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The N.A.T.0. Advanced Research Workshop on 'New Technlgues in Characterisation
of Polymer Colloids' held in July at the Johnson Poundetion's Wingspread
Conference Centre in Racine, Wisconsin wes thoroughly successful in all aspects.
As can be seen from the Mimutes of the Annual Meeting a record number of members
(or their alternates) was enabled to attend. The staff work by the Johnson
Foundation was excellent despite their being required to work on the 4th of July
for the first time ever! Besides the latest developments in the science of
polymer colloids we all learned quitc a Jot about the architec:ure of Frank Lloyd
¥right. All participants were ascigned to appropriate groups to draft position
papers covering the preparation, rheology, stebility, characterisation, and
hiomedicel applications of polymr colloids which have subseguently been edited
end which are to he puhlished along vith definitive versions of the Introductory
lectures. The Group is greatly indebted to the co-organisers, Bob Fitch and
Mohammed Tl-Aasser who made it all hasppen. The Group's Poet laureate - Irv. Krieger -
composed an Ode for the occasion which is reprinted on a later page: 'wetback'
is American for an illegal immigrant who has entered the United States by
swimming the Rio Grande which forms the western pert of the border with ¥exico!

Alan Remraum died in June: Bor Fitch has intimoted his willingness to act
as Treasurer for & Memorial Fund.

The next Group event will be the 1987 Gordon Conference at Tilton School,
New Bampshire, July 5-10 chaired by Ron Ottewill. Details should eppear in the
Spring ‘Newsletter' if not before by direct circulation. Outlines of the
programmes of all Summer Gordon Conferences appeer anmally in an issue of
"Science' published in early March.

It mey be opportune to remind members that items in the 'Newsletter' are
not definitive publications and mey only be referred to as 'Private commnication'
with the consent of the author. The 'Newsletter' is for private circulation
only to members and their co-workers. Barly intelligence of work in progress
should prevent unnecessary duplication of effort. When items are submitted
which have been accepted for definitive publication elsewhere it would be
helpful to add an 'in press' reference to the appropriate journal.

The deadline for the receipt of copy for the Spring 'Newsletter' will
be Tuesday 5th May 1887.

Vivian Stannett has written to say that he will heve an item for the Spring
i ssue for which disclosure would be premature at the moment. He expects to
be retiring (aged 70} in June 1988 which might be the cue for a Symposium on
Emlsion Polymerization Kineties in the U.S. that yeer when the Group's
meeting is likely to be in France.

G.J.Fleer (Agricultural University, De Dreijen 6, 6703 BC, Wageningen, Holland)
is Secretary of the Organising Committee for a Symposium on 'Polymers in
Colloidal Systems' to be held in Veldhoven near Bindhoven 7-9 September, 1987.
Programme. should be availeble in December.bat _the denline Por offers of
Student Posters is 15 June 1887, Irja Piirma will be chairing a session on
'"Heterophage Polymerigzation' for the A.C.S. Division of Industriel amd
Engineering Chemistry at the Fall 1988 Meeting in los Angeles: potential
contributors shoud econtact her as soon as possible-* A.S.D
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MIHUTES of the ANMUIAL MEETING of the POLYMER COLLOL!

Jéhnaon Poundation's ¥ingsproad Conference Centre, Hucine, Wiscensin un
Srd July 1688 at 1 p.m.

Thare wore presont Prancaiss Candau, Mel Croucher, Jim Dodge, Wim Donnera,
Sandy Dunn, Mohamod El-Assser, Bob Pitch {who presided), Bob Gilbert (vice

Bon Mappor), Jim Goodein, Jean Ouillat {vice Christian Plohot), Pinn Haneen,
Ardy Tlein, Irv Krieger, Bengt Krowberg {vice Per Stenius), Mamoru Homura,

Bon Ottewill, Irja Piirma, Oary Poshlsin, Derek Rance, Bob Howsll, Bill Russal,
Don Sundberg, John Ugelstad, Theo van de Ven, John Vurderhoff, Ritchle Wessling
{vice Prank Saunders) in all, 27 mesmbars or altarnaten.

Mewalstter. Samly Dunn said that he had sufficlent funds in hand rrom three
company mesbera to dafray the oost of reproduction for the Rest of the World
distribution of the next 2 or § Mewslettors. Somc mombers had failed to
oontribute to several micoessive issues and sppourad to be no longer sctive
but had not reaigned. It was agresd that a warning should be included in
the reminder notioe for ths Autumn ispue and that the Roll should be revised
at the 1987 meetings during the Gordon Conference when there would be time
for the noocassary oconsideration.

1987 Gordon Conference. Ron Ottewill reported thet plans for the 1087 Gordon
Conferanoe wers proosading satiafastorily but that ho was swaiting confirmation
of the datea which were expeoted to be 5-10 July at Tilton Bohool. Don Napper
would be one of the speakers but he would walcome suggostions for the programms.

Proposed N.A.T.0. 4.8.1. at Stragbourg 1088 Francoise Candau hua buoked a
suitable Confercnoe Contrs where she had run asetings uraviously for

July 8 - 15, 1888. Thias would ocost sbout FP 120 per person per day for

full board: at this low price those who prorecrad to go into the tuwn for

an evaning meal should be sble to afford to do so. Gary Poshleln rointed ocut
that it would be aivantagecus in applying to HATD Lo have much countrics us
Gresoe, Turksy, ard Fortugal represented on the Orguniaing Commitiee: Profassor
Kiparissides would be a2 possibls meaber particulsrly if there should he some
emphanis on the computer modelling studies of the emilsion polymeriustion
reaction which were undertaken in seversl Chemicsl Engineering Depnrtments.
John Vandarhoff mentioned that one of the rocomcmiutions which hia
Copolymerisation Workahop would be making was that HATO Advanced Htucy
Yorkshops on Roulaion Polymsr Reaction Bnginecring should he orgunisca to
apportion tasks to acsdemics who might be able to halp in the development

of industrial processes. The desdlins for the a plication to HATO woula be
15 July 1987 but Ron Ottewill undsrtook toc make informal inquiries enrlicr.

1989 Gordon Conference. This would be chaired by Irjs Piirsa.

10680 Mohamed Rl-iassar said that it was custonsry for Lahigh University to
host the A.C.S8. Colloid and Surface Chemiutry Symposium every 10 yoars and
the Univaraity'a offer to host the 84th Symposium had besn socepted. Thers
would be an Rmulsion Folymers Symposium honouring John Vapderhoff and he
planned to make a preliminary announcement sbout this at an early dste,

The possibiility of & meeting in Australis wus Jiscussea: It appeurrd that
early Jamary would be the optimum time for tnis. Tt s emed unlikely that
funding on & scale that would allow more than i meabers from other conti-ents
to attend could be obtained but Bob Gilbert would try to discover huow Barry
Ninhas had succeoded in finding masalve furiing for a recent Australisn
oonfarance.

5 Group held at the =

Jean Guillot mentioned that the C.H.H.S. intended to hold a second Rmulelon
Polymerisation Symposium in Lyons, probubly in April 198¢ following on
from the March 1984 Syuposium which had been very miccesaful

Maghorship. Tha recant death of Alun Rembaum from cencer was noted with regret:
ohn Ugalstad muggestsd that a Memorial Sympoaium on Medioal Applications of
Folymsr Colloids should bo held not nsoessarily in Norway although funds could
be available for such an event i it wus hsld in Norway.

Hans {BASP A.G. Folymor Porschungs Laboratorium, D 8700 Ludwigghafen,
v—%"..t reany) and Mitoh Winnik (Dopartment of Chemistry, University of Toroato,
Toronto, Oadario, Osnada, M58 1il were slaoted to membership

VYotou a: » Ron Ottewlll thanked Bob Pitoh on behalf of the Group far
the m spitality amd sxoellent facilities provided by the Johnson
Pourdation for the present meeting. Bobh reminded the Group that Mohamsd

El-insser and the Lohigh University Rmilsion Polymer Inatitute had ocontributed
much of tha datailsd orgardsation and some of the funds.

The meeting (which was hwld over lunsh) closed at 2 p.m.
- 00 =

Papsra pressnted at the Ons-day 'Ilml:ion Polymers' Symposium at the 80th 4.C.8.
Colleid and Surface Solencs Sympoaium at Atlanta, Goorgis 16-18 Juns 1086,

ON THE PHENOMENON OP ANOMALOUS PARTICIES PORMED DURING THE SURPACTANT-PEEE
EMILBION NIXPIZATIDN OF STYRENE. W.C.Wilkinaon, J.Hearn, M.Chainey, & 4.R.Goodsll.

SURFACTANT EFFECTS IN THE EMULSION FOLYMERIZATION OF p-METHY LSTYRENE
1, Pih. 8. Ioa & R.Flsoksteiner

HYBRID RUBEKR LATEXRS FOLYMERIZED BY TRANSITION METAL CATALYST IN WATER
K.Kasai, N.Itoh, H.Ono, & H.Hiral (Japan Synthetis Rubber Co., Tokyo)

FPREPARATION OF MICRON 3IZB POLYMER FARTICIES IN NON-AQIROUS MEDIA
B.Williampon, R.Ilukac, M.Winnik, & W.D.Croucher

THR ROLE OF WATER SOIMBILITY Of THE OIL PHASE IN THR PORMATION OP MINTEMJLSIONS
¥.K.Brouwer, M.3.Bl-Aasser, & J.¥W.Vandarhoff.

ANSORBED SGDIUM DODECYL SULPATE bILAYEHS AS A TWO-DIMENSIOHAL POLYMERIZATION
SOLVENT POR STYRENE. J.Wu, J.H.Harwell, & %.A.0'Reardon (Chem.Eng., Olklahoma Univ,)

MODRLLING OF MOLECULAR WRIGHT VARIATION IN CSTR VINYL ACETATE EMILSION
POLYMERTZATION. R.G.Mallinson & C.H.les (Chem. Bng., Olklahoms Univeraity)

SKEDED EMJISION COPOLYMERIZATICN OF STYRENR/SODTUM STYRENR SULPONATE COMDNOMER
SYSTRM. J.H.Kim, M.3.BEl-danser, % J.W.Vandarhoff.

THE ROLK OP SURPACTANT BY-PRODUCTS IN RMJLSION POLYMERIZATION. D.E.Listx (Stepan Co.)

GHAYTING REACTTONS OF METHYL MTHACRYLATE ONTO POLYBUTADIENE SEED LATEXES.
M.P.Merksl, V.L.Dimonie, M.S.ElYAussar, & J.W.Vanderhoff.

KINETICS OP THE MINIEMJLSION FOLYMEHIZATION OF VINYL AGBTATE A0 BUTYL ACRYLATR.
J.Delgado, M.3.Kl)Ansssr, C.i.Silebi, & J.W.Vanderhorf,

AUTOMATION OF AN TNTERPACTAL TEHSIOMRTER, M.L.Alexander & M.J.Matteson
(Georgia Institute of Technology, Atlanta).
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Th ademic Wetback

All ovar northern Europe

There's always lots of work

For i{mmigrants from southern lands:
Italian, Greek or Turk.

Forgetting all their relatives
Wouid not be very kind,

So they keap sending money to

The folks they left behind,

In Maxico tha working man

Is often unemployed.

A swim across the Rio Grande
Mould make him overjoyed.

Once Juan has crossed the border,
He's working 1n a flasn,

And when he visits Mama,

He brings her lots of cash.

in hallowed halls of vy,

Research support 15 rare,

Professors leave for 1ndustry

To seek their fortunes there.

Here's one who still recalls his roots
Although he's struck it rich,

S0 lad and lass, let's raise a glass
And drink to ROBERT FITCH!

IMk, (P.L.}
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BEEEC1D. UE HON-1080ubN1C HYDHOFHILIC HONQMERS UPON
BECHAMACAL STAB[LIYTY OF NATURAL RUHBHR LATRY
$3 OCT Red

D. €. biackley, Londou School of Polymer Techaology,
Tha Folytachnic of North London, Holloway, London B7 8BH.

Nambars may recall that our contribution to a racent number of tha
Polymsr Colloids Group Neweletter took tha forms of a brief report of soms of
the results we had obtainad in tha coures of a prelinipary inveetigation
into the graft copolymerisation of variocus non-ionogenic hydrophilio
monomers to natural rubber in latex form. Four nonomars of varying
reactivities and hydrophilicities wara used, namely, 2-hydroxyethyl acrylate
{HHA), 2-hydroxyethyl mathacrylate (HEMA), 2-hydroxypropyl acrylata (HFA)
and 2-bydroxyypropyl methacrylata (HPMAY. Wa are now ip & position to make
a2 mors datailed investigation of this subject, which ie technically of somm
potential importance am well ae belng loteresting. Ve have coamanced this
more comprabensive investigation Ly looking at the ioportant practical
matter of the effect of sach of the four oonomers upon tha colloid stabllity
ot natural rubber latax, For thie purposa, we have takan tha mechanical
stability, as detsarained by the convantinnal test, am o convaplant osasure
of colloid stability. 4e in the preliminary investigation, we have usad so-
cnlled "sub-stage” apmonia-presvrved natural rubber latex concentrats as the
latex, rathar than convantional anaagnia-pressrved cantrifuged concentratas.
The rasnon for this 16 that the “sub-stage” latsx hss been subjected to a
eucond concentration process, during the course of which furtber non-rubber
constituents are remaved. AS 5 consequance, it contains a lowar lavel of
non-rubber constituapts than dovs the conventional concentrate, and
therafore in principle is more suitable for studies of graft-
cupuly.-rluun:y raactions than ia tha copventional concantrate.

