How the Size of Silica Capsules Influences their Stability During Rubber Processing
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Micron- and submicron sized capsules have gained significant attention as
carriers of active substances but have not yet been investigated to improve
recycling/environmental degradation of rubber, in particular tires. One of
the challenges is dispersing a devulcanization aid (DA), which breaks
crosslinks in vulcanized rubber, due to the dense network. When using the

DA shielded by a capsule, it can be better dispersed during mixing before on
— f rubber vulcanization. For this, it needs to be investigated if capsules stay -
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- Difficulty of analyzing the chemical reaction caused by the DA during devulcanization
—)» investigation of vulcanization behaviour instead

- Shielding a vulcanization accelerator and analysis of the vulcanization
behaviour (Figure 3)

- Formation of rubber crosslinks can be observed during a measurement of
vulcanization behavior as an increase in torque

- Accelerated vulcanization process: high maximum torque

« Not accelerated vulcanization process: low maximum torque

- Empty capsules were incorporated with and without accelerator to the

| capsules break during mixing
35 capsules survive mixing

o
I L

(6}
I L

"2

T T T T : T T T : | T
0 10 20 30 40 50 60

. o« o . . . Time (min)
compound during mixing to differentiate the effects of the capsules releasing Figure 3: Expectation of vulcanzation behaviour depending
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Figure 5: Vulcanization analysis of loaded and empty sSiCs
and reference (without capsules) compounds.

Figure 7: Vulcanization analysis of loaded and empty mSiCs
and reference (without capsules) compounds.
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Microcapsule dispersion

Does the vulcanization process start during
the mixing of sSiCs in rubber?
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—» Similar minimum torque for all
compounds (Figure 5, zoom in)
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—» Higher maximum torque for loaded
mSiCs compound than for compounds
without accelerator added seperately during
mixing (Figure 7)

—>» Similar maximum torque for loaded
mSiCs compound as for empty mSiCs
compound with accelerator (Figure 7)

—» Lower maximum torque for loaded sSiCs
compound than for all compounds with
accelerator added seperately during mixing
(Figure 5)

—» Similar maximum torque for loaded sSiCs
compound as for empty sSiCs compound
without accelerator (Figure 5)
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Measuring vulcanization behavior with a

/ \ Rubber process analyzer (RPA) / k /

f—[ Summary j N

In a vulcanization study it was shown that...

. micron-sized (average = 5-7 um) silica capsules break during mixing
... submicron-sized (average = 300-700 nm) silica capsules do not break during mixing @
—>» Valuable insights for the development of a capsule-enhanced rubber system in which the shielded DA is well dispersed within
\_ the rubber matrix.
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