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COMPATIBILITY OF REFRIGERANTS AND LUBRICANTS
WITH
ELASTOMERS

ABSTRACT

The information contained in this report is designed to assist the air-conditioning and refrigeration
industry in the selection of suitable elastomeric gasket and seal materials that will prove useful in
various refrigerant and refrigeration lubricant environments. Swell measurements have been made on
approximately 50 % of the proposed elastomers (94 total) in both the lubricant (7 total) and refrigerant
(10 total) materials. Swell behavior in the these fluids have been determined using weight and in situ
diameter measurements for the refrigerants and weight, diameter and thickness measurements for the
lubricants. Weight and diameter measurements are repeated after 2 hours and 24 hours for samples
removed from the refrigerant test fluids and 24 hours after removal from the lubricants.

SCOPE

The Compatibility of Refrigerants and Lubricants with elastomers program is an 11 month
research effort supported by a grant from the Department of Energy through the Air-
Conditioning and Refrigeration Technology Institute. The elastomers research effort was
initiated at the University of Akron on March 1, 1992 and is expected to continue through
January 31, 1991.

First quarter (Jan 1,1992-Mar 31, 1992) efforts centered around ordering materials, mixing
some of the 84 compounds needed for the study and the fabrication of 120 pressure vessels
required for the in situ evaluation of the swell behavior of elastomers in refrigerants. The
moisture content was determined for the lubricant samples.

Second quarter (April 1, 1992-Jun 30, 1992) efforts revolved around the implementation of
proposed methodologies for the acquisition of elastomer swell data in refrigerants and
lubricants. During the second quarter, swell tests were begun and the appropriate
measurements were made on approximately 50 % of the proposed elastomer formulations.



SIGNIFICANT RESULTS

Swelling measurements have been carried out for different rubber compositions immersed
for 14 days at ambient temperatufe in a variety of hydrochlorofluorocarbon (HCFCs, R-123,
R-142b, R-124, R-22) or hydrofluorocarbon (HFCs, R-125, R-134a, R-143a, R-152a, R-32)
refrigerants, or in various lubricants: alkyl benzene (AB), mineral oil (MO), pentaerythritol
ester mixed acid (PEMA), pentaerythritol ester branched acid (PEBA), polypropylene glycol
diol (PPGD), polypropylene glycol butyi monoether (PPGBM), or a modified
polyglycol(MPG). Appropriately cured elastomers, encompassing both general purpose and
specialty rubbers were tested. Gum and black-filled compounds were tested, as were some
thermoplastic elastomers (TPEs).

Results are given in Figures 1-3: Figures la - 1d for the HCFCs, Figures 2a - 2c for the
HFCs, and Figures 3a - 3g for the lubricants. Solid bars (with brief composition descriptors)
are used to show the in situ percent change in diameter after immersion. A blank indicates
that the composition has not yet been tested. In all cases, compositions containing carbon
black had reduced swelling compared to the unfilled counterpart.

Among the HCFCs, the dichloro-substituted R-123 generally had the highest swelling
power, although an EPDM/PP TPE with 87 Shon.t A (#45), a butyl rubber/PP TPE (#85), and
a fiber-filled Neoprene (#88) all were quite resistant to swelling by R-123. Moderately
resistant to R-123 were the thermoset EPDM compositions (#83, #80, #74). Some
compositions (e.g. #46, #47, #48) shrunk during swelling, indicating that the swellant was
removing a component (probably plasticizer) from the elastomer. Two of the

monochlorinated HCFCs (R-124, R-22) had similar swelling behavior, while the third



(R-142b) gave some noteworthy differences. Epichlorohydrin and nitrile elastomers were
significantly more resistant to R-142b than they were to R-124 or R-22. It can be readily
seen in Figures 1b - 1d that several of the elastomeric compositions exhibit less than 5%
diameter gain after equilibrium immersion in the monochloro-HCFCs.

All the HFCs (Figure:ss 2a - 2e) have substantially less swelling power than the HCFCs.
Progressing from Figure 2a to Figure 2e, the swellants have a decreasing ratio of fluorine to

carbon (F:C) as show below:

Figure Refrigerant EC
2a R-125 5:2
2b R-134a 4:2
2c R-143a 3:2
2d R-152a 2:2
2e R-32 2:1

The fluoroelastomers and fluorosilicone elastomers exhibit the greatest swelling in the
HFCs. This is expected in view of the similar structure (and solubility parameter) of these
swellants and elastomers. R-143a is the refrigerant which gave the least swelling overall.
This is the only refrigerant which does not contain at least one proton bonded to a carbon
atom which also has fluorine substitution. Since fluorine is highly electronegative (electron
withdrawing), protons of the above type will be acidic. Hence, R-143a is the least acidic of
the refrigerants. Because acrylonitrile (ACN) contains a basic nitrogen atom, nitrile rubber is
a basic elastomer which exhibits increased swelling as swellant acidity increases. Noté
among the HFCs that R-143a swells the nitrile rubbers the least.

A great variety of elastomers are resistant to swelling by the HFCs, including both the
least inexpensive general purpose hydrocarbon elastomers as well as several of the specialty

and thermoplastie elastomers.



Lubricant swelling behavior was substantially different from that of the refrigerants. The
completely hydrocarbon lubricants, AB and MO, readily swelled the general purpose
hydrocarbon elastomers, while the nitrile rubbers with high ACN content, the fluoroelastomers
and the nitrile/PP TPEs were very resistant to these swellants. The other (oxygen-containing)
lubricants had little tendency to swell many of the hydrocarbon elastomers, which exhibit less
swelling than Neoprene or nitrile rubber of low and medium ACN content. The two
pentaerythritol ester lubricants (PEMA and PEBA) gave quite similar swelling behavior; also,
the three glycol types (PPGD, PPGBM, MPG) behaved somewhat similarly.

Some elastomers were resistant to swzlling by all the lubricants. These include the
fluoroelastomers, the high ACN nitriles and the nitrile/PP TPEs. The lubricant with the least
swelling power overall was the MPG; the PPGD also was a poor swellant for most

compositions.
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FIGURE 1a
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FIGURE 1a
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FIGURE 1b

In Situ Diameter Change
14 Days In R—142b
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FIGURE 1b

In Situ Diameter Change
14 Days In R—142b
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FIGURE 1¢c

[In Situ Diameter Change
14 Days In R-124
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FIGURE 1c

In Situ Diameter Change
14 Days In R—-124
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FIGURE 1d

In Situ Diameter Change
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FIGURE 1d

In Situ Diameter Change
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FIGURE 2b

[In Situ Diameter Change
14 Days In R-134a

(1.1,1,2-Tetrafluoroethane)
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FIGURE 2b

In Situ Diameter Change
14 Days In R—134a

(1.1,1.2-Tetrafluoroethane)
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FIGURE 2c

[In Situ Diameter Change
14 Days In R—143a

(1.1.1 Trifluoroethane)
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FIGURE 2c

In Situ Diameter Change
14 Days In R-143a

(1.1.1 Trifluorcethane)
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FIGURE 2d

[n Situ Diameter Change
14 Days In R—1562a

(1,1 Difluoroethane)
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FIGURE 2d

In Situ Diameter Change
14 Days In R—152a

(1.1 Difluoroethane)
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FIGURE 2e

[In Situ Diameter Change
3 Days In R-32

(Difluoromethane)
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FIGURE 3a

Diameter Change
14 Days In Lubricant

(Alkyl Benzene)
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FIGURE 3a

Diameter Change

14 Days In Lubricant
(Alkyl Benzene)
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FIGURE 3b

Diameter Change

14 Days In Lubricant
(Mineral 0il)
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FIGURE 3b

Diameter Change

14 Days In Lubricant

(Mineral Oil)
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FIGURE 3c

Diameter Change
14 Days In Lubricant

(pentaerythritol ester mixed acid)

EPDM/PP/TPE/Shore D-50
EPDM/PP/TPE/Shore D-40
EPDM /PP /TPE/Shore A-73
— | EPDM/PP/TPE/Shore A-87
— l Fluorosilicone

- l Silicone Rubber

T

— Bl Methylphenylvinyisiioxane Fubber
- | Dimethyl Silicone Rubber

- | Fluoroelastomer/CB

— | Fluoroelastomer

- _ Nitrile/Low ACN
- - Nitrile/Medium ACN
b I Nitrile/High ACN

— l Nitrile/Very High ACN

— P SBR/23.5% Styrcne/CB
- SR ssRr/23.5% Styrene
~ 0 cutorobutyi/ce

— B  Chlorobutyl

— . Bromobutyl/CB

— @ Bromobutyl

- 0 Butyl/2.2X Unseturation/CB
— l Buty!/2.2X Unsaturation
[~ I Butyl/.7Z Unsaturation
- _ Ncoprene/CB
— RN  Ncoprene
- — Polyisoprene/LY Cure
- JHEREE Poirisoprene/CB

- BEEEN Polrisoprenc

LA SN A A SN0 A0 S0 S0 SN AL SR AE RRSRRSR0N SLARSL SR AN SRS ARAREE BMALELELAR SLALSLALEN BLALALERAS SRS

0 25 50 75 100 125 150 175 200 225 250
Diometer Change (%)

27



Formulation #

97
96
95
94
93
92
9N
30
89
88
87
86
85
84
83
82
81
80
79
78
77
76
75
74
73
72
71
70
69
68
67
66
65
64
63
62
61
60
59
58
57
56
55
54
S3
52
51
50
49
48

FIGURE 3¢

Diameter Change

14 Days In Lubricant

(pentaerythritol ester mixed acid)
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FIGURE 3d

Diameter Change
14 Days Lubricant

(pentaerythritol ester branched acid)

i EPDM/PP/TPE/Shore D-50
|  EPDM/PP/TPE/Shore D-40

B £POM/PP/TPE/Share A-73

| EPDM/PP/TPE/Shore A-87

= l Fluorosilicone

— § Silicone Rubber

— - Methyiphenyivinyisiloxane Rubber
o l Dimethy! Silicone Rubber

Methyl Viny! Silicone Rubber
Epichlorohydrin/EQ/AGE/Terpolymer/CB
Epichlorobydrin/EO/AGE/Terpolymer

Epichlorohydrin/Ethylene Oxide Copolymer/C8B

Epichlorohydrin/Ethylene Oxide Copoiymer
Epichlorohydrin Homopolymer/CB

Epichlorohydrin Homopolymer
Fluoro/Chloroeiastomer/Mg0 Cure/CB
Fluoro/Chioroelastomer/MgO Cure

Fluoro/Chloroelastomer/Litharge Cure

- | Fluorcelastomer/CB

- | Fluoroelastomer

Fluoroelastomer

Fluoroejastomer

Hydrogenated Nitrile/45% ACN/CB
Hydrogenated Nitrile/45% ACN

- Hydrogenated Nitrile/38% ACN/CB
— Hydrogenated Nitrile/38% ACN
- Nitrie/Very High ACN/CB

- Nitrile/Low ACN/CB

- — Nitrile/Low ACN

- Wl Nitrile/Medium ACN

= | Nitrile/High ACN

L | Nitrile/Very High ACN

— SBR/40%X Styrene

- SBR/29% Styrene

B  SBR/23.5% Styrene/CB

- B SPR/23.5% Styreve
— I Chlorobutyl/CB

- H  Chlorobutyt
o l Bromobutyl/CB
— [ Bromobuty

< N

— | Buty)/2.2X Unseturetion/CB
o | Butyl/2.2% Unssturation

- l Butyl/.7% Unsaturation

- - Neoprene/CB

— — Neopreone

- — Polyisoprene/EV Cure
- B Polyisoprene/CB

- B Polyisoprene

r

) AR LA S A SR A A LA N AL AN LA RSN MDA RSN e R SRR BN AL S RN MR A B

0O 25 50 75 100 125 150 175 200 225 250

Diameter Change (%)

29



Formulotion #

97
96
95
94
EN]
92
91
90
89
88
87
86
85
84
83
82
81
80
79
78
77
76
75
74
73
72
7
70
69
68
67
66
65
64
63
62
61
60
59
58
57
56
55
54
S3
52
5
50
49
48

FIGURE 3d

Diameter Change
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- Polyurcthane/Ether Type/Shore A-80
— Polysulfide Rubber/CB
- Polysulfide Rubber
— Polysulfide Rubber/CB
- Polysulfide Rubber
— Copolyester TPL/Shore D-72
— Copolysster TPE/Shore D-63
- Copolyester TPE/Shore D-55
- Copolyester TPE/Shore D-40
- | Nitrile/PP/TPE/Shore D~40
— | Nitrile/PP/TPE/Shore A-80
— | Nitrile/PP/TPR/Shore A-87
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FIGURE 3e

