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Although contributions from five members were waiting for me on 19th April
and the arrival of the reminders in mid-February had stimulated the immediate
vreparetion of three other contributions, reports from 9 academic menmbers
are missing. A self-criticism session will he necessary at the Annual Meeting.
Unfortunately T can't be there to hear members' excuses because of the
exigencies of family holidays. lembers at the Anmuael Meeting might also
take the opportunity to remind each other to prepare their contributions
for the Autumn issue beceuse it looks as though the deadline should be
Monday 3rd October 1977 in Manchester which would mean that members should be
getting their reminders just at the time of the meeting!

Menbers will have received application forms for attendance at this year's
snecial Gordon Research Conference on 'Polymer Colloids' from Chairman Krieger.
Gary Poehlein is co-chairman. The Conference will be held at Holderness
Sehool, near Plymouth, New Hampshire from Sunday evening 21st August till
Fridey afternoon 26th August which I cean commend from personzl experience
in 1572. Plymouth M.H., is served by a Continental Trailways bus from Boston
but participants without cars usually find it more convenient to take advantage
of the special coaches provided for the Gordon Conferences which leave
Iogan International Airport in Boston at about 3 p.m. on the Sunday and
return there the following Friday afternoon. The conference forinat provides
two major lectures in the morning, the afternoon free for recreation (there are
tennis courts etc. on the site) and a further major lecture in the early
evening. Accommodation and meals can be provided for perticipants femilies
on the site althoupgh those with children under 12 will have to turn to one of
the motels in the viecinity. Group membersg will have to forego rescreation
on the afternoon of Wednesday 24th August when the Annual Meeting will be
held and most will alsc want to attend another extra item yet to be scheduled
when Bob Fitch will give a {inal report on the co-operative programme on
the preparation and characterisation of polymer model colloids which was
initiated at Trondheim in 1975. The leciure programmes for all the Gordon
Conferences appear in the March 11 issue of Science. The speakers will be
G.L.Brovn, J.Davidson, R.M.Fiteh, J.L.Gardon, A.Klein, S.G.Xason, A.J.Meilugh,
R.H.Ottewill, A.Rembaum, J.W.Vanderhoff, M.C.Wilkinson, V.I.Yeliseyeva,
J.Ugelstad, and K.Barrett. The fees cre U.S.§ 160 for participants and
2 110 for relatives accompanying them: these include accommodation and meals.
Anyone interested who wishes to attend should write for an application form
to Dr A.li.Cruickshank, Director: Gordon Research Conferences (until 12 June)
Pestore Chemical Iaboratory, University of Rhode Island, Kingston, Rnode Island

02881, U.S.A. OR (from 13 June) Colby-Sawyer College, New Lendon, N.H. 03257, U.5.A.

The 8th Annual Iehigh Short Course on 'Advences in Emulsion Polymerization
and Latex Technology' v.11ll be held from 13-17 Iune, 1977. Phe Fee (exclusive
of accommadation) is 2400 or $100 for separate days. Sneakers will be
E.A1len (Iehigh), G. Biewzgen (SherwinJWilliamsg, G.B.F.Brewer {Consultant)
%.A.Collins (B.F.Goodrich), M.Fl-Aasser (Ishig .}, F.Tcowkes {Lenigh),
A.E.Hamielec (Mclinster), W.Heller (ex Wayne State), A.J.lNcHugh (Lehigh),
G.W.Poehlein {Iehigh), F.L.Seunders (Dow),J.7.Varlerhoff (Iehigh), and
T.W.Thite {(Uniroyal). Further information {rom Gery Poehlein.

The 3rd Circular for Macro Dublin 1877 - 17-22 July is now available,
Tt does not contain any list of the contributed pavers acceptec 20 fur ovut
indicates that it may be possible to accept late offers over a rather wider
field than was indicated previcusiy. It scems unlikely that therve will be
sulch of special interest to eiulsion polyiter enchusizsts, however.



David Farmer has camleted the provisional programme for the Chemical
Society kacromoleculsr Group Symposium on 'Advances in Emulsion
Polyamerisation' to be held in London on 27tk Septenier 1977. Speakers will
be D.C.Blackley, H.J.Garvey (Unilever, Port Sunlight), J.B.Kzyes (Pharmacy, Aston)
R.ii.Ottewill, B.W.Erooks (Iougi.borough - 2 papers), J. Ugelstad, H. Warson,
and myself. Details will appear in 'Chewmistry in Britain' and the 'S.C.I. Bulletin
(Chemistry & Industry)' in due cource.

David Blackley is a member of the committee organising an International
Polymer Latex Conference on behalf of the Plastics and Rubber Institute to be
held in Iondon in September 1978. Five invited lectures are envisaged
and a Call for Papers was issued in February: provosals wre wanted by 31 August
and complete papers for preprinting by 30 4pril 1978. Suggested topics
inelude the preparation and properties of latices, latex surface coatings,
latex adhesives, latex foam, applications to paper and textiles. It could
turn out to be an expensive meeting, however, IRI Conferences usually are!
The Anmal Meeiing might like to consider whether it would be a suitable
occasion with which to hold the 1978 Annual lMeeting in conjunction although
the September date would probably give rise to difficulties arising from the
start of the U.S. acalemic year. Anyway David should be on hand to advise
from the U.K. standpoint.

There €o not appear to be any further developments as yet on the emlsion

polymerisation symposium scheduled for the 1979 Autumn A.C.S. Meeting to be
held in Washington September 9-14.

POLICY and ACTIVITIES of the INTERHATIONAL FOINYMER COIIOQID GROUP

The Group was founded at a meeting held on 27th September 1971 at Lehigh
University, Bethlehem, Pennsylvanie. The fourder members were Bob Fitch,
Irv Krieger, Ron Ottewill, Gary Poehlein, John Vanderhoff, ani David Williams
who subsequently inviied others active in research on polymer colloids and
emulsion polymerisation to join the group.

The object of the group is to faciltate exchange of information between
research groups working in these fields. Membership is by invitation from the
Anmial Meeting of the Group. Membership is restricted to those active in the
field and members ere expected to resign when they cease to be active in this
field. The Group is international and aims to include at least one member of
every research group with a contimuing interest in the field. The medium of
comnunication is English since this is understood by all present members.

The Group's object is achieved by (a) circulation to all members of
relevant reprints or preprints when available (b) circulation of o Newsletter
twice a year and (e) meeting at an annual informal symposium during which the
Annual Business Meeting is held: the informal symposium mzy be preceded or
followed or (in alternate years) substituted by a larger, public symposium.

Academic members are obliged to contribute to each issue of the Newsletter
and may be expelled by the Annual Meeting if they fail to do so: industrial
menbers are not obliged to contribute to each issue but shculd contribute
vhenever possible. MNewsletter contriltutions mey be recent research resultis,
progress reports, critiques of previous reports or publications etec. The
conternts are not to be circulated outside the member's research group or
cited without permission until published in the regular literature. Contibutions
should be typed ready for Xeroxing on A4 (29 x 21 em) paper, single spaced
if practicable, and should not normally exceed 3 pages including any diagrams.

Members asre encouraged to bring their graduate students with them to
the Informal Symposium and may invite representitives of interested industrial
laboratories to attend as guests.



