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COMPATIBILITY OF REFRIGERANTS AND LUBRICANTS
WITH

ELASTOMERS

ABSTRACT

The information contained in this report is designed to assist the air-conditioningand refrLgeration
industry in the selection of suitable elastomericgasket and seal materials that willprove useful in
variousrefrigerantand refrigerationlubricant environments. Swellmeasurements have beenmade on
approximately 50 %of theproposed elastomers(94total)in both the lubricant (7total) and refrigerant
(I0 total)materials. Swell behaviorin the these tluids have been determined using weightand in situ
diameter measurementsfor the refrigerantsand weight,diameterand thickness measurementsfor the
lubricants. Weight and diameter measurements are repeated after 2 hours and 24 hours for samples
removed from the refrigerant test tluids and 24 hours after removal from the lubricants.

W aaEF.

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, 199I.

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 °A of the proposed elastomer formulations.
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SIGNIFICANT RESULTS

Swelling measurements have been carded out for different rubber compositions immersed

for 14 days at ambient temperature in a variety of hydrochlorofluorocarbon (HCFCs, R-123,

R-142b, R-124, R-22) or hydrofluorocarbon 0-IFCs, 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 butyl 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 - ld 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 ali 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 Shore A (#45), a butyl rubber/PP TPE (#85), and

a fiber-filled Neoprene (#88) ali 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 elastorner. 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-I24 or R-22. It can be readily

seen in Figures lb - ld that several of the elastomeric compositions exhibit less than 5%

diameter gain after equilibrium immersion in the monochloro-HCFCs.

Ali the HFCs (Figures 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 F:...._C

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 structtLre (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. Note

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 swelling by ali 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.



FIGURE 1a 6

In Situ Diameter Change

14 Days In R-123
(1, l-Diehioro-2,2,2-Trifluoroethane)
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FIGURE 1a 7

In Situ Diameter Change

14 Days In R--123
(1. l -Dlchloro-2,2,2-Trlfluoroethane)
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FIGURE 1b 8

In Si[u Diameter Change

14 Days In R-142b
(1-Chloro -l.l-Difluoroethane)
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FIGURE 1 b
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In Situ DiameLer Change

14 Days In R-142b
(l -Chloro- ], 1 -Difluoroethane)
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FIGURE lc ]0

In Situ Diameter Change

14 Days In R-124
(1-Chloro -l,2,2.2-Tetrafluoroethane)
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FIGURE 1c
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In Situ Diameter Change

14 Days In R-124
(1 -Chloro- 1,2,2.2-Tetrafluoroethane)
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FIGURE 1 d
]2

In Situ Diameter Change

14 Days In R-22
(Chlorodifluoromethane))
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FIGURE 1d
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In Situ Diameter Change

14 Days In R-22
(Chlorodlfluoromethane)
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FIGURE 2a
]4

In SiLu Diameter Change

14. Days In R-125
(Pentafluoroethane)
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FIGURE 2a
15

In Situ Diameter Change

14 Days In R-125
(Pentafluoroethane)
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FIGURE 2b
]6

In Situ Diameter Change

14 Days In R-lS4a
(1.1,1,2-Tetrafluoroethane)
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FIGURE 2b
17

In Situ Diameter Change

14 Days In R-1S4a
(1.1,1,2-Tetrafluoroethane)
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FIGURE 2c
]8

In Si[u Diameter Chan e

14 Days In R-143a
(I.I,I Trlfluoroethane)
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FIGURE 2c
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In Situ Diameter Change

14 Days In R-14Sa

(1,1,1 Trifluoroethane)
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FIGURE 2d
20

In Situ Diameter Change

14 Days In R-152a
(1,1 Dlfluoroethane)
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FIGURE 2d
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In Situ Diameter Change

14 Days In R- 152a
(1.1 Difluoroethane)
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FIGURE 2e 22

In Sit.u Diameter Change
3 Days In R-3'2

(Difluoromethane)
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FIGURE 3a 23

DiarneLer Change

14 Days In LubricanL
(Alkyl Benzene)

49

48 - I EPDM/PP/TPE/Shore D-S0

47 - li EPDM/PP/TPE/ShoreD-40
,6 - 1 £PDM/PP/TPE/SboreA-73
4_ - l EPDM/PP/TPE/Shore A-8"/
44 -- I Fluorollllcone

43 - 1 Sdlcone Rubber

42 - _ Uethylphenyl_nyls,loxane R_bber

,1 - 1 Dimethyl Silicone Rubber

40 -

39 -

38 --

37 --

36 --

35 --

34 --

33 --

32 -

31 --

30 -- I Fluoroelastomer/CB

29- I F'luoroelastomer

:_ 28 -
27 -

C
0 26 -

'-" 25 -0

-£ 24-
23 -

,,._.
0 22 -

20 1 Nil.rile/Low ACN

19 l Nit.rd¢/taedium AGN

18 I NitrUe/Hillb ACN

1 7 -- l NiLr_le/_er 7 II.ilk ACN

16 --

15 -

I 4 -- _ SSR/2;3.SX Styrene/CB

13 -- _ SBR/Z3..'iX St]n'ene

12 -- _ Clxiorobutyl/C13

11 -- _ C/_lorobut?l

10 -- _ BromobutTI/CB

9- _ Bromobutyl

B -- _ ButTl/2._ Un==turstio_/CB

7 - _ Butyl/2.2:l U_aturaUon

6 -- _ BuLyl/.7"Z Unsaturat_on

5 - I Neoprene/CB

4 - 1 Neoprene

3 -- _ PolTtsopreue/l_'V Cure

2- _ Pol)fuJopreoe/C8

1 -- _ Poi_sopren¢

0 i ' I .... I .... I "' ' ' I .... I .... I .... I .... ! .... I ' ' '"" ! ....

0 25 50 75 100 125 150 1 75 200 225 250

Diameter Change (%)



FIGURE 3a 24

Diameter Change

14 Days In Lubricant
(Alkyl Benzene)
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FIGURE 3b 25

Diameter Chanse

14 Days In Lubricant
(Mineral Oil)
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FIGURE 3b
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Diameter Change

14 Days In Lubricant
(Mineral Oil)
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FIGURE 3c 27

DiameLer Change

14 Days In LubricanL
(pentaerythritol ester mixed acid)
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FIGURE 3c
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Diameter Change

14 Days In Lubricant
(pentaerythritol ester mixed acid)
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FIGURE 3d 29

Diameter Change

14 Days LubricanL
(pentaerythritol ester branched acid)

49
48 I EPDM/PP/TPE/Shore D-50

47 I EPDM/PP/TPE/Shore D-40

46 EPDM/PP/TPE/Shore A- 73

4 _ | EPOM/PP/'rPr/Shore A- 8"/

4 4 ! Yluoroll|tcone

43 l Silicone Rubber

42 1 Methylpheoylv_nylsllo= aine Rubber

41 I Dimethyl Silicone Rubber

40 MeLbyl V=_yl SH|cone Rubber

•_9 Ep,chlorohydrm/EO/ACE/Terpolymer/CB

_8 Eplchlorobydrtn/EO/AGE/Terpolymer

37 lrpichlorohydrl_/_thylene Oxide Copolylrner/CB

36 [plchlorohydr=n/Ethylene Ox=de Copolymer

3_ Ep=chlorohydJ'ln Homopolymer/CB

34 £plchlorohydrtn Homopolymcr

--_-_ Fluoro/Chloroe|altomer/MEO Cure/CB

32 Ruoro/Cbl oroe I_sl.ome r/MIO CtJLre

:31 Ir3uoro/Chloroelaatomer/Uthar|e Cure

30 I Fluoroellatomer/CB

29 I Irlu°r°elast°mer

28 Fluoroelastomer

27 Fluoroclastomer
C
0 26 Hydrogenated Nltrile/4_', ACN/CB

O 25 HydroRcnated Nitrl|e/45_ ACN

-_ 24 Hydrogenated Nitrile/387, ACN/CB

E 23 Hydro|eDited N|lJ'ge/38X ACN
L.

0 22 Nitrde/Very H|gh ACN/CB

Li_ 21 NILrile/Low ACN/CB

20 1 Nitnle/l,ow ACI_

19 1 Nitri|e/UcdJum ACN

IB I Nitrile/HiEb ACH
17 I Nit_lelV=r7 Hi|h ACN

16 SBR/40_ St]rreae

1 5 SBR/Z9_ Styrene

| 4 1 SBR/23.5_ StTrene/C1B

13 I soR/z3.szst_.o,
1 2 1 Cblorobutyl/CB

I I I Chlorobutyl '

10 l Bromobutyl/CB

9 I Bromobutyl

8 | Butyl/2.2_ Unsetuurat3on/CB

7 I Butyl/2.2_; Un_t_=tmn

6 I Butyl/.7_li Unsaturttmn

5 _ Neoprene/CB

4 _ Neoprene

3 1 PolT-,Ioprene/EV Cure

2 l Pol_nsoprooe/CB

I _ Pol)_soprene

o
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FIGURE 3d

30

Diameter Change

14 Days In Lubricant

(pentaerythritol ester branched acid)

97

96 -

95 -

94 -

93 -

92 -

91 -

90 -

89 -

88 -- Neoprene/Synthetlc Fibers (Vendor Supphed)

87 -- ACN Compound (Vendor 5upphed)

86 -- Chloroprene (Vendor Supplied)

85 -- I Butyl Rubber/PP/TPr-

84 - i EPDM/Peroxide Cure

8_ -- I EPDM/HN_h Ethylene Content//CB

82 -- B EPDM Sulfur CuJ'e

8 1 -- I EPDM/HiEh Unsaturatlon

8o- m EPDM /HIGh Ethylene Content

79 - Cblorin,,ted PE/Chlorine 427.

78 -- Chlorinated P£/Cklorine 3SR/CB

77 -- ChlormsLed P1E/Chlonne 35:_

76 -- [:thylene/AcrTllc Elastomer/CB

C 7_ -- Ethylene/Acryhc E|lstomer

O 74 -- I Ethylene/Propylene Copolymer (EPM)/CB

73- I Ethylene/Propylene Copolymer (EPM)

-_ 72- I Ethylene/Propylene Copolymer (EPU)

71 -- Chloro=ulEoaatRd PE/CbJonne 35%/SuUur ).0_

0 70 -- ChlorosuJfon4ited PE/Chlorine 35:¢/Sulfur I OZ

LL 69 -- ChlorosuJfonitc, d P£/Ch)onne 35%Su|fur 1.0%

68 -- Chlorosulfonated PE/Chlorine 357./5ulfur !.0 :¢

67 -- CblorosulfonatecrPE/Cblorme 2gT./Suifur i .4Z

66 -- " Polyturethaz=e/Ester Type/M;llable\CB

65 -- PolyuJretbane/rtber 1.ylxl/lllilJable

64 -- Polyul'etblu_/_Ltr "l_pe/MUIQble

6.} -- Pol]nLretJ_lmo/Est4,r lrYlM/Sbore D-50

62 - PolyureLbaoe/l_lter l_Jnpe/Sbore A-80

61 -- Pol]mJ_tblme/Etbe¢ Tylxl/Sbore D-_)O

60 -- PolytireU:.mo/ELber Type/Shore A-80

59 -- Poly_uJfide Rubber/CB

58 -- Poly=ulfide Rubber

57 -- Polysuitlde Rubber/CB

56 -- Polylulfide Rubber

55 --. Copolyester TlP1E/Sborlt D-?2

54 -- Copolyelter TPE/._hore D-63

53 ,- Copolyester TPE/Shor_ D-55

52 - Copolyelter TPE/Shore D-40

51 -- I Nitrlle/PP/'T1PE/Sbore D-40

50 -- I Nitrlle/PP/TPE/Sbore A-80

49 -- I NitrtOe/PPpTPR/Shore A-87

48 ' I .... I '' ' ' I" ' ' ' I .... I .... ! .... I .... I .... i .... I ....
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FIGURE 3e 3]

Diameter Change

14 Days In Lubricant
(polypropylene glycol diol)

49

48 - | EPDM/PP/TPE/Shor¢ D-S0

4-7 - | EPDM/PP/TPE/Shore D-*0

46 -_ £PDM/PPprP£/Shore A-'/3

45 -- II £POM/PP/*TPE/Shore A-B?

