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Injection molded silicone resins are being 
commercialized for optical parts in a variety of 
applications. These silicones are well suited to 
precision molding applications, as  micrometer-
sized features can be replicated on the lens 
surface for benefi ts in directing light output.  
Silicones have been fabricated using a variety 
of techniques, including injection molding, 
casting/cavity molding and others. However, 
the optimal molding equipment and process 
conditions are very different from traditional 
thermoplastics or liquid silicone rubbers. 

In order to assist customers in evaluating 
these materials without the high cost of capital 
expenditures, Dow Corning has installed 
equipment to prototype and help optimize 
the molding processes for manufacturing of 
silicone lenses or optical parts. In running this 
equipment, we have found that assumptions 
made based on experience with plastic or LSR 
molding do not necessarily apply to silicone 
resins. In order to help people understand why, 
we have prepared this comparison. 

Looking fi rst at how the material is handled in 
the feed system and in preparation for reaching 
the actual mold, a brief overview of each 
process follows:

Plastic Injection Molding

• The resin or raw material for injection 
molding is usually in pellet or granule form.

• Material is fed from a hopper above the 
screw and barrel.

• The screw is rotated and feeds the pellets 
up the fl ights of the screw, which also helps 
improve material uniformity.

• The material is melted by shearing and 
heat in the barrel, primarily from the high 
pressure and friction generated by the screw.

• The depth of the screw fl ights decreases 
toward the end of the screw nearest the 
mold, compressing the heated plastic.

• Injection is accomplished by using a check 
valve at the end of the screw and moving 
the screw forward, effectively using the 
screw as a plunger.

• Injection pressures are typically very high.

• At the end of the injection cycle, material 
pressure is typically held for some time to 
“pack” the material in the mold.
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LSR (Liquid Silicone Rubber) Injection Molding

• The material is in the form of a high viscosity, 
heavily fi lled liquid.

• Material is fed to a static mixer and then into the 
hopper port on the barrel at medium pressure.

• The screw is rotated and the barrel cooled to prevent 
the friction and pressure from curing the material.

• The screw does provide some extra mixing, but this 
is generally not required.

• The depth of the screw fl ights decreases toward the 
end of the screw nearest the mold, compressing 
the LSR.

 • Injection is accomplished by using a check valve at 
the end of the screw and moving the screw forward, 
effectively using the screw as a plunger.

• The check valve and screw are often modifi ed to 
accommodate the thixotropic abrasive nature of 
the LSR.

• Injection pressures are typically high.

Optical Resin Molding – Ideal Equipment 
(plunger style injection unit)

• The material is in the form of a medium viscosity 
unfi lled resin mixed at a 1:1 or 1:2 ratio.

• The resin is fed through a static mixer and then 
into the hopper port of the barrel at low pressure.

• The feed screw transfers material into the 
plunger chamber.

• The screw feeds the material to the front end of 
the plunger, forcing it backward in its stroke path.

• Friction in the screw warms the material slightly   
and lowers the viscosity somewhat.

• When the plunger is fi lled, the motor drives the   
plunger forward, injecting the material into 
the mold.

• Injection speeds are typically slow as compared to 
LSR and thermoplastic. 

• Injection pressures are typically very low as 
compared to LSR and thermoplastic.

• The barrels can be cooled, but this is not mandatory 
under normal operating conditions.

• For shutdowns, the material can be kept uncured in 
a 5º C barrel for at least two days.

• Packing is not required; occasionally, specifi c 
designs will require the pressure to be held until 
the material can begin to set. 

Optical Resin Molding – in LSR Equipment

We are often asked if injection molding equipment 
designed for LSRs can be used. At fi rst glance, the 
equipment seems the same; but in fact the differences 
are signifi cant. While good results can sometimes be 
obtained, the problems outlined below will usually 
cause unsatisfactory results.

• Material is fed to a static mixer and then into the   
hopper port on the barrel at medium pressure.

• The screw rotation and pressure warms the material 
and drops the viscosity signifi cantly.

• Injection is accomplished by using a check valve at 
the end of the screw and moving the screw forward, 
effectively using the screw as a plunger. This check 
valve requires back pressure from the material to 
seat it. The lower viscosity unfi lled resin typically 
does not provide suffi cient back  pressure to fully 
seat the check valve.
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• The check valve also requires the injection speed   
to be fairly high to ensure that the valve doesn’t   
“fl oat” in the material, causing loss of control   
over the shot size, which can cause turbulence   
and bubbles in the mold.

• Injection pressures are typically high, causing   
signifi cant fl ashing of the heat-thinned material   
in the mold.

In the mold itself, the processing differences are 
also signifi cant.

