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INTRODUCTION: Processss of preparing microgpheres
thet encble contral of wel-defined partide characteridics
auch as dze gze didribution, and functiondity are
becoming increesingly important for a vaiey of
goplications However, dther the partide sze range thet is
achievable, or the types of materids that can be utilized in
the process limit some of the current methods of
microgphere preparation. The devdopment of new methods
for the preparation of micragpheres that broaden the design
goace would therefore be an ast.

Of paticular interes for oatain goplications is the
preparation of patides in the micron-Sze range. This Sze
of patides is typicdly prepared via digpeson or
suspenson polymerization techniques [1]. For sugpension
polymerization, contral of partide Sze digribution can be
difficult range because of the mechanicd factors thet
cotral the patide dze In digperson polymerization
limitations arise due to the types of materidsthet will work
in the process thus one is limited to udng particular
lvents, or monomer/olvent combinations Thus a less
complicated and more controlled process for preparing
microgpheres of good Sze distribution would be beneficd.

This paper dextribes a new process for preparing micron-
dzed polymeric microgpheres with narow patide sze
digribution. It is cdled the Emulsor/Aggregaion (EA)
technology and was origindly deveoped for the controlled
growth of patides for dectrophatographic gpplications
The process involves the growth of microgpheres from
nanometer  §ze  condituents, such as polymer and
pigments;, through careful contral of chemicd and physicd
conditions

METHODS The EmulsorVAggregaion process (FHgure
1) begins with the preparation of nenometer 9zed polymer
patides dabilized in waer usng various techniques.
These patides are on the arder of 10-300 nm in 9ze A
vaidy of resn types are possble induding styrene-based
maerids, aorylaes, polyetearsec.

The second gep invalves the growth of the nenometer-szed
partides by mixing in deonized water in the presence of an
aggregating agent. It is a this Sage that other ingredients
can be incorporated into the partide by adding them as
waer besed digperdons. All of the components ae
homogenized to ensure efective mixing and continuous
mixing is utilized throughout the growth process. Once the
desired patide dze is reached, the growth process is
terminated.
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Fig. 1L Micogpheae preparation by the emuidon
agoregation process

Depending on the resn type utilized, the patides
gengrated & this dage ae dther dready hericd or
require further trestment to codesce into gpheres Oncethe
microgoheres are formed they can be isdlated from the
wae ad washed to remove the vaious ions ad
surfactants used in the process.

RESULTS The EA process engbles contrd of patide
sze and dze digribution. As patices grow, the patide
Sze increases with time as shown in Fgure 2a It is dso
during this phase thet the partide Sze didribution narrows
& illusgrated in Hgure 2b. A narow patide sze
digribution is achieved usng the EA process and atypicd
gze digribution curve is shown in Hgure 3. The geometric
dandard deviation based on volumeislessthan 1.25.
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Fig.2: Partide Sz (a) and Geomdric Sandard Deviation
(b) asafunction of growth time.
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Fig.3: Partide Sz of fina partide as measured on a
Coulter Counter ingrument.

The aility to obtain narrow partide sze digributions is
driven by the growth kingtics and bdance between the
foroes binding the partides together and the shear forces
thet erode aggregated partides. Figure 4 illugrates how the
growth process proceeds from individud partides, to agd
network, to individuad aggregates that continue to grow
withtime

The patides produced in this process can vary in shape
depending on process conditions For the Syrene-basd
cae, the conditions can be adjusted such thet a non-
gpheicd or completdy sphericd patide is obtained.
Fgue 5a shows find patides with an irregular
morphalogy. In 5b the partides are completdy sphericd.
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Fig.4: Mechanisam of gronth. @) Emuldfied resn partides.
b) Nudeation of Primary Partides ¢) Primary partides d)
Final partides

Figs: $M o patide duing EA proces
a) Final irregular partides b) Final spherical partides

The Emulson/Aggregation process is particularly suited to
the incorporation of nenometer-szed pigments This has
been demondrated in the gpplication to toner materids for
dectrophoto-graphic gpplications. Digpersons of pigments
in water are mixed with the emulsfied resn and the
processis caried out in the same manner.

Fig. 6: TEM imeges of a) partide containing pigment
throughout the partide and b) partide with surface
pigment covered by resin.,

Cross s=ctions of partides that contain pigment show thet
the pigment is farly evenly didributed throughout the
patide It is possble to add additiond latex to cover
urface pigment. Fgure 6 shows TEM's of patides with
and without additiondl latex added to cover surfece
pigment.

CONCLUSONS The EmulsorvAggregation technology
is a process which has been deveoped for the preparation



of micon-9zed palymeric partides thet enables the contral
of patide sze shape and Sze didribution. This process
offers an dtende route to microgpheres of narrow
polydigpersity. The process yidds partides with geometric
dandard devigions of bdow 12 with wel-controlled
dructures. A vaiely of resin types can be used in this
process and other maerids such as pigments can be
incorporated into the particles.
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