CONTRIZUTIOHNS FROM POLYPRCIZTIC OF LORTH LONDON || ; AT

D. C. Blacidey, Netional College of Rubber Technolory, The Polytechrnic of No.rth
London, Hollewsy, London I'7 8D3

I, TiH0RY OF COMEMRTI =ITNALISTD FRI-RADIC..L POLYITRIC/TICIT RTUACTIONS

Ly colleague, Dr. D. T. 3irtwistle , and myself have recently cbioined, and
discussed the implications of, an explicit analytic solution to whait we terd to refer
to here as tne "Gilbert-lapper" proolem. This is the problem vhich Giloert and HMapper
discussed in J. Chem. Soc., Faraday Trans. I, 1974, 70, 391. It concerns the predicti
of the variation with time of the populations of nartlcles which contzin various
huzbers of propa~ating radicels, f'or the case of a seeded emulsion polymerisation
reaction which fulfils the following conditicens: (1) radicals enter the reactiosn loei
from a contiguous external che2se at a constant rate; (2) the only significant processe
which result in loss of radicel activity from reaction loci are kinetically of firs*
order with respect to the corcenirztion of radicals in the 1oci; (5) redicals lost; by
diffusion Irom loci to the external phase are not available for re-initiation; (4) the
volumc of the rezction loci is urniform and does not increase significantly as polymer-

isation oroceeds; (5) no nucleation of new loci takes place; and (6) no reduction in
the total number of reaction loci occurs, e.g., through agglomeraticn.

The gereral exrression which we obtain for n, the number of reaction loci per
unit volume of reaction system wnich contain r propagating radicals, is

n(8) = { (1-2 M)} 41/,{ g (- .e'“)} (1)-

where t is the time which has elavsed since the generation of radicals commenced, U

is the total nuvber of reaction loei ver unit volume, o is the average rate of entry
of radicels into a single locus, ond k characterices the rate of loss of rodical
activity by 11rst-order processes,

e oblained this result by introducing the time-dependent locus-population
gererating function

P(s,6) = ;%’f;("ﬁ; L T e (2)

where §. is an suxilisry verisble. Then the set of time- devendent Soith-Ewart
recurrence relationships to be solved reduce to the following single partial
differential cquation in f:

AV -y + k{1-£)29¢ 2P ......: 3
- o(e-) @ | ( )ag- x(t g)a§= , (3)

where Y = k‘ﬂg A, being the rate coefficient for bi@olecular termination between
radicals, and v the volume of the reaction loci., Yor the model which we haove assumed,
X =0 . Iac simplified differentinl equation for \Jr, ocotained by putting X =0 in
ecuation (4}, can be solved oy the method of separation of veriables, to give -

PEL) = Nex)"{g(g-l)p—z'“)} eeees (4)

In arriving ot this result, use is made of the boundary condition ipﬁgca A, waich
follows becouse Lnltlallj'ﬂ N. laking use of the fact that

n = ! a”l‘P Oll!.l' (5)
e b
£=0

then gives cauntion (1) above. The toital nuvber of radicals in the system at eny
Luntant (and hence slio £(¢) , the averare munber of radicals per 1DCUu) can be




obtained os

b cng(e) = (?‘%—) = NE(:_—--&:’“) T ceenss (B)
£

In order to illustrate the numerical consequences of the theory, we have taken
the sare values ofoand 2 as did Gilbert and liasper, namnely, o= Ix/07%¢c and & =
§x/0 *sec”’, ond then calculaied (1) the veriation of 'LT_/(.g,t-.-) with € for various values
of ¢ , (2)m,(¢)/N as a function of ¢ for = 0,1 and &, (3) T(¢) a5 a function of & ,
and (1) the conversion cf monomer to polyrer, i(¢), as a function of ¢ .  The results
of these calculations are saown in Figs. 1, 2, 3 and 4 respectively. Comparison
of our fig 2 with ¥ig. 1 of the Gilbert-Lapper paper shows that the two theories give
almos% identical prediciions for the chosen values of o and & .-
The advantage of our result compared with that of CGilbert and lapper is that
ours is a closed analytic form for n (t) whereas their expressions for w (t) are
ratier cumbersome power series in ¢AY | Our result is therzfore rather nore
arenable to discussion. The nunerical prediciions given by the two results are almost
identical if (os in the case of th: values of o end 4 assumed for the purposes of
illustration)a/k <« / . " The predicted values of n,(ev) are identical,

imongst the interesting conclusions vhich emerge from consideration of our
result are the following:
(1) whilst m,(t) fzlls monotonically with increzsing t, n,{t)(r>0) can pess through
o moximum if the velues of ¢ and 4 are such that there is a non-zero integral
value of v less then o/k
- (2) Then,fe)form o tire-devendent Poisson distribution with respect to the 7, the
perameter of the distrioution at any instont being the average number of radica
ver locus at that instont. .
(3) In principle, it is possible to ootain estimates of both o and A from
reasurcuents ofﬁ4ﬂ1 a5 o function of t over the esrly stages of a seeded
emulsion polymerisation. .

The story so far is a hanpy one. Unfortunétely we have now discovered that, at
~bout the same time 2s we were preparing a notesoout our result for publication in
Cherical Communications prior to the publication of the full paper, a note by weiss
and Dishon was published in J. Chem. Soc., Faracay Trans. 1., 1973, 72, 1542, giving
the same result as us for m,(¢) , it oveing obtoined by using an idertical generoting
function! Our note has been accepted by Chemical Communications, but our full poper.
will now have to be considerably modified. I am hopeful thet somcthing can be
salvazed, because veiss and Dishon do not discuss in any detail the implications of
their(and our) result. :

IT.CTLOTLTTY 0F SURFLCTART-213 LOWI0WG PRUPAD USTNG 4,4'-A40516 (4-CYATIOP KPANOIC
R6T0) 25 ANILLLTOR

we are endeavouring to prepare reasonzbly viell-characterised carboxylate-
stabilised lstices of rubbery polymers which we can suosequently use as models for
materials such as natural and &3 rudbber latices. To this end, we have preparcd poly
n-oufyl acrylote latices using &,4'-azobis(4~cyanonentanoic acid) as initiator, and
polynerising at pi8 in order to minimise the hyarolysis of thec monomer and polymer.
i typical recipe which worus quite well is: water 220g., n-butyl scrylate 40g.,
initiator 0.8g., and 11 KOH to edjust the pi to 8. IV is convenicnt to carry out
coly.erisation at 50¢C. Conversions of 70-80, ere achieved in § nours. oSimilar
corversions are chicined by recaction at cmbient temperature if' the initiator is
cecouvosed photochemically by UV irradistion. 8

We arc rather puzzled by some of the stability characteristics of the latices
optained, and would welcome comrents. TLatices prepared by a similar recine obut
cotaining 5% of potassium stearate on the monower coagulate as cznected in the range
pH 8-9 when dilutc acid is acded. Coagulation of the surfactant-free latices does
not coumence until the pil has Tallen to about 5.5; coagulation is not complete until



the pH is reduced to about 3.5. At first, we were inclined to attribute the stability
of the surfactant-free latices to the precence of volyacrylic acid., The indications
are that this is not the explanation; if anytiiing, the addition of polyacrylic acid
recuces the stability of the surfactani-free latices. Presunably the stability is

due to the presence of corbined carvoxyl groups derived from the initiator. 3But the
surface concentration of these groups anpears to be very low. Assuming a reasonable
value for the rote coeft'icient for the uecomposition of the initiator (see. III below),
I colculnte that the ninimunm value for the surface area per couoined carbvoxyl group is
zpproxirately 2000 £ , i.e., the surface coverzge is between 1% 2nd 2% of that expectec
for a latex fully stabilised by carvoxyl groups. e wonder if the ennanced stability
is aue to the preczence of the Cii group. Hydrolysis of the latier to CO.H seems unlike:
under the conditions we have employed, but could the presence of the strfongly polariset
C group a2t the particle surface lead to e:tensive hydration of the particle? The
exteny of the hydration would presumavly not be so dependent upon pl as would that
associated with the precence of CO groups, because, unlike 002, CN groups do not take
part in acid-base equilioria;

Otner interesting feactures of the atablllty of thz surfactznt-free lctices are
&5 follO -

(1) The latices coagulate at vH ca. 11.75 when 1! KOH is added,

(2) The latices appear to be mechanicelly very unstable. ZIven attempting to dis-
charge o scmple  through the oriffice of a pinette con infuce coagulation., Thi
beheviour is no% obscrved in the case of stearote-stobilised latices, although
voth types of lztex con be easily coasulezted by rubbing between tihe fingers.

