at the fixed distarce x from
Lthe former and at time t; whilst the latex is s%411 fluid, € is the temperaiure
of the latex 2t the same distance x anc at a subsequent time %, after gelation



has occurred, ¢, is the thermal AUffusivity of the fluid latex, and oy is
the thermal diffusivity of the selled latex. Anis a constant parameter which
is defined by the equation

*
A = x LI BN ) ; LN I ]
o Fox, £ %)

where t* is the time at which the plane separating gelled latex frem fluid
lotex (the "gel plane") has reached a distance x* from the surface of the former.

It is not possible to give exact analytical solutions for the set of
equations (1) - (3). It is, hoviever; possible to solve thenm nunerically by
an iterative procedure with the aid of a cozputer if 8, , x and «, are known.
(The vzlue of *a 18 known frem oiher work on the thermal properties of rubbar
latiers in the fiviga condition which we have recently carried out, The DTirat
step in our numerical procedure is to assure a value for ) » and then calculats
6% by mesns of equation (1) using the measured value of &,(x,t,) and the known
values of X,tq and ;. We then calculate & by means of equation (2) using
the same value of A, the reasured value of éi(x:tb), and the known values of
X and §. Ve now have values of 21l the quantities necessary to calculcte
values of the two sides of equation (3). This we do, and of course, find that
in general the two values differ significantly. Ye now repeat the process
using a different value of )\ » and, by successive iterations of this kind,
eventually obtain s value of A (and alsc of €"and o) such tha% %he difference
between the values of the two sides of equation (3) is less than 53 of the
smaller of the two sides, Although the itcration could be continued to give
even closer concordance between the values of the two sides of equation (3),
We regard this degree of concordance as being sufficiently satisfactory for
our purposes. Having obtained a satisfactory esiimate of A, and hence also of
€ and ¢ , it is then possible to estimate the value of t* for the point
to estinmate the {ime which must elapse from the teginning of hees
transfer for the gel plzne just to have reached the point at which the measure-
ments of 8 were made., +* can then be estimated from equaticn (4) as x‘/(’.ia\z‘-’ﬂx).

b
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1

"

-
[
o

-

We have applied this cethod with some success +o prevulecanised natural
rubber latex which has been heat-sensitised by the addition of polyvinyl
methyl ether. Some interesting results have been obtained. It can be seen
from the foregoing cutline descrivtion of the method that, besides giving
estimates of &%and +* (corresponding to x* = x), it also gives an estimate of
¢ , the thermal diffusivity of the latex gel. This latier property may prove
to be a useful index of the structure of a latex gel, since it is to be
expected that it will degend upon the rumber of inter-particle contacts and
the extent to which inter-particle coalescence has ocecurred.



Dr A. S. Dunn, Chemistry Department U M | ST

The University of Manchester Institute of Science and Technology

PQ Box 88, Manchester M60 10D
Telephone 061-236 3311

Fffect of Emilsifiers on the Thermal Initiation Rate of Styrene

As a M.Sc. Dissertation project, Mr S.A.Hassan has been following up
Said's work on the enerry of activation for the thermal polymerisation
of styrene in emlsion using a different ernlsifier - scdium dodecyl
benzene sulphdnate. Unlike potassium stearate and sodium dodecyl sulphate
which accelerate the rate of thermal initiation at 60 °C by a factor of 100
or thereby (and sodium tetrapropylene benzene sulphonate used by Ashara et al.
for which the effect is even larger) this emulsificr (or at least the
sample of it which was used) does not accelerate thermel initiaticn of
styrene. In the mechanism proposed by lMayo and hy Pryor for the thermal
initiation of styrene polymerisation, styrene édimer (4H) is supposed to
be formed by Diels-Alder addition and then, in a step described as Molecule
Assisted Homolysis, to transfer a labile hydrogen atom to a styrene monomer
molecule to initiate polymerisation:

AH + gCH =CHz = A. + poH-CH

Tt has not yet heen possible to isolate the dimer, AH, but model cgmpounds
have been made containing similar structures with labile hydrogens. Some
of these do accelerate the rate of thermal initiation of styrene in bulk btut
others do not, presumably depending on whether their labile hydrogens are
more or less labile than that in AH. If an emulsifier molecule is going
to enter into this mechanism, it must presumably do so either by accepting
a hydrcgen atom from AH more readily than styrene monomer or by itself having
a lebile hydrogen atom more labile than that of AH which can be donated
to a styrene monomer molecule to initiate polymerisation. Neither of
these possihilities seems likely for an emulsifier with an n-alkyl chain
the sodium tetrapropylene henzene sulphonate has an extensively branched
alkyl chain so that the catalysis could be attributable to the loss of
labile tertiary hydrogen atoms. It seemed possible that the stearic acid
and the alkyl chain of the sodium dodecyl sulphate might be synthetic and
might therefore contain a minor proportion of branched-chain isomers (since
the criterion of acceptibility would primarily Te that the proportion was
low enough to avoid foaming of sewage-works effluent). We obtained a
sample of Triton X~100 (notoricus for having a labile hydrogen): this
however proved not to accelerate polymerisation. ZExamination of the reagent
bootle dealt a finel blow to the labile hydrogen theory: the material
used proved not to be the B.D.H., Specially Pure grade (labelled €€ § by
GIC) as T had thought but a old Hopkin &% "7illiams' sample which whilst
labelled 'Pure'! was also specified as containing no more than 7¢. palmitic
acid and no more than 3 § oleic acid which appears to indicate quite clearly
that the material used had been prepared from veretable oil and even if
not pure stearic acid would be free from branched~chain isomers. The
concentrations of all the emulsifiers used were well abcve their c.nm.c.
so the effect seems to he connected with the specific properties of
the emulsifier rather than the presence of micelles. At this stage, it
would clearly be desirable to screen as wide a variety of emulsifier types
as possible to classify them into accelerating and non-accelerating groups
to see if any coxmon features ererged in each group. This is an aspect
which has also been neglected in studies of the micellar catalysis of
other reactions.



