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ABSTRACT

Twenty-three engineering plastics have been subjected to immersionstudies using seven

different lubricants at 60°C (140°F) and 100°C (212°F) and ten different refrigerants

(HCFC-22, 123, 124, and 142b; HFC-32, 125, 134, 134a, 143a, and 152a)at ambient

and at 60°C (140°F). All of the engineering thermoplastics and one phenolic resin

compound were molded into modifiedASTMType 5 test bars using the manufacturers'

specifications. The test bars were used as molded. Prior to the study, the bars were

inspectedfor physicalconsistency and integrity.

In the firstpartof the study, twenty-two hermeticstress crack-creeprupturetest chambers

were constructed to determinethe dynamic effects of a constant dead weight load on

similarplastic test bars which were immersedat 20°C (680F) in a 40% refrigerant32 ISO

VG branched acid polyolester lubricant. The creep modulus data of the ten different

refrigerants,using a dead weight load of 25% of ultimate tensile, are compared to values
for air and HCFC-22.

In the second part of the study, the plastic test bars were aged for fourteen days at

constant refrigerantpressure exposure (300 psia) with seventeen refrigerantlubricant

combinations at 150°C (_, 3000F). The physical data are presented as percent change of

tensile retention,dimensionalchange, and percentelongation.

Additional evaluations were implementedafter the second part of this study in order to

elucidatethe separate actions of temperature,refrigerantand lubricantupon the plastics.

At the elevated temperaturesof 150°C(_.300°F) the high acid formation(high TAN) was

furtherexaminedwith dehydratedplastics. These evaluationsindicatethat dehydratingthe
plastics reduced, but did not eliminate,observed high TAN values and that heat alone

appears to be the principalcause of lost physicals. The alternativeHFC refrigerantshave

little impact on the plastics;some polyolesterlubricantscausedidentifiablechanges.

The data presented here will assist engineers in identifying, within the next one to two

years, the materials suitablefor the designof reliablecompressors
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. 1. INTRODUCTION

1.1 Overview

Compressordesign requiresengineeringplastics that are durable,reliable over a long

period of time, moldable into complex shapes, and compatiblewith refrigerants and

lubricants. In compressorsusingtraditionalrefrigerants,engineeringplasticshave become

essentialto efficiencyand cost-effectiveness. The role of these plastics in compressors

using I-IFC refrigerants,however, is still uncertain; the introduction of these new

refrigerantshas challenged Hermetic chemists to identify compatible materials and to

assess their value in compressordesign.

While almost all engineeringplastics have been designed to fill specific needs and

requirements,these requirementsrarelyinclude compatibilitywithHFCs. Fromthe broad

rangeof availableengineeringplastics,the designengineerand the hermeticchemist must

select for compatibilitytesting those materialspotentiallysuitablein other respects for

inclusionin compressordesign. The process of identifyingsuch materialsis complicated

and difficult; unlikemetals, whose propertiesaregenerallyconstant, plastics are sensitive

to changes in environmentalconditionssuch as temperature,lubricants,and refrigerants.
In addition, engineers must considerthe strengths and limitationsof each of the two

broad groups of engineering plastics: thermoplastics and thermosetting plastics.

Thermoplastics have medium to high operational temperatures and can be injection

molded; thermosetting plastics are stronger and more rigid, with better operational

temperatures,but may be brittle. The selection of individual materials for individual

applicationsassumes primaryimportance. The factorsthat influencematerialsselection--

creep andrelaxation,and stress -- must also be consideredwhen studyingthe interaction
of a materialwith environmentalconditions.

Almostall molded parts haveresidualstresses from the moldingprocess, and many may

have additionalstresses due to partgeometryand wall design. Partswith long thin walls

are subjected to undue molding pressureswhich create polymer shear and reduce the

molecular weight of the material. These effects, in turn, reducethe strengthof the part.

Recognizingsuch stresses is essentialto identifyingand understandingthe effects of the
environment.



In order to use plastics appropriately, compressor and refrigeration systems design

engineers require information about changes in their physical properties. Plastics under

long term load, and subject to various temperatures and chemical environments, undergo

measurable changes, understanding these is essential for an understanding of material

behavior. The phenomenon of deformation under load is known as creep. At low

temperatures, liquid refrigerant can become more concentrated and increase creep under

specific load conditions. Many plastics have a molecular structure and physica| state

specifically designed to reduce creep at higher temperatures. The density of some higher

temperature specialty polymers, such as polyamide°imide and polyimide, minimizes

refrigerant swell and thereby reduces creep.

While the properties of the engineering plastics tested are obviously extremely important

considerations, the properties and structures of the lubricants and refrigerants used are

equally important. The polarity of lubricants and refrigerants greatly influences the

degree and nature of their effect on plastic materials; when polyglycol and polyolester

lubricants are used with various polymers in moderate temperature aging experiments,

changes have occurred in both the plastics and the lubricants. Consideration of the role of.

the lubricants' chemical structure has been crucial to these experiments.

Research into materials compatibility has been necessary before. When 11-22 became a

standard refrigerant, mylar and phenolic epoxy varnishes were introduced because the

varnished fabric insulation and rubber fittings used in R-12 compressors swelled in the

presence of 11-22. The advent of engineering plastics, which replaced metal parts, posed

additional problems for those who worked to insure the compatibility of non-metallic

compressor materials. These problems, which were solved by understanding the

challenge and design value of new materials, are similar to those facing modem Hermetic

chemists and design engineers.



1.2 Scope

This research is intendedto provide informationabout the compatibility of engineering

. plasticswith alternativerefrigerantsand a wide varietyof suitablelubricants. This report,

in part, presents dataobtained for the physicalchanges in dimensionand tensile retention

of plastics afterambientaging,thermalaging,and stress in the presenceof refrigerantsand

lubricants. It also presents data for these changes when the plastics are exposed to
selected refrigerant/lubricantmixturesat constantrefrigerantpressures.

1.3 Observed physical changes of engineering plastics with lubricants

The physical and chemical changes of engineering plastics in various chemical

environmentsare generallyspecificto the plastic'sprocessing,synthesis,andpolymertype.

Manufacturershave theirown patentor proprietarymethods of polymer synthesis and
these are not always identifiedby the generic name of the polymer alone. Therefore, a

molded polymerproducedby one companywill not necessarilyperform in the same way .

as that from another company, even though the polymer is nominally the same.

Engineering plastics differ in their molecular weights, molecular weight distributions,

polymer structures,and chainlengths. This report reflects the observed changes in the

properties of engineering plastics obtained from manufacturers of specific specialty

plastics and of generic-typeplastics.

All of the polyolestersused in this studymay be assumedto be pentaerythritolesters. The
most effectivemethodof reporting the lubricantquality would be to report the actual type

and stoichiometryof carboxylicacids used, as well as the amount of complexing that was

used to provide the viscosity and liquid miscibility of the product with the various

refrigerants should be reported. Because the lubricants used in this program are

proprietary formulations, however, the compatibility must be reported based on the

liquid/liquidmiscibilityand proprietary structural properties. The generic nomenclature

used does not specifytheir chemicalmakeup.

TableA.1 shows each of the engineeringplasticsused in this study, giving thetradename,

manufacturerand generic name. The occurrenceof trademarks, registeredtrademarks or

copyrighted names is noted. Each plastic is assigned a numberwhich is used throughout

the Report and Appendices. Table A.2 shows the synthetic lubricants used in the testing



program, with their names, types, manufacturers and registered trademarks, or

trademarks. Table A.3 identifiesthe processingconditions used to mold the engineering

plastic test bars according to the manufacturer'sspecifications.Table A.3 also shows the

plasticnumber,name, manufacturer,and genericname.



. 2. EXPERIMENTAL METHODS

2.1 Engineering plastics preparation

Withthree exceptions -- DuPont polytetrailuoroethlylene(PTFE),(12, table A.1); DuPont

polyimicle(19); and DuPont polyimideDF-ISO (20), the test plastics were molded by a

specialty injectionmolderinto modifiedtype 5 ASTM test bars(Figure la).

2.1.1 Molded test bars

The mold used was a production quality steel thermoplastic/thermosetinjection mold

(Figure 2) completed in March, 1992. Each of the cavities was numbered. The first

materialtested, Nylon 6/6 (23), performedas expected. The surfacefinishof the test bar

in the gauge area was 6F. The initialrun of Nylon 6/6 had only two ejector pins and

produceda part witha slightbow. Two extraejectorswere machinedandinstalledin the

moldjust outsidethe gauge stressarea. The injectionports, sprues, andgates of this mold •

were largerthan usualto improvehomogeneityand to reducephysicaldegradationof the
plastic. To minimizepossibleslippageduringtesting,0.005"by 0.032" 00 moldednipples
were addedon each side of thetest bar.

Thermoset phenolic materials, which require longer mold residence time, higher

temperature,and higherpressurethan thermoplasticmaterials,were included in this study.

As a result the mold was designedto handle both types of materials. It included a large

cartridge heater which was necessary for the phenolic thermoset curing reaction, this

allowed the phenolic used in this studyto be curedalmost completely in the mold before

ejection.

2.1.2. Test bars used as received

DuPont potytetrafluoroethylene(PTFE) (12), DuPont polyimide DF (19), and DuPont

polyimideDF-ISO (20) requiredspecial molding operations and sintering equipment not

availableto this laboratory. These materials,therefore,wereused as received.

k_



The PTFE (12) test bars (Figure lb) were rule die cut from sheet grade virginPTFE as

specified in ASTM D 1457-91a, "Standard Specification for Polytetrafluoroethylene

(PTFE)MoldingandExtrusionMaterials".

The polyimide test bars (Figure lc) were compressionmolded by DuPont, using the
ASTM E8-91 "Standard Test Methods of Tension Testing of Metallic Materials".

PolyimideDF test bars wereproduced fromgranulatedpolyimide powder, and formedto

near net shapes by a very high pressurecompactionprocess. PolyimideDF-ISO test bars

were compaction molded;these were additionallydensifiedby sinteringunder pressure in

liquidmetal.

2.1.3 Test bar consistency

Consistency among test specimens was determined by tensile measurements of five

individualunaged test bars. These, and all other plastic samples used in this study, were

allowed to equilibrate for fourteen days under laboratory conditions of pressure and

temperature. All bars met the reported tensile properties of the molded engineering •

plastic. The unaged data are presentedas an averageof fivetest bars. At the beginning of

this study, the committeerecognizedthat the producedpartshas residualstress. The parts

were used as moldedand not stressrelievedfor the durationof the study.



, Figure 1. Test Bar Dimensions
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Figure 2. Thermoplastic and Thermoset Mold Pimensions
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• 2.2 Tensile and percent elongation measurements

The tensile tests were conducted using an Instron Model 1122 with a modified ASTM

type 5 tensile bar. The plasticswere placed verticallyin the test grips attached to the cross

head via a self-aligninguniversalyoke. The cross head movementwas set at the specified
ASTM D 678 pull rates and were between0.2 and 1.2 mm/min.The load cell resolution is

0.5%of the observedforce and has a load rangeof 0 to 120 Kg.

The physical propertyvalues of aged test bars reported in Appendices E and F. were
derivedfrom two samplesof test bars exposed to the selected lubricant and refrigerant

environments. The unaged propertieswere from five test pieces. Percent elongation and

ultimate tensile were calculated from the physical test data provided by the Instron

measurements.Percent elongationis the total change in the length dividedby the one inch

(25.4 mm) necked down length. The change in length is measuredby the amount the

crosshead moves from the original position until the instant the plastic bar breaks.

Ultimate tensile is the maximumrecordedload dividedby the cross-sectional area of the

gauge regionof the plastictest piece. The values for plastics thermallyaged in differentoil

and refrigerantenvironmentswere then compared to the values for non-treated plastics.

Relative percent changes werecalculated and examinedfor significantchanges.



2.3 Lubricant immersion studies

The following procedures were used in evaluating the effects of lubricants on two samples

of each plastic at the requiredtemperatures, 60°C (140°F) and 100°C (212°F).

2.3.1 Lubricant preparation

All lubricants used for these tests were degassed by stirring and dried by being heated (in

bulk quantities) to 60°C (140°F) under vacuum for at least twenty-four hours. Moisture

content did not exceed 50 ppm; the total acid number for all of the fluids was below 0.05

mg KOH/gm.

2.3.2 Immersion of plastic samples in lubricant

Each plastic test bar was weighed and measured and then tested, without drying or

annealing. All plastics were immersed in the selected lubricants in screw-cap sealed vials

under nitrogen cover at the specified aging temperature. After fourteen days of aging, the

test bars were rinsed with isopropyl alcohol and set on paper towels to dry. The dry,

cleaned plastics were then stored in dry, clean vials in case further measurement was

necessary. This was fortuitous as later in the study measurements of the tensile strength of

these materials were necessary.

2.4 Refrigerant immersion studies

The test bars were aged in pure refrigerant for fourteen days at ambient and 60°C (140°F)

in pure refrigerant at the refrigerant saturation pressure according to the following

procedures.

2.4.1 Refrigerant preparation

Refrigerants received for use in this study were checked by packed-column gas

chromatography for contamination by other refrigerant gases. The refrigerants were

found to have little, if any, contamination; they were used as received. Moisture content

in the refrigerants was not determined.
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• 2.4.2 Immersion of plastic samples in refrigerant

The liquid refrigerant immersion studies were performed in separate stainless steel

pressure tubes equipped with a gas space and a metering needle valve (Figure 3). The
tubes were filledusing a special low-volume, low-loss stainless steel manifold (Figure4).

Prior to filling,the tubes were evacuated to 20-30 millitorrfor several minutes and then

chilled in ice water. The valves were closed and then sequentially opened for filling with

liquid refrigerant. The plastic specimens were exposed to about 20 grams of liquid

refrigerant.

Stainlesssteel tubes, ratherthan glass tubes, were used in this studybecause the test bars

were used both for swell tests and tensile tests. While large glass sealed tubes would

perform adequately, filling them would require liquid nitrogen conditions in order to

condenseandfreezemeasuredquantitiesof refrigerantgas. Freezingthe plasticspecimens

with liquid nitrogen might introduceunknownand uncontrolled internalstresses which

would biasthe endresultsof immersionand thermalexposuretests.

At the end of the exposuretime, the refrigerantswere exhausted from the stainless steel

tube as liquid into liquid-N2 cooled taredtest tubes. The residues were concentrated by

boiling off the refrigerant.

11



Figure 3. High Pressure Stainless Steel Tube
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Figure 4. Low Volume, Low Loss Stainless Steel Refrigerant Loading Manifold
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#
2.5 Stress crack-creep rupture testing

In this study, creep was measured for plastics submerged in a 32 ISO VG branched acid

polyolester with selected refrigerants maintained at 40% concentration by weight at 20°C

(68°F). The plastic test bars were held in screw=clampedstainless steel jaws and contained

in a movable transformer core insert set assembly. (See Figure 5 which illustrates the

creep rig.) The matched stainlesssteel jaws were formed by coarse sawing a 0.375-inch

rod. The saw marks provided the grip surface. Four opposed sets of cup-pointed socket

set screws appliedclampingaction. Clampingwas performed by centering the test piece

between the jaws and firmly squeezing the plastic tabs.An hour after the initial tightening,

the jaws were tightened again to take up any cold flow which may have occurred in the

jaw area.

Stress crack-creep rupturetest cellswere designed and constructedfrom4" stainless steel

pipe and standard fittings (Figure 4). The internal dead weight was designed using 4"

stainless steel tube (0.062 wall)with 0.186" machinedend plates containing bearings and a

filler pipe plug. LVDT technology was used to monitor the position and rate of plastic

movement, TheLVDTs used providedhigh reliabilityand linearity.

Priorto loading, the test bars were immersedin the lubricant while a 100 millitorrvacuum

was pulled for several hours, removing any air. Liquid refrigerantwas added to the

bottom of the test cylinder through a needle valve. The cylinders were charged to a

previously determinedequilibriumgas pressureknown to yield40% refrigerantby weight.

The value of equilibriumgas solubilitywas obtained from separate experiments of each

refrigerantover the 32 ISO VG polyolesterlubricant.

Once the plastic test bar was fully aligned and clamped in the insert assembly, this

assembly was loaded into the LVDT measurement tube. The union nut allowed the

removal of the LVDT measurement tube. The vacuum/pressure seal was accomplished

with a neoprene O-ring

The sample was loaded by slowly releasing a predetermineddead weight providing25% of

the sample's ultimate tensile strength. The dead weight was held up until the air was

released. The sliding center bearingheld the weight plumb. Air pressure was applied to

and maintained over the upper pneumatic cylinder area to extend the lower centering

14



• bearing and prevent the internal applied refrigerant gas from causing the cylinder shaft to

move upward.

2.5.1 Ezperimeutai stress crack-creep rupture test cells

Creep stress analyses were performed at 25% of the ultimate tensile load. Earlier

experiments with lighter loads indicated that nylon test bars were insufficiently stressed. At

lighter tensile loads, the nylon samples were in a purely elastic region, resulting in spring

like behavior. Experiments with 2_% load gave the best creep curve function, and

provided sufficient load to stress the gauge area of the test bar within the 14 day test

period.

2.5.2 Creep measurement process

The principle of creep rupturemeasurement requiredthe use of sensitive, long term, noise-

flee 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 load. This unwanted noise seemed to originate with the

sampling board.

It was determined that powering each LVDT with individual a_,plifiersand frequency
source eliminated all the noise. Unfortunately, the required amplifiers were not

immediately available, all boards presently in use were designed, built., and tested by this

laboratory. The data are acquired with a commercial A/O board that signals mercury

wetted relay boards to acquire store and calculate LVDT electrical signal data.

The use of individual amplifiers allowed each cell to be sampled hourly, using four

separate 15-second sample times averaged as a single test point. This increase in

sensitivity further improved accuracy by eliminating random noise. Using individual

amplifiers also allowed for rapid change-out in the event of channel failure. In the initial

stages of the experiment, the sensitivity of the measurement was 1.5×10 _ inches.

However, as the experiment progressed, this was increased to 7.5×10 _s inches, which

improved measurements for plastics that showed minimal creep.
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Figure 5. Creep Rig
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• 2.6 Thermal aging of plastics with refrigerant and lubricant

Plastic test bars were thermally aged at 150°C (300°F) for fourteen days with selected

refrigerant and lubricant combinations in stainless steel pressure tubes with refrigerant

pressure not exceeding 275-300 psia The pressure tubes, shown in Figure 3, were heated

in a hot air oven. The stem of the pressure tube was brought out of the oven through

insulation seals. Pressure was applied to the heated tubes through a manifold (Figure 6)

by heating steel bottles containing the respective refrigerants to 275-300 psia. The

pressure of gas in all of the tubes was checked every day and adjusted if necessary. This

may be a laborious way to control pressure, but it guarantees that refrigerant pressures do

not exceed this value. If needed in later experiments, the equilibrium gas solubility of each

refrigerant/lubricant combination can be determined.

Following fourteen days of thermal and pressure aging, plastic test bars were pulled and

measured for elongation and tensile strength retention. Detailed results for each

refrigerant and lubricant combination are included in the tables of physical change data

appearing in Appendices E and F.

The plastic test bars were aged in HCFC-123 01-123) at 125°C rather than the specified

150°C, since the lubricant/refrigeration combination is known to become reactive and

unstable at the higher temperature. Unfortunately, most of the plastic specimens failed,

indicating that this temperature was still too high. After some discussion with the MCLR

committee, the experiments were rerunusing an aging temperature of 105°C. These data,

along with those for the higher temperature, are presented in Appendices E andF.
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Figure 6. Pressure Distribution Manifold
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2.6.1 Total Acid Number (TAN)

Thermally aging plastics with refrigerant and lubricant for fourteen days produced, in

addition to changes in tensile properties, some unexpected results. Hydrocarbon and

polyalkylene glycol lubricants removed from the small reaction cylinders had very strong

odors of decomposed oil, while very strong acidic odoc: came from the polyolesters.

Whether the strong odor was associated with high TAN values or whether it was one of

the principal causes of reduced tensile retention could not be determined. The 'FANs of

the lubricants removed after testing are given in Tables F.6 through F. 17.

TAN measurementswere made using color titration, ASTM D974-87, in a tightly sealed
cell. This method does not specify a nitrogen blanket in the cell. Initially, samples were

analyzed both by potentiometric and color titration. A closed reaction cell with a very

slow titration rate was used in both procedures. Since both procedures gave nearly

identical results (+0.005 mg KOH/gm) the color indicator method was chosen for ease of

use. All TAN values represent mg KOH needed to neutralize one gram of lubricant.
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3. SIGNIFICANT RESULTS

This section reportsthe environmentaleffectsof pure lubricants,pure refrigerants,andthe

combinationof selected lubricantsand refrigerantsat anelevated temperature. All of the

plastic test bars used in this section are used as molded_none have been annealed,post-

cured, or dried. Polyamide-imide(13 and 14) test barswere post-curedaccording to the

manufacturer'srecommendationsbut were then equilibratedto laboratoryconditions as
,

described in Section 2 of this report. Therefore,a variableamount of moisture was
assumedto be presentinall test bars..

3.1 Results of lubricant immersionstudies

The dimensionalpropertychanges observedindicated that all of the plastics tested were

affected by the lubricantsin some way. However, none of the test bars were changed

significantly. Some samplesof clearor translucentplastic exhibiteda color change.

Tablesfor each lubricantat 60°C (140°F) and 100°C (212°F) are providedin AppendixB,

which summarizesthe averagepercenteffect on measuredparameters.

Dimensional property changes do not necessarily indicate any changes in tensile

properties. However, any change in dimension does suggest that some lubricant

absorption has taken place, possiblyaffectingphysicalpropertiesof the plastic.

3.2 Results of refrigerant immersion studies

All refrigerantswere found to affect the plastic parts in some way. In comparisonwith

pure lubricants,purerefrigerantsweremorelikelyto affect the appearance and dimensions

of the test bars. Because refrigerantsare smallmolecules, a slight weight gain and some

softening of the plastic were usually observed. Clear test plastics took on a silvery

appearance. Generally,the HFC refrigerantsappear to affect the plastics least. The three

plastics most severely affected were acrylonitrile butadiene styrene terpolymer (2),
polyphenyleneoxide (7), and polycarbonate(6).

Collection of the liquidrefrigerant,followed by concentration,lef_residuesof low weight;

this suggested that very little (approximately 10-15mg per two test bars) extractable
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matter was present. Although this result does not represent extensive extraction studies, it

does imply that HFC refrigerantsare not necessarily strong solvents.

3.3 Results of stress crack-creep rupture testing

When a plastic test piece was loaded, it rapidly deformed to a strain roughly predicted by

its previously determined stress-strain modulus. With time and/or temperature the plastic

part would continue to deform until rupture or yielding caused failure.

Figure 7 shows a creep curve typical of the test plastics; this curve shows four distinct

regions of the creep curve. The first stage represents the near instantaneous elastic

deformation of the gauge area. The second stage, called primary creep, is more easily

seen; this is strain which occurs much more rapidly but at a decreasing rate. The third

stage, sometimes called cold flow, is represented by the linear region of the curve and is

characterized by a constant rate of creep. In almost none of the plastics tested was the

fourth stage, failure or rupture, observed. The exceptions were the acrylonitrile-butadiene-

styrene terpolymer (2) and the modified polyphenylene oxide (7) which failed within one

hour in lubricant and refrigerant mixtures.

Appendix D is devoted to the data analysis of the first three sections on the creep curve as

described above. The charts in Appendix D list the creep modulus, ksi(Kg/MZ), at five

different times: 10, 50, 100, 200 and 300 hours respectively, with remarks. The remarks

column describes the fourth section of the curve, where the failure occurs.

The measurement of creep is usually a long-term experimental process that can take

months or years. Over this much time, a much larger dimensional change takes place, and

all three phases of the creep curve can be properly defined. This project is intended to be

a screen of the environmental effects of refrigerants and lubricants on plastics; therefore, it

has identified a creep value, and the environmental effects of synthetic lubricants and

differing refrigerants on plastics under stress, within 14 days. Sensitivity to the smallest

movements is extremely important, since these movements are related to the effects of

long term environmental chemical exposure. The regions currently identified as the second

and third regions on the creep curve may possibly be primarycreep, rather than long term

creep.
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Most manufacturerspublish plastic creep values for several different temperatures and
loads. In this study, we initially consideredcreep testing at 60°C (140°F) with refrigerant

at a specific pressure,thus allowing the refrigerantconcentrationto be whatever it is at a

specified pressure. However in order to expose the plastic to a greater amount of

refrigerant, a temperature reduction was necessary. Due to equilibrium gas solubility
limitations of some of the I-IFCs,the concentration was limited to 40% by weight_ this

could be achieved with the 32 ISO VG mixedbranchedacid pentaerythritolpolyolester at

20°C (68°F) and not at 60°C (140°F). The polyolester has been determined to have

sufficientgas solubilityto meetthe 40%refrigerantby weight specifications.
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Figure7. TypicalCreepCurve
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3.3.1 Discussion of stress crack-creeprupture testing results

Plastic creep appears to be nearly the same for all refrigerants.However HCFC-22

showed a slightly lower creep rate than the other nine refrigerants.Two of the plastics

routinelyfailed:ABS (2) and modifiedphenyleneoxide (7). Stresscrack sensitivitymay
cause this failure.Refrigerant123, as expected, showed a pronouncedincrease in creep

modulus, but did not promote ruptureof the plastic test specimen. None of the test

refrigerantsproducedcreeprupture,indicatingthattherewas no enhanced failureor stress

crackingof the plasticsurface. However,comparisonof TablesDl and D2 will show that

creepvalues for plasticstested in airare higherthanthose for plastics tested with HCFC-

22. The dehydratingeffectof both POEandrefrigerantenhancesthe rigidityand stiffness
of the test bars.

Thiscreep ruptureexperimentationwas intendedto show anygross or exaggeratedeffects

on the plastics in the presence of a polyolester combined with a range of different

refrigerants. The experimentationwas conducted at the lower temperature in order to

examinethe environmentaleffects that the alternativerefrigerantsmight have on plastics.

Furtherexperimentationis needed at higher temperatures(60°C). Creep rates at higher

temperatureswould be greater, and thus morelikelyto indicateany severe attack on the

plastic surface.Highertemperaturecreepmeasurementswould give the refrigerationand

air-conditioningindustrya betterunderstandingof the performanceof engineeringplastics

Teflon PTFE plastic was not tested in the creeprigs, due to its high creep and cold flow

properties.
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• 3.4 Results of thermal aging of plastics with refrigerants and lubricants

The second phase of this study entailedevaluatingthe end result of propertychanges in

plastics at elevatedpressureand temperatureconditions. Usinga test temperatureof 150°

C (302°F) for all plasticsexcept the polypropylene(8), which was exposed to 100°C (212

°F), precludedthe assumptionthat all plastics were stable at these temperatures.Two

lower temperaturesof 105°C (221°F) and 125°C (257°F) were used with HCFC-123 (R-
123)because this refrigerantis morereactiveand aggressivethan other HFCs and HCFCs.

The ratio of plasticweight to lubricantweight was approximately50:50 in all of the test

chambers,which is not a ratio usually found in operating refrigerationsystems Smaller

vessels were required,since thereweresmallerquantitiesof refrigerants.

With the exception of the hydrocarbonlubricants, mineral oil and alkylbenzene, the

polyolesters are found to be less stable than polyalkylene glycols (PAGs); they reacted

with water released from the plastic during the 14 day test. Some polyols seem to have

produced varying amounts of carboxylicacids and an assortment of other compounds,
some possibly more aggressivetoward the plastic than the lubricant. This caused some

concern in the absence of prior knowledge of the effects of decomposed lubricantsor of

the formedproducts.

Completion of the second part of the study indicated that thermal exposure of the
engineering plastics inducedsevere tensile and elongation changes in the test bars. It

could not be knownwhetherthe effectswereproducedby bothrefrigerantand lubricantat

temperature,temperaturealone,or some unknownproduct.

The analysis for part two was therefore extended by determining the effects of

temperaturealone. Samplesof all test plasticswere heatedin airfor fourteendays at 150°

C (302°F); their tensile and elongationlosses, ff any, were then measured. In addition,

plasticswere dehydratedand exposedto anhydrousbranchedand mixed acid polyolesters;

the TAN of the polyolesterswas then determined. The final analysis makes clear that

most of the tensile and elongation losses observed were caused by the heat aging of

unannealedtest bars. The primarycause of high TAN values was wet or undehydrated

plastics.
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An understanding of tensile retention of the plastic when not in the presence of refrigerant

and lubricant is presently needed. This study considered plastics in the presence of

refrigerant at elevated temperature and pressure. It is also necessary to find a means of

identification of the effects contributed by refrigerant or lubricant alone.

The acetal (3), polybutylene terephthalate (PBT) (18) and polyethylene terephthalate

(PET) (10) left a floculant precipitate when the lubricant cooled for several days. (The

PET and extractable are dependent on manufacture and on the retrograding process that

occurs with temperature. The extractable of PETs increases with time and temperature;

and may be accelerated depending on the polyolester lubricant used.)

The acetal sample evaluated in this study is rated "food-grade". Samples of lubricant used

in the acetal exposure were re-examined due to the drastic loss in tensile retention of the

plastic bar. The retained lubricant sample had a very strong odor of formaldehyde. The

acetal product literature indicated that formaldehyde is released when acetal is heated to

120°C for any length of time. 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 formaldehyde was removed from the

lubricant by purging a portion of the lubricant sample with nitrogen and trapping the

effluent gas on chromasorb coated with benzyi ethanol amine, followed by extraction with

methylene chloride and confirmed by gas chromatography.

3.4.1 Dimensional and tensile changes after thermal aging

Appendix E details the physical dimensional changes of the thermal portion of this study

and indicates that most of the plastics have shown minimal changes in size. However,

Appendix F details the tensile properties of the test plastics and shows clearly that all of

the plastics are affected under these conditions.

3.4.1.1 Tensile changes after aging in pure lubricant

The lubricant immersion studies detailed in Appendix B indicate there are few significant

dimensional changes for most of the test plastics. To achieve a more complete

understanding of the thermal effect of lubricants on the plastics' dimensional properties,

tensile property measurements were conducted at 60°C (140°F) and 100°C (212°F).

Test bars were stored in a closed screw cap glass container for 4 months before the tensile

pulls were performed. At the time of the immersion study, tensile pulls were not required.
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• The results of the lubricantimmersiontensile property data are found in AppendixI-I,

TablesH.1 throughH.14. Theunfilledpolyamide-imide(13) hadthe greatest initialtensile

strength while polytetratluoroethylenebars (12) were the weakest. Polypropylene

homopolymer(8) hadthe greatestelasticity,while phenolicbars(4) were the most brittle.
i

When aged for 14 days with temperaturein lubricant, significant changes in tensile

strengthandpercentelongationwerefoundfor manyof the plastics.Most lost elasticityas

is indicatedby minuspercentelongation.The only exceptionwas the 6/6 nylonpolyamide
(23) which becamemoreelastic. This is surprisingbecause nylonusuallybecomes brittle

when heated at dehydrationconditions;100°C may not be a high enough temperatureto

cause this. Modified polyetherimide(16), polybutyleneterephthalate (18), and liquid

crystalpolymer(22) show increasedtensilestrengthin all lubricantsat both temperatures.

Graphitefilled polyamide-imide(14) gave a generaldecrease in tensile strengthunderthe
same conditions; the graphite fiber may have become wet or allowed the lubricant to

penetratethe polymerstructure.Thelubricantwhich causesthe greatest change (loss and

gain) in tensile strengthin all plastics is alkylbenzene;that which has the least effect on

tensile strength is branchedacid polyolester. Polypropyleneglycol diol had the greatest .

influenceon changein the percentelongationof allplastics,while modifiedpolyglycol had
the least.

Presently,no studyhas measuredtensile properties(AppendixF) for plastics exposed to

refrigerant/lubricantat 150°C (302°F) for 14 days aging at 300 psia refrigerantpressure.

This temperaturerepresentsthe highest used in the lubricantimmersionstudy. It was

decided to conduct a similar 14 dayexperimentwith plasticsimmersedin only 32 ISO VG

branched acid and 22 ISO VG mixed-acidpolyolestersat :50°C (302°F). Data at this

temperature should correlate with the 6O°C (140°F) and IO0°C (212°F) immersion
temperatures,simplifyingcomparisons.

TablesI.1 and 1.3 compare the tensileretentionpropertiesof all plasticsafter immersionin

32 ISO VG branched acid and 22 ISO VG mixed acid polyolesters at the above three

temperatures.Tensileand percentelongation patternscan be noted for each plastic for the

three temperatures. Tensile was found to increase, but elasticity of most plastics
deterioratesas the temperaturerises. Plastic tensile properties in the presence of the two

polyolestersdo not appear to differgreatly.In conclusion, the tensile properties of plastics

immersedin lubricantstell us moreabout how the plastic test bars were affected than the

dimensional measurementsdo. Large variations in before/after tensile properties were
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found. Some variations were unique to particular lubricant/plastic combinations. In

general, alkylbenzene and polypropyleneglycol diol had the greatest lubricant effects on

tensile properties of all plastics. Also, most plastics lost elasticity while submergedin hot
lubricant,but this was caused by the heat andnot by lubricant interactionwith the plastic.

In conclusion, the tensile propertiesof plastics immersedin lubricants tell us more about

how the plastic test bars were affected than the dimensionalmeasurements do. Large

variations in before/aftertensile properties were found. Some variations were unique to

particular lubricant/plastic combinations. In general, pure alkylbenzene and pure

polypropylene glycol diol had the greatest lubricant effects on tensile properties of all
plastics. Also, most plastics lost elasticitywhile submergedin hot lubricant, but this has

been determinedto be causedby the heat and not necessarilyby lubricant interaction with

the plastic.

All the plastics tested have individual chemistries and different mechanical response

values. Therefore, a description of each plastic is provided in this report. These

descriptions include chemistry; expected mechanical properties; and heat distortion

temperature,which indicates useful service temperature. A small table summarizesthe

average effect on the plastic of refrigerantsin hydrocarbon, polyalkylene glycol, and
polyolester lubricants; and the compatibility results are briefly discussed. This table

includes the results of tests with g.134a; these were chosen for presentationbecause R-

134a was used in tests with two different lubricants (branched-acid and mixed-acid

polyolester) at identical conditions,.allowing comparisonsof the results. Any anomalies

will be indicated; the basis for comparisonis the physical losses due to thermal aging.
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• 4. PLASTICS TESTED
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/1 IPOLYPE[TiqiALAMIDE ! Amodel AD-1000 E[S ] Amoco ]

Published molecular structure sub-unit:

I H H O ,----, OH H 1

I I II /f_\ U I I

---N--(CI-_)s--N--C--'_)_---C--N'-(C_)s--N--- + co-monomers
6

Introduction and Description

Polyphthalamide,a fully crystallinethermoplasticresin, is a derivativeof polyamide6,T •
with addedco-monomers.Thispolymercanbe glassand/ormineralfilled up to 40% for
addedthermalpropertiesandstrength.Pure polyamide6,T has longbeenrecognizedfor
excellentdimensionalstability,low moisture absorption,high strength,and high heat
resistance.Its high crystallinemeltingpoint (370°C) is aboveits thermal decomposition
temperamrel this rules out most conventional injection molding techniques. The
introductionof co-monomerslowersthemelting point of polyamine6,T while retainingits

fast crystallizationrate. The base resin is Amodei AD-1000 HS, which has excellent
resistanceto chemicals,wear, and friction.The HDT of 120°C (240°F) = 1.8 MFa (264

psi).Polyphthalamidecanbe annealedin air up to 3 hoursat 150°C.

(continued)
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POLYPHTHALAMIDE, continued

Compatibility Results

AJl 374 -666
Branched-Acidpolyolester 35 378 -659

(ambient, no refriBcrant)
BranchedAcid Polyolester 0.3 -1.7" 11.7"
(dehydrated,norefrigerant) ,, ,
MineralOil i_iiiii!!iii_i!i!i!i_iiiii_iiiii_iii_!iii_i_!iiiii!_i:zii_:ii_i_i__ -22.1 -78.5
(ambient,R-22) _!::::::::::_;::::_:ii::!_::_::::_::i:
BranchedAcidPolyolester 16 320 -629

(ambientR-134a) ..................

,_x__,o_o_o, i!iiiiillii!ii!ii!i!ii,o, _o,(ambient, R-134a ...............J..: :::

averageforall refrigerants.)

!!i!i!!i!!!!i!ii!iiiiii!!ii!iiPolyalkyleneGlycols (ambient, 28.6 -62. IT
averageforall refrigerants) ........
MineralOils/Alkylbenzenes i_iii:_iiiiiiiililili:_iii%_i_::ili!ii!iiiiiiiiii_i_iii22.1 -63.0
(ambient, averagefor all refrigerants).., ili!!iiiiiiiii_!!!ii!_:iiiii!i:_i_i!i!iIi!i_iiiiiiI_
* These values representpercent change relative to ambient test bars,not to controli'
? Ananomalousvalue (337.4%, forpolypropyleneglycol butylmonoetherand HFC-134a)has been
excluded from theaverage.
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/2 ACRY]L,ONER_E-BUTADIENE- Cycolac GPM 4700 G.E.

STY]gENE TERPOLYMER (ABS) .

Published molecular structure subunit:

H H

I I --CH2_--

----C1-12---_,H-'- + --CH2--C=C--C;I'I2 - +
/

C,..N

- -x y z
acnjloni_le butadiene styrene

Introduction and description

Acrylonitrile-butadiene-styrene (ABS) plastics are thermoplastics of the styrene family that
are blended with varying amounts of acrylonitrile and butadiene rubbers to achieve
toughness and impact strength. The three individual components incrementally add to the
physical properties of the ABS terpolymer. Acrylonitrile provides heat and chemical
resistance, tensile strength and durability; butadiene contributes impact resistance and

overall toughness. The I-IDT at 1.82 MPa (264 psi) = 93°C (200°F). Although ABS has
better mechanical properties than polystyrene, the modified polymer is still prone to stress
cracking when exposed to certain organic solvents.

Compatibility results

This plastic was not included in the refrigerant/lubr! _nt thermal aging study. It was found
to be vulnerable to the action of refrigerant alone, faih,,g at 60°C in R-32 and 152a, and at

both tested temperatures (ambient and 60°) in R-22, R- 123, R- 124, and R- 134.
Refrigerant dissoved in the plastic and slowly released itself at ambient conditions; this
produced foams or rods from the flat test specimens.
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[ 3 ] ACETAL Delrin II 11500 DuPont

Published molecular structure subunit:

Introduction and description

Acetals are crystalline thermoplastic homopolymers made by the polymerization of
formaldehyde. They exhibit high stiffness, good tensile strength and good fatigue
endurance. Changes in temperature do not greatly affect their impact resistance. This
property of acetals, combinedwith their strength, creep resistance and good dimensional
stability, allows them to replace many metal parts. Acetals generally exhibit excellent
resistance to moisture,solvents, and most neutralchemicals.The Delrin H 11500 used in
this study is an unfilled general purpose resin. The three basic compositions of Delrin
(100, 500, and 900) differprimarilyin melt viscosity. Delrin 100 is the most viscous;
Delrin 900, the most fluid. With prolongedheating above 120°C (250°F) acetal gives off
formaldehydeas a retrograde product.The HDT 1.8MPa (264 psi) = 130°C (260°F.)

(continued)
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• ACETAL, continued.

Compatibility results

Air -0.7 -35.5

Branched -Acid Polyolester 0.8 5.1 -7.7

(ambient_ no refrigerant) ,
Branched Acid Polyolester 0.2 "_3.2" • 1.9 _'
(dehydrated, no refrigerant) ................

Mineral Oil iil i!i!iili iii i -54.7 -49.5
(ambienL R-22 _) ,,,.:...:_...................................._.......
Branched Acid Poly01ester 0.2 1.3 3.7

(ambient. R- 134a)
Mixed Acid Polyolester !iii::::::::.........:::_::!i:_::._/::::_::I. 15 13,24iiii_:iii:/_ii_:::ii::
(ambient, R- 134a .......:::::_::_;::::_;::::............., ,._. ::::::::::::::::::::::::: ..,,...,:! .....

BranchedAcid Polyolester(ambient: 2.3T 2,5T
average for all refriserants )

iiii ,i,!iiaverage for all refrigerants)

Mineral Oils/Alkyibenzenes i!i:/:!!_il::i::ii ::::ii:i:!iii:;i;iili:,:::i-36.6 -31.6
(ambient, average for all refrigerants)

* These values represent percent change relative tc ambient test bars, not to control.
I' Anomalous values (tensile 15.7%, elongation -25.1% for 32 ISO branched acid polyolester and
HFC-143a) have been excluded from the average.

An anomalous value (-53.8% for polypropylene glycol butyl mono ether and HFC-32) has been excluded
from the average.
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]4 I PHENOLIC Durez Hooker [

Published molecular structure sub-unit:

)H

,_C H2--I_ _CH2-__ CH2'_*'
_" y- "OH

OH-@CI-t2,_

rl

Introduction and Description

Phenolic resins, whichwere discoveredin 1909, are one of the oldest types of synthetic
plastics. Like other thermosetplastics,phenolicis stiff, resistant to solvents, and retains
its physicalpropertieswith heat.Phenoliccompoundsare multi-componentmaterialsthat
are cured in situ at time and temperature.The amount of water that forms during the
polymerizationreactiondependson the molecularweight of the partiallycured (]3 staged)
mass. To soften or liquefya resinpreform(compressionmold) or pellet (screw injection
mold), preheatingis often necessary.The resinpreformor pellet is then forced into very
hot cavities where it is held for almost a complete cure, or a functional part. Extensive
cross linkingmay occur, causingthe phenolicresin to become stiff or brittle. To prevent
this, fillersand reinforcementmaterialsmaybe added;these includewood flour, asbestos,
synthetic fiber,choppedcloth, glass fiberand cotton flock. The finishedproductmay have
all of the stated physical propertieswithout being fully cured. Post curing may be
necessary for optimum lubricant/refrigerantcompatibility. The rate and quantity of
moistureabsorptiondependon the resindensityandthe filler.The HDT 185°C (365°F) -
1.8 MPa (264 psi).

(continued)
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• PHENOLIC, continued.

Compatibility Results

!!__!iiiii_i!i!iiiiiiii!iiii!i!i!iliiili!i!i

Air _ii_iii_iii_!_i_i_i_:ii,iiiii;i_ii,i_,_i,i_i_ii,_i_i8.4 -24.8 ....
Branched..AcidPolyolester 19.9 5.0 -33.0
(ambient,no refrigerant)
BranchedAcid Polyolester 1.7 2.2* 9.0"
(dehydrated,no refrigerant)

iiii!i!iiiiiiiiiiiii!iiiiiiiiii!i .................MineralOil -16.8 -5.5

_ambient,R-22) ,, , _..........................._._..................................
Branched Acid Polyolester 21.3 23.0 -26.8
_ambient.R-134a) ............
Mixed Acid Polyolester _ii!_i_i_!i_iiii_i_i!_i_i_i_ii_i_ii_i_i_!i_!i_ii_!_i_i!_37.0 'i2.8
(ambient, R-134a '.:___!_!::!-_,_=:_:_<:_-:_,i,-_,,:._
BranchedAcid Polyoles_er(ambient, _i_/._i_i_i_r_i_i_i_i_i_i_i_i_10,4 -2817
averagefor all refrigerants) ::::_::.:_:=::_._.._._::_:._,::

PolyalkyleneGlycols (ambient, [::',ii'_:ili'_:,i'_ii':iilii_ii_,i'__iiiiiiii'_',',3.2 :9.8

averagefor all refriserants) ...... _<_<:_<_:_<__:__>_:_<_<_-6.2 ' -4.6MineralOils/Alkylbenzenes
(ambient, averageforall refrigerants) ................................................................
* These values representpercentchangerelativeto ambienttestbars,not to control.

Appendix I clearly shows that phenolic may require postcuring either to complete the
cross linking reaction or to eliminate water of reaction. The possible presence of water in
the test specimens may explain the varience in tensile and elongation.
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POL_E__Uo_E. Kynar'Tio .... "'"' ......' .' ....... Atochem i'

Published molecular structure sub-unit:

Introduction and Description

Polyvinylidene fluoride (PVF2) is a semi-cryst !a_e, melt-processing, thermoplastic resin
that can be injection molded. PVF: parts have superior mechanical properties and can be

used in load-bearing appfications up to 150°C (300°F.) This material, unlike other

fluoroplastics, has low moisture absorption. The HDT 115°C (239°F) = 1.8 MPa (264
psi.)

Compatibility Results

_.i_!__!iii!_!iii_!i!iiiii!i!i_!_i_iii!iiiii_iii_iii_!iiiii_i_iiiiiiiii_i!_i!i_!ii_iii_i_i_iiiii_ii!i!ii_!_i!i!ii_!!!i!_!ii_i!_!iiiii!iiii!_i_ii_!_i_!_i_!!_i_iiii:ii_:ii__¢:ii!_i_!iii!':::::............!......ii:!i!.iiiii:!i:i:!!iiii!!..iii!iiii!ii,__ i::ii!i!ii....iiiiii!iI __i ii

Air ..... ii_:iii:,_iii::iiiiiiiiiiiii:::::.i:::__:_:_ii_.ii:.i!iii:._iiiii_!i:_9.4 -50.3
Branched-Acid Polyolester 0.1 0.8 -28.1
(ambient, no refrigerant)
Branched Acid Polyolester 0.2 - 1.1" -2, I*
(dehydrated,no refrigerant) ,, ,

!!!i!ilii!i!!!i!ii! -,1,
BranchedAcid PoiYolester 0. I -8. I -5.9
(ambient.R- 134a)

-...... *...... :...,:...,,_.

Mixed Acid Polyolester : ..................... -I 1.2 -4.7!:..:: ::: :i:.: ::::i:::i:,: .::!....:::

(ambient, R, 134a iii:::i_:i_iiil.i!iiii!iiiii:ili_iii!iiii_iiII
BranchedAcid Poiyolester(ambient, ..... : : :_ :':: _. : _ _/ sr':::'_::: : :': :s_ _.:" ' '

-11.4 14.4

averageforall refrigerant) ......_:;

PolyalkyleneGlycols (ambient, -10.5 -0.9average forall refrigerants) :,,,,,:::::::,,_::::_::::=_=

MineralOils/Alkylbenzenes :. : i -10.8 6.9(ambient,averagefor all refrigerants) _

•These values representpercentchange relative to ambienttest bars,not to control.

-:_
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]6 POLYCARBONATE ]Lexan 161 G.E.

Published molecular structure subunit:

Introduction and description

The chemical structure above is typical of the polycarbonate polymer, which is a
condensation reaction product of phosgene (COC12) and 4,4'-Isopropylidenediphenol and
similar derivatives. Polycarbonates are well-known engineering plastics characterized by
toughness, high stiffness, very good impact resistance, and creep resistance up to 120°C
(250°F) at ambient conditions. However, they can soften when exposed to many aromatic
solvents. Polycarbonates are best known for being transparent; however, when they are
filled with glass fibers (up to 40% by weight), they are tough enough to be used for gears
and other mechanical parts. Polycarbonates are generally stable to water, mineral acids and
organic acids, but crazing and/or embrittlement can occur, under some conditions, if a
polycarbonate pan is stressed. Under these conditions the highest recommended operating
temperature is 60°C (140°F) whereas the HDT at 1.8 MPa (264 psi) is 132°C (250°F).

Compatibility results

Polycarbonate was not included in refrigerant/lubricantthermal aging studies. It swelled
(thickness change 21.2%) in the presence of R-22 and failed completely in the presence of
R-123.
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I7 ] MODIFIED POLYPHENYLENE G.E.OXIDE ! Noryl 731

Published molecular structure sub-unit:

-- i

R R = H, CH3, or C2H5

R

Introduction and Description

Polyphenyleneoxide (PPO) polymeris synthesizedby oxidativecoupling techniquesusing
various "R" substitutedphenols. Thisamorphouspolymeris frequentlycompoundedwith
polystyrene to become a moderatelyhigh temperatureengineeringplastic. The Ts. is
raisedwhen the "R" substituentis changedfromH to CH3, phenyl. In ambientconditions,
PPO is characterizedby a wide temperaturerange up to 175°C (375°F) for negligible
moistureadsorptionandtensileabovemoistureconditionednylon.Althoughthis resinis a
general purpose unfilledresin, PPO is availablein glass filled resins and modified high
modulus forms. While the modified PPO in this study does possess a higher impact
strength, it suffers in tensile strength and lacks temperatureresistance. Stress cracking
sensitivitydue to polystyreneinclusionmay also occur. The reportedHDT at 1.8 MPa
(264 psi)is 127°C (260°F).

Compatibility Results

Modifiedphenyleneoxide was not includedin refrigerant/lubricantthermalaging studies.
It swelled (thicknesschange 51.8%)whenexposedto R-22 at 60°C and failedcompletely
inR- 123 at both temperatures.
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Is irOLYPROFYL  E"' 1r,of., 633tNW ... lntmon,..J

Published molecular structure subunit:

I H H
H CH3

n

Introduction and description

The polypropylene homopolymer is a crystalline thermoplastic material, with good
chemical resistance but poor thermal properties. The crystalline structure of this material
determines its mechanical properties, such as its immunity to stress cracking. The
introduction of copolymers, such as polypropylene copolymer, makes polypropylene less
brittle at low temperatures The reported pure resin HDT at 1.8 MPa (264 psi) is 60°C
(140°F) whereas that for the 40% glass filled homopolymer is 150°C (300°F).

(continued)
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POLYPROPYLENE, continued

Compatibility results

Air !i!_iiiii!!i;_i_'_!ii_ili_:i_:i_i;_!.i-,iiii_ii!i!_ii'_:;!_;i'_i_;i!i!!_;!!i8.0 -83.7
Branched-'AcidPolyolester 0.3 -11.7 -84.2

(ambient,no refrigerant) ........
BranchedAcid Polyolester 0.1 0,3" -8.0"

(dehydrated,no refrigerant) ................ J ..........................

MineralOil iii i iiiii -9.9 i1.1
(ambient_R-22)i , m:i:i:!:i?::':i!?i:!::::!_:::::::::::::::::::::::::::::::::::i

BranchedAcid Polyolester 0.1 - 13.9 -16.2
(ambient. R.-134a) ....
Mixed Acid Polyolester "iii!iT!:.iiiiii!i_iil;_!--Ti_:i!iiiiii::iiiii_.iiiiii:.ii!i!ill- 12.4 - 13.2
(ambient, R-134a !i_!!_:!!i:!ii:!ii_!_:::_;ii!_i_ii

.... I........ ;iiIii::::i: I i':i:iii@_ii:{i_:."ilii: ::iiiii:iiiii: :

Branched Acid Polyolester(ambien_ -26.9
avor_,ofora,r_f._o,_,_ il i -?.3"""-,,"":::";;.........•;"i?i"?:.',;,i

 i iii!ii!i!iiliI.,o.6...8averagefor,mailrefrigerants)

MineralOils/A1kylbenzenes ! iiiii!iiiiiii}iiiii-13.4 -I0.2(ambient, ayerageforall refrigerants)
* These values representpercentchange relativeto ambienttestbars,not to control.
I"An anomalousvalue (198% for32 ISOVG branchedacid polyolester andHFC-32) has been excluded
fronthe average.

40



" li_!i_i!i!ii3_!liii___LC',i_iiiiil_ii!_!_iii_iii_ii_i__i_,ii'SiiiiTi!ili',iiiiiii',iiiiiii@ii_i',!,!i!iii!@i!__ii_m_iiiii!ili',',i!iiiii}iiii!i',i!!ilill!iiil_',iiiiiiiii!iii_iiiiii!iiil_il__i',i_'Sl
[,9 I POLYARYL SULFONE Radel A-200 Amoco I

Published molecular structure subunit:

n

Introduction and Description

Radel A-200 is best described as an amorphous, glassy, polyethersulfone polymer,
comprisingsmallamountsof polyetherethersulfoneinthe resinmatrix.These polymersare
prepared eitherby a nucleophilicether synthesisor by an electrophilic (Friedal Crafts) .
sulfone coupling method. The resulting material is a transparent, amber plastic
characterized by excellent thermo-oxidative stability and impact resistance at low
temperatures. Its toughness, elongation, and ductility are high, and it exhibits good
resistanceto creep-stresscracking. However, it adsorbswater as a result of its polar
matrixnature. ThereportedHDT is 204°C (400°F) at 1.8 MPa(264 psi). The additionof
glass fiberfillersraisesthe HDTvalue onlyslightly.

(continued)
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POLYARYL SULFONE, continued

Compatibility Results

ii  h !! iiiiiiiii i !!ii  !i  i!i!!:ii iiii    ii:! ii  i! ! ! ii i ii: :iiiiiiiiii i  iiii iiii  i  iiiiiiiilT i   !iiiii!i:iiiiiii tii:i%iT  iiii:!iiiiiiiiiliiiiiiiiiii:i:: ii!i: :  iiii!!i :,i

Branched-Acid Polyolester 3.6 19.5 -39.7
(ambient?no refrigerant)
Branched AcidPolyolester 0.8 3.1" 25.6*
(dehydrated,no refrigerant) ........... -

Branched Acid Polyolester 0.7 -29.7 -34.4
_mbient. R-134a)

' :::7_7::!: i :/!i . Y:::__::!'i.!:!._!:::
Mixed Acid Polyolester ,::_:_:i:::i::::_!::_::_::i::_:i!!;:_:i!-39.1 -58.02

BranchedAcid Polyolester(ambient, _i_:_ii_i::iiiii_:i!:i_i_i_::ili:iii:i_i_i:i_:i_i_ii!i:i_::_!i0.0 -44.2
averagefor all refrigerants_ i.!ii!i!_.iiii!.i.!!.i._i.ii.:_i.i_;._:,!.ii_.i.ij.U,ii!i!!,

Po,yalky,ene Glycols (ambient, !!i!!i!iiiii!iiiii!!i!!ii!!!iliilliiiii:!iii 1,.1 -66.3averagefor all refrigerants)
MineralOils/Alkylbenzenes ._:_i_!!_!ii_!:_ii!_iii!i_iii_!_i_iii_i_i_:/_i_i_!_!ii_i 9.6* -48.7

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

(ambient, averageforall refrigerants) _:_:_!_!_._!_?;_!_!_!_!_!_._ii_!iii_i:_.!_!!i_!
"Thesevaluesrepresentpercentchangerelativetoambienttestbars,nottocontrol.
T An anomalousvalue(10l.1% for32]SOVG alkylbenzeneandHCFC-142b)hasbeenexcludedfrom
the average.
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[10 ] POLYETHNT_NE [ Rynite 530 DuPont
I , ITEREPnTnA TE !

• Published molecular structure sub-unit:

0 0

n

Introduction and Description

The oxidation of paraxylene produces terephthalic acid, which is purified with methanol as
dimethyl terephthalate (DMT). Therefore, polyethylene terephthalate (PET) is a
condensation polymer of DMT, with ethylene glycol in a continuous melt phase
polymerization process, which is followed by a solid state polymerization process that
yields a highly crystalline pellet. PET, which has a low oligmer content and refrigerant
extractables, can be clear or fully crystallized depending on the molecular weight
distribution and the process variables. PET adsorbs water, but under carefully controlled
conditions it can dry-out so that temperature exposure causes only minimal embrittlement.
Highly crystalline PET can have a melting point of 270°C (518°F), but reported HDT of
annealed material at 1.8 MPa (264 psi) is 44°C (I 10°F), and glass filled materials can be

as high as 200°C (410°F), which takes advantage of the crystalline nature of the product.
PET motor insulation materials injection, therefore, moldable PET's may be chosen due to
low oligrnercontent and refrigerant extractables.

(continued)
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POLYETHYLENE TEREPHTHALATE, continued.

Compatibility Results

Air :_ :_:_: : : -9.5 -23.2

Branched -Acid Polyolester 0.3 -44.0 -49.5

(ambient, no refrigerant)
Branched Acid Polyolester 0.3 15.3" 15.6"
(dehydrated. no refrigerant)

,.. '. , ....... : ''", • I II 0 I IIMineral Oil '::_i:_::::..:.......",:_::::::i.:.i.i-66. -36.9

(ambient, R-22) ,,_i,:i::i, ,!i:::.: ::_;i'!
Branched Acid Polyolester ' 0.2 -33.6 -32.2

(ambient. R- 134a)
oMixed Acid P iyolest _...... : -15.9 -2.2• ,: , ..,

(ambient. R-134a :i.......;:::.:........ : ....
Branched Acid Polyolester (ambient. -14.4 -20.4

average for all refrigerants)
Polyalkylene Glycols (ambient, : a" 44 F [ _: ::k _T: _f _ _" : :[ ":' f " _ -45.4 -36.4

average for all refrigerants) :i_:.:.:::::::i::.:__::":.:_--:..i":
I: 1 ," 4 4 _ ' : _X_ : [ I ] r; : I ; ;4, q, ,': : [ :'" : :':'+ : :

Mineral Oils/Alkyibenzenes ........: :_::: ...._. / -39.9 -36.6
.(ambient, average for all refrigerant) .....• ....:_: .........: :

* These values represent percent change relative to ambient test bars, not to control,

Dehydrating this plastic prior to thermal aging with polyols provides obvious benefits.
Water present in a PET test bar during the elevated temperature aging process causes
brittleness. The PET tested differed in form from PET motor insulation film, a reinforced
material which, in its undehydrated state, is affected more severely by lubricants and
refrigerants. Dehydrating PET before using it with polar lubricants may minimize the
amount of extractables. In addition, using dehydrated PET in hermetic motors dries the
motors, keeping the PET pliable and reducing the amount of water in the motor stacks.

i
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liiI POLYPHENYLENE SULFIDE ! Supec G4Ol G.E.

Published molecular structure sub-unit:

Introduction and description

Polyphenylene sulfide (PPS) is a thio analog of polyphenylene ether (PPO); these two
polymers are very similar. PPS is a highly crystalline polymer that is characterized by
excellent chemical resistance, high strength with fillers, extreme brittleness without fillers,

very low water adsorption, and excellent tensile properties at high temperatures. PPS can
cross-link irreversibly at temperatures above 200°C (400°F) and does not show weight
loss above 500°C (932°F) in air. Virgin PPS is approximately 65% crystalline, and this

amorphous material crystallizes below 120°C. Annealing occurs at about 204°C, although
quenching results in approximately 5% cryst_inity. Annealing unfilled PPS raises the
HDT at 1.8 MPa (264 psi) from 100°C (212°F) to 128°C (264°F), but lowers the tensile
strength. PPS has an exceptional ability to wet reinforcing fibers when extruded, and the
40% glass filled versions show an enormous increase in HDT at 1.8 MPa (264 psi) is >260
°c (>500°F)

(continued)
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POLYPHENYLENE SULFIDE, continued.

