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ABSTRACT

The best impact modifiers for coatings and engineering plastics include
fixed morphology core-shell particles. For the present work, natural rubber
(cis-1,4-polyisoprene) was chosen, for its elagticity, resilience, and tough-
ening effect for most brittle materials and has been used to prepare the core
of the desired particles. The solution-emulsification technique was used to
produce artificial latices based on natural rubber (cis-1,4-polyisoprene).
Conventional emulsification techniquesaswell as ‘miniemulsification” meth-
ods have been investigated. In both cases, a larger volume of polymer is
reduced into tiny rubber ballsin the nano scale using an ultrasonic homog-
enizer. The difference between conventional emulsification and
miniemulsification resides in stabilizing the system. For the conventional
emulsification method, an equimolar mixture of anionic (Potassium palmi-
tate) and nonionic (polyoxyethylene (100) stearyl ether, Brij 700) surfactants
was found to be the optimal surfactant system. For the miniemulsification
method, acombination of Potassium pal mitate asasurfactant and hexadecane
or cetyl alcohol as a costabilizer was the most suitable system. Both con-
ventional emulsification and miniemulsification lead to latices with
monomodal particle size distributions and volume-average diameters rang-
ing from 300 to 400 nm, determined with light scattering techniques.
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INTRODUCTION sure-sengitive adhesives, and excellent water resistance
(whereas some synthetics absorb water)!%. Because of
Natural rubber (cis-1,4-polyisoprene) hasanout-  itseladticity, resilience, and toughening effect, natural

standing resilienceand tensile strength, aswell aslow
heat build-up. In addition, natural rubber latex has ex-
cellent tack (that is, the ability to stick toitself and to
other materials), which makesit best suited for pres-

rubber (NR) isthe basic constituent of many products
usedinthetrangportation, industria, consumer, hygienic
and medical sectors.

Of these mgjor end-use markets for rubber,
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toughening of brittlematerialsand transportation are by
far thelargest two sectors, withtiresand tire products
accounting alonefor over 50% of NR consumption.
Truck and bustireswould represent thelargest single
outlet for NR, followed by automobiletires. However,
adrawback of polyisopreneisthat it hasamoderate
environmental resistanceto factorssuch asoxidation
and ozone; so too for its scarce resistance to chemi-
cals, including gasoline, kerosene, hydraulic fluids,
degreasers, syntheticlubricants, and solvents.

To overcomethe aforementi oned drawback; inthis
paper; natural rubber (cis-1,4-polyisoprene) hasbeen
emulsified to form a stable colloid that was then
crosslinked inthenano scaleforming astable, elastic,
resilient nano rubber particlesfor toughening of brittle
materials. The particle size control, degree of
crosdinking, colloidd stability, and toughening proper-
tiesof polyi soprenemakeit animportant industria poly-
mer, suitablefor usein many applications.

Generdly, themechanica propertiesof rigid (brittle)
materials are enhanced by the introduction of adis-
persed rubbery phase. This“toughening” procedure’?
iscommonly applied toincrease materia resistanceto
cracking/fatigueat low temperatures and to boost sta-
bility withminimum creep a higher temperaturesinal-
most every high performance structure materials, in-
cluding thermoplastic and thermoset polymers?, as-
phalt, and composite products®. The most conve-
nient processisby blending elastomer with rigid mate-
rid inmet or solutionwith or without aninterfacid agent
to control morphology and interfacia adhesion. Core-
shell morphology'®, having across-linked rubber core
and agrafted shell connecting therubber particlewith
therigidmatrix, isanided structurefor achieving tough-
ness. Many examples, including HIPS (highimpact poly-
styrene), ABS engineering plastic”, and rubber-tough-
ened expoxy resins, exhibit both highimpact strength
and good rigidity and makethemthemateriad sof choice
for many gpplications.

