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CHEM CAL AND THERMAL STABI LI TY OF REFRI GERANT-
LUBRI CANT M XTURES W TH METALS

ARTI MCLR Project Number 650-50200

Detrich F. Huttenl ocher
Spauschus Associ ates, Inc.
Atl anta, GA

ABSTRACT

This report presents the results of a seal ed tube
stability study on twenty-one refrigerant-I|ubricant
m xtures selected fromthe foll ow ng groupi ngs:

- HFCs R-32, R 125, R 134, R 134a, R 143a, and R-152a
with one or nore lubricants selected from anong three
pentaerythritol esters and three polyal kyl ene glycols. Al
| ubricants were carefully pre-dried to 25 ppmor |ess
noi sture content.

- HCFGCs R 22, R 123, R 124, and R-142b, as well as
CFC R 11, with one or nore |lubricants selected from anong
two mneral oils and one al kyl benzene fl ui d.

Each test mxture was aged at three tenperature |evels.
Primary results obtai ned were:

1. HFCs tested, as well as R 22, are very stable and
do not undergo chem cal or thernal deconpositions after 14
days at tenperatures up to 200°C (392°F).

2. HCFCs R-124 and R-142b have stability properties
i nt ermedi at e between above HFCs and the currently widely used
CFC R-12.

3. HCFC R-123 while nore reactive than any of the
above, still offers a stability inprovenent by a factor of
ten over R-11, the CFC refrigerant it is to replace in | ow
pressure chiller applications.

4. Al pentaerythritol ester and all polyal kyl ene
gl ycol fluids showed some changes of chemical structure after
exposure to 200°C (392°F), and in sonme cases after exposure to
the I ower tenperatures of 150°C (300°F) and 175°C (347°F).

This report supersedes previously published quarterly
reports DE/ CE/ 23810-2A and DE/ CE/ 23810- 3A.



SCOPE

The scope of ARTI MCLR Project 650-50200 enconpasses
the determ nation of the chemi cal and thermal stability of
twenty-one refrigerant-1ubricant conbinations. The test
met hodol ogy chosen was the seal ed tube stability test.
Refrigerants and |ubricants are heated at el evated
tenperatures in the presence of a steel catalyst. Test
results are based on chem cal and physical neasurenents
designed to assess the changes that occur to the test
materials during thermal aging.

Refrigerants tested as part of the project consisted
of six HFCs, four HCFCs, and one CFC, the latter was only
included to establish base Iine information. Lubricants
tested were three polyglycols, three polyolesters, two
mneral oils and one al kyl benzene fl ui d.

The goal of the project was an assessnment of the
general stability properties of generically sel ected
refrigerant-lubricant mixtures, rather than endorsenent
(or opposite thereof) of any of the specific materials
tested. Aging tests were conducted over tenperatures
rangi ng from 105°C (220°F) to 200°C (392°F) dependi ng on
the specific materials conbinations tested. As it will be
apparent fromthe results, not all naterials tested
performequally well at the higher tenperatures. On the
ot her hand, not all refrigerant systens require nmaterials
capabl e of 200°C performance. Chenical and thermal
stability of refrigerant-oil mxtures is but one of a
nunber of properties necessary for reliable performance in
refrigeration and air-conditioning systens.



SI GNI FI CANT RESULTS

| NTRODUCTI ON

A total of twenty-one refrigerant-m xtures were tested
during this study. They were:

- R22/Mneral O1-1S0O VG32 (150 SSU vi scosity)

- R-32/Pentaerythritol Ester (mxed acid I)

- R-32/ Pol ypropyl ene d ycol (butyl nonoether)

- R123/Mneral G1-1SO V&2 (150 SSU vi scosity)

- R 124/ Al kyl benzene - 1SO VG32 (150 SSU viscosity)
- R 125/ Pol ypropyl ene d ycol (butyl nonoether)

- R 125/ Modi fi ed Pol ygl ycol

- R 125/ Pentaerythritol Ester (nixed acid I)

- R-134a/ Pol ypropyl ene d ycol (butyl nbnoether)

- R 134a/ Pol ypropyl ene @ ycol Diol

- R-134a/ Modi fied Pol ygl ycol

- R 134al/Pentaerythritol Ester (mixed acid Il
- R 134al/Pentaerythritol Ester (mixed acid |)
- R 134al/Pentaerythritol Ester (100 cSt)

- R 142b/ Al kyl benzene - SO VG32 (150 SSU vi scosity)
- R 143a/Pentaerythritol Ester (mixed acid |)

- R-152a/ Al kyl benzene - SO VG32 (150 SSU vi scosity)
- R 134/ Pentaerythritol Ester (nixed acid I)

- R11/Mneral GO1-1S0O VG32 (150 SSU vi scosity)

- R 11/White Naphthenic Mneral GOl (ISO V&5)

- R 123/ Wiite Naphthenic Mneral Gl (1SO V45)

)

Test results are presented in the formof individual data
tables for each refrigerant-lubricant m xture. These tables are
consol i dated in Appendix A (Tables A-1 through A-21). Foll ow ng
each data table are the gas chromatograns for the test sanples
covered in each table (Figures A-1 to A-42).

Listed in the data tables is the follow ng information:

- contents of the sealed tubes reported in each table

- aging conditions

- visual observations on seal ed tube contents after aging,
i ncl udi ng change of oil (liquid phase) color expressed in units of
t he ASTM St andard D1500 col or scale, condition of the stee
catalyst, formation of insoluble materials, etc.

- chem cal analysis results on aged tubes, including gas
chromat ography (GC) of the vapor phase tube contents, chloride



or fluoride ion content, and oil analysis results for those

m xtures containi ng polyglycol or polyol ester lubricants: tota
acid nunber (TAN), infrared (I R) spectroscopy, and size exclusion
chr omat ogr aphy (SEC).

Under "Chemi cal Anal ysis" the colum follow ng chloride/
fluoride ion results is |abeled "% Refrigerant Reacted". This val ue
was cal cul ated fromthe neasured halide ion content by making the
assunption that each halide ion generated equals the destruction of
one refrigerant nol ecul e. Based on past experience, this is a
reasonabl e assunption at |east at |ow and internedi ate | evel s of
reactivity. It is not valid for very reactive systens where nore
than one hali de atom has been renoved fromrefrigerant nol ecul es.

Figures A-1 to A-42 are copies of the chronmatograns obtai ned
on the vapor content of aged seal ed tubes. There are four
chromat ogranms for each refrigerant-lubricant m xture: unused
refrigerant and vapor sanples aged at the three test tenperatures.

G 1 analysis of aged synthetic lubricants consisted of IR
spectroscopy for the polyol ester sanples, and SEC for the
pol yal kyl ene gl ycol sanples. Copies of IR spectra and SEC
chromat ogranms can be found in Appendix B (Figures B-1 to B-22).

Aged seal ed tubes and their individual steel catalysts (both
aged and unaged) were photographed for all test sets. Copies of
phot ographs fromthose test sets that exhibited significant visua
changes after aging are shown in Appendix D (Figures D1 to D 8).
Appendix Dis included only with the permanently bound copies of
this report.

All test materials used in this study are referred to by
generic designations only. Cross references fromgeneric to
comerci al designations for all lubricants tested are shown in
Appendi x C. Also included in Appendix C are the results of purity
neasur enments obtained on all of the refrigerants and |ubricants,
as received by us. This includes GC anal ysis of refrigerants, and
wat er, copper and iron content, as well as the total acid nunber
of lubricants.



DISCUSSION OF RESULTS

Di scussion of results is arranged in the order HFC
pentaerythritol (PE) ester m xtures, HFC polyal kyl ene gl ycol (PAG
m xtures, and HCFCs.

HFC/ PE Ester M xtures

Table 1, page 6, is a summary of results taken fromthe
i ndividual data tables for the eight mixtures listed. The
R- 152a/ al kybenzene nmi xture has been included in this ester result
table to avoid an extra classification for just one
HFC/ al kyl benzene ni xture.

The data listed in Table 1 do not show any evi dence of
significant refrigerant deconposition. This holds for all test
m xtures and at all aging conditions. Fluoride contents are very
| ow and very close to the "zero" value for the test nethod. Val ues
of "% Refrigerant Deconposition"” for the titration blanks
performed during the analyses are in the range of 0.001 to 0.002%
The actual fluoride concentrations neasured (after subtraction of
the titration blank) are of the sanme | ow order of magnitude.

G&C anal yses (Appendix A) for all Table 1 m xtures |end
addi ti onal support to the above findings. Again, there is no
evi dence of any neasurable refrigerant deconposition for any of
the test m xtures.

The only changes of any significance observed with the
HFC-ester m xtures are on the aged |ubricants. Acid nunbers of
aged oils increased after all of the 200°C (392°F) tests. The
i ncreases range fromO0.49 to 1.69 units (ASTM Met hod D664 "Test of
Neutralization Nunber by Potentionmetric Titration"). Sone of the
m xtures al so had acid nunber increases at 150°C (300°F) and at
175°C (347°F). The consi stent acid nunber increases at the highest
tenperature are believed to be indicative of the thermal stability
limts of the fluids tested.

Reasons for the randomy occurring changes at | ower
tenperatures are not quite apparent, except in the case of the
R-134a/ 100 cSt ester m xture. Here, in addition to the acid nunber
changes, |R spectral changes occurred at all test tenperatures.
The observed IR changes are typical of C=0 absorption (formation
of free acids) and G O absorption (free alcohol functions). In
additi on, GC analysis of 200°C tubes (Figure A-28) detected the
presence of CO, which is a product of the decarboxylation of ester
I i nkages.



TABLE 1: STABILITY RESULTS HFC/ PE ESTER LUBRI CANTS

AGQ NG % REFRI GERANT LUBRI CANT
DATA TEMP. REACTED ( cal c. ACI D NUMBER
TEST SAMPLE TABLE (°0 fromF ion data) (mg KOH Q)
R- 32/ PE A-2 150 (300°F) 0. 002 0. 00
(m xed acid) 175 (347°F) 0. 001 0. 00
200 (392°F) 0. 001 1.67
R- 125/ PE A-8 150 0. 005 0. 00
(mxed acid I) 175 0. 005 0. 48
200 0. 005 1.09
R- 134a/ PE A-12 150 0. 000 0. 00
(m xed acid 11) 175 0. 000 0. 00
200 0. 000 0. 67
R- 134a/ PE A-13 150 0. 001 0. 00
(mxed acid I) 175 0. 001 0. 00
200 0. 001 0.74
R- 134a/ PE A- 14 150 0. 001 0.94
(100 cst) 175 0. 001 0. 63
200 0. 004 0.99
Not e: Aged lubricant fromthis m xture showed significant IR
spectrum changes after aging at all tenperatures.

R- 143a/ PE A- 16 150 0. 001 0.51
(mxed acid I) 175 0. 002 1.07
200 0. 001 0.99
R- 134/ PE A- 18 150 0. 001 0.59
(mxed acid I) 175 0. 000 0. 83
200 0. 000 1.69

R- 152a/ ALKYL- A- 17 150 0. 000 Not applicable

- BENZENE 175 0. 001 Not applicable

200 0. 000 Not applicable
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The only other IR spectral changes observed on pol yo
esters were minor changes after aging at 200°C (392°F) with the
R- 125/ PE (m xed acid |) m xture.

The overall conclusions fromthe HFC/ PE ester tests are
as foll ows:

1. Al HFCs tested are stable at the test conditions
used.

2. The high viscosity ester (100 cSt), tested with
R-134a, exhibited signs of nolecul ar changes at all three test
tenperatures. It is unknown at this point whether these
observed changes will inmpact on full scal e equi pnent
per f or mance.

3. The other two PE esters tested, m xed acid | and
m xed acid Il, showed little, if any, changes except for
consi stent increases in acid nunbers after aging at 200°C
(392°F). In other words, these two esters appear to be quite
stable to at |east 175°C (347°F).

4. Al tests were performed with esters having very | ow
noi sture levels in the 25 ppmrange. Results reported here may
or may not be representative of the stability of PE esters in
the "real world", where nmuch higher water contents are expected
to be the norm

5. No observable reactions occurred wth the R-152a/
al kyl benzene m xture.

HFC/ PAG M xt ur es

Tabl e 2, page 8, sunmarizes the test results from
m xtures containing PAG |l ubricants. Again, there is no
evi dence of HFC deconposition by either GC or fluoride ion
anal ysis under any of the three test conditions.

However, size exclusion chronatography (SEC) suggests
changes occurred to the structure of the PAG nol ecul es. This
was observed to varying degrees with all three PAG |ubricants
tested, and at all test tenperatures. As was nhoted under the
pol yol esters, the significance of these observed changes on
the actual performance of the PAG lubricants is not clear at
the present tinme. The absence of HFC deconposition products
suggests that PAG nol ecul ar changes do not give rise to
refrigerant instability. The nost likely effects, if any, of
the PAG changes woul d be viscosity decreases, which inpact
| ubrication performance, and/or the formation of high
nol ecul ar wei ght solids and sl udges, which can cause systens
flowrestrictions.



TABLE 2: STABI LITY RESULTS HFC- PAG LUBRI CANTS

AG NG % REFRI GERANT
DATA TEMP. REACTED (cal c. Si ze Excl usion
TEST SAVPLE TABLE (°0 fromF data) Chr omat ogr aphy
R- 32/ PPG BUTYL A-3 150 (300°F) 0. 000 M nor changes
MONCETHER 175 (347°F) 0. 002 in PAG
200 (392°F) 0. 004 structure
(all tests)
R- 125/ PPG BUTYL A-6 150 0. 001 Changes in
MONCETHER 175 0. 002 PAG structure
200 0. 002 (all tests)
R- 125/ MODI FI ED A7 150 0. 007 Changes in
PCLYGYCOL 175 0. 004 PAG structure
200 0. 005 (all tests)
R- 134a/ PPG BUTYL A-9 150 0. 001 Changes in
MONCETHER 175 0. 001 PAG structure
200 0. 001 (all tests)
R- 134a/ PPG DI QL A-10 150 0. 000 Si gni fi cant
175 0. 001 changes in
200 0. 000 PAG structure
(all tests)
R- 134a/ MODI FI ED A-11 150 0. 001 Si gni fi cant
POLYGAYCOL 175 0. 001 changes in
200 0. 001 PAG structure

(all tests)
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The test results on HFC- PAG mi xtures lead to the
foll owi ng concl usi ons:

1. All HFCs tested are stable at the test conditions used.

2. Based on SEC anal ysis all PAGs tested exhibited
varyi ng degrees of nol ecul ar change. Again, the inpact, if
any, of these observed changes on full scal e systens
performance i s unknown.

3. Also unknown at this point are the effects of noisture
contents higher than the I ow 25 ppmlevel present in the test
work reported here.

HCFC/ Hydr ocar bon Lubri cant M xtures

Tabl e 3, page 10, sunmarizes the test results fromthe
HCFC containing mxtures. It is apparent that, with the
possi bl e exception of R-22, the HCFCs tested are nore reactive
under the test conditions used than any of the previously
di scussed HFCs. Both chloride ion and vapor phase GC anal yses
support this contention in all cases. However, in conparison to
CFCs, such as R 12, both R 124 and R-142b exhibit inproved
chem cal and thermal stability properties. Hence, the use of
these HCFCs in full scale systens should not present chem ca
liability questions beyond those that the industry has accepted
historically with R 12 and ot her CFCs.

The fourth HCFC tested, R 123, is significantly nore
reactive than are any of the "new' refrigerants included in
this project, especially at tenperatures above 150°C. It nust
be noted, however, that R-123 is a | ow pressure refrigerant
and will be used as a replacenent for R 11 in | ow pressure
systens. There, it will never be exposed to the higher range
tenperatures of the seal ed tube tests.

The GC results obtained on the vapor phase contents of
aged R-123 seal ed tubes show t he expected deconposition path
for this refrigerant, nanely

CRCHA , --> CRCHA --> CF3CH;
R-123 R-133a R-143a

Unfortunately, pure sanples of R-133a were not available for a
guantitative calibration of GCresults. Al R 133a val ues
listed in the tables are uncorrected readouts and are

approxi mate val ues only.



TABLE 3: STABILITY RESULTS HCFC- HYDROCARBON LUBRI CANTS

AGQ NG % REFRI GERANT
DATA TEMP. REACTED ( cal c.
TEST SAVPLE TABLE (° O fromCl data) GC RESULTS
R-22/ M ner al A1 150 (300°F) 0. 001 No changes
Gl (1SO V&E32- 175 (347°F) 0. 003 No changes
150 SSU) 200 (392°F) 0. 004 No changes
R- 123/ M ner al A-4 105 (220°F) 0.045/0.032 No changes
Gl (1SO V&E32- 150 1.56/2.71 R-133a: 1.8/3.4%
150 SSU) 160 (320°F) 26.0 R-133a: 14.0%
R-143a: 0.45%
175 40. 5 R-133a: 44.5%
R- 143a: 2. 0%
R- 124/ Al kyl - A-5 150 0. 008 No changes
benzene (1SO 175 0. 014 No changes
VG32) 200 0. 052 No changes
R-142b/ Al kyl - A-15 150 0.011 No changes
benzene (1SO 175 0. 015 No changes
VG32) 200 0. 169 No neasurabl e
changes
For Conparison with Past Practices:
R-12/M neral QG| 175 0.2 R- 22
(typical value)™®
R-12/ Al kyl benzene 175 0.1 R-22

(1)

Syra

"Seal ed Tube Stability Test Results:
Carrier Corporation,

cuse,

(typical value)®

Al ternative Refrigerants”
NY, Septenber 1989
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Because of the relatively Iinmted high tenperature
capability of R 123, a direct conparison was established for this
refrigerant with the R 11 | ow pressure CFC refrigerant. Table 4,
page 12, sunmmarizes the results obtained fromthe two
refrigerants after aging at 105, 150, and 160°C (220, 300, and
320°F)

The data show that R-123 is approximately ten tinmes nore
stable than is R-11. Therefore, the use of R-123 as an R 11
repl acement is expected to cause fewer, if any, cheni cal
and/or thermal stability problens than does R 11 now in
equi val ent applications. The reactivity of both refrigerants
depends on oil quality, especially at the | ower seal ed tube
tenperatures. At 150°C (300°F) and above nost, if not all,
R-11 was destroyed after 14 days. In addition, all chlorine
was renmoved from sone of the R 11 nolecules resulting in CO
formation (GC anal ysis). R-123 was not subject to such
destructive action under the sane test conditions. As a rough
conparison, R-123 exhibits chemcal activity at 105°C (220°F)
simlar to that of R-12 at 175°C (347°F)

The HCFC tests lead to the foll ow ng concl usi ons:

1. R 22 has excellent stability, at least up to 200°C
(392°F), simlar to the HFCs tested under this program

2. R124 and R 142b are slightly nore reactive than the
HFCs, but are less reactive than R 12 and sim | ar CFCs.

3. Wile R 123 was the nost reactive new refrigerant
tested during this program it is still significantly |ess
reactive than is R 11 - by a factor of approximtely ten.
Therefore, the replacenment of R 11 by R-123 in | ow pressure
refrigeration equi pnent will cause fewer, if any, chem cal
probl ens than may exi st now.

CONCLUSI ONS

The foll owi ng summary concl usi ons can be drawn fromthe
results reported here:

1. All HFCs tested, as well as R-22, are very stable
materials and do not undergo significant chem cal reactions or
thermal deconposition at tenperatures up to 200°C (392°F).



TABLE 4: STABILITY COWARI SON R-123 VS. R-11

AG NG % REFRI GERANT
DATA TEMP. REACTED (cal c
TEST SAVPLE TABLE (°0O fromCl data) GC RESULTS
R- 123/ M ner al A4 105 (220°F) 0. 045/ 0. 032 No changes
Gl (1SO VG32) 150 (300°F) 1.56/2.71 R-133a: 1.8/3.4%
160 (320°F) 26.0 R-133a: 14. 0%
R-143a: 0.45%
R-11/ M ner al A-19 105 0. 46 No neasurabl e
Gl (1SO VG2 change
150 72.0 R-21: 72%
R-31: <0.5%
160 87.0 R-11: 0%
R-21: 47.8%
R-31: 17.2%
CO: 31.4%
R 11/ Wiite A- 20 105 0.014 No changes
Napht henic Q| 150 45. 2 R-21: 17.8%
(1 SO V&EA6) R-31: 1.37%
Co,
160 97.0 Trace R-11,
R-21: 75.0%
R-31: 10.4%
CO, :13. 7%
R- 123/ Wi te A-21 105 0. 002 No changes
Napht henic Q| 150 5.84 R-133a: 3.9%
(1 SO V&46) R-143a: 0.08%
160 8. 85 R-133a: 10. 9%
R-143a: 0.38%
CcO,
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2. Two HCFCs tested, R-124 and R-142b, were found to be
intermediate in reactivity between the above HFCs and CFCs,
such as R-12.

3. Wiile R 123 is significantly nore reactive than is
any of the "new' refrigerants tested here, it still offers a
stability inprovenent by a factor of ten over R 11, the CFC
refrigerant it is intended to replace in | ow pressure chiller
appl i cati ons.

4. The two |low viscosity (ISO V&2 and VG32) PE esters
i ncluded in the program exhibited sone increases in acid
nunber, especially after aging at 200°C (392°F). The high
viscosity ester (1SO 100) tested exhibited additional evidence
of nol ecul ar changes during aging. Formation of CO, at 200°C
(392°F) indicates decarboxylation of the ester at that
t enper at ure.

5. Al polyal kyl ene glycol |ubricants exhibited some
signs of nol ecul ar change after aging. The significance of
t hese changes has not been establi shed.



TEST PROCEDURES

SEALED TUBE TESTS

Al'l sealed tube tests were conducted in heavy wall ed gl ass
tubes, 6.35 mMmI|.D. and 20 cmlong (¥ x 8") with one end
seal ed. After thorough cleaning with toluene and drying at 150°C
(300°F) the tubes were necked 5 cm (2") fromthe open end. This
gives finished sealed tubes with an internal free vol une of
7.5-8.0 m (about 0.5 in®.

Metal coupons were cut fromval ve steel (Sandvik Steel
Conpany), 6.3 nm (%) wide and 32 nm (1.25") long. After
cl eaning with hexane the coupons were stored subnmerged in this
solvent. One coupon was added to each tube imediately prior to
necki ng. After necking of the tubes 1.0 nml of |ubricant was
added using a calibrated syringe. Refrigerant equal to the
| ubri cant wei ght was next condensed from a gas handling manifold
into the liquid nitrogen cool ed tubes. After sealing and flane
anneal ing of the seals the finished tubes were inspected for any
visible faults. Acceptable tubes were placed into individual
slots in large alum num "bl ocks" of 12.7 cm (0.5") OD

Three seal ed tubes were prepared for each test set, that is,
for every refrigerant-lubricant conbination at each aging
tenperature. The al um num bl ocks were heated in | arge convection
ovens for 14 days at their respective tenperatures. Oven cavities
as well as internal tenperatures of the bl ocks were nonitored
t hr oughout the aging tests.

EVALUATI ON OF AG NG TESTS

Aged seal ed tubes were eval uated by conbi nati ons of the
foll ow ng net hods:

Vi sual | nspection

After conpletion of aging seal ed tubes were inspected
visual ly. Recorded were:
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- changes in color of the liquid phase scal ed per ASTM
St andard D1500

- appearance of insoluble reaction products, if any

- appearance of the metal coupons.

In addition, a photographic record was prepared of each
test set consisting (fromleft to right in photograph) of a clean
unused steel coupon, the aged coupon, and the seal ed tube. The
aged coupons for the photographs cane fromthe GC anal ysis tubes.
Phot ographs were taken as quickly as possible after openi ng of
the tubes to mnimze any effects of air oxidation on the
appearance of netal surfaces, a precaution especially inportant
for coupons from HCFC tests. Depending on the amount of chloride
i on present, many of the HCFC exposed coupons corroded badly upon
exposure to air.

Gas Chronat ographic (GC) Anal ysis

Al'l GC anal yses were performed on a Gow Mac Series 550P
Thermal Conductivity Detector instrument using a Poropak "Q@
colum of 2.44 m (8 ) length. Gas sanples were injected through a
si x-way Val co gas sanple val ve. Aged seal ed tubes to be anal yzed
were connected to the gas handling manifold with a "tube breaker"
assenbly. After freezing of the tube contents in liquid nitrogen
the tube tips (scratched with a sharp file) were broken off. The
tubes were then warned slowy and all volatile tube contents were
expanded into the manifold, which has a free volune of 1058 i
(64.4 in®. A sanple of gas fromthis volume was injected through
the sanple valve into the GC colum. The vapor pressure of the
gas sanple normally was in the 100 to 200 torr range, depending
on the vapor pressure of the test refrigerant.

The col utmm was operated under the foll owing conditions:

Colum and injector tenperatures: 120°C (R-32 which eluted at
0.55-0.60 mn. was al so anal yzed at 100°C [0.7 m n peak] for
better resolution of peak(s) below 0.5 mn.);

Detector tenperature: 200°C, Detector current: 150 mA;
Carrier gas: Helium Gas flowrate: 27 m/mn;

Sampl e size: 500 microliter

GC results, i.e. peak retention tinmes, peak areas and
peak heights, and area percent for each neasurable peak in a
chromat ogram were obtained on a Hew ett-Packer Mdel 3390A
I nt egrator.



GC el ution peaks of known identities are reported by their
chem cal designations, while those unknown to us are referred
to by their peak retention tinmnes.

Chloride and Fluoride |on Determ nati ons

Chloride and/or fluoride ion contents of seal ed tubes were
determined with Orion "lon Selective El ectrodes" coupled to a
Fi sher "Accunmet pH lon Analyzer".

Theory predicts and past experience has shown that the
chloride atons of CFC and HCFC nol ecul es are significantly nore
reactive than are their fluoride atonms. Therefore, HCFC
containing mxtures were analyzed only for chloride ion content
inthe belief that this is a nore sensitive indicator of
chem cal reactivity. Al HFC containing mxtures were of course
anal yzed for fluoride ion. These determninations were perforned
in duplicate for every test set. Al tube contents, i.e.
refrigerant, lubricant, metal coupon, and all glass tube
fragments were included in the halide ion determ nations.

Results are reported in micrograns of halide ion. Fromthis
val ue we conputed "% Refrigerant Reacted" based on the
assunption that each halide ion found is the product of the
renoval of one halide atomfroma refrigerant nolecule. This
assunption is not valid for very reactive systens, where nore
than one halide atomis renoved fromrefrigerant nol ecul es.

R-123 at elevated tenperature levels belongs to this latter
cat egory.

Gl Analysis

The type of anal yses perfornmed varied according to the
| ubricant tested, as foll ows:

Hydr ocar bon Lubricants. Vi sual observations are
recorded and col or photographs were prepared to docunent the
col or changes of the aged fluids and the formation of
deconposi tion products such as oil sludges, etc. This is
consistent with past practices where seal ed tube anal ysis by
chem cal nethods has generally been confined to the analysis
of refrigerants only.



Pent aerythritol Esters. The primary eval uation was the
determ nation of acid nunbers follow ng the procedures
proscribed in ASTM Met hod D664 "Test of Neutralization Nunmber
by Potentionetric Titration".

Where sufficient sanple was available an Infrared (IR
spectrum was prepared. The spectrum of the aged oil was then
conmpared to that of unused |ubricant, shown as "Differentia
Spectra” in the Appendix B figures. Al spectra were obtained
fromneat oil sanples on Nad pl ates.

Note: The interpretation of the IR spectra is limted to
statenents about gross spectral changes. A nore detailed

anal ysi s requires an understandi ng of ester conposition as well
as that of potential decomposition products, which is beyond
the scope of this project.

Pol yal kyl ene d ycol s. Si ze excl usi on chr onat ogr aphy
(SEC) was used to assess gross nol ecul ar changes of aged PAG
| ubricants. This technique, even nore so than IR anal ysis,
greatly benefits fromdetail ed know edge of the conposition
of the base naterials and that of their potenti al
deconposition products - again a task beyond the scope of
this project.

Al'l chromat ograns were obtai ned using chl oroform as
eluent. This solvent was selected to avoid interference from
residual refrigerant. The colums used were two 300 mm | ength
sets of "Phenogel Linear Mx", with an I.D. of 2 mm
Detection was by refractive index.



COVPLI ANCE W TH AGREEMENT

Al'l work perforned during this project was in full
conpliance with the requirenents of the original Wrk Statenent
or as anended during the course of this project.

The specific changes requested by ARTI were as foll ows,

(1) the substitution of R 134 for the originally proposed,
but unavail abl e, E-134.

(2) the addition of four sets of sealed tube stability tests
involving R 11 and R 123 using the identical test protocol as
defined in the work statement, except for the substitution of the
175°C agi ng tenperature by 160°C.

PRI NCI PAL | NVESTI GATOR EFFORT

The principal investigator participated in the foll ow ng
Contract activities,

- the procurenent and purity analysis of all refrigerant and

| ubri cant sanpl es

- scheduling and supervision of seal ed tube preparation

- scheduling and supervision of analysis of aged tubes

- evaluation of test results

- preparation of nonthly progress letters, abstracts for
presentations at Purdue Conpressor Conference and at ASHRAE/ ARl
W nter Meeting and Show in Chicago in January of 1993, two
guarterly progress reports and the final report.
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TABLE A-1: STABILITY OF R-22 WITH MINERAL OIL (150 SSU)

SEALED TUBE CONTENTS:

VALVE STEEL STRIP
1.0 cc (0.9 ) OF TEST LUBRICANT

0.9 G OF R-22

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE OF AGED TUBES CHEMICAL ANALYSIS
AGING
TEMP,
°C  COLORCHANGE  OTHER VISUAL CLION  %R-22
(°F) __ OF OIL (ASTM) OBSERVATIONS GC (UG)  REACTED
150  FROM 2.5 To STEEL: NO CHANGE ~ NO CHANGE ~ 2.5 0.001
(300) 3.0
175  FROM 2.5 To STEEL: NO CHANGE ~ NO CHANGE ~ 10.0 0.003
(347) 3.0
200  FROM 2.5 To DARKENING OF NO CHANGE ~ 16.7 0.004
(392) 3.0 STEEL
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FIGURE A-2
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TABLE A-2: STABILITY OF R-32 WITH PENTAERYTHRITOL

ESTER (MIXED ACID 1)

SEALED TUBE CONTENTS:
VALVE STEEL STRIP

1.0 cc (1.0 ) OF TEST LUBRICANT

1.0G OF R-32

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE CHEMICAL ANALYSIS

AGING

TEMP.  OILCOLOR OTHER olL OILIR
°C, CHANGE  VISUAL F ION %R-32 ACID  (DIFFERENTIAL
(°F) (ASTM)  CHANGES GC (UG)  REACTED NO.  SCAN)
150  NOCHANGE STEEL:NO  NO 6.0 0.002 000  NO SIGNIFICANT
(300)  AT25 CHANGE CHANGE CHANGES
175 ~ NOCHANGE STEEL:NO  NO 4.7 0.000 000  NO SIGNIFICANT
(347)  AT25 CHANGE CHANGE CHANGES
200 FROM25  STEEL:NO  NO 4.2 0.000 167  NO SIGNIFICANT
(392)  TO3.0 CHANGE CHANGE CHANGES

(FLUORIDE ANALYSIS BLANK:  3.1)



FIGURE A-3

R-32 "As Received" Tube CB-01 R-32/PE Ester Smixed acid I)
14 Days @ 150°C
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FIGURE A-4

Tube CB-21
@ R-32/PE Ester (mixed acid I)
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TABLE A-3: STABILITY OF R-32 WITH POLYPROPYLENE
GLYCOL (BUTYL MONOETHER)

SEALED TUBE CONTENTS:

VALVE STEEL STRIP
1.0 cc (1.0 ) OF TEST LUBRICANT
1.0G OF R-32

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE CHEMICAL ANALYSIS
AGING
TEMP. OIL COLOR OTHER SIZE EXCLUSION
°C CHANGE VISUAL FION %R-32 CHROMATOGRAPHY
(°F) (ASTM) CHANGES GC (UG)  REACTED OF OIL

150 NO CHANGE STEEL:NO NO CHANGE 0.2 0.000 MINOR CHANGES
(300) AT 2.0 CHANGE IN STRUCTURE
OF PAG

175 NO CHANGE  STEEL:NO NO CHANGE 54 0.002 MINOR CHANGES
(347) AT 2.5 CHANGE IN STRUCTURE
200 NO CHANGE STEEL:NO NO CHANGE 14.1 0.004 MINOR CHANGES
(392) AT 25 CHANGE IN STRUCTURE

(FLUORIDE ANALYSIS BLANK:  3.1)



FIGURE A-05

R-32 "As Received" Tube CC-01 R32/PPG (butyl mono-

ether)
14 Days @ 150°C
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FIGURE A-06
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TABLE A-4: STABILITY OF R-123 WITH MINERAL OIL (ISO VG32)

SEALED TUBE CONTENTS:

VALVE STEEL STRIP
1.0 cc (1.0 G) OF TEST LUBRICANT
0.9 G OF R-123

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:

VISUAL APPEARANCE OF TUBES CHEMICAL ANALYSIS
AGING GC - % OF 9%R-123
TEMP.  OIL COLOR R-123 REACTED REACTED
°C, CHANGE OTHER VISUAL (UNCORRECTED), CL ION (FROM
(°F) (ASTM) OBSERVATIONS PRODUCTS FOUND __ (UG) CL ION)
105  FROM 25 STEEL: BROWN NO CHANGE 98.7 0.045
(2200 TO3.0 STAIN
FROM 2.5 STEEL: BROWN NO CHANGE 65.8 0.032
TO 3.0
150  FROM 2.5 STEEL: ETCHED 1.8 R-133A 3,260 1.56
(300) TO7.0
FROM 2.5 STEEL: LIGHT 3.4 R-133A 5,660 2.71
TO75 SLUDGE DEPOSITS
160  FROM 25 BLACK SLUDGE, 14.0 R-133A 54,400 26.0
(3200 TO>8.0 STEEL: SLUDGE 0.45 R-143A
(BLACK) DEPOSITS
175  FROM 25 BLACK SLUDGE, 44.5 R-133A 169,440 40.5
(347)  TO>8.0 STEEL: ETCHED, 2.0 R-143A
(BLACK) SLUDGE DEPOSITS

NOTE: SEE PHOTOGRAPHIC RECORD OF VISUAL OBSERVATIONS IN APPENDIX D
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FIGURE A-8
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FIGURE A-7.1
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FIGURE A8.1
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TABLE A-5: STABILITY OF R-124 WITH ALKYLBENZENE OIL

SEALED TUBE CONTENTS:

VALVE STEEL STRIP
1.0 cc (0.9 G) OF TEST LUBRICANT
0.9 G OF R-124

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE OF TUBES CHEMICAL ANALYSIS

AGING

TEMP, OIL COLOR
°C CHANGE OTHER VISUAL CLION  %R-124
(°F) (ASTM) OBSERVATIONS GC (UG) _ REACTED
150 NO CHANGE  STEEL: NO NO CHANGE 184  0.008
(300)  AT20 CHANGE
175 FROM 2.0 STEEL: NO NO CHANGE 361 0015
(347) TO25 CHANGE
200 FROM 2.0 STEEL: BROWN NO MEASURABLE 122.7  0.052
(392)  TO3.0 STAINS CHANGE
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B FIGURE A-9
R-124 "As Received"
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FIGURE A-10
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TABLE A-6: STABILITY OF R-125 WITH POLYPROPYLENE
GLYCOL (BUTYL MONOETHER)

SEALED TUBE CONTENTS:
VALVE STEEL STRIP

1.0 cc (1.0 G) OF TEST LUBRICANT
1.0 G OF R-125

AGING SCHEDULE:
14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE CHEMICAL ANALYSIS
AGING
TEMP.  OIL COLOR OTHER SIZE EXCLUSION
°C CHANGE VISUAL FION %R-125 CHROMATOGRAPHY

(°F) (ASTM) CHANGES GC (UG) REACTED OF OIL
150 NO CHANGE  STEEL: ELUENT AT 1.6 0.001 CHANGES IN PAG
(300) AT25 NO CHANGE  0.62 MIN. STRUCTURE
175 NO CHANGE  STEEL: ELUENT AT 3.0 0.002 CHANGES IN PAG
(347) AT 25 NO CHANGE  0.62 MIN. STRUCTURE
200 NO CHANGE  STEEL: NO CHANGE 3.1 0.002 CHANGES IN PAG
(392) AT25 BLACKENED STRUCTURE

(FLUORIDE ANALYSIS BLANK:  3.6)
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FIGURE A-11
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Tube CF-11

FIGURE A-12
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TABLE A-7: STABILITY OF R-125 WITH MODIFIED POLYGLYCOL

SEALED TUBE CONTENTS:
VALVE STEEL STRIP

1.0 cc (1.0 G) OF TEST LUBRICANT
1.0 G OF R-125

AGING SCHEDULE:
14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE CHEMICAL ANALYSIS

AGING

TEMP.  OIL COLOR OTHER SIZE EXCLUSION
°C, CHANGE VISUAL FION  %R-125 CHROMATOGRAPHY
(°F) (ASTM) CHANGES GC (UG) REACTED OF OIL
150 FROM 2.5 STEEL: NO NO CHANGE 11.0  0.007 CHANGES IN PAG
(300) TO3.0 CHANGE STRUCTURE
175 FROM 2.5 STEEL: NO NO CHANGE 7.1  0.004 CHANGES IN PAG
(347) TO35 CHANGE STRUCTURE
200 FROM 2.5 STEED.:NO NO CHANGE 85  0.005 CHANGES IN PAG
(392) TO4.0 CHANGE STRUCTURE

(FLUORIDE ANALYSIS BLANK: 8.2)
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FIGURE A-13
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FIGURE A-14

Gas Chromatograms R-125/Modified Polyglycol
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TABLEA-8:  STABILITY OF R-125 WITH PENTAERYTHRITOL
ESTER (MIXED ACID 1)

SEALED TUBE CONTENTS:

VALVE STEEL STRIP

1.0 cc (1.0 ) OF TEST LUBRICANT
1.0 G OF R-125

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE CHEMICAL ANALYSIS
AGING
TEMP.  OIL COLOR OTHER OIL OIL IR
°C, CHANGE VISUAL FION  %R-125 ACID  (DIFFERENTIAL
(°F) (ASTM) CHANGES GC (UG) REACTED NO. SCAN)
150 FROM 2.5 STEEL:NO NO 8.2 0.005 0.00 NO SIGNIFICANT
(300) TO 3.0 CHANGE CHANGE CHANGES
175 FROM 2.5 STEEL:NO NO 1.7 0.005 0.48 NO SIGNIFICANT
(347) TO 3.0 CHANGE CHANGE CHANGES
200 FROM 2.5 STEEL: NO NO 1.7 0.005 1.09 CHANGES IN
(392) TO 3.0 CHANGE CHANGE 1200--1300
CM-1REGION
(FLUORIDE ANALYSIS BLANK:  3.1)
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R-125 "As Received'
""}i!-.-—.“ (Base Line)

) 1.0
=1n

e ey
MEAY

n ARkn 19Kt
::; 33933” "3
1.09 '8 Bl

1AL GREA4 339 1000
MU FACTURS | S0BEI0Y

I deed

FIGURE A-15

Tube CH-01

* R-125/PE Ester (mixed acid I)
14 Days @ 150°C.

T -

sior

RME Y NAR/BA/92  99:52:28

" m e e
‘:05 148 !3 gg 8: a0 99779
N ] O B 0.000 §.000

fola Antas - 1406788

A-25



FIGURE A-16

Tube CH-11 R-125/PE Ester (mixed acid I) Tube CH-21
14 Days @ 175°C-
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TABLE A-9: STABILITY OF R-134A WITH POLYPROPYLENE
GLYCOL (BUTYL MONOETHER)

SEALED TUBE CONTENTS:
VALVE STEEL STRIP
1.0 cc (1.0 G) OF TEST LUBRICANT
1.0 G OF R-134A

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE CHEMICAL ANALYSIS

AGING

TEMP OILCOLOR  OTHER SIZE EXCLUSION
°C CHANGE VISUAL FION %R-134A° CHROMATOGRAPHY
(°F) (ASTM) CHANGES GC (UG) REACTED OF OIL
150 NO CHANGE STEEL:NO NO CHANGE 1.2 0.001 CHANGES IN PAG
(300) AT 25 CHANGE STRUCTURE
175 NO CHANGE  STEEL:NO NO CHANGE 1.2 0.001 CHANGES IN PAG
(347) AT 2.5 CHANGE STRUCTURE
200 FROM 2.5 STEEL: NO CHANGE 1.1 0.001 CHANGES IN PAG
(392) TO3.0 DARKENED STRUCTURE

(FLUORIDE ANALYSIS BLANK: 3.1)
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FIGURE A-17

i) ". ‘R-134a "As Received"
Y. . __._(Bage Line)

Ay
) &S0
TR
s1or
I BT JN2 16792 1402149
nnEne
] : fREA 11E  AR/NE REAY
n Y 1sl2 m O.?‘JQ ¥.95%
ta puueoe® o 0. 140 49,919

T A Fo92009
mn TAIOR= | 000RE100

Tube CI-01 R134a/PPG (Butyl-
monoether)

14 Days @ 150°C

w

-3 1.67

-

-
4
sioP
RUM 8 ? APR/15/,92 11:33:99
“RE2¥ AREA TYPE  OR/TY ARENY,

9.33 986 P8 0.849 9.056

1.97 {748909 P8 0.124 99.944

T0TAL AREA= 1749800
WA FACTOR= | .0000E+00
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FIGURE A-18

Tube CI-11 R-134a/PPG (butyl monoether)

14 Days @ 175°C

W,

1.9
5'09
STOP
PINS 8 APR/15/92 11:51:51
AREA”
RY AREA TYFE  AR/HT AREAX
0.33 1229 BB 9.050 0.971

1.87 1731808 fB 0.124 99.929

TOTAL ARE( 1733000
WUL FACTN:..  @NAOE+00

Tube CI-23
14 Days @ 200°C

%

—1®
5'24
STOP
RUN 8 12 APR/15/92 14:29:46
AREAY,
RY AREA TYPE  AR/HT AREAX
9.33 1226 BB 0.851 0.971

1.67 1732200 PB 0.125 99.929

TOTAL AREA= 1733400
NUL FACTOR= | G000E+00
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TABLE A-10: STABILITY OF R-134A WITH POLYPROPYLENE
GLYCOL DIOL

SEALED TUBE CONTENTS:

VALVE STEEL STRIP
1.0 cc (1.0 G) OF TEST LUBRICANT
1.0 G OF R-134A

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE CHEMICAL ANALYSIS
AGING
TEMP. OILCOLOR  OTHER SIZE EXCLUSION
°C, CHANGE VISUAL FION  %R-134A CHROMATOGRAPHY
(°F) (ASTM) CHANGES GC (UG) REACTED OF OIL
150 NO CHANGE STEEL:NO NO CHANGE 0.6 0.000 SIGNIFICANT
(300) AT 2.0 CHANGE CHANGES IN PAG
STRUCTURE
175 NO CHANGE STEEL:NO NOCHANGE 21 0.001 SIGNIFICANT
(347) AT 2.0 CHANGE CHANGES IN PAG
STRUCTURE
200 FROM 2.0 STEEL:NO NO CHANGE 0.1 0.000 SIGNIFICANT
(392) TO25 CHANGE CHANGES IN PAG
STRUCTURE

(FLUORIDE ANALYSIS BLANK:  8.1)
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| | FIGURE A-19
WML R-13ha "An Recelved"

(Nnan_{1ue)

o 310
Tube CJ-01 R-134a/Polypropylene-
glycol Diol
TR 14 Days @ 150°C
W, |
— 1.0
¢
st1op
1"s
LU JUN/e4/92 13:35:10
AREA%
Rt AREA TYPE  AR/MT AREA%
8.3 1456 B 0.05S 9.076
1.8 191170 P8 B.121  99.924
. - 101AL AREA= 1913200
ML FACTOR= | 060OEI00
tiw
0 MM Hhsend
nit e |

YR R
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FIGURE A-20

Gas Chromatograms R-134a/Polypropyleneglycol Diol

Tube CJ~11 (14 Days @175°C)

I}l

48 3

i B m—— R
0'?'

Siw

AL ] 5 /24,92 14:94:52

NREN,
-] NREA TTPE AR/NT NPEN
N 36 1217 re  ©.055 9.270
| fP 121517 g 9 121 99 .99

Mint ARFN- 1216479
W FACIOR:= | QARAE1AN

Tube 'CJ-21 (llodays_' @ 200°C)

J1n

ST10P
RUN & 2 JuLs23,92
AREN™ .
RY AREN TYTE  AR/NY
9.46 1197 B 9.863

1.3t 2074700 FB 9. 14F

107AL AREN= 2875809
WL FACTOR= | QOBOE 488
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TABLE A-11: STABILITY OF R-134A WITH MODIFIED POLYGLYCOL

SEALED TUBE CONTENTS:
VALVE STEEL STRIP
1.0 cc (1.0 G) OF TEST LUBRICANT
1.0 G OF R-134A

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE CHEMICAL ANALYSIS
AGING
TEMP.  OIL COLOR OTHER SIZE EXCLUSION
°C, CHANGE VISUAL FION %R-134A CHROMATOGRAPHY
(°F) (ASTM) CHANGES GC (UG) REACTED OF OIL
150 FROM 2.5 STEEL:NO ELUENT AT 11 0.001 SIGNIFICANT
(300) TO 3.0 CHANGE 0.08% AT CHANGES IN PAG
1.0 MIN. STRUCTURE
175 FROM 2.5 STEEL:NO 0.05% AT 2.3 0.001 SIGNIFICANT
(347) TO35 CHANGE 1.0 MIN. CHANGES IN PAG
STRUCTURE
200 FROM 2.5 STEEL:NO TRACE OF 2.2 0.001 SIGNIFICANT
(392) TO 4.0 CHANGE ELUENT AT CHANGES IN PAG
1.03 MIN. STRUCTURE

(FLUORIDE ANALYSIS BLANK: 8.2)
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FIGURE A-21

Gas Chromatograms R-134a/Modified Polyglycol
R-134hn "An Recelved"

}1.29

sr1o0P
RUN § 2 AlG/26-92
AREAY,
RT AREA TYFE  AR/HT
8.40 8317 BB 0.864
1.39 1660108 FB 0.148
T10TAL AREN= 1661009

MUL FACTOR= | .GBBOE+00

1A:39:23

APEN?
9.050
99.950

Tube CK-01 (l4 days @ 150°C)

130 ]
A0

od

— 112

~ sTOP
RN 21 /22,92
AREN
RT AREA TYPE  ARANT
0.40 1608 BB  0.063
1.03 1245 BP 9. 124
1.28 2094290 PB  0.144
TOTAL AKEA= 2097000

ML FACTOR= |.0000F+60
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AREAY
9.048
9.933
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FIGURE A-22
Gas Chromatograms R-134a/Modified Polyglycol

f Tube CK-11 (14 days @175°C) (% " Tube CK-21 (14 days @ 200°C)
L] .
+#3 1920 J1.n
STOP
RUN ¢ 3 JUL/23/92 15:99:08
AREA% :
R1 AREA TYPE  AR/HT AREAY
8.40 1844 rp 9.056 9.049
1.3 21332090 PB  0.146 99 . 951

TOTAL AREA= 2134269

RINE & 22 JuLs22s92 13:55:16
ARENY

RY AREA TYPE  NR/HT AREA™

0.49 983 FB 9.857 9.049

1 82 1e’e  BP 6.103 9.053

1.29 2611300 PB  9.143 99.898

T01AL NREN= . 2013408
MK FACTOR= | .6000E+08
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TABLE A-12: STABILITY OF R-134A WITH PENTAERYTHRITOL
ESTER (MIXED ACID 1)

SEALED TUBE CONTENTS
VALVE STEEL STRIP
1.0 cc (1.0 G) OF TEST LUBRICANT
1.0 G OF R-134A

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE CHEMICAL ANALYSIS
AGING
TEMP.  OIL COLOR OTHER OIL OIL IR
°C, CHANGE VISUAL FION  %R-134A  ACID (DIFFERENTIAL
(°F) (ASTM) CHANGES GC (UG) REACTED NO. SCAN)
150 NO CHANGE  STEEL:NO NO 0.8 0.000 0.00 NO CHANGE
(300) AT25 CHANGE CHANGE
175 NO CHANGE  STEEL: NO 0.8 0.000 0.00 NO CHANGE
(347) AT 2.5 LIGHT STAIN CHANGE
200 FROM 2.5 STEEL: NO 0.7 0.000 0.67 NO CHANGE
(392) TO3.0 DARKENED CHANGE

(FLUORIDE ANALYSIS BLANK: 3.1)
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FIGURE A-23

I, R-134a "As Received" Tube CL-01; R-134a/PE Ester (mixed

e———(Base Line) e acid II')
' 14 Days @ 150°C
i
™,
3.9
(3]
1558 Stop
- RS 9 APR/15/92 13:25:09
’ ARE
3’1‘ AREA TYPE  AR/HT AREAX
0.33 1923 B8  ©.952 9.059
1.7 1249100 PB  0.125  99.942
stor 1010 ARER= 1758100
WAL FACTOR= 1.0000E+00
me 1 INLIE9E 1482149
nntn

Rl MEA IYPE ML "
e e b I AN

1M, oktne  BHOPINY
mn ratioR= | SoBetINe
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Tube CL-12

R-134a/PE Ester (mixed acid I}

14 Days @ 175°C

' E.n

FIGURE A-24

g

V]

A1

ot 1t

1016
sTor

RUW 2 10

AREA

R AREA TYPE
0.33 1006 BB
1.67 1779408 PB

TNIAL AREA= 1788409
ML FACTUR= 1.9900E+88

APR/15/92

aR/HT
9.053
8.125

13:44:57

AREA%
0.657
99.943

™

Tube CL-21
14 Days @ 200°C

— 1.9

sSTOP

RUH 8

AREAZ
L)
9.33
1.97

TOTAL AREA=

APR/15/92 14:96:88

AREA TYPE  AR/HT ARERY,
79 68 0.651 9.035

PEB  0.125 99.945

1773400

ML FACTOR= |.0000E+88
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TABLE A-13:  STABILITY OF R-134A WITH PENTAERYTHRITOL

ESTER (MIXED ACID 1)

SEALED TUBE CONTENTS:

VALVE STEEL STRIP

1.0 cc (1.0 ) OF TEST LUBRICANT

1.0 G OF R-134A

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE CHEMICAL ANALYSIS

AGING

TEMP.  OILCOLOR  OTHER OIL OIL IR
°C, CHANGE VISUAL FION  %R-134A  ACID (DIFFERENTIAL
(°F) (ASTM) CHANGES GC __ (UG) REACTED NO. SCAN)
150 NO CHANGE STEEL:NO NO 25 0.001 0.00 NO CHANGE
(300) AT 2.5 CHANGE CHANGE
175 NO CHANGE STEEL:NO NO 14  0.001 0.00 NO CHANGE
(347) AT 2.5 CHANGE CHANGE
200 FROM 2.5 STEEL:NO NO 18 0.001 0.74 NO CHANGE
(392) TO 3.0 CHANGE CHANGE

(FLUORIDE ANALYSIS BLANK: 3.1)
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L .u. -R-136a "As Received' FICUREA-Z

=R ATey

- (Bage Line)
u 1w

LR

11°58

sior

MY 1 IN16/92  14:82149
ARE A

R1 OREA TYPE  ARAIL ORENY
LRI 1812 69 0 4

. .69
1o bonvzes Po 0.140 99.913

1IN, AKEA= 2092009
MmN FACIOR= | 0BB9E100

Tube CM-01

M R-134a/PE Ester (,piy.q acid I)

—htid)

14 Days @ 150°C

Ll

s1op

RUM D13 HoR/84,92 11:18:47

14
", memoww
?I?: amgu P8 0.120 99.927

1010 AREA= 1809109
ML FACIOR 1. 0800E100

A-40



FIGURE A-26

Tube CM-11 Tube CM-21

R-134a/PE Ester (mixed acid I) R-134a/PE Ester (mixed acid I)
14 Days @ 175°C 14 Days @7200°C

M
%.u
—J 1.1

(e

11,19

| 70

| ' sT0P
RS 2 APR/B1/792 11:11:11
AREAX
RT ARER TYPE  AR/HT AREAY
0.34 1273 B8 0.6352 9.081

i.10 1562200 PB . ©.125 99.919

T0TAL AREA= 1563500
MR FACTOR= | .0000E100

sTOP
W 14 WAR/84/%2  12:07:46
NREA,
RY AREA TYPE  AR/HY AREA
8.34 jeef BB 6.8%4 8.866

1.1 1833200 PB 0.126 99.934
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TABLE A-14: STABILITY OF R-134A WITH PENTAERYTHRITOL
ESTER (100 cSt)

SEALED TUBE CONTENTS:
VALVE STEEL STRIP
1.0 cc (1.0 ) OF TEST LUBRICANT
1.0 G OF R-134A

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE CHEMICAL ANALYSIS
AGING
TEMP. OILCOLOR  OTHER OIL OIL IR
°C CHANGE VISUAL FION %R-134A  ACID (DIFFERENTIAL
(°F) (ASTM) CHANGES GC (UG) REACTED NO. SCAN)
150 NO CHANGE STEEL: NO 1.6 0.001 0.94  SPLIT C=O AT
(300) AT 3.0 NO CHANGE CHANGE 1700 To 1750
CM1
175 FROM 3.0 STEEL: NO 1.0 0.001 0.63 SPLITC=0
(347) TO35 DARKENED CHANGE 1700 To 1750
CM1
200 FROM 3.0 STEEL: 0.56% 6.8 0.004 0.99 AS ABOVE, PLUS
(392) TO4.5 BLACKENED OF CO2 C-O ABSORPTION
FORMED AROUND 1200 cmt

COMMENTS ON IR ANALYSIS: SPLIT CARBONYL BANDS INDICATE FORMATION OF EITHER NEW
ACID MOLECULES (TRANSESTERIFICATION), OR ALDEHYDES AND KETONES, I.E. DESTRUCTION
OF ESTER LINKAGES. AT 200 C ALCOHOLS ARE FORMED (C-O ABSORPTION) TOGETHER WITH
THE APPEARANCE OF CO2 (FROM GC ANALYSIS). THIS INDICATES THE BREAKAGE OF ESTER
LINKAGES BY A DECARBOXYLATION MECHANISM.
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FIGURE A-27
'(l,l_ u R-134a "As Received" I

Tube CN-01 R134a/PE (100 cSt)
1.0
'?JC 14 Days @150°C
. 11.19
s
1
"o
e
MR/04/92  13:32:23
*ﬁ ”uﬂ .i mm
i R
. m luumo
s '
LU N T 169 14049
MRENY

] M‘E ([ T Artn
T o IR A

MM kER:  POSRONS
R TAcIon= | DUUUEINe
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Tube CN-11

R-134a/PE Ester (100 cSt)

14 Days 175°C
w7

FIGURE A-28

—J31.10

stor

RM & 16 MR/ 14147044

NRENY
L{] . OAREA TYPE AR/ AREAY
6.4 1363 or 0.053 0.922
1.10 fgocees P8  9.129 99.928

TOINL nREA= 1897404
NUL FACTOR= | GOOUELD

Tube CN-22
R134a/PE Ester (100 cSt)
14 Days @200°C

%—,___ A

11.89

stop
Rwe o APR/81/92 11:38:49
AREA%

Rl AREA TYPE  AR/HT AREN?
0.3 j6e7 P 0.850 9.089
9.48 10123 P8 0.0352 8.595
1.9 jetisee P8 0.127 99.356

101AL AREA= 16823500
WL FACTOR= |.0800E+00
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TABLE A-15: STABILITY OF R-142B WITH ALKYLBENZENE OIL

SEALED TUBE CONTENTS:
VALVE STEEL STRIP

1.0 CC (0.9 G) OF TEST LUBRICANT

0.9 G OF R-142B

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE OF TUBES CHEMICAL ANALYSIS
AGING
TEMP,  OIL COLOR
°C CHANGE  OTHER VISUAL CLION  %R-1428B
(°F) (ASTM) _ OBSERVATIONS GC (UG) _ REACTED
150 NO CHANGE STEEL: NO NO CHANGE 34.8 0.011
(300)  AT20 CHANGE
175 FROM2.0  STEEL: SLIGHT NO CHANGE 45.0 0.014

(347) TO 2.5 DARKENING

200 FROM 2.0 STEEL: ETCHED
(392) TO 3.0 AND STAINED

-5

NO MEASURABLE 525
CHANGE

0.169



FIGURE A-29

R-142b "As Received” Tube CO-02 R-142b/Alkylbenzene

."3_4 . 14 Days @ 150°C

Ja.ss
X
-
182
1"we
sTop stor
RNE 8 JM/11/92 98:42:85 B N Nnit/18/92 14:45:34
ARENY ARENAY
RY AREAR TYPE AR/MY AREAX Rt REA TYPE  oRANY OREN>
9.36 €35 BP 0.059 9.082% . 0. 1597 BP 0.6%2 0.902
9.50 555 PB 9.854 0.022 0.4 403 B 0.949 0.022
2.43 2519200 PR ©.286  99.953 2.6 1829700 PB 0.313  99.89%
T10TAL MREA= 2520480 | 101AL AREAs 1831600
WL FACTOR= | .GGGOE+00

WL FACIOR= "’“.*’“
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FIGURE A-30

Tube CO-11

14 Days @175°C
.33

——
s .
sT0P
RUWE 19 MRIIIISQ IB*:M'M
AREN

f *g;;
2.65 1799500 n ¢4 D’;g

10TAL AREA= 1000600
WL FACTOR= |.0800E400

R-142b/Alkylbenzene

Tube CO-21

14 Days @200°C
% 4

T o

ﬁ1
818
[ s
Ty
stop
mue ! APR/18/92  16:29:43
A
o '}3 "NM'WPE RNt AREAX
!. 1034 BP  0.05 9.95%9
N3] 1783000 PD 0.309 99.941

M‘l MEM 1754000
“' ACTORe §.0000E100
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TABLE A-16: STABILITY of R-143A WITH PENTAERYTHRITOL
ESTER (MIXED ACID 1)

SEALED TUBE CONTENTS:
VALVE STEEL STRIP

1.0 cc (1.0 G) OF TEST LUBRICANT
1.0 G OF R-143A

AGING SCHEDULE:
14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE CHEMICAL ANALYSIS

AGING

TEMP.  OILCOLOR  OTHER OIL OIL IR
°C, CHANGE VISUAL FION  %R-143A  ACID (DIFFEREN-
(°F) (ASTM) CHANGES GC (UG) REACTED NO. TIAL SCAN)
150 FROM 2.5 STEEL: NO NO 2.6 0.001 0.51 NO CHANGE
(300) TO 3.0 CHANGE CHANGE
175 FROM 2.5 STEEL:NO NO 41 0.002 1.07 NO CHANGE
(347) TO 3.0 CHANGE CHANGE
200 FROM 2.5 STEEL: NO 11 0.001 0.99 NO CHANGE
(392) TO 3.0 BLACKENED CHANGE

(FLUORIDE ANALYSIS BLANK: 3.6)
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FIGURE A-31

R-143a "As Received"

&

— 85

FEB/19,92 @9:44:18

Top

M 1

EN

RT AREA TYPE
9.34 je1l e
9.49 1064 P8
8.83 3870108 P8

AL AREA= 3672608
A FACTOR= |.0000E+08

aR/Ht AREAX

8.4
ey 80

9.
0.
0.114 99.913

Note: 0.49 min peak is probably

CO2 .

Tube CP-02 ] -
R‘:M3a/PE Ester (mixed acid I)

3

— 8
14 pays @ 150°C

'R
stop

e 2 WaR/18792  13:46:2)

R1 AREA tYPE AR/ AREA%
0.33 164 ©F 0.851  o.eg2
0.48 73 P8 0.049 9.037
.86 2050808 PB  0.103 99.882

TOTAL AREA= - 2052400
ML FACIOR= |,0000E+00

A-49



Tube CP-11

14 Days @ 175°C

r%u}]

FIGURE A-32

R-143a/PE Ester (mixed acid I) Tube CP-21

14 Days @ 200°C
2 a1 .36 .

7'82
sTor
RUM & 7 NAR/ 18792
AREA%
RY AREA TYPE  AR/NT
9.33 1674 BP 0.051
9.48 ™7 PR 0.049
8.86 2evra PR 0.103

TOTAL AREN= 2052480
MUL FACTOR= | 00GRE+00

13:46:21

AREA”,
9.082
8.837
99.882

4

sTOP

RUN & 13 JUN/11/92

AREAX
RT AREA TYPE  AR/HT
8.36 4126 PY 0.633
0.51 1624 V8 0.053
0.86 2182600 P8 0.161

TOTAL AREA= 2187189
WL FACTOR= |.0000E+409
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11:09:11

AREAZ
9.199
0.947
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TABLE A-17: STABILITY OF R-152A WITH ALKYLBENZENE

SEALED TUBE CONTENTS:

VALVE STEEL STRIP
1.0 cc (0.9 G) OF TEST LUBRICANT
0.9 G OF R-152A

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE OF TUBES CHEMICAL ANALYSIS
AGING
TEMP,
°C COLOR CHANGE ~ OTHER VISUAL FION  %R-152A
(°F) OF OIL (ASTM) ___ OBSERVATIONS GC (UG)  REACTED
150 FROM 2.0 STEEL: NO NO CHANGE 0.4 0.000
(300)  TO25 CHANGE
175 FROM 2.0 STEEL: NO NO CHANGE 2.0 0.001
(347)  TO25 CHANGE
200 FROM 2.0 STEEL: NO CHANGE 1.1 0.000
(392)  TO3.0 DARKENED

(FLUORIDE ANALYSIS BLANK: 3.1)

NOTE: R-152A AND ALKYLBENZENE LUBRICANT WERE NOT MISCIBLE AT ROOM
TEMPERATURE. ALL TUBES EXHIBITED TWO DISTINCT LIQUID PHASES.
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FIGURE A-33

R-152a "As Received" Tube CQ-01; R-lSZa[Alkylbenzene

14 Days @ 150°C

F!.33
g — .15
F! 4

1.
S10p
RS 10 NAR/84,92 . 10289
i 2:30 STOP
ARENY ~
R AREA 1YPE * AR/NT AREAY
M B A '
' ' ) RME 13 APR/15/92 14:48:36
101AL AREA= 2472309 AREAX
MR FACTOR= | 0800E+00 RT AREA TYPE  AR/HT AREAY
. 9.33 938 BB 0.852 0.044

1.13 2146500 PB  ©.135 99.956

10TAL AREA= 2147508
UL FACTOR= |.0000E+60
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FIGURE A-34

Tube CQ-12; R-152a/Alkylbenzene

14 Days @ 175°C

Fa

—J 1.15

sTo0P
RO 14 APR/1S/92 15:12:28
AREN, .
RT ARER TYPE  AR/MT
0.33 1966 B8 0882 oot

115 2084688 PB 0.13¢  99.949

T0TAL AREA= 20885608
NUL FACTOR= | 000OE+80

Tube CQ-21
14 Days @ 200°C

.

J1.15
ﬂ
on
sToP
mREe IS T APR/IS/92  195:33:40
AREAY
RY AREA TYPE  AR/HT ARENY
.33 952 68 0.631 0.044

1.13 2170400 P8 0.135 99.956

10TAL AREA= 2171400
NUL FACTOR= |.0G0OE+00
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TABLE A-18: STABILITY OF R-134 WITH PENTAERYTHRITOL
ESTER (MIXED ACID 1)

SEALED TUBE CONTENTS:
VALVE STEEL STRIP
1.0 cc (1.0 ) OF TEST LUBRICANT
1.0GOFR-134

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE CHEMICAL ANALYSIS

AGING

TEMP.  OILCOLOR  OTHER OlL OIL IR
°C, CHANGE VISUAL FION %R-134 ACID (DIFFEREN-
(°F) (ASTM) CHANGES GC (UG) REACTED No. TIAL SCAN)
150 NO CHANGE STEEL:NO NO 12 0.001 0.59  NO SIGNIF.
(300) AT 25 CHANGE CHANGE CHANGES
175 FROM 2.5 STEEL:NO NO 0.1 0.000 0.83  NO SIGNIF.
(347) TO 3.0 CHANGE CHANGE CHANGES
200 FROM 2.5 STEEL: NO 0.7 0.000 169  NO SIGNIF.
(392) TO3.0 DARKENED CHANGE CHANGES

(FLUORIDE ANALYSIS BLANK: 3.6)
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R-134 "As Received"

FIGURE A-35

—J .19
1158
sTOP
RN 7 C JUN/1L/92  98:26:36
AREAY
RY AREA TYPE  AR/HT AREA%
0.36 666 PB 0.056 0.033
1.19 1984209 PB  0.133 99.963

T0TAL AREA= 1904998
MUL FACTOR= 1 .DOBOE+80

0

X Tube CR-2 R-134/PE Ester

gmixed acid)

o

14 Days @ 150°C

1

TR

8TOP

RME 2 Josedsge
AREAX

R AREA TYPE  AR/HT
0.36 1216 P8 0.654

1.21 1867600 FB 0.135

» TOTAL AREA= 1868800
WAL FACTOR= | .0000E+00
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AREAX
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FIGURE A-36

Gas Chromatograms of R-lBk/Pen:aerythriLol_Ester (mixed acid I)

'E  Tube CR-11 14 Days at 175°C Tube CR-22 14 Days @ 200°C
3 TR
A
1.2 }
—J1.40
sToP
RUN # ] JUL/23/92 16:1R:13
AREAZ
R AREA TYPE  AR/HTY ARERY,
0.40 1870 BB 0.6862 9.054
- o 1.49 1967988 PB @.163 93 946
sToP T
: 10TAL AREA= 1969980
NUL FACIOR= |.09B6E+09
RUN 3 JUN/24/92 12:14:46
NREA™ :
RY AREA TYPE  AR/HT AREAY
8.36 916 B8 0.0832 9.050

1.21 18347680 PB  8.135 99.958

TOTAL AREN= 1835600
WUL FACTOR= 1.0009E+89
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TABLE A-19: STABILITY OF R-11 WITH MINERAL OIL (ISO VG32)

SEALED TUBE CONTENTS:
VALVE STEEL STRIP

1.0 cc (1.0 ) OF TEST LUBRICANT
09GOFR-11

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE OF TUBES CHEMICAL ANALYSIS
AGING GC -% OF %R-11
TEMP.  OIL COLOR R-11 REACTED REACTED
°C CHANGE OTHER VISUAL (UNCORRECTED), CLION (FROM
(°F) (ASTM) OBSERVATIONS PRODUCTS FOUND _ (UG) CLION)
105 FROM 2.5 STEEL: LIGHT NO MEASURABLE 1,063 0.46
(220) TO 4.5 STAINS CHANGES
150 FROM 2.5 OIL: GELLED, 72.0 R-21, 224,600 72.0
(300) TO>8.0 STEEL: COVERED <0.5 R-31,
(BLACK) WITH SLUDGE 1.0 CO2
180 FROM 2.5 OIL: GELLED, R-11 HAS 270,200 87.0
(320) TO>8.0 STEEL: COVERED DISAPPEARED,
(BLACK) WITH SLUDGE 47.8 R-21,
17.2 R-31,
31.4CO;

NOTE: SEE PHOTOGRAPHIC RECORD OF VISUAL OBSERVATIONS IN APPENDIX D
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FIGURE A-37
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FIGURE A-38

Tube CS-14 R-11/Mineral 0il (1SO VG32)  Tube CS-21
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TABLE A-20: STABILITY OF R-11 WITH WHITE NAPHTHENIC
MINERAL OIL (ISO VG46)

SEALED TUBE CONTENTS:
VALVE STEEL STRIP
1.0 cc (1.0 ) OF TEST LUBRICANT
0.9GOFR-11

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE OF TUBES CHEMICAL ANALYSIS
AGING GC-% OF %R-11
TEMP. OIL COLOR R-11 REACTED REACTED
°C, CHANGE OTHER VISUAL (UNCORRECTED), CLION (FROM
(°F) (ASTM) OBSERVATIONS PRODUCTS FOUND (UG) CLION)
105 NO CHANGE  STEEL: LIGHT NO MEASURABLE 33 0.014
(2200 FROM20  STAINS CHANGE
150 FROM 2.0 STEEL: ETCHED, 17.8R-21 94,500 45.2
(300) TO >8.0 LIGHT SLUDGE 1.37R-31
(BLACK) Co;
160 FROM 2.0 STEEL: ETCHED, R-11: ALMOST 202,500 97.0
(320) TO >8.0 OIL: GELLED DISAPPEARED,
(BLACK) 75.0 R-21
10.4 R-31
13.7 CO»

NOTE: SEE PHOTOGRAPHIC RECORD OF VISUAL OBSERVATIONS IN APPENDIX D
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FIGURE A-39

Gas Chromatograms of R-11/White Naphthenic Mineral 0il (ISO VG46)
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FIGURE A-40

Gas Chromatograms of R-11/White Naphthenic Mineral 0il (ISO VG 46)
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TABLE A-21:  STABILITY OF R-123 WITH WHITE NAPHTHENIC
MINERAL OIL (ISO VG46)

SEALED TUBE CONTENTS:
VALVE STEEL STRIP
1.0 cc (1.0 ) OF TEST LUBRICANT
0.9 G OF R-123

AGING SCHEDULE:

14 DAYS AT TEMPERATURES SHOWN

TEST RESULTS:
VISUAL APPEARANCE OF TUBES CHEMICAL ANALYSIS
AGING GC-% OF 9%6R-123
TEMP.  OIL COLOR R-123 REACTED REACTED
°C CHANGE OTHER VISUAL (UNCORRECTED), CLION  (FROM
(°F) _ (ASTM) OBSERVATIONS PRODUCTS FOUND _ (UG) CLION)
105  NOCHANGE STEEL:NO NO CHANGE 48 0.002
(2200  FROM 2.0 CHANGE
150  FROM 2.0 STEEL: LIGHT 3.9 R-133A 12,200 5.84
(300) TO75 DEPOSITS (OIL 0.08 R-143A
SLUDGE)
160  FROM25 STEEL: ETCHED,  10.9 R-133A 37,000 8.9
(3200 TO>8.0 SLUDGE DEPOSITS  0.38 R-133A
(BLACK) CO;

NOTE: SEE PHOTOGRAPHIC RECORD OF VISUAL OBSERVATIONS IN APPENDIX D
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FIGURE A-41
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R-123 "As Recelved"
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FIGURE A-42
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Fl GURE B-01
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Fl GURE B-02

Si ze Excl usi on Chromat ogram PPG butyl nonoether/R-32, 14 days @ 150°C
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Fl GURE B- 03

Si ze Excl usion Chromat ogram PPG butyl nonoether/R-32, 14 days @175°C
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Fl GURE B- 04

monoet her/ R-32, 14

days @ 200°C
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Fl GURE B- 05

Si ze Excl usi on Chromat ograns of
PPG butyl nonoet her sanpl es aged
with R 125.

--- 14 days at 150°C

--- 14 days at 175°C

--- 14 days at 200°C
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Fl GURE B- 06

Si ze Excl usi on Chronmat ograns of
Modi fi ed Pol ygl ycol aged with
R- 125.

--- 14 days at 150°C

--- 14 days at 175°C

--- 14 days at 200°C
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Fl GURE B- 07

| R Spectra Pentaerythritol
Ester (mixed acid |I) after
Aging at 150°C with R-125.
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IR Spectra of Pentaerythritol
Ester after Aging at 200°C with

FI GURE B- 08
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Fl GURE B-09

Si ze Excl usi on Chronat ogr ans:

PPG butyl nonoet her/ R-134a

--- 14 days at 150°C

--- 14 days at 175°C

--- 14 days at 200°C

[]
NINUTES

.OF
[ 13
Piaq b0 1y
Kis " mm’h--———'-—— e e e e
K1
.2k N
]
P DO (PRI DRI S - e
J 76
HINUTES
25&:2 s=2
FEITOIURNCTIRTY
o
I'V
ol
.6}
.4k " JERT} b
2
[}
. = . J. '] A A A, Ai.
MEINUTES
S23 ER2
IERIHTROENY
Seedsz It S b
. @g-
.o
,CT
4
[}
T
.2} i
° v 5



Richard C Cavestri


Fl GURE B-10

Si ze Exclusion Chromatogranms: PPG Diol/R-134a, 14 days at 150°C
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Si ze Excl usion

FIl GURE B-11

Chromat ogram PPG Diol /R 134a, 14 days at 175°C
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Fl GURE B-12

Chr omat ograns: PPG Dol /R-134a, 14 days at 200°C
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Fl GURE B-13

Si ze Excl usi on Chromat ogr ans: Modi fi ed Pol ygl ycol / R-134a, 14 days
at 150°C
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FI GURE B-14

Si ze Excl usi on Chromat ograns: Modi fi ed Pol ygl ycol / R-134a, 14 days at
175°C
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Fl GURE B- 15

Si ze Excl usi on Chromat ogr ans: Modi fi ed Pol ygl ycol / R-134a,
14 days at 200°C
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Fl GURE B- 16

I R Spectra: Pentaerythritol
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I R Spectra:

Fl GURE B-18
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Fl GURE B- 19

I R Spectra: Pentaerythritol Ester (100 cSt)/R-134a,
14 days at 200°C
) ! ; WAVELENGIH Jmcnchsy
|00.‘ ..:l| !‘L H
U}l
,. ! 1 T
i.::'o?
Ze0 ! ] h
£ Hl ?(
<
=

T g
RS

o\
[ i jidiii)
4000 1000 1200 1000
oM
SPECTRUM HO _._ ORGHI T NEGENID . _ . [REMARKS .. _ _ ‘g,‘é’,
SAMME foem mneu) - N I ﬁg
. z
. —feuresy__ 2 . - — (Z)
Unused -Oil [PIASE eite oo meL_ JUATE L2002 . e
.. 1HICKNESS OPERATOR _ v P
f- WAVELENGTH  [MICRQNS; )
ey AT PREVMRY
100 : H 100
E 8 3 H Hitl
ER1) a "? g
Y ilya i & dnr.s
i.o 1 1t =K g - ' %o
® LS - A¥
gco Homiiy i Ll LN 0
RN s HHTHIITEEE
. §40 H w-’l; ! “ § F'* ‘F 40
ilnn L B 0 dgri-ap g:!
. 20 - Lhﬁ : H4H T 20
aeaRlLa g e it 1],
4000 3000 2000 1500 noocw 1000 900 800 700
SPECTRUM NHO. ____[OmGIN_aemt LEGEND REMARKS §§



Richard C Cavestri


| WAYELENGIH  (MICRQNS) !
1 4 )} 3 { q.t’“ v [ I ¥ Y
N0 KT - - . N
HiY g : 1s.¢
FI GURE B- 20 ol N4 5 L Lt
——— 2 ki ! } ) LW;LN:“\ J RO
. . : A A
| R Spectra: Differenti al Yo i in| -
Scans Pentaerythritol Ester ¢ [ | LAt tEH #0
(100 cSt)/R 134a - Aged E il W nj
Ols (150°C, 175°C, 200°Q) z ' 10
vs. Unused O | F o
EEHUTRHE 1 0
- - - 150°C . SR LE U LRI H,
4000 3000 2000 1500 1200~ 1000 900 800 700
[srecTum NO. ORIGIN ___Avti liecem __[remARks _ '
SAMME_C9-2 1. Hete opiit esrbenyt E:
{
_Bifterentisl Gcan Irumity 9. sone_seseteration
| st meeay 1120 IPHASE _fita on mec) AT ___VIivn | ethepe tn vy agronen. {
e ITCRNESS______ |OPERATOR 80 XTI TR o l
‘ r
‘ . WAVELENGTH uvcn%«]. Woop o u
: 1 =24 T HIST To
'°"’si~’|! Yl . “—}\h itk
..90" N { | RC
». i | _,J L a8 .
il g ; N
260 A AD
- - - 175°C & ,
C
: a0 .
R i ' i !
20 !: l i ki 1 ';7(’
U AL,
° + R 4 5l 88 8 REH S - bl 3o
4000 3000 2000 1500 200 700
SPECTRUM NO. OGN __anrt FEMMKS g
SAMPLE_C9 13 __Oplit sarvenyt
Sitterential Seen PURITY.
LN LR L T Y
THICKNESS .
' . ‘ WAVELEMGTH \ wow o
100 l' SO [ ? o
!I i . . 5 14 t
ol . F Tac
1 i |
260 H 11111 AC
gno 1 L 134
- - - 200°C g l
" | 1 ?
ﬂ LU LI LEL s,
4000 3000 2000 1500 \'mocw 1000 900 . ‘| 700
[srecTRum no. [omom__ 34l (EGED REMARKS N
SAMME_¢o-11 1. tote eplit sechenyt I
_ittenentio) Breon PURITY. 2. 804 broed €-8 sbeerpt!
oo meen_tont___[PUASE tie en seet__IDATE_ wawna____ | stawes’t

B - 20 — e JHICKNESS

OFERATOR 227



Richard C Cavestri


Fl GURE B-21
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Fl GURE B-22
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APPENDIX C



APPENDIX C LISTS ALL TEST REFRIGERANTS AND LUBRICANTS USED IN THE
COURSE OF THIS PROJECT. GENERIC DESIGNATIONS AND THEIR COMMERCIAL
EQUIVALENTS ARE CROSS REFERENCED, WHERE APPLICABLE. ALSO DOCUMENTED
IN APPENDIX C IS ALL INFORMATION DEVELOPED ON THE PURITY LEVEL OF THE
MATERIALS USED.

TABLE C-1: TEST REFRIGERANTS

THE PURITY OF ALL REFRIGERANTS USED WAS DETERMINED BY GC
ANALYSIS OF LIQUID PHASE REFRIGERANT SAMPLES. ABSENCE OF ANY
MEASURABLE QUANTITIES OF CONTAMINANT GASES, EXCEPT FOR THE SMALL
AMOUNTS OF AIR FROM INADVERTENT LEAKS IN THE GAS HANDLING SYSTEM IS
INDICATED IN THE TABLE BY THE NOTATION "PURE MATERIAL".

REFERENCE
REFRIGERANT GC RESULTS CHROMATOGRAM
R-11 PURE MATERIAL FIG. C-01
R-22 PURE MATERIAL FIG. C-02
R-32 PURE MATERIAL FIG. C-03
R-123 PURE MATERIAL FIG. C-04
R-124 PURE MATERIAL FIG. C-05
R-125 UNIDENTIFIED IMPURITY FIG. C-06
AT <0.5%
R-134A PURE MATERIAL FIG. C-07
R-134 POSSIBLE IMPURITY FIG. C-08
ELUTING AFTER R-134
R-142B PURE MATERIAL FIG. C-09
R-143A CO2 (?) IMPURITY FIG. C-10
R-152A PURE MATERIAL FIG. C-11



TABLE C-2: TEST LUBRICANTS

TOTAL ~ WATER  METAL CONTENT
GENERIC COMMERCIAL  COMMERCIAL  ACIDNO.  CONTENT (PPM)

IDENTIFICATION SOURCE DESIGNATION (MG KOH/G)  (PPM) o FE
MINERAL OIL ISO  WITCO SUNISO 3GS 0.001 18 1 0
VG32) - NAPHTHENIC  CHEMICAL
MINERAL OIL (ISO  WITCO FREEZENE- 0.11 15 2 <1
VG46) - NAPHTHENIC  CHEMICAL NAPHTHENIC
WHITE OIL HEAVY
ALKYLBENZENE SHRIEVE ZEROL 150 <0.001 17 1 0

CHEMICAL
POLYPROPYLENE  ICl EMKAROX (ISO 0.05 234 <1 <1
GLYCOL BUTYL- VG32
MONOETHER
MODIFIED POLY- ALLIED- BRL-150 0.13 21# <1 <1
GLYCOL (PROPRIET.  SIGNAL
COMPOSITION)
POLYPROPYLENE ~ DOW P 425 (ISO 0.07 164 <1 <1
GLYCOL DIOL CHEMICAL VG22)
PENTAERYTHRITOL ~ CASTROL ICEMATIC SW32 0.02 244 <1 <1
ESTER (MIXED (ISO VG32)
ACID I)
PENTAERYTHRITOL  ICl EMKARATE RLE 0.08 20# <1 <1
ESTER (MIXED (ISO VG22)
ACID Il)
PENTAERYTHRITOL ~ HENKEL- EMERY 4078X 0.10 184 <1 <1
ESTER (100 cSt) EMERY (2928 1SO VG
100)

# = AFTER VACUUM DEHYDRATION



FI GURE C-01
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FIGRE C 03

Gas Chronat ogr am of
R-32 as received
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FI GURE C-04
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FI GURE G- 05 FI GURE C-06
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FI GURE C 07

Gas Chronat ogr am of
R-134a as Recei ved
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FIGRE C 08

Gas Chronat ogr am of
R- 134 as Received
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FI GURE C-09

Gas Chronat ogr am of
R-142b as Recei ved
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FI GURE C- 10
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FIGURE C- 11

Gas Chronmat ogr am of
R-152a as Recei ved
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TABLE OF CONTENTS

APPENDIX D CONTAINS COPIES OF PHOTOGRAPHS FROM THOSE SEALED TUBE SETS
THAT EXHIBITED SIGNIFICANT VISUAL CHANGES AFTER THE THERMAL AGING OF THE
RESPECTIVE REFRIGERANT-OIL MIXTURES, AS FOLLOWS:

FIGURE D-1 R-123/MINERAL OIL

FIGURE D-2 R-124/ALKYLBENZENE

FIGURE D-3 R-125/MODIFIED POLYGLYCOL
FIGURE D-4 R-134A/MODIFIED POLYGLYCOL
FIGURE D-5 R-134A/PENTAERYTHRITOL ESTER (100 cSt)
FIGURE D-6 R-11/MINERAL OIL

FIGURE D-7 R-11/HEAVY NAPHTHENIC

FIGURE D-8 R-123/HEAVY NAPHTHENIC
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