Compatibility Results

_!_}!ii_!_::_!:_i!_iii!!i!_i_!_?_i_!i_i_!_:_:!_:_::!::_::}!:!_ii!!ii_!i_!::ii_::_ii:::_iiii_:iii!__Num_i!i_:_i_!_::ii!}::!|i}::i_ii_:!::!::_Cbin_:!:iii_i!i!iiiii!!_i!
Air _i::::ii_i::::::i_i::_::::ii::i:::::::_::i:::::::_i_iiii::ili!_i_:i::ii::9.0 -14.2

, h?i _'i':i: r'lr'i l'i'": _',Ti': ::''+'''': ''':''

Branched -Acid Polyolester 0.1 4.6 -17.6
{ambient,no refrigerant)
BranchedAcid Polyolester 0.3 16.2" 11.7"
(dehydrated,no refriserant) ............................ ] i i ii i i i iiiiii

MineralOil ::iiiii!_:i::iiiiiiiiiiiii_!_::iiii!}!_!_!!}ii}_ii!i!iiiii_i:_::iiiii:17.1 26.9
{ambient,R-22) i_i:_i_!!!_!!i!i!}!_i!_!!i_!!_i_i_i_!!!!_!i}_iii!ii_!!i!ii!i_!_:,
BranchedAcid Polyolester 0.1 14.8 - 15.4
(ambient. R-134a)
Mixed Acid Polyolester _::_::_:_:_:::_:_:::::_:_:_:_:_::_:_:_:i!i::::iii::!!!ii!ii}::i::i_iiiii::iii::i::iiiiiii::i::ii::iiii!i::iii::iii_iiiiiiii15.6 1.9
(ambient, R-134a _i_!_!_i_i_i_i_i_!_i_i',_il ii i:_ :: i ii ??i ?[ ii .??i ::i "i 77.: i

:::i:i:!:::i::::::::::::::::::::::::::::::::::::::::::::::::::::::::

BranchedAcid Polyolester (ambient, i__iii__i____!__!i_i____ii!___iiii______iii__i___i___ii__i__!__i_.i__i_ii_i___i_____i_:_____i15.8 9.6
averagefor all refrigerants) ............................................................................ ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

PolyalkyleneGlycols (ambient, :::::::*::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::18.5 -3.8i!_!iiiiiiiiii!!i!i!i!_iiiiiiiiii!_!iii!!iii!i!i!i:i!!!ii!!!iiiiiiiiiiii!
averagefor all refriserants) ii?:_:iii!_!::___i_iii:_ii:_::__i_:__ii_:iii::___:ii_:!i!::iii:::__:_:_;_i:_:_:___ii::i_____i___:_:,',i iii,','!!! !!!'!!!!'!'!'!'!!'!'!'!'! !!'!'!!!'!'!!!

Mineral Oils/Alkylbenzenes 11.8 -2.7T
(ambient, avera_[eforall refrigerants) :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
* These values representpercentchangerelative to ambient test bars, not to control.
_"An anomalousvalue (69.2%for mineraloil andHCFC-123)has been excluded from the average.

Depending on the quality of the cross linking process, PPS may have free, unreacted
sulfide or thio links which may be extractable by refrigrerants and lubricants. Extracted,

low molecular weight compounds may react, forming sulfide compounds and tarnishing
copper. Lot to lot examination of parts prior to compressor or system service is
recommended. The effects of moisture upon these plastics are minimal, and all of the
observed changes are within the expected range of this study.
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I 12 JPOLYTETRAFLUOROETHYLENE Teflon DuPont ]

Published molecular structure sub-unit:

I I

F F
n

Introduction and Description

Free radical initiated polymerizationof tetrafluoroethyleneproduces a finely divided
polytetrafluoroethylene(PTFE)powder. Thiscrystallinematerialis sold as dispersionsor
as micronizedfibers(such as Goretex); it may also be formedinto machinablebillets or a
continuousextrudedsheet. PTFEis a non-meltingpolymerof low tensile, high cold flow,
excellent chemical resistanceand high elongation. While the material is soft and self-
lubricating,it is generallyused with a mineralfillerto improvelubricationpropertieseven
further.Partscan be cold formedfrompowderandthen sintered.

(continued)
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POLYTETRAFLUOROETHYLENE, continued. .

Compatibility Results

Air ,_::_/:i_i_i_:,_;_,_,_,)_,,_,_i_:;_i)_-)_:i_,_10.8 -8.8
Br_anched-Acid Polyolester 2.4 20.7 5.6
_ambient,no refrigerant).......
Branched AcidPolyolester I.5 10.3" -13.6"
(dehydrated,no refrigerant) ..... __i

Mineral Oil i}iiii ill!!!ii!i;iiii!i!il}iiii!28.9 -3.5
(ambien_ R-22) ,::_!_!,!.i::_!:=:i:i:!_i:i::=::::i:i::i:::_!_i_:,:_i:i:i_
Branched AcidPolyolester 0. l 83.0 1.8
_ambient.,R-134a)

Mixed Acid Polyolester iiiiiiiiiiiiill!ii!iiiiiiiii)iii iliiiiiii!i!ili6.2 "1"8.6_ambient,R-134a

iii!iiiiiii!:iiiiii!ii"averageforall refrigerants)

Polyalkylene Glycols (ambient, ii!!iiiiiii!iliiii!iiiii!!iiiii!iiiiii!i!iiii!i!iii!iil-5.11" -3.8_....average forall refrigerants)
Mineral Oils/Alkylbenzenes ili!iiiiiiiiiiiii!i:_::i_i_!!i!i!iii!!i_iiii!iiiiiiiiii!iiiiiiiii:_i!iii:_:-2.'7 9.5

(ambient, average forall refrigerants) !i!_;i!i!i!ii!!i!ii!i_!!';i!iiiii_.ii!!i;i!iiiii!i!_;i_
* These values representpercent changerelativeto ambient testbars, not to control.
1"An anomalousvalue (133.0 %forpolypropyleneglycol butylmonoether and HFC-125)has been
excluded from the average.

An anomalous value (8.2 % forpolypropyleneglycol diol andHCFC-134a) has beenexcluded fromthe
average.

PTFE absorbed some water, as seen above, but remained very chemically resistant.

Although some anomalies are reported here, these values may accurately represent the
facts since both test bars reacted in the same fashion.
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Published molecular structure sub-unit:

o
n

Introduction and Description

This high strength polyamide imide (PAI) is a partiallypolymerized condensation product
of trimeifitic anhydride and a proprietary aromatic dianiline mixture (which produces an
intermediate resin mix containing 3% Titanium Oxide and 0.5% fluorocarbon). Prior to
injection molding, this PAI must be thoroughly dried in a desiccant drier. When the dry
PAI is injected into a heated mold at specified temperatures (post curing), the material will
achieve its ultimate tensile, chemical and mechanical properties. While post curing is not
simple, it is -':-' I"....... "esse..,u, v_,.,,,,o_ it continues the imidiation process that releases water of
reaction. Post-curing requires a very temperature controlled ramping process over a
period of at least 14 to 21 days. The rate of post curing depends on the thickness and on
the mass of the green molded part. PAI maintains high tensile at high temperatures, is
considered the least brittle of plastics at low temperatures, and reportedly has continuous
operational temperatures of 232°C (450°F). This high strength grade has a reported I-IDT
at 1.8 MPa (264 psi) of 277°C (532°F)_ however, it also has a moisture adsorption of
0.33% over a 24 hour period.

(continued)
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POLYAMIDE IMIDE, continued.

Compatibility Results

i++ii+ii!!ii+!+!+ii!i+ii_!iiii_+i!iiiiii!iiiiiiiii!iiiii+ii!i!!if!ill!iiiiiii!i!ii!i!!i!ii!!iliiiiiii!i+i!iiii!i!__i!iii+;ili!i!!iiii_ii_iiiiiii!!ii¢_wi+i_ii!!i!!iii!+i+i+i+i_+____!_+_i_i+
:]:i;;::Ui;i:::i:!:;:!;i:i;:;::::';'.:.';':':':':':':";':::U':::

Branched-Acid Polyolester 9.5 1.8 8.3
(ambient,no refrigerant) .... i iiii ii

Branched Acid Polyolester 0.3 15.1" 18.7"
(dehydrated,no refrigerant) ......... ,...................... 'L.'+.. I I I I I I , ,

i?:i]i]f:]::{F:]::_!i]f:f:¢]_]_]_::f:f#:_]_::]::]_:##:_::]_i_::_]_,-,41.9 30.1
(ambient, R-22) , ,.........._.;_........................................................
Branched Acid Polyolester 0.1 -39.9 22.7
(ambient.R-134a) ,.,

"i!!iiiiiiiiiiii!!iiiiiil!iiiiii!Mixed Acid Polyolester -41.9 23.8
_ambient,R- 134a .................................

III [ _*_...'.Ir]J'.'.l l J'_'.'L'.'.'L.'.+.'.'.J'"_'.'_7+.'..

Branched Acid Polyolester(ambient, +!ii+]+:++;+++i+i;+++i++i+++ii+++++i+++++++++i+;i++++++++:+i+!+i

:i::ii!ilijif:il]iiiii!i!:!!j!!ii!iiiii!!i!!!!jii!ii::iiiiii::!i!ij+iiiill1.4 0.3averageforall refrigerants) :_;;:;;#!_;_;_:#;_i_!_;_;;;#_::_;_;;:i....
Polyalkylene Glycols (ambient, i;iiiiiii::ii::iiiiiii!iiiiiiii!iiiiiii::i!il;iii::iiiiiiiiii-7.6 0.2iii?!ii:i_i:!:!i!i_:f:!i:i_:!i::i:i:!:i:i:::i:i:!:i:!:i:ii:i:i:i:i:i!it

averalleforall refriserants) ,,

(ambient, averageforall refrigerants) +:+:+:+:+,+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:+:::::+:+:+:+:+:+u:+;:+:+:i
* These values representpercentchangerelativeto ambienttestbars, notto control.

Very rapid heating of PAI parts causes a rapid release of moisture, which may alter their
internal tensile strength This seems to be evident with test bars that were maintained at

ambient conditions and then rapidly heated.
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14 POLYAMIDF.,-IMIDE Torlon 4301 Amoco
12"3 GRAPHITE ......

Published molecular structuresub-unit:

0

rl

Introduction and Description

This polyamide-imide (PAl), which contains 12% graphit_ and 3% fluorocarbon filler, is
considered a wear-resistant grade of engineering plastic. This PAI has the same chemical
composition as the number 13 PAI material, as well as the same pre-molding drying
requirements. The post curing process, which continues for several days at 260°C (500 °
F), has a dramatic effect on wear propenies. Graphite fillers tend to reduce the tensile
strength of the end product 16.3 vs. 27 kpsi), while slightly increasing the HDT at 1.8
MPa (264 psi) to 279°C (534°F). Although fillers increase the densityof this polymer,
they do not reduce the moisture uptake as they do in many other polymers.

(continued)
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POLYAMIDE IMIDE, 12% GRAPHITE, continued

Compatibility Results

Air ;_'_:_':_':_T_l:i_,_,_,_'_;_:_'_'_'_;__,"62 "23
Branched -Acid Polyolester 7.5 - 14.8 -13.1
(ambient,no refrigerant)
BranchedAcid Polyolester 0.4 14.2" 5.6*
(dehydrated,no refrigerant) .....

(ambient.R-22) , :!:I.......::!,:::::::::::::ii:::i
BranchedAcid Polyolester 2.6 -2.6 -9.2
(ambient.R-134a) ,
Mixed Acid Polyolester ti%::i: _ ,ii.:i:i::_:_: -7.5 -7.2
(ambient,R-134a i........:.......:::..........:_::::::"::rg!..1 i......,)l.lt..L.. .... "Lj

BranchedAcid Polyolester(ambient, ,....r .... "35 "76
average for all refrigerants) .......:I:: _:::::_:_:_:_::_i_i_::__ ::' ' • ::':"':!'": ': '::i::':": ::''i i i[ ......."""."...... ,

PolyalkyleneGlycols (ambient, ..... : ..... " ...........

averagefor all refrigerants) ii___ il -4.0t -6.8,. ,.

Mineral Oils/Alk-ylbenzenes -3.4 -'/.4
(ambient,averagefor all refrigerants) :_:_:i:_::i:_:;i:_i:::::_:::_:_::'::_!_i_:;i:
• These values representpercentchangerelativeto ambienttestbars, notto control.
_'An anomalousvalue (108.8% forpolypropyleneglycolbutylmonoetherand HFC-134a)has been
excluded from the average.
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** .._..- _-- ,.-,,L-.-- --,--._-,.!!-,'-!..-L._.._f.L!L..___....,.......,.. _...--.-,-.--........ .j _ .-- :.... .-.-....... . ..... ..... _._,r;_:.;,:,:...... ;, ,:I:! . !_,-.-,._-,i,:i-,i,:.:,:.-,-.:-,:i:_:i,:.;,:: _.:_:.;,;,;.;.;._,-,.,:.:._.:,::,x';':-:'_".',:-:.:,:,i,i_:_,2i_),',':';':';-I:':':-_':,;':':':':,:,:'

! 15 [ POLYETHERIMIDE Ultem 1000 G.E.

Published molecular structure sub-unit:

NOT PUBLISHED

Introduction and Description

This polyetherimide (PEI) is an amorphous polymer with at, amber, glassy appearance.
Becauseof its hish heat resistance,it demonstratesve_ good strensthand modulusat
elevatedtemperatures.The PEI evaluatedin thisstudyis unfilled,althoughfilled grades
(up to 40% #ass) are available.The recosnizedUL operationaltemperature is 170°C
(338°F), andthe reportedHDT at 1.8 MPa (264 psi) is 200°C (392°F), which indicates
useful temperature ranges. The annealingof parts at 200°C (392°F) for 4 hours is
recommendedto removeanyadditionalstress
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POLYETHERIMIDE, continued.

Compatibility Ruulu

ii___iiii!iiiii!!ii_i!!iiiii_ii!iiii!i!ii!ii!iiiiiiiiiii!!iiiiii!!i_!i!!iiii!!i!iiii_iiiiiiiili!!iiiii!!_il!ii!iii_ii_i!i i_ii_iiii!ii_il¸

Air _ii:_!i:_ii:,_:::: i 11.3 _ -31.3
Branched-Acid Polyolester 2.5 10.8 -75.8
(ambient, no refrigerant) , , i Ill

Branched Acid Polyolester 0.2 -2.8* 210.2'
(dehydrated,no refriserant) ..........

MineralOil ii_ili!iii.i!_iillI i!ii!i ii!i_ill1.3 7.1
(ambient, R-22) ....
BranchedAcid Polyolester 3.1 3.3 -31.3
(ambient. R-134a) ......

Mixed AcidPolyolester .................................!i !ii i!! 3.0 ....-38.2(ambient, R-134a ;,,_.............................,.
BranchedAcid Polyolester(ambient, iii_i:_ii:::_ii;i_!i:iiii:/_ii!i!:_:::.:_::ili_:_:_i:_i:/.i::::4.4 '-32.8
averageforall refriserants) _!ii::i_!:i_::i::iii:::.ii:i::i:_!::i::i:i:ii::::i_i_::_iiii!ii::iiii::i::::i, ' C..._ iiii i/1%1_iiii_.i... i/,.i%_?..._ .......

PolyalkyleneGlycols (ambient, 4.8 18.2T
average for all refril[erants) ...._::::_::_:_:_:__:_:_::_:::::::::::::::::::::::::::::::,. i i_::::!:iiii!iiiiii:i!iiiiiiii_:i_i:.:ii:i:iiii_i:i:i_iiii:i:i:

MineralOils/Alkylbenzenes i::i::iii:i::!iiiii::_i_ii::iiiiii::i!:.i_:iii::i:ii:::::i::::iiiii!ii:::2.3 -16.6:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

(ambient, averageforall refrigerants) . :_!:.!!ii:_!::::::!:_!!!:_ii:!::_:::!iiii!!_:::!!i::!!i_:::ii!i_::i::iiii!i_::ii!
* These values representpercent changerelativeto ambient test bars,not to control.
TAn anomalousvalue (-62.7%forpolypropyleneglycolbutyl monoether andI-IFC-125)has been
excluded from the average.

The overall impact of refrigerants and lubricants on this poylmer is minimal; temperature
effects are more evident. The loss of physicals with temperature may simply occur in the
annealing process; had annealed test bars been used, the changes might have been less
significant.
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[ 16 [ MODIFIED POLYETHERIM_E ] Ultem CRS S001 G.E.

Published molecuhtr structure sub-unit:

NOT PUBLISHED

Introduction and Description

Modified polyetherimide (PEI) is an amorphous polymer with an amber, glassy appearance
and the highest chemical resistance of the PEI family. It is characterized by high heat
resistance, with excellent strength and modulas at elevated temperatures. The modified
PEI evaluated in this study is unfilled. The reported HDT at 1.8 MPa (264 psi) is 209°C

(408°F), which indicates the useful temperature ranges. We assume that pans should be
annealed at 200°C (392°F) for 4 hours to remove any additional stress. This modified PEI
has lower moisture adsorption than the unmodified version.
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MODIFIED POLYETHERIMIDE, continued.

Compatibility Results

Air _!_i!i!_:iiiiiiii_:i_ii_i:iiii:i i!_i_i_!iil_ 12.2 -11.5
Branched -Acid Polyolester 1.3 13.0 -13.4
(ambient, no refrigerant) I IllllIlll

Branched Acid Polyolester 0.2 0.4"- '21.1"
(dehydrated,n° refrigerant) ............ t ................... i i

_°°__ iii!!!!i!!i!!iiiii!iill!iii!ii!!!i!_' _.o(ambient, R-22)
Branched Acid Polyolester 0.3 -10.3 7.8
(ambient. R-134a)
Mixed Acid Polyolester .................................................. ' "'_ .... 18.6 43.6=_=_,_,a iiii!ii!i!;!!!i!!i!!ii!i!!ii

E:?:i:!:?:i:i:!:!:!:i:!:!:i:i:2:!:!:i:7:!:!i:!.!:!:_:i:!:!:!i:!:!i:5.::

Branched Acid Polyolester(ambient, ii:iii!iiiiiiii:iiii_ili_:iiiili_::iii_i!:i!:i!:iii:ii_!iiiiiiili:iiii:i_:3.4 "5.5
averageforall refrigerants) _i_!_i_!_!_i!_i_i_!i_/_!_/_!_i_!i_i_!_!_!'

_o,,_lonoo,,_,_=_= !!il!!)i!!!_i!!!!ii;i_[i!iii!!!i'_ ,_.oaverage for all refrigerants) ,,

(amb!ent,averagefor all refrigerants) i

* These values representpercent change relative to ambient testbars,not to control.

Thetensile and elongation propertiesofboth PEIsseemto be improvedby polyalkylene
glycols; these polymersseem to be least affectedby PACTsat temperature However, the
modifiedpolyetherimideseems to performbetter overall,with the least tensile loss and
embrittlement.This may illustratethe beneficialeffects of lubricantsand refrigerantson
some polymers.

56



I i!lii  i lli i iiiii iiiiiiiii!iiiiiii!iiiili!ii!iiiilliiiliii!iiiiiiiiii!ii!iiil if!i!!
I 17 ] POLYARYLETHERKETONE Ultrapek(PAEI¢) [BASF ]

Published molecular structure sub-unit:

Introduction and Description

Poly(aryl.ether.ketone) (PAEK) is a semi-crystalline thermoplastic polycondensation resin
unsurpassed for molding thin or thick sections. This chemical is characterized by a well-
balanced combination of great rigidity and strength at high temperature, by good
resistance to heat deformation under load for sliding friction applications, and by very
good chemical resistance. Continuous heat applications of 170°C (338°F) are standard for
parts made from non-reinforced PAEK, which can be heated momentarily just below the
melting point (381°C (717°F)) without any significant change in mechanical properties.
PAEK has three viscosity grades: low, medium and high; the last of these has glass or
carbon _ber reinforcements. Under standard moisture conditions of 50-_% RH at 23°C,
PAEK neat resin will absorb moisture up to 0.25% without loss of any physical properties.
The reported I-IDT at 1.8 MPa (264 psi) is 170°C (338°F) for neat resin with 20% fiber
reinforcement. The maximumHDT at 1.8 MPa (265 psi) is about 350°C (662°F).

(continued)
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POLY(ARYL ETHER KETONE), continued.

Compatibility Results

Air iii_!i!i_i_i_i_i_!!iii_i!_iiiii_!i!_i!_i_i!_i!iiii!ii!i_i_:i_i_ii8.2. -48.2
Branched -Acid Polyolester 0.3 10.0 -61.4
(ambient,no refrigerant)
BranchedAcid Polyolester 0.4 9.6* 193.4"
(dehydrated,no refrigerant) ,

_.no_O_ iiii!!ii!!ii!iiii!ili!ili!iiii!iii!iiii_°' _3(ambient, R-22) ............_.i,_.r....................................................
BranchedAcid Polyolester 0.3 -15.5 -88.0
(ambient. R-134a)

ii!i!ii!iiii!iiliiiiiii!iii!iiiii!iill(ambient, R-134a

BranchedAcid Polyolester(ambient, iiii!i !iiiiiiii!iii!iiii!i!iiiiiiiii!iiii9.5t -34.1averagefor all refrigerants)

PolyalkyleneGlycols (ambient, iiiiliiiiiiii!iiii iiiiiiiiiiililiiiiiiiiiii 8.9 -14.3averagefor all refrigerants)

Mineral(ambient,OilS/averageAlkylbenzeneSforall refrigerants) i !ii!iiiiii}i!i!iiiiiiiii!ii!iiiiiiiiiiiiiiiiii!i!ii!ii7.8 -7.5

* Thesevalues representpercentchange relativeto ambienttestbars,not to control.
_"An anomalousvalue (-15.5% forbranchedacidpolyolesterand HFC-134a)has beenexcluded.

The softening of dehydrated PAEK by branched-acid polyolesters is unexplained. Since
PAEK is semicrystalline, the sot_ening may be caused by annealing the part before

chemical exposure, rather than by chemical impact.
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• ._L...............-......_.........,............-,-.--.--,-...............................................................................,.,.._..,............,...........,-.........,--.-.--...._...,.,.,.:....._....,.i....,............... y,l,...............

!!iii_!i!iiiii!iii!!iili!2i__¢!iN_iiiiiiii!ii!iiiiiiiiiii!iiiii!iiiiiii!iiii!!iii!iii!iiiiiiiiiiiii!iii!i!iii!lli!_!_i!i_iiiiii!i!iiiii!iiiiii!ii!iiii!iiiiiiiiiiiiiii!!i!iiiiiiiii!!!iiiii!iiiii!!!iii!iiii!ili_ik_Ii!ili_iiiii
]is i POLYBUTYLENE [ Valox32S PBT G.E.
I ITEREPHT_LATE I

Published molecular structure sub-unit:

0 0

--O--C _C--O--C H2--C H2"-C H2--'CH2-- O-'-

n

Introduction and Description

PolyCoutylene.terephthalate) (PBT) is a partially crystalline or semicrystalline
polycondensation thermoplastic resin, which is obtained from the reaction of 1,4--
butanediolwith terephthalicacid or dimethylterephthlate.Because PBT adsorbsmoisture
and is susceptible to hydrolysis,injection molding of PBT must be done in a very dry
environment. PBT is available from differentmanufacturers in up to nine different
viscosity grades, which can be filledwith glass fiber,beads, and minerals.Under injection
molding conditions, PBT is shear and hydrolyticallyunstable (chain cleaving); pans
molded from PBT can be brittle, but they have good tensile properties. PBT is
temperature limited,because its tensile performanceis affected by heat. The reported
HDT at 1.8 MPa (264 psi) can be 54°C (130°F) for a neat resin with a low inherent
viscosity; compared with 121°C (250°F) for one with a higher viscosity. This indicates
the importanceof resinoptimization.

(continued)
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POLYBUTYLENE TEREPHTHALATE, continued.

Compatibility Results

iiii!ili!ili!iiiii  iiiiiiii  iiii i!ii  ii  ii! ii   iiii i iii iiii  !ii!i!i ! ! !i!!iiii!iiii!iiiiii!ii ii iii ii!!iiiii!i iiii ii
Air iii!_ii_i!i_i_;_!_i_iiiiii!i_!_;_i_i_i_i_:!_i_!_!!_i_ii_26.9 -90.4

Branched -Acid Polyolester 0.7 -22.4 -96.4

(ambient, no refrigerant)

Branched Acid Polyolester 0.6 -2,8* 0.0'

(dehydrated, no refrigerant)
Mineral Oil ii::iiiiiiii!:.::::ii::!iiiiili!!iiii!iiiiiiii!::i!iiii!ii!!iiiiiiiiii!ii!ilN/A N/A

(ambient,R-22) iI !ii i_!ilil
BranchedAcidPolyolester 0.2 -15.0 -88.0
(ambient.R-134a)
Mixed Acid Polyolester !_:_i:_ii_!_iii_i!_ii_!_:_i_!_:_i_i_i!_i_i_iiiii_!_!ii -6.8 -93.7
(ambient, R- 134a !iiiii!iii!iiiii!iiiiiiiiiiiiiiiiiiiiiiiiii::iiiiiiiiiiiiiiiiiii!iiii!iii
Branched Acid Polyolester (ambient, _;_i_!_!_!_i_i_:_i_i_!!ii_ii_ii_!_16.6 -92.6::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

average for all refrigerants) _i_i_!_i_!_i_!_i_i_:_!_i_i_i_S_._'i'!:ii'?i?;ii'i'i'i?i'iii???i'i !!??i'i??!'??i,

Polyalkylene Glycols (ambient, __!_iiiii_i:__i___iiiiiii!i__i!iiii____iiiiiiii!iii___ii!iii_i__ii__ii!__i__!__i-2.8 -95.0::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

average for all refrigerants) _i_i_i_i_i_i_i_i_i_;i_i_!_:i_!_!_"!'""!'i'i'!'!'i'"i';'i'i'!'i'i'i""!'i'i'!'?!'!'!'!'!'!'!'!'!'!'i'!'!

Mineral Oils/Alkylbenzenes il;ii_i_!_ii__:i!_ili_:i_i_i_i_!-26.6 -75.3
(ambient, average for all refrigerants) iiii!ii!_iii_i!iii!!i_iii_iiii!iii_iiiiiii!i!_ii!_!ii_i_iii!_iiii_i_!i!_i_

*These values represent change relative to ambient test bars, not to control.

A wide variety of generic grades of PBT are available. This one was chosen as a general
example of a wide molecular weight PBT. PBT is sensitive to moisture, heat, and molding
conditions. Of all the plastics tested, PBT in particular should have been dried and
annealed prior to aging at 150°C (302°F). Dehydrating the part definitely improves its
performance. Overall, PBT seems to perform poorly, but this may be attibuted to thermal
degradation effects, which are clearly documented in the product literature, and the
presence of moisture. The quantity of extractables producd in the lubricants is typical for
PBT, but can be nearly elimated by choosing grades with the proper molecular weight and
melt index. PBT seems to be softened by mixtures of HFC-134a with 32 ISO VG PAG
diol and PAG butyl mono ether with HFC-134a; however, no softening is apparent with
HFC-134a and the modified PAG used in this study. The amounts of extractables
produced when PBT is used with polar polyolesters vary, depending on the end use
temperature and on the type of PBT chosen. Because of this variation, no generalization
can be drawn from the two polyolesters tested in this study. Any use of PBT with polar
polyolesters requires individual examination.
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119 IPOLYXMIDE-DF I Vespe,-DF DuPont

Published molecular structure sub-unit:
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0 0

n

Introduction and Description

This almost-crystallinepolyimide (PI) resin is a condensation polymer of pyromellitic.
dianhydrideand bis-(4-aminophenyl)ether. This non-meltingmaterial exhibits continuous
use temperaturesthat exceed 260°C (500°F), with excursions up to 482°C (900°F), as
well as excellentlubricatedand unlubricatedwear.Because PI does not soften completely,
thermoplastic molding techniques are not needed. Instead, a small portion of PTFE
dispersionis addedto the reaction mixture;this becomes an almost fully imidizedpowder
which is filtered from the reaction solvent, washed, dried, densified by compaction,
granulated to size and finally compacted under very high pressures. This forms a green
part which is sintered to complete the reaction of imidization cross linking and part
shrinkage. The resulting part is dense (1.34 gm/ml.) and has prs characteristic properties.
Directly formed PI parts have several metallic high temperaturequalities and very good ,
impact resistance. The typical CFC and HCFC refrigerantsand mineral oil lubricants are
compatible with PI, although HCFC-22 is known to swell this material minimally.Under
standard laboratory conditions of moisture, PI holds moisture only to 0.24% within 24
hours. The reported HDT at 1.8 MPa (264 psi) is 360°C (680°F). PI is available in
graphite filled forms,with addedTeflonand minimalloss in physicalproperties, for use in
bearingand dynamicseals.

(continued)
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POLYIMIDE, continued

Compatibility Results

i_b_)i iiiiiiiii! iiiii!iiiiiiiiiiiiiiiiiiiiiiiiiili!!iiii!iii!iiiiii!il+++++Ti_+:_+++++'+++++i+'++++_++_+++++++++++++++i+Y+++++'+i++_+,+_++_++++
++++++++i+ii+++!i++++++++++i++++:++'+++++++++++++++++++++++++i++++++!++++++++++,++!++++++++++:++++++,++++++++++++++++++++_.++!++N+_++++++++++_+++:++++++++++++++++++:+_++++++i++++++++!_+_'+++++++++++++++::i+++*++++++++_+++++_++++++++++++++_+!+
Air ++++!+!i++++++!++++++++ii++++++i+++++++i++++++++!+++++++++++++!0+ -23.s
Branched -Acid Polyolester 19 0 3 -17 7
(ambient, no refriserant )
Branched Acid Polyolester 07 -18" .84*
(dehydrated,no refrigerant) ,,, .... _

MineralOil !iii ii iii!iiiiiiiiiiii!i -4.0 -22.0
(ambient,R-22) iiiiii_ : _ ili+i_!i
BranchedAcid Polyolester 02 -35 -246
(ambient R-134a)

{ambient,R-134a ii iil ill i_

BranchedAcid Polyolester(ambient, i ii iii i iiii-3.3 -16.2
averagefor all refrigerants) ....,+,..........:::::::::::::::::::::::::::::::::::::::::::::::::

averageP°lyalkyleneforallGlyc°lSrefri_erants)(ambient'..................................................................... _+_ __)___ ;iiiii!i!1 1_ -172 I

[Mineral Oils/Alkylbenzenes iiiiiii!iiiiiiiiii!ii!i!!ili!!iiiiiiiiiiiil.4.4 -19.7(ambient,average forall refrigerants)
*These values representchangerelative to ambient test bars,not to control.
_'An anomalousvalue (-15.4%for modifiedpolyglycoland HFC-143a) has beenexcluded.

The physicals of this polymer after aging in refrigerant and lubricant are little different

from those measured after heating in air. Pure R-22 may have caused some slight

swelling, but no dramatic changes occurred. However, the high TAN produced by
dehydrated PI, in which water content should be minimal, is of some concern.
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............_................._.................._...................................................................................._i .......................................................................F_ii_i_i_i_i_!_I_!_!_.._.___i!_!i!_i_!iiiii!iii!_i!i_i!i!!_ii_!i!i_iiii!iii!iii_i!!_i_ii_!ii!!ii!_!ii_!_i_i_i_i_i_!_i_i_i!i:..._i_i_iii_i_iii_!iiiiii!_iiiiiiii!_iii!iii!i_!i!iiii!ii!i_ii!iii!_i_iiii!!__iiiiiiiiiiiiiii!l
[20 IPOLYEVnDE-DF-ISO VespeI-DF-ISO DuVont !

Published molecular structure sub-unit:t

0 0

O O

I1

Introduction and Description

This polyimide is the same resin as PI (19). The principal differences include a much
higher density (1.43 gm/ml.), lower reported refrigerant swells, and improved physical
characteristics. The formed, green state compact is sintered at nearly identical temperature
conditions; the density is improved by under-liquid metal pressurized conditions at
sintering temperatures. This material maintains high impact strength, low creep at high
temperatures, and very good wear characteristics.

(continued)

63



POLYIMIDE DF-ISO, continued

Compatibility results

!iii)ii!iii!!i_;!_h,_i)i!!!i!_iii!',i_,!:.iiii::ii!!'l!::ii!!!!!ii!':i!__ii_!:::.!ii:.i::i;i::!!_!!:!_.ii!!!i!i:,!iii
Air '_iiijji_i_!:_ii!i'_i':!ii!ii_i:_ii_:_i_:_!_il:_ii_:iii!:_i:_ii_:- 12.6 -24.1 -
Branched -Acid Polyolester 1.0 -3.7 -4.8 ....

(ambient, no refrigerantS).
Branched Acid Polyolester 0.3 4.6* ' -11.5'

(dehydrated, no refrigerant) I I I I I I I [lllll Illl I I

(ambient, 1t-22) ...........................,...............
Branched Acid Polyolester 0.5 - 10.9 -26,7

(ambient. R- 134a) ....
Mixed Acid Polyolester _._._!_T_!;i_!_:_%_:_;_i_'-7.0 -8.1:_iii_i!i!!i!iiiiiiii_!:i!iii!iii_i_i!iiiii!iiiii!i!iiiii!i!!ili_iiii_iiii
(ambient, R-134a :::;:::_:.:::::_._._::_:::::_::_._.:._.::::_..:._. .......
Branched Acid Poiyolester(ambient, :iiiiii!!iiiiiiiiiiiiiii!iiiiiiiiiiiiiiiiiiiiliiiiiiiiililiiiiiiiiiiiiii-6.4 -21.2

average for all refrigerants) ::::::_:::::::_+_::_"_=:_:::__'_::::::::-8.0 "Polyalkylene Glycols (ambient, -17.0

Mineral Oils/Alkylbenzenes -21.8_' -20.7

(ambient, average for all refrigerants) _n

*These values represent change relative to ambient test bars, not to control.
_'An anomalous value (67.0% for mineral oil and HCFC-123) has been excluded.

The physicalsof this polymerafteraging in refrigerantand lubricantare little different
fromthose measuredafterheatingin air. PureR-22 may have causedsome slight swelling
but no dramaticchangesoccurred. However, the high TAN producedby dehydratedPI,
in which watercontent shouldbe minimal,is of some concern.
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fill_iiiiiii!iiiiiiiiiiilii ! :: _ !i:!_!i_::'_i'_......._ii_!!iiii_i_i_i_i_i_i_i_ii_!_i_i!_i_i_i_iiii_ii_!_ii!i_i!!__i _!ii

Victrex PEEK 450 G ICI

Published molecular structure sub-unit

r_

Introduction and Description

Polyaryletheretherketone is a semicrystalline thermoplastic; its chemistry, based on the
above repeating unit, is that of a linear aromatic polymer. PEEK is characterized by very
good resistance to chemicals, temperature changes, and wear, as well as excellent
resistance to hydrolysis. Moisture adsorption is low. Its melting point is 343°C, and its

glass transition temperature, Tgis 143°C. Standard unfilled grades of PEEK have a
reported HDT of 156°C (315_T) at 1.8 mPa (264 psi), and a UL continious use
temperature of 250°C.

(continued)
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POLYARYLETHERETHERKETONE, continued.

Compatibility Results

Air 9.5 5.6
Branched-Acid Polyolester 0.2 4.8 - 15.0
(ambient,no refrigerant)
BranchedAcid Polyolester 0.2 5.5* 11.1"
(dehydrated,no refriBerant) ,,, ,
_e_ Oil _ _ _r _'_ _ _ 3.4 -13.7
(ambient, R-22) ......:::_::::............... _.............
Branched AcidPolyolester 0. I 7,0 1.0
(ambient. R-134a)
Mixed Acid Polyolester 5.7 -3.2

_ambient, R-134a _i_
Branched AcidPolyolester(ambient, 3.5 -14.6
averagefor all refrigerants)

PolyalkyleneGlycols (ambient, i ii 3.6 -15.2averageforall refrigerants)
.:.: ::i::. : ::i::::i: ::::::::i:i:.:::::':_:i_;_'_i_/' , ,, ,

Mineral Oils/Alkyibenzenes 0.,4 -23.3
_ambient,averageforall refrigerants) i:_:_:,_i_i_i_-_:?:_i!!iii_i_i::i_i_!:.:.!:._i::: ii

* These values representpercentchange relativeto ambienttestbars, not to control.

PEEK shows very good environmental characteristics, but some of the chosen lubricants

seem to cause some embrittlement Annealing and drying the plastic before immersion
seems to reduce this effect.
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122 ILIQUID CRYSTAL P'OLYMER ] Xydar MG 450 ' ! Amoco ]

Published molecular structure sub-unit:

NOT PUBLISHED

Introduction and Description

Liquid crystal polymer MG 450 is a mineral-glass filled resin developed for use in
complicated and difficult pans; such applications require high density and a balance of
flatness, and strength. It is stiff, strong at elevated temperatures, and very resistant to
chemicals. LCP-MG 450 has low water adsorption and a reported HDT of 294°C (560°F)
at 1.8 mPa (264 psi).

Compatibility Results

:,'"::.:.+.:.:!.,::."::>:: :.. :::;::::;::: ::._:" ,".'".- ..,. ..... :.:.:..:......... :iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii!!!i_i',iiiiiiiiiiiiiiiiiiiiiiiiiiiiliiiiiiiii!iiii_ii!i_iiiiiiiiiiiiiii__:::_ ::_::_::_::_::I_.....::__::,_,_,_,,,,_,,,::_,i,,!,_',__ii',,_,,ii_ii'::,i
,__;_::_::,...........................................................::::::::::_::::::::,...........:..............,.....................................,.......!!Ni_iiiii!!ii!ii_:!!!_:iiii!_:ii!i!iii!l!!!!i!@i_:!!ii__!::ii@i_i@iii!i!!!!ii!ii_:i_!i__i!_!_i!iiii!!_i':!!!!f_!!!ii!i
:':':_:::::_:':_:'::':_:':.............._:_:':_.................................._:':':'_...........':::":::_...............................................................i_'_iiiiiiiiiiif,',',',ii_iii!'_i',@,i',i',':!':i',ii',ii!ii',ii!i!',i',iiiil14.6 ..-13.8
Branched-AcidPolyolester 0.2 21.6 -12.5
(ambient,no refrigerant)
BranchedAcidPolyolester 0]"2 -1.2* 6.5*
(dehydrated,no refrigerant) ,, = _

!iiiii!ii{iiii!iiiii!i!iiiiiiii!!iliiiiiiiiiiiiiiiiiiiiiiiiiiii!ii-"'(ambient,R-22) . . :._.:::,:_:_.....................................................:....
BranchedAcidPolyolester 0.2 15.6 -14.5
(ambient.,R-134a) ....
MixedAcidPolyolester ......................................3.0 0.8iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii!iii!ii!iii!!i!iiiiiiii!!ii!ii(ambient,R-134a :i:._:.::::::_if_i_:_:_:_:#._:._!_!f._:f._!_i_!_:_:_:_:._:_?'.f_V......
BranchedAcidPolyolester(ambient, 13.9 -2.4
averaseforall refrigerants)

averageP°lyalkyleneforallGlycolSrefrigerants)(ambient'iiii!ili!ii!i!i!!!!!if!!!!ili!i!!i!!i!i[i!!iiiii!!!iii16.6 -7.5

Mineral(ambient,OilS/averageAlkylbenzenesforall refrigerants) ;!!i!iii!i!ili{i!i!ili!ililii!i!iili!!ii!i!i!ii!!iiiiil
* Thesevaluesrepresentpercentchangerelativetoambienttestbars,nottocontrol.

The differences in TAN between delydratedand ambient test bars are slight; the
differences in tensile and elongation may be caused by annealing. Overall, LCP seems to
be one of the polymers most compatible with refrigerants andlubricants, and it appears to
be the least affected by heat.
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!23 [NYLON6/6Po[,VAE [Z,tel DuPom

Published molecular structure sub-unit:

Introduction and Description

Polyamides are condensation polymers designated by the number of carbon atoms in the
diamine followed by the number of carbon atoms in the diacid. Nylon 6/6 is the most
common nylon and the grade tested here is the general 6/6 grade. It is resistant to
nonpolar solvents, includin8 aromatic hydrocarbons, esters, and many oils. Nylon can
adsorb and be softened by polar materials, such as water, alcohols, glycols, and small polar
esters. Nylons can be heat stabilized, hydrolysis stabilized, and alloyed with many
different mateials that increase impact strength in the dry state. Nylons filled with
molybdenum disulfide have improved wear, fiexural properties, stiffness, and heat
resistance; nylons filled with glass fibers have improved tensile strength and heat distortion
temperatures. Dry AS molded, unfilled nylon has an HDT of 75°C (167°F) at 1.8 rnPa
(264 psia), while glass fiber-filled nylon has an HDT of 251°C (485°F).
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NYLON 6/6 POLYAMIDE, continued..
q

Compatibility Results

_ii_i__i_ii_iiii!iiiiiiii_i_iiiiiiii!iiii!i_iii!ii_iii_iiiii_ii_iiiii_iiiii_ii!iiiiiii_iii_i_ii_iii!ii!i_iii_i_iiiiii!ili_i_iiiii_ii_zlTm,tii_iii_iiii!iliiiiiiiiii!i___i ililiAir iii_i!!,i__iiiiiii!ii_ili!iii:__i!'!'!'!i!i!i!iiiii!!ii!iiiii!ii_jiii_?_-69.3.-96.6
-Branched -Acid Polyolester 3.0 30.6 -61.8
_ambient,no refriserant) .....
BranchedAcid Polyolester 0.3 -67.2* -87.3"
(dehydrated,no refriserant)

!iiiiiiiii!!iiiiiiii:iiii!!iiiiiiiiiiii!ii....
BranchedAcid Polyolester 0.9 20.5 -44.1
(ambient.R-134a)

o,yo, o, !iiiii!iiiiiiiiii!!!iiiiiiiliiiiiiiiiiiiiiiii.,,,
Branched AcidPoly01ester(ambient, 18.0 -50.5

Polyalkylene Glycols (ambient, 17.6 -45. I
average forall refriserants) !!_,_>:._:>>_,_,_::_:_::_:¢_>_,_! ....
Mineral Oils/Aikylbenzenes 10.6 =49.75
(ambient, averagefor all refrigerants)

* These values representpercentchangerelativeto ambienttestbars,not to control.
t The testbarswere destroyedby these conditions.
:gAn anomalousvalue (177.0%formineral oil and HCFC=I23) has been excluded.

When Nylon 6/6 is heated in air, it becomes brittle due to dehydration and loss of
hydrogen bonding. The high moisture adsorption is evident from the high TANs that are
reduced with dehydration. Although there is consistent embrittlement, this is always

accompanied by an increase in tensile strength. Hydrogen bonding due to refrigerant
action may be responsible for this effect.
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5. CONCLUSIONS

Lubricants and HFC refrigerants seemed to have no dramatic effect on most of the plastics
tested. As expected, most plastics adsorbed some refrigerant and lubricant, which
softened the parts slightly. The most prominent observation was the decrease in tensile
and elongation due to heating alone. Had this effect not been seperately determined, this
study would have concluded that all tested plastics were highly incompatible with
lubricants and refrigerants. In fact, only three of the tested plastics (acrylonitrile butadiene
styrene terpolymer, polyphenylene oxide, and polycarbonate) were affected severely
enough to be considered incompatible with lubricants and HFC refrigerants.

The analytical picture presented here would have been clearer and crisper if the tested
parts had been annealed and dehydrated before testing, as some of the results seem to be
affected either by water present in the test bars or by polar lubricants, which some plastics,
such as nylon, absorb. Special attention should be paid to polyethylene terephthalate and
polybutylene terephthalate with polyalkylene glycols and polyolesters.

Whenever any plastic is used with polar refrigerants and lubricants, some form of
extractable component can be obtained. The results [,resented here, which were obtained
using genetic test plastics, should be treated as guidelines for selecting plastics for further
testing; any plastic part intended for use in a refrigeration system should be screened after
molding for toughness, mechanical integrity, and compatibility with the system.

6. COMPLIANCE WITH AGREEMENT

Imagination Resources, Inc. has complied with all requirements of the agreement.

7. PRINCIPAL INVESTIGATOR EFFORT

The principal investigator has devoted 1980 hours toward the completion of this contract.
Technicians and other investigators have worked approximately 2930 hours since the
beginning of this project.
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Appendix A: Plastics, Registered Trademarks, and Specifications
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TABLEA.1

THE ENGINEERING PLASTICS USED IN THIS TESTING PROGRAM ARE

REGISTERED TRADEMARKS, TRADEMARKS, OR ARE NONE OF THE RESPECTIVE MANUFACTURERS

ENGINEERING PLASTIC REGISTEREDTRADEMARK,....

TRADEMARK,OR
NO. TRADENAME GENERICNAME MANUFACTURER NONE

1 AMODELAD-1000 HS POLYPH'rHALAMIDE ......... AMOCO REGISTEREDTRADEMARK
2 CYCOLACGPM 4700 ACRYLONITRILE-BUTADIENE-STYRENETERPOLYMER G,E, REGISTEREDTRADEMARK

3 DELRINII 11500' ACETAL ..... DUPON'I' REGISTEREDTRADEMARK
4 DUREZ PHENOLIC HOOKER.... REGISTEREDTRADEMARK

5 KYNAR720 POLwINYLIDENE FLOURIDE ATOCHEM REGISTEREDTRADEMARK
6 LEXAN'i61 POLYCARBONATE " G.E, REGISTEREDTRADEMARK
7 NORYL731 MODIFIED POLYPHENYLENEOXIDE " G.E, REGISTEREDTRADEMARK
8 PROFAX¢33i' NW POLYPROPYLENE ....... HIMONT TRADEMARK
9 RADELA-200 .... POLYAR'fl..SULFONE ..... AMOCO REGISTEREDTRADEMARK

10 RYNITE530 POLYETt.Pfl.ENETEREPHT_"rE' DUPONT REGISTEREDTRADEMARK
11 SUPECG401 POLYPHENYLENESULFIDE .... G.E. REGISTEREDTRADEMARK
12 TEFLON POLYTETRAFLUOROETHENE DUPONT REGISTEREDTRADEMARK
13 TORLON420_. ..... POLYAMIDE,-IMIDE,HI.GHSTREHGTH AMOCO REGISTERED"r'RADEMARK
14 TORLON4301 POLYAMIDE-IMIDE, 12% GRAPHITE AMOCO REGISTEREDTRADEMARK
15 ULTEM1000 ........ POLYETHERIMIDE G.E', REGISTEREDTRADEMARK
16 ULTEMCR$ 5001 MODIFIEDPOLYETHERIMIDE G,E, REGISTEREDTRADEMARK
17 ULTRAPEK(PAEK)' .... POLYARYLETHERKETONE........ BASF REGISTEREDTRADEMARK
18 VALOX325 PBT POLYB_ENE TEFiEPHTHALATE G.E. REGISTEREDTRADEMARK
19 VESPEL-DF POLYI'MIDE-DF DUPONT REGISTEREDTRADEMARK
20 VESPEL-DF-ISO ..... POLYIMIDE-E)F-ISO DUPONT REGISTEREDTRADEMARK
21 VICTREXPEEK450G POLY(AR,YLL=THERETHERKETONE).... ICI TRADEMARK....
22 XYDARMG 450 LIQUID CRYSTAL,POLYMER AMOCO REGISTEREDTRADEMARK
'23 ZYI"EL101 06 NYLON,POLYAMIDE. " DUPONT' REGISTEREDTRADEMARK

TABLEA.2

THE SYNTHETIC LUBRICANTS USED IN THIS TESTING PROGRAM ARE

REGISTERED TRADEMARKS, TRADEMARKS, OR ARE NONE OF THE RESPECTIVE MANUFACTURER

SYNTHETICLUBRICANT REGISTEREDTRADEMAR.:_
NAME TYPE MANUFACTUREF TRADEMARK,OR

NONE

ALLIEDSIGNALBRL150 32 ISOVG MODIFIEDPOLYGLYCOL ....... ALLIED-SIG, NONE
B-V RO-15 32 ISOVG MINERALOIL .... BVASSOC. NONE
EMERY 2927-A ' 32 ISOVG BRANCHEDACIDPOLYOLESTER HENKB. REGISTEREDTRADEMARK
E'IVlKARATERL2_,4........ 22 ISOVG MIXED'ACID POLLYOLES'I'E_ .... ICI TRADEMARK
EMKAROXVG32 32 ISOVG POLYPROPYI.ENEGLYCOLBUT_ MONO ETHER ICI REGISTEREDTRADEMARK
POLYGLYCOLP-425 ' 32 I$O VG POLYPROPYLENEGLYCOLDIOL DOW CHEMICAL NONE ......
SHRIEVEZEROL 150 32 ISOVG ALKYLBENZENE $HRIEVE CHEM. REGISTERFDTRADEMARK.................
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• Appendix B: Dimensional Changes from Lubricant Immersions
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[ CHANGES IN PLASTICS IMMERSED IN 82 ISO VG MINERAL OIL 1
TABLE B.1

TYPE TEMPER- PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% AVERAGE% AVERAGE% AVERAGE%
ATURE ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT

(deg. C) CHANGE CHANGE CHANGE CHANGE
a. b. b. b. b. c. c. c. c.

1 POLYPHTHALA MIDE 60 0 0 0 0 CREAM/FAINT GREEN -0.031 -0.14 0.00 -0.11

1 POLYPHTHALAMIDE lOOL 0 0 0 0 " NoNE -0.59 -0.54 0.00 . -0.34
2 ABS 60 0 0 0 ...... 0 NONE -0.08 -0.32 0.00 -0.06
2 ABS 100 0 0 0 0 CREAM/WHITE COAT -1.91 5.75 10.05 14.40
3 ACETAL ........ 60" 0 0 0 " 0 NONE -013 -- 0-_1-4 0.00 -0.17
3 ACETAL 100 0 0 0 0 NoNE -0.28 -0.41 0.79 -0.21
4 PHENOLIC 6O 0 0 0 0 NoNE " "0.07 0.14 ..... 0.38 -0.44
4 PHENOLIC .... 100 0 0 0 0 NONE ...... "0.38 -0.81 -0.38 -2.51
5 POLYVINYLIDENE FLUORIDE 60 0 " 0 0 0 NONE -0.04 -0.27 0.40 -0.05
5 PoLYVINYLIDENE FLUORIDE 100 0 0 0 0 LUCITE/YELLOW TINT -0.16 -0.14 0.00 0.00.....

6 POLYCARBONATE 60 0 0 0 0 NONE -0.07 -0.11 0.31 0.03
6 POLYCARBONATE 100 0 0 0 0 NONE -0.09 -0.68 -0.61 O.03
7 MODIFIED POLYPHENYLENE OXIDE 60 O; 0 0 0 NONE -0.17 -0.69 -0.62 0.15,,

7 MODIFIED POLYPHENYLENE OXIDE 100 0 0 0 0 GREY/WHITE COAT -0,14 -0.05 1,24 2.38
8 POLYPROPYLENE 60 O: " 0 0 0 NONE 0.40 -0.14 0.781 1.59
8 POLYPROPYLENE 100 0 0 0 0 NONE -0.09 2.44 2.34 10.44
9 POLYARYL SULFONE 60 0 0 0 0 NONE 0.01 -0.40 0.00 0.09
9 POLYARYL SULFONE 100 0 0 0 0 NONE -0.01 0.00 -0.38 0.06, ,,

10 POLYETHYLENETEREPHTHALATE 60 O! 0 0 0 NONE 0.01 -0.40 -0,78 0.02, .

10 POLYETHYLENE TE REP HTHALATE 100 01 0 0 0 NONE -0.01 0.13 -0.39 -009
--_- POLYPHENYLENESULRDE 60 Oi 0 0 0 NONE "o.03 -0.27 -0.62 0.01

11 POLYPHENYLENESULFIDE 100 OI 0 0 0 CHOCOLATE/UGHTER -0.10 ! -0.53 -0.47 -0.01

12 POLYTETRAFLUOROET HYLENE 60 OJ 0 0 0 NONE 0.02 - 0.401 0.39 O.12
12 POLYTETRAFLUOROET HYLENE 1O0 0 0 0 0 NONE 0.02 0.521 - 1.49 0.03
13 POLYAMIDE-IMIDE ..... 60 0 0 _ 0 0 I_ONE -0.03 0.40|__ - 0.39 0.20
13 POLYAMIDE-IMIDE-- 100 0 0 0 0 NONE 0.00 O.OOI 1.15 0.15
14 POLYAMID__-IMIDE 6O 0 0 0 0 ' NONE -0.04 -0.53 -1.51 0.16

14 POLYAMIDE-IMiDE . 100 0 O! 0 0 NONE -0.14 i "0.13 0.00 0.19
15 POLYETHERIMIDE 60 0 0 = 0 0 NONE -0.09 - 0.32 0.00 0.01
15 POLYETHERIMIDE 100 ' 0 0 0 0 NONE -0.02 -0.16 0.00 0.02.......

16 MODIRED POLYETHERIMIDE 60 0 0 0 0 NONE 0.01 -0.43 0.16 0.09

16 I_ODIRED POLYETHERIMIDE 100 0 0 0 0 NONE -0.06 -0.69 0.00 0.01
17 POLYARYLETHERKETONE 60 0 0 0 0 NONE -0.01 0.00 ...... 0.7--8 0.04
17 POLYARYLETHERKETONE 100 0 0 0 0 NONE 0.00 0.00 -1.15 -0.11
18 POLYBUTYLENETEREPHTHAL_.TE 60 0 0 0 o j NONE -0.071 -0.38 0.01 0.06
18 IPOLYBUTYLENE TEREPHTHALATE 100 0 0 ..... 0 0 NONE -0.26 _ -0._-22-_ 0.00 0.05_.

19 POLYIMIDE-DF 60 0 0 0 0 NONE 0.04 0.00 0.96 0.07, ,

19 POLYIMIDE-DF 100! 0 0 0 0 NONE 0.00 -0.15 0.96 0.02
20 POLYIMIDE-DF-ISO 60 0 0 " 0 0 NONE -0.03 -0.45 0.00 -0.08
20 POLYIMIDE-DF-ISO 100! 1 0 - 0 0 NoNE -0.03 -0.45 '().0()..... -0.25

21 POLY_ARYLETHERETHERKETONE) 60 0 0 0 o NONE 0.o0 -o.40 ..... 0.0o 0.03
21 POLY(ARYLETHERETHERKETONE) 100 0 0 0 0 NONE -0.01 -o.4o -0.77 -----o.03
22 LIQUID CRYSTAL POLYMER 60 0 0 0 0 NONE 0.0i -0.53 0.00 -O03
22 LIQUID CRYSTAL POLYMER 100 0 0 o 0 NONE 0.00 -0.27 0.00 -0.03
23 66 NYLON, POLYAMIDE" 60 0 0 0 O NONE 0.03 0.14 -0.78 -0.04
23 66 NYLON. POLYAMIDE 100 0 0 0 0 NONE -0.20 -0.41 -1.16 0.03

-.j
C_ Note:

a. Temperature conversions: 60 deg.C = 140 deg.F, 10(_ deg.C = 212 deg.F
b. Qualitative scale: O=no change. 1 =slight, 2=large. 3=dissolved, deformed or melted

c. %Chan_le = chs_e in before/after measurementsof___plastics



[ CHANGES IN PLASTICS IMMERSED IN 32 ISO VG MODIFIED POLYGLYCOL ]
TABLE B.2

NO. TYPE TEMPER- PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% AVERAGE% AVERAGE%I AVERAGE%
ATURE ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT

(deg. C) CHANGE CHANGE CHANGE CHANGE
a. b. b. b. b. c. c. c. c.

1 POLYPHTHALAMIDE 60 0 0 0 NONE -0.143 -0.541 0.000 -0.314
1 POLYPHTHALAMIDE 100; 0 0 0 0 CREAM/BURNT CREAM -0.544 -0.540---- 0.000; -0.779
2 ABS 60_ 0 0 0 0 NONE -0.097 0.000 0.468 -0.104...

2 ABS 100 0 0 0 0 NONE -3.518 0.214 1.249 -0.109
3 ACETAL 60 0 0 0 0 NONE -0.160 -0.274 0.000 -0.171
3 ACETAL i oo 0 0 0 0 WHITE/OFF WHITE - 0.335 - 0.274 0.000 - 0.383
4 PHENOLIC 60 0 0 0 0 NONE -0.413 -0.538 -0.763 - 2.373

4 PHENOLIC ' 100 0 0 0 0 NONE -0.370 -0.405 -1.!48 -2.279
5 POLYVINYLIDENE FLUORIDE 60 0 0 0 0 NONE -0.102 -0.541 -0,394 -0.008
5 POLYVINYLIDENE FLUORIDE 100 0 0 () () LUCITE/CREAM -0.204 "0.407 -0.787 -0.010
6 POLYCAI_BONATE 60 0 0 0 0 NONE -0.080! -0.267 0.000 -0.059
6 POLYCARBONATE 1001 0 0 0 0 NONE -0.074 -0.534 -0.1541 -0.076
7 MODIRED POLYPHENYLENE OXIDE 50 0 0 0 0 NONE -0.103 -0.268 0.001 0.115
7 MODIRED POLYPHENYLENE (_XIDE 100 0 0 0 0 NONE -0.143 -0.589 0.000 0.075..
8 PoLYPROPYLENE 60 0 0 0 0 NONE -0.158 -o.542 -0.781 -0.018
8 POLYPROPYLENE 100 0 0 0 0 LUCITE/MORE GRAY -0.129 -0.406 -0.391 . 0.120
9 POLYARYL SULFONE 60 0 0 0 0 NoNE -0.085 -0.401 0.000 -0.375

9 POLYARYL SULFONE 100 0 0 01 0 NONE -0.128 -0.267 0.388 -0,414
10 POLYETHYLENE TE REPHTHALATE 60 0 0 OI 0 NONE -0,071 0.134 0,781 -0,051
10 ! POLYETHYLENE TEREPHTHALATE 100 0 0 0 0 LIGHT TAN/PALE TAN -0.057 -0,535 0.391 -0,125
11 POLYP HENYLENESULFIDE 60! 0 0 0 0 NONE -0.028 -0.374 -0.624 -0.011
il POLYPHENYLE-NE-SULRDE 100 0 0 0 0 NONE -0.091 -0.321 0.624 -0.025
12 POLYTETRAFLUOROETHYLENE 60 0 0 ' 0 0 ,. NONE -O.040J 0.416 -1,553 0.099

--12- POLYTETRAFLUOROET HYLENE 100 0 0 0 0 NONE -0.080 -0.312 -1.517 0.311

13 POLYAMIDE-IMIDE 60 Of 0 0 0 NONE 0.029 0,000 0,769 0.329
--13- POLYAMIDE-IMIDE 100 0 0 0 0 NONE -0.014! 0.000 1.154 0,172

-____ POLYAMIDE-IMIDE 60 0 0 0 0 NONE 0.0i4 0.269 -- 0.-----7_" 0.213
14 POLYAMIDE-IMiDE 100 0 0 0 0 NONE -0.085 0.268 -1,493 0.080
15 POLYETHERIMIDE 60 O! 0 0 0 NONE -0.028 -0.428 -0,002 -0.165

15 POLYETHERIMIDE 100 0 0 0 0 NONE -0.023 -1,306 1,090 -0,179
16 MODIFIED POLYETHERIMIDE 60 0 0 0 0 NONE -0,017 - 0.268-- 0,314 - O.1_t4
16 MODIRED POLYETHERIMIDE 100 0 0 0 0 NONE -0.063 -0.268 0,629 -0,288
17 POLYARYLETHERKETONE 60 0 0 0 0 NONE - 0.014 O.136 1,157 - 0.097
17 POLYARYLETHERKETONE 100 0 0 0 0 NONE -0.029 0.136 0.388 -0,194
18 POLYBUTYLENETEREPHTHALATE_ 60 0 0 0 0 NONE -0.115 -0.594 0,153 -0.080
18 POLYBUTYLENE TEREPHTHALATE 100 0 0 0 0 NONE -0.271 -0,377 0.157 -0.135

19 ;POLYIMIDE-DF 60 0 0 0 0 NONE 0.000 -0.149 .... - 0.943 - 0.265
19 r-POLYIMIDE_DF 100 0 O= 0 0 NONE -0.015 -0,149 -0.476 -0.325
20 POLYIMIDE-DF-ISO 60 0 O' 0 0 NONE 1.443 0.152 -0.472 - 0.439
20 POLYIMIDE-DF-ISO 100 0 OI 0 0 NONE -0.059 -0,151 -0.467 __ -0.593

21 POLY(ARYLETHERETHERKET ON-L_ 60 0 0 0 0 NONE -0.014 -0.135 0.000 -0.078
_ 21 POLY(ARYLETHERETHERKET 0 NE) 100 0 O! 0 0 NoNE -0.029 -0,134 -- 0.000 -0.088

22 LIQUID CRYSTAL POLYMER 60 0 ' 0 i 0 0 NONE -0,014 -O.668 0,000 -0.001
22 LIQUID CRYSTAL POLYMER IO0 0 O_ 0 O, _ NONE 0.014 -0,535 -0.388 -0.058
23 66 NYLON, POLYAMIDE 60 0 0 0 Oi NONE -0.!87 .... -0,271 -0.391, -0,298
23 66 NYLON, POLYAMIDE 100 0 0 0 O'YELLOW CREAM/BROWNE -0,245 -0,542 0,000 -0,526

--J I Note:
l a. Temperature conversions: 60 deg.C = 140 deg.F, 100 deg.C = 212 deg.F

c._%b.Qualitative scale; O=no change. 1=slight, 2=large, 3_dissolved, deformed or melted
Change = change inbefore/alter measurements of plastics



[ CHANGES IN PLASTICS IMMERSED IN 32 ISO VG POLYPROPYLENE GLYCOL DIC)I_--._
TABLE B.3

NO. TYPE TEMPER- PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% AVERAGE% AVERAGE% AVERAGE%
ATURE ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT

(deg. C) CHANGE ;CHANGE CHANGE CHANGE
a. b. b. b. b. c. c. c. c.