44 -- ] IF'luoro=Ulcone

43 -- I Silicone Rubber

42 -- I Metby]phenylvinyisiloxane Rubber

41 -- I Dimethyl Silicone Rubber

40 _ MeLhyl Viny| $,hcone Rubber

.._9 - Ep_chlorohydrln/EO/ACE/Ter polymer/CB

38 -- Ep)chlorohydrln/tO/ACE/Tc r polymer

_7 -- [plchlorohydrtn/Ethylene Oxide Copolymer/CB

36 -- Eplchlorohydrln/l_thylene Oxide Copolymer

_ -- Eplch|orohydrln HomopolyTner/CB

34 -- £plchiorobydrtn Homopolymer

_'_ -- Fluoro/Chloroelastomer/M_O Cure/CB

_2 -- _uoro/Chloroelestomer/MgO Cure

_1 -- ]_Juoro/Chloroelaltomer/Ltthsr|e Cure

30- t IPlu°r°el=alt°mer/CB

29- I I_lu°r°elist°mer

28 -- F'luoroelsstomer

27 - Fluoroel_stomer
C
0 26 -- Hydrogenated Nltrlle/4_7. ACN/CB

C) 2_ - Hydrogenated N_tr,l¢/457. ACN

--_ 24 -- Hydrogenated Nitril¢/38Y, ACN/CB

23 -- Hydrc_eosted Nlt.rtle/38_. ACN

0 22 -- Nltrile/Very High ACN/CB

LL 2 1 -- Nitrlle/Low ACN/CB

20 - I Nitnle/Lo_ ACN

I9 -- • Nitrile/Medlum ACN

18 -- II NitrLle/High ACN

17 - li Nit.rUe/Very i{Jgh ACN

16 -- $BR/40:g St),l"elBe

15 -- SBR/2_¢ Styreee

14 -- | SBR/2:3.51g Styrene/UB

13 -- I SBR/23.SX Styr,ne

12 -- I Chlorobutyl/CB

1 1 -- I Chlorobutyl

I0 -- I Bromobutyl/CB

9- | Bromobutyl

B -- I Butyl/2.23¢ U_HLuratlon/CB

7 - I BuLyl/2.23¢ Unsaturut_oo

6 -- I ButFi/.?X UnllLurlUon

5 -- i Neoprel_e/CB

4 - _ Neoprene

3 -- I Po|]hsoprlme/EV Cure

2 -- | Pol]nsopreoe/CB

1 -- | Polyilopreue
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FIGURE 3e
32

Diameter Change

14 Days In Lubricant.

(polypropylene glycol diol)
97

96 -

95 -

94 -

93 -

92 -

91 -

90 -

89 -

88 -- Neoprene/Synthetic Fibers (Vendor Supplied)

_7 _ ACN Compound (Vendor Supplied)

86 -- Chloroprene (Vendor SuppUed)

85 "-lE Butyl Rubber/PP/TPE

84 -- I EPDM/Peroxide Cure

8_ -- I EPDM/HIgh Ethylene Content//CB

82 -- I EPDM Sulfur Cure

81 - I EPDM/Hagh Unsaturation

80 - I EPDM /HiGh Ethylene ContenL

79 -- ChlorlnsLed PE/Ch|orme 4Z_

78 - Chtorinated PE/Chlorine 35_./CB

77 - Chlorinated PE/Chlorine 35_

76 -- [thylene/Acryhc Elastomer/CR

75 -- Ethylene/Acrylic £1astomer
C
0 74 -- I Ethylene/Propylene Copolymer (EPId)/CB

73 - I Ethylene/Propylene Copolymer (£PM)

-_ 72 - I £Lhylcne/Propy|ene Copolymer (£pu)

71 -- ChlorosulJronat_:l Pt/C_onle 3S_[/SuUur I.OX
L.
r"j 70 -- Chlorosulfonsted PE/Chloric 3SZSulfur ! 0_.

_L- 69 -- ChlorosuHonaLed PE/Chlonne ,"_7./SuUur I 0_.

68 -- Chlorolulfonated PE/CbJor._c 35X/Sulfur !.0

67 - Chloro_ulfonsted PE:/Chiortae_29Z/SulfuLr I 4Z

66 - Polytu'etbane/Cster Type/Mitleb|e\CB

65 -- Poly_u'ethaoe/Ether T]rpe_MLUable

64 -- Pol]nu.etb_ne/Ester l_pe/llbilab|e

63 -- Pol]rurttblu_e/r.lCer TYl>e/Sbore D-50

62 PolyuJretbaae/EstLer Tyl_ore A-80

61 - Polyuretb4_e/Etber Type/Slbore D-5,0

60 - Polyur_tbeme/Etber TTl_/Shore A-B0

59 - PoiT_lflde Rubber/CB

58 -- PolysuJfide Rubber

57 -- Polysulfide Rubber/CB

_6 -- Polyaulfide Rubber

_ -- Copolyester TIPE/.,Rbore D-?2

54 -- Copolyester TPE/Shor_ D-63

53 -- Copolyeoter TPE/Shore D-55

52 - Copolyester TPE/Shore D-40

51 -- I NiLrile/PP/TPE/$bore D-40

50 -- I Nil.rile/PP/'T1PC/Shore &-80

49 -- I Nitrtle/PP/TPR/S]bore A-B?

48 '''1 .... I ....
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FIGURE 3f 33

Diameter Change

14 Days In Lubricant
(polypropylene glycol butyl monoether)

49

48 I EPDM/PP/TPE/Shore D-.50

4 7 ] EPDM/PP/TPE/Shore D-40

46 £PDM/PP/TPE/Shore A-'73

45 | EPDM/PP/TPE/Shore A-87

44 I Fluorosilicone

4_3 I Silicone Rubber

42 II Math ylphenylv,nylsilox ane Rubber

41 I Dimethyl Silicone Rubber

40 MeLhyl Vinyl Slhcone Rubber

_9 Eplchlorohydr,n/EO/ ACE/Terpolymer /CB

_8 Ep_chlorohydrin /EO / AGE/Terpolymer

.,_7 EpichlorohydrlD/f'tbylene Oxide Copolymer/CB

._6 [pJchlorohydrmn/[:thyiene Oztd¢ Copolymer

._ Eplchloroh)'drln Homopolyrner/CB

_4 EpIchlorohydrln Honlopolymer

.3_ Fluoro/Chloroela_tomer/MgO Cure/CB

32 Fluoro/Chloroelastomer/MlgO CuJ'e

] Fluoro/Chloroellltomer/Llthllr|e Cure

30 J Fluoroeiastomer/CB

29 J F'luoroelastomer

28 Fluoroelastomer

27 Fluoro<lastomer
C
0 26 Hydrogenated N=trlle/457. ACN/CB

-,..,

C) 25 Hydrogenated NILr,I¢/457. ACN

"-_ 24 Hydrogenated N,trile/387. ACN/CB

E 23 • Hydrogenated Nttrtle/38_. ACN%_
O 22 Nitr_le/Very High ACN/CB

LJ.. 2 1 ,Ktlrde/Lo= ACN/CB

20 mm Nltnle/bov ACN

19 II Nitrile/Medlum ACH

I 8 I Xitrile/Hlgh ACN

17 I Nitrile/Ver/ High ACN

16 SBR/40_{ StyTene

1.5 SBR/Zg'4 StTreoe

1 4 BB S1BR/23.SZ Sty'rene/CB

13 _ SBR/Z3.SR Sty_oe

12 I Chlorobutyt/CB

I 1 I Chlorobutyl

I 0 I Bromobutyl/CB

9 I Sromobutyl

8 I BuLyl/2.2X U=_=aturatmo/CB

7 I Butyi/2.2Z Ula==iturttloo

6 I Butyl/Fr= Unseturation

5 mm Neoprene/CB

4 ml Neoprene

3 I Polylloprene/EV Cuure

2 I Poly_loprt-e/CB

I _ PolTisopreae

0
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FIGURE 3f
34

DiameLer Change

14 Days In Lubricant,
(polypropylene glycol butyl monoether)

97
96 -

95

94

93 -

92 -

91 -

90 -

89 -

88 - Neoprene/Synthetic F|bers (Vendor Supplied)

P_7 - ACN Compound (Vendor Supphed)

_6 -- Chloroprene (Vendor Supplied)

_ t Butyl Rubber/PP/l"P[

84 -- I EPDM/Peroxide Cure

83 -- I EPDM/HI{b Ethylene Content//CB

82 -- I EPDM Sulfur Cure

81 -- I £PDM/HiGE Unsaturatlon

80 - I EPDM /H_lh Ethylene Content

79 - Chlorinated PE/Cblorm¢ 42%

78 -- ChJorin=ted PE/Ch|orme 35%/CB

77 - Chlorinated PE/Chlonne 35_

::Ct:: 76 -- £thylene/AcrTlic Elauiomer/CB

75 -- Ethylene/Acry||c ElastomerC
0 74 - I Ethylene/Propylene Copolymer (EPM)/CB

"_ 73 -- I Ethylene/Propylene Copolymer (EPM)

-_ 72 -- I Ethylene/Propylene Copolymer (EPM)

E 71 -- CblorosuMoBaLed P£/C_onne 35C/Sulfur 1.OX

0 70 - Chlorosudfooated PE/Chlorlne 35X/$u|fur I OZ

LJ_ 69 -- Chlorolulfooated Pl_/Chlorme :3.5%l'Sulfur I 0%

6_ - ChloroluHonated PE/Chlorine 35%/5uJfur 10 7.

67 - Chlorosulfonmted PE/Chlortne 29%/Sulfur 1 4Z

66 - Po|y_retbame/l_ter Type/Mdleble\CB

65 - Polytu'etbe_e/Ctber TyR>e/Mtlllble

64 - Polylirethaae/Elter Tyl>e/Mlllmble

63 - PolylJurltJl_De/r.aber T]rpe/Sbore 0-50

62 - Pol]nireU_elme/_r T_l_e/Shore A-B0

6 1 -- Poly_u'etbajl_l/_Lber Tyl>e/Sborw 0-50

60 - Poly_ret_e/Etber Type/Shore A-80

59 - Poly=_dfideRubber/CB

58 - Polyw_lfide Rubber

57 -- Polylu_fide Rubber/CB

._6 - PolyluUride Rubber

_ -- Copolyester TP£/Sbore D-?Z

54 -- Copolyester TPE/Shore D-63

53 -- Copolyelter TPE/Shore D-55

52 - CopolTelter TPE/Shore D-40

.51 -- I Nltrile/PP/_rPE:/Sbore 0-40

50 -- | Nitrlle/PP/TPE/Sbor¢ A-80

49 -- I NitHle/PP/llPR/Sboce A-B?

48
....'I'"''I .... I .... I .... 'I .... I .... I .... I .... I .... I ....
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FIGURE 3g 35

DiameLer Change

14-Days In LubricanL
(modified polyglycol)

49

48 - EPDM/PP/TPE/Shore D-SO

4 7 -- EPDM/PP/TPE/Shore 0-40

4_ -- EPDM/PP/TPE/Shore A-73

4 5 -- EPDM/PP/TPE/Shore A-87

44 -- J Fluoro=lltcone

4 3 -- J Silicone Rubber

4 2 - n Uethylphenylvtny|slloxane Rubber

4 1 - J Dimethyl Sihcone Rubber

40 - Methyl Vinyl Sihcone Rubber

._9 - Epachlorohydrln/EO/ACE/Terpolymer/CB

_ -- Eptchloroh ydrm/F'O/AGE/Terpolymer

.37 - Ep|chlorohydrin/Pthylene Oxide Copolymer/CB

_(_ _ Epzchlorohydrmn/Ethylene Oxide Copolymer

_ -- Eplchlorohydrln Homopolymer/CB

_4 - IEplchlorohydr3n Homopolymer

.._._ - F|uoro/Chloroelastomer/MgO Cure/CB

32 -- F']uoro/Chloroela=tomer/U¢O Cure

_'l -- F3uoro/Chloroellhltomer/Utharge Cure

•._0- I Fluoroelastomer/CB

29- I I_lu°r°elast°mer

28 -- F'luoroelastomer

27 - F3uoroe|astomer
c
O 26 -- Hydrogenated N|tr¢le/45% ACN/CB

25 - Hydrogenated Nitrde/45% ACNo
"-_ 24 - Hydrosenated N=trtle/38% ACN/CB

E 23 -- , Hydro|enated Nitrtle/38_. ACN

O 22 -- Nltrde/Very H|fh ACN/CB

!_L 2 -- Nttrde/Low ACN/CB

20- II .,t_l_/L_-,c.

19 -- I Nit_l¢/MedJua', ACN

18 -- I NItrile/Hlgh ACN

1 7 -- I NiLrile/Ver'y High ACN

16 -- SBR/40:¢ St]n'ene

I .5 -- SBR/29X 5tyreoe

1 4 -- 5BR/23.5¢ St_n'ene/CB

13 -- SBR/23.SZ St]n'ene

1 2 -- j Chlorobutyl/CB

1 1 -- I Chlorobutyl

I 0 -- Bromobutyl/CB

9 - Bromobuty!

8 - Butyl/2.2X Unsaturation/CB

7 - Butyi/2,2_ Unlaturation

6 -- BuLyl/.7Y. Unsaturltlon

5 -- Neoprene/CB

4 -- Neoprene

3 - Polylsoprene/£1/ Cure

2 -- Polyt-oprene/CB

1 -- PolyLsoprene
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FIGURE 3g

36

Diameter Change

14 Days In Lubricant

(modified polyglycol)

97

96

95
94

93 -

92 -
91 -

90 -

89 -

88 -- Neoprene/Synthet|c F,bers (Vendor Supphed)

_7 -- ACN Compound (Vendor Suppl,cd)

86 - Chloroprene (Vendor Supphed)

_ -1 Butyl Rubber/PP/TPE

_4 -- I EPDM/Perox,de Cure

83 - EPDM/H|=h Ethylene Car.tent ,'CB

_2 - EPDM Sultur Cure

81 -- EPDbl/H|_b Unsaturst:on

80 -- EPDM /H|Eh Ethylene Content

79 - Chlorl.nated PE/Chlorine 42%

7_ -- Ch|or,neted PE/Cb|or,ne 35Y./CB

77 - Chlor:nated PE/Cbdorine 35%

::tr: 76 -- [thylene/Acr_]|lc E|astomer/C_

7_ -- Ethylene/Acryhc Elastomer
c
O 74 -- I Ethylene/Propylene Copolymer (EPM)/CB

C) 73 - I Ethylene/Propylene CopolyTner (EPU)

-_ 72 - I Ethylene/Propylene Copolymer (EPU)

E 71 -- , Cblorosul/onatm:l PE/CbJonne 35%/SuHur 1.O%

0 70 -- Chlorosulfon-ted PE/Cblonne 3b:_/Sulfur 10%

EL_ 69 -- Chlorosu|fonated PE/Chlonne 35%/Sutfur I 0_.