Inthisresearch, we have devel oped anew class of
rubber particleswhich are completely processiblein
melt and solution, and can bedirectly appliedintough-
ening abroad rangeof rigid materialsby reectiveextru-
son, mixing, and in Situ polymerization processes. The
insituformed core-shell rubber particle structureisan
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imperativetechnologica advancement that will catdyze
theevol ution of engineering materialswhich sgnificantly
effect and better theway welive.

Increasing environmental concernsintheformula-
tionsof various coating compositionssuch aspaintsor
adhesives hasgenerated considerableinterest in pro-
ducingawidevariety of synthetic organic polymersina
latex form. The preparation of vinylic polymer latices
by emul sion polymerization techniquesiswe | known.
Typica productsinclude polybutadiene, polystyrene,
poly (styreneacrylonitrile), and poly(methyl methacry-
late) | atices.

However, syntheticlimitations, such astheneed of
water-sensitive catalysts, prevent the production of
many polymersin agqueousdispersons. Thisisthecase,
for instance, for polyolefins such as polyethylene,
polypropylene, ethylene—propylenecopolymers(EPM),
and ethylene-propylene-diene monomer (EPDM) as
well aspolydienes. An exampleof thelatteriscis-1,4-
polyisoprenewhichisthe preferred el astomer for ap-
plication asimpact modifier for coatingsand engineer-
ingplagtics.

A dispersion of polyisopreneinwater isobtained
through the preparation of an artificial latex, i.e. apre-
formed polymer colloidally dispersed in an aqueous
mediumi®. Among all the processes developed for the
production of artificid latices, two techniquesaremostly
used: the phase-inversion technique and the solution
emulsification technique. The phase-inversion tech-
nique® hasbeen employed by Yang et a ' to prepare
waterborne dispersions of epoxy resin. By dispersing,
under gtirring, increasing amountsof water into theemul-
sfier (or surface-active agent) containing polymer, at a
temperature ranging from 60 to 80°C, awater-in-oil
dispersonisinitidly formed. Asmoreaqueousphaseis
incorporated, aphaseinversion occurrence becomes
increasingly likely, thereby creating the desired di sper-
sion of the polymer in an agueous medium. However,
depending on the emulsifier concentration and onthe
temperature, acomplex water-in oil- in-water struc-
ture can be achieved by incompl ete phaseinversion.
Therefore, abetter controlled technique, i.e. thedirect
solution-emul sification technique, reported by Burton
and O’Farrell*¥, can beused. It consistsof the disso-
lution of the polymer inavolatile sol vent to form asol u-
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tion or cement. Theresulting solution or cement isthen
emulsfiedinwater withoneor moreemulsifierstoform
acrudeemulsion. The ‘droplet’ sizeinthe crudeemul-
sionisthen reduced to nano (submicron) size by appli-
cation of ahigh shear rate (namely the homogenizing
step). Thefina step of the procedureistheremoval of
the solvent from the emul sion, by reduced pressure or
geamdidillation.

When producing artificid latices, numerous param-
etershaveto betaken into account. Oneof themisthe
emulgfier, whichiscritica for theformation of anemul-
sonthat should remain stablet therdatively hightem-
perature and under the mechanical forcesof both the
homogenizing step and the stripping operation. Thecol-
loidal particlesare permanently subjected to theinflu-
ence of the van der Waals-London attractive forces.
Hence, in order to maintain colloida stability and out-
weigh those attractiveforces, an el ectrostatic and/or
steric repulsion hasto beintroduced. Varioustypes of
surfactants have been employed for the synthesisand
stabilization of polymer lattices*?. Electrostatic stabil-
ity isprovided by ionic surfactants asdescribed inthe
Derjaguin-Landau—Verwey—-Overbeek (DLVO)
theory!™3. The coverage of the particlesby charged spe-
ciescreatesan el ectric doublelayer, leading to el ectro-
static repulsion. Steric stabilization* isobtained with
nonionic or polymeric surfactantsin many cases based
on polyethylene oxide asthe hydrophilic part. Thero-
bustness of the steric stabilization method can be ex-
emplified by itsrelativeinsengtivity to high concentra-
tions of electrolytesand itstoleranceto temperature
effects such asfreeze-thawing!*®. Notethat, for non-
ionic surfactants, thecritical coagulationtemperature
should not be exceeded. The combination of both sta-
bilization mechanisms, by using anionic and nonionic
surfactants, offersremarkableresults. Colombieet d .11
used for instanceamixture of sodiumlauryl sulfateand
Triton X-405 (octyl phenoxy poly(ethyleneoxide)) to
stabilize submicron polystyrene particlesdispersedin
water. Another gpproach reliesontheuseof dectrosteric
surfactants, which consst of anionic chargechemicdly
bonded to the end of the hydrophilic nonionic moiety.
Anexampleof asurfactant providing both el ectrostatic
and geric sabilizationisthecommerciadly available se-
riesAvanel S, C H, . O(CH, CH,0O) SO,Na (with
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12<m<15and 3<n<15) (PPG Industries) used by
Sung and Piirmd*” in theemulsion polymeri zation of
styrene.