ITIT, DIOCCIZOETRION I TICE OF °’T o 0T 4,4'—l20315(4;CY!E0- JTA0IC ACID) IN
Far b LUb 1nuali

We arc also currently investigating the decomposition kinetics of salts of
4,4'-azovis(4-cyanooentanoic acid) in agueous rmedia, because of their potential
usefulness as iniiiators for thz preperation of moael carboxzylate-stzbilised latices.
we are cleased to revort thzt the decomposition of the potassium salt seeas to be
first order over a wide ranse of conditions, and thot the rate coefficient for the
deconposition seens to be independent of both ionic strength a2nd pH., We are also
deternining the rate coefficicent for the free acid, but cannot yet say whether it is
the seme es for the di-enion. ..n additional variable which remoins to be investigated
is the n~ture of the counterion, 4 reasonable yﬁlue to take for the decoumnosition
rote coelficiecnt at 50°C apﬂcarr to be 1.6 x 10 scc.-l The energy of activation
for the decomposition is 134 J.molrl (32.0 kcal.molt )

P Lila "B
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UMIST

The University of Manchester Institute of Science and Technology

: PO Box 88, Manchester M60 1QD
Chemistry Department, Telephone 061-236 3:?11

Dr A. S. DUNN Extension 2088

The November S.C.I. Symposium organised by Henry Warson on 'Control of
Particle Size in Polymerisution' was very successful attracting a capacity
audience of 120 to the Society's new automated lecture at Belgrave Square: it
has even more buttons than the Lehigh theatre! Fiui Hansen was prevented from
coming because the Trondheim eirport was snow-bound but John Ugelstad got through
to Gslo by train ani wes able to fly from there. Dr N, Fischer of Rhone-Poulenc
gave a comprehensive review of the methods usged in his leboratory to determine
the particle size of PVC latices but unf ortunetely his presentation was too
cordensed as & result of the very full time-table. The rheology of PVC plastisols
is criticelly dependent on particle size. Ron Cttewil? gave an updated report
on the Bristol studies of the preparation of surfectant-free polystyrenes emphasising
tle importance of the ionic strength of the solution. A. Moyles (Vinyl Products)
described an improvement to t-3: Joyce-ILoeble Diso Centrifuge by aldition of a
photdensitoretcr which enables results to be obtained much more rapidly. He noted
thet commercial latices tend to have multimodal particle size distributions which
mekes the interpretation of results obtained by direct light scattering procedures
difficult. T.S.Colden (Zerolit) discussed suspensicn polyrerisetion for producing
ion exchange resins. High sheer could cause division of large beads: this was
undesirable because small heads pised with large blocked the channels by which a
solu‘on should flow through a bed of resin. Dr ¥W.\.Thompson (ICI Faints) said that,
80¢7 solids dispersion in organic solvents could be achieved with polymodal
particle size distrituticns. Dr I.G.Carson (Shell) discussed the control of
particie size in Ziegler-Natta polymerisations: the shape of the cataly st particles
Getermines the shape of the polymer particles produced. The cetelyst particle
breaks up during the polymerisation. The particle size of the polymer can
thercfcre be controlled by controlling the size of the cataelyst: contrclled
precipitaticn cen te achieved by carcrying out the reaction between titanium
tet-~_chloride and aluminium alkyl at temperatures in the tegicn of - 100°C.

John Vanderhoff concluded the proceedings with one of his very best presentations
revieving the practice of particle size contrdl in emmlsion polymerisation.

Our contribution 'On the Applicability of Gzrden's Equations for the
Calculation of Particle Size in Emulsion Polymerisation' should be submitted for
publication in the Britich Polymer Journal within the next week. We find good
agreement between the calculeted particle sizes for polystyrene latices prepared
using persulphate and various sodium alkyl sulphate and potassium alkyl carboxylate
emilaifiers although the turbity-average redius measured should be larger
than the raot-izar-crte radius calculated since the latices are not mer.cdisperse.
However the theory is deficient in neglecting the «Tect of ionic strength on
perticle size although cardon's own results show this to be & relevant parameter
T™arther the order of reaction in emlsifier is not really 0.6: Bartholome, Gerrens
ot 2l. 1956 results at a 1:12.5 monomer :water ratio actually correspond to a
0.75 order et low enuleifier conecentration which deceuses +with increase of
concentration {ef. Spring 1878 VMeusletier)s. This is probably correlated wit}}_

e slow change in micelle size with increacing emulsifier concentration {f. Piirma
ard Fong'e contribution to the 1975 A.C.S. Emlsion Polymerisation ). ».W. Barry

& G.F.J.Russel (J. Coll. Sei. 30 (1972) 174) show that, ot least over a Llimited
range of concentration above the -C.l.Ce, micellar molecular weight imic varies

5 th +he total gegen-ion concentretion ¢4 according to Mmic = X gi® where o = 0.14
for soéiun én”ecyl sulphate and ¢ = 0.22 for sodium hexadecyl 'ulphate. This
effect together with the increase in the concentration of micellar surfeactant

owing to the decreasc oFf ihe Cotnec. may suffice to explain the ionic strength
effect although the initial micellar surface area does not aypenr in Gardon's
final eguations.




Table I. Calculated and Observed Particle Sizes of Polystirene Lolicen

(1) (2) Calculated Observed
Alkyl chain Micellar surfactant  ag/A? molecule™l T e/ Dl T./m T /mm
length cone.  103/dm™ from fl?/from(2) i
Potassium carboxylates
c8 0.0120 29,6 39.6
C 10 " 68 41.4 36.9 40,7 29.7 39,8
C 12 " 66 4.1 37.1 42,3 28.5 35.5
C 14 L 56 256.1 28,5 i5.0 21.0 3%.6
C 16 n 23.4 45.7 31.0 39.5
C 18 " 31.0 39.5
C 22 " g 31,7  39.0
Sodjium alkyl sulphates
cC8 " 31.1 37.2
Cc 10 " 63 52 7.4 39.0 27.9 36.1
i 0,0260 . 32.1 33.3 27.0 30.7
c 12 0.0120 65 52 37.2 39.0 30.2 39.4
N 0.0510 27.9 29.1 26.2 30.3
C 14 0.0120 61 51 37.7 39.0 28.9 38.9
" 0,088 27.5 28.5 26.2 30,0
C 16 0.012 54 38.7 27.7 7.2
L 0.059 28.1 26.3 28.6
C 18 0.012 30.5 37.0
0.060 24.2 28.1
Table II

BEffect of Ionic Strength on Particle Size of Polymethyl Methacrylate Iatex

% in water

Surfactant Initiator Salt Theory Electron microscope Light scattering
0.256 0.029 0 7.85 6.3 7.9
" " 0.050 " 7.1 8.7
" n 0.300 " 8.25 9.9
0.152 0.010 0 9.9 8.65° 9.5
= " 0.050 " 8.75 10.3

(Gardon, 1968)

Particle size

108r/m

The results with sodium alkyl sulphates show that the width of the particle
size distribution decreases quite merkedly as the emulsifer concentration is
increased. This is contrary to what would be expected on the Smith-Ewart hypothesis
that particle formetion ceases when all the emlsifier has heen adsorbed on the
surface of latex particles which would indicate that the duration of Interval I
(an consequently the breadth of the particle size distribution) would increase
with emilsifier concentration as was indeed observed by Gerrens using electron
microscopy (Fortschr. rolym. rorsch. 1 (1958) Table 13). The sbove results, on
the contrary, would suggests that the duration of interval I is reduced by
inereasing the initial surface area of the surfactant micelles. The possible
importance of the initial micellar surface area is also indicated by Ryabova et al.'s
observation that at & sufficiently high emulsifier concentration micelles persist
throughout the reaction although particle formation ceases at an early stage. The
explanation is presumahly that the probability of an oligomeric sulphate radical
entering a latex particle is mch higher than that of it entering a micelle
(Nomra's =) presumably because the van der Waals' attractive force between
the oligomeric radical and the relatively large latex particle exceeds that
between the radical and the monomer molecules solubilised in a micelle. Hence
as the latex particles grow they eventually capture all the radicals and particle
nucleation ceases. We hope to ivestigate the contradiction between our results
and those of Gerrens further.