Rasulte for the sffects of 0 - 14 perts by waight per 100 parts by
wolgbt of rubber (pphr} of each of the osonomereé upon the mschanical
elablility of the lates bafore maturation are cummarisad in Table 1. Whersas
wu uxpacted that each of the monomere would reduce machanical stability
comuwhat, perhaps bacauss the degree of bhydration of proteainacecus colloid
stabllisare would be raduced, 1n fact it is seen that small additions of all
four monomers causad the mechauical stabllity to ibcreass, and further
additiong causa it to pass through a maximum and then to decrease. The
changes wera more marked in the cnse of the methacrylate monomers tham in
the case of the acrylats monomers. Thue, for example, the addition of 2
pphr of HEMA caused the machanicul stability time to ipcresss by a factor of
ca. 4. Two features of these resulte are particularly interesting. The
first fw that ralnatively small amounts of these monomars can cauce large
variations in mechanical stabillty. The second ie that small additions of
Lhude monomers cause uignificaut snbancemsnts of mechanical stability. Ve
ars not at present able to offer evun tentative sxplanaticns for thess
obourvations. They do, howsver, sarve to undarline how littla we really
underatand about certain practical aspects of the colloid stability of aocms
of the polymsr colloid systamse of industrial ipterest.

In & furthar series of experinants, wa have taken latices which
cuntaipned amounts of mopomers corresponding approximataly to the maxima in
mschanical etability iodicetad in Table )1, and then allowsd these latices to
mature at ambient tenmperature. Muchanical stabilities ware then deterained
atter various periods of maturatlon. The results are chown in Tabla 2. The
quantities tabulated are the ratius of the mochanical stability tins after a
particular time of maturatiob 1o the initial oeschanical stability tims, It
15 svidant that in all cases the muchanical etability fel) eharply me thes
latax matursd, reaching a ateady valuu after a period batwesm about 30 bours
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ond 0 bours, depending upon the mopomer which wow prubuent in tho latex In POLYMEH COLLOID GROUP NEWSLETTER
the casa of the latsx which contained HHA, the sechacicel stabllity fell to
a vary low leval after about 24 bours maturatioun. Agatn wa ars ubable at
presant ta offar soy saplanstion for the oboarved cnangen.  Anather jather Contribution Irom the Institut Charles Sadron (CHM-EAHP) CNRS-ULP
puzzling affect which wa have obssrved is that it is not in geseral possible 6, rue Boussingault - 67043 Strambourg Cedex - France
to snbance the machanical stability of nawural rubbur latex coptalulng thawa
mooomere by addiug coanventicnal sosps and surfactanls. Hather, we have )
found that thass substances tend to eecsitisa the latex to gelation. lo .

by F. CANDAU 22 SEP Reod
fact, 1rn ordss to acheive suficient colloid etability to be able to carry
out graft-copolysarisation reacticas, it weens to bu nacessary to rely upon
substantial dilutiono of tha resction systiam with watar to ssabhance the ¥ SALT KFFECTS IN SOLUTIONS OF NONIONIC EMULSIFIERS AMD THEIR APPLICATIONS
coliold stability. [] AS STABILIZERS IN MICROEMULSION POLYMERIZATION
i {in collaboration with C. Holtzscharer)
Iabin 1 i
Ettact of HEA, HERA, HPA apo HPNA upOn
machanicel stability of natural rubber.)atss bafors saturation We have invewtigated the effect of various electrolytes

on the solubilization properties of nonionic emuleifiers. Turbidimetry
machanical biability time (sacoods) i
Imlll } HEA HERS HPA HeMa f sxperimentes were pearformed on the aguecus surfactant solutions. Cloud
0 1240 1240 1240 1240 j pointa increase or decruase could be exprawsed in terms of salting
0.00 1333 1425 1455 1630 T
0. 124 1308 1545 1395 1784 j in or salting out effects on the emulsifiers reaspectively. By applying
0.250 - 2445 = 2370 i a method proposed by Schott at al.“" wa were able to attribute cloud
2040 1800 3030
(:.:go ::gg gazo 2160 Y040 ? point shift values to the individuasl ione which conatitute the electro-
2.00 1440 5138 3008 Huss E lyte. Our resulta show that the salting effecta obaervad on the nonionic
- 2 34386 2
3:3 1920 4338 1246 3765 H surfactants is mainly due to the prominent influence of the aniona
800 - N 3060 ? as compared to that of the cations. This anion influence is directly
2308 30 - 2095 |
:':g - 3"_0 2390 3 ) rolated to its lyotropic number, 13
7.00 2473 - 133¢
7.50 = - = 855 ; Theae salt effects ars ghown to affect the atability of
&.00 o 28432 1750 180 \
¢.00 2805 ; - . 1 inverse latexes prepared by gpolymerization of acrylamide in microemul-
10.00 2345 1800 iﬁ:g - I aions formed of water swollen droplets atabilized by a nonionic emul-
o 1411 =
:’;g: 1673 1215 _ sifisr blend and dispersed in Isopar H. For example, latexes obtained
14.00 1440 : v in presence of salts producing a etrong salting out effect exhibit
b a high stability, contrary to those prepared in the presence of salting
Inblg 2 i in-type electrolytes or in the absence of any salt.
HEffgcy ot maturation upon mechanical stabllity of aatural fubbul lalux

contajlning amouols of BOPOMRrs cOorruegandiog approximately Lo i
paximum sschanical mtabitity Luince saturation

Interfacial tension moeasurementa parformed on the ayatema

ion { MST afts: ; to loit HST located in the aultiphasic domaein of the phase diagram shed some
time (hoursl HEA HENMA HEA s | light on the latter phenomena, 88 summarized below.
0 1.00 1.00 1.00 1.00
4.5 0.28 [1-1-] 0.40 0 ob
24 0.01 0.20 0.13 0 40 -~ Addition of olectrolytes with high salting out efficlency
48 LICIZ L 014 chiir h m t duces th lled Wi I (oil/wat
. . .10 o1 b puch aa sodium acetate induces the o -calle nsor oil/water
sy ydi microemulsion in equilibrium with oil) — 5 Winsor II1 (microemulsion
“initla valuss wera:
latex + HEA. 2760 saconds latex ' HFA: 3433 secoude

jatex + MERA: 5138 saconds latex + HPWA. 5088 seconds



willi & Dbicontinuous structures 10 equilitrtum with oll wnd  watler)

phase trunsition. The bicontinuous microvmulsion which consiuts  of
o1l and squecus dosains lcosely intercunnectsd is chaeructerized

by a very low intarfacial tension | -~ 10-3 dyn/cm). The role of Lhe
sslts is to enhance the etabllity of the ayuteas by decreasing their

w/o interfacial tensions allowing thus the polymarisation at high

acnomar contents {., 25%) in blcontinuous microemulsions.

- Triphasic weystems ({i.e. Winsor 1II) cannot bs formed
in the presence of salting in-type electrolytes such as lithium nitrate
or in the absence of salts, As a result, polymerization in these
systems lead to unstable latenss with formustion of a gel phase.

We ars currently investigating the 1nfluence of the coumposlticn
of the microemulaions on tha charscieristice of the [inal lutexes
inize, polydisparsity, nuaber of polyucrylemide molecules per particle

etc,. )
heferances

1} H. Schott, A.E., Royce and S.K. Han
J.Coll.Int.S5c1., 98, n*l (1884)

Recent publications

a} F. Candsu, 2. Zekhnini, F. Heatley anu E. Franta
Colloid and Pal.Sct., 264, 676 (1986]

bl F. Candau, 2. Zekhnini and F, Heatley
Macromolecules, 19, 1885 (1986)
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W.A.B. Donnarse
DEH Rasesrch
P.0. Box 18
6160 HMD Galaen
Ths Metheclands

The effect of eaulsifier-polymer complex formation on particle nucleation in

polymerization

The affect of varttclon of the polysthylsneoxide (PEO) concentraticn {molar
nase 20.000 g.mol™!) on particle vize in the praparation of MAA/MMA (molat
ratio 80/20) latices has been studlied.

It was found that even for EO/HAA zatios as low as 0.01 the prasence of PEO
has & considerable affect on particle formation. At EO/HAA ratlos sbove 0,5
nonodisparsa systess are found the pacrcicle size of which decrasses gradually
vith PEO content. At lower EO/MAA ratios bimodal distributlons sre found con-
aisting of a crop of relatively large sonodisperse particles and a second crop
of smsller psrticles with a broader distribution. The results suggest that the
first crop of particles sre formed under the influance of compleaxatica. This
typs of particla formstion goes on until all frae PEC has baen consumad in ths
complexation process.

Oligomsrs foraed after thie ntage will fora psrticles follouing ths homope
neocus nucleatlon machsnlss and are responsible for the sacond crop of

saall particles.

More datails are glven tn an article accepted for publication in J. Folym.
ci. Polym. Lett. Ed.

Recent publicatlions?

X The degree of dispersion of poly {vinylalcohol) in wvater/n-propanol
solutions, Bur. Polym. J. 22 (1986) 351-356.

# oA 13 C wHk study of the mlcroscructure of poly (vinylalcohol) Polyser, 27
(1986) 993~998.



VISCUELASTIC PROBES UF SUSIENSIUN STRUCTURE e
‘l OC1 Tteud
c.r. zukoski”, 1.¥. Coodwin'", N.W. Hughes'®, and 5.0, Pareridge’’
* Dept. of Chemicsl Enginanring, University of llilnois, Urbana, illlnols
61801
84 nept. of Physical Chemistry, Briatel Universicy, Brlatel, U.X.

ABSTRACT

Tha use of the high frequency elastic modulus, G,, to probe particle
interactions in waakly sagglosarsted, concentrated suspensions is discussed.
We show that s model based on palr interaction potentisls snd & statiscical
description of pair spatisl discribution ylslds accurats predicticn of tha
voluma [racticn depandence of G,. Tha uss of statiscicsl treatmente of
pasrcttcle distributions ss predicted from parcicle interactios potencials f{s
found to provide inaight oa how surlsce chamiastry affacts tha uniformity of
povdsr compacts.

Incroductlon

Humerous studies have shown thal slmply reproducing & set of processing
condltions 1 not snough to iasurs component rallability (1-3). Instead,
thess studies indicata that powder processing eust reproducibly generate
unilform microstructures upoR tiring and that chis uniforelty is achisved by
scarting with sonodisperae; uosagglomeracad powders and packing these powdars
in a hosoganacus sannar. Thus, tha quest for rallsble ceramics has bagun ta
focus attantion on the ways ia which particle/parcticle (nteractions detemine
the structurs (particle and pors distribution) wicthin gresn powder compacts.

Hathods of problng the !f‘;ﬂ‘ll‘nl of particles La a highly loaded
suspension ave limited. Hare we describs s rheologlcal ssassuteacnt vhlch can

be used to follow the effecte of processing conditions oam structuce
developugnt.

Several rheological techniquas are avallsble for thasa purposes. 1t
should be noted, however, that different techniquss do not provide equivslent
information. Por example, viscosities mcasured as s function of shear rats
have hesn used to follow tha braskdown of agglomerates (4). During chesa
sassutesants a suspaasion 1s subjacted to an in{inita deformation which
results in 8 contimious breskdown and reformation of aggragates.
Consequantly, from confinuous shaar messuremants, 1t is diffticult zo infar
properciss of tha suspenslon at rast. On tha othar hsnd, this techalque
provides Informscion about the spatial distribution of particlss under shear
and chus, 1s valuabla in assssaing & suspension's moldabllity.

However, the structursa maintatned while the suspension f{o flowing can
be quite differsnt from that st rast. Affer flow ceasas, the parcicle
distribution relaxes into 1te equilibrium or statlc stste. 1IcC ls cthis scatie
atate which plays & doalnant rola {n the microstructura developed during
subsequant firing. A msasure of particle intersctions (and thua, igplicitly,
particls diatribution) which doss wnot disturb this equilibriua state 1s
provided by the listcing high straln frequency storsge modulus of the
suspenstaon, G, . This paramsater is a mcasure of the anergy stored tn s
suspension due to an infinicismsl atrain (5).

In this papar we describe sxperimental deterninstions of G, on an
idealized syatem. Tha goal of this work vas to establish that particle
discributions derlvad from molacular statisticel mechanics could be used in
conjunction with colloldal particle intaraction potentisls to evaluate Lhe
ordering vithin & suspension snd its alastic responss to s amall deformation.

e i)

R,

.

Monodisparsa polystyrena apharas vere prepared following the mathods of
Goudwin at sl (6). These particlas uara chossn bacauss thelr slze can be
readlly controllad snd thelr surfsce chealstry has bean wall astudied. Thay
thus represent an ideal system with which to tast modalling ssauaptlons bafora
procesding to more complex situations. The latices wera stabilized againsc
sggregacion by munolayer adsorpcion of s monodlaparss surtactant, hexsathylens
oxide dodecyl sther (Csllz) supplisd by Nikko Chemicals Co., Ltd., Tokye,
Japsn. Electrophoretic mobilities usad to calculate surface potancials, wars
ssasured on 8 Penkem 3000 sutomated elactrophresis spparactus. For our
purposes, whars the double layar thicknass {8 such smaller than the parcicls
radius (axd>100, vhare x is the Debya-luckel paramctar), the Smoluchoweki
equaticn was used to convert mobilitles to zata potancials, § (7).