Contribution from Dr. Finn K. Hansen,
Dyno Industrier, Lillestrgm, Norway.

{0

First I must express my gratitude for the honour it is to
be elected into the Polymer Colloid Group, and hope to
fulfill the requirements. The last year I have been working
with Egon Matijevi& at Clarkson in the U.S.A. on some very
interesting heterocoagulation experiments. We have treated
the heterocoagulation between particles of widely different
size as an adsorption process and are thus able to calculate
directly the potential energy change at coagulation. In
these experiments small polymer particles produced by
emulsion co-polymerization of methyl methacrylate and
methacrylic acid (diameter 8o nm) are adsorbed on large
spherical metal (hydrous) oxide particles (aluminum and
iron, diameter Soo nm). The adsorption rate is measured
and found to be purely diffusion controlled if the hydro-
dynamic correction of the diffusion constant at close
interparticle distances is included. Adsorption is per-
formed in emulsifier-free systems at pH values (6 - 9)
where the small and large particles arve mainly oppositely
charged and with different concentrations of neutral
electrolyte. The adsoption isotherms are all of the
Langmuir type with an adsorption energy fairly independent
of coverage, increasing only 1 -~ 2 kT with increasing
coverage. The maximum adsorption at high electrolyte
concentration corresponds within lo% to a monolaver
calculated from a hexagonal closest packing of small
particles on the surface of the large ones, gscreasigg
with decreasing electrolyte concentration (lo - lo,"M).
The adsorption energy at pH 6 is about -14 kT (lo “M
electrolyte) decreasing to about -11 kT at the iscelectric
point of the metal (hydrous) oxide particles. The same
result is obtained for both oxides. The -11 kT at the i.e.p.
Seems a very reasonable value for the Van der Waal's energy
at a particle separation of 5 A, then leaving about -3 kT
for the electrostatic part. If the well known expression

of Hogg, Healy and Fuerstenau is applied, energies of

-150 kT or more are calculated {(using zeta potentials).
However, we were also able to compute values by means of

the recent model developed by Barouch et al. (at Clarkson)
based on the complete two-dimensional Poisson-Boltzmann
equation, resulting in a reduction in the theoretical Vv

to -3 to -5 kT, in excellent agreement with experiments.
Also other results at Clarkson indicate that the main reason
for the great overestimation of Vv by HHF and the DLVO-theory
for spherical particle interactiofl stems from the approxima-
tions introduced in the Derjaguin method. The Barouch-
expression also seems to bring the stability ratios (W)

down to the values measured experimentally. The above

work is submitted for publication in the J. Chem. Soc.,
Faraday Trans.

FPinn K. Hansen



Contribution to the Polymer Colloid Group
Newsletter

M. 8. El-BRasser, A. Klein, and J. W. Vanderhoff

Our group was accused and rightly so, of not contributing
to the previous Newsletter (Vol. 9, No. 1, May 1, 1979).
We have decided to wash our sins once and for all. Consequently,
our contribution this time is Volume Number 12 of our
Graduate Research Progress Reports. The 75-page Report
summarizes the progress in 17 active research projects in our
institute. The titles of these projects are given in the index
of that Report which is included with this write-up. Copies of
the report will be mailed directly to the members of the Polymer
Colloid Group, as soon as we get an up-to-date membership list.

Four events are scheduled to take place at Lehigh University
during 1980:

i. A two-day symposium on the "Emulsion Polymerization
of Vinyl Acetate", April 10-11, 1980.
ii. Lehigh's short course on "Advances in Emulsion
Polymerization and Latex Technology", June 9-13, 1980.
iii. A special symposium on "The Science and Technology of
Emulsion Polymers," which is part of the 54th Colloid

and Science Symposium, June 15-18, 1980.
iv  Annual Meeting and Vierosymposium of the Polymer Colloid Group

June, 14-15, 1980. ) .
Announcements and Call for Papers on events (i) and (iii)

are enclosed with this write-up.
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Influence of Monomer Preemulsification on Formation
of Particles from Monomer Drops in Emulsion
Polymerization