Diameter Change

14

Days In Lubricant

(polypropylene glycol diol)

il EPOM/PP/TPE/Shore A-73
0 EPOM/PP/TPE/Shore a-87
— | Fluorosiiicone
- | Silicone Rubber
— l Methylphenylvinyisitoxane Rubber
- |  Dimethyl Silicone Rubber
- Melhyl Vinyl Sihcone Rubber
- Epichlorohydrin/EO/ACE/Terpolymer/CB
- Epichlorohydrin /EO/AGE/Terpolymer
- Epichlorohydrin/Ethylene Oxide Copolymer/CB
- Epichlorohydrin/Ethylene Onde Copolymer
-l Epichlorohydrin Homopolymer/CB
— Epichlorobydnn Homopolymer
I~ Fluoro/Chloroelastomer/Mg0O Cure/CB
o Fluoro/Chloroelsstomer/MgO Cure
— Fluoro/Chloroelastomer/Litharge Cure
- | Fluorocelastomer/CB
- | Fluoroelastomer
- Fluoroelastomer
- Fluoroelastomer
— Hydrogenated Nitrite/45% ACN/CB
— Hydrogenated Nitrile/45% ACN
b— Hydrogenated Nitrile/38% ACN/CB
- Hydrogenated Nitrile/38% ACN
— Nitrile/Very High ACN/CB
- Nitrile/Low ACN/CB
- - Nitrile/Low ACN
- - Nitrile/Medium ACN
- l Nitrile/High ACN
- l Nitrile/Very High ACN
— SBR/40% Styrene
— SBR/29X Styrene
- l SBR/23.5% Styrene/CB
— l SBR/23.5X Styrene
— ' Chlorobutyi/CB
- | Chlorobutyl
— |  Bromobutyi/cB
— | Bromobutyi
- l Butyl/2.2X Uasaturation/CB
- | Bulyl/2.2% Unsaturauon
— | Butyl/.7% Unsaturation
- . Neoprene/CB
- - Neoprene
- ' Polyisoprens/EV Cure
- l Polyisoprens/CB
- l Polyisoprene
r

- | EPDM/PP/TPE/Shore D-50
- | EPDM/PP/TPE/Shore D-40
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FIGURE 3e

Diameter Change
14 Days In Lubricant

(polypropylene glycol diol)

T

— |
- |

Butyl Rubber/PP/TPE
EPDM/Peroxide Cure

EPDM/High Ethylene Content//CB
EPDM Sulfur Cure

EPDM/High Unsaturastion

EPDM /High Ethylene Content

Ethylene/Propylene Copolymer (EPN)/CB
Ethylene/Propylene Copolymer (EPM)
Ethylene/Propylene Copolymer (EPM)

Nitrile/PP/TPE/Shore D-40
Nitrile/PP/TPE/Shore A-80
Nitrile/PP/TPR/Shore A-87

Neoprene/Synthelic Fibers (Vendor Supplied)
ACN Compound (Vendor Supplied)
Chloroprene (Vendor Supplied)

Chlonneatled PE/Chlorine 42%
Chlorinated PE/Chlorine 35%/CB
Chlorinated PE/Chlorine 35%
Ethylene/Acrylic Elastomer/CB

Ethylene/Acrylic Elastomer

Chlorosulfonated PE/Chloriase 35X/Sulfur 1.0%
Chlorosulfonated PE/Chlorine 35Z/Sulfur 1 0%

Chlorosulfonated PE/Chlonne 35%/Sulfur 1 0%
Chlorosulfonated PE/Chlorinc 35Z/Sulfur 1.0 2

Chiorosuifonated PE/Chlorine 29%/Sulfur 1 4%
Polyurethane/Ester Type/Millable\C8
Polyurethane/Ether Type/Millable
Polyurethane/Ester Type/Millable
Polyurethane/Ester Type/Shore D-50
Polyurethane /Ester Type/Shore A-80
Polyurethane/Ether Type/Shore D-50
Polyurethane/Ether Type/Shore A-80
Polysulfide Rubber/CB
Polysulfide Rubber
Polysulfide Rubber/CB
Polysulfide Rubber
Copolyester TPE/Shore D-72
Copoiyester TPEZ/Shore D-63

Copolyester TPE/Shore D-55
Copolyester TPE/Shore D-40
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FIGURE 3f

Diameter Change
14 Days In Lubricant

(polypropylene glycol butyl monoether)
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| EPDM/PP/TPE/Shore D-50
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|  Dimethyl Silicone Rubber
Methyl Vinyl Silicone Rubber
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Epichlorohydrin/EO/AGE/Terpolymer
Epichlorohydrin /Ethylene Oxide Copolymer/CB
Epichlorohydrin/Ethylene Oxide Copolymer
Epichlorohydrin Homopolymer/CB
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Fluoro/Chloroelastomer/Mg0O Cure

Fluoro/Chloroelastomer/Litharge Cure
| Fluoroelastomer/CB

l Fluoroelastomer
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Fluoroelastomer

Hydrogenaled Nitrile/457% ACN/CB

Hydrogenated Nitrile/45% ACN
Hydrogenated Nitrile/38% ACN/CB
Hydrogenated Nitrile/38% ACN
Nitrile/Very High ACN/CB

Nitride/Low ACN/CB
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| Nitrile/Medium ACN
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SBR/29% Styrene
. SBR/23.5% Styrene/CB

Bl SBR/Z3.5% Styrese
| chlorobutyt/cB

| chiorobutyl

| Bromobutyl/CB
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FIGURE 3f

Diameter Change
14 Days In Lubricant

(polypropylene glycol butyl monoether)
97
96 -
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94 |-
93 +
92 |+
9
90
89
B8 -
B7
86 |- Chloroprene (Vendor Supplhed)
85 | Bulyl Rubber/PP/TPE

Neoprene/Synthetic Fibers (Vendor Supplied)
ACN Compound (Vendor Supplied)

84 |- | EPDM/Peroxide Cure

83| | EPDM/High Ethylene Content//CB

82+ | EPDM Sulfur Cure

81+ | EPDM/High Unsaturation

80 - | EPDM /High Ethylene Content

79 Chlonnated PE/Chlorine 42%

78 }+ Chlorinseted PE/Chlorine 35%/CB

77 Chlorinated PE/Chlorine 352

76 Ethylene/Acrylic Elastomer/CB

75 Ethylene/Acrylic Elastomer

74 | | Ethylene/Propylene Copolymer (EPM)/CB

73 b | Ethylene/Propyleae Copolymer (EPM)

72 - | Ethylene/Propylene Copolymer (EPN)

M+ Chlorosulfonated PE/Chlorine 35X/Sulfur 1.0%
70 - Chlorosulfonated PE/Chlorine 35Z/Sulfur 1.0%
69 Chlorosulfonated PE/Chlorine 35%,/Sulfur 1.0%
68 Chlorosullonated PE/Chlorine 35%/Sulfur 1.0 %
67 + Chiorosulfonated PE/Chlorine 29%/Sulfur 1 4%
66 - Polyuretbane/Ester Type/Millable\CB

65 - Polyurethane/Ether Type/Millable

64 Polyurethane/Ester Type/Millable

63 - Polyurethane/Ester Type/Shore D-50

62 + Polyurethane/Ester Type/Shore A-80

61 — Polyurethane/Ether Type/Shore D-50

60 Polyurethane/Ether Type/Shore A-80

59 - Polysulfide Rubber/CB

58 - Polysulfide Rubber

57 + Polysuifide Rubber/CB

56 - Polysuifide Rubber

55 Copolyester TPE/Shore D-72

54 |}~ Copolyester TPE/Shore D-63

53 -

Copolyester TPE/Shore D-55
52 Copolyester TPE/Shore D-40

51 ] Nitrile/PP/TPE/Shore D-40

COE S | Nitrile/PP/TPE/Shore A-80

49 I~ |  Nitrile/PP/TPR/Shore A—-87
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FIGURE 3g

Diameter Change

14 Days In Lubricant
(modified polyglycol)

EPDM/PP/TPE/Shore D-50
EPDM/PP/TPE/Shore D-40
EPDM/PP/TPE/Shore A-73
EPDM/PP/TPE/Share A-87
| Fluorosilicone
| silicone Rubber
] Methyiphenyivinylsiloxane Rubber
‘ Dimethyl Silicone Rubber
Methyl Vinyl Silicone Rubber
Epichlorohydrin/EO/ACE/Terpolymer/C8
Epichiorohydrin/EOQ/AGE/Terpolymer
Epichiorohydrin/Ethylene Oxide Copolymer/CB
Epichlorohydrin/Ethylene Oxide Copolymer
. Epichlorohydrin Homopolymer/CB
Epichlorohydnn Homopolymer
Fluoro/Chloroelastomer/MgO Cure/CB
Fluoro/Chloroelastomer/MgO Cure

Fluoro/Chloroelastomer/Litharge Cure
| Fluoroelastomer/CB

| Pucroelastomer

Fluoroelastomer
Fluoroelastomer
Hydrogenated Nitrile/45% ACN/CB
Hydrogenaled Nitrile/45% ACN
Hydrogenated Nitrile/38% ACN/CB
\ Hydrogenated Nitrile/38% ACN
Nitrile/Very High ACN/CB

Nitrile/Low ACN/CB
I Nitrnile/Low ACN

| Nunle/Medium ACN
| Nitrile/High ACN
| Nitrile/Very High ACN
SBR/40Z Styrene
SBR/29% Styrene
SBR/23.5% Styrene/CB
SBR/23.5Z Styrene
| Chlorobutyl/CB
| Chlorobutyl
Bromobutyl/CB
Bromobutyl
Butyl/2.2X Unsaturation/CB
Butyl/2.2% Unsaturation
Butyl/.7% Unsaturation
Neoprene/CB
Neoprene
Polyisoprene/EV Cure
Polyisoprene/CB
Polyisoprene

I'lll"'lvl]l'l'l'llvl'Yer"'ll]l""‘lT’Tl"‘Y']IIYI

0O 25 50 75 100 125 150 175 200 225 250
Diameter Change (%)

35



Formulation #

97
96
95
94
93
92
91

90
89
88
87
86
85
B4
83
82
81

80
79
78
77
76
75
74
73
72
7

70
69
68
67
66
65
64
63
62
61

60
59
58
57
56
55
54
53
52
51

S0
49
48

FIGURE 3g

Diameter Change

14 Days In Lubricant

(modified polyglycol)
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Buty! Rubber/PP/TPE
EPDM/Peroxide Cure

Ethylene/Propylene Copolymer (EPM)/CB

Ethylene/Propylene Copolymer (EPM)
Ethylene/Propylene Copolymer (EPM)

Nitrile/PP/TPE/Store D-40

Nitrile/PP/TPE/Shore A-80
Nitrile/PP/TPR/Shore A-87

Neoprene/Synthetic Fibers (Vendor Supplied)
ACN Compound (Vendor Suppiied)
Chioroprene (Vendor Supplied)

EPDM/High Ethylene Cortent  /CH
EPDM Sulfur Cure
EPDM/High Unsaturation

EPDM /High Ethylene Content
Chlorinated PE/Chlorine 427

Chlorinated PE/Chiorine 35%/CB

Chlorinaled PE/Chlorine 35%
Ethylene/Acrylic Elastomer/CE

Ethylene/Acrylic Elastomer

Chlorosulfonated PE/Chlorine 35%/Sulfur 1.0%
Chiorosulfonated PE/Chlonne 3%%/Sulfur 1.0%

Chlorosulfonated PE/Chlonne 35%/Sulfur | Q%
Chlorosulfonated PE/Chlorine 357%/Sulfur 10 2

Chiorosulfonated PE/Chlonne 297/Sulfur

47
Polyurethane/Ester Type/Miliable\CB
Polyurethane/Ether Type/Millable
Polyurethane/Ester Type/Millable
Polyurethane/Ester Typt/Shore D-50
Polyurethane/Ester Type/Shore A-80
Polyurethane/Ether Type/Shore D-50
Polyurethane/Ether Type/Shore A-80
Polysullide Rubber/CB
Polysulfide Rubber
Polysulfide Rubber/CB
Polysulfide Rubber
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Copolyester TPE/Shore D- 63

Copolyester TPE/Shore D-55
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COMPLIANCE WITH AGREEMENT
The University of Akron has complied with all aspects of the agreement.
PRINCIPAL INVESTIGATOR EFFORT

Dr. Gary Hamed and R.H. Seiple are the principal investigators for the UA/ARTI MCLR
program. During the second quarter of the contract period, Dr. Gary Hamed has devoted a
total of 25 hours (5 % of his available work hours) and R. Seiple has devoted 250 hours (50 %
of his available work hours on the UA/ARTI MCLR program.