68 -- Chiorosulfonated PE/Chlorine 35_'./5ullur lO

67 -- Chlorosulfonated PE/Chionne 297./SuJfur I 4%

66 -- Polyurethane/Eater Type/Mdleble\CB

6,_ -- Pol_rethane/Etber Type/Mdlable

64 - Po|yurethLne/Esl.er Tylpe/Mgl.=bie

65 - Pol]nJuretblae/EltLer l_Tpl/Sbore D-50

62 - Poly_retbane/qEster "ry_/Shore A-80

6 1 - Pol_Jureth&ne/Ctber "_J1>e/Sbore D-50

60 -- Po|]ruretb4me/Ether "rTpe/Shore A-80

_9 -- Poly1_fide Rubber/CB

58 -- Polysulftd¢ Rubber

_7 - PolysuUtde Rubber/CB

56 -- Po|ysu|f*de Rubber

55 -- Copolyelter 1"PE/Shore D-'r2

54 "- Copolyester T1PE/Shore D- 63

_3 - Copolyetter TPE/Shore D-55

52 - Copolyester _PE/Shore D- 40

1 -- t Nltrlle/PP/TP[/Sbore D-40

5o - I NiLrile/PP/TPE/Sbore A-e0

49 -- | ,ttrlle/PP/'I1PR/$bore A-e7
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COMPLIANCE WITH AGREEMENT

The University of Akron has complied with ali 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.
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APPENDIX A

ELASTOMER SWELL DATA
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Formula # 1 Ingredient pphr

Polyisoprene 100
Zinc Oxide 5

Stearic Acid 2

Sulfur 2.25

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.
i , ,, , , mi ii i, f

R-22 10.3 10.4 10.2 45.3/42.4 43.9

R-32 2.8 2.7

R-124 5.6 5.6 5.8 30.2/29.8 30.0

R- 134a 1.4 1.2 4.9/4.8 4.9
fl i i

R-125 4.6 4.2 4.2 14.9/14.3 14.6

R- 143a 2.2 1.7 I .q 5.4/4.9 5.2

R-152a 4.1 4.2 4.2 12.3/13.1 12.7

R- 123 48.1 47.5 48.0 328/327 328

R-142b 10.3 10.0 10.2 40.1/38.7 39.4

R-134

AB 41.8 57.3/55.7 56.5 264/261 263

MO 43. l 53.1/53.2 53.2 248/247 247

PEMA 16.1 29.2/28.0 28.6 117/113 115
i

PEBA 12.6 26.5/25.7 26.1 106/104 105
i i

PPGD 1.0 2.1/2.2 2.2 7.9/7.7 7.8

PPGBM 4.3 8.1/8.0 8.1 28.1/27.8 28.0

MPG
i

--7 •

PF.MA . Peutaerythritol E.taerMixed Acid M1N3 Modifiod Polyglycoi

I_BA Peu_hritoi _ Bcaudgat Acid PPGD - Polypropylene Glycol D/oi

PIN3BM Polypfopyle.m Glycol Butyl Monoether AB Alkyl Beuam¢
MO Miaend Oil
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Formula # 2 Ingredient pphr

Polyisoprene 100

Zinc Oxide 5

Stearic Acid 2

Sulfur 2.25

N-t-butyl-2-benzothiazyl sulfenamide .7

N330 Carbon Black 35

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

T_t Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
li i ,i i

R-22 9.3 9.3 9.0 33.3/30.8 32.1

R-32 1.7 1.6

R-124 5.5 5.8 5.6 22.4/22.5 22.5

R-134a l.l 1.0 3.7/3.8 3.8

R-125 2.9 2.8 3.1 9.5/8.7 9.1

R-143a 2.0 2.5 2.2 3.8/3.4 3.6

R-152a 2.2 2.3 2.5 8.1/8.3 8.2
ii,

R- 123 36.0 36.0 37.6 220/221 22 l

R-142b 7.8 7.8 7.8 31.2/29.8 30.5

R-134

AB 29.5 46.2/45.9 46.1 186/182 184

MO 31.0 41.1/40.3 40.7 166/165 165

PEMA I 1.5 21.8/21.6 21.7 77.6/77.6 77.6
ii i

PEBA 9.8 18.4/17.9 18.2 65.9/62.9 64.4

PPGD 1.6 2.3/2. l 2.2 6.6/6.5 6.6

PPGBM 3.4 7.0/6.2 6.6 21.0/20.6 20.8
iii

MPG
'" ii i ii i , i ii

PEMA . PcutacrythritolEsterMixedAcid MPG - ModirwdPo_-glyctfl
PEBA PcutzcrythritolEsterBraociz:dAcid PPGD . Polyprolpy4cocGlycolDiol
PPGBM PolypropylcucGlycolButylMooocthcr AB . AlkylBeu,_coc
MO MiucllJOil
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Formula # 3 Ingredient pphr

Polyisoprene 100
Zinc Oxide 5

Stearic Acid 2

N-oxydiethylene-2-benxothiazyl-sulfenamide 1

Tetramethyithiuram 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.
i

R-22 9.6 10.1 8.9 44.4/42.5 43.5

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 3.3 2.9 2.7 10.3/10.1 10.2

R-143a 2.0 2.5 2.7 4.6/4.1 4.4

R-152a 3.1 2.8 3.1 8.3/9.5 8.9

R-123

R-142b 9.2 9.1 9.5 40.1/39.1 39.6
r.,

R-134

AB 47.0 56.2/55.6 55.9 257/257 257
, ,..|

MO 49.5 56.7/57.0 56.9 271/272 271

PEMA 18.8 22.0/21.9 22.0 83.1/83.2 83.2

PEBA 14.7 20.3/20.2 20.3 75.8/76.4 76.1

PPGD 0.6 0.7/0.6 0.7 1.4/1.7 1.6

PPGBM 4.5 5.7/5.9 5.8 17.7/18.1 17.9
,..,,

MPG
i, iii' i

PEMA PentaerythritolEsterMixodAcid MPG . Modil'KxiPolyglycol
PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlycol ButylMonoether AB - AlkylBenzene
MO - MineralOil
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Formula # 4 Ingredient pphr

Poly(chlorobutadiene) IO0
Zinc Oxide 5

Stearic Acid 0.5

Magnesium Oxide 4

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. °ADia. Chg. OADia. Chg. OAWgt. Chg.
i ii iiiiiiii ii i i

R-22 6.3 6.1 6.1 22.2/21.6 21.9

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 3.4

R-125 1.4 2.4 2.7 5.5/5.0 5.3
,i

R-143a 1.1 1.3 1.2 3.3/3.6 3.5

R-152a 2.9 3.1 3.0 7.6/7.5 7.6
i

R-123 16.0 15.6 15.3 65.0/65.2 65.1

R-142b 6.6 6.6 6.5 18.4/18.6 18.5

R-134

AB 10.0 19.6/20.1 19.9 51.1/53.2 52.2
i

MO 12.9 26.5/26.0 26.3 74.7/71.9 73.3

PEMA 25.7 53.7/53.3 53.5 202/211 206

PEBA 11.4 35.4/26.0 30.7 128/77 103

PPGD 3.7 7.3/7.9 7.6 19.9/18.7 19.3

PPGBM 4.8 12.3/11.4 11.9 29.7/31.1 30.4
i i

MPG
..

PEMA Pentaerythritol Ester Mixed Acid MPG Modified Polyglycoi

PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monoether AB Alkyl Benzene
MO Mineral Oil
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Formula # 5 Ingredient pphr

Poly(chlorobu tad iene) 1O0

Zinc Oxide 5

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 4.8 4.9 4.9 17.2/16.8 17.0

R-32 1.3 1.57

R-124 l.l 2.8 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 0.8 2.5/2. l 2.3

R-152a 2.5 2.9 2.9 5.6/5.9 5.8

R-123 I 1.9 I 1.8 11.4 48.9/49.5 49.2

R-142b 4.6 5.1 4.8 14.4/14.5 14.5
=,=

R-134

AB 7.6 16.1/15.3 15.7 23.5/38.5 31.0

MO 7.9 18.9/18.2 lg.6 49.0/48.4 48.7

PEMA 12.5 30.5/25.7 29.6 93.0/91.8 92.4

PEBA 7.3 22.1/'22.1 22.1 65.9/63.6 64.9
iii

PPGD 2.5 5.0/4.8 4.9 13.2/13.9 13.6
p,

PPGBM 3.2 9.2/9.5 9.4 23.0/23.0 23.0

MPG
• , , m,

PEMA PentaerythritolEsterMixedAcid MPG - ModirmdPolyglycoi
PEBA . PentaerythritolEsterBranchedAcid PPGD - PolypropylcocGlycolDiol
PPGBM PolypropyleucGlycolButylMonoether AB - AlkylBenzene
MO - Miac=l Oil
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Formula # 6 Ingredient pphr

Isobutyl isoprene (0.7% unsaturated) 1O0

Zinc Oxide 3

Stearic Acid I

Sulfur 1.66

Tetramethyl thiuram disulfide I

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.

R-22 4.5 4.5 3.9 21.8/22.4 22.1

R-32 0.5 0.7

R-124 1.0 1.5 3.2 16.3/16.4 16.4

R-134a 0.3 0.6 3.0/2.7 2.9
,.

R-125 1.6 2.4 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 4.7 6.1 6.2 25.5/25.8 25.7

R-134

AB 23.4 67.5/67.7 67.6 341/338 339
,,,

MO 27.7 72.1/65.7 68.9 386/335 361

PEMA 1.6 3.1/2.8 3.0 10.1/9.9 10.0
i

PEBA 0.9 2.0/2.4 2.2 6.9/7.5 7.2

PPGD -0.1 0.4/-0.3 0.1 -0. 1/42.1 4). 1

PPGBM 0.0 0.2/0.2 0.2 -0.4/0.4 0.0

MPG i
I

" i i ..........

PEMA PentaerythritolF_terMixedAcid MPG Modifc,d Polyglycoi
PEBA - F_ntaerythritoiEsterBranchedAcid PPGD . PolypropyleneGlycol Diol
PI>GIIM PolypropyleneGlycol ButylMonoether AB . Alkyl Benzene
MO MineralOil
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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 22.5/22.5 22.5

R-32 0.4 0,6

R-124 1.3 1.4 3.5 17.1/16.7 16.9

R- 134a 0.2 0.6 2.7/2.8 2.8
,i

R-125 2.1 2.6 3.0 8.9/7.9 8.4

R-143a 0.5 0.7 1.4 4.2/4.3 4,3

R-152a 1.1 1.4 1.9 10.1/7.9 9.0

R-123 16.6 16.5 16.3 90.1/89.9 90.0

R-142b 4.1 6.5 6.6 26.7/25,8 26.3

R-134

AB 18.0 54.6/55.2 54.9 254/253 253

MO 24.7 59.4/56.4 57.9 292/271 282
, i

PEMA 1.8 3.0/3.0 3.0 10.0/10.7 10.4
.,.,,

PEBA 0.1 1.3/2.6 2.0 7.2/7.9 7.55

PPGD 0.1 0.5/-0.5 0.0 0.3/0.5 0.4

PPGBM 0.2 0.7/0.5 0.6 1.0/1.4 1.2

MPG

PEMA - PentaerythritolEsterMixedAcid MPG - ModifiedPolyglycoi
PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM - PolypropyleneGlycolButylMonoether AB - Alkyl ikn_ne
MO - MineralOil
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Formula # 8 Ingredient pphr

Isobutyl isoprene (2.2 % unsaturated) 100
Zinc Oxide 3
Stearic Acid 1

Sulfur 1.75

Tetramethyl thiuram disulfide 1
N330 Carbon Black 50

SwellData:

24Hour 72Hour 14Day 14Day

Test Fluid % Dia. Chg. %Dia. Chg. %Dia. Chg. % Wgt. Chg.
i i i

R-22 4.2 4.4 4.4 15.0/15.1 15.1

R-32 0.4 0.8

R-124
i

R-134a 0.1 0.4 1.9/1.9 1.9

R-125 0.6 1.5 1.9 5.4/5.4 5.4

R-143a 0.3 0.1 0.7 2.7/2.3 2.5

R-152a

R-123 11.9 11.9 12.0 57.9/57.8 57.9

R-142b 2.5 4.9 4.7 17.3/17.3 17.3

R-134

AB 8.1 35.9/35.3 35.6 129/126 128

MO 10.7 39.8/39.4 39.6 151/151 151
J,

PEMA 0.5 2.1/2.3 2.2 6.7/6.6 6.7

PEBA 0.5 1.5/1.7 1.6 4.1/4.8 4.5

PPGD 4). l 0.4/0.3 0.4 0.0/0.2 0. l

PPGBM 0.2 0.5/0.5 0.5 0.7/0.6 0.7

MPG

PEMA . Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Dioi

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl lkn_ne
MO - MineralOil
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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 5.3 23.5/23.4 23.5

R-32 0.8 I.I

R-124 1.7 2.4 4.1 17.4/18.3 17.9

R-134a 0.1 0.6 3.1/2.8 3.0

R-125 1.6 2.6 2.9 8.5/7.6 8.1

R-143a 0.4 0.4 1.1 4.3/4.4 4.4

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 37.8 86.2/86.2 86.2 521/509 515

PEMA 1.6 5.9/6.0 6.0 21.2/21.5 21.4

PEBA 1.1 3.3/4.0 3.7 10.9/12.9 11.9

PPGD 0.6 0.8/1.5 1.2 5.1/5.3 5.2

PPGBM 0.0 1.0/0.8 0.9 4.0/4.1 4.1

MPG
i

PEMA Pcnta_rythritolEsterMixedAdd MPG - Modil'mdPolyglyeol
PEBA - Pcn_tol EsterBranchedAdd PPGD - Polypropylet_Glycol Diol
PPGBM - Polypropyict_GlycolButylMonocther AB - AlkylBcrmc_
MO _ Oil
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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. % Dia. Chg. %Wgt. Chg

