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Abstract

Elastomer compound design for injection molding is a complex balance of end-use properties, product specifications, 
chemistry, and processing characteristics. Careful consideration must be given to all variables, such as the physical form 
of the compound, polymer type, cure system, cycle time, and cost considerations, to name a few.

The compounder, whether in-house or a custom compounder, should be consulted as early as possible during the process 
design. A joint effort, including the developer of the tooling, process engineers, and compound chemists is ideal.

What to Consider when Designing Elastomer
Compounds for Automated Injection Molding



Introduction

Elastomer compound design for injection molding is a complex balance of end-use properties, 
product specifications, chemistry, and processing characteristics. The key word in this white 
paper’s title is “automated.” That is because many of today’s elastomer injection molding machine 
builders design and engineer sophisticated machines that take as much of the operator labor out 
of making rubber or silicone molded parts as possible. Their goal is to have an operator press a 
button to start the process, monitor the process, and then send completed parts to the shipping 
department. Today’s automated molding machines are so efficient that completed parts seem to 
“fall out of the mold” by themselves, with minimal operator involvement. 

A rubber compounding process using automated machines clearly increases productivity, 
shortens cycle time, reduces operator labor, and increases product quality. It’s all automated, 
meaning that compounds need to be designed with this in mind or they won’t work as desired – 
compounds will stick or tear, shrinkage will occur, or they will fail in any number of ways. Product 
specifications must also be considered – which revolve around the part’s usage and required 
performance – not the process to make the part.

Many traditional secondary processes are manual, such as trimming parts with scissors or 
removing flash. If the process is to be automated, compound design has to take that into 
consideration, and it’s going to affect cost. The compound might cost a little bit more per pound, 
but an automated process, which doesn’t require an operator for every step, enables that operator 
to run multiple machines, lowering labor costs and increasing throughput.

All too often, the machine is purchased, the mold is designed, the process is in place, and then the 
question of rubber type is addressed, requiring a compound design after the fact. This happens 
occasionally because, unfortunately, the tooling people, the process people and the chemist don’t 
address issues soon enough.

2  Designing Elastomer Compounds

Careful consideration must be given to all variables as soon as possible. This white paper addresses 
many of those variables and their effect on successful compound design for injection molding:

             Line Call out and Service Conditions
             Polymer Type Selection
             Compound Cure System
             Compound Viscosity
             Cost Parameters
             Hot Tear Issues
             Mold Release
             Mold Fouling
             Cycle Time

The compounder, whether in-house or a custom compounder, should be consulted as early 
as possible during machine and process design. A joint effort, including the developer of the 
tooling, process engineers, and compound chemists is ideal and coordination is essential. That 
means co-development and a joint effort among the people developing the tooling, the process, 
and the compound.
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Line Callout and Service Conditions 

What is the starting point for designing a compound for injection molding? The line callout is the 
starting point. That is, what specification must a part comply with to meet in-service requirements? 
It could be, for example, an SAE spec if it’s a motor mount or a UL spec if it’s an electrical insulator. 
A regulatory agency states what standards a part must meet for specific applications, such as 
flammability, durability, oil resistance and so forth. A motor mount that dissolves in motor oil, or a 
non-insulated part that bursts into flames as soon as it gets hot are examples of end-use parts that 
fail to meet specifications. 

Service conditions for the end product – such as requirements for fluid compatibility, temperature, 
cost considerations, and the physical form of the compound – need to be considered as well.

If it’s an automobile, will it be used in Alaska or the Amazon? Will the environment be near a 
seacoast where there’s a lot of salt? Some specifications cover these environments, and some don’t. 
Communication with the compounder’s customer is critical. What if the part it to be used on an 
off road machine, or a snow mobile or a jet ski – what does that mean? 

Finding this information sometimes means extracting it from the end-use customer. This 
information helps determine process and compound design. Categories such polymer type 
selection, cure system, compound viscosity, etc. are driven by either the callout and service 
conditions or the actual process.

Polymer Selection 

There is an array of polymer types, such as natural rubber, EPDM, nitrile, polychloroprene or 
silicone, to name a few. Polymer selection is usually dictated by the molded part’s line callout; 
service requirements for fluid compatibility, temperature, and cost considerations; and the physical 
form of the compound. If a strip-fed machine is being used, which many of these are, the strips 
have to have enough green strength (an elastomer’s resistance to deformation and fracture before 
vulcanization); that is, they have to have enough cohesive strength so that when the strip is fed
into the machine it doesn’t break. If it’s like putty, it will break. Then the operator has to feed it in 
again, which takes time and slows the process. If the operator reloads the machine three or four 
times, it’s a significant problem. Green strength is something that usually isn’t part of the 
specification or part of the end-use product, but to the operator and the fabricator, it’s 
very important. 



Cure System Selection 

The cure system normally determines the expected cycle time in the injection-molding machine. 
Will the cycle time be short, or is a higher performance expected, which requires a little more time
to cross-link? Cure system selection is often determined by end-use application, requiring a 
balance of properties versus cycle time.