APPENDIX A

ELASTOMER SWELL DATA
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Formula # 1 Ingredient pphr
Polyisoprenc 100
Zinc Oxide S
Stearic Aad 2
Sulfur 2.25
N-t-butyl-2-benzothiazyl sulfenamide i
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 10.3 10.4 T 10.2 45.3/424 439
R-32 28 2.7
I R-124 5.6 5.6 58 30.2/29.8 30.0
R-134a 14 1.2 49/48 49
R-125 46 42 42 14.9/143 14.6
R-143a 22 1.7 1.9 54/49 52
R-152a 4.1 42 42 123131 127 |
R-123 48.1 475 430 328/327 328
H R-142b 10.3 10.0 10.2 40.1/38.7 394
I R-134
I AB 418 57.3/55.7 56.5 264/261 263
MO 431 53.1/53.2 53.2 248247 247
PEMA 16.1 29.2280 28.6 1177113 115
PEBA 12.6 26.525.7 26.1 106/104 105
PPGD 1.0 2.112.2 22 7917 718
PPGBM 43 8.1/8.0 8.1 28.1278 28.0
MPG
=========ﬂ=é
PEMA - Peotacrythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acd PPGD - Polypropylenc Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monoether AB - Alkyl Benzene
MO - Miocral Oil
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Formula # 2 Ingredient pphr
Polyisoprene 100
Zinc Oxide 5
Stearic Acid 2
Sulfur 225
N-t-butyl-2-benzothiazyl sulfenamide 7
N330 Carbon Black 35
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
g =
R-22 9.3 93 9.0 33.3/308 32.1
R-32 1.7 1.6
R-124 5.5 5.8 5.6 224225 225
R-134a 1.1 1.0 3.713.8 38
R-125 29 28 31 9.5/8.7 9.1
R-143a 20 2.5 22 38/3.4 3.6
R-152a 22 23 25 8.1/8.3 82
R-123 36.0 36.0 37.6 2207221 221
R-142b 78 7.8 7.8 31.2298 305
R-134
AB 29.5 46.2/459  46.1 186/182 184
MO 31.0 41.1/40.3 40.7 166/165 165
PEMA 11.5 21.821.6 21.7 77.6/176 71.6 H
PEBA 98 18.4/179 18.2 65.9/629 644
PPGD 1.6 2.3/2.1 22 6.6/6.5 6.6
PPGBM 34 7.0/6.2 6.6 21.0/206 208
MPG
. e ——— —
PEMA - Pentaerythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Peataerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB - Alkyl Benzeoe
MO - Mioeral Qil
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Formula # 3 Ingredient pphr
Polyisoprene 100
Zinc Oxide 5
Stearic Acid 2
N-oxydiethylene-2-benxothiazyl-sulfenamide 1
Tetramethylthiuram disulfide 1
Di-morpholino disulfide 1
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 9.6 10.1 89 444/425 435
R-32 1.3 0.8
R-124 6.5 6.5 6.1 28.2/28.3 28.3
R-134a 1.0 1.2 3.8/3.4 3.6
R-125 33 29 27 10.3/10.1 10.2
R-143a 20 2.5 2.7 4.6/4.1 44
R-152a 31 28 3.1 8.3/9.5 8.9
R-123
R-142b 9.2 9.1 9.5 40.1739.1 39.6
R-134
AB 47.0 56.2/55.6 559 257/257 257
MO 495 56.7/510 569 271272 271
PEMA 18.8 220219 220 83.1/83.2 832
PEBA 14.7 20.320.2 203 75.8/76.4 76.1 II
PPGD 0.6 0.7/0.6 0.7 1.4/1.7 1.6
PPGBM 45 5.7/5.9 58 17.7/18.1 179
MPG
= e
PEMA - Pentacrythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB - Alkyl Benzene
MO - Mioeral Gil
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Formula # 4 Ingredient pphr
Poly(chlorobutadiene) 100
Zinc Oxide S
Stearic Acid 0.5
Magnesium Oxide 4
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
—_— — — —]
R-22 6.3 6.1 6.1 222216 219
R-32 1.1 1.1
R-124 1.9 2.7 2.8 10.3/10.1  10.2
R-134a 1.1 1.2 3.4/3.4 34
R-125 1.4 24 2.7 5.5/5.0 53
R-143a 1.1 1.3 1.2 3.3/3.6 3.5
R-152a 29 3.1 3.0 7.6/1.5 7.6
R-123 16.0 15.6 15.3 65.0/65.2 65.1
R-142b 6.6 6.6 6.5 18.4/186 18.5
R-134
AB 10.0 19.620.1 199 51.1/532 522
MO 129 26.5/26.0 26.3 74777119 733
PEMA 25.7 §3.7/53.3 535 202/211 206
PEBA 114 354260 307 128/77 103
PPGD 3.7 73719 7.6 19.9/18.7 19.3
PPGBM 438 123/11.4 119 29.7/31.1 304
MPG
wm ]
PEMA - Pentacrythritol Ester Mixed Acid MPG Maodified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylenec Glycol Butyl Monocther AB - Alkyl Benzene
MO - Minenal Qil
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Formula # 5§ Ingredient pphr
Poly(chlorobutadiene) 100
Zinc Oxide S
Stearic Acid 0.5
Magnesium Oxide 4
N330 Carbon Black 30
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 48 49 49 17.2/16.8 170
R-32 1.3 1.57
R-124 I.1 28 1.6 7.6/7.7 7.7
R-134a 0.6 1.0 2.7/2.6 2.7
R-125 0.5 1.8 2.1 4.6/4.6 4.6
R-143a 0.4 0.9 08 2.5/2.1 2.3
R-152a 2.5 29 29 5.6/5.9 5.8
R-123 11.9 11.8 11.4 48.9/49.5 49.2
R-142b 4.6 5.1 48 14.4/145 145
R-134
AB 7.6 16.1/153  15.7 23.5/38.5 310
H MO 7.9 189/182 18.6 49.0/48.4 487
PEMA 12.5 30.5728.7 29.6 93.0918 924
PEBA 73 22.122.1 221 65.9/63.6 649 I
PPGD 2.5 5.0/4.8 49 13.2/139 136
PPGBM 32 9.29.5 94 23.023.0 230
o
— “m
PEMA - Peotaerythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropyleae Glycol Diol
PPGBM - Polypropylcne Glycol Butyl Monocther AB - Alkyl Benzene
MO - Mineral Oil



43

Formula # 6 Ingredient pphr
Isobutyl isoprene (0.7% unsaturated) 100
Zinc Oxide 3
Stearic Acid 1
Sulfur 1.66
Tetramethyl thiuram disulfide 1
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
m_—__——T_ ——
R-22 4.5 4.5 39 218224 221
R-32 0.5 0.7
R-124 1.0 1.5 32 16.3/16.4 16.4
R-134a 0.3 0.6 3.02.7 29
R-125 1.6 24 2.6 8.2/7.2 7.7
R-143a 0.7 0.6 1.3 4.1/3.5 3.8
R-152a 0.6 1.0 1.7 7.6/6.4 7.0
R-123 16.8 16.8 16.3 90.2/90.2 90.2
R-142b 47 6.1 6.2 25.51258 25.7
R-134
AB 234 67.5/67.7 67.6 341/338 339
MO 277 72.1/65.7 68.9 386/335 361
PEMA 1.6 3.172.8 3.0 10.1/9.9 10.0
PEBA 0.9 2.02.4 22 6.9/7.5 7.2
PPGD 0.1 0.4/0.3 0.1 -0.1/-0.1 0.1
PPGBM 0.0 0.20.2 0.2 -0.4/0.4 0.0
MPG
WWWW
PEMA - Pentacrythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monoether AB - Alkyl Benzene
MO - Mineral Oil




Formula # 7 Ingredient pphr
Isobutyl isoprene (2.2% unsaturated) 100
Zinc Oxide 3
Stearic Acid 1
Sulfur 1.75
Tetramethyl thiuram disulfide 1
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 5.6 5.2 5.2 22.5225 225
R-32 0.4 0.6
R-124 1.3 1.4 3.5 17.1/16.7 169
R-134a 0.2 0.6 2.7/2.8 2.8
R-125 2.1 2.6 3.0 8.9/7.9 8.4
R-143a 0.5 0.7 14 42/43 43
R-152a 1.1 1.4 1.9 10.1779 9.0
R-123 16.6 16.5 16.3 90.1/899 90.0
R-142b 4] 6.5 6.6 26.7/258 26.3
R-134
AB 18.0 54.6/55.2 549 254/253 253
MO 247 59.4/56.4 579 292271 282
PEMA 1.8 3.0/3.0 30 10.0/10.7 10.4
PEBA 0.1 1.32.6 20 7.2/1.9 7.55
PPGD 0.1 0.5/0.5 0.0 0.3/0.5 04
PPGBM 0.2 0.7/0.5 0.6 1.0/1.4 1.2
MPG
PEMA - Peotacrythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylenc Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB - Alkyl Benzene
MO - Mioeral Gil
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Formula # 8 Ingredient pphr
Isobutyl isoprene (2.2 % unsaturated) 100
Zinc Oxide 3
Stearic Acid 1
Sulfur 1.75
Tetramethy! thiuram disulfide 1
N330 Carbon Black 50
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
[ —
R-22 4.2 44 44 15.0/15.1 15.1
R-32 04 0.8
R-124
R-134a 0.1 04 1.9/1.9 1.9 1
R-125 0.6 1.5 1.9 5.4/5.4 54
R-143a 03 0.1 0.7 2.7/2.3 2.5
R-152a
R-123 11.9 11.9 12.0 579/578 579
R-142b 2.5 49 47 17.3/i7.3 173
R-134
AB 8.1 35.9/35.3 356 129/126 128
MO 10.7 398/39.4 396 1517151 151
PEMA 0.5 21123 2.2 6.7/6.6 6.7
PEBA 0.5 1.5/1.7 1.6 4.1/4.8 4.5
PPGD 0.1 0.4/0.3 04 0.0/0.2 0.1
PPGBM 0.2 0.5/0.5 0.5 0.7/0.6 0.7
MPG
N —
PEMA . Pentacrythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monoeiher AB - Alkyl Benzene
MO - Mineral Oil



Formula # 9 Ingredient pphr

Bromobutyl 100

Zinc Oxide 5

Stearic Acid 1

Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.

R-22 5.3 5.6 53 23.5/23.4 235
R-32 0.8 1.1
R-124 1.7 24 4.1 17.4/183 179
R-134a 0.1 0.6 31728 30
R-125 1.6 26 29 8.5/7.6 8.1
R-143a 04 0.4 1.1 4.3/4.4 44
R-152a 0.6 1.6 1.9 6.9/6.1 6.5
R-123 18.7 18.9 18.8 102/102 102
R-142b 4.9 6.7 6.5 26.9/26.3  26.6
R-134
AB 30.3 85.9/77.2 81.6 523/447 485
MO 378 86.2/86.2 86.2 5217509 51§
PEMA 1.6 5.9/6.0 6.0 21.221.5 214
PEBA 1.1 3.3/4.0 37 10.9/129 119
PPGD 0.6 0.8/1.5 1.2 5.1/5.3 52
PPGBM 0.0 1.0/0.8 0.9 4.0/4.1 4.1
MPG B -

PEMA - Pentaerythritol Ester Mixed Acid

PEBA - Pentacrythritol Ester Branched Acid
PPGBM - Polypropylene Glycol Butyl Mooocther
MO - Minecral OQil

MPG - Maodified Polyglycol

PPGD - Polypropyienc Glycol Diol

AB - Alkyl Benzenc
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Formula # 10 Ingredient pphr
Bromobutyl 100
Zinc Oxide 5
Stearic Acid 1
N330 Carbon black 40
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Di Cheg. % Wgt. Chg. -
R-22 39 39 38 17.0/16.8 16.9
R-32 0.3 0.2
R-124 0.8 14 2.5 12.5/12.6 12,6
R-134a 0.2 0.4 1.6/1.9 1.8
R-125 1.3 20 2.7 7.9/7.1 7.5
R-143a 0.5 0.4 0.9 31127 2.9
R-152a 0.4 0.7 1.2 4.6/5.0 48
R-123 14.3 144 144 71.6/71.8 71.7
R-142b 22 53 5.6 19.2/19.2  19.2
R-134
AB 15.5 47.1/476 474 187/190 188
MO 19.2 52.2/50.9 51.6 229225 227
PEMA 1.5 4.0/3.9 4.0 12.6/12.0 125
PEBA 0.2 2.02.2 2.1 8.0/6.4 7.1
PPGD 0.5 1.4/1.1 1.3 3232 32
PPGBM 0.5 1.0/0.6 0.8 3.02.7 29
MPG
——
PEMA - Pentacrythritol Ester Mixed Aad MPG - Maodified Polyglycol
PEBA - Peotacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylenc Glycol Butyl Monoether AB . Alkyl Beazeoe

MO

- Mineral Oil
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Formula # 11 Ingredient pphr
Chlorobutyl 100
Zinc Oxide 5
Stearic Acid 1
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 5.8 6.1 5.7 26.2725.5 259
R-32 0.6 0.7
R-124 1.3 20 36 19.717.6  18.7
R-134a 0.1 0.3 0.5 2.8/2.6 27
R-125
R-143a 0.5 0.7 1.3 4.0/3.8 39
R-152a 0.8 1.1 1.9 6.7/6.6 6.7
R-123 18.2 18.2 18.5 3297341 335
R-142b 49 6.7 7.0 27.9/28.1 280
R-134
AB 29.9 62.7/61.3 620 304/292 298
MO 38.3 69.1/69.0 69.0 385/371 378
PEMA 1.4 4241 42 15.0/14.5 150
PEBA 1.0 3.4/3.7 3.6 13.0/13.1 131
PPGD 0.3 1.3/1.4 1.3 4.4/4.4 44
PPGBM 0.2 0.6/0.7 0.7 3.1/33 3.2
MPG 0.5 0.1/0.1 0.1 1L1/1.1 1.1
PEMA - Pentacrythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylenc Glycol Butyl Monoether AB . Alkyl Benzene
MO - Minoeral Oil