Expecimantal

The suspension's wave rigidity modulus was determined as & function of
volusa Ersctlon with s Ramk Pulse Shaaromster. PFor the systeas studisd hata
tha loss modulus was suall at the frequancy of the Shaarometer (~150 hs) sod
thus ths wave tigidity modulus reduces to tha high fraquancy limit of che
storage modulus, G_ (3). More detailed descriptions of the expstimantal
procaduras are pressntad sleswhars (7).

Results

Due to spaca caonstrainte, the results for only ons of the particla
alzes studied will ba described. The Lnterasted reader is refarred to Goodwin
et al (7) for Further discusaion. The lacax studied was composed of
polystyrane sphares with an averaga radius of 487 m and & standard deviation
of 1.05. The surface potentiasl of the latex coverad with a monolayer of tha
surfactant and suspended in 0.5 H NaCl was 9.7 aV. Wave rigidity modull wers
asasurad on suspansions maintained & this lonic strength.

Under these condltions, the parclcleas are weakly flocculated. {Tha
steric layer provided by the surfactant keaps the particles from falling into
s primary Van der Wosls ninimum). Ohservation of dilute suapsnaians with an
optical mlcrowcope shoved that the particles clustarad togathsr into tighet
domsins which werc casily disrupted by tapping the covarglass.

In £Lg. |, the volums fraction depandance of tha wave rigldicy modulus
for this latex Ls prasantad. For all the latlces scudied, it was found that
C. incressed monotaonicslly with volumss fraction.

Discusslon

& to the saall etrain appliad by the shearomatsr, the esuspansion‘s
equilibrium structure Le not dlaturbed while massuring G, and can bs modaled
in terss of palr interactlon potanctiala and the aquilibrium psrticla
disceibuclon. In chis feshion Goodwin et al {7) devalop an exprassion lor G,

for concentrated suspensions based on & model originally derlvad by Zwansig
snd Houncaln (B). The final expression is writtent

1 = [}
3C
O = = kT + 25 [ gy 4T AUy, (n
‘..J 8“6 o dr dr

This expresslon relatea G, to the suspension voluma fraction, C, tha particle
radius, &, the product of Boltzmann's constant and the sbsolute temparsture
KT, ths pair Interaccion potential, U, and the psir distribution function
g{r). The firet term on the right hand side of eqn. (1) represents an
encrople contribution whers as the second term, which domlnates for the

systeas at hand, represents the contribution due to particla/particle
interactions.
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Fig. L. MWave rigldicy modulus, G,, 88 & function of volusa fraction, C.

Polnts are axparimental valuss and the solid lines are modsl predictions
discussed in ths text.

The interactlion potantisl for the sterlcally stabflized syestem studisd
hera can ba describad by as slsctrostatic repulsion and & Cruncated
Van der Waals attraction. The surfaccant layer exteats 3.85 s away from tha
particle surface and flxes ths minimua spproach cwo spheres can achiave at 1.7
am. Tha Van der Wasls force origlnatas at the physical surface of the
pacticle and, thus, the surlactsac truncatss the sttractive potential. Tha
electrescacic repulsion, on the other hand, originates st the ocuter edye of
the surfsctant layar, sod, even though it 1s axtiremsly short ramge in 0.5 H
salt solutfons {(ths doubla lsysr thicknsss is ~D.4 nm), this repulsive
potantial plays an important rols Lo detarminlng suspansion slasticicy (7).
The intaractlon potantiasl is writtan:

U=20cac®ln [V + axp|-®(h-24) ]} + U + v

WS
| xz + X
vhare 4, = - A —1 +2 18 |——i(} ,
12 2 2 2 .
K+2X X + 2+ 1 I+ 26+ |
and IJus = gt b €24 sad Uul =0 for b » 2d. (2)

for an adsorbad laysr of chickness d, s surface to surface separation h, s
Hamaker constant A, solvent dimlactric constsnc ¢ and 5 = h/la,

T TRESEC =

R o e e g A —-

e ———

1.9 2.5 3:! . 4.5 I 4.3
Pair Separation, r/a

Flg. 2. Pair distribution functions, g{r/s), ss & function of palr
separation, r/a, at thres volumsa Eractions. Hota thac for all C, glr/a) = 0
for v/a € 2.0 and g(r/fa) + 1.0 as r/a + =. As C incresses the cumbar of wall
deflned shells of particlas (as indicated by maximima in g{r/a)) incressas
showing incressed ordering in the suspansion.

The palr distribution Eunction accounts for ths ordering of the
particlas in the suspansion. The probabllity thac chera is & second particla
within tha voluma r + dr around & cantral particls is glvan by;

Jr2
oo B Cglr)dr.
a

Studles of che pair distributlion functions in colloldal systema with
light and nautron acattering techniques (9) indicats that like msolecular
fluids, the pair distribution ac high volume fractions iz dominated by the
particla's rigid, noninterpenstrating proparties. Thus it {s ths short rangs '
repulsiva portion of U which dominates tha spatial distribucion of particles
in a concentrated suspansion. Cooduln et sl {7) show how aqn. | can be p
rewritten in tarms of a pair distribution function derivad for hacrd spharas §
(vhere particles interact only through Uyg in eqn. (2)) and a perturbatfon to
this pair distribution functlon accounting for cha slectrostatic and Van der
Wasls forces. Typlcal palr diecribuclen functions are presented in f£ig. 2.
Numerically carrylng out the Lntegral Ln eqn. (1), Coodwin et al show that tha
resulting predictions of G_ are relstively insanaitive to the steric layer
thicknass, d, ar the Hamakar coefficlent A. Howavar, C,, is vary senaitive to
varfations in §. In flg, 1 the pru’lctlonl of the model calculations for
various values of  usiog A = 9x107°"J and d = 3.85 na ace shown. As sean
here, the model predicts the expariasntsl valuss of G_ for a zeta potantisl
very clase to that measured electrophorectically. For all the laticas
studied, cthe zeta potentisl required to fit the G. results was within 3-4 aVv
of ths massured valus. This sgreanent suggests chat the pair distribution
functions predicted from statistical mechanical models provide excallenc
approximations for waakly flocculstad systsas and can ba uned to
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Fig. 3. Aversge rumber of rmarest neighbors, H;, &8s 8 functlon of suspension

volume fractlon, C. As N, spproachss 12, the short rangs ordar in the
suspansiof incraases.

predict alastic proparties of & suspension.

While G, Le iwportant Ln avalusting the toughnass of a powder coapact,
predictions of tha palr distribution function can ba used in developing
nuthods of talloring desired alcrostructures. As an exsmple of cthils flg., I3
presants ths nuaber of particles in the firat ashall sround & central particlse,

calculated from the palr disteibution function used ia the G, predictions
according to

r
1

N »— ] r¥g (r)dr
.1 2a

whers 1) 1s the position of the firec miniaua in rlg(r) (9). Flg. I indicates
that the numbar of nesarest ssighbors surrounding a cencral parcicle rapidly
approaches 12 st volums fractions abova U.35. This is the value expacted for
s close pachad array of spherss. That the nuaber of nsarest neighbore
approsches 11 af volume fractions substantially below tha close packed voluas
fraction of @ 0.74 reflects upon the short rangs order Lntroduced lato tha
suspension by the hard sphere repulsion and Van der Wasla attraction. In
ofder to malntaln a space filling suspension, howaver, the order decays
rapidly reasulting in small domsins of order lotersparsed with reglons of
dlsocder. Indeead, such clustaring phonosena was observed. When dilute
suspensions were studied under an optical microacops, particles formed small
highly ordeced raglons interspersad with aress of auch lowar volume ({raction
reflecting tha bahavior predicted by tha statistical model.

Tha consequences of suspsasiuns which contaln reglons of short range
order but lang rangs disarder om microstructurs davelopmsnt upon tiring have
baen explored by Aksay (10). He fouml that while the class packed domaing

\l
sintersd to completlion at low temperaturas, tha (ntarsperaing volds
{reprassnting raglons of disorder) tequired much higher temperaturea and
longer siatering times to resulc in & cersmic of nesr theoretical denstity.

Sintering out the d{sordered reglons causad graln growth to occur and tha fina
microstructurs which srose from the closa packed raglons was losc.

In concluasion, we have shown that weskly sgglomarated suspensions
acquire substantial elastic modull and that these modull can be pradicted f{roa
s mode!l accounting for psir i{nteractions and tha scacic spscial distribuction
of paira. In sddicion, the perturbad hard sphere model for the pair
discribucion euggests that the spaca filling, weakly agglomersted natwork
studiad here consisca of close packad rvegions Lnterapersud with reglons of
lowar particle dcnni:}. While the expsrimental aystem was chosan to Lest tha
wodsl devalopad for G, the quallity of the model has besa verifisd suggasting
that exparimental and modelling ctechniquss davaloped hars can now be spplisd
wich greatar confidencs Lo ceramic precursor particlas.
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COLLOID RESEAROL AT MUCMASTER UMIVERSITY - HLOENT DEVELOPHENTL

by It SEP Wen

1. H1Gi CONVERSION BATCH AND BEMI-BATQH SUSILKSIOR POLYMEBRIZATION OF VINYL
CHLOKRI LK ;

The kinstics of high conversion polymerizatiun ot VOM (X*0,75) are baing
investigated to better undarstand the contrul of particle porosity reain bulk
density and PVC thermal stabilicy.

Extensive axperimentstion has permitted development af a relationship
between tomperature, pressurs and VCH conversion projsrly accounting for VCH
particioning in the polymsr, water and vapor phaues (reactor headspave) .
Hoasurements of pressure and temperatura should permit the monitoring of VCH
conversion beyond the pressure drop. A n-butane tracer technigue with the
monitoring of VCM and n-butane levels in Lhe hesdspace by online GC, should
also perait the monitoring of VOM converuion.

A comprehenslve kinetic modal which aciounts for diffusion-controlled
termination and propagation and for the formation of Lerminal and internal
double bonds, short and long chaln branches and t-chlorine atoms, haes been
developed. The offsct of O; on rate and thermal stability is also being
accountad for.

2. RICHOSUSPENSION COPOLYMERIZATION OF ACKILAMILE WITH ANIONIC AL CATIONIC
HOMOMERS USING BATCH, SEMI-BATCH AMD CONTIMUOUS PROCESSES.

Comonomers dimethyl aminosthylacrylate {justernary complex with dimethyl
sulfate or msthyl chloride) {DMAEA), diallyldimethyl assonium chloride (DADMAC)
and dimethyl amincethylmsthacrylats (quateinary complex with dimethyl sul fata
or methyl chloride} (DHAEM} with acrylamide, are beilng studled to elucidate
free-radical polymsrization kinstics with charqud species.

The cojolymers are being characterized by HHMH, [ALLSP and aqueous SEC.
3. EMULSION FOLYHMERIZATION OF VINYL ACETATE AND VINYL ACETATE/ACRYLIC ACID
USING PVOH AS STABILIZER.

A manuscript 18 being prepared for putlication,

4. PRODUCTION OF CHOSS5-LIMKED POLYMCRYLATES.

Experiments are being done to control cruswelinking architecture. A paper
has been submitted Lo Materials Chemistry and Phyusics:= W. Rlonowski and A.E,
Hamielec, “Craph Represantation for Crowslliked Polymers and Topologlcal
Gelation Criterion”.
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Coagulative Nucleation and Heterocoaquiatlon

Recent calculatlons have shown up the lmportance of haterocoagulation
processes In coagulative nucieation. Previously, we have used the simple
Deryagln-integration based theory of Hogg, Healy and Fuerstenau (HHF).

HHF 1s adequate In some clrcumstances but, unfortunately, It sometimes

tends to serlously overestimate the magnitude of the alectrostatic

repulsion betwean particles of different radll and dlfferent surface
potentials. Even worse, It can predict repulsion betwsen particles of the
same slgn where attraction Is che dominant Interaction. It turns out that
interactions of these latter types are cruclially Important In the coagulative
nucleatlon of latex particles in elactrostatically stabflized systems.

A recent theoretical analysls of Barouch and Matljevic (J. Chem. Scc.

Faraday Trans. 1, Bl, 1797(1985)) appears to have overcoms some of the
deflclancles Inherent In the simpler HHF theory. These authors show that
partial attraction is qulte common for particles of different particle slze
and dlfferent surface potantials when undergoing close approach. 8oth
diffarences are important In generating the partial attraction. This partlal

attractlon Is responsible for the lowering of the Interaction energy over
that calculated by HHF.

At Flrst sight, the generatlon of an attractive Interaction between species
with the same sign of charge seems counterintuit|ive, The wisdom of
hindsight, howsver, suggests that lts origin Is quite stralghtforward.
Consider a flat plate and an appruaching sphere, whose surface potentlals
are very different. The double layer thickness surrounding the sphere
and at the flat plate are identical. Inicially {l.e., at large dlstances
of separatlon), the plate “sees'* the sphere and lts double layer as an
uncharged entity, as demanded by electroneutrality. On closer approach,
however, as the double loyer of the sphere becomes distorted {(In the
direction normal to the flat plate), the sphere acqulres an effective
"net" charge. Provided that the surface potentials of the two approaching
surfaces are dl Fferent, part of the Flat surface will affectively be of a
sign opposlte to that carrled by the sphere whereas the rest of the
surface will have the same sign. This results In a partlal attractlon
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between the sphere and flat plate. This attractivn can even bs the
dosinant interactlon.

The affect of the partial attractlon on heterocoagulation Is profound.
Classlical concepts applicable to homocoagulation no longer apply.

For exsmple, repulsion may inoreass on inoreaaing the ionic strength
{which may decrease the partial sttraction bstween the sphare and the
flat plats more than the partlal repulsion).