Plastic Injection Molding

• Mold is cooled and the melted material sets in 
the mold.

• Material is high viscosity going into the mold, and 
large gates with impingement surfaces are common.

• Injection is at high pressure, but high material 
viscosity helps to prevent fl ash or leakage.

• Material must be cooled enough to prevent distortion 
or warping after removal.

• The material will continue to shrink as it cools, 
making large parts or fl at surfaces diffi cult 
to reproduce.

• Venting can often be accomplished around the part, 
as the thick material forces air out in all directions.

• Injection can be done anywhere on the part.

LSR (Liquid Silicone Rubber) Injection Molding

• Mold is heated to cure the material as it sits in 
the mold.

• Material is highly fi lled, and when the shear is 
removed the thixotropic nature helps reduce fl ashing.

• Material is cured coming out of the mold; distortion 
is not usually an issue.

• Flexible, elastomeric nature of the cured material 
facilitates mold removal; surfaces can be left rough 
to aid in release.

• Venting can usually be accomplished via the parting 
line or with vents located around the cavity. 

• Injection can be done anywhere on the part.

Optical Resin Molding – Ideal Equipment

• Mold is heated to cure the material as it sits in 
the mold.

• Upon heating in the mold, the viscosity of the resin 
drops signifi cantly prior to cure.

• Low injection pressure helps prevent fl ash or leakage 
around pins.

• Low viscosity allows excellent reproduction of 
surfaces, but also causes sticking to rough surfaces.

• Material is cured coming out of the mold. While 
some shrinkage will occur due to CTE, the shrinkage 
is uniform and the fi nal part is usually not distorted.

• Slow feed rates into the mold help prevent 
turbulence and bubble formation.

• Venting is done at the top of the cavity; the low 
viscosity material fi lls the cavity from the bottom up, 
regardless of injection point.

• Fill is usually best accomplished from the bottom, 
forcing air out the vents at the top.

So while there are signifi cant differences in the 
processes, overall the molding of silicone resin-based 
materials does not present greater diffi culty than 
traditional materials. The challenges are different, but 
in many cases, there are actually fewer obstacles with 
silicone materials. 

In designing a mold for prototyping or production using 
silicone resin-based materials, there are some generic 
points to keep in mind.

Some Considerations in Mold Design for Optical 
Resin Molding

• Surfaces should be polished to prevent sticking and 
aid in release.

• Mold releases, lubricants, etc. can cause cloudiness 
in the resin if they migrate to the mold cavity.

• Pins, ejectors and other components should be 
specially constructed and designed to prevent 
resin leakage.

• Gates and runners do not need to be large, and 
impingement surfaces are not required.
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• Turbulence should be avoided, and venting should 
be provided to allow air fl ow out of the mold.

• Sprue should be kept as short as possible to 
minimize waste and have an aggressive taper 
to allow for sprue pulling. The sprue should be 
polished.

• Runners should be polished to allow for good 
mold release. 

In order to assist customers in evaluation of these 
materials without the high cost of capital expenditures, 
Dow Corning has installed equipment to prototype 
and assist in optimizing molding processes for 
manufacturing of silicone lenses or optical parts.

Sodick Plunger Style Injection Molding Machine

• Precise shot control for small- to medium-sized parts.

• Programmable speed and pressure controls, 
multistep variable.

• Integrated mold heating controls.

• Feed screw speed and pressure control.

• Cooled barrels for shutdown periods without 
requiring cleaning.

In addition to the injection unit itself, we have a 
standard U-frame mold available that allows inserts 
to be made for testing and trials. There are also a few 
standard inserts for mold construction and processing 
trials, demonstrations and sample parts. Along with 
our standard application and testing equipment, we 
now have optical and environmental aging and testing 
equipment available as well.

LIMITED WARRANTY INFORMATION – PLEASE READ CAREFULLY

The information contained herein is offered in good faith and is believed to be accurate. 
However, because conditions and methods of use of our products are beyond our control, 
this information should not be used in substitution for customer’s tests to ensure that 
Dow Corning’s products are safe, effective, and fully satisfactory for the intended end use. 
Suggestions of use shall not be taken as inducements to infringe any patent.

Dow Corning’s sole warranty is that the product will meet the Dow Corning sales 
specifi cations in effect at the time of shipment.

Your exclusive remedy for breach of such warranty is limited to refund of purchase price 
or replacement of any product shown to be other than as warranted.

DOW CORNING SPECIFICALLY DISCLAIMS ANY OTHER EXPRESS OR 
IMPLIED WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE OR 
MERCHANTABILITY.

DOW CORNING DISCLAIMS LIABILITY FOR ANY INCIDENTAL OR 
CONSEQUENTIAL DAMAGES.
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