D. P. DURBIN, M. S. EL-AASSER, G. W. POEHLEIN, and J. W.
VANDERHOFF, Lehigh University, Department of Chemical Engineering,
Betilehem, Pennsylvania 18015

Synopsis

Evidence was obtained supporting the theory that monomer droplets can become alocus of ini-
tiation and propagation in emulsion polymerization. This was done by reducing the size of the
monomer droplets prior to initiation nf polymerization using different preemulsification techninues
for u typical latex recipe containing a common anionic surfactant. Monomer droplet size reduction
caused an increase in the total surface area of the monomer droplets and thereby increased the
compelitivensss of these droplets for capturing active free radicals which are genecated in the aqueous
phase. As the total surface aren of the monomer droplets was increased by preemulsification, a
corresponding increase in the number of large particles formed by polymerization of these monumer
droplets was experimentally measured. This work shows that moenomer droplets are a locus of
emulsion polymerization, Huwever, the importance of monomer dreplet polymerization is limited
by their total surface aren because of the competition for free radicals with other surfaces and/or
particle nucleation vrocesses. The results offer a basis for explaining why broad, and sometimes
bimodal, particle size distributions are obtained in some commercial processes where the reactonts
are preewmulsified prior tu being charged into a reaction vessel.

Journal of Applicd Polymer Science, Vol. 24, 703-707 (1979) .
£ 1973 John Wiley & Sons, Inc. 0021-5995/79/0024-070:3301.00

-




POLYMER COLLOID NEWSLETTER CONRTRIBUTION

CASE WESTERN RESERVE UNIVERSITY 2 arT iy

Equilibrium and Transport: Charles Havens completed his doctoral dissertation
on Computer Simulation of Colloid Dynamics, working with Professors J. A, Mann,
Jr, and I. M. Krieger. The thesis contains two principal advances: a thorough
anaylsis of phase equilibria in colleoidal fluids, and a practicable method to
treat transport properties. Havens points out that, for a stable colloid, the
maximum in the DLVO potential is so high that the region of the primary minimum
is of no interest. The potential curve at attainable interparticle spacings
resembles the familiar Lennard-Jones potential, with the DLVO secondary minimum
playing the role of the equilibrium spacing. The depth € of this minimum,
however, is very sensitive to electrolyte level.

By analogy with the statistical-mechanical analysis of molecular fluids,
there should be a critical temperature T, Oof the order of of £/k, where k is
Boltzmann's constant. The actual critical transition should be unobservable,
however, due to the low concentrations of colloidal particles and the resultant
large fluctuations in relative density near the critical point. The gas-liquid
transition should, however, be observable at temperatures below T., although it
may be interpreted as settling or creaming. The order-disorder transition is
a fluid-solid transition.

In approaching the problem of calculating transport properties, Havens
notes that Monte Carlo techniques such as that of van Megen and Snock are
limited to equilibrium properties. Dynamic simulation methods must take ianto
account the interactions between the particles and the molecules of the medium,
as well as molecule-molecule interactions. Since there are ca. 10” molecules
for every colloid particle, this approach is not practical for concentrations
where particle-particle interactions become significant. Havens chooses instead
to use Langevin's equation, in which the effect of the medium is included through
a viscous drag -Bu and a random force A(t). If X is the body force exerted on
a particle by the other colloidal particles, then the velocity u is given by

du

_:-= — + .
n 5 X - Bu + A(Y)
Havens first shows that integration of Langevin's equation yields radial dis-
tribution functions and equation-of-state data consistent with those obtained
by van Megen and Snook. He then applies this method to obtain the mean-square
displacement';f, and from this the diffusion coefficient

2t '
His results show a decrease in D with particle concentration, with D dropping
rapidly as the effective volume fraction approaches that of packed spheres.



Polyvelectrolye in Latices: One of the methods which we have studied for
obtaining latices with high surface charge is the sulfonation of a poly-
(vinylbenzyl chloride) latex. Much of the apparent charge, calculated from
conductometric titration of the deionized latex with base, is due to water-
soluble polyelectrolyte. Yohannes Chonde reported a quantitative study of
this problem at the Gordon Research Conference on Polymer Colloids in August.
By ultracentrifuging latices and analyzing the sera using gel permeation
chromatography (GPC), he showed that most latices contain significant con-
centrations of water-soluble polymers of low molecular weight (1000 to 4000).
He prepared a radioactive soluble polymer by solution polymerization of
sodium vinylbenzyl sulfonate containing 5s. He added this radioactive
polymer to latices, and determined the properties of serum and residue after
successive centrifugations. He found that uvltracentrifugation followed by GEC
analysis of the serum is a useful way to detect and determine water-soluble
polymers in latices, and that successive ultracentrifugation is an effective
method to remove them.

