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ABSTRACT

Seven oil immersion studies were completed at both 20°C and 60°C. Test bars used in
this study fall within the manufacturer specification limits of physical consistency and integrity.
Refrigerant Immersion studies at ambient and 60°C are also complete. Equilibrium refrigerant
gas solubilities of the 32 ISO VG branched acid polyolester with all ten refrigerants have been
determined and completed at 20°C. Finally, the thermal aging of plastics at constant refrigerant
pressure exposure with seventeen refrigerant lubricant combinations have been completed.

SCOPE

The scope of this research provides compatibility information regarding plastics exposed
to a wide variety of lubricant and refrigerant combinations. Data on the dimensional changes of
plastic polymers were measured and the immersion and tensile properties were determined.
Physical changes will be measured after ambient aging, under stress and after thermal aging for
various lubricant and refrigerant combinations at constant pressure.

SIGNIFICANT RESULTS

PHYSICAL AND CHEMICAL PROPERTIES OF ENGINEERING PLASTICS AND
LUBRICANTS

Physical and chemical changes in plastics exposed to differing chemical environments are
generally specific to polymer type, processing and synthesis. Individual manufacturers,
generally, have their own patent or proprietary methods for polymer synthesis and are not
directly identified by generic name alone. As a result, molded polymers from different
companies will often perform differently. Molecular weight, molecular weight distributions,
polymer structure, chain length, density and processing may account for some of the observed
differences. Data contained in this report reflect changes in properties of generic plastics
obtained from specific manufactures.

Table A-1 identifies trademarks, registered trademarks or copyrighted names of plastics
used in this study. In addition table A-1 identifies each plastic by an assigned number, referred
to throughout the Appendixes.

The lubricants identified in Appendix A-1 are listed by manufacturer and generic name.
This study only reflects the physical changes caused by the specific lubricant used and does not

constitute a universal answer that all lubricants in the general category will have the identical
behavior.

Table A-2 identifies the processing conditions used to mold the plastic test bars
according to manufactures' specifications. Plastics are categorized by plastic number, name
brand, manufacturer and generic type. Manufacturer specifications are used as starting guide
lines for molders. Therefore, cylinders and molded temperatures may differ slightly to obtain
the best mold test bars.

PLASTIC MOLD

A production quality steel thermoplastic/thermoset injection mold design was approved
in February, 1992. The mold was completed on March 15, 1992. The first test material, a
nylon 6/6 material, was tested and performed as expected. Each cavity has been numbered.
Originally each cavity had two ejector pins located at opposite ends of the mold. Two
additional ejector pins were included in later versions to improve straightness. Without these
additional ejector pins, bending occurred in the gage area of the test bars. The quality of the
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mold finish in the gage area was improved to a 6F stone. Original test bars had smooth

extension tabs. To minimize possible slippage during testing 0.005" molded nipples are now
included on each side of the tab.

Also included in this study are effects on thermoset phenolic materials exposed to
differing lubricant/refrigerant combinations. Unlike thermoplastic materials, injection
thermoset materials require a longer mold residence time under increased pressure and
temperature. Injection ports, sprues and gates are made larger than normal to improve plastic
homogeneity and reduce and physical degradation of the plastics.

The thermoplastic mold was designed to handle both types of plastics materials.
Provisions were made for a large cartridge heater necessary for a phenolic thermoset curing
reaction. The phenolic used in this study was almost completely cured in the mold prior to

ejection. The final test parts will be post cured for the recommended time, as required for
completion of the reaction.

ENGINEERING PLASTICS

With the exceptions of DuPont PTFE and DuPont Vespel DF and DF-ISO, which were
used as received, the test plastics were molded into the modified type S ASTM test bars. These
DuPont plastics required special molding operations and sintering equipment not available to this
laboratory. The DuPont Teflon PTFE test bars were rule die cut from sheet grade virgin PTFE.
The supplied test bars were cut as specified in ASTM D 1457-91a, "Standard Specification for
Polytetrafluoroethylene (PTFE) Molding and Extrusion Materials” and as defined in Figure 13,
Microtensile Test Bars.