Coagulative aucleation of lstax particles involves both homa- and
near homo-coagulation, as wall as heterocoagulation, events, Our
recant calculations sugpest that some of the chserved aspacts of latex
particle formation and growth cannot properly ba saplained wlthout
invoking the Barouch and Hatljavi¢ theory. The “swlitching of f** of
nucleatlon, for axampls, may wall be determined inzer aliag by the
forces of partlal stcraction.

oty

20 SEP Ve

Contribution to Polymer Celloids Newsletter from Fukui University
by Mamoru Nomura

The following paper will be presented in "The 2nd Interna-
tional Berlin Workshop on Polymer Reaction Engineering" to be
held in October 1-3, 19086 at Institute fur Technische Chemia,
Technische Universitat Berlin,

"An Experimental Study on the Optimal Reactor Type and
Oparation for Continuous Emulsion Polymerization"

ABSTRACT: Btudies on the optimal reactor type and its operation
method for continucus emulsion polymerization published to date
are briefly reviewed first, and then, the performance and the
utility of the split feed rﬁ1ctor systems which have bean
propoded by the present authors’'' isg axperimentally demonstrated.
It is shown that the splitting of the monomar feed stream is
always affective for increasing the efficliency of the firet
reactor which play a role as a saedar. but tha splitting of the
water feed streams 18 effective only when some kinetic
conditions are satisfied. The performance and the utility of the

seeding reactor with the eplitting of both monomer and water is
aleo discussed.

SUMMARY: As shown in Fig.1, we have found in batch emulsion
polymerization of styrens that the number of polymer particles
formed begine to increase when the concentration of monomar
initially charged is reduced to some level where emulsifier
micelles still present even after the monomer droplets
disappeared from the water phase due to complete absorption by
the existing polymer particles. Based on this finding, we have
proposeda new seeding reactor system with the aplitting ofthe
monomer feaed stream between the first seeding reactor and the
second large polymerizing reactor, and also with splitting of the
water feed Btream in addition to the sqaitting of the monomer
feed stream as shown in Fig. 2a and 2b. This reactor system
was nlu& adopted and discussed by Hamielec et al., as shown in
fig. 3.4} Since, the utility and the validity of the above
reactor sysSﬁm were mainly theoretically discussed in the pre-
vious paper,”’, it is demonstrated experimentally in this paper.
First, the utility of the splitting of monomer fead stream in
CSTR type seeding reactor is clarified exparimentally, as shown
in Fig. 4. It was found that the maximum number of polymer
particles formed can be increased about two times merely by
decreasing the concentration of monomer fed to the first seeding
reactor. It is well known that in continuous emulsion polymeriza-
tion PPR type seeding reactor can produce more particles than
CSTR., Fig. 5. shows the effect of the splitting of monomer feed
stream in PFR type seeding reactor, where (@) shows the results
of perfect PFR reactor{obtained in batch reactor) and {0 )
indicates the results obtained with a tubular reactor made of a
straight glass tube with 1.5 ¢m I.D., and 110 cm long. Due to
backmlxing in the reactor, the number of polymer particlas
produced is somewhat less than those produced in a perfect PFR
secdar. However, 1t is seen that the splitting of monomer faed
stream between the first and the second reactors is still
effective in increasing the numbes of polymer particles produced.

As shown in the previous paper ’, the effect of the splitting

Qtr



of water feed stream is effec-
tive only when some kinetic
conditions are satisfied. The
splitting of the monomer feed
stream and of the water feed
stream can be performed inde-
pendently. Therefore, the
effect of the splitting of
both monomer and water feed
streams can be superimposed.
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Vinyl Technology 6,134-142
(1984)

3) M. Nomura et al. ACS Symp.
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1. INTRODUCTION

M

Emuision pelymerisstion in an squecus snvironmeni provides s
2. EXPERIMENTAL

Materisls
Doubls distliled water was used for ail tha preparations. BDH

well-ssiablished method for tha preparation of polysiyrana isticss

with narrow particia size distributians (1-8). in genersl, ths

uss of an lanic surfece active agent, snd an lonic Initister lsads

1a the formallon of particles wilth chargsd end-groups on the surfsce
15.6). Consequantly, tha particles produced ars charge-slablilised
and hancs. are not colloldally stable st high slectrolyls cencantrations.

Isbaratory reagant styrens was purified by distiiiation at 80-50°C, In
sn atmosphars of nitrogan. Polasslum psrsulphats and hydrogen
peroxide {20 volumas) wers BDH anslar grade materisls. Ascorblc
acld {99%] was obialnad from Fluka, Tha snlonc surface aclive sgent

Morsovar, olhar treatments such as shesring. frasia-lthaw cycling and

Manoxsl MA {sodium di-(mathyl i) sulphesuccinata), was obtalned
pH varistion can lead 1o flacculation of tha particles. - um LA

from Mancham Limitsd as s 601 sotution In & water/sicohal mixture.
it follows thersfore, 18 ablain lstices which are stable to soms
or all of thass conditlens, some advaniages can ba galned by tha

praparation of starically sisbillesd isticss (7). Such lalices sra wall

The nonlonic surfaca sctive agant Lavelan £208 (noayl phancl athyisns
glycol condensats with 20 ethylens glycal units) was cblalnsd as a 304

aquecus solution from Lsnkro Chemicals Limited. Tha nonlonle
known In non aguesus madis whers Lha uss of grafting Wchniques

comonomar/atabiliser, mathany polyethylans glycol mathscrylate containing
W aitach sn elsophllic polymer W Lhe core particle snsuras lstex

spproximatsly 45 sthylens giycol unlis. was supglled by ICI PLC,

stabliity over & wida range of cenditions (8,8). The presani work
Paints Division. Sodium bicsrbonata and barium chiorlde ware BOH
dascribes Lhe preparsilon of sssantially simiisr islicss In sn squsous
‘ analar grads matsrisls.
snvirsnmant by the uss of & asnlonic surfsce aclive agant and a i
| Ersparation of Letices

comanomer which bscomes covalantly allschisd to Lhe core particis.

Baslc Mathod ; Tha samulsion poj merigstion rasction was carriad out in &
As 8 comonomer msihony pelysthylans giycol methscrylsts has bsen ' pey

tive nscked flask (18], The Inlets used were usad for s glass stircer
used. Lailcas prepared la this way ars shown 1o ba colloldaily

with & PTFE paddls, & constent flow of nilrogsn gas, a watsr coolad
sisbis 10 high siacirelyls csncanirations, te wida veristions In pH snd

eoflux condenser snd 8 thermomatsr. The raaction flask was malntalned
lemperature and 1a (resze~thaw cycling. Morsover, tha latices can be

st tha requirad constant tampsraturs, wiing a tharmostatted watsr bath.
prapared at high volume (ratlions. In addition they can bas fresta-drisd

Tha amounts of monomar, distiiled water and other Ingrediants used are
and redisparsad in sther sslvenis provided Lha lstier are good solvent

lsted in Table 1. Thess ware addsd Lo the resclion vessal and smulsified
for tha mathory polysthylena glycol chains.

for 20 minutes by stirring. Tha Initstar was then addad and tha

+  This papar dascribes tha preparstion and propertles of polysiyrens

polymarisation was isken 1o completion, The rasuiting lstex was than
Istices starically stabllised by msthaxy polysthylens glycol chalns and compares

pourad Into wali-bollsd dislysis-lubing. and dialyssd against distilied
their propartiss with tha mers conventisnal charge-stabilised polystyrsne ]

) water f(or a period of lwo waaks befora any testing was performad.



PS* Lalgx: |0 the charga-stablilsad PS° intex, Manonal MA was

usad 83 ihe snionic surface active agamt and polsssium parsulphats

as the Inltistor.

PS-10 Istax: In tha sterically stabilissd PS-10 istax, Levalan P08

was ampioysd 83 tha nenlenic surface aclive agent Logethar with msthoxy
polystihyisna giycol mathecrylats as the comonomar/sisbillser. The
Inltistor sysiem was ascorble acld/hydrogan peronida.

Experimantal Techniguss

Eieciron Microscopy; Elsclrea micrographs wera Laken using & Hitachi
HS7 slsctren microscepe. The particle slia detarminstions wers carrled
oul with a Cari Zelas TGL D particls sita snalyser,

Conductimetric Tliration: Tha surfaca charge dansity of tha lstax parliciss
was dalermined by means of 8 cenductimstric iitrston. A Pya dip-type

conductance call was usad fer canductance messursmants ln senjunction
with & Wayna Kerr B12§ bridge.

Elscirolyis Stabllity: Tha iatan stsbiiity 10 added alecirolyta |barium
chiorida) was examined turbldimsirically by axamining the changes In

oplical dansity of the latices, a3 & funclion of sleclrolyts cancentration (11].

A Unicam SP-800 spacirepholamsiar, with an optical call of path langth

of 1 cm. was usad for this purpesa. All massuramenis wara carrisd oul
al room lemparature using Incidant light with s wavelsngth of 546 nm,
The dialysad Isiicas wers adjustad Lo give sn optlical danalty of sbout 1.3,
by diluting tham with deuble distilied water. A 5 cm’ sliquat of diluted
taten {0,050 w/v] was iransferred 10 a clsan lubs snd than § em? of
slactrolyis of known concantrallon was addad. Aftar Inltial sgiwation,
the minturs was ailowad to stand for 2 hours. i1 was then lightly
cantrifugsd (2000 rpm for 10 minutes] and the suparnatant from the

cantrifuged minturs was carefully removed for oplical densily msasursment.

el

Elegirophoresis;  The slacirophoratic mebliities of the istex particlas
wara measured using & Pen-Kem Sysiem 3000 slectrokinetlc snalysar.

All massurements wara dons at room tempersiura using | cn’® of the
diluted Istex (0.05% w/v) In 20 cm® of barium chioride solutlon of known
concaniratlon,

o lity: Tha fresza-thaw stabliiity of the iatices

wers ealimalad by a sami-quantitstive methed using optical danslty
massurements (12). After frasiing the dllutsd latex st ~18°C for 3 days,
they werae allowed to thaw complataly at room tamparsiure. Tha samplas
ware than lightly cantrifuged and the opticai density of tha supsrastant
was measursd. As s control. the sams massurement was mada (or a
slmliarly diluted sample lofL st room tempsrsturs. Tha ratio of the
optical dansity of the suparnatant afisr fresze-thaw conditions IODHTL
to that of simllarly diluted istex which had not bssn subjacted to
{reaza-thaw conditions (0Dgi. was taksn as tha fresze-thaw atabiiity
ratlo. Consaguantly, this ratlc should vary from tere for an unsisble

lalsx, o unily for & complataly stabla lalex.

oD
Fraaze-Thaw Stabillty Ratlo = -3-5%1-1

Gless Tragsition Temparsturg: Tha gisss stansition temparstures (Tg)
of tha Iaticas wars massursd using a DSC 1 Perkin Elmer differsntlal
scanning calorimeter. The messursments wara carrisd out on vacuum

drisd Istices at s hsating rats of 16°C par minule.



1.

e
RESULTS

Elesctron micrographs of particlas from Istax praparations PS*®
and PS-10 ara shown In Figurss 1a and 1b raspectively. Tha
number svarags diameters of the particies cblainsd frem the aleciron
alcrographs sre listed In Tabls 1 togathar with other Information sbout
the lalicss. Tha partlcies from P5* had » dismater of 180 ¢ 7 nm and
thosa from PS-10 » disseter of 110 2 15 nm.

Tha conductlmetric utratlen curve sbialned from lstax PS® is
illustratedt in Figura 2. The form of the curve suggests Ltha prassnce
of both wealk and streng acld groups on tha particie surface, as
anticipslad from previous werk uslng potassium parsulphsia as ths
Initiater (5). The surface charge dansity was sstimatad (o bs
1.9 uC 2. in the casa of istex P5-10 no Indication of surfsca groups
was delacisd and the conductivily incrasse chsarved was simply that
dus 10 Lhe additien of sikali. it was thersfors toncludad that the
surface charge en this lalex was 2ero or very closs Lo JI,

The stabliity of the lsticas to added slactrolyts was sxaminad
lurbldimatrically using barium chlerids as the slsclroiyia. Tha resuils
ebtsined are represantsd in Figurs 3 In the form of opical dansily
against ihe logarithm of tha added slectroiyts concaniratlon. i ean
ba seen from Lhe dats for tha tweo istices that PS* coaguisted a1 a
barium chioride concantratien of 2.1 x 1077 moi dm™3, wheress PS-10
remalnad unchanged up to concentratlons of 7.5 x 10"} mol dm?
barlus chiaride. The small Incraass in eptical dansity shown in
Figure 1 for latex PS* has bean ohservaed praviousiy in sjudles of
this typs and was sttributed to the presence of amall aggregaias
resuiting from slow coagulation {1V),

Elecirophoretic mobiiity messurements ware aiso made on dilute
dispersions of both Islices and tha resuits ara lllusirated In Figure 4
84 slscirophoratic mobility against the logaritnm of barlum chloride

Flyura 1;

Transmission slectron micrographs of ,

a) intax PSY;

b} lagex PS10.
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Polymerisation Reclpsa and other Detalls of PS® and P5-10 Latlces

Siyrana
Manoxal MA
Lavalan P08

Mathony polyathylens glycal
mathacrylats

Sodium blcarbonals

Polassium persulphsis
Ascorblc acid

Hydregan peroxids

Total volums

Tempersiurs

Polymarisatlon lime

§ Cenvarsion

Weight avaraga particle dismeier
Standard davistion of Lha msan

Chargs Stabilised

Latex-PS*

|Hm 3 Y |ol|

18.7
§.34

150 m]
[T
h

Sterically Stabilisad
Latax-PS5-10

imal m" x tu’[

1o.0
§.50

4.10

250 om
&0°C
ih
95
110 nm
18.5

Conductance/ohm™? x 1078

)

O
40 e r
20| __
| | |
100 200 300
Voluma of alkali/dm? x 1978
Figura 2; Conductimatric thiration curve for Istax PS®,

|, Indicsta neutralisation polnts.

concantration. As antlcipated In view of tha conductimatric titration
dats and the clear avidenca thal Lha lstex particas of P5* had

charged and-groups on the surface, the particies of this istax

axhibltad tha highast mobilitles. At Lhe critical coagulstion
concantration for barlum chiorida, 2.1 x 10°2 mol l:lm". tha mobliivy

was found to ba -1.0 ym m V! &7, The particies aof Istax P5-10 also
exhibitad an slactrophorstic moblllly, which was lowsr than cbsarved
with particias of PS*, bul alsa varisd with barlum chiorids concantration.
This resull Is not unaxpeciad since for particles of low Inharent chargs
it Is often found thst negativa adsorption of catlons occura lsaving an

excass of anlons near the particla surfaca {13).