R.M.Fitch - University of Connecticut

Telegraphed apologies, but refers mesbers to a recent publication in
the Journal of Uolloid & lInuterface Seience, Pig.y, Gajria, £ Tarcha
¥ ] -
"Acrylate Polymer Colloids: Kineties of Autocatalysed Hydrolysis"
Angust, 1979 issue.
L]

As presaged by Robertson in the Spring Newsletter, the August and September,
1979, issues of the 'Journal of Colloid 2~ Interface Science'! constitute a
Pestschrift in honour of Stan Mason's 85th birthday and consecquently

contain many articles likely to be of interest to Group members.
Other recent items in the literature

F.K.Hansen & J. Ugelstad "The Effect of Desorption in }icellar Particle
Mucleation in Emulsion Polymerisation" MaKromol. Chem. 180 (1979) 2423-34 (10)

Following Nomura N (S - Scmc)Z(I)1 ~ 2: as radical desorption becomes
more important z increases from 0.6 to 1. Inter alia, the authors
calculate the factor § = the efficiency of captur= of radicals by a
micelle relative to a latex particle of the same size is 0.6 for
styrene and 1.6 x 10~* for vinyl acetate

R. L. Zollars {(on work done at Union Carbide but now at Washinpton State University)
'Kinetics of the Emulsion Polymerization of Vinyl Acetate!
J. Appl. Polym. Sci. 24 (1979) 1353-70 (5), adiresses himself to
reconciling the conflicting results in the literature on the order of the
vinyl acetate emlsion polymerisation with respect to initiator which
varies hetween 0.5 and 1. He reproduces Toth the results obtained
by Friis & Nyhagen at 50 °C and by Litt, Stannett, & Patsiga at 60 °C
and largely succeeds in reconciling the conflicting evidence.




POLYMER COLLOIDS AT SYDNEY UNIVERSITY

Reporter: D. H. Napper

Polymers at Interfaces

Monte Carlo calculations have demonstrated empirically
the slow convergence of the characteristic ratio (Cn = <r2>°/n12)
of linear polymer tails. Whereas most chains in free solution
attain a Cn value within 2% of their C_ value by n-250, the
corresponding Cn value for tails is usually 10% lowexr than the C

value. To obtain a value of Cn for attached polymethylene within

2% of its C_ value requires n to be greater than 2000.

To explore the reasons for this, we have developed an
analytical expression for Cn for random flight chains attached to an
inert interface. This shows that whereas Cn for the random £light
chain in Free scolution converges instantaneously, the characteristic
ratio of the attached chain is only a slowly converging function.

This slow convergence can be traced to the bias that is introduced
into the direction norwmal to the interfacé as a result of the presence
of the interface. Tnese analytical predictions are in good agreement

with the Monte Carlo results on the same model.



Contribution to Polymer Colloid Group Newsletter

by i

Mamoru Nomura

Department of Industrial Chemistry
Fukui University

Fukui, Japan

On the Rate Coefficient of Radical Desorption and Absorption
in Polymer Particles in Emulsion Polymerization

Radical desorpticn and absorption processes are,for example, expressed
by the following formuld?in the emulsion polymerization system where the
respective polymer particle contains at most one radical.

dN*k*- *
T at fN - kzch - kZCwNo =m=-==1)

where N* denotes the number of polymer particles with polymerizing radical,
N _, the number of polymer particles without radicals, C , the concentratlon
of radicals in the water phase. 2)
Ugelstad et al used k., and k instead of k_, and k_, respectively ', The
first term of the righthand side of Eq. (1) Shows the rate of radical
desorption from polymer particles, the second term is the rate of radical
termination by radical entry if instantaneocus termination is assumed and
if instartaneouec terminn+ion is = the contrary, not assumed, this ferm
means the increasing rate of the number of polymer particles with two
radicals. The third term indicates the production rate of polymer particles
with one radical by radical entry into polymer particle without radicals.

"Let's consider here the physical meanings of k. and k in §q (1).

According to the two-~film theory developed by lewis and Whltmaﬁ for mass

transfer between two phases, the following concentration gradients {in the

strict sense, activity gradients)near a phase boundary can be assumed.
radical t '

concentration intekface qp: radical concentration in polymer

phase W

c - phase.
wi | NI Cu v_: volume of a polymer particle,
|

ag: surface,area of a polymer particle,

1 particle,
. n : the number of radicalsin polymer
] :
i particle.
cpi : watex C : radical concentration in water
i

subscript”i" means interface,

The rate of radical desorption from the polymer particles which contain
radicals is expressed by:

«C )
= . = - = - [ — 2
N PP /ﬁt ka({ -cC i) k a (C i c) (2)

where k is particle-side-film mass-transfer coefficient and k is water-
side-fi¥m mass-transfer coefficient.



It is assumed that concentrations at equilibrium can be given by the following
expression:

Cpi L (3)
where m denotes partition coefficient of desorbing radicals between phases.
By using Egs,.(2) and (3), we get:

Cp'- CEi_ Cwi- Cw gp-—mcw
N = = = = - -
A T T T oy Kpap(cp mC_) --(4)
k a k a ka Xk a
PP wp PP W p
CP/m - Cw
b g 2 Klapt c/m =C) e (5)
mk a k a
PP w p
1 l
whence, - + 0 meme (B) T N (7)
Kp k a k a mka ka
PP wp Pp WP

These state simply that the overall resistance is the sum of the two
individial resistances. Kb and Kw are called the overall mass-transfer
coefficients.