DuPont Vespel DF products are produced from granulated polyimide powder and formed
to near net shapes by a very high pressure compaction process. = DuPont Vespel DF-ISO
products are also compaction molded but are also densified by sintering under pressure in liquid
metal. Vespel test bars were compression molded, by DuPont, as per the ASTM E8-91
"Standard Test Methods of Tension Testing of Metallic Materials" and produced to shape as
defined in Figure 16.

Due to its high creep cold flow properties, the Teflon PTFE plastic will not be tested in
the creep rigs. All plastics have been molded as close to manufactures specifications as
possible, see Table A-2. Consistency among test specimens was determined by tensile
measurements of five individual unaged test bars. All unaged test bars met the manufacturers
reported tensile properties of the molded engineering plastic. The unaged data is presented as
an average of five test bars in Appendix F. The creep loads are 25% of ultimate tensile.

LUBRICANT PREPARATION

The lubricants used in this testing program were degassed and dried by heating quantities
of the bulk fluid to 60°C (140°F) under vacuum for at least 24 hrs. Moisture content did not
exceed 50 ppm, while the total acid number of the tlui s were below 0.05 mg. KOH/gm.

LUBRICANT IMMERSION STUDIES

Evaluation of the plastic test specimens at the required temperatures (60°C and 100°0C)
have been completed, and is presented in Appendix B. All plastics were immersed in the test
lubricant in screw cap sealed vials under nitrogen cover at the specified aging temperature for
14 days. The dimensional property changes observed indicated that all of the plastics were
affected by the lubricants in some way. Tables for each lubricant at the two temperatures are
provided in Appendix B, which summarizes the average percent affect on measured parameters.



Dimensional property changes did not reflect changes in tensile properties. However,
changes in dimension does suggest that some lubricant absorption has taken place, possibly
impacting physical properties of the plastic.

REFRIGERANT QUALITY

Refrigerants received for use in this study were checked by packed column gas
chromatography for contaminant content by other refrigerant gases. The refrigerants were
found to have little, if any, contamination. Moisture content in the refrigerants was not
determined.

REFRIGERANT IMMERSION STUDIES

The liquid refrigerant immersion studies were performed in separate stainless steel
pressure tubes equipped with a gas space and a metering needle valve. The tubes were filled
using a special low volume, low loss, stainless steel manifold. Prior to filling, the tubes were
evacuated to 20-30 millitorr for several minutes and then chilled in ice water before filling. The
valves were closed and then sequentially opened for filling with liquid refrigerant. Typically
the plastic specimens were exposed to about 20 grams of liquid refrigerant.

At the end of the exposure time, the refrigerants were exhausted from the stainless steel
tube as liquid into LN, cooled tared test tubes. The residues, if any, were then concentrated by
boiling off the refrigerant. The amount of extractables generally ranged between 5 to 15 mg.

All refrigerants were found to affect the plastic parts in some way. A weight gain and
some softening in the plastic was usually observed. With clear plastics the polymer takes on a
silvery appearance. Generally the HFC refrigerants appear to least affect the plastics. The
three plastics that seem to be most severely affected are ABS, polyphenylene ether, and
polycarbonate. Although these results suggest the three plastics should not be tested in the 32
ISO VG branched acid polyolester with 40% refrigerant concentrations the presence of
polyolester oil may allow the materials to survive the creep testing.

Aging for 14 days at ambient and 60°C (140°F) in pure refrigerant was performed at the
refrigerant saturation pressure. The thermal aging of the plastics with selected refrigerant
lubricant combinations was performed at 150°C (300°F). The pressure of the refrigerant was
controlled to fall within 275-300 psia (19-20bar).

