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From those that make them to those 
who use them, molds should last for as 
long as they were designed. A lot of work 
goes into striving toward that goal—
good design, proper metallurgy selec-
tion, configuration, coatings, etc., but 
cleaning is another way mold users can 
get as much out of them as possible. 

This paper will demonstrate that clean-
ing tooling with dry ice is a safe, effective 
and non-abrasive way to clean common 
injection molds. It will provide molders 

with five reasons to utilize mold cleaning: 
Extend the asset life of the tool, improve 
quality, increase productivity, lower costs 
and improve environmental quality.

First, to extend the asset life of tool-
ing. Today, high-dollar and often com-
plex molds are run and maintained in 
varying degrees of skilled molding shops 
and tool rooms. Some of the cleaning 
methods still being utilized can contrib-
ute to tool wear.

The most commonly used methods for 
cleaning plastic injection molds have been 
around for years, and involve manual 

cleaning, which can be abrasive and, over 
time, contribute to mold wear. With regard 
to traditional mold cleaning, Tom Mendel 
of Performance Plastics, a molder in Cin-
cinnati said: “To clean it is to destroy it.”1

ToolingDocs/MoldTrax said that 
there are four known contributors to 
mold wear that can shorten the asset 
life of a mold (Fig. 1). The method a 
molder chooses to clean the mold can 
contribute to mold wear.2

Fig. 2 shows a very common method 
for cleaning molds. The contaminants are 
trapped in the rag and can lead to pre-
mature mold wear.

Mold cleaning remains a critical com-
ponent of producing quality products. 
Both the Sun Micro-Systems & Structur-
al Defects Manual and Fimmtech Stan-
dardizing Validations—Common Defects 
in Injection Molding say that dirty cavities 
or clogged vents can lead to a variety of 
molding problems: Burn, sticking parts, 
short shots, plate-out, contamination, 
blemishes, flash and actual mold damage.

Fig. 3 shows actual mold damage that 
can occur when vents are not properly 
and routinely cleaned. When air is 
trapped inside the mold cavity, it begins 
to jet or diesel. The result, excessive heat 
and mold damage.

Mold cleaning is postponed for a vari-
ety of reasons. Traditional manual meth-
ods cause extended downtime because 
the process is burdensome; mold geome-
tries are often complex complicating the 
manual cleaning process; the mold can 
be hot; it often involves the use of chemi-
cals containing volatile organic chemi-
cals, which employees don’t like using 
and leave a residue that can cause fur-
ther cleaning issues, wipes, media which 
can be abrasive, and brushes.

As noted, 60-70 percent of the time 
spent on mold maintenance is mold 
cleaning. Because mold cleaning is often 
postponed, those mold cleans don’t come 
at convenient times. According to Tooling-
Docs/MoldTrax, unscheduled mold stops 
add up to five times the cost of a scheduled 
downtime and is the single most prevalent 
and costly reason for not achieving effi-
ciency goals. 

However, with cleaning methods that 
not only prematurely wear out the mold, 
but are slower and less efficient because 
they are burdensome, manufacturers 
could clean their molds more often, faster, 
cheaper and in a non-abrasive, sustain-
able, environmentally responsible manner. 

Studies have been done and are being 

done with regard to non-abrasiveness of 
dry ice mold cleaning. One such study 
comes from Kettering University (for-
merly GMI) in Flint, Mich. They recorded 
the following methodology and test vari-
ables for a dry ice cleaning study regard-
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Fig. 1: Charting mold wear, ToolingDocs, Ashland, Ohio.

Fig. 2: Traditional cleaning method. 

How dry ice cleaning can extend life of rubber molds
By Steve Wilson

Cold Jet L.L.C.

For injection and compression rubber molders there is a great demand to in-
crease the productivity of equipment and the quality of parts, while maintaining 
healthy margins. This can be a balancing act between using the most effective 
technology while working within a shrinking budget.

The mold is the heart of the molding process and it is reported that 60-70 per-
cent of all mold maintenance is mold cleaning. Therefore, effective mold cleaning 
is necessary to minimize machine downtime and improve production efficiencies.

Dry ice cleaning is non-abrasive, protecting the dimensions on parting lines 
and sealing surfaces of the mold. It is effective at keeping cavities and vents 
clean of mold release buildup, cured rubber residues and out-gassing.

All of these can quickly be removed to prevent a variety of molding problems: 
burn, sticking parts, short shots, plate-out, contamination, blemishes and flash. 
Dry ice cleaning reduces cleaning times up to 75 percent. Dry ice does not create 
any secondary waste—it simply phases to its natural gas state upon impact. 
Now molds can be cleaned with a method assisting in corporate TPM, 6S, and 
Zero Landfill, along with 5S, OEE and Kaizen initiatives.

Dry ice cleaning systems can play a significant role in helping companies 
support organizational quality, service and productivity goals, meet industry 
and government regulations, and increase profitability.

This paper discusses the advantages of dry ice cleaning as a replacement for sol-
vent and mechanical cleaning for the removal of contaminants from molds, which 
can mean the difference between mediocre performance and high-profit productivity.