POLYPHTHALAMIDE 60 O 0 0 O CREAM/GREEN TINT -0.14 -0.41 -0.39 -0.43
1 POLYPHTHALAMIDE .... 10----0--- 0 0 0 0 NONE -0.49 -0_27 -0.39 -0.66
2 ABS 60 0 0 0 0 NONI_ -0.06 -0.11 0.16! -0.12
2 /_BS 100 2 0 0 0 NONE - 1.73 0.05 3.42 3.91
3 ACETAL 60 0 0 0 O, NONE -0.1.2_ -0.27 0.00 -0.17
3 ACETAL 100 0 0 0 0 WHITE/OFF WHITE 0.28_ -0.27 0.79 0.47

4_. PHENOLIC 60 0 0 0 0 NONF_- -0.14 _ -0.40 -0.77 - 1.41
4 PHENOLIC 100 0 0 0 0 NONE -0.47 -1.07 -1.15 -2.96
5 POLYVINYLIDENE R_UORIDE 60 0 0 0 0 NONE 0.04 0.14 -0.39 -0.01

--5 POLYVINYLIDENE FLUORIDE 1oo 0 0 0 0 LLICITE/OFF WHITE 0.12 0.27 0.00 0.26
6 POLYCARBONATI_ 60 0 0 0 0 CLEAR/CLOUDY -0.031 -0.32 -0.15 -0.07
6 POLYCARBONATE 100 0 0 0 0 CLEAR/CLOUDY -0.08 0.16 1.37 1.24
"1 MODIFIED POLYPHENYLENE OXIDE 60 0 0 0 0 NONE -0.04 -0.43 0.63 0.00

7 MODIRED POLYPHENYLENE OXIDE 100 0 0 0 0 NONE -0.14 -0.21 o.94 o.o48 POLYPROPYLENE " 60 0 0 0 NONE -0.01 0.00 -0.39 2.75
8 POLYPROPYLENE ..... 100 0 0 OI 0 NONE -0.01 -0.27 -0.78 0.34
9 POLYARYL suLFONE ....6o 0 0 OI 0 NONE -0.09 0.13 0.00 . -0.48
9 POLYAFIYL S-ULFONE 100 0 0 0 0 NONE -0.10 -0.4o 0.00 -o.46
10 POLYETHYLENETEREPHTHALATE 60 0 0 O! 0 NONE -0.01 0.00 0.00 -0.11
10 POLYETHYLENE TE REPHTHALATE 100 0 0 0 0 NONE -0.04 -0.27 -0.39, -006
11 POLYPHENYLENESULFIDE 60 0 0 0 0 NONE 0.00 -0.32 0._31 -0.04
11 POLYPHENYLENESULFIDE 100 0 0 0 0 NONE -0.07 -0.16 0.16 -0.06
12 POLYTETRAFLUOR OETHYLENE 60 0 0 O! 0 NONIE -0.02 -0.10 -1.19 0.02
12 POLYTETRAFLUOROETHYLENE - 100 0 0 Oi 0 NONE 0.30 0.10 - 1.96 __ 0.03
13 POLYAMIDE-IMIDE 60 0 0 O' 0 NONE -0.01 -0.13 1.16 0.10
13 POLYAMIDE-IMIDE 100 0 0 O! 0 NONE 0.00 0.13 0.01 0.18
14 POLYAMIDE-IMIDE 60 0 0 O_ ..... 0 NONE O.01 0.00 -0.01 0.09..
14 POLYAMIDE-IMIDE 100! " 0 0 0 0 NoNE -0.03 -0.27 -1.51 0.09
15 POLYETHERIMIDE 60 0 0 0 0 NONE -0.01 -0.16 0.63 -0.24
15 POLYETHERIMIDE - i00 0 0 O: 0 NONE "0.01 -0.21 0.31 -0.23
16 MODIFIED POLYETHERIMIDE 60 0 0 0 0 NONE -0.02 -0.37 0.63 _ -0.25
16 MODIRED POLYETHERIMIDE 100 0 0 O! 0 NONE -0.04 -0.21 0.16 -0.26
17 POLYARYLETHERKETONE 60 0 0 O_ 0 NONE 0.01 0.00, - 0.39 - O.1_4
17 PoLYARYLETHERKETONE 100 0 0 O_ 0 NONE -0.06 -0.14 1.17 -0.16
18 POLYBUTYLENE TEREPHTHALATE 60 0 0 O/ 0 NONE -0.05 -0.221 -0.46 -0.17
18 POLYBUTYLENE TEREPHTHALATE 100 0 0 O_ 0 NONE -0.14 -0.59 -0.61 0.03
19 POLYIMIDE-DF 60 0 0 0 0 NONE -0.03 -:-0.30 -0,93 -0.33
19 POLYIMIDE-DF 100 0 0 " O! 0 NoNE ...... 0.00 0.00! 0,00 -0.29
20 POLYIMIDE-DF-ISO 60 0 0 0 0 NONE -- '0.04 -0.15 -0.47 -0.49
20 POLYIMIDE-DF-ISO 100 0 0 O: 0 NoNE -0.06 -0.15 -1,41 -0.62
21 POLY_(ARYLETHERETHERKET0 NE) 60 0 0 O! 0 NONE -0.10 -0.14 0.00 -0.08
21 POLY(IARYLETHERETHERKETONE ) __ 100 0 .... 0 O! 0 -- NONE -0.03 -0.27 -0.78 -0.08
22 LIQUID CRYSTAL POLYMER 60 0 0 0 0 NONE 0.03 -0.27 0.00 -0.01
22 LIQUID CRYSTAL POLYMER 100 0 0 O! 0 NONE _ 0.01 -0.13 0.00 -0.05
23 66 NYLON. POLYAMIDE 60 0 0 -0_ 0 YELLOW CR-_M/YELLOWl_ -0.19 -0.54 0.00 -0.45

....._-_-r_ _vt nN Phi YAMII_I= 100i 0 0 _ 0 YELLOW _O-W[- -0.23 -0.41 -0.39 -0.50

,,,i [Note:
oo (a. Temperature conversions: 60 deg.C = 140 deg,F, 100 deg.C = 212 deg.F

_b. Qualitative scale: O=no change, 1=slight, 2=large, 3=dissolved, deformed or melted
Lc. % Change = change in before/alter measurements of plastics



I CHANGES IN PLASTICS IMMERSED IN 32 ISO VG BRANCHED ACID POLYOL ESTER 1
TABLE B.4

NO. TYPE TEMPER- PARTIC- CRACK" CRAZ- SOFTEN- COLOR CHANGE AVERAGE% AVERAGE% AVERAGE% AVERAGE%
ATURE ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT

(deg. C) CHANGE CHANGE CHANGE CHANGE
a. b. b. b. b. c. c. c. c.

1 POLYPHTHALAMIDE 60 0 0 0 0 CREAM/GREEN TINT -0.03 0.135 0.000 0.0__'
I POLYPHTHALAMIDE " 100 0 0 0 0 CREAM/DULL CREAM -0.49 -0.135 0.391 -0.263

2 ABS 60 t 0 0 0 0 NONE -0.119_ -0.053 -0.463 -O.0992 ABS " 100 0 0 0 _ 0 CREAM/FLESH CREAM -2.231 0.748 5.451 5.319
3 ACETAL 60 0 0 OI 0 NONE -0.044 , 0.137 ..... 0.787 -0.114...

3 ACETAL 100 0 0 0 0 NONE -0.160 0.000 0.394 -0.221
4 PHENOLIC 60 0 0 0 0 NONE -0.100 -0.402 -0.382 -0.740
4 PHEN(3LIC 100 0 0 0 _ 0 NONE -0.527 -0.270 0.003 -3.182
5 POLYVINYLIDENE FLUORIDE 60 ' 0 0 O! 0 NONE " 0.058 0.272 -- 0.000 0.00_00
5 PoLYVINYUDENE FLUORIDE 100 0 0 0 0 NONE -0.058 -0.135 0.000 0.14_3
6 POLYCARBONATE 60 0 0 0 0 NONE -0.028 -0.801 0.000 0.009
6 POLYCARBONATE 100 0 0 0 0 NoNE -0.057 -1.181 0.000 o.l!/
7 MODIRED POLYPHENYLENE OXIDE 50 0 0 0 0 NONE 0.000 0.536 0.394 -0.010
7 MODIRED POLYPHENYLENE OXIDE 100 0 0 0 0 GRAY/CLOUDY GRAY -0.100 0.134 1.169 0.568
8 "POI_YPROPYLENE 60m 0 0 0 0 NoNE 0.029 0.410 0.787! _0._073
8 POLYPROPYLENE 100_ 0 0 0 0 NONE 0.705 0.407 0.000 2.625
9 POLYARYL SULFONE 60 0 0 0 0 NONE 0.000 . -0.401 -0.388 0.030
9 POLYARYL SULFONE 100! () 0 0 0 NONE -0.014 -0.133 -0.772 -0.122

10 POLYETH_'LENE TEREPHTHALATE " 60 0 0 0 0 NONE -0.028 0.404 -0.388 -0.032
10 POLYETHYLE NE TE REPHTHALATE 100_ 0 0 0 0 NONE -0.028 0.000 -0.778 -0.083
11 POLYPHENYLENESULRDE 601 0 0 0 0 NONE 0.000 0.268 0.944 -0.023
11 POLYPHENYLENESULRDE 1001 0 0 0 0 NONE -0.102 0.214 0.001 -0.009
12 POLYTETRAFLUOROETHYLENE 60 _ 0 - 0 0 0 NONE 0.140 1.140 0.000 0.004
12 POLYTETRAFLUOROET HYLENE 100! 0 0 0 0 NoNE 0.180 0.403 0.442 0.629,
13 POLYAMIDE-I_tlDE 60 0 0 0 0 NONE -0.029 0.135 0.000 . 0.251
13 POLYAMIDE-IMIDE 100 0 0 0 0 NoNE 0.000 0.135 1.163 O.048

14 POLYAMIDE-IMIDE 601 0 0 0 0 NONE 0.029 0.135 - 0.382 i 0.224 !
14 POLY/_MIDE-IMIDE 100 0 0 0 0 NONE -0.043 0.134_ 0.382 : 0.052
i5 POLYETHERIMIDE " 60 0 0 0 0 NONE -0.091 -0.641 0.314 -0.045
15 POLYETHERIMIDE 100 0 OL_ 0 0 NONE -0.034 -0.214 . 0.000 -0.131
16 MODIRED POLYETHERIMIDE 60! 0 0 0 0 NONE -0.028 -0.428 0.156 0.0o6
16 MODIRED POLYETHERIMIDE 100 0 0 0 0 NONE -0.080 -0.106 o.469 -0.040
17 POLYARYLETHEI_KETONE 60 C) 0 u 0 NONE -0.014 -0.001 0.794 -0.1...35
17 POLYARYLETHERKETONE ..... 100! 0 0 0 0 NONE -0.058 -0.001 0.000 -0.199
18 POLYBUTYLENE TEREPHTHALATE 60 0 0 0 " 0 NONE 0.023 0.054 -0A29 -0.022
18 POLYBUTYLENE TEREPPITHALATE 100' 0 0 0 .....0 NONE -0.184 -0.054 0.308 -0.o67
19 POLYIMIDE-DF 60 0 0 0 0 NONE 0.015 0.000 .. 0.000 0.064
lg POLYIMIDE-DF 100 0 0 0 0 NONE 0.029 -0.149 0.962 -0.154
20 POLYIMIDE-DF-ISO 60 0 0 0 0 NONE -0.015 0.000 -0.476 -0.298
20 POLYIMIDE-DF-ISO 100l 0 0 0 0 NONE ,. -0.074 0.000 0.485 -0.613

21 POLY(ARYLETHERETHERKETONE) 60 0 0 0 -- 0 NONE 0.000 -0.270 -0.385 0.030
21 POLY(ARYLETHERETHERKETONEI 100 0 0 0 0 NONE -0.057 0.000 -0.772 0.007
22 UQUID CRYSTAL POLYMER 60 0 ' 0 0 0 NONE 0.042 0.135 0.391 -0.008
22 LIQUID CRYSTAL POLYMER 100 0 0 0 0 NONE -0.014 0.403 0000 -0.020
23 66 NYLON, POLYAMIDE " 50 0 0 0 0 NONE 0.000 0.000 -1.136 ...... 0..027
23 66 NYLON, POLYAMIDE .... i__ 10____0____00 ..... 0 ......... O_ 0 YE__LLOWC______REAM/DARKE_RR.........-0.173__ --0_135 ..... 0.000 ......... -0:14_7

4a. Temperature conversions: 60 deg.C = 140 deg.F, 106 deg.C = 212 deg.g
b. Qualitative scale: O=no change, 1 =slight. 2=large, 3=dissolved, deformed or melte

c_ %_Cha___n_le= change in before/after measurements of_plastics



[ CHANGES IN PLASTICS IMMERSED IN 22 ISO VG MIXED-ACID POLYC)LES_R _1
TABLE B.5

TYPE TEMPER- PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% AVERAGE% -;_/E-I_;_GF:%/_F_A--G-E%"
ATURE ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WRGHT
(deg. C) CHANGE CHANGE CHANGE CHANGE

a. b. b. b. b, c. c. _.... c_:........... c._______

1__1_ POLYPHTHALAMIDE 60! 0 -------0 0 0 CREAM/GREEN TINT -0.19 -0.27 -0.39 -0.32POLYPHTHALAMIDE 100 0 0 O] 0 CREAM/GREEN TINT -0.07 -0.2. 7 .......... .:03_99......... :0.7__99
2 ABS 60 0 0 0 0 CREAM/WHITE FILM -0.10 -0.16! 0.62 -0.03
2 ABS 100 2 0 0 0 . CREAM/OFFWHITE -2.11 2.51_ 10.56 13.17
3 ACETAL 60: 0 0 () 0 NONE -0.23 -0.41 0.00 -0.24
3 ACETAL 100 0 0 0 0 NONE -0.23 -0.14 0.39 -0.26
4 PHENOLIC 60 0 0 0 0 NONE-- -0.10 -0.13 -0.38 -0.76
4 PHENOLIC lO0 0 0 0 0 NoNE -0.51 0.13 -0.77 -2.92
5 POLYVINYLIDENE FLUORIDE 60 -- 0 0 0 0 NONE -0.10 -0.41 0.79 -0.01
5 POLYVINYLIDENE FLUORIDE i O0 0 0 0 0 NONE ..... - O.10 - 0.54 0.79 O.07
6 POLYCARBONATE 60 0 0 0 0 NONE -0.09 -0.21 -0.15 -0.02
6 POLYCARBON/_.; E 100 0 0 0 0 CLEAR/FOGGY -0.07 -0.42 1.53 0.80
7 MODIRED POLYPHENYLENE OXIDE 60 0 0 0 o_ NONE -0.o6 -0.32 1.25 0.13
7 MODIRED POLYPHENYLENE OXIDE i00 0 0 0 O! NONE -0.11 0.21 2.34 1.91.
8 POLYPROPYLENE 60 0 0 0 0 NONE -0.06 -0.54 0.39 0.28
8 POLYPROPYLENE 100 0 0 0 0 NONE 0.49 0.14 0.39 1.97
9 POLYARYL SULFONE 60 0 0 0 0 NONE -0.04 -0.67 -0.38 -0.29
9 POLYARYL SULFONE 100 0 0 0 0 NONE 0.04 -0.40 0.00 -o.52
10 POLYETHYLENE TEREP HTHALATE 60 0 0 0 0 NONE -0.01 -0.40 -0.39 -0.09
10 POLYETHYLENE TEREPHTHALATE 100 0 0 0 0 NONE -0.01 -0.54 -0.39 -0.15
11 POLYPHENYLENESULFIDE 60 0 0 () 0 NONE -0.01 -0.27 -0.16! 0.00
11 POLYPHENYLENESULRDE 100 0 0 0 0 CHOCOLATE/UGH_ER -0.07 -0.37 0.16; -0.01
12 POLYTETRAFLUOROETHYLENE 60 0 0 0 0 NONE . -0.04 0.00 -1.25 0.22
12 POLYTE*'RAFLUOROETHYLFNE 100 OI 0 0 0 NONE 0.08: 0.00 0.00 0.04

13 POLYAMIDE-IMIDE 60 0 0 0 0 NONE 0.00 0.27 1.16 0.25
13 POLYAMIDE-IMIDE 100 0 0 0 0 NONE 0.01 0.00 -0.38 O.11
14 POLYAMIDE-IMIDE 60 O! 0 0 0 NONE 0.00 0.00 0.38 0.17,ooo, o o o oooooo o
15 POLYETHERIMIDE 60 0 t 0 0 0 NONE -0.03 -0.48 0.63 -0.O715 POLYETHERIMIDE 100 0 0 0 NONE -0.09 -0. ,43.. 0.00 -0.12

16 MODIRED POLYETHERIMIDE 60 0 0 0 0 NoNE -0.05 -0.32 -0.31 -0.1216 MODIRED POLYETHERIMIDE 100 0 0 0 NONE -0.08 -0.53 0.16 -0.17
17 POLYARYLETHERKETONE 60 0 0 0 0 NONE -0.01 -0.14 0.78 -0.23
17 POLYARYLETHERKETONE 100 O'j 0 0 0 NONE 0.00 0.14 0.39 -0.19
18 POLYBUTYLENE TEREPHTHALATE 60 O: 0 0 0 NONE -0.16 -0.32 0.16 -0.05
18 POLYBUTYLENE TEREPHTHALATE 100 0 0 0 0 NONE ...... -0.30 -0.65 0.00 -0.10
19 POLYIMIDE-DF 60 0 0 0 0 NONE -0.04 -0.15 -1.43 -0.22
19 POLYIMIDE-DF 100 0 0 0 0 NONE -0.03 0.00 -0.47 -0.32
20 POLYIIVilDE-DF-ISO 60 0 0 0 0 NONE -0.06 -0.15 -0.48 -0.41
20 POLYIMIDE-DF-ISO 100 0 0 0 0 NONE -0.07 -0.15 -0.95 -0.56

21 POLY(ARYLETHERETHERKET ONE) 60 0 0 0 0 NONE 0.01 -O.54 -0.39 -O.O6
21 POLY(ARYLETHERETHERKET ONE_) 100 0 0 0 0 NONE -0.01 -0.40 0.39 -0.09
22 LIQUID CRYSTAL POLYMER 60 0 0 0 0 NONE __ 0.03 0.00 -0.39 -0.01
22 LIQUID CRYSTAL POLYMER i00 0 0 0 0 NoNE 0.00 -0.13 0.00 -0.06
23 66 NYLON, POLYAMIDE _ 60 .....0 0 0 0 NONE 1_ -0.13 -0.41 -0.39 ...... _0.255
23 66 NYLON, POLYAMIDE 100 0 0 0 0 NONE ___ ___J_____-0.29 -0.27 ...... --0.39 ..... :0.___.

O0 Note:
a. Temperature conversions: 60 deg.C = 140 deg.F. 100 deg.C = 212 deg.F
b. Qualitative scale: O=no change, 1=slight, 2=large, 3=dissolved, deformed or melted

c. % Chan_le - ch___an_le inbefoce/after measurements of plastics

I II



[ CHANGES IN PLASTICS IMMERSED IN 32 ISO VG POLYPROPYLENE GLYCOL BUTYL MONO ETHER ..... j
TABLE B.6

NO. TYPE TEMPER- PARTIC- I CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% ¢WI:HAGE% AVERAGE% AVI:HAGE%

ATURE ULATES I ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT
(deg. C) CHANGE CHANGE CHANGE CHANGE

a. b. b. b. b. c. c. c. c.
1 POLYPHTHALAMIDE 60 0 0 0 0 CREAM/GREEN TINT -0.04 -0.13 0.00! -0.02
1 POLYPHTHALAMIDE 100 0 0 0 0 CREAM/DULL CREAM -0.40 -0.27 0.00! -0.37

[ 2 ABS .... 60 0 0 0 0 NONE -0.13 -0.32 0.16 -0.14
2 ABS 100 0 0 0 0 CREAM/FLESH -4.14! 0.21 0.46 0.11

' 3 ACETAL 60 Oi 0 0 0 NONE -0.06 -0.06 0.00 -0.12

3 iACETAL 100 0 0 0 0 NONE t -0.19 -0.14 0.00 -0.254 !PHENOLIC 60 0 0 0 0 NONE -0.31 -0.14 -0.38 -2.01
4 !PHENOLIC 100 O; 0 0 0 NONE -0.37 -0.54 L -0.76 -2.00
5 POLYVINYLIDENE FLUORIDE 60 0 0 0 0 NONE 0.06 -0.14 0.00 -0.01
5 POLYVINYLIDENE FLUORIDE 100 0 0 0 0 LUCITE/DULLER -0.07,_ ' -0.1-4 -0,39 0.02
6 POLYCARBONATE 60 0 0 0 0 NONE -0.11 -0.27 -0.74 ........0:1_88
6 POLYCARBONATE 100 0 0 0 0 NONE -0.13 -0.32 0.30 0.20
7 MODIRED POLYPHENYLENE OXIDE 60 0 0 O' 0 NONE -0.13 0.11 O.63 0.00
7 MODIRED PoLYPHENYLENE OXIDE 100 0 0 0 " 0 GRAY/CLOUDY -0.07 0.43 1.25 0.85
8 POLYPROPYLENE 60 0 0 0 0 NONE 0.98 0.00 0.00 0,02
8 POLYPROPYL.ENE tO0 0 0 0 0 NONE 0.22, 0.14 0.00 0,40
9 -PC'LYARYI. SULFONE 60 0 0 0 0 NONE 0.01 -0.67 -0.38 -0.08 !

T-PO_.YARYLSULFONE 100 0 0 0 0 NONE 0.04 -0.40 -0.39 -0.06
--1G -./-_i_:LYETHYLENE TE REPHTHALATE 6o 0 0 0 0 NONE - 0 01 O.O0 0.0___00......... ,__0_.01_

10 POLYETHYLENE TEREPHTHALATE 100 0 0 0 0 NONE -0_06 0.00 0.00 -0.08
11 POLYPHENYLENESULRDE ..... 60 0 0 0 0 NONE 0.00 0.05 0.31 -003
11 POLYPHENYLENESULFIDE 100 0 0 0 0 CHOCOLATE/UGH_-ER -0.10 0.05 0.31 -0.01
12 POLYrETRAFLUOROET HYLENE 60 0 0 O! 0 NONE 0.08 0.51 038 0.04
12 POLYTETRAFLUOROETHYLENE 100 0 0 0 0 NONE 0.30 0.00 .... _ 1.19
13 POLYAMIDE-IMIDE 60 0 0 0 0 NONE 0.00 0.14 0.77 0.05
13 POLYAMIDE-IMIDE 100 0 0 0 0 NONE 0.03 0.13 0.00 i.... 007
14 POLYAMIDE-IMIDE 60 0 0 0 0 NONE 0.01 0.13 0.00 0.13
14 POLYAMIDE-IMIDE 100 0 0 Oi 0 NONE 0.01 0.40 -0,76 0.12
15 POLYETHERIMIDE 60 0 0 O! 0 NONE -0.01 -0.27 -0.31 0.43
15 POLYETHERIMIDE 100 0 0 0 _ 0 NONE -0.10 -0.32 -0.15 -0.01
16 MODIFIED POLYETHERIMIDE 60 0 0 01 0 NONE 0.01 -0.16 -0.31 -0.05
16 MODIFIED POLYETHERIMIDE 100 0 0 O! 0 NONE -0.03 -0.32 0.16 -0.05
17 POLYARYLETHERKETONE 60 0 0 0 .. 0 NONE - 0,01 0.00 0,39 - O.15
17 POLYA-RYLETHERKETONE 1O0 0 0 0 0 NONE - 0.01 0.00 - 1,15 - O.16
18 POLYBUTYLENE TEREPHTHALATE 60 0 0 0 0 NONE -0.06 0.11 0.00 -0.O5
18 POLYBUTYLENE TEREPHTHALATE 100 0 0 O: 0 NONE -0.18 -0.05 0.30 -0.05
19 POLYIMIDE-DF 60 0 0 0 0 NONE 0.01 O30 0.00 -O.04
19 POLYIMIDE-DF 100 0 0 0 0 NONE 0.00 -0.15 1.44 -0.11
20 POLYIMIDE-DF-ISO 60! 0 0 0 0 NONE -0.04 -0.15 1.46 -0.56
20 POLYIMIDE-DF-ISO 100 0 0 o! 0 NONE -0.0=3 0.00 -1.43 -0.34

21 POLY(ARYLETHERETHERKET ONE) 6o 0 0 O! 0 NONE -0.01 -0.13 -0.77 0.00
21 POLY(ARYLETHERETHERKETONE) 100 0 0 0 0 NONE -0.03 0.00 _ 0.000 0.00
22 LIQUID CRYSTAL POLYMER 60 0 0 O! 0 NONE ...... 0.06 0.27 0.00 -0.01
22 LIQUID CRYSTAL POLYMER 100 0 0 Oi 0 NONE 0.00 -0.13 0.39 -o.o2
23 66 NYLON, POLYAMIDE 60 0 0 0 0 NONE -0.03 -0.14: 0.00 -003
2_ 66 NYLON, POLYAMIDE 100 0 0 O! 0 NONE I -0.14 -0:1-_! -0.78 . -0.18

O0 Note:
,--= a. Temperature conversions: 60 deg.C = 140 deg,F, 100 deg,C = 212 deg.F

b. Qualitative scale: O=no change, 1 =slight, 2=large, 3=-dissolved, deformed or melted

c. % Change = change in before/alter measurements of plastics



I CHANGES IN PLASTICS IMMERSED IN 32 ISO VG ALKYLBENZENE )
TABLE B.7

-hi-O:-T--- ................ _t'P-E .................. ]'-EMPEi_I: PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% AVERAGE% A_--RAG-E-%-A_RA(3F_%
/ ATURE ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT

_J CHANGE CHANGE CHANGE CHANGE__ a. b. b. b. b. c. c. c. c.
I_.__ POLYPHTHALAMIDE :_ -_:::-+:-:_0: ............. --0................. () 0 0 CREAMIGEEEN TINT -009 -0.27 0.00 -008

1 1POLYPHTHALAMIDE 100 0 0 0 0 NONE -0.69 -0.27 -0.39 -0.51
_._._______ ..........................................

_ 2 lABS 60 0 0 0 0 NONE -0.09 -0.13 0.78 -0.13
2___ JABS 10()- 1 0 0 0 CREAM/OFFWHITE ENDS -2.69 3.07 3.40 5.57

3 I ACETAL 60 0 0 0 0 NONE -0.22 -0.68 ! 0.00 -0.15
--3 _ACETAL 100 0 0 0 0 NONE -0.57 -0.55 ................0.3_ ....... --05-8
.... 4 ] PHENOLIC 60 0 0 0 0 NONE -0.01 -0.27 0.00 -0.15

:-:-4_.--_PHENOLIC 100 .... 0 O_ 0 0 NONE -0.40 -0.54 0.00 ....... :2:6._2
5 tPOLYVINYLIDENE FLUORIDE 60 0 0 0 0 NONE 2.90 1.22 0.40 2.96

----5-1 POLYVINYLIDENE FLUORIDE 100 0 0 0 0 LUCITE/YELLOW TINT 2.83 1.49 - 1.50 2.82
__._0__JPOLYCARBONATE 60 0 O! 0 0 NONE -0.09 -0.05 -0.15 ...... 0_0__2

I-61T] POLYCARBONATE 1oo 0 0 0 0 NONE -0.12 0.11 0.16 0.02
MODIRED POLYPHENYLENE OXIDE 60 0 OI 0 0 NONE -0.08 -0.16 0.00 0.07-._

MODIFIED POLYPHENYLENE OXIDE 100 0 0 0 0 GREY/WHITE COAT -0.01 1.23 5.46 5.49

_ 8__ POLYPROPYLENE 60 0 ..... -_0 0 0 NONE 0.40 0.14 -4.44 ....... 1-:5-3+

++__9_ POLYPROPYLENE 1O0 0 0 0 0 NONE 2.83 3.12 3.18 8.83POLYARYL SULFONE 60 0 0 r) 0 NONE 0.01 -0.53 0.78 0.40

9_ POLYARYL SULFONE 1O0 0 0 0 0 NONE 0.03 - 0.40 0.78 0.09
_ l_O._JPOLYETHYLENE TEREPHTHALATE ...............6__0_0........ 0 ............ _ ........ 0 ......... O, ............. NONE .......... -- .........--0.-_1- -0.27 ................0.0---0........ -0-07

10 I POLYETHYLENE TEREPHTHALATE 100 0 0 0 0 NONE -0.04 -0.40 -0.39 -0.14
- iI--" POLYPHE--NY-I_ISNESIJLFIDE:.................. 6(_........... 0 ............... O .......................................0 0 NC)+hiE......................... :32.---_+ -0.80 .................-3--.8-2 ...... _2.88
--1 i +1 P'OLYISHENYi-E-NESULi=IDE................ -_0 0 0 0 0 CHOCOLATE/UGHTER -3.05 - 1.60 ......... -5.-"_ ..............--2--._

+ _-l#6L-Y_E':tP,_,PLb_F_b-E_fi-";'LF:i,,ii_ ........... _ ......... 6 0 0 0 NONE 0.02 -0.20 -0.04 -0.04
....12--* POLYTETRAFLUOROET HYLENE 100' 0 0 0 0 NONE ..............0--.0(- -0.51 ...... - 1.-----_........ 0.0()
- 13 i POLYAMIDE-IMIDE 60 0 .............. 0 ........... 0.............. _ ......... NONE_................. 0_03 0.13 192 0.24
"--13--* POLYAMIDE- IMID E ........................ i66 ............ 0 .............. 0...... _ ....... 5 ................... N--(_NE........................... :--0.0-1 0.13 ........ --0.:318............ ():13

.................................................................14 ! POLYAMIDE-IMIDE _ 0 ............ 0 ........... 0 .......... 0 ........... N_OONE- ...................................o_:___.................o.__ ............ o.oo .:_.:. 0:20
_ 14 J POLYAMIDE-IMIDE 1O0 0 0 0 0 NONE ..........-0--0._3_3 0.00 .......... :0__:37....... O.! 0

15_ POLYETHERIMIDE 60 0 0 0 0 NONE -0.04 -0.48 .......... 0.__3_1............ 0.12--1 POLYETHERIMIDE 100 0 0 0 0 NONE -0.07 -0.69 0.94 0.07
-16--_M-ODIFIED POLYETHERIMIDE 60 0 0 0 0 NONE - 0.06 O.18 ...............0.3--1--............ ():01

MODIRED POLYETHERIMIDE 100 0 0 0 0 NONE -0.16 -0,43 - 2.28 - 0.24

- 1-7----_POLYARYLETHERKETONE 60 0 0 O] 0 NONE 0.01 O.14 0.00 - 003

17 _ POLYARYLETHERKETONE I O0 0 0 0.___ 0 NONE 0.01 O.14 I. 17 ...... -_0__.!3--1-8- POLYBUTYLENE TEREPHTAHLATE 60 0 0 ---- 0 0 NONE -0.10 -0.13 0.00 -0.02

--18-] POLYBUTYLENE TEREPHTHALATE 100 0 0 --_ 0 NONE -0.19 -6.27 -0.76 -0.08
19 POLYIMIDE-DF 80 0 O! 0 0 NONE -0.01 -0.30 -0.48 -0.05

--1_9-_ POLYIMIDE-DF 100 0 o' 0 0 NONE -0.04 -0.15; -0.94 0.01

--_0--_---20POLYIMIDE-DF-ISO 60 0 0 0 0 NONE O.01 0.00: 1.44 -O06..... POLYIMIDE-DF -ISO 1O0 0 0 0 0 NONE - 0.06 0.00 -0.96 .... .-- 0:___.
21 POLY__ARYLETHERETHERKETONE) 60 0 0 0__ 0 NONE -0.04 -0.40, 0.00 0.04

i.:-21 LPOLY(ARYLETHERETHERKET ONE 1_- 0 O- OJ. 0 -I_ONE : 0.--._ :_. __ -0._ ........... ---1):02-
I_-_ +[-__I_-IJIDCRYSTA--L-PO-_M-ER -60 0 O 01 0 -N_ ---0-:.01 _--0-0-_......... : i-:_,9-_............ 0.00
t _- Ii.:io--U__ i_-t:_-_--_ :::_-:-_:::::::::-:::::::0_:::-::::::__-:?::::o_T:-:--:::_............j_N_ ............... :o.--._ -__ .........-_._ ........:-o_0_
[-'23 , 66 NYLON, POLYAMIDE 6_0.[ oL. 01._. O[ 0 NONE ...... 2 0214_.......... -C0.2-71.......... 20:39- I ........ - O:Oa,

INote:

t_O0 la. Temperature conversions: 60 deg.C = 140 deg.F, 100 deg.C = 212 deg.F
lb. Qualitative scale: O=no change, 1 =slight, 2=large, 3=dissolved, deformed or melted
c_:_%Change - change in before/after measurements ofplastics
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TABLE C.1

-NOI | TYPE TEMPER-] _PAi_C- CRACK" C:RA_-L SOFTEN- C_OI_ORCHANGE AVERAGE% AVERAGE% I.AVERAGE%

ATURE I ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT 24 HR WT
Deg. C CHANGE CHANGE CHANGE CHANGE ICHANGE

a. b. b. b. b. c. c. c. c. c.

-1- l P6LYPFiT_HALAMIDE................. RT 0 0 0 0 NONE 0.084 0.1:3,5 - 0 388 0.841 0.722 I
....1-J P6i_YPHt HAL/_,MIOE ....... _ " 1 0 0 0 YELLOW/OFF WHITE -0.469 O.135 0.781 :2.i 26 2.041 i
-2 "_ h.B,_o.................................. RT 3 3 3 3 NONE FAILED FAILED F_,ILED FAILED
--2-[A-B_) ....................... _ 3 3 3 NONE FAILED FAILED FAILED FAILED FAILED
--3 |ACJ:T/_L- ............. RT .... 0 0 0 0 -NONE 0.087 0.274 3.165 0.672 0.494

3 ACETAL 60 1 0 0 11 NONE 2.626 2.470 0.000 8.085 3.841
4 I PHENO--LI-C...................... RT ............. O 0 0 NONE 0.171 0.537 3.4_2 1236 1 044
4 PHENOLIc ...................... 60.............. 0 0 NONE 0.399 0.941 0.373 2.207 1.980
5 POLYVINYLIDENE FLUORIDE RT 0 0 0 NONE 0.108 0.272 -O.348 0.607 O.522
5 POLYVINYLIDENE FLUORIDE 60 1 0 1 NONE 3.094 2.978 2.390 7.929 5.422
6 POLYCARBONATE RT 2 0 CLEAR/CLOUDY -0.754 2.267 25.185 28.097 18.217
6 POLYCARBONATE 60 1 2 2 J CLEAR/CLOUDY - 1.123 3.338 21.240 20.607 13.685
7 MODIFIED POLYPHENYLENE RT 0 0 ............... O! NONE - 1.442 3.091 15.955 27090 17.605

MODIFIE[)i)O[.YPHE NYLENE 60 0 0 NONE _ -1.741 0.536 i 51.759 25.209 16840
POLYPROPYLENE RT 0 C 0 NONE O.127 0.4121 0.400 1.117 0.956

8 1POL_'i:_,OPYLENE ......... 60 0 0 LUCITE/CLOUDY 9.133 0.538 -0.388 8.656! 3252

_ _ PC)LYAJ_'LSiJLFGNE ................. J_T ................01 0 0 (): NONE 0.114 1.947 1.916 0.626PoLYAi_'(L SiJLF6NE ............... 6o 0 " 0 0 TAN/METALUC TAN ..... 0.100 0.802 0.769 5.119 _ 4.183
POL_fETI_YL-ENEI"i_REPPFEHAI__,TE OI 0 0 0 0.000 0.938 2.359 3.082 2.898

10 POLO'ETHYLENETEREPI-R"HALATE 2 0 0 0 LT.TANJWHITE EDGES 0.2-_ 6278 8.456 . 7 158
11 F)OLYPHENYLENESULFIDE D I 0 0 0 NONE 0.000 0.134 -0.391 0.143 0.104

11 , PoL_T_HENYLENESULFIDE ........... 60 i 0 0 CHOCOLATE/LIGHTER 0057 -0.769 - 0.254 0.237
12 15bL_E-T-RAd_'LUOROETHYLENE RTi 0 0 NONE 1 - 0.185 0=:95-2_ 5.709 2.180
12 POLYTETRAFLUOROETHYLENE 601 0 0 NONE 1.621 1.219=.... 2.794 4.085 ..... "2.355
13 Pc)LYAMIDE-IMIDE 0 0 NONE 0.099 0.002 1.163 1.126 1036
13 POLYAMIDE-IMIDE 0 0 NONE ......... 0:002 ........... 0.267 .......... 0:000 0.594 0.63o
14 POLYAMIDE-IMIDE RT 0 0 NONE 0.071 0.403 -0.388 0.885 _ 0.810
14 POLYAMIDE-IMIDE 60 ............... 0 0 NONE ................0.--014....... :02-67 ........--0:_) __ _0.58_9.......... 0_.___6_

_ i5 .... POLYETHERIMIDE ........ -RT' ......... 0 _ ................ o o NONE 0.086 1.477 3.888 .... 6.674 ........ 5__2_.
" 15 " PbL-Y_-ERIMI--_DE-................................. _:)- ........ O: .............. Oi 0 0 BROWN/METALLIC GOLE 0.612 0.799 .... 1.1_ ....... 62_.0_7........ 5.0__.
_-1-6-" MODIFIED POLYETHERIMIDE -- RT 0 i 0 0 NONE -0.011 1.072 2O28 _ 7.07O ........ 524a _

16 MODIFIED POLYETHERIMIDE .......... _ .......... I ............ 0 0 BROWN/METALLIC GOLE 0008 0.748 ..........2:32_7 . 6.O92 4.684
.....1:/ - POLYARYLETHERKETONE RT 0 0 0 NONE 0.001 0.001 -2267 ........ 0.!_58..............0.12_8!

1-7 "POLYARYLETHERKETONE ........... _ ........ 0-_..............--0-_ 0 0 -- NONE 0.027 0.946 -2.593 0.292 0.281
! 18 " -P-OLY---BU--T_Ei_E-Ti:-R-EPHT_i'E- --- RT 0 ............ O_ 0 0 - NONE 0.849 1.220 -0.732 8.194 ........ 6:1--32_
......1-8.....POLYBUTYLENE TEREPHTHALATE 60 1 ........ _I 0 2 NONE ...........2.88__0__,_........ 2,.9_5 .............5.8_29.__ 12_:-T _--.9.8-__:
i 19 ....POLYIMIDE-DF ............. R-T............... 0 0 0 0 NONE 0.523 0.745 0.461 ..... 4.895 ..............3:658
.....19- POLYIMIDE-DF ........ 60 ............. 1....... 0--_ 0 0 NONE 0.450 0.446 -5.788 3278 2.714
....20 _OLYIMIDE-DF-ISO RT 0 O= 0 0 "- NONE 0,147 0,000 -1.433 .............i-i0-04.............0:8_19

20 POLYIMIDE-DF-ISO ............................................ 0 0 0 NONE 0,059 0.303 -5.786 .......... 0.:29"2.......... 0:,312"-1-........................ 60 1

_21"-- POLY(ARYLETHERETHEP,KETONE RT .......-0" Of 0 0 ........... NONE 0.043 0.406 6299 0.247 0.141................................................................................................ _:_2-9 ....... 0:1_ ...... _._8_ ..... 0:_ ............ _._64-
21 FOLY(_ARYLETIIERETHERKETONE 60 0 0 0 0 NONE ...............................................................

' 22,- " U-QU-iDCRYSTA-L-[_-O-LYMER ...... RT ............ -0"-- 0 0 ........ 0 ...................NONE -0.028 0.269 2.332 0.299 0047
I-_ ....LI(_D CRYSTAl- PE)L-YM_ ............... 6() ........ I O. 0 0 NONE ..........................................................

.............................................................................. --0....... h'O_JE............... 0.159 0.543 --0.388 1.604 1.338
i 23 _ NYL_h-,-P6L-_,i_iO_ ............ 1 RT 0 0 0

oo Note:
J_ a. Temperature conversions: 60 deg.C = 140 deg F. RT = ambient

b Qualitative scale: O=no change. 1=slight. 2=swelled. 3=dissolved. deformed or melted

C % Chang e = chan-_IP-in bef_orelafter_asurements of__l_lastics...................................

I I •
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{ CHANGES IN PLASTICS IMMERSED IN HFC-32 (R-32) j
TABLE C.2 i

I

NO. TYPE TEMPER- PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% AVERAGE% AVERAGE%PAVERA_%iAVERAGE% i
ATURE ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT !24 HR. W'T.

CHANGE CHANGE CHANGE CHANGE CHANGE
a. b. b. b. b. c. c. c. c. c.

__I POLYPHTHALAMIDE RT! 0 0 0 0 NONE 0.035 0.405 0.794 0.283 0.288
1 POLYPHTHALAMIDE .... 60! 0 0 0 0 ! YELLOW/OFF WHITE 0,422 0.548 4.694 2.208 1.074
2 ABS ' RT O! 0 0 2 CREAM/LIGHT CREAM 11.655 50.535" " i8i.722 18.400 6.141
2 ABS 60! 31 3 3 3 NONE FAILED FAILED FAILED FAILED ' FAILED
3 ACETAL ' RT 0 i 0 0 0 NONE 1544 1.646 1.587 3.864 2.154
3 ACETAL 60 1 0 0 0 NONE 1,325 1.505 2.362 ' 3:951 1.735
4 PHENOLIC ..... RT O_ 0 0 0 NONE 0.026 -0.267 -0.775 0.265 0.223
4 PHENOLIC 60; 0 0 0 0 NONE -0.057 -0.'134 -0.758 0.353 0.275

5_ F;OLWINYLIDENE i=LUORIDE RT 0 0 ..... 0 0 NONE 2.542 2.578 1.200 5.945 3.433
5 POLYVINYLIDENE FLUORIDE 60 0 _..... 0 0 2 NONE 1.974 5.827 7.099 9259 4.118
6 POLYCARBONATE RT 0 0 0 01 NOI_E ...... 0.468" ' 2.006 4261 10.135 !.... 7.643

--6- POLYCARBONATE 60 1 0 0 0 CLEAR/PEARL -1.764 -0.6_ 13.586 9.01)7 7.498
7 MODIFIED POLYPHENYLENE OXIDI RT 0 0 ..... 0 0 NONE .... 1.071 L_ 2.145 3.510 7.591 5.078
7 MODIRED POLYPHENYLENE OXIDE 60 2 0 0 0 .... NONE -1.071 1.740 42347.657 5.238
8 POLYPROPYLENE ] . RT .... 0 0 0 0 NONE 0.669 0.271 0.794 1994 1.386

___88_POLYPROPYLENE 60 0 0 0 0 LUCITE/WHITE CENTER 0.395 0.675 0.787 2.307 1212!
9 I_OLYARYL SULFONE RT 0 0 0 0 NONE 0.329 0.399 2.353 3.856. 2.945

POLYARYL SULFONE 60 1 2 0 0 NONE 0.598 1.337 3.504 5.301 l
L

4.37.7
1_ ' POLYETHYLENE TEREPHTHAL.ATE RT 0 0 .... 0 0 NONE 0.043 0_4O2 1.978 1.810 _ 1.450
-1-0-" POLYETHYLENE TEREPHTHALATE 60 0 0 0 0 TAN/OFF WHITE 0.028 0.401 2.734 3.965 J 3.424

1__1_1_1POLYPHENYLENESULFIDE RT 0 .... 0 0 0 NONE -- 0.014 0.535 0.018' 0.319 0.241
11 POLYPHENYLENESULFIDE 60 0 0 0 0 CHOCOLATE/LIGHTER -0,085 -0.134 1.154 0.438 0.390

--12-_ POLYTETRAFLUOROETHYLENE RT 0 0 0 0 NONE 0.622 0.413 3.051 1.451 0.771
---12---1POLYTETRAFLUOROETHYLENE 60 0 "0 0 " 0 NONE 0.723 0.725 0.:_62 "i.636 0.735

-i-3 -_POLYAMIDE-IMIDE RT 0 6 0 0 NONE 0.0:14 -0.267 ......1.550 0.285 _ 0,290
-1-3- POLYAMIEIE'IMIDE 60 () 0 0 0 NONE 0.083 -0,133 0.382 0.509 0.456

14 POLYAMIDE-IMIDE RT 0 0 0 0 NONE -0.029 0.000 0.'18"7 0.289 0.265
14 POLYAMIDE-IMIDE " 60 0 0 0 0 NONE 0.043 "-0.134 1 .i51 0.558 0.528
15 POLYETHERIMiDE RT 0 0 0 0 NONE 0.100 0.667 - 1.'i13 2.442 .....1.890
15 POLYETHERIMIDE 60 0 0 0 0 NONE 0.271 0.534 1.163 4.039 3.447
16 MODIFIED POLYETHERIMIDE RT 0 0 0 0 NONE 0.170 0,803 ' ' 1.2591 ..... 2.758 2.095

MODIFIED POLYETHERIMIDE 60 0 0 .... 0 0 NONE " 0.334 0.534 2.503 4.417 3.747
i7 " POLYARYLETHERKETONE RT 0 0 0 0 - NONE 0,294 0.541 0.391 0.410 0.315
17 POLYARYLETHERKETONE 60 0 0 0 0 NONE -0.144 0.270 0.791 1.213 1.055
16 POLYBUTYLENE TEREPHTHALATE RT 0 0 0 1 NONE 0.302 0.947: 2.353 2.206 1.795

18 POLYBUTYLENE TEREPHTHALATE 60 0 0 0 1 NONE 1.122 0.672 3.i 13 2.545 :3.677
19 POLYIMIDE-DF RT " 0 0 0 0 NONE 0.537 0.892 1.942 5.553 4.069
19 POLYIMIDE-DF 60 0 0 0 0 NONE 1.364 1.488 1.442 6.019 4.619
20 POLYIMiDE-DF-ISO RT 0 0 0 0 NONE 0.086 0.000i 1.475 0.864: 0.738
20 POLYIMIDE- DF-ISO 60 0 0 0 0 NONE ..... 0.280 0.453 0.9£,6 1.467 1.334

21 POLY(ARYLETHERETHERKETONE ) RT 0 0 0 0 NONE -0.071 0.404 0.018 0.473, 0.382
21 POLY(ARYLETHERETHERKETONE ) 60 0..... 0 0 0 NONE 0.143 .... 0.270 0.784 -- 1.515 1.328
22 LIQUID CRYSTAL POLYMER RT 0 O; 0 0 NONE -0.()14 0.134 -0.379 0.062 0.050

....

22 LIQUID CRYSTAL POLYMER 60 0 O, 0 0 NONE -0,042 -0.402 1.572 0.098 0.079
23 66 NYLON, POLYAMIDE RT 1 0 0 0 NONE 1484 0.136 0.794 0.193 0.204
23 66 NYLON, POLYAMIDE " _ 60 0 O_ 0 J 0 NONE 0.288 0.405 [ 1.163 1.479 ...... 1.410.

00 a. Temperature conversions: 60 deg.C = 140 deg.F, RT = ambient
ut b. Qualitative scale: 0=no change, 1 =slight, 2=swelled, 3=dissoNed, deformed or melted

c. %Change = chan t___in before/after measurements of plastics



[ CHANGES IN PLASTICS IMMERSED IN HCFC-1 23 (R-1 23)___J
TABLE C.3

-_10. I TYPE 1TEMPER- PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% AVERAGE% AVERAGE% AVERA--GE%IAVERAGE%
I I o.oc

I a. b. b. b. b. c. c. c. c. _1 c.
POLYPHTHALAMIDE RT 0 0 0 0 NONE -0.029 0.813 -1.556 -0.069 -0.061

1 POLYPHTHALAMIDE 6G 0 0 0 0 NONE -0.053 0.678 -1.917 2.187 2.045
2 ABS RT 3 3 3 3 NONE FAILED FAILED FAILED FAILED FAILED
2 ABS 60 3 3 3 3 NONE FAILED FAILED FAILED FAILED FAILED
3 ACETAL RT 0 0 0 0 NONE 0.160 -0.I37 -1.181 0.649 0.502
3 ACL=TAL 60 0 0 0 0 NONE 3.194 3.151 0.787 9294 6.617
4 PHENOLIC RT 0 0 0 0 NONE 0.329 -0.668 0.000 6241 6266
4 PHENOLIC 60 ¢ 0 0 0 NONE 0.028 - 0.133 - 0.009 0.818 O.716
5 POLYVINYLIDENE FLUORIDE RT 0 0 0 0 NONE 0.116 0.409 0.797 0.118 -0.167
5 POLYVINYLIDENE FLUORIDE 60 0 0 0 0 NONE 0.823 0.137 -2.362 1.582 1.421
6 POLYCARBONATE RT 3 3 3 3 NONE FAILED FAILED FAILED FAILED FAILED
6 POLYCARBONATE 60 3 3 3 3 NONE FAILED FAILED FAILED FAILED FAILED
7 MODIFIED POLYPHENYLENE OXIDE RT 3 3 3 3 NONE FAILED FAILED FAILED FAILED FAILED
7 MODIFIED POLYPHENYLENE OXIDE 60 3 3 3 3 NONE FAILED FAILED FAILED FAILED FAILED
6 POLYPROPYLENE RT 0 0 0 0 NONE 1.166 0.816 1.569 6.854 5272
8 POLYPROPYLENE 60 0 ! 0 0 0 NONE 1.770 2.988 -0.391 14.309 8.038,.

9 POLYARYLSULFONE RT 0 0 0 0 NONE 0.100 0.535 -0.775 -0270 -0247
9 POLYARYLSULFONE 60 0 0 0 0 NONE 0.114 0 268 - 1.163 0.778 : 0.572

_1___ POLYETHYLENE TEREPHTHALATE RT 0 0 0 0 LT. TAN/WHITE EDGES 0.014 0.134 1.563 .0-154 -0.463
10 POLYETHYLENE TEREPHTHALATE 60 0 0 0 0 LT. TAN/WHITE EDGES 0.099 1.745 0.761 4.530 3,773
11 POLYPHENYLENESULFIDE RT 0 0 0 0 NONE -0.014 0.134 0.784! -0.005 -0.009
11 POLYPHENYLENESULFIDE 60 0 0 0 0 NONE -0.057 -0.401 -2.734 0.129 0.109
12 POLYTETRAFLUOROETHYLENE RT 0 0 0 0 NONE 0.622 0.000 -1.136 2.473 2.078
12 POLYTETRAFLUOROETHYLENE 60 0 0 0 0 NONE 1.803 1.421 - 1.168 4.903 4.063
13 POLYAMIDE-IMIDE RT 0 0 0 0 NONE -0.014 -0.401 1 154 -0.019 0.052
13 POLYAMIDE-IMIDE 60 0 0 0 0 NONE -0.591 0.806 -1.938 O.509 0.633
14 POLYAMIDE-IMIDE RT 0 0 0 0 NONE -0.028 -0268 2.713! -0.023 0.047
14 POLYAMIDE-IMIDE 60 0 0 0 0 NONE 0.000 -0.402 - 1.533 0.375 0.465
15 POLYETHERIMIDE RT 0 0 0 0 NONE -0071 0.001 - 0.778 J -0.178 -0.118
15 POLYETHERIMIDE 60 0 0 0 0 NONE 0.071 0.003 -0.388 0.752 0.575
16 MODIFIED POLYETHERIMIDE RT 0 0 0 0 NONE -0.028 0.161 -0.465, -0.150 -0.118
16 :MODIFIED POLYETHERIMIDE 60 0 0 0 0 NONE O.040 0.91 _; -0.7801 0.686 O.549
17 I POLYARYLETHERKETONE RT 0 0 0 0 NONE 0.043 -0.136 -0.761 -0.086 -0.049
17 POLYARYLETHERK._"TONE 60 0 0 0 0 NONE 1.2041 0.813 0.775 0.099 0.060
18 POLYBUTYLENE TEREPHTHALATE i RT 0 0 0 0 NONE 0.014 0.136 1.163 1.510 1.237

18 POLYBUTYLENE TEREPHTHALATE 60 0 0 0 0 NONE 0.863 i 1.081 1.145 7.023 6281
19 POLYIMIDE-DF RT 0 0 0 0 NONE -0.116! -0298 -1.909 -0.100 -0.091
19 POLYIMIDE-DF 60 o J 0 0 0 NONE 0.102 i -0.149 -0.952 0.663 0.608
20 POLYIMIDE-DF-ISO RT 0 0 Oi 0 NONE 0.015 0.000 -0.966 -0.163 -0,125
20 POLYIMIDE-DF-ISO 60 0 0 0 O: NONE 0.074 -0.302 -1.905 0.265 0.265

21 POLY(ARYLETHERETHERKETONE) RT1 Of 0 O_ 0 NONE -0.057 0.000 -1.563 -0.075 -0.050
21 POLY(ARYLETHERETHERKETONE) 60 0 0 0 0 i NONE 0.014 -0.1 34 - 1.544 0.020 0.023
22 LIQUID CRYSTAL POLYMER RT 0 0 0 OI NONE -0.028 -0.134 -0.388 O.0O5 0.003
22 LIQUID CRYSTAL POLYMER 60 0 0 O! O! NONE -0.014 -0.669 -0.781 0.048 0.051I

23 66 NYLON, POLYAMIDE RT OI 0 Of 01 NONE i -0.058 0.54__ -1929 -0.261 _ - -L_ 1_23 66 NYLON, POLYAMIDE 60 01 0 0 ! NONE j_ 0.462 1.085 J_ - 1903 2.305 L _ 2.216

1Note:
Oo t a. Temperature conversions: 60 deg.C = 140 deg.F, RT = ambient
O_ I b. Qualitative scale: O=no change, 1 =slight. 2=swelled, 3=dissolved, deformed or melted

[ c. % Change = change_in before/after measurements of plastics



I CHANGES IN PLASTICS IMMERSED IN HCFC-124 (R-124) I
TABLE C.4

NO. TYPE TEMPER- PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE%I AVERAGE% AVERAGE% AVERAGE% AVERAGE%
ATURE ULATES ING ING ING AFTERAGING LENGTH I WIDTH THICKNESS WEIGHT 24 HR WT
Deg. C. CHANGE j CHANGE CHANGE CHANGE CHANGE

a. b. b. b. b. c., j c. c. c. c.
1 POLYPHTHALAMIDE RT 0 0 0 0 NONE 0.008 0.812 3.543 1:921 1.589
1 POLYPHTHALAMIDE 60 0 0 0 0 NONE -0.348 0.540 1.178 O.176 0.201
2 ABS RT 3 3 3 3 CREME/WHITE FAILED " FAILED FAILED FAILED! FAILED
2 ABS 60 3 3 3 3 NONE FAILED FAILED FAILED FAILED FAILED..

3 ACETAL RT 0 0 0 0 NONE 0,539 0.962 0.047 1360 0.960
3 ACETAL 60 0 0 0 0 NONE 1.896 1.779 0.000 _ 4,684 4.535
4 PHENOLIC RT 0 0 0 0 NONE 0.171 0.943 3.587 1,426 1.302
4 PHENOLIC 60 0 0 0 0 NONE 0.043 0.268 _ - 11142 ()1523 0.465
5 POLYVINYLIDENE FLUORIDE RT 0 0 0 0 NONE 0.056 -0:1301 2.013! 0.272 0.392
5 POLWINYLIDENE FLUORIDE 60 0 0 0 0 NONE 1.404 1.357 2.381 3,779 3.5_
6 POLYCARBONATE RT 0 0 0 0 NONE -0.014 -0.664] 1.944 0,799 0.677
6 POLYCARBONATE 60 0 0 0 0 CLEAR/CLOUDY 0.085 1.604 3,066 5,867 5.552
7 MODIFIED POLYPHENYLENE OXIDE RT 0 0 0 0 NONE 0.014 0.673 4378 0.695 0.514
7 MODIFIEI_ POLYPHENYLENE OXIDE 60 0 0 0 0 GRAY/WHITE STREAKS 0.014 1.072: 3.125 5,936 5.390
8 _POLYPROPYLENE RT 0 0 0 0 NONE 0.545 1.360 _ 2,778 1,492 1.296,,

8 POLYPROPYLENE 60 0 0 0 0 LUCITE/CLOUDY 1.446 0.841 2.756 7.594 6.363
9 =POLYARYLSULFONE RT 0 0 0 0 NONE 0.142 0.804 2.375 0.999 0.720
9 F;OLYARYLSULFONE 60 0 0 0 0 NONE 0.057 0,134 -2281 0,240 -0.043

10 POLYETHYLENE TEREPHTHALATE RT 0 () 0 0 LT. TA_,I/WHITEEDGES- -0043 0.674 1.984 0,675 0.616
10 =POLYETHYLENE TEREPHTHALATE 60 0 0 0 0 TANJLIGHTER EDGES -0.014 0,134 -0.388 1.013,,I 0.983
11 POLYPHENYLENESULFIDE RT 0 0 0 0 NONE - 0057 0,268 0.794 0.124 0.234
11 POLYPHENYLENESULFIDE 60 0 0 0 0 NONE -0.014 0.134 -2.643 1.265 0.046
12 POLYTETRAFLUOROETHYLENE RT 0 0 0 0 NONE 1.522 2.491 2.267 4.432 3.176

-1-2-- POLYTETRAFLUOROETHYLENE 60 0 0 0 0 NONE 1.743 i .942' -2.423 5.469 3.715
13 POLYAMIDE-IMIDE -- RT 0 0 0 0 NONE 0.-178 0.942 2.729 1.172 1.112.
13 POLYAMIDE-IMIDE 60 0 () 0 0 NONE 0.000 -- -0.133 -1.504 -0.130 -().123
14 POLYAMIDE-IMIDE RT 0 0 0 0 NONE 0.029 0.537 0.394 0.841 0.852
14 POLYAMIDE-IMIDE 60 0 0 0 0 NONE 0.000 0.000 -0.382 0.o03 0.026.__, .