TENSILE AND PERCENT ELONGATION MEASUREMENTS

The tensile tests were conducted using an Instron Model 1122 with a modified ASTM
type S tensile bar. The plastics were placed vertically in test grips attached to the crosshead via
a self-aligning universal yoke. The crosshead movement was set at the specified ASTM D678
pull rates and were between 0.2 and 1.2 mm/min. The load cell resolution is 0.5% of the
observed force and has a load range of O to 120 Kg.

The physical property values of aged test bars reported in Appendix F are derived from
two samples of test bars exposed to the selected refrigerant/lubricant environment, where as the
unaged properties are from five test pieces. Percent elongation and ultimite tensile were
calculated from the physical test data provided by the Instron measurements. Percent
elongation is the total change in length divided by the one inch (25.4 mm) necked down length.
The change in length is measured by the amount the crosshead moves from the original position
until the instant the plastic bar breaks. Ultimate tensile is the maximum recorded load divided
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by the cross-sectional area of the gage region of the plastic test piece. Plastics thermally aged in
different oil and refrigerant environments are then compared to the values of nontreated plastics.
Relative percent changes are calculated and examined for significant changes.

STRESS CRACK-CREEP RUPTURE TEST CELLS

Currently all test cells are complete. Creep stress is currently being performed at 25%
of the ultimate tensile load. Previous experiments at lighter loads, indicated that nylon test bars
were insufficiently stressed. At lighter loads the nylon samples were in a purely elastic region
resulting in spring-like behavior. Experiments with 25% load gave the best creep curve

function and provided sufficient load to stress the gage area of the test bar within the 14 day
test period.

Creep Measurement Process

The principal of creep rupture measurement required the use of sensitive, long term
noise free electronics. Initially a commercial LVDT computer board system was used to
measure creep. However unacceptable oscillatory noise was observed in test specimens using
the 25% of dead weight loads. The origin of this unwanted noise seemed to originate with the
sampling board.

It was determined that powering each LVDT with individual amplifiers and frequency
source eliminated the noise. Unfortunately the required amplifiers were not immediaiely

available. Thus, all boards presently in use for this study were designed, built and tested by
IRI.

The use of individual amplifiers has allowed us to sample each cell at an hourly rate
using four separate 15 second sample times averaged as a single test point. This increase in
averaging further improves accuracy by eliminating random noise. Using individual amplifiers
allows for rapid change out in the event of channel failure. Currently the sensitivity of the
measurement is 1.5 x 10" inches; an improvement from the 2.5 x 10" inches stated in the last
report. It is believed that this measurement level represents the best compromise between
movement, position and reduced measurement noise.

We are not planning, at this time, any changes in the sensitivity of the creep rupture
experiment. However, depending on the progression of the expenment we may wish to increase
the sensitivity. Any change would be on the order of 75 x 10-6 inches which would improve
measurements in plastics showing minimal creep.

Creep Modulus

The plastics used in refrigeration and compressor systems are expected to have high
reliability and long-term stable qualities. The compressor and system design engineer requires
information regarding physical property changes for proper engineering usage. The property of
plastics under long-term load and at varying conditions provide measurable changes that are
essential for an understanding of material behavior. Such material behavior is described in
terms of creep properties.

The phenomenon of deformation under load is referred to as creep. In this study creep
was measured for plastics submerged in a 32 ¢St synthetic lubricant, 32 ISO VG branched a<:1d
olester, with selected refrigerants maintained at 40% concentration by weight at 20°C

(68%
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The plastic test bars were held in screw clamped stainless steel jaws. The clamping
procedure consisted of first centering the test piece between the jaws and firmly squeezing the
plastic tabs. An hour after the initial tightening the jaws are retightened to take up any cold
flow which may have occurred in the jaw area.

Prior to loading, the test bars are immersed in the lubricant in a 100 millitorr vacuum for
several hours removing any air. Liquid refrigerant is added to the bottom of the test cylinder

through a needle valve. The cylinders are charged to a previously calculated gas pressure
known to yield 40% refrigerant by weight.