Executive Summary
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ing various metal mold substrates:
“Materials were tested with the Wand 

at an angle of 90 degrees and 45 degrees 
from the sample surface, each angle was 
tested at 1 inch and 3 inches from the 
surface of the sample, and each material 

was tested for 30 seconds and 60 seconds 
durations for all variables. Materials 
were subjected to both full sized pellets, 
shaved pellets, or shaved block. Vari-
ables that remained constant are the 
following: air pressure at 75 psi, dry ice 
flow rate at maximum level (Level 6).”3

Using such cleaning methodology or 
techniques and test variables, the metal 
samples would be subjected to the worst-
case scenarios for dry ice cleaning. Effec-
tive dry ice mold cleaning always involves 
the fastest possible traverse rate while 
maintaining an effective clean. Typical 
dry ice cleaning does not involve station-
ary cleaning in one spot as tested.

Quoting from the university study: 
“The picture (Fig. 4) shows a picture of 
the blasted and un-blasted area of the die 
steel. Die steel after blasting for 60 sec-
onds at a distance of 1 inch. Right side of 

the green lines shows blasted area.”4

The university testing concluded the 
following: “The sample had no noticeable 
damage after blasting with shape block 
ice at a distance of one inch, angle of 90 
degrees and for either 30-second or 60-sec-
ond durations.”5

Studies by Rozemarijn van der Molen, 
Ineke Joosten, Tonny Beentjes and Luc 
Megens, have also shown that cleaning 
with dry ice does not damage most indus-
trial substrates, because the particles are 
relatively soft.6 The hardness of dry pellets 
was found to be 1.5-2.0 Mohs, which is soft 
compared to other forms of blast media 
(Fig. 5).7 The dry ice particles have little 
hardness and are therefore non-abrasive 
to any substrate harder than dry ice.

A common question from rubber mold-
ers examining the dry ice cleaning process 
is, will the thermal effect of the dry ice 
cleaning process impart a thermal stress 
on the mold during cleaning? It has been 
proven that this thermal effect of dry ice 
cleaning does not damage the tool.

Mark Krieg showed that the contribu-
tion of the thermal effect is minimal to-
ward the overall cleaning effect. On an 
ambient mold substrate, the thermal ef-
fect is contributing about 10 percent of the 
cleaning. However, this contribution can 
be as high as 50 percent when blasting on 
an object at a temperature of 500°C.8

The result, molders running molds at 

elevated temperatures often observe hot 
molds clean faster and easier. The thermal 
effect contributes more to the process the 
hotter the substrate, the larger the Delta T 
between the dry ice and the contaminant, 
the faster the mold cleaning process works.

A similar study was conducted by 
James Snide, to measure any thermal 
stress during dry ice cleaning. This 
study showed that the temperature de-
crease occurs on the surface only, so that 
there is no chance of thermal stress oc-
curring to the substrate metal.9

To illustrate this principle, an experi-
ment was performed where thermocou-
ples were embedded into a steel sub-
strate at varying depths (flush with the 
surface to 2 mm deep) (Fig. 6).

In Snide’s study, a dry ice particle stream 
was constantly swept across the test 
specimen for 30 seconds (a relatively long 
time for this process) and the thermocou-
ple recorded the changing temperatures 
at the various depths. As shown in Fig. 
7, the surface-mounted thermocouple 
recorded a temperature drop each time the 
particle stream passed directly upon it 
(50°C in about five seconds).

In contrast, the thermocouples em-
bedded at various depths in the sub-
strate recorded a slow gradual drop in 
temperature corresponding to the over-
all test plate temperature drop. The ther-
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Fig. 6: Temperature response of thermocouples placed at various depths in the substrate. 

Fig. 7: Temperature response of thermocouples placed at various depths in the substrate. 

Fig. 8: Core: before/after. Surface: before/after. Fig. 5: Mohs hardness scale for minerals.
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Fig. 4: Kettering university study, be-
fore/after. 

Fig. 3: Mold damage, trapped air (dirty vent). 
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mocouple 2 mm deep only dropped 10°C 
after 30 seconds. This curve illustrates 
that the thermal effect occurs only at 
the surface where the contaminate is 
bonded to the mold substrate and has no 
detrimental effect on the mold.10

Snide also conducted tests on the ther-
mal effect of dry ice cleaning in the rubber 
industry, a thermoset application, where 
the molds are hot. In this study the mold-
ers were operating at more than 149°C 
(300°F) and were cleaned with 78.3°C dry 
ice particles. He said “the temperature 
differences between the hot mold and cold 
dry ice will not cause cracking.”11

He said there are two reasons for this 
phenomenon. First, this thermal effect 
rapidly disappears on impact when the 
dry ice strikes the contaminant. Upon 
impact, the dry ice sublimates, another 
aspect of dry ice cleaning. Volumetrical-
ly, dry ice will expand around 800 times 
its size during sublimation, blowing the 
contaminant off the mold from the inside 
out. At that moment, the thermal prop-
erty of dry ice is gone.12

As seen in Fig. 7, the temperature 
gradient occurs at the surface. Second, 
the thermal stresses involved are much 

less than those encountered during nor-
mal heat treat.13

He went on to note in his study, the 
thermal stress due to a temperature differ-
ential can be estimated using the following 
equation where “sy” is stress (psi), “DT” is 
temperature gradient (°F), “a” is coefficient 
of expansion and “g” is Poisson’s Ratio. 

