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Tuning the functional groups on polyethylene powder by an aerosol-assisted
atmospheric plasma process
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Nano- and micron powders are important in a wide variety of practical applications

from different industries including bulk and specialty chemicals, pharmaceuticals,

minerals, construction, coatings, detergents and foods.Due to the large surface area,

the particle surface chemistry is important for many chemical and physicochemical

properties and key in the processing behavior of the powder (flowability, dispersability,

etc). Surface modification of powders by non-equilibrium plasmas at atmospheric

pressure (AP) offers several advantages: it is a dry technology, cost-effective and it

can be integrated in a continuous process.

This work studies the possibility of grafting specific functional groups on a polymer

particle surface by adding different liquid precursors to an AP plasma process. For

this goal, a cold AP dielectric barrier discharge plasma jet is redesigned to enable the

treatment of powders. Three different dielectric materials (Al

2

O

3

, quartz and

borosilicate) are compared for their electrical characteristics and effect on

temperature in the reactor. Control over this temperature is essential for treatment of

heat sensitive materials like polymers. HDPE powder is added to the nitrogen gas

flow of the plasma jet. An aerosol of a liquid precursor is supplied through a central

electrode and is mixed with the powder in the plasma afterglow. This avoids

contamination of the plasma reactor. Four liquid precursors are compared: acrylic

acid, APTES, vinyl phosphonic acid and allylamine. This resulted in respectively

carboxylic, siloxane, phosphonic and amine functionalities grafted on the particle

surface, as confirmed by XPS. The different functionalities have a distinct effect on

the wettability and flowability of the powders. Grafting functionalities on a HDPE

powder surface in an AP plasma process is found to be a highly efficient process and

provides an industrially attractive methodology for modifying the surface

characteristics of powders.
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