With respect to the colloidal stability; the term
miniemul s on describesanano (submicron) oil-in-wa:
ter dispersonwith colloidd stability ranging from hours
to monthg*¥. A practical application of the procedure
toproduceminiemulsons i.e miniemulsfication, isfound
inthepreparation of artificid |aticesfrom polymer solu-
tions, asreported by El-Aasser*¥; it isthe process of
dispersing apolymer inwater, stabilized by acombina
tion of an anionic surfactant and acostabilizer. Indeed,
theminiemul sfication method may beemployedfor the
emul sification of nonwater-miscible polymer solutions
inagueous mediacontai ning the proper emulsifier sys-
tem. After emul sification, the sol vent can beremoved
by steam distillation under vacuum. However, asop-
posedtoaconventiond emulsion, aminiemulsonissta
bilized by acombination of an efficientionic surfactant
and acostabilizer, i.e. ahighly water insolublelow-mo-
lecular weight compound. Thisapproachto emulsion
stability issues was first reported by Higushi and
Misrd®. Themain reason for the destabilization of an
emulsionisrelated to chemical potential differences.
Indeed, thechemical potentid of themonomer insmall
dropletsishigher thanthat in large dropletsor plane
surfaces. Consequently, monomer diffusesfromsmall
tolargedropletsleading to larger dropletsand partial
emulsion degradation. Thisphenomenonisreferredto
as Ostwald ripening. Higushi and Misrd® considered
that both therate of growth of large particlesand the
rate of dissolution of smal particleswerediffusion con-
trolled. Therefore, theaddition of asmall amount of a
water-insol uble compound would retard the emulsion
degradation duetoitsdow diffusonrate, and themono-
mer distribution over the particleswould not change
during along elapse of time. Typical costabilizersin-
cludelong chain alkanesand fatty alcohols, more spe-
cifically hexadecane and cetyl alcohol. For example,
Hansen and Uge stad® used styrene as monomer and
hexadecane as costabilizer, while Rodriguez!? used
styrene and methyl methacrylate with both hexadecane
and cetyl dcohol.

Findly, animportant factor controllingthecolloida
stability istheviscosity of the dispersed phasewhich
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TABLE 1: Description of thesurfactants
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TABLE 2: Recipesfor conventional emulsifications

Name Description HLBMn  Sample Type Amount (g)
Potassium palmitate Palmitic acid potassium salt 6 294 Al Potassium palmitate 0.9
SDS Sodium dodecy! sulfate 8 288 A2 Brij S10 18
Brij 30 Polyoxyethylene (4) lauryl ether 9 362 A3 IGEPAL DM-970 5.0
Brij S10 Polyoxyethylene (10) stearyl ether 12 711 A4 Brij 700 121
Brij 700 Polyoxyethylene (100) stearyl ether 19 497( A5 Potassium palmitate + Brij 700 (90-10) 0.8+1.2
IGEPAL DM-970  Polyoxyethylene (150) dinonylphenyl ether 19 --- A6 Potassium palmitate + Brij 700 (50-50) 0.4+6.0
representsancther key parameter for theemulsification AT POtaSSi_ um pal mi_tate * Bri_': S10(50-50)  0.5+0.9