Where the temperature differential 
will be 135°F/57.2°C (Fig. 7), he said 
“this temperature gradient leads to a 
low tensile stress of 30,240 psi/2,085 
bar. Even if the mold temperature was 
brought down to the temperature of the 
ice (an unrealistic extreme), the tem-
perature gradient would be -109°F to 
350°F, which gives 459°F/ 2,237.2°C, for 
which the corresponding tensile stress 
is 102,800 psi/7,088 bar.

This calculated stress is below the 

yield point of steel in the hardened con-
dition. Again, these thermal stresses 
would be far less than those encountered 
during normal heat treatment, where 
the temperature differentials would ex-
ceed 500°F / 260°C.”14

Snide concluded that “even at high 
impact velocities and direct ‘head-on’ 
impact angles, the kinetic effect of solid 
CO2 particles is minimal when compared 
to other media (grit, sand, PMB, etc.). 
This is due to the relative lack of hard-
ness of the dry ice particles and the al-
most instantaneous phase change to a 
gas on impact, which effectively provides 
an almost nonexistent coefficient of res-
titution in the impact equation.

Because dry ice blasting is considered 
non-abrasive and relies on the thermal 
effect discussed above, the process may be 
applied to a wide range of materials with-
out damage. Soft metals such as brass, 
beryllium, and aluminum cladding can be 
dry ice cleaned for the removal of coatings 
or contaminates without creating surface 
stresses (pinging, pitting or roughness).”15

Another independent study drew a 
similar conclusion. The picture in Fig. 8 
is the micrographic examination of the 
metallurgical structure of Martensitic 
Stainless Steel (440°C) after dry ice 
cleaning. Noted was the unaltered car-
bon particles at the core and at the sur-
face, before and after dry ice cleaning.16

Studies have concluded that dry ice 
cleaning is an effective, non-abrasive way 
to clean injection molds without wearing 
away the asset life of a mold. Some tool 
builders already prefer to have their molds 
cleaned with the dry ice cleaning process, 
especially those who manufacture ex-
tremely high tolerance molds for the liquid 
silicone rubber molding segment, such as 
M.R. Mold and Roembke Manufacturing.

Others, who coat molds with DLCs, 
like Oerlikon Balzers USA, also recom-
mend the use of dry ice cleaning for 
cleaning coated mold components for the 
safe removal of off-gasses without causing 
damage. They said in their presentations 
that “there is no wear or damage to the 

tooling and all the spray turns to a gas.”17

Secondly, improve quality. One of the 
reasons molded parts are scrapped is be-
cause mold cleaning is postponed. Rubber 
molds are hot and it’s not normally a pleas-
ant job using traditional methods. Howev-
er, if molders could simply roll a machine 
up to the press and clean the mold while it’s 
still in the machine and at operating tem-
peratures, the process would be much easi-
er. Figs. 9-12 demonstrates how easy using 
a dry ice cleaning machine can be.

The dry ice sublimates upon impact, 
leaving no residues on the mold that could 
be transferred onto the next few molded 
parts. The end result is a better clean, 
thus improving quality.

The third reason to celebrate is the im-
provement in productivity. Most rubber 
molds using traditional cleaning methods 
are cleaned as follows: Stop production, 
cool mold, possible disassemble, trans-
port, mask/shield, clean, dispose of waste, 
unmask, inspect, transport, assemble, 
reheat and test.

With dry ice cleaning there is only the 
need to stop production, clean the mold, 
test and go back into production. The 
end result is hours of saved downtime.

The fourth reason is very akin to the 
third. Dry ice cleaning is faster and saves 
labor costs. The cost of downtime and the 
subsequent loss of production is immense. 
In addition, the cost of the dry ice media 
is often less expensive than the chemicals 
used with traditional cleaning methods.

Katy Wolf of the Institute for Research 
and Technical Assistance published a re-
port in 2013 called “Alternative Low-VOC 
Release Agents and Mold Cleaners for In-
dustrial Molding.” The report was prepared 
for the South Coast Air Quality Manage-
ment District of the EPA Region IX. The 
report showed the ‘Annualized Cost Com-
parison of All Cleaning Options’ they re-
viewed. Hexane aerosol cleaning came in 
at $56,174 while dry ice blasting (system 
purchase and labor) came in at $6,198.

The fifth reason to celebrate is the 
elimination of cleaning rags, soaked with 
chemicals, making their way into local 
landfills. Many companies, seeking zero 
landfill initiatives, pursue dry ice clean-
ing for this reason alone. Couple this 
with the improved worker safety by elimi-
nating chemicals containing VOCs, dry 
ice cleaning is a reason to celebrate.
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Fig. 11: Before: off-gasses clog vent.

Fig. 12: After: cleaned cavity and vent.

Fig. 10: Close-up of cleaning process.

Fig. 9: In-press mold cleaning with dry ice. 

Cleaning
Continued from page 19