V. Al-Shahib & A.S.Dunn 'The Effect of the Homologous Series of Alkyl Sulfate
Surfactants in the Emilsion Polymeriszation of 3tyrene. Part I. Baqual Total
Concentrations' has bheen accepted for puhlication in J. Polym, Sci.~ Polym. Chem.
This shows that equal rates are not observed when emal surfactant concentrations

Ed.

are used but that the variation observed is attrihuta%le to variation in the

LaTaRo R TP S i



POLYMER COLLOID GROUP NEWSLETTER
REPORT FROM THE UNIVERSITY OF CONNECTICUT

Dr. A. R. M. Azad has joined our group. He obtained his Ph.D. with
John Ugelstad and worked as a Research Manager for Chemanex Ltd. in Sri
Lanka for a year prior to coming here in January. He describes his project
below:

1. Latex Particle Formation in Suspension Polymerization.

The kinetics and mechanisms of latex particle formation during suspension
polymerization of several vinyl monomers are being studied by centrifuga-
tion, gravimetry, light scattering and electron microscopy. Experimental
variables involve the nature of the stabilizer, rate of initiation,
nature and water solubility of vinyl monomers, initiators, chain transfer
agents, ionic strength and temperature.

Some other projects currently underway include:

2. Synthesis of Substituted Benzoyl Peroxide Initiators (K. Prakash).

General synthetic pathways towards the synthesis of peroxide initiators
bearing chemically functional groups are being explored. The current
goal is to make p-sulfo-methyl perbenzoic acid.

3. Kinetics of the Reaction Between HSO. and 0, (Kevin Healey).

The kinetics of this reaction, catalyzed by Fe(II)/Fe(III) are being
followed potentiometrically in the presence and absence of monomer in
aqueous solution.

4, Coagulation Kinetics During the Particle Nucleation Staze in Latex
Polymerization {Diane Sheldon).

» This is a continuation of the work started with Rich Watson in which we
measured the time-dependence of scattered light intensity. Photoinitiation
is employed, using a single flash to produce a bunch of particles whose
coagulation rate is then determined as a function of initiator type (charged
or uncharged), monomer solubility, emulsifier concentration and temperature.

5. Chemical Applications of Laser Interferometry (Tor Henrik Palmgren).

o
Tor obtained his MS degree from Abo Akademi under Danielsson and Stenius.
He is continuing the work initiated by Deborah Ruszala on non-steady-state
polymerization kinetics and the determination of absolute rate constants.
This has particular application, we hope, to the growth rate of oligomeric
free radicals which ultimately nucleate to form the primary latex particles.

6. Synthesis of Surface Active Monomers (Robert Miller).

As another route to the controlled introduction of chemically functional
groups at the particle surface, we are seeking synthetic ways to make monomers
which will concentrate at the interface and which will bear the desired func-
tionality. Bob is trying to synthesize substituted, surface active styrenes
for this purpose.

7. Chemical Reactions at the Interface (Charles Fifield).

Chip has just joined the group. He hopes to follow up some of the work of
McCarvill and Gajria, using physical methods, e.g. nmr, to find out more about
the nature of the interface and the interaction of catalytic sites with sub-
strate molecules.

8. Synthesis and Characterization of Model PTFE Colloids (G. Robert Traut).

Bob has completed a Titerature survey and is ready to start experimental
work.
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S.G. Mason and A.A. Robertson
Contribution to the Polymer Colloid Group Newsletter

April 1977,

The recent work of van de Ven and Mason (reported in previous
newsletters and now in a series of papers in Colloid and Polymer Seci.)
on stabilized and destabilized latex sphere suspensions in dilute
electrolytes in shear flow has been extended to systems in which polymers
are adsorbed on the particle surface. Detailed studies of the formation
and trajectories of permanent doublets of two latex spheres and their
period of rotation in the presence and absence of polymers have continued.
Further studies of models of polymer-bridged doublets of macroscopic
polyethylene spheres linked by elastomer fibers have also been made.

A video system for viewing and tape recording the particles has been
developed for conveniently measuring the statistical variation in the
period of rotation of doublets due to the appreciable rotary Brownian
motion of the doublets,

As previously shown both experimentally and theoretically
(Arp and Mason) the paths of two colliding rigid spheres in shear flow
can be separated into open and closed trajectories, corresponding to
separating and permanent doublets respectively. In the absence of
Brownian diffusion, interparticle forces and n-body interactions (with
n 2 3), it is impossible for the interacting spheres to cross the limiting
trajectory within which a permanent doublet exists. However, in the
colloidal systems previously studied, interparticle forces and Brownian
diffusion have been shown to result in a change of the trajectories of
doublets. It is evident that permanent doublets can result from strong
van der Waals attraction at high electrolyte concentration as well as
from the presence of adsorbed polymer, presumably due to bridging across
the sphere surfaces. It is significant that the forces resulting in capture
of the spheres appear to be long range, acting across distances as great
as 4 um. After the formation of such doublets, the spheres were often
seen to be visibly separated with the interparticle distance varying
continuously during the rotational orbit. From the measured dependence
of the period of rotation on the shear rate, it is conjectured that such
doublets may be connected by a flexible bridge of dissolved polymer
molecules.

To gain further insight into these phenomena; a detailed analysis
of the rotation of flexible dumbbells of 3.0 mm diam. spheres joined by an
elastomer filament fiber (Lycra, Dupont) was made. It has been observed
that the separation distance between sphere centers varied periodically
with the connecting fiber exhibiting appreciable bending while the trajectory

Postal address: 3420 University Street, Meontreal, PQ, Canada H3A 2A7
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of sphere centers executes an approximately elliptical path.

The equivalent ellipsoidal axis ratioc of this doublet was then
calculated as a function of the orientation of the axis of revolution
(i) from the measured separation distance assuming behavior as a rigid
dumbbell and (ii) from the measured angular velocity. The observed results
can be qualitatively explained by considering the hydrodynamic force acting
along the sphere centers and the interparticle force created by the
connecting fiber. A calculation of these forces has been made and quite
good agreement between mea%ured and calculated angular velocities obtained.

M.E. Labib has had occasion to examine the concentration
dependence of the electrophoretic mobility of "emulsifier-free" latexes
prepared by recipes adapted from Kotera and Furusawa. Both mass transport
electrophoresis and micro-electrophoresis techniques have shown sharply
decreasing mobility when the latex is diluted to below ¢ = 10~4 (typically)
with equilibrium dialysate or with isoionic electrolyte solution. The
mobility decrease is not observed or is much less marked if the dilution
is made with a supernatant obtained by centrifugation of the latex.

The results are consistent with the suggestion, supported by
some evidence, that oligomers may be present in the serum and on the latex
surface and may be desorbed from the surface by dilution of the serum.
The mobility is not decreased by conventional dialysis or ion-exchange
procedures that might be expected to have a similar effect, Mobility
however was reduced by diafiltration washing or by repeated centrifugation
with replacement of serum with isoionic solution. Dr. A.S. Dunn reported
in the last newsletter an effect that he attributed to an oligomer
concentration in the serum. We would be interested in hearing of any
other evidence concerning fugitive stabilizer in emulsifier-free latexes.