S
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The iresze-Lhaw sisbility rasults oblainsd ara givan in Tabile 2.
For the charge-siabilised istex PS® a ratic closs L0 1sro wes obtaeinad
Indicating that It became colloldally unstable (oliowing » frasie=thaw
cycla. This is » conssquence of the (act Lhal as ics crystalilsss oul,
ths concantration of slacirelyts lncrsasss and axcasds iha critica
coagulation concantration of the latax. As furthar lca separates oul
the particies are forced together ln tha primery minimum. For ths
methoxy polysthylane giycel stabliised lstax P5-10. however, the
axparimenial rsiic obtalned lay In tha mud-ranga wmplying a rsasonasbls
slability 1o frsate-thaw conditions. This is consisiant with the colicidal
siabllily sxperiancad st high slactrolyts concentrstions and confirms
the operation of steric stabliisation undar frcien conditions, i1 also
confirma thal tha stabiileing chalas of methony poiysthylens glycol ars
tirmly ancharsd 1o the swrfacs of the particie. sinca [L would ba
anliclpatad under thasa condillans, nonionic surface aclive sgent
wouid be dasorbed from the surfacs,

Ipbin ]

Freate-Thaw Stabllily Ratios and Ciass Transition
Tamparalures of PS® and P5-10 laticas

Fraate-Thaw Stability Class Transition

Latex —Ratlo Jempsrpture (°C}
Ps® 8.03 103
PS- 10 ‘o“ 1,

optica! denshylem™ !

a.2

0.8

8.2

A o
% o
L 7O ” 6 ©
.
}
]
B [
1
I
| | . d A |
2.5 1.0 =1.8 1.0
LoglBarium chiorida/mol dm™2]
Flgurs 3: Optical dansity of istax supsrnetant Zh aftar

adding alectrolyte against logsrithe of barlum
chiorida concantration. =@, intex PS*; =C-, istsx
P5 16; | . critical cosgulation concantrstion.




Elntrophorsiic Mobillty/um em v,

H
Lo
=00
B
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4.0 -1.0
Log(Barium chisride/mal dm™)
Flgure 4: Elsirophoratic mebility sgainst logarithm of barium

chioride concentration. —(, latax PS®; —@. ialex
PS 10.

S

p .
| - &
Sama additional avidence for differences in tha preparsd laticas o~
was obtalned {rom maasuring tha glass transition tsmperalurs by

dlffsrantial scanning calorimetry. The results ara shown in Figurs &

and Tabla 2. For latax PS® the Tg occurrsd st the temparature
normaliy expaciad for polyatyrens. In the cass of P5-10 a substantis)
decreass In the Tg was obsarvsd with PS®. Thase rasults sppaar to
indicale that sither tha comonomar/atsbilssr or tha nonlonic surfaca
sclive agent ara able to plasticiss tha polymer chains in tha psriicles,

a result which will ba discusssd in a lsier publication [W).

a

i

E
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| | | | I
4o 60 10 100 )
Teamparature/*C
Figurs 5 Tharmoegrama obiained by differsniial scanning

calorimetry for. a) P5* b) P§ 10,




DISCUSSION

A mathed has besn devsiopad, using mathony polyathylena glycol
mathacrylsis a8 a comonomar/siabliiser In the presancs of a nonienlc
surfaca active agend. for the preparaiion of non-surfacs charged
polystyrena lsllces. Tha particles as praparsd suhibitsd no tiraleable
tharge and were stable st barjum chicrias concentrations of 7.5 x 10°)
mol dm 2, |a sadiion thay ware colicidaily siabla st temperaturas
up 10 0°C and 10 frease-thaw cycling. The evidance chiained suggasts
that tha methoxy pelysthylens giycol chalns ars graftad 1o tha pariicle
surfaca and effectivaly sisrically stabiiiss the partleles.

Although the particies of Iylax F5-10 exhibited siscirophoratic
|mobllitiss evar & range of alecirolyls concentrations It sssms most
probabls, In the view of the asbsance of titrsiaabla charge. that i1ha
mobility arises as a conssquanca of » surface excess of snions occurring
nesr the particls surfaca. Tha slscirophoratic mebliity In fsct approachas
iaro M barium chierida concantrallon of 1 x ln-'.ﬂ dm 3, whareas 1he
istax malnisined colisldal stabliity 1o vary high sleciroiyis concentrations.
Had tha mebllity rasults slmply been a conssquance of movamant of tha
plana of shear further frem 3 cherged surfeca, s titratesbis charge
would have beea obsarved.

(1 sasma rsasonsbla to concluds tharsfors that the iataa P5-10
had the preperties of & aenloalc Iatex. This Istex showed sxcelisnt
slability under conditisns whare the conventionsl charge-sisbilised Istex

bacams colisldally unsiable.

(3
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FROM
LABORATOIRE DES MATERIAUX GRGANIGUES (CNRS)
SUBIITTED BY C PICHOT

Lo IIRLCTURE - PROPERTIES SUBEATION i EPIULSION (0P 12 K3( B Sehlund-ACruz)

Tha resserch project is curently dirsciad on the relationships beiween Uw marphology of et
particlas and Lhe mechanical proparties of films,

A provious siudy wos corried oul with butyl aorylels (BuA) end vinryl aostols (YAOY) (x.2 kong &)
8l) In tnis project, Buh and styrens (8) were copolymerizzd In various proportions
(0/100,25/75,50750,75/25,100,0) and differsni polymerizslion processss were uset
controlled belch, /2 conlinue uddition, slap-wise. Thiwe types of mor phology were synthesized
homogenenus, core-shell (core PS; shell: homegeneous copotymer PS/ABu) .multd-teyered (core
PS5, stall | copolymar, shell 2: PABU).

For pholagies of such par {ickes were absarved by sleciron microscopy using ver ious stsining agenis
: 0s04, Rul 4, phosphotungstic ecid Fiims were formad by cssting latex onlo prolssled glass with

silone Rasulling from coolescance end aoparding Lo the perticle morphology verious orgenic
cumposita Mims were oolained composiles with homopsneous inclusion , with cmpaskle Inclusions
ond with composiiion grogiant i Dynemic mechenical properiies were oarried oul with
visooelas! icimetar from METRAYIB C*. The complen YOUND modulus ware ablalned as & function of
lemparaturs { - 100 lo 150 *c), { frequance = 7.8 H2).

Sumulation of 1ho mechianicel propertias were performed using simple KERNER's ond DICKIL's
equalions. Tha simulat lon should 8diow ihe pregiction of the oynam ic mechanical properties of lalax
filens from Uhe propertias of hamapohanars ( PADU or PS) and processes of polymerLzstion

21w rotiowix) are absiracts of recent papars {subwmiiiss or in prass }

1 ¥crvionilc lle-stvrens cppolvmaristion.contribution W e arolrody 16 eiiulsien
(5.0jexhaba C Orailial J Buitiol);Batoh smyulsion copolymer (sallon of styrens( 5} and acrytoniir e
(A )nave been corried oul ot var ious Monomer feeos ond 50110 5 CONtLALS 10 or dor 10 check Previous
prediclions oar lvad from simulstion compulstlons for monomer feed compasitions wilth lower AN
content than Uhe azeotrogic feed (33 mol ) studied by Dimonie et al  homogeneous copotymers
were obiained with the semo componilion as the lesds,bul ot lower s0lid conlents In very good
egreement with the thearitical oplimum monomer(M)/walar{W) ratics.in addilion . as also
precicied, above this oplimum M/W retio, the monomer (eed composition drift 15 in the opposile
direction Lhan ot lowss M/W relio , a3 Lhe polymer(zation proosads. Similer behevior 1s observed
up Lo 40-43 mol X, at increesing solids contanis Above 43 molT AN ,1e the bulk or solulion
S20Ur0pIC COMpOSItOn , A2004ropes are nol obesrved and the composit lan dr L 13 alwoys In the sams
direction ,viz in fovor of copolymers richer and richer In styrens | whalover Lhe M/W rollo.

Ve o - (ron
Guillaume C Pichot ) Butllot
IKINETIC STUDJES IN THE ABSENCE OF SURFACTANT Soapiess smulsion copolymerisalion of
styrana{ 5) and buty! acrylatsl BuA) has beon investigaled using two types of nitiator and ol ferent
aumonomer feed m IxLures. When using K2520 8 lallistor , the perticle size end $i2e disir Ibution

of he linal lalexes (respectively 500 am and 1.003) is not significantly affectsd by ihe
comonamer feed composition , wharsas the molecular welgn! ang sur face char acter 1slica wers found
Lo sharply change al high BuA condant Base on the most probadle particls nuclsslion mechanism and
type of chein lermination in the manamer swollen pariicles , o tentslive sxpleneiion of these
resuits has besn proposed Replacing persulfets by & carboxylic Initisior( sodlum 4-4'- azbis
Cyenopenlanosis} results in the formetion of stable lataxas wilh the some siza then observed wilh
persulfots, provided Lhe ageous phese ph 13 fixad tn betwoeen 6 and 7 Resulls on the fakilior resious
locetion & & funciion of the conversion pelnl oul that the particle flocculetion machanism Is
sirongly significant in the praparation of such latmces.

Cr

<r

WLKINETIC STUDIES IN THE PRESENCE OF IONOGENIC COMOMOMER: Batch omulsifier -froe
copolymeriselion of S and BuA heve been performed for & S5/BuA welghl relio=S50/50 in the
presoncs of (wo types of functional monomers methacrydic acio{ MAA) ot two doiferanl ph's or
polossiun sulfo propyl methaorylole{ SPHM) and two Inilisiors( polassium end sodiumd-4'
azobiscyano pentancata( AZ0). The was of AZ0/HMAA systam resulls in tha formastion of particles with
anly surfecs carboxylic and -groups .The particle 5120 of the final lslaxes can be adjusted with the
A concentration provided the polymerisalion is carried out sl phr6.5.However the higher the
MM concentration , (e sconer the polymerisotion levels off in Lhe conversion .With the
K235205/3PH tyslem , perticlas beering onty sulfale and sulfonsie groups are produced and the
polymorissilon Is completad In thal oess, the particle size of the final lslexes Is smaller than in
Lthe previous sysiam ond 308 of the SPM Ie f1xed on (he surface instoad of 108 with MAA. Using a
too high SPH concentrolion results in the latex destabilizslion caused by ihe formation of o large
omount of polyslecirohyles Kinellc siudies Indicats thel most of the funclional monomer I
Incorporatad onto the parlicle surfece during the last 308 conversion of the polymerisation. A

tontative axplanstion of such behavior I5 discussed based on the existence of two polymerisation
Yoci in Lhees sysiams,

NEKINETIC STUDIES IN THE PRESENCE OF A SURFACE ACTIVE COMONOMER, THE 30DIUH
ACRYLAMIDO UNDECANDATE: Emulsion lerpolymerisslion of SBuA eand eodium acrylamido
undecanoata{ AUA) have been carrisd out using ¢ balch process in the presence of sodium 4-4'
amiis cysnopenionools as initlator Yarying the AUA concentralion, stable particles bearing only
car byl ic charges have been proguced with alometers ranging from 200 nm to S00 nm ol solids
content as high as J0%K. However 8 low AUA yield st Lha particle surface has besn found( 30 Lo
35%), which could be axplained by very unfavorable reactlvity ratios of AUA with 5 ond BUuA Most
of the AUA seems to be wasted In tha walar phase {unpolymarizad end forming hydrosoluble
chains).Furthermore & concentrailon of AUA higher than 10°¢ mol resulls in the lelax
destabilization presumably coused by tha formation of o largs emount of polyslectrolytes.Kinslic
sluatas of the AUA consumption show that ALA 13 mostly fixed ol the particle suriace between 90
onid 100 conversion which indicaiss (hat tha AUA I3 matnly polymerized in the woler phase and
nol ol the parlicle surfocaAn ollempl hes been made o Increese the surfacs charge density by
polymerizing 8 shell of AUA/S/BuA on & seed Jatex.t lurned out Lo be unsuccessiull {low surfece
yield,for medion of now particles),

@
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The polymsr collolds group at CWlll has as its faculty members 1. M.
Krieger, B. H. Litt and 5. Qutubuddin. Thia group has not raportad
Iecently to the Newsletter, so that s survey is tinely.