The sample is loaded by slowly releasing a predetermined dead weight providing 25% of
the samples ultimate tensile strength. When the plastic part is loaded, it rapidly deforms to a
strain roughly predicted by its previously determined stress-strain modulus. With time and/or
temperature the plastic part continues to deform until rupture or yielding causes failure.

Figure 1, illustrates a typical creep curve of the test plastics and shows four distinct
regions on the creep curve. The first stage shows the near instantaneous elastic deformation of
the gage area. The second stage, called primary creep, is more easily seen and is the strain
which occurs much more rapidly but at a decreasing rate. The third stage, sometimes called
cold flow, is the linear region of the curve and is characterized by a constant rate of creep. In
most of our plastics so far we have not seen the fourth stage which is failure or rupture. The
exceptions are the acrylonitrile-butadiene-styrene terpolymer and the modified polyphenylene
oxide “which fail within one hour in lubricant and refrigerant, (Table D-1,-2,-3).
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Figure 1. Typical Creep Curve

Appendix D is devoted to the analysis of the first three sections on the creep curve as
described above. The charts in Appendix D list the creep modulus, (ksi,Kg/M#), at five
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different times in hours (10, 50, 100 200 and 300) along with a remarks column. The remarks
column describes the fourth section of the curve where the actual failure occurs.

Creep measurements are generally a long term experimental process that can take months
or years of examination. During this time period a much larger dimensional change takes place
and all three phases of the creep curve can be properly defined. We are currently trying to
identify a creep value and the environmental affects of synthetic lubricant and differing
refrigerants on plastic parts under stress, within a 14 day time frame. The sensitivity of the
measurement, the smallest amount of movement measurable, becomes paramount as it is related
to long term environmental chemical exposure. It is not entirely unlikely that what is currently

being identified as the second and third regions on the creep curve may be primary, and not
long term creep.

Most manufacturers publish plastic creep values as several different temperatures and
loads. In this study, we initially considered creep testing at 60°C (140°F) with refrigerant at a
specific pressure, thus allowing the refrigerant concentration to be whatever it is at a specified
pressure. However in order to have the plastic exposed to a greater amount of refrigerant a
temperature reduction was necessary. Due to equilibrium gas solubility limitations of some of
the HFC's it was decided to limit the concentration to 40% by weight since this was achievable
with the 32 cSt branched acid, polyolester at 20°C (68°F) and not at 60°C (140°F) .

Using a temperature of 60°C (140°F) with the 32 ¢St branched acid polyolester, would
require the pressure of the creep rigs to be limited to 300 psia for safety reasons similar to the
thermal aging portion of this study. Vapor equilibrium concentration determinati-.ns are needed
to determine the exact concentration of refrigerant in lubricant at this elevated temperature.

THERMAL AGING OF PLASTICS WITH REFRIGERANT AND LUBRICANT

The thermal aging of plastic test bars at 150°C (300°F) for 14 days with selected
refrigerants and lubricant combinations, was conducted in stainless steel pressure tubes (as
described previously) with refrigerant pressure not to exceed 275-300 psia. Following 14 days
of thermal and pressure aging, the plastic test bars were pulled for tensile strength retention.
The seventeen combinations required are now complete. Detailed results of each refrigerant and

lubricant combination are included in the tables of physical change data appearing in Appendix's
E and F. '

At the onset of the thermal aging experiment, it was decided to eliminate ABS,
Polycarbonate and modified Polyphenyleneoxide since very poor results in the refrigerant

exposure examinations were observed. These plastics are, however, still being used in the
creep-rupture experimentation.

It was decided to %ge plastic test bars in HCFC-123 (R-123) at 125°C (257°F) instead of
the speciiicu 150°C (300YF) since there is a known degree of reactivity or instability of this
refrigeran: and lubricant combination at the higher temperature. Unfortunately this temperature
may still have been to high since most of the plastics specimens failed. After some discussion
with the MCLR advisory committee it was decided to rerun the experiments with aging

temperatures of 105°C (221°F). This data, along with the higher temperature, is included in
appendix E and F.