The work of A-T. Cao-Thi, reported in previous newsletters,
has been completed and an M.Sc. thesis has been written, having the
following abstract:

"The rheological properties of aqueous dispersions of hydro-
lyzed polyacrylonitrile-grafted cellulose (HCPAN) have been investigated.
The concentrated suspensions are pseudoplastic and thixotropic. The
intrinsic viscosities of the suspended particles have been measured at
various electrolyte concentrations, u, and have been found to increase
linearly with 1/vi., The apparent viscosity is reduced by increasing the
electrolyte concentration or lowering the pH. The increase in apparent
viscosity, n, with concentration, C, at a constant shear rate is initially
exponential. The slope of a logarithmic plot of n vs C increases from
less than 1 to 4 or 5 at concentrations between 0 and 0.5% but then falls
again to near unity at higher concentrations. At the same time the
dependence of viscosity on shear rate, ¥, increases up to 0.5% but remains
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constant above this value, the constant relation being n = k }-0'66.
The viscoelastic nature of the suspension is revealed by the develop-
ment of normal stresses during steady-state or oscillatory shear.
Steady-state and dynamic shear moduli have been determined as a function
of shear rate or frequency respectively.

The experimental results are consistent with the idea that
the elementary particle is a cellulose protofibril stabilized in suspension
by associated polyelectrolyte (polyacrylamide-polyacrylic acid copolymer).
The extension of the chains and the stabilizing effect are controlled
by electrolyte concentration or pH. With increasing concentration the
viscosity increases rapidly because of the high axis ratio of the rigid
particles. At higher concentrations, particle interactions lead to
entanglements and network formation. The behavior of the more concentrated
suspensions is qualitatively similar to the predicted and experimental
behavior of other concentrated polymer solutions that have a gel-like
behavior!



POLYMER COLLOIDS AT SYDNEY UNIVERSITY  (February, 1977)

Reporter : D.H.Napper

1. Disjoining Pressures in Po1ymer.Co11oids

There is considerable current interest in the measurement of
disjoining pressures in concentrated latex dispersions.  Theories
of colloid stability, however, rarely predict the disjoining pressure
explicitly. What is usually obtained from theory is the free energy
of interaction between pairs of spheres or flat plates. We have
developed methods for transforming free energies into disjoining
pressures for systems that display various types of close-packing
(e.g., hexagonal close-packing). The formulae assume, of course;
pair-wise additivity for the interparticle forces.

The disjoining pressure, P, for a hexagonally close-packed

latex is related to the sphere potential, VT, by
Py = ~(aVy/ad )/ V2 (atd/2)

where a = sphere radius and d0 = minimum distance between the
surfaces of the particles.

For the special case where the Deryagin approximation
transforms a flat plate potential into a sphere potential with
reasonable accuracy, the disjoining pressure can be related to

the flat potential VT(dO) through
Pg = (nA2a) V3 (d))

These formulae can be applied in principle to electrostatically
or sterically stabilized systems, subject to the pair-wise additivity
proviso. It can be shown that for sterically stabilized particles,
interactions are unimportant provided that the barrier layer thickness

is less than ca. 15% of the particle radius.



2. The Concentration Dependence of the Interaction Parameter

Theories of steric stabilization usually assume that the
Flory-Huggins interaction parameter is concentration- independent.
Experiments, however, commonly reveal quite the opposite
behaviour : the interaction parameter often increases in magnitude with
concentration, sometimes doubling in value in going from infinite dilution
to pure polymer.

We have developed a perturbation method that permits the
concentration dependence of the interaction parameter to be included
into the mixing contribution for steric stabilization. This
proceeds via a Taylor expansion of the interaction parameters in

terms of the polymer volume fraction, Vo

- 2 '
X = X'l + szz + X3V2 S 0 0a

where the X; can be evaluated experimentally.

The leading term is, of course, just that obtained for a
concentration independent y. The first-order perturbation term
for the free energy of interaction is found by this procedure to be
of order G, where v = average segment density in the interaction
zone. Higher terms are also easily calculated by this procedure
énd are of order 32 or higher. The higher order terms are unlikely to
be important for higher molecular weight stabilizers but may be significant
for shorter chain lengths, especially if compression of the polymer
occurs.

It may be shown that the observed correlation between the
8-point and the critical flocculation point should not be
profoundly altered by the concentration dependence of the interaction

parameter.
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J.W. Goodwin, R.H. Ottewill- and D.E. Yates
University of Bristol

Puvificetion of Polymee Larices doI !

The development of methodsz for the preparation of polywmer
latices containing monedisperse particles, particularly in the

l’2'3’4, has lead to their

absence of surface setive apents
widespread use to test current theories of colloidal phcnomcnns.

The most commonly used initiator has been potassium persulphate,
frequently with styrene as hie monomer. After the preparation,

a cleaning procedure is required to remove salts, oxidation products
and any remaining monomer from the latcx]’3'4. Usually the surface
of the Iatex particles is fhen characterised using the conductometric
titration tcchnique3'6’7. A worrying feature of the cleaning and
characterisation procedures is that different authors, using

similar éc;ipes for the latex preparation, ha;a observed diffevent
surface groups. Tor cxample, Vanderhoff et a16’7 using mixed-bed
ion-exchange resins to remove ionic impurities have concluded that
only strong acid groups, i.a. sulphate groups arising from initiator
fragments, are present on the surface; their conclusion was based

on the single end-point observed in the conductometric titration.
Other authorss'a, particularly those using dialysis as a cleaning
proécdure, have detected the preseﬁce of weak acid groupings on the
surface in addition to the strong-acid groupings. In E#ct, weak
acid groups cpuld be produced by the hydrolysis of surface sulphate
groups to hydroxyl grnubs followed by oxidation te carboxyl groupsa.

' Thus a very key question has arisen as to which set of results
is correct and which cleaning proccedure should be used for preference
in preparing clean latices for fundamental investigations. 1In an
attempt to answer this question, we have carried out a detailed
investigation of different cleaning procedures. The work will be

reported in detail in due course but the main conclusions are

summarised in this note.

The polystyrene latices were prepared, using potassium
persulpliate as the initiator, by the procedurcs previously
+ ’
describued™ (latex A/70) to give particles with a diamcrer of

. - Al ] .1
ca. 5U0 wm. Condurturetric titration” and microclectrophoresis

1t B - * + -
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examined Ly eonductomctyic titrvation and this was consistent with
the presence of only strong acid groups on the particle surface,
Moreover, a microelectrophoretic invcétigacion of this material,
highly diluted fn 5 x IO“2 uol Qmﬁ3 sodium chloride solution, pave
a constant electrophoretic mobility of -5.0 ywm cm s-] V-| between
pll vatuzs of 3 and 10, again suggesting only strong acid groups.
Moreovar, eafter cleoning the latex by washing with double distillad
Iwater, i.e. by centrifuging and decanting scveral times, the
conductometric titration curve was that shown in Figure I, curve A.
This curve is consistent with a strongly acidic surface and no weak
acid groups.

Another sample of the latex was cleaned by an extensive
dialysis procedure against distilled water with the latex contained .
in wcllwboilcé bags of Visking dialysis tubing. Th? conductometric
curve obtained after dialysis is given as curve B of Figure 1. The
form of the curve stronply suggests the presence of both Qcak—acid
and strong-acid groupings on the latex surface. It is our.cxpeficnce
over a large mumber of samples that dialysis of persulphate initiated
latices leads to curves of this form. A series of cxperiments showed
that the weak-acid was also present after dialysis in a rigorously
maiﬁtaincd nitrogen atmosphere and that various methods of prewashing
the dialysis tubing, i.e. using, 1073 mol dn > EDTA, 507 ethanol-water,
0.5 mol dm-3 sulphuric écid or 10“2 rol dmﬁ3 sodium hydroxide, had no
effect on thoe conducconetric titration curve. Tt was fouad,
hottever, that treatment of the dialysed latex by wixed-bed ion-
cexchange: resins did remove the weak-acid groups from the surface
and the conductometric curve obcainéd was indicative of stromg-acid
groups only. .