R-22 3.9 3.9 3.8 17.0/16.8 16.9

R-32 0.3 0.2

R-124 0.8 1.4 2.5 12.5/12.612.6

R-134a 0.2 0.4 1.6/1.9 1.8

R-125 1.3 2.0 2.7 7.9/7.I 7.5

R-143a 0.5 0.4 0.9 3.1/2.7 2.9

R-152a 0.4 0.7 1.2 4.6/5.0 4.8

R-123 14.3 14.4 14.4 71.6/71.871.7

R-142b 2.2 5.3 5.6 19.2/19.219.2

R-134

AB 15.5 47.1/47.6 47.4 187/190 188
i

MO 19.2 52.2/50.951.6 229/225 227

PEMA 1.5 4.0/3.9 4.0 12.6/12.012.5

PEBA 0.2 2.0/2.2 2.l 8.0/6.4 7.I

PPGD 0.5 1.4/I.I 1.3 3.2/3.2 3.2
,,,

PPGBM 0.5 1.0/0.6 0.8 3.0/2.7 2.9

MPG

PEMA PentaerythritolEsterMixedAcid MPG ModifiedPolyglyrxfl

PEBA - PentaerythritolEsterBranchedAcid PPGD - PolypropyletmGlycolDiol

PPGBM - Polypropylene Glycol Butyl Monoether AB - Alkyl Benzene
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 26.2/25.5 25.9

R-32 0.6 0.7

R-124 1.3 2.0 3.6 19.7/17.6 18.7

R-134a 0.1 0.3 0.5 2.8/2.6 2.7

R-125
,,

R-143a 0.5 0.7 1.3 4.0/3.8 3.9

R-152a 0.8 1.1 1.9 6.7/6.6 6.7

R-123 18.2 18.2 18.5 32.9/34.1 33.5

R-142b 4.9 6.7 7.0 27.9/28.1 28.0
, ,,

R-lM

AB 29.9 62.7161.3 62.0 304/292 298

MO 38.3 69.1169.0 69.0 385/371 378

PEMA 1.4 4.2/4.1 4.2 15.0/14.5 15.0

PEBA 1.0 3.4/3.7 3.6 13.0113.1 13.1

PPGD 0.3 1.311.4 1.3 4.4/4.4 4.4

PPGBM -0.2 0.6/0.7 0.7 3.113.3 3.2

MPG 0.5 0.1/0.1 0.1 1.1/1.1 1.1

PEMA PentaerythritolEsterMixedAcid MPG - Modit',edPolyglycol
PEBA - PentaerythritolEster BranchedAcid PPGD - PolypropyleneGlycol Diol
PPGBM - PolypropyleneGlycolButylMonoether AB - AlkylBenzene
MO MineralOil
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Formula # 12 Ingredient pphr

Chlorobutyi 100

Zinc Oxide 5

Stearic Acid 1

N330 Carbon Black 40

Swell Data:

24 Hour 72 Hour 14Day 14Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
, ii i i iii i i

R-22 5.0 5.0 4.0 26.0/15.0 25.2

R-32 0.3 0.3

R-124 1.0 2.0 3.0 13.2113.2 13.2

R-134a 0.1 0.0 0.3 2.0/2.0 2.0

R-125 1.0 1.0 2.0 5.0/4.0 4.0

R-143a 0.2 0.2 1.0 2.0/2.5 2.3

t,,

R-152a 0.4 0.6 1.1 5.1/4.9 5.0

R-12.3 13.8 13.6 13.6 73.2/73.4 73.3

R-142b 3.7 4.9 5.3 20.0/20.1 20.0

R-134

AB 17.6 39.5/31,.6 39.1 151/145 148

MO 23.4 45.1/43.9 44.5 186/183 184
,, ,, ,

PEMA 1.0 3.3/3.4 3.3 10.4/10.5 10.5

PEBA 1.1 2.7/3.2 2.9 8.7/9.3 9.0

PPGD 0.2 0.8/0.5 0.6 2.7/2.4 2.6

PPGBM -0.3 0.2/0.3 0.3 2.3/2.3 2.3

MPG -0.3 0.3/.0.1 0.1 0.9/1.0 1.0
i i i ii i i '

PEMA Pentaerythritol Ester Mixed Acid MPG Modif'cd Polyllyc4:d

PEBA - Pentaerythritol Ester Branched Acid PPGD - Potyixopykne Glycol Diol

PPGBM - Polypropylene Glycol Butyl Moooether AB Alkyl Bea_._
MO Mineral Oil
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Formula # 13 Ingredient pphr

SBR (23.5 % Styrene Content) 100
Zinc Oxide 3

Sulfur 1.75

Stearic Acid 1

N-t-butyl-2-benzothiazyl sulfenamide I

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. % Dim Chg. % Dia. Chg. % Wgt. Chg.
,m , ,, ,

R-22 9.9 10.0 9.8 41.1/39.5 40.3

R-32 2.0 1.6

R-124 5.9 5.4 4.1 22.5/22.5 22.5

R-134a l.l 1.0 5.0/5.0 5.0

R-125 3.1 3.8 3.6 10.8/10.0 10.4

R-143a 1.4 1.5 1.5 5.2/5.2 5.2

R-152a 3.0 3.1 2.8 li.l/10.6 10.9

R-123 41.4 41.2 40.8 271/271 271

R-142b 7.8 7.5 7.3 31.1/30.3 30.7

R-134

AB 29.7 43.6/42.3 43.0 175/171 173

MO 32.5 44.5/44. l 44.3 186/186 186

PEMA 16.3 22.9/22.6 22.8 85.6/84.7 85.2

PEBA 9.4 16.0/16. l 16.1 57.0/56.5 56.8

PPGD 1.6 1.2/1.8 1.5 5.9/5.5 5.7

PPGBM 5.9 10.0/9.2 9.6 29.4/29.5 29.5

MPG
r

PEMA l%ntacrythritolFatcrMia_lAcid MPG ModifiodPolyglycol

PEBA Pcn_crythritolEsterBrancb_lAcid PPGD - PoiypropylcucGlycolDiol

PPGBM PolypropyleneGlycolButylMonocthcr AB - AlkylBcmmuc
MO Mim:mlOil



51

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.
, , li, ,

R-22 7.6 7.1 7.1 26.9/27.1 27.0

R-32 1.2 1.2
i

R-124 3.4 3.4 3.1 15.0/15.315.2

R-134a 0.9 0.6 3.3/3.7 3.5

R-125 2.0 2.I 2.I 7.0/6.5 6.8

R-143a

I
R-152a 2.3 2.1 2.0 6.4/6.6 6.5

R-123 24.3 24.2 24.9 138/138 138

R-142b 6.0 6.0 5.9 20.1/20.020.I

R-134

AB 15.7 24.0/24.224.I 81.9/81.281.6

MO 17.4 24.2/23.724.0 88.8/88.688.7

PEMA 8.8 13.2/13.213.2 45.5/45.145.3

PEBA 4.2 9.2/9.2 9.2 31.3/30.831.1

PPGD I.I 2.I/1.4 1.8 5.0/4.8 4.9

PPGBM 3.3 5.5/5.4 5.5 18.8/18.018.9

MPG

PEMA PentaerythritolEst_MixedAcid MPG . ModifkxlPolyglycol

PEBA - P©ntaa'ythritolF__tcrBranchedAcid PPGD - Polyl_rooylc_GlycolDiol

PPGBM PolypropyleneGlycolButylMono,nth_ AB - Alkylkn,_'nc
MO Mim:mlOil
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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 l

Swell Data:

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

,1

R-22 10.2 11.3 11.4 43.8_4!.9 42.9
,,

R-32 1.3 1.2

R-124

R- 134a 1.9 1.6 1.7 7.5_7.4 7.5

R-125 2.3 2.7 1.9 10.ILO.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 45.7 316L313 315

R-142b 8.3 8.6 7.6 -0.7_-0.9 -0.8

R-134

AB

MO

PEMA

PEBA

PPGD

PPGBM

MPG
,,,,

PEMA - Pentae_thritol Ester Mixed Add MPG - Modifw.,dPolyglycoi

PEBA Pentaerythritol Ester Branched Add PPGD - Polypropylene Glycol 13401

PPGBM Polypropylene Glycol Butyl Mounether AB . Alkyl Benzene
MO - Mineral Oil
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Formula # 16 Ingredient pphr

SBR (High 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. % Wgt. Chg.
i iiii i ii

R-22 10.7 10.6 10.2 44.7/42.5 43.6

R-32 2.3 2.3

R-124
i

R-134a 2.1 1.9 1.7 7.6/6.7 7.2

R-125 2.9 3.0 2.8 9.2/8.8 9.0

R-143a 1.4 1.6 1.4 -0.4/-0.4 -0.4

R-152a

R- 123 52.9 53.1 52.6 380/393 386

R- 142b 7.9 7.8 7.8 31.0/30.1 30.5

R-134

AB

MO

PEMA

PEBA

PPGD

PPGBM
i i

MPG
i

PEMA PentaerythritolEsterMixedAcid MPG ModifiedPotyglycol
PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlycolButylMonoether AB AlkylBenzene
MO - MineralOil



54

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-benzothiazyl 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 47.8 47.5 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 4.9 20.7/20.4 20.6

R-125 0.8 0.0 1.7 7.4/9.7 8.6

R-143a 0.2 0.4 0.9 3.2/3.4 3.3
, .m,.,.i

R-152a 7.8 7.9 7.9 24.9/24.3 24.6

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/-0.1 0.1 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 1.7 5.0/5.3 5.2
i

PEBA 0.4 1.0/I. 1 1.0 3.1/3.6 3.4

PPGD 1.0 2.0/2.0 2.0 5.6/5.7 5.7

PPGBM 0.4 0.3/0.1 0.2 0.3/0.5 0.4
ii i ii

MPG 0.4 -0.4/-0.3 -0.3 -0.2/-0.1 -0.1

PEMA Pentaerythritol Ester Mixed Acid MPG - Modified Polyglycol

PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM - Polypropylene Glycol Butyl Mouoether 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 .7

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid %DSa. Chg. %DSa. Chg. % DSa. Chg. % Wgt. Chg.
! ' ii i .,.,., , , i ,,

R-22 51.4 50.8 51.4 275/260 268

R-32 8.3 8.3
, ,,,

R-124 45.4 45.3 45.9 289/274 282

R-134a 2.5 4.1 5.1 22.0/21.9 22.0

R-125 1.5 2.0 3.9 16.2/15.9 16.1

R-143a 0.6 1.0 2.0 5.8/5.8 5.8

R-152a 8.6 8.7 8.8 27.5/27.3 27.4

R-123 83.0 83.4 83.7 720/713 716

R-142b 6.5 8.6 8.7 34.2/34.4 34.3

R-134

AB 0.4 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

PEMA 1.6 3.8/3.2 3.5 10.9/10.4 10.7

PEBA 1.0 2.1/2.6 2.4 6.3/7.2 6.7
|,1

PPGD 1.5 3.2/2.7 2.9 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
............ iii i I i i

PEMA Pentaerythritol Ester Mixed Acid MPG Modifmd Polyglyo¢4

PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Dioi
PI:_BM - Polypropylene Glycol Butyl Monoether AB . Alkyl Ben_n¢
MO Mineral Oil
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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 .7

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. %Dia. Chg. % Dia. Chg. % Wgt. Chg.
i

R-22 49.8 49.8 50.4 262/244 253

R-32 7.7 7.7

R-124 46.2 46.1 45.8 311/284 298

R-134a 5.1 5.8 5.7 25.0/23.7 24.4

R-125 3.5 5.1 6.2 23.5/23.1 23.3

R-143a 1.4 2.3 2.7 9.0/9.0 9.0

R- 152a 8.8 8.9 8.7 28.4/27.8 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 47.0

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 33.2/33.2 33.2

PEBA 3.8 7.7/7.7 7.7 25.4/25.6 25.5
iiii i i ii

PPGD 5.8 8.0/7.9 7.9 25.6/25.4 25.5

PPGBM 1.3 2.0/1.8 1.9 5.9/5.8 5.9

MPG 0.5 0.7/0.7 0.7 2.6/2,9 2.8
i i i, i

PEMA . Pentaerythritol F_ter Mixed Acid MPG ModEK:d Polyglyeoi

PEBA Pentaerythritol Ester B_nehed Acid PPGD - Polypropylene 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-benzothiazyl sulfenamide .7

SwellData:

24 Hour 72 Hour 14Day 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.

R-22 35.6 35.1 35.4 180/174 177

R-32 6.2 6. l

R-124 31.0 31.2 29.9 199/187 193

R-134a 4.5 4.3 4.3 19.2/18.8 19.0

R-125 5.0 5.3 5.2 21.9/21.4 21.7

R-143a 2.8 3.2 3.4 11.9/11 1 11.5

R- 152a 7.4 8.1 7.4 27.3/27.0 27.2

R-123 73.9 71.3 73.2 739/755 747

R-142b 13.8 14.1 14.0 59.9/58.9 59.4
R-134 ----'--

AB 4.8 6.9/7.1 7.0 21.0/22.0 21.5

MO 4.2 7.0/8.4 7.7 26.9/26.9 26.9

PEMA 21.5 23.5/24.7 24.1 98.4/98.9 98.6

PEBA 13.1 18.9/19.2 19.0 72.0/72.1 72.1

PPGD 11.0 11.1/11.4 11.3 39.9/39.9 39.9

PPGBM 4.0 7.2/7.6 7.4 23.7/23.8 23.7

MPG 2.3 4.3/3.9 4.1 13.9/14.3 14.1

PEMA Pentaerythritol Ester Mixed Acid MPG Modir_l Polygtlx.d

PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropyl¢_ CdycolDioi
PPGBM - Polypropylene Glycol Butyl Moaoethcr AB - Alkyl ilenzenc
MO Mineral Oil
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Formula # 21 Ingredient pphr

Low ACN Nitrile 100
Zinc Oxide 3
Stearic Acid 1

MgCO 3Coated Sulfur 1.5
N-t-butyi-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. °A Wgt. Chg.