A8 Potassium palmitate + Brij 700 (50-50) 04+6.2

of apolymer. According to Burton and O’Farrel ™1,
the cement must exhibit aviscosity lower than 10 Pas
at 24°C to be properly dispersed, leading to particles
with an average diameter bel ow onemicrometer. The
viscosity of the cement isof course dependent onthe
mol ecular weight and molecular structure of the poly-
mer, aswell ason the polymer concentrationinthe so-
lution.

Thedirect solution-emul sification techniquehasbeen
extensively used® to produce high molecular weight
polyisopreneinalatex form. Number-averagemolecular
weights of the polymers ranged from 75x10° to
200x10° g mol and their viscositieswere higher than
10 Pas at room temperature. Therefore, in order to
obtain low viscosity cements, the polymershad to be
diluted with theleast amount of nonwater-misciblesol-
ventsin order to minimizetheamount of solvent that
hasto be removed. The solvent (or the solvent/water
azeotrope) must exhibit aboiling point lower than the
boiling point of water. Thus, solventsof choiceinclude
arométi c hydrocarbons (e.g. toluene), but d so diphatic
hydrocarbons (e.g. pentane, hexane, heptane).

In thispaper, theemul sification processwill bedis-
cussed intermsof conventional and miniemulsification
processes. The choice of the surfactant system for an
optimal stability of the produced polyisoprene-based
laticeswill beemphasized. Findly, theinfluence of the
cement viscosity on the emul sification processwill be
discussed.

EXPERIMENTAL

Chemicals

Surfactants, n-hexane, toluene, hexadecane, and
cetyl acohol aredl fromAldrich and wereused asre-
ceived. Deionized water was used for dll latices. The

In all cases: (Emulsifier/Polyisoprene) X 100 ~ 10.0 wt% , poly-
mer = 10 g, water = 50 mL

characteristic descriptionsof thesurfactantsusedinthis
study aresummarizedin TABLE 1.

Divinylbenzene and isoprene as crosslinkers
(Aldrich) weredried and vacuumdistilled over cacium
hydride. Polyisoprene (NR; Narobien), benzoyl per-
oxide (BPO, Fluka, 75 %), methylenebisacryl amide
(MBA), potassium hydroxide KOH, sodium hydrox-
ide NaOH and methanol were used asreceived.

Characterization of polymers
(1) Molecular weights

Number- and weight-average molecul ar weights
(M_andM, ) aswell asmolecular weight distributions
were determined using aWaters 2690 Alliance Size
Exclusion Chromatograph (SEC) equipped with two
Styragel HR 5E columns, aWaters410 differential re-
fractometer, and aViscotek TS50A differential visco-
smeter. Theeluent was

THF, andthedution volumetric flow ratewasmain-
tained at 1 ml min™. Absolute molecular weightswere
calculated by performing universal calibration using
polystyrene standards.

(2) Viscosities
All viscosities (Pas) of pure polymersand poly-
mer/n-hexane mixtureswere measured at 20°C asa

function of the shear rate(s?) withan AR 1000-N rhe-
ometer from TA Instruments.

Characterization of lattices-particleszedistribution

Particle sizedistributionsand volume-averagedi-
ametersof thelatex particlesweredetermined witha
Coulter LS230. Thisanalyzer usesthe principles of
light scattering, based on both Fraunhofer and Mietheo-
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ries, to determine particlesizedigtributions. Moreover,
therangeof detectable particlesizesisextendedtothe
submicron region (lower sizelimit: 50 nm of diameter).

