
|

DOE/CE/23810-8C

COMPATIBILITY OF REFRIGERANTS AND LUBRICANTS WITH
MOTOR MATERIALS

i

RECEIVED
Quarterly Technical Progress Report JUN | O 1993

OSTI

1 October 1992- 31 December 1992

Robert Doerr

Stephen Kujak
Todd Waite

The Trane Company
3600 Pammel Creek Road

La Crosse, Wisconsin 54601-7599

January 1993

Prepared for
The Air-Conditioning and Refrigeration Technology Institute

Under

ARTI MCLR Project Number 650-50400

This research project is supported, in whole or in part, by U.S. Department of Energy grant DE-FG02-91CE23810: Materials
Compatibility .and Lubricants Research (MCLR) on CFC-Refrigerant Substitutes. Federal funding supporting this project constitutes
93.67% of allowable costs. Funding from non-government sources supporting this project consists of direct cost sharing of 6.33% of
allowable costs; and in-kind contributions fern1 the air-conditioning and refrigeration industry.

MASTER
IDISTRIBUTION OF THIS DOCUMENT IS UNLIMITr=O



DISCLAIMER

The U.S. Department of Energy's and the air-conditioning industry's support for the
Materials Compatibility and Lubricant Research (MCLR) program does not constitute
an endorsement by the U.S Department of Energy, nor by the air-conditioning and
refrigeration industry, of the views expressed herein.

NOTICE

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the Department of Energy, nor the Air-
ConditiOning and Refrigeration Technology Institute, nor any of their employe.es,
nor any of their contractors, subcontractors, or their employees, makes _Lny
warranty, expressed or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product or
process disclosed or represents that its use would not infringe privately-owned
rights.

COPYRIGHT NOTICE
(for journal publication submissions)

By acceptance of the article, the publisher and/or recipient acknowledges the right
of the U.S. Government's and the Air-Conditioning and Refrigeration Technology
Institutes, Inc. (ARTI) rights to retain a nonexclusive, royalty-free license in and to
any copyright covering this paper.

i



F

_Ii TABLE OF CONTENTS

PaQesv

ABSTRACT 1
SCOPE 1
SIGNIFICANTRESULTS 3

Introduction 3
Discussion 4

Varnishes 4
Magnet Wire 4
Sheet Insulation 5
SpiralWrapped Sleeving Insulation 6
Lead Wire 6
Tapes and Tie Cords 6

Conclusion 6
COMPLIANCEWITHAGREEMENT 7
PRINCIPALINVESTIGATOREFFORT 7
APPENDIXA

Varnish Disks
% Weight Change A-1

Varnish Bond Strength
Magnet Wire A A-3
Magnet Wire B A-5
Magnet wire C A-7

Burnout Stength
Magnet Wire A A-9
Magnet Wire B A-11
Magnet wire C A-13

Dielectric Strength
Magnet Wire A -. A-1 5
Magnet Wire B A-17
Magnet wire C A-19

Sheet Insulation
, % Weight Change A-21

% Changein Tensile Strength A-23
% Changein Elongation A-25
% Changein Dielectric Strength A-27

SpiralWrapped SleevingInsulation
% Changein Weight A-29

; Lead Wire

O % Changein Weight A-31
% Changein Dielectric Strength A-33I

I " _lr 'rl ' ' ' ' n



O
Tapes

% Change in Weight A-35
% Change in Break Load A-37

Tie Cord
% Change in Weight A-39
% Change in Break Load A-41

APPENDIX B
Identification of Lubricants B-1

, iii



j r

O COMPATIBILITY OF REFRIGERANTSAND LUBRICANTS WITH MOTORMATERIALS

ARTI MCLRContract Number 650-50400

Robert Doerr
Stephen Kujak

Todd Waite

Abstract

Equipment manufacturersare challengedto replaceCFC-based refrigerantsand their
lubricants with environmentally acceptable alternatives. Information on the compatibility of
motor materials with these alternative refrigerants and lubricants is a basic requirement for
reliable performance. This report presents compatibility data for 24 commercially used motor
materials exposed to 17 refrigerant/lubricant combinations. This compatibility data will
enable the phase out of CFC's to continue at its current fast pace and insure the continued
reliable performance of refrigerant-based equipment.

Scope

This project covers compatibility tests of 24 commercially used motor materials
exposed to 11 pure refrigerants and 17 refrigerant-lubricant combinations. Materials were
evaluated immediately after a 500 hour exposure and after a 500 hour exposure followed by an
additional 24 hour bake at 150°C(302°F) in air to remove absorbed refrigerant. The effect of
heat alone was determined by exposures in nitrogen gas. What follows is a listing of
refrigerants, refrigerant-lubricant combinations, motor materials and tests performed on the
motor materials, covering the entire motor materials compatibility project.

REFRIGERANTSAND LUBRICANTS

The 11 pure refrigerants and 17 refrigerant-lubricant combinations were exposed for 500 hours at
the temperatures indicated below:

l_efri_oerants'
HCFC-22 @ 90°C(I 94°F) HFC-134 @ 90°C(194°F)
HCFC-123 @ 90°C(194°F) HFC-32 @ 60°C(I 40°F)
HCFC-124 @ 90°C(I 94°F) HFC-125 @ 60°C(140°F)
HCFC-142b @ 90°C(194°F) HFC-143a @ GO°C(140°F)
HFC-152a @ 90°C(194°F) HFC-245ca @ 121°C(250°F)
HFC-134a @ 90%(194°F)
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Refrigerant-Lubricant Combinations(exposed @ 1 27°C(2; 60°F)
HCFC-22/Mineral HFC-134/Ester, Branched Acid
HCFC-124/Alkylbenzene HFC-245ca/Ester, BranchedAcid
HCFC-142b/Alkylbenzene HFC-134a/PAG, Butyl Monoether
HFC-152a/Alkylbenzene HFC-32/PAG, Butyl Monoether
HFC-134a/Ester, Mixed Acid HFC-125/PAG, Butyl Monoether
HFC-134a/Ester, Branched HFC-134a/PAG, Modified
HFC-32/Ester, Branched Acid HFC-125/PAG, Modified
HFC-125/Ester, Branched Acid HFC-134a/PAG, Diol
HFC-143a/Ester, Branched Acid

MOTORMATERIALS

The 24 commercially used motor materials evaluated wer_.:

Magnet Wire
-Modified polyester overcoated with polyamide imide per Section MW 73 of NEMA Standard MW 1000
-Modified polyester overcoated with polyamide imide and epoxy saturated glass per Section MW 73 and

MW 46 of NEMA Standard MW 1000
-Polyester imide over coated with polyamide imide

Varnishes L._ad Wire Insulation _b
-U475EH solvent epoxy -Dacron/Mylar/Dacron
-Y390PG solvent epoxy-phenolic -Dacron/Teflon/Mylar/Dacron
-ER610 93"% solids epoxy
-Y833 100% solids VPi epoxy
-92_3 solvent epoxy
-Isopoxy 800 water-borne epoxy

Sheet Insulation, Slot Liners and Phase Separat.ors Tapes
-Nomex/Mylar/Nomex -Heat Cleaned Glass
-Dacron/Mylar/Dacron -Heat Shrinkable Braid
-Mylar MO polyester
-Nomex 410 -Glass/acrylic
-Nomex Mica 41 8
-Melinex 228

Spiral Wrapped Sleeving Insulation Tie Cords
-Nomex ' -Polyester
-Mylar °

_ -Nomex/My_r

2
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EVALUATIONS PERFORMED

The evaluations, in addition to visual examination, performed on the 24 commercially used motor
materials were:

.Magnet Wire/Varnish Sheet Insulation
-Weight Change -Bond Strength -Weight Change

-Burnout Resistance -Tensile Strength
Lead Wire -Dielectric Strength -Elongation
-Weight Change -Weight Change -Dielectric Strength
-Dielectric Strength

SDiral WraoDed Sleeving Tapes
Tie Cord -Weight Change -Weight Change
-Weight Change -Break Load Strength
-Break Load Strength

The third quarter report summarized the effects of 10 pure refrigerants on ?4 motor
materials. Absorption of HCFC-123 was higher than other refrigerants. However, absorption
of HCFC-22, HFC-32, HFC-134 and HFC-152a followed by desorption of these refrigerants at
higher temperatures resulted in greater damage to the insulation material than was observed
with HCFC-123. This suggested that refrigerant desorptionappears to be more important than
the amount of refrigerant absorbed. Desorption of refrigerant caused blisters, cracking,

O internal bubbles and delamination. The measured effect on properties of some materials was a
decrease of bond strength(as high as 95%), a decrease of dielectric strength(as high as 70%),
and a decrease in the physical integrity of the material. Compared to the bond and dielectric
strengths, burnout was less influenced by desorption prior to the test. This was because the
burnout test causes desorption of refrigerant during the test. Magnet wire with polyester-glass
serving had the best burnout resistance and was influenced much less by absorbed refrigerant
when compared with the other types of wires. The sheet insulation, sleeving, lead wire and tape
appeared to be less affected by the refrigerant than the varnished magnet wires. High extract of
the glass-acrylic assembly tape was a concern. Of the 10 refrigerants tested, HCFC-22
appeared to produce the most deleterious effects on motor materials. Therefore, because of the
excellent reliability history of HCFC-22 with many of these materials, the alternative
refrigerants are expected to be compatible with most materials.

During the fourth quarter, the compatibility studies with the 24 motor materials were
completed. This fourth quarterly report summarizes the effect of the 17 refrigerant-lubricant
combinations on the 24 commercially used motor materials.

SIGNIFICANTRESULTS

INTRODUCTION

In order to develop an environmentally acceptable refrigerant molecule, it is necessary
to include hydrogen to decrease atmospheric life and to remove chlorine to eliminate ozone

O depletion. The result is a more polar refrigerant that is less miscible with classical mineral oralkylbenzene lubricants. For the HFC refrigerants, it is necessary to use a polar synthetic
lubricant such as an ester or a polyalkylene glycol to achieve acceptable miscibility. The effect



of new refrigerants coupled to the appropriate synthetic lubricant on motor materials is
discussed in this report.

The results of tests on 24 motor materials exposed to synthetic lubricant containing
dissolved refrigerants at 300 psi and 127°C(260°F) are presented in the Appendix Tables A-1
to A-42.

DISCUSSION

The compatibility results of the 17 refrigerant-lubricant combinations with motor
materials are influenced both by the refrigerant and the lubricant. Results also differ from that
of i_ure refrigerant because of the use of a higher exposure temperature of 127°C(260°F)
versus 90°C(194°F) and 60°C(140°F) for the pure refrigerant. The amount of refrigerant in
the lubricant was the equilibrium concentration at 300 psi refrigerant pressure at
127°C(260°F). The amount dissolved depends on the solubility of the refrigerant in the
lubricant.

The data should be compared to a refrigerant-lubricant combination with a history of
reliability. Since pure HCFC-22 showed the most deleterious effect on materials and had a well
documented reliability history, results in the third quarterly report were compared to HCFC-
22. Comparison of the compatibility data for refrigerant-lubricant combinations with that of
pure refrigerants(summarized in the third quarter report) suggests that, in general, pure
refrigerants exhibit a greater effect on materials than the refrigerant-lubricant combinations.
This effect occurs even though exposures for pure refrigerants were at a lower temperature.

Materials are discussed in the same order as discussed in the third quarter report. _t
Comparisons are made to the HCFC-22/Mineral oil and to the effect of pure refrigerant.

Varnishes

Absorption of most refrigerant-lubricants by the varnishes(A-I) was low (-1 to
11%) with the exception of the PAG Diol, which absorbed 7.9% to 25.9%. Baking the exposed
samples at 150°C(302°F) removed most of the refrigerant-lubricant from the samples, but
did not result in degradation of the varnish. Negative values(0 to -8.6%) were observed
suggesting extraction. These negative values were similar in magnitude to that observed after
exposure to pure refrigerants. The PAGDiol remained at a high level suggesting that most of the
absorbed refrigerant-lubricant was retained. Positive values were also observed for the HCFC-
142b and alkylbenzene lubricant suggesting the refrigerant-lubricant was also retained by the
varnish.

Magnet Wire

Three' types of magnet wire were tested, both alone and in combination with six
varnishes. Tests were conducted that measured changes in weight, flexibility, bond strength,
burnout resistance and dielectric strength. This report covers the last three tests while weight
change(absorption) and flexibility will be covered in the final report.

Bond Strength

The effect of refrigerant-lubricant on the bond strength of the three magnet wires is
discussed on pages A-3 to A-9. The helical coil bond strength test(ASTM-251 9) is a measure ii
of the ability of the motor varnish to hold the magnet wire coils together. This report is more
concerned with the effect of the refrigerant-lubricant on the bond strength rather than the
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unexposed bond strength itself. Results are presented on the top of the tables for the unexposed
bond strength and in the table proper for the percent changes in the bond strength after
exposure to refrigerant-lub, icant. Changes in the bond strength of Y-833 varnish should not
be compared to the other varnishes, because the Y-833 is used primarily for its electrical
insulating properties on form wound coils rather than bonding magnet wire together.

For magnet wire A (polyester base with an amide imide overcoat), the lubricant showing
the greatest overall decrease in bond strength is the alkylbenzene lubricant, -7.7 to -64.5%
after the 500 hour exposure. After an additional 24 hours at 150°C(302°F) the same oil with
HCFC-142b seems to show the greatest effect, -45.0% to -84.5% change. These results are
less than that exhibited by the pure refrigerant, where bond strength was reduced by as much as
-94.6% for HCFC-Z2, -91.2% for HFC-152a and -92.9% for HFC-3Z. The magnitude of the
effect of HCFC-142b in the alkylbenzene oil may be due to the fact that approximately 50%
HCFC-142b by weight was required to reach the 300 psi exposure condition. In general, the
polyolesters and polyalkylene glycol's had relatively little effect on bond strength. This is
especially true considering heat alone in a nitrogen atmosphere can reduce bond strength from
-29.9% to -59.7% after the 500 hour exposure.

Refrigerant-lubricant exposures at 127°C(Z60°F) appeared to have less effect on
varnished magnet wire B(polyester-glass served wire) than on magnet wire A(polyester with
amide imide overcoat) and magnet wire C(ester imide with amide imide overcoat).

Because the effect of refrigerant-lubricant on bond strength is less than that exhibited
by pure refrigerants(especially HCFC-Z2 with a good reliability record), compatibility of the
three magnet wire types and six varnishes is not a major concern in regard to bond strength.

O Burnout Strength

Exposure of varnished and unvarnished magnet wire to refrigerant-lubricant
combinations(A-9 to A-1 4) showed similar effects on burnout strength to that exhibited by
pure refrigerants. The alkylbenzene lubricants show somewhat greater effects than the other
lubricants. Magnet wire B (polyester glass served) has greater burnout strength than the other
two wires. The additional 24 hour bake at 150°C(302°F) does not adversely effect the burnout
strength of the wire. Effect of refrigerant-lubricant combinations on burnout strength of
varnished and unvarnished magnet wire is not expected to be a compatibility concern.

Dielectric Strength

Compared to the pure refrigerants, the refrigerant-lubricant combinations(A-1 5 to A-
20) had less effect on the dielectric strength of the varnished and unvarnished magnet wire. In
some cases the dielectric strength increased suggesting the lubricant was acting as an electrical
insulator. This is especially true for magnet wire B (polyester-glass served) where most of
the values are positive.

Sheet Ipsulation

Absorption of refrigerant-lubricant by the sheet insulation was somewhat higher than
absorption of pure refrigerant. The porous Nomex-Mica absorbed the most refrigerant
lubricant. Bakeout at 150°C(302°F) did not remove ali the lubricant. There was a significant
decrease in tensile strength and elongation, but this is due more to the effect of temperature
than effect of refrigerant-lubricants. Exposure to nitrogen at 127°C(Z60°F) for 500 hours

O followed by 150°C(260°F) for 24 hours caused a decrease in tensile strength as great as



97.8% and decrease in elongation as great as 96.8%. Dielectric strength after exposures was
good.

The HFC-134a/PAG Diol caused complete delamination of Nomex-Mylar-Nomex and the
Dacron-Mylar-Dacron by dissolving the adhesive. A white precipitate was observed in cooled
HCFC-22/mineral oil after the 500 hour exposure. Analysis of the precipitate by FTIR showed
it was polyester dissolved from the Mylar, Dacron or Melinex materials. This polyester
precipitate was not observed in the other lubricants.

Except for the effect of refrigerant-lubricant combinations on the adhesives for sheet
insulation, compatibility appears acceptable for the combinations tested.

Spiral Wrapped Sleeving

The Nomex spiral wrapped sleeving insulation absorbed more refrigerant-lubricant
than did the Mylar. [his may be due to the fibrous structure of the Nomex. Absorption was not
considered excessive and degradation was not observed. Unlike the sheet insulation, the spiral
wrapped sleeving did not delaminate exposed to HFC-134a/PAG diol.

I_ead Wire

Absorption of refrigerant-lubricant by the lead wire was moderate. Neither the
Dacron-Mylar-Dacron or the Dacron-Mylar-Teflon-Dacron insulation showed excessive
decrease in the dielectric strength. The dielectric strength of the DMTD increased after most of
the exposures.

Tapes and Tie Cord

The tapes, especially the polyester and glass-acrylic tape, were affected by the
refrigerant-lubricant combination to a greater extent than by pure refrigerants. Absorption as
high as 47.9% was observed. A decrease in tensile strength of -78.6% was noted for the HCFC-
??/mineral oil combination. This effect appears to be caused by the lubricant because
controlled exposure in nitrogen at 127°C(260°F) did not result in the same effect. The tie
cords were not adversely affected by the refrigerant-lubricant. The brittleness and decreased
strength of the polyester and glass-acrylic tape is a concern. However the worst results were
observed for HCFC-22/mineral oil which has a good reliability record.

Conclusion

The refrigerant-lubricant combinations appeared to have less effect on the motor
materials than pure refrigerants, with the exception of the tapes. No evidence of insulation
degradation due to desorption of refrigerant were observed in the presence of lubricants. The
primary issues of concern were the delamination of the sheet insulation by the PAG Diol
lubricant and decreased strength of the tapes. Precipitation of solid polyester materials
extracted by the mineral oil was observed. No evidence of polyester precipitate was observed
with the synthetic lubricants, suggesting sticking valves or clogged capillaries may be less of a
problem with the new lubricants.

Results suggest that the new synthetic lubricants will present few compatibility
problems with motor materials.
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COMPLIANCEWITH AGREEMENT

The Trane Company complied with ali terms of the grant agreement during the third quarter of
calendar year 199 2.

PRINCIPALINVESTIGATOREFFORT

Robert Doerr (Project Manager) devoted 110 hours(23% of his available work hours) to this
program this last quarter.

Stephen Kujak (Principal Investigator) devoted 357 hours(76% of his available work hours)
to this program this last quarter.

"Technicians and other investigators worked approximately 480 hours on this project during the
last quarter.
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Appendix A.

COMPATIBILITY DATA FOR REFRIGERANT-LUBRICANT
COMBINATIONS WITH MOTOR MATERIALS
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Varnish Disks

(tD % Change in Weight

Results after a 500.hour exposure @ 127°C(260°F)

Varnish Type

IIE.- ,ollY-  3 IINo.92
ExDosur_with: I % Chan_le in Wei_lht

Nitrogen iiii::i _.6% : _ 1....o: ::::: ....._ % .......::_:.:..... . i:i:_..........:.: ::: :% ' ..... :: :

HCFC-22/Mineral : : :_::_:;_i:_:_::::_::::.._: :: :......i::;i::!i::i!i_:_:_::_:_:::?:i:::..__,i::: .::: ::,7:'_,{,:.::::-:_:::6.0Y0 : .3,9.:_-::_-_:::.:_.0"_6._.. :_-3_0.'/,,
• • . " : . " ..::. i":"(.i::. " " . : :, :.:(.:.: .::":..::'",:!i!:::i.:. ::" :i..:. '.::..."!.. ":::i: i".:

HOFO- 124/Alkylbe nzene i :.i .. .:2_0._ ..: ....:.. •.6.Vo:i.:..............:.. 5.4.:.'_ ..:. ............2_9_ .i.......!.:..:_:.:..:O;9::_ :...:..:...::.::.:.:.t.!;3%

HOFO-142b/Alkylbenzene ....:::.:........:-5,0:_.: • _ . ;3: . :.:.:.:....: 0.9% _ :..:..6,_::_ i:i!.i.:!._::.:.i:!:!.i.!:5_9_.i::.::::.:...:.....0_9._
.::.... . . : . " " ::.: ::.::.:?" i. ":" :i " • .:....:.....:!.:_::::i.;_::i....::i._._.:_.:..:: .:.:.:::_.::_............._,::i:i_:i.i._.::!:. . : i:::. ii !" :!i: i' :.i "." i:;:i ::::i : , :: :i:/:::i: "i;::i:':!

HFC-152a/Alkylbenzene . 4.6% 1.7% i :i.. 6,8% ..... ;0,7% ....... '.... _'A:_::":_:...::::_!:!;25%
• . " - • :' " ' " " . " " •. ' :: .':;: " : :':'.: "i :.".:::. '.; " .: " :.i:' ":".:"i::'.::.i:!';.'." :::'

HFC-134aJEster, Mixed Acid 0.6. .:... ...: • • ... :t,3:._ i.::i:!.::::..:.-..:-0,2_.::.:.::.::i:_...3_3.._
......:".i!_:::::i:.:;.:/_:i".:i_:i,: :._:i:.. :: i::..:::::i::::%:ii_;::_:_i:...:!:..

HFC-134aJEster, Branched Acid 1,2% 0.7% : 3.2% i.6_ i:::::i:::_:::;,0_i% :i?:ii:::::!_5!i_%
.. ::: ::... :'.: •.. • :...., . . ...::::;:.;::.:::.;...

' . • ....: ,i:: .... . - ' • :: :i:. : ' _i!.:.!:.i.:;i:i::.i:::::i.:.:i

HFC-32/Ester, Branched Acid 0.8% t.4°/= -117_ : _0;8_A i.i:!::.i:::ii:.._1:_9%iiii:::!:/i:_!:iiii!::_8::i_6%
•. . " .... !: , • " ' : .. :. :.::".".::::.:.,i,i:i:.

HFC-125/Ester, Branched Acid : '2.2% 1:8°A 0.8°/= :0.8::_ i:::iii.ii:i:.i:ii_210:%i:: iii,1,6_o' . . o.i i!:i!, il iiiio_ _.. :i:ii::"i:ioi

HFC-143a./Ester, Branched Acid -0.8% 3.1°/= t.2% 0.0% :_:_.!::_i.i::::!_:::i:,2_O%: '::-2;7°/=
' ."/ ..i • • .. . i, . :., , i".. i.

HFC-134/Ester, Branched Acid 0.1% 2.1% 2.8%1 ' ,0,9%_

HFC-245ca/Ester, Branched Acid t.2% 0.1°/= 3.8% 2.7% !!::iii:ii:::_0;9% .1;4°/_
• . • . .: :.i .... • • .......,:...:.:::... i

• . :. ::: ..::.: ::. ...:....: :, ...; - .....: , :. ;

HFC-134a/PAG, Butyl Monoether 0.7% 0.4% 3.1%

HFC-32/PAG, Butyl Monoether . :-0.2% 0.3%! 2.9% 0.7% :._::!::_:..:.:i;::._1.3_0%'.: ::i: :iii_1_11%
: :_i::::.iii_ill:ii::/i ', i:_! ::::ii:i

.HFC-125/PAG, Butyl Monoether : -1;6% 2.0% 0.7% • -1,5% _./i_:i_i:i_::::-I;7%!:: .:;0 8%

HFC-134aJPAG, Modified -i .2% 1.5% 2.2% 2.0% i::;:i } ;.;li0% ...... .:; ;0.5%
..... . .

• ....:..:: ,.. :... : . .... : ,, ;.': . .

HFC-125/PAG, Modified 0.7% 2.8% 3.9% : 4.2% :_:_:_:_ :2_6%: : :_:::1:.5%

HFC-134aJPAG Diol 10.7% 18.7% 7.9% .....

O
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Varnish Disks

% ChPnge in Weight

Results after 500.hour exposure @ 127°C(260°F) plus a 24-hour air bake @ 150°C(302°F)

Varnish Type

I[Y-390PG]IER-6 0I!Y-833IINo. 231[,,o-800
Exposure with: I % Chan_e in Wei_lht

Nitrogen ==.==.=:::=:::.=:=::==:..:t,2::_ ... ::.-t,9% ... ::::...:_0:,5:_=..:.:.:.........0/7% .:...................-./I.,3Y_......:..::......-3,1 Yo

HCFC-22/Mineral ;.:;..i.:.:::..::;:;:0,7.Y0:.;. ' -1,6 .i.:.i:..i..:..::::.2,._'0..... . 1,3._ .....: .:: ::,1:.,6.._:..:::.-.:........,4,

i;_:_;.::ii::._ii::i::_:,.I'io :: ' _:-: : ....:: i.:ii:.:;;_:i_;_::::.:i:.::::i;"._:;i::::::.;::._.:!::it li__:i: =;::i::._i_i:.:;_:.:.i;;_::::_::i:::...:!_:i::i!:?::::_:.:i..:.::iii_iil:_i::.........._:::
HOFO-124/Alkylbenzene .::::.::i:!:!:::!::.!.::ii:O.0_:::: : .-045.%....::::::::::::::::::::::::::::.:.:?:.::.i::..i::.i:;:6_ !::::::i:?:.i!:;:!:i:!:O;_!_::i.!.i!.i:::::::::::i::.O_6%

HFC-152a/Alkylbenzene i ;.i::;:_:::::!!=_;i:::.;011;*/{' : 1,:i% ::.::;;.!i:_:_:i;;_=!i.t!_cJ%:;::.ii:::i.i:i::,414_' ::;:;:_;!!:::;i.;!i;_;_0177_:_:::ii::i;;i:;i: i.;;4::ii_1.%
" : . ;: :.....:T:::" .:.,: :.i ' : " :"..::::: ::::.:: .-:': : :: :il : : . :."..:.!i":i :::::::::::::::::::::::::.: .:.i;i!.i :i!ii!:::: :i.::.: :+:i.i.:i!:::!.i!

HFC-134a/Ester, Mixed Acid i::::!:iii:i._i:._:_:i:_i:._0:iS;=_..: . 1:2:3% iii;::::i_:!:::::_:Oi.i5_/_":::;i.i:::._ . t_i4o_ ii::_iiili;:i_1:1_ i::ili!_i_::!_:.i!::i:_i_%
:.ii"_iI;:ii:i.:i:.....: '

HFO-134a/Ester, Branched Acid -2,6% .. :: :i.0;0% .: . ;3.Zl_y; ....::;:{:..-_..:.: o ............

:.: .: .. -8,4'/,HFC-32/Ester, Branched Acid _........::.::;1:2% -3i3% '_ :i :" 0.3% ' ' ' '3,5% :i:_:::.:i::.:.:.._.3;2%" .......::: ":::%
.i_,:_::.:: ..:_.. ...... .

.... . ......0o mLHFC-125/Ester, Branched Acid _.::.:?:::::.::_3...._i
: ,: : ."::.:i":i:::i:.i.::: .

HFC-143a/Ester, Branched Acid :.::::::iii::!i:::.:i:.2:ii_%:i.

HFC-134/Ester, Branched Acid ' _:.i":_;::::::;-3,4%

HFC-245c_Ester, Branched Acid -0,7% .... ._::0..7% .i : . .:. 0.2% .:::.:::i.../i:,1,7% : ...- -3,5%' • : :.::.. : :..i... . .. ....i' ',"::.:.:"..: ..i i . " " .

',0: :::i:. :. _: :i ::: 0 _._/i :;:i: :/:"%: .:_: 2: ';HFO-134a/PAG, Butyl Monoether -2,_ _ ;._: ....0.0_ .,:_ _ ;6._ ;. _2.6 , ,6.Yo

-2,6 Y_ .. : 0.1:Yo ...."3,9_o :?:::::::.i ..,4,3Yo i' : :"2;8 Yo

HFC-32/PAG, Butyl Monoether ° ..... ° .... _ _ =":: : _ .... o
•: : .... -i • i: ... " _ -. " ' " . "i '-:! :!::. .... ::i'.i".. . " :: . ' "

" 0:: :. "".. ' o: " ". . o:! i.!:: " :: " :o. : • "-19'4 __ o,0_. 0.2_ :::::::::,-2.1_:..... _:,l.e','oHFC-125/PAG, Butyl Monoether

HFC-134a/PAG, Modified :i:i::i_:.::.::_2i9°2'_.il -3,i% .:: -0:7% ' :_.:0_3% ::_:. ::_3,0% -2,8%
:.i. ::i._::::::i:.iii:.. i:: ..... ...... ii: : : " :...... ::i :.. " :' . . .

HFC-125/PAG, Modified i:.::_i-:::.:::::i!i:.i::;;:_:i.SP/(_:.. 1.4%.. " :.ii:0_i_%i:i:. : .0.,i1% i:i. :. :1;1%

HFC-134a/PAG Diol ;::i.i:.;iii::.;;;:::;;:_!.4,6%• 17.8% "3i14% "...." 4.3% " :: .:"7:6% .. " 12.9%

O
I

!
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i •

Varnish Bond Strength

_1) Varnish Coated on Magnet Wire A(ester base with amide imide overcoat)

Results after 500-hour exposure @ 127°C(260°F)

VarnishType
y-390P(_ E.-P_z.I.Q Y-833 No.923 Iso-800

Unexposed ii ::_:7_:e'",_,ibs!:_:i_II,:_:,4_:_8__:,b_,,:;,'ii_:':_::_.:,!_i__:_i___i11;_ii_9;9:_tb_:_,,:i_11'_::','_i_:_i_:!i_i___lr;;_io::_b,!1
% Change from Unexposed

Exposure with: U-475EH Y-390PG _ Y-833 No,923 Iso-800

Nitrogen _::i:i_::.::_::_29._9%_::::i:1-42_8% .:.:/:.!:::..::.::,5:8%

HCFC-22/Mineral ::_.::.i_:._23_8_i_i::::.::.:-:I0:2% :::::. .::i.:;._:::::1.84,_8_
•"i: : :..':'' ':

:._.47_4% -33_8% 40:5% !_:::::::_:/;:.;::I:11_3%HCFC- 124/Alkylbenzen e • • .: : '": :"ii

HCFC- 142b/Alkylbe nzen e ::_:i_:-5i:_4% :: 40;3% i:/_:_!:::.:_30_3%

H FC-152aJAIkylbe nzen e _64. 5% -42.2% .......... ..78_2% _.-7_7%:.: ....
.... . .... ..... ... ..

HFC-134a/Ester, Mixed Acid . -19.4% -27.6% 102.2%" i.:: : _-i_8_9i •li ' ::' .."": ::" .. ::. :.:::. .-:.:,, . ..:

HFC-134aJEster, Branched Acid :.:_.:_:ili-2_0% -34-2% :i::!:i 30.7% ..................::_:::........._: !_i::_::_2..3%
-..... ..

HFC-32/Ester, Branched Acid .::,6it:3% -36.4% " 94,9% _ -2.8%

HFC-125/Ester, Branched Acid -9.8% -27.7% 12.3% 172.3°/ -22.6% 14.2%

HFC-143a/Ester, Branched Acid -34::5% -32.7% 149.1% -t5.9%
::

HFC-134/Ester, Branched Acid -24,7% -17.6% 33614% :. 10.9%

HFC-245ca/Ester, Branched Acid -2I:5% -29.8% 102.0%

HFC-134a/PAG, Butyl Monoether i::. .t5.3% -21.9% .... ::::i.:ii:11 32% .1.:.3%
:.... :..:

HFC-32/PAG, Butyl Monoether .]::::,26.9% 37.3% 284.2_ .: 7.1%

HFC-125/PAG, Butyl Monoether " -9.4% 29.2% : i: 480.2% ........
" - " '" :!1 v':::::.v !::.... "....

HFC-134a/PAG, Modified ......i:-25_7% -39.8% 51.7% :i::i::i :,_14_0%
". i' .: ,:: .

HFC-125/PAG, Modified . ._ ,2.:0% 56.9% 9_9% - - '141:2% ' ......-1_5%

HFC-134a/PAG Diol : : ,35.4% 14.4% 11 ..4% 316.6% : :::!



• t

Varnish Bond Strength

Varnish Coated on MagnetWire A(ester base with amide imide overcoat) O

Resultsafter 50(_-hourexposure@ 127°0(260°F)plusa 24,.hourair bake@ 150°C(302°F)

Varnish Type
iii

U-475EH y-390P(3 _ Y-833 _ , lso-800

Unexposed Iii iii,43 8  ill !1111:,9;9 i  5.10 il
% Change from Unexposed

ExPosure with: _ Y-390P(3 ER-610 _ No.923 Iso-800
• ";i " :: ,' :. : :i.i::::':: ' ' ........ " .' : ':" ', : ,!. :.:: : : ;" • . -

Nitrogen _ .30:0_/,_ :i!i:_:_i:i:i_!_i_:_i_!_!_ ::i:::_::::/_35_0% :_!:i::;:_i:_-28:4%. . . ::::.. .
. . :, :..::;:;::..'..:; ::, .: ...

HCFC-22/Mineral 7_5% :_/!!i;iiii::i_!_/_ ;:i_!;i ;:: 3.1%

HCFC-124.'Alkylbe nzen e -41.3% ::_:::_30_2% : ::; i_16.3% ,t8.5%
:.. :'., .

HCFC-142b/Alkylbenzene -67.7% ;_74_1% ;45:0% -65.5%

H FC-152aJAIkylbenzene -48.4% !:_70:!1_ -61.7%" -1.4%

HFC-134aJEster, Mixed Acid -9.0% '5.1% 1 -4.7% -1.6%: . . . ..

•. :.:v " ' " : ::! : : O

HFC-134a/Ester, Branched Acid -15.3% ,:10_0% 1 :i ::_10.i% -31.3% -...
:.

HFC-32/Ester, Branched Acid -20.9% :-23::4% 172. ..... _-8::8% 6.5%

HFC-125/Ester, Branched Acid -2.5% 12.4% 31.7% 301 ,12.4% -1.9%

HFC-143aJEster, Branched Acid -37.3% -38.3% 1 !:_:110:6% 6.5%

HFC-134/Ester, Branched Acid /i i ,2.7% 1.3% _/13.4% :i:i :::-:0_3% -2.0%

HFC-245ca/Ester, Branched Acid 9.7% 2i8% 82.1 ....11-16i4% ' 5.3%

HFC-134aJPAG, Butyl Monoether : -2.5% _ 118;0% :_: .6.1% _ 14.8%

HFC-32/PAG, Butyl aonoether _ 9.1% 28:7% "4!0OfO! 1.6%
:.

HFC-125/PAG, Butyl Monoether 21.8% 29.8% 351. :_ 6:,8% 6.6%
.: .:!: • . . . ....

HFC-134a/PAG, Modified _:::_i;/::5.7% I -7.4% ;:_19_2% -11:7% :_ -2.7%: :,:.:.:.:., . :. .... .. .

HFC-125/PAG, Modified 37.7% : i:27:.0% ;:t8:4% .22.1%

HFC-134a/PAG Diol /? -24: 6% :23.1'4% .-26.3 o/(_ - t8.9%

O
A-4
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Varnish Bond Strength

_) Varnish Coated on Magnet Wire B(Dacron/Glass served wire)

Results after 500-hour exposure @ 127°0(260°F)

Varnish Type i

U-475EH Y-390P(_ ER-610 Y-833 No.923

Unexposed I! ,0.1_b,_]1;3s:,1_b,,U:36_0tb,,_*!1;::33:__b,ii:40.s:_bs;ll_=O,2_b,II

% Change from Unexposed

ExPosure with" U-475EH Y-390PG ER-610 _ No.923 Iso-800
. : :::....... :

-30., :_:_!-11:1% _ _-43:5%Nitrogen _ '

HCFC-22/Mineral -3,8% -45.7% i:_:i.:

HCFC- 124/Alkylbenzene _i_-1.0% '45.1%

HCFC- 142b/Alkylbenzen e 12.2% '_ -18,0% .,,

HFC-152a/Alkylbenzene 5.7% -31.6% i::_:-9.5%

HFC-134aJEster, Mixed Acid 5.2% -26,0% :_i:

HFC-134aJEster, Branched Acid -6;: -9.0% i_ -28.8% ..... _::i:_:_i,_:16.0%

HFC-32/Ester, Branched Acid -25:( -8.6% ,28:9< -47_6% ,3.1%

HFC-125/Ester, Branched Acid -25.1% 14.4% -20.9% 20.1% -8.8% -26.7%

HFC-143aJEster, Branched Acid -25.! -0.3% -10.9' -41.7% _: ,3.8%

HFC-134/Ester, Branched Acid -1._ 26.2% 53.8% ........ i-0.5%
ii:

HFC-245caJEster, Branched Acid '21 14.2% -11.9% 6.6%

HFC-134a/PAG, Butyl Monoether -7.6% 37.1% -18.5% 6:4% -0 -7.4%

HFC-32/PAG, Butyl Monoether 22.6% 48.6% -4:2% -10.5% 10.1%

HFC-125/PAG, Butyl Monoether -18 16.5% -2.9% 13.4% 15.9%

HFC-134aJPAG, Modified -1 40.6% -13.1 4.2% 3.3%
.... • "

HFC-125/PAG, Modified 51.6% 13,5% 30.6% ; 36.0%

HFC-134a/PAG Diol 2.6% 21.0% 8_0% 10.3% : :16.3%



Varnish Bond Strength

Varnish Coated on Magnet Wire B(Dacron/Glass served wire)

Results after 500-hour exposure @ 127°C(260°F) plus a 24_hourair bake @ 150°C(302°F)

Varnish Type

Y-390PG ER-610 Y-833 No.923 Iso-800

% Change from Unexposed

ExPosure with: _ Y-390PG ER-610 Y-833 _o_923 Iso-809

Nitrogen : -2_::;0% : iii:_ii,44_5%.. : -
"i

HCFC-22/Min eral :.... 6.5% -2t _4% _i::iii::::::i:::,6:6%

HCFC-124/Alkylbenzene -11.2% ,21.0% : -38:0% _:_::_::::_6,4%• : :' :i'::!'. :. • . ,

HCFC-142b/Alkylbenzene -28.0% -24.1% i:i :-46.4%'" ::::;!_::_;_:_::I:4_8%

HFC- 152aJAIkylbenzene -12.8% -t3.1% -39.2% i:._I ::.:;::

HFC-134aJEster, Mixed Acid -1 6.7% -13:1% -24.8% 5.4%
:i. : " _:

HFC-134aJEster, Branched Acid -8.3% .5,3_, :-54.7% _: _;1.6% al

HFC-32/Ester, Branched Acid -16.7% -31.1% -70.4% -23.4%

HFC-125/Ester, Branched Acid -16.4% 15.4% -15.2% 7.9% -t9.5% -3.2%

HFC-143aJEster, Branched Acid -21.8% -29.3% -35.8% -26.1%

HFC-134/Ester, Branched Acid 19.7% -17.5% -6.7% -2.1%ii

HFC-245ca/Ester, Branched Acid 6.9% -17.1:% -8.8% -9 -7.4%

HFC-134aJPAG, Butyl Monoether 33_1% -14.8% -0.4% .: ,17.4%
...

HFC-32/PAG, Butyl Monoether :,1 13.6% -16.4% i:: 16.1% 2.6%
. :

HFC-125/PAG, Butyl Monoether 24.3% 1_5%"! : ::•.::37.3% 19_4% :: 42.6%

HFC-134aJPAG, Modified -18.4% 23.2% -11.6% -12.0% 7.5%

HFC-125/PAG, Modified '3.6% 38.7% -8.3% 0.5'_ 1.0% 4.9%

HFC-134aJPAG Diol - -52.9% -15.3% _i ..56.3% -11.2% 0.0%

A-6



, ¢

Varnish Bond Strength

VarnishCoatedon MagnetWire C(esterimideovercoatedwith amideimide)

Resultsafter 500-hourexposure@ 127°C(260°F)

Varnish Type
i

U-475EH Y-390PG ER-610 -._ No_923 ,_

Unexposed IIs_.,,_,:Jl:i::s0:_ii_=iii!ili:_sS:=_>ib,._ii>i<s:a_b,,_II,9_3t_,_:lf_:_6:__bs!1
% Change from Unexposed

ExDosur_ with" U-475EH Y-390PG ER-610 _ _ Iso-800

HCFC-22/Mineral II -o.6_oili_613%,-38.8_, 2o_.,_./=ll-49.7o,'_!I! _!e/JI
HCFC-124/Alkylbenzer, e -27.1% :: -46.6 _ -56.8% 99.4% -46.9% !_::;:_::::i::_i::;4:8%

HCFC-142b/Alkylbenzene -7.4% :47.1% 62.7% -55.9% _:::_:_>_:_::i_i!_5_5%

HFC- 152aJAIkylbenzene -46.5% -52.3% 89,2% -49.4%
II ..:::!:.!. ! i'::i

:...: .:.... :

HFC-134aJEster, Mixed Acid 8.7% -46.6% -28.8% 56.7% -55.2% !ii:i_ii_5t_.8%
• _.... : "

O HFC-134aJEster, Branched Acid 26.4% -41.1% 97.9% -52.8% _-:t1:4%
HFC-32/Ester, Branched Acid 3.4% -46.3% 67.1% -46i8% ,:i:.i -:13.4%

HFC-125/Ester, Branched Acid 18.2% -42.8% -20.5% -70.3% -50.0% i ,37.5%

HFC-143a/Ester, Branched Acid -25.8% -0.3% -10.9% -41.7% -13.8% -3.8%

HFC-134/Ester, Branched Acid 23.3% -30.';, 1.1.% 459.2% -40i3%1 47.2%

HFC-245ca/Ester, Branched Acid 3.0% -34.6% -11.1% 274.0% -49.8% _::::_i__-38.4%

HFC-134aJPAG, _:_tyl Monoether ,35.9% -39.2% 74.7% -54;3%/i: ii;_37.3%
" lli:ii ' .:

HFC-32/PAG, Butyl Monoether 28.1% .,38.4% 8_.9% 170_.8% -50.2% :>i:_ -30.9%

HFC-125/PAG, Butyl Monoether 8.0% -1 13.8% 588.6% -40.5% :_i_i_::_:ii::Y9.6%!

HFC-134a/PAG, Modified 26.5% -49.4% -14.0% -8.4% -46.7% -48.4%

HFC-125/PAG, Modified 31.8% -6.3' 21.3% 432.2%: -43,2% i::i:;;:_:ii54.5%
. .

HFC-134aJPAG Diol -t8.1% -26.5% _ -40i7% _ ::-52.8%



Varnish Bond Strength

Varnish Coated on Magnet Wire C(ester imide overcoated with amide imide) _)

Results after 500-hour exposure @ 127°C(260°F) plus a 24-hour air bake @ 150°C(302°F)

Varnish Type
U-475EH y-390PG ER-610 y-833 _ Iso.800

% Change from Unexposed

Exposure with" U-475EH y-390PG ER-610 Y-833 No.923 Iso-800

Nitrogen 15.7% -45L6% 3.7% ;i:_i:1125i6% -37.7% _:_: :;11.9%

HCFC-22/Mineral -1.5% -:15.4% -23: 6% i92;0% -1810% ...._-0.9%

HCFC-124/Alkylbenzene 37.8% -44.9% -38.7% -50.0% 21.3%

HCFC-142b/Alkylbenzene -81.2% -71.3% -73.1% I5t.4% -49.9% ,17.1%

HFC- 152a/Alkylbenzene -46.2% -51.1% -24.1% 144:8% -51 46.1%
:..

HFC-134aJEster, Mixed Acid 4.7% -39.4% -4.1% 35.9% -34.2% -34.2%

HFC-134aJEster, Branched Acid 5.0% -34:9% -14. 2t9.9% -40.4% -29.7% O
HFC-32/Ester, Branched Acid 19.0% -31.3% -31.2% 116:8% -42.0% 21.6%

HFC-125/Ester, Branched Acid 34.6% -22.7% -17.0% 168.7% -33.8% -28.9%

HFC-143aJEster, Branched Acid -5.8% .46.0% -22.0% 152.1% -44.3% .:12.6%

HFC-134 Ester, Branched Acid 16.6% -29.0% -16.4% 401:8% -19.3% 20.6%

HFC-245ca/Ester, Branched Acid 14.7% -4.9% 1.7% : 442i0% -25.4% -26.1%

HFC-134a/PAG, Butyl Monoether 34.2% -21.4% -10.' -15:0% -31.7% -3.0%

HFC-32/PAG, b-tyl Monoether 30.3% -18.9% 15.3% 325.2% -26.6% -24.2%

HFC-125/PAG, Butyl Monoether 43.0% -2.5% 33.4% 681.7% -19.3% 42.7%

HFC-134a/PAG, Modified 36.0% 114.4% -29.9% 220.4% -28.0% -28.0%

HFC-125/PAG Modified 20.4% -2.0% 17.0% i....36.6.3% 10.7%
: • • .

HFC-134aJPAG Diol 2.8% -22.7% -21.6% -84.0% -53.4% -34.0%

A.-8



j f

Burnout Strength

Magnet Wire A(ester base with amide imide overcoat)

Results after 500-hour exposure @ 127°C(260°F)

Varnish Type i

Uncoated _ Y-390PG ER-610 Y-833 No.923 Iso-_100

U_xpo,_d [Is'_'6",,._ii 430._ Ii s_o..c_Ii ,.2..CIIs78..¢ il 6o6.e_It sso,._Ij
% Change from Unexposed

ii i

Exposure with: Uncoated -_ Y-390PG ER-610 -._ _ Iso-_00

Nitrogen :i!i_!_.5:3% 3,8% ii_i_i_iii::!_i:i!i_tli_% _ .7:6--_.i!_ii_i._:._,iit:i.7--

HCFC-22/Mineral -31:. -20.8% "22-5% -37.8% -35.6% : .... ::,.33;7_
lm.. .... ,: .,.: ...,.

HCFC-124/Alkylbenzene 15.8% iii :iii_t2:6% -18.8% -2.4% :! i :;_16%II ." : • ":':'• . • .]| • ...

RCFC-142b/Alkylbenze ne -37.3% ,18.9 °/_ .... _118::4% -41.6"/0 -28.5% :i.35_9%• : •

HFC-152a/Alkylbenzene -13.1% -1.0% I 4.6% -20.1% -1 -5.1% -3.1%..

-134a/Ester, Mixed Acid :-9.9% 2.9% 230.3% -19.t% -13.3% 0.4%
-134a/Ester, Branched Acid 8.9% 4)8% -8.3% ......:: :: .4.t% .13.3%

HFC-32/Ester, Branched Acid -12.4% -17.4% 0.5% -29.0% -20.0% -27.8%

HFC-125/Ester, Branched Acid -1 -23.6% -21.4% -14. t% -17.9% ,4.4%

HFC-143a/Ester, Branched Acid -22.6% 12.4% 13.7% -16.5% ,20,2% -9.9%

HFC-134/Ester, Branched Acid ,9.1% -25.4% -5.4% -22.6% .5.9%

HFC-245ca/Ester, Branched Acid _,9.5% -29.5% -,14.4% -8.8% -26.7%

HFC-134aIPAG, Butyl Monoether -4.1% 34.3% 5.60/0: -20.0% -4.7% :: :;12i9%

HFC-32/PAG, Butyl Monoether 0.2% -2.9% 2.4% -23_8% ::8.7%

HFC-125/PAG, Butyl Monoether 0.3% -1.3% -16.4% -12.5% i:: ::_::,5.3%

HFC-134aJPAG, Modified -25.4% -5.4% -22.6% ,5,9% ::!!_:i:_:i;iiii::;;8.9%

HFC-125/PAG, Modified :: _-.11.6% 21.9% -15.6% -25,3% -14,4% :::::ii:_4:2%
.. : :: . :., - . |1

HFC.134a/PAG Diol :; :;12,2% -25.2% 2.7% -26,2% .-1 -6,.9% ::" ,.7,1%

A-9



Burnout Strength

MagnetWireA(esterbasewithamideimideovercoat) e

Results after 500.hour exposure @ 127°0(260°F) plus a 24-hour air bake @ 150C(302°F)

Varnish Type

Uncoated _ Y-;390PG _ _ No.923 " 15o-800

uooxpo. II li 420 il ll, 2, ec/iliSzsii,,;c]t 606 jl  580.oil
% Change from Unexposed

ii i

Exposure with: _" U-_75EH Y-3_PG _ _ _

Nitrogen ..... 15i4% _ i-5i5% iiii ii_:_1_3%1.... .... :3

HCFC-124,Alkylbenzene i_.;i4.7% '30.1% -32_7% ,;: :;!!! :2_:!_' iii_?:_ 'HCFC-142b/Alkylbenzene _;34.5% -32.5% -22.3%
:.: .. : .

HFC-152a/Alkylbenzene -3.8% 5.4% 7.7% -34.4% -24.3% -8.6% ii!i:_8:t%

HFC-134a/Ester, Mixed Acid -7:6% -16.3% -24.9% -24.1% ;1:1.6% -9.3t'/o -6.1%
.... ....

HFC-134aJEster, Branched Acid : ,11:9% -4.8% 1116% -35_1%-25_6% -13.7% -14i0%

HFC-32/Ester, Branched Acid -6.4% -13.0% -17.8% -5.1% -27.8% -33.7%

HFC-125/Ester, Branched Acid -24.7% -12.8% -12.1% -19.1% -11.3% -7.0%
. .

HFC-143a/Ester, Branched Acid -22.7% -16.2% -6.0% -24.4% -1!8.2% -26.3% -6.3%

HFC-134/Ester, Branched Acid -4.6% -12.3% -4.4% -15.2% -10.8% -22.5% _ 't.5%o.

HFC-245ca/Ester, Branched Acid -13.O% 36.0% -11.2% -14,8% -t.9% -25.3% 0;6%

HFC-134a/PAG, Butyl Monoether '21:4% -t4.9% -5.0% -19.8% .,17:1:% -19.6% -29.8%

HFC-32/PAG, Butyl Monoether -8.3% .-16.c5% -9.6% 4.1% 32.1% -8o6% -9.7%

HFC-125/PAG, Butyl Monoether ....;12_O% 20.3% 10.0% -9.7% -11.5% -24.0% 1.0%
:... •

HFC-134a/PAG, Modified .... ,7.8% -12.3% '_.4% -15.2% -10.8% -22.5% 1.5%
. .

HFC-125/PAG, Modified i:__,t617% _13.5% 1 .28.8% -13,6% -24_8% -19,5%

HFC-134a/PAG Diol 1.3% -24;4% /12.3"/o.._'3"7% _0"7%

e
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Burnout Strength

O MagnetWireB(Dacron/Glassservedwire)

Results after 500-hour exposure @ 127°0(260°F)

Varnish Typeiii iii

Uncoated _ Y-390PG ER-610 _ No.923 Iso-800

U .xpo.d II 7,4 75s++oI! ,.,,--,11: .o +II 7 s+¢;,11 II

% Change from Unexposed
.Exposure with" Uncoated U-47_F,,J:[ y-390PG ER-610 _ No.923 Iso-80O

Nitrogen .... .1,8% .3+i%
pq :

• : . i ,, "4 ::i?... ! ..._ .::" ' '. .:..:....i:i.._ ?!+ 0, % ........... 1,4¢_/_ ...... :...... 2,2_
mu.: ' :" + i..ll • : '. .

HCFC-22/Mineral -0.9% -2.2% *2;3% ::.i: ,0,4+1o -0_5% i:_i: i-1_2%
II:i: " ' : :'?:::.

HCFC-124/Alkylbenzene -2.1% -2.0% -1:9% ::i. : -0.7% .'5;5% ::::::: ._0i.7_/0:_:ill ;01_%:: '... I1:. ' : " ."::'

HOFO-142b/Alkylbenzene -2.7% -3;2% :-5.5% -0.3% :::." -0i3% ' :_..... ":"_.....
: " .i:' :' "

HFC-152a/Alkylbenzene -0.3% -2.1% -4.7% -3.8% '0.3% ,0(4% : : -1_5%

lFC-134a/Ester, Mixed Acid -0.2% -2.4% -0.4% -i_5% :ii:_ ::::_0(1"<'/o'" -0.9%
B

"W'HFC-134aJEster, Branched Acid -2.t% '2.2% ,0:2% :_5;.3%;_i::::::iii.i :116% -1.2%
:. , .

: "u

HFC-32/Ester, Branched Acid -4.1% -0.3% -1.8% -0.2% -0.8% 1.9% -1.2%

HFC-125/Ester, Branched Acid -7.00/o -1.7% -2.2% -0.3% -0.5% : 0.5%1 -1.3°/,

HFC-143aJEster, Branched Acid -10.8% -1.1% -2.0% 0.2% -0.:1% " :0.6%,...... +.

: il':.:"::ii':".. : :: - .

HFC-134/Ester, Branched Acid -0.3% -1.5% -0.9% -0.5% O.1% ::.::: O(7% -0.9%
:+:+11!::?::.+? +

HFC-245caJEster, Branched Acid 0.0% 0.0% 0.0% 0:0°_ :: : :i.:0:0%1 : 0.0!_
• ,..: : . •

HFC-134a/PAG, Butyl Monoether -6o0% -1,3% -211% -0.4% -0,3_ ii::!:i.!i.i:::..1,0%::"_.-0,4%
...... ..n:::i.:i!!" i ':i :.:i".:':"

HFC-32/PAG, Butyl Monoether -5,4% -0.9% -2,0% -0,2% -0;5% _+ !0_2_,_.. -1,4°/,

HFC-125/PAG, Butyl Monoether -2_7% ol.7% -0,8% -2.3% -0;2% 1:_i% -1.4%

HFC-134a/PAG, Modified -0;6% -0.3% -1.7% -0.1% -0;2% ....... 1:,3% .1.0%
...... "11.:_::_: _..." ': :._:

HFC-125/PAG, Modified ,4;4% -1,0% -1.4% -0,3% ,0,1%.. .::.:::O_5% ;0,6%
" .[ II ::.::.. ' . • . " II

HFC-134a/PAG Diol -6,7% -1,1% -2,9% -0,5°/,, '0.6% i_:_:::i:.,0i6% .1,6%
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Burnout Strength

Magnet Wire B(Dacron/Glass served wire)

Results after 500-hour exposure plus a 24-hour air bake @ 150C(302°F)

Varnish Type
Uncoated "-U:_4Z.5.EId_ 'ER-610 Y-833 _ Iso-80O

% Change from Unexposad
m i

Exposure with: U-475EH y-390PG ER-610 Y-833 Iso-800-
.... ...

Nitrogen -.:11.9%.:.:-3.1% :.:?:!!-.!i:.i_2_6%_iiii.i...._:::-312%

HCFC-22/Mineral ,1.0% -0.5% :_.1_!_;8% -1,1%
" " : : - : .:. i.:::. :-..::. " :: .:' .ii:i:::i"::i:. ::". . ".. : ::.: ::.

HCFC-124/Alkylbenzene -2.1% :::::":2.6% '2,1' -3:5' :::.::i:!i:.::::::_!i:;_ :!i:!:::.i:::i_:;_iiiiT._. ..:.+..... . . :.. . .. :!:

HCFO-142b/Alkylbenzene :90i4% -4.2% . .::;0;3% _ :: ....................:...........

HFC-152a/Alkylbenzene -0.5% -1.8% -2.1% -0.6% " : : ;I:ii_!i% ...._::;"-012%'

HFC-134a/Ester, Mixed Acid -0.7% -2.4% -1.7% _:::!::.:ii::.:::::11:6':% -0.6%
:. , -

HFC-134a/Ester, Branched Acid -:0,5%1: : :,2i t% .... -1:0%

HFC-32/Ester, Branched Acid -3.5% -0.3% -1 -0.5% -2..= -1.8%

HFC-125/Ester, Branched Acid -7.6% -1.8% -2.5% -0.9% -0.2% ,1,5% -0.9%

HFC-143a/Ester, Branched Acid -3.5<'/ ,0.2% .1.3% -0.4% :fill!::" :111%I1:: -0.7%

HFC-134/Ester, Branched Acid -0.9% ,1 .g% -1.9% -0. -0.9%
- . .

HFC-245caJEster, Branched Acid ::::_:-4;9% . ,1.4% -13;0% ::_1:_!6% 0.3%
• ,, • : ". '. • ..i. " : • "

HFC-134aJPAG, Butyl Monoether • i ,3;4% -113°A, -2,3% ::iiii..:::i":::_ii_5%:.:. 0,3%
- - I!

HFC-32/PAG, Butyl Monoether -7.4% -1.5% -2.1% -1:3% 0,3% .. 2;0% -1.9%-.... .:

HFC-125/PAG, Butyl Monoether _ _1,t% -1;9% -1.9% :0.3% 1:_5% -0.9%

" ':1 O "HFC-134a/PAG, Modified -0,9% 0.8% -2.5% :. ,:5._ -019%

....:....' ..... !:.:i_ie% .2._O/oHFC-125/PAG, Modified .: :: -1.,t% -1.3% -2.9%

... ...:'..:-: .

HFC-134a/PAG Diol .:!:::.!.i..:1::,:1% -1.,0% -1,4% .. .! . "1:4% : -1,1%,,,

A-12



!i

Burnout Strength

MagnetWireC(esterimideovercoatedwithamldeimide)

Results after 500-hour exposure @ 127°0(260°F)

Varnish Type
Uncoated ._ Y-390P(_ ER-610 _ No.923 Iso-800 "-"

Unexposed IIs79,.c !1469, oII 473.c II49,-c11es7s.cII s0s.cii 63=
% Change from Unexposed

E;xDos_rl_ with: _ _ Y-3_PG _ Y-833 _

Nitrogen 418% ;;_;;_6_i:t%:_:i i4_5% i:_ili:;:9_ '_ : -7,t% i:_i!!i!i_:_ii_!_ ..................
: :i:::i:..:::"

HCFC-22/Mineral -37.2% ,40.8% - 17.1% ._37.7% -44.0%,, ,26i2%

HCFC-124/Alkylbenzene -61,8% 2,1% -9.9% .... -0.9! :I.L ,39.7%'" _ _i::_1:51_,__:i_:_:i_:_::_i:i_2_:_!_i:i_:_;_:_:_7_':,_Vo:_....

HCFC-142b/Alkylbenze ne -53.1% -39.g% -21.4% _52_2% -58.1% .... ::;!_.!i:_:i:iii!i::i_2:0%
......:ii:::i_ ._!:iiiii_.i:iiiii-:

HFC-152a/Alkylbenzene -1.0% -3.0% 13.0% -23.1% -10.9% 7_2% _-9,5%• .

IFC-134a/Ester, Mixed Acid -14;6% -35:3% -10.6% -16.5% -12.6% : _ _-5.9%

IFC-134aJEster, Branched Acid -22:9% _11_0% 20.5% i_15,8% -34;7% i;_ _-8.3%

HFC-32/Ester, Branched Acid -27.9% -11.5% -5.3% -34.8% -25.9% 4._f% -27.1%
• , :,.. ::

HFC-125/Ester, Branched Acid -12.4% -35.0% 3.1% -48.1% -23.6% 1417% -9.4%

HFC-143a/Ester, Branched Acid -3.6% -9.0% 5.1% ,28i2% -1.0% -11.9%
, •. II : :Li::i ::!:. :..:. :.

HFC-134/Ester, Branched Acid -10:4% -11.4% 24.9% :-4:6% :i_i::i:i:li:3!!0_ :_:: :-8;3%

HFC-245caJEster, Branched Acid -7.6% 24.3% 23.0% -28.5% -13.2% :: 1!.6% -4.7%
•_: ll:::i:_::i :i_:::i:/il;?

HFC-134a/PAG, Butyl Monoether _7.6% -0,6% 18.0% '26,7% -12.0% :_ _ii:13;i_% _ .25.0%

HFC-32/PAG, Butyl Monoether -20.8% -1.6% 19.2% -22.1% :_ -16.1'} _: -9.5%

HFC-125/PAG, Butyl Monoether 0.6% -26,4% 14.5% -29;9% -1.9% _i_ 2;7% _ -2.2%
• .

HFC-134aJPAG, Modified -9.6% -2.1% 13.5% -37.0% -1.1%1 _ 1411:8% : -5.3%

HFC-125/PAG, Modified -10.8% 4.8% 7.4% -35.5% _....12_0% ,16.8°/,

HFC-134aJPAG Diol i-22,6% -2,5% 24,7% -40,9% : ? 20;9% :::: ,11,5_
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Burnout Strength ' '

Magnet Wire C(ester imldeovercoatedwith amide imide)

Resultsafter 500-hourexposure@ 127°C(260°F)plusa 24-hourair bake@ 150C(302°F)

Varnish Type
Uncoated _ Y-390PG EN-610 _ No.923 ' Iso-800

Unexposed UI_I5_ _.¢l !i:lli1469 ilsi_¢lillll _ _' _ _ _ _ S_ll'l'_ii'/4_,'4":ii_'_:_li_:illiili:'li'55_'_;'l_i''_ ,' iii s05
% Change from Unexposed

ExDosure with: Uncoated _ ¥-390PG EN-610 _ No.923 Iso-8001 ...

Nitrogen 3.9% _,19;_3%"_i_i: -3.3=/;, ,liO.5% l?,9,5%

HCFC-22JMineral -36.3% _33i6% -17.7% -129.3%
. .-.

HCFC-124/Alkylbenzene -22.6% 013% -3.5% .13!2% ;:i_:;i;!:l:_iii:.14:5_/o
...

HCFC-142b/Alkylbenze ne -45.8% ,49_8% -21.6% -57. 6% ::_::!:_ii:i_:_44.3%
"..:": "':i'

HFC-152a/Alkylbenzene -8.9% '3.6% 6.6% -26.8% -1

HFC-134aJEster, Mixed Acid -3.9% -33.4% 9.2% -21.7% -8.6% 7_6% _ -8.5%

HFC-134a/Ester, Branched Acid -16.5% -7.8% 9.2% -19:5%" 11:_0% ;: -10.7%
. . : :. mm

HFC-32/Ester, Branched Acid -14.7% -37.2% 0.6% -32.5% -26.6%
,,.

HFC-125/Ester, Branched Acid -20.8% -11.2°/0 1.6<'/o -26:3_'/= -6.5% :_:: :_,21.0%
- ....

HFC-143a/Ester, Branched Acid -16.9°/(, -2110% -1.5% :23.6°/= 6.0%
.... ..,,.,

HFC-134/Ester, Branched Acid -7.4% ,16,6% 21.6% -20:5% 4.:4% i:ili;:_:i-0.6%
• ;.,. ,:,

HFC-245ca/Ester, Branched Acid -4.7% 28.4% 8.7% -23.1% 17.4% i:_ -11.1%
..... :.

HFC-134aJPAG, Butyl Monoether -12,0% -0.6% 18.0% -26.7% ++ 13i7% : -25.0%
II

HFC-32/PAG, Butyl Monoether -5.6% -13.t% 4.5% -15.5% -1 -14_5% -9.7%

HFC-125/PAG, Butyl Monoether -8.9% 15i6% 0.7% -22,5% ,5.3% ..... ,0i3% _i:i -1.6%• ,,

HFC-134a/PAG, Modified -5.6% ,0.8% 9.4% -33.4% 14_:7%! ?:_i -8.1%
: .,!

HFC-125/PAG, Modified -17.0% -26;7% 19.7% -30,4% -21.7% 13_0% .18.6%

HFC-134a/PAG Diel -17.7% 17.6% 25.1% -21,5% -10.0' 13_:5% -8,7%
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. , Dielectric Strength

Magnet Wire A(ester base with amide imide overcoat)

Q

Results after a 500 ,,-hourexposure @127°C(260°F)

Varnish Type
Uncoated T._.._..I.I._ Y-39OPG ER_610 _ _ Iso'-800

uo_xpo_0 ![ts.8kv!1_6:=,v1t,8.8kvll1s6,vii t=okvII_6:s,vlit91kv!1
% Change from Unexposed

Exposure with: Uncoated_--_ Y-3_OPG ER-610 _ _ lso'-80Q

Nitrogen -2.5% -53.5 -32.1% -t9.1=/'_ 1.0% -43.6% -34.1%

HCFC-22/Mineral -5.4% -11.5%!i -t3.3% -2.7°/, 0.2% -25.7% -13.6%

HCFC- 124/Alkylbenzene -5.0% -8.9'/, -17.5% -3.2% 1.7% -0.4% -2t .4%

HCFC- 142blAtkylbenzene -19.2% -8.1% -11.0% 5.8% -8.8% ; 1t:.4% -7.2%

HFC- 152a/Alkylbenzene -4.9% 16.1% -27.9% -6.3% -1.5% - t7.8% -20.7%

HFC-134aJEster, Mixed Acid -16.6% 16.1% -2t.8% -13.4% 17.7% 12.7% -4.2%

_LIFC-134aJEster, Branched Acid 3.0% -29.6% 1.9% -11.7% 21.5% 14.2% -3.4%

HFC-32/Ester, Branched Acid 33% -t6.8% -10.1% -5.2% 23,0% 10.6% -t3.6%

I--IFC-125/Ester, Branched Acid -5.0% -14.8% -5.8% -22.4% 10.3% -1t.2% -5.2%

HFC-143aJEster, Branched Acid -18.5% 7.8% -14.0% -6.6% 35.1% 13..1% -21.5%

HFC-134/Ester, Branched Acid -2.6% -25.4% -5.4% -22.6% -17.5% -5.9% -8.9%
i , i

HFC-245ca/Ester, 9ranched Acid -11.8%1 9.7% -4.3%i -14.6% 2.6% 9:4% -9.6%

HFC-134a)PAG, Buty! Monoether 3.2% -1.3% -23.7% -4.3_ -0.6% -10.3_ -13.9%

HFC-32/PAG, Butyl Monoether -9.3% 4.2% -1.9% -2.1_ 25.7% 5.3% -2.3%

HFC-125!PAG, Butyl Monoether -4.6% 7.6% 1.9% -1.7_, 8.0% -3.7% -1.6%

HFC-134a/PAG, Modified -14.4% -19.4°,'o -18.9% -10.2'_ -3.9% 14.0% -6.4%

HFC-125/PAG, Modified -8.6% 12.7% -2.6% -34.1% 4.9% 19_0% -18.7%

HFC-134a/PAG Diol -0.2% -24.3% 0.8% 0.4% 7.0% 3.7% 0.2%
... ,,
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f i

Dielectric Strength

Magnet Wire A(ester base with amide imide overcoat) _)

Results after a 500..hourexposure @ 127°C(260°F) plus a 24,-hourair bake @ 150C(302°F)

Varnish Type

Uncoated U-475EH y-390PG ER-610 Y-833 No.923 Iso-800

Unexposed IItS8kVil_62"vii_8,8kvll_S6"Vii_20kvli_:8 "VII_9tkVtl
% Change from Unexposed

ExPosure with: Uncoate._q[ U-475EH y-390PG _ Y-833 No.923

:i-5.2% ,!:.:.,
Nitrogen !______ I

HCFC-22/Mineral -t 1.0%ti -4+19_i '-8;2_1 -1t_6_11 i: "0"9°/11 "29!0_/_! : !2=;_W=ll
HCFC-124/Alkylbenzene -1.4_11 4,7%11 -36:4%il -6.4%!1 ; 10.9%11_.5_ i_-_!1%11

HCFC- 142b/Alkylbenzene -3.1_ -11.2%'" -16.2% -12_6% ,0;5% -14.2_A
• " _1[ ..

HFC-152aJAIkylbenzene -9.2% -24,2% -29.8% -4:8% -7.1% -t 0;0% -40.9%

HFC-134aJEster, Mixed Acid -t 1.0% 3:9% -23.8% -8.3%,, ;t4;6% 10.4% -6.1%

HFC-134aJEster, Branched Acid -6.9% -12.9% -18:6% -16.5% -3.7% -t0.2% -8.5%

HFC-32/Ester, Branched Acid -t8.8% -32.2% -33.7% -20.9% -4;1% -26.3% -15.6%

HFC-125/Ester, Branched Acid -t0.2% -34;5% -1.2% -t9.7_ -7.8% 8,9_ -29.3%

HFC-143a/Ester, Branched Acid -13.1% -0.1% -12.8% -14.0% -8.8% -25.5% -26.9%

HFC-134/Ester, Branched Acid -13.0% -t6.8% -22.7% -t6.3% 3:7% -t3.4% -16.5%
" i

HFC-245ca/Ester, Branched Acid -t5.8% 36.0% -tt.2% -14.8% -1.9% -25,3% 0.1%

HFC-134a/PAG, Butyl Monoether -t6.6% -9.2% -25.8% -t3,5% -1t.7% -32.3% -33.5%
.

HFC-32/PAG, Butyl Monoether -t4.6% -10.7% -6.0% -26.3% -6.0% 5.7% -tl.5%
•

HFC-125/PAG, Butyl Monoether 1.14_6% -t6.7% -t0.9% -14:.9% -11.5% 6.1% '28.1%

HFC-134aJPAG, Modified _-8,1% -23.4% -34.6% -16.2% -t3,3% :;22:6% 1.8%
il

HFC-125/PAG, Modifiod -11.2% 18.0% 3.3% -31.1% -13.7%! 9.7% -t6.8%• .

HFC-134a/PAG Diol -30:0% -I6.5°_ ,50.7%. -I9;4% _-616% ,,8;4% -20:6%
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1 t

Dielectric Strength

_l MagnetWire B(Dacron/Glassservedwire)

Resultsafter500-hourexposure@127°C(260°F)

Varnish Type

Uncoated U-475EH y-_9OPG ER-610 Y-833 _ Iso-800

Unexposed !1 1,6kvIi kv]!!  2!s::kv:ll,vll' a.3 kvli
% Change from Unexposed

ExDosure with" Uncoated U-475EH Y-390PG ER-610 Y-833 No.923 Iso-800
.. .... ....... . . .

N itrogen :6.9% -4.9!
• i_ii_::ii_i:_: ii .._i_i_ .......::__:_ _

HCFC-22/Mineral 13:3% _i_:::!::i:t ;3% _i__ _0_6%

HCFC-124/Alkylbenzene 6.5% : ,0.1% -2.0% 1 i; ;::::8:7%

HCFC-142b/Aikylbe nz ene 8.3'_ 13.1 32.0% 2:,6%' _1i3_:9%.;

HFC-152a/Alkylbenzene -4.3% -6.4% -3:5% 9_0%

• "FC-134aJEster, Mixed Acid 28.0% 5;5% 1 6.4% 2.4% 11.5%
iii.

HFC-134a/Ester, Branched Acid 12.1% 5.4% 1.1 ( -4_0°/, 15.8%

HFC-32/Ester, Branched Acid 0.4% -1 -3.3% -8 -6;8% -4.1 5.4%

HFC-125/Ester, Branched Acid 2.5% 1:2% _0:.2°/, 7.2%

HFC-143a/Ester, Branched Acid 11.8% ,5.9% 0.7 < 0._9°/ -1 4.9%

HFC-134/Ester, Branched Acid 9.0% 1 10.0% /5_3% ..... 7.2%
• •

HFC-245ca/Ester, Brancheo Acid 3.8% 5.5 _, -t3.5% 3_6' _ !0.9%, -3:8%

HFC-134aJPAG, Butyl Monoether 5._,% -24,3% 11 _:_ 4:3% 9_.7%

HFC-32/PAG, Butyl Monoether _ _ 27.1% -6.9% 11 iii:;: 5;4% 10.3%
. . . . . . ..

HFC-125/PAG, Butyl Monoether :: _22_7% -3_3% 2_7% 7.4%

HFC-134a/PAG, Modified 23,•6% 10.2% 1 .... 7.4% 11:4%

HFC-125/PAG, Modified ,7.C% -1 2.9% -0.8% 10.1%

HFC-134aJPAG Diol 29.7% 60.6% 38.4%

0
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Dielectric Strength

Magnet Wire B(Dacron/Glass served wire) 9)

Results after a 500-hour exposure @ 127°C(260°F) plus a 24-hour air bake @ 150C(302°F)

Varnish Type
Uncoated U-475EH Y-390PG ER-610 -_ No.923 Iso-800

Unexposed ili11.6kvIi ,_.3kvIi 12.3kvtl 12.7,vI!12.s,v II_4.4kv!1133,v li
% Change from Unexposed

i

Exposure with" Urlcoated U-475EH Y-390PG ER-610 ¥-833 No.923 Iso-800

Nitrogen i::i _ii811% -t0.9%.. _t5:4% -9.9% -t8.2%

:ii<_:__i:::0,2% -t7.6% -5.4% -1 t:,2% -12.4% i : :_::;ii:-4i_%HCFC-22/Mineral

............ - -6.7% i:iI:;0i3%HCFC-124/Alkylbenzene : :::: -3.6% 1.2% 9,9% -6.5% : :.:
. . ...

HCFC-142b/Alkylbenzene :-6.1% -13.4% -2.3% -0.6% -12,6%

HFC-152aJAIkylbenzene .2i7% -t5.4% -3.9% -6,7% 1.0% 4:0%

0HFC-134aJEster, Mixed Acid ;: ;:t3,4%" 1:2°/= 8_6% 7.4% ::ii:i -4.0% 5:8%:..... • :.. :.: .:

HFC-134a/Ester, Branched Acid : _1.1% -11.9% ,2.4% -9.3% :i::: _:::::_ :: -8.2% -1.6%

HFC-32/Ester, Branched Acid t.1% -0.7% -3.6% -10.8% -t7.7% 2.1%

HFC-125/Ester, Branched Acid -3.7% -t3.6% 1.2% -5.1% -0.5% -3.4%

HFC-143a/Ester, Branched Acid ,2.1% -7.5% 2.4% -5.7% -15.4% -3.3%

HFC-134/Ester, Branched Acid -2.0% 5:7% 8.6% -5.2% ,23.0% 4.4%
' II _1 " . "

HFC-245ca/Ester, Branched Acid :i........::O_9% -10.5% -1.9% 0.3% -5 1.5% -1.6%. ::,

HFC-134aJPAG, Butyl Monoether i:::: t_3% -t0.5% 10.1% -4.1% -t6.8% -4,3%

HFC-32/PAG, Butyl Monoether _:: ....: ,, 0.5% -8.2% -1.6% -14.8% -1:8%:

HFC-125/PAG, Butyl Mcnoether :?_:i_:i::2i2% -9.7% 14.9°/= 1.9% 1.5% -2.3%
iiiii!i: ::::, ".. '

HFC-134a/PAG, Modified ii:::;!:::::::i:::ii_i_il;li.ii%-7.7% 3.1% -11.0% : -25.,"% 1.2%• , . .

HFC-125/PAG, Modified ::_i_::i:i:_::i!0i0% -17.7% 15.6% -1.3% -7.5% -10.4%

HFC-134a/PAG Diol :• -9.5% -3.3% -5.7% -16.3%
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Dielectric Strength

OI ) MagnetWire C(esterimideovercoatedwith amidein,ide)

Resultsafter a 500-hourexposure@ 127°C(260°F)

Varnish Type
Uncoated U-475EH Y-390PG ER-610 Y-833 N0.923 Iso-800

% Change from Unexposed

Exposure with" Uncoated U-475EH Y-390PG ER-610 Y-833 No.923 Iso-800

Nitrogen ....: !2t_4% ......... :: ::i:i:::::_:_i::i::_::i................ ::: :::_-16;4% :::_35_0% -16_3% i:_::::_.:1%
: - :.:.:.., ....:

HCFC-22/Mineral 6.4% -27,2% ....9_7%,,:. 25,5% !: i i_i!4::_o. . . . .

HCFC-124/Alkylbenzene -18.6% -25.0% 2:2% 20.6% !:.::_::::!_:i:_:::::_:_ ::__::i!i!!::i!:i!i!!i_::!i:_::i_:....
-:- .

HCFC-142b/Alkylbenzene -t6.8% 11.8% -6.5% 17.4% 1 i!::1i::7,9%

HFO-152a/Alkylbenzene 7.1% -25.2% -2t.5% 0.0% 11 24.to/,

O_rlFC-134a/Ester, Mixed Acid -0.6% 8.8% -t0.5% 6.5% 15.9_

HFC-134aJEster, Branched Acid -11.2% -2.9% 0:9% 3.5% 1 11.6%

HFC-32/Ester, Branched Acid -t0.0% -15.3% 2.4% -5.1% 12. -1 18.2%

HFC-125/Ester, Branched Acid -4.0% 9.1% 1.9% -1.3% 0.6%

HFC-143a/Ester, Branched Acid -9.5% 15.7% 4.8% -11.8% 1 0.9%

HFC-134/Ester, Branched Acid -18.9% 4.5% -1.4% -1.2% 1 ,6.9%
i .

HFC-245e_Ester, Branched Acid -24.1% .27.26 9.3% 5.2% 116.5%

HFC-134aJPAG,Butyl Monoether -8.4% 7.3% 5.4% 9.7% 33.0%

HFC-32/PAG, Butyl Monoether -t6.6% 19.3% 8.8% 1.3% 1 -6.4%

HFC-125/PAG, Butyl Monoether ,30.9% 11.2% .7.6% 4.2% 1 27:8%

HFC-134aJPAG, Modified -t2.6% 14.6'_ 1.5% -5.4% 27.7%

HFC-125/PAG,Modified -17.8% 5.5% 5.4% 0.6% 10, 9.1%

HFC-134a/PAG Diol -t2.2% 21.1% 8.4% 0;8% 29.9%.............

@
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Dielectric Strength

Magnet Wire C(ester imide overcoated with amide imide)

Results after a 500.hour exposure @ 127°C(260°F) plus a 24.hour air bake @ 150°C(302°F)

Varnish Type
Uncoated U-47,5.EJ:t Y-390PG .F=_R.:._'L'). Y-833 N O..,..9.Z_ Iso-800

Unexposed 11 II,s ,vII  8:2kvil ,.,5.vii 11:-kvlps:o,vtl !]
% Change from Unexposed

Exposure with: Uncoated _ Y-390PG ER-610 Y-833 _ Iso-800

Nitrogen -15.7<'/o -5.5% 2.1%! -45.6% 9:,7°/, -32.0% ,1;3%

HCFC-22/Mineral -9.1% -21.5% -t2.6% 0.8% 5,10A 5.3% 12117%

HCFC-124/Alkylbenzene -1.0% -23.8% 8.8% -22.9% 51.6o/ 6,0% 24i 1%

HCFC-142b/Alkylbenzene - t 0.9% -1.0% -1 t .5% 4.5% -1.7% -2.2% :i_!20_3%

HFC- 152aJAIkylbenzene -17.9% -1.8% -t8.4% 12.0% 31::5°A -17.2% 5.9%

HFC-134aJEster, Mixed Acid -3.6%! 24,5% -1.0% 0.2% 36,_1% -4.9% 32..4%

HFC-134aJEster, Branched Acid -4.5% -21.4% 2.2% -4.3_ -816% -29.7% 19.3%

HFC-32/Ester, Branched Acid -26.4% 8.3% -37.0% -7.8°/, -6,3% 10.4% -9.4%

HFC-125/Ester, Branched Acid -22.0% -3.2% -0.9% 1.1% ,2,5% 9.0% 17.2%

HFC-143aJEster, Branched Acid -14.7% .1.8% -36.8% 7.5% ,1.3% .0.4% 12.6%
.. . -

HFC-134/Ester, Branched Acid -16.6% -3.7% -1.2% -8.5% !' -25_8% -0.6% 0.3%• .

HFC-245ca/Ester, Branched Acid -15.8% 13.9% .2.5% -20.8% -2.0% 3.1% 12.6%

HFC-134aJPAG, Butyl Monoether '29:6% 5.3% ! -28.0% -tl.7% _ 0,3% 17.7% -t4.0%. . . .

HFC-32/PAG, Butyl Monoether ;:._t3i8% 17.3°/<, -34.2% .5:9o/; i 16:8% 11.6<'/; 14.5%

HFC-125/PAG, Butyl Monoether :_:-_t2;4% 29.8% 6.5% -3.8% 13.1% 14.6% 25;8%

HFC-134a/PAG, Modified :_:<,14.9% -tl.6% -4.8°,_ 2_0% -9.5_, -30.6% 26.0%

HFC-125/PAG, Modified -tl,2% -9.0% -3.5% -27.6% 20.8% 20.9% 15.1%

HFC-134a/PAG Diol -27.9% 6.7% 0.8% 1.1% 4.6% 6.3% -8.0%
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Sheet Insulation

e % Change in Weight

Results after 500.hour exposure @127°C(260°F)

Sheet Insulation Type
Nomex/Mylar I Dacron/Mylar Nomex

Nomex Dacron Mylar MO Nomex Mica Melinex

Exposure wi!h: % Chan_e in Wei_lht

Nitrogen :: 0;1%1 0,1% : _ 0.1% : 0,2% _i ii0.3% 0.1%
: : ' " ' " .... _,O :HCFC-22/Mineral : :9:...'/<_ : _: :::3:,3% _::_;:_5_2% : t4,4% _!i::!,:120.0% 6.t%

i . " , " ' " " " " " " ' " " : " ' ' : " :" ':' : " : ' " "

HCFC-142b/Alkylbenzene 6.2% 1 0% 2.1% t0.7% i:: 1.9.1% : 2,9%
. -

HFC-152a/Alkylbenzene 6.0% -0.2% 0.50/,=. 10.0% 14.8% 2.2%

HFC-134aJEster, Mixed Acid 7.1% 3.8% 1,5% t2.3% 21.3% 1:::8%
• .: ,

HFC-134aJEster, Branched Acid 7.4% 4,9% 1.2% !3.0% : 18.6% _5%

HFC-32/Ester, Branched Acid 7.4% -1.0% 1,1%! 12.7%.. 19.8% 117%1
..

e . .. :..
HFC-125/Ester, Branched Acid 6.1% 015% 0.70/0 11.7% _: 16.4% 0.9°,$

: .

HFC-143a/Ester, Branched Acid 5.4% 1.4% 0.7% 11.5% 1.6.2% 1.0%

HFC-134/Ester, Branched Acid 8.6% 1.2% 1.5% 14.9% 32.1°/0 1.7%

HFC-245caJEster, Branched Acid 7.5% 4.3% 1.0% t3.7% 35.6% . 1.2%

HFC-134aJPAG, Butyl Monoether 6.7%1 -0.4% 1.3% 12.4% 17.8% 2.1%

HFC-32/PAG, Butyl Monoether 7.6% 1.4% 1.1% t4.O% :i i; 22.7% 1.6%

HFC-125/PAG, Butyl Monoether 6.8% 0.2% 0,4% 13.6% i 25.2% 0.8%

HFC-134aJPAG, Modified 7.4% 0.1% 1,0% t4.0% i:: 19.6% 1.4%

HFC-125/PAG, Modified 7.7% 2.0% 2.8% 14.1% i • 24,4% _ 3.1%
: :

HFC-134a/PAG Diol 8.4% -3.4% 2.3% 13.8% ' 22.9% 2.5%
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Sheet Insulation

% Change in Weight O

Results after 500-hour exposure @ 127°0(260°F) plus a 24-hour air bake @ 150°0(302°F)

Sheet InsulationType
Nomex/Mylar Dacron/Mylar Nomex

Nomex Dacron Mylar MO Nomex Mica Melinex

ExDosure with: I % Chan_le in Wei_lht

Nitrogen 0.5% 0.0% 012% t,5% 0.8% 0.1%.

HCFC-22/Mineral 3.7% t.4% _ _ 0.0% 9,0% 0.0%

HCFC-124/Alkylbenzene 1,5% ;0.4%:_...._:_: _ 4.7%].... __ 7,2%_ 0,3%
HCFC-142b/Alkylbenzene 1,1% :2,3% ,0.6°_ 3.9% 5.7% -0;2%

HFC- 152aJAIkylbenzene 2.4% ,2,4% E -1.0% 3.8%1 5.8% 0.0%• • • .•••• . I

HFC-134a/Ester, Mixed Acid 4,3% 4.9% 0.7% 8.6% 24.1% 0.6%

HFC-134aJEster, Branched Acid 4.1% 2.5% *0,1% 7.1% 19.0% 0,2%

HFC-32/Ester, Branched Acid 3.9% -1.0% -0.3% 8.4% 17,7% 0.4%

HFC-125/Ester, Branched Acid 3.9% -0.6% 0.6% 7.5% 16.6%! 0.3%

HFC-143aJEster, Branched Acid 2.7% -1.1% .0.1% 5.7% 11.8% 0.1%

HFC-134/Ester, Branched Acid 3.4% -0,5% 5.2% 8.5% 23.7% 0.3%

HFC-245ca/Ester, Branched Acid 5.1% 1.9% 0.1% 8.9% 27,9% 0.4%

HFC-134aJPAG, Butyl Monoether 1.1% -1.7% -0.3% 2.6% 0.6% 0.0%

HFC-32/PAG, Butyl Monoether 2,3% -0,3% -0.3% 3.7% t.0% 0.2%

HFC-125/PAG, Butyl Monoether 2.0% -0.7% '0.1% 3.6% E 0.8% 0.1%

HFC-134aJPAG, Modified 1,0% -1.2% 0.0%! 2.3% 0.8% 0.1%

HFC-125/PAG, Modified 2.0% -0.9% -0.2% 3.9% 1.5% 0.3%

HFC-134aJPAG Diol 1.7% 0.0% 0.2% 2.7% 0.8% 6.6%,,,
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Sheet insulation

% Change in Tensile Strength

Results after 500-hour exposure @ 127°C(260°F)

Sheet Insulation Type
Nomex/Mylar Dacron/Mylar ' Nomex

d

Nomex Dacron Mylar MO Nomex Mica Melinex

I. ::-

ExposurQ with: I % Chan_lefrom Unexposed I.................. i ..... '.' ..... " ............

-8.6% '9.0%' :.i" :" .5%Nitrogen
• . . ,. ;

HCFC-22/Mineral " -17.2% -10.7% ::.: "35.2%! -11.6% '25:6% i-29.5%

HCFC-124/Alkylbenzene -50.5% -84.8% -100.0% -1.9% 5.1ff_ -100.0%. , .' . : • . , .
, ." ''1 , " ..

•.,: " • 'r

HCFC-142b/Alkylbenzene -t2,2% -17.7% - -27.7% -5.6% -18.6% .... -29;8%
, . : , . .

HFC- 152a/Alkylbenzene -37.6% -21.6% '33.3% -4.3% -23.1% -27:7%

HFC-134aJEster, Mixed Acid -2t.6%_ -11.0% : -32.1% 4.0% i -2t.2% .... -34:8%
• :,. :

HFC-134aJEster, Branched Acid -10.3% -5.4% -2317% -1.5% :: ,t5,0% -25.4%
i

. . • ... ,

HFC-32/Ester, Branched Acid -11.3% -8.5% -24:8% -3.2% i :-t8.5% -27.7%

HFC-125/Ester, Branched Acid -4.9% -5.0% -17.8% -1.4% -14.7% -21.8%

HFC-143aJEster, Branched Acid -7.1% -2.6% ,22,3% 0.4% -23,0% -24.2%

HFC-134/Ester, Branched Acid -3.7% 4.3% -11.7% -0.4% -1.9% -13.7%
. .. • ,

HFC-245ca/Ester, Branched Acid -6.9% -5.2% .... -15:9% -5.4% -t3.3% -35.1%. .

..

HFC-134aJPAG, Butyl Monoether -8.3% -7.5% -i7.5% -8.0% -18.9%
'.:: ,23,1% I

HFC-32/PAG, Butyl Monoether -8.8% -6.8% -18.8% -5.6% -16.t% -17.5%

HFC-125/PAG, Butyl Monoether -0.9% 0.2% -13.9% 0.3% :-14.8% '22.0%,

HFC-134aJPAG, Modified -10.6% -2.1% -27.3% -23.5% -17.0% '23.9%

HFC-125/PAG, Modified -t4.1% -6.9% -22.2% -11.6% i -I5.8% ,27.8%

HFC-134a/PAG Diol -13.2% -16.9% : -23:2%i -2.5% -t7.9% -28.7%
. , ,, , ,,, , .

ksi-l,000 pounds per square inch.

e
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Sheet Insulation

% Change in Tensile Strength

Results after 500-hour exposure @ 127°C(260°F) plus a 24-hour air bake @ 150°C(302°F)

Sheet Insulation Type

Nomex/Mylar Dacron/Mylar.....| II IINomex.l[|Jomex Dacron LMylarMO . Nomex Mica Melinex

Uoexpo_ed I i_.4kSi;:_II.-_;_3:7.k:_'.-IK-I2_;_--_;II-tS:'t-.-k'_li7..sk,_II21.7k,_

Exposure with" '1
B _

_ % Chan_le from Unexposed ...............

Nitrogen -76.7% : -83.6% -97,8% -2.17% -26.3% -65.9%
• . ,... . • . ,. .....

' " i ' '

HCFC-22/Mineral -16.4% -11.5% -93.9% -3.0% -18.8% -16.3%

HCFC-124/Alkylbenzene -55.0% -93.2% -100.0% 4.1% -24.0% -100.0%

HCFC-142b/Alkylbenzene -41.9% -39.8% ,24.4% 2.7% -24.7% -21.0%

HFC-152aJAIkylbenzene -36.3% -63.8% -25.0% -0.1% -24.5% -21.1%

HFC-134aJEster, Mixed Acid -36.6% °39.8% -25.5% 8.4% -23.7% -20.1%

.2_, -5.1% -27.1% 0.9% -17.9% -22.5%HFC-134aJEster, Branched Acid -4 o,

HFC-32/Ester, Branched Acid -9.1%! -6:2% -24.8% 3.3% -t6.9% -22.2%

HFC-125/Ester, Branched Acid -5.3% -1.1% -22.1% -5.8% -16.0% -22.4%

HFC-143a/Ester, Branched Acid -2.1% -4.9% -23.0% 2.8% -17.5% -21.6%

HFC-134/Ester, Branched Acid -4.0% -1.2% -16.6% 2.0% -12.7% -24.2%

HFC-245ca/Ester, Branched Acid -3.0% -4.8% -26.2% -11.0% -5.4% -12.7%

HFC-134a/PAG, Butyl Monoether -0.6% -6.7% -20.8% 6.4% -t9.0% -23.1%

HFC-32/PAG, Butyl Monoether -3.5% -4.5% -26.2% 1.8% -17.5% -21.8%

HFC-125/PAG, Butyl Monoether -4.4% -0.9% -17.7% 7.5% -21.9%1 -23.9%

HFC-134a/PAG, Modified -6.5% -0.9% -22.4% 7.2% I -22.4% -22.7%

HFC-125/PAG, Modified -52.4% -6.9% / -11.6% 3.4% -25.0% -22.9%

HFC-134aJPAG Diol -12.4% .,-16.5% [ -48,6% 3.2% .-29.1% .... :27.0%

ksi=l,000 pounds per square inch.

O
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Sheet Insulation

% Change in Elongation

Results after 500,hour exposure @ 127°0(260°F)

Sheet InsulationType

Nomex ][ Dacron Mylar MO Nomex Mica ° Melinex

Unexposed 20,0%; 11 ......II i3i:0%II 11,.o%11;i 60:0%

ExposurQ with: . , . % Chan_le from Unexposed

Nitrogen -87.5% -50.0% -95.0% ,;43.6% -70.8% -96.4%

HCFC-22/Mineral -41.9% -71.0% -87.8% -55.4% -79.2% _ -74.5%

HCFC-124/Alkylbenzene -54.4%! 98.2% -100.0% -45.1% -72.9% -100.0%

HCFC- 142b/Alkvlbenzene -49.4% -64.5% -72.0% -'56.4% -79.2%. -89.0%

HFC-152aJAIkylbenzene -85.0<'/o -78.6% -85.6% -40.2% -66.7% '87,5%
...

HFC-134aJEster, Mixed Acid -13.8% -47.8% -10.7% -48.0% 47.9% -89.6%

HFC-134a/Ester, Branched Acid -35.0°/_ -47.5% •-20.1% -28.4% -72.9% -95.9%

HFC-32/Ester, Branched Acid -29.4% -50.0% -11.5% -5.4% -66.7% -5.9%

HFC-125/Ester, Branched Acid -25.6% -47.5% 5.3% -27.9% -72.9% -17.6%

HFC-143a/Ester, Branched Acid -3t.9% -44.2% -17.7% -18.6% -62.5% -95.6%

HFC-134/Ester, Branched Acid .26.3% -39.1% -3.1% -34.3% -72.9% -4.2%

HFC-245ca/Ester, Branched Acid -50.0% -54.3% -42.0% -44.6% ,79.2% -63.9%

HFC-134aJPAG, Butyl Monoether .28.8% -47.8% 1.8% -30.4% -66.7% 1.5%

HFC-32/PAG, Butyl Monoether -16.9% -47.8% 5.2% -22.5% -70.8% -t.8%

HFC-125/PAG, Butyl Monoether -28.8% -43.1% 6,5% -28.4% -75.0% 2.3%

HFC-134a/PAG, Modified -40.0% -48.9% -69.0% -37.7% -72.9_ '13.3%I"

: .

HFC-125/PAG, Modified -51.3% -55.8% -8.9% -32,4% -68.8% -23.0%

HFC-134a/PAG Diol -50.6% -57.6% -16.3% -33.3_ -68.8% *32.2%
,, , - , ,
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Sheet Insulation

% Change in Elongation _)

Results after 500-hour exposure @ 127°C(260°F) plus a 24-hour air bake @ 150°C(302°F)

Sheet Insulation Type

Nomex/Mylar' Dacron/Mylar Nomex . I
_3Z[]39._ _ Mylar MO Nomex Mica Melinex IUnoxpo,_,J I 2o.oo_11 ,6.0_'o_II i3i:0°_o!1_7'0__1[,,0Oio]i_60,o_,o1

EXDOSUrQwith: I ........ ,, % Chan_le from Unexposed I. _ L ___, ................ j,, ..

Nitrogen _ -66.7% .5413% -95.4% -54.4% -68.8% ,96,8%

HCFC-22/Mineral -75,4% -75.4% -99.1% -61.3% -77.1% ,95,8% i
i

HCFC-124/Alkylbenzene -57.5% -96.7% -100.0% .40.7% -66.7% -100,0%

HCFC-142b/Alkylbenzene -87.5% .84.4% -94.4% -48.5% -64.6%! -9S_.6%

HFC-152aJAIkylbe nzene -85.4% -96.0% -95.7% -44.1% -62.5% ,96.0%

HFC-134aJEster, Mixed Acid -34.2% -47.8%1 -19.3% ,36.3% -68.8% -96.0%

HFC-134aJEster, Branched Acid -23.3% .48.6% -94.7% .43.6% -70.8% -95.7%

HFC-32/Ester, Branched Acid -24.4% .43.1% -15.0% .31.4% -72.9% -30.5%

HFC-125/Ester, Branched Acid -24.4% -46.4% -9.7% -52.9% -68.8% -5.9%

HFC-143aJEster, Branched Acid -29.2% -52.9% -14.9% .45.6% -68.8% -95.6%

HFC-134/Ester, Branched Acid -35.4% -43.8% 4.3% -46.1% -75.0% 2.2%

HFC-245caJEster, Branched Acid -39.4% -49.3% -47.5% -62.7% -72.9% -49.2%

HFC-134aJPAG, Butyl Monoether -40.4% -53.3% -6.7% -48.5% -77.1% -10.2%

HFC-32/PAG, Butyl Monoether -41.3% -53.3% -0.6% -50.0% -75.0% -8.6%

HFC-125/PAG, Butyl Monoether -37.1% .42.4% 2.8% -52.0% -77.1%1 -27.1%

HFC-134a/PAG, Modified -39.6% -54.3% -63.1% .39.7% -77.1% -4.1%

HFC-125/PAG, Modified -69.2% -40.6% 3.1% -36.8% -77.1% -65.9%

HFC-134aJPAG Diol -61.3% .67.4% -72.3% -44.6% -79.2% -96.5%
,i , ,, ,, , , ,
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Sheet Insulation

% Change in Dielectric Strength

Results after 500-hour exposure @ 127°0(260°F)

Sheet Insulation Type

Nomex/Mylarll Dacron/Mylar II NomexNomex Dacron II MvlarMOl[ Nomex Mica tMelinex

Un,,xpo.,,d :...... .....]1,, I.....

Exposure with" % Chan_le from Unexposed .......

Nitrogen

HCFC-22/Mineral

HCFC-124/Alkylbenzene flash flash " flash flash !i: .14.0% fl_h
.:., • . : ., , ...
• I • :i:• .. ..

HCFC- 142b/Alkylbe nzen e flash flash flash 0.4% 10.4% flasl"
.' " ii -':

HFC-152aJAIkylbenzene flash flash flash 21.1% -3.9% fl_.sh• ".-:.-/

HFC-134a/Ester, Mixed Acid flash flash flash 13.0% _ 15.1%1 •flash

HFC-134a/Ester, Branched Acid flash flash flash flash : 5.4% flash
'..._

HFC-32/Ester, Branched Acid flash flash flash 10:3% 7.5°/'=, flash
. •

HFC-125/Ester, Branched Acid flash flash flash flash . -14.2% flash

HFC-143aJEster, Branched Acid flash flask flash flash 2.8% flash• :

HFC-134/Ester, Branched Acid flash flash flash flash _ flash flash

HFC-245ca/Ester, Branched Acid flash flash flash flash flash flash

HFC-134a/PAG, Butyl Monoether flash flash flast" flash-!3.0% flash

HFC-32/PAG, Butyl Monoether flashl flash flash 19.3"/o i5.9% flash

HFC-125/PAG, Butyl Monoether flash_ flasl- flash flash :: 15.1% flash

HFC-134a/PAG, Modified flash: flasl" flash flash -1.9% flash

HFC-125/PAG, Modified : flash flash flash 28.7% 1.7% flash

HFC-134a/PAG Diol flash . flast . flash: I .. 16.8% .... 9,0% .. f!ash

•Flash indicates dielectric went around sheet In.;ulation not through.
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Sheet Insulation

% Change in Dielectric Strength

Results after 500-hour exposure @ 127°C(260°F) plus a 24,hour air bake @ 150°C(302°F)

Sheet Insulation Type
Nomex/Mylar Dacron/Mylar Nomex

Nome)_ Dacron Mylar MO Nomex Mica Melinex

Unexposed I f,,,,hi!: '*,-h II 'f,,,h/(:0:7 1['i0:2kvll f,,,S"....

Exposure with" % Chan_lefrom Unexposed

Nitrogen _ flash flash" flash-1.8% _ . -4:6°/_ flash

HCFC-22/Mineral flash flash flash 0.6.% -6.9_,_ flash

HCFC-124/Alkylbenzene flash flash flesh -3.2% .9.5°I_ flash
i

HCFC- 142b/Alkylbenzen e flash flash flash 3.4% I. 1% flash

HFC- 152a/Alkylbe nzene flash flash flesh -8.8% -3.9% flash

HFC-134a/Ester, Mixed Acid flash flash! flash o• 6.3 % 14.7% flash

HFC-134_Ester, Branched Acid flash flash flash 6.3% 10.6% flash
i : W

HFC-32/Ester, Branched Acid flash flash flash 5.6% 11.0% flash

HFC-125/Ester, Branched Acid flash flash flash 8.9% 1.2% flash

HFC-143aJEster, Branched Acid flash flash flash 10.8% -1.0% flash

HFC-134/Ester, Branched Acid flash flash flash 7.7% 17.2% flash

HFC-245ca/Ester, Branched Acid flash flash flash 7.0% flash flash

HFC-134a/PAG, Butyl Monoether flash flash flash -3.4% -4.2% flash

HFC-32/PAG, Butyl Monoether flash flash flash 1.4% 0.7% flash

HFC-125/PAG, Butyl Monoether flash flash flash -12.3% -2.5%! flash

HFC-134a/PAG, Modified flash flash flash -4.6% -3.7% flash

HFC-125/PAG, Modified iI flash flash flash -22.6% 1.2% flash

HFC-134a/PAG Diol flash flash flash -21.7% -6.5% flash
...... . ,.. .,, ......

*Flash indicates dielectric went around sheet Insulation not through.

O
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Spiral Wrapped Sleeving Insulation

O % Change in Weight

Results after 500-hour exposure @ 127°0(260°F)

Sleeving Insulation Type

II IINomex/Mylar .

_ExDo_:re with: , % Chan_le in Wei_lht .
' . ]

N itrog en 0.3% -0.6%; 0.1%

HCFC-22/Mi neral 13.3% 3.3% 6.6%

HCFC-124/Alkylbenzene 12.1% ! 0.2% 41.5%
: .

HCFC- 142b/Alkylbenzen e 11.9% 2.8% 5:5%

HFC-152aJAIkylben: ene 11.1% 2.5% 7.t%

HFC-134aJEster, Mixed Acid 16.0% 4.4% 6.3%

HFC-134a/Ester, Branched Acid 12.1% 2,0% 4.6%

HFC-32/Ester, Branched Acid 13.1% 1.9% 4.8%

HFC-125/Ester, Branched Acid 13.2% 1,6% 4.7%

e HFC-143aJEster, Branched Acid ", 1.4% 1.4% 4.0%:

HFC-134/Ester, Branched Acid 17.2% _.0% 6.2%

HFC-245caJEster, Branched Acid 14.7% 2.4% 5.5%

HFC-134a/PAG, Butyl Monoether 14.2% 2,1% 5.0%

HFC-32/PAG, Butyl Monoether 14.6% 1.9% 5.9%

HFC-125/PAG, Butyl Monoether 13.3% 1.4% 4.8%

HFC-134aJPAG, Modified 14.4% 1 9% 5.5%

3 Vo, 3.9% 7,8%HFC-125/PAG, Modified 15. o

HFC-134a/PAG Diol 15.5% 3.0% 5.2%

le
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Spiral Wrapped Sleeving Insulation

% Change in Weight O

Results after 500-,hour exposure @ 127°C(260°F) plus a 24-hour air bake @ 150°C(302°F)

Sleeving Insulation Type

Nomex II ![Nomex/Myla4:

Exposure with" % Charge in Wei_lht

Nitrogen -0.8% -0.9% - 1.0%

HCFC-22/Mineral 5.3% 0.2% 1.4%

HCFC-124/Alkylbenzene 2.7% -0:6% 0.3%

HCFC- 142b/Alkylbenzene 1.3% -1.9% -1.3%

HFC-152aJAIkylbenzene 3.9% : -0.2% 0.5%

HFC-134aJEster, Mixed Acid 11.8% 2.7% 3.1%

HFC-134a/Ester, Branched Acid 8.3% 0.2% 2.5%
,, HFC-32/Ester, Branched Acid 7.2% -0.2% 2.3%

HFC-125/Ester, Branched Acid 7.6% 0.9% 1.8%

HFC-143a/Ester, Branched Acid 6.2% -0.2% 0.9%

HFC-134/Ester, Branched Acid 7.1% 0.3% 0.9%

HFC-245caJEster, Branched Acid 9.4% -1.5% -9.7%

HFC-134aJPAG, Butyl Monoether 4.5% -0.5% 0.2%

HFC-32/PAG, Butyl Monoether 6.6% 0.5% 0.9%

HFC-125/PAG, Butyl Monoether 5.8% 0.4% 0.6%

HFC-134a/PAG, Modified 3.3% 0.1% 0.3%

HFC-125/PAG, Modified 5.5% 0.2% 1.0%

HFC-134aJPAG Diol 2.8,% -0.9% -2.5%

abi

I ""
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Lead Wire

O % Change in Weight

Results after 500-hour exposure@ 127°C(260°F)

LeadWireType

I Dacron/Mylar/Dacron 11Dacron/Mylar/Teflon/Dacron

ExPOsure with: I , % change in Wei_lht

.... 0.0%Nitrogen 0.0% .

HC FC-22/Mineral 4.8% 4.1%

HCFC-124/Alkylbenzene 4.2% 3.7%
' " " i .:.

HCFC-142b/Alkylbenzene 2.7% 3.1%

HFC-152a/Alkylbenzene 3.0% 3.5%

HFC-134a/Ester, Mixed Acid 4.8°/_ 4.0%

HFC-134a/Ester, Branched Acid 4.0% 3.2%

HFC-32/Ester, Branched Acid 3.3% 2.7%

HFC-125/Ester, Branched Acid 4.2% 3.3%

e HFC-143aJEster, Branched Acid 3.4% 2.9%

HFC-134/Ester, Branched Acid 4.6% 4.4%

HFC-245ca/Ester, Branched Acid 7.3% 6.3%

HFC-134a/PAG, Butyl Monoether 3.5% 3.0%

HFC-32/PAG, Butyl Monoether 3.9% 3.1%

HFC-125/PAG, Butyl Monoether 3.6% 3.0%

HFC-134a/PAG, Modified 4.3%1 3.5% |

HFC-125/PAG, Modified 5.5% 4.4% [

JHFC-134a/PAG Diol 4.2% 3.2%.

_0
111



Lead Wire

% Change in Weight 0

Results after 500-hour exposure @ 127°C(260°F) plus 24-hour air bake @ 150°C(302°F)

Lead Wire T_

I Dacron/Mylar/DacronIIDacron/Mylar/Teflon/Dacron ,

Exposure with: I % Chan_le in Wei_lht

r .... olo%Nitrogen 0,0%

HCFC-22/Mineral 0.3% -3.1%

HCFC-124/Alkylbenzene _t,0% 0_9%
• i 1 '

HCFC-142b/Alkylbenzene 2.7% _ 3.1%

HFC-152a/Alkylbe nzene 0,7% 1.1%

HFC-134a/Ester, Mixed Acid 4.3% 3.6%
• I "_.

HFC-134aJEster, Branched Acid 2;9%1 2.3%

HFC-32/Ester, Branched Acid 1.9% 2.5%
,.

HFC-125/Ester, Branched Acid 3.6% 3,0%

QHFC-143a/Ester, Branched Acid 1.9% 1 1%

HFC-134/Ester, Branched Acid 3.8% 2.1%

HFC-245ca/Ester, Branched Acid 4.4% 3.2%

HFC-134aJPAG, Butyl Monoether 1.1% 0.7%

HFC-32/PAG, Butyl Monoether 1.3% 0'9%

HFC-125/PAG, Butyl Monoether 1.9% 0.6%
. .

HFC- 134aJPAG, Modified 1.2% 0.4%

HFC-125/PAG, Modified 2.4% 0.6%

HFC-134aJPAG Diol 1.9% 1.1%
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Lead Wire

% Changein DielectricStrength

Resultsafter 500-hourexposure@ 127 °C(260°F)

Lead Wire Type

IIllDacr°n/Mylar/Dacr°nliDacr°n/Mylar/Tefl°n/Oacr°n_l

Exposure with: I % Change from Unexposed ]
• , ' ..

Nitrogen .... 3_0% _ !;_ : i 1-12.2%
• _: //i!ii_:iii!! _ _ i _ _ _..... ii _i_ : _ii

HCFC-22/Mineral _;i__8,8% _ :ii _ i_ ! t1.1_

HCFC- 124/Alkylbenzene -t7i9% •30.4%
. . . .:

HCFC-142b/Alkylbenzene 27,2% -t3.6%
... ,

HFC-152aJAIkylbenzene 35.3% " -18.5%
HFC-134aJEster, Mixed Acid ,9.6% 44.0%

HFC-134a/Ester, Branched Acid -t3.4% 22.4%

_ 1
HgC-32/Ester, Branched Acid -6.9% 21.2%!

HFC-125/Ester, Branched Acid -16.6% 31.1%

HFC-143aJEster, Branched Acid -18.7% 29.8%

HFC-134/Ester, Branched Acid -20.2% 27.0%

HFC-245ca/Ester, Branched Acid -12.9% 42.4%

HFC-134a/PAG, Butyl Monoether -14.0% 23.9%

HFC-32/PAG, Butyl Monoether -14.4% 30.6%

HFC-125/PAG, Butyl Monoether -t 1.2% 26.2%

HFC- 134aJPAG, Modified -30.4% 29.5%

HFC-125/PAG, Modified 10.7% 41.9%

HFC-134a/PAG Diol -4.3% 18.0°,_
,,,,, ,,,



Lead Wire '

% Change in Dielectric Strength

O

Results after 500.hour exposure @ 127°C(260°F)plus a 24-hour air bake @ 150°C(302°F)

LeadWireType

II! Dacron/Mvlar/Dacron li D_cr°n/Mvlar/Tefl°n/Dacr°n IIUnexposed iIi :9:e:_::kV_;:_'_!;!i_; 9:gSkV::" _i::;:; .

ExDosure with" I % Chan_le from Unexposed I,

Nitrogen -9,1% -7,9%

HCFC-22/Mineral -110% 22.8%

HCFC- 124/Alkylbenzen e 1.7%! 20.7%

HCFC-142b/Alkylbenzene 29.7%: -7.2%

HFC-152aJAIkylbenzene 31.4% 0.6%

HFC-134a/Ester, Mixed Acid -2.8% 39.6%

HFC-134aJEster, Branched Acid -6.9% . 12_2%

HFC-32/Ester, Branched Acid -t7.6% 40.6%

HFC-125/Ester, Branched Acid 1.4% 26.4%

HFC-143a/Ester, Branched Acid 0.4% 8,1%

HFC-134/Ester, Branched Acid -t5.0% 22.5%

HFC-245ca/Ester, Branched Acid -6;6% 25.7%

HFC-134aJPAG, Butyl Monoether 1.5% 5.5%

HFC-32/PAG, Butyl Monoether -11.2% 18.4%

HFC-125/PAG, Butyl Monoether -5.5% -9.8%

HFC- 134aJPAG, Modified -5.6% 3.0%

HFC-125/PAG, Modified 12.6% -1.5%

HFC-134a/PAG Diol . .5.7 % , 2...3°/?

O
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, Tapes

% Change in Weight

0

Results after 500-hourexposure @ 127°0(260°F)

TapeType
Woven Glass II polyo toII Permacel J,,

Exposure with" % Chan_le in Wei_lht J .,,

Nitrogen -0,4% O.1% -0.5%

HCFC-22/Mineral 0.8% 4.2% 7. t %

HCFC- 124/Alkylbenzene 0.2% 2.1% 18.3%

HCFC-142b/Alkylbenzene -0,1% 1.4% 7,6%

HFC- 152a/Alkylbe nzen e 0.6% 1.7% 6.9%

HFC-134_Ester, Mixed Acid 9.3% 16.2% 9.9%

HFC-134aJEster, Branched Acid 0. t% 0.8% 7.6%

HFC-32/Ester, Branched Acid 0.5% 0.3% 47.9%

HFC- 125/Ester, Branched Acid 7.2%! 1.1% 44.8%

O HFC-143a/Ester, Branched Acid 0.0% 0.8% -0.5%HFC-134/Ester, Branched Acid 0.2% 1.7% 12.0%

HFC-245ca/Ester, Branched Acid 0.6% 4.6% 36.0%

HFC- 134a/PAG, Butyl Monoether 0.1% 1.5% 14.5%

HFC-32/PAG, Butyl Monoether 0.7% 1.8% 4.5%

HFC-125/PAG, Butyl Monoether -0.2% 0.9% 14.9%

HFC- 134a/PAG, Modified 0.1% 0.6% 26.3%

HFC-125/PAG, Modified 0.4% 1.7% 34.3%

HFC- 134a/PAG Diol 0.4% 7.0% 33.2%

O
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Tapes

% Change in Weight

Results after 500-hour exposure @ 127°C(260°F) plus a 24-hour air bake @ 150°C(302°F)

Tape Type
WowoGla_ll Polyester II Permacel

Exposure with: % Chan_le in Wei_lht

Nitrogen .0.2=/o! 0.0% -4,2%

HCFC-22/Mineral -0.3% 0.5% -3.0%

HCFC- 124/Alkylbe nzene -0.1%! O.5% -4.1%

HCFC- 142b/Alkylbenzene -0.1% -1.2% -6,8%

HFC- 152aJAIkylbenzen e 0.1% -0.8% -0.8%

HFC-134aJEster. Mixed Acid 11.4% 8.2% 0.4%

HFC-134aJEster, Branched Acid 3.6% -0.8% 2.2%

HFC-32/Ester, Branched Acid 2.7% 3.3% 43.6%

HFC-125/Ester, Branched Acid -6.5% 0.3% 28.9%

HFC-143aJEster, Branched Acid .0.1% -0.6% -t3.3%

HFC-134/Ester, Branched Acid 0.1% -0.8% -12.9%

HFC-245ca/Ester, Branched Acid 0.0% 0.0% 0.0%

HFC-134a/PAG, Butyl Monoether -0.1% -0.1% -13.0%

HFC-32/PAG, Butyl Monoether 3.2% - 1.6% 22.1%

HFC-125/PAG, Butyl Monoether -0.2% -0.2% -14.6%

HFC- 134a/PAG, Modified 0.0% 0.1% -3.6%

HFC-125/PAG, Modified -0.2% -0.6% 7.9%

HFC-134a/PAG Diol 0.2% -1.2% -10.4%
,,.

O
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, Tapes

% Change in Break Load

Results after 50G.hour exposure @ 127°C(260°F)

Tape Type

II s61lh, ,, 88stb, .

Exposure with: I % Chan_le from Unexposed

Nitrogen 5.4% -27,3% 6.5%

HCFC-22/Mineral -56.4% -60.3% -69.3%

HCFC- 124/Alkylbe nzene 36.0% -53,9% -36.4%

HCFC- 142b/Alkylbenzene 49.5% -7,5% -1.1%

HFC- 152aJAIkylbenzene 53.3% -4,7% 4. t %

HFC-134a/Ester, Mixed Acid 24.0% 5.6% -14.0%

HFC-134a/Ester, Branched Acid 28.1% 5,3% -5.0%

= HFC-32/Ester, Branched Acid 24.6% 5.1% -46.9%

HFC-125/Ester, Branched Acid 10.1% -1,5% -57.4%

HFC-143a/Ester, Branched Acid 41.6% -4.8% -18.2%

HFC-134/Ester, Branched Acid 41.7% 7.1% -26.7%

H_C,-#,_q,'-'_'l=-te_.Branched Acid 73.8% 1.8% 0.0%

HFC-134a/PAG, Butyl Monoether 37.2% 5.9% 15.0%!
\

HFC-32/PAG, _Butyl Monoether 79.2% 6.0% -55.1%

HFC-125/PAG, Butyl Monoether 30.6% 3.1% -46.9%

HFC-134aJPAG, Modified 38.3% 3.7% -21.7%

HFC-125/PAG, Modified 6.4% 2.8% -11.1%

HFC-134aJPAG Diol 52,2% 8.2% -47,1%
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Tapes

% Change in Break Load

Results after 500-hour exposure @ 127°C(260°F) plus a 24-hour air bake @ 150°C(302°F)

Tape Type

[I W°venGlassH Po_ester II pormacel39,lh, !1 s8 lh, !1 88sIb,Unexposed

Exposurewith' % Chan_e from Unexposed
Nitrogen 14.8°_ -29.1% -11.4%

HCFC-22/Mineral -39.4°/_ -60.6% -78,6%

HCFC- 124/Alkylbenzene 55.9% -69.6% - 19.9%

HCFC- 142b/Alkylbe nzene 47.2% -9.7% -16.2%

HFC-152a/Alkylbenzene 43.9% -22.4% - 15.3%

HFC-134a/Ester, Mixed Acid 29.0% 1.4% -21.9%

HFC-134aJEster, Branched Acid 18.7% -2.3% 8.8%

HFC-32/Ester, Branched Acid 22.3% -6.2% -56.2% qP

HFC-125/Ester, Branched Acid 51.7°/, 3.7% -16.1%

HFC-143aJEster, Branched Acid 41.9% -6.9% 2.2%

HFC-134/Ester, Branched Acid 42.8% -5.0% 10.2%

HFC-245ca/Ester, Branched Acid 26.6°A -3.4% -2.7%

HFC-134aJPAG, Butyl Monoether 59.2% -2.5% 12,1%

HFC-32/PAG, Butyl Monoether 29.3% -1.5% -5.1%

HFC-125/PAG, Butyl Monoether 26.4% -0.5% -2.5%

HFC- 134aJPAG, Modified 65.5% 1.4% -2,4%

HFC-125/PAG, Modified 15.3% -18.5% 6.4%

HFC-134a/PAG Diol 42.1% - 12.5% -0,9%

I A--38
'rll,



Tie Cord

0 % Change in Weight

Results after 500-hour exposure @127°0(260°F)

Tie Cord Type _

I Polyester

Exposure with; I% chanqein weight

Nitrogen 0.0%

HCFC-22/Mineral 2.2%

HCFC-124/Alkylbenzene 0;8°_

HCFC- 142b/Alkylbenz ene 0.2%

HFC- 152 aJAIkylbe nzene 1.5%

HFC-134a/Ester, Mixed Acid 17.8_

HFC-134aJEster, Branched Acid 0,8_

HFC-32/Ester, Branched Acid -0.1_

HFC-125/Ester, Branched Acid 0.7%

HFC-143aJEster, Branched Acid 0.0_

HFC-134/Ester, Branched Acid 0.8%

HFC-245ca/Ester, Branched Acid 0.9%

HFC-134a/PAG, Butyl Monoether 0.8%

HFC-32/PAG, Butyl Monoether 1.1%

HFC-125/PAG, Butyl Monoether 0.3%

HFC-134a/PAG, Modified 0.4%

HFC- 125/PAG, Modified 5.4%

HFC-134aJPAG Diol 1.8%
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Tie Cord

% Change in Weight O

Results after 500-hour exposure @ 127°C(260°F) plus 24-hour air bake @ 150°C(302°F)

Tie CordType

Polyester I

ExDosure with: I% ¢han_le in wei_lht

Nitrogen 0.0%

HCFC-22/Mineral 0.0%

HC FC-124/Alkylbenzene -0.3%

HCFC- 142b/Alkylbenzene ! ,6%

HFC- 152aJAIkylbenzene -0.3%

HFC-134aJEster, Mixed Acid 8.1%

HFC-134aJEster, Branched Acid 1.4%

HFC.32/Ester, Branched Acid -0.1%

HFC.125/Ester, Branched Acid -0.2%

HFC.143aJEster, Branched Acid -0,9%

HFC.134/Ester, Branched Acid -0.1%

HFC.245caJEster, Branched Acid 0.2%

HFC-134aJPAG, Butyl Monoether -1.1%

HFC-32/PAG, Butyl Monoether -0.6%

HFC-125/PAG, Butyl Monoether 0.9%

HFC.134aJPAG, Modified -0.5%

HFC.125/PAG, Modified -0.7%

HFC-134aJPAG Diol -0.6%

O
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' ' Tie Cord

% Change in Break Load

Results after a 500-hour exposure @ 127°C(260°F)

Tie CordType

Unexposed 28,4 Ibs. .

ExposurQ with: I% chan(le from UnexPOsed

Nitrogen -11.1%

HCFC-22/Mineral -122.0%

HCFC- 124/Alkylbenzene 32.2%

HCFC- 142b/Alkylbe nzene 15.3%

HFC- 152aJAIkylbenzene 29.8%

HFC-134a/Ester, Mixed Acid 20.1%

HFC-134a/Ester, Branched Acid 14.1%

HFC-32/Ester, BranGhed Acid 15.2%

O HFC-125/Ester, Branched Acid 21.8%

HFC-143aJEster, Branched Acid 18.1%

HFC-134/Ester, Branched Acid 26.5%

HFC-245ca/Ester, Branched Acid 7.7%

HFC- 134aJPAG, Butyl Monoether 15.7%

HFC-32/PAG, Butyl Monoether I 16.1%

HFC- 125/PAG, Butyl Monoether 10.9%
!

HFC- 134a/PAG, Modified 29.6%

HFC.125/PAG, Modified 13.7%

HFC-134a/PAG IDiol 16.2%
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Tie Cord '

% Change in Break Load

Results after 500ohour exposure @ 127°C(260°F) plus a 24-hour air bake @ 150°C(302°F)

Tie Cord Type

Polyester IIUnexposed 28.4 Ibs. ,

Ex_)osure with_: % ¢han_e from Unexposed

Nitrogen 0.5%

HCFC-22/Mineral -21.8%

HCFC-124/Alkylbenzen e 15.9%

HCFC- 142b/Alkylbenzene 9.2%

HFC-152a/Alkylbenzene 1.5%

HFC.134a/Ester, Mixed Acid 17.4%

HFC.134aJEster, Branched A(;id 9.4%
i

HFC-32/Ester, Branched Acid 15.2%

HFC-125/Ester, Branched Acid 18.7%

HFC.143aJEster, Branched Acid 12.3%

HFC-134/Ester, Branched Acid 15.0%

HFC-245ca/Ester, Branched Acid 15.8%

HFC-134a/PAG, Butyl Monoether 12.6%

HFC-32/PAG, Butyl Monoether 25.8%
t

HFC-125/PAG, Butyl Monoether 10.7%

HFC-134a/PAG, Modified 37.8%

HFC-125/PAG, Modified 20.2%

HFC.134aJPAG Diol 23.5%
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Appendix B.

IDENTIFICATION OF LUBRICANTS
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Lubricants Identification:

Mineral-Witco Suniso 3GS
Alkylbenzene-Schrieve Zerol150
Ester, Mixed Acid-ICI Emkarate RL244
Ester, Branched Acid-Emery 2927 ISO32
PAG, Butyl Monoether-ICI Emkarox VG32
PAG, Modified-Allied Signal BRL150
PAG, DioI-Dow P425

-0

B-I

, III, ,,



I
lPrl'i*,ai, ,' l'l II =" Pl ,, ,, ,,r..... , lr ' ' ' r_q



rlr qf