Formula # 12 Ingredient pphr

Chlorobutyl 100
Zinc Oxide 5
Stearic Acid ]
N330 Carbon Black 40
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dna. Chg. % Dia. Chg. % Wgt. Chg.
——— — —— ——
R-22 50 5.0 40 26.0/150 252
R-32 0.3 0.3
R-124 1.0 20 3.0 13.2/132 132
R-134a 0.1 0.0 03 2.0/2.0 20
R-125 1.0 1.0 20 5.0/4.0 40
R-143a 0.2 0.2 1.0 2.0/2.5 2.3
R-152a 04 0.6 1.1 5.1/4.9 5.0
R-123 13.8 136 13.6 7327734 733
R-142b 3.7 49 53 20.020.1 200
R-134
AB 17.6 39.53L6  39.1 151/145 148
MO 234 45.1/439 445 186/183 184
PEMA 1.0 33734 i3 10.4/10.5 10.5
PEBA 1.1 2.773.2 29 8.79.3 9.0
PPGD 0.2 0.8/0.5 0.6 2.72.4 2.6
PPGBM 0.3 0.2/0.3 0.3 2.32.3 23
MPG -0.3 0.3/0.1 0.1 0.9/1.0 1.0
————— e — —
PEMA . Pentacrythritol Ester Mixed Acd MPG - Modified Polyglycol
PEBA . Penlerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylcoc Glycol Butyl Monocther AB - Alkyl Benzenc

MO - Mioeral Onl
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Formula # 13 Ingredient pphr
SBR (23.5 % Styrene Content) 100
Zinc Oxide 3
Sulfur 1.75
Steanic Acid 1
N-t-butyl-2-benzothiazyl sulfenamide 1
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
e e ——— P e et}
R-22 99 10.0 98 41.1/39.5 403
R-32 2.0 1.6
R-124 59 5.4 4.1 22.5/22.5 225
R-134a 1.1 1.0 5.0/5.0 5.0
R-12§ 3.1 38 36 10.8/100 104
R-143a 1.4 1.5 1.5 5.2/5.2 52
R-152a 3.0 3.1 28 11.1/10.6 10.9
R-123 4.4 41.2 40.8 271727 271
R-142b 78 7.5 13 31.1730.3 307
R-134
AB 29.7 43.6/42.3 430 175/171 173
MO 325 445/441 443 186/186 186
PEMA 16.3 229226 228 85.6/84.7 85.2
PEBA 94 16.0/16.1 16.1 57.0/56.5 568
PPGD 1.6 1.2/1.8 1.5 5.9/5.5 5.7
PPGBM 5.9 10.0/9.2 9.6 29.4729.5 295
MPG
PEMA - Pentacrythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropyleoe Glycol Butyl Monocther AB - Alkyi Benzene

MO - Miocral Oil
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Formula # 14 Ingredient pphr
SBR 1502 (23.5 % Styrene content) 100
Zinc Oxide 3
Stearic Acid 1
Sulfur 1.75
N-t-butyl-2-benzothiazyl sulfenamide 1
N330 Carbon Black 50
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg, % Dia. Chg. % Dia. Chg. % Wgt. Chg.
=== —— e B —
R-22 7.6 7.1 7.1 26.927.1 270
R-32 1.2 1.2
R-124 34 34 3.1 15.0/153 152
R-134a 0.9 0.6 3.3/3.7 3.5
R-12§ 20 2.1 2.1 7.0/6.5 6.8
R-143a
R-152a 23 2.1 20 6.4/6.6 6.5
R-123 243 24.2 249 138/138 138 |
R-142b 6.0 6.0 59 20.1720.0 20.1
R-134
AB 15.7 240242 241 81.9/81.2 816
MO 17.4 24.223.7 24.0 88.8/88.6 88.7
PEMA 8.8 13.2/13.2 13.2 45.5/45.1 453
PEBA 42 9.2/9.2 92 31.3730.8 31.1
PPGD 1.1 2.1/1.4 1.8 5.0/4.8 49
PPGBM 33 5.5/5.4 55 18.8/180 189
MPG l
e —— %w
PEMA . Peotacrythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylenc Glycoi Butyl Monoether AB - Alkyl Benzene
MO - Mineral Oil
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Formula # 15 Ingredient pphr
SBR (Medium Styrene) Content 100
Zinc Oxide 3
Stearic Acid 1
Sulfur 1.75
N-t-butyl-2-benzothiazyl sulfenamide 1
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wet. Chg.
= e == = s
R-22 10.2 11.3 114 438419 429
R-32 1.3 1.2
R-124
R-134a 1.9 1.6 1.7 7.5\7.4 7.5
R-12§ 23 2.7 1.9 10.1\9.8 10.0
R-143a 1.7 1.6 1.6 7.1\6.9 7.0
R-152a
R-123 43.5 44.6 457 316\313 315
R-142b 83 8.6 7.6 0N09 -08
R-134
AB
i
MO
PEMA
PEBA
PPGD
PPGBM
MPG
MW%
PEMA - Pentacrythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monoether AB - Alkyl Benzeoe
MO - Mioeral Oil



33

Formula # 16 Ingredient pphr
SBR (High Styrene) Content
Zinc Oxide 3
Stearic Acid 1
Sulfur 1.75
N-t-butyl-2-benzothiazyl sulfenamide I
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
T ———————— %w —
R-22 10.7 10.6 10.2 44.7/42.5 436
R-32 23 23
R-124
R-134a 2.1 1.9 1.7 7.6/6.7 7.2
R-125 2.9 3.0 28 9.2/8.8 9.0
R-143a 1.4 1.6 1.4 -0.4/-0.4 -0.4
R-152a
R-123 529 53.1 52.6 380/393 386
R-142b 79 78 7.8 31.0/30.1  30.5
R-134
AB
MO
PEMA
PEBA
PPGD
PPGBM
MPG I
PEMA - Pentaerythritol Ester Mixed Acid MPG Maodified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylcoe Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monoether AB . Alkyl Benzene
MO - Mineral Oil

100



Formula # 17 Ingredient pphr
Very High ACN Nitrile 100
Zinc Oxide 3
Stearic Acid 1
Magnesium Carbonate Coated Sulfur 1.5
N-t-butyl-2-benzothiazy! sulfenamide 0.7
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg,. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 478 475 47.6 255/238 247
R-32 8.5 8.5
R-124 39.6 39.7 40.2 257/241 249
R-134a 2.0 3.0 49 20.77204 20.6
R-125 0.8 0.0 1.7 7.4/9.7 8.6
R-143a 0.2 04 09 3.2/3.4 33
R-152a 7.8 79 7.9 249243 246
R-123 78.5 79.2 77.5 669/664 666
R-142b 3.8 5.6 7.3 28.8/28.7 28.8
R-134
AB 0.2 0.2/40.1 0.2/0.2 0.2
MO 0.2 0.3/0.3 0.3 1.5/1.6 1.6
PEMA 0.8 1.6/1.9 5.0/5.3 5.2
PEBA 0.4 1.0/1.1 3.1/3.6 34
PPGD 1.0 2.0/2.0 5.6/5.7 5.7
| PrGBM 0.4 0301 02 |0305 04
MPG 0.4 -0.4/-0.3 -0.2/-0.1 -0.1
———— — —
PEMA - Peotacrythritol Ester Mixed Acid MPG Maodified Polyglycol
PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropyienc Glycol Butyi Monoether AB - Alkyl Benzene
MO - Mineral Oil
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Formula # 18 Ingredient pphr
High ACN Nitrile 100
Zinc Oxide 3
Stearic Acid 1
Magnesium Carbonate Coated Sulfur 1.5
N-t-butyl-2-benzothiazyl sulfenamide i
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 514 56.8 514 275/260 268
R-32 83 8.3
R-124 45.4 453 459 289/274 282
R-134a 2.5 4.1 5.1 22.0219 220
R-125 1.5 20 39 16.2/159 16.1
R-143a 0.6 1.0 2.0 5.8/5.8 58
R-152a 8.6 8.7 8.8 27.5273 274
R-123 83.0 83.4 83.7 720/713 716
R-142b 6.5 8.6 8.7 342344 343
R-134
AB 04 0.2/0.2 0.2 0.7/0.9 0.8
MO 0.4 0.7/0.9 0.8 2.5/2.7 2.6
il
PEMA 1.6 3.8/3.2 35 10.9/104 10.7
PEBA 1.0 2.1/2.6 24 6.3/7.2 6.7
PPGD 1.5 3.22.7 29 9.7/8.3 9.0
PPGBM 0.3 0.4/0.2 0.3 1.0/1.1 1.1
MPG 0.3 -0.2/-0.3 0.2 0.1/0.0 0.1
e —— =
PEMA - Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentaerythritol Ester Branched Acd PPGD - Polypropyleac Glycol Diol
PPGBM - Polypropylenc Glycol Butyl Monocther AB - Alkyl Benzene

MO - Mineral Qil
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Formula # 19 Ingredient pphr
Medium ACN Nitrile 100
Zinc Oxide 3
Stearic Acid 1
Magnesium Carbonate Coated Sulfur 1.5
N-t-butyl-2-benzothiazyl sulfenamide 1
Swell Data:
: 24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 49.8 498 50.4 262/244 253
R-32 N 1.7
R-124 46.2 46.1 458 3117284 298
R-134a 5.1 5.8 5.7 25.0/23.7 244
R-125 3.5 5.1 6.2 23.5/23.1 233 |t
R-143a 1.4 23 2.7 9.0/9.0 9.0
R-152a 88 8.9 8.7 284278 28.1
R-123 94.2 94.1 94.4 875/883 879 |
R-142b 11.6 11.6 11.6 47.2/46.8 470
R-134
AB 0.9 1.7/1.9 1.8 5.1/4.9 5.0 “
MO 1.3 2.6/2.7 2.7 8.3/8.7 8.5
PEMA 6.4 9.9/9.7 9.8 33.233.2 332
PEBA 3.8 7.11.7 7.1 25.4/256 255
PPGD 5.8 8.0/7.9 79 25.6/254 255
" PPGBM 1.3 2.0/1.8 19 5.9/5.8 59
" MPG 0.5 0.7/0.7 0.7 2.6/2.9 2.8
— —
PEMA - Pentacrythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylenc Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monoether AB - Alkyl Benzene
MO - Mineral Oil
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Formula # 20 Ingredient pphr
Low ACN Nitrile 100
Zinc Oxide 3
Stearic Acid 1
Magnesium Carbonate Coated Sulfur 1.5
N-t-butyl-2-benzothiazy! sulfenamide 7
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
e —
R-22 35.6 35.1 354 180/174 177
R-32 6.2 6.1
R-124 31.0 31.2 29.9 199/187 193 u
R-134a 45 43 43 19.2/188  19.0 11
R-125 5.0 5.3 5.2 21.9/214 21.7
R-143a 2.8 3.2 34 1L.9/11.1 115
R-152a 7.4 8.1 7.4 27.3270 272
R-123 73.9 71.3 73.2 739/755 747
R-142b 13.8 14.1 14.0 59.9/589 594
R-134
AB 48 6.9/7.1 7.0 21,0220 215
MO 42 7084 17 26.9/26.9  26.9
PEMA 21.5 23.524.7 241 98.4/989 98.6
PEBA 13.1 18.9/19.2 19.0 72.0/72.1 72.1
PPGD 11.0 1L1/114 113 39.9/399 399
PPGBM 40 7.27.6 7.4 23.7238 237 ,
MPG 23 43/39 4.1 13.9/143 14.1 ﬂ
%
PEMA . Pentaerythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentacrythritol Ester Branchod Acid PPGD - Polypropylenc Glycol Diol
PPGBM . Polypropylene Glycol Butyl Monocther AB . Alkyl Benzene
MO - Mioeral Qil
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Formula # 21 Ingredient pphr
Low ACN Nitrile 100
Zinc Oxide 3
Stearic Acid 1
MgCO, Coated Sulfur 1.5
N-t-butyl-2-benzothiazy] sulfenamide )
N330 Carbon Black 35
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 258 23.0 22.0 121/115 118
R-32 43 45
R-124
R-134a 33 34 35 15.5/154 155
R-125 3.0 38 34 15.8/15.6 15.7
R-143a 1.6 1.7 14 8.0/7.9 8.0
R-152a
R-123 425 419 409 352/362 357
R-142b 8.5 9.0 9.1 41.3/40.5 409
R-134
AB
MO
PEMA
PEBA
PPGD
PPGBM
LMPG
— —
PEMA - Pentacrythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylenc Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monoether AB - Alkyl Benzene

MO

- Mineral Oil
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Formula # 22 Ingredient pphr
Very High ACN Nitrile 100
Zinc Oxide 3
Stearic Acid 1
MgCO, Coated Sulfur 1.5
N-t-butyl-2-benzothiazyl sulfenamide 7
N330 Carbon Black 35
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 315 316 31.7 157/165 161
R-32 6.3 6.4
R-124
R-134a 1.2 2.5 42 15.7/15.8 15.8
|
W R-125 04 0.8 1.6 6.8/7.0 6.9
R-143a 04 0.3 0.8 2.8/2.3 2.6
R-152a
R-123 49.3 494 49.7 388/391 390
R-142b
R-134
AB
MO
PEMA
PEBA I
PPGD "
PPGBM "
MPG Il
———— —
PEMA - Peotacrythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Moaocther AB . Alkyl Benzene
MO - Miperal Qil
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Formula # 24 Ingredient pphr
38 % ACN Hydrogenated Nitrile 100
Zinc Oxide 5
Stearic Acid 1
MgCO, Coated Sulfur 1.5
TMTM 3
MBTS 1.5
N774 Carbon Black 40
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 68.4 66.4 66.0 320/208 264
R-32 6.3 6.2
R-124
R-134a 4.7 5.3 5.5 21.121.2 21.2
R-125 52 6.7 6.7 26.0/26.1 26.1
R-143a 1.2 2.1 24 8.0/15.2 11.6
R-152a
R-123 122 121 115 1293/1301 1301
R-142b 10.8 10.6 11.0 42.1/40.8 41.45
R-134
AB
MO
PEMA
PEBA
PPGD
PPGBM
MPG
— .
PEMA - Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylcne Glyco! Butyl Monoether AB - Alkyl Benzene
MO - Mioeral Oil
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Formula # 29 Ingredient pphr
Fluoroelastomer 100
Litharge (Sublimed) 3
Tnallyl Isocyanurate 3
2,5-Dimethyl-2,5-bis(t-butylperoxy) hexane 3

Swell Data:

24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.

