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Abstract: In this study, research was conducted into the manufacture of thermally expandable microspheres for automotive
underbody coatings and applications in industry. In particular, the relationship between heat resistance and the ratio of cross-
linking agents and initiators in the manufacture of the thermally expandable microspheres was investigated. We focused on
the results with various cross-linking agents; our aim was to make the walls of the microspheres thicker to solve the problem
of reductions in size caused by shrinkage when the microspheres are heated to 7,, (Tm.x). We observed the sectional thick-
ness and surface of the samples with thicker walls. The thick thermally expandable microspheres showed reduced shrinkage

and excellent stability in spite of prolonged exposure to heat.
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Experimental
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Table 1. Recipe of the Thermally Expandable Microspheres

(phm)

Materials A@05 A@r10 A(@rl15 A(20)
AN 80 80 80 80
MAN 20 20 20 20
Iso-Pentane 15 15 15 15
Cross-linking Agent 0.5 1.0 1.5 2.0
Initiator 1.0 1.0 1.0 1.0
Colloidal Silica 20 20 20 20
Water 300 300 300 300
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Table 2. Effect of Cross-Linking Agents on Properties of Thermally
Expandable Microspheres

Codes A®05 A@1.0 AEl5 A@?20
T, (°C) 132.8 135.7 134.1 143.2
Tw (°C) 174.2 173.9 179.8 162.8
Dinax (m) 2689 2122 2238 1082
Particle size (um) 25.5 27.3 27.8 342
Span 1.7 1.7 1.7 2.1
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Figure 1. Effect of crossliking-agents ratio on TMA curve of
thermally expandable microspheres.
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Table 2. Specific Recipe of the Thermally Expandable Microspheres

(phm)

Materials A (r075) A(1.0) A 125 A(rl.))
AN 80 80 80 80
MAN 20 20 20 20
Iso-Pentane 15 15 15 15
Cross-linking Agent 0.75 1.0 1.25 1.5
Initiator 1.0 1.0 1.0 1.0
Colloidal Silica 20 20 20 20
Water 300 300 300 300
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Figure 2. Effect of crossliking-agents ratio on TMA curve of
thermally expandable microspheres.
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Figure 3. Effect of cross-linking agents on expansion ratio of
thermally expandable microspheres.
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Figure 4. Microscope of surface on thermally expandable
microspheres containing crosslinking-agents (a) 0.75 phm, (b) 1.0
phm, (c) 1.25 phm, and (d) 1.5 phm.
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Figure 5. SEM images of surface on thermally expandable
microsphers conaining crosslinking agent (a) 0.75 phm, (b) 1.0
phm, (c) 1.25 phm, and (d) 1.5 phm.
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