Post cure is sometimes useful to lower the cycle time of the injection machine. This is accomplished 
by taking all of the parts out when partially cured and putting them in an oven to finish the cure 
process. This saves money, can be done in bulk, and lowers machine time. The only time the 
injection machine is making money is when it’s closed and curing parts. If the mold is sitting there 
open, it’s losing money. 

The cure system must be stable. A stable a compound shouldn’t cure in the machine if an abnormal 
event occurs and/or the operator is not tending to it. Unstable material will start curing and cause 
downtime. Time is lost when starting the machine again; it takes five or ten cycles to get these 
back in the cycle. 

Some specs require nitrosamine-free materials (NAF). These unhealthy materials are sometimes 
generated when using certain kinds of cure systems. There are a number of requirements in the 
automobile industry that the accelerators in the cure systems (chemicals – performance additives) 
are nitrosamine free. European auto manufacturers in particular (BMW, Audi) specifically require 
that the cure systems be nitrosamine free.
 
Desired cycle time includes rheometer curve data that defines cure characteristics (i.e., how long
it takes for the material to cross link: Ts1, Ts2, TC-50, T90.
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Compound Viscosity

Viscosity, as it relates to injection molding, is the measure of resistance of a compound to flow. 
It is important to the injection molding process. For example, consider molding a complicated 
electrical part with an insert, such as a little relay and/or delicate contacts. If the viscosity is too 
high when the rubber enters the mold, it’s going to push all those things out of the way and the 
contacts will become a distorted mess. In this case, the viscosity needs to be lower so that it flows 
around all those inserts and encapsulates them. 

Other viscosity considerations include adjusting injection/plastifying speed to prevent air
entrapment or heat buildup. More viscous materials generate more heat build up when the 
compound is pushed through sprues and runners in the mold. Frictional heat results from 
the compound moving through the mold’s small orifices. 
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Rubber to Metal/Plastic Bonding

If the part being produced has an insert, it is necessary to design a rubber compound that will 
adhere to the insert. Consideration should be given to the type of metal or plastic that the 
compound must bond with. Rubber, for example, sticks to brass; EPDM, however, does not bond 
successfully to most things. Therefore, a coat of primer on the insert – whether metal or plastic – 
is required for a good bond. Once again, viscosity of the compound will need to be adjusted to fit 
the application. If the viscosity is too high it could push the insert out of place. If it is too low it 
could squirt out through the parting line. Inserts often require pre-heating to set the adhesive to 
prevent wiping during injection. Care must be taken to avoid “over-baking” the adhesive due 
to over exposure at too high a temperature prior to molding.

Cost Considerations

Obviously, it is desirable to make the compound at the lowest cost possible, while maintaining 
quality. Rubber compound is often sold by the pound but used on a volume basis. The part being 
made is a certain volume of the mold. It is a complete article of a particular size and shape. 

So even if a compound is cheaper in price by pound, if it has a higher specific gravity, it is actually 
more expensive. Think of a cubic foot of Styrofoam vs. a cubic foot of iron. They’re both the same 
size and shape. The iron, of course, weighs much more than the Styrofoam. If the cost of each is 
the same price per pound, it’s a lot more expensive to use iron because it may take one hundred 
pounds of iron vs. one pound of Styrofoam for a cubic foot.

The accurate compound price measurement is pound volume cost. That’s important. 

Throughput should be optimized based upon the cure system and the manpower/equipment 
limitations.

Tear Resistance

Tear resistance is something that can be a rascal to implement for rubber compounds. Hot tear 
can occur when taking a part out of the mold.  If the part and mold are complicated, the part can 
tear when removing it. Compound designers need to ensure that doesn’t happen. When trimming 
the flash off of a mold, a well-designed mold will tear trim and just pull the flash right off, 
completing the part. If it is not designed properly, the operator has to use a pair of scissors to cut 
the flash out of every part. That’s labor intensive and, if the operator is running multiple machines, 
is not running all the presses while cutting the flash. Throughput is negatively impacted on the 
other machines because when the operator is cutting the flash off with a pair of scissors he’s not 
running the press. Not having a tear trim mold may have saved money in the short run, but will 
increase costs in the long run.

Flash thickness must be considered as well. If it is too thick, it can’t be trimmed.
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Mold Release

Mold release is facilitated in two ways: internal or external release. Internal lubricants in the 
compound promote effective release from the mold, but can present problems if not handled 
properly. Too many lubricants and the compound may not adhere to the insert (if an insert is 
being used). There are many in-mold and post-adhesion/bonding circumstances to consider. For 
example, the part should stick to the insert but not to the mold. Maybe the specification requires 
the compound to bond to steel, or maybe it shouldn’t stick to steel. This creates a quandary 
when designing a compound. Balance is necessary. 

External mold release material can be sprayed on the mold, similar to spraying a baking pan with 
vegetable oil before using it. But care must be taken to ensure that this type of mold release is 
not going to violate application requirements and is compatible with standards such as NSF. 
For example, using an external mold release solution, clearly something toxic, for a food-contact 
application is out of the question.