Rheolagy: Gerald Choi's doctoral thesis on Rheology of Sterically
Stabilized Disparsions has just appsarsd in two papsrs (J. Colleid &
lnterface Sci. 113, 94-100, 101-120 (1986)). A new studant (H.-L. Lu} has
started a continuation of thia ressarch, to {ncluda dispersions and solu-
tions which contafn dissolvad polymers. Hs has just recelved samples of
the poly(dl-a:hyllllo:aua)/polyltyrann/poly(dlaathyl-lloxann) triblock

copolynars which wars preparsd for us by Dr. E. H. Firsr ac the Universiry
of Akron,

Eaulsion Polynsrization Studiss: Shorc-chain diblock copolymsrs ware
prepared by ring-opsning polymerization of substituted oxaxolines in
Professor Litc's laboratory. Whso thess were ussd as stabillzers in the
epulsion polymsrizatlon of styrens, tha Tresult was a solid which consluted
of water droplets in polymarized actyrens. Similar results have bsan
teporctad by G. Riess at Mulhouse. Bolid disperslons were obtalnad contai
ning as high as 95 voluns & water. Undar Vacuua, tha water evaporates,
leaving a microporous foam. Papars dascribing this procass have baen
preparsd for the Journal of Collold and Intarface Sclence, for which
abstracts ars appended to this report. This research, inftislly funded by
the Cantar for Adhesives, Ssalants and Coatings (CASC) at CWHYU, is now

fundsd by the Lawrence Livarmors Laborstories of the U 5. Departmant ot
Energy.

Sysd Qutubuddin: Thers is soms ressarch related to polymar collolds in
our Dapartment of Chemical Enginsering undsr Professor Syed Qutubuddin
Sysd is investlgacing interactions batwesn dispersed plgments and soluble
bindsrs, and also is {nitiscing a program of research on aicroemulsions.

Finally, it should be addad that I. M. Krieger will be on sabbatical
laavs from January through July of 1987, in MHulhouas, France. He will be
working officlally with Professor Rless at the Ecole Nalionala Supsrieure
da Chimis de Kulhouss, but will bs working almo wlth Professor Claude
Wolff on Rheology of Dispersions, and hopes to interact almo with the CHNS
on the Physical Chealsty of Solid Surfaces. Ho will also be vislting many
acadenic and industrisl laborascories tm Europs on behalf of CASC,

LOW SURFACE ENERGY POLYMERS AND SURFACE ACTIVE BLOCK POLYMERS
1. t-Bucylphenyl Contalning Polymars
Morton Litt, Tisn-Teh Chsn, *Blng R. Haleh
Department of Macromolecular Science and Center for Adhesives, Sesalants
and Coatings, Cass Western Reserve University, Cleveland, Ohlo

Tuwo new moncmers in the 2-oxazoline seriss wers aynthesized and
polymarizad, These wers 2-{4-(t-buctyl)phenyl]-2-oxazoline (I) and 2-
[¢3.5-d1i-c-butyl)phenoxy)propyl]-2-oxazoline (II). The polynsr from I
crysctallized raadily during bulk polymsrization and showad Ty at $92°K
(319°C). Afcer annealing, the polymsr showsd a critical surface tansion
of 21.2 dynes/cm. Polymsr from II was amorphous; henca, annealing showed
litcle sffast on contact angles. Block polymers wers nade with 1 (¥,=10)
and othyl oxazoline (X;=6,20,60). Very sharp molecular valght diatribu-
tlons vers obtained. All samples crystallized whan annsaled, Sucface
tanvion measuresents in glycol-water mixcures showsd maximun activity at
60v water. The block polymar was an effactive smulsifier for ssulsion
polymsrization of butyl acrylats ac 0.1a.

LOW SURFACE ENERGY POLYMERS AND SURFACE-ACTIVE BLOCK POLYMERS
I1. Rigld Microparous Fouss by Emulsion Polymaricaction
Bing R. Heleh and Horton H. Lite, Irvin M. Krisger,

H. L. Lu and T, T. Chen
Dspartmants of Macromolecular Sclence and Chemlstry
and Conter for Adhssives, Ssalants and Coacinga
Caso Western Raserve Untvarsity, Cleveland, Ohio

Block polymerizaclon of difterent weight ratios of 2-(p-t-butyl-
phenyl}-2-oxazoline (B) and 2-ethyl-2-oxazoline (E) with methyl p-nitra-
beuzenesulfonate as the iniclator gave diblock co-cligomers with narrow
molecular weight distributions in 100 ylelds. Co-oligomers with 40-50
wts of B wera excsllent Lnverse emulsifiers for scyrene/water (St/W)
polymerizations, Wuter-in-oll svlid smulsions wich internal phase ratio
as high as 90¢ have been obtalned using small amounts of the oligomers (> 1
wtd of the total system). The total wurfsce area of ths water droplets is
approximately proportionsl to the nusher of surfactant moleculas, and thus
the average pore dlianeter is proportionsl to tha wacar volume divided by
the surfactant concentration. For any given Sc/W volums ratlo, thers is a
saxinua apount of smulsifier which can produce stable solid foams; higher
amounta cauae the smulsions to break.
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NHR STUDIES OF XENON AMD COBALT AS A PROBE OF ASSOCIATED POLYETHYLEKE
OX10€ POLYMER-SURFACTANT MIXTURES. S.M. Hosseini and R.L. Rowell,

g:gsgtmt of Chemistry, University of Massachusetts, Amherst, MA

The associated polymer used 1s a long chain polyethyleng oxide
which is end-capped with saturatad hydrocarbons {C,, or Cyg). The
molecular weight varies between §3,000 - 106,000 based on the length
of polyethylene ozide. In previous work we have shown that the
chemical shift arises mostly from Van der Maals interactions. HNatural
Xenoq gas contains two {sqtopes suitable for HHR studies: 1291 with
1= and My withI = $3Co WMR shift of solubilizate Collic ac),
in the aqueous®polymer sofution has also been studied. !29X_ and 5%Co
shifts and 3Vx_ relaxation time T, vs. concentration of aqulous
solutions of polymer are pressntad, along with preliminary results of
surface tension and visible adsorption studies.

*presented at the Amsrican Chemical Society Meeting, Anahelm, CA,
Saptesber, 1986.

THE PARTIAL VOLUME AS A PROBE OF THE INTRINSIC PROPERTIES OF BINARY
MIXTURES INCLUDING BOTH COLLOIDAL AMD TRUE SOLUTIONS. R.L. Rowell,

gegagmm of Chemistry, University of Massachusetts, Amherst, MA
1003.*

It 1s shown that the mass fraction is the most general {independent
variable ta choose for the determination of the partial properties of
mixtures. The methods of differential calculus are used to obtain
exact relationships that are trug at constant composition at any
instant of time, The theory may be used to easplore time-dependent
changes that occur in a variety of systems, such as wetting, pore
penetration, gas evolution from eicropores and 1n yeneral any
interaction that leads to changes in the partial volume properties.

“Presented at the Collold and Surface Science Symposium, Atlanta, June,
1985. To be published in the special issue of COLLOIDS AND SURFACES
dedicated to the memory of Geoffrey Parfitt, 1985,
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William B. Russel Dupartment of Chanical Enginesring

Princeton Univereity us SEP M

Recent Publicatlons:

“Nonequilibrium statistical mechanics of concentrated colloidal dispersions:

Hard spheres in weak flows", J. Chem. Phys. B4, 1815 (1986) [with A. P
Gast].

“An axpsrimantal and theorstical study of phase transitions in the
polystyrans latex and hydroxysthyloalluloss system®, J, Colloid Interface
Sci. 109, 161 (1986} [with A. P. Gast and C. K. Rall].

"on tha theory of dilute polyelectrolyte solutions: Extensions, refine~
wents, and enparimantal ceste, J. Poly. Sci. B 24, 511 (1986), [with R. H.
bavis). .

Papers Prasssnted &t Mestinga:
1. bocisty of Rhealogy Meeting, Tulsa Oklmhoma, 1986. =
"Rhaclogy of Phase Beparated Colloldal Suspensions: fTheory and Experi-

ments®. P. D. Patel and W. bB. Russel.

Addicion of polymer to an
otharvise homoyensous collotdal 1

(%0

suspension causes & phase uepa- ®

ration which depends on thu . . S Ao fli
size of thes polymer sand the " o s 012
particle, the charge on the .

particle, and ths solution -
ionic strength. e b ey

o A7 vagia-ghens

S TR S T T S TR AL SR I TN T

=

Prasent work oxamines tha rheo- He
logical behavior of these syu- "o
tems both near the phage boun- tee s,
dary where an equilibrius state *
exists and well into the two- TN oty
phass reglion where the strony o
attractions produce a non- L

equilibrium structuru. A self e 1 1 1 i

g * B0

o o e e

conaistent field thaory incor- " W i va? w?
porating both hydrodynamic and

thermodynamic interactions pra- B aganirim
dicts the structure both at

raat and under flow, detar— Steady shear viacosity as a function of
mining rheclogical parameters applied streas fur polystyrsns latices
auch as low shuear viscosity, in daxtran/water solution.

modulus, and plastic flow beha-

vior. The theory is complencn-

ted by axparimanta on & AYéCamn

of polystyrune lattices con=

containing fractionated dextran.
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Conference on Ceramic Powder Tachnology and Ecience, Boston, Massachusutts,

August 1386. “A model of Crystal Growth in the Gediassncation and Ultre-
filtration of Colloidal Hard Bpheraes.® K. E. Davis and W. B. Russel.

Processas typlcally used to concen=
trate colloidal suspansions include ' 1
ultrafiltration, slip castiny, and 17~ N
sedimantation. Understanding of o ]\ ~
morphological svolution ia theas 1
systems is pertinent due to the ..] .
strong influsnce of microdtructure

on final prodict performance charao~ TR
taristics.

Theas processss share a common math-
enmatical description. Pravious
theorias have dealt primarily with
ths dilute phases, treating the .
filtar cake or sadimant as &n Al Y
incompressible aolid. Hers wa pre~
sant & consarvsition squation valid LT v
throughout the dilute and denss pha= s e
ass. An appropriate theogpstical
squation of atate for tha osmotioc
compresaibility and a aimple corre=
lation for the sedimsntation coef-
ficiant for hard spheres apply over
tha antire range of concantration.

Hughi, o

Volume fraction § and deyren of
crystallinlicy £ as functiune uf po-
sition and Lime during awdimentation.

Mumerical solutions of tha governing equation for moderate Peclet nuoberas,
characterizing the ratio of ssdimentacion to diffusion, complement matched
asymptotic sxpansions vallid at large Peclet nusbars. Thess solutions indi-
cate a naarly uniform coacentratlon in the dense phass, bacoming mure
compressible and less unifors with decreasing Peclet number. The dilute
phass increases ih cOnCentration As the Peclet number dscreasss; while the
transicion layer betwsen thess phasas bacones broader. An sxact equilibrium
solution providas ths long tima limit. b

This mACIOacOopic desscription has been coupled with & mlcroscopic model for
the growth of crystallites within the fiiter caka or awdiment. Golutlons
indicats that rapid sedilmentation results in & disordered sediment, whereas
slowar ratss result aveatually in full crystallinity, ih qualitative
agresment with obsarvatioans.
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from The Univeraity of Akron

The Use of Poly{p-methylstyrene-g-oxyethylene) as a
Polymeric Surfactant
i7 SEP Redd

I. Piirma and J. Lenzotvtd
Department of Polymer Science
The University of Akron
Akron, Ohic 44328

Inzroduction

Steric stabilization ot colloidal particles is achieved by
macromolecules that ara attached to the particle. The most
affectiva stabilizers are amphipathic block or graft copolymers'.
For stabilization in agueous media, poly(ethylens oxide) is often
used as the svluble moiety of the copolymer.

Various methods have been usad to prapars graft copolymers
containing athylens oxide®'?'*. At prasant the ability of these
graft copolymers to stabilize latices in smulsion polymerization has
not been thoroughly investigataed.

araft copolymers of poly(p-methylstyrena-g-oxyethylens) have
been prapared using a “"grafting onto” technigqus. These amphiphilic
copolymers have besn ehown to bhe suitable surfactants for the ssul-
sion polymerization of styrens and methyl methacrylats.

Exgerimental

First, anionically produced poly(p-methyletyrene) was par-
tially brominated in the methyl position with N-bromosuccinimide
{NBS} in carbon tetrachloride using banzoyl peroxide as an initi-
ator. Next, poly(ethylene glycol methyl ether)} (HW 2,000) was
coupled onto the brominated backbone in the presence of potasajum
tarctiary butoxide and 18-crown-6-sther in dry THF. The copolymer
was then fractionated using an acetons/hexane solvent mixture. By
varying the amount of sites brominated, the amount of polyethylane
oxide graftad on could be contrclled. The molecular weights of the
starting material and the percent polyathylene oxide grafted on as
daterminad by T-60 NMR are given in Table I,

Emulsiopn Polymerization

The polynmerization recipe is shown in Table II. 1In the
present study styrena and methyl mathacrylate mochomers were both
investigatad.

Resulta and Digcussion

Using surfactant D {see Table I), the effesct of tha poly-
meric surfactant concentratjcn on the emulsion polymerization of
styrene was investigated. The nmonomer conversion versus time curves




3

ars shown in Figurs 1 for surfactant concentrations of 7-30 phm,

The latex praparsd at 7 pha coagulated at a conversion af lass than
40%. Prom the constant rate regions in the curves for 13 to 30 phnm,
the rate of polymarization was found to increasa with increasing
enulsifier concantration. whereas the particle size found from
slectron microscopy was found to decreases {sss Figure 2).