, , ,

R-22 25.8 23.0 22.0 121/115 118
,,,, ,,,,,

R-32 4.3 4.5

R-124

R-134a 3.3 3.4 3.5 15.5/15.4 15.5

R-125 3.0 3.8 3.4 15.8/15.6 15.7

R- 143a 1.6 1.7 1.4 8.0/7.9 8.0

R-152a

R-123 42.5 41.9 40.9 352/362 357

R-142b 8.5 9.0 9.1 41.3/40.5 40.9

R-134

AB

MO

PEMA
, ,,

PEBA
, ,,

PPGD

PPGBM

MPG

PEMA - Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol

PEBA - Pentaerythritol Ester Branched Acid PPGD - Polyprc_ylcoe Glycol Diol

PPGBM Polypropylene Glycol Butyl Monocther AB Alkyl ikn_sene
MO Mineral Oil
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Formula # 22 Ingredient pphr

Very High ACN Nitrile 100

Zinc Oxide 3

Stearic Acid 1

MgCO 3 Coated Sulfur 1.5

N- t-butyl-2-benzo thiazyi su lfenamide .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.
i i i i ii ii i i i i i

R-22 31.5 31.6 31.7 157/165 161

R-32 6.3 6.4

R-124

R-134a 1.2 2.5 4.2 15.7/15.8 15.8

R-125 0.4 0.8 1.6 6.8/7.0 6.9

R-143a 0.4 0.3 0.8 2.8/2.3 2.6

R-152a

R-123 49.3 49.4 49.7 388/391 390

R- 142b

R-lM

AB

MO

PEMA

PEBA

PPGD
iiiii

PPGBM
i

MPG

PEMA PentaerythritolEsterMixedAcid MPG ModiFwxlPolyglycoi
PEBA PentaerythritolEsterBranchedAcid ' PPGD - Polyprop_encGlycolDioi
PPGBM Polypropylct¢GlycolButylMouocther AB Alkyl lk:n,_t_
MO MiucralOil
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Formula # 24 Ingredient pphr

38 % ACN Hydrogenated Nitrile 100
Zinc Oxide 5

Stearic Acid 1

MgCO 3Coated 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 21.1/21.2 21.2

R-125 5.2 6.7 6.7 26.0/26.1 26.1

R-143a 1.2 2.1 2.4 8.0/15.2 11.6
,i

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
i i

MO

PEMA

PEBA

PPGD

PPGBM

MPG

PEMA Pentaerythritol E_ter Mixed Acid MPG - Modifaxl Polyglycol

PEBA Pentaerythritol F.lter Branched Acid PPGD - Pdypropylem Glycol Diol

PPGBM Polypropylene Glycol Butyl Moaoethcr AB Alkyl Iknzcne
MO - Mineral Oil



61

Formula # 29 Ingredient pphr

Fiuoroelastomer 100

Litharge (Sublimed) 3

Triallyl 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.
' , 1 i T , r , , ,, i ,i i ii i i i ii i i

R-22 36.2 35.9 35.5 91.2/83.8 87.5

R-32 19.5 19.6

R-124 39.8 40.4 39.9 125/120 122

R- 134a 30.4 30.4 30.2 79.0/77.0 78.0

R-125 19.8 19.7 19.6 49.9/48.7 49.3
, , ,,, ,,

R-143a 20,7 20.7 20.8 38.4/37.8 38.1

R- 152a 34.8 35.0 34.4 62.7/58.9 60.8

R-123 35.7 37.0 37.8 121/121 121

R-142b 37.9 38.0 37.6 95.2/91.1 93.2

R-134

AB 0.8 0.2/0 0.1 0.2/0.1 0.2

MO -0.6 -0.2A).8 0.3 0.2/0.2 0.2
i

PEMA 1.0 0.7/0.7 0.7 1.1/1.1 1.1

PEBA 0.8 1.3/0.9 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 0.2/0 0.1 0.4/0.3 0.3

MPG 0.1 -0.3/0.1 -0.1 0.2/0.2 0.2

PE/CA PentaerythritolEsterMixedAcid MPG Mo<lit'cdPoly$1ycol
PEBA - PentaerythritolEztcrBranchedAcid PPGD - Potypropyicm:GlycolDiol
PPGBM . PolypropyleneGlycolButylMontctlux AB - Alkyllkmra¢
MO Mitym'alOil
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Formula # 30 _..gredient pphr

Fluoroelastomer 1O0

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.
i i i i i i i , ....

R-22 22.0 22.2 22.5 57.8/56.4 57. I
,.

R-32 13.6 12.7

R-124 24.1 23.4 240 73.7/68.4 71.1

R-134a 19.2 18.8 18.2 50.0/47.2 48.6

R-125 13.4 13.5 13.3 36.5/35.8 36.2

R-143a 13.8 14.2 14.0 27.9/26.9 27.4

R-152a 21.5 21.9 21.5 41.8/40.2 41.0

R-123 22.6 22.9 24.3 70.7/58.5 64.6

R-142b 23.2 23.6 23.0 56.2/52.5 54.4

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 0.4 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 0.4/0.4 0.4

MPG 0.1 0.3/0.4 0.3 0.2/0.2 0.2
ii

PEMA - Pentaerythritol Ester Mixed Acid MPG Modified Pob'glycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Dioi

PPGBM Polypropylene Glycol Butyl Mouoether AB Alkyl Bem,e_ne
MO - Mineral Oil
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Formula # 31 Ingredient pphr

Fluoroelastomer 1O0 g

Litharage (Sublimed) 1.8 g

Triallyl Isocyanurate 18 g

2,5-Dimethyi-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.
,i ' J in i i|ll i i i

R-22 25.8 25.6 25.9 71.6/69.1 70.4

R-32 17.4 17.5

R-124

R-134a 15.7 15.6 16.2 43.2/42.2 42.7

R- 125 5.8 7.6 8.6 22.0/22.0 22.0

R-143a 9.9 10.0 10.2 22.7/22.4 22.6

R- 152a

R-123 27.8 27.3 29.1 106/108 107

R-142b 26.3 25.9 25.1 67.1/66.9 67.0

R-134
i

AB

MO

PEMA

PEBA

PPGD

PPGBM

MPG

,,, ,, , i f i ii i iii iii

PEMA - PentaerythritolEaterMixedAcid MPG ModifiedPoiyglycol

PEBA PentaerythritolEaterBranchedAcid PPGD - PolypropyleneGlycolDioi
PPGBM - PolypropyleneGlycolButylMonoether AB - AlkylBenzene
MO - MineralOil
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Formula # 34 Ingredient pphr

Epichlorohydrin Homopolymer 100 g

Stearic Acid 1 g

Nickel Dibutyldithiocarbamate 1 g

Red Lead 5 g

Ethylene Thiourea 1.85 g
Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
i i i

R-22 12.3 21.1 12.3 38.9/38.4 38.7

R-32 4.7 4.3
, ,,,, ,, ,,

R-124

R-IMa 0.3 0.9 1.3 4.2/4.3 4.3

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.I 68.0/68.0 68.0

R-142b 2.3 4.3 5.0 14.4/14.3 14.3

R-134

AB
,, ,,, ,,,

MO
i

PEMA

PEBA

PPGD

PPGBM

MPG

PEMA Pcntaerytlaritol Ester Mixed Acid MPG ModiFr.,d Polyglycoi

PEBA - Pcntaerythritol Estcr Branched Acid PPGD - Polypropylene Glycol Dioi

PPGBM Polypropylcne Glycol Butyl Moooether AB . Alkyl Benzene
MO Mineral Oil
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Formula # 35 Ingredient pphr

Epichlorohydrin Homopolymer 100 g

Stearic Acid 1 g

Nickel Dibutyldithiocarbamate 1 g

Red Lead 5 g

Ethylene Thiourea 1.85 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.

R-22 8.7 8.7 5.6 28.8/28.1 28.5

R-32 3.7 3.4

R-124

R-134a 0.2 0.3 1.0 2.7/3.0 2.8

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 2.9 10.3/10.5 10.4

R-134

AB

MO

PEMA
m

PEBA

PPGD

PPGBM

MPG

PEMA . l_ntaa,'ythritolEsterMixedAcid MPG . Modif'_lPolyglycol

PEBA - I_nta_'ytbritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlycolButylMonoether AB AlkylBenzene
MO MineralOil
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Formula # 36 Ingredient pphr

Epichlorohydrin Copolymer 100 g

Stearic Acid l g

Nickel Dibutyldithiocarbamate l g

Red Lead 5g

Ethylene Thiourea 1.85 g

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
i i

R-22 36.3 36.5 36.0 133/120 126

R-32 6.9 6.4

R-124

R-134a 3.8 3.6 3.7 12.1/12.1 12.1

R-125 2.2 3.0 3.1 10.6/10.6 10.6

R-143a 1.2 1.6 1.6 4.8/4.8 4.8

R- 152a

R-123 67.3 67.2 68.0 418/418 418

R-142b 6.8 6.6 5.8 20.8/20.6 20.7
|.

R-134

AB

MO
i

PEMA

PEBA

PPGD

PPGBM

MPG

PEMA - PentaerythritolEsterMixedAdd MPG ModifiedPolygly¢ol
PEBA . PentaerythritolEsterBranchedAdd PPGD - PolypropyleneGlycolI_ol
PPGBM - PolypropyleneGlycolButylMonoether AB Alkylikn_ue
MO MineralOil
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Formula # 37 Ingredient pphr

Epichlorohydrin Copolymer 1O0 g

Stearic Acid 1 g

Nickel Dibutyldithiocarbamate 1 g

Red Lead 5 g

Ethylene Thiourea 1.85 g

N330 Carbon Black 40 g

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid °A Dia. Chg. % Dia. Chg. % Dia. Chg. OAWgt. Chg.

R-22 25.6 26.1 23.8 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 2.4 7.3/7.3 7.3

R- 143a 0.8 1.1 1.2 3.4 3.4

R-152a

R-123 43.1 44.6 43.2 210/113 211

R-142b 5.0 5.3 4.8 14.9/15.0 15.0

R-134

AB

MO

PEMA

PEBA

PPGD

PPGBM
,i i

MPG

i i , i i i

PEMA Pcuta_ythritoi EsterMixedAcid MPG - ModifkxlPolyglycol
PEBA PentaerythritolEsterBrauchedAcid PPGD - PolypropyleneGlycolDioi
PPGBM - PolypropyleneGlycolButylMouocther AB Alkyl Bcuzcne
MO - MineralOil
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Formula #38 Ingredient pphr

Epichlorohydrin Terpolymer 100 g

Stearic Acid I g

Nickel Dibutyldithiocarbamate 1 g

Red Lead 5 g

Ethylene Thiourea 1.85 g

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 38.4 154/145 149

R-32 7.5 7.4

R-124

R-134a 4.3 3.4 4.5 14.4/14.5 14.5

R-125 2.8 3.2 3.4 12.2/12.0 12.1

R-143a 1.7 1.7 1.5 4.8/4.7 4.8

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 22.4

R-134

AB

MO

PEMA

PEBA

PPGD

PPGBM
i

MPG
• " i i |1 f i i

PEMA PentaerythritolEsterMixedAcid MPG - ModifiedPolyglycol
PEBA PentaerythritolFJterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlycolButylMouoether AB - AlkylBenzene
MO . MineralOil
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Formula # 39 Ingredient pphr

Epichlorohydrin Terpolymer 100 g

Stearic Acid 1 g
Nickel Dibutyldithiocarbamate 1g

Red Lead 5g

Ethylene Thiourea 1.85 g

IRB6 40 g

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
i i

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 3.1 10.2/10.3 10.2

R-125 2.0 2.5 3.0 9.0/8.6 8.8

R-143a 1.0

R-152a

R-123 42.3 43.2 41.8 227/227 227

R-142b 5.5 5.5 5.1 16.4/16.1 16.3

R-lM

AB
ii i

MO

PEMA

PEBA
i

PPGD

PPGBM

MPG
,,,

i i i l i i iii i i li

PEMA Pcnmcrythfitol F.ster Mixed Acid MPG Modifkxl Polyglycol

PEBA Pcn_hritol Egcr Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monocther AB Alkyl Bernrene
MO Mineral Oil
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Formula # 41 Ingredient pphr

Dimethyl Silicone Rubber 100 g

Dicumyl Peroxide on Calcium Carbonate 1 g

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. °A Wgt. Chg.