—_— ———]
R-22 36.2 359 35.5 91.2/83.8 875
R-32 19.5 19.6
R-124 398 40.4 399 125/120 122
R-134a 30.4 30.4 30.2 79.0/77.0 78.0
R-125 19.8 19.7 19.6 49.9/487 493
R-143a 20.7 20.7 20.8 38.4/378 38.1
R-152a 348 35.0 344 62.7/589 608
R-123 35.7 37.0 378 121/121 121
R-142b 379 38.0 37.6 95.291.1 932
R-134
AB 08 0.2/0 0.1 0.2/0.1 0.2
MO -0.6 0.20.8 0.3 0.2/0.2 0.2
PEMA 1.0 0.70.7 0.7 LI/11 1.1
PEBA 0.8 1.309 1.1 1.6/1.7 1.6
PPGD 1.0 0.5/1.0 0.7 0.8/0.7 0.7
PPGBM 0.5 020 0.1 0.4/0.3 0.3
MPG 0.1 0.30.1 -0.1 0.20.2 0.2

— .
PEMA . Peataerythritol Ester Mixed Acd MPG Modified Polyglycol
PEBA - Pcotacrythritol Ester Branched Acd PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monoether AB . Alkyl Benzene
MO - Mioeral Oil



Formula # 30 .ugredient pphr
Fluoroelastomer 100
Litharge (Sublimed) 3
Triallyl Isocyanurate 3
2,5-Dimethyl-2,5-bis (t-butylperoxy) hexane 3
N330 Carbon Black 30
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 220 22.2 225 57.8/56.4 571
R-32 13.6 12.7
R-124 24.1 234 240 73.7/684 711
R-134a 19.2 18.8 18.2 50.0/47.2 48.6
R-125 134 13.5 13.3 36.5/358  36.2
R-143a 13.8 14.2 14.0 279269 274
R-152a 21.5 21.9 215 41.8/40.2 41.0
R-123 22.6 229 243 70.7/58.5 64.6
R-142b 23.2 23.6 23.0 56.2/52.5 544
R-134
AB 0.3 0.1/0 0.1 0.2/0.3 0.3
MO -0.1 0.5/0.3 0.4 0.3/0.3 0.3
PEMA 04 1.0/0.4 0.7 1.0/1.0 1.0
PEBA 0.3 1.0/0.5 0.8 1.5/1.6 1.6
PPGD 0 0.4/0.5 0.5 0.9/0.9 0.9
PPGBM 0.2 0.3/0.2 0.2 04/04 04
MPG 0.1 0.3/0.4 0.3 0.2/0.2 0.2
PEMA - Pentacrythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB - Alkyl Benzcoe
MO - Mineral Oil
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PEMA - Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Moaoether AB - Alkyl Benzene

MO - Mineral Oil

Formula # 31 Ingredient pphr
Fluoroelastomer 100 g
Litharage (Sublimed) 18g
Triallyl Isocyanurate 18g
2,5-Dimethyl-2,5-bis (t-butylperoxy) hexane 1.8¢g
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 258 25.6 259 71.6/69.1  70.4
R-32 174 17.5
R-124
R-134a 15.7 15.6 16.2 43.2/422 427
R-125 5.8 7.6 8.6 220220 220
R-143a 9.9 10.0 10.2 227224 226
R-152a
R-123 27.8 273 29.1 106/108 107
R-142b 26.3 259 25.1 67.1/66.9 670
R-134
AB
MO
PEMA
PEBA
PPGD
PPGBM
MPG




Formula # 34 Ingredient pphr
Epichlorohydrin Homopolymer 100 g
Stearic Acid 1g
Nickel Dibutyldithiocarbamate lg
Red Lead 5g
Ethylene Thiourea 1.85¢
Swell Data;
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
T ——— —— e
R-22 12.3 21.1 12.3 38.9/38.4 38.7
R-32 47 43
R-124
R-134a 0.3 09 1.3 42/43 43
R-125 0.0 0.1 0.1 1.3/1.4 1.3
R-143a 0.2 0.4 0.9 2.6/2.7 2.7
R-152a
R-123 16.4 17.5 17.1 68.0/68.0 68.0
R-142b 2.3 43 50 14.4/14.3 143
R-134
AB
MO
PEMA
PEBA J
PPGD r
PPGBM
MPG
PEMA - Pentacrythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylenc Glycol Diol
PPGBM - Polypropylcoc Glycol Butyl Monocther AB - Alkyl Benzene
MO - Mioecral Oil
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Formula # 35 Ingredient pphr
Epichlorohydrin Homopolymer 100 g
Stearic Acid lg
Nickel Dibutyldithiocarbamate lg
Red Lead 5g
Ethylene Thiourea 185¢g
N330 Carbon Black 40 g
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
— —— e
R-22 8.7 8.7 5.6 28.8/28.1 28.5
R-32 37 34
R-124
R-134a 0.2 0.3 1.0 2.773.0 28
R-125 0.0 0.1 0.1 0.9/0.9 0.9
R-143a 0.2 0.4 0.6 1.6/1.8 1.7
R-152a
R-123 10.4 12.0 11.8 45.7/45.8 45.7
R-142b 1.1 2.8 29 10.3/10.5 104
R-134
- 1
o ﬂ
PEMA
PEBA
PPGD
PPGBM
MPG
— = — s
PEMA . Pentacrythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylenc Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB - Alkyl Benzene
MO - Mioeral Oil
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Formula # 36 Ingredient pphr
Epichlorohydrin Copolymer 100 g
Stearic Acid lg
Nickel Dibutyldithiocarbamate g
Red Lead Sg
Ethylene Thiourea 185g
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 36.3 36.5 36.0 133/120 126
R-32 6.9 6.4
R-124
R-134a 38 3.6 3.7 12.1/12.1 121
R-125 2.2 3.0 3.1 10.6/10.6 10.6
R-143a 1.2 1.6 1.6 48/4.8 48
R-152a
R-123 67.3 672 68.0 418/418 418
|| R-142b 6.8 6.6 5.8 20.8/20.6  20.7
R-134
AB
MO | |
PEMA
PEBA
PPGD
PPGBM
MPG
— ]
PEMA - Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylens Glycol Diol
PPGBM - Polypropylenc Glycol Butyl Monocther AB - Alkyl Beazeoe
MO - Mineral Qil
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Formula # 37 Ingredient pphr
Epichlorohydrin Copolymer 100 g
Stearic Acid lg
Nickel Dibutyldithiocarbamate lg
Red Lead S5g
Ethylene Thiourea 1.85g
N330 Carbon Black 40g
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 25.6 26.1 238 89.6/83.8 86.7
R-32 5.5 5.7
R-124
| R-134a 2.7 2.5 2.7 8.8/8.3 8.5
R-125 1.5 2.1 24 7.3/7.3 7.3
R-143a 0.8 1.1 1.2 34 34
R-152a I
R-123 43.1 44.6 43.2 210/113 211 "
R-142b 5.0 5.3 4.8 149/150 15.0 ]I
R-134
AB
MO
I PEMA
PEBA
PPGD
PPGBM |
MPG H
m%
PEMA . Pentac. ythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylenc Glycol Butyl Moaocther AB - Alkyl Benzence
MO - Mineral Oil
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Formula #38 Ingredient pphr
Epichlorohydrin Terpolymer 100 g
Stearic Acid lg
Nickel Dibutyldithiocarbamate lg
Red Lead 5g
Ethylene Thiourea 185g
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 39.8 39.0 384 154/145 149
R-32 1.5 7.4
R-124
R-134a 43 34 4.5 14.4/14.5 14.5
R-125 2.8 32 34 12.2/12.0 12.1
R-143a 1.7 1.7 1.5 48/4.7 438
R-152a
R-123 69.4 69.5 70.5 447/449 448
R-142b 8.0 7.4 7.4 22.5/22.3 224
R-134 It
AB
MO
PEMA
PEBA
PPGD
PPGBM
MPG
PEMA - Pentacrythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentaerythritol Ester Branched Acd PPGD - Polypropylenc Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB - Alkyl Benzene
MO - Mioeral Qil
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Formula # 39 Ingredient pphr
Epichlorohydrin Terpolymer 100 g
Stearic Acid lg
Nickel Dibutyldithiocarbamate lg
Red Lead 58
Ethylene Thiourea 185g
IRB6 40g
Swelil Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 26.7 26.8 26.3 102/96 99
R-32 5.1 5.5
R-124
R-134a 3.0 3.0 31 10.2/103  10.2
R-125 20 2.5 3.0 9.0/8.6 8.8 it
R-143a 1.0
R-152a
R-123 423 43.2 41.8 227/227 227
R-142b 5.5 55 5.1 16.4/16.1 16.3

R-134

AB

MO

PEMA

PEBA

PPGD

PPGBM

MPG

PEMA
PEBA

PPGBM

MO

- Pentacrythritol Ester Mixed Acid MPG Modified Polyglycol
- Pentacrythritol Ester Branched Acid PPGD - Polypropylenc Glycol Diol
- Polypropylenc Glycol Butyl Monocther AB - Alky! Benzene
- Mineral Oil

|
|l
a
S ——— —
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Formula # 41 Ingredient pphr
Dimethy! Silicone Rubber 100 g
Dicumy] Peroxide on Calcium Carbonate lg
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 50.0 51.9 52.4 2227199 211
R-32 5.8 59 ||
R-124 41.5 41.0 40.0 210/190 200 "
R-134a 6.1 18.3 6.0 18.5/16.4 175
R-125 72 7.6 7.2 217218 21.7
R-143a 9.9 9.8 9.3 21.0/19.1 201
R-152a 17.3 17.1 17.0 49.0/39.7 443
R-123 60.4 60.9 59.9 398/387 393
R-142b 53.0 51.6 50.7 247/216 232
R-134
AB 159 15.7/15.9 15.8 44.6/44.2 444
MO 79 7.1/14 7.3 19.5/19.4 19.5
PEMA 1.5 1.2/1.5 1.4 3.73.7 3.7
PEBA 28 2523 24 7.3/1.2 7.2
PPGD 0.6 0.2/0.2 0.2 0.20.2 0.2
PPGBM 0.4 ©0.10.1 0 0.7/0.6 0.6 ‘
MPG 4.7 0.3/0.4 04 -0.2/-04 -0.3 “
PEMA - Pentacrythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylenc Glycol Butyl Monoether AB - Alkyl Benzene
MO - Minoeral Qil
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Formula # 42 Ingredient pphr
Methylphenylvinyl Silicone Rubber 100 g
Dicumyl Peroxide on Calcium Carbonate 0.6¢g
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
—_— e
R-22 50.8 51.3 50.5 218210 214
R-32 48 48
R-124 41.8 41.8 42,6 195/193 194
R-134a 5.1 53 5.4 17.017.1  17.1
R-125 58 59 6.0 16.0/17.0 16.6
R-143a 6.8 6.8 6.1 14.5/129 137
R-152a 14.0 14.6 14.8 37.7/33.1 354
R-123 62.8 63.2 65.1 415/399 407
R-142b 52.8 55.6 53.5 252/227 240
R-134
AB 259 26.5/26.7 26.6 78.1777.4 778
MO 11.5 12.0/12.5 12.3 32.5/32.8 32.7
PEMA 9.7 9.6/8.0 8./8 26.3/26.2 26.2
|FEBA 12.1 12.3/12.9 12.6 37.2/37.2 37.2
" PPGD 2.6 1.6/0.6 1.1 3.7/38 3.7
" PPGBM 4.5 4.2/3.5 3.8 9.5/9.5 9.5
MPG 3.0
PEMA - Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropyicnc Glycol Butyl Monocther AB - Alkyl Benzeoe

MO - Mineral Oil
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Formula # 43 Ingredient pphr
Silicone Rubber 100
Dicumy! Peroxide on Calcium Carbonate 0.8
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.