Preparation of artificial laticesfrom polyisoprene
(2) Conventional emulsification

Recipesare collected in TABLE 2. If necessary,
thefirst step involved thedissol ution of thepolymer in
n-hexaneinorder to reduceitsviscosty. Surfactant was
separately dissolved in water with a similar molar
concentration of surfactant for al thesystemsstudied.
In asecond step, the organi ¢ phase was brought into
theagueous phase, theresulting blend being stirred for
1 minwith arotor-stator. The size of the eventually
swollen polymer particleswasreduced by processing
theemulsion product in an ultrasonic homogenizer for
timesranged from 1 to 3 h, depending on theviscosity
of thesamples.

(2) Miniemulsification

Both hexadecaneand cetyl alcohol wereemployed
as costabilizers to produce artificia latices. When
hexadecanewas used, it was mixed with the organic
phase before addition to the aqueous phase. However,
as stated by Brouwer et al.?4, theinitial presence of
cetyl acohol intheaqueousphaseisaprerequisitefor
successful emulsification. Indeed, dissol ution of cetyl
acohol intheoil phase before addition to the agueous
phase causesingtantaneous destabilization of theemul-
sion after cessation of stirring.

Therefore, cetyl dcohol wasaddedinafirst stepto
thewater phase. In a subsequent step, the cetyl aco-
hol/water mixturewasstirredfor 2 hat 65°C to pro-
motethedissolution of cetyl dcohol. After coolingdown
themixtureto room temperature, the solution was sub-
jected to pulsed ultrasonification (sonicating probe
750W) for 1 min with amplitude of 50%, in order to
enhancetheformation of mixed emulgfier liquid crys-
tallinestructures. Thelatter structuresare believed to
improveemulsfier adsorptionand emulsion ability. In
alast step, the organi ¢ phase, consisting of anesat poly-
mer or apolymer diluted with n-hexane, wasadded to
the agueous phase. An emulsion with submicron poly-
mer particleswas obtained by stirring with amechani-
cd rotor, followed by particles shearing inthe homog-
enizer at 300 bars.

Macromolecules « m——

RESULTSAND DISCUSSION

Optimization of the surfactant system

Thefirg experiments, concerning conventiond emul-
sifications, werecarried out with polyi sopreneand dif-
ferent typesof emulsfier. Particleszedistributionsob-
tained for emulsonsAl1toA4areshowninfigurel. By
using Potassium pa mitate as surfactant, particleswith
an average diameter of 450 nm (main peak) can be
obtained (latex A1). However, atri-modal particlesize
distribution was observed, with two additiona peaks
around 80 nmand 2.5 um. Some of these extrapeaks
werepresent inal our studied systems, except in latex
E4. Inthisformulation, Brij 700 wasused asemulsifier.
With Brij 700, particleswith an average diameter of
530 nmwereobtained. The better stabilization obtained
with Brij 700 may beexplained by itshigh hydrophilic-
lipophilicbalance (HLB), being 18.8 (TABLE 1). The
HLB vauerepresentsthetendency of an emulsifier to
act asan oil-soluble or asawater-solubletype of emul-
sfier®, AlowHLB, e.g. 1-9, indicatesan oil soluble
substance, whileahigh HLB, e.g. 11-20, suggestsa
water-solublecompound. Lipophilicemulsfiersaretypi-
cally nonionic, such assorbitan trioleate (HLB = 1.8)
or propyleneglycol monolaurate (HLB =4.5), aswell
as the saturated and unsaturated fatty acids such as
pa metic acid. Ontheother hand, hydrophilic emul sfi-
ersaretypically ionic, such as soaps of alkyl or aryl
sulfuric acids, e.g. sodium lauryl sulfate or sodium
dodecyl sulfate, or sogpsof akyl or aryl sulfonic acids,
e.g. sodium dodecyl benzene sulfonate(HLB = 11.7).

Moreover, for nonionic surfactants, theHLB value
isdsoreatedtotheethoxylation level of thesurfactant,
namely the ethylene oxide content, which represents
thewater-solubl e portion of the surfactant molecule.
Asaconsequence, moreethyleneoxideunitsleadtoa
higher water-solubility and ahigher HLB vaue.