R-22 50.0 51.9 52.4 222/199 211

R-32 5.8 5.9

R-124 41.5 41.0 40.0 210/190 200

R-134a 6.1 18.3 6.0 18.5/16.4 17.5

R-125 7.2 7.6 7.2 21.7/21.8 21.7

R-143a 9.9 9.8 9.3 21.0/19.1 20.1

R-152a 17.3 17.1 17.0 49.0/39.7 44.3

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 15.9 15.7/15.9 15.8 44.6/44.2 44.4

MO 7.9 7.1/7.4 7.3 19.5/19.4 19.5

PEMA 1.5 1.2/1.5 1.4 3.7/3.7 3.7
i

PEBA 2.8 2.5/2.3 2.4 7.3/7.2 7.2

PPGD 0.6 0.2/0.2 0.2 0.2/0.2 0.2

PPGBM 0.4 -0.1/0.1 0 0.7/0.6 0.6

MPG 4.7 -0.3/-0.4 -0.4 -0.2/-0.4 -0.3
' i

PEMA PentaerythritolEsterMixedAcid MPG ModirgdPolyglycoi
PEBA Pen_hritol EsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlymlButylMonoeth_ AB AlkylBet_ne
MO - MineralOil
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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 14Day

Test Fluid % Dia. Chg. %Dia. Chg. %Dia. Chg. %Wgt. Chg.
i ' 1 i,i i , i ii ' iii ,,, , i I , , i i , ,,,i ,, i , ,,J

R-22 50.8 51.3 50.5 218/210 214

R-32 4.8 4.8
, ,. ,, ,

R-124 41.8 41.8 42.6 195/193 194

R-134a 5.1 5.3 5.4 17.0/17.1 17.1
,, |

R-125 5.8 5.9 6.0 16.0/17.0 16.6

R-143a 6.8 6.8 6.1 14.5/12.9 13.7

R-152a 14.0 14.6 14.8 37.7/33.1 35.4

R-123 62.8 63.2 65.1 415/399 407

R-142b 52.8 55.6 53.5 252/227 240

R-134
i iii i iglll i i i ii ii ii

AB 25.9 26.5/26.7 26.6 78.1/77.4 77.8

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
, J,,i

PEBA 12.1 12.3/12.9 12.6 37.2/37.2 37.2

PPGD 2.6 1.6/0.6 1.1 3.7/3.8 3.7
ii

PPGBM 4.5 4.2/3.5 3.8 9.5/9.5 9.5
i

MPG 3.0 2.8/2.8 2.8 8.6/8.9 8.8
I I i I I IIIII I II III

PEMA Pentaerythritol Ester Mixed Acid MP(3 Modified Polyglycoi

PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM Polypropylene Glycol Butyl Monoether AB - Alkyl Benzene
MO Mineral Oil



72

Formula # 43 Ingredient pphr

Silicone Rubber 100

Dicumyl 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.
i

R-22 21.3 21.6 22.1 97.1/86.6 91.9

R-32 3.4 3.8

R-124 17.5 17.2 17.4 89.2/82.3 85.7

R-134a 3.6 3.9 3.6 12.6/12.0 12.3

R-125 4.5 4.4 4.8 15.8/15.5 15.7

R-143a 6.1 5.9 5.9 15.7/13.8 14.8

R- 152a 9.1 9. I 9.2 28.0/25.7 26.9

R-123 23.0 23.0 22.3 139/136 137
m,,, i

R-142b 22.0 22.0 22.0 91.5 91.5

R-134

AB 8.5 8.1/7.9 8.0 22.1/22.0 22.1

MO 5.4 4.5/4.6 4.6 12.6/12.5 12.6

PEMA 2.2 1.7/1.8 1.8 5.1/5.0 5.1

PEBA 2.7 2.3/2.1 2.2 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 2.7/2.6 2.7

MPG 0.9 0.7/0.5 0.6 2.5/2.7 2.6
i • i i

PEMA . Pentaerythritol Ester Mixed Acid MPG - Modif'_! Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylc-ncGlycol Diol
PPGBM - Polypropylene Glycol Butyl Mouoethcr AB - Alkyl l_uz_nc
MO . Mineral Oil
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Formula # 44 Ingredient pphr

Fluorosilicone 100
Iron Oxide 1.5
Bis(2,4-dichlorobenzoyl peroxide) 1.3

SweU Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
i i i i , i i i

R-22 42.0 42.0 43.0 141/129 135

R-32 31.6 31.7

R-124 32.5 33.1 32.2 137/127 132

R-134a 34.6 35.0 35.4 127/122 125

R-125 15,0 15.0 15.0 50.0/48.2 49.0

R-143a 24.0 24.0 24.5 64.1/58.0 61.0
i

R-152a 39.6 39.8 39.4 106/102 104

R-123 31.7 31.0 31.4 137/137 137
i

R-142b 43.3 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 4.9/4.9 4.9

PEBA 2.3 2.7/3.6 3,1 7.5/7.5 7.5_

PPGD 1.1 0.7/0.7 0.7 1.3/1.4 1.3

PPGBM 0 -0.1/0.1 0 0.6/0.5 0.6i

MPG -0.6 -0.7/0 -0.3 0.3/0,5 0.4
, ,,

i ii iii i i i ii

PEMA - Pentaerythritol Ester Mixed Acid MPG Modifted Polyglyeoi
PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB - Alkyl Benzene
MO - Mineral Oil
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Formula # 45 Ingredient pphr

EPDM/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.

R-22 -0.7 -0.9 -0.9 5.9/3.1 4.5

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 2.4/2.4 2.4

R-125 1.0 1.4 1.7 9.6/10.4 10.0

R-143a 0.8 0.6 0.9 2.9/3.0 2.9

R-152a 0.8 0.7 0.8 5.9/4.2 5.1

R-123 0.3 0.1 0.1 19.2/19.2 19.2

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/-2.0 -1.9

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/-2.4-2.2 .-4.4/.4.4.4.4

MPG
'"' , iii •

PEMA - PentaerythritolEst_MixedAcid MPG Modif'_lPolyglycol

PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlycolButylMonoether AB Alkyl Benzene
MO MineralOil
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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.

R-22 -2.5 -3.2 -3.5 -7.0/-8.1 -7.6

R-32 0.7 0.7

R-124 -2.4 -3.4 -4.2 -5.9/-6.4 -6.2

R-134a 0.4 0.1 2.6/2.7 2.6

R-125 1.3 2.7 3.2 11.3/12.9 12.1

R-143a 0.1 0.2 0.4 3.3/3.5 3.4

R-152a 0.7 0.3 0.6 4.5/3.9 4.2

R-123 -1.3 -1.3 -1.4 15.2/15.1 15.2

R-142b -3.3 -3.8 -4.2 -6.1/-6.4 -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 -3.9 -8.0/-5.1 -6.6 -13.5/-13.7 -13.6

PEBA -3.2 --4.2/-4.2 -4.2 -12.5/-12.6 -12.6

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/-17.9 -18.0

MPG
• ii

PEMA Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol

PEBA Pentaerythritol Ester BranchedAcid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Mouoethet AB Alkyl tk:n,_ene
MO Mineral Oil
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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, % Wgt, Chg,
, | ,.

R-22 -0.4 -0.4 -0.5 7,6/3.4 5.5

R-32 0.4 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 5.4

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 2,9 3,4/2.9 3,2 13,5/14.4 14.0

MO 4,1/3,9 4.0 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 -3.2
i

PPGBM -0,4 .4},3/-0,9 -0,5 -0,4/-0,5 -0,5
i

MPG

PEMA - Pentaerythritol Ester Mixed Acid MPG Modified Polygly¢ol

PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol [34ol

PPGBM - Polypropylene Glycol Butyl Mouoether AB Alkyl BenTene

MO - Mineral Oil
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Formula # 48 Ingredient pphr

EPDM/Polypropylene TPE Shore D 50 100

Swell Data:

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

R-22 0.1 0.5 0.1 7.6/6.4 7.0

R-32

R-124 0.1 -0.2 -0.3 9.7/9.3 9.5

R-IMa 0.3 0.3 1.9/2.2 2.1

R-125 0.6 1.3 1.4 8.8/9.4 9.1

R-143a 0.2 0.4 0.7 2.3/2.4 2.3

R-152a 0.1 -0.2 -0.1 2.0/1.2 1.6

R-123 1.4 1.0 1.1 17.8/17.8 17.8

R-142b 0.7 0.7 0.4 7.9/7.7 7.8

R-134

AB 1.5 2.5/2.2 2.4 9.5/9.2 9.4
, ,,, ,,

MO 2.6 2.7/2.6 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 -2.5/0.0 -1.3 1.5/1.8 1.7

PPGD -0.6 -1.1/-1.3 -1.2 -1.5/-1.6 -1.6

PPGBM 43.5 43.4/-0.4 -0.4 0.8/0.7 0.8

MPG
,,,-,. .,,

,,H . , ,,.| .,,

PEMA Pentaerythritol Eater Mixed Acid MPG Modifx:d Polyglycol

PEBA Pentaerythritol F_.rd.erBranch_xl Acid PPGD - Polypropyle._ Glycol Diol
PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Bemmnc
MO Mineral Oil



Formula # 49 Ingrcdiont 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.
iii 1iii i i

R-22 9.9 10.3 10.2 65.2/54.7 60.0

R-32

R-124 5.7 5.8 6.6 51.1/50,0 50.6

R- 134a 0,4 0.7 -0.2 4.4/4.0 4.2

R-125 1.3 14.2 1.7 7.8/8.8 8.3

R-143a l.l 0.4 -0.4 0.7/1.5 l.l

R-152a 1.0 0.3 0.4 2.6/3,4 3.0

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 l.l/l, l I. l

PEMA 0.9 0.7/l.1 0.9 3.6/3.6 3.6

PEBA 0.0 0.3/0.9 0.6 2.5/2.5 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. l -2. l

MPG -1.4 -1.2/1.2 1.2 -2.7/-2.4 -2.6

PEMA . PentaerythritolEsterMixedAcid MPG ModirmdPolyglycol
PEBA . PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM - PolypropyleneGlycolButylMonnether AB AlkylBenzene
MO . MineralOil



Formula # 50 Ingredient pphr

Nitrile/Polypropylene TPE Shore A 80 100

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg % Wgt. Chg.
-- . i i i i . i. ,iii ii i ii i i |l '

R-22 14.3 14.6 14.6 78.4/.75.5 77.0

R-32

R-124 10.5 10.2 10.6 77.7/'74.8 76.3

R-134a 0.7 -0.2 -1.3 1.2/3.7 2.5

R-125 1.8 1.7 0.3 4.8/4.7 4.7

R-143a 0.4 2.8 -1.2 -2.6/-0.2 -1.4

R-152a -0.4 -0.3 -0.4 0.4/0.1 0.3

R-123 31.1 31.5 31.8 216/216 216

R-142b 1.5 1.1 0.6 11.1/11.5 11.3

R-134
n.

AB -0.3 -1.4/- 1.3 -1.4 -5.9/-5.7 -5.8

MO 0.7 -0.8/-0.9 -0.9 -3.3/-3.1 -3.2

PEMA 1.4 0.9/0.8 0.9 3.3/3.5 3.4

PEBA 0.4 0.3/-0.1 0.1 1.4/1.4 1.4

PPGD 1.0 0.6/0.7 0.6 1.3/1.5 1.4

PPGBM -0.8 -1.9/- 1.9 -1.9 -6.0/-6.2 -6.1

MPG -1.9 -2.8/-2.5 -2.7 -7.7/-7.9 -7.8
i ii i ...

PEMA PentaerythritolF.sterMixedAcid MPG - ModifiedPolyglycoi
PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlycolButylMonoether AB AlkylBenzene
MO MinerMOil



Formula # 51 Ingredient pphr

Nitrile/Polypropylene TPE Shore D 40 100

SwellData:

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

R-22 6.9 7.1 7.4 47.4/42.9 45.2

R-32

R-124 4.7 4.6 4.5 39.7/39.0 39.4

R-134a 0.9 0.9 0.5 6.6/7.2 6.9

R-125 1.0 1.8 1.8 7.5/8.2 7.9

R- 143a 0.8 1.3 0.3 1.8/2.0 1.4

R- 152a 1.2 0.4 0.3 3.0/3.0 3.0

R-123 14.2 14.5 15.4 103/101 102

R- 142b 2.3 1.9 1.7 12.0/11.5 11.8

R-134

AB 1.4 0.7/1.1 0.9 1.0/1.0 1.0

MO 1.8 1.1/1.1 1.1 2.9/3.1 3.0

PEM0 0.8 0.9/0.8 0.8 3.4/3.3 3.4

PEBA 0 0.5/0.4 0.5 2.8/2.6 2.7
.....

PPGD 0 -0.2/-0.2 -0.2 0.4/0.5 0.4

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 - Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM - Polypropylene Glycol Butyl Mouoethcr AB - Alkyl Benzene

MO Mineral Oil

.... '_lr ..... , ,_i' ' II q,



Formula # 68 Ingredient pphr

Chlorosulfonated PE 100
Litharge 25

Benzothiazyl disulfide 0.5

Sulfur 2

Swell Data:

24 Hour 72 Hour 14Day 14Day
Test Fluid % Dia. Chg. % Dia. Chg. °ADia. Chg. % WgL Chg.

R-22 9.1 8.6 8.2 27.8/27.9 27.8
=,

R-32

R-124

R-134a 0.3 0.3 1.2 3.5/3.2 3.3

R-125 0.7 0.9 1.2 3.5/2.8 3.2

R-143a 1.0 1.4 2.2 5.0/4.9 4.9

R- 152a

R-123 18.6 18.9 18.8 75.2/75.0 75.1
ii

R-142b 3.6 6.0 6.1 17.7/17.9 17.8

R-134

AB

MO

PEMA

PEBA

PPGD

PPGBM

MPG
' ' ' , n ,

PEMA Pentaerythritol Ester Mixed Acid MPG Modifgd Polyglyooi

PEBA - Pentaerythritol Ester Branched Add PI:_D - Polypropylet_gGlycol Diol

PPGP, M - Polypropyletg Glycol Butyl Moooether AB Alkyl
MO Milgn'al Oil



Formula # 70 Ingredient pphr

Chlorosulfonated PE 100 g

Litharge 20 g

Benzothiazyl disulfide 0.5 g

Dipentamethyllenethiuram hexasulfide 0.75 g

Magnesia 10 g

Nickel Dibutyldithiocarbamate 3 g

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 7.3 23.2/23.1 23.1

R-32

R-124
i

R-134a -0.1 0.0 0.9 3.6/3.5 3.5

R-125 1.1 1.2 1.3 3.8/3.8 3.8

R-143a 0.7 1.3 1.9 4.4/4.2 4.3

R- 152a
i

R-123 17.9 17.8 17.5 71.2/71.3 71.2

R-142b 3.9 5.9 5.7 16.6/16.8 16.7

R-134

AB

MO

PEMA

PEBA

PPGD

PPGBM
i

MPG

PEMA PentaerythritolEsterMixedAcid MPG - ModiF_lPolyglycol

PEBA - PentaerythritolEsterBranchedAcid PPGD - PolypropylcneGlycolDiol

PPGBM PolypropyleneGlycolButylMonoether AB - AlkylBen_ne
MO - MineralOil



Formula # 72 Ingredient pphr

EP Rubber 100 g

Dicumyl Peroxide 3 g

Swell Data:

24 Hour 72Hour 14Day 14Day

Test Fluid % Dia. Chg. % Dia. Chg. %Dia. Chg. %Wgt. Chg.
i iii i j i i

R-22 6.0 6.0 5.9 27.6/26.9 27.3

R-32

R-124 2.8 3.0 2.7 19.1/18.2 18.7

R-134a 1.8 2.3 3.4 10.3/5.6 8.0

R-125 3.3 3.3 2.8 9.2/7.6 8.4
i,ll

R-143a 1.4 1.5 0.9 4.1/3.7 3.9

R-152a 1.0 1.0 I.I 5.8/5.0 5.4

R-123 15.9 16.1 16.2 I05/I05 105

R-142b 7.5 7.4 7.6 31.7 31.7
,,

R-134

AB 58.9 70,7/72.871.7 434/425429
,al

MO 66.2 83.4/83.383.4 560/534547

PEMA 3.1 3.2/3.13.2 12.7/12.612.7

PEBA 3.2 3.22.6 2.9 12.1/12.3 12.2
iii i

PPGD 0.1 0.2/0 0.1 0.4/0.3 0.3

PPGBM 0.7 0.4/0.4 0.4 1.5/1.6 1.6

MPG -0.2 .0.4/.0.1 .0.3 .0.3/0.4 0. l
,, ......... 1 i ii ii

PEMA - PentaerythritolF.gerMixedAcid MPG ModifiedPolyglyool

PEBA - PentaerythritolE_erIkane.t_Acid PPGD - PolypropyleneGlycolDiol

PPGBM - PolypropyleneGlycolButylMonoether AB - AlkylIku_ue
MO MineralOil



Formula # 73 Ingredient pphr

EP Rubber 100 g

Dicumyl Peroxide 3 g

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid %Dia. Chg. %Dia. Chg. % Dia. Chg. % Wgt. Chg.