R-22 213 21.6 221 97.186.6  91.9
R-32 34 38
R-124 17.5 17.2 17.4 89.2/82.3  85.7
R-134a 3.6 39 3.6 12.6/120 123
R-125 4.5 44 438 15.8/155 157
R-143a 6.1 59 59 15.7/13.8 148
R-152a 9.1 9.1 9.2 28.0/25.7  26.9
R-123 23.0 23.0 223 139/136 137
R-142b 220 220 220 91.5 91.5 "
R-134
AB 8.5 8.1/77.9 8.0 22,1220 22.1
MO 5.4 4.5/4.6 4.6 12.6/12.5 12.6
PEMA 22 1.7/1.8 1.8 5.1/5.0 5.1
PEBA 2.7 2.3/2.1 22 7.0/7.0 7.0 ||
PPGD 0.5 0.4/0.5 0.4 1.6/1.4 1.5
PPGBM 0.8 0.6/0.9 0.7 2.712.6 2.7
MPG 0.9 0.7/0.5 0.6 2.5/2.7 2.6 _

PEMA - Pentacrythritol Ester Mixed Acid MPG Modificd Polyglycol

PEBA - Pentacrythritol Estcr Branched Acid PPGD - Polypropyleac Glycol Diol

PPGBM - Polypropylenc Glycol Butyl Monoether AB - Alkyl Benzene

MO - Mincral Qil



PEMA
PEBA
PPGBM
MO

- Pentacrythritol Ester Mixed Acid

- Pentacrythritol Ester Branched Acid
- Polypropylene Glycol Butyl Monocther
- Mincral Oil

Formula # 44 Ingredient pphr
Fluorosilicone 100
Iron Oxide 1S
Bis(2,4-dichlorobenzoyl peroxide) 1.3
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
[ — = B S
R-22 420 420 430 141/129 135
R-32 31.6 317
R-124 325 33.1 322 137127 132
R-134a 34.6 35.0 354 127/122 125
R-125 15.0 15.0 15.0 50.0/48.2 49.0
R-143a 240 24.0 245 64.1/58.0 61.0
R-152a 39.6 39.8 394 106/102 104
R-123 317 31.0 314 137137 137
R-142b 433 43.0 42,0 151 151
R-134
AB 0.8 -0.3/0.3 0 1.1/1.0 1.1
MO 1.0 0.6/0.4 0.5 0.8/0.9 0.9
PEMA 2.5 2.1/1.9 2.0 49/49 49
PEBA 23 2.7/3.6 3.1 1.5/1.5 7.5
PPGD 1.1 0.7/0.7 0.7 1.3/1.4 1.3
PPGBM 0 -0.10.1 0 0.6/0.5 0.6
MPG -0.6 -0.70 -0.3 0.3/0.5 0.4
O e ST W N — |

MPG - Modified Polyglycol

PPGD -
AB - Alkyl Benzenc

Polypropylene Glycol Diol



Formula # 45 Ingredient pphr
EPDM/Polypropylenec TPE Shore A 87 100
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.

R-22 0.7 -0.9 -0.9 5.9/3.1 45 “
R-32 0.7 0.9 ||
R-124 0.8 0.9 -1.3 8.8/8.9 8.9
R-134a 0.0 0.1 2.4/24 24
R-125 1.0 1.4 1.7 9.6/104 100
R-143a 0.8 0.6 0.9 2.9/3.0 29
R-152a 0.8 0.7 0.8 5.9/4.2 5.1
R-123 03 0.1 0.1 19.2/19.2 192
R-142b -0.1 0.3 -0.6 7.0/6.2 6.6
R-134
AB 3.6 4.5/4.6 4.6 17.3/18.1 17.7
MO 6.6 6.6/6.7 6.7 26.0/26.2 26.1
PEMA -1.3 -1.7-1.7 -1.7 -1.7/-20 -19
PEBA 0.8 -1.2/-1.6 -1.4 -1.7/-1.8 -1.8
PPGD -2.8 -3.5/-2.7 -3.1 -9.0/-8.9 -8.9 ||
PPGBM -1.2 -1.9/-2.4 -22 44/44 44 “
MPG II

PEMA - Pentaerythritol Ester Mixed Acid MPG - Modified Polyglycol

PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM - Polypropylenc Glycol Butyl Monoether AB - Alkyl Benzene

MO - Mineral Oil



Formula # 46 Ingredient pphr
EPDM/Polypropylene TPE Shore A 73 100
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
= LR
R-22 -2.5 -3.2 3.5 -1.0/-81 -7.6
R-32 0.7 0.7 |
R-124 -24 -3.4 4.2 -59/-64 -6.2
R-134a 0.4 0.1 2.6/2.7 2.6
R-125 1.3 2.7 3.2 11.3/129 121
R-143a 0.1 0.2 0.4 3.3/3.5 34
R-152a 0.7 0.3 0.6 4.5/3.9 42
R-123 -1.3 -1.3 -1.4 15.2/15.1 15.2
R-142b -3.3 -3.8 4.2 -6.1-64  -6.3
R-134
AB 8.7 11.1/10.3 10.7 38.6/38.5 38.6
MO 13.8 13.2/14.1 13.7 54.2/54.0 54.1
PEMA -39 -8.0/-5.1 -6.6 -13.5/-13.7 -13.6
PEBA -3.2 4.2/42 42 -12.5/-12.6 -12.6
It PPGD -5.6 -6.0/-7.3 -6.7 -21.6/-21.3 -21.5
PPGBM -4.0 -6.1/-6.5 -6.3 -18.1/-179 -18.0
MPG “
PEMA . Pentacrythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentacrythritol Ester Braoched Acid PRGD - Polypropyicne Glycol Diol
PPGBM - Polypropyiene Glycol Butyl Monocther AB - Alkyl Benzenc
MO - Mineral Oil



(AY

Formula # 47 Ingredient pphr
EPDM/Polypropylene TPE Shore D 40 100
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wagt. Chg.
e e
R-22 -0.4 -0.4 -0.5 7.6/3.4 5.5
R-32 04 0.2
R-124 -0.4 -0.5 -0.5 11.8/10.6 11.2
R-134a 0.2 0.3 2.2/2.1 2.1
R-125 0.8 1.7 1.8 9.4/9.5 9.4
R-143a 0.7 0.6 0.6 2.8/2.7 2.7
R-152a 0.3 0.6 0.6 6.1/4.8 54
R-123 0.9 0.5 0.5 18.8/18.5  18.7
R-142b 0.2 0.2 -0.2 8.1/7.0 7.6
R-134
AB 29 3.4/29 3.2 13.5/14.4 140
MO 4.1/3.9 40 18.3/18.0 18.2
PEMA 0.5 -0.6/-0.2 -0.4 1.0/1.2 1.1
PEBA 0.5 0.1/0.4 -0.2 0.9/1.1 1.0
PPGD -1.0 -1.2-1.1 -1.2 -3.2/-3.2 -32
PPGBM 0.4 0.3/0.9 -0.5 -0.4/-0.5 -0.5
MPG
—_—— e
PEMA - Pentacrythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylenc Glycol Butyl Monocther AB - Alkyl Benzenc
MO - Mioeral Qil




PEMA
PEBA
PPGBM
MO

- Pentacrythritol Ester Mixed Acid

- Pentacerythritol Ester Branched Acid
- Polypropylene Glycol Butyl Monocther
- Mineral Oil

MPG -
PPGD -
AB - Alkyl Benzene

Formula # 48 Ingredient pphr
EPDM/Polypropylene TPE Shore D 50 100
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.

R-22 0.1 0.5 0.1 7.6/64 170
R-32
R-124 0.1 0.2 -0.3 9793 95
R-134a 0.3 0.3 1922 21
R-125 0.6 1.3 1.4 8.8/94 9.1
R-143a 0.2 0.4 0.7 2324 23
R-152a 0.1 -0.2 -0.1 20/1.2 1.6
R-123 1.4 1.0 1.1 17.8/178 178
R-142b 0.7 0.7 0.4 1.91.7 7.8
R-134
AB 1.5 2.5/22 2.4 9.5/9.2 9.4
MO 2.6 27126 2.7 13.9/13.7 13.8
PEMA 0.6 0.2/0.0 0.1 2.0/1.6 1.8
PEBA 0.0 -2.50.0 -1.3 1.5/1.8 1.7
PPGD -0.6 -L1/-13 -1.2 -1.5/-1.6 -1.6
PPGBM 0.5 04/-04 04 0.8/0.7 0.8
MPG

e——

Modified Polyglycol
Polypropylene Glycol Diol



Formula # 49 Ingredient pphr

Nitrile/Polypropylene TPE Shore A 87 100

Swell Data:

24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.

e e ————— e
R-22 9.9 10.3 10.2 65.2/54.7 60.0
R-32
R-124 5.7 5.8 6.6 51.1/500 50.6
R-134a 0.4 0.7 -0.2 44/40 4.2
R-125 1.3 14.2 1.7 7.8/8.8 83
R-143a 1.1 0.4 0.4 0.7/1.5 1.1
R-152a 1.0 0.3 0.4 2.6/3.4 30
R-123 19.6 20.0 20.6 140/139 139
R-142b 2.3 1.7 1.7 12.3/12.1 12.2
R-134
AB 1.0 0.5/0.7 0.6 -0.9/-0.9 -0.9
MO 1.8 0.9/0.4 0.7 L1/11 11
PEMA 0.9 0.7/1.1 0.9 3.6/3.6 3.6
PEBA 0.0 0.3/0.9 0.6 25/25 2.5
PPGD 0.6 0.4/0.1 0.2 0.5/0.8 0.6
PPGBM 0.2 -0.4/-0.8 0.6 -2.2/-2.1 21
MPG -1.4 1271212 -2.7/-2.4 -26

L -

PEMA - Pentacrythritol Ester Mixed Acid MPG - Maodified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropyleac Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monoether AB - Alkyl Benzenc

MO - Mioeral Oil



Formula # S0 Ingredient pphr
Nitrile/Polypropylene TPE Shore A 80 100
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. _,,_ Chg. ] % Dia. Chg. % Wgt. Chg.
R-22 14.3 14.6 14.6 78.4/715.5 770
R-32
R-124 10.5 10.2 10.6 7777148 763
R-134a 0.7 -0.2 -1.3 1.23.7 25
R-12§ 1.8 1.7 0.3 4.8/4.7 47
R-143a 04 2.8 -1.2 -2.6/-0.2 -14
R-152a 0.4 0.3 04 0.4/0.1 0.3
R-123 311 315 318 216/216 216 ff
R-142b 1.5 1.1 0.6 1LY1LS 113
R-134
AB -0.3 -1.4/-1.3 -1.4 -5.9/-57 -5.8
MO 0.7 -0.8/-09 -09 -3.3/-3.1 -3.2
PEMA 1.4 0.9/0.8 0.9 3.3/35 34
PEBA 0.4 0.3/0.1 0.1 1.4/1.4 14
PPGD 1.0 0.6/0.7 0.6 1.3/1.5 1.4
PPGBM -0.8 -1.9/-19 -19 -6.0/-6.2 -6.1
MPG -1.9 -2.8/-2.5 -2.7 -1.7/-19 -1.8
PEMA - Pentacrythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Peatacrythritol Ester Branched Acid PPGD - Polypropylcac Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB - Alkyl Benzene
MO - Mioeral Oil



Formula # 51 Ingredient pphr

Nitrile/Polypropylene TPE Shore D 40 100
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 6.9 : 7.1 74 47.4/42.9 4;‘
R-32 ||
R-124 4.7 4.6 4.5 39.7/39.0 394 |
R-134a 0.9 0.9 0.5 6.6/7.2 6.9
R-12§ 1.0 1.8 1.8 7.5/8.2 7.9
R-143a 0.8 1.3 0.3 -1 1.812.0 1.4
R-152a 1.2 04 0.3 3.0/3.0 3.0
R-123 14.2 14.5 15.4 103/101 102
R-142b 23 1.9 1.7 120115 118 f
R-134 |
AB 1.4 0.7/1.1 0.9 1.0/1.0 1.0
MO 1.8 1L.I/1.1 1.1 2.9/3.1 3.0
PEMO 0.8 0.9/0.8 0.8 34/33 34
PEBA 0 0.5/0.4 0.5 2.8/2.6 2.7
H PPGD 0 0.2:0.2 -0.2 0.4/0.5 0.4
ﬂ PPGBM 0.1 0.2/0.4 -0.3 -0.8/-0.9 -0.9
MPG -0.6 -1.0/-0.6 -0.8 -1.6/-1.5 -1.5
PEMA - Pentacrythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylenc Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB - Alkyl.Bcnz:nc

MO - Mincral Qil




Formula # 68 Ingredient pphr
Chlorosulfonated PE 100
Litharge 25
Benzothiazyl disulfide 0.5
Sulfur 2
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 9.1 8.6 8.2 278279 278
R-32
R-124
R-134a 0.3 0.3 1.2 3.5/3.2 33
R-125 0.7 0.9 1.2 3.5/2.8 3.2
R-143a 1.0 1.4 22 5.0/4.9 49
R-152a
R-123 18.6 18.9 18.8 75.27150 751 ﬂ
R-142b 3.6 6.0 6.1 177179 178
R-134 ﬂ
AB
| Mo
PEMA
PEBA :
PPGD
ﬂ PPGBM
MPG

PEMA . Pentaerythritol Ester Mixed Acid
- Pentaerythritol Ester Braoched Acid
- Polypropylene Glycol Butyl Monoether

PEBA
PPGFM
MO

- Mioeral Oil

Modificd Polyglycol
Polypropylenc Glycol Diol
- Alkyl Benzene



Formula # 70 Ingredient pphr

Chlorosulfonated PE 100 g
Litharge 20¢g
Benzothiazyl disulfide 05g
Dipentamethyllenethiuram hexasulfide 075¢
Magnesia 10g
Nickel Dibutyldithiocarbamate 3g
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
" R-22 7.8 7.2 73 23.2/23.1 23.1
“ R-32
R-124
R-134a 0.1 0.0 09 3.6/3.5 35
R-125 1.1 1.2 1.3 3.8/3.8 38
R-143a 0.7 1.3 1.9 44/4.2 43
R-152a
R-123 17.9 17.8 17.5 71.2/71.3 71.2
R-142b 3.9 59 5.7 ' 16.6/16.8 16.7
R-134
AB
MO
PEMA
PEBA
PPGD
PPGBM ||
MPG I]
PEMA - Pentacrythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylenc Glycol Diol
PPGBM - Polypropylenc Glycol Butyl Monoether AB - Alkyl Benzene

