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ABSTRACT

All seven oil immersion studies are complete at both temperatures. Nine out of ten
refrigerant ambient immersion studies are complete including 60°C (140°F) for R-123. All
twenty two plastic test materials have been molded into test bars. All test bars have been quality
controlled for physical consistency and integrity. All twenty two creep test chambers are
functional. Creep loads have been increased to 25% of ultimate tensile. Refrigerant gas
solubilities of Emery 2927 with R-22 and 134a are complete.

SCOPE

The broad scope of this research is to provide compatibility information on engineering
plastics with alternative refrigerants exposed to a wide variety of suitable lubricants and
alternative refrigerants. In part, this report presents data obtained on the dimensional changes
in the engineering plastic polymer and is measured in the as molded properties for immersion
and tensile determinations. The physical changes will be measured after ambient aging, under
stress and after thermal aging in individual refrigerant and lubricants and as selected mixtures at
constant refrigerant pressures.

SIGNIFICANT RESULTS
ENGINEERING PLASTICS

All the engineering plastics have been molded into modified type S ASTM test bars. The
exceptions are DuPont PTFE and DuPont Vespel DF and DF-ISO will be used as received.
The PTFE plastic will not be tested in the creep rigs due to its high creep cold flow properties.
All of the molded plastics have been molded as close to manufactures specifications as possible.
The evidence of a quality test specimen was determined by tensile measurements of five
individual test bars. All bars meet the reported tensile properties of the molded engineering
plastic. This data is presented as an average of five test bars. The creep loads were calculated
for 15, 20 and 25% of ultimate tensile loading for reference and comparison

LUBRICANT IMMERSION STUDIES

All of the plastic specimens have been evaluated at the required 60°C (140°F) and
100°C (212°F) temperatures. Molded test bars of all of the plastics were immersed in the test
lubricant in screw cap sealed vials under nitrogen cover at temperature for 14 days duration.
All of the plastics are affected by the lubricants in one way or the other. The lubricants with the
most general affect were the mineral oil and alkylbenzene. Tables are provided detailing a
summary of the average percent affect on measured parameters.

REFRIGERANT IMMERSION STUDIES

Refrigerants are being used as received. All of the immersion studies are being
performed in separate stainless steel pressure tubes that are equipped with a gas space and a
metering needle valve. All of the tubes are filled using a special low volume, low loss,
stainless steel manifold. All of the refrigerants will be exhausted from the stainless steel tube as
liquid and then concentrated to recover any and all extractables.
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All refrigerants affect the plastic part in some way or other. The general trend is a
weight gain and some softening. With the clear plastics the polymer takes on a silvery
appearance. There seems to be a definite trend in the HFC refrigerants in that they appear to
least affect the plastic.

The one plastic that should not be tested in the Emery 2927 40% refrigerant
combinations appears to be the ABS plastic Cycolac GPM4700. The two other most likely to
fail are polyphenylene ether and polycarbonate. The presence of oil however may allow these
materials to survive the creep testing.

Plastics that have failed the ambient immersion testing will not be tested at the elevated
temperature with that particular refrigerant.

The ambient and 60°C (140°F) aging of plastics in pure refrigerant for 14 days was at
the saturation pressure of the refrigerant. In Phase II, the thermal aging of the plastics will be
with selected refrigerant lubricant combinations at 150°C (300°F). The pressure of the
refrigerant will be controlled at 250-300 psia (17-20bar)

STRESS CRACK-CREEP RUPTURE TEST CELLS

All of the test cells are complete and are of stainless steel construction. The biggest
design change that has occurred since the last report is the change from a 15% ultimate tensile
load to a 25% dead weight load. The reason for this change is that we were noticing unusual
and unexplained noisy oscillations. After some extensive experimentation we were able to
determine the nylon test bars were in tensile enough for the member to be in an elastic region
and acted as a spring. We believe we were measuring earth vibrations, since a quiescent
transducer was less noisy. Experiments with a 25% load gave the best curve function and
provided sufficient load to stress the gauge area of the test bar. Nylon bars immersed in
refrigerant and oil showed clear (visual) and measurable changes in the creep rate.

The lubricant originally chosen for the creep testing was EXP-0621. The MCLR
committee decided to change the lube to Emery 2927 as the fluid of choice. The refrigerant
concentration was chosen to be 40% refrigerant by weight. All of the test bars will be run in

duplicate.

T"“xe measurement sensitivity of the creep rate is now finalized at 250 micro inches
(2.5x10™* inches). We feel this should be enough sensitivity to monitor macro movement and
micro cracking of the specimen.

PLASTIC MOLD

The mold performed as expected. However, two additional ejector pins are needed to
eject the test bar to produce better quality test bars. The quality of the finish in the gage area
proved to be critical. We selected a 6F finish. The extension tabs have 8-12 pimples on each
side to enhance gripping. The mold was designed to produce both thermoset and thermoplastic

test bars. ,
PLASTIC MOLDING CONDITIONS AND SPECIFICATIONS

The plastic molding conditions for all of the plastics were maintained at the conditions
specified by the manufacturer. In fact by enlarging the gate dimensions and mold temperatures
we were able to produce plastic test parts that meet all of the physical qualities of the
manufacturer. Therefore no bad parts are being tested.



REFRIGERANT OIL CONCENTRATIONS FOR CREEP RUPTURE TESTING

A decision was made to keep the refrigerant oil concentration constant through out the
creep study. The concentration of refrigerant will be maintained at 40% and at ambient
conditions. The fluid chosen is Emery 2927, a branched acid pentaerytheritol ester.

GENERAL SUMMARY

The cklorinated refrigerants seem to have the most affect on the plastic test bars. There
also seems to be some selective activity of refrigerant structure on refrigerant retention and
foaming of some of the plastics. The plastics that are most actively affected are ABS,
polyphenlyene ether, polycarbonate at the ambient temperatures.



MPLIANCE WITH AGREEMENT

There is one modification from the technical performance of the work as described in the
contract agreement. The agreement states that we are ic do creep studies at a 15% ultimate
tensile load whereas we have found it necessary to go to a 25% dead weight load for reasons
discussed above.

PRINCIPAL INVESTIGATOR EFFORT

The principal investigator has devoted 648 hours toward the completion of this contract.
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