Treatment of a szrmple of the oripinal latex with ion—exchange
resins by the procedure of Vaudcrhoffﬁ'7 gave a conductometric
curve vhich showed the precence of strong acid groups only.

The experimental procedures used and the results obtained can.

be sumzmarised as follows:

centrifupsation and decantation T Siﬁ?ﬁG
FRESE | . fsTRONG,
TATEX 5 ion—exchonre > ACID

dial

STROIG ACID PR |
. URUSL
4 ion~exchange Ty |

t
©
=
n



in Arbitrary Units

Conductance

Vol NaOH Added in Arbitrary Units

Figure 1: _ Conductomerric titrarion eurves determined
in 1073 mol dm S sodium chloride solutian,
&, afier sedimenting several times in distilled
water and decanting,
B, after dialysis {-log De = 27) in Visking tubing
at inicially acid pH,
€, after dialysis (-log De = 9) in Visking tubing

at neutral pH.

In view ol these results a more extensive analysis of the
dialysis procedure was undertaken. Samples were dialysed under
normal conditions (starting at ca. pH 2.8) and after bringing to
neutral pli.  In both cares a periodic analysis was made for weak—

acid groupings, The results obtained are given in Figure 2 in the



form of curves of veak-acid content apainst - log D s vhere D vasg

taken as a nmeasure of the extent of dialysis and defined by,

Dc = vol. of latex / vol. of dialysate

vith x = the number of changies of dialysate. Tt can he observed
from these data that in the initially acid sarples the amount of
weak-acid present increases slovly with time, reachss a maximun ac
~lojg; De = 14 (approx. 14 chonges at one change per day) and then
decreases slowly. On the other hand wvhen the latex was brought to

W10 before dialysis and then dialysed at neutral pi, the awaunt
P Y ¥

of weak-acid detected vas couriderably diminishad. As ean be seen
Ivom Figure 1 (curve €) the resulis obtoined conductowetrically

after dialysis at wseutral ph are substoniially tiwose of & strong

acid,
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Fipure 2: Weak acid content against extent of dialysis,

== =4 latices initially at acid pli. The symhols

refer to different latex preparationti, —x—, latices

dialysed at neutral pll.

These expaerivents lead us to the conclusion that Lhe weck-acid
residucs arise as a couscquence of prolongad exposure under acid
eonditions Lo Visking dialysis tubing., The most likely enpianation

is that the cellophane tubing hydrolyses, and perhaps oxidisey,
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polysaccharides which then adserb on to the larex particles, 1t is
pessible that the monomer, styrene, may p1u§ a part in this reaction.
Finally, the question must be posed as to the best method to use

for cleaning polymsr latices. The usual reason for prolonped dialysis
is to rewmove residual monomer. If this is required, an alternative
procedure is to remove the monowor immediately after preparation

by steam distillation under reduced pressure. After this a short
dialysis using well~boiled dialysis tubing at neutral pll, with

rapid changes of dialysate in a 24h period can be used to remove
ionic impurities. An alternative viable procedurc to remove the
latter is to use mixed-bed ion-exchange resins as recommended by
.Vand;rhoff6'7. On a small scale they are very useful Lo convert the
latex into the hydrogen form for conductometric analysis. However,
polyelectrolyte.impurities from the resins ceon altuo introduce a -
contaminetion problem and the extent to which this occurs appears

to vary with different batches of material; moreover resins are

expensive to use on large bztcles of latex.
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The kin~tics of agqueousn ermulsion volymerization - Particle formation 14 FIn omry

}y collegues & I have been reading the book of the recent meeting of the A.C.S5. on
aqueous latex preparation. We are comforted to see some resolution of the 'conflict’
between the Harkins/Ewart Smith 'Micellar' & the Roe/Fitch 'Precipitation' mechanisms
for particle formation. It seems to us that the former appears to operate AEOVE the
C.M.C., while the latter iakeswover BELOW. However, one point still bothers us &

this note is primarily intended to air it.

The original 'Micellar' model implies that not only is particle formation due to the
initiation of monomer solubilised in micelles, but also that the initiating species
are the PRINARY ion radicals produced by the decomposition of initiator molecules
dissolved in the agqueous phase; no important role is envisaged for solution
polymerieation in the continuous phase. This has long seemed to us to be energetically
most implaucible, as it requires a totally water-soluble anion radicel to enter a
‘hydrophobic' environment against the strong repulsive field of the anionic surfactent
forming the micelle. We have therefore assumed that the initiating species must be
the 'Living radical surfactant' which results from solution polymerisation of dissolved
monomer by primary radials. Unlike the primary radicals themselves, such molecules
should be able to compete successfully with ordinary surfactant molecules in the

continuocus exchange which occurs between micelles & the continuous phase.

We have aluays hesitated to push this view too strongly, because of a lack of experimental

justification. However, by chance, some relevent results have recently come to hand.

The orthodox model predicts that, provided that the micelles are swollen with monomer,
the concentration of monomer in molecular solution in the aqueous phase is not relevent
to the achievement of polymerisation.

Our model on the contrary, predicts that there will be NO pelymerisation unlesg the
concentration of molecularly dissolved monomer is high enough to surport meaningful

solution polymerisation.
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Certmin monomers - ege 612 to C18 methacrylates, tert. butyl styrene, - are much less
soluble in water (especially at room temperature) than the monomers usually studied -
even including styrene. Attempts to emulsion-polymerise such monomers in conventional
systems using persulphate initiators is a total failure, no detectable amounts .6f

polymer being formed.

Addition of minor amounts of highly polar monomers, such as acrylic acid, (the homo-
-polymers of which are water soluble), also gives no LATEX polymerisation, but only
the slow production of the water soluble homopolymer.

However, the addition of similar amounts of 'conventional' monomers such as styrene,
which have modest solubilities as the monomer but are very insoluble as even low
pogmers, results in essentially normal latex copolymerisation.

Fipally, modification of the aqueous phase with modest amounts of water-miscible
organic liquids such as methanol or acetone to raise the sclubility of the main
monomer to a similar value to that of 'conventional' monomers in cordinary water,

again results in normal latex polymerisation.

While in no way definitive, all of these results support the view that solution

polymerisation to form 'surface-active radicals' is the first step in particle formation
in aqueous latex polymerisation.
sharp
In some ways this view tends to smooth-out thé MAistinction between the 'Micellar' &
'Precipitation' models. In the former, the main reaction of the 'surfactant-radicals!
is interchange with 'ordinary surfactant® molecules in existing micelles; in the
latter, they aggregate to form 'eelf~-micelles' from which the latex particles form.
Near the C.M.C., where the number of micelles is small (or even zero), but the concentration

of 'ordinary surfactant' is significant, we might expect new mixed micelles to be

formed from co-aggregation of 'ordinary! & 'radical'! surfactants.
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Experiments carried out by S. R. Chen

Lo
i

A. In addition to the results reported in Newsletter Vol. 5,
No. 2, we have proceeded to prepare styrene-methyl methacrylate copoly-
mers with MMA concentration varying from zero to hundred (wt. %) in
the copolymerization feed. We have found that the saturation molecular
area of the sodium dodecyl sulfate (calculated from surface tension
measurements) increases with increasing PMMA concentration in the
copolymer as shown below.

Wt. % MMA in Monomer Feed of Copolymer 0 25 50 75 100
o]
Saturation Molecular Area of SDS (a?%) 47 57 76 112 152

These results again indicate that the surface coverage of surfac-
tant on a latex particle is greatly dependent on the polarity of the
polymer. When the affinity between surfactant and the particle surface
is not as great as that between surfactant molecules themselves, mi-
celles start to form before the polymer particle surface is completely
saturated. Therefore, the molecular area of the surfactant calculated
from the titration endpoint shows a higher numerical value when on a
polar polymer surface.

