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This work advances the field of surface science in two areas. The first is the use of a 

nanostructured composite as a method for controlling the self-cleaning ability of a 

surface. Creating self-cleaning surfaces, based on the Lotus plant, has been an area of 

interest for decades, and has many applications, such as glass, vehicles, and clothing 

that remain free of dirt. The second advance is in the strengthening of nanostructures 

on a surface to make them durable. This strengthening is important as the 

nanostructures often easily break off with abrasion. For best performance and longevity, 

self-cleaning surfaces need to also be durable. We use Zinc Oxide as the nanostructure 

material and coat it with a polymer to make a composite, somewhat like fiberglass. The 

composite structure is very durable and by controlling the amount and type of polymer 

we are able to control the self-cleaning ability of the surface.

This research describes a nanoengineered surface where ZnO nanorods are coated

with polymer to create durable self-cleaning surfaces. These may be beneficial to a

wide variety of industries such as automotive, aircraft, ship exteriors, building

interior and exteriors, and lab-on-a-chip devices.
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Inspired by the self-cleaning lotus leaf in nature, humans have pursued

synthetic surfaces with similar properties for decades. The self-cleaning property

is very useful to keep surfaces from getting dirty, such as countertops and

cookware. These surfaces can also cause water to bead-up and roll off of

windshields and keep aircraft components free of ice.

In an effort to mimic the surface of the lotus leaf, micro and nanoscale design

has led to a range of structured surfaces that have self-cleaning properties.

The combination of self-cleaning and mechanical durability is rarely found in

nature. While the surface of the lotus leaf is self-cleaning, it is not subject to

mechanical abrasion so its mechanical durability is not a problem. However, in

technological applications, such as self-cleaning paints and low drag boat hulls,

surfaces are often subjected to mechanical abrasion, and mechanical durability is

critically important.

We aim to use Zinc Oxide (ZnO) nanorods coated with polymer to make a

composite surface that is both durable and shows self-cleaning properties.

Reduce ice build up on aircraft
Building coating where dirt and 

even paint will not stick

Example Applications:

This schematic shows an engineered nano-composite surface. The elements 

include a silicon substrate (dark), ZnO film and nanorods (white), and polymer 

(gray); with a water droplet (blue).

The right image shows an expanded view of the liquid-solid interface to clearly

show nanorod diameter D, nanorod spacing Ls, nanorod height Hr, polymer height

Hp, effective height Δ = Hr - Hp, and water droplet depth B. Not to scale.

The addition of the polymer makes

the nanorods much more durable.

Here we test the durability. The top

row of nanorods have polymer and

the bottom do not. The left column is

before the wear test and the right

column is after.

The nanorods are broken in (d) as

compared to (c) indicating brittle

failure and poor durability.

However, when (b) is compared to

(a) no change is seen, indicating

good durability.

White scale bars represent 10µm.

Results

We produce ZnO nanorods on a surface using chemical vapor deposition

(CVD) and coat this with polymer using a spin coater.

Here we show the structure of the coatings that we have created, the

durability of the surface, and the interaction with a droplet of water.

Structure:

Durability:

This transmission electron

microscope (TEM) image shows a

close up of a single coated

nanorod. The dark center is ZnO

and the lighter shell is polymer.

The selected area diffraction

patterns (insets) show the

crystalline ZnO and amorphous

polymer.

The white scale bar represents

0.1µm.

Interaction with Water:

By changing the amount of

polymer the surface can be

made more or less self-

cleaning.

(a) A relatively smooth

surface resulting in a sticky

non-cleaning surface.

(b) A very rough surface

resulting a self-cleaning

surface.

White scale bars represent

10µm.