Mold Fouling

Molds can get dirty quickly, affecting part surface finish. If mold fouling isn’t considered as an 
application design parameter (e.g., time and temperature specifications), after running a number 
of parts – depending on the application – the mold is going to get a build up on it. Once mold 
fouling and compound buildup begins, the rubber sticks to the buildup. Parts begin tearing and 
it’s difficult to get them out of the mold.

It’s important to avoid mold fouling for numerous reasons. 

First of all, cleaning the mold too often can abrade the surface of the mold and increase mold wear 
(depending on the chemicals being used). Second, frequent downtime results if the mold requires 
cleaning, the process stops. The mold has to be cooled and removed from the injection molding 
machine, cleaned, and re-installed. Before it can be used again it has to be heated for a couple of 
hours, meaning that an entire shift is lost. All of this inconvenience and cost caused because the 
compound was a few cents less per pound. 

These steps will help with minimizing mold fouling:

          Cure system formulation is important
          Some polymers (even within the same families) foul more than others. Nitriles, for 
          example, can sometimes increase mold fouling. Proper compounding is necessary.
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Cycle Time Considerations

The faster the manufacturing cycle process, the more throughput and the more profit generated. 
To make parts as quickly as possible in an injection molding process, the temperature should be 
as high as possible and the cycle time as short possible.

It is also advantageous to trim the parts and package them, if the application allows, within the 
molding cycle. While the press is closed and making parts, throughput can be increased if the 
operator can trim parts, box them, inspect and stamp them. Consider the labor reduction and 
money saved. A careful balance between viscosity and cure rate must be achieved based upon 
the cure system capability to achieve a realistic cycle time.

Other Considerations

Batch-to-batch consistency is extremely important. Rubber and other elastomer polymers are 
typically made in a batch process. Controlling the mixing process for consistency is essential for 
eliminating possible batch-to-batch variations. Cure rate or viscosity variations are but two 
examples that cause inconsistency and reduce compound quality. These variations also increase 
downtime and reduce productivity because of constant machine adjustments.

Process control systems, testing, and quality control help ensure compound consistency and 
minimize machine adjustments. If mixing is done on multiple machines and/or at multiple 
locations, integrated computer systems help ensure standardization of the manufacturing process 
and batch-to-batch consistency.

Green strength of a compound is important for consistent strip handling. The amount of resistance
 to deformation or tearing before vulcanization defines the green strength of an elastomer. It is 
important that elastomer strips do not break as they are fed into the injection-molding machine. 
If the green strength isn’t appropriate for the application, it may distort before molding and 
possibly tear before vulcanization.

Designing a compound with the appropriate amount of anti-tack entails putting a coating on the 
strips so that they don’t stick to each other during the process. Too much coating can prohibit the 
compound from knitting in the mold. Too much anti-tack can also cause the strip to split.

Again, the right balance is key. Normally, the compounder measures a concentration of the anti-
tack and runs it at a three-to-five percent solution to establish a base line. From there, adjustments 
are made as necessary. Two percent may cause strips to stick; six percent may cause the strips to 
split. The compounder’s level of experience is important for determining the right amount.

Appropriate packaging of the strips should be considered as well. For example, silicone 
compounders make cut strips, which are only three or four feet long because they sometimes 
don’t have the necessary green strength. To overcome this, some machine manufacturers provide 
for loading with “Pigs” (large cylindrical pieces of compound).
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Customer Satisfaction
 
Ideally, the compounder should work with the customer by starting with a lab batch and 
proceeding through all the production steps with a minimum of issues or problems. Leading 
compounders, such as HEXPOL, are equipped to produce laboratory-sized batches and design 
formulas, using early product verification, before introducing the formula into the process. 
Running prototype level batches helps with understanding issues such as product shrinkage, 
tool design, and process capability for flow. 

An on-site molding trial features strong collaboration among the customer, the compounder’s 
development chemist and field service technician. The formulation is run through the customer’s 
production process and the team evaluates the results – studying all of the process variables – 
to ensure that the formulation is precise for the customer’s manufacturing process, and that the 
customer’s defined requirements are being met.

When the trial is completed, the part is evaluated through specification testing to make sure it 
meets the call-out and all other specs. The technical team should also ensure that operators have 
been fully trained in the process. Special training may be required for operators to fully under-
stand specific characteristics of the compound and the process relative to the requirements of 
the end product. 

A full-service compounder should be on call to provide its customers – including those without 
a rubber technologist on staff – with equipment, formulation, process, and production technical 
support. 

Conclusion
 
Injection molding compound design is a complex balance of the end-use properties and 
processing characteristics. But there’s much more to it. Most chemists know that half the job is 
meeting the spec. The other half is efficiently making parts.

Careful consideration must be given to all processing variables. These variables include polymer 
selection, type of cure system, compound viscosity, costs, hot tear issues, mold release, mold
fouling, and cycle time.

It is critical that the compounder be consulted as early as possible during the process design. 
Never wait until the mold is made, a press is bought, and a cost quote is agreed upon before 
meeting with the compounder. A compound can still be designed, but it will take longer to 
develop, it will cost more, and it will be, in general, a much more difficult experience than necessary.
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