MO - Minenl Oil




Formula # 72 Ingredient pphr
EP Rubber 100 g
Dicumy! Peroxide g
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 6.0 6.0 5.9 276269 273
R-32
R-124 2.8 30 27 19.1/18.2 187
R-134a 1.8 23 34 10.3/5.6 8.0
R-125 33 33 2.8 9.2/7.6 8.4
R-143a 1.4 1.5 0.9 4.1/3.7 39
R-152a 1.0 1.0 1.1 5.8/5.0 5.4
{| R-123 15.9 16.1 16.2 105/105 105
R-142b 7.5 7.4 7.6 31.7 31.7
R-134
AB 58.9 70.7772.8 71.7 434/425 429
MO 66.2 83.4/83.3 834 560/534 547
PEMA 31 3.273.1 3.2 12.7/12.6 12.7
PEBA 32 3226 29 12.1712.3 12.2
PPGD 0.1 0.2/0 0.1 0.4/0.3 0.3
PPGBM 0.7 0.4/0.4 04 1.5/1.6 1.6
MPG 0.2 -0.4/-0.1 0.3 0.30.4 0.1
= SR SRR F— et ear— S |
PEMA - Penlacrythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB - Alkyi Beazenc
MO - Mineral Oil




Forrnula # 73 Ingredient pphr
EP Rubber 100 g
Dicumyl Peroxide g
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wet. Chg.
R-22 45 44 4.5 19.5/19.3
R-32
R-124 2.1 24 24 10.8/11.3
R-134a 0.9 1.1 0.8 2.0/1.3 1.7
R-12§ 22 2.1 2.1 7.8/6.7 7.3
R-143a 1.3 1.3 1.2 2.712.6 2.6
R-152a 11 11 1.2 4.3/38 41 |
R-123 9.1 9.0 9.0 52.1/52.2
| R-142b 4.9 49 438 19.8/19.5
R-134
AB 41.0 49.7/48.4 49.1 231/232 231
MO 53.6 58.2/59.3 58.8 314/317 315
PEMA 2.6 2.5/1.6 2.1 9.4/9.3 94
PEBA 25 2824 26 9.6/9.8 9.7
PPGD 0.8 0.4/0.1 0.3 1L.27/14 13
HPPGBM 1.3 1.1/0.4 0.7 29/1.3 2.1 ﬁ
MPG 0.4 0.1/0.0 0.1 0.3/0.1 0.1 ﬂ
PEMA - Pentaerythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylenc Glycol Diol
PPGBM - Polypropylenc Glycol Butyl Monocther AB . Alkyl Benzene

MO - Mineral Oil

Formula # 74 Ingredient pphr



Formula # 74 Ingredient pphr
EP Rubber 100 g
Dicumyl Peroxide g
N330 Curbon Black 40pg
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
E— e
R-22 2.7 2.8 2.6 13.0/13.2 13.1
R-32
R-124 1.1 1.2 1.2 7.1/7.4 73
R-134a 0.2 0.3 0.2 0.3/0.3 0.3
R-125 1.8 1.8 1.7 5.6/5.4 5.5 "
R-143a 1.2 0.9 1.2 24/3.1 28
R-152a 0.6 0.3 0.5 2.9/3.0 2.9
R-123 6.8 6.6 6.1 35.9/36.3 36.1
R-142b 35 34 33 13.6/13.3 13.5
R-134
AB 315 36.6/36.6 36.6 148/147 147
MO 38.5 45.0/43.4 442 | 206200 203 ||
PEMA 20 1.4/1.1 1.3 6.0/6.0 6.0
PEBA 14 1.9/1.4 1.6 6.3/6.5 6.4
PPGD 0.3 0.0/0.1 0.1 0.4/0.4 04
PPGBM -0.1 -0.204 0.1 0.8/0.9 09
MPG 0.1 -0.6/-0.1 -0.4 0.2/-0.2 -0.2
B e S— e S Bttt
PEMA - Peotacrythritol Ester Mixed Acid MPG - Modificd Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD Polypropylene Glycol Diol
PPGBM - Polypropylenc Glycol Butyl Monocther AB - Alkyl Benzeoe

MO - Mineral Qil




Formula # 75 Ingredient pphr
Ethylene Acrylic Elastomer 100 g
Methylene Diamine lg
Diphenylguanidine 32g
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
— —
R-22 78.6 7.5 77.4 116/334 225
R-32
R-124
R-134a 11.9 11.9 12.3 50.7/49.6  50.0
R-125 16.9 17.0 16.7 7427740 741
R-143a 53 5.5 5.5 18.5/180 183
R-152a
R-123 119.0 117.0 116.0 1209/1194 1202
R-142b 314 30.6 31.1 130/126 128
R-134
AB
MO
PEMA
PEBA
PPGD
PPGBM |
MPG II
e —
PEMA - Peataerythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Peatacrythritol Ester Branched Acid PPGD - Polypropylenc Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB - Alkyl Benzene
MO - Mincral Oil
Formula # 76 Ingredient pphr




Formula # 76 Ingredient pphr
Ethylene Acrylic Elastomer 100
N 774 35
Methylene Dianiline 1
Diphenylguanidine 4
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg, % Dia. Chg. % Dia. Chg, % Wgt, Chg.
R-22 472 46.0 46.7 183/164 174
R-32
R-124
R-134a 8.5 8.3 19 29.9/29.9 299
R-125 11.7 12.0 1.5 44.8/44.7 447
R-143a . 44 4.5 47 10.7/10.5  10.6
R-152a
R-123 65.3 66.0 69.1 458/455 456
R-142b 212 20.5 20.1 81.4/78.6 80.0
R-134
AB
MO
PEMA
PEBA
PPGD
PPGBM f
MPG u
)
PEMA - Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acd PPGD - Polypropylenc Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB - Alkyl Benzenc
MO - Mineral Oil



rormuia # /6 ngreaient PPt
Chlorinated PE 100 g
Magnesium Dioxide 10g
Triallyl Isocyanurate 2g
Dicumyl Peroxide on Clay 4g
N330 Carbon Black 40 g
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg, % Dia. Chg. % Dia. Chg. % Wgt. Chg,
R-22 47 42 4.5 18.6/18.4 18.5
R-32
R-124
R-134a 0.2 0.3 0.6 2.2/2.0 2.1
R-125 0.0 0.3 2221 22
R-143a -0.1 0.2 0.5 1.7/1.8 1.8
R-152a
R-123 10.2 11.7 10.2 49.0/49.5  49.2
R-142b 1.0 35 38 12.6/12.6 12.6
R-134
AB
MO
PEMA
PEBA
PPGD
PPGBM
MPG “
PEMA - Pentaerythritol Ester Mixed Acd MPG - Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylenc Glycol Butyl Monocther AB . Alkyl Benzeoe



Formula #80 Ingredient pphr

EPDM 100 g
Zinc Oxide 5g
Sulfur 15¢g
Stearic Acid lg
TMTD lg
MBT Sg
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
— e ————t
R-22 39 43 38 16.7/16.0 16.4
R-32
R-124 1.7 22 2.1 10.2/10.6 104
R-134a 0.5 0.6 2.4/2.5 2.5
R-125 23 29 2.8 9.0/9.0 9.0
R-143a 1.0 0.9 0.7 2.72.4 2.6
R-152a 1.1 1.0 0.9 4.0/3.6 3.8 L
R-123 7.9 8.8 8.8 46.5/46.4 46.5 1
R-142b 3.7 36 39 15.3/15.5 15.4
R-134
AB 30.3 35.8/35.6 35.7 | 14141 142
MO 37.6 42.4/42.2 423 | 186/185 186 ||
PEMA 2.7 2.3/2.3 23 | 7.1/74 73
PEBA 1.9 2324 24 | 8.2/8.0 8.1
PPGD 0.3 0.2/0.0 0.1 0.1/0.2 0.2
PPGBM 09 0.2/0.6 04 | 1.5/1.6 1.6 "
MPG H
-—_——w“ e — -
PEMA - Pentaerythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylenc Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monoether AB - Alkyl Benzene

MO - Mineral Oul



1 Utlilldia ¢ O1

AlipiAdviIL ppil
EPDM 100 g
Zinc Oxide 5g
Sulfur 15¢g
Stearic Acid lg
TMTD lg
MBT Sg
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
mm e —
R-22 5.5 53 5.0 2431238 24.1
R-32
R-124 3.1 3.8 3.5 15.5/19.1 17.3
R-134a 0.9 0.7 3.7/3.8 38
R-125 38 3.6 3.6 11.5/109 11.2
R-143a 1.1 1.2 1.0 5.0/45 48
R-152a 1.4 1.6 1.6 5.6/59 5.8
R-123 14.6 14.6 14.5 79.3/79.6 79.5
R-142b 6.3 6.3 6.1 25.5/25.3 25.4
R-134
| |
AB 28.5 35.6/37.1 364 149/148 148
MO 320 41.7/42.6 422 188/188 188
PEMA 2.6 3.232 3.2 10.6/10.6 10.6
PEBA 22 34/33 34 11.1/10.9 1i.0
PPGD 0.5 -0.6/-0.1 -0.4 0.3/0.6 0.5
PPGBM 0.5 -0.30.6 0.2 2224 23
MPG
—
PEMA - Pentacrythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monoecther AB - Alkyl Benzene
MO - Mineral Oil



4 VIS TTYVA ANpIdICIL pphr

EPDM 100 g
Zinc Oxide 5g
Sulfur 15g
Stearic Acid lg
TMTD lg
MBT Sg
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg, % Wgt. Chg.
R-22 44 49 45 19.0/18.5 18.8
R-32
R-124 2.2 2.5 2.5 12.5/12.1 123
R-134a
R-125 2.6 35 33 10.6/9.5 10.1
R-143a 0.8 0.7 0.6 34/34 34
R-152a 1.3 1.3 1.3 40/52 46
R-123 10.0 9.8 9.6 56.4/56.2 56.3
R-142b 49 5.0 5.1 19.5/19.1 19.3 I
R-134
AB 28.4 35.1/349 35.0 143/143 143
MO 359 419/41.8 4149 184/186 185
PEMA 28 24/2.3 254 74/74 74
PEBA 1.5 22/23 23 8.0/79 8.0 "
PPGD 0.2 0.2/:0.4 -0.1 0.1/0.0 0.1
PPGBM 0.4 -0.5/1.1 0.5 1.6/1.6 1.6
MPG
o — —
PEMA - Pentacrythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylence Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB - Alkyl Benzene

MO - Mineral Oil



EPDM 100 g
Zinc Oxide 5g
Sulfur 15g
Stearic Acid lg
TMTD lg
MBT Sg
N330 Carbon Black 40g
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22 3.1 34 2.8 11.3/11.2 11.3
R-32
R-124 1.3 1.8 1.5 7.1/7.1 7.1
R-134a 0.2 0.7 1.5/1.7 1.6
R-125 1.7 2.6 25 7.4/7.4 7.4
R-143a 0.8 0.6 0.4 2.1/1.9 20
R-152a 1.0 1.0 0.8 3.5/2.6 3.1
R-123 6.5 6.3 6.5 32.6/32.4 32.5
R-142b 38 38 34 11.1/109 11.0
R-134
AB 20.6 26.8/25.3 26.1 85.8/85.6 85.7
MO 25.9 29.4/29.8 29.6 113/112 112
PEMA 0.6 1.3/15 14 5.3/53 53
PEBA 1.5 1.8/1.5 1.7 5.4/5.7 5.6
PPGD 0.3 0.4/0.5 0.5 0.3/0.2 0.3
PPGBM 0.6 1.1/0.0 0.6 1.3/1.2 1.3
MPG
PEMA - Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Peatacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB - Alkyl Benzene




EPDM 100 g

Zinc Oxide 58
Stearic Acid lg
Dicumyl Peroxide lg

Swell Data:

24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg,

T — - —
R-22 43 43 40 19.7/19.8 19.8
R-32
R-124 24 2.5 24 12.8/12.3 12.6
R-134a 0.5 0.6 0.6 2.2/2.2 2.2
R-125 2.6 3.1 2.7 9.8/8.7 93
R-143a 0.7 0.8 0.8 3.2/3.1 3.2
R-152a 1.3 1.1 1.2 4.5/4.2 44
R-123 99 10.1 9.9 55.4/55.5 55.5
R-142b 4.7 4.7 44 19.1/18.6 18.8
R-134
AB 48.5 59.0/59.5 59.3 | 285/286 285
MO 61.8 72.8/72.3 72.6 | 412/403 407
PEMA 3.0 2.6/2.5 2.6 | 8.7/6.8 7.8
PEBA 0.5 2.6/2.6 261 9.8/9.8 98
PPGD 0.8 0.5/0.9 0.7 19/18 1.9
PPGBM 1.0 0.7/0.9 08 ] 25124 2.5
MPG 0.5 0.1/0.z 0.2 | 0.9/0.8 0.8

mw

PEMA - Pentacrythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB - Alkyl Benzene

