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ii.

COMPATIBILITY OF REFRIGERANTS AND LUBRICANTS WITH
MOTOR MATERIALS

Effects of Refrigerant Exposures on Motor Materials
Volume II

Because of the large scope of this project and the large amount of data recorded, the final report
is divided into four volumes.

Volume II contains all the recorded measurements from the tests on the motor materials after
exposures to the 11 pure refrigerants and to nitrogen at same temperatures. The motor materials
are identified by the codes listed on page iv. A letter coding system was used to identify the
motor materials in the data tables. Data for each pure refrigerant lubricant are listed in a separate
appendix.

Volume I contains the abstract, scope, discussion of results, charts of motor material
compatibility, test procedures, material identifications and 84 pages of data summary tables. This
volume provides results of the study and other information of interest to most users of the
information.

Volume III contains all the recorded measurements from the tests on the motor materials after
exposure to the 17 refrigerant-lubricant combinations and to nitrogen at the same temperatures.

Volume IV contains the photographs of motor materials after exposures to a pure refrigerants or to
refrigerant-lubricant combinations.
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Code Chart For Motor Material Exposures

Magnet Wire
Code
A -Modified polyester overcoated with polyamide imide, as described in Section MW 73 of

NEMA Standard MW 1000.
B -Modified polyester overcoated with polyamide imide and epoxy saturated glass as

described in Section MW 73 and MW 46 of NEMA Standard MW 1000.
C -Polyester imide over coated with polyamide imide.

Varnishes
Code
A -U-475EH solvent epoxy
B -Y-390PG solvent epoxy-phenolic
C -ER-610 93% solids epoxy
D -Y-833 100% solids VPI epoxy
E -923 solvent epoxy
F -Isopoxy 800 water-borne epoxy

Sheet Insulation, Slot Liners and Phase Separators
Code
A -Nomex/Mylar/Nomex
B -Dacron/Mylar/Dacron
C -Mylar MO
D -Nomex 410
E -Nomex Mica 418
F -Melinex 228

Spiral Wrapped Sleeving Insulation
Code
A -Nomex
B -Mylar
C -Nomex/Mylar

Lead Wire Insulation
Code
A -Dacron/Mylar/Dacron
B -Dacron/Teflon/Mylar/Dacron

Tapes
Code
A -Heat Cleaned Glass
B -Heat Shrinkable Braided Polyester
C -Permacel P247 glass/acrylic

Tie Cords
Code
A-Polyester

#1-after 500 hour exposure to refrigerant or refrigerant/lubricant.
#2-after 500 hour exposure plus 24 hours at 127°C(302°F).

iv.



v.

Units of Measure

Magnet Wire

Test Performed Experimental Units
Weight Change grams(g)
Burnout Strength seconds(sec)
Dielectric Strength Kilovolts(Kv)

Varnish

Test Performed Experimental Units
Weight Change grams(g)
Bond Strength pounds(Ibs)

Sheet Insulation

Test Performed Experimental Units
Weight Change grams(g)
Tensile Strength 1000 Ibf per square inch(Ksi)
Elongation inches
Dielectric Strength Kilovolts(kV)

Spiral Wrapped Sleeving

Test Performed Experimental Units
Weight Change grams(g)

Lead Wire

Test Performed Experimental Units
Weight Change grams(g)
Dielectric Strength Kilovolts(kV)

Tapes and Tie Cords

Test Performed Experimental Units
Weight Change grams(g)
Break Load Strength pounds(Ibs)
Elongation inches



Abbreviations

WT=weight
EXP=exposed or experimental
BRN OUT=burnout
VIS=visual inspection
DIE=dielectric
VARN=varnish
BND STRENGTH=bond strength
COIL=helical coil
FLEX= flexibility test
N/C=no change

vi.