The effect of varying the backbone length with constant PEOQ
content was studied using surfactantes A, B and D. For the smulsion
polymerization of styrena at an emulsjifier concentration nt 18 phr,
all thrse surfactants gave similar rssults: Rp ~3.2 x 1074
B0l/¢ sec and particle size (0] ~83 nm

Using surfactants B and C, tha sffect of varying the PEO
content for the same backbone was investigated Surfactant B (B1%
FRO content) gave a rate of 3.2 x 10”° mol/t sec and particle asize
{0n) 53 nm, whereas for surfactapt C (70% PEO} a rate of 2.6 x 10°°
mol/t sec and size of 88 na was obtainad.

The emulsion polymsrization of methyl methacrylate was
investigated using 18 phr of surfactant 6. The rats of polymer-

ization was found to ba 8.7 x 10°* mol/¢ sec and the particle size
‘nn' 42 nm.

fonclusions

{1} Poly(p-methylstyrena-g-oxyethylens) was synthesized by gratting
polylethylens glycol methyl ethar) onto partially brominated poly-
{p~methylstyrene).

{2) This copolymar was successfully used to prepare stable latices
in the smulsion polymarization of styrane.

(3) The rate of polymerization increased and particle site de-
cresased with increasing emulsifier contsnt.

(¢} PFor the range studisd, varying the backbone length of the
polymeric surfactant at constant PEC conteant had no influence on the
rata or particle size.

{8) Decreasing the PE0O content at a constant backbone langth
resulted in a dscraase in polymerization rate and particle size,

{6) The polymeric surfactant aleo stabilized poly(methyl meth-
acrylate). The rate of polymerization for MMA was found to be
faster and particle size smaller than that found for styrene.

Referencas

1. D. H. Happer, H
Acadamic Press, New York (1883}

2. S. C. Stowe, U.S. Patent 3,180,928 (1963)

3. P. Weiss, J. F. Gurecht and I. J. Xrems, J, FPolym, Sci.. 35.
343-35%4 {1989)

4. F. Candau, ¥. Afchar-Taromi and P. Rempp. Polymer. 18. 1253-
12587 (19717}
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THE APPLICATION OF THE HIGH SPEED INTEGRATED COMPUTERLZED
HYDRODYNAMIC CHROMATOGRAPHY FOR MONITORING PARTICLE
GROWTH DURIMG LATEX POLVMERIZATION®

R. L. Van Gildar and M. A. Langhorst
The Dow Chemical Company

Aecd
Midland, Michigan 29 SEP N

In the earliar punlications {],2}, it was shown how hydrodynamic
chromatography (HDC) could be applied in the study of polymer
lataxss to detsrmine particla-sizs. An improved technique for the
HOC was davaloped which utilized higher efficiency and resolving
powar columns to aignificantly reduce the analysis time {3). A high
spssd intagrated computer was includsd in this improvement so that
both particle-size and particle-size distribution of lataxes could
be quantifiaed in the ralatively short period of tims. This high
spead computerized varsion of tha HOC has been used sxtensivaly for
measuremsnts on tha final Jatex.

Thers is considerable intsrest in monitoring an smulsion polymariza-
tion by following tha growth rate of latex particlas. It 12 well
known that in addition to a well-controlled particle growth pattern
significant deviations can result from particle association or
nucleation during the growth staga. A mathod which would dafins
when such deviations occur during the latsx polymerization would ba
of obvious valus and would Vlead possibly te more aeffictent
optimizations of different latex polymerizations.

The computarized hydrodynamic chromatograph {HDC) technigue has been
used successfully to detect agglomeration and new-particle
generation as significant deviations from the controllad particle
growth during latex polymerizations. It was possible to use this
high spead intagrated computarized KHOC tachaique to determine when
thase daviations started and how the growth pattern devaloped during
the polymerization. Transsission slactron micrograph data supported
the results by the computsrized HDC analysis.

1. H. Small, J. Colloid Interfac. Sci_, 48 (1974) 147.

2. H. Seall, F. L. Saunders, J. Solc, Aavances in Colloid and
[nterfac. Sci., 6 (1976) 237-266.

3. 6. R. McGowan and M. A. Langhorst, J. Colloid [nterfac, Sci.,
89, No. 1 (1582).

“presented at the Fall 1985 ACS Mesting, Chicago, IL. Polymeric
Materials Science and Enginesring Div. Proceedings 53, 440 (1985).
“To be publishad in ACS Symposium Series.”
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POLYMERIZABLE SURFACTANTB
Eva Sjoblom, MArten Larason and Bengt Kronbarg
Insctitute for Surface Chsmistry

Box BB07. 6-114 86 Stockholn, Swedan

The aim of this work ie to inveatigate the surface chemical
propertiss of surfactants that can be polymerized to
macromolecules after the adsorption at an interface. The
expected advantages of this type of chemicals are a lower
tendency for desarption and foaming. They also offer

possibilities to obtain interfacial membranes with

controlled permeabilicy, i.a. encapsulating membranes.

One class of polymerizable surfactants we have beoan
investigating is quaternary ammonium compounda containing a
vinyl group aa the polymerizable untc, e.E.
cetylvinylbenzyldimethy! ammonlum chloridae (CVDAC). CVDAC ia
obtained by refluxing cetyldimethylamin and
vinylbenzylchloride in acetonic solution. CVDAC is very
povwerful in reducing the wurface tension of water nt low
concentrations. The cricical micelle concentration, cac, is
considerably lower compared to that of similar substances
containing only one lydrocarbon chain, [igure 1. The
pronounced surface activity i8 further reflected in a strong

adsorption on polystyrene latex.

B6 OCT Recd
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Figure 1. Surface tenslon at 25¢C as functtlon of
concantration cetylvinylbenzyl uamonium chloride {CYDAC)
{0}, coryllallyldimsthy]l ammonium chloride {4) and
cotyltrimsthyl ammonium broaide (0) In water.

Figure 2 shows the affect of added CVDAC on the stabiliiy of
a PYC-latex. As the surfactant concentration exceeds 1. 5
ug/-z the machanical stability rupidly increases to |00X,
1.e. complate stability. On tho other hand, CVDAC does not
stabilize the latex when frozen. figure 2. This 1s to be
expected since CYDAC stabilizes the latex electrostaticully,
while a sterical stabilization mechanism is a necessity in

order to achlieve fresze-thaw stobility,
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Figure 2. Machanical stabilicy ( ) and freoze-thaw

stabllity {=-==u-) af monodisperse PVC-latex as fraction of
addad amount of cotylvlnylhanzyldlua;hyl asmonium chloride
(CYDAC) per unit latex smurfmce area.

CVDAC s eawnily polymerizable both in agusous solution and
in suitable microemulslon systems. The avaluation af
quaternary ammonium compounds of the vinylbenzyl type in
esulsion polymerization of latex 18 in progress. This work
is performed {n collaboration with Abo Akadomni and the

Untiversity of Lund {Prafessora Stenlund and Térnall,

respectively).



Forces Hetween Surfaces lmmersed in Ajueous
Solut ions

Thesis, Per H, Claesson, 19bu

ARSTRACT

This thesis eonoarns LALersstlons telwsen surfaces Imesrasd IA aqueows salu-
Liokd, 1L {9 oased ujDa dlrest fOres Sessursaenta Detvess saleeularly ascotn
mdlfled 8lce surfsses. Tha foress soling beiwsen the surfaces depend on boih
surfsce eodifisacions and selitlen empoaltiicns.

Mlvesn slca purfeces LEmersed In aquecus Solutiona of sSymmatrio quartarnary
Suinlus brosides repuliive double-layer forces aminste the long—rangs inter-
action (Faper 1). The resulllng foroes are sinliar 10 Lhe DAes Seasursd Lelueen
mlos surfaoss o sslutloas of simple monovslent aleciralytes. Mowever, with
QAFLEFAATT MDAl UL 1048 A8 SBURLEFLONS Lhe doublu-layer foroes AP Sulswhal
wesker', &nd an affeck of the Loa 2las on the Foroes Is observed at asall aspa-
ratlons.

When costlng & mlcs surface wilh & hyarcphobia thignily pagiked lsyer of oi-
Bathyliloxtsdecyl amspalum Llona {DDGA"), and meaduwring Lhe Interactichs be-
ween such & SUPTEse AAd & MAre Blos Burfecs In agueuus KBr solutlons one ob-
sarvss puraly stiractive foress (Paper 111). These forges are, sb lsast to tm
largssl exteat, attractive double-layer forces.

Botuwan Luo BLos Surfacem hydropaodisss with DOO" Lons the atiractlve short-
rangs foroes (D € 25 ma) obeerved A squsous solutlans ars far LOO strong ta
be azplained by ocomvestional DLYO Lheory (Faper 11}, (Witn oconveational DLVO
thacry 18 asant vaa der Wasis loross 1n Lhe Lifenitz=spprosisstion ana doutle-
layer foroas In the Polssca-Boltsmann spprosismtlon. )} The origin of this force
io not clesr, Dt suoh & fores Aas besn Obdsrved batwsen ail hydraphoble sur=
fages Laveatigated, Thils ladicecas that Its Grigln Alght be cvarlapping raglons
MEER AR sAhanoed Bt Smamis waler siruciure,

Uhan pentscapetnylens dodeayl sther aurfactents, €,,Kk,, samorp on to DDOA" -
GOaLed mica surfaces the JOAg-range hydropnobio stilersdlion observed betueen
Buch Surfaces disappears (Paper 1V). instesd, the foroe messured Datween athy=
lens dilde surfacteal ocorversd Burfices has & sarssg Lalparstiurta dapsndanca at
Ssparslions Lesa Lhan showt & Am, Wieh (norass ing Laspsraturs the force becomas

wore sttractive or lass repulsivs depending on temimratuws and surface aspara-
tian,

(I_l)

[ A i

Foroas wers slso seasured in Folysthylenscxide~lysine solutlons in croer to
investigata the effeat of cllgomeric ethylens oxide ahalng on tha intsragtion
betusen surfaces {Papar V). The pasliively anarged lysine group aerved Lo an-
ahored tne about %3 umnit ethylens oxide ohain to the mica surface. Purely re-
pulstve forces, whioh ahanged dramatioally with the additlon of aalt and with
LEmparatura, wers obsarved.

ES3CA nas been used for Charactarizing acdifled mioa auwrfaces, Inorganic lon
adsorption nas besn investigeted (Papsr V1), Resulta support lng the hypathasla
that saorption of hydrated catliona on the mica surfaoe caulmss the appearancd
of rapulaive hydration forcsa wers obtained.

In orosr to quantitativaly deteraine surfactant adeorption on migs by wsans
of DC4 the knowa number of esuhangeable Lons on the oSkl plane aan bs used as
an internsl atandard (Paper wi1}, The sdsorption of prisery alkylassonlum sur=

feokanis fron salutlons wes Investigated as wall as Langsuir-floggtt mono-
layers of bDGA* lons.
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PAFEAS 1NCLUDED IN TNE TMESIS

Clasasan, P.N., Bara, .G, ana Pasnlay, A.N.,

“Heasuraments of 3urface Foraes betwesn Higa Shests Immarsed in
dquecun Quarterssry ismoalum lon Solutlons®,

4. Callols Iaverfase Sal, 109, 250 (1984},

Classson, P.N., Blom, C.B., Harder, P.C. ana Alnhas, 4.4.,

“Intersot loas Detwesn Materatabla Hyaraphuslia Langauir-Slodgett Mono-
Lagors on Mica®,

J. Callold lsterface Bal., in prema.

Clasason, P.N,, Herdar, P, Blas, C.€. and Rinnas, ..,
“lateractlons betwsen Dlasisilar Surfaces: One Paaitively Charged
Wperopnodle Surfans ans Ome Bagstively Charged Hydsrophiiic Surface®,
d. Collale Interfass Sai., submittag,

Classson, P M., Kisilasder, N, Meniue, F. andg Christenson, H.X.,
"Rirscl Messuresents of Tenpsrature-Depandent Intarsctions batwesn
Ronloale Surfactaat Layers®,

J. Cham, Soq, Farasey Trass, 1, In prass,

Clamsson, PN, sns Golanger, C.40,,

“Dirsct Memsuramants of Sterle Interactions betusen Higa Surfaces Co-
varsd with Elestrostalleslly Boung Low Molscular Wetgnt Palylatnylens
cuida)®,

J. Collald loterfase 3oi., sutmitted,

Clasescn, PN, Herder, P.C., Ttenius, P., Zrixsscn, J,C, and Pashlay,
an,,

“An £3C1 snd ALS Study of loa-Ischangs on the Bassal Plane of Miza®.

J. Callole Interface Sal., 169, 30 115846)

Bardar, P.C., Clossscn, P.H. and blom, c.e.,

"Adsacpriom ol Cacisale Surfacranis on Muscovite Hica ss Quaatifiad
by Means of EBCA“,

Praliminary asamscripc.
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Praparation and Properties of Functionalized
Polymer Surfaces

Thesis, Carl-Gustaf G8lander, 1986

ARSTRACT

Tas experimantal wors Gascriosc In thle thesis deals with differsnt techni=
Quas of Lntroduaing amd oharactecizing funetlnasl groups on palyssr surfaces
and studies of the adsorpLinn af some well-dalined proLeins an Lhass aurfaoes.

By treating polystnylens (PE) 1n & sisturs of KMnD,/H,50,, polar end 1nale
Foups, especially hydroay, hyaroperaoxy, carbosyl and sulpnate groups «ars in-
troduasd Ln tha surface, Paper 1. The various functlnnal groups wele quanti=
fisa by using £3CA analysls in combinacinn with Cheaicl) Oerivatizat|on reaa=
LIGAS and & FadlOLPACAP LECANiQuA.