B. The effect of an electrolyte in the agqueous phase was also
studied using polystyrene latex stabilized by sodium dodecyl sulfate.
In the absence of electrolyte theosurface area calculated from satura-
tion adsorption had a value of 47A%, which decreased to 3582 in the
presence of 0.1M sodium chloride. The value of the cmc also dropped
drastically. The results are shown below.

[NaCcll (M) 0 0.01 0.03 0.05 0.10
Ceg x 103 (M) 8.7 6.3 3.1 1.8 1.0
Ag (R?) 47 45 40 37 35

This effect could be visualized as being due to the fact that in
the presence of an electrolyte, the intermolecular Coulombic inter-
action may be critically dampened, allowing the polar groups in the
surfactant to come closer together with less energy. The molecular
area is thus decreased and the cmc also reduced.



G. W. Poehlein

Automatic Control of CSTR Emulsion Polymerization Reactor

The control of continuous emulsion polymerization in a
single well stirred reactor (CSTR) has long been a desired
industrial process, due to changes in feed streams.

The research program has three objectives. The first
is to develop a system for the automatic control of a CSTR
for continuous emulsion polymerization. The second is to
prepare a mathemalical model to simulate the control system
given changes in the feed stream's condition. The third is
to set up and carry out an experimental program to test the
effect of initiator concentration, emulsifier concentration,
and mean residence time on steady state conversion of a
controlled continuous emulsion polymerization reactor.

The first objective has been accomplished, in a purely
preliminary manner, by use of a digital computer control
system, which computes the desired variable by the measure-
ment of other, more easily obtainable, variables. In this
case we would compute the inlet concentration by measuring:
cooling water properties: flow rate, inlet temperature, and
outlet temperature; and reactor and feed temperatures. By
use of these inlet concentrations a desired theoretical reactor
temperature can be calculated. Using this new temperature
as a set-point, for the control sequence, 1t can be compared
with the existing reactor temperature to adjust cooling water
flow rate. The following illustration, Figure 1, provides

a sketchy schematic of the control loop.
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Control Loop

The second objective is still in process; a preliminary
model for a styrene system with a proportional controller has
been obtained. It shows, as is expected, that changes in the
inlet feed stream cause small changes in the outlet stream.
Further work is being done at present of a proportional-integral
(PI) controller. Upon successful completion of this segment,
the model will be adapted to methyl methacrylate (MMA).

Equipment for the fulfillment of objective three is in
the process of being assembled. The equipment will resemble
that shown in Figure 1. Continuous runs of styrene and MMA
are planned, with and without controls; the former will
verify the model and the latter will determine whether
or not this particular scheme is indeed a practical method

of reaction control.
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Newsletter Contribution

I find myself this time with no students working on
emulsion polymerization for the first time for many years.
I am, however, writing up the following work of a number
of former coworkers.

1. Some colloid chemistry aspects of vinyl acetate
emulsion polymerization with Andrew Klein. Those
of you attending our Gordon Research Conference
will hear Andy report on this work.

2. The radiation-induced emulsion polymerization of
styrene with H, Shiota, J. L. Williams and H. Garreau.
A summary of this work was presented in a former news-
letter.

3. The radiation- and chemically-induced (K,S,0g) grafting
of styrene to large particle size polybutadiene latex,
’ with K. Yoshida, K. Ishigure~and H. Garreau.

| hope to get copies of these manuscripts to you before
the next newsletter.

I/ -
N W PSP
V., T. Stannett
*~ Camille Dreyfus Professor of Chemical Engineering
VTS:ch

Neith Coroliva State University at Roleigh is o constituent instiintion of The Usiversity of Nerth Corolin,



Report from The Laboratory of Industrial Chemistry, The University of

Trondheim, Norway.

Particle formation

F.K. Hansen has continued his work on the theory of particle formation combined
with practical work with styrene and vinyl chloride.

It seems that even our last correction to the expression for the rate constant
for absorption of radicals was not complete although it was an improvement.

If we take 1into consideration that the concentration of radicals at the
outside of the particles has a given value in the evolution of the diffusion

of radicals to the surface we obtain the final expression for the absorption

constant:

aJ?EJ(X coth X, -1)

O+ a0 (X, TR Jl)

key = 4an r

which we may write

. = amr ij ) pJ(X coth Xj-l)/E
coth Xj-l)/E

i W DWW+ (X

It is different from the expression given in our last correction by the

factor E which is an activation parameter given by

. B =" exp gw/kt

where y is the actual potential at the Stern layer. Thus E represents an

activation energy. It is seen that when (Xj

involves that the diffusion through the water phase is of no importance for

coth Xj-I)LE << ij/N, which

the rate of radical absorption, we obtain:

kc = 4qr ay DpJ (Xj coth Xj-1)/E



We have as before two different situations to consider.

A Xj<<'|

kcj S vp aj k/E

B XJ. > ]

= 4arl 3
kcj 4nr (kDpj) /E

The incorporation of this term has proven to be of great importance in
explaining the experimental results with styrene which now seem to fit

well into the picture.

We have two papers in press describing this improved theory.

Hindered absorption of radicals

In a recent paper in press we have discussed in some detail the problem of
hindered absorption of radicals as discussed by Napper, and also showned by
us for the.case where one applies a mixed emulsifier system consisting of
fatty alcohol and ionic emulsifier. In our revieﬁ paper in Rubber Chemistry
and Technology we discussed the case that all radicals, whether principally
stemming from initiator radicals or from monomer radicals desorbed from the
particles were hindered in their absorption to the same degree. This is
éertain]y very doubtful. In a recent paper we discuss the situafion that
the hindrance to absorption is solely restricted to the charged radicals
stemming from the initiator radicals while monomer radicals which are formed

in the particles and are desorbed reenter the particles unhindered. As it

turns out, this treatment which is a non steady treatment, also as a 1imit gives

an alternative and a more general and perhaps a clearer description of the

process of desorption and reabsorption with steady state conditions.

I cite from the paper:
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Another poss}bi]ify would be that the hindered absorption of radicals in the
particles is limited £o the charged radicals stemming from the initiator.
Note that this means all ¢ harged radicals independent of cha1n length. Thus
‘we assume that the uncharged radicals stenm1ng from the monomer rad1ca]s

| escap:ng the particles are all rap1d1y reabsorbed into the part1c1es without
any loss by tenn1nat1on in the aqueous phase We denote the total rate of
absorption of the charged radjca]s by PA; and furthermore assume that

N >> Ny >> H,.

Hé then have for fhe-N].partkc]es:

dN,/dt = (/M (Hg-Ny)- 2de /N + 8k NN N (8)

2

The second term on the right side says that if a monomer radical desorbed
from a N] particle is reabsorbed into a N] partic]g this process of desorption
and reabsorption leads to the loss of ZN] particles. If it is reabsorbed
into a No particle there is no change in the number of N] particles. The

third term says that if the desorbed radical from a N, particle is reabsorbed
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into N0 particle, this process of desotption'anﬂ reabsorption leads to the
formation of ZN1 particles. The rate of this process is 2de2, therefore

the factor 4. Again if the radical which is desorbed from a N2 particle is
reabsorbed into a N] particle, nothing has happened to the number of N]
particles. One is formed by the desorption, one is destroyed by the reabsorp-

tion; Setting NO = N—N] gives:.
IR ]
dN]/dt = pAi(] ZN]/N) 2de] /N + 4de2 deNZN]/N (9)

As N >> Ny >> N, we have approximately

e _ 2 *
For N2 particles we have:

_ E - 2 ' %
. szfﬁt = Ppj N]/N + de] /N - deNZNq/N - 2(kt/v)N2 (11)._ .