Discussion of Results

The second portion of this study entails evaluating the end result of property changes in
plastics at elevated pressure and temperature conditions. Using a test temperature of 150°C
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(300°F) for all plastics except the polypropylene homopolymer [exposed at 100°C (2120F)]
precludes the assumoption that all plastics are stable at these temperatures. Two lower
temperatures of 105°C (221°F) and 125°C (257°F) were used with HCFC-123 (R-123) due to
the refrigerant being more reactive than the other HFC and HCFC's.

Plastic test bars are tested at conditions similar to production situations. Simulating
production conditions, plastics were allowed to equilibrate at ambient moisture levei cciditions.
Generally, plastics pick up moisture of hydration or adsorption. The moisture level can vary
dramatically. Lubricants used in this study were dried to less than 50 ppm water. The ratio of
plastic to lubricant weight was approximately 50:50 in all of the cases, which is not typical in
product refrigeration systems. However, the use of larger quantities of lubricant would require
larger quantities of limited refrigerants. Polyolesters can be hydrolyized by water. The rate of
hydrolysis is dependant on water concentration, time and temperature as well as the types of

catalysis present. Therefore, we must remain cautious when.interrupting elevated temperature
immersion data with potentially "wet" plastics.

With the exception of the hydrocarbon lubricants of mineral oil and alkylbenzene, the
polyalkylene glycols (PAG) and polyolesters are less stable and can be reactive to released water
from the plastic. During the 14 day test, some polyols seem to have produced carboxylic acids
and an assortment of other compounds; some more aggressive than the lubricant.

The current study involved plastics in the presence of refrigerants and lubricants at
elevated temperatures and pressures. However, some mechanism of identifying the affects
contributed by the refrigerant alone would be beneficial.

The Acetal (3). Polybutylene terephthalate [PBT] (18) and Polyethylene terephthalate
[PET] (10) left a floculant precipitate when the oil was at room temperature for several days.
This material is an extractable component, possibly an oligemer of some kind, that can be a
circulating contaminant. In small hermetic appliance systems a PBT and PET extractable is not
removed from the lubricant by descant beads or the more polar aluminas due to its size.
Instead, the materials can separate from the oil in a cool place like in a bullet drier exit port and
provide a means for plugging capillary tubes. In larger quantities of lubricant, the extractable
amount probably will remain in solution but separable when high amounts of HFC's are present.
The PET plastic and extractable are dependent on manufacture and the retrograding process that
occurs with temperature. The extractable of PET's are increased with time and temperature.
Depending on the polyolester lubricant used this process may be accelerated.

The acetal (3) plastic evaluated in this study belongs to a family of materials that have
acquired food-grade use status. The samples of lubricant used for the acetal (3) exposure were
reexamined because of the drastic loss in tensile retention of the plastic part. The retained
lubricant sample had a very strong odor of formaldehyde. The acetal (3) product literature
indicated that when acetal (3) is heated to 120°C for any length of time, formaldehyde is
released. The presence of formaldehyde was confirmed by trapping formaldehyde with benzyl
ethanol amine and detecting its presence as the 3-benzyl oxazolidine derivative by gas
chromatography. The fromaldehyde was removed from the lubricant by purging a portion of
the lubricant sample with nitrogen and trapping the effluent gas on chromasorb coated with

benzyl ethanol amine, followed by extraction with methylene chloride and confirmed by gas
chromatography.

