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As alatex coating—a deposited layer of colloida particles of polymer suspended in solvent—dries, it is
transformed into a coherent solid coating. This happens in three stages, which may overlap: (1) solvent
evaporation and particle packing, or consolidation; (2) particle deformation and pore-space shrinkage, or
compaction; and (3) particle adhesion and inter-particle diffuson of polymer, or coalescence. The details
of this transformation process cannot be visuaized by light microscopy when, asis usudly true, the latex
particles are afew tens or hundreds of nanometers in sSize, nor by conventiona € ectron microscopy, which
requires high vacuum thet is unattainable until al of the solvent has evaporated.

Pioneering studies of Sutanto and Ma |1, 2] showed that time- sectioning high-resolution cryogenic scanning
electron microscopy is an unpardlded technique of visudizing this transformation processin detail. This
technique congts of rgpidly freezing samples of coatings after successively longer periods of drying,
fracturing them to expose cross-sections, subliming smal amounts of frozen liquid from the fracture surface
to produce topographica contrast, applying the usud thin metd coating, and imaging them by afied
emisson SEM (FESEM) equipped with cold stage. With the Hitachi $4700 available to us, the resolution of
latex film formation has been refined to about 5 nm.

Except at the layer’ s edges, the severd stages of transformation from colloidal suspension to coaesced
coating usudly proceed from the top down, i.e., from the exposed surface of the coating to the buried
interface with its subgtrate, or support. Thus the process inherently involves gradients perpendicular to the
subgirate. At the edges, the process tends to proceed from the very edge inward (somewhere merging with
the top-down succession); the process near the edges inherently involves gradients nearly pardld to the
ubgtrate. These gradients warrant investigation.

Time-sectioning cryo-FESEM was used to study the top-down and edge-in gradients of consolidation,
compaction, and coal escence stages in model systems of monodisperse acrylate latex particles around 110
nanometers in diameter; glass trangtion temperature of the polymer in bulk is around room temperature
(20°C). Theimages, as exemplified by the coating dried 21 minutes before freezing (see Figure 1), show
that consolidation is followed by compaction and compaction by codescence— both from top toward
bottom and from edge toward center. Whether al three stages coexist depends on size and viscodastic
properties—hence glass trangtion temperature—of the polymer particles, on the thickness of the coeting,
and on the drying conditions, viz. temperature, humidity, and velocity of air. In one case, after only 17
minutes, the coating is merdly consolidated: sphericad particles arein contact with ice that filled the
porespace between them. After 30 minutes, the coating is compacted: particles have flattened againgt each
other and make a hexagona pattern in the fracture surface, little porespace remains, and the fracture has
plagticaly drawn stalks out of individua particles. After 60 minutes, individua particles are rardly identifiable
and the fracture draws out longer scattered ridges, which proves to be characteristic of coaescing coating.
The rich three-dimensiondlity of the fracture surface is reveded by stereo imagesin Figure 2.
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are present in (a), (b), (c), whereas in the thicker middle (d) even the upper region is still consolidating.

Figure 2 Stereo images of another sample coating dried 60 minutes

at room temperature, showing vagaries
of the fracture surface and the characteristic plastically drawn ridges.

https://doi.org/10.1017/51431927603447703 Published online by Cambridge University Press


https://doi.org/10.1017/S1431927603447703