R-22 4.5 4.4 4.5 19.5/19.3 19.4

R-32

R-124 2.1 2.4 2.4 I0.8/I1.3 ll.l

R-134a 0.9 I.I 0.8 2.0/1.3 1.7

R-125 2.2 2.1 2.1 7.8/6.7 7.3

R-143a 1.3 1.3 1.2 2.7/2.6 2.6

R-152a I.I l.l 1.2 4.3/3.8 4.1
i

R-123 9.1 9.0 9.0 52.1/52.2 52.1

R-142b 4.9 4.9 4.8 19.8/19.5 19.6

R-134

AB 41.0 49.7/48.449.1 231/232231

MO 53.6 58.2/59.358.8 314/317315

PEMA 2.6 2.5/1.62.1 9.4/9.39.4
L .,

PEBA 2.5 2.8/2.42.6 9.6/9.89.7

PPGD 0.8 0.4/0.10.3 1.2/1.41.3

PPGBM 1.3 1.I/0.40.7 2.9/1.32.1
, ii,, , , .li , ,,

MPG 0.4 0.I/0.00.I 0.3/-0.I 0.I

PEMA Pentaerythritol Ester Mixed Acid MPG Modifgxi Polyglycol

PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM . Polypropylene Glycol Butyl Monoether AB - Alkyl Benzene
MO - Mineral Oil

Formula # 74 Ingredient pphr



Formula # 74 Ingredient pphr

EP Rubber 100 g

Dicumyl Peroxide 3 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.

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 7.3

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 2.4/3.1 2.8

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 3.5 3.4 3.3 13.6/13.3 13.5

R-134

AB 31.5 36.6/36.6 36.6 148/147 147i

MO 38.5 45.0/43.4 44.2 206/200 203

PEMA 2.0 1.4/1.I 1.3 6.0/6.0 6.0
ii ii iI

PEBA 1.4 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 0.4
i

PPGBM -0.1 -0.2/0.4 0.1 0.8/0.9 0.9

MPG 0.1 -0.6/-0.1 -0.4 -0.2/-0.2 -0.2
i i J i i I i i i i iiI i i

PEMA Pentaerythritol EsterMixed Acid MPG Modified Polyglycol

PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Benzene
MO - Mineral Oil



Formula # 75 Ingredient pphr

Ethylene Acrylic Elastomer 100 g

Methylene Diamine 1 g

Diphenylguanidine 3.2 g

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid %Dia. Chg. % Dia. Chg. % Dia. Chg. %Wgt. Chg.
, ,, , ,, ,,,

R-22 78.6 77.5 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 74.2/74.0 74.1
,,, ,,

R-143a 5.3 5.5 5.5 18.5/18.0 18.3
,, , , ,

R- 152a
, , ,,, ,, ,

R-123 119.0 117.0 116.0 1209/I 194 1202

R-142b 31.4 30.6 31.1 130/126 128

R-134

AB

MO
,, , ,,,

PEMA

PEBA

PPGD
i

PPGBM

MPG
i , , , i i

PEMA - Pentaerythritol Ester Mixed Acid MPG - Modifted Polyglyeol

PEBA . Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB - Alkyl BenTene
MO Mineral Oil

Formula # 76 Ingredient pphr



_'ormula # 76 Ingredient pphr

Ethylene Acrylic Elastomer 100
N 774 35
Methylene Dianiline I

Diphenylguanidine 4

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid %Dia. Chg. % Dia. Chg. % Dia. Chg. °AWgt. Chg.

R-22 47.2 46.0 46.7 183/164 174

R-32

R-124

R-134a 8.5 8.3 7.9 29.9/29.9 29.9

R-125 11.7 12.0 11.5 44.8/44.7 44.7

R-143a 4.4 4.5 4.7 10.7/10.5 10.6

R- 152a

R-123 65.3 66.0 69.1 458/455 456

R-142b 21.2 20.5 20.1 81.4/'78.6 80.0

R-lM

AB

MO

PEMA

PEBA

PPGD

PPGBM

MPG

i i

PEMA - Pentaerythritol Ester Mixed Acid MPG . Modif_d Polyglycol

PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylca¢ Glycol Diol
PPGBM - Po/ypropylea¢ Glycol Butyl Monoethct AB - Alkyl Beazcae
MO Mineral Oil



l-'ormula _ /5 mgre_alen[ ppm

Chlorinated PE 100 g

Magnesium Dioxide 10 g

Triallyl Isocyanurate 2 g

Dicumyl Peroxide on Clay 4 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.

r

R-22 4.7 4.2 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 2.2/2.1 2.2

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 3.5 3.8 12.6/12.6 12.6

R-134

AB
i

MO

PEMA

PEBA
i

PPGD
,i

PPGBM
,|

MPG
i i

PEMA . PentaerythritolEsterMixedAci_ MPG - ModifiedPolyglycol

PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM - PolypropyleneGlycolButylMonoether AB Alkyl lkn-ene



Formula #80 Ingredient pphr

EPDM 1O0g
Zinc Oxide 5 g
Sulfur 15 g

Stearic Acid 1 g
TMTD I g

MBT .5 g

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid %Dia. Chg. %Dia. Chg. % Dia. Chg. % Wgt. Chg.

R-22 3.9 4.3 3.8 16.7/16.0 16.4

R-32

R-124 1.7 2.2 2.1 10.2/10.6 10.4
,,, ,,

R- 134a 0.5 0.6 2.4/2.5 2.5

R- 125 2.3 2.9 2.8 9.0/9.0 9.0

R- 143a 1.0 0.9 0.7 2.7/2.4 2.6

R- 152a 1.1 1.0 0.9 4.0/3.6 3.8

R-123 7.9 8.8 8.8 46.5/46.4 46.5

R-142b 3.7 3.6 3.9 15.3/15.5 15.4

R-134

AB 30.3 35.8/35.6 35.7 142/141 142

MO 37.6 42.4/42.2 42.3 186/185 186

PEMA 2.7 2.3/2.3 2.3 7.1/7.4 7.3
i i

PEBA 1.9 2.3/2.4 2.4 8.2/8.0 8.1L

PPGD 0.3 0.2/0.0 0.1 0.1/0.2 0.2
,|,

PPGBM 0.9 0.2/0.6 0.4 1.5/1.6 1.6

MPG

PEMA - Pentaerythritol Ester Mixed Acid MPG Modified Polyglyeoi

PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol
PPGBM - Polypropylene Glycol Butyl Monoether AB Alkyl Benzene
MO Mineral Oil



r u_mum _ o _ u_ _u_m ppnr

EPDM 100 g

Zinc Oxide 5 g

Sulfur 1.5 g

Stearic Acid 1 g

TMTD 1 g

MBT .5 g

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
, i

R-22 5.5 5.3 5.0 24.3/23.8 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 3.8

R-125 3.8 3.6 3.6 11.5/10.9 11.2

R-143a 1.1 1.2 1.0 5.0/4.5 4.8

R-152a 1.4 1.6 1.6 5.6/5.9 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 36.4 149/148 148

MO 32.0 41.7/42.6 42.2 188/188 188

PEMA 2.6 3.2/3.2 3.2 10.6/10.6 10.6

PEBA 2.2 3.4/3.3 3.4 1l.l/10.9 11.0
i

PPGD 0.5 -0.6/-0. l -0.4 0.3/0.6 0.5

PPGBM 0.5 -0.3/0.6 0.2 2.2/2.4 2.3

MPG
, ,,

PEMA l:_nUu:rythritolEsterMixedAcid MPG - ModiF_dPolygly_ol

PEBA - l:_nta_-y_hritolEsterBranchedAcid PPGD - Polypropyl©neGlycolDiol

PPGBM - PolypropyleucGlycolButylMono_her AB AlkylBcnzcnc
MO MineralOil



mgretalem pplar

EPDM 100 g

Zinc Oxide 5 g

Sulfur 1.5 g

Stearic Acid 1 g

TMTD 1 g

MBT .5 g

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.

R-22 4.4 4.9 4.5 19.0/18.5 18.8

R-32

R-124 2.2 2.5 2.5 12.5/12.1 12.3

R-134a

R-125 2.6 3.5 3.3 10.6/9.5 10.1

R-143a 0.8 0.7 0.6 3.4/3.4 3.4
J

R-152a 1.3 1.3 1.3 4.0/5.2 4.6

R-123 10.0 9.8 9.6 56.4/56.2 56.3

R-142b 4.9 5.0 5.1 19.5/19.1 19.3

R-134

AB 28.4 35.1/34.9 35.0 143/143 143

MO 35.9 41.9/41.8 414.9 184/186 185

PEMA 2.8 2.4/2.3 25.4 7.4/7.4 7.4

PEBA 1.5 2.2/2.3 2.3 8.0/7.9 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

PEMA - Pentaea3,thritolEstcrMixedAcid MPG - ModiFw,dPoly[lye.ol

PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM - PolypropyleneGlycolButylMonoaher AB AlkylBcn_..ne
MO - MineralOil



EPDM 100 g

Zinc Oxide 5 g

Sulfur 1.5 g

Stearic Acid 1g

TMTD 1 g
MBT .5 g

N330 Carbon Black 40 g

Swell Data:

24 Hour 72 Hour 14 Day 14Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.

R-22 3.1 3.4 2.8 11.3/11.2 11.3
J

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 2.5 7.4/7.4 7.4

R-143a 0.8 0.6 0.4 2.1/1.9 2.0

R-152a 1.0 1.0 0.8 3.5/2.6 3.1
, i

R-123 6.5 6.3 6.5 32.6/32.4 32.5
i

R-142b 3.8 3.8 3.4 11.1/10.9 11.0

R-134

AB 20.6 26.8/25.3 26.1 85.8/85.6 85.7
i i

MO 25.9 29.4/29.8 29.6 113/112 112

PEMA 0.6 1.3/1.5 1.4 5.3/5.3 5.3
i

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
i

PPGBM 0.6 1.1/0.0 0.6 1.3/1.2 1.3
i i iiii

MPG

PEMA - Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol

PEBA - Pentaerythritol Eater Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM - Polypropylene Glycol Butyl Monoether AB - Alkyl Benzene



EPDM 100 g

Zinc Oxide 5 g

Stearic Acid 1 g

Dicumyl Peroxide 1 g

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
i i i i iii |

R-22 4.3 4.3 4.0 19.7/19.8 19.8

R-32

R-124 2.4 2.5 2.4 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 9.3

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 4.4

R-123 9.9 10.1 9.9 55.4/55.5 55.5

R-142b 4.7 4.7 4.4 19.1/18.6 18.8

R-lM

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 2.6 9.8/9.8 9.8

PPGD 0.8 0.5/0.9 0.7 1.9/1.8 1.9

PPGBM 1.0 0.7/0.9 0.8 2.5/2.4 2.5

MPG 0.5 0.1/0.2 0.2 0.9/0.8 0.8

PEMA - PentaerythritolEster MixedAcid MPG - ModifiedPolyglycol
PEBA - PentaerythritolEaterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM - PolypropyleneGlycolButylMonoether AB - Alkyl Benzene
MO MineralOil
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Formula # 85 Ingredient pphr

Butyl/PolypropylcncTPE 100

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. % x_,a. Chg. % Dia. Chg. % Wgt. Chg.