Appendix E, which details physical dimensional changes, indicate that most plastics
show only minimal changes in size. However in Appendix F, which details the tensile
properties of the test plastics, it is clear that all of the plastics are affected to some degree. The
exact reason for tensile retention loss in test plastics after thermal aging, without knowin the
individual affects caused by temperature, lubricant and refrigerant, is not known.
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THE ENGINEERING PLASTICS USED IN THIS TESTING PROGRAM ARE
REGISTERED TRADEMARKS, TRADEMARKS, OR ARE NONE OF THE RESPECTIVE MANUFACTURER

ENGINEERING PLASTIC REGISTE &, TRADEMARK |
TRADEMARK, OR
NO. TRADENAME GENERIC NAME MANUFACTURER NONE
1| AMODEL AD-1000 HS POLYPHTHALAMIDE AMOCO REGISTERED TRADEMARK
2| CYCOLAC GPM 4700 ACRYLONITRILE -BUTADIENE —STYRENE TERPOLYMER GE. REGISTERED TRADEMARK |
3__|DELRIN I 11500 ACETAL DUPONT | REGISTERED TRADEMARK
4 _|DUR PHENOUC HOOKER REGISTERED TRADEMARK
5 |KYNAR 720 POLYVINYLIDENE FLUCRIDE ATOCHEM __|REf: " TRED TRADEMARK
6 ILEXAN 161 POLYCARBONATE G.E. RF. . ; ERED TRADEMARK
7 _|NORYL 731 MODIFIED POLYPHENYLENE OXIDE G.E. RE:Hs MERED TRADEMARK
8 |PROFAX 6331 NW POLYPROPYLENE HIMONT TRADEMARK
0 |RADEL A-200 POLYARYLSULFONE AMOCO REGISTERED TRADEMARK
10_|RYNITE 530 POLYETU{YLENE TEREPHTHALATE DUPONT REGISTERED TRADEMARK
11_| SUPEC G401 POLYPHENYLENESULFIDE G.E. REGISTERED TRADEMARK
12_|TEFLON POLYT. " «AFLUOROETHYLENE DUPONT __ | REGISTERED TRADEMARK |
13 | TORLON 4203 POLYAMIDE='MIDE AMOCO REGISTERED TRADEMARK
14 | TORLON 4301 POLYAMIDE-IMIDE AMOCO REGISTERED TRADEMARK
185 | ULTEM 1000 POLYETHERIMIDE G.E. REGISTERED TRADEMARK
18_|ULTEM CRS 5001 | MODIFIED POLYETHERIMIDE GE. REGISTERED TRADEMARK
17_|ULTRAPEK (PAEK) POLYARYL ETHERKETONE BASF REGISTERED TRADEMARK
18 |VALOX 325 PBY POLYBUTYLENE TEREPHTHALATE GE. REGISTERED TRADEMARK
10 |VESPEL-DF POLYIMIDE -DF DUPONT | REGISTERED TRADEMARK
20 |VESPEL- DF -ISO POLYIMIDE -DF —1S0 DUPONT___|REGISTERED TRADEMARK
21_|VICTREX PEEK 450G POLY(AR VL STHERETHERKETONE) icH TRADEMARK
22 |XYDAR MG 450 LIQUID CRYSTAL POLYMER AMOCO REGISTERED TRADEMARK
23 |ZYTEL 101 86 NYLON, POLYAMIDE DUPONT REGISTERED TRADEMARK

THE SYNTHETIC LUBRICANTS USED IN THIS TESTING PROGRAM ARE
REGISTERED TRADEMARKS, TRADEMARKS, OR ARE NONE OF THE RESPECTIVE MANUFACTURER

REGISTERED TRADEMARK,
NAME TYPE MANUFACTURER|  TRADEMARK, OR
NONE
ALLIED SIGNAL Wil " 50__| MODIFIED POLYGLYCOL ALLIED-SIG, NONE
B-VRO-15 MINERAL OiL BV ASSOC. —"NONE
EMERY 2027-A BRANCHED ACID POLYOLESTER HENKEL | REGISTERED TRADEMARK |
[EMKARATE AL244 MIXED—ACID POLYOLESTER icl TRADEMARK
EMKAROX VG32 PP GLYCOL BUTYL MONO ETHER ICl REGISTERED TRADEMARK
POLYGLYCOL F —425 POLYPROPYLENE GLYCOL DIOL DOW CHEMICAL NONE
SHRIEVE ZEROL 150 ALKYLBENZENE SHRIEVE CHEM. | REGISTERED TRADEMARK
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