It is clear from Egs. ({6} and (7) that:

pr=Kd ------ (8)

Physical Mecaning of kp and kw

There are many reports regarding mass-transfer coefficient around single
sphere. One of the famousqyorks is the following semitheoretical eguation
given by Ranz and Marshall ’.

1/2_1/3
Se

As such small particles as polymer particles will move with eddies of the

fluid, there will be no relative velocity between the surface of polymer

particles and the fluid where the polymer particles suspend. Therefore,

it will be reascnable to consider that the value of Ry, reynolds number

is nearly zero.

sh =2 + 0.6 Re el ()

kwd zpw
). Sherwood Number, Sp =—D—P— =2 & kw= e (10)
w p

where Dw is diffusion coefficient of radicals in the water phase and d is
diameter of polymer particle. P

On the other hand, k is assumed to be 2D /d_ by analogy with Eqg.(10).
Another derivation of Pthe form of k_ is asPfollows:
when Cw==0 and therefore, Cpi=0' Eq.QZ) is written as;

ivﬁ

N = =kaC = ==—ca— (11)
A dt PPP -
The average time spent by the radical in the polymer particle t is;
«C
. (vp P) _ vp ) dp _______ (12)
N k a = ek
A PP P



If Einstein's diffusion equatian is applied to calculate E} we get:
d

E=2% fnaximum time) =-—=(13)
(ee5) P
If the treatment by Litt et al. is used, we get:
G d‘;'
t= _P_4D ~es e (14)
P P
Therefore, dz
t=(0.2~0.8) 5 o (15)
P
Comparing Egs.{12) and {15), we have: _
i
kp=d,(-3-_s_z;é2) ----- (16)

By introducing Eq.(16) into Egs.(6) and (7), we get:

2Dw 2Dw -1 2Dw5
= =—[1l + —}] = e ———een=(17)
ma md
Ko mttr o, 5
and from Eq.(8), 2Dw6
K= (18)
o, _, F
where 6 is [1 + (EE%-)] and b is diffusion coefficient of radicals in

the polymex particleg.

Physical Meaning of k_ and k2

£

Above theory is applied to an emulsion polymerization system where polymer
particles contain at most one polymerizing radical. Let N* be the number
of polymer particles containing one radical, N_ be the number of polymer
particles containing no radical and N_ be the Potal number of polymer
particles. Therefore, Np = N* + N,.

The desorption rate of radicals from polymer particles will equal the
decreasing rate of the number of polymer particles with radical.

Therefore, an* 1 v 0 _—
T = KPaP“-‘G) mc_)N* + |(paP((vp) - mC )N (19)

We must use : the average value of Kp'instead of KP' because desorbed
radicals are Bifferent in chain length®and hence, theoverall mass-transfer
coefficient vary with the chain length of desorbing radicals.

Eq. (19) is rewritten as;

dN* Y .a-.B. * Id *
-8 - KP(VP)N 5 K‘apcwn = Kdapcwno

* *
= ka kZCWN k2

This equation is equal to Eqg.(l). Therefore, we get the following definition
for kf and k2 in Eq.(1): -

cNo - (20)



Kp(-—E) = TP- .k, =Eap ------- (21)

Let's look into the physical meaning of the term, k N* in more detail.
From the definition of , We can write as:

6 6K -
k N*=( Kﬁl)n* + (—ERZQNE =l (-gélang U (22)

d

P P
where N* denotes the number of polymer particles with j-units radical and
Kpj is Jthe overall mass-transfer coefficient for radicals with j-units,

We make the following assumptions for simplicity.

{1l) particles contain at most one radical.

{2) radicals with less than s-units can escage and enter the polymer
particles with the same rate.

{3) Instantaneous termination takes place when another radical enter the

particle which already coantains a radical.

{4) no distinction is made between radicals with or without an initiator
fragment.

Considering the assumption (2) given above, Eq.(22) is rewritten as :

kN* = k_ Ni+ k Ny + k NY + —---e- SRIGRNEREESS (23)

koIN; is the term for taking into account initiator radicals and ko=

Taking balances for the particles N* and N; containing an initiator radfeal
and a radical with i-units, respectively, ~and assuming steady-state,
We have:

dN#*
___I *
. - + 4+ + * o) ——em————a
dt k2I No (k2cw kmep kiMp koI)NI s . (24)
&y
= *N <+ k. * 4 * - + + + * =0
3t kZMINo klMpNI kmepN (kzcw kmeP KPHP ko)Nl
T . e e (25)
dn¥
L N + K MN* - + M+ * =0 --
°r K MEN BAr k,C, kmep + kPMP k INT =0 --(26)
dN*
s =k M*N + K M N - (k,C +k M + KM + k IN*=0--{27)
T 2's P p s-1 2w nf'p PP o s
where M_ = monomer concentration in the particles, kmf= transfer rate constant
to monoger molecules, k, = initiation rate constant, k = desorption rate

constant for initiator radicals, M;-the concentration o% radicals with
i-monomer units in the water phase™and N* = the number of polymer particles

with radicals of i-units and K is propagatlon rate constant. C_, the total

concentration of radicals in tRe water phase is written by:

= I* * F * s
Cw I* + Ml HZ + + M (28)

Taking balances for the radicals in the water phase and assuming steady-state,
we get:

' Se=r 4k NE-kIW, =0 e (29)
dt i ol I 2

where r, is the production rate of initiator radicals in the water phase,

—=-



)
dlll

- % - AN =m0 00 ee—e————
7S koNl k2M1NT 0 (30)
daM¥

2 = * o * =0 emmme——e—ee
ac Kl ~kMNy =0 (31)
dm* . A
dts =kNg Tk MNy =0 —m (32)

Considering that high molecular weight polymers can be usually cbtained
in emulsion polymerization, it is reasonable to assume that:

kzcw. kmf“p & KPMP' kiMp __________ (33)
From Egs.(24) and (29) and N* = HNT, we get an approximate equation for N;:
r, {1 -n)
N2 — s (34)
I koIn + kidp
By a similar treatment we get expressions for Ni and N;, respectively.
kmeP kiMP
* = ———rrim} ¥ ememeeme—eeea—
Nl k"'n-t-xam* * (kH+KM}N£ (35)
o pPp o] Pp
KM i-1 K Mp i k_“f ki
R = * = P 3 bl X 33 ) NI
M= Kmsrn? M~ Garra? VgV + gl
o PP o PP
---------- (36)
From Eq.(23) and Egs.(34) to (36), we have:
N* k k, N»* s KM .
- 1 _nf 2y (L PP __
kf koltn*) +ko“x ) + (K“N*” L (krr+x:-1) (37)
p P i=1 "o PP

Initiator radicals are usually so reactive that the number of polymer
particles with I* radical,N} will be very small and hence, it will be
reasonable to assume that the term N*/N* in Eq.(37) is negligible, especially
if transfer to monomer molecules is écminant, that is, k__/K_ is larger.
Further, k © is far smaller than X M_ in an ordinary emulsioh polymerization
system, otherwise, high molecular gegght polymer cannot be pnroduced
considering Eq. {36},

Then, k £ lznwﬁs krrl

kf kOS( ! ) (

£,

K [
md

b P P

If we assume that only monomer radicals can escape, the value of s should
be unity and the values of m, Dw and § should also be those for monomer.
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5.G. Mason and A.A. Robertson
Department of Chemistry, HMcGill University

Mr. M.E. Labib has completed a thesis with the title "The Preparation and
Characterization of Synthetic Latexes" and the following abstract.

"Several methods of preparing emulsifier-free homopolymer and copolymer
latexes have been adapted or developed with the objeck of producing model
colloids with controllable sizes and surface charges. Novel preparvations of
copolymer latexes with predictable sizes and charge densities were introduced.
The diafiltration technique was dintroduced to clean the latexes with the ad-
vantages of efficiency and ecase over conventional dialysis or ion exchange.
Basic studies of the use of conductomeiric titrations to characterize the
latexes have been made and the applicability of the technique was reconsid-
ered by taking into account the presecnce of Lhe electrical double laycr, ion
distribution between surface and bulk, and disscciation of surface groups.
Consistent and practical extrapelation methods were developed for the forward
and back titrations of lakexes to determine stoichiomeliic amocunts of surface
charges. The conductomcltric method developed was applicd to study the distri-
bution of various impurities in latexes and criteria were set for latex clean-
ness with different methods of cleaning. Oscillometric titrations of latexes
were also used with excellent agreement with the conductometric technique.
Electrophoresis studies have shown the preosence and desorpbion of chavged oli-
gomers from the surface of cimulsificr-free homopolymer latex with dilution or
washing. The effect of the presence of these oligomers on the properties of
the latexes was ezamined and found to limit the use of these latexes as model
collonids. Comparative electrophorersis measurements of various latexes have
shown results that are interpreted in terms of the structure of the latex sur-
face layer. Emulsifier-frce copolymer latexes produced in a methanol-water me-

dium are monodisperse and appear to have stable predictable colloidal propertics

In an carlier newsletter a new technique developed by K. Takamura for studying
shear induced Lwo-body encounters between colloidal-size spheres was described.
Tt lnvolved measuring the paths of appreach and recession of transient doublets
of polystyrene latex spheres in Poiseuille flow using the travelling microtube
MK IT. The resulting particle trajectories in aqueous 50% glycerol were then
analyzed by means of hydrodypnamic theory in conjunction with the DLVO theory

of colloid stability. It was found that the best fit of the expevimental tra-
Jecturies was obtained when values of the llamaker constant A and the London
wavelength A of 0.003 aJ and 200 nm respectively, were used.