R-22
i

R-32

R-124 0.4 -0.2 -1.8 -0.7/0.7 0

R-134a 0.2 0.3 0.3 2.7/2.7 2.7

R-125 1.8 2.0 2.3 10.0/8.3 9.2

R-143a 0.3 0.3 0.5 3.2/3.8 3.5

R-152a -0.3 -0.7 - 1.4 -1.5/0. l -0.8

R-123 2.1 1.9 2.4 33.7/33.733.7

R-142b 0.3 -1.2 -2.4 -1.2/-0.8-I.0

R-134

t_B l1.9 20.5/20.920.7 87.4/85.186.3

MO 16.7 2507/25.125.4 I14/I12I13

PEMA -2.6 -2.9/-2.9-2.9 -6.4/-6.1-6.3

PEBA -2.0 -3.2/-3.5-3.4 6.4/-6.10.2

PPGD -2.8 -5.7/-5.5-5.6 -15.9/-15.7-15.8

PPGBM -2.4 -5.8/-5.4-5.6 -15.7/-14.5-15.1
i

MPG -1.6 -4.9/-4.8-4.9 -14.7/-14.9-14.8
f ii i

PEMA . PentaerythritolEaterMixedAcid MPG ModifiedPolyglycol
PEBA PentaerythritolEaterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlycolButylMouoether AB AlkylBenzene
MO - MineralOil
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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.
"'"' , ,, , ,

R-22 0.3 -0.6 -0.8 2.1/2.3 2.2
IIII i

R-32

R-124

R-134a -0.6 -1.5 .2.6 -4.8/-4.8 -4.8

R-125 -0.3 -0.9 -2.2 -4.0/-4.0 -4.0

R- 143a -0.8 - 1.6 -2.5 -5.2/-5.2 -5.2

R- 152a

R-123 5.7 5.5 4.9 24.1/23.7 23.9

R-142b 0.1 -1.2 -1.5 92,2/107 99.4

R-134

AB

MO

PEMA
m

PEBA

PPGD

PPGBM
II

MPG
...,,.

I i I I I 11 i II

PEMA PentaerythritolEsterMixed Acid MPG ModifkxlPolyglycol
PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropylctmGlycol Diol
PPGBM PolypropyleneGlycolButylMonoethcr AB - Alkyl i_mmtm
MO - Mineral Oil
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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.

R-22 23.8 23.7 23.9 118/106 112

R-32

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 42.5 40.7 39.9 238/237 238

R-142b 5.1 3.9 3.8 16.4/17.0 16.7

R-134

AB
,,, , ,

MO

PEMA

PEBA

PPGD
_m, , ,

PPGBM

MPG
, m I ,,

PEMA Pentaerythritol Ester Mixed Acid MPG ModiFgd Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM - Polypropylene Glycol Butyl Monoether AB Alkyl Benzene
MO Mineral Oil
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Formula #88 Ingredient pphr

Neoprene/Syl_thetic Fiber 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.

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 17.7/17.5 17.6

R-142b 0 -0.3 -0.4 11.9/7.2 9.6

R-134

AB

MO

PEMA

PEBA

PPGD

PPGBM

MPG
I I m i i ii

PEMA PentaerythritolEster MixedAcid MPG ModifiedPolyglyeol
PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDioi
PPGBM PolypropyleneGlycolButylM_noether AB - AlkylBenzene
MO MineralOil



DOE/CE/23810-3E

COMPATIBII_ITY OF REFRIGERANTS AND LUBI_CANTS
WITH

ELASTOMERS

Supplement to
Quarterly Report

1 April 1992- 30 June 1992

Dr. Gary R. Hamed
Robert H. Seiple

Institute/Department of Polymer Science
Polymer Science Building

University of Akron
Akron, Ohio 44325-3909

July 1992

Prepared for
The Air-Conditioning and Refrigeration Technology Institute

Under
ARTI MCLR Project Number 650-50500

rv.4wat_hproject ii supported, in whole or in part, by U.S. Department of Energy gnmt number DE-FOff2-91CE23810: Matcri_ Compatibility and
Lubricants Rese,a_h (MCLR) oa CFC-Refrigerlnt Substitutes. Federal funding supporting this project comtitutea 93.94_ of allowable com. Funding from
non-govemmmt sources supporting _ project c_iJts of direct cost sMring of 6.06% of allowable costs; and in-kind coom'butions from the _ir-conditioning
and refrigeration indmtty.



DISCLAIMER

The U.S. Department of Energy's and the air-conditioning industry's support for the Materials
Compatibility and Lubricants Research (MCLR) program does not constitute an endorsement

by the U.S. Department of Energy, nor by the air-conditioning and refrigeration industry, of
the views expressed herein.

NOTICE

This report was prepared on account of work sponsored by the United States Government.

Neither the United States Government, nor the Department of Energy, nor the Air-

Conditioning and Refrigeration Technology Institute, nor any of their employees, nor any of

their contractors, subcontractors, or their employees, makes any warranty, expressed or
implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness ofany information, apparatus, product or process disclosed or represents that its use
would not infringe privately-owned rights.

COPYRIGHT NOTICE

(for journal publication submissions)

By acceptance of this article, the publisher and/or recipient acknowledges the right of the U.S.

Government and the Air-Conditioning and Refrigeration Technology Institute, Inc. (ARTI)
to retain a nonexclusive, royalty-free license in and to any copyrights covering this paper.



" t, "

TABLE OF CONTF_2_S

APPENDIX B GAS CHROMATOGRAPHY DATA ON
REFRIGERANTS 98-108

APPENDIX C FTIR DATA ON REFRIGERANTS &
LUBRICANTS 109-125

APPENDIX D TGA ANALYSIS OF ELASTOMERS 126-186
APPENDIX E ODR CURVES-ELASTOMERS 187-236



98

APPENDIX B

GAS CHROMATOGRAPHY DATA
ON REFRIGERANTS
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Gas Chromatography Analysis

Method Parameters

Detector FID

Detector Temp (°C) 275
Injector Mode Splitless
InjectorTemp (°C) 50
Column Type Restek RXT-1

Length 100 m
lD 0.25 mm, 1 um df

Initial ColumnTemp (°C) 30
Column Hold 70 min
Final Column Temp 150
Column Flow (linear cm/s) 4
InjectionVolume (ul) 10 (vapor)

The following retention times were observed:

Retention Time
(minutes)

i

R-125 50.74
R-32 51.04
R-143a 51.58
R-134a 52.41
R-152a 53.53
R-22 54.95
R-124 57.81
R-142b 59.74
R-123 57.66*

* !sothe.rmal 120 °C.

The GC chromatograms are included for your reference.



lO0
CHART SPEED @.I CM/MIN

ATTEN: 16 ZERO: 5% 5 MIN/TICK

-- 0 187

21 968

__ 38 165
_;0 9_7

_ 7_4

62 152

CHANNEL: IA - 1 TITLE: R-125 12:17 10 JUL 92

SAMPLE: METHOD: FREON CALCULATION: A% - ANALYS - OP

PEAK PEAK RESULT TIME AREA SEP

NO NAME AREA% (MIN) COUNTS CODE

1 0.2809 0.107 5003 8B

2 0.1407 21.968 2505 BV

3 0.0430 22.037 7GG VB

4 0.1339 38.165 2385 8B
S 0.03S9 40.947 710 8B

6 99.1081 50.744 1765097 8V

7 0.0148 51.385 263 T

8 0.2387 62.152 4252 BB

TOTALS: 100.0000 1780981

DIVISOR: 1.00000 AMT STD: 1.00000 MULTIPLIER: 1.00000



lO1
CHART SPEED 0.1CMIMIN
ATTEN: 16 ZERO: 5% S MINITICK

I

-- 51 . 036

R-32
CHANNEL: lA - 1 TITLE: 14:23 10 JUL 92

SAMPLE: METHOD: FREON CALCULATION: A% - ANALYS - OP

PEAK PEAK RESULT TIME AREA SEP
NO NAME AREA_ (MIN) COUNTS CODE

1 99.9772 51.036 997582 BU
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
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CHART SPEED 0.I CMIMIN

RTTEN: 16 ZERO: 5% 5 MIN/TICK

-- _ 0 _68

-- 13 832

28 292

36. 175

42 6416

' " - .... ' 5! 579

CHANNEL: IA - 1 TITLE: R-143a 11:05 9 JUL 92

SAMPLE: METHOD: FREON CALCULATION: RX - ANALYS - OP

PEAK PEAK RESULT TIME AREA £EP

NO NAME AREA% (MIN) COUNTS CODE

1 0.1367 0.168 8042 88

2 0.0263 13.832 1545 88

3 0.0186 20.232 1037 88

4 0.0033 36.175 550 8B
5 0.0142 42.646 833 BB
B 99.7949 51.579 5872498 88

I OT_LS: 100.0000 5884565

DIVISOR: 1.0C000 AMT STD: 1.00000 MULTIPLIER: 1.00000
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CHART SPEED 0.1CMIMIN

RTTEN: 16 ZERO: S% S MINITICK

-_ o.156

- 1

L

' " _ _F@6

R-134a
CHANNEL: IA - I TITLE: 16:07 9 JUL 92

SAMPLE: METHOD: FREON CALCULATION: A% - ANALYS - OP

PEAK PEAK RESULT TIME AREA SEP

NO NAME fiREA% (MIN) COUNTS CODE

I 0.2049 0.166 8269 BB

2 1.0955 21.060 44214 BV

3 0.9334 21.119 37669 V8
4 0.0714 22.779 2881 88
5 0.0597 23.505 2410 BB

6 97.6265 $2.406 3940044 8V

7 0.0086 53.194 346 T

TOTALS: 100.0000 4036833

DIVISOR: 1.00000 AMT STO: I.@@@@@ MULTIPLIER: 1.00000



]04
CH_RT SPEED 0.1 CM/MIN

ATTEN: 16 ZERO: 5% 5 MIN/TICK

-- -- 0 161

16 201

-- I 49 716
__ ?! " . _ ,

R-152a
CHANNEL: IA - I TITLE: 10:2£ 10 JUL 92

SAMPLE: METHOD: FREON CALCULATION: A_ - ANALYS - OP

PEAK PEAK RESULT TIME AREA SEP

NO NAME AREA% (MIN) COUNTS CODE

1 0.1097 0.161 6300 BB

2 0.0248 16.201 1423 88

3 0.0775 17.655 4448 88

4 0.0842 34.549 4833 8V
5 0.0765 34.802 4393 UV

6 0.0238 3_.889 1364 VB
7 0.0442 36.796 2538 88
8 0.0377 49.716 2164 88
9 0.0406 52.745 2331 8V

10 99.4810 53.533 5711357 V8

TOTALS: 100.0000 5741151

DIVISOR: 1.00000 AMT STD: 1.00000 MULTIFLIER: 1.00000



105
CHART SPEED 0.1CMIMIN

ATTEN: 16 ZERO: S% S MIN/TICK

___ _ 0.189

-- 54 94 8

CHANNEL: IA - I 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

1 8.4898 0.189 9187 88

2 99.5102 54.948 1866558 88

TOTALS: 100.0000 1875745

DIVISOR: 1.00000 6MT STO: 1.00000 MULTIPLIER: 1.00000



106
CHART SPEED 0.1CM/MIN

ATTEN: 16 ZERO: S% 5 MIN/TICK

-- --7 @ 165

-- 1

........ 57 8_ 8

CHANNEL: IA - I TITLE: R-124 14:31 9 JuL 92

SAMPLE: METHOD: FREON CALCULATION: A% - ANALYS - OP

PEAK PEAK RESULT TIME AREA SEP

NO NAME AREA% (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
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CH_RT SPEED 0.1CMIMIN

_TTEN: 16 ZERO: 5% 5 MINITICK

_
_ 914

5 _'_. 264

6_ 9

__ 78.198

CHANNEL: lA - I TITLE: R-142b 8:22 10 JUL 92

SAMPLE: METHOD: FREON CALCULATION: A% - ANALYS - OP

PEAK PEAK RESULT TIME AREA SEP

NO NAME AREA% (MIN) COUNTS CODE

I 0.1052 0.174 8025 88

2 0.0200 1.608 1526 8V

3 0.0507 1.724 3863 VB

4 0.0449 4.914 3424 BB

5 0.0842 52.264 6419 BB

6 98.9254 59.745 7543271 88

7 0.0800 65.938 6097 88

8 0.0532 66.547 4053 8V

9 0.1094 66.585 8343 VB

10 0.3688 67.609 28121 88
11 0.1583 78.190 12073 8B

TOTALS: 100.0000 7625215

DIVISOR: 1.00000 AMT STO: 1.00000 MULTIPLIER: 1.00000



CHART SPEED 0.1 CM/MIN 108
ATTEN: IE; ZERO: 5% S MIN/TICH

0 J95

_@ 178

-- 18 23dl

-- 33 288

"-- 38 796

5_8

-- 157 655

82 5_8

90 525

R-123

CHANNEL: IA - 1 TITLE: 18:01 12 JUL 92

SAMPLE: METHOD: ;_EON CALCULATION: A% - ANALYS - 0P

PEAK PEAK RESULT T_E AREA SEP

NO NAME AREA% _rv> COUNTS CODE

l 0.0034 0 55 2505 BV

2 0.0034 0 744 2507 U8

3 0.0075 10 _70 5524 88

4 0.0013 10 709 960 BV

5 0.0038 10 755 2810 VB

G 0.0042 18 234 3105 88

7 0.0042 33 288 3063 88

8 0.0089 38 796 6600 BB

9 0.0070 5l 540 5189 BB

0 99.7328 57 655 73564064 88

I 0.0290 60 _61 21410 88

2 0.0079 62 399 5840 8V

3 0.0049 62 _65 3592 VB

4 0.0051 54 787 3777 88

5 0.0439 65 301 32413 8V

IG 0.0229 66 546 16896 UV

17 0.0146 66 713 10793 VV

18 0.0138 67.479 I_200 V8

19 0.0128 82.548 9453 88

20 0.0215 90.525 15851 8U

21 0.0174 90.832 12847 UV

22 0.0101 91.240 7426 UV
23 0.0107 91.301 7925 UV

24 0.0085 91.923 E366 VB

TOTALS: 100.0000 73761120
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APPENDIX C

FTIR DATA ON REFRIGERANTS
AND LUBRICANTS
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