MO . Minenal Oil




94

Formula # 85 Ingredient pphr
Butyl/Polypropylene TPE 100
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
R-22
R-32
R-124 0.4 -0.2 -1.8 0.70.7 0
R-134a 0.2 0.3 0.3 2727 27
R-12§ 1.8 20 23 10.0/8.3 9.2
R-143a 0.3 0.3 0.5 3.2/3.8 35
R-152a -0.3 -0.7 -14 -1.5/0.1 -0.8
R-123 2.1 1.9 24 33.7/33.7 33.7
R-142b 03 -1.2 -2.4 -1.2/-08 -1.0
R-134
nB 11.9 20.5/20.9 20.7 87.4/85.1 86.3
MO 16.7 2507/25.1 25.4 114/112 113
PEMA 26 2929 29 | 6461 -63
PEBA 2.0 -3.2-3.5 -34 6.4/-6.1 0.2
PPGD -2.8 -5.7/-5.5 -5.6 -15.9/-15.7 -15.8
PPGBM 2.4 -5.8/-54 -5.6 -15.7/-145 -15.1
MPG -1.6 -4.9/-48 -4.9 -14.7/-14.9 -148
e ]
PEMA . Pentacrythritol Ester Mixed Acid MPG - Madified Polyglycol
PEBA - Peotacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monoether AB - Alkyl Benzene

MO - Mioeral Oil
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Formula #86 Ingredient pphr
Chloroprene Rubber (Vendor Supplied Cured Sheets)
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
I R-22 0.3 -0.6 0.8 2123 22 "
R-32
R-124
R-134a 0.6 -1.5 -2.6 -4.8/-48 -48 "
R-125 0.3 0.9 22 -4.0/-4.0 -4.0
R-143a -0.8 -1.6 -2.5 -5.2/-5.2 -5.2
R-152a
R-123 57 5.5 4.9 24.1723.7 23.9
R-142b 0.1 -1.2 -1.5 92.2/107 99.4
[ R-134
AB
MO
PEMA
PEBA
PPGD
PPGBM
“ MPG
PEMA . Pentacrythritol Ester Mixed Acid MPG Modified Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monoether AB - Alkyl Benzenc
MO - Mineral Qil
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Formula #87 Ingredient pphr
ACN Compound (Vendor Supplied Cured Sheets)
Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
II R-22 238 23.7 23.9 118/106 112
=
R-124
R-134a 1.7 1.6 1.3 6.7/7.1 6.9
R-125 1.9 2.5 2.1 8.2/8.9 8.5
R-143a 0.7 1.3 1.3 2.6/2.7 2.7
R-152a
R-123 425 40.7 399 238/237 238
R-142b 5.1 39 38 16.4/17.0 16.7
R-134
AB
MO
PEMA
PEBA
PPGD
PPGBM
MPG
S T |
PEMA - Pentaerythritol Ester Mixed Acid MPG - Modified Polyglycol
PEBA - Pentacrythritol Estcr Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB - Alkyl Benzenc

MO - Mineral Oil
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Formula #88 Ingredient pphr

Neoprene/Syuthetic Fiber Compound (Vendor Supplied Cured Sheets)

Swell Data:
24 Hour 72 Hour 14 Day 14 Day
Test Fluid % Dia. Chg.; % Dia. Chg. % Dia. Chg. % Wat. CE_
R-22 0.5 0 -0.6 10.8/8.7 9.8
R-32
R-124
R-134a 0.5
R-125 0.3 0.4 0.1 9.1/7.1 8.1
R-143a 0.2 0 0.5 5.4/3.7 4.6
R-152a
R-123 1.3 0.7 1.1 177175 176
R-142b 0 -0.3 -04 11.9/7.2 9.6
R-134
AB
MO
PEMA
PEBA
PPGD
PPGBM
MPG
PEMA - Pentacrythritol Ester Mixed Acid MPG - Modificd Polyglycol
PEBA - Pentacrythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Mcnoether AB - Alkyl Benzene

MO . Mineral Oil
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Gas Chromatography Analysis

Method Parameters

Detector FID

Detector Temp (°C) 275

Injector Mode Splitless

Injector Temp (°C) 50

Column Type Restek RXT-1
Length 100 m
ID 0.25 mm, 1 um df

Initial Column Temp (°C) 30

Column Hold 70 min

Final Column Temp 150

Column Flow (linear cm/s) 4

Injection Volume (ul) 10 (vapor)

The following retention times were observed:

Sample

R-125
R-32
R-143a
R-134a
R-152a
R-22
R-124
R-142b
R-123

* Isothermal 120 °C.

Retention Time
(minutes)

50.74
51.04
51.58
52.41
53.83
54.95
57.81
59.74
57.66*

The GC chromatograms are included for your reference.
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CHART SPEED ©.1 CM/MIN

ATTEN: 16 ZERO: 5% S5 MIN/TICK
I -z 8 107
T 21 968
—_— 38 165
40 947
T ( OB 744
b {
CHANNEL: 1A -~ 1 TITLE:
SAMPLE: METHOD: FREON
PEAK PEAK RESULT TIME
NO NAME AREAX (MIN)
1 0.2809 0.107
2 0.1407 21.968
3 0.0430 22.037
4 0.1339 38.165
S 0.03389 40.947
6 99. 1781 50.744
7 0.0148 51.385
8 0.2387 62.152
TOTALS: 100.0800
DIVISOR: 1.00000 AMT STD:

R-125

100

12:17 10 JUuL 92

CALCULATION: A% - ANALYS - OP

AREA
COUNTS

5003
250S
766
2385
710
1765097
263
4252

1780981

| .00000

SEP
CODE
BB
BY
\B
BB
BB
BV

T

BB

MULTIPLIER: 1.00000



101
CHART SPEED ©@.1 CM/MIN

ATTEN: 16 ZERO: 5% 5 MIN/TICK

- R

—— 51.0836

R-32

CHANNEL: 1A - | TITLE: 14:23 10 JuL 92
SAMPLE : METHOD: FREON CALCULATION: A% - ANALYS - OP
PEAK PEAK RESULT TIME AREA SEP
NO NAME AREAX (MIN) COUNTS CODE
1 99.9772 51.036 997582 BV
2 0.0227 51.712 227 T
TOTALS: 100.0000 997809
DIVISOR: 1.00000 AMT STD: 1.00000 MULTIPLIER: 1.00000

INSTRUMENT ERRORS:
COL TEMP



CHART SPEED
ATTEN: 16

U —_—

2.1 CM/MIN

ZERO: 5%

0 168

13 832

28 292

36.175

42 646

5 MIN/TICK

CHANNEL :

SAMPLE:

PEAK PEAK
NO NAME

DUl &N -

TOTALS:

DIVISOR:

1A -1

TITLE:

METHOD: FREON

RESULT

AREAZX
Q.1387
0.0283
0.0186
0.0093
0.0142

99.7949

100.0000

1.0¢000

TIME
(MIN)

0.
13.
20.
36.

42
51

AMT

168
832
292
175

.646
.879

STD:

R-143a

11:05

102

3 JuL 9z

CALCULATION: A% - ANALYS - 0P

AREA
COUNTS

8042
1545
1097
550

833
5872498

5884565

1.00000

CEP
CODE
B8
BB
88
BB
BB
BB

MULTIPLIER:

1.00000



CHART SPEED ©.1 CM/MIN

ATTEN: 16 IERO: S% S MIN/TICK
- —] 8. 15€
. 29585,
- L
. ~ rramn-X)
CHANNEL: 1A - 1 TITLE: R-134a
SAMPLE : METHOD: FREON
PEAK PEAK RESULT TIME AREA  SEP
NO  NAME AREAX (MIN) COUNTS CODE
| .2049 2.156 8269 BB
2 !.0@955 21.060 44214 BU
3 0.9334 21.119 37669 UB
4 0.0714 22.779 2881 BB
5 ®.0597 23.505 2410 BB
6 97.6265 52.406 3940044 BV
7 0.0086 53.194 346 T
TOTALS: 100.0000 4035833
DIVISOR: 1.00000 AMT STD: |.00000
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16:07 9 juL 92

CALCULATION: AX - ANALYS - OP

MULTIPLIER: 1.00000



CHART SPEED ©.1 CM/MIN

104

JyL 92

ATTEN: 16 ZERO: S% S MIN/TICK
- a 161
_ 16 201
. 3¢ 3482
—_— uS 716
CHANNEL: 1A - | TITLE: R-152a 10:25 10
SAMPLE : METHOD: FREON CALCULATION: AZ - ANALYS - OP
PEAK PEAK RESULT TIME AREA  SEP
NO  NAME AREAY (MIN) COUNTS CODE
1 0.1097 0.161 §300 BB
2 9.0248 16.201 1423 BB
3 0.0775 17.655 4448 BB
4 0.0842 34,549 4833 BV
5 @.0765 34.802 4393 Wy
6 0.0238 34.889 1364 VB
7 0.0442 36.796 2538 BB
8 0.0377 49.716 2164 BB
9 0.0406 52.745 2331 BY
10 99,4810 53.533 5711357 UB
TOTALS: 100.0000 5741151
"'DIVISOR: 1.00000 AMT STD: |.00000 MULTIF_IER:

1.00000
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CHART SPEED @.1 CM/MIN

ATTEN: 16 ZERO: 5% S MIN/TICK

e e 8. 189
_ i
S4 9548
CHANNEL: 1A - 1 TITLE: R-22 12:50 9 JuL 92
SAMPLE : METHOD: FREON CALCULATION: A% - ANALYS - OP
PEAK PEAK RESULT TIME AREA  SEP
NO  NAME AREA% (MIN) COUNTS CODE

! 0.4898 0.189 9187 BB

2 99.5102 S4.948 1866558 BB
TOTALS: 100.0000 1875745

DIVISOR: 1.00000 AMT STD: 1.00000 MULTIPLIER: 1.00000
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CHART SPEED @.1 CM/MIN

ATTEN: 1B ZERO: 5% S MIN/TICK

— — © 165
—_ = 57 810
=
CHANNEL: 1A - 1 TITLE: R-124 14:31 g JuL 82
SAMPLE : METHOD: FREON CALCULATION: A% - ANALYS - OP
PEAK PEAK RESULT TIME AREA  SEP

NO  NAME AREAY (MIN) COUNTS CODE

1 0.1019 0. 165 4110 BB

2 99.8981 57.810 4030831 BB
TOTALS: 100.0000 4034941
DIVISOR: 1.00000 AMT STD: 1.00000 MULTIPLIER: 1.00¢00

INSTRUMENT ERRORS:
COL TEMP



CHART SPEED @.1 CM/MIN

107

59 745

ATTEN: 16 Z2ERO: 5% S MIN/TICK
T R EEYY
—_— Y 4 914
: L S&.264
_ ] 6327885
R g 78 190
CHANNEL: 1A - 1 TITLE: R-142b 8:22 10 JUL 92
SAMPLE : METHOD: FREON CALCULATION: A% - ANALYS - OP
PEAK  PEAK RESULT TIME AREA  SEP
NO  NAME AREAYL (MIN) COUNTS CODE
| 0.1052 0.174 8025 BB
2 0.0200 1.608 1526 B8V
3 0.0507 1.724 3863 UB
4 0.0449 4.914 3424 BB
5 0.0842 52.264 6419 BB
5 98.9254 59.745 7543271 BB
7 0.0800 §5.938 £097 BB
8 0.0532 66.547 4053 BV
g 0.1094 £6.585 8343 UB
10 0.3688 67.509 28121 BB
' 0.1583 78.190 12073 BB
TOTALS: 100. 0000 7625215
DIVISOR:  1.00000 AMT STD:  1.00000 MULTIPLIER:

1.00000



CHART SPEED @.1 CM/MIN 108
ATTEN: 16 ZERO: 5% S MIN/TICK

@ 195
— 16 178
— 18 2134
_ 33 288
— 3s 796
o 51 S54@
_ —157 €5%
= (Fw
. g8 293
_ 82 S48
— 98 525
R-123

CHANNEL: 1A - 1 TITLE: 18:01 12 JUL 92
SAMPLE: METHOD: FSEON CALCULATION: A% - ANALYS - OP
PEAK PEAK RESULT TIME AREA SEP

NO NAME AREAY (MR COUNTS CODE

! 0.0034 9. 95 25085 Bv

2 0.0034 @.244 2507 Ve

3 0.0075 10.:70 5524 BB

4 0.0013 10.709 S60 BV

) 0.0038 10.755 2810 uB

] 0.0042 18.234 3105 BB

7 0.0042 33.288 3063 BB

8 0.0088% 38.796 6600 BB

g 0.0070 S1.540 5189 BB

10 99.7328 §57.€55 73564064 BB

1 0.0230 60.561 21410 BB

12 0.0079 62.399 G840 BV

{3 0.0049 B2.465 3892 VB

14 0.005! B4.787 3777 BB

15 0.0439 6E.30! 32413 BV

16 2.0229 66.546 I6ES6 (V)

17 0.0)486 66.713 18793 (V)

18 0.92138 6§7.479 12200 VB

19 0.0128 82.548 G453 BE

20 0.0215 90.525 15851 BV

21 0.0174 90.832 12847 (V1V}

22 2.0101 91,240 7426 (V)

23 0.0107 91.3501 7925 w

24 0.0086 91.923 E366 VB

TOTALS: 100.0000 73761120
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