The same rechnique has now been applied to study the effect of adsorbed
polyelectrelyte on the stability of the sols. From measurcments of a total
of 25 doublets of 2.5 um diam. polystyrene latex spheres at 3, 6 and 100 ug
dl-1 cat-floc (cationic polyelectrolyte) it appears that: (i) At the lowest
Cat~floc concentrations the adsorbed molecules lie flat on the surface and
there are no long range interactions between two latex spheres. (ii) Near
the isoelectric point of Cat-floc at 6 pg dl~l, there were still appreciable
numbers of negatively charged Cat-floc-free sites. Here, polymer-bridges of
lengths up to 1 um were found; presumably with chains of Cat-floc molecules
anchored at each end on different spheres. From the magnitude of the hydro-



dynamic force it was concluded that a single chain of Cat—floc molecules is
strong cnough to maintain a doublet of spheres of 3 pym diameter at shear rates
up to 1000 s~ L.

Dr. K. Takano has becen visiting the laboratory and has been conducting studics
of the rheo-optical behavior cof ordered latices.

It bas long been known (Osta, Krieger, ete.) that under certain conditions
monodisperse latex dispersions exhibit interference colors (iridescence) in
white light. Recent studies by llachisu et al in Japan (with whom we have
collaborated in the past) have indicated that this is an order-disorder phase
transition: in well defined experiments with -2uym polystyrene latexes (par-
ticle density > 1 g.mi~1l) in dilute aqueous electrolytes of appropriate ifonic
strength, phase separation occurs into an upper milky-white (disordered) and

a lower iridescent (ordered) phase of higher solid fraction and hence higher
density with the iwo phases separated by a sharp boundarv. The iridescence

was attributed to Brapg refluctions of white light by an array of randomly
oriented face-centered crystal lattices which act as a diffraction grating.
Both phases are fluid. If the hypothesis of crystalline structure in the
ordered phase is correct, such systems can be regarded as macroscopic versions
of liquid crystals. It was considered therefore to be of great interest to
examine the iridescence of such ordered phases under shear to see if the lattice
structure is destroyed by the vorticity (votation) caused by the fluid motion
or whether it was reinforced by transforming the phase from an assembly of ran-
domly oriented crystalline domains into a single lattice filling the whole
sheared region.,

Preliminary experiments performed in the macrocouctle apparatus exhibited tle
Bragg diffractionpatterns under various conditions of shear. Tt was observed
that in the carly stages of shear the Jattices appeaved to be destroyed after
which they reformed progressively until a single large lattice was formed.
This surprising vesult led to the question: did the single crystal £ill the
whole apparatus or was it simply confined to a thin layer extending inward
from the glass wall of the apparatus? Tf the former, Lhis meant that the ve-
locity gradient traversed the whole system and (i) the individual spheres of
the laLtice were rotating independently like ball bearings at angular veloci-
ties = 1/2(velocity gradient) or (ii) there is no rotation (vortieity) and
shear motion consists of parallel crystalline layers sliding over one another
like a viffled deck of cards. This question has not yet heen completely
answered, ’

Independent experiments were conducted in the Couette MK IV apparatus to
determine the velocily distribution across the shear field. Under certain
conditions (low concentrations) there was indeced nearly constant rate of

shear across the system and under others (high concentrations) wall slip

with zero shear in the portions away from the outer Lranspavent cylinder,
implying plastic flow. In both cases the system was iridescent with a single
lattice when viewed from the outside. Unfortunately Lhis work was interrupted
by Dr. Takano's rceturn to Japan; it is our hope, however, to continue this
interesting work when help becomes available.
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Emulsion Polymerization with Non-ionic Surfactant

Emulsion polymerizations of styrene in the presence of a
non-ionic surfactant were carried out to investigate the kinetics
and nucleation mechanism of such a system. A typical polymer-
ization recipe was K;S,0g = 0 188g, BC-840 (tridecyl poly(ethy-
leneoxy) ethanol=2.0g, styrene=25g, H,0=50g. The results are
briefly discussed as follows:

The conversion-time curves of emulsion polymerizations of
styrene using two emulsifier concentrations {curve A:BC-840
3 0g, Curve B: BC-840 2.0g) and in the absence of emulsifier
(curve C) are shown in Figure 1. With the exception of Curve C,
both curves A and B, show two constant rate regions: i.e., con-
version from 5% to 30%, and 45% to 80%.

Three possible explanations could be advanced for these
abnormal conversion-time curves: (1) long induction time.
(2) Trommsdorff's effect! (3} two-stages nucleation. In a con-
ventional emulsion polymerization, the induction period usually
diminished within 10% conversion The polymerization rate in
this period is accelerative, and the number of particles formed
increases as the percent conversion increases, then remains con-
stant during the so-called constant rate period. In this inves-
tigation, we found that the number of particles remains relatively
constant throughout the first constant rate period. (Table 1)

Table I
No. of particles formed per cc. ¢f agueous phase
conversion (%) No of particle/cc. ag. phase
x 10 13
4, 64 8.10
9.33 7.02
14.03 7.84
17.86 8.19
20.01 7.83




When the Trommsdorff's effect is operative, it leads to
a sharp decrease in the k_ and usually enhances the polymeri-
zation rate, and increases the molecular weight It, however,
should not have any influence on the number of growing particles.
In our studies we found a sharp increase in the number of
particles when the polymerization conversion approached 407%,
i.e., was close to the inflection point of two linear lines in
the conversion-time curve Therefore, we conclude that the
faster rate in the second region cannot be caused by the Tromms-
dorff effect.