TheHydrophilic-lipophilic baance of asurfactant
iIsameasureof thedegreetowhichitishydrophilicor
lipophilic, determined by calculating vl uesfor thedif-
ferent regionsof the molecule, asdescribed by Griffin
in 19492 and 1954127, Other methods have been sug-
gested, notably in 1957 by Davies?. Theeasist oneis
Griffin’smethod that isgpplicablefor non-ionic surfac-
tantsasdescribedin 1954 worksasfollows:
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Figurel: Influence of the nature of the surfactant on the
particlesizedistribution of polyisoprenelatices: Potassium
palmitate (A1), Brij S10 (A2), IGEPAL DM -970 (A3), and
Brij 700 (A4)
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Figure3: Particlesizedistribution of polyisoprenelatices
stabilized with: potassium palmitate (A1), Brij S10 (A2),
equimolar mixtur eof potassum palmitateand Brij S10 (A7)

HLB=20*M,/M

where M, isthemolecular mass of thehydrophilic
portion of theMolecule, and M isthe molecular mass
of thewholemolecule, giving aresult onan arbitrary
scale of 0to 20. AnHLB valueof O correspondsto a
completely hydrophobic molecule, and aval ue of 20
would correspond to amolecule made up compl etely
of hydrophilic components.

TheHLB value can be used to predict the surfac-
tant propertiesof amolecule:
A valuefrom 0to 3indicates an anti-foaming agent
A valuefrom4to 6 indicatesaW/O emulsifier
A vaduefrom7to 9indicatesawetting agent
A vauefrom 8to 18 indicatesan O/W emulsifier
A vaduefrom13to 15istypical of detergents
A vaue of 10 to 18 indicates a solubiliser or
hydrotrope.

Inthe present work, Brij 700 possessesthe highest
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Figure?2: Particlesizedistribution obtained for laticesbased
on polyisopreneand madeby miniemulsification with potas-
sium palmitate/cety alcohal (C1) or with potassum palmitate
/hexadecane (C2), or by conventional emulsification with an
equimolar mixtureof potassum palmitateand Brij 700 (A8)
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Figure4: Influenceof potassum palmitate/Brij 700 molar
ratioontheparticlesizedistribution of polyisoprenelatices.
Thelaticesaremadewith thefollowing molar ratios: 100/0
(A1), 90/10(A5), 50/50 (A6), and 0/100 (A4)

ethoxylaionlevd of thesurfactantsused, hencethehigh-
est HLB vaue. Itsusewill enhance steric stabilization
of the latex particles, compared to the other surfac-
tants, sinceitslong hydrophilic chainwill generatethe
longest distances between particles.

Asexplained earlier, Ostwald ripening often leads
to thedestabilization of latex. To avoid this phenom-
enon, theminiemulsification principlemay help. Thus,
polymer diffusion from small tolarger particleswould
beretarded dueto the presence of aco stabilizer. How-
ever, the principle of retardation of apolymer trans-
portsfrom small to larger particlesisonly operativefor
systemswith polymersthat aredightly water soluble?.
Because polyisoprene can be regarded as completely
insolubleinwater, Ostwald ripeningisnot very likely
thereason for the 2.5 um particles observed.

Neverthel ess, hexadecane and cetyl a cohol were
employed tofurther under¢andthemechanismsinvolved
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inthe stabilization of the submicron particles. Figure2
represents acomparison of the particlesize distribu-
tionsobtained for |atices produced elther with the con-
ventiona emulsification or withtheminiemulsfication
route.

Both co stabilizers, i.e. hexadecaneand cetyl alco-
hol, leadto similar particlesizedistributionsandtovol-
umeaveragediametersof 250 nm. A good | atex stabil-
ity wasprovided by the surfactant combinations potas-
sium pa mitate/hexadecane and potassium pa mitate/
cetyl dcohol, for aperiod exceeding at least two weeks,
completely suppressing thepesak at 2.5 um.