The second term on the.right éide says that N, péfticles are created if the
radical being desorbed from a N, particle is absorbed in a N, particle.

The third term says that N2 partic]es are only lost if the radical being
desorbed from the N, partic]gs is reabsorbed into a No particle. _If it_is
reabsorbed into a N] particle, the.procéﬁs of degorpt{oé and reabsorption

" does not change the number of N, partfc]es;

Setting ND = N-Nl gives: _
) i _ . ’
sz/dt = PA; Nl/N + de] /N.-_deN2 + deNZNI(N - 2(kt/v)N2 (12)..

As Nz << Nyt
dNy/dt = pay Ny/N + kN 2N = 2k Ny = 2(KE/VON (13)
i t 2y ._ _
Equation (9) and (12) or {10) and (13) describe a situation where the desorbed
monomer radicals are rapidly reabsorbed so that termination of uncharged radic
take place in the particles. Charged radicals, the absorption of which are
strongly hindered termination solely in the aqueous phasef
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If we have a rapid termination in N, particles the treatment is simplified.

In this case we have:
dN./dt = pre - 2k, Ny2/N (14)
VEE T PA d "1 -
which gives for n ~ Ny/N:

expiBop;ky/M] dp3-1

A= (pp:/2Nky) : (15)
A‘I 4 exgt Bopikq/M 2£)4]
We have for the charged radfca]s in the aqueous phase:
dR, /dt = p; - k [R] - %) [R:] 2 (16)
iw Pi ~ "aillidw twtidw -

where kai is the absorption constant for the charged radicals. With a suffi-
ciently hindered absorption of the charged radicals we will have that we

rapid]y bui]d"up a steady state of these radicals in the aqueous phase so that
. % - * . : % ' .
R, ~ /2t (17)

Thus the value of ,',Ai..i;c.-gwen by: pp; = |<a1.(,;.1./2k’::w)i

which by insertion in Equation (15) gives:

i Bka kd P
ke kaj 3 oy 1/4 exp{E~q¢——-(;ngrd Moo P
exp{ [— (?Eim) ]t
W :

It follows -from Equations (10) and (13) that at steady state p ~ Ny/N is

given by:

* & V . a B
- . -
- o (i ) o o)
._. a .
With PA; = Pi° that is if we have suchYrapid absorption also for the charged
radicals that even for those the termination in the aqueous phase may be

neglected, Equation (19) is equivalent to the equation previously derived

-
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in a somewhat different way for the steady state situation with unhindered
radical absorption. (8)
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Contribution from A. Watillon, J. Stone-Masui and J. Delfosse

I. Latex prepared according to the recipe provided by Dr. Homola

a) Preparation : Special conditions given by Homola have been followed. In our

experiment : initial pH = 9.5; final pH = 2.75; solid volume fraction'p =
5.95 %; conductivity of the prepared latex = 1.34 R

b) Particle_size_analysis : method : electron microscopy + Zeiss TGZ3 particle
size analyser. Magnification range calibrated with the Dow PS Tatex LS067A
(D = 1,170 nm). results : number average diameter : 475 nm or 488 nm

for two experiments; weight average diameter = 480 nm or 493 nm; standard
deviation ¢ = 0.032.

c) Purification : After filtration on glass wool or on an iena siritered glass
filter type Go’ the latex is purified either by dialysis or by ion-exchange
resins.

dialysis : visking tubing boiled in twice distilled water; dialysate chan-
ged every 24 h; ratio of dialysate to latex : 20 to 1. About 45 days dialysis.
{on-exchange nesins : used in batch procedure. Ratio of wet resin to latex :
at least 1 to 2.
Mixed-bed Amberlite MB1 (8 % DVB) resin is extensively purified just before
use by twice distilled water. Dowex (4 % DVB) resins {cationic and anionic)

are purified and mixed according to the method of Vanden Hul and Vanderhoff.

d) Conductometric titrations : on 25 ml (or 30 ml) samples, with NaOH (0.1 or

punaig=gornphe e gilmgipeargh=g-FRE g g L T

0.01 M). Solid volume fractions more than 1 %.

Surface_groups_results : one end point

ppa=P g e N e T

Method Experimenter 1 Experimenter 2
of purification figll?on % umoles/g frggljgn % umoles/g
Dialysis 4.92 0.7 6.63 2.1
Amberiite 4.63 11.5] mean = 3.94 lo.dlmean a2
Dowex 4.53 8.5J 10.0 3.89 B.QJIU.O
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Method : 15 % KZSZDB/weight polymer, 10-5 M AgNOB, 90°C, 6 hours. Solid

volume fraction before oxidation : about 4 %; after oxidation and further
purification : about 2.5 %.

Surface_groups_results : two end points (the first one is rather difficult
to determine)

Method of Solid volume 1st equiv.point | 2d equiv. point CH groups
purification fraction % (vmoles/qg) (umoles/qg) (umoles/g)
Amberlite 2.21 1.9 10.8 2.3

. 1.7 = 15.9 8.1

11. Latex sent by Prof. Krieger

The first one was bimodal and developed molds.
The second one also developed molds after one week in the lab.

I1I. Latex sent by Prof. Vanderhoff
a) Characterization_of the_latex (as received)

vt kSt L e o W 2 b S R e

Solid volume fraction (= 41.6 %3 conductivity = 2.03 10'3 Q"l cm

"1; pH = 8.

b) Particle_size_analysis : number average diameter : 190 nm; wiepht average

diameter : 191 nm; standard deviation ¢ = 0.037 {calibration of the e micro-
scope with Dow PS latex LS-063-4 : D = 557 nm) .

c) Purification : as before
The visking tubing were boiled in twice distilled water for one hour. This
water was changed 5 times. Moreover two kinds of dialysis were performed :

one in the presence of the atmosphere and the other in C02-free air.

e oo i e o S e - PR LR TR T PRl e

Method Solid volume | 1st equiv. point | 2nd equiv. point
of purification | fraction % (vmoles/g) (ymoles/g)
1st batch.Amb.MB1 10.78 3.7
2nd batch.Amb.MB1 8.59 4.1
3rd batch.Amb.MB 6.32 1.8 4.5
1 4.0

3.16 1.9




dialysis (atmos.) 9.34 2.4 1.5
10 days

dialysis (CO,- 8.14 1.8 0.5
free) 38 dgys

3rd batch with
Amb .MB 1.39 2.9 12.3

(after ox}dation)

e) Oxidation_of the_latex : oxidation of the 6 % solid volume fraction latex
(after 3d batch) failed. 15 minuts after the beginning of oxidation the
latex was completely coagulated. Such a coagulation was not observed with
a more diluted sol (~ 3 %). It was not possible to estimate the OH content
in this case, because the strong acid content seems larger after oxidation

(cf. previous table).

IV. Latex prepared according to the recipe provided by Prof.Vanderhoff (with aerosol MA

A ot S EE e A b T o s B v b

b) Particle size_analysis : number average diameter : 211 nm; weight average

diameter : 212 nm; standard deviation o = 0.032 (calibration with Dow PS latex
LS-063-A : D = 557 nm).

c) Purification : c¢f. section III.

- —
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Method Solid volume 1st equiv. point 2nd eguiv. point
of purification fraction % (umoles/g) (umoles/g)
1st batch Amb.MB1 9.38 16.3
2nd batch Amb.MB1 6.61 8.9
3rd batch Amb.MB1 5.50 7.9 3.8

1.10 8.2 4.5
dialysis (atmosph)
75 days 8.05 3.1 1.0
dialysis (CO ~fre$
38 days 2 8.49 2.9 0.7

3rd batch with
Amb.MBy (after 0.98 2.6 12.2
oxidation)
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e) Oxidation_of the latex : result cf. previous table.

i A Ay . -

OH content is for this latex 1,7 umole/g (difficult to determine accurately).