A two-stage nucleation has been observed in the emulsion
polymerization using seeded latex.? It was found that when the
surfactant was charged at concentrations higher than its CMC,
new particles were nucleated and competitively with the seed
particles consumed monomer. Obviously, due to the secondary
nucleation, the total number of growing particles increased
and consequently the polymerization rate increased.

The histograms of particle sizes obtained from the elec-
tron microscopy data of latices at different conversions are
shown in Figure 2 It can be seen that, below 40% conversion,
there is only one particle size distribution, after 40% con-
version, a bimodal size distribution appears. In order to malke
the comparison easier, the histograms are plotted as weight
fraction vs particle sizes, instead of frequency of particles
vs particle size. The number of particles generated in the
second stage is much higher than that of the first stage. We
conclude, therefore, that two constant rate regions in these
emulsion polymerizations is caused by a two-stage nucleation.

It also has been pointed out that the mclecular weights
of polymers obtained from emulsion polymerization are closely
related to the growing particle sizes Based on Stockmayer?
treatment, the rate R_ and the degree of polymerization, Pn’
can be expressed as:

2
R, = z(% £ Xk, /2 my
. .
P = Z(E%:'p £k, (17 ‘/Z[M]

where 2, the subdivision factor, is given.

n .
Z2 = ;74 n = the average number of radical/particle

/
a -4 (40D w
kt

v = the volume of growing particles.



Qualitatively, this treatment suggests that molecular
weights of polymers generated in small particles are higher
than those generated in big particles,

The same series of latices that had been used for the
electron microscopy studies were coagulated and analyzed
by GPC. The results are shown in Figure 3. Viewing Figures
2 and 3 simultaneously suggests that the appearance of the
high molecular weight portion (low elution volume) in the
GPC is due to the participation of those particles nucleated
after 40% conversion. At this point a clear explanation
can be advanced for this two-stage nucleation. It is specu-
lated that the total rate of capturing the initiated species
from the agueous phase is too slow for the particles generated
in the first stage, and more and mxre are left behind to self-
nucleate in the agueous phase.

The emulsion polymerizations with ionic surfactants,
as a rule, do not show this type of two-stage nucleation
behavior. Comparison of ionic and non-ionic surfactants
yields three important differences, namely: 1) the micellar
sizes are much smaller for the ionic surfactants; and 2) the
diffusion coefficient of ionic surfactant is much faster than
for non-ionic surfactant; and 3) there is a charge and thus
a higher hydrophobicity for ionic surfactants.

Therefore, in the presence of ionic surfactant, the nucle-
ation of particles is easier and faster than in the presence of
non-ionic surfactant From the Homogeneous Nucleation Theory,
the main role of surfactant played in emulsion polymerization
is to stabilize the particles. However, from this study, it
is found that the micellar character is also an important fac-
tor in controlling the emulsion polymerization kinetics. An
attempt to explain the observations with micellar nucleation
or homogeneous nucleation alone cannot be successful. Further
understanding of the behavior of non-ionic surfactant such as
abscrption-desorption of surfactant nolecules on particles,
the determination or the rate of capture of oligomeric radicals
into particles, stability of sterically stabilized latices may
be necessary for obtaining a complete picture of the emulsion
polymerization in the presence of non-ionic surfactants. A
possible mixed micelle formation between the oligomeric radicals
and the surfactants cannot be ruled out.
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Contribution to the Polymer Colloid Group Newsletter

by
R. L. Rowell

Notes on a paper entitled "Polystyrene Latex Particle Size by Electron
Microscopy and Light Scattering" by R. L. Rowell, R. S. Farinato, J. W.
Parsons, J. R. Ford, K. H. Langley, J. R. Stone, T. R. Marshall, C. S.
Parmenter, M. Seaver and E. B. Bradford which was published in J. Colloid
Interface Science 69, 590 (1979).

We have recently reported on the intercomparison of the determination
of particle size distribution of a Dow latex as done in four independent
laboratories each using an independent methed., The four methods and
laborateries are electron microscopy (Dow Chemical Co.), aecrosol angular
light scattering (Indiana University), Rayleigh linewidth (Department of
Physics and Astronomy, University of Massachusetts), and suspension angular
light scattering (Department of Chemistry, Unlversity of Massachusetts).

The work showed that an accurate measurement of particle size could
be obtalned by several methods provided that the experimental precautions
of each mathod were observed. The work was encouraging in that the agree-
ment of the modal size of the size distribution as determined by the
several methods was sufficiently self-consistent that the differences may
be attributed to differences in assessment of sample polydispersity and
real differences in the state of aggregation of the latex as determined
by each method,

The work was several years in preparation due to tte fact that it was
carried out in different laboratories and as an aside to other principal
responsibilities of the workers involved. Duuing that time considerable
advances have been made in the linewidth techuique so that it is now
possible to obtain an improved characterization of sample polydispersity.
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