Adsorptinn of s0llolaal particles cospnsad of an 1913 nMples Duwluwen Re-
porin aAd hasadacylassonluschlorics, HDAWCL, was saplnrsa by sllipsoaetery, Pa-
per 1l. The chsnge of the tRicsness ahd the optical propesrtius of Lhe layer
upoh resaling the aBlRe oonsCltuent with glutarslashyde were alan examinad,

The haparin layer was chsslcally characteriiad by sssns of E3CA, Pupsr [il.
In parcioular Lhe gluteraldsnyin “BtabiliZ2INg® reacting casultad (A an astre
peak In tne cuconvalutad Nis signal originating from toe Soniffes Dade produst
forwed. Alousln adsorbates on naparin snd snme aaditional surfsous wers fur-
thersors Lhvaestlgated,

Upon glutarsldenyde rescting palysthylensimina, PEL, the adasorption to
Ryarnpiotia PE increassa (ES5CA) dus L0 LAe stenager aydropandia Lateractlna,
Paper 1V, On a charged surface Liwe Bioa Lhis reaction was found 1o Nave & wl-
hor (afluanch oA LOS AOANCDALA LNICKISSE Presulably slace electrogtstlcs on-
minstes thne Intersotlion Ln Lhat casa.

Acrylic nydrogels containing asino-, carbouyl- angd sinylsnsaslcs (EQ) groups
war'e prepared by photopilymerizatinn, Papar ¥. While albumin adsorbed autensl-
vealy on amino~ a8 wall &8 carbosyl funetlonal hydroguls, eageptlonal bow al-
Dulin adsorptinn was found for £0 contalning hyorogels. The EO ocontenc of Che
durface &8 measured by ESCA wes corrslated Lnvarssly to the contaot angle of
the laysr. Tna albusin 833nrpLinn was }laewiae jnvecasly related to ths sur-
fage content nr EQ,

O



Inleraciion {oroes wers Besswed latesen BLCa"Bwrfaces lamersed In palyethy-
lansnsica-lysine polulinas, Papar V1. The Finitivaly Gharged 1ys)ne group sa-
Snrbs alactroststisally Lo tne aALANIZ Sliea a0 Lhe mics burfage, Oniy repul-
$lve inlersotion fOoPces wer'e ODBOFYEd DALwssi (ne surfaces. Tha repulsinng waa

Orsaticaliy redused upna a8qing s4ll or CALBING Lha Lemperabure.,

Al pLinn ol slsmin, gladubin, CIDr.ongen ans Filgiyaina an PE, & poly-
BOLAUTFLLE slid/BOLRSOTY)akte onpol yest aid surfeces covered With sovalanily
012340 PLD =as Studied By wllipwometry, Fepur ill. The isothers shapas ouula
purtially ow soprmatisd o Gy oOASIderIng i1 (e gifferant shapss apd FORaible
Arishtatinas N the proteihs At ENe LALerface ang Ith tie QLfferent especien
Slim af Lw nporophabic ans eleotrogtatic COnLriButions Lo the jateraztion .

Iy particular o npernphlils PLD purfecss vary low astent of protein sdsorp
Lifn was generaliy recorosd.

o =

gucny

PEAEREY e L

"l

¥

o g e

gy
f{iCkso

L¥zhe

- 28 L

o th e

1. PUBLICATIONS LMCLUDED in TML THREIS

The thesls ls basad on the fo)lawing publications which will be rafarred to
by Mosas sumecals.

1 Charactarisation of MHaO /H 50, Ozidized Polyathylsas Surfaces by Heams
of RSCA aod ‘*Ca adsorprion.
Briksson, J C, GOlandar, C G, Rasskin, A sad Tar-Winsssism-Sarags
J. Collold Incarfacs i, 100, 1 (1984).

11 Mepario Surface Tils Porwation Through Adsorption of Colloidsl Parciclas
Studiad by Rllipsometry and icacning Blscirom Microscopy.
COlandsr, C G, Arwin, H, Erikssca, J €, Lundstrim, 1 and Larason, R
Colloida and Bucfscas, 5 (19811 1=-14.

IL1 B804 Studies of Baparinited and Malated Burfacas.
Lindberg, B, Maripuu, &, Slegbaha, K, Larsson, R, GSlander, C G and
Briksson, J C
J. Collold Incerface Scl. ¥5:2, 208-321 (198)].

1V EBCA-Studiss of the Adsurprion of Polyathyleneimine snd Clutsrslidehyds =
Laaccad Polysthylans imiue on Polysthyleane and Hica Burfaces.
Gélander. € G and Ecikason, J €
Submitted for publicacion in J. Colloid Interface Sci.

v PFrepacation sod Protein Adsorption Propsrties of Photo Polyssrized Hydro-
philic Pilms Concaining d-viaylpyrrolldona (MVP), Acrylic Acid (AA} or
Ethylsnsonide (RO} Units.

Gilandar, C G, Jbassan, S, Wiadkowa, T, 3tanius, ¥ and Erikseon, J C
Collaids and Surfsces. G D Parfitt Wemnrial lasus. Accepted.

¥l Direct Meassureseacs of Sceric loteractions Batwsen Mica Surfaces Covarad
with Elsccroscatically Bound Low Molecular Maight Poly(ethylsne oxida).
Classsun, P H snd CBlander, C G
J. Colloid Incecfacs Sci. Acceptad.

VIl Procein edsorption to Funcitonallazsd and ESCA Charecterised Polysar Films
Studied by Ellipsomstry.
Ghlandar, € G and KXiss, E
Submitted fur publication in J. Culloid Intarface Sci,




Contribution to the Polymaer Colloid Group Newsletter

Lubmitted by A VriJj,
van t Hoff-Laboratory of Physical end Cnlloid Chumlatry,
University of Uurecht, Paduslassn 8, 3584 ch Utrecht

We are synithweiring alroady Ffor aswuersl yesrs allica
spheres which ore msade lvophilic (“uvil-suluble”) by
etherification of the surfece hydroxvls with octadecyl
alcohol (1). The spheres wvhich are in the colloldal aize
ranpges of 20 o YO0 rm, can ba dispersad 1Iin ofrgeanic
sclvents like cyclohexanse and toluana.

To atudy interparticls inturactions at high
concantration we perfors saall-angle X-ray and nautron
scattering experissnts. The thasis of HMoonan on  tLhis
subject will ba reported in the nuxt issus of this
lsttar. Wa report now on the theoretical study of tha
structura factor in such dispersions. This structure
factor is analogedous to tha structuwre foctors Ffound
in simple liguids like argon.

S(K)= 1+4np / r*2lelr)~1)iminikr) A {kr}) dr
a

vhare g{r) is the radial distibution functlion.

One model to describe such systeas is the hard asphere
model. This modal pives a good description of particles
interacting with steep repulsive fForcues.

In colioidas hovever, tha particles oro ,bacouse of their
noature, polvdispersa in Bize (and thurefore in
scolLtaring power) but also polydisperse in the
nard-sphere size("interasction ranga).

in the past wa werea aoble to solve this problea for
polydispersa hard-aphers interactions in tha (falrly
good) Percus-Yavick approximation.

Rucantly we wera asble to check these calculationa with
computer sisulations which were performed by Frenkal in
collaboration with us (2). The results show Lhat our

theoretical equations fit very well with the Honte-Carlo
simulations.

An sxemple io shown in Figure 1.

(1) A K van Halden, J.W Jansen and A . Vrij, Jd.

Colloid
Interface Sci., 81 (1881)364.

{(2) D.Frenkel, R J. Voa, C.0. da Kruif, and A.Vrij. .Jd
Cnas. Phys. 84 (18088) 4825.

5(n)

PG 1 Avecags sirwcturs fncan far bO8 bomagenssmy sntinrieg splheres
ud dinttort sypuid 46 teces of dhs hid spleoios. Th sculing Sustadcs # »
dotnad oo { 7). Thae agyar ctrve s & semend sampls tuhan Brumm & Jog-
scmel dinndgion of § = 6.8 The valmme bustien ¢ = 51
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ON THE MECHANISM OF FREE EMULSIFIER LATEX

POLYMERIZATION

Eliseeva B.I., dslamugove T.R.
t
Tﬂq latex polymerization of methylmethacrylate (i) was

studisfidn the absenge of emulsifier to gatabligh the role af
1nit1;§11hlin the machanism of the procesn. The initiation rate
(v,.) *31 polymegxigation kinetics (at the orgenic-uqueous
phaoe g.‘iqf139) wad gtudied by changing temperature (T) and
the cqeuqq‘qption of the initiator-potassium peraulfate (PBK)
(C;,)."I% 1@ known thet the raile of initiaior decomposition
depends on O, und T. The quuntitative dependence for PSK was
established in /1/. That dependence was used hars to equalise
the initiation rate at various concentrations of the initiator by
changing temperature. The transition from the inltiator decom-
position rate to the initietion rate iz valid a& the formation:
of primary radicals ooccurred in the aqueous MMA solution of squal
concepiyetions that saxresponded o 1¥a maximum #olubility. 1.5%

. ® o

rgg% : 3,1 :E:::::j;::::bl'z

o

40

20

|
i I I} i i i - T , min

. 5 240 360 ;
¥ig.1. Kinetic curvEnOor MMA polymeriration without emulsitier,
cin' mg/1: 0-90, ©-130, d-180, #-260, T,X: 1.3=353; 2.4-348.

* The polymerization kinetica was studied by sampling latex
during the process and by chromatographically determining
the residual monomer.
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:2/. Thus, the initiation efficiancy at diffeyent PSK concentrationas

n the experiments (table 1) may be sssumed to be the gama,
Fig.1 gives the kinetis ocurves of Us polymerization for the

;uo caves when the initimtion rutus wsre ¢qualized by the change in

and C, . It may be wean that the kinetic ourves 1-2 and alsge I=4
colncide at the smme initiation rute but different T and C It
8lso follows that ths ois

: ovayell rute incresses with the 1ucrennin‘

in 8imilar to the homophase polymeriration,
. It must be noted the$ the increase in temperatura should repult
h:ﬂtho inoreasing rates of the individual stages of the procesa, It
& besn pointed out /3/ far M hooophase polymerizution that gt
5 C temperatura rise the termination rate conatant remsins unghane
&9d whi)e the growth rate gonstant (Kp) increspes by 1.1 timea,

. Table 1
@ properties of latices synthesized under varicus

tomperatures and initiator concentrutions

No'/ Conditions of Decompositicn )

Bynthesia: rate
TX U mg/T  pox.10"
—naifl.8

8
i 353 90 3.e8 1380380 300 3.5 3.7
348 180 a.es 1412540 323 3.7, 3.0
3 353 130 5.62 1253140 285 6.8 3.2
4 348 260 5.62 1268250 28% 6.0 3.0
1)

Ko. of an experiment corresponds tc the number of & kinetic

curve in Pig.1,

The molecular zess of PMMA was datyrmined viscoaometrically

in benzene solutions hy Uballode agquation,

3) The pumber and size of particlen was determined ueing the data of
electron micromcopy {EVM-100LL).

4) The universel ionometer EV-74 was uscd to determino pH of
latices.

2)

‘t)
The latex pH values are in good sgreement with ihe notion on
PSX decomposition in anueous solution and on the acidity of the
ions formed in t I
ren olormed n ths proocess /5/. At Cin incrussing fruom 90 to
ng @ high concentrations of HSO4 lens ard formed,

4, nn ¥.101° fem? oH'*)
3} 35 /em wH

Fialls ot
It may then be concluded (fig.!) that the change in Kp affacta the
procass kinetice less than the initiation rate.

The different conccatratiops of electrolytes in the experi-
mants {curves 1-2 and 3-4) do not noticeably affect the polymori-
ration kinetica, Apparently this ie due to their oxtremely low
values.

Jurther, tha influence on the initiation rate on the proper-
tiqq of latices synthesized in various oconditions (O, and T) was
efpdied (tadle 1). ’

It followa from tuble 1 that the polymars of the equal mole-
culay mass are formed at the equal initietion rete. Therefore, the
identical polymerisation kinetiocs in the conditions of the expexri-
mapt was once more confirwed, When T and cin increase atimulstai
the growth of the initiation rate, the PMMA moleocular mass 18 re-
dyood. pimilar to the homophase polymerication.

The table data draw attention to the relation between vin
and the number of formed latex particles (N). By comparing the
experimenis 1-2 and 3-4 i1 can be seen that at the initiation rate
ihoreased by 1.5 times N grows by 1.7 times. As the polymerization
rate 1a proportional to the number of particles /4/ the table data
corroborate once more that it ia determined by the initiation rate
at equal V, the latices with pear eizea of particles are formed.
At higher initiation rate the particles are smaller, It means tpat

L

Pig.2. Elactron miorophotographs of MM‘ latex partiocles.Conversion
during the process,®: a-5, b=12, o-42, d=T5, 8~95, [~100%

"Ths abasence of repularity in the incresse in perticle gize with
oonversion (fig.2) ia due to the deformation of polymer-monomer par
ticles ewelled in monomer. Starting with appr. 26% conversion Ml
polymerization proceeds in the swelled discrete particlea due to th
already wsbuorbed monomer (fig.c,d,e,f),Therefore the particles in
fig.o,d,e,f are near in size, while the dia of the final latex with
100% conversion (fig.f) 1s even elightly smaller due to the comp~
leta transformation of the absorbed monomer into polymer, x
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