Experimental Data for Nitrogen Exposure at
60°C(140°F)

Appendix A



TWISTED PAIRS WITHOUT VARNISH

A-1



TWISTED PAIRS/WIRE A/WITH VARNISH

A-2



TWISTED PAIRS/WIRE B/WITH VARNISH

A-3



TWISTED PAIRS/WIRE C/WITH VARNISH

A-4



HELICAL COILS/WIRE A

A-5



HELICAL COILS/WIRE B

A-6



HELICAL COILS/WIRE C

A-7



SINGLE MAG WIRE WITHOUT VARNISH

A-8



SINGLE/WIRE A/WITH VARNISH

A-9



SINGLE/WIRE B/WITH VARNISH

A-10



SINGLE/WIRE C/WITH VARNISH

A-11



Varnish Disks

A-12



SHEET INSULATION

A-13

" sample slipped in grips, did not use number in average



SHEET INSULATION-Nitrogen @ 140°F(90°C)

A-14



SLEEVING

A-15



TAPE---Nitrogen @ 140°F(60°C)

A-16



TIE CORDS

A-17



LEAD WIRE INSULATION

A-18



Appendix B

Experimental Data for Nitrogen Exposure at
90°C(194°F)



TWISTED PAIRS WITHOUT VARNISH-Nitrogen @ 194°F(90°C)

B-1



TWISTED PAIRS/WIRE A/WITH VARNISH---Nitrogen @ 194°F(90°C)

B-2



TWISTED PAIRS/WIRE B/WITH VARNISH --- Nitrogen @ 194°F(90°C)

B-3



TWISTED PAIRS/WIRE C/WITH VARNISH---Nitrogen @194°F(90°C)

B-4



HELICAL COILS/WIRE A---Nitrogen @ 194°F(90°C)

B-5



HELICAL COILS/WIRE B---Nitrogen @ 194°F(90°C)

B-6



HELICAL COILS/WIRE C---Nitrogen @ 194°F(90°C)

B-7



SINGLE MAG WIRE WITHOUT VARNISH--Nitrogen @ 194°F(90°C)

B-8



SINGLE/WIRE A/WITH VARNISH---Nitrogen @ 194°F(90°C)

B-9



SINGLE/WIRE B/WITH VARNISH--Nitrogen @ 194°F(90°C)

B-10



SINGLE/WIRE C/WITH VARNISH---Nitrogen @ 194°F(90°C)

B-11



Varnish Disks----Nitrogen @ 194°F(90°C)

B-12



SHEET INSULATION---Nitrogen @ 194°F(90°C)

B-13



B-14

SHEET INSULATION---Nitrogen @ 194°F(90°C)



SLEEVING----Nitrogen @ 194°F(90°C)

B-15



TAPE---Nitrogen @ 194°F(90°C)

B-16



TIE CORD----Nitrogen @ 194°F(90°C)

B-17



LEAD WIRE INSULATION---Nitrogen @ 194°F(90°C)

B-18



Appendix C

Experimental Data for HCFC-22 Exposure
at 90°C(194°F)



TWISTED PAIRS WITHOUT VARNISH

C-1



C-2

TWISTED PAIRS/WIRE A/WITH VARNISH



TWISTED PAIRS/WIRE B/WITH VARNISH

C-3



C-4

TWISTED PAIRS/WIRE C/WITH VARNISH



C-5

HELICAL COILS/WIRE A



C-6

HELICAL COILS/WIRE B



HELICAL COILS/WIRE C

C-7



SINGLE MAG WIRE WITHOUT VARNISH

C-8



C-9

SINGLE/WIRE A/WITH VARNISH



SINGLE/WIRE B/WITH VARNISH

C-10



SINGLE/WIRE C/WITH VARNISH

C-11



C-12

Varnish Disks



C-13

SHEET INSULATION



C-14

SHEET INSULATION ---HCFC-22 @ 194°F(90°C)



SLEEVING

C-15



TAPE ---- HCFC-22 @ 90°C(194°F)

C-16



C-17

TIE CORDS



LEAD WIRE INSULATION

C-18



Experimental Data for HCFC-123 Exposure
at 90°C(194°F)

Appendix D



TWISTED PAIRS WITHOUT VARNISH

D-1



D-2

TWISTED PAIRS/WIRE A/WITH VARNISH



TWISTED PAIRS/WIRE B/WITH VARNISH

D-3



TWISTED PAIRS/WIRE C/WITH VARNISH

D-4

*Crack in varnish. Did not use data.