15 POLYETHERIMIDE RT 0 _ 0 ! 0 0 NONE 0.242 0.671 - 1.527 0.584 0.561
i5 POLYETHERIMIDE 60 0 0 0 0 NONE 0.043 0.000 0.775 0.250 0.127
16 MODIFIED POLYETHERIMIDE RT 0 O! 0 0 NONE 0.209 0.645] 2.062 0.584 0.532
"16 MODIFIED POLYETHERIMIDE 60 0 0 0 0 NONE -0.062 (),322 0.004! 0.110 0.038
17 POLYARYLETHERKETONE RT 0 0 0 0 NONE 1.637 0.272 2.368 0.313 0.334

17 POLYARYLETHERKETONE 60 O_ 01 0 0 NONE 0.078 0.136 -0.385 -0.046, -0.05318 POLYBUTYLENE TEREPHTHALATE RT O; O_ 0 0 NONE 0.043 0.544 1.178 2.162 2.198
18 POLYBUTYLENE TEREPHTHALATE 60 OI 0 0 0 NONE 0.130 0.405 1.935 1.902 i 1.885
19 POLYIMIDE-DF " RT 0 O: 0 0 NONE 0.160 0.000 7.921 1.535 1.238........

19 POLYIMIDE-DF 60 0 0 0 0 NONE 0.029 0.000 -4.571 0.213 0.116
20 POLYIMIDE-DF-ISO RT 0 0 0 0 NONE 0.044 0.152 4.036 0.704, 0.742_.

20 POLYIMIDE-DF-ISO 60 0 0 0 0 NONE 0.029 0.151 -4.080 O.02G -0.024
21 POLY(ARYLETHERETHERKETONE) ! RT 0 0 0 0 ! NONE -0.086 0.813 1969 0.238 0.279
2i POLY(ARYLETHERETHERKETONE ) 60 0 0 0 0 NONE -0.014 0.000 0.000 0.059 0.045
22 LIQUID CRYSTAL POLYMER RT 0 0 01 01 NONE : -0.014 0.404 1994 0.050 O.163
22 LIQUID CRYSTAL POLYMER 60 0 0 0 = - Of NONE 0.028 -0268 -0.775 -0-2-9-5 0.072

t

i 23 66 NYLON, POLYAMIDE RT 0 0 P 0 NONE 0.475 1.359 3.165 3.450 2.679
23 66 NYLON, POLYAMJDE - 60' 0 0 O! 0 NONE -0.072 0.407 _-1.53______9..... __0.2___39/ __ 0.280

JNote:

O0 I a. Temperature conversions:80 deg.C = 140 deg.F, RT = ambient
--,I I b. Qualitative scale: O=no change, 1=slight, 2=swelled, 3=dissolved, deformed or melted

j c. % Change = c__hhangein before/after measurements of plastics



(_--ANG-E,_ IN PLASTICS IMMERSED IN HFC-125 (R-12-5j
TABLE C.5

NO. TYPE TEMPER- I PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% AVERAGE% AVERAGE% AVERAGE% !AVERAGE%
ATURE ] ULATES ING ING ING AFTERAGING LENGTH WIDTH THICKNESS WEIGHT 24 HR. WT.
Deg. C. I CHANGE CHANGE CHANGE CHANGE CHANGE

a. I b. b. b. b. c. c. c. c. c.
--1--- POLYPHTHALAMIDE RT 0 0 0 0 NONE 0.167 0.269 -0.76_ 0.587 0.53"I

1 ' POLYPHTHALAMIDE 60 0 0 0 0 CREAM/OFF WHITE -0250 ! 1.082 0.781 1.113' 1.057
--5-- ABS RT 0 0 0 0 NONE 0.271 -0.i33 -0.388 0.659 0.380

2 ABS 60 0 0 0 0 NONE 0.100 0.400 1.559 1300 1.115
-3--- ACETAL " RT 0 0 0 0 NONE 0.496 0.409 -2296 1.'145 0.648

3 ACETAL 60 0 0 0 0 NONE 0.831 0.822 - 1.914 2.058 1.656
4 PHENOLIC RT 0 0 0 0 NONE 0.171 0.000 -7.606 0.921 0.854
4 PHENOLIC 60 0 0 0 0 .... NONE 0.228 i ...... 0.538 0.769 1.557 1.417

5 I POLYVINYLIDENE FLUORIDE RT 0 0 0 0 NONE 0.094 -0.270 - 1.538 0.341 0.242
5 'POLYVINYLIDENE FLUORIDE 60 0 0 0 0 NONE 0.707" ' 0.949 0.403 1.725 1.639
6 ,POLYCARBONATE RT 0 0 0 0 NONE -0.692 -0.926 - 1.116 0._50 0.220
6 !POLYCARBONATE 60 0 0 0 () NONE 0.028 0.268 -0.382 0.624 0.470
7 MODIFIED POLYPHENYLENE OXIDE RT 0 0 0 0 NONE 0.215 -0268 0.003 0.301 0.132
7 MODIFIED POLYPHENYLENE OXIDE 60 0 0 0 " 0 NONE 0.043 0.134 0.000 0.485 0.388
8 POLYPROPYLENE RT 0 0 0 0 ' NONE 0.218 -0267 -2256 0.355 0.361
8 POLYPROPYLENE 60 0 0 0 0 LUCITE/CLOUDY 0.595 0.272 0.391 2.381 2.223
9 POLYARYL SULFONE " RT 0 0 0 0 NONE 0.014 -0.133 0.394 0.285 ().218
9 POLYARYL SULFONE 60 0 0 0 0 NONE O.1O0 0.000 0.391 - 0.1O0 - 0.005

10 ,POLYETHYLENE TEREPHTHALATE RT 0 0 0 0 NONE 0.213 -0267 -1.157 0.430 0.301
10 POLYETHYLENE TEREPHTHALJ_TE 60 0 0 0 0 NONE 0.043 0.134 0.009 0.993 0.878
11 POLYPHENYLENESULFIDE RT 0 0 0 _ 0 NONE 1.559 0.268 -0.751 0.173 0.091
11 POLYPHENYLENESULFIDE _DO 0 0 0 0 NONE - 0.042 0.268 0.394 0.240 0.221
12 PoLYTETRAFLUOROETHYLENE RT 0 0 0 0 NONE 1.383 -0.589 0.807 4.149 2.645
12 POLYTETRAFLLJOROETHYLENE 60 0 0 0 0 ..... NONE 2.027 1979 -0.373 3.734 2.760
13 POLYAMIDE- IMIDE RT o; 0 (} 0 NONE 0.023 0.401 -1.148 1.348 1.256
13 POLYAMIDE-IMIDE 60 0 0 0 0 NONE -0.157] 0.5351 1.550 -0.060 ! 0.014

- 14 POLYAMIDE-IMIDE RT; O! 0 0 0 NONE 0.171 0.133 0.772 1.028 0.94314 POLYAMIDi=-IMIDE 60 0 0 0 0 NONE 0.0291 0.000 0.003 0.029 0.079

_i 15 POLYETHERIMIDE " RT 0 0 0 0 NONE 0.071 -0.268 -3.030 0.733 0.681
15 POLYETHERIMIDE 60 _ 0 0 0 0 NONE 0.100 0.402 -2202 0.751 0.613
16 MODIFIED POLYETHERIMIDE RT 0 0 0 0 NONE 0.167 -0.053' -0.308 0,789 0.642
16 MODIFIED POLYETHERIMIDE 60! 0 0 0 0 NONE 0.071 O.O001 -0.459 0.725 0.606
17 POLYARYLETHERKETONE RT 0 0 0 0 NONE -O255 0.135 0.394 0.356 0.282
17 POLYARYLETHERKETONE 60 0 0 0 0 NONE 0.056 0.000 - 1.527 -0.129 - 0.145
18 POLYBUTYLENE TEREPHTHALATE RT 0 0 ! 0 0 NONE 0.115 0.676 - 1.157 0.272 0.256
18 POLYBUTYLENE TEREPHTHALATE 60 0 O= 0 0 NONE 0.i"15 0.406 0.000 1.015i O963
19 POLYIMIDE-DF RT 0 O] 0 0 NONE 0.305 1.813 -3267! 0.162 -0.199
19 POLYIMIDE-DF 60 0 0 0 O! NONE 0.305 0.447 -3.670 1.403! 1.i57
20 POLYIMIDE-DF-ISO RT 0 0 0 i 0 NONE 0.206 -1.190 -0.485 0.835 0.711
"_0 POLYIMIDE-DF-iSO 60 0 " 0 0 0 NONE 0.250 0.000 -2.791 0.933 0.833
21 PO.LY(ARYLETHERETHERKETONE) RT 0 0 0 0 NONE 0.000 0.135 0.394 0.242 0.180
21 POLY(ARYt.ETHERETHERKETONE_ 60 0 0 ..... 0 0 NONE -0.129 0.134 -1.151 -0.146 -0149
22 LIQUID CRYSTAL POLYMER FIT 0 0 0 ] O] NONE 0.000 -0.1 34 -0.769 0.068 0.042
22 LIQUID CRYSTAL POLYMER 60 0 0 0 0 NONE 0.057 0.402 -0.388 0.085 0.067
23 66 NYLON, POLYAMIDE RT 0 0 0 0 NONE O.O86 0.407 0.391 1.093 1.012
23 1 66 NYLON, POLYAMIDE 60 0 0 0 0 NONE 0.259 0.680 0.000 1 223 1.132

OO [ Note:

O0 a. Temperature conversions: 60 deg.C = 140 deg.F, RT = ambient
b. Qualitative sc._le:O=no change, 1=slight, 2 =swelled, 3--dissolved, deformed or melted
c. % Ch=n_le = chan_le in before/after measurements of plastics



[CHANGES IN PLASTICS IMMERSED IN HFC-134 (R-I_---_
TABLE C.6

NO. TYPE TEMPER- PART]C- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% AVERAGE% AVERAGE% =AVERAGE%i AVERAGE%
ATURE ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT 24 HRWT
Deg. C. CHANGE CHANGE CHANGE CHANGE CHANGE

a. b. b. b. b. c. c. c. c. c.
1 POLYPHTHALAMIDE RT 0 0 0 0 NONE / 0.043 0.677 -0.769 1.926 1.490

- 1 POLYPHTHALAMIDE 60 0 0 0 0 NONE I.... -0.202 0.000 -0.778 0.024 0.060
2 ABS RT 3 3 3 3 NONE FAILED FAILED" FAILED FAILED FAILED
2 ABS 601 3 3 3 3 NONE FAILED FAILED FAILED FAILED I FAILED
3 ACETAL RTI 0 0 0 0 NONE 1.764 1.646 0.394 3.370 2.355
3 ACETAL 60' 0 0 0 0 NONE 2.071 2.329 0.406 6.503! 4.731
4 PHENOLIC RT 0 0 0 0 NONE 0.242 0.808 - 1--.530 1.776, 1371
4 PHENOLIC 60 0 0 0 0 NONE -0.114 " 0.000 0.000 -0:301 -0.305
5 ..... PoLYVINYUDENE FLUORIDE RT 0 0 0 0 NONE 0.i00 0.545 -1.184 0.599 0568

" 5 .... PQLWINYLIDENE FLUORIDE 60 0 0 0 0 NONE 2.745 2.849 1.581 7.772 62.06
6 POLYCARBONATE RT 0 0 0 0 NONE 0.014 0.401 1.938 1.287 0.895
6 POLYCARBONATE 60 0 0 0 0 CLEAR/CLOUDY - 0.028 1.203 4.116 6.328 6.055
7 MODIFIED POLYPHENYLENE OXIDE RT 0 0 0 0 NONE 0.172 0.268 0.781 0.581 0.358
7 .....MODiRED POLYPHENYLENE OXIDE 60 0 0 0 " 0 NONE 0.029 0.134 -0.388 2.045 1.766
8 POLYPROPYLENE RT 0 0 0 0 NONE 0.091 -0.269 - 1548 0.473 0.335• ,,

8 POLYPROPYLENE 60 0 0 0 0 LUCITE/CLOUDY 0.605 0.543 -3.031 2.990 2.739
9 LPOLYARYL SULFONE RT 0 0 0 0 NONE 0.199 0.402 -2256 1.117 0.729
9 !POLYARYL SULFONE 60 0 0 0 0 NONE 0.114 0.000 0.000 0.243 0:244!

10 POLYETHYLENE TEREPHTHALATE RT 0 0 0 0 " LT TAN/WH/TE EDGES 0.099 0.673; -3.369 1 30i 1.071_
10 POLYETHYLENE TEREPHTHALATE 60 0 0 0 0 LT TAN/WHITE EDGES 0.099 0.402 0.391 2.292 2.170/
11 POLYPHENYLENESULFIDE RT 0 0 0 0 NONE 0.000 0.401 1.932 0.069 0.073
11 PoLYPHENYLENESULFIDE 60 0 0 0 0 NONE 0.042 0.401 -1.154: 0.086 0.067 !
12 POLYTETRAFLUOROETHYLENE RT 0 0 0 0 NONE 0.783 1 263 -2.980 1.607 1.259
12 POLYTETRAFLUOROETHYLENE 60 0 O= 0 0 NONE 1.104 -0.830 -2.787 2.983 2.428
13 POLYAMDE-IMIDE RT 0 6 .... 0 0 NONE 0.152 0.804 - 2.276 1.136 0,934....

13 POLYAMIDE-IMIDE 60 0 0 0 0 NONE 0.000 0.000 -0.391 -0,081 0,012
14 POLYAMIDE-IMIDE RT 0 0 0 0 NONE 0.085 0.402 - 1.136 0.879 0,710..........

14 POLYAMIDE-IMIDE 60 0 0 0 0 NONE 0.128 0.000 1.154 0.060 0.117
15 POLYETHERIMIDE RT 0 () : 0 0 NONE 0.100 0.804 - 1:929 0.694 0.489
15 POLYETHERIMIDE 60 0 0 0 0 NONE -0:043 0.134 0.787 0.062 0.098
16 MODIFIED POLYETHERIMIDE RT O: 0 O: 0 NONE 0.114 0.646 -0.779 0.253 0.049
16 MODIFIED POLYETHERIMIDE 60 0 0 0 0 NONE -0.036 0.268 0.314 0.024 0.044
17 POLYARYLETHERKETONE RT 01 0 0 j 0 NONE 0.030 0.813 0.000 0.315 0.236
17 POLYARYLETHERKETONE 60 o; 0 o! 0 NONE -0,044 0.000 -1,527 -().138 -0.125
18 POLYBUTYLENE TEREPHTHALATE RT 0 0 0 0 NONE 0.259 0.542 -0,769 0,945 0.686
18 POLYBUTYLENE TEREPHTHALATE 60, 0 0 0 o i NONE 0,389 0.946 1.160 2,810 2.789
19 POLYIMIDE-DF RT 0 0 0 0 NONE 0.334 0.902 -0.948 1.623 1.170,,

19 POLYIMIDE-DF 601 0 0 0 0 NONE 0.000_ 0.000 0.485 0.307 0.246
20 POLYIMIDE- DF-ISO RT 0 0 0 0 NONE 0.132 ! 0.152 - 1.896 0.694 0.525
20 POLYIMIDE-DF-ISO 60 0 0 0 0 NONE -0.103! 0.000 0,000 -0.321 -0.305

21 POLY(ARYLETHERETHERKETONE) RT 0 0 0 0 NONE -0.057 0.270 -2_256 0.242 o.162
21 POLY.(ARYLETHERETHERKETONE) 60! 0 0 0 0 NONE -0.50i " -0.673 2.362 -0.046 -0.037
22 LIQUID CRYSTAL POLYMER RT 0 0 0 0 NONE 0.057 0.269 1.953 0.020 0.011
22 LIQUID CRYSTAL POLYMER _---------_ 0 0 0 0 NONE 0.014 01268 -1.166 0:016- 0.015
23 66 NYLON. POLYAMIDE RT 0 () 0 0 NONE 0,461 1:493 1.172 3.408 2.601
23 66NYLON. POLYAMIDE 60 0 0 -0---1 - O] NONE 0,029 -0,405 -1.157 F 0:3-81: ......... -0:45-9

I Note:
O0 l a. Temperature conversions:60 deg.C = 140 deg.F, RT = ambient
_C) Ib Qualitative scale: o=no change. 1=slight, 2=swelled. 3=dissolved, deformed or melted

_.__%Change =chan_____ in before/after measurements of plastics



[ CHANGES IN i_J.ASTICS IMMERSED IN=HFc'-I-_a R(R-_ --]
TABLE C.7

TYPE TEMPER-] PARTIC- CRACK- CRAZ- _ COLOR CHANGE AVERAGE% [A-VERAE;E--%i-AVE-F_AC_%Avi_RA_:-:-_%-h.V-ERP,_,E_%
ATURE _ ULATES ING ING ING AFTER AGING LENGTH WIDTH ;THICKNESS WEIGHT 24 HR. VVT.
_eg-C I CHANGE CHANGE CHANGE CHANGE CHANGE

a. ___J b. b. b. b. c. c. c. c. c.
POLYPHTHALAMIDE " RTI 0 0 0 0 NONE 1 0.129 2.902 .... 1 383 1.185

1 POLYPHTHALAMIDE -60- 0 0 0 0 NONE -02301 -0270 - _-0.79-4......... _0_3-39....... --o_30--0-
2 ABS RT 0 0 0 0 NONE 0.157 1.743 1.569 1.774 1.194
2 ABS -_ 60 0 -0_ 0 _ 0 NONE -0.199 2.271 3.107 ....... 9.-4_ 8.829
3 ACETAL RT 0 O; 0 O, NONE 0.378 2.092 5.833 1.377 0.781
3 ACETAL 60 0 0 0 0 NONE 1.441 - 1 366 -2296 3.527 2.716
4 PHENOLIC RT 0 0 0 O' NONE 0.441 0.673 5.039 1.893 1.419
4 PHENOLIC 60 0 0 0 0 NONE 0.242 0.267 -3.344 0 .-7--30- 1.339
5 POLYVINYLIDENE FLUORIDE RT 0 0 O, 0 NONE 0.263 0.956 0.806 0.728 0.539
5 POLYViNYLIDENE FLUORIDE 60 0 0 O1 0 NoNE 2.300 .... 2--_1- 3200 0.860 0.145
6 POLYCARBONATE RT 0 0 ' " 0 0 NONE 1.226 3.017 3.587 0.554 0.299
6 POLYCARBONATE 60 0 0 0 0 NONE 0.299 0.000 0.000 1.409 1.196
7 MODIFIED POLYPHENYLENE OXIDE RT 0 0 0 0 NONE 0.057 0.404 1.18i 0.324 0.175
7 MODIFIED POLYPHENYLENE OXIDE 60 0 0 0 0 NONE O.1O0 -- 0.535 - 1,136 1.208 1.003
8 POLYPAOPYLENE RT 0 0 0 0 NONE 0.168 0.822 ±01"/81 0.530 0373
8 POLYPROPYLENE 60 0 0 0 0 LUCITE/CLOUDY 0.951 0.407 0.797 2.870 2.529
9 POLYAFI_'LSULFONE " RT 0 0 0 0 NONE 0.485 2.743 6.148 0.752 0.479
9 POLYARYL SULFONE 60 0 0 0 0 NONE 0.043 -0266 0.787 -0.126 -0.064

10 POLd't:!HYLENE TEREP HTHALATE RT 0 0 0 0 NONI; 0.198 2.339 2.866 0.401 0.245
10 POLYE IHYLENE _EREPHTHALATE _ 60 0 0 0 0 NONE 0.057 0.001 0.787 -0_-505- 0.518
11 POLYPHENYLENESULFIDE RT OI OI 0 0 NONE 0.014 0.405 0.000 0.096 0.042

, 11 POLYPHENYLENESULFIDE 60 0' 0 0 0 CHOCOLATE/LIGHTER 0.042 0.134 -3.759 0147-3 0.416
12 POLY/ETHAFLUOROETHYLENE RT 0 0 0 0 " NONE 1.329 " -0.103 9.619 2.305 1.875
12 POL_f-r_HAFLUOROt:-I HYLENE " " 60 0 0 0 0 NONE 1.504 1.151 1.910 2.982 2,231
13 POLYAMIDE-IMIDE RT 0 0 0 -- 0 NONE 0.136 0.943 0.754 1.152: 0.951

--_-- POLYAMIDE-IMIDE 6o 0 0 0 0 NONE 0.157 0.134 -2273 1.082 1.067
14 POLYAMIDE-IMIDE RT 0 0 o_ 0 NONE 0.07i 0.673 1.160 0.870 0.685
14 POLYAMIDE-IMIDE 60 0 0 O, 0 NONE -0.114 0.133 -0.376 1.012 1.000
15 POLYETHERIMIDE RT 0 0 0 O i NONE 0.584 0.673 0.394 0,776 0.4---1-2

5 POLYE _HERIMIDE 60 0 0 0 0 NONE 0.142, ---().267 0.78"/ 1.069 0.919
16 MODIFIED POLY_HERIMIDE RT 0 0 0 0 NONE 0.096 _ 0.700 0.957 0.656 0.446
16 :MODIFIED POLYETHERIMIDE 60 0 0 0 0 NONE -_0.003! 0.054 -0292 0_776 0.660
17 POLYARYLE_HERKETONE RT 0 0 0 0 NONE 0.136 2.072 5.417 0.395 0243
17 POLYARYLETHERKETONE 60 0 0 0 0 NONE 0.227 0925 - 1._! 0384 0.337
18 POLYBUTYLENE TEHEPHTHALATE RT 0 0 0 0 NONE 0.274 0.407' 0.391 0.308 0.180

18 POLYBUTYLENE IEHEPHTHALATE _T 1 O, 0 0 0 NONE 0.245 0.270 1.563 1.6O3 1.53019 POLYIMIDE- DF 0 0 0 0 NONE 0.524 2,439 6.701 1.513 1.065

19 POLYIMIDE-DF 60 0 0 0 0 NONE 0.131 ' 0.149 -0.971 0.794 0.693POLY1MIDE- DF- ISO RT 0 0 0 NONE 0.339 2.477 6.186 0.745 0 55320

20 POLYIMIDE- DF-ISO 60 0 0 O: 0 NONE ...... 0.088 -0.151 -0.485 0.418 0.394
21 POLY(ARYLETHERETHERKETONE) RT 0 0 0 0 NONE ' 0.244 1.928 7.058 0,364 o.186
21 POLY(ARYLETHERETHERKETONE) 60 0 0 0 0 NONE O.186 0.000 1.148 0,277 0 232

22 LIQUID CRYSTAL POLYMER RT 0 0 o! 0 NONE 0.042 0.675 1.587 0.035 0.026

22 !LIQUID CRYSTAL POLYMER " 60 0 0 0 0 NONE 0.071 -0.535 _ -2.317 0.264 0.233
23 66 NYLON, POLYAMIDE RT 0 0 0 O] NONE 0.591 3.186 3.690 2.691 2.210
23 :.66NYLON, POLYAMIDE 60 0 0 0 O! NONE 0.10i-- 0.271 -1.133 ........ 0.51"_....... 0:577

I Note:
(a. Temperature conversions: 60 deg.C = 140 deg.F, RT = ambient

_ID _b.Qualitative scale: O=no change, 1=slight, 2=swelled, 3=dissolved, deformed or melted
Lc. % Change--c_ha__nge in before/after measurements of plastics



[ CHANGES IN PLASTICS IMMERSED IN HCFC-142b (R-l_,2b)-----_
TABLE C.8

TYPE TEMPER- PARTIC- CRACK- CRAZ- COLOR CHANGE AVERAGE% AVERAGE% _,_VE--RA_,E--%1AVERAGE% AVERAGE%1
A'rURE ULATES ,NG ,NG AFTER AGING LENGTH WIDTH THICKNESS WEIGHT 24 HR WT t
Deg. C. CHANGE CHANGE CHANGE CHANGE CHANGE _

a. b. b. b. c. c. c. c. c. 1
1 POLYPHTHALAMIDE RT 0 0 0 0 NONE 0.000 0.271 1.563 0.225_ =--0_9_-

--i-- POLYPHTHALAMIDE 60 0 0 0 0 NONE -0.426 0.404 0.000 -0019 -0.001|
--2- ABS RT 2 0 0 2 CREAM/OFF WHITE --- 0_.00--0 2.410 4267 13.249 10----.-._8/
---2- ABS -- 6--------0 2 0 0 1 NONE .... -5.126 8.968 21.484 29.868- 26.306 _

__33 ACETAL RT 0 0 0 0 NONE 0.000 0.412 - --::().722 0.4741 0.383
3 ACETAL 60 _ 0 0 6 0 NONE ....... 1.311 1.551 ..... 0.812 2.668 2.369
4 PHENOLIC - RT 1 0 ..... 0 0 NONE 0.114 ' 0.13; _ ---1.550 0.268 0.247
,4 PHENOLIC 60 0 0 0 0 NONE 0.043 0.270 0.402 0.370 0.284
5 POLWINYLIDENE FLUORIDE RT " 0 -0 0 0 NONE ...... ---:0_0-_--- -0.270 -- -_-0---:7--_ 0.407 0.367
5 POLWINYLIDENE FLUORIDE 60 0 0 0 0 NONE 1.663 1.497 2.381 3.532 3.151
6 POLYCARBONATE RT 0 0 0 0 NONE 0.000 -0.652 - 1.103 0.984 0.718
6 POLYCARBONATE 60 0 0 0 0 NONE 0.128 2.136 3.818 5.590 5276
7 MODIFIED POLYPHENYLENE OXIDE RT 0 0 0 0 NONE 0.000 0.940 2.719" 2.944 1.914
7 MODIFIED POLYPHENYLENE OXIDE 60 1 0 0 1 "'NONE -0.400 2.544 10.981 18.661 16.859

8 POLYPROPYLENE RTi 0 0 0 0 NONE 0.924 1.496 -0.388 3.947 . 3950
8 rPOLYPROPYLENE _ 60 1 0 0 0 NONE 1.g90 2.307 1.181 8.829 5.103....

9 POLYARYL SULFONE RT 0 0 0 0 NONE 0.000 -0263 -0.769 0.063 0.149-_

9 POLYARYI SULFONE 60 C 0 0 0 NONE 0.028 0.536 -4.119 0.000 0.015
10 POLYETHYLENE TEREPHTHALATE RT _ 0 () . 0 NONE "0.000 0.403 ..... _ 1.489 0.295 0.:_69
10 POLYETHYLE NE TEREP HTHALATE 60 1 0 () 0 NONE ..... - 0.128 0.268 1.181 0.743 0.722
1--1- POLYPHENYLENESULFIDE RT 0 0 0 0 NONE 0.000 0.134 0.775 0.135 0.141

-11- POLYPHENYLENESULFIDE 60 0 0 0 0 NONE 0.028 0.134 -1.862 0.026 0.015
- _- POLYTETRAFLUOROETHYLENE RT 0 0 0 0 N(_NE 0.945 0.003 0.360 2.138 1.787

12 POLY'TETRAFLUOROETHYLENE 60 0 0 0 0 NONE 1568 1.248 0.803 3.015 i 988
-1-3- POLYAMIDE-IMIDE RT 0 0 0 0 NONE -0.021 0.805 0.376 0.149 0.204

13 POLYAMIDE-IMIDE 60 0 0 0 : 0 _ NONE 0.035 -0.134 -1.493 -0.061 ..... 0.031
--_- POLYAMIDE- IMIDE RT 0 0 0 0 NONE 0.000 0.268 -0.373 0.150 0.202....

14 POLYAMIDE-IMIDE 60 0 0 0 0 NONE 0.043 0.133 0.385 0.024 0085
_- _-#O-L-Y_--_M/-_ RT 0 0 0 0 NONE 0.000 -0264 2.347 011i 9 0.147

15 POLYETHERIMIDE 60 0 0 0 0 NONE 0.014 0.000 0.000 -0.007 0.025
16 MODIFIED POLYETHERIMIDE RT 0 0 0 0 ...... NONE 0.000 0.268 0.004 0.129 0.124
16 MODIFIED POLYETHERIMIDE 60 0 0 0 0 NONE ....0.003 0.267 0.471 0.045 0.039.-.

17 POLYARYLETHERKETONE RT 1 0 0 0 NONE 0.029 0.008 -3.393 0.151 0.129
17 POLYARYLETHERKETONE 60 0 0 0 0 NONE 0.014 0.271 -0.746 -0.073 -0.048
18 POLYBUTYLENE TEREPHTHALATE RT 0 0 0 0 NONE 0.014 0.136 -0.388 0.252 0.231
18 POLYBUTYLENE TEREPHTHALATE 60 0 0 0 0 NONE 0.144 0.677 2.747 1.246 1.24'_
19 POLYIMIDE-DF RT 0 0 0 0 NONE 0.000 0.000 0.014 0.22_) 0.217
19 POLYIMIDE-DF 60 0 0 0 0 NONE 0.015 0.298 0.971 0.023 0.351
2O POLYIMIDE-DF-ISO RT 0 0 0 0 NONE -0.015 0.152 -5.951 0.160 0.160
20 POLYIMIDE-DF-ISO 50 0 o] 0 0 NONE 0.044 0.000 0.980 -0.098 -0.078
21 POLY(ARYLETHERETHERKETONE_ RT " 1 0 0 0 NONE -0.029 -0.135 -0.778 0.138 0.129
21 P OLY(ARYLETHERETHERKETONE) 60 0 o J 0 0 NONE 0.043 -0269 -2.632 -o.o03J,_ 0.002
22 LIQUID CRYSTAL POLYMER RT 0 ! 0 0 0 NONE 0.000 - _ --11_-4- - _ _-_
2---2--LIQUID cRYSTAL POLYMER 60 " 0 0i 0 -- 0 . NONE ...... 0:02_88 __ 0.13___4 ._.-__. 0.787 ._____ ....... --_.-0_8_-

66 NYLON. POLYAMIDE 0 0 NONE 0.072 0.407 -0.775 0.132 0.163
66 NYLON, POLYAMIDE 60 O; 0 0 NONE -0.058 0.271 -4.150 ..... 0:(}6-3......... 0-1120:__j .....................

perature conversions: 80 deg.C = 140 deg.F. RT = ambient
_ID t b. Qualitative scale: o=no change. 1 =slight. 2=swelled, 3=dissolved, deformed or melted
'-" [c. % Chan_ge= chan_ inbefore/after measurementsof plastics



[.........C'I-IANGi:TsiN PLAsrlc, s iMMER:sI_i_iNHi:(_-i_ (R_-__ .........]
TABLE C.9

N-O.- .......... _PE ............ Ti_MPER:IP-AFI_C----]CR,_i_K- ........CRAZ:- SOFTEN- ..... (_OLOI_I-Ci;iANGE- .... AVERAGE% _,V_-I_A_% AVERA_o]AVERA_%I,_VE-R/_i:_:% 1
ATURE l ULATES i ING ING ING AFTERAGING LENGTH WIDTH THICKNESSI WEIGHT 124 HR WT
Deg. C | | CHANGE CHANGE CHANGE I CHANGE / CHANGE |

a. l b. i b. b. b. c. c. c. _ c. t c. |

.. 11 P-OLV-PI_I-_i_I-iDE ............. [.......... _)[ ...........-_6__...........o_J............ 0__:..... -0 -Y-EI..LO_T-E -:_-_ 6.666 6:3_ ...... 1:4_:[-------1.-_-7]
................................... I................1.............oL_........ L.............o_I................. -.... _._........... 5oi ......_I2 ABS 60 0 0 0 0 CREAM/OFF WHITE 0.256 0.266 1.g44 2.9401 2.68

' - 3--A-C_-A--L .................... R--Ti........ 0---.......... ...............0 0............. O NONE -0215 0.137 1.997 0.690 0.4281
3 ACETAL 60 0 0 0 0 NONE 1.125 0.548 0.787 1.81 5 1.487

........................................... + ................... 4,-.............. _ .......... _................. • ................................... _ ................. _ .......... _ .............

4 PHENOLIC RT! 0 0 0 0 NONE 0.142 0.268 1.128 1.264 1.075
.... 4 .....iii-iEbiO--LJC.......................................................................................60 0 0 0-"....... -0 NONE 0.085 0.000 0.388 0.288 0.282

5 POLYVINYLIDENE FLUORIDE RTi 0 0 0 0 NONE 0,203 O.136 0.000 0.378 0.324
5 POLYVINYLIDENE FLUORIDE 60 0 0 0 0 NONE 1.584 1.355 1.190 3.180 2.961

RT/ Ovl 0 0 0 NONE 0.014 0.268 1.932 0.395 0.295
.........6 POLYCARBONATE ...... _()! ........._ 0 _ 0 .... NONE 0.128 0.266 1.15_ 0.968 0.8706 POLYCARBONATE 0

7 MODIFIED POLYPHENYLENE OXIDI RTI 0 0 0 0 NONE 0.014 0.541 -0.769 0.371 0.256
7 MODIFIED POLYPHENYLENE OXlDI -__---_ O! 0 0 0 NONE I 0.114 0.402 1545 1.169 1.031
8 POLYPROPYLENE RT 0 0 0 0 NONE 0.357 0.137 2.344 0.800 0.676

.... B --POLYPROPYLENE ................. _)L-_.- .......... 0_I.... i_ ............. O_.... _ LUCITE/CLOUDY i 0.526 -0.131 -0.:388 2.835 2.513

' _-- -F___-A_'LSiJLF_iE .......................... _i ........... _, ...............---6: - ...............6[_.......... _6_........ _ ........... 6:_ -6._3_- - 6:o-6_ 6.7_ 6-_

10 POLYETHYLENE TEREP HTHALATE 150, 0 0 0 0 NONE 0.057 0.403 -0.760 0.937 0.884
• ii- 'POLYPHENYLENESULFIDE ..... iT:i'r....................Oi .................O[ ..........O_ .................0 ...........I_ONE........................0.0-28[..........0.2_-_........0_-I-2r..............01081-_.......0:_3

12 : F)OLYTETRAFLUOROETHYLENE ....FIT---........... _ ........... 0 .................._ ................OI................ NONE .......... ] .... 1:429_ ...... :1:3181 ...... 4-2621 ..........2:5_ r ........
nl

12 !POLYTETRAFLUOROE'i'HYLENE - 6O ............Ol.............Oq................0...................0 .............._iONi_........................1:i)_...........i-_7............2.32-7.... 2.04--4 - -i6-54
13 POLYAMIDE- IMIDE RT OI 0 .....O-............6...............iSiOi_iF"...............................................................'-............................................................................................. 0.148 0.802 0.405, -- i:0i4 ............ 0:975

- i4 !POLYAMDE-iM]DE ..................... RT ............. o_..............................0_ 0........... 6 ........... NONE .................. O.O{4 ..............0:002 ........... O.772T...... 0.7_ ....... _-._7
7_--_ O--LVAm_:_MiD_.................................._ ............_ ............................ o-........... 6........... N6N_.................... 6:766........:6_ ...........:6.--_ ........:_7_-_-........_._

--1-,5 ] POLYETHERIMIDE P............._ .......... 0 o_ 71 0 NONE 0.071 -0267 0,0_ 0.478 0.433

.....1_---_MODIFIED POLYETHERIMIDE ............ R-T_...... 0........... _uuj 0-_ 0 NONE 0.555 -0.049 0.013 0.605 0,452

'i816 J.... MODIFIED POLYETHERIMIDE ........... _ r 0 ...... __01.............. O" ...... O- NONE 0.123 -0.I_ -0900 0.267 0.248
-:_ POLYARYLETHERKETONE RT 0 -: _u.l 0 0 NONE 0.110 -1.060 1.190 0.290 0.220

17 : POLYARYLETHERKE'rONE ! 60 0 0 0 0 NONE 0.147 0,000 -0._" 0.456 0.415........ _ ......... 0 0 0 NONE 0.216 0.406 -0758 0.288 0.23418 I POLYBUTYLENE TEREPHTHALATE 0

--_-i POLYBUTYLENE TEREPHTHALATE...........__ 60 0 _.......... 0 0 0 NONE 0.158 0.271 119_! 0.980 0,941
1_/9! POLYIMIDE-DF RT 0 ......... _00 0 0 NONE 0.290 o447 0,490 1.369 1,021

._ 19_] POLYIMIDE-DF 6O 0 ...... 0 0 0 NONE 0.276 0.298 -4.545 0.954 0.834
_ 2_0_.!POLYIMIDE- DF-ISO ........... RT_T_.......... _0 .......... _0 0 0 NONE 0.147 0.455 0.005 0.718 ......... _0.56_9_.

20 i POLYIMIDE-DF-ISO 60 0 0 0 O_ NONE 0,118 0,303 0,966 0,618 0.565
__2_1-_PO____L_Y_.R_YLETHERETHERKETONE RT 0 0 0 0 NONE 0,172 -0.801 1.600 0.139 0.088
_21 -_ PO__LLY__AR__YLETHERETHERKETONE 60 0 0 0 0 NONE O.072 .........-:O:5,_ .......... 0:0---0-0-....... 0._-6 ........... 0.-307:

221 LIQUID CRYSTAL POLYMER RT 0 0 0 0 NONE -0.071 0.4_" 0.778 0.026 ......... 0:i:i29!...............................................

--22-1LIQUID CRYSTAL POLYMER 60 0 0 0 O_ NONE 0.127 -0.402 0.778 -16450 0,079
2_I--i611NYLON. POLYAMIDE ........._I_ ........Ol................0_ ......._-0--_.............0 '-...... N-oN--E..................0.18-7.........-0:2-6-7.......-1.{00........21£)'20 -'2.-i1i

Note: I

_D a. Temper,,tum conversions: 80 deg.C = 140 deg.F. RT = emblent
t,,,) b. Qualitati_ scale: O=no change, 1=slight. 2=swelled, 3=dissolved, deformed or melted

c % Chan e = chan__ in before/after measurements of lastics. ............g...................................................... P ............................................



TABLE C.1 O

TYPE TEMPER- --CRA---CK:- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% AVERAGE% AVE-F_AC=i_oA_/-E-R/_o -AVE_a, GE---%
A'IURE ING ING ING AFTERAGING LENGTH WIDTH THICKNESS WEIGHT 24 HR WT
Deg. C. CHANGE CHANGE CHANGE CHANGE CHANGE

e. b. b. __b. c. c. c. c. c.POLYPHTHALAMIDE RT 0 NONE 0.211 -0.775 1.965 1.644 1.267
1 rPOLYPHTHALAMIDE 60 i 0 ........ 0 CREAM/OFF WHITE -0.876 -0.002 0.000 -0.090 -0.115
2 ABS L RT 1 0 .... -2 NONE - 5.140 0.000 147.704 19.111 14.809
2 ABS 60 3 3 ..... --3 NONE FAILED FAILED FAILED FAILED FAILED.....

3 ACETAL RT 0 0 0 0 NONE 1.327 1.235 2.390 3.573 2.903

3 ACETAL 60 2 0 0 0 - NONE 1.327 i- 1.094 0.791 3.817 2.645
4 PHENOLIC RT 0 0 0 0 NONE 0.299 = 0.268 -0.7_ 1.908 ...... _:511)

4 PHENOLIC l 60 2 0 0 0 NONE -0.028 0.268 _ . 0.000 0.152 .......... 0._1109
5 POLYVINYLIDENE FLUORIDE RT 0 0 0 0 NONE 0.826 0.948 1994 2.021 1.614...........

5 POLYVINYLIDENE FLUORIDE 60 2 0 0 0 NONE 1.381 4.336 2.778 8.961 5.325
6 POLYCARBONATE RT 1 0 0 0 NONE 0.057 0.401 2.713 2.473 1:7--99i

6 POLYCARBONATE 60 1 ,, 0 _ 0 ...... 1 CLEAR/CLOUDY -0.754 0.534 7.692 6.372 5.991
7" MODIFIED POLYPHENYLENE OXIDE RT 0 0 0 0 NONE 0.257 0.535 2.753 2.241 1,441
7 MODIRED PoLYPHENYLENE OXIDE 60 2 0 0 0 NONE 0.342 2.406 3.531 g278 8.265,,,

8 POLYPROPYLENE RT 0 0 0 0 NONE 0.522 0.271 - 1,g_9 1513 1.163
8 POLYPROPYLENE 60 3 0 0 0 NONE 0.693 1.355 0.787 4.888 3214
9 POLYARYL SULFONE RT 0 0 0 0 NONE 0.591 0.812 2.3¢2 3,264 ....... 2:562.
9 POLYARYL SULFONE 60 0 0 0 ' l) NONE 0.028 0.000 0.778 0.780 0.640

" 10 POLYETHYLENETEREPHTHALATE RT 0 0 0 0 NONE -0.014 0.537 -0,373 0.842 0.579

10 POLYETHYLENE TEREPHTHALATE 60 3 0 0 0 NONE L-- 0.099 0.669 1581 2.272 2.127
- 11 POLYPHENYLENESULFIDE RT 0 0 0 0 NONE 1.471 0.000 1.181 o.137 .......... 0:088

_11_ POLYPHENYLENESULFIDE 60 2 0 0 0 CHOCOLATE/LT. BROW_ -0099 -0.533 0,000 0.064 0.073
12 POLYTETRAFLUOROETHYLENE RT 0 0 0 0 NONE 0.702 0,304 3.712 1.129 0.891
12 POLYTETRAFLUOROETHYLE NE 60 1 0 () 0 NONE 0.682 0.317 ....... ---_.012-'- ...... 1-_ ........... 1:3_

I: ..........- 13 POLYAMIDE-IMIDE RT 0 0 0 0 NONE 0,093 0.000 -0.003 0.310 0.326
13 POLYAMIDE'iMIDE 60 1 0 0 0 NONE 0.000, -0.6_ 0.003 -0.150 -0.104
14 POLYAMIDE-IMIDE RT ' 0 0 0 0 NONE • I 0--,611 0.267 -0.385 0.251 0.250
14 POLYAMIDE-IMIDE 60 0 0 0 0 NONE __= _ 0,128 0.134 0.003 0.041 0.061
15 POLYETHERIMIDE RT 0 0 0 0 NONE 0.171 _ 1.374 -0.385 0.853 0.601....

15 POLYETHERIMIDE 60 0 0 0 0 NONE - l -0.028 -0266 2.344 0.409 0.319
18 MODIFIED POLYErHERIMIDE RT 0 0 0 0 NONE 0.108 0:41_1 0.198 0.831 0.651
16 MODIFIED POLYETHERIMIDE 60 1 0 ....... () 0 NONE 0.008 0.381 0.939 0.578 -0.472",,

17 , POLYARYLETHERKETONE RT 0 0 0 0 NONE -0.007 0.000 0.800 -0.543 -0.579i
17 I POLYARYLETHERKETONE 60 0 0 0 0 NONE 0.062 0.000 3.159 -0.080 --0._6 _
18 POLYBUTYLENE TEREPHTHALATE RT 0 0 0 0 NONE 0.216 0.135 0.000 0.701 _-_
18 POLYBUTYLENE TEREPHTHALATE 60 2 0 0 0 NONE 0.792 0.809 1.166 3238 3.107
1Q POLYIMIDE-DF RT 0 0 0 0 NONE 0.421 0.447 2.956 2.019 1.569

19 POLYIMIDE-DF 60 0 0 0 0 NONE 0.087 0.149 0.481 0.885 0.700
20 POLYIMIDE-DF-ISO RT 0 0 0 0 NONE 0.147 0.303 1.980 0.770 0.622
20 POLYIMIDE-DF-ISO 60 1 0 0 0 NONE 0.000 -0.151 0.500 -0221 -0228

21 'POLY(ARYLETHERETHERKETONE) RT 0 0 0 0 NONE ---- 0.043 n.135 ....... 111-87- 0.055 0.011
21 POLY(ARYLETHERETHERKETONE) 60 0 0 0 0 NONE __ -0.014 0.270 1956 0.046 0.064
22 LIQUID CRYSTAL POLYMER RT 0 0 0 0 NONE 0.057 0.269 -3.381 -0.02_ -0.047
22 LIQUID CRYSTAL POLYMER " 60 1 0 0 0 NONE 0.014 O.134 0.000 0.013 0.025
23 66 NYLON, POLYAMIDE RT 0 0 0 0 NONE 0.100 0.267 2.359 1217 0.823
23 (56NYLON, POLYAMIDE j 60 .0 ..... _00__________00_- ...... O NONE -0.043 0.270 1.181 _ 0_213 0.222

Note:
a. Temperature conversions:60 deg.C = 140 deg.F. RT = ambient

_D b. Qualitative scale: O=no change, 1=slight, 2=swelled, 3=dissolved, deformed or melted
c. %Change_= chart_ in before/after meesurementsof plastics



Appendix D: Stress Crack - Creep Rupture of Plastics _ 32 ISO VG Branched Acid
Polyolester with Refrigerant

I

94



[ CREEP OF ENGINEERING PLASTICS AT AMBIENT LABORATORY CONDITIONS ,[14 DAY CREEP AT 20 DEG. C. IN AIR]
TABLE D.1

Air _,_uilibrium test pressure = 0 psig time of
Creep Modulus break

time

TYPE 10 50 100 200 300 or start of
I(s! Kg/mm _11 ksi ,,_, ...... ._ ksi ..... ksi k ksi

1 POLYrH, THALAMIDE 4103.1 2885.7 3590.2 2525.0 2735.4 1923.8i _ 2297.7 1616.0 2192.5 1542.0_ _ _ _ - - broke @ 1 hr

2 JACRYLONITRILE- BUTADIENE- STYRENE TERPOLYMER .......
3 ACETAL 937.8 659.6 662.6 466.0 491.6 345.8 484.8 340.9427__8 300.9
4 _HENOLIC _ 8611.7 6056.6 7973.8 5608.0 6624.4 4658.9 -- 5980.3 _,206.0 - 5382.3 3785.4
5 POLYVINYLIDENE FLUORIDE 564.9 397.3_ 435.0 305.9 336.3 236.5 333.9 234.8 303.8 213.6
6 POLYCARBONATE 2315.5 1628.5 2037.7 1433.1 1756.61 1235.4 1643.3 1155.7 1439.0 1012.1- " _ - - broke @

7 _'IODIFIED POLYPHENYLENE OXIDE - - - 134.9 94.9
8 POLYPROPYLENE 465.3 327.2 313-_" 220.7 _ 131.8 ---1_.7 111.6 _____
9 POLYARYL SULFONE 2587.0 1819.5 2525.4 1_6.-1- - 2--410.--6 1695.---------42209------_.815-54.1 2_07--9.-8 1462.7
10 POLYETHYI..EN E TEREPHTHALATE 5877.6 4133.7 5561.6 3911.5 5070.9 3566.3! 4_7.1 - 3--190.9 4236.--------1297------9.-2
11 POLYPHENYLENESULFIDE -- 110738 //u8.211812.1 8307.4 7816.---'-----8_97.---6 6----7'>8.4 i_-4732.1 6482.2 4558.9
13 POLYAMIDE-IMIDE 2792.0 1963.6 2181.2 1534.1 1745.0 1227.2 155_----1.1 1090.9 1454.2 1022.7
14 POLYAMIDE- IMiDE 4105.4 2887.3 3380.9 2377.8 3380.9 --2377.----8 2673.3 1880.1 2445.7 1720.1
15 POLYETHERIMIDE 1_,=_,8.8 1_°,384.6! 1789.8 1258.7 1514.4 1065.--------_----_--- 9---_-§ -_2- 893.__33

MODIFEID POLYETHERIMIDE 2415.2 1698.6 2131.0 1498.8 _ 1----916.8--1348.----1--15-9_._3 - 1122.4 1509.5 1061.6
17 POLYARYLETHERKETONE 5337.7 3754.0---4_J81.9 3,-='z3--3.7 4245.9 2986.1 415------1_6---2§19.8 --3812.7 2681.4

18 POLYBUTYI_N E TEREPHTHALATE 3429.0 J 2411.6 2360.2 1659.9 1489.7 1047.7i 1477.5 1039.2 1366.4 961.0
19 POLYIMIDE- DF 1165.71 819.9 =n',_=.6 702.3 867.8 610.3 838.3 589.6 798.9 561.8
20 I POLYIMIDE-DF-ISO 1387.4 975.7 1327.1 933.3 1130.5 795.0 1090._ 766.7 1000.7 703.6
21 i POLY(ARYLETHERI: i HEAKETONE) 5128.5 3606.9 4851.3 3411.9 3988.8 2805.3 3945.0 2774.5 3590.0 i 2524.8...... =n= ,., =,'.u_o4 4474_7 5950.4 4165.0 3948.0 _I[---_I-_-8i - 25430

LIQUID CRYSTAL POLYMER
66 NYLON, POLYAMIDE



dll

I CREEP OF ENGINEERING PLASTICS IN SYNTHETIC LUBRICANT I REFRIGERANT ENVIRONMENT ]
i14 DAY CREEP AT20 DEG. C. (68 DEG. F.) IN 32 ISO VG BRANCHED ACID, POLYOL ESTER WITH 40_ HCFC-22 (R-22) BY WEIGHT]

TABLE D.2

HCFC-22 (R-22) equilibrium test pressure = 97 psiE
Creep Modulus time of

NO. TYPE time (hours) break
10 |, 50 100 200 300 or start

ksi kg/mm ^ 2_J ksi kg/mm ^ 2 .... ksi kg/mm ^ 2 ksi kg/mm "" 2 ksi kg/mm ^ 2 of yielding
1 POLYPHTHALAMIDE 957.4 673.3 718.0 505.0 675.8 475.3 574.4 404.0- 522.2 367.3

2 ACRYLONITRILE- BUTAE)IENE- STYRENE TERPOLYMER .......... broke @ 1 hr
3 ACETAL 487.7 343.0 304.8 214.4 143.4 100.9 42.4 29.8 34.8 24.5 yield @ 150 h
4 PHENOLIC 3075.6 2160.7 2870.6 2016.7 2691.2 1890.6 2691.2 1890.6 2152.9 t 512.5
5 POLYVINYLIDENE FLUORIDE 617.7 434.2 _, 336.9 L 236.8 185.3 130.3 148.2, 104.2 123.5 86.8
6 POLYCARBONATE 2547.1 1790.0 1273.5 895.0 849.0 596.7 509.4 358.0 424.5 298.3

7 MODIFIED POLYPHENYLENE OXIDE - - - - " - ..... _)roke @ 1 hr

8 POLYPROPYLENE 359.8 252.7 134.9 94.8 90.0 63.2 54.0 37.9 28.7 20.2 lyield @ 200 h
9 POLYARYL SULFONE 4242.7 2983.3 2447.7 1721.2 1591.0 1118.8 1060.7 745.8 795.5' 559.4
10 POLYETHYLENE TEREPHTHALATE 2068.9 1455.0 1724.1 1212.5 1477.8 1039.3 1i24.4 790.8 1100.5 ----_-3_
11 POLYPHENYLENESULFIDE 7087.2 4983.3 5315.4 3737.5 4252.3 2990.0 4252.3 2990.0 4252.3 ' 2990.0
13 POLYAMIDE- IMIDE 3034.8 2133.7 2792.0 1963.0 2326.7 1635.8 1745.0 1226.9 1396.0 981.5
14 [POLYAMiDE- IMIDE 2873.8 2020.0 2498.9 1756.5 2299.0 1616.0 1642.1 1154.3 1277.2 897.8

--T5- POL_fETHERIMIDE 4921.9 _59.4 2316.2 1627.9 1575.0 1107.0 1193.2 838.6 960.4 675.0
16 MODIFEID POLYETHERIMIDE 603.8 424.6 381.3 268.2 326.4 229.5 326.4 229.5 322.0 226.4
17 POLYARYLE'rHERKETONE 4670.5 3284.4 3736.4 2627.5 3736.4 2627.5 2335.3 1642.2 2()75.8 1459.7 ......
18 POLYBLfl'YLENE TEREPHTHALATE 1453.9 1022.0 363.5 255.5 290.8 204.4 207.7 146.0 165.2 116.1
19 POLYIMIDE- DF " 2716.2 1910.0 1086.5 764.0! 679.0 477.5 543.2 382.0 452.7 3i8.3
20 POLYIMIDE- DF- ISO 3052.2 2145.0 1017.4 715.01 953.8 670.3 872.1 612.9 824.9 579.7
21 POLY(ARYLETH ERETH ERKET_ON E) 2991.6 2104.2 1436.0 1010.0 1196.7 841.7 1025.7 721.4 ! 897.5 631.3
22 LIQUID CRYSTAL POLYMER 4135.61 2906.3 3308.5 2325.0 2363.2 1660.7 1654.2 1162.5 1203.1 645.5
23 66 NYLON. POLYAMIDE 491.4 345.5 245.7 172.8 196.6 138.2 169.4 119.1 163.8 115.2 ....



CREEP OF ENGINEERING PLASTICS IN SYNTHI- I iC LUBRICANT LREFRIGERANT ENVIRONMENT __J

[14 DAY CREEP AT 20 DEG. C. (68 DEG. F.) IN 32 ISO VG BRANCHED ACID, POLYOL ESTER WITH 40% HFC-32 (R-32) BY WEIGHT]TABLE D.$

HFC-32 (r.-32) equilibrium test pressure = 215 psig time of
CrL _p Modulus break

tL._e (hours)

ksi k_ ksi ksi ksi _ ksi kg/mm ^ 2 yielding

1 POLYPHTHALAMIDE _ _ _ __ -_ - ! -_ -_ broke@ 1 hr

2 _CRYLONITRILE- BUTADIENE-STYRENE TERPOLYMER 903.1 ] 635.2 277.1 ! 194.9 72.81 51.2 38.5 27.1 _ 30.0 21.-_-
3 ACETAL ___'_B2_,3' 3785.4 __36-_39 2365.§ 3075.6 2163. i 2949.2 2074.2 2796.0 1966.44 PHENOLIC 62.6 44.0 48.1 33.8
5 POLYVINYLIDENE FLUORIDE 579.1 407.2 171.6 120.7 92.2 64.8 ______-_
6 :_LYCARBONATE 1340.6" 942.8 446.9 314.3- 259.9 182.8 147.9 104,0 115.3 81.1.... _-----" broke @ 1 hr

MODIFIED POLYPHENYLENE OXIDE - . - -- 45.6 32.1-- , 586.6 412.6 337.3 237.2 128.5 90.4 80.8 56.8 __
8 POLYrn"_'OPYLF_NE 3182.1 2237.9 1223.9 860.7 723.2 508.(_ 418.7 294.5 272.0 191 31
9 ! P_)LYARYL SULFONE - 1455.i 1567.4 1102.3 1326.2 932.7-1--

10 ' POLYETHYI__FNETEREPHTHALATE 6465.3 4547.1 3315.6 2331 .b 2068.9
11 POLYPHENYLENESULFIDE 7593.5 5340.5 5906.0 4153.7 4429.5 3115.3 4088.8 2875.6 3543._66__2492.2______'_
13 POLYAMIDE-IMIDE 9971.4 7012.9 3814.2 2682.5 ---2_34.6 1888.--1 1886.5 - 1326.8 1485,1 1044.5

1 4 POLYAMIDE- IMIDE 9579.2 6737.0 4421.2 3109.4 2736.9 1924._ 2210.6 1554.7 1854.(] 1303.9
15 POLYETHERIMIDE 3937.5" 2769.2 1875.0 1318.7 1230.5 865.4 757.2 532.5 570.7 401.3

_16 MODIFEID POLYETHERIMIDE 2415.2 1698.6 1097.8 772.1 1035.1 728.C 635.6 447.(] 548,S 386.O
17 :)OLYARYLETHERKETONE 5337.7 3754.0 1779.2 1251 .E ----_3-7.1 1010.7 1098.9 772.§ 889.(_ 625.7
18 POLYBUTYLENE TEREPHTHALATE 3634,8 2556.3 1211.6 S52.1 - 626.7 440.--i - 378.6 266.3 _ 313.E 220.42469.21 1736.6 603.6 424.: -- 352.7 248.1 148.4 104.4 116.E _ 82.____O0

19 POLYIMIDE- DF 50S7.0J 3b/'i.7 1453.4 1022.; i 635.9 441.; 492.3 346.2 401.( 282.5
20 POLYIMIDE-DF-ISO 7179.91 5049.6] 2761.5 1942.; r 1994.4 1402._ 1435.(] 1009._ 1087. (. 76_.1
2_ ______ARYLETH ERETH E RKETON E)__ _ 1025.0
22 LIQUID_ _ _ _ _ 1082.; _ _

_NYLON, POLY,a_IIDE _ _ _' 702.0 _ _ 32------__ ---236..__._...___7__



[ CREEP OF ENGINEERING PLASTICS IN SYNTHETIC LUBRICANT I REFRIGERANT ENVIRONMENT 1
[14 DAY CREEP AT 20 DEG. C. (68 DEG. F.) IN 32 ISO VG BRANCHED ACID, POLYOL ESIER WIIH 40% HCFC-123 (R-123) BY WEIGHT]

TABLE D.4

HCFC-123 (R-123} equiiii._,um test pressure = u psi
CreepModulus time of

NO. TYPE time (ho._L_S) break

10 ;_1 50 100 ;_1 200 300 ' or start ofksi kg/mm ^ ksi kg/mm ^ 2 ksi kg/mm ^ ksi kg/mm ^ 2 ksi kg/mm ^ 2J yielding

1 POLYPHTHALAMIDE 820.6 .517.1 776.3 545.9 736.5 517.9 718.0 505.0 683.9 481.0
2 ACRYLONITRILE- BUTADIENE- STYRENE TERPOLYMER .......... broke @ 1 hr
3 ACETAL 1283.4 902°6 762.0 535.9 594.7 418.3] 497.6 350.0 435.4 306.2
4 PHENOLIC 19572.0 13765.0 14352.8 10094.3 12664.3 8906.8 10764.61 7570.8 9786.0 6882.5 .
5 POLYVINYLIDENE FLUORIDE 741.2 521.3 500.8 352.2 421.1 296.2 378.2 2C_.0 343.1 241.3
6 POLYCARBONATE .......... broke @ 7 hr
7 MODIFIED POLYR-IENYI_FNE OXIDE .......... broke @ 1 hr
8 POLYr_""_'OPYLEN E 465.3 327.2 259.5 182.5 207.6 146.0 175.2 123.2 151.6 106.6
9 POLYARYL SULFONE 7955.1 _594.8 6917.5 4865.1 5303.4 3729.9 5216.5 3668.7 _ 5050.9 ___5'2_.3

10 POLYETHYLENE TEREPHTHALATE 17240.9 12125.5 12930.7 9094.2 6631.1 4663.7 6385.5 4490.9 6085.0 4279.6
11 POLYPHENYLENESULFIDE 19686.8 13845.7 14765.1 10384.3 11073.8 7788.2 10422.4 7330.1 10029.1 7053.5
13 POLYAMIDE- IMIDE 3490.0 2454.5 2326.7 1636.3 1994.3 1402.6 1745.0 1227.2 1586.4 i 1115.7:
14 POLYAMIDE- IMIDE 4789.6 3368.5! 3193.1 2245.7 302_5.0 2127.5 2736.9 1924.9 2498.9 1757.5 ......
15 POLYETHERIMIDE 3937.5 2769.2 3281.3 2307.7 2812.5 1978.0 2734.zi 1923.1 2678.6 1883.8
16 MODIFEID POLYETHERIMIDE 3293.4 2316.3 2264.2 1592.4 2012.6 1415.5 1725.1 1213.3 1509.5 1061.6
17 POLYARYLETHERKETONE 17792.4 12513.4 12454.7 i 8759.41 9341.0 656"9.5 9113.2 6409.3 8689.3 6111.2
18 POLYBUTY_I__-'NETEREPHTHALATE 649.1 456.5 432.7 304.3 386.7 271.9 349.5 245.8 330.4 232.4 .
19 POLYIMIDE- DF 1597.7 1123.7 1293.4 909.7: 1180.9 830.6 1086.5 754.1 1006.0 707.5
20 POLYIMID E- DF- ISO 2774.7 1951.5 1649.8 1301.0: 1526.1 1073.3 1453.4 1022.2 1327.1 933.3

21 POLY(ARYLETHERETHERKETONE) 8974.9: 6312.0 8547.5 6011.5 5983.3 4208.0 5790.2 4072.3 5609.3 3945.0
22 LIQUID CRYSTAL POLYMER 16542.3 11634.2 15754.5 11080.2 15038.4 10576.5 12724.8 8949.4 10672.4 7505.9
9_ RRNYI t'3N, I:_LYAMIDI = 767.8 540.0 546.0 384.0 463.6 326.0 438.8 308.6 416.4 292.9



CREEP OF ENGINEERING PLASTICS IN SYNTHI-I"IC LUBRICANT I REFRIGERANTwITH40_ HCFC-124ENVIRONMENT(R-124)BY WEIG_H'q 1
[--
t [14 DAY CREEP AT 20 DEG. C. (68 DEG. F.) IN 32 ISO VG BRANCHED ACID, POLYOL ESIEI1TABLE D.5

M_r-_- ,,-,, _n- '""1 "Huilibriumt_,_,:_pressure= 30 psig
Creep Modulus time ofbreak

time (hours) orstartof

NO. TYPE 10 /I 50 /I 100 ^|t 200 _ 300 _1_

2 ACRYLONI_HILE- BUTADIENE- STYRENE iEHPOLYMER ......
3 ACETAL 4876.8 3429.9 1393.4 .,q,P,0.0 937.8 659.6 717.2 504.4 650.2 457.3

,__ ,HENOUC 88117.060 .1 43058.5302.0  121.9232 .623 21.415823.919572.013765.0
5 POLYVINYLIDENE FLUORIDE 9264.91 6516.01 2058.9 1A-_.9.0 1158.1 814.5 1029.4 724.0 882.4 620.6
6 POLYCARBONATE 25470.7 17913.6 16980.5 11942.4 1061.3 746.4 727.7 511.8 606.4 426.5- - broke@ 1 hr
7 MODIFIED POLYPHENYLENEOXIDE ...... 210.9_

'- 2C,9g.5 1897.9 674.6 i 474.5 449.8 316.3! 355.1 249.7 299.8:
--8 POLYrn"ROPYLENE 63641.0 44758.7 31820.5 22379.4 21213.7 14919.6 15910.3 11189.7 12238.7 8807.49 POLYARYLSULFONE 8081.7 5683.8

10 POLYETHYLENETEREPHTHALAII:: 10_3-_r4.6 7275.3 9404.1 6613.9 8820.5 6062.8 8342.4 5867.2
11 POLYPHENYI_F_NESULFIDE 53154.3 37383.4 22147.6 15576.4 16610.7 11682.3 12361.5 8893.8 10222.0 7189.1
13 iPOLYAMIDE-IMIDE 8724.9 6136.2 3_77.8 2727.2 2803.2 1971.5 2684.6 1888.1 2538.2 1785.1
14 POLYAMIDE- IMIDE 12772.2 _?,C,=2.7 5747.5 4042.2 4997.8 3515.0 4421.2 3109.4 4164.9 2929.1
15 POLYETHERIMIDE 19687.5 13846.2 11580.9 8144.8 9375.0 6593.4 6788.8 4774.6 6057.7 4260.,I
16 MODIPEiD POLYI:::IHERIMIDE 4262.1 2997.5 4116.8 2895.3 3659.3 2573.6 3019.0 2123.2 2012.6 1415.5
17 POLYARYLI::I HERKETONE 37364.0 26278.1 24909.3 17518.7 17792.4 12513.4 13344.3 9385.0 11881.6 8342.;,

1135.9 798.81 1062.8 747.5 982.4 ! 690.9 956.5 672.7 908.7 639. I
18 POLYBUTYIFN ETEREPHTHALATE 2263.5 ! 1591.9 1697.6 1193.9 1358.1 955.1 1180.9 830.6 1044.7 734.7
19 POLYIMIDE- DF 1788.9 2260.9 1590.1

6104.5 4293.3 3633.6 2555.5 30522 2146.6! 2543.5-20 POLYIMIDE- DF- ISO 5610./

21 POLY(ARYLJ::IHERb IHERKETONE) 1__--¢__7.59710.8 12821.3 9017.2 _A-A.7-2 6644.2 8974.9 6312.0 7977.7 2585.' "t_
LIQUD CRYSTALPOLYMER II oon___._ _ _11 13_338 9307.3 7877.3 5540.1 5514.1 3878.1 3676.1

NYLON,POLYAMIDE



CREEP OF ENGINEERING PLASTICS IN SYNYHEi-iC LUBRICANT I REFRIGF_flANT ENVIRONMENT i ]

f [14 DAY CREEP AT 20 DEG. C. (68 DEG. F.) IN 32 ISO VG BRANCHED ACID, POLYOL ESTER WIIH 40% HFC- 125 (R-125) BY WEIGHllTABLE D.6

l HFC- 125 _ilib';um test pressure = 125

Creep_Modulus time of
time (hours) break

I TI ""t'-

NO. 10 ^ I so /I 100 200 | 300 ^ |1 u_=,-,, of
ksi _ ksi km_L_l ksi _ ksi ___l yielding _

_ - _ brc,_e @ 1 hr

2 bACRYLONIt HILE- BUTADIENE-STYRENE _ERPOLYMER ......
3 ACETAL 1741.7 1224.9 903.1 635.2 812.8 571.6 762.0 535.9 659.0 463.5
4 _HENOLIC -17941.-O 12--_.9- 9786.0 6882.5 5818.7 4092.3 5251.0 3693.1 5006.8 3521.31

1029.4 724.0_ _-2 ----310.3----394.2----277.3 330.---_ 232.7 308.8 217.25 F_)LYVINYLIDENE FLUORIDE ...... 1968.5
6 POLYCARBONATE 6367.7 _ 4478.4 4391.5! 3088.5 3396.1 2388.5 _2.2 2132.6 2799.0_ _ _ __ _- - --_---- broke@ 1 hr
7 MODIFIED POLYPHENYLENE OXIDE ....
8 POLYPROPYLENE 355.1 249.7 329.1 231.4 207.6 146.0 190.0 133.7 164.5 115.7
9 POLYARYL SULFONE 9091.6 6394.1 5785.5 4069.0 4895.5 3443.0 4----_5.---8 31------97.1 3_5.6 2486.6

10 POLYEiHYI_FNE |t::HEPHTHALAI I:: 7957.3 5C,,_,.4 7284.9 5123.5 6896.4 4850.2 _O 4----279.6! 56____.-------O- 3954.0
11 POLY_'_,,ENYI FNESULFIDE 11812.1 _R307.4 8305.4 =°,_,41.2 6814.6 4792.7 5_)6.0 4153.7 4662.7 3279._;
13 POLYAMIDE- IMIDE 6345.4 4d52.7 3404.9 23P94.6 3034.8 2134.3 27_r2'0 1963.6 2288.51 1609.5
14 POLYAMIDE- IMIDE 104------_.0 7349.5 4997.8 3515.0 4321.4 3039.3 3732.1 ?624.8 3175.4 2233.3
15 POLY_iHERIMIDE 3579.5 2517.5 2715.5 1909.8 2187.------5!_ 2139.-------9---1 _0 1_.2 1270.3
16 MODIFEID POLYI::IHERIMIDE 4528.4 3164.91 2587.7 1819.9 2156.4 1516.6 1968._------91384.-------71-76-_-9.9- 1190.6
17 POLYARYLI: I HERKETONE 10675.4 7508.0 5189.4 3,_4_*9.7 _ A._.I 3128.3 4105.9 2887.7 3558_5 2502.7
18 POLYBUTYI I=NETEP_'HTHALATE 7269.5 5112.6 _L__34.8 2556.3 2271.7 1597.7 2138.1 1503.7 2019.3 1420.2
19 POLYIMIDE- DF 2469.2 ! 1736.6 1697.6 1193.9 1429.6 1005.4 1293.4 ,_:_.7 1131.7 795.9
20 POLYIMIDE-DF-ISO _.6 2862.2 2180.2 1533.3 1649.8 1301.0! 1774.5 1248.0 1695.7 1192.6_
,_4 =_, vlAc_rva=-_PII=P,-, =-IFRK_t-ON E3 4786.6 3366.4 3_0988.8 2805.3 3778.9 2657.7 3590.0 2524.8 2761.5 1942.2........ , ,_-_,_ © a_? _ _"_u_ 4 4474.7

_IQUID CRYSTAL POLYMER
66 NYLON. POLYAMIDE



[ CREEP OF ENGINEERING PLASTICS IN SYNTHETIC LUBRICANT/REFRIGERANT ENVIRONMENT ! I
[14 DAY CREEP AT 20 DEG. C. (68 DEG. F.) IN 32 ISO VG BRANCHED ACID, POLYOL ESTER WITH 40_ HFC-134 (R-134) BY WEIGH'I]

TABLE D.7

HFC- _um test pressure = 40 psig
Creep Modulus time of

NO. TYPE time (hour.s) break
300 " or start of

ksi kgJmm ^ 2 ksi kq/mm ^ 2 ksi kg/mm ^ ksi k.q/mm ^ ksi kaJmm __ yielding =
1 POLYPHTHALAMIDE 3590.2 2525.0 31§1.3 2244.4 2497.5 1756.5 2243.9 ! 1578.1 2143.4 1507.5

2 ACRYLONITRILE- BUTADIENE- STYRENE TERPOLYMER .......... ""broke @ 1 hr
3 ACETAL 1625.6 1143.3 609.6 428.7 375.1 263.8 238.6 167.8 221.7 155.9
4 PHENO L_; 3588.2 2523.6 3075.6 2163. i 2870.6 2018.9 2796.0 1966.4 2691.2 1892.7
5 POLYVINYLIDENE FLUORIDE 1029.4 724.0 411.8 289.6 349.6 245.9 226.0 158.9 247.1 173.8
6 POLYCARBONATE 2830.1 1990.4 1698.1 1194.2 1498.3 1053.7 1340.6 - 942.8 1184.7 833.2

7 MODIFIED POLYPHENYLENE OXIDE .......... broke @ 1 hr
8 POLYPROPYLENE 385.5 271.1 " 107.9 75.9 96.4! 67.8 62.8 44.1 54.0 38.0
9 POLYARYL SULFONE ........ 3182.i 2237.9 2272.9 1598.5 1988.8 ! 1398.7 1767.8 1243.3 1466.4 1031.3
10 P_DLYETHYLENE TEREPHTHALATE 6085.0 4279.6 3273.6 ! 2302.3' 2873.5 2020.9 2463.0 1732.2 2298.8 1616.7
11 POLYPHENYLENESULFIDE " 9325.3 6558.5 6562.3 4615.2! 6253.4 4398.0 5369.1 3776.1 5062.3 3560.3

......13 POLYAMIDE- iMIDE 5816.6 4090.8 2792.0 1963.6 2492.8 1753.2 2052.9 1443.8 1813.0 1275.1.....

14 POLYAMIDE- IMIDE 6386.1 4491.4 4134.9 2908.1 3831.7 2694.8 3025.0 2127.5 2612.5 1637.4
15 ' POLYE'FHERIMIDE 7159.1 5035.0! 2983.0 209719 2715.5 1909.8 2386.4 1678.3 2187.5 1538.5
16 MODIFEID POLYE'THERIMIDE 3622.8 2547.9 3070.1 2159.2 2551.2 1794.3 i 820.5 1280.3 1503.2 1057.2
17 ' POLYARYLETHERKETONE 6026.5 4238.4 4981.9 3503.7 4017.6 2825.6 3592.7 2526.7 3396.7 2388.9
i8 PO LYBUTYLEN ETEREPHTHALATE 908.7 639.1 807.7 568.1 709.9 499.3 466.0 327.7 432.7 304.3
19 POLYIMIDE- DF 2469.2 1736.6 1429.6 1005.4 1155.8 812.9 1006.0 707.5 927.0 652.0
20 POLYH_41DE-DF-ISO 4769.1 3354.1 2347.9 1 1651.3 1861.1 1308.9 1606.4 1129.6 1453.4 1022.2

21 POLY(ARYLETHERETHERKETONE) 4487.4 3156.0 4079.5 2869.1 3945.0 2774.5 3739.5" 2630.0 34190.0 24045.8

22 iLIQUID CRYSTA L POLYMER 8271.1 5817.1 5514.1 3878.1 4135.6 2908.5 3150.9 2216.0 2605.1 1632.2
23 166 NYLON, POLYAMIDE 1638.0 1152.0 982.8 691.2 792.6 557_4 704.0 495.1 673.2 473.4

i II I I I I I



CREEP OF ENGINEERING PLASTICS IN SYNTHI= I IC LUBRICANTEs_ERIREFRIGI=HANTw|__H410%HFC-ENVIRONMENT134a(R-1 =,_=) BY WEIGHT] I
I

i [14 DAY CREEP AT 20 DEG. C. (68 DI=G. F.) IN 32 ISO VG BRANCHED ACID. POLYOLTABLE D.8

HFC- 134a__.)e_.ilibrium testpressure= 65p__

Creep Modulus time of

TYPE time break
10 50 100 200 300 orstartof

ksi ksi k ksi ksi ksi _yieldin_

.... 1 IPOLYPHTHALAMIDE 4262.1 2997.5 3293.41 2316.3i I_p,R.0 1185.1_ 1317,4.... b-zt)._ ]zul.o o,_=.o broke @ 1 hr
2 ACRYLONfiHILE- BUTADIENE- STYRENETERPOLYMER .....
3 ACETAL ___=.1 2790.7 496.0 348.8 305.2 214.7 172.5 121.3 147.0 103.4
4 PHENOLIC 9700.5 68___2.4 7760.4 5457.9 7760.4 5457.9 6467.0 4548.3! 5543.2 3898.5
5 POLYVINYUDENEFLUORIDE 2008.0 1412.3 1362.6 958.3 1173.9 825.6 1105.91 /f7.8 1045.31 735.1
6 POLYCARBONATE -22437.2 --15780.1 - 19944._--1_1026.7 17_9.8 12--_4._ - 11966.5:_16.0 9972.1 7013.4........... -_ broke @ 1 hr
7 MODIFIEDPOLYPHENYLENEOXIDE - - - -- - _ - - -
8 ;POLYPROPYLENE 2815.9 1980.4 938.6 660.1 603.4 424.4 412.1 289.8 367.3 258.3
9 POLYARYLSULFONE --4300.-T _4.2 2272.-_-----91598.5 1272.8 895.2 521.6 366.9 442.0 310.8 __
10 POLYETHYLENETEREPHTHALATE 7389.0 5196.7 5747.0 4041.8 4310.---------2--_4,4 39----78.7 2----798.2 3232.7 2273.5
11 POLYPHENYLENESULFIDE 6253.4 4398.0 3385.6 2_1.1 2920.-------6----2054.0 2---416.1 1699,2 2044,4 1437.8
13 POLYAMIDE- IMIDE 13959.9 9818.0 4653.3 3272.7 3172.7 2231.---4 2684.--_----6-- 1888.-----_21---_.--4--- 1478.-----6

1____4POLYAMIDE-IMIDE 11495.0 8084.4: 5225.0 3674.7 3193.1 2245.-7 _3025.--O 2127,--------5_ 1757.5
1__5 POLYETHERMIDE 7875.0! 5538.5 3028.8 --2130.2- 2460.--9- 1730.8 1875.0 1318.7 1__.1_1_1_1_1_1_1_6_.6-1153J
16 MODIFEIDPOLYETHERIMIDE _ 5095.-----8 1976.7 1--_1.0 1575.----T 1107.81 1449.1 1019.2 1065.5
17 POLYARYLE:IHERKETONE 7---472.8 5255.6 _37.7 ---3754.--O 4670.----5-3284.8 4670.5! 3284.8_ 4395.8 3091.5'

793.6 558.1 757.2 532.6 586.3 412.3 562.0 395.2- -_-_-_.5 - 375.918 POLYBUTYIFNETEREF_THALATE
3880.2 2729.0 2771.6 1949.3 2716.2 1910.3 1___z39_.01061.3 1180.9 830.6

i 19 POLYIMIDE-DF -- 7630.--6---5366.6 --_2.2 2---146.6 2---_7.9 165------1.-3 1907.6 1341.6 1327.1 933.3
_ POLYMIDE- DF- ISO ........

_ERKETONE) 17949.8 12624.1 17949.8 12624.1 17095.0 12022.9 10558.7 7425.9 8756.0 6158.1............ _ ._ ,,----_'_._ 4 _ .:=ua "/ t_r-_9 11RR4

I 22_U_Q_UIDCRYSTALPOLYMER

t_



• CREEP OF ENGINEERING PLASTICS IN SYNTHi= I'IC LUBRICANT I REFRIGP_RANT ENVIRONMENT I =

I [14 DAY CREEP AT 20 DEC. C. (68 DEC. F.) IN 32 ISO VG BRANCHED ACID, POLYOL ESTER WitH 40_ HCFC-142b (R-142b) BY WEIGHT]TABLE D.9

HCFC- 142b(B_l__b_uilibrium testpressure = 54_
CreepModulus time of

time (hours) break
NO. ' •rc 10 .... 50 100 200 ul =,=,,of

ksi kg/mm^ ksi kt:l/mm̂ 2 ksi kgl/mm̂ ksi kg/mm ^ ksi kg/mm yields_

1 POLYPHTHALAMIDE 19147.8 13466.7 7180.4 5050.0 4103.1 2885.7' 35902 ' 2525.0 3191.3 2244.4 __..... broke @ 1 hr
2 ACRYLONITRILE-BUTADIENE- STYRENETERPOLYMER ..... __ -
3 ACETAL 2438.4 1714.9 2032.0 1429.1 14-_-A-A 1008.8 _ 451.3 541.9 381.1
4 PHENOLIC 30756.1 21630.7 10764.6 7570.81 5382.3 3785.4 _93.0 3d--_1.3 _----A._5.33154.5
5 :_OLYVINYUDENE FLUORIDE 2470.6 1737.6 1853.0 1303.2 1123.01 789.8 597.7 420.4-- ____.8 352.2_ .... broke @ 1 hr

6 :)OLYCARBONATE - - - - - ..... broke @ 1 hr
7 'MODIFiE_E_POLYPHENYI_FNEOXIDE - 86.3
8 _LYPROPYLENE _=_.5 632.6 ___"L')_o2395.4 337.3 237.2 192.8 135.6 122.7

POLYARYLSULFONE 31820.---------52---23--79.47071.2 4973.2 6364.1 4475.9i 4611.7 324--3.4 4242.7 2983.9
-1_ POLYETHYII=NETEREPHTHALATE 20689.1 14550.6 3859.9 2714.7 3642.4 2561.7 -_7.--1- 2508.7 3425.--------32409.____O0

11 POLYPHENYIFNESULFIDE 13288.6 9345.811812.1 -_07.4 10222.0 71-----_.1 8713.---------861-------28.4830.5 584.1
13 POLYAMIDE- IMIDE 5816.6 4090.8 5021.5 3_31.7 3793.5 2667.9 2=684.6 1P_9,8.1 2415.2] 1698.6
14 POLYAMIDE-IMIDE 22990.016168.910450.0 7349.5 P_,4=A2.36218.8 7184.4 5052.8 _6050__.04255.0
15 POL¥_HERIMIDE 5250.0 3_92.3 4632.4 3257.9= 4375.0 3076.9 3750.0 2637.4 3336.9 2346.8
16 MODIFFID POLYETHERIMIDE 5175.4 36-__9.8 3150.2 2215.5 2786.7 195,q.9= 2498.4 1/57.2 2307.5 1622.9
17 POLYARYLETHERIr_IONE 24909.317518.718682.013139.1 12C_-_4.1 9061.410989.4 7728.9 911.3 640.9

POLYBUI_LENE TEREPHTHALATE 3029.0 2130.3 1730.8 1217.3 1514.5 1065.1 1398.0 983.____221279.8 900.1
19 POLYIMIDE- OF 2586.81 1819.3 2562.4 1802.1 1940.1 1364.-------'--51----_2.9 1282.1 1697.6 1193.96104.5; 4293.3 3815.3 2683.3 2774.7 1951.5 2---_.5 1788.--_ - 2008.0 1412.3
20 POLYIMIDE-DF-ISO 71799.050496.215_98.5 10977.4 13296.1 9351.212379.1 8706.211580.5 8144.6
21 POLY(ARYLETHERETHERKI::_-ONE') 8023.6 =A,_3.2 5_,F,._

UQUID CRYSTALPOLYMER ,,_qn_=,,.=;n ;)32683.3 22056.3 1551:)2 16542.3 11634.2 11408.4 ......
66 NYLON.POLYAMIDE



CREEP OF ENGINEERING PLASTICS IN SYNTHI-IIC LUBRICANT I REFRIGERANT ENVIRONMENT ]

[ [14 DAY CREEP AT 20 DEG. C. (68 DEG. F.) IN 32 ISO VG BRANCHED ACID, POLYOL EStI::R Wi/H 40_ HFC- 143a (R- 143a) BY WEIGHI ITABLE D.IO

HFC- 143a_ll:Xlum iest.press=e = ,oo
Creep__Modulus time of

NO. TYPE time (hours) ___ break
10 5O

ksi kg/mm ^ ksi kg/mm ^ ksi kg/mm ^ ksi kg/mm ^ 2 ksi kg/mm ^

1 j POLYPHTHALAMIDE 8975.5 6312.5 7558.4 5315.8 7364.6 ! 5179.5 6679.51 4697.7 5983.7 42083....... broke @ 1 hr
2 ACRYLONITRILE- BUTADIEN E- STYRENE |I=RPOLYMER - - -
3 ACETAL 3251.21 2286.6 1625.6 ! 1143.3 1219.2 857.5 677.3 476.4 580.6 408.3
4 _HENOLIC 21529.3 15141.5 16561.0 11647.3 13712.9 9644.3' 12,._,4.31 8906.8 10764.6 l'b/0.8
5 :_)LYVINY_IDENE FLUORIDE 1372.6 965.3 1090.0 766.6 712.7 501.2 421.1 296.2 - 378._ .... 266----.O...... broke @ 1 hr
6 POLYCARBONA1E .... broke @ 1 hr

7 MODIFIED POLYPHENYI FNE OXIDE _ 6 412.6 329.1 231.4 236.7 166.5 164.5 115.7 134.9 94.98 POLY__'"AOPYLENE
9 POLYARYL SULFONE 21213.7 14919.6 17678.1 12433.0 13835.0 9730.2 10264.7 7219.1 9359.0! 6_r'_B2.2

10 POLYI::fHYIFNE _E_IEPHTHALATE 24629.9 17322_2 11493.9 8083.7 8620.5 6062.8 7957.3 5596.4 7284.9 5123:5
11 POLY,"I=ENYLENESULFIDE 26,_//.1 18691.7 21261.7 14953.4 17718.1 12461.1 1398.8 983.8 1084.8 762..'p
13 POLYAMIDE-IMIDE 6345.4 _.52.7 3921.3 :/5i.9 3323.8 2337.6 2492.8 1753.2 2115.1 1487.6
14 POLYAMIDE- IMIDE 6050.0 4255.0 4997.8 3515.0 4105.4 ! 2887.3 3106.8 2185.0 2394.8 1684.3
15 POLYI:: I HERIMIDE 6152.3 4326.9 4375.0 3076.9 3937.5 2769.2 3281.3 2307.7 2938.4 2__.,C.6
16 MODIFEID POLYETHERIMIDE 3813.4 2_,__-2_0 3293.4 2316.3 28P_%2 2038.3 2498.4 1757.2 23678.1 16652.8
17 i POLYARYLt--IHERI_c:/ONE __'3L377.1 37540.1 24909.3 17518.7 1__-_-2.0 13139.1 8303.1 58-39.6_---_-A-- 5053.5
i8 POLYBUTYI PNE TERE_'HTHALATE 18173.8 12781.6 7269.5 : 5112.6 ,5679.3 3994.2 2672.6 1879.6' 1835.7 1291.1
19 POLYIMIDE-DF 3395.2 2387.8 2469.2! 1736.6 2012.0 1415.0 1719.1 1209.0 1676.6_ 1179.2
20 POLYIMIDE- DF- ISO 6358.8 ! 4472.1 4695.7 3302.5 3815.3 26EL_3.3 2774.7 1951.5 2441.8 i 1717.3
ot I::_1Y/ARYI z-_PIFRPIHI_RKE-TONL_ 47866.0:33664.2 3C'__=_"_.525248.1 27615.0 19421.6..... 25642.5 18034.4,,,^, 1R-_°._q4.5_.,_,,_ 13288.5,,_,,,==

LIQUID CRYSTAL POLYMER
66 NYLON, POLYAMIDE



• CREEP OF ENGINEERING PLASTICS IN SYNTHI= JlC LUBRICANTEsTERIwITHREFRIGERANT410%HFC- 1521lENVIRONMENT(R- 1528) BY WEIGHT]t ]
1114DAY CREEP AT 20 DEG. C. (68 DEG. F.) IN 32 ISO VG EuTIANCt-;_-bACID. POLYULTABLE D.11

HFC- 152" R_(R_T_l_ibrium testpressure= 55sp___g_
Cr_-e_pModulus timeof

NO. TYPE time (hours) or_.
lO il 50 II 100 U 200 300k_mm_2 orstartof

-- 9-T_-_.2ksi
2 ACRYLONITRILE-BUTADIENE-ST_RENE 1EHPOLYMER , 9531 broke@ 1hr

---- 609.6 428.7 406.4 285.8 " 270.9" 190.5,187.6 131.9 . .3 ACETAL 2018.9
4 PHENOLIC-- 10764.6 7570.8 7176.4 5047.2! 4305.9 3Cr28.3 3588.2 2523.6 2870.6
5 POLYVINYLIDENE FLUORIDE 264.7! 186.2 154.4 108.6! 123.5 86.9 100.2 70.4 82.4! 57.9
6 :)OLYCARBONATE 1273.5! 895.7 849.0 597.1 749.1 526.9 636.8 447.8 5o_3.3 421.5....... - _ - - broke @ 1 hr
7 MODIFIED POLYPHENYLENEOXIDE ...... __ ____Z___
8 POLYr_'-'_ROPYLFNE - 269.9 189.8 112.4 79.1 96.4 67.8 84.3 59.3 75.0 52.7
9 POLYARYLSULFONE 3182.1 2237.9 1272.8 895.2 1060.7 746.0 795.5 _9.5 757.6 532.8
10 POLYI:IHY! I=NETEFtFr-_THALATE 5172.3 3637.7 3694.5 2598.3 3_._-B.2 2425.1 2586.1 1818.8 2068.9 1455.1
11 POLYPHENY_FNESULFiuE 13288.6 9345.8 11812.1 8307.4 11812.1 8307.4 ___4.4 6797.0 9491.8 6675.6
13 POLYAMIDE-IMIDE 2326.7 1636.3 1623.2 1141.6 1485.1 1044.5 1269.1 892.5 1183.0 832.0
14 POLYAMIDE-IMIDE 2873.8 2021.1 1----553.4 1092.-----51--_.3 918.7 1197.4 842.1 1149.5 808.4
15 POLYETHERIMIDE 1575.0 ---1107.7 --12--30.5--_865.4 1093.-8 769.-------2_.2----728.7 984.4 692.3
16 MODIFEID POLYETHERIVlIDE 905.7 -- 637.-O-- 584.3 410.---------9532_.8_ 4------70.--5--_.----9--431.3 303.3
17 POLYARYLETHERKETONE 4670.5 --3284.8 3113.----7 2----189.8 2490.---------9_ 233_-----5.31642.4 2197-_.9 1545.8
18 POLYBUTYLENETEREPHTHALATE 727.0 511.3 ----_.0 327.----7,----370.9 260.------8_ 260.8 363.5 255.______6
19 POLYIMIDE-DF 452.7 318.---4"--_.2 -- 254.-----7----352.7 _ -- 352.7 248.---------1339.---------5238.8
20 .I_:)LYIMIDE-DF- ISO 1_P0.9 858.7 872.1 613.3 847.8 596.3 7----_.4_ 52_-3-6-- 678.-----3 477.0
_1 I:_IYtARYLETHERETHER_ON E) 5128.5 ! 3606.9 35g0.0 ! 2524.8 2991.6 2104.0 2111.7 1485.2 1795.0 1262.4................ ,.,,,,_= = .I_r-,.a ,'j t t R."4ZI,_I 1.":1:_:34 930.7

UQUID CRYSTALPOLYMER
66 NYLON, POLYAMIDE



Appendix E: Dimensional Changes After Refrigerant/Lubricant Thermal Aging
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I PHYSICAL CHANGES IN PLASTICS EXPOSe!] TO 32 ISO VG MIN_ OIL AND HCFC-22 (R-22) I
|14 DAYS AT 150 DEG.C. (300 DEG.F-) AT 275-300 PSLA] i

TABLE E.1

NO. TYPE PARTIC- CRACK- CP,AZ- SOFTEN- COLOR CHANGE AVERAGE% AVI=HAEiI=%AVt:rtA_'_o I Av¢:n_t:,-To
ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS I WEIGHT

CHANGE CHANGE CHANGE I CHANGE
b. b. b. b. c. c. c. 078" c.-0.13 - . -1.12

1 POLYPHTHA LAMIDE 0 0 0 0 GREEN-CREAM/ALMOND - 1.24
3 ACETAL 0 3 0 0 WIIlF._JCREAM -3.88 -3.41 -0.79 -9.57
4 PHENOUC 0 0 0 0 NONE -0.61 -0.54 0.00 -3.29
5 POLYVINYLIDENE FLUORIDE 0 0 0 0 LUCiTE-HAZY/CHOC. -0.19 0.14 0.79 0.25
8 POLYPROPYI.ENE (a.) 0 0 0 0 LUCItF_- HAZY/WlllI= 3.62 3.80 4.72 14.731
9 POLYARYI. SULFONE 0 0 0 0 NONE 0.01 0.13 0.39 0.78
10 POLYI= iHYLENE TE REPHTHALATE 0 0 0 0 NONE -0.13 -0.13 -1.56 0.67
11 POLYPHENYLENESULRDE 0 0 0 0 NONE -0.08 0.00 0.39 0.09
12 POLYI !: I P,AFLUOROET HYLENE 0 0 0 0 NONE 0.66 - 0.31 2.07 1.46
13 POLYAMIDE-IMIDE 0 0 0 0 NONE -0.11 -0,131 -0.39 -0.99
i4 POLYAMIDE-IMIDE 0 0 0 0 NONE -0.04 -0.13 -0.38 -0.69.
15 POLYEiHERIMIDE 0 0 0 0 NONE -0.01 0.00 0.39 0.71
16 MODIRED POLYETHERIMIDE 0 0 0 0 NONE -0.05 0.21 0.63 0:5_8a

0 0 0 0 GRAY-GREEN/BROWN -0.06 0.00 0.3Q 0.1717 POLYARYI.ETHERKETONE
POLYBUTYLENE tEHEPHTHALATE 0 3 0 0 NONE 0.12 0.14 0.00 2.68

19 POLYIMIDE-DF 0 0 0 0 NONE 0.10 0.15 -0.48 0.80
20 POLYIMIDE-DF-ISO 0 0 0 0 NONE -0.06 0.00 -0.96 -0.35

21 pOLY(ARYL.E] HER_.I-_EF_JETONE) 0 0 0 0 NONE 0.09 0.00 0.39 0.72
22 UQUID CRYSTAL POLYMER 0 0 0 0 NONE 0.03 0.00 0.00' 0.02

=ukMvI hid phi VAUlni= 0 0 0 0 CREAM/YELLOW -0.40 0.00 -0.39 1.54

Note:
a. Aging temperature = 100 Oeg.C (212 Deg.F.)
b. QuaJltstivescale: 0:no change, 1:slight, 2=large. 3:dissolved, deformed or melted
c. % Change : chsnge in b_.,jfoJ.e/altermeasurements of plastics



I PHYSICAL CHANGES IN PLASTICS EXPOSED TO 32 ISO VG BRANCHP,,U ACID POLYOL ES I t::Fl AND HFC _2 (R-82)--_
114 DAYS AT 150 DEG.C. (300 DEG.F-) AT 275-300 PSIA]

TABLE E.2

NO. ] TYPE PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% AVERAGE% AVERAGE% AVERAGE%
ULATES ING ING ING LENGTH WIDTH THICKNESS WEIGHT J

CHANGE CHANGE CHANGE CHANGE I

b. b. b. b. c. c. c. c.

1 I POLYPHTHALAMIDE 0 0 0 0 IGREEN-CREAM/ALMOND -1.10 -0.54 -0.39 -1.29
- 3 I ACETAL 0 0 0 0 ;VHITE/YELLOW -0.01 0.14 0.79 0.37

4 i PHENOUC 0 0 0 0 NONE -0.63 -0.40 0.00 -3.63
5 !POLYVINYLIDENE FLUORIDE 0 0 0 1 LUCiTE-HAZY/GRAY 1.86 2.17 2.78 3.76
8 POLYPROPYLENE (a.) 0 0 0 0 NONE 0.68 0.81 1.57 2.97

---9--- POLYARYL SULFONE 0 0 0 0 NONE -0.01 0.00 0.78 -0.26
10 POLYETHYLENE TEREPHTHALATE 0 0 0 0 NONE -0.17 -0.21 0.39 -0.46
11 POLYPHENYLENESULRDE 0 0 0 0 NONE -0.04 -0.13 0.78 0.09

--12 POLYTETRAFLUOROETHYLENE 0 0 0 0 -- NONE -- 0.08 0.73 0.38 0.23
- 1-3-- POLYAMIDE-IMIDE 0 0 0 0 NONE -0.11 -0.13 0.00 -1.41
--14 POLYAMIDE-I_IDE 0 0 0 0 NONE -0.11 -0.13 0.77 -0.80
--1-5-'POLYETHERIMIDE 0 0 0 0 NONE -0.17 0.40 0.78 0.51

__:i__66__MODIFIED POLYETHERIMIDE 0 0 0 o NONE -0.03 0.001 0.63 1 0.3217 iPOLYARYLETHERKETONE 0 0 0 0 NONE - O.17 0.-14! 0.78 - 0.09

- 18_POLYBUTYLENE TEREPHTHALATE 1 0 0 0 NONE -0.35 0.27 1:18_ 0.47
-19_ [ I_O-L-YI_ F.... 0 0 0 0 NONE 0.01 0.15 0.00_ 0.03
.....:;0 ] POLYIMIDE --DF-IS---O_--_ 0 0 0 0 NONE -0.12 -0.30 --_ -0.94

21 .__OLY(ARY__O-_ 0 0 0 0 NONE -0.11 0.27 0.791 -0.170.00 -0.05
--_- -_-LIQUIDCRYSTAL F)o-o-_u-_ 0 0 0 0 NONE -0.03 -0.13 _._ __
-2-3--] 68 NYLON, POLYAMID--E --_ ! 1 0 0 0 NONE -0.66 -0.67 ....... -1.32

j Note:

,,. Aging temperature = 100 Deg.C (212 Deg.F)
b. Qualitative scale: O=no change, 1 =slight. 2=ku'ge. 3=dissolved, deformed or melted
c. % Change = change in before/_er m_*a_surementsof plastic=

OO



PHYSICAL CHANGES IN PLASTICS EXPOSED TO 32 ISO VG POLYPROPyIFNE GLYCOL BUTYL MONO ETHER AND HFC-32 (_R--_-_
(14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE E.3

NO. TYPE PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% AVERAGE% AVERAGE% AVERAGE%
ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT

CHANGE CHANGE CHANGE CHANGE
b. b. b. b. c. ¢. c. c.

! POLYPHTHALAMIDE 0 0 0 0 GREEN-CREAM/CREAM -1.i9 .. -0.81 0100 -1.45
3 ACL_AL " 1 0 0 0 WHITE/UGHT YELLOW -0.19' 0.00 0.40 0.04
4 PHENOLIC 0 0 0 0 NONE -().70 ! -0.67 ....... -0.77! -4._-
5 I=OLYVINYLIDENE FLUORIDE 0 0 0 0 LUCITE- HAZY/LT.YELLOV_ 0.01 0.14 1.19 0.91

8 POLYPROPYLENE (a) () 0 0 0 WHITE/LIGHT FLESH 0.24 0.00 0.00 1.1B'-0.13 ...... "_9 POLYARYL SULFONE 0 0 0 0 NONE - o.17 ...... 0_.39 - 0.74
10 POL_=THYLENE TEREPHTHALATE 1 0 0 0 NONE -0.11 -0.27 0.00 -0.32
1i POLYPHENYUENESULRDE 0 0 0 0 NONE -0.14 -0.13 0.79 0.13
i2 POLYTETRAFLUOROETHYLENE 0 0 0 0 NONE , 0.i4 0.21 0_00, 0.30
13 POLYAMIDE-IMIDE 0 0 0 0 . NONE -0.16 0.00 0.00 -1.09
14 I:'OLYAMIDE-IMIDE 0 0 0 0 NONE -0.21 -0.13 0,00 -0.84
15 POLYETHERIMIDE 0 0 0 0 NONE 0.04 0.00 ..... 0,39 0.42
16 MODIRED POLYETHERIMIDE 0 0 0 0 NONE 0.01 0.11 0.31_ 0.45
17 POLYARYLETHERKETONE 0 0 0 0 NONE -0.06 -0.14 0.39 009
18 POLYBUTYLENE TEREPH;I'HALATE 2 0 0 0 NONE -0.65 0.00 0,00 -0.14 /
19 POLYIMIDE-DF 0 0 0 0 NONE -0.16 "0.15 0.001 -0.89

L20 POLYIMIDE'_DF-ISO 0 0 0 0 NONE -0.15 -0,15 0.00 -O.S9

21 POLY(ARYLETHERETHERKETONE) 0 0 0 0 NONE 0.00 0.00 000 0.26
22 LIQUID CRYSTAL POLYMER 0 0 0 0 NONE -0.07 -0.13 l).01 :-011
23 66 NYLON, POLYAMIDE 0 0 0 0 NONE -0.69 -0.27 -0.39 __ -'1.3-2

I Note:

a. Aging temperature = 100 Deg.C
b. Qualitative scale: O=no change, 1:slight, 2:lsrge, 3:dissolved, deformed or melted

c. % Ci_nge = change in bllfore/ater measurements of pk=_=



[___+ PHYSICAL CHANGES IN PLASTICS EXPOSED TO 32 ISO VG MINERAL OIL AND HCF(;- 123 (_R-123) ]
[14 DAYS AT 105 DEG.C (221 DEG.F.) AT 275-300 PSIA]

TABLE F_.4

_-+ TYPE PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% AVERAGE% AVERAGE% AVERAGE%

l ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT

CHANGE CHANGE CHANGE CHANGE

b. b. b. b. c. c. c. c.

--_ | POLYPHTHALAMIDE 0 0 0 0 GREEN-CREAM/ALMOND -0.76 -1.15 0.78 0.08
-- 0 3 0 0 WHITE/Y1E_LLOW-TAN 0.78 0.40 1.59 5.40

ACETAL 0.00 0.3._
_PHENOLIC 0 0 0 0 NONE - 0.01 0.00

IDENE FLUORIDE 0 0 0 1 LUCI1-P,.-HAZY/rA N 1.72_ 1.57 1.,59 5.10

-9 ' POLYARYL SULFONE 0 0 0 0 NONE -0 rJl 0.78 0.79 0.06 I
10 ' )OLYETHYLENETEREPHTHALATE 0 0 0 0 NONE -(: _i: 0.39 0.00 4.13
11 ' POLYPHENYLENESULFIDE 0 0 _ 0 CHOC./UGHT-CHOC. -0.10 0.00 -0,39 0.10
12 _ _OLYTETRAFLUOROET HYLENE 0 0 0 0 NONE 1.45 0.01 -0.43 4.21

_13_ POLYAMIDE-IMIDE 0 0 0 0 NONE 0.03 0.00 -0.30 -0.09
14 +_OLYAMIDE-IMIDE 0 0 0 0 NONE 0.00 0.38 -0.38 0.08
15 POLYETHERIMIDE 0 0 0 0 NONE -0.07 0.39 0.0o 0.08

-116 MODIFIED POLYETHERIMIDE 0 0 0 0 NONE 0.00 O.O'J 0.31 0.26
17 POLYARYLETHERKETONE 0 0 0 0 NONE -0.10 -0.38 0.00 -0,36
1--8- +OLYBUTYLENETEREPHTHALATE 0 0 0 0 WHI+F_./PLESH 1.51 1.92 2.36 8.33
19 POLYIMIDE-DF 0 0 0 0 NONE 0.01 0.00 0.00 0.02

20 POLYIMIDE-DF-ISO 0 0 0 n NONE -0.04 0.23 0.00 -0.6z
21 •OLY(ARYLETHERETHERKE:I ONE 0 0 ---0----- 0 NONE 0.10 0.00 0.00 -0.02
2_ .IQUID CRYSTAL POLYMER 0 0 0 0 NONE 0.20 0.79 0.79 -0.02
2_ 66 NYLON, POLYAMIDE 0 0 0 0 CREAM/UGHT-BROWN 0.26 __ 0.00 0.00 2.56

JNote:.b. Qualitalive scale" O=no change, + =s g , = g .3=dissolved.deformed or melted
I c. % Chamge = chanile in before/_Rff___mM=urements of plastics



[ PHYSICAL CHANGES IN PLASTICS EXPOSED TO 32 ISO VG MINERAL OIL AND HCFC- 123 (R- 123) I
[14 DAYS AT 125 DEG.C- (257 DEG.F.} AT 275-300 PSIA]

TABLE E.5

NO. TYPE PARTIC- CRACK- CRAZ- SOFrEN- COLOR CHANGE AVERAGE% A-VERAGE% AVERAG,E% AVERAGE%
ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHTCHANGE CHANGE CHANGE CHANGE

b. b. b. b. c. c. c. c.-0.13 0.00 0.34
1 POLYPHTHALAMIDE 0 0 0 0 GREEN-CREAM/ALMONC -o.86

ACETAL 3 3 3 3 NONE FAILED FAILED FAILED FAILED- _ -0.06 0.27 0.77 -0.29
PHENOLIC 0 0 0 0 NONE
POLYVINYLIDENE FLUORIDE 0 0 0 0 -- LUCITE-HAZY/TAN 1.11 0.95 1.19 3.47
POLYPROPYLENE (a.) 0 0 0 3 LUC-ITE- HAZY/WHITE 6.41 13.50 35.97 50.53
POLYARYL SULFONE 0 0 0 0 NONE -0.09 0.13 -0.78 -0.19

1_ -POLYETHYLENE TE flEP HTHALATE 0 0 0 0 LT.TAN/LT.BROWN -0.16 0.54 0.79 3.19
1---_-POLYPHENYLENESULRDE 0 0 0 0 CHOCOLATE/BROWN - 0.21 - o.13 0.76 o.14
1_ pOLYTETRAFLUOROET HYLENE 0 0 0 0 NONE 0.86 0.32 -0.41 2.14

- 1_ POLYAMIDE-IMIDE 0 0 0 0 NONE 0.03 0.13 0.00 -0.38
_ 14 _OLYAMIDE-IMIDE 0 0 _ 0 NONE -0.06 0.27 0.00 -0.26

15 =OLYETHERIMIDE 0 0 0 0 NONE -0.30 0.00 0.00 -0.17
1_ MODIRED POLYETHERIMIDE 0 0 0 0 NONE -0.50 -0.16 0.31 -0.47

- 1--7- POLYARYLETHERKETONE ! 0 0 0 0 NONE -o.o9 -0.13 o38 -0.19
1_ POLYBUTYLENE TEREPH_T-_ 0 _ 0 0 NONE 136 1.86 2.31 8.38

--1__9_POLYIMIDE-DF 0 0 0 0 NONE -0.03 0.00 -1.43 -0.16
20 POLYIMIDE-DF-ISO 0 0 0 0 NONE -0.07 0.00 -1.43 -0.55

0 0 0 0 NONE -0.06 0.00 0.39 0.01
__221 POLY(ARYLETHERETHERKETONE 0.39 -0.2022- -3QUID CRYSTAL POLY--M-ER 0 0 0 0 NONE 0.03 -0.27

_-23 66 NYLON. POLYAMIDE .... 0 0 _ 0._ 0 CREAM/LT.BROWN 0.24 0.41 0.39i 2.72

Note:
a. Aging temperature = 100 Deg.C (212 Deg.F)
b. Qualitative scale: 0=no change, 1=slight, 2=large, 3=dissolved, deformed or melted
o. % Change = change in before/after mlmsurernents of plastics

III



[ PHYSICAL CHANGES IN PLASTICS EXPOSI=n TO 32 ISO VG ALKY! RENZENE AND HCFC-124 (R-124) .J
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE E.6

NO. TYPE PARTIC- CRACK- CRAZ- SOI_IEN- ! COLOR CHANGE AVERAGE% ,AVI::HAGP-.%AVI::HP_I::'_o_vc.rt_cTo
ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT

CHANGE CHANGE CHANGE CHANGE

b. b. b. b. c. c. c. c.

1 !POLYPHTHALAMIDE 0 0 0 0 GREEN-CREAM/CREAM -1.23 -1.07 -1.56 -1.93
3 iACETAL 0 0 0 0 WIIIP/LIGHT Y_-_LLOW -1.18 -0.14 -0.3g -1.24
4 PHENOLIC 0 0 0 0 NONE -0.68 -0.94 -1.54 -4.38
5 POLYVINYI IDENE FLUORIDE 0 0 0 0 LUCliE- HAZY/LT.BROWN 0.76 1.08 0.39 2.60

8 POLYPROPYt FNE (a.) 0 0 0 1 NONE 3.13 3.39 3.11 14.39 '
POLYARYL SULFONE 0 0 0 0 NONE -0.04 -0.26 0.39 -0.54.9

1----0pOL¥1::I HYLENE TEREP HTHALATE I 0 0 0 NONE -0.14 -0.26 -1.56 -0.41
--I 1 POLYPHENYLENESULRDE 0 0 0 0 CHOCOLATE/BROWN -0.24 - 1.06 0.00 -0.03

12 POLYTETRAFLUOROETHYLENE 0 0 0 0 NONE 0.041 0.30 0.36 0.21
13 POLYAMIDE-IMIDE ---0 --0 -- _ 0._0 _ NONE -0.33 -0.26 -0.77 -1.67
14 POLYAMIDE-IMIDE 0 -- 0 ------0-'-- 0 NONE -0.36 -1.58 -0.76 -1.32
15 POLYEiHERIMIDE 0 0 0 0 NONE 0.00 0.00 0.00 -0.57

__16_ MODIFIED POLYETHERIMIDE 0 0 0 0 NONE -0.17 -0.74 0.16 -0.47
17 POLYARYLETHERKETONE 0 0 0 0 GREY-GREEN/DARKER -0.09 0.00 0.00 -0.38
18 POLYBUTYLENE TEREPHTHALATE 1 0 0 0 W_TE/LIGHT PEACH -0.04 0.00 0.00 1.64
19 [POLYIMIDE-DF 0 0 0 0 NONE -0.09 0.00 0.00 -0.96
20 POLYIMIDE-DF-ISO 0 0 0 0 NONE -O.09 0.00 -0.49 -0.9O
21 POLY(ARYLETHERETHERKETONE) 0 0 0 0 NONE -0.43 -0.94 0.00 0.02
22 LIQUID CRYSTAL POLYMER 0 0 0 0 NONE O.04 0.00 0.00 -0.08
:)3 86 NYLON. POLYAMIDE 1 0 0 0 CREAM/GREY -0.22 0.40 0.00 -0.01

I Note:
=. Aging temperature = 100 Deg.C (212 Deg.F)
b. Qu_ditativescale: O=no change, 1=slight, 2=ku'ge, 3=diuolwKI, deformed or melted
c. % Change = chan._,e_in _bef_._.e/m__m_-_m____urementsof plastics



[ PHYSICAL CHANGES iN PLASTICS EXPOSED TO 82 ISO VG MODiFIF-_ POLYGLYCOL AND HFC-125 (R-125) . ]
114 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA|

TABLE E.7

-N-O- TYPE PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE _,VERAGE% AVERAGE% AVERAGE% A,VERAGE%

1 ULATES ING ING ING AFTER AGING LENGTH WtDTH THICKNESS WEIGHT
CHANGE CHANGE CHANGE CHANGE

b. b. b. b. c. c. c. c.

T POLYPHTHALA MIDE 0 0 0 0 GREEN-CREAM/CREAM - 1.30 - 1.74 -4.87 - 1.75
-3 ACETAL 0 0 0 0 WHITE/YELLOW -2.72 -2.59 -1.59 -5.48
-4 PHENOLIC 0 0 0 0 NONE -0.81 -2.64 -0.38 -4.48

-5 POLYVINYLIDENE FLUORIDE 0 0 0 0 LUCItE-HAZY/BROWN -_p.07 -0.41 0.79 1.120.12 -1,34 0.00 1.33
T POLYPROPYLENE _ 0 0 0 0 NONE
--9- POLYARYL SULFONE 0 0 0 0 NONE -0.20 - 1.46 -0.39 -0.86

10 )OLYETHYLE NE TE REPHTHALATE 0 0 0 0 LT.TAN/TAN -0.31 -0.53 -0.78 -0.39
1--1- POLYPHENYLENESULRDE 0 0 ....0 0 CHOCOLATE/BROWN - 0.24 - 1.19 0.00 - 0.03

-_- pOLYTETRAFLUOROET HYLENE 0 0 0 0 NONE 0.38 -303 0.00 0.86
1--3- _OLYAMIDE-IMIDE 0 0 0 0 NONE -0.19 -1.06 0.00 -1.57

ii_14__ _OLYAMIDE-IMIDE 0 0 0 0 NONE -0.14 -1.19 -0.77 -1.16
15 -POLYETHERIMIDE 0 0 0 0 NONE -0.19 -1.33 0.00 -0.58

__1_6_-_-MODIRED POLYETHERIMIDE 0 0 0 0 NONE -0.18 -0.90 -0.47 -0.62
_ 17 POLYARYLETHERKETONE 0 0 0 0 NONE -- -0.17 -0.80 -0.39 -038

18 POLYBUTYLENE TEREPHTHALATE 2 0 0 0 WHITE/CREAM -0.56 -0.40 -0.38 0.06

_-_19-- POLYIMIDE-DF 0 0 0 0 NONE -0.12 -0.15 0.03 -093
20 POLYIMIDE-DF-ISO 0 0 0 0 NONE -0.18 -1.81 0.00 -0.97

- 2--1- p OLY(ARYLETHERETHERKET 0 NE 0 0 0 0 NONE -0.09 -1.98 0.39 -0.21
2---2--LIQUID CRYSTAL POLYMER 0 0 0 0 LT.TAN/IAN -0.10 -0.27 0.00 -0.07
23 66 NYLON, POLYAMIDE 0 0 0 1 CREAMIDARKI R _ -0.60 -1.87 -3.79 -1.34

Note:
a. Aging temperature = 100 Deg.C (212 Deg.F)
b. Qualitative scale: O=no change, 1=slight, 2=large, 3=dissoived, deformed or melted
c. % Change = change in before/m__ m_M__surementsof plastics

L,J



I PHYSICAL CHANGES IN PLASTICS EXPOSI=n TO 32 ISO VG BRANCHI-u ACID POLYOL ES i P_.HAND HFC-125 I
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE Ell

NO. TYPE PARTIC- CRACK- CRAZ- SOI-1F..N- COLOR CHANGE AVERAGE% AVEflAGE% AVP_HA_I::% Avt:r_,--'_
ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT

CHANGE CHANGE CHANGE CHANGE

b. b. b. b. c. c. c. c.

1 POLYP HTHALAMIDE 0 0 0 0 GREEN- CREAM/CREAM - 1.20 - 1.33 - 0.39 - 1.77
3 ACETAL 0 0 0 0 WHITE/LT. yFI tOW 0.10 -0.27 0.79 0.56
4 PHENOLIC 0 0 0 0 NONE -0.71 -2.12 -0.77 -4.56
5 POLYVINYLIDENE FLUORIDE 0 0 0 1 LUCITE-HAZY/DARKER -2.02 -1.19 0.78 2.76
8 POLYPROPYLENE (a.) 0 0 0 0 NONE 0.91 0.68 1.58 3.61
9 POLYARYL SULFONE 0 0 0 0 NONE -0.11 -0.93 0.00 -0.83

10 POLYETHYLENE TEREPHTHALATE 0 0 0 0 NONE -0.24 -0.53 0.00 -0.60
11 POLYPHENYLENESULRDE 0 0 0 0 CHOCOLATE/BROWN 2.83 1.35 0.79 -0.05
12 POLYTETRAFLUOROET HYLENE 0 0 0 0 NONE -0.18 -0.10 0.00 0.72
13 POLYAMIDE-IMIDE 0 0 0 0 NONE -0.26 -0.80 0.00 - 1.64
14 POLYAMIDE-IMIDE 0 0 0 0 NONE -0.11 -1.06 -0.38; -1.29 .
15 POLYETHERIMiOE 0 0 0 0 NONE -0.09 -0.66 0.39 -0.66
16 MODIFIED POLYETHERIMIDE 0 0 0 0 NONE -0.14 -0.64 0.47 -0.55
17 POLYARYLETHERKETONE 0 0 0 0 NONE -0.24 -0.81 0.00 -0.41
18- _POLYBUTYLENE TEREPHTHALATE 1 0 0 0 NONE -0.37 -0.67 0.00 0.!6

-19 !POLYIMIDE-DF 0 0 0 0 NONE -0.10 0.15 0.49__ -0.96
20 LPOLYIMIDE-DF-ISO 0 0 0 0 NONE -0.10 0.00 0.00 -0.96
21 POLY(ARYLETHERETHERKETONE) 0 0 0 0 NONE -0.06 -0.54 ] 0.00 -0.25

LIQUID CRYSTAL POLYMER 0 0 0 0 NONE -0.04 -0.80 0.00 -0.0966 L,v, nL, Dn, v-u,n= I n I 0 0 0 NONE -0.66 -1.20 0.00[ -1.79
I

IN..: 1a. Aging t_p_alure = 100 D_.C (212 Dq._
b. Qualb_,e scale: O=no change, 1 =,fight, 2=l_rge, 3=diuolv_l, deformed or melted
e. % Change = c_ge in I_re/altm" mmur_nt$ of p_st¢$



I

FPHYSICAL CHANGES IN PLASTICS EXPOSED TO 32 ISO VG POLYPROPYLENE GLYCOL BUTYL MONO ETHER AND HFC-125 R(_J_I_
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSlA!

TABLE E.9

NO. TYPE PARTIC- CRACK- CRAZ- SOl- ! EN- COLOR CHANGE AVIPHP.r_I="Jb,w,-n_,--'_A_/EFU_GE% A_/Et'_,GE%
ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHTCHANGE CHANGE CHANGE CHANGE

b. b. b. b. c. c. c. c.

1 POLYP HTHALAMIDE -'---0-_ _ 0 0 GREEN -CREAM/CREAM - 1.30 - 0.81 - 1.17 - 1.77
3 ACETAL -----_--- -----0--- 0 0 WHITE/YELLOW -0.85 -0.27 -----0.00--- -0.05

4__ LPHENOUC ---_-- 0 0 0 NONE - 0.92 i-- - 1.21 -0.77! -3.82
5 POLYVINYLIDENE FLUORIDE 0 _ 0 0 0 LUCITE-HAZY/YELLOW -0.01 0.00 0.79 1.25
8 POLYPROPYLENE (a.) _ _ 0 0 NONE 0.19 -0.14 O.40 1.40
9 POLYARYL SUiFONE 0 0 0 0 NONE -0.20 -0.40 0.00 --0.84

1---0, POLYETHYLENE TEREPHTHALATE _ _ 0 0 NONE 0.04 -0.27 0.00 -0.57
11 POLYPHENYLF_NESULRDE _-------0-- 0 0 CHOCOLATE/BROWN -0.16 ------_-0.79 0.0__00 -0.06
12 POL¥ ! P i I_AFLUOROETHYLENE 0 0 0 0 NONE 0.30 0.22 0.00 0.92
13 POLYAMIDE-IMIDE 0 0 0 0 NONE _ -0.19 -0.27 0.00 -1.40
14 POLYAMIDE :- I-I_IDE 0 0 0 0 NONE -0.16 -0.27 0.00 -1.06

_ 15 POLYETHERIMIDE 0 0 0 0 NONE -0.31 -0.53 0.01 -0.54
0 0 0 0 NONE -0.09 = -0.11 0.16 -0.50

- 16 iMODIFIED POLYETHERIMIDE -0.42
-T7-I PO--LYA-RYL_Idf=R_ N-E 0 0 0 0 NONE -0.09 0.00 0.00
-- 18 POLYBUTYLENETEREPHTHALATE I 0 0 0 WNtE/LT.PINK -O.53 "--0.4_ 0.00 0.12

19 POLYIMIDE-DF 0 0 -- 0 0 NONE -0.12 0.15 0.00 -0.83
20 POLYIMIDE-DF-ISO 0 0 0 0 NONE ---_0.---_ -0.30 0.00 -0.77

21 POLYIARYLETHERETHERKET ONE) 0 0 0 0 NONE -0.14 -0.54 0.39 -0.21
- 22 LIQUID CRYSYAL POLYMER 0 0 0 0 NONE -0.01 0.00 0.00 i -0.08

23 66 NYLON, POLYAMIDE 0 0 _ 0 0 , NONE -_0.75 -0.67 0.00 - 1.45,

Note:
a. Aging temperature = 100 Deg.C (212 Deg.F')
b. Qualitativo scale: O=no change, 1=slight, 2=ku'ge, 3=dissolved, deformed or melted
0 _¢,Chanae = ohilrloe in _l:l_3foc._.e/aRerm-"'--=urernentsof plastics

l..m=
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[PHYSICAL CHANGES IN PLASTICS EXPOSED TO 32 ISO VG BRANCHED ACID POLYOL ESTER AND HFC-134 (R- 134j
114 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA|

TABLE E.IO

NO----_............. TYPE PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% AVERAGE% A_-R/_GE_o_ AVERAGE%
ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT

CHANGE CHANGE CHANGE CHANGE

b. b. b. b. c. c. c. c.
---1-- POLYPHTHALAMIDE 0 0 0 0 GREEN-CREAM/CREAM -1.20 -1.99 -0.39 -1.50
--3-A CE"rA--L ........1 ......... --0--- 0 0 WHITE/YELLOW 0.45 -0.14 0.79 1.93
---4-- PHENOLIC 0 0 0 0 NONE -0.65 -3.27 -0.38 -406
-- 5-- POLYVINYLIDENE FLUORIDE 0 0 0 1 LUCITE-HAZY/GREY 1.47 1.22 4.37 353
--8-- POLYPROPYLENE (a.) 0 0 0 1 LUCITE-HAZY/WHITE 0.78 0.13 0.79 3.95
- 9-- POLYARYL SULFONE 0 0 0 0 NONE -0.20 0.00 0.00 -0.55
- 1--0- POLYETHYLENETEREPHTHALATE 0 0 0 0 LT. TAN/LIGHTER -0.16 -1.98 -0.39 0.50
- 1--1- POLYPHENYLENESULFIDE 0 0 0 ...... 0 CHOCOLATE/BROWN -0.21 -1.19 0.00 -0.06
-I--2 - POLYTETRAFLUOROETHYI.ANE ..... O ...... 0 0 0 NONE .......... 0.33 -0.40 0.84 0.95
......13--POLYAMIDE-IMIDE ........ 0 .............. 0.... 0 0 NONE -0.31 -0.40 0.39 -1.52
....14- POLYAMIDE-IMIDE 0 0 0 0 NONE -0.18 -1.06 -0.38 -1.05
-- 15-- -#O--LY_i'iE-RI-MI--DE................... 0 0 0 ....... 0 ...... NONE -0.09 -0.80 0.00 -0.23
- "i6- MODIRED POL_f"ET-Pii_-RiMIDE-.... 0 0 0 0 NONE -0.07 -0.32 1.58 T0_2_8
" I-7- POLYETHERKETONE 0 0 0 0 NONE -0.19 -1.99 0.00 -0.29

....... ?............... 0 ..... 0 .......... 0 NONE 0.00 _1:_-_ 0.39 1.64" 'ii- POLYBUTYLENE TEREPHTHALATE .........................................................
"- 19- POLYIMIDE-DF 0 0 0 0 NONE -0.O7 0.15 0.00 -0.5O
---20- POLYIMIDE-DF-ISO 0 0 0 0 NONE -0.09 0.15 -0.48 -0.79

-- 2-1- POLY_ARYLETHERETHE RKETONEI 0 0 L 0 0 NONE -0.24 -0.13 -0.39 -0.23
"-_ LIQUID CRYSTAL POLYMER 0 0 - 0 ---- 0 NONE 0.01 -1.19 0.39 -0.07

23 66 NYLON, POLYAMIDE 1 0 0 0 NONE _ -0.66 -2.12 __. 0.__/ -0.89

I Note:
a. Aging temperature = 100 Deg.C (212 Deg.F)
b. Qualitative scale: O=no change, 1=slight, 2=kuge, 3=dissolved, deformed o¢melted
o. % Change = change in before/aRm"measurements of pllstics

Cr_



[ PHYSICAL CHANGES IN PLASTICS EXPOSED TO 82 ISO VG MODIFIED POLYGL¥COL AND HFC-134a (R- 1____)___]
[14 DAYS AT 150 DEG.C. (.=00 DEG.F.) AT 275-300 PSIA]

TABLE E.11

_10. TYPE PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% ;VERAGE% -A_,/E_:RAGE%AVERAGE%
ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHTCHANGE CHANGE CHANGE CHANGE

b. b. b. b. c. c. c. c.

I_.._. POLYPHTHALAMIDE 0 0 0 0 GREEN-CREAM/ALMOND -1.10 -0.67 0.00 1.40
3 A--C--ETAL 0 0 0 I WHITE/YELLOW - 4.07 - 2.88 __--0.40 - 9.22-o.61 -1.o7 -0.38 -3.94

--4-- PHENOUC 0 0 0 0 NONE
5 POLYVINYLIDENE FLUORIDE 0 0 0 1 LUCITE-HAZY/BROWN 0.12 0.82 1.20 1.490.27 0.14 0.79 1.78

8 POLYPROPYLENE _ 0 0 0 0 NC,NE
_9 POLYARYL SULFONE 0 0 0 0 NONE -0.28 1.07 0.00 -0.54

1_00 POLYETHYLENE TEREPHTHALATE 0 0 0 0 ---- NONE -0.11 -0.67 0.00 -0.07
11 p_YPHENYLENESULRDE 0 0 0 0 NONE -0.14 - -0.40 0.00 0.09

1--2 POLYTETRAFLUOROET HYLENE 0 0 0 0 NONE 0.28 - o.10 081 1.61-0.17 -0.40 0.00 -1.35
--13-- =OLYAMIDE-IMIDE 0 0 0 0 NONE
---14- POLYAMIDE-IMIDE 0 0 0 0 NONE -0.01 -0.13 ........... O_O_O_ :1.'24-i
-1-5-- F)OLYETHERIMIDE 0 0 0 0 NONE -0.13 -0.27 ............ 0:7__8........ _::0:37

"16- MODIRED POLYETHERIMIDE 0 0 0 0 NONE - 0.17 O.16 0.63 - 0.44
0 0 0 0 DARKER EDGES -0.07 0.00 0.00 -0.29--1-7- POLYARYLETHERKETONE I 0.00 0.16

-_8- "p-6"-LY-B_I'__E--N_HALATE J,. 0 0 0 0 WHITE/ALMOND - 0.56 - O.14
1-_ P--OL_----_-_- DF | 0 0 0 0 NONE -0.10 -0.89 0.00 -0.70
20 p-o[._ D---'_T-IS-O_ _ 0 0 0 0 NONE -0.10 0.00 -0.48 -0.91

....2---T P-O-LY(_YLET, ,,H__--_O N--__ 0 0 0 0 NONE -0.21 -0.27 0.00 = -0.17
22 UQUID CRY'S'TALPOLYMER _ 0 0 0 0 NONE -0.04 0.00 0.00 -0.01

...._ 66 NYLON, POLYAM-_-_ .I 0 0 .... 0___ 0 CREAM/UGHT TAN -0.01 .... -0.6_7 ........ 0._ -0.82

Note:
a. Aging temperature = 100 Deg.C (212 Deg.F) . J
b. Qualitative scale: O=no change, 1=slight, 2=large, 3=dissolvea, deformed or melted

. % Chan_e = ahange in before/alter measurements of plastics

=...=

i.-,=
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I PHYSICAL CHANGES IN PLASTICS EXPOSP_u TO 32 ISO VG POLYPROPYI I::NE GLYCOL DIOL AND HFC-134a (R-134_)
I14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE E.12

NO.---/ TYPE PARTIC- CRACK- CRAZ- SoFTEN----_ COLOR CHANGE AVERAGE% I_VERAGE% AVERAGE% AVERAGE%
ULATES ING ING ING ! AFTER AGING LENGTH WIDTH THICKNESS; WEIGHT

I CHANGE CHANGE CHANGE CHANGE

b. b. b. b. c. c. c. c.

---1----"POLYP HTHALAMIDE 0 0 0 0 GREEN- CREAMIA LMONE - 1.04 -0.40 - 192 - 139
--3--| ACETAL 0 0 0 1 WHITEJLT. YELLOW 0.53 0.68 -3.03 0.50
-4 i PHENOLIC 0 0 0 0 NONE -0.54 -0.80 -1.90 -3.96
--5--T-POLYVINYLIDENE FLUORIDE 0 0 0 0 LUCITE/TAN 1.56 1.63 0.41 3.62

8--_ POLYPROPYLENE (a.) 0 0 0 0 NONE 0.70 0.54 0.03 3.84
--9 / )OLYARYL SULFONE 0 0 0 0 NONE 0.03 0.00 - 1.52 -0.46

0 0 0 0 .... NONE -0.01 0.54 -0.78 0.83.....1--0--iPOLYETHYLENE TEREPHTHALATE ___ - --

1_ P_LE---N-ESUL--R-DE 0 0 0 0 CHOCOLATE/UGHTER - 0.08 O.13 - 1.88 _ 0.09...... pOLYTETRAFLUOROET HYLENE 0 0 0 " 0--- NONE -- 0.38 090! -1,46 _ 2.10
13 POLYAMIDE-IMIDE 0 0 0 --0 ---- NONE 0.04 -0.53 -0.38 -1.41

- 1--4--POLYAMIDE- IMIDE 0 0 0 0 NONE 0.11 -0.13 -1.90 -0.84
--15- "-Po---LY--ETHE-----RI-MI[)E........................... 0 1 0 0 NONE 0.27 0.00 - 1.90 - 0.34

16 _ M-OE)IREDPOLYETHERIMIDE 0 I 0 0 NONE -0.07 -0.21 -0.46 -O29
1_7 p61_YARYLETHERKE-TOI_i_--........ 0 0 0 0 NONE 0.04 - O.13 - 192 - 0.33
1B POLYBUTYLENE TEREPHTHALATE 0 3 0 0 WHITE/FLESH 0.84 0.81 -1.523.52
_ -_i_o_YIMIDE_DF O-- 0 0 0 NONE -0.03 -0.15 -3.28 -0.54
20- POLYIMIDE-DF-ISO ....................... --0----- 0 0 0 NONE -0.10 -0.15 -2.37 -0.68

" _- p--OL_ETHERET--HERKETONIE- 0 0 0 0 NONE -0.01 0.13 -3.77 -0.08
i__-LIQ----UID CRYST--AL.F'CJLY--MEi_.......... 0 0 0 0 NONE 0.06 -0.27 -0.78 -0.17

23 66 NYLON, POLYAMIDE - 0 0 0 0 _i____ NONE -- -0.37 0.14 -1.54 -0.59

I Note:
a. Aging temperature = 100 Deg.C (212 Deg.F) ....
b. Qualitative scale: O=no change, 1=slight, 2:iaJ'ge, 3=dlsS.olveo, deformed or melted
a. % Change = change in beforeMRer measurements of plutms

oo



[ PHYSICAL CHANGES IN PLASTICS EXPOSED TO 32 ISO VG BRANCHI_N ACID POLYOL ESTER AND HFC-134a (R-134a) ..... 1
[14 DAYS AT 150 DEG.C. (300 DEGF.) AT 275-300 PSIA]

TABLE E.13

NO. I TYPE PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% +A--_--_E% A_RAGE% AVERAGE%
ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT

CHANGE CHANGE CHANGE CHANGE

b. b. b. b. c. c. c. c.

1 ' POLYPHTHALAMIDE 0 0 0 0 GREEN- CREAMIALMONE - 1.21 - 0.81 - 0.78 - 1.85

3 _ACETAL 0 0 0 0 WHITE/CREAM 0.16 0.21 0.79 0.82
4 PHENOLIC 0 0 0 0 NONE -0.64 -0.80 -0.38 -4.12
5 t POLYVINYUDENE FLUORIDE 0 0 0 u LUCITE- HAZY/GRAY O.98 1.22 1.59 2.26

e {POLYPROPYLENE (s.) 0 0 0 0 NONE 0.99 0.111 0.79 4.15
9 I POLYARYL SULFONE 0 0 0 0 -- NONE -0.23 0.00 0.00 -0.79

10 1POLYETHYLENE TEREPHTHALATE 0 0 0 0 NONE - 0.06 -0.27 0,00 0.06
11 1POLYPHENYLENESULFIDE 0 0 0 0 NONE -0.11 -0.13 0.79 0.02
12 i F;OLYTETRAFLUOROET HYLENE 0 0 0 O-- NONE 0.40 -0.10 0.42 1+04

- 13 F_OLYAMIDE-IMIDE 0 0 0 0 NONE -0.10 -0.13 0.00 - 1.43
I---4--POLYAMIDE-IMIDE 0 0 0 0 NONE -0.10 000 0.00 -0.96

-_1--5---POLYETHERIMIDE 0 0 0 0- NONE -0.13 -0.40 0.00 -0.36
16 _M-O-DIREDPOLYETHERIMIDE 0 -- 0 0 0 NONE -0.08 -0.11 0.47 ......... -0:__34+

- IT POLYARYLETHERKETONE 0 0 0 0 NONE -0.24 0.00 0.00 -0.28
- I--i- POLYBUTYLENE TEREPHTHALATE 0 0 0 0 --- NONE -0.27 -- 0.00 0.38 0.84
- i9 : POLYIMIDE-DF 0 0 0 0 ........ NONE -0.07 000 0.00 ........ _-0_:5,5_

20 POLYIMIDE-DF-ISO 0 0 0 0 NONE -0.15 0.00 0.00 -0.82

2_ p--OLY(ARYLETHERETHERKETONE 0 0 0 0 NONE -0.20 -027 0.78 -0.15
- _ LIQL,qDCRYSTAL POLYMER 0 0 0 0 ---- NONE -001 -0 13 0.39 - 005
--_ 66 NYLON, POLYAMIDE 0 0 0 0 NONE -0.78 -0.67 .__ 000 -1.71

Note:

ill. Aging ternperaCdre= 100 Deg.C (212 Deg.F)

o=,om,,o..,% Change = change in before/aAer measurements of piasbcs



[.......... PHYSICAL CH_ESiN P---_STICS EXPOSED TO 22 ISO VG MIXED-ACID POLYOL ESTER AND HFC- l_la (R- 13_3_3_3_3_3_3_3__...... ]
114 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA!

TABLE E.14

.............................................. -P_¢_TIC,-.....C_C--K"- .... -C--RAZ:- SOFTEN- COLOR CHANGE -+A_E--% -__._.F_GE%! _,_GE_(; --A_GE%NO. I TYPE
ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT

CHANGE CHANGE CHANGE CHANGE

b. b. b. b. c. c. _....... c__ ....... c.

--'1--"' POLYPHTHALAMIDE 0 0 0 0 GREEN- CREAMIALMONi: -1.17 -0.54 0.00 -1.61

:__:3_-:ACETAL 0 0 0 0 WHITE/YELLOW ............ --: ():1-'-9 0.41 0.80 -0.018
4 P HENOUC 0 0 0 0 NONE - 0.74 ....... :-:0.--6-7........... 0-:_) ......... :4:_13

---5--_ POLYVINYLIDENE FLUORIDE 0 0 0 0 LUCITIE-HAZY/YELLOWB: 0.95 1.09 2.00 2.32
......_- -_POLYPROPYLENE _ 0 0 0 0 NONE 1.01 1.22 1.59 4.37
-- 9-i POLYARYL SULFONE 0 0 0 0 .......... N-Oi_E--........... -0.17 ............-0.13 0.79 ...... _-0:77
- 1--0-i POLYETHYLENETEREPHTHALATE 0 0 .........0 ............ O- .................. NONE -009 0.14 0.40 -004
--1-1 i POLYPHENYLENESULRDE ........ 0 .............. O-........... () .............. 0 ................. NONE .............. --'().2---1........... --0:27.......... 0:7--9 0.11

................................ G ...................G.................... N-_N_.............. 0.22.................0-._ .......... -_:_...............0--.75:1-_-i -_)o-LYTETRAFLUOROETHYLENE 0 0 ...................................................................................................
-i_i ! F'E)LYAMIDE-i-MIDE ....................... 0 ........... 0 .............. 0................. _ ............. NONE 0.10 0.00 0.00 -1.49

.................................................................._.......................NO-N-_-....................................:0--_)"::::====================================1_..........:_._
7 .....Po-L_'-A-RYi.E'rHIERKE'rO-N-E........ 0 0 0 ............................

:+_ _::_:_L_,b-_NEI"E--R-EPH-YR_,_ ......--0 ........... 0 ............ ° ................ -6-................ i_i()NE............ -0.33 0.00 156 0.66
,. !9.. F'OLYIMIDE- DF --- _ ............... _.................. -_................ O-.................. _iO-'N_"............................... _ 0_._ ...........:.:_ .............' 0._ ........ ::0._I_

21 POLY(ARYLETHERETHERKETONE) .... 0 ............ O .......... 0 ................ O-...........................NO---NE-.............................. -:-0:_ .............0:4--1 ......... 1.19 ......... --: 0-.0-7

_ --_-.: 66 NYLON. POLYAMIDE ........ 0 ...... _.... O-........... 0 ......._.:----0----- NONE ...............--0.__59...................70--2_7......... _0:39 - 1.04

_ote:
s. Aging temperature = 100 Deg.C (212 Deg.F)
b. Quatilative scale: O=no change. 1 =slight. 2=lerge, 3=diuolved, ciMm_ed or melted

.c_._:%__C.h+_+je =_change in before/atter measurements olplutics .................................

0



[PHYSICAL CHANGES IN PLASTICS EXPOSED TO 32 ISO VGi POLYPROPYLENE GLYCOL BUTYL MONO ETHER AND HFC-1,34a (R- 134_)
i14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE E.15

NO. TYPE PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE ......... A_RAGE% A_RAGE%_AVERAGE%i AVERAGE%
ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT

CHANGE CHANGE CHANGE CHANGE
b. b. b. b. c. c. c. c.

1 PoLYPHTHALAMIDE 0 0 0 0 GREEN-CREAM/ALMOND -1.07 -0.67 -1.17 -1.26
3 ACETAL ........ 0 ...... 0 0 0 WHITE/UGHT YEL.LOW -070 -0.27 -0.39 -1.13

[ 4 ]PHENOLIC .......... 0 0 0 0 NO_ -0.57 -0.94 -1.16 -4.60
5 -PO-LYVINYLIDENI_FLUORIDE 0 0 0 0 LUCITF_JTAN 0.61 ....... 1.00 .... -0.78 2.05
8 ; POLYPROP_NE (a.) ..... 0 0 0 0 NONE ' 0.58 0.54 -1.54 3.00
9 1POLYARYL SULFONE 0 0 0 0 NOHE -0.20' -0.13- 0.78 -0166

- 10 *POL_HYLENE TEREPHTHALATE 0 0 0 0 ' NONE ..... 0.06 0.40 -0.78 0.54
11 POLYPHENYLENESULRDE 0 0 0 0 CHOCOLATE/LIGHTER -0.08 0.27 -153 0.00

OLYTETRAFLUOROET HYLENE 0 0 0 0 NONE 0.32 .... 0.61 0.00 -- 0.86
OLYAMIDE-IMIDE 0 0 0 0 NONE 0.27 -0.13 -4.07 -1.45

_--1_ O--_X_II-DE- _ibE-- ...... 0 0 0 0 NONE 0.03 - O.13 0.05 - 0.88
:- _ _E--_MI--DE------_-_ -. 0 0 0 0 NONE - 0,26 0.27 -0.77 -0.67
. _ MODIFIED POL_YETHER/M/DE 0 0 0 0 ,. NONE 0.00 ..... 0.11 -0.61 -0.27
_ 17__ POLYARYLETHERKETONE_ 0 0 0 0 NONE -0.07 -0.27 0.00 -0.31
__18_ POLYBUTY_NE TEREPHTHALATE- 0 0 0 0 WHrTE/FLES.H _ - ........ -0.58 -0.54 -1.53 0.56
......199[ _POLYIM_!DE__-DF ................... 0 0 0 0 ....... NONE ..... -0.03 0.00 -0.96 -0.59
_ 20__ POLYIMIDE-DF-ISO 0 0 0 0 NONE -0.10 0.00 -0,48 .... -0.84
___-_!--_ _ O-L_ _H E-R_---:T--HE-I__E-T_ 0 .... 0 0 0 NONE 0,01 0.13 -0.78 -0.01
-- ___Q-I_ Dc--R-Y-STA-L--PoLY--MEF_ .... 0 0 0 0 NONE ....... 0,07 -0.27 -i117 -0.03

_ _I--_, P_M-IOE" _ 0 0 0 0 NONE -0.24 -027 - I. 16 --0.94

I Note:

gLAging ternpera2ure = 100 Deg.C (212 DegF),b. Qu_tj.tk_ acmle:O=no change, 1=slight, 2=kvrge, 3=diuolved. deformqKt or melttd
__char,_, =_.mge_ b_ore/d_rmeuurmw,_,of

I',,)



[ PHYSICAL CHANGF8 IN PLASTICS EXPOSFr] TIO __9 ISO VG Az _KYZRENZ__ENE AND I-ICFC-142b (R-142b) i
[14 DAYS AT 150 DEG.C. (500 OEG.F.) AT z75-3oo PSIAI

TABLE E.16

NO. TYPE PARTIC- CRACK- CRAZ- SO,_IEN - COLOR CHANGE AVI:HAGE% AVt:l-_,_t=% AV,-t',A_"_ _vt:n_:,-_
ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT

CHANGE CHANGE CHANGE CHANGE

b. b. b. b. c. c. c. c.

1 POLYPHTHALA MIDE 0 0 0 0 GREEN- CREAM/CREAM - 1.26 -0.67: - 0.39 - 1.55
3 ACETAL 0 0 0 0 WlIlF,/LT. YELLOW -0.60 -0.41 0.OO -0.69
4 PHENOLIC 0 0 0 0 NONE -0.48 -1.46 -0.38 -2.65
5 POLYVINYLIDENE FLUORIDE 0 0 0 0 [LUCitE- HAZY/YEL-BR'N 0.90 1.63 1.19 2.54
8 POLYPROPY]_FNE (a.) 0 0 0 0 LUCliF- - HAZY/WI11 i: 3.591 3.78 4.33 15.13
9 POLYARYL SULFONE 0 0 0 0 NONE -0.13; 0.00 0.78 -0.58
10 POLYt:_HY__ENETEREPHTHALATE 2 0 0 0 LIGHT TAN/UGHtER 0.31 -0.26 0.00 0.62
11 POLYPHENYLENESULFIDE O' 0 0 0 CHOCOLATEIBROWN -0.20 -0.53 0.39: 0.3O
12 POLYI t: i HAFLUOROET HYLENE 0 0 0 0 NONE 0.32 -0.91 2.09 1.22
13 POLYAMIDE-IMIDE 0 0 0 0 NONE -0.16 0.00 -0.39 -1.53

--14-- POLYAMIDE-IMIDE 0 0 0 0 ..... NONE -0.11 -0.26 0.00 -1.20
15 POLYETHERIMIDE 0 0 __. 0 0 NONE -0.20 0.00 0.00 -0.37
16 MODIRED POLYETHERIMIDE --_----0- 0 0 NONE -0.11 -0.48 0.94 -0.29

-17--" POLYARYLETHERKETONE ----0 -- 0 0 0 NONE -- -0.07 0.53 0.39 -0.29
18 POLYBUI"YLENE TEREPH_T-HA-LATE..... 1 0 0 0 WHITE/UGHT FLESH 0.06 0.27 0.00 133
19--POLYIMIDE-DF _----0- 0 .... 0 0 NONE 0.06---- 0-_.3_() 0.00 -0.31
20 POLYIMIDE-DF-ISO 0 0 0 0 NONE -0.13 0.00 0.00 -0.86

2--1- POLY(ARYLETHERETHERKETONE) 0 0 0 0 NONE -0.21 -0.67 0.78_ 0.1___00
22 LIQUID CRYSTAL POLYMER 0 0 0 0 NONE 0.06 --- -0.13 -0.39 -0.06
-,-_ _ kwI nN, Phi YAMIi_I_ 1 0 0 0 NONE -0.80 -1.73 0.01 -1./;_

Note:
It. Aging temper_dure = 100 Deg.C (212 Deg.F)
b, Qualitative scale: 0=no change, 1 =slight, 2=large, 3=dissolved, deformed or melted
c. % Change : change in before/aRer measurements of plastics



I PHYSICAL CHANGES IN PLASTICS EXPOSED TO 32 ISO VG BRANCH_-f_ ACID POLYOL ESi_ JJMD HFC-143a (R- 148a) 1
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-=00 PSlAI

TABLE E.17

NO TYPE PARTIC- CRACK- CRAZ- SOPIEN- COLOR CHANGE AVI=PU_L=_-7o_v,-ru_ AVERAGE% AVEFtAGE%
ULATES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS WEIGHT

CHANGE CHANGE L,J_NGE CHANGE

b. b. b. b. c. c. c. c.

I pOLYPHTHA LAMIDE 0 0 0 0 GREEN-CREAM/CREAM -1.23_ -1 34 0.00 -1.63
3 ACETAL -----1_ --_ 0 0 WHITFJLT. YEllOW - 0.10 -0.40 1.19 0.73
4 PHENOUC 0 0 _ 0 NONE -0.97 -2.24 -0.77 -4.18
5 POLYVINYLIDENE FLUORIDE __ _ 0 0 LUCITE- HAZY/GREY 1.21 1.08 2.38! 2.64

--8--- POLYPROPYLENE__ _ _----0_ 1 NONE " 0.75 _--0._ 0.39 4.00
9 POLYARYL SULFONE _ ----_---------_--- ------0----_ NONE -0.18 -0.----------_- 0.00 -0.81___ _ -0.-------_ - 0.40 -0.12
I 0 POLYETHYLENE TEREPHTHALATE 0 0 0 0 LT. TAN/LIGHTER -0.17 _ _
11 pOLYPHENYLENESULRDE 0 0 0 0 CHOCOLATE/BROWN -0.42 -0.53 0.78 -0.10
12 ;POLY'rETRAFLUOROETHYLENE 0 0 0 0 NONE 0.30 -1.72 1.24 1.1__22
13 POLYAMIDE-IMIDE 0 0 0 0 NONE -0.24 -0.93 0.00 -1.59
14 POLYAMIDE-IMIDE _-- -----0_ 0 0 0 NONE -0.20 -0.53 0._______ -1.15
15 POLYEI"HERIMIDE _ ------_-- _ 0 NONE -0.23 -0.53 -- 0.00 -0.41
16 MODIRED POLYETHERIMIDE -------_ _ _ - 0 NONE - o.16 - 1_.01- 0.3_____11 - 0.34
17 POLYARYLETHERKETONE -----0 0 0 0 NONE -0.13 _ -2.1-----2_ 0.00 0.12
18 POLYBUTYLENE TEREPHTHALATE _ _- 0 0 NONE -0.55 -0.40 0.00 0.47
19 POLYIMIDE-DF 0 0 0 0 NONE -0.I------0_ 0._ - 0.00 -0.64
20 POLYIMIDE-DF-ISO 0 0 .... 0 0 NONE -0.10 0.15 0.49 1.07
21 POLY(ARYLETHERETHERKEION_ 0 0 0 0 NONE -0.19 -1.33 0.00 -0 _
22 LIQUID CRYSi-AL POLYMER 0 0 0 0 NONE -0.07 -0.27 0.00 -0.06_0.88 _ -0.54 0.00 - 1.77
23 i66 NYLON. POLYAMIDE 1 0 1 0 , 0 NONE

I Note:
a. Aging temperature = 100 Deg.C (212 Deg.F)
b. Ou_dibdJvescale: O=no change. 1=slight. 2=large, 3=dissolved, deformed or melted
o. % Ch_._ie : change in_befor._.e/alterm_-___=L,rements of plastics



[ PHYSICAL CHANGES IN PLASTICS EXPOSED TO 32 ISO VG ALKYLBENZENE AND HFC-152a (R- 152a_)___]
114 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA!

TABLE E.1 II

-_. TYPE PARTIC- CRACK- CRAZ- SOFTEN- COLOR CHANGE AVERAGE% iAVIEHAGE% AVI::HAGP-.%AVI::H,'_I::'Yo
UI._TES ING ING ING AFTER AGING LENGTH WIDTH THICKNESS! WEIGHT

CHANGE CHANGE CHANGE CHANGE

b. b. b. b. c. c. c. c.
1 POLYPHTHALAMIDE 0 0 0 0 GREEN-CREAM/CREAM -1.14 -0.81 -0.78 -1.10
3 ACETAL 2 0 0 1 WHIlE/CREAM - 1.50! -0.68 3.97 -4.791

4 PHENOLIC 0 0 0 0 NONE -0.55 -1,07 0,00 -4.30
5 POLYVINYLIDENE FLUORIDE 0 0 0 0 LUCITE- HAZY/LT.TAN -0.19 0.14 1.19 0.41

--8---! POLYPROPyLFNE (a.) 0 0 0 1 NONE 3.06 3.67 4.35 11._
9 POLYARYL SULFONE 0 0 0 0 NONE -0.17 0.27 0.78 -0.11
10 POLYETHYLENE TEREPHTHALATE 0 0 0 0 NONE -0.17 O.OOl 0.39 0.08
11 POLYPHENYLENESULRDE 0 0 0 0 NONE 0.11 0.00____ 0.00 0.25!
12 pOLYTETRAFLUOROET HYLENE 0 0 0 0 NONE 0.12 0.31 0.83 ..... 0.588
13 POLYAMIDE-IMIDE 0 0 0 0 NONE -0.16 -0.27 0.39 -1.44
14 POLYAMIDE-IMIDE 0 0 0 0 NONE -0.18 -0.27 0.00 -1.08
15 POLYETHERIMIDE 0 0 0 0 , NONE 0.13 0.13 0.39 -0.14
16 MODIRED POLYETHERIMIDE 0 0 0 0 NONE -0.07 0.27 0.94 0.14
17 POLYARYLE_HERKETONE 0 0 0 0 NONE -0.19 -0.27 0.39 -0.12
18 POLYBUTYLENE TEREPHTHALATE 0 0 0 0 WHI_E/FLESH -0.33 -0.54 0.00 0.62
i9 POLYIMIDE-DF 0 0 0 0 NONE -0.04 -0.15 0.49 . -0.4_88
20 POLYIMIDE-DF-ISO 0 0 0 0 NONE -! .52 -0.15 0.00 -0.52
21 POLY(ARYLETHERETHERKETONE) 0 0 0 0 NONE -0.11 0.14 0.78 0.25
22 LIQUID CRYSTAL POLYMER 0 0 0 0 NONE -0.01 0.27 • 0.00 -0.04
_3 66 NYLON. POLYAMIDE 0 0 0 0 NONE -0.70 .... -0.401 0.00 -1.71

Note:

a. Aging temperature = 100 Deg.C (212 Deg.F)
b. Qualitative scale: O=no change, 1=slight, 2=large. 3=dissolved, deformed or melted

c. % Change = change in before/alter measurements of plastics



• Appendix F: Tensile and Elongation Changes After Refrigerant/Lubricant Thermal
Aging
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[TENSILE PROPERTIES OF PLASTICS EXPOSI:::i_ TO 32 ISO VG MINERAL OIL AND HCFC-22 (R-22)]
114 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSlA]

TABLE F.1

---- INTIAL TESTING AFTER AGING TESTING % CHANGE AFTER AGING

NO. TYPE CROSS- SECTIONAL AREA TENSILE
in ^ 2 mm ^ 2 Ib/in ^ 2 kg/mm ^ 2 % ELONGATION Ib/in ^ 2 kg/mm ^ 2 % ELONG. TENSILE % ELONG.

-_--LYPHTHALAMIDE 0.017 10.65 11489 8.08 39.29 8953 6.29 8.46 - 22.07 -78.46
ACETAL 0.016 10.57 9754 6.86 22.60 4415 3.10 11.42 -54.74 -49.48

4 PHENOUC 0.017 10.76 8617 6.06 6.46 7171 5.04 6.10 -16.78 -5.49

--5 _)LYVINYUDENE FLUORIDE 0.016 10.30 7412 5.21 105.39 7102 4.99 61.42 -4.18 -41.73
8 _.')LYPROPYLENE 0.016 10.62 5397 3.79 372.76 4865: 3.42 413.98! -9.86 11.06
9 _Z)LYARYL SULFONE 0.017 10.77 12728 8.95 70.16 14646 10.30 25.20 15.07 -64.09

-__1_O0' _)LYETHYLENE TEREPHTHALATE 0.017 10.85 20689 14.55 12.48 7039 4.95 7.87 -65.98 -36.91
11 _)LYPHENYLENESULFIDE 0.017 10.76 21262 14.95 10.24 24908 17.51 12.99 17.15 26.92

2 ! POLYT_FLUOROETH_q _NE 0.013 8.63 3879 2.73 262.68 4998 3.51 253.54 28.86 -3.48
13 POLYAMIDE-IMIDE 0.017 10.69 23510 16.'_3 17.17 13668 9,61 22.44 -41.86 30.73
1--4--POLYAMIDE- IMIDE 0.017 10.67 22990 16.16 20.16 20539 14.44 18.50 -10.66 -8.20

_ 15 POLYETHERIMIDE 0.017 10.73 15750 11.07 64.33 15957 11.22 68.90 131 .......... 7.1.O
16 MODIIqFD POLYETHERIMIDE 0.016 10.57 14082 9.90 46.38 14998 10.54 47.32 6.50 2.04
17 POLYARYLE1HER_E 0.016 10.63 14946 10.51 6:_'.28 16249 11.42 64.96 8,72 4.30
18 POLYBUTYLENE TEREPHTHALATE 0.017 10.95 7240 5.09 162.40 1N/A N/A N/A N/A N/A

--_119 POLYIMIDE- DF 0.023 14.76 10865 7.64 22.72 10433 7.34 17.72 - 3.97 - 22.01
20 POLYIMIDE- DF- ISO 0.022 14.42 12209 8.58 17.99 11346 7.98 15.35 - 7.07 - 14.66

21 _)LY(ARYLETHERETHERKETONE 0.017 10.90 14360 10.10 75.04 14848 10.A._ 64.76 __ 3.40 -13.69
22 JQUID CRYSTAL POLYMER 0.017 10.69 12488 8.7_1 10.35 14192 9.98 10.24 13.65 -1.14

i 23 66NYLON. POLYAMIDE 0.016 10.64 i 10093 7.10! 61.30 N/A N/A _-N--_ N/A N/A

I ALL CALCULATIONS BASED ON AN AVERAGE OF TWO 1 _NSILE TESTs. EXCEPT NO.16 _,=,'dlCHIS.5.- I
ALL TENSILE PULLS WERE AT AMBIENT CONDITION AND WITHIN 24HRS AFTER AGING COND_._ ___=.,L

N/A = A STRESS-RELIEVING SET CAUSED BENDING IN THE GAUGE AREA,AND PROHIBITED IEN_51LIr=I t::_=¢,K_.

O_



1 •

I TENSI! i:: PROPERTIES OF PLASTICS EXPOSP_,u TO 32 ISO VG BRANCH_O ACID POLYOL ES I E:R AND HFC 32 (R-32) I
[14 DAYS AT 150 DEG.C. (300 DEG,F.) AT 275-300 PSIA]

TABLE F.2

INTIAL TESTING AFTER AGING TESTING % CHANGE AFTER AGING

NO. TYPE CROSS-SECTIONAL AREA I ENSILE | I=NSILE
in^ 2 mm^ 2 Ib/in ^ 2 kg/mm " 2 % ELONGATION Ib/in ^ 2 kg/mm "" 2 % ELONG. TENSILE % ELONG.

t POLYPHTHALAMIDE 0.017 10.65 11489 8.08 _ 39.29 14312 10.06 11.61 24.58 -70____
3 ACETAL 0.016 10.57 9754 6.86 22.60 9485 6.67 22.44 - 2.77 - 0.70

4__4-- P---HF_NOUC 0.017 10.76 8617 6.06 6.46 8051 5.66 4.53 - 6.57 -29.88
5_ POLYVINYUDENE FLUORIDE 0.016 10.30 7412 5.21 105.39 6198 4.36 115.94 -16.37 10.01

8 POLYPROPY! FNE 0.016 10.62 5397 3.79 372.76 _ 16098 11.32 207,48 198.29 - 44.34
- 9 POLYARYL SULFONE 0.017 10.77 127z8 8.95 70.16 1430_ 10.06 29.92 12.41 -57.35

10 POLYETHYLENE TEREPHTHALATE 0.017 10.85 20689 14.55 12.48 18614 13.09 9.65 -10.03 -22.71

1____1POLYPHENYLENESULFIDE 0.017 10.76 21262 14.95 10.24 25238 17.74 9.06 18.70 - 11.54
1___22!POLYTETRAFLUOROETHYLENE 0.0 ;,, 8.63 3879 2,73 262.68 3953 2.78 95.08-- 1.91 - 63.80
1__33:_LYAMIDE- IMIDE 0.017 10.69 23510 16.53 17.17 28082 1_.74 19.88 19.45 15.83

_ 14 POLYAMIDE-IMIDE 0.017 10.67 22990 16.16 20.16 22575 ! 15.87 18.90 -1.80 -6.25
15 POLYETHERIMIDE 0.017 10.73 15750 11.07 64.33 16150 11.35 62.80 2.54 -2.39
16 MODIFIED POLYER-4ERIMIDE 0,016 10.57 14082 9.90 46.38 14780 10.39 38.68 4.96 - 16.60

17_7 POLYARYLETHERKETONE 0.016 10.63 _ 14946 10.5| 62.28 16098 11.32 56.10 7.71 -9.92
1__._88_LY_E TERE_ 0.017 10.95 7240 5.09 1_- 7748 5.45 12.99 7.01 -92.00
19 _-DF 0.023 14.76 10865 7.64 22.72 11071 7.78 18.31 1.90 -19.41
20 POLYIMIDE-DF- ISO 0.022 14.42 12209 8.58 17.99 11451 8.05 13,78 - 6.21 - 23.41
21 POLY(ARYLETH ERE'n-IERI_-/ON E 0.017 10.90 1436G 10.10 75.04 14737 10.36 64.96 2.63 -13.43

22 LIQUID CRYSTAL POLYMER 0.017' 10.69 12488 8.78 10.35 14503 10.20 11.02 16.13 6.46
2366NYLON. POLYAMIDE __ 0.016 10.64 10093 7.10 81.30 11129 ___ 7.82 28.35 10.27 -65.13

[ ALL CALCULATIONS BASED O N AN AVERAGF OF TWO TENS|LE TESTS" EXCEPT NO" 16 WHICH 'S 5"

l ALL TENS'LE PULLS WERE AT AMB'ENT CONDrr_ AND wn'H IN 24H Rs AFTER AGING COND IT|c)NS" 1

to
,,,j



I TENSILE PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG POL_q::ROPYLENE GLYCOL BUTYL MONO P_.iHER AND HFC-32 (R-82)____
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE F.3

_iTIALTESTING At- i I::HAGING TESTING % CHANGE AFTER AGING

NO. I TYPE CROSS- SECTIONAL AREA TENSILE TENSILE
in ^ 2 ram" 2 Ib/in ^ 2 kg/mm ^ 2 % ELONGATION Ib/in ^ 2 kg/mm ^ 2 % ELONG. TENSILE % ELONG.

_ i POLYPHTHAtAMIDE 0.017 10.65 11489 8.08 39.29 1487,.31 10.46 12.01 29.51 -69.44
3 ]ACETAL 0.016 10.57 9754 6.86 22.60 4505 3.17 22.83 - 53.81 1.G3
4 I PHENOLIC 0.017 10.76 8617 6.06 6.46 5993 4.21 4.13 -30.45 -35.98
5 I POLYVINYIIDENE FLUORIDE 0.018 10.30 7412 5.21 105.39 6844 4.81 84.84 -7.65 -19.50

- 8 I POLYPROPYLENE 0.016 10.62 5397 3.79 372.76 5193 3.65 188.58 - 3.78 - 49.41
--9 I POLYARYL SULFONE 0.017 10.77 12728 8.9'5 70.16 14389 10.1"-' 20.87 13.05 -70.26
-- 1--O--iPOLYETHYLENE TEREPHTHALATE 0.017 10.85i 20689 14.55 12.48 10693 7.52 6.89 -48.32 -44.79

1POLYPH ENYLENESULFIDE 0.017 10.76! 21262 14.95 10.24 25765 18.11 9.06 21.18 -11.54
--12--_ POLYTETRAFLUOROETHYLENE 0.013 8.63 ;:5879 2.73 262.68 4263 3.00 257.48 9.92 - 1.98
- 13 ' POLYAMIDE- IMIDE 0.017 10.69 23510 16.53 17.17 28580 20.09 19.69 21.56 14.68
---14 POLYAMIDE- IMIDE 0.017 10.67 22990 16.16 20.16 22135 15.56 18.50 -3.72 -8.20

1_ POLYETHERIMIDE 0.017 10.73 15750 11.0,,- 64.33 16385 11.52 45.47 4.03 -29.31
--1-6- M_IFIED POLYETHERIMIDE 0.016 10.57 14082 9.90 46.38 15184 10.68 37.95 7.82 -18.17
- 1--7-- POLYARYLETHERKETONE 0.016 10.63 14946 10.51 62.28 16550 11.64 54.33 10.74 - 12.77
--18 POLYBUTYLENE TEREPHTHALATE 0.017 10.95 7240 5.09 162.40 7152 5.03 7.87 - 1.21 -95.15

_19 POLYIMIDE- DF 0.023 14.76 10865 7.64 22.72 11107 7.81 17.52 2.23 - 22.88
20 POLYIMIDE- DF- ISO 0.022 14.42 12209 8.58 17.99 10835 7.62 13.19 - 11.25 -26.70

121 POLY(ARYLETH ERETH ERKETONE 0.017 10.90 14360 10.10 75.04 14005 9.u5- 42.32 -2.47 -43.60

22 UQUID CRYSTAL POLYMER 0.017 10.69 12488 8.78 10.35 14406 10.13 9.06, 15.35 -12.5623 66NYLON, POLYAMIDE 0.016 10.64 10093 7.10 81.30 11734 8.25 67.13!_ 16.26 -17.43_

I ALL CALCULATIONS BASED ON AN AVERAGE OF TWO _ENSILE ]I:3TS. EXCEPT NO.16 _,;,'H,ICH IS 5.

ALL TENSILE PULLS WERE AT AMBIENT CONDITION AM) WITHIN 24HRS AFTER AGING CONDITIONS.

t,3
oo



[ TEHSILE PROPERTIES OF PLASTICS EXPOSI.-IIz TO 32 ISO VG MINERAL OIL AND HCFC-123 (R-12"3) __1
[14 DAYS AT 105 DEG.C. (221 DEG.F.) AT 275-300 PSIA]

TABLE F.4

AFTER AGING TESTIN¢3 % CHANGE AFTER AGINGIN I I/_L I I:::;:_ I IINI_ ___

NO. TYPE CROSS- SECTIONAL AREA 1ENSILE TENSILE
in "" 2 mm ^ 2 Ib/_n^ 2 kg/mm ^ 2 % ELONGATIO Ib/in "" 2 kg/mm ^ 2 _ ELONG TENSILE % ELONG.

1 POLYPHTHALAMIDE 0.017 10.65 11489 8.08 39. 13028 9.16 19.69 13.39 __ -49.90
3 ACETAL 0.016 10.57 9754 6.86 '2'2_ N/A N/A N/A N/A N/A
4 _"_ENOLIC 0.017 10.76 8617 6.06 6. 10902 7.66 7.48 26.51 15.85
5 POLYVINYLIDENE FLUORIDE 0.0161 10.30 7412 5.21 105. 6462 4.54 138._ - -12.82 31.86
8 POLYPROPYLENE 0.016_ 10.62 5397 3.79 372. -- 37_ 2.61 166.34 - 31.28 - 55.38
9 POLYARYL SULFONE 0.017 10.77 12728 8.95 70 13050 9.17 36.02 2.52 - 48.65
10 POLYETHYLENE TEREPHTHALAI I::: 0.017 10.85 20689 14.55 12 15809 11.11 11.42 -23.59 -8.52
11 POLYPH B_f'LF:N ESULFID E 0.017 10.76 21262 14.95 10 24225 17.03 10.04 13.94 -1.92
12 POLYTETRAFLUOROEIHYLENE 0.013 8.63 38791 2.73 262 3328 2.34 312.99 - 14.21 19.15
13 POLYAMIDE-IMIDE 0.017 10.69 2_10', 16.53 --- 17 21587 15.18-- 16.93 -8.18 -1.38
14 POLYAMIDE- IMIDE 0.017 10.67 22990 16.16 20 21700 15.26 19.49 -5.61 -3.32
15 POLYETHERIMIDE 0.017 10.73 lb/bO 11.07 64 15227 10.71 36.61 -3.32 -43.08
16 MODIFIED POLYETHE:HiMIDE 0.016 10.57 14082 9.90! 46 14809 10.41 50.08 5.16
17 POLYARYLETHERKETONE 0.016 10.63 14946 10.51 b-,: 15546 10.93 64.96 4.02 4.30
18 POLYBUTYi__FNE1-EP,i::PHTHALATE 0.017 10.95 7240 5.09 1_ _ 5425 3.81 34.84 -25.06 _ -78.55
19 POLYIMIDE-DF 0.023! 14.76 1C,8C5 7.E ! 22.72! 10263 7.22 17.72 -5.53 -22.01
_n I:_1YIMIDF:-DF- ISO On';:> 14.42 12209 8.58 17 11216 7.89 15.55 -8.14 -13.57

0.017 10.90 14360 10.10 _ 75.04 13742 9.66 47.44 -4.30 -36.78

CRYSTAL POLYMER 0.017 10.69 12488 8.78 10.35 14564 10.24 10.24 -- 16.62 - 1.14
66 NYLON, POLYAMIDE 0.016 10.64 _ 100¢_3 - 7.10 81.30 10965 7.71 225.20 8.64 177.00

t ALL CALCULA_ BASED ON AN AVERAGE OF TwO TENSILE TESTS" EXCEFI" =NO'''I''_WH"'''iC_I_:G' 1ALL TENSILE PULLS WERE AT AMBIENT CONDITION AND WITHIN 24HRS _ A__ L,_r_a.J.... i',- TESTS.
N/A = A STFt_ERS-P,F',JEVING SET CALLS__F/3BENDING IN THE GAUGE AREA.AND PHr::VI:N=P-.U=r._lu: _c



[ TENSILE PROPERTIES OF PLASTICS EXPOSED TO 82 ISO VG MINERAL OIL AND HCFC- 123_1_____) ..... 1
[14 DAYS AT 125 DEG.C. (257 DEG.F.) AT 275-300 PSIA.]

TABLE F.5

INTIALTESTING AFTERAGINGTESTING -- %CHANGE AFTERAGING

NO. TYPE CROSS- SECTIONALAREA TENSILE

in^ 2 mm^ 2 Ib/fn^ 2 kg/mm^ 2 % ELONGATION Ib/in^ 2 [ kg/mm ^ 2 % ELONG. TENSILE % ELONG.

1 POLYPHTHALAMIDE 0.017 10.65 11489 8.08 39.29---12703[- 8-_-3 16.73 10.57 -57.41

LEDs_ t FAILED F--_-_ FAILED3 ACETAL 0.016 10.57 9754 6.86 22.60 FAI - _ 11.62 -5.66 70.73
4 PHENOUC 0.017! 10.76 8617 6.0_ 6.46

-5 POLYVINYUDENEFLUORIDE 0.016 10.30 7412 5.21 105.39 6379 _-N/_ 4.48 114.17 -13.94 8.338 POLYPROPYLENE 0.016 10.621 5397 3.79 372.76 N/A - N/A -_A- N/A
--§-- POLYARYLSULFONE 0.017 10.77 12728 8.95 70.16 13337:[ 9.38 34.65 4.78 -50.62

10 POLYETHYLENETEREPHTHALATE 0.017 10.85 20689 14.55 12.48 42__, } 3.51 4.53 -75.90 .... :_63.7___22
1---1-POLYPHB,4YLENESULFIDE 0.017 10.76 21262 14.95 10.24 16.49 17.32 -- ...... 10.31 ........6__9._23
1---2POLYTETRAFLUOROETHYLENE 0.013 8.63 3879! 2.73 262.68 3485 2.45 299.80 ........ -10:_14.......... 1_44:1__3.
1----3--PO---LYAMIDE-IMIDE 0.017 10.69 23510i 16.53 17.17 25421 17.87 25.00 8.13 ..... 45:_64_

....1-4-"POLYAMIDE- IMIDE 0.017 10.67 2,?.,.J90 16.16 20.16 21770 15.31 24.41 .......... -5._3_1_..........21___09
--1-5-- POLYETHERIMIDE 0.017 10.73 15750 11.07 64.33 15826 11.13 58.46 ........... __0:_48........ -- 9___:1_22

16 MODIFIEDPOLYETHEFIIMIDE 0.016 10.57 14082 9.90 4-6.__ 14856 10.45 52.60 5.50 13.41
17 POLYAI::IYLE'IHERKETONE 0.016 10.63 14946 10.51 62.28 15667 11.02 75.39 4.83 21.05

"-i8 POLYBUTYLENETERE_--ALATE 0.017 10.95 7240 5.09 162.40 N/A -N/A N/A N/A --+N/A
-79 POLYIMIDE-DF 0.023 14.76 10865 7.64 22.72 9948 6.99 22.24 .......... -8.44 ..........--_-.08-"

20 POLYIMIDE-DF- ISO 0.022 14.42 12209 8.58 17.99 3912 2.75 16.14] .............L-_-7:_ '- -10.28

_:'_I --4-.-.24' - 11.33-21 POLY(,ARYLETHERETHERKETONE 0.017 10.90 14360 10.10 75.04 14969 10.52 ....... --9.25 --15.._'3..... __.6:_,
22 UQUID CRYSTALPOLYMER 0.017 10.69 12488 8.78 10.35 14478 10.18 ........

! 2368 NYLON. POLYAMIDE 0.016 10.64 10093 7.10 81.30 ____ - 6.21 _ :45:_,-7| --12._ -44.07

IALLCALCULATIONSBASEDON AN AVERAGEOFTWO ]FJ_ISILEI_STS. EXCI_.Pi-NO.16WHICH IS 5: I
ALLTENSILEPULLSWEREATAMBIENTCONDITIONANDWITHIN 24HRSAFTERAGINGCONDIT_K::___.S.•- -r_o-r- I
N/A = A STRESS- Ri_UEVINGSETCAUSED BENDINGINTHE GAUGEAREAAND PREVENTEDTENSlLI-]I::UtU.

!

o



[ TENSILE PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG ALKYLBENZENE AND HCFC-124 __R--124)_ ._
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE F.6

INTIALTESTING -- AFTERAGINGTESTING ,CHANGEAFT_ING

NO. TYPE t CROSS- SECTIONALAREA TENSILE TENSILE

in^ 2 I mm^ 2 Ib/in^ 2 kg/mm""2 % ELONGATION Ib/m^ 2 kg/mm""2 %ELONG. TENSILE % ELOb_._65.43/
1 POLYPH'[HALAMIDE [ 0.017J 10.65 11489 8.08 39.29 14982 10.53 13.58 30.41

| 0.016 l- -i0.57 9754 6.86 22.60 9364 6.58 19.09 _3_ ----15_5{
3 ACETAL r 0 0171 10.76 8617 6.06 6.46 6834 4.80 3.74 -20.69 ...... ---42.07PHENOLIC - 69.29 -15.80: -34.25

__5_5__ -POLWINYUDENEFLUORIDE 010161 10.3u 7412 5.21 105.39 6241 4.39 ...........
8 POLYPROPYLENE 0.016 10.62 5397 3.79 372.76 4847 3.41 394.08 - 10.20 5.72

--9 POLYARYLSULFONE 0.017 10.77 12728_- 8.95 70.16 14452 10.16 42.32 13.54 -39.67
10 POLYETHYLENETEREPHTHALATE 0.017 -- 10.85 20689 14.55 12.48 18997 13.36 9.45 -8.18 -24.29
1_____POLYPHENYLENESULFIDE 0.017 10.76 21262 - 14.95 10.24 .... 2--42---_ 17.06 8.86 14.12 - 13.46
12 "POLYTETRAFLUOROETHYLENE 0.013---- 8.63 3879 2.73 - 262.68 4123 2.90 303.15 6.31 ....... -15-._

-_1_: -POLYAMIDE- IMIDE 0.017 10.69 23510 16.53 ,7.17 24473 17.21 14.96 ...............4.1() ......--_12_:_84
_14_ POLYAMIDE-IMIDE 0.017 10.67 22990 16.16 20.16 23180 16.30 20.08 0.83 -0.39
15 POLYETHERIMIDE - 0.017 10.73 15750 11.07 -- 64.33 16282 11.45 52.76 3.38 ..... T17.99
16 MODIFIEDPOLYETHERIMID-E...... 0.016 10.57 14082 9.90 46.38 15841 11.14 39.37 12.49 .... :1_5_:.11

i__1--_POLYARYLETHERKETONE 0.0161 10.63 14946 10.51 62.28 16170 11.37 55.91 8.19 -10.24
18 -P-OLYBUTYLENETEREPHTHALATE 0.017 ! 10.95 7240 5.09 162.40 3552; 2.50 4.72 -50.94 -97.09

-1-§-: _L-YIMIDE-DF 0.023 1:4.76 10865 7.64 22.72-- 1_; 7.45 17.13 -2.41 -24.61
20 _LYIMIDE- DF- ISO 0.022 14.42, 12209! 8.58 17.99 7523 5.29 10.04 - 38.38 - 4420
21 POLy(ARYLETHEREIHER_uN E) 0.017 10.90 14360 10.10 75.04 14463 10.17 60.24 0.72 -19.73
22 LIQUIDCRYSTALPOLYMER 0.017 10.69 12488 8.78 10.35 15033 10.57 9.45 20.38 ..........-8--75.
23 66NYLON. POLYAI_,_-.'::_E 0.016 10.64 10093 __ 7.10 81.30 .... 113J 7,95 38.191 12.06 -53.03

IALLCALCULATIONSBASEDON AN AVERAGEOF TWO, P.NS,LEII=_T:_. EXC_P-_P,:NO..16_.I_ITI _

ALLTENSILEPULLSWEREAT AMBIENTCONDITIONAbE)WITHIN 24HRSAFTERACdN_UL._NU



I TENSILE PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG MODIFIED POLYGLYCOL AN D HFC--1___25 [R-!_25)__ j
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE F.7

...................... I ............................. INTIAL TESTING ...................................... _......... _R A-G_GI T--ES_i ..... _,:.NSiLE - -_- i- ...............................L.:-:::: :__.:::_--_---_-___....... '-: ........ _ CHANGE AFTERAGING
NO. TYPE CROSS- SECTIONAL AREA lb_-n_-2 k-_m-m_-_ 1% IIb/m̂ 2 kg/mm ^ 2 % ELONG. TENSILE % ELi::)M_.

_ _'_ ELONGATION[
-- 1.... i_LYr'HTHALAMIDE -- ' 0,017 10.65 11489 8.08 _:.-29 " i-4-_§ 10_ 14.76 26.55 _ _62_.42.
3 ACETAL 0.016 10.57 9754 6.86 22.60 8972 8.31 24.02 -8.01 6.27
-4 .....PHENOUC 0.017 10.76 8617 6.06 6.46 9798 6.89 2402 13.71 271.95
- ,5.... PoLYVINYUDENE FLUORIDE 10.30 7412 5.21 105.39 6869 4.83 90.75 - 7.32 - 13.90
-8-- POLYPROPYLENE ........... 0.016 10.62 5397 3.79 372.76 4824 3.39 227.56 - 10.61

§- POLYARYL SULFONE 0.017 10.77 12728 8.95 70.16 14321 10.07 35.24 12.52
'i{::) _LYETHYLENETEREPHTHALATE 0.017 20689 14.55 ....................12.48 _ 20673 14.53 10.63 -0.08 -14.83
i_i POLYPHE_WLENESULFIDE ............. 0--.o-i - -- 21262 14.95 ......... :I0.24 26219 18.43 9.45 23.32 -7.69
12 POLYTETRAFLUOROETH_q.ENE 0.013 8.63 3879 2.73 262.68 _ 3385 2.38 238.58 - 12.73 -9.17
13 POLYAMIDE-IMIDE .......... 0.017 10.69 23510 ..... 16.53 17.17 22822 ........ 16.05 ........ i4,.37 '- --2.cJ2 _i15.28
i4. R::)LY_IDE" i-MIDE ........ 0.017 10.67 22990 16.16 20.16 ;2'i_: :15.43 17.72 -4.54 -12.11
i,5 _ _LY_MIDE ................... 0.017 10.73 15750 :1i.07 ............ _I..::_3 ....... 16147 il.35 54.53 2.52 :15.24
i6 MODIFIED POLYETHERIMIDE 0.016 10.57 14082 9.90 46.38 15287 10.75. .............8.56 -18.51
i 7 .... PoL_'A,RYLETHERKETONE .... 0.016 10.63 14946 10.51 62 28 -i 6254 11.43_ _ _. 45.08 ...... - 27.62

- :18, POLYBUTYLENE TEREPHTHALATE 0.017 10.95 5.09 _ i6-2.40 7969 5.60 9.65 10.07 -94.06
'i§ POLYIMIDE-DF 0.023 14.76 10865 7.64 22.72 11126 7.82 18.50 - 24:1 -

-"'2() _I-YIMIDE-DF-ISO 0.022 14.42 12209 8.58 17.99 'ii152 7.84 13.58 -8.55 -24.51
_- 0.017 10.90 'i4360 10.10 75.04 14807 .... -i0.,4:1 68.90 3.11 -:-IB::18

- -- - 8.86J 12.64 - 14.45
22 LIQUID CRYSTAL POLYMER 0.017 10.69 12488 8.78 10.35 14067 9.89 .......36:4-2] .... 19.56 " -55.21--:23- 66 NYLON, POLYAMIDE 0.016 10.64 10093 7.10 81.30 12067 8.48

I ALL CALCULATIONS BASED ON AN AVERAGE OF TWO TENSII F TESTS. EXCEPT NO.18 WHICH IS 5. 1

ALL TENSII F PULLS WERE AT AMBIENT CONDITION ,aM:) WITHIN 24HRS AFTER AGING CONDITIONS. I

I,,,)

• D



I TENSILE PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG BRANCHED ACID POLYOL ESTER AND HFC-125 R_12__5)_ ___
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE F.8

- - INTIALTESTING AFTERAGINGTES__ .......... % CHANGEAFTER

NO. TYPE CROSS- SECTIONALAREA TENSILE TENSILE
in^2 ram^2 ib/m^2 kg/n_^2 %ELONGATION Ibrm^2 kg/mm"2 %ELONG. TENSILE %ELONG.

--_ POLYPH1HALAMIDE 0.017 10.65 11489 8.08 39.29 14988 10.54 -- 13.78 30.46 -64.93
3 ACETAL 0.016 10.57 9754 6.86 22.60 _ 7.15' 22.64 4.22 ......... _:_7

4 PHENOLIC 0:O17" 10.76 8617 6.06 6.46 7281 5.12 3.54 -15.51 -45.12
_5__ POLYVINYLIDENEFLUORIDE -- 0.016 10.30 7412 " 5.21 105.39 6736 4.74 83.07 -9.11 -21.18
__8 POLYPFIOPYLB4E O.u16 10.62 5397 ; 3.79 372.76 4945 3.48 183.07 - 6.37 ..... , _50_:89_
__9__.POLYARYLSULFON_ 0.017 10.77 12728- 8.95 70.16 _ 10.11 31.10! 12.93 -55.67

I___0_0_:POLYETHYLENETEREPHTHALATE 0.017 10.65 20689 -;1-4.--5.5 12.48 20560 14.46 1024 -0.62 ..... -: 17:_
_ I_11 :)OLYPHENYLENESULRDE 0.017 10.76 21262 14.95 ....................i-o..:24i 23816 16.74 9.45 12.01 ...... -7.__.___,
_ 12_ :)OLYTETRAFLUOROETHYLB4E 0.013 8.63 3879 2.73 ............... '_)62--:__ 3521 2.48' 175.20 -9:233 -33.30
_13__ POLYAMIDE-IMIDE 0.017 10.69 23510 16.53 17.17 26187 18.41 16.34 11.39 -4.82
_114_..POLYAMIDE-IMIDE 0.017 10.67 22990 16.16 20.16 21785 15.32 17.91 ......... ----52-4 -:_::-:11:_3.-

15_5 POLYETHERIMIDE 0.017 10.73 15750 11.07 ..... 64.33 16891 11.88 ..... T46._I, 724:36:3-5.
16 MODIRED POLYETHERIMIDE 0.016 10.57 14082 9.90 48.38 15350 10.79 38.19 9.00 -17.66
17 POLYARYLETHERKETONE 0.016 10.63 14946 10.51 62.28 16673! 11.72 56.89 ....... 1-1:v'J,5........... :8-_...... ____. 76.99 -92.73 !

- -48- "POLYBUTYLENETERP_PHTHALATE 0.017 10.95 7240 5.09 162.40 ....... 12814__ 9.01 ----- il.81 •.............

1--_9 i poLYIMIDE-DF 0.023 14.76 10865 7.64 22.72 ..........1_72]_ 7---.29:------18,:_ -4.53 .............- 17._
20 POLYIMIDE-DF- ISO 0.022 14.42 12209 8.56 17.99 ...... _7_7__ 7_ 13.56 -10.01 -24.51

2_11POLY(ARYLETHE_ERKI: IuNE 0.017 10.90 14360 10.10 75.04 14663___L- 10.31 39.57 ..........2.1_"..... -: 47_-7
LIQUIDCRYSTALPOLYMER 0.o17 10.69 12488 8.78 10.35 _ 10_ 925 1729 ...... - 1-0-£).5

23 66NYLON, POLYAMIDE 0.016 10.64 10093 7.10 : 81.30 _ -_.--_ 46.26 ............_.-_ -:--_43_--_I.-_0

ONAN̂VERAGEOFTWO
TENSILEPULLSWEREAT AMBIENT (:X:)ND_ AND WITHIN24H!¢5 APtL'Hp_,:mmm_._



I TENSILE PROPERTIES OF PLASTICS EXPOSED TO 82 ISO VG POLYPROPYLENE GLYCOL BUTYL MONO ETHER AND HFC-125 (_R_-1__2_2_2___
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE F.9

I IN_L TES]ING _J=TER_G TEST._ %_ _-R _aNG

NO.( TYPE _- SECTIONAL AREA TENSILE TENSILE Icy,)

in^2 ram^2 Ib/m^2 kg/rnm^2 %ELONGATION Ib/m"2 kg/mm^2 %ELONG. TENSILE ELONG

1 ] POLYPHTHAL_IDE 0.017 10.65 11489 8.O8 39.29 15198 10.SS 13.58 -- _:.26_ .... -_:_3
3 IACETAL 0.016 10.57 9754 6.86 22.60 9819 6.90 27.76 - -O.___.[: .... _:_

-- 4 [ PHENOLIC 0.017 10.76 8617 6.06 6.46 9805 6.89 4.33 - 13.78--_.........--_L9-7
5 ] POLYVINYLIDENE FLUORIDE 0.016 10.30 7412 5.21 105.39 6850 4.82 105.30 -7.58, ........... 0.86_
8 l POLYPROPYLENE 0.016 10.62 5397 3.79 372.76 4686 3.29 193.90 -13.17 ...... -47.___

---9-- [ POLYARY_-- 0.017 10.77 12728 8.95 70.16 14508 10.20 18.11 13.98 __ -74.19
- 10 [POLYETHYLENETEREPHTHALATE 0.017 10.85 20689 14.55 12.48 16916 11._'_9 8.46 -1824 -32.18
-11 JPOLYPHBdYLEN---ES-U__ 0.017; 10.76 21262 14.95 10.24 24859 17.48 8.86 16.92 ..........-13:_
.....12 [ POL__--_---_ 0.013 8.63 3879 2.73 262.68 9036 6.35 249.61 132.97 -4.98
-13- _[POLYAMIDE- IMIDE 0.017 10.69 23510 16.53 17.17 28466 20.01 18.31 21.08 6.65
--_-|_ 0.017 10.67 22990 16.16 20.16 21723 15.27 18.31 -5.51 ..... --§:1-8_

--1115_ POLYETHERIMIDE 0.017 i 10.73 15750 11.07 64.33 16432 11.55 24.012 4.33 _-_.......--_'MODIFIED POLYETHERIMIDE 0.016 10.57 14062 9.90 46.38 15495 10.89 26.97 10.04 -41.85
17 POLYARYLE]HERKETONE 0.016 10.63 14946 10.51 62.28 16147 11.35 54.92' 8-_04__ .... -.!1-____

" I---8-- POLYBUTYIFNE TEFgER4"THALATE 0.017 10.95] 7240 5.09 162.40 6651 4.68 7.09 -8.13 -95.64
- 19 ' POLYIMIDE-DF 0.023 14.76 10865 7.64 22.72 10982 7.72 17.32 108 -23.74

2---O POLYIMIDE-DF-ISO 0.022 14.42 12209 8.58 17.99 10279 7.23 11.81 -15.80 -34.35

POLY(ARYLETHERETH_ 0.017 10.90 14,,',',',',','_ 10.10 75.04 15154 10.65 72,83 5.53 ....... -._2.9,1,_
22 I LIQUID CRYSTAL POLYMER 0.017 10.69 12488 8.78 10.35 14825 10.42 9.65 18.71 ........ -6_:____.

i 23 66 NYLON. POLy#u__)_E 0.016 10.64 10093 7.10 81 30 12013 8.45 34.45 19.02 ........-__._63_

tAI..LCALCULATIONS BASED ON AN AVERAGE OF T'/_K:)ie.NSILE TESTS. EXCa:ri NO.16 WHICH IS 5. /
ALL TENSILE PULLS WERE AT AMBIENT AND WITHIN 24HRS AFTER AGING CONDfl'IONS. /



[ TENSI/I:: PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG BRANCHED ACID POLYOL ESTER AND HFC-I_I (i:1-1_1)____
[14 DAYS AT 150 DP_..G.C.(300 DEG.F.) AT 275-300 PSIA]

TABLE F.10

NTIAL.TESTING AFTERAGINGTESTIM3 % CHANGEAFTERAGIM3;

:i 1 TYPE CROSS-SECTIONAL AREA TENSILE TENSILE
in^ 2 mm^ 2 IbrLn̂ 2 kg/mm^ 2 % ELONGATION _-r_2: kg/n_rn̂ 2 % ELONG. TENSILE % ELONG.

__1_1'POLYPHTHALAMIDE 0.017 10.65 11,_89 8.08 39.29 14603 10.27 14.37 27.11 -63.43
3 I _,CETAL 0.016 10.57 9754 6.86 22.60 9409 6.61 23.82 -3.54 .... 5:_405.51 3o.68 -14.63

-4- !PHENOLIC 0.017 10.76 8617! 6.06 6.46 11261 7.92 j
--5- POLYVINYLIDENE FLUORIDE 0.016 10.30 7412 5.21 10539 6342 4.46 118.90 -14.43 12.813.67 342.52 -3.41 -8.11
-_8- POLYPROPY__LENE 0.016 10.62 5397 3.79 372.76 5213 ...... ..................

_ 9_:PoLYARYL SULFONE 0.017 10.77 12728 8.95 70.16 14231 10.01 25.00 11.81 -64.37
10__'P(_L.YETHYLE_NETEREPHTHAL 0.017 10.65 20689 14.55 12.48 19406 13.6,4 11.62 -6.20 - t 1.67
11 POLYPHENYLENESULFIDE 0.017 __ 10.76 21262 14.95 .......... 1-024 24898 17.51 9.45 17.10 .......:7:69

.. !_2- :)OLYTETRAFLUOROETHYLEN .... 0.__01_33 8.63 3879 2.73 ............. 2_:68- ..........._. 3.06 282.68 12.35 7.61
13 :)OLYAMIDE-IMIDE 0.017 10.69 23510 16.53 17.17 27994 19.66 19.49 19.07' 13.53--- --- 15.93 18.50 -1.46 -8.20

14 POLYAMIDE-IMIDE 0.017 10.67 22990 16.16 20.16 22654
_ I__5_5-PC)LYETHERIMIDE 0.017 10.73 15750 11.07 64.33 16200 11.39 31.10 2.86 -51.65

16 MODIFIED POLYETHERIMIDE 0.016 10.57 14082 9.90! 46.38 14991 10.54 35.98 6.46 -_._:_

_1_--_ POLYARYLE'THERKETONE 0.016 10.63 14946 10.51 62.26 16435 11.55 26.18 9.96 --57-96 _
18 P'OLYBUTYI-I=NETERER-fTHALATE 0.017 10.95 7240 5.09 162.40 7414 5.21 15.16 2.40 -90.67

14.76 10865 7.64 22.72 9810 6.90 17.52 -9.71 -22.88
--19 POLYIMIDE-DF 0.023] 17._99__]:........ 1_ 8.08 14.571 -5.64 -19.04

:.2__,. POLYIMIDE-DF-ISO 0._1___ 14.42- 12209 8.58 ......21 POLY(A.RYLE'IH...EF:IE'IHE_E) 0. 10.90 14360 10.10 _._)4_ .... 145861 10.26 67.32 1.58 -10.28
_--_22 LIQUIDCRYSTALPOLYMER - _ _6:69 i 12488 8.78 _-14968_.J. 10.52 10.04 -- 19.86 -3.04
[2366NYLON. POLYAMIDE 0.016[ i0,64' 10093 7.10L_.__ - 8,_:_--_ _.___I-_51 _ ....... 4._7.2_..44 15.08 :41:89_89

1ALLcALCULA- BASEDON AN AVIE_E OF TWO ':_ TESTS" _::X_'N6:16 WHICH Is 5" I

t,/Ii



{ TENSILE PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG MODIRED POLYGLYCOL AND HFC-134a (R-134a) _}
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSlA]

TABLE F.11

INTIAL TESTING ....... Ar I _M AUIN_= I =o i ir_= _oCHANGE AFTER AGING

NO. TYPE CROSS- SECTIONAL AREA TENSILE TEI_ISILE - -- ......
in ^ 2 mm^ 2 Ib/in ^ 2 kg/mm ^ 2 % ELONGATION Ib/in ^ 2 kg/mm ^ 2 % ELONG. TENSILE % ELONG.

1 POLYPHTHALAMIDE 0.017 10.65 11489 8.08 39.29 14728 10.36 15.16 28.20 .__ - 61.42
3 ACETAL 0.016 10.57 9754 6.86 22.60 8122 5.71 23.23 -16.72 2.79
4 PHENOUC 0.017 10.76! 8617 6.06 6.46 10731 7.54 7.09 24.53 ..... 9.76
5 POLYVINYLIDENE FLUORIDE 0.016 10.30 7412 5.21 1_5.39 6177 4.34 , 106.30 - 16.66 ............... 0.86
8 POLYPROPYLENE - 0.016 10.62 5397 3.79 -372.76 4692 3.30 288.58 - 13.07 - 22.58
9 POLYARYL SULFONE 0.017 10.77 12728 8.9-5 70.16 14899 10.47! 21.-46 17.05-_-___i -_69.4__2__

10 POLYETHYLEN E TEREPHTHALATE 0.017! 10.85 20689 14.55- 12.48 6324 4.45 6.69 -69.44 -46.37
11 POLYPHENYLENESULFIDE ' 0,017 10.76 21262 14.95 10.24 24483 17.21 10.43 15.15 ........... 1_92
12 POLYTETRAFLUOROETHYLEN E 0.013 8.63 3879 2.73 262.68 ..... 3365 2.37! 237:99___ - 13.23 -9.40
13 POLYAMIDE- IMIDE 0.017 10.69 23510 16.53 17.17 _ ' 140_d 9.87 22.83 - 40.26 33.03
14 POLYAMIDE- IMIDE 0.017 10.67 22_"<J0 16.16 20.16 22411 15.76 19.29 -2.52 -4.30
15 POLYETHERIMIDE 0.017 10.73 15750 11.07 64.33 17031 11.97 58.07 8.13 __ -9.73
i6 MODIFIED POLYETHERIMIDE 0.016 10.57 14082 9.90 46.38 15243 11.62 70.94 17.33 ..... 52.97
17 POLYARYLETHERKETONE 0.016 10.63 14946 10.51 62.28 16523 11.62 ....... 45.67 10.56 ____ -26.68

18 POLYBUTYLENETEREPHTHALATE 0.017 10.95 7240i 5.09 162.40 5182 3.64 8.27 -28.4; _. -94.91
19 POLYIMIDE- DF 0.023 14.76 10865 7.64 22.72 9188 6.46 19.69 i -15.43 .... - 13.34
20 POLYIMIDE-DF-ISO 0.022 14.42 12209 8.58 17.99 11468 8.06 17'32 -6.07 ..... -3.72

21 POLY(ARYLETHERETHERKETONE) 0.017 10.90 14360 10.10 75.04 14278 10.04 42.13 -0.57 ___ -43.86
22 LIQUID CRYSTAL POLYMER 0.017 10.69 12488! 8.78 10.35 14307 10.06 11.02 14.56 6.46
_.9 RR NYI ON, POLYAMIDE 0.016 10.64 1_009_3 7.10 81.30 11942 8.40! 39.17-- 18._ -- -51.82

I ALL CALCULATIONS BASED ON AN AVERAGE OF TWO TENSILE TESTS. EXCEPT NO.16 WHICH IS 5.

ALL TENSILE PULLS WERE AT AMBIENT CONDITION AND WITHIN 24HRS AFTER AGING CONDITIONS.
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I TENSILE PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG POLYPROPYLENE GLYCOL DIOL AND HFC-la4a (R-l_a)
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE F. 12

INITIALTESTING AFTERAGINGTESTING %CHANGE AFTERAGING
NO. TYPE CROSS- SECTIONALAREA TENSILE -_r TENSILE

in "_2 mm^ 2 Ib/in" 2 kg/mm^ 2 _]%ELONGd Ib/m""2 kg/mm^ 2 % ELONG. TENSILE _% ELONG.
1 POLYPHTHALAMIDE 0.017 10.65 11489 ....... 8.08j 39.29 14404i 10.13 18.90 25.37 -51.90
3 ACE'TAL 0.016 10.57 9754 6.86i 22.60 9380 6.59 30.71 -3.83 35.89

-- 4-- PHENOLIC ..........0.017 10.76 8617 6.06 6.46 10252 ' ' 7.21 7.48 18.98 15.85
5 IPOLWINYUDENE I_LUORIDE 0.016 10.30 7412 ....5.21 105.39 6483 4.56 123.23 -12.53 -- 16.92
8 ;POLYPROPYLENE 0.016 10.62 5397 3.79 372.76 5091 3.58 - 138.19 -5.54-- -62.93

:--9-_____POLYARYLSULFONE 0.017 i0.77 12728 - 8:95! 70.16 14128 9.93 17.72 .... 1i.00 _.7-5"
_.10_ POLYETHYLENETEREPHTHALATE 0.017 10.85 20689 14.55 . 12.48 6994 4.92 9.06 -66.20 -27.44___

11 POLYPHENYLENESULFIDE ..... 0:017 10.76 21262 14.95 10.24 ' 24519 17.24 11.02 15._] 7.69
_ 12 POLYTETRAFLUOF_OETHYt.ENE 0:0i3" 8.63 3879 2.73 262.68 ..... 3698 2.60 -284.25" " -4.651 -- 8.21

13 POLYAMIDE-IMIDE ....... 0.017 10.69 23510! 16.53 ........ 17.17 .... 'i_ 10.82 12.60 -34.56'-- -26.61
14 POLYAMIDE-IMIDE 0.017 10.67 22990 ....... i6.16 20.16 22081 15.52 20.08 -3.95 -- -0.39
15 POLYETHERIMIDE 0.017 i0.73 15750 11:07 64.33 16375 11.5-1 54.33 3.97 - 15.5,_I
16 MODIFIEDPOLYETHEFIMIDE " 0.016 10.57 14082 ' 9.90 46.38 14863 10.45 25.98 5.55-- -43.97
17 POLYARYLETHERKETONE 0.016 10.63 14946 10.51 -- 62.28 16224 11.41-] 66.93 8,_ .--- 7.4_
18 POLYBUTYLENETERER4_ALATE 0:0i7 10.95: 7240 5.09 162.40 N/A N/A "_NIA ......... N/A-
19 POLYIMIDE-DF .... 0.023 :!4.76 10865 7.64 22.72 11051 7.771 21.26 1.72-- -6.41
20 POLYiMIDE-DF- ISO 0.022 1,1:42 ....12209 8,58 17.99 12524 8.81 17.72 2.58-- -1_53
21 POLY(ARYLETHERETHERKETONE} 0.017 10.90 14360 10.10 75-:--04 15552 10.93 80.71 8.30 .... 7.56
22 LIQUIDCRYSTALPOLYMER 0.0i7 " 10.69 12488 8.7;8 10.35 14414 10:13.... il.42 15.42-- 10.27
23 66 NYLON.POLYAMIDE .... 0.016 10.64 10093 7:10 81.30 i 1273 7.93 41.34 11.69 -- -49.15

IALLCALCULATIONSBASEDONAN AVERAGEOF TWO TENSILETESTS. EXCEPTNO.18WHICH IS 5. I
ALLTENSILEPULLSWEREAT AMBIENT(:X:)I_ITIONANDWITHIN 24HRSAFTERAGINGCONDITIONS. |
WA = A STRESS-RELIEVING8L=TCAUSEDBENDINGIN THEGAUGEAREAAM:)PROHIBITEDTENSILETES_.

i

L_
,.,j



I TENSILE PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG BRANCHED ACID POLYOL ESTER AND HFC-184a (_R-134a) ....]
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE F. 13

INTIALTESTING AFTERAGINGTESTING % CHANGEAFTERAGING
NO. TYPE CROSS- SECTIONALAREA TENSILE TENSILE

in^ 2 mm^ 2 Ib/in^ 2 kg/mm" 2 % ELONGATION Ib/in^ 2 kg/mm^ 2 % ELONG. TENSILE % ELONG.

-- 1 POLYPHTHALAMIDE 0.017 10.65 11489 8.08 39.29 15161 10.66 14.57 3196 -62,93
3 ACETAL 0.016 10.57 9754 6.86 22.60 9882 6.95 23.43 1.32 3.66

7- PHENOLIC 0,017 10.76 8617 6.06 6.46 10597 7.45 4.72 22.97 -26.83
---5 POLYVINYU[)ENEFLUORIDE 0,016 10.30 7412 5.21 105.39 6811 4.79 99.21 -8.06 -5.86

8 POLYPROI=YLENE 0.016 10.62 5397 3.79 372.76 4650 3.27 312.20 - 13.84 - 16.24
--9-- POLYARYLSULFONE 0.017 10.77 12728 8.95 70.16 8948 6.29 46.06 - 29.70 - 34.34

1----0--POLYETHYLENETEREPHTHALATE 0.017 10.85 20689 14.55 12.48 13739 9.66 8.46 -33.59 - 32.18
--:1-1-POLYPHB_IYLENESULFIDE 0,017 10.76 21262 14.95 10.24 24397 17.15 8.66 -_ -15.38
--12-- POLYTETP,AFLUOROETHYLENE 0.013 8.63 3879 2.73 262.68 7099 4.99 267.32 83.04 1.77
-13-- POLYAMIDE-IMIDE 0.017 10.69 23510 16.53 17.17 14139 9.94 21.06 -39.86 22.71
--14-- POLYAMIDE-IMIDE 0.017 10.67 22990 16.16 20.16 22385 i 15.74 18.31 -2.63 -9.18
--15 - POLYETHERIMIDE 0.017 10.73 15750 11.07 54.33 16271 11.44 44.29 3.31 -31.15
--1-6- MODIFIEDPOLYETHERIMIDE 0.016 10.57 14082 9.90 46.38 15146 8.88 50.00 - 10.26 7.81
--17-POLYARYLETH ERKETONE 0.016 10.63 14946 10.51 62.28 12637 8.88 7.48 -15.45 -87.99

1--_8-POLYBUTYLENETEREPHTHALATE 0.017 10.95 7240 5.09 162.40 6156 4.33 7.48 - 14.97 - 95.39
--19 POLYIMIDE-DF 0,023 14.76 10865 7.64 22.72 10482 7.37 17.13 - 3.52 -24.61
-- 20 POLYIMIDE-DF-ISO 0,022 14.42 12209 8.58 17.99 10875 7.65 13.19 -10.92 -26.70

21 POLY(ARYLETHERETHERKETONE 0,017 10.90 14360 10.10 75.04 15365 10.80 75.79 7.00 1.00
22 LIQUIDCRYSTALPOLYMER 0.017 10,69 12488 8.78 10.35 14430 10.15 8.86 15.55 -14.45

--2-3- 56 NYLON,POLYAMIDE 0.016 10.64 10093 7.10 81.30 12163i 8.55 45.47 20.51 -44.07

IALLCALCULATIONSBASEDON AN AVERAGEOF TWOTENSILETESTS. EXCEPTNO.18WHICH IS 5. I
ALL TENSILEPULLSWEREATAMBIENTCONDITIONANDWITHIN 24HRSAFTERAGING CONDITIONS. t

J
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TENSILE PROPERTIES OF PLASTICS EXPOSED TO 22 ISO VG MIXED-ACID POLYOL ESTER AND HFC-134a_._(_-1_334a) 1
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE F. 14

NTIAL _ESTING AFTER AGING TES_NG _ % CHANGE AFTER AGING

NO. I TYPE CROSS- SECTIONAL AREA TENSILE _ .... |
! % ELONGATION Ib/in ^ 2 _ % ELONG. | TENSILE _, ELONG.in ^ 2 mm ^ 2 Ib/in ^ 2 I kg/mm ^ 2

1 ' POLYPHTHALAMIDE 0.017 10.65 114891 8.08 39.29 15028 10.57 15.5b 30.81 -60.42

_3 [ACETAL 0.016 1G.57 9754 6.86 22.60 9866 6.94 25.59 1.15 13.24
_4 _PHENOUC 0.017 10.76 8617 6.06 6.46 11809 8.30 7.28 37.04 12.80

5 I :_OLYVINYLIDENE FLUORIDE 0.016 10.30 7412 5.21 105.39 65821 4.63 100.39 -11.19 -4.74
8 I ='OLYPROPYLENE 0.016 10.62 53_7 3.79 372.76 4729 3.33 256.30 -12.37 -31.24
9 ] POLYARYL SULFONE 0.017 10.77 1272u 8.95 70.16 7758 5.45 29.33 -39.05 -58.19
10 I POLYETHYLENE TEREPHTHALATi= 0.017 10.85 20689 14.5_ 12.48 17410 12.24 12.20 -15.85 -2.21

--1i ]POLYPH ENYLENESULFIDE 0.017 10.76 21262 14.95 10.24 24582 17.28 10.43 15.61 1.92
--1-2 ' F:_DLYTETRAFLUOROETHYI-ENE 0.013 8.63 3879 2.73 262.68 4118 2.90 240.16 6.18 -8.57

__113 ' POLYAMIDE- IMIDE 0.017 10.69 23,')10 16.53 17.17 13667 9.61 21.26 - 41.87 23.85
14 POLYAMIDE- IMIDE 0.017 10.67 22990 16.16 20.16 21275 14.961 18.70 -7.46 -7.23 =
15 POLYETHERIMIDE --0.017 10.73 15750 11.07 64.33 16222 11.40 39.76 2.99 -38.19

-16 MODIFIED POLYETHERIMIDE 0.016 10.57 14082 9.90 46.38 15230 11.75 26.14 18.63 -43.63
--17 POLYARYLETH ERKETONE 0.016 10.63 14946 10.51 62.28 16706 11.75 62.01 11.78 - 0.44

18 POLYBUTYLENE TEREPHTHALATE 0.017 10.95 7240 5.09 162.40 6744 4.74 10.24 _ -6.64 -93.70
19 POLYIMIDE-DF 0.023 14.76 10865 7.64 22.72 10613 7.46" 19.69 - -2.32 - 13.34

20 POLYIMIDE-DF-ISO 0.022 " .42 12209 8.58 17.99_ 11350 7.98 16.54 ...... -7.03 -8.10
21 POLY(ARYLETH EREIH ERK_ IUN E 0.017 10.90 14360 10.10 75.04 15173 10.67 72.64 5.67i -3.20

I 22 UQUID CRYSTAL POLYMER 0.017 10.69 12488 8.78 10.35 12863 9.04 10.43 ...... --3.()0 -_ 0.76
F 23 66 NYLON, POLYAMIDE 0.016 _ 10.64 _ 10093 7.10 -- 81.30 12073 8.49 36.02 19.61 -55.69

IALL CALCULATIONS BASED ON AN AVERAGE OF TWO TENSILE TESTS. EXCEPT NO. 16 WHICH IS 5.

ALL TENSILE PULLS WERE AT AMBIENT _ITION AND WITHIN 24HRS AFTER AGING CONDITIONS.
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I TENSILE PROPERTIES OF PLASTICS EXPOSED TO 82 ISO VG POLYPROPYLENE GLYCOL BUi-YL MONO P_iHI-h AND HFC-134a (R-_
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE F.1 5

INTIAL _ESTING AFTER AGING TESTING % CHANGE AFTER AGING

NO. TYPE CROSS- SECTIONAL AREA tENSILE TENSILE
in " 2 mm I" 2 Ib/in" 2 kg/mm ^ 2 % ELONGATION Ib/in ^ 2 kg/mm ^ 2 % ELONG. TENSILE YoELONG.

1 F='OLYPH1]"IALAMIDE 0.017 10.65 11489 8.08 39.29 14893 10.47 17(,28 29.64 333.37
3 ACETAL 0.016 10.57 9754 6.86 :,2.60 9983 7.02 3b.04 i 2.35 55.05
4 PHENOUC 0.017 10.76 8617 6.06 6.48 6741 4.74 6.69 -21.77 3.66

-- 5 POLYVINYUDENE FLUORIDE 0.016 10.30 7412 5.21 105.39 6561 4.61 114.96 - 11.48 9.08
8 POLYPROPfLENE 0.016 10.62 5397 3.79 372.76 4883 3.43 148.03 - 9.53 -60.29
9 POLYARYL SULFONE 0.017 10.77 12728 8.95 70.16 15628 10.99 28.43 22.78 -59.48

10 POLYETHYLENE TEREPHTHALATE 0.017 t 0.35 20689 14.55 12.48 6190 4.35 5.91 - 70.08 - 52.68
11 POLYPHENYLENESULFIDE 0.017 10.1_3 21262 14.95 10.24 25318 17.80 10.24 19.08 0.00

--12 POLYTEI'RAFLUOROETHYI_I:::NE 0.013 8.63 3879 2.73 262.68 3684 2.59 230.91 - 5.01 ...... -12.10
- 1---3-_--LYAMIDE-IMIDE 0.017 10.69 23510 16.53 17.17 21068 14.80 15.35 -10.43 -10.55
--14 POLYAMIDE-IMIDE 0.017 10.67 22990 16.1_ 20.16 47991 33.74 22.44 108.75 11.33
- i 5 POLY-ETHERIMIDE 0.017 10.73 15750 11.07 64.:,:k3 16697 11.74 50.79 _ 6.02 - 21.05
--16 i MODIFIED POLYETHERIMIDE 0.016 10.57: 14082 9.90 46.38 13995 9.64 29.13 -0.62 -37.18

17 POLYARYLETH ERKETONE 0.016 10.63 14946 10.51 62.28 15963 11.22 20.47 6.80 -67.13
18 POLYBUTY! I::NE TEREPHTHALATE 0.017 10.95 7240 5.09 162.40 N/A N/A 0.00 N/A N/A
19 POLYIMIDE- DF 0.023 14.76 10865 ?.64 22.72 10653 7.49 18.50 - 1.95 - 18.54
20 ='OLYIMIDE- DF- ISO 0.022 14.42 12209 8.58 17.99 11121 7.82 L 15.9-4 -8.91 -11.38
21 POLY(AF:WLETHERETH ERKETON E 0.017 10.90 14360 10.10 75.04 15439 10_| 74.80 7.51 -0.31

! 22 MQUID CRYSTAL POLYMER 0.017 10.69 12488 8.78 10.35 13293 i 9.35 / 10.63 6.45 2.66! 23 66NYLON, POLYAMIDE 0.016 10.64 10093 ! 7.10 81.30 12178 8_ 49.21 20.66 -39.47

ALL CALCULATIONS BASED ON AN AVERAGE OF TWO I P_.NSILETESTS. EXCEPi-NO.16 WHICH IS5.-
ALL TENSILE PULLS WERE AT AMBIENT CONDITION AND WITHIN 24HRS AFTER AGING CONDITIONS._

N/A = A STRESS-REI I_FVINGSET CALLSEO BENDING IN THE GAUGE AREA AND PREVENTED TENSILE TESTIN(



J TENSILE PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG ALK'YLBENZENE AND HCFC-142b (1421:)) ........ J
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE F. 16

% CHANGE At- Jt-R AGINGINTIAL TESTING _r i ,-n _,rq,,.= , ,-o, ,,_ ....

NO. TYPE CROSS-SECTIONAL AREA TENSILE 1ENSILE
in^2 mm^2 Ib/in^2 kg/mm^2 % ELONGATION Ib/in^2 kg/mm^: _ % ELONG. TENSILE % ELONG. i

1 POLYPHTHALAMIDE 0.017 10.65 11489 8.08 39.29 15164 10.66 15.75 31.99 - 59.92
3 ACETAL 0.016 10.57 9754 6.86 22.60 7992 5.62 24.21 -18.06 7.14 ,
4 PHENOUC 0.017 10.76 8617 6.06 6.46; 8497 5.97 3.94-- - 1.39 - 39.02
5 POLYVINYODENE FLUORIDE 0.016 10.301 7412 5.21 105.39 6371 4.48 87.40 - 14.04 - 17.07
8 POLYPROPY/FNE 0.016 10.62 5397 3.79 372.76 4C,Cg 3.28 386.22 - 13.48 3.61
9 POLYARYL SULFONE 0.017 10.77 12728 8.95 70.16 25600 18.00! 38.78 101.13 - 44.73

10 POLYETHYLENE TEREPHTHALATE 0.017 10.85 20689 14.55 12.48 13952 9.81 6.10 -32.56 -51.10
11 POLYPHENYLENESULFIDE 0.017 10.76 21262 14.95 10.24 24547 17.26 8.66 15.45 - 15.38
12 POLYTE71:_.FLUOROETHY! I=NE 0.013 8.63 3879 2.73 262.68 3833 2.70 256.02 - 1.17 - 2.53
13 POLYAMIDE-IMIDE 0.017 10.69 23510 16.63 17.17 20485 14.40 15.75 -12.86 -8.26
14 POLYAMIDE- IMIDE 0.017 10.67 22990 16.16 20.16 23518 16.53 19.29 2.30 -4.30
15 POLYETHERIMIDE 0.017 10.73 15750 11.07 64.33 16740 11.77 56.50 6.28 -12.18
16 MODIFIED POLYETHERIMIDE 0.016 10.57 14082 9.90! 46.38 153471 11.70 30.79 18.13 -33.62

_-17- POLYARYLETHERKETONE 0.016 10.63 14946 10.51 62.28 16636 _ 11.70 43.11 11.31 -30.78
18 POLYBUTYLENE TEREPHTHALATE 0.017 10.95 7240 5.09 162.40 3211 2.26 __ 4.721 -55.65 -97.09
19 POLYIMIDE- DF 0.023 14.76 1086_5 7.64 22.72 i 0766 7.57 .......16.14 -0.91 - 28.94
20 POLYIMIDE- DF-ISO 0.022 J 14.42 12209 8.58 17.99 10780 7.58 .....12._80 - 11.70 - 28.88
21 POLY(ARYt.ETH ERETH ERKETON E) 0.017j 10.90 14360 10.10 75.04 15004 10.55 40.75 4.49 -45.70
22 UQUID CRYSTAL POLYMER 0.017J 10.69 12488 8.78 10.35 14814 10.42 9.25 18.62 -10.65
_._ 66 NYLON, POLYAMIDE 0.016J 10.64 1,__ 7.10 81.30 12429 8.74 32.48 23.15 -60.05

ALL CALCULATIONS BASED ON AN AVERAGE OF TWO 11=NSILETESTS. EXCEPT NO.16 WHICH IS 5.

ALL TENSILE PULLS WERE AT AMBIENT CONDITION AND WITHIN 24HRS AFTER AGING CONDITIONS.



I TENSILE PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG BRANCHED ACID POLYOL ESTER AND HFC- 148a (R-143a)
[14 DAYS AT 150 DEG.C. (300 DEG.F.) AT 275-300 PSIA]

TABLE F. 17

INTIAL TESTING API I::RAGING TESTINL_ % CHANGE AFTER AGINGI

NO. I TYPE CROSS- SECTIONAL AREA TENSILE t PJqSILEin'2 mm^2 Ib/in^2 kg/mm^2 % ELONGATION Ib/in^2 kg/mm"2 % ELONG. TENSILE % ELONG.
I

- 1 POLYPHTHALAMIDE 0.017 10.65 11489 8.08 39.29 14882 10.46: 14.76 29.53 -62.42
3 ACETAL 0.016 10.57 9754 6.86 22.6u 8227 5.78 16.93 - 15.65 -25.09
4 PHENOLIC 0.017 10.76 8617 6.08 6.46 10356 7.28 4.72 20.18 -26.83
5 POLYVINYLIDENE FLUORIDE 0.016 10.30 7412 5.21 105.39 6753 4.75 141.34 - 8.89: 34.11
8 POLYPROPYLENE 0.016 10.62 5397 3.79 372.76 4811 3.38 317.52 -10.86 -14.82

FJ(_[_YARYLSULFONE 0.017 10.77 12728 8.9b 70.16 14490 10.19 60.24 13.84 -14.14
-10 POLYETHYLENE TEREPHTHALATE 0.017 10.85 20689 14.55 12.48 16181 11.38 9.06 -21.79 -27.44
-11- - POLYPHENYLEN ESULFIDE 0.017 10.76 21262 14.95 10.24 24749 17.40 9.65 16.40 - 5.77

--12- POLYTETRAFLUOROETHYLENE 0.013 8.63! 3879 2.73 262.68 3856 2.71 227.36 - 0.58 - 13.44 !
-- 'i3- POLYAMIDE- IMIDE 0.017 ....------10.691 23510 16.53 17.17 22737 15.99 13.98 -3.29 -18.58
- l_a,-- POLYAMIDE- IMIDE 0.017 10.67 22990 16.16 20.16 21570 15.17 19.49 -6.17 -3.32

-15- POLYETHERIMIDE 0.017 10.73 15750 11.07 64.33 16666 11.72 37.20 5.81 -42.17
--16 MODIFIED POLYETHERIMIDE 0.016 10.57 14082 9.90 .............. 4-6._ 15042 10.58 38.54 6.81 -21.22
--1-7 POLYARYLETHERKETONE 0.016 10.63 14946 10.51 62.28 16256 11.43 54.92 8.77 __ -_11__.8._22
- 18 POLYBUTYLENE TEREPHTHALATE 0.017 10.95 7240 5.09 162.40 8072 5.68 12.60 11.49 - 92.24

19 POLYIMIDE- DF 0.023 14.76 10865 7.64 22.72 10563 7.43 17.32 -2.78 -23.74
20 ;POLYIMIDE- DF- ISO 0.022 14.42 12209 8.58 17.99 12109 8.51 15.75 -0.61 -12.47

21 !POLY(ARYLETHERETHERKETONE 0.017 10.90 14360 10.10 - 75.04 14932 10.50 72.64 3.98 -3.20
22 iUQUID CRYSTAL POLYMER 0.017 ! 10.69 12488 8.78 10.35 14469 10.17 9.84 15.86 -4.94
23 !66NYLON, POLYAMIDE 0.016 10.64 lu093 7.10 81.30 __ 12268 8.63 34.06 21.55 -58.11

I ALL CALCULATIONS BASED ON AN AVERAGE OF TWO tENSILE 1E,5[S. EXCEPT NO.16 WHICH IS 5.

ALL TENSILE PULLS WERE AT AMBIENT CONDITION AND WITHIN 24HRS AFTER AGING CONDITIONS.

J_



t TENSILE PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG ALKYLBENZENE AND HFC-152a (_R- 152a) ...... ]
[14 DAYS AT 1 50 DI::G.C. (300 DEG.F.) AT 275--300 PSIA]

TABLE F.18

INTIAL TESTING AFTER AGING TESTING % CHANGE AFTER AGING

!NO. TYPE CROSS- SECTIONAL AREA TENSILE TENSILE
in^ 2 mm ""2 Ib/in " 2 kg/mm ^ 2 % ELONGATION Ib/in ^ 2 kg/mm ^ 2 % ELONG. TENSILE % ELONG.

1 POLYPHTHALAMIDE 0.017 10.65 1148_ 8.08 39.29 14199 9.98 12.99 23.59 _ -66.93

3 !ACETAL 0,016 10.57 9754 6.86 22.60 2965 2.08 7.09i -69.60 -68.64
4 PHENOUC 0,017 10.76 8617 6.06 6.46 10275 7.22 _ 19.24 -26.83

POLYVINYL!BENE FLUORIDE 0.016 10.30 7412 5.21 105.39 7102 4.99 117.32 -4.18 11.32
8 POLYPROPY'LFNE 0.016 10.62 5397 3.79 372.76 4567 3.21 312.60 - 15.38 - 16.14
9 POLYARYL SULFONE 0.017 10.77 12728 u.95 70.16 14299 10.05 39.17 _2.34 -44.16
10 POLYETHYLENE TEREPHTHALATE 0.017 10.85 20689 14.55 12.48 138001 9.70 8.07 - 33.30 - 35.33
11 , POLYPHENYIFNESULFIDE 0.017 10.76 21262 14.95 10.24 245691 17.27 9.25 15.55 -9.62
12 ! POLYTETRAFLUOROETHYI_FNE 0.013 8.63 3879 2.7u 262.68 4090 2.88 299.61 5.46 14.08

-13 POLYAMIDE-IMIDE 0.017 10.69 23510 16.53 17.17 14187 9.97 19.49 -38.66 13.53
--14 POLYAMIDE- IMIDE 0.017 10.67 229'.J0: 16.16 20.16 22537 15.84 18.70 -1.97 -7.23

15 POLYETHERIMIDE 0.017 10.73 1_)/50! 11.07! 64.33 16622 11.69 48.62 5.54 - 24.42
16 MODIFIED POLYETHEFIIMIDE 0.016 10.57 14082 9.90 46.38 15085 10.61 47.64 7.13 2.72
17 POLYARYLE'[HERKETONE 0.016 10.63 14946 10.51 62.28 15458 11.57 41.34 10.12 -33.63

--18 POLYBUTYLENE TEREPHTHALATE 0.017 10.95 7240 5.09 162.40 4994 3.51 5.51 - 31.02 -96.61
19 POLYIMIDE-DF 0.023 14.76 10865 7.64 22.72 11407 802 18.50 4.99 -18.54
20 POLYIMIDE-DF-ISO 0.022 14.42 12209 8.58 17.99i 12391 8.71 15.75 1.49 _ -12.47
21 POLY(ARYLETHERETHERKETONE 0.017 10.90 14360 10.10 75.04 14898 - 10.47 65.55 3.75 - 12.64
22 , LIQUID CRYSTAL POLYMER 0.017 10.69 12488 8.78 10.35 14251 10.02 9.06 14.12 -12.55

23 166 NYLON, POLYAMIDE 0.016 10.64 100_J3 7.10 81.30 12238 8.60 i 47.64 21.26 -41.40

ALL CALCULATIONS BASED ON AN AVERAGE OF TWO ]IENSILE TESTS. EXCEP/- NO.16 WHICH IS 5.

ALL TENSILE PULLS WERE AT AMBIENT CONDITION AND WITHIN 24HRS AFTER AGING CONDITIONS.
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Appendix G: Total Acid Numbers of Thermally Aged Lubricants With and Without
Plastics
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I TOTAL ACID NUMBERS OF LUBRICANTS EXPOSED TO PLASTICS AND REFRIGERANTS l
114 DAYS AT 150 DE_ C. (300 DEG F.)|

TABLE G- 1

BRANCHED-ACID POLYOLESTER POLYPROPYLENE GLYCOL ALKYLBENZENE MODIRED

NO. TYPE MONOBUTYLETHER ;E)LYGLYCOL

HFC-32 HFC-143a HFC-125 HFC- 134 HFC-32 HFC- 125 HFC- 124 HFC- 142b HFC- 125

1 POLYPHTHALAMID E 1.741 1.823 1.2271 1.603 0.020 0.046 0.016 0.035 0009

__3 ACETAL 0.481 0.011 0.0991 0.151 0.137 0.171 0.050 0.091 0.352_ 4 PHENOLIC 28.676* 25.178" 21'862" 21.346* 0.123 0.054 --0.042 0.058 0.161
5 POLYVINYUDENE FLUORIDE 0.099 0.118 0.187 _ 0.074 0.089 0.109 0.041 0.042 0.174
8 POLYPROPYL_FNE 0.195 1.589 0._/_ 0.068 0.095 0.041 0.081 0.045 0.045

9 POLYARYL SULFONE 3.592 1.491 1.3661 0.709 0.125 0.071 0.037 0.050 0.13310 POLYETHYLENE TEREPHTHALATE 0.280 0.241 0.176 0.182 0.141 0.067 0.056 0.052 0.086
11 POLYPHENYL_FNESULFIDE 0.344 0.168 0.115" 0.072 0.054 0.030 0.036 0.040 0.132
12 POLYTETRAFLUOROETH EN E 0.033 0.101 0.075 0.088 0.085 0.044 0.054 0032 0.064
13 POLYAM ID E- IMIDE 2.068 2.239 1.453 2.591 0.033 0.078 0.031 0.037 0.246

--14 ::_)LYAMIDE- IMIDE 2.018 2.522 2.499 3.099 0.050 0.067 0.038 0.031 0.058
--1--5 _ POLYETHERIMIDE 0.581 0.368 0.434 0.307- 0.057 0.056 0.042 0.036 0.065

1_6- MODIRED POLYETHERIMIDE 0.680 0.805 0.669 ........... O:31-(_ 0.056_ 0.065 0.030 0.106 0.040
17 POLYARYLETH ERKETON E 0.493 0.388 0.312 0.245 0.095 0.045 0.101 0.039 0.298

:-1-8-__._POLYBUTYLENE TEREPH] HALATE ---- 0--_412 0.441 0.258 0.327 0.312 0.207 0.049 0.057 0.137
19 POLYIMIDE- DF 0.966 0.491 0.189 0.170 0.062 0.033 0.027 0.012 0.097

=_- POLYIMIDE- DF- ISO 0.404 0.665 0.976 0.527 0.095 0.080 0.049 0.030 0.109

--21 POLY(ARYLETHERETHERKETONE) -- 0.147 0.072 0.257 0.109 0.048 0.158 0.089 0.042 0.114
22 UQUID CRYSTAL POLYMER 0.135 0.129 0.236 0.166 0.062 0.068 0.041 0.037 0.178
23 66 NYLON, POLYAMIDE 0.604 0.581 0.952 0.930 0.029 0.028 0.021 0.080 0.045

TOTAL ACID NUMBER = mg/KOH / g LUBRICANT
PLASTICS AGED IN GLASS JARS
PLASTICS USED WITHOUT DEHYDRATION AND AS USED THROUGHOUT STUDY.

*PHENOLIC TEST BARS WERE NOT POST CURED OR DEHYDRATED. THE HIGH TAN MAY BE DUE TO TRAPPPED MOISTURE AND/OR UNREACTED PHENOUC MATERIALS.
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i EFFECTS OF DEHYDRATING PI_\STICS ON TOTAL ACID NUMBER
i WHEN EXPOSED TO BRANCHED-ACID POLYOLESTER

[14 DAYS AT 150 DEG.C, (300 DEC.F.)]
TABLE G.2

NO. TYPE TOTAL ACID NUMBER

WITHOUT AFTER i PERCENT
! DEHYDRATION DEHYDRATIONi CHANGE

1 POLYPHTHALAMIDE 3.479 0.309 -91.1
3 ACETAL 0.75 0.194 - 74.1

i4 PHENOLIC 19.88 1.725 -91.3
! 5 POLYVINYLIDENEFLUORIDE 0,119 0.185 55.5

8 POLYPROPYLENE 0.261 0.139 -_,,6.7
9 POLYARYLSULFONE 3.57 0.831 -76.7 ,
10 POLYETHYLENETEREPHTHLATE 0.294 0.274 -6.8 I

i 11 POLYPHENYLENESULFIDE 0.108 0.33 205.6 I
12 POLYTETRAFLUOROETHYLENE 2.387 1.458 - 38.9 i

1 13 /POLYAMIDE-IMIDE 9.47 0.301 -96.8
i14 POLYAMIDE-IMIDE 7.526 0.408 -94.6 :
t

15 1POLYETHERIMIDE 2.458 0.175 -92.9
I 16 i MODIFIED POLYETHERIMIDE 1.335 0.225 -83.1 ':

17 i POLYARYLETHERKETONE 0.307 0.354 15.3
t 18 'iPOLYBUTYLENETEREPHTHALATE 0.746 0,564 -24.4 '"L

119 iPOLYIMIDE-DF 1.82 0.708 -61.6i 20 ,POLYIMIDE-DF-ISO t 1.03 0.322 _ -68.7 '

121iPOLYIARYLETHERETHERKETONE)l 0.2_8 0.168 -2,.3 ,i 22 UOUIDCRYSTALPOLYMER 0.207 0.231 ' 11.6 '
23 t66NYLON,POLYAM_DE3019 .....0293 -903 !

i TOTAL ACID NUMBER OF LUBRICANTS EXPOSED TO
PREBAKED PHENOLIC

[14 DAYS EXPOSURE AT 150 DEC C. (300 DEC F.)]
TABLE G.2a

NO. TYPE I HOURS !BRANCHED-ACID MIXED-ACID

t PREBAKE pOLYOLESTER POLYOLESTEFI
I

4 PHENOLIC .... = 0 2.26 10.89
4 PHENOLIC _ 24 1.39 0.57
4 PHENOLIC 48 0.91 0.45

L "

i ___4____4PHENOLIC 72 0,63 i 0,49 ;
I

i TOTAL ACID NUMBER _-_ mg KOH/9 LUBRICANT IP_STICS AGI_ IN G_SS JARS
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f TOTALACID NUMBERSOF LUBRICANTSEXPOSEDTO PLAS'i:ICSATVARIOUSTEMPERATURE_i-___iii- !(14 DAYS EXPOSURE)
TABLE G.3

.... '............. BRANCHED- ACID POLYOLESTER "II ....... MIXED-A-E;I--D PE)LYOLESTER

NO. I TYPE 22DEGC. 60-_-10-0[)EG-C: 150DEG-C: ............._-2 _2_EGC- 60DEGC. 100DEGC. 150DEGC.
72DEGF. 140DEGF. 212DEGF. 302DEGF. LL72DEGF. 140DEGF. 212DEGF. 302DEGF.

30 ML 30 ML 30 ML 30 ML 30 ML 30 ML 120 ML

NONE 0.024 0.040 0.050 2.06 0.024 0.036 0.061 0.313----_ .......o:_ T.........0.067
.... ; --_ -POLYPHTH ALAMID E 3.479 0.294 0_578 [ .... 0.245
---3--: ACETAL 0.020 0.099 0.750 ............0.17-7 0.093 0.089 ....

4 -PHENOLIC 0.154 0.583 19.880 3_1i5 0.232 0.487 24.910]. 7.748..... ".........0:_72I- 0.075
--5-- POLYVINYLIDENE FLUORIDE 0.119 0.800 - ():3i4| .... 0.078

--8-- POLYPROPYLENE 0.261 0.123 t9 -POLYARYL SULFONE 3.570 ().-87;t -......... 31_:30" 0.124-'- 014:12 0.078

1-----0.... POLYETHYLENE TEREPHTHALATE 0.294 0.1 17 ................. -01(396J, 0.082
1--_ POLYPHENYLENESULFIDE 0.108 0.125 ........ 0.'I_| " 00462.387 0.1 08

1----2L POLYTETRAFLUOROETHENE 9.470 0.683 9.831 0.134

1----3 POLYAMIDE- IMIDE 7.526 1.568 8.077 0.0910.231 0.122

14 POLYAMIDE- IMIDE 2.458 0.165 l ........... 0-I-84 0.129--1 5-- POLYETHERIMIDE 1.335 0.138=
16 MODIFIED POLYETH ERIMIDE 0.529 0.0960.307 1.278
17 POLYARYLETHERKETONE 0.053 0.058 0.508 0.136

- 18 POLYBUI"YLENE TEREPHTHALATE 0.054 0.265 0.746 0.145 (}.9_i9 ........ 0.1141.820 I .I 54
19 POLYIMIDE-DF 0.444 0.181 ,
20 ' POLYIMIDE- DF- ISO 1.030 0.8770.218 0.399 0.220
21 i POLY(ARYLETHERETHE 0.207 0.096 ...... 0.208 0.139
2---2 _UID CRYSTAL POLYMER 1.645_,. 0.142

I 23 166NY-LON-:.P-O-L--YAM--_ J 3.019 0.729 ......................

TOTAL ACID NUMBER = mg KOH/g LUBRICANT !
PLASTICS AGED IN GLASS JARS
PLASTICS USED WITHOUT DEHYDRATION h.ND AS USED THROUGHOUT STUDY

J_
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[-:rENSll F PROPERTIES OF PLASTICS EXPOSED "I"0 32 ISO VG BRANCHED ACID F)-0L::Y()LES_R-- _
!14 DAY_ AT 60 DEG.C. (140 DEG.F.)

TABLE H.1

......... INTIAL TESTING ................. AFTER AGING TEs_N_... _i7.i.:-__-Hh:_-N__:. _!51- _N_

NO. TYPE CROSS- SECTIONAL AREA TENSILE ....................................... -TENSILE
in ^ 2 mm^ 2 Ibfm ^ 2 kg/mm ^ 2 % ELONGATION Ibrun^ 2 kg/mrn ^ 2 % ELONG TENSILE 96ELONG.

1 0.017 10.65 11488.70 6.08 ...................... 39.--_ 11145.86 .......... 7--._ ........... 74161.............. C2.98- ........... _.89-
2 0.017 10.69 5528.90 3.89 - ................. _)A-7 5349.01 3.76 ......-29192 .......... -31_ - 26.07
3 ACETAL 0.016 10.57 9753.56 6.86 22.60 10252.56 7.21 17.91 5.12 -20.74
4 PHENOLIC 0.017 10.76 861706 6.06 6.46 9529.05 6.70 ........ 4.72 ......... 1()i_ -C_._!
5 NYUDE_E FLUORIDE 0.016 10.30 7411.88 5.21 .............. 105.3-9 8055.16 5.66 ........ _.86 ....... 8.68 I....................." --_.-_"
6 POLYCARBONATE 0.017 11.00 10188.30 7.16 ................ 87--._- 9007.46 6.33 81.25 - 11.59 -7.04
7 i )IRE]:) POLYPHENYLENE OXIDE 0.017 10.74 7778.90 5.47 - 46.65 7697.79 5:41" ........ 2_,i_ ......... - 1_)4 ......... :_1:'/:_19"
8 POLYPROPYLENE 0.016 10.62 5396.97 3.79 372.76 5767.41 4.05 ......... -1_.7-2 .............. 6J_) ..........................C-7-1.9i_
9 POLYARYL SULFONE 0.017 10.77 12728.23 8.95 70.16 12368.95 .......... -8:7--0............. 2"3_ ..... - _'-8"2 - 66._33_

10 POLYETHYLENE TEREPHT HALATE 0.017 10.65 20689.05 ! ,.;.::_ ............... 12..418 21722.73! 15.27 _.: .... ;I_::_,_
11 POLYPHENYLENESULFIDE .... 0.-O1--7: 10.76 21261.70 - 14.95 1( 24 20939.46 14.72 ....... _,3_ ....... -_- -:::_-.
12 POLYTETRAFLUOROETHYLEN E 0.013 _ 3878.52 2.73 262.68 4132.32 2.91 ........ _'_: : ......... _:_ _ .............. I _:'_ _

13 IMIDE 0.017 10.69 23509.83 16.53 17.17 18276.86 12.65 ....... --1--5.C_'! - 22..25 1 - 7.14_
14 POLYAMIDE-IMIDE 0.017 10.67 22989.70! 16.16 20.16 '- 20477._ 14:;IO- ....... 1§:--09............ -_.._- ..............-5:_-i
15 POLYETHERIMIDE 0.017 10.73 15750.01 i 11.07 64.33 15604.16 10.97 ......... 52._ ......... -:0:_ .........- 17-6'2]

............................... 4

......... 47.40
16 )IRED POLYETHERIMIDE 0.016 10.57 14082.08 9.90 46.38 14310.00 ................10.06 ............. E-11"62:_......... -_2"20
17 -- 0.016 10.53 14945.59 10.51 62.28 14694.52 10.33 39.96
18 TEREPHTHALATE 0.017 10.95 7239.88 509 162.40 7459.83 5.24 .................158.19 " "" 3.04 ............. E-21F-_-"
19 POLYIMIDE-DF 0.023 14.76 10864.58 _ 22.72 10737.90 7.55 19.09 - --1-.17 ..... -1-5_6-

20 !-DF-ISO 0.022 14.42 12206.91 I..___8-'__ 17.99 11707.86 6.23 ...........'i5._]: ......... '_...'i0 -'i3,._""- 75.04 14894.79 10.47 .... 82.28_ ...... 3.7.,3.............. §-_"
21 FHERE-rHERKE-I"ONE 0.017 10.90 14359.79 I0:
22 LIQUID CRYSTAL POLYMER 0.017 10.69 12488.22 8./;8_ 10.35 14157.28 9.95 ..... -10. --_-]_...... "i3-3;r ....... --3':_):
23 POLYAMIDE 0.016 10.64 10093.62 _--_F 81.30 9733.06 6.84 ..... 'iC_:35_ - :3:_' ........ 2-7:1:>-:

ALL CALCULATIONS BASED ON AN AVEHAGE OFTWO TENSILE TESTS" _C--EPTNO. 2,6,7,11.15,16 & 18 WHtCHARE 5. 1

I ALL TENSILE PULLS WERE AT ,AMBIENT CONDITION J
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ITENSII F PROPERTIES OF PLASTICS EXPOSED TO 32 ISu VG POLYPROPYI FNE _t YCOL BUTYL MONO ETHEI_
114 DAYS AT 00 DEG.C. (140 DEG.F.p

TABLE H.3

/ INTIAL TESTING --- AFTER AGING TESTING % CHANGE AFTER AGING

NO. TYPE I CROSS- SECTIONAL AREA TENSILE TENSILEin "" 2 turn ^ 2 Ib/in " 2 kg/mm " 2 % ELONGATION Ib/in ^ 2 kg/mm ^ 2 % F.LONG. TENSILE % ELONG.

P-OLYP HTHALAM IDE t 0.017 10.65 11488.70 8.08 39.29 11225.77 7.89 65.94 -2.29 67.84
-- = 0.017 10.69 5528.90 389 40.47 5018.83 3.53 6.93 - 9.23 -- 82.88

2 ABS __ 7.25 18.50 5.70 -18.12
3 ACETAL _ 0.01:! 10.57 9753.56 6.06 22.60 10300.870.01 10.76 861706 8.06 6.46; 6970.86 4.90 3.74 - 19.10 --42.104 PHENOLIC _ 88.39 9.20 - 16.13

5 POLYVINYLIDENE FLUORIDE 0.016 10.30 7411.88 5.21 105.39 8094.10 5.69

-6-- POLYCARB ONATE 0.017 11.00 10188.30 7.18 87.40 966233 6.79 70.79 -5.16 -19.00

7 !MODIFIED POLYPHENYLENE OXIDE 0.017 10.74 7778.90 5.47 46.85 7559.98 532 24.09 -2.81 ...... --48:58_

---8-- POLYPROPYLENE 0.016 10.62 5396.97 3.79 372.76 5994.56 4.21 17.32 10.89 -95.35

9 POLYARYL SULFONE 0.017 10.77 12728.23 0.95 70.16 12396.97 8.72 46.06 - 2.59 -34.35

10 Poi:YETHYLENE TEREPHTHALATE 0.017 10.85 2060Q05 14.55 12.48 21568.79 15.19 11.61 4.40 -6.94

_11_ P--OLYPHE NYLENESULFIDE 0.017 10.76 21261.70 14.95 10.24 22209.42 15.56 10.08 4.74 ............ - :1-i_
........................................... :_:_ ......... -:_.8--o

12 p OLY'TETRA FL UOROETHYLE NE 0.013 8.63 3878.52 2.73 262.68 3732.65 2.62 247.44 ..............

......13- POLYAMIDE- IMIDE 0.017 10.69 23509.83 18.53 17.17 22438.68- 15.78 16.73 -4.56 -2.55

14...... POLYAMIDE-IMI-DE- ........................ 0.017 10.67 229W.70 16.16 ................... 20.16 20267.55 14.25 16.93 - 11.84 _........ _--_i6_
15 ='OLYETHERIMIDE 0.017 10.73 15750.01 11.07 54.33 15539.24 10.93 ....... 5"-780""-:--_- :_:-T_:_:,.,_ ...............- 10_:1_6

....................................................... 0,016 10.57 14002,09 ...... 9-90 46.38 14368.92 10.10 41.42 2.02 -10.09
16 MODIFIED POLYETHERIMIDE ................ 1.29 ........... 7_1_5___

-,1-7-_: 'P'OL-YAR YLE_ER KE TONE ........ O.016 10.63 14945.59 10.51 62.28 151 38.60 10.64; 66.73
18 "P--_YBUTYLENE TEREPHTHALA'FE 0.017 10.95 7239.88 5.09 162.40 7646.58 - 5.38 ..... -1_13 .............. 5.62 - 11 ._

---i9- POLYIMIDE-DF 0.023 14.76 10864.50 7.64 22.72 11025.83 7.75 20.08 ................. ;,4---8 _:.::_::: --.'I_I.

2-0- POLYIMIDE-DF-ISO 0.022 14.42 12208.91 8.58 17.99 11633.04 ........ -8:18" 14.37 -4.72 ...... -___20:._9t

; 2__1_1POLY__Y_(__ARYLETHERETHERKETONE) 0.017 10.90 14350.79- 10.10 75.04- 14721.33 i()_35 78.94 2.52 - ......... --31__t
L___ LI---QUID CRYSTAL POLYMER 0.017 10.69 12488.22 8 78 10.35 14073.28 9.89 10.04 12.69 .......... _1-75:
L 23 66 NYLON. POLYAMIDE 0.016 ___ 10.64 10093.02 -- 7.10 81.30 10946.30 7.70 224.21 8.45

I ALL CALCULATIONS BASED ON AN AVERAGE OF TWO TENSILE TESTS. EXCEPT N0.2,6,7,11,15,16 & 18 WHICH ARE 6.

ALL TENSILE PULLS WERE AT AMBIENT CONDITION.



[TENSILE PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG POLYPROPYLENEGLYCOLBUTYL MONO P_.| HE:ill
[14 DAYS AT 100 DEG.C. (212 DEG.F.)

TABLE H.4

INTIAL TESTING AFTER AGING TESTING % r..;HAN_t:::At- I t::HA_IN_

NO. TYPE CROSS- SECTIONAL AREA TENSILE TENSILE I
in^2 mm^2 Ib/in^2 kg/mm^2 % ELONGATION ilb/in"2 kg/mm^2 % ELONG. TENSILE % ELONG.

1 POLYPHTHALAMIDE 0.017 10.65 11488.70 8.08 39.29 11960.35 8.41 21.46 4.11 -45.39
2 ABS 0.017 10.69 : 5528.90 3.89 40.47 5098.68 3.58 24.41 -7.78 -39.69
3 _CETAL 0.016 10.57 9753.56 6.86 22.60 10495.96 7.38 16.73 7.61 - 25.96 i
4 PHENOLIC 0.017 10.76 8617.06 6.06 6.46' 8389.98 5.90 4.72 - 2.64 - 26.87
5 POLYVINYLIDENE FLUORIDE 0.016 ! 10.30 7411.88 5.21 105.39 8189.93 5.76 74.61 10.50 - 29.21
6 POLYCARBONATE 0.017 ! 11,00 10188.30 7.16 87.40 10079.32 7.09 19.06 - 1.07 - 78.19
7 MODIFIED POLYPHENYLENE OXIDE 0.017 10.74 //78.90 5.47 46.85 7591.05 5.34 18.11 -2.41 -61
8 POLYPROPYLENE 0.016 10.62 5396.97 3.79 372.76 5758.47 4.05 . 54.53 6.70 .... -85.371
9 i POLYARYL SULFONE 0.017 10.77 12728.23 8.95 70.16 12685.88 8.92 28.15 - 0.33 - 59.88
10 POLYETHYLENE TEREPHTHALATE 0.017 10.85 20689.05 14.55 12.48 22116.74 15.55 11.42 6.90! -8.52
11 POLYPH ENYLENES ULFIDE 0.017 10.76 21261.70 14.95 10.24 24709.98 17.37 9.61 16.22 -6.19
12 POLY !I::1RAFLUOROETHYLENE 0.013 8.63 3878.52 2.73 262.68 2544.86 1.79 153.54 -34.39 - 41.55
13 POLYAMIDE- IMIDE 0.017 10.69 23509.831 16.53 17.17 17162.87 12.07 15.94 -27.00 -7.14
14 POLYAMIDE- IMIDE 0.017 10.67 22989.70 16.16 20.16 20955.05 14.73 20.08 -8.85 -0.40
15 POLYETHERIMIDE 0.017 10.73 15750.01 11.07 64.33 15888.23 11.17 59.45 0.88 -7.59
16 MODIF lED POLYETHERIMIDE 0.016 10.57 14082.09 9.90 46.38 14765.84 10.38 45.66 4.86 - 1.55
17 POLYARYLETHE RKETON E 0.016 10.63 14945.59 10.51 62.28 10272.66 7.22 ] 75.39 - 3_1.27_ 21.06
18 POLYBUTYLENE TEREPHTHALATE 0.017 10.95 7239.88 5.09 162.40 7682.64 5.40 30.24 6.12 ! - 81.38
19 POLYIMIDE - DF 0.023 14.76 10864.58 7.64 22.72 1 10379.78 7.30 _ 18.31 -4.46 - 19.42
20 POLYIMIDE - DF- ISO 0.022 14.42 12208.91 8.58 17.99 ! 11903.06 8.37 15.55 - 2.51 - 13.56

21 POLY_RYLETH ERETHERKETONE) 0.017 10.90 14359.79 10.10 75.041 14017.60 9.86 60.63 -2.38 -19.20
22 LIQUID CRYSTAL POLYMER 0.017 10.69 12488.22 8.78 10.35 14873.48 10.46 9.84 19.10 -4.90
_.-_ RR IMYI t'31q,POLYAMIDE 0.016 10.64 10093.02 7.10 81.30 9899.88 6.96 178.74 -1.91 119.85

ALL CALCULATIONS BASED ON AN AVERAGE OF TWO TESNILE TESTS. EXCEPT NO.2,6,7,11,15,16 & 18 WHICH ARE 5.

ALL TENSILE PULLS WERE AT AMBIENT CONDITION,



]

r TENSILE PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG MINERAL OIL ]/
i14 I_AYS AT 60 DEG.C. (140 DEG.F.)|

TABLE H.5

INTIALTESTING AFTER AGING TESTINL_ ...... % CHANGE AFTERt AGING

CROSS- SECTIONAL AREA TENSILE TENSILE INO. TYPE

in^ 2 mm ^ 2 Ib/in ^ 2 kg/mm^ 2 % ELONGATION Ib/in ^ 2 kg/mm" 2 % ELONG. TENSILE I % ELONG.

8.08 39.29 11419.12 8.03 58.66 -0.61_ 49.30

_ POLYPHTHALAMIDEABs u.0170.017 10.6510.69 11488.70:5528.90 3.89 40.47 5191.08 3.65 29.84 -6.11 L_- --26.26
3 ACETAL 0.016 10.57 9753.56 6.86 22.60 10169.47 7.15 13.98 4.26 -38.16
4 PHENOLIC 0.017 10.7t3 8617.06 6.06 _ 6.46 7060.91 4.96 -- 3.74 - 18.06 _ 42.1___00!
5 POLYVINYLID ENE FLUORIDE 0.016 10.30 7411.88 5.21 105.39 8223.65 5.78 73.03 10.95 __ - 30.70
6 POLYCARBON ATE 0.017 11.00 10188.30 7.16 87.40 9656./8 6.79 73.86 - 5.22 - 15.49

_ 7 MODIFIED POLYPHENYLENE OXIDI: 0.017' 10.74 7778.90 5.47 46.8,C, 7400.32 5.20 23.78 -4.87 -49.24
8 _POLYPROPYLEN E 0.016 10.62 5396.97 3.79 372.76 4075.24 2.87 13.58 -24.49 - 96.36
9 :_OLYARYL SULFON E 0.017 10.77 12728.23 8.95 70.16 12486.61 8.78 37.99 - 1.90 - 45.85-- 9.83 -3.78

_ 10 _OLYETHY LEN E TER EPHTHALAT E 0.017 10.85 20689.05 14.55 12.48 22723.71 15.98 12.01 ....
11 _OLYPHENYLENESULFIDE 0.017 10.76 21261.70 14.95 10,24 22629.36 15.91 9.21 6.43 -10.03
1_ POLYTETRA FLUOROETHYLEN E 0.013 8.63! 3878.52 2.73 262.68! 3639.36 2.56 187.80 -6,17 -28.51
13 POLYAMIDE-IMiDE 0.017 10.69 23509,83 16.53 17.17 8874.45 6.24 14.57 -62,25 -15.16
14 POLYAMIDE-IMIDE 0.017 10.67 22989.70 16.16 20.16 21172,85 14.89 17.32 -7.90 -14.07
15 POLYETHERIMIDE 0.017 10.73 15750.01 11.07 64.33 48594.11 34.17 55.75 208.53 -13.34
16 MODIFIED POLYETHE RIMID E 0.016 10.57 14082.09 9.90 46.38 14564.75 10.24 42.83 3.43 -7.65
17 POLYARYLETHERKETONE 0.016: 10.63 14945.59 10.51 62.28 15053.50 10.58 64.57 0.72 3.67
18 i POLYBUTYLENE TEREPHTHALATE 0.017 10.95 7239.88 b.09 162.40 8094.49 -- 5.69 74.65 11.80 - 54.03
19 :_OLYIMID E-DF 0.0231 14"761 10864.58 7.64 22.72 11105.20 7.81 19.69 __ 2.21 - 13.36

2____O021_:>OLYIMIDE- DF- ISO 0.02210.017L _14"42[ 12208.9114359.79 8.58 17.99 10448.89 7.35 12.60 - 14.42 -29.97D_= V_ARYLETH ERETH ERKETON E 10.10 75.04 14957.53 10.52 81.30 4.16 8.34

2-----2-LIQUID CRYSTAL POLYMER 0.017J___ _ 12488.22 8.78 10.35 14930.88 10.50 9.65 19.56 -6.81
2---3 66 NYLON, POLYAMIDE 0.016_ 10093.02 7.10 -- 81.30 10695.30 7.52 -- 218.31 5.97 168.52

-_L CALCULATIONS BASED ON AN AVERAGE OF TWO TENSILETESTS. EXCEPT NO.2,6,7,11,15,16 & 18 WHICH ARE 5.

L TENSILE PULLS WERE AT AMBIENT CONDITION.



I TENSII I:: PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG M|NERAL OIL __]
114 DAYS AT 100 DEG.C. (212 DEG.F.)

TABLE H.6

I INTIAL TESTING AF-I'I::R AGING TESTING % CHANGE AFTER AGING

NO. I TYP E CROSS- SECTIONAL AREA TEN SILE TEN SILE

in ^ 2 mm^ 2 Ib/in ^ 2 I kg/mm^ 2 % ELONGATION Ib/in ^ 2 kg/mm ^ 2 % ELONG. TENSILE % ELONG.
_ - -8.O8 39.29 13876.75 9.76 15.75 20.79 - 59.92

1 :=OLYPHTHALAMID E 0.017 10.65 - _ 40.47 3311.66 2.33 20.47 -40.10 -49.41
------_ _ -32.93

2 ABS 0.017 10.69 - _ 22.60 10401.77 7.31 15.16 6.65
-- -26.87

ACETAL 0.016 10.57 - 6._ 6.46 10055.10 7.07 4.72 16.69
4 PHENOLIC 0.017 10.76 8617.061 15.01
5 POLYVINYLIDENE FLUORIDE 0.016 10.30 7411.881 5.21 105.39 8617.19 6.06 89.57 16.26 -
6 POLYCARBON ATE 0.017 11.00 10188.301 71_ 87.40 10172.58 7.15 58.11 -0.15 -33.51
7 MODIFIED POLYPHENYLENE OXIDE 0.017 10.74 7778.901 5_47 46.85 7210.89 5.07 16.93 -7.30 -63.86
8 POLYPROPYLEN E 0.016 10.62 5396.971 3.79 372.76 4643.76 3.26 i75.39 - 13.96 - 52.95
9 POLYARYL SULFONE 0.017 10.77 12728.231 8.95 70.16 12962.29 9.11 29.53 1.84 -57.91

10 i POLYETHYLENE TEREPHTHALATE 0.017 10.85 20689.051 14.55 12.48 23140.05 16.27 11.42 11.85 -8.52

1____1POLYPHENYLENESULFIDE 0.017 10.76 21261.70 14.95 10.24 24202.36 17.02 9.45 13.83 -7.73
12 :_OLYTETRA FLUO ROETHYLEN E 0.013 8.63 ! 3878.52 2.73 262.68 4052.41 2.85 252.76 4.48 - 3.78

--13 :_OLYAMIDE- IMIDE 0.017 10.69 23509.83 16.53 17.17 14119.29 9.93 14.17 _ -39.94 -17.45
14 POLYAMIDE-IMIDE 0.017 10.67 22989.70 16.16 20.16 20598.8C 14.48 18.31 -10.40 -9.19

_115__ _OLYETHERIMIDE 0.017 10.73 15750.01 11.07 64.33 16204.53 11.39 52.52. 2.89 - 18.36
16 MODIFIED POLYETH E RIMID E 0.016 10.57 14082.09 9.90 46.38 14669.45 10.31 37.32 4.17 - 19.53
17 POLYARYLET HERKETON E 0.016 10.63 14945.59 10.51 62.28 14756.01 10.37 55.51 - 1.27 - 10.87
18 POLYBUTYLENE TE REPHTHALATE 0.017 10.95 7239.88 5.09 162.40 8u88.03 5.90 34.41 15.86 -78.81
19 POLYIMIDE- DF 0.023 14.76 10864.58 7.64 22.72 10650.22 7.49 - 18.31 - 1.97 - 19.42
20 POLYIMIDE-DF-ISO 0.022 14.42 12208.91 8.58 17.99 10768.33 7.57 13.58 -11.80 -24.50

21 POLY(ARYLETH ERETH ERKETON E 0.017 10.90 14359.79 10.10 75.04 14367.3: _10.10 70.67 0.05 - 5.8210.35 15167.91 10.66 9.45 21.46 -8.71
22 LIQUID CRYSTAL POLYMER 0.017 10.69 12488.22 8.78I
23 166 NYLON, POLYAMIDE 0.016 10.64 10093.02 7.101 81.30 10576.J8 7.44 ___ 215.35 4.79 164.89

I ALL CALCULATIONS BASED ON AN AVERAGE OFTWO TENSILE TESTS. EXCEPT NO.2,6,7,11,15,16 & 18 WHICH ARE 5.

ALL TENSILE PULLS WERE AT AMBIENT CONDITION.



F TENSII I::: PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG ALKYI_BEN71::NE 1
114 DAYS AT 60 DEG.C. (140 DEG.F.)]

TABLE H.7

--- NTIAL TESTING AFTER AGING TESTIN('; % CHANGE AFTER AGING

NO. TYPE CROSS-- SECTIONAL AREA TEN SILE TEN SILE
in ^ 2 mm^ 2 Ib/in ^ 2 kg/mm^ 2 % ELONGATION Ib/in" 2 kg/mm ^ 2 % ELONG. TENSILE % ELONG.

POLYPHTHALAMIDE 0.017 10.65 11488.70 8.08 39.29 11252.57 7.91 49.21 -2.06 25.25

-_ ABS 0.017 10.69 5528.90 3.89 40.47 5686.62 4.00 20.47 2.85 - 49.41
3 ACETAL 0.016 10.57 9753.56 6.86 22.60 10414.90 7.32 15.16 _ -32.93
4 PHENOLIC 0.017 10.76 8617.06 6.06 6.46 7816.28 5.50 4.72 -9.2-9 -26.87

5 POLYVINYLIDENE FLUORIDE 0.016 10.30 7411.88 5.21 105.39 23034.55 16.19 68.11 210.78 -35.37
POLYCARBONATE 0.017 11.00 10188.30 7.16 87.40- 10236.27 7.20 89.84 0.47 2.79

7 MODIFIED POLYPHENYLENE OXIDE 0.017 10.74 7778.90 5.47 46.85 7375.41 5.19 24.57 -5.19 -47.56
8 POLYPROPYLEN E 0.016 10.62 5396.97 3.79 372.76 5520.04 3.88 63.78 2.28 - 82.89

__99 POLYARYL SULFONE 0.017 10.77 12728.23 8.95 70.16 12568.43 8.84 43.11 -1.26 -38.55
_!0_O_ po LY ETHY LEN E T ER EP HTHA/-,'_TE-- 0.017 10.85 20689.05 14.55 12.48 22032.18-- 15.49 11.22 6.49 -10.09 !

1_11 POLYPHENYLENESULFIDE 0.017 10.76 21261.70 14.95 10.24 23034.55 16.19 9.65 8.34 -5.80 =
12 PoLY-r ETRAFLUOROETHYLENE 0.013 8.63 3878.52 2.73 262.68 4128.41 2.90 250.00 6.44 -4.83

-13= _PO_LYAMIDE- IMIDE 0.017 10.69; 23509.83 16.53 17.17 14053.24 9.88 21.65 -40.22 26.11
- 1--4- POLYAMIDE-IMIDE 0.017 10.67 22989.70 16.16 20.16 21241.15 14.93 17.91 -7.61 -11.14

-1_.._5 POLYETHERIMIDE 0.017 10.73 15750.01 11.07 64.33 15470.06 10.88 55.20 -1.78 -14.20
_ 16 MODIFIED POLYETHERIMIDE 0.016 10.57 14082.09 9.90 46.3----8_ 14357.58 10.09 40.94 1.96 - 11.72

1__77_POLYARYLETHERKETONE 0.016 10.63 14945.59 10.51 62.28 14432.00 10.15 52.36 -3.44 - 15.92
1___88:,OLYBUTYLEN E TE REPHTHALATE 0.017 10.95 7239.88 5.09 162.40 8105.41 5.70 100.59 11.95 -38.06
19 POLYIMIDE- DF 0.023 14.76 10864.58 7.64 - 22.72 10654.97 7.49 17.91 -1.93 -21.16

- 2---0--POLYIMIDE-DF-ISO 0.022 14.42 12208.91 8.58 17.99 11410.91 8.02 14.17 -6.54 -21.22

- 21 _ARYLETHERETHERK_._R_K__ 0.017 10.90 14359.79 10.10 75.0 A. 15135.57 10.64 82.68 5.40 10.18
2_22 LIQUID CRYSTAL POLYMER 0.017 10.69 12488.22 8.78 10.35 15576.36 10.95 9.45 24.73 -8.71
23 66 NYLON, POLYAMID E _ 0.016 10.64 10093.02 7.10 81.30 10020.26 7.04 201.38 - 0.72 147.70

ALL CALCULATIONS BASED ON AN AVERAGE OF TWO TEN SILE TESTS. EXCEPT NO.2,6,7,11,15,16 & 18 WHICH ARE 5.
ALL TENSILE PULLS WERE AT AMBIENT CONDITION.

1,,,-=



{ TENSV F PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG ALKYLBENZENE }
[14 DAYS AT 100 DEG.C. (212 DEG.F.)]

TABLE H.8

INTIAL TESTING _r I _n _-_ , ,_STING % CHANGE AFTER AGING

NO. TYPE CROSS- SECTIONAL AREA TENSILE TENSILE
in " 2 mm" 2 Ib/in" 2 kg/mm" 2 % ELONGATION I Ib/in" 2 kg/mm" 2 % ELONG. TENSILE % ELONG.

1 !POLYPHTHALAMIDE 0.017 10.65 11488.70 8.08 39.29 12909.28 9.08 18.11 12.36 -53.91
2 I ABS 0.017 10.69 5528.90 3.89 40.47 4715.33 3.32 23.23 -14.71 -42.60
3 AC ETAL 0.016 10.57 9753.56 6.86 22.60 10290.08 7.23 14.57 5.501 - 35.54
4 ;_HENOLIC 0.017 10.76 8617.06 6.06 6.46 9107.48 6.40 4.33 _ 5.69 -32.96
5 POLYVINYLIDENE FLUORIDE 0.016 10.30 7411.88 5.21 105.39 24804.61 17.44 9.45 234.66 -91.03
6 POLYCARBONATE 0.017 _ 11.00 10188.30 7.16 87.40 9824.30! 6.91 29.76 -3.57 -65.95
7 MODIFIED POLYPHENYLENE OXIDE 0.017 10.74 /ii8.90 5.47 46.85 6397.66 4.50 24.02 -17.76 -48.73
8 POLYP ROPYLEN E 0.016 10.62 5396.97 3.79 372.76 3232.75 2.27 137.80 - 40.10 - 63.03
9 POLYARYL SULFONE 0.017 10.77 12728.23 8.95 70.16 12667.47 8.91 59.65 -0.48 _ - 14.99

10 POLYETHYLENE T ER EPHTHALATE 0.017 10.85 20689.05 14.55 12.48 22753.91 16.00 11.81 9.98! - 5.36
11 POLYPHENYLENESULFIDE 0.017 10.76 21261.70 14.95 10.24 8430.32 5.93 20.08 -60.35 96.08
12 POLYTETFIAFLUOROETHYLENE 0.013 8.63 3878.52 2.73 262.68 4127.20 2.90 238.78 6.41 _- -9.10

13 POLYAMIDE-IMIDE 0.017 10.69 23509.83 i 16.53 17.17 13846.50 9.74 14.37 -41.10 -16.31
14 POLYAMIDE-IMIDE 0.017 10.67! 22989.70 16.161 20.16 19736.12 13.88 16.54 _ _ 1-4J.15 -17.98
15 POLYETHERIMIDE 0.017 _- 10.73 15750.01 11.07 64.33 10227.29 7.19! 59.69 -35.06 -7.22
16 MODIFIED POLYETHERIMIDE 0.016 10.57 14082.09 9.90 46.38 14721.57 10.35 45.4 3 __ 4.54 -2.04
17 POLYARYLETHERKETONE 0.016 10.63 14945.59 10.51 62.28 14904.78 10.48 62.60 -0.27 0.51
18 POLYBUTYLEN E TE REPHTHALATE 0.017 10.95 7239.88 5.09 162.40 9106.57 6.40 28.74 25.78 -82.30
19 POLYIMIDE- DF 0.023 14.76 10864.58 7.64 22.72 10201.73 7.17 17.13 --'6.10 -24.62
20 POLYIMIDE-DF-ISO 0.022 14.42 12208.91 8.58 17.99 11038.72 7.76 13.78 -9.58 -23.40

21 POLY(ARYLETH ERETHERKETONE)_ 0.017, 10.90 14359.79 10.10 75.04 14897.33 10.47 76.57 3.74 2.05
2---2 LIQUID CRYSTAL POLYMER 0.017 10.69 12488.22 8.78 10.35 14521.33 10.21 9.06 16.28 - 12.51
,.)9 _ _vI r_N, Phi YAMIDE 0.016 10.64 _- 10093.02 7.10 81.30 9818.50 6.90 142.91 -2.72 L 75.79

ALL CALCULATIONS BASED ON AN AVERAGE OFTWO TENSILE TESTS. EXCEPT NO.2,6,7, _1,15,16 & 18 WHICH ARE 5.
ALL TENSILE PULLS WERE AT AMBIENT CONDITION.
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I TENSII !:::PROPERTIES OF PLASTICS EXPOSED TO 22 ISO VG MIXED-ACID POLYOLESTER 1
114 DAYS AT 60 DEG.C. (140 DEG.F,)]

TABLE H.9

INTIAL TESTING AFTER AGING TESTING % CHANGE AFTER AGING

- ! I TENSILE

NO. TYPE CROSS- SECTIONAL AREA TENSILE
in ^ 2 mm^ 2 Ib/in ^ 2 kg/mm ^ 2 ELONGATION Ib/in" 2 kg/mm ^ 2 % ELONG. TENSILE % ELONG.

POLYPHTHALAMID E 0.017 10.65 11488.70 8.08 39.2:; 11204.59 7.88 72.64 -2.47 84.88
ABS 0.017 10.69 5528.90 3.89 40.47 5589.16 3.93 27.56 1.09 - 31.90
_,CETAL 0.016 10.57 9753.56 6.86 22.60 10547.47 7.42 16.73 8.14 _ -25.96

4 -PH--ENOLIC 0.017 10.76 8617.06 - 6.06 6.46 7809.91 5.49 4.13 -9.37 -36.01
5 POLYVINYLIDENE FLUORIDE 0.016 - 10.30 7411.88 5.21 105.39 8012.95 5.63 100.39 8.11 -4.74
6 POLYCARBONATE 0.017 11.00 10188.30 7.16 87.40 9116.70 6.41 33.70 - 10.52 -61.44
7 MODIFIED POLYPHENYLENE OXIDE 0.017 _ 10.74 7_78.90 5.47 46.85 7621.62 5.36 16.06 -2.02 -65.71
8 POLYP ROPYLEN E 0.016 10.62 5396.97 3.79 372./6 5831.20 4.10 39.57 8.05 - 89.39
9 POLYARYL SULFONE 0.017 10.77 12728.23 8._5 70.16 12731.61 8.95 78.15 0.03 11.39 i

10 _OLYETHYLENETEREPHTHALATE 0.017 10.85 20689.05 14.55 12.48 _ 22437.22 __ 15.77 11.22 8.45 -10.09
:_OLYPH ENYLENESULFID E 0.017 10.76 21261.70 1,'1.95 10.24 22429.20 _ 15.77 9.06 5.49 -11.57
:_OLYTETRA FLUOROETHYLEN E 0.013 8.63 3878.52 2.73! 262.68 3591.25 ! 2.52 230.31 -7.41 - 12.32

13 _OLYAMIDE-IMIDE 0.017 10.69 23509.83 16.53 17.17 21166.82 14.88 15.16 -9.97 -11.72
1---4 _OLYAMIDE-IMIDE 0.017 10.67 22989.70 16.16 20.16 20395.18 14.34 17.72' -11.29 -12.12
1_ _OLYETHERIMIDE 0.017 10.73 15750.01 11.07 64.33 15490.50 10.89 58.19 - 1.65 - 9.55

--1___6 MODIFIED POLYETHERIMIDE 0.016 10.57 14082.09 9.90 46.38 14639.92 10.29 41.34 3.96 -10.8/'
17 POLYARYLETI'i ERKETON E 0.016 10.63 14945.59 10.51 62.28 14668.82 10.31 60.63 - 1.85 - 2.65

1_ POLYBUTYLENETEREPHTHALATE 0.017 _ 7239.88 5.09 162.40 7818.65 5.50 68.50 7.99 -57.82
19 POLYIMIDE-DF 0.023 14.76 [__ 10864.58 7.64 22.72 7784.17 5.47 13.58 -28.35 -40.22
2_--O--"POLYIMIDE-DF-ISO 0.022 14.42 12208.91 8.58 17.99 5466.20 3.84 13.58 -55.23 -24.50

2--'--_ _ARYLETH ERETH ERKETON E _ 0.017 10.90 1 14359.79 10.10 75.04 14950.34-- 10,51 J_ 80.71 4.11 7.55
2---2 LIQUID CRYSTAL POLYMER 0.017 - 10.69 12488.22 8.78 10.35 14027.08 -- -9.86J_ 8.86 12.32 -14.41
2--_ 66 NYLON, POLYAMIDE 0.016 10.64 10093.02 7.10 81.30 9579.46 _______ 142.32 -5.09 75.06

L CALCULATIONS BASED ON AN AVERAGE OFTWO TEN SILE TESTS. EXCEPT NO.2,6,7,11.15,16 & 18 WHICH ARE 5.

L TENSILE PULLS WERE AT AMBIENT CONDITION,

U't
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I TENSILE PROPERTIES OF PLASTICS EXPOSED TO 22 ISO VG MIXED-ACID POLYOLESTER 1
[14 DAYS AT 100 DEG.C. (212 DEG.F.)]

TABLE H.IO

_-- .............................. INTIAL TESTING AFTER AGING TESTING- .......... % CHANGE AFTER AGING
NO. TYPE CROSS- SECTIONAL AREA TEN SILE TEN SILE-

in ^ 2 mm "" 2 Ib/in" 2 kg/mm'" 2 i % ELONGATION Ib/in" 2 I kg/mm ^ 2 % ELONG. TENSILE % ELONG.
i

1 POLYPHTHALAMID E 0.017 10.65 11488.70 8,08 39.29 12304.47 8.65 22.05 7.10 - 43.89
2 ABS 0.0i7 10.69 5528.90 3.89 40.47 3444.01 2.42 11.65 - 37.71 - 71.20

---3--ACETAL 0.016 10.57 9753.56 6,86 22.6--0 7751.t0 5.45 13.39 -20.53 .... -40.77
4 PHENOLIC 0.017 10.76 8617.06 6.06 6.46 10i59.88 7.14 5.31 17.90 -17.73
5 POLYVINYLIDENE FLUORIDE 0.016 10.30 7411.88 5.21 105.39 6097.68 4.29 94.49 - 17.73 - 10.34
6 POLYCARBONATE 0.017 11.00 10188.30 7.16 87.40 9393.31 6.60 12.44 - 7.80 : - 85.77
7 MODIFIED POLYPHENYLENE OXIDI 0.017] 10.74 7778.90 5.47 46.85 7314.00 5.14 12.44 -5.98_ -73.45
8 POLYPROPYLEN E 0.016 10.62 5396.97 3.7-9 372.76 8363.47 5.88 90.94 5-4_9_ -75.60
9 POLYARYL SULFONE 0.017 10.77 12728.23 8.95 70.16 13061.97 9.i8 57.09 2.62 -18.63

10 POLYETHYLENE TEREPHTHALATE 0.017 10.85 20689.05 14.55 12.48 22511.93 15.83 11.42 8.81 -8.52......

11 POLYPHENYLENESULFIDE 0.017 10.76 21261.70 14.95 10.24 24554.79 17.26 9.45 15.49! -7.73
12 POLYTETRA FLUOROETHYLENE 0.013 8.63 3878.52 2.73 262.68 4115.25 2.89 261.02 6.10 -0.63
13 POLYAMIDE- IMIDE 0.017 10.69 23509.83 16.53 17.17 19473.61 13.69 21.65 -17.17 26.11
14 POLYAMIDE- IMIDE 0.017 10.67 22989.70 16.16 20.16 18981.04 13.35 18.70 -17.44 -7.24........................................................ _ __

15 POLYETHERIMIDE 0.017 10.73 15750.01 11.07 64.33 '15705.42 11.04 38'50 -0.28 -40.15

--16 .... M-oDi_"i-ED Po-L_'E-T_i-E-RiM-iDE............ 0.016 10.57 14082.09 9.90 46.38 14657.97 10.31 31.97 4.09 -31.07
1---7- POLYARYLETHERKETONE ......... 0.016 10.63 14945.59 10.51 62.28 14615.38 10.28 62.40 -2.21 0.20

-18-- _TYL E--N-E]"E----R-_PI]"HA_T E 0.017 10.95 7239.88 5.09 162.40 7971.09 5.60 51.89 10.10 -68.05
19 POLYIMIDE- DF 0.023 14.76 10864.58 7.64 22.72 7993.71 5.62 18.11 -26.42 -20.29
20 POLYIMIDE- DF-ISO 0.022 14.42! '12208.91 8.58 17.991 15362.38 10.80 15.16 25.83 -15.74

21 POLY(ARYLETH ERETHERKETONE_ .......0.017 10.90 14359.79 10.10 75.04 15223.84 10.7'0 82.87 6.02 10.44
22 LIQUID CRYSTAL POLYMER 0.017 10.69 12488.22 8.78 10.35 14648.33 10.30 10.43 17.30 0.80
23 66 NYLON, POLYAMIDE 0.016 10.64 10093.02 ! 7.10 81.30 17534.75 12.33 195.08 73.73: 139.95

ALL CALCULATIONS BASED ON AN AVERAGE OF TWO TEN SILE TESTS. EXCEPT NO.2,6,7,11,15,16 & 18 WHICH ARE 5.
ALLTENSILE PULLS WERE AT AMBIENT CONDITION.
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[ TENSILE PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG POLYPROPYLENE GLYCOL DIOL i1
[14 DAYS AT 60 DEG.C. (140 DEG.F.)]

TABLE H. 1 t

--- INTIAL TESTING-- AFTER AGING TESTING -% CHANGE AFTERr AGING

NO. TYP E CROSS- SECTIONAL AREA TEN SILL TEN SILL /in ^ 2 mm ^ 2 Ib/in ^ 2 kg/mm^ 2 % ELONGATION /-b/in^ 2 kg/mm^ 2 % ELONG. TENSILE % ELONG.

-_YPHTHALAMID E 0.017 10.65 11488.70 8.08 39.29 11626.62 8.17 68.50 --1-.20 t 74-35i
2 ABS o.017 10.69 5528.90 3.89 40.47 5729.61 4.03 23--_86.... 3_3_ -41.05

- 3 ACETAL 0.016 10.57 9753.56 6.86 22.60 10234.71 7.20 18.70 -- 4.-_Jr -17-251
4 PHENOLIC 0.017 10.76 8617.06 6.06 6_,6 7472.16 5.25 3.74 -- C 13_2-9] _42_|

POLYVINYLIDENE FLUORIDE 0.016 10.30 7411.88 5.21 105.39 8013.52 5.53 55.51 8.1_
-__._66 POLYCARBONATE 0.017 11.00 10188.30 -- 7.16 87.40 9165.91 6.4_ 53_54 - 10..08__7| -38-74. 4
__77 MODIFIED POLYPHENYLENE OXIDE 0.017 10.74 7778.90 5.47 46.85 7711.57 5.42 25.98 -_. ----_-_
8 POLYPROPYLEN E 0.016 10.62 5396.97 3.79 372.76 5983.92 4.21 - 21.06 10.88_ - --_-_._"
9 POLYARYL SULFONE 0.017 10.77 12728.23 8.95 70.16 12776.91 8.98 77.56 0.38 10.55
_ 10 POLYETHYLENETEREPHTHALATE 0.017 10.85 -- 20689.05 14.55 12.48 17932.11 12.61 11.22 -13.33 -10.09

11 _OLYPHENYLENESULFIDE 0.017 10.76 21261.70 14.95 10.24- 22464.98 15.79 8.90 5.66 -13.11
---12 _OLYTETRA FLUORO ETHYLEN E 0.013 8.63 3878.52 2.73 262.68 3953.16 _;:78_ 220.28 1.92 -16.14

13 POLYAMIDE-IMIDE 0.017 10.69 23509.83 16.53 17.17 25965.36 18.26 19.88 10.44 15.79
- 14 POLYAMIDE-IMIDE 0.017 10.67 22989.70 16.16 20.16 20113.71 14.14 _16.54' -12.51 -17.98
--1-5- POLYETHERIMIDE 0.017 10.73 15750.01 11.07 64.33 16086.44 11.31 49.13 2.14 -23.62

:_16 MODIFIED POLYETHERIMIDE 0.016: 10.57 14082.09 9.90 46.38 14309.18 10.06 48.03 1.61 3.56
17 POLYARYLETHERKETONE 0.0161 10.63 14945.59 10.51 62.28 15125.77 10.63 83.46 121 34.02
18 POLYBUTYLENE TEREPHTHALATE 0.017 10.95 7239.88 5.09 162.401 8060.45 5.67 77.87 11.33 - 52.05
19 POLYIMIDE- DF 0.023 14.76 10864.58 7.64 22.72 __ 8077.57 5.68 15.16 - 25.65 - 33.29

- 20 _OLYIMIDE- DF-ISO 0.022 14.42 12208.91 8.58 17._| 11974.28 8.42 15.16_ -1.92 -15.74

--21 POLY(ARYLETH ERETH ERKETON E) 0.017 10.90 14359.79! 10.10 75.04 / 13567.331 9.54 4_-.21| -5.52 -34.42

22 LIQUID CRYSTAL POLYMER 0.017 10.69 12488.22 8.78 10.351 14847.62 10.44 9.451 18.89 ._ -8.71
23 66 NYLON. POLYAMIDE 0.016 10.64 10093.02 7.10 81.30[ 10767.5/ 7.57 86.61 I 6.68 6.54

ALL CALCULATIONS BASED ON AN AVERAGE OF TWO TENSILE TESTS. EXCEPT NO.2,6,7ol 1,15,16 & 18 WHICH ARE 5. I
ALL TENSILE PULLS WERE AT AMBIENT CONDITION. ]

L/t
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[ TENS!I I:: r_ROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG POLYPROPYIFNE GLYCOL DIOL ]
[14 DAYS AT 100 DEG.C. (212 DEG.F.) ]

TABLE H.12

INTIAL TESTING AFTER AGING TESTIN G ............... .% CHANGE AFTER AGING

NO. TYPE CROSS- SECTIONAL AREA TENSILE TENSILE

in ^ 2 mm ^ 2 Ib/in ^ 2 kg/mm ^ 2 % ELONGATION Ib/in ^ 2 I kg/-mm---_-2- % ELONG. _ TEN % ELONGo

1 POLYPHTHALAMIDE 0.017 10.65 11488.70 8.08 39.29 11889.451 8.36 18.31 3.49 -53.41
2 ABS 0.017 10.69 5528.90 3.89 40.47 4414.30 3.10! 11.57 -20.16 - 71.40
3 AC ETAL 0.016 10.57 9753.56 6.86 22.60 10301.79 7.24 15.55 5.62 .... - 31.19
4 PHENOLIC 0.017 10.76 8617.06 6.06 6.46 7864.68 _ 5.53 4.13- - 8.73 --' 36.01
5 =OLYVINYLIDENE FLUORIDE 0.016 10.30 7411.88 5.21 105.39 80§5.48 -5169 85.04 ....... 9.22 -19.31
6 POLYCARBONATE 0.017 11.00 10188.30 7.16 87.40 9878.32 6.95 11.26 -3.04 -87.12
7 MODIFIED POLYPHENYLENE OXIDE 0.017 10.74 7778,90 __ 5.47 46.85 ' -- 8-350.23 5.87 23.78 7.34 - 49.24
8 POLYP ROPYLEN E 0.016 10.62 5396.97 3.79 372.76 5931.93 4.17 35.04 9.91 - 90.60
9 POLYARYL SULFONE 0.017 10.77 12728.23 8.95 70.16 13062.76 9.18 19.69 2.63 ......... -71.94

10 POLYETHYLENETEREPHTHALATE 0.017 10.85 20689.05! 14.55 12.48 --- 207---71.34! 14.60 925 0.40 -25.87
11 POLYPHENYLENESULFIDE 0.017 10.761 21261.70! 14.95! ..... 10.24 21298.48 14.97! 8.82 0.17 -13.88
12 POLYTETRA FLUOROETHYLEN E 0.013 8.63 38;_8.52 2.73 262.68 4213.65 2.96 253.94 8.64 ....... -3_33_
13 POLYAMIDE-IMIDE 0.017 10.69 23509.83 16.53 17.17 25900.50 18.21 20.28 _ 10.17 18.09

--1-4--POLYAMIDE-IMIDE 0.017 10.67 22989.70 16.i6 20.16 19769.54 13.90 15.35 - 14.01 -23.64

15 LPOL¥_HERIMIDE 0.017 10.73 15750.01 11.07 64.33 15696.89 11.04 41.101 ..... -0.34 -36.11
16 MODIFIED POLYETHERIMIDE 0.0161 10.57 14082.09 9.90 46.38 14610.26 10.27 43.31 3.75 _ -6.62
17 POLYARYLETHERKETONE 0.016 10.63 14945.59 10.51 62.28 15437.20 10.85 57.09 _ 3.29 -8.34
18 POLYBUTYLENE TEREPHTHALATE 0.017 10.95 7239.88 5.09 .... 162.40 8209.45 -- 5.77 75.43 13.39 -53.55
19 POLYIMIDE-DF 0.023 14.76 10864.58 7.64 22.72 - 8--_-_._] 5.81 17.91 -23.93 -21.16
20 POLYIMIDE- DF-ISO 0.022 14.42 12208.91 8.58 17.99 9621.81 6.7-6- 11.61 -2"..19 -35.44

21 POLY_ARYLETH ERE]HERKETONE) 0.017 10.90 14359.79 10.10 75.04 14593.41 10.26 69.49 1.63 ......... ----7. 40_
22 LIQUID CRYSTAL POLYMER 0.017 10.691 12488.22! 8.781 10.35 13750.55 9.67 8.07 10.11 -22.02
73 66 NYLON. POLYAMIDE 0.016 10.641 10093.02 7.10 81.30 9552.99 6.72 136.421 -5.35 67.79

IALL CALCULATIONS BASED ON AN AVERAGE OF TWO TENSILETESTS. EXCEPT NO.2,6,7,11,15,16 & 18 WHICH ARE 5. 1

ALL TENSILE PULLS WERE AT AMBIENT CONDITION. I
I

O_
O



TENSII 1:: PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG MODIFIED POLYGLYCOL ..... i
[14 DAYS AT 60 DEG.C. (140 DEG.F.)]

TABLE H. 13

--- INTIAL TESTING AFTER AGING TESTING ........... % CHANGE AFTER AGING I

NO. TYPE CROSS- SECTIONAL AREA' TENSILE TENSILE _ Iin "" 2 mm " 2 Ib/in "" 2 kg/mm "" 2 % ELONGATION Ib/in" 2 kg/mm " 2 ONG. TENSILE % ELONG.

•, .......... oo,7 ,o6 8o8 t
2 ABS I 0.017 10.69 5528.90 3.89 --40.47 5687.36 4.00 23.23 2.87 -42.60
3 AC ETAL 0.016 10.57 9753.56 6.86 22.60 10618.33 '7.-_ 20.28 8.87 L- - 10.28
4 PHENOLIC , 0.017 10.76 8617.06 6.06 6.46 9701.03 -_| 4.72 12.58 L -26.87

5 POLYVINYLIDENE FLUORIDE _ 0.016 10.301 7411.88 5.21 105.391 8316.62 5.8_ 59.84 12.21 -4322i 6 POLYCARBONATE 0.017 11.001 10188.30 7.16 87.40 9797.40 6:89 ]- 73.39 -3.84 - 16.03
_-- 0.017 10.74 7778.90 5.47-_ 46.85 7710.10 5.42 22.05 -0.88 -52.94

7 MODIFIED POLYPHENYLENE uXID__ -90.71.4
I 8 [POLYPROPYLENE L 0.016 10.62 5396.97 3.79 372.76 5934.54 4.17 34.651 9.96
[ 9 tPoL_NE i 0.0i7_. 10.77 12728.23 8.95 70.16 12653.54 8.90 60.04i -0.59 __--14._'_...... 23013.70

_o LPOLYET__EPHT HAL_:3 0:_7 !. 10.85 20689.05 14.55 12.481 16.18 11.22 11.24 :_ -10.09
! 1-1-/pO_'EN-Y-L-ENESU-_IDE ...... O1_7- L 10.76 21261.70 14.95 1024_ 22891.1_ 16.09 9.13 7.66 -10.80_-10.15 _

8.63 =,78.52 2.73 ___o_O R_HY-LENE- - ' 262_ I 4463.90 3.14 236.02 15.09

_13 _PO-LY_M-_E ___-:_:: 0.017]. 10.69 23509.83 16.53 _ 17.17 L 21434.24 15.07 14.96 -8.83 -12.87' I
14 POLYAMIDE- IMIDE 0._| 10.67 22989.70 16:-16 __ 20.16j 20163.79 14.18 17.52 -12.29 -13.10

_--i5 POLYETHERIMIDE 0.017 10.73 15750.01 _:_ __ --_ 16102.33 11.32 49.21 2.24 -23-50 I

! 16 MODIFIED POLYETHERIMIDE 0.016 10.57 14082.09 9:_" 46.38i 14454.08 10.16 40.79__ 2.64 -_]_1
,__17 POLYARYLETHERKETONE -t 0.016 10.63 14945.59 10.51 62.28 14852.61 10.44 ....... £)4:7£)_ -0.62

18 POLYBUTYLEN E TE REPHTHALATE 0.017 10.95 7239.88 5.09 162.40 8032.66 5.65 _ 10.95 -_.8-7 !

1_ POLYIMIDE-DF 0.023 14.76 10864.58 7.64 22.72 i 7992.34 5.62 1-5.35_ -26.44 - 32.42

20 POLYIMIDE- DF- ISO 0.022 14.42 12208.91 8.58 17.99 11577.30 8.14 13.9,8-I- -5.17 i -22.31
21 POLY(ARYLETH ERETH ERK ETON E - 0.017 ! 10.90 14359.79 10.10 75.04 14737.84 10.36 77.76 _ 2.63 -3:_
22 LIQUID CRYSTAL POLYMER 0.017 10.69 12488.22 8.78 10.333_ 15352.47 10.79 ---_0------_ T 22.941 :3.--_-_

66 NYLON, POLYAMIDE 0.016 10.64 10093.02 7.10 81-.30] 10323.20 7.26_ 19094! 2.28i 134.86j

fALL CALCULATIONS BASED ON AN AVERAGE OF TWO TENSILE TESTS. EXCEPT NO.2,6,7,11.15,16 & 18 WHICH ARE 5. i
ALL TENSILE PULLS WERE AT AMBIENT CONDITION. 1i

l,,-=



[ TENSII I:: PROPERTIES OF PLASTICS EXPOSED TO 32 ISO VG MODIFIED POLYGLYCOL 1
[14 DAYS AT 100 DEG.C. (212 DEG.F.)]

TABLE H. ! 4

INTIALTESTING ] AFTER AGING TESTING % CHANGE AFTER AGING

NO. I TYPE CROSS-SECTIONAL AREA TENSILE _ TEN_

in^ 2 mm^ 2 Ib/in ^ 2 kg/mm ^ 2 % ELONGATION lib/in ^ _ kg/mm 2 % ELONG. TENSILE % ELONG.
1 ]POLYPHTHALAMIDE 0.017 10.65 11488.70 8.08 39.29| 13528.58 9.51 _ 1_8190 17.76 -51.90
2 lABS 0.017 10.69 5528.90 3.89 40._,7]_ 5173.98 3.64 2-3:_ _-6.42 -41.05
3 ]ACETAL 0.016 10.57 9753.56 6.86 22.60 10519.68 7.40 15.35 7.85 -32.06
4 ]PHENOLIC 0.017 10.76 8617.06 6.06 6.46 8727.73 6.14 3.94 _ 1.28 -39.06
5 ]POLYVINYLIDENE FLUORIDE 0.016 10.30 7411.88 5.21 105.39 8401.22 5.91 55.71 13.35 -47.14
6 ]POLYCARBONATE 0.017 11.00 10188.30 7.16 87.40 10158.52 7.14 14.88 -0.29 -82.97

1MODIFIED POLYPHENYLIE-NE-OX-i6/ 0.017 10.74 7778.90 5.47 46.85 8211.84 5.77 20.00 5.57 -57.311

__9 ' POLYPROPYLENE ......... -[ .............0:0-1_-- 10.62 5396.97 3.79 372.76 5942.44 4.18 32.87 10.11 -91.1......... "i0.77 ......... 8--.95............ _'0116 12956.68 9.11 77.95 1.79 _--11_1 I
-:-4

-_-O --_iSOLYE-rHY-LF_r,,I--ETE-I:IEPI._THALATE-_..............O.O-'i7t 20689.05 14.55 12.48 20967.05 14.74 11.02 ........... 1._34.........._ 11_6_;!............................................................. 01()-1-7...... 10..7-6 21261.70 ........... 14.¢J5...................... '1()-i2--4..........23-2_. 5-3..........--_136 9.06 9.43 - 11.5711 POLYPHENYLENESULFIDE .............................................
-- i2-- i POLY'IL=_I_RAI_I-iJC)RO_H-YLENE.............. 0-6i3-i 8.63 3878.52 2.73 262.68 ......41_69.40_ 2.93 239.76 ........... -7.,5()! -8.72
-- -i3 -"PO-LYAMi[)E---i-iVII--D-E.............................. -C)iO'l7" 10.69 23509.83 ..............16.-53, 17.17 19605.08 13.78 13.78 - 16.61 - 19.75
.....14,-- POLYAMIDE-IMIDE 0.017 10.67 22989.70 .............. '16_16*........... ;20_16 "-:_18,,r::_12-8....... -1=F).37 19.29 -4.94 ....... --4_31
....1,5-' POLYETHERIMIDE O-.-_17_ 10.73 15750.01 .......... --11-IC)7 64.33 15153.,32........... 10-.65 ......... 50__._00 -3.79 -22.28
- _1--6--tvlC)DIFIED POLYETHERIMIDE 0.016 10.57 14082.09 9.90 46.38 .......14,34--1.8-3- 10.08 43.78 1.84 -5.61
---i7 POLYARYLETHERKETONE 0.016 10.63 14945.59 10.51 62.28 15034.41 10.57 71.46 0.59 14.73

18 POLYBUTYLENE TEREPHTHALATE 0.017 10.95 7239.88 5.09 162.40 8113.20 5.70 ................72.68 12.06 -55.25
119 POLYIMIDE-DF 0.023 14.76 10864.58 7.64 22.72 7990.96 5.62 14.98 -26.45 ......--34_._15

120 POLYIMIDE-DF-ISO 0.022 14.42 12208.91 8.58 17.99 11663.72 8.20 16.14 -4.47_. -10.27

_21 POLY(ARYLETHERETHERKETONE 0.017 10.90 14359.79 10.10 75.04 14070.74 9.89 45.08 -2.01 -39.93
-22 LIQUID CRYSTAL POLYMER 0.017 10.691 12488.22 8.78 10.35 13414.29 9.43 8.46 7-_4-2]_ - 18.22

t-

23 66 NYLON, POLYAMIDE 0.016 10.641 10093.02 7.10 81.30 __10452.97 7.._i 85.43 3_ L 5.08

IALL CALCULATIONS BASED ON AN AVERAGE OF TWO TENSILETESTS. EXCEPT NO.2.6,7,11,15,16 & 18 WHICH ARE 5.ALLTENSILE PULLS WERE AT AMBIENT CONDITIONS.

I
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' L Physical Changes of Plastics After Temperature and Dehydrating Conditions
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I TEMPERATURE EFFECTS OF TENSILE PROPERTIES ON PLASTICS EXPOSED TO HEAT IN AIR __j
114DAYS AT 150 DEG. C. ('300 DEG. F.)]

TABLE 1.1

! INTIAL TESTING AFTER AGING TESTING % CHANGE AFTER AGING

NO. TYPE CROSS-SECTIONAL AREA TENSILE % ELONGATION TENSILE
in^2 ram^2 Ib/in^2 kg/mm^2 AT BREAK Ib/in^2 kg/mm^2 % t-:LONG TENSILE % ELONG.

1 POLYPHTHALAMIDE 0.017 10.65 11489 8.08 39.29 15475 10,88 13.12 34.70 -66.61
2 ABS TEREPOLYMER 0.017 10.69 5517 3.88 40.47 N/A N/A N/A N/A N/A
3 ACETAL 0,016 10,57 9754 t_.86 22.60 9686 6.81 14.57 -0.69 -35.53
4 PHENOLIC 0.017 10.76 8617 6.06 6.46 9345 6.57 4.86 8.44 - 24.77
5 POLYVINYLIDENE FLUORIDE 0.016 10,30 7412 5,21 105.39 8107 5.70 52.36 9.38 -50.32

!_ POLYCARBONATE 0.017 11.00 10182 7.16 87.40 10483 7.37 33.86 2.93 - 61.26
- 7 MODIFIED POLYPHENYLENE OXIDE 0.017 10.70 7864 5.53 46.85 5647 3.97 5.12 - 28.21 -89.07

8 POLYPROPYLENE 0.016 10,62 5397 3.79 37--2_.76_- 5832 4.10 60.89 8.05 -83.67
!'--9 POLYARYL SULFONE -- - 0.017 10.77 12728 8.95 70.16 14266 10.03 37.95 12.08 -45.91
"-10 POLYETHYLENE TEREPHTHLATE 0.017-- 10,85 20689 14.55 12.48 18732 13.17 F- 9.58 -9.46 -23.24

11 POLYPHENYLENE SULFIDE 0.017 10.76 21262 14.95 10.24 - '_,31-_ 16.30 8.79 9.04 - 14.16
-- 1-2- POLYTETRAFLUOROETHYLENE 0.013 8.63 3879 2.73 262.68 4295 3.02 239.50 10.75 - 8.82

1_ POLYAMIDE-IMIDE 0.017 10.69 23510 16.53 17.17 13029 9.16 19.49 -44.58 13.51
i4 POLYAMIDE- IMIDE 0.017 10.67 22990 16.16 20.16 21577 15.17 19.69 -6.15 -2.33
1---5- POLYETHERIMIDE 0.017 10.73 15750 11.07 64.33 17523 12.32 44.22 11.26 -31.26

_6 MODIFIED POLYETHERIMIDE 0.016 10.57 14082 9.90 46.38 15802 11.11 41.07 12.21 - 11.45
i 17 POLYARYLETHERKETONE G 016 10.63 14946 10.51 62.28 16172 11.37 32.28 8.21 -48.17

L _ 8 POLYBUTYLENE TEREPHTHALATE 0.017 10.95 7240 5.09 162.40 9188 6.46 ......... 15:6_22 26.91 -93.38
!19 POLYIMIDE- DF 0.023 14.76 10865 7.64 22.72 10924 7.68 17.32 0.54 -23.77
' 20 POLYIMIDE- DF- ISO 0.022 14.42 12209 8.58 17.99 10667 7:50 13.65 - 12.63 - 24.12

21 POLY__(ARYLETHERETHERKETONE) 0.017 10.90 14360 10.10 75.04 15717 11.05_ ............79:27 9.45 5.64

[_ 22. LIQ---UIDCRYSTAL POLYMER 0.017 10.69 12488 8.78 10.35 14309 10.06 8.92 14.58 -13.82
| 2366 NYLON,POLYAMIDE I 0.016 10.64 i 10093 7.10 _ 81.30 3101 2.18 ............2:76 -69.28 ............_96____._

ALL CALCULATIONS BASED ON AN AVERAGE OF THREE TENSILE I I=STS.
ALL TENSILE PULLS WERE AT AMBIENT CONDITION AND WITHIN 24HRS AFTER AGING CONDITIONS.
N/A = TEST BAR NOT EVALUATED AT THESE CONDITIONS

O',
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TEMPERATURE EFFECTS OF TENSILE PROPERTIES ON PLASTICS EXPOSED TO
32 ISO VG MIXED-ACID POLYOLESTER

[14 DAYS EXPOSURE]
TABLE I-2

PER CENT CHANGE AFTER AGING

NO I TYPE 60 DEG C. 140 DEG F.) 100 DEG C. 212 DEG F. 150 DEG C. 1302____DDEG__._F.___TENSILE % ELONG TENSILE % ELONG TENSILE % ELONGi

i I POLYPHTHALAMIDE -2.47 84.88 7.10 -43.89 34.45 -67.93LABS 1.09 -31.90 -37.71 -71.20 N/A N/A
ACETAL 8.14 -25.96 -20.53 -40.77 -3.61 -18.14
PHENOLIC -9.37 -36.01 17.90 -17.73 23.79 -20.74

5 'POLYVINYLIDENE FLUORIDE 8.11 -4.74 -17.73 -10.34 0.55 -18.75
6 ' POLYCARBONATE -10.52 -61.44 -7.80 -85.77 N/A N/A

MODIFIED POLYPHENYLENE OXIDE -2.02 -65.71 -5.98 -73.45 N/A N/A

--8---_ POLYPROPYLENE 8.05 -89.39 54.97 -75.60 -0.64 -59.07
--- t 2.62 18.63 19.46 -51 189 POLYARYL SULFONE 0.03 11.39 - "

10 POLYETHYLENE TEREPHT_HALATE 8.45 - 10.09 8.81 - 8.52 -41.08 -46.39
i POLYPHENYLENESULFIDE 5.49 -11.57 15.49 -7.73 22.49 -7.71

12 POLYTETRAFLUOROETHYLENE -7.41 -12.32 6.10 -0.63 17.72 -4.90
--1--3 POLYAMIDE-IMIDE -9.97 - 11.72- -17.17 26.11 21.24 18.11

1----4 POLYAMIDE-IMIDE -11.29 -12.12 -17.44 -7.24 -9.73 -11.16
15 POLYETHERIMID E - 1.65 -9.55 -0.27 -40.15 9.09 - 69.39
16 MODIFIED POLYETHERIMIDE 3.96 -10.87 4.09 -31.07 11.81 -36.33
17 POLYARYLETHERKETONE - 1.85 -2.65 -2.21 0.20 13.92 - 13.09
18 POLYBUTYLENE TEREPHTHALATE 7.99 -57.82 10.10 -68.05 -36.74 -96.85
19 POLYIMIDE-DF -28.35 -40.22 -26.42 -20.29 3.03 -18.57
20 POLYIMIDE-DF-ISO -55.23 -24.50 25.83 -15.74 0.07 -10.28

21 POLY (ARYLETHER ETHERKETON E) 4.11 7.55 6.02 10.44 2.42 -48.59
22 LIQUID CRYSTAL POLYMER 12.32 -14.41 17.30 0.80 16.63 ........... -6:7_6
23 66 NYLON, POLYAMIDE -5.09 75.06 73.73 139.95 -67.31 ....... -9__6-!3

ALL CALCULATIONS WERE BASED ON AN AVERAGE OF TWO TENSILE TESTS.
O_
u_ ALL TENSILE PULLS WERE AT AMBIENT CONDITIONS.

N/A = TEST BAR NOT EVALUATED AT THESE CONDITIONS " _......................



TEMPERATURE EFFECTS OF TENSILE PROPERTIES ON PLASTICS EXPOSED TO i
32 ISO VG BRANCHED-ACID POLYOLESTER

[14 DAY EXPOSURE]
TABLE 1.3

PER CENT CHANGE AFTER AGING

NO TYPE 60 DEG C. (140 DEG F.) 100 DEG C. (212 DEG F.) 150 DEG C. (302 DEG F.)
TENSILE % ELONG TENSILE % ELONG TENSILE % ELONG

1 POLYPHTHALAMIDE -2.98 89.89 0.04 55.32 37.79 -65.92
2 ABS -3.25 -26.07 -21.42 -74.71 N/A N/A
3 ACETAL 5.12, -20.74 5.88 -32.06 5.14 -7.65
4 PHENOLIC 10.581 -26.87 -11.39 -39.06 4.98 -32.97
5 POLYVINYLIDENE FLUORIDE 8.68 -44.15 5.51 -22.49 0.75 -28.09
6 POLYCARBONATEPOLYCARBONATE - 11.59 -7.04 -3.66 -81.62 N/A N/A
7 MODIFIED POLYPHENYLENE OXIDE -1.04 -47.39 0.71 -59.17 N/A N/A
8 POLYPROPYLENE 6.86 71.91 0.29 -60.71 -11.71 -84.21
9 POLYARYL SULFONE -2.82 -36.33 -1.97 -4.04 19.49 -39.68
10 POLYETHYLENE TEREPHTHALATE 5.0C -0.63 8.09 -6.94 -43.97 -49.52
11 POLYPHENYLENESULFIDE -1.52 - 10.84 8.93 -9.26 4.63 -17.38
12 POLYTETRAFLU OR OETHYLEN E 6.54 13.53 11.00 23.05 20.65 5.59
13 POLYAMIDE-IMIDE -22.25 -7.14 -12.15 -15.16 1.82 -8.27
14 POLYAMIDE-IMIDE -10.93 -5.29 -8.09 5.46 -14.81 -13.10
15 POLYETHERIMIDE -0.93 -17.62 -3.53 -18.48 10.81 -75.83

16 MODIFIED POLYETHERIMIDE 1.62 2.20 4.13 -18.71 13.03 -13.40
17 POLYARYLETHERKETONE -1.68 -35.84 -0.99 2.09i 10.01 -61.43
18 POLYBUTYLENE TEREPHTHALATE 3.04 -2.59 10.10 -69.75 -22.40 -96.36.......

19 POLYIMIDE-DF -1.17 -15.96 -1.04 -18.56 0.28 -17.69
20 POLYIMIDE-DF-ISO -4.10 -13.56 -8.75 -14.65 -3.65 -4.78

21 POLY(ARYLETHERETHERKETON E) 3.73 9.65! 0.66 1.26 4.79 - 15.01
22 LIQUID CRYSTAL POLYMER 13.37 -3.00 11.20 -4.90 21.64 -12.46
23 66 NYLON, POLYAMIDE -3.57 27.12 -4.64 80.87 30.63 -61.75

ALL CALCULATIONS BASED ON AN AVERAGE OF TWO TENSILE TESTS.
ALL TENSILE PULLS WERE AT AMBIENT CONDITIONS.

N/A = TEST BAR NOT EVALUATED AT THESE CONDITIONS"

"" 9
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J 1EFFECTS OF DEHYDRATING PLASTICS ON TENSILE PROPERTIES
WHEN EXPOSED TO BRANCHED-ACID POLYOLESTER (1)

[14 DAYS AT 150 DEG. C. (300 DEG. F.)]
TABLE 1.4

NO. TYPE TENSILE (kg/mm "" 2) % ELONGATION
WITHOUT AFTER PERCENT WITHOUT AFTER PERCENT

DEHYDRATION DEHYDRATION CHANGE DEHYDRATION DEHYDRATION CHANGE

1 POLYPHTHALAMIDE 1113 .... 10.94 - 1.7 13.39 14.96 11.7
3 ACETAL 7.21 6.98 - 3.2 20.87 21.26 1.9
4 PHENOLIC 6.36 6.50 2.2 4.33 4.72 9.0
5 POLYVINYLIDENE FLUORIDE 5.25 5.19 - 1.1 75.79 74.21 -2.1
8 POLYPROPYLENE 3.35 3.36 0.3 58.86 54.13 -8.0
9 POLYARYL SULFONE 10.69 11.02 3.1 42.32 53.15 25.6
10 POLYETHYLENE TEREPHTHLATE 8.15 9.40 15.3 6.30 7.28 15,6
11 POL'_:)HENYLENE SULFIDE 15.64 18.18 16.2 8.46 9.45 11.7
12 POLYTETRAFLUOROETHYLENE 3.29 3.63 10.3 277.36 239.57 - 13.6
13 POLYAMIDE-IMIDE 16.83 19.37 15.1 15.75 18.70 18.7
14 POLYAMIDE- IMIDE 13.77 15.73 14.2 17.52 18.50 5.6
15 POLYETHERIMIDE ......... 12127 11.93 -2.8 15.55 48.23 210.2
16 MODIFIED POLYETHERIMIDE 11.19 11.1 5 -0.4 40.16 31.69 -21.1
17 POLYARYLETHERKETONE 11.56 12.67 9.6 24.02 70.47 193.4
18 POLYBUTYLENE TEREPHTHALATE ....... :3195 3.84 -2.8 5.91 ...... 5.91 0.0
19 POLYIMIDE- DF 7.66 7.52 -1.8 "i8.70 17."13 -8.4
20 POLYIMIDE- DF- ISO 8.27 8.65 4.6 17.13 15.16 - 11.5

21 POLY(ARYLETHERETHERKETONE) 10.58 11.16 5.5 63.78 70.87 1i. 1
22 LIQUID CRYSTAL POLYMER ' 10.68 10.55 - 1.2 9.06 9.65 6.5
23 66 NYLON,POLYAMIDE ...... 9.27 5.04 -67.2 31.10 3.94 -87.3

j (!) DEYDRATIONOFPLASTICSACCOMPLISHEDBYHEATINGAT 150DEG.C.(302DEG.F.)FOR24 HRPRIORTOLUBRICANTEXPOSURE. J

IALLCALCULATIONSBASEDONANAVERAGEOFTwOTENSILETESTS ]ALLTENSILEPULLSWEREATAMB,ENTCONDIT,ONS.






