
Light Blocking and Light Diffusion
Two Possible Ways of Interaction between Polymer and Light

Since the middle of the last century, 
plastics more and more became an al-
ternative material to wood and metal. 
For example, in the automotive indus-
try it is nearly impossible to build a car 
without using plastics. Over the years, 
a number of different types of synthetic 
plastics were developed with material 
characteristics for a wide variety of ap-
plications. But also in the area of light 

blocking systems, filter systems and 
light diffusion applications polymers 
are becoming the material of choice.

Light Blocking and  ❙❙
Filter Systems

The most known filters are glass fil-
ters which can be used e.g. as color 

filter or UV filter in photography. An-
other application is the selection of 
wavelength, polarization or angle of 
incidence in optics. Glass is the car-
rier material for the substances re-
sponsible for the filter function either 
incorporated in the glass or as sur-
face substrate. Some reasons for the 
choice of polymer over glass in a vari-
ety of applications are material com-
patibility, recycling, weight, costs etc.

In the production of safety glasses 
for example, polymers are becoming 
the material of choice and are often 
substituting glass. In the medical in-
dustry light blocking systems are 
used for the protection of pharma-
ceuticals like vitamins against elec-
tromagnetic radiation.

Edge filters are mostly used in 
light blocking systems. These kinds of 
filters separate two spectral domains 
from each other. In one domain the 
material is translucent and in the 
other domain impermeable for elec-
tromagnetic radiation. The filter spe-
cific wavelength separating the trans-
missive and the absorbing domain is 
the edge. The sharpness of the edge is 
depending on the gradient, which can 
be more or less steep. The blocking of 
electromagnetic radiation is adjusta-
ble between the UV range (> 250 nm) 
up to the near-infrared range (around 
1,200 nm).

Three Examples are Discussed ❙❙
in the Following:

In Fig. 1 the transmission curves of 
two UV blockers are shown. In the UV 

range the material is blocking the 
light transmission whereas at higher 
wavelengths the transmission values 
are increasing. The difference be-
tween type A and type B is the gradi-
ent of the edge, which is adjustable 
depending on the material.

The blocking of near infrared ra-
diation can be seen in Fig. 2. In the 
visible a slight coloring cannot be 
avoided with these kinds of additives.

Edge filters can also be adjusted in 
the visible range as demonstrated in 
Fig. 3. The types D to F show edges at 
different wavelengths in the visible 
range.

In all of these cases amorphous 
polymers like polycarbonate (PC) 
were used. Due to its high transmis-
sion grades, polycarbonate has a high 
suitability for optical applications. But 
also crystalline polymers like poly-
propylene (PP) can be chosen depend-
ing on application and requirements 
concerning optical and mechanical 
properties. An increase in transmis-
sion of uncolored polymers by retain-
ing mechanical properties is not pos-
sible in any wavelengths range.

The interaction between polymers and light can be seen in various ways. 

Specific wavelengths can be used e.g. for the joining or marking of polymers 

with laser, in optical systems for the illumination of certain areas or they can 

be blocked in pharmaceutical application. Another way is to diffuse the light 

in lamps for a better distribution of light without loss of intensity.
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Fig. 1: Light blocking systems in the UV range with different gradients Fig. 2: Selection of the transmission in the near infrared range
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Light Diffusion❙❙

The path taken by light through a 
transparent polymer can be influ-
enced in many ways. For example, 
colorants absorb a part of the light 
spectrum, which changes the color of 
the part. Light diffusion additives 
added to a transparent polymer 
change the light refraction of the 
transmissive light resulting in a loss of 
contrast (milkiness) and a reduction 
in the clarity of an observed object 
without changing the light spectrum. 
So an object is harder to recognize the 
further away it is from the polymer 
part. The light diffusing material can 
be colored without losing the effect.

Polymers to which light diffusion 
additives have been added are used 
across a broad range of industrial ap-
plications. In back-lit switches and 
warning signs in dashboards of cars 
(day/night design) the light source 
(e.g. LED-lighting) is not seen as a 
point of light, rather, the light is 
spread throughout the surface (see 
figure 4). Glazing materials made 
from transparent polymers (PMMA, 
PC, PETG, etc.) are used for example 
in lamp covers, showcase glass and 
displays as well as in profiles and 
panels for bathrooms and kitchens. 
The exhibition industry uses light dif-
fusion in nonreflecting plastic sheet 
for picture framing.

Masterbatches❙❙

Considering the importance of good 
dispersion for achieving high quality 
products, it is clear that the “delivery” 
system or form in which the effect is 
supplied to the processor is of vital 
importance. In masterbatches special 
additives and/or pigments and dyes 
are optimally dispersed at high con-
centration in a single carrier resin, a 
polymer similar in nature and type to 
the material to be colored. So custom-
ized products can be specifically for-
mulated and the effect and/or color 
can be adjusted for the specific appli-
cation.

Conclusion❙❙

Color follows function. This is also 
suitable for light blocking systems 
and light diffusion systems, as there 
is a direct link between color and the 
application. Masterbatches for color 
and function can be made to the cus-
tomer’s requirements.
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Fig. 4: an LED lighting and the effect with different concentrations of light diffusion 
additives

Fig. 3: Edge filter in the visible range