It has been observed that an efficient surfactant,
i.e. steric (Brij 700, Figure 1) or el ectrostatic (potas-
sium palmitate, Figure 2) is necessary to ensure the
colloidal stability of submicron polyisoprenelatices.
However, potassium pa mitate alone (Figure 1) isnot
ableto avoid the existence of 2.5 um particles after
homogenizingat 300 bars. Our resultspoint tothelength
of the hydrophobic moiety to beakey parameter inthe
emulsification process. In order to emphasizetherole
of thediphatic part of the stabilizing system, astudy
wascarried out with Brij S10 assurfactant. The hydro-
phobictail of both Brij 700 and Brij S10 consistsof a
succession of 18 carbon atoms. However, asobserved
onfigsureland 3, theuseof Brij S10did notleadtoa
colloidaly stablelatex withamonomodd particlesze
distribution. Asexplained earlier, the hydrophilic head
of Brij S10istoo short to act asan efficient steric sta-
bilizer. However asshown infigure 3, an equimolar
mixture of Brij S10 and potassum palmitateleadstoa
monomodal particlesizedistribution and avolume-av-
eragediameter of 350 nm. Therefore, 2.5 um particles
can beavoided us ng acombination of potassium palmi-
tate and Brij S10 (Figure 3), of potassium palmitate
and hexadecane or cetyl alcohol (Figure 2), or with
Brij 700 alone (Figure 1). Indl those systems, an effi-
cient colloida stability was provided by ether steric or
electrostatic repul sions, and the presence of 2.5 um
particleswasavoided by along hydrophobic chain.

Thelongaliphatic part, i.e. consisting of asucces-
sion of at least 16 carbon atoms, may act asaco-sol-
vent for the polyisoprene. Thus, polymer coilsarepartly
swollen by the co stabilizer or by the hydrophobic tail
of thesurfactant. Sotheviscosity of theparticlesisre-
duced, facilitating theformation of submicron particles.

Macromolecules « m——

SinceBrij 700 and potassium pa mitate were, re-
spectively, ableto avoid the existence of 2.5 um par-
ticlesand to produce particleswith an average diam-
eter of 350 nm, mixturesof both surfactantswerethen
investigated in order to achieve themost suitable sur-
factant system. The molar ratio of emulsifier and
polyisoprene waskept constant; the molar ratio of po-
tassium pamitate and Brij 700 wastheonly variable
parameter. Theinfluence of the potassium pa mitate/
Brij 700 molar ratio onthe particlesizedistribution of
polyisoprene based laticesisshowninfigure4. The
best result was obtained for latex A6 stabilized with an
equimolar mixtureof potassum palmitateand Brij 700.
A monomodal particle sizedistribution wasobtained,
the volume-average particlediameter being 420 nm.
Thislatex remained colloiddly sablefor a leest amonth.

CONCLUSION

Theemulsfication of natura rubber (polyisoprene)
requiresthe presence of two important stabilizing parts:.
an efficient surfactant and aspecieswith along akyl
chan. Thesurfactant, steric or e ectrostatic, ensuresthe
colloidal stability of the obtained latex. Thelong ali-
phatic chain, i.e. thehydrophobictail of the surfactant
or the co-stabilizer, probably acts asaco-solvent to
‘swell” the polymer and hel psthe breaking-up of the
particlesduring the homogenizing step.

Therefore, polyi soprene can be successfully emul -
sified without addition of organic solvent, either by us-
ing aconventiona method of preparation of artificial
latices or by using aminiemul sification procedure. For
the conventional procedure, the best result has been
obtal ned with acombination of e ectrostatic (anionic
surfactant, potassium pa mitate) and steric (nonionic
surfactant, Brij 700) stabilization. For miniemulsfication,
potass um pa mitate hasbeen used in combination with
hexadecane or cetyl acohol.

In all recipes leading to stable emulsions, a
monomodal particlesizedistribution and an average
diameter of 350 nm were obtained.
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