HELICAL COILS/WIRE A

D-5

*This number was not included in the average



D-6

HELICAL COILS/WIRE B



HELICAL COILS/WIRE C

D-7



D-8

SINGLE MAG WIRE WITHOUT VARNISH



SINGLE/WIRE A/WITH VARNISH

D-9



SINGLE/WIRE B/WITH VARNISH

D-10



SINGLE/WIRE C/WITH VARNISH

D-11



D-12

Varnish Disks



SHEET INSULATION

D-13



D-14

SHEET INSULATION



SLEEVING

D-15



TAPE ---HCFC-123 @194°F(90°C)

D-16



TIE CORDS

D-17



LEAD WIRE INSULATION

D-18



Appendix E

Experimental Data for HCFC-124 Exposure
at 90°C(194°F)



E-1

TWISTED PAIRS WITHOUT VARNISH



E-2

TWISTED PAIRS/WIRE A/WITH VARNISH



E-3

TWISTED PAIRS/WIRE B/WITH VARNISH



E-4

TWISTED PAIRS/WIRE C/WITH VARNISH



HELICAL COILS/WIRE A

E-5

*These values were obtained with speed set at 20 in/min.



E-6

HELICAL COILS/WIRE B



HELICAL COILS/WIRE C

E-7



E-8

SINGLE MAG WIRE WITHOUT VARNISH



SINGLE/WIRE A/WITH VARNISH

E-9



SINGLE/WIRE B/WITH VARNISH

E-10



SINGLE/WIRE C/WITH VARNISH

E-11



Varnish Disks

E-12



SHEET INSULATION

E-13



SHEET INSULATION--HCFC-124 @194°F(90°C)

E-14



SLEEVING

E-15



TAPE-----HCFC-124 @194°F(90°C)

E-16



TIE CORDS

E-17



LEAD WIRE INSULATION

E-18



Experimental Data for HCFC-142b Exposure
at 90°C(194°F)

Appendix F



TWISTED PAIRS WITHOUT VARNISH-HCFC-142b

F-1



TWISTED PAIRS/WIRE A/WITH VARNISH---HCFC-142b

F-2



TWISTED PAIRS/WIRE B/WITH VARNISH -- HCFC-142b

F-3



TWISTED PAIRS/WIRE C/WITH VARNISH--HCFC-142b

F-4



HELICAL COILS/WIRE A---HCFC-142b

F-5



HELICAL COILS/WIRE B--HCFC-142b

F-6



HELICAL COILS/WIRE C--HCFC-142b

F-7



SINGLE MAG WIRE WITHOUT VARNISH--HCFC-142b

F-8



SINGLE/WIRE A/WITH VARNISH ---HCFC-142b

F-9



SINGLE/WIRE B/WITH VARNISH--HCFC-142b

F-10



SINGLE/WIRE C/WITH VARNISH---HCFC-142b

F-11



Varnish Disks ---- HCFC-142b

F-12



F-13

SHEET INSULATION--HCFC-142b



SHEET INSULATION-HCFC-142b

F-14



SLEEVING---HCFC-142b

F-15



TAPE---HCFC-142b

F-16



TIE CORD ---HCFC-142b

F- 17



LEAD WIRE INSULATION ---HCFC-142b

F-18



Experimental Data for HFC-152a Exposure
at 90°C(194°F)

Appendix G



TWISTED PAIRS WITHOUT VARNISH-HFC-152a

G-1



TWISTED PAIRS/WIRE A/WITH VARNISH ---HFC-152a

G-2



TWISTED PAIRS/WIRE B/WITH VARNISH --- HFC-152a

G-3



G-4

TWISTED PAIRS/WIRE C/WITH VARNISH ---HFC-152a



HELICAL COILS/WIRE A---HFC-152a

G-5



HELICAL COILS/WIRE B---HFC-152a

G-6



HELICAL COILS/WIRE C---HFC-152a

*Experimental Data was not used in the average due to

unusually low result.

G-7



SINGLE MAG WIRE WITHOUT VARNISH ---HFC-152a

G-8



SINGLE/WIRE A/WITH VARNISH ---HFC-152a

G-9



SINGLE/WIRE B/WITH VARNISH--HFC-152a

G-10



SINGLE/WIRE C/WITH VARNISH --- HFC-152a

G-11



Varnish Disks----HFC-152a

G-12



SHEET INSULATION---HFC-152a

G-13



SHEET INSULATION---HFC-152a

G-14



SLEEVING ----HFC-152a

G-15



TAPE--HFC-152a

G-16



TIE CORD ----HFC-152a

G-17



LEAD WIRE INSULATION--HFC-152a

G-18



Experimental Data for HFC-134a Exposure
at 90°C(194°F)

Appendix H



TWISTED PAIRS WITHOUT VARNISH

H-1



TWISTED PAIRS/WIRE A/WITH VARNISH

H-2



TWISTED PAIRS/WIRE B/WITH VARNISH

H-3



TWISTED PAIRS/WIRE C/WITH VARNISH

H-4



HELICAL COILS/WIRE A

H-5

*This number was not included in the average



HELICAL COILS/WIRE B

H-6



HELICAL COILS/WIRE C

H-7



SINGLE MAG WIRE WITHOUT VARNISH

H-8



SINGLE/WIRE A/WITH VARNISH

H-9



SINGLE/WIRE B/WITH VARNISH

H-10



SINGLE/WIRE C/WITH VARNISH

H-11



Varnish Disks

H-12



SHEET INSULATION

H-13



SHEET INSULATION

H-14



SLEEVING

H-15



TAPE ---HFC-134a @ 194°F(90°C)

H-16



TIE CORDS

H-17



LEAD WIRE INSULATION

H-18



Appendix I

Experimental Data for HFC-134 Exposure
at 90°C(194°F)



TWISTED PAIRS WITHOUT VARNISH-HFC-134 @ 194°F(90°C)

I-1



TWISTED PAIRS/WIRE A/WITH VARNISH ---HFC-134 @ 194°F

I-2



TWISTED PAIRS/WIRE B/WITH VARNISH --- HFC-134 @ 194°F

I-3



TWISTED PAIRS/WIRE C/WITH VARNISH--HFC-134

I-4



HELICAL COILS/WIRE A---HFC-134 @ 90°C(194°F)

I-5



HELICAL COILS/WIRE B---HFC-134 @ 90°C(194°F)

I-6



HELICAL COILS/WIRE C---HFC-134 @ 90°C(194°F)

I-7



SINGLE MAG WIRE WITHOUT VARNISH---HFC-134

I-8



SINGLE/WIRE A/WITH VARNISH --- HFC-134

I-9



I-10

SINGLE/WIRE B/WITH VARNISH-HFC-134



SINGLE/WIRE C/WITH VARNISH--HFC-134

I-11



Varnish Disks---HFC-134

I-12



SHEET INSULATION---HFC-134

I-13



SHEET INSULATION---HFC-134

I-14



SLEEVING---HFC-134

I-15



TAPE--HFC-134

I-16



TIE CORD---HFC-134

I-17



LEAD WIRE INSULATION ---HFC-134

I-18



Appendix J

Experimental Data for HFC-125 Exposure
at 60°C(140°F)



TWISTED PAIRS WITHOUT VARNISH

J-1



TWISTED PAIRS/WIRE A/WITH VARNISH

J-2



TWISTED PAIRS/WIRE B/WITH VARNISH

J-3



TWISTED PAIRS/WIRE C/WITH VARNISH

J-4



HELICAL COILS/WIRE A

J-5



HELICAL COILS/WIRE B

J-6

*Bond strength not included in average



HELICAL COILS/WIRE C

J-7



SINGLE MAG WIRE WITHOUT VARNISH

J-8



SINGLE/WIRE A/WITH VARNISH

J-9



SINGLE/WIRE B/WITH VARNISH

J-10



SINGLE/WIRE C/WITH VARNISH

J-11



Varnish Disks

J-12



SHEET INSULATION

J-13



SHEET INSULATION

J-14



SLEEVING

J-15



TAPE

J-16



TIE CORDS

J-17



LEAD WIRE INSULATION

J-18



Appendix K

Experimental Data for HFC-32 Exposure at
60°C(140°F)



TWISTED PAIRS WITHOUT VARNISH

K-1



TWISTED PAIRS/WIRE A/WITH VARNISH

K-2



TWISTED PAIRS/WIRE B/WITH VARNISH

K-3



TWISTED PAIRS/WIRE C/WITH VARNISH

K-4

*Left lid of Burnout Tester open to observe sample.



HELICAL COILS/WIRE A

K-5



HELICAL COILS/WIRE B

K-6



HELICAL COILS/WIRE C

K-7



SINGLE MAG WIRE WITHOUT VARNISH

K-8



SINGLE/WIRE A/WITH VARNISH

K-9



SINGLE/WIRE B/WITH VARNISH

K-10



SINGLE/WIRE C/WITH VARNISH

K-11



Varnish Disks

K-12



SHEET INSULATION

K-13



SHEET INSULATION ---- HFC-32 @ 140°F(60°C)

K-14



SLEEVING

K-15



TAPE

K-16



TIE CORDS

K-17



LEAD WIRE INSULATION

K-18



Appendix L

Experimental Data for HFC-143a Exposure
at 60°C(140°F)



TWISTED PAIRS WITHOUT VARNISH

L-1



TWISTED PAIRS/WIRE A/WITH VARNISH

L-2



TWISTED PAIRS/WIRE B/WITH VARNISH

L-3



TWISTED PAIRS/WIRE C/WITH VARNISH

L-4



HELICAL COILS/WIRE A

L-5



HELICAL COILS/WIRE B

L-6

*Bond strength not included in average



HELICAL COILS/WIRE C

L-7



SINGLE MAG WIRE WITHOUT VARNISH

L-8



SINGLE/WIRE A/WITH VARNISH

L-9



SINGLE/WIRE B/WITH VARNISH

L-10



SINGLE/WIRE C/WITH VARNISH

L-11



Varnish Disks

L-12



SHEET INSULATION

L-13



SHEET INSULATION

L-14

*sample slipped in grips.



SLEEVING

L-15



TAPE

L-16



TIE CORDS

L-17



LEAD WIRE INSULATION

L-18



Appendix M

Experimental Data for HFC-245ca Exposure
at 121°C(250°F)



TWISTED PAIRS WITHOUT VARNISH-HFC-245ca @ 250°F(121°C)

M-1



TWISTED PAIRS/WIRE A/WITH VARNISH --- HFC-245ca

M-2



TWISTED PAIRS/WIRE B/WITH VARNISH --- HFC-245ca @ 250°F

M-3



TWISTED PAIRS/WIRE C/WITH VARNISH --- HFC-245ca

M- 4



HELICAL COILS/WIRE A---HFC-245ca @ 121°C(250°F)

M-5



HELICAL COILS/WIRE B---HFC-245ca @ 121°C(250°F)

M-6



HELICAL COILS/WIRE C---HFC-245ca @ 121°C(250°F)

M- 7



SINGLE MAG WIRE WITHOUT VARNISH---HFC-245ca @ 121°C(250°F)

M- 8



SINGLE/WIRE A/WITH VARNISH --- HFC-245

M-9



SINGLE/WIRE B/WITH VARNISH-HFC-245ca

M-10



SINGLE/WIRE C/WITH VARNISH--HFC-245ca

M-11



SHEET INSULATION---HFC-245ca

M-12



M-13

SHEET INSULATION---HFC-245ca @ 121°C(250°F)



Varnish Disks----HFC-245ca at 250°F(121°C)

M-14



SLEEVING ---- HFC-245ca @ 121°C(250°F)

M-15



TAPE --- HFC-245ca  @ 121°C(250°F)

M-16



TIE CORD----HFC-245ca @ 121°C(250°F)

M-17



LEAD WIRE INSULATION ---